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Abstract

matory evaluation.

The leaves of Stauntonia hexaphylla (SHL) are a very popular herbal medicine in Korea because it can be used to treat
rheumatic osteoporosis and other diseases. However, owing to the inconsistency in harvesting time and growth
years, their quality is uneven, which indirectly negatively affects the safety of this medication. Therefore, the difference
of constituents in SHL harvested at different seasons and years were analyzed by high-performance liquid chroma-
tography coupled to photodiode-array and electrospray ionization mass spectrometry detectors (HPLC-PDA-ESI/
MS). A total of 15 components were tentatively characterized in samples of SHL, including 5 compounds reported for
the first time in this plant. Moreover, the relative content of these constitutions was simultaneously determined by
HPLC coupled with evaporative light scattering detection (ELSD). Hierarchical clustering analysis (HCA) and principal
component analysis (PCA) revealed that the quality has a certain extent difference in different harvest times, the best
harvest time was 3 years old growing in autumn. The same harvest time was also suggested based on the anti-inflam-
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Introduction

Stauntonia hexaphylla (Thunb.) Decne. (Lardizabal-
aceae) is a native shrub that grows on the southern coast
of South Korea [1, 2]. Stauntonia hexaphylla leaves (SHL)
have been used as medicine and functional food to treat
diabetes, rheumatic arthralgia, and menstrual pain [3].
At the same time, according to modern pharmacologi-
cal research, SHL also has many biological activities such
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as antioxidant, anti-inflammatory, and anti-osteoporosis
properties [2—4]. Owing to its biological activities, many
pharmaceutical companies in Korea have developed
drugs and functional foods to treat prostate diseases,
osteoporosis, and rheumatic diseases using SHL. Also, it
is very common for people to use it as a health care prod-
uct to prevent these diseases.

According to our previous research and reported lit-
erature, SHL contains many saponins, which are con-
sidered to be bioactive compounds with analgesic and
anti-inflammatory activities [2, 3]. Besides, flavonoids
and chlorogenic acid derivatives are essential for the
treatment of rheumatic disease and osteoporosis [3-5].
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However, there are various types of SHL on the mar-
ket, and differences in their growth year and harvest-
ing season make it difficult to develop clinically rational
drugs. At the same time, there are several researches on
the anti-inflammatory activity of SHL without a specific
focus on the harvest season and growth year of the sam-
ples [2]. It is known that there are large differences in the
chemical composition of medicinal materials depending
on the growth year and harvesting season, and these dif-
ferences may lead to different or even opposite efficacy.
For example, some studies have determined that the con-
tent and type of ginsenosides from different growth years
of ginseng were considerably different; thus, ginseng
samples acquired from non-optimal growth years did not
have an expected pharmacological effect such as anti-
proliferative activity [6, 7].

Therefore, the purpose of this study is to identify the
chemical composition of SHL from different growth
years and harvesting seasons by high-performance liquid
chromatography coupled to photodiode-array and elec-
trospray ionization mass spectrometry detectors (HPLC—
PDA-ESI-MS/MS) and establish an easy HPLC method
coupled with chemometrics methods to discriminate
SHL from different harvest seasons and growth years. In
addition, we evaluated the anti-inflammatory activity of
SHL from different growth years and harvesting seasons,
which will provide an opportunity for the development,
utilization, and quality control of SHL.

