
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

2 
D

ec
em

be
r 

20
21

. D
ow

nl
oa

de
d 

on
 3

/8
/2

02
6 

4:
14

:0
2 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
Preparative sepa
aQinghai Provincial Key Laboratory of Tibet

Tibetan Medicine Research, Northwest

Academy of Sciences, Xining, Qinghai, Chin
bState Key Laboratory of Bioactive Substan

Institute of Materia Medica, Chinese Acad

Medical College, Beijing 100050, China. E-m
cQinghai Provincial Key Laboratory of

Mechanism and Comprehensive Utilizati

Normal University, Xining 810008, China

† Electronic supplementary informa
10.1039/d1ra05819c

Cite this: RSC Adv., 2021, 11, 38739

Received 31st July 2021
Accepted 19th October 2021

DOI: 10.1039/d1ra05819c

rsc.li/rsc-advances

© 2021 The Author(s). Published by
ration of 1,1-diphenyl-2-
picrylhydrazyl inhibitors originating from Saxifraga
sinomontana employing medium-pressure liquid
chromatography in combination with reversed-
phase liquid chromatography†

Jun Dang,a Jianbin Ma,c Yangzom Dawa,c Chuang Liu,a Tengfei Ji *b

and Qilan Wang *a

Traditional Tibetan medicines elaborately document the health benefits of Saxifraga sinomontana.

However, there have been limited reports on its chemical make-up, presumably because of the

complicated separation and purification process. In this work, a methanolic extract of Saxifraga

sinomontana was utilized for targeted separation of 4 key 1,1-diphenyl-2-picrylhydrazyl inhibitors

employing the medium-pressure liquid chromatography, reversed-phase liquid chromatography in

combination with on-line reversed-phase liquid chromatography-1,1-diphenyl-2-picrylhydrazyl

detection. Pre-treatment of the sample was carried out by employing medium-pressure liquid

chromatography using MCI GEL® CHP20P as the stationary phase, furnishing 2.4 g of fraction Fr3 and

3.4 g of fraction Fr4 (the percentage retrieval was 32.7%). The 1,1-diphenyl-2-picrylhydrazyl inhibitors

contained in fractions Fr3 and Fr4 were subjected to additional separation using a C18 (ReproSil-Pur C18

AQ) column and yielded 106.2 mg of Fr3-1, 246.9 mg of Fr3-2, 248.5 mg of Fr4-1 and 41.8 mg of Fr4-2.

The degree of purity, structures and 1,1-diphenyl-2-picrylhydrazyl inhibition activity of the isolated DPPH

inhibitors were determined, and four 1,1-diphenyl-2-picrylhydrazyl inhibitors including two new

diarylnonanoids (3-methoxy-4-hydroxyphenol-(60-O-galloyl)-1-O-b-D-glucopyrano side with IC50 of

39