Materials and methods

Chemicals and materials

The extract samples of SHL were provided by Chong
Kun Dang Healthcare (Seoul, Korea) (Table 1). The
samples of SHL were harvested in the area of Goheung-
gun, Jeollanam-do, Republic of Korea, at the geographi-
cal coordinates of 34° 38’ 22.8” N 126° 56’ 34.1” E, and
authenticated by professor Jong Seong Kang and Young
Ho Kim. An authentic sample (CNU 17002) of the col-
lections was deposited at the Herbarium of Chungnam
National University. The samples of SHL were dried at
60 °C for 12 h. After drying, the samples were crushed
and extracted with 70% ethanol at 60 °C for 12 h and
followed by concentrated and dried to obtain extract
powder. The reference compounds of ciwujianoside
Al, anhuienside C, ciwujianoside A2, mutongsaponin
E, hedercoside D, hexaphyloside A, and ciwujianoside
C3 (Fig. 1) were donated by the Laboratory of Natu-
ral Products, College of Pharmacy, Chungnam National
University. Dexamethasone (DEX), neochlorogenic acid,
chlorogenic acid, and cryptochlorogenic acid were pur-
chased from Sigma-Aldrich Chemical Co. (St. Louis,
MO, USA). HPLC-grade acetonitrile and methanol were
purchased from Burdick & Jackson (Muskegon, MI,
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Table 1 Summary of S. hexaphylla leaves extract

No. Growth year Harvested seasons Collection time
1 1 Autumn 2018.11
2 Autumn 201811
3 Autumn 2018.11
5 Autumn 201811
6 Autumn 2018.11
7 3 Spring 2018.04
8 Spring 2018.04
9 Spring 2018.04
10 Spring 2018.04
11 Spring 2018.04
12 Autumn 201811
13 Autumn 201811
14 Autumn 2018.11
15 Autumn 201811
16 Autumn 2018.11
17 Autumn 201811
18 Autumn 2018.11
19 Autumn 2018.11
20 Autumn 201811
21 Autumn 2018.11
22 Autumn 201811
23 Autumn 2018.11
24 5 Autumn 2018.10
25 Autumn 2018.10
26 Autumn 2018.10
27 Autumn 2018.10
28 Autumn 2018.10
29 Autumn 2018.10

USA); a buffer containing formic acid, acetic acid, and tri-
fluoroacetic acid (MS grade) was purchased from Sigma-
Aldrich (St. Louis, Mo, USA). Distilled water was purified
using a Milli-Q system (Sinhan, Seoul, Korea). Escheri-
chia coli lipopolysaccharide (LPS) and 3-(4,5-dimethyl-
thiazoL-2-yl)-2,5-diphenyl tetrazolium bromide (MTT)
were purchased from Sigma-Aldrich Chemie (St. Louis,
MO, USA).

Sample and standard preparation

To completely dissolve the extract of SHL, 2.25 g of sam-
ples was mixed with 50 mL of 50% methanol in a conical
flask and sonicated at 50 °C for 60 min by an SD-D400H
Mujigae ultrasonic machine (Seoul, Korea). All reference
standards were prepared at the concentrations of 100 pg/
ml in a methanol solution. Then, the extract and standard
solution were store in a refrigerator at 4 °C before use. In
addition, reference standards and sample solutions were
filtered through a 0.22 pum syringe filter before being
injected into the HPLC system.
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HPLC analysis conditions

To analysis the different types of components in SHL,
the samples were analyzed with an HPLC-UV system
(Shimzadu LC-20A series system) coupled with SEDEX
55 ELSD. A Hector C18 column (250 x 4.6 mm, 5 pm,
RStech, Daejeon, Korea) was employed as the station-
ary phase. The optimized flow rate of a carrier N, gas and
drift tube temperature were 1.5 L/min and 65 °C, respec-
tively. Solvent A (water, 0.1% formic acid, v/v) and sol-
vent B (acetonitrile, 0.1% formic acid, v/v) were employed
for gradient elution according to the following program:
12-28% B (0-30 min) and 28-40% (30-70 min). The
column temperature and flow rate were set to 30 °C and
1.0 ml/min, respectively.

The HPLC-PDA-ESI-MS/MS analysis was carried
out using a Shimadzu LCMS-8040 system (Kyoto, Japan)
connected to a photodiode array (PDA) detector. Electro-
spray ionization (ESI) mass spectrometry was performed
at the interface voltage of — 3.5 kV for the negative mode
and at 4.5 kV for the positive mode. The parameters of
optimized ionization conditions are as follows: dry-
ing gas, 15 L/min; desolvation line temperature, 250 °C;
heat block temperature, 400 °C; nebulizing gas, 3 L/min.
The scan range of MS! was set up at m/z 100-1500. The

wavelength range of PDA was set up at 190-400 nm. The
MS/MS analysis was automatically performed by a prod-
uct ion survey scan at positive and negative modes. The
elution program was the same as the one used previously.

Cell culture

Macrophage cell lines RAW 264.7 were obtained from
the American Type Culture Collection (ATCC, Manas-
sas, VA, USA), and they were cultured in Dulbecco’s
modified Eagle’s medium (Sigma-Aldrich, MO, USA)
supplemented with 10% fetal bovine serum (GIBCO, NY,
USA) and 1% penicillin—streptomycin in an incubator
with 5% CO, at 37 °C.

Determination of NO production and cell viability

The method for determining the amount of NO produced
by macrophages has been described in previous studies
[8, 9]. Briefly, RAW 264.7 cells (1x 10° cells/ml) were
cultured in a 96-well plate for 2 h. Then, SHL extracts
(200 pg/ml) from different harvest time and DEX (10 pM)
were added to the cell and stimulated with LPS (1 pg/
ml) at 37 °C for 18 h. Finally, the mixtures of the Griess
reagent and cell culture supernatants were measured at
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550 nm using a Tecan infinite® F200 microplate reader
(Tecan Group, Ltd., Mannedorf, Switzerland).

The cytotoxicity of SHL extracts was evaluated by the
MTT assay, and cells were cultured in a 96-well plate at
1 x 10° cells/mL. Then, different concentrations of SHL
extracts (50, 100 and 200 pg/mL) and DEX (10 uM)
were added to the cells and treated with LPS at 37 °C for
18 h. After 18 h of incubation, 20 pL of an MTT solution
(5 mg/mL) was added to the supernatant, followed by 4 h
of incubation. Then, 200 uL of dimethyl sulfoxide was
supplemented; then, the supernatant was aspirated and
measured at 570 nm using a microplate reader.

Data analysis

Hierarchical clustering analysis (HCA) and principal
components analysis (PCA) were performed using the
SIMCA 14.1 software (Umetric, Umea, Sweden) to dis-
criminate different SHL samples. For the anti-inflam-
matory experiment, all data were analyzed by GraphPad
Prism 8.0.2 (GraphPad Software, Inc., LaJolla, CA, USA).
The values of P<0.05 and P <0.01 were considered to be
statistically significant and very significant, respectively;
this analysis was carried out using a one-way analysis of
variance (ANOVA). Dunnett’s test was employed to com-
pare the difference between the SHL extract-treated and
LPS-stimulated groups.

Results and discussion
Identification and characterization of chemical
constitution in SHL by HPLC-PDA-MS/MS
The rationality and scientificity of collection is an impor-
tant factor to ensure the quality and uniformity of herbal
medicine, which is also essential for clinical use and
pharmaceutical production. By exploring the differences
in chemical components between different growth sea-
sons and years, we can provide scientific basis for the
harvesting period of medicinal materials. To identify the
bioactive ingredients in SHL, HPLC-PDA-ESI-MS/MS
was performed to obtain the mass and UV spectrum.
Finally, fifteen components were identified from SHL
samples, which included chlorogenic acid and its isomers
neochlorogenic acid, cryptochlorogenic acid, YJ-002 (fla-
vonoid), and eleven triterpenoid saponins. The chemical
structures of these compounds are shown in Fig. 1; the
detailed information on identified compounds is summa-
rized in Table 2 and Additional file 1: Figures S1-S12.
Peaks 1, 2, 3, 6, and 10 were definitively identified to
be due to neochlorogenic acid, chlorogenic acid, cryp-
tochlorogenic acid, hederacoside D, and ciwujianoside
A1 by comparison with reference standards, respectively.
Peak 4 produced [M—H]~ and [M+H]" ions at m/z 547.1
and 549.3, respectively, which indicated that the molecu-
lar weight was 548 (Additional file 1: Figure S1). In the
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MS/MS spectrum, the major fragment at m/z 271.1
(IM—Rha—Ara+H]") was observed, which indicated the
loss of 278 (Ara—Rha) from the parent ion. By searching
the known compounds isolated from SHL, peak 4 was
tentatively identified as YJ-002 [5].

In our previous study, triterpenoid saponins separated
from SHL exhibited three types of aglycones, which
included oleanolic acid, hederagenin, and akebonic acid
[10]. Peak 5 exhibited pseudomolecular ions [M—H]~
and [M+NH,]" at m/z 1057.5 and 1076.6 in negative and
positive modes, respectively (Additional file 1: Figure S2).
The fragmentation of parent ions for peak 5 primarily
yielded product ions by the loss of sugar chains (Glc-Glc,
Rha, Ara). Moreover, in the MS and MS/MS spectra in
positive mode, aglycone ions were observed at m/z 439.4
and 457.2, which corresponded to oleanolic acid. Accord-
ing to our previous experimental data and previous lit-
erature, peak 5 was tentatively identified as anhuienside
C [11, 12]. Peaks 13,14, and 15 are attributed to the same
aglycone ions as that of peak 5; they were tentatively
assigned as araliasaponin II, hexaphyloside A, and ciwu-
jianoside C3, respectively, by comparison with known
compounds isolated from S. hexaphylla and their fami-
lies [13—17]. The MS spectrum of Peak 7 shows an identi-
cal precursor ion at m/z 1222.6 ([M+NH,4]*) and 1249.4
[M+HCOO™]™ in positive and negative modes, respec-
tively (Additional file 1: Figure S4). The fragmentation of
parent ion produced daughter ions at m/z 928.5, 752.5,
and 603.2 attributed to the loss of Ara—Glc, Rha, and
Glc. The produced identical aglycone ions were observed
at m/z 423.4, which corresponded to akebonic acid. By
comparing the MS and MS/MS spectra with a reference
standard and previous literature, peak 7 was character-
ized as ciwujianoside A2 [18, 19]. The same aglycone ions
were also observed in the MS spectrum of peaks 9 and 11.
By analyzing and comparing previous studies and data,
the compounds were finally identified as mutongsaponin
E and yemuoside YM12 [19-22]. Similarly, according to
fragment ions and our previous experimental data, peaks
8 and 12 were tentatively identified as akebia saponin D
and cussonoside A [10, 23-25].

Changes in saponins and flavonoid in SHL from different
growth years and seasons

Figure 2 clearly shows that the chemical composition
and relative content in SHL from different years and sea-
sons are considerably different. First, peak 4 (Y]-002) is a
very representative flavonoid identified from SHL, which
can promote bone or cartilage formation by inhibiting
osteoclast differentiation and promoting the expres-
sion and production of type II collagen and aggrecan
[5]. The content of YJ-002 is the highest in one-year-old
SHL and then decreased from the third year. Moreover,
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Table 2 Identification of chemical constituents in the leaves of S. hexaphylla by HPLC-PDA-ESI-MS/MS

Peak tR Formula Identification MW

[M+NH41/[M+H]* [M—H]~/[M+HCOO]~ Fragmentions (m/z)

3542
354.2
3542
548.2
1058.6

3553
3553
3553
549.3
1076.6

201 C,gH50,  Neochlorogenic acid®
253 CigHi504
288 CigHi50q
314 CyHys043

40.1  Cs3HggO5,

Chlorogenic acid®
Cryptochlorogenic acid®
YJ-002

Anhuienside C2P

v A W =

6 472 CoHgO,, Hederacoside DP 10752 1092.6

7 481 CegHoOye  ciwujianoside A2%° 12044 12226

8 504 CgsHip603, Akebia saponin D 9285 946.6

CoHooOys  Mutongsaponin E2P 11746 11926

10 541 CgoHeOy  Ciwujianoside A1P 12204 12386

1 549 CoHgO,  Yemuoside YM12 10422 1060.7

12 573 CugH;s0,5 Cussonoside A 9425 943.6/960.7

13 583 CsgHysO,¢  Araliasaponin i 10745 10927

14 598 CiHyOy Hexaphyloside A®P 11916 12086

15 625 Cs3HgOy Ciwujianoside €32 10586 10767

3536

353.6

3536

5471
1057.4/1103.4

163.2,145.5,135.7
163.2,145.5,135.7
163.2,1455,135.7
271.1 [IM—Ara—Rha+H]*

735.5 [M—Glc — Glc+H]*, 589.5 [M—
Glc—Glc —Rha+HJ*, 439.4 [M—Glc —
Glc —Rha — Ara—H,0+HI*

603.6 [M—Rha — Glc — Glc+ H]*, 4374
[M—Rha — Glc — Glc — Ara— 2H,0 + H]*

928.5 [M—Glc — Ara+NH,]*, 765.5 [M—
Glc — Ara—Rha+H]T, 603.2 [M—Glc —
Ara—Rha —Glc4+H]",423.4 [M—Glc— A
ra—Rha—Glc—Glc —H,0+H]*

587.5 [M—Glc — Glc —H,0+H]™, 4555
[M—Glc — Glc — Ara—H,0+HJ*, 4375
[M—Glc — Glc — Ara— 2H,0+H]*

722.6 [M—Rha — Glc — Glc +NH,J*, 555.5
[M—Rha — Glc — Glc — Ara — H,0 + H] ™,
4234 [M—Rha — Glc — Glc — Ara — Ara
—2H,0+H*

768.6 IM—Rha — Glc — Glc 4+ NH,]*, 606.2
[M—Glc —Glc —Rha — Glc +NH,]*,
4574 [M—Rha — Glc — Glc — Glc — Ara
+H]T, 439.4 [M—Rha — Glc — Glc — Glc
—Ara—H,0+H]"

914.6 [M—Rha+NH,]1+, 782.6
[M—Rha — Ara+NH,]™, 4234 [M—

Rha — Ara —2Glc — H,O +H]*

797.7 IM—Rha+H]*, 4554 [M—
Rha — Glc — Glc —H,0 +H]*, 4374
[M—Rha —Glc —Glc —2H,0+ H*
798.6 [M—Ara —Glc+ NH4]+, 619.3
[M—Ara—Glc—HJ*,457.3 [M—
Ara — Glc — Glc — Glc +H]+, 4394 [M—
Ara—Glc—Glc — Glc+H—H,0+H],

7386 [M—Rha — Glc — Glc + NH4]™, 457 .4
[M—Rha — Glc — Glc — Ara— Ara+H]*,
439.4 [M—Rha — Glc — Glc — Glc — Ara
—H,0+HI™

944.7 [M—Ara+ NH4]+, 4574 [M—

Ara —Rha — Glc — Glc+H]™, 439.4 [M—
Ara—Rha —Glc — Glc—H,0+HJ*

1074.4/11194

1203.4/1249.4

9734

1173.6/12194

1219.4/1265.7

1041.4/1087.4

987.5

1073.4/11194

1159.5/12354

1057.4/1103.4

a: The compound was reported for SHL for the first time
b: The compound was confirmed by comparison with reference standards

Ara: a-L-arabinopyranosyl; Glc: 8-p-glucopyranosyl; Rha: a-L-rhamnopyranosyl

peak 5 (anhuienside C), peak 7 (ciwujianoside A2), peak
9 (mutongsaponin E), and peak 11 (yemuoside YM12)
exhibit the same tendency as YJ-002. Among them, the
content of mutongsaponin E decreased the most, and it
was difficult to detect yemuoside YM12 in five-year-old
SHL.

However, with an increase in the growth year, the con-
tent of some components considerably increased [e.g.,
peak 6 (hederacoside D), peak 10 (ciwujianoside A1), and
peak 15 (ciwujianoside C3)] but there were also some

slight differences between them. The content of hedera-
coside D and ciwujianoside Al sharply increased from
the first to third year and stabilized after the third year.
Although the amount of ciwujianoside C3 increased each
year, its growth trend was relatively flat compared to
hederacoside D and ciwujianoside Al. Second, some spe-
cific triterpenoid saponins can be only detected in SHL
of three and five-years-old plants such as akebia saponin
D, cussonoside A, and araliasaponin II. Of note, these
specific triterpenoid saponins exhibit various biological
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activities. For example, akebia saponin D can suppress
both Alzheimer’s disease-related neuro inflammation
and memory system dysfunction [26, 27]; cussonoside A
exhibits a pronounced sedative effect [25]; araliasaponin
IT has strong anti-inflammatory activity [17]. This means

that if SHL was chosen to treat Alzheimer’s disease,
inflammation, insomnia, and other diseases, SHL that
was older than three years could be used. Conversely, trit-
erpenoid saponins (e.g., anhuienside C, ciwujianoside A2,
mutongsaponin E, and yemuoside YM12) only existed in
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or their content was relatively high in one-year-old SHL;
most of these compounds were isolated from the family
of Lardizabalaceae. Previous studies have indicated that
these compounds can be used to treat diabetes, prostate
diseases, and obesity [28, 29]. This indicates that one-
year-old SHL can be used to produce functional foods for
weight reduction and diabetes resistance.

To consider the influence of seasonal factors, the
chemical constituents of SHL in spring and autumn are
quite different (Fig. 2b, d). As can be clearly seen from
the chromatograms, only peak 4 (Y]-002), peak 10 (ciwu-
jianoside A1), peak 15 (ciwujianoside C3), and peak
12 (cussonoside A) were detected in SHL harvested in
spring, which hinted that SHL was not suitable for har-
vesting in spring since the content of various components
was relatively low or even non-existent. Additionally,
these results proved that the accumulation of chemical
components is closely related to seasonal factors, which
is consistent with previous reports [30, 31]. The sampling
site for this study was Goheung, Jeollanam-do province,
which is located in the northern region of South Korea.
A conceivable explanation may involve the low tempera-
ture and rainfall totals that are typical of spring, which
may contribute to a mild drought-induced stress in the S.
hexaphylla. Furthermore, stress caused by water poverty
may decrease the consumed content of NADPH (nicoti-
namide adenine dinucleotide phosphate) and Ht within
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the Calvin cycle, reducing plant growth [32]. Excess
NADPH and H* are used in consolidation with carbon
fixed during photosynthesis to the formation of second-
ary metabolites [33].

HCA

HCA is one of the most important systemic statistical
methods, which can be used to evaluate the similari-
ties and differences of SHL with different growth years
and seasons by their peak characteristics such as relative
peak area (RPA) and relative retention time (RRT). In
this study, peak 6 was definitively identified to be due to
hederacoside D, which is one of the most representative
components of SHL with a consistently high content [34,
35]. Therefore, this peak was chosen to calculate the RPA
for fifteen common peaks identified from different SHL
samples. Thus, the 29 x 15 matrix was obtained, which
represented the relative amount of these fifteen compo-
nents in different SHL extracts. The result of HCA (Fig. 3)
clearly revealed that SHL extracts could be classified into
two main clusters. Cluster I was formed by S7 to S11,
which were three-year-old SHL plants harvested in the
spring. Cluster II was further divided into three groups,
which were one, three, and five-year-old plants harvested
in autumn, respectively. Thus, it is easy to conclude that
seasonal factors considerably affect the classification of
SHL samples. Additionally, the rescaled distance between

180 II .
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160 ] .Group 2
] .Group3
140 ] Group 4
120 I
; 100
80
60
40
20
0 f ‘ ! !
X — OOV T —ANNRXATHONOAN—O MO TS WO
ND— N =D ANDDNDLDNDAAAACTAAAC — O] — — — — — — Al — Al
wn %) NANNDNNLNLANANANANANLNLANLNLNANN
Fig. 3 Dendrogram of the hierarchical clustering analysis of 29 batches of SHL
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group 3 and group 1 is greater than the rescaled distance
between group 3 and group 4, which could demonstrate
that compared with group 1, the quality of group 3 was
more similar to group 4. In other words, the qualities
of SHL harvested at 3 years old had a close relationship
with those harvested from 5 years old but were quite dif-
ferent from those collected from 1 year old. This result
is highly consistent with the visual comparison of their
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chromatograms (Fig. 2), suggesting their similarities in
the content and distribution of chemical constitutions.
However, how to more exactly explain the difference
between the individual samples in the same cluster was
found to be a complication of HCA. From the point of
view, the chemical pattern recognition approaches, such
as PCA, should be taken into account for further evaluate
sample clustering based on their different growing years.
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Fig. 5 Effect of the S. hexaphylla leaves extract from different growth years and seasons on RAW 264.7 cell viability

PCA

To identify promising marker components and improve
the discrimination capacity to control the quality of SHL,
PCA was performed by the RPA of main compounds
identified in 29 batches of SHL. The data were computed
and input in the same way as for HCA. The first and sec-
ond principal components were employed to clarify the
difference, and they can explain the 93.2% variance in the
plot (Fig. 4a). As shown in Fig. 4a, the two-dimensional
PCA score plot indicated that 29 batches of SHLs were
clearly divided into four domains, which were marked
as group 1 (S1-S6), group 2 (S7-S11), group 3 (S12-23),
and group 4 (524-S29). PCA results were highly consist-
ent with HCA. For example, in PCA and HCA plots, S1
to S6 with the same growth year were clustered in the

60—
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NO production (M)
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5

=
[=]
>
-
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3
5

Fig. 6 Effect of the S. hexaphylla leaves extract (200 ug/mL) from
different growth years and seasons on the production of nitric oxide.
The values of *P <0.05 and **P <0.01 were compared with the LPS
stimulated group followed by ANOVA. DEX was selected as the
positive control group at the concentration of 10 uM

same group. Meanwhile, on the basis of the loading plot
of the PCA results (Fig. 4b), peaks 9 and 10 demonstrated
better discrimination ability on SHL than other compo-
nents. At the same time, many in vivo and in vitro studies
have proved that these two compounds have anti-osteo-
sarcoma, memory enhancement, antiplatelet aggregation,
anti-inflammatory and antinociceptive activities [14, 36—
39]. Therefore, these two bioactive components can be
selected as marker compounds to effectively control the
quality of SHL with different ages and seasons.

Anti-inflammatory activities

To determine whether different concentrations of SHL
extracts affect the viability of RAW 264.7 cells, different
growth years and seasons of SHL extracts were added to
the cells at the concentration of 50-200 pg/mL. As shown
in Fig. 5, there was no significant difference between the
treated and control groups (P >0.05), which revealed that
the SHL extract was not cytotoxic to RAW 264.7 cells.

To compare the anti-inflammatory activity of different
SHL extracts in vitro, the production of NO was meas-
ured by the Griess assay. NO is a typical inflammatory
mediator indicator in the formation of inflammation,
which is primarily produced by activated macrophages
[9]. NO also can regulate the immune function of the
body at a normal level, or cause various diseases when
overproduced [40, 41]. Figure 6 illustrated that SHL
extracts with different growth years and seasons have a
considerably different NO content. The SHL harvested
at spring did not significantly reduce the NO produc-
tion in LPS-induced cells relative to the LPS model group
(P>0.05), which demonstrated that the SHL collected
from spring was not suitable for treating inflammation-
related diseases. Interestingly, the elevated NO content
induced by LPS has decreased after treated with differ-
ent harvested years of SHL at a concentration of 200 pg/
mL, and three and five-year-old SHLs exhibited a very
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significant (P <0.01) suppressive effect on the content of
NO. Besides, there was no significant difference (P >0.05)
between three and 5 years old of SHL and positive con-
trol DEX group on the reduction of the NO content,
which was suggesting that three-year-old SHLs harvested
in autumn could also play the same anti-inflammatory
role as the chemical drug of DEX in inhibition of the NO
production. Therefore, three-year-old SHLs harvested
in autumn was a promising agent that could be used for
treating inflammatory diseases.
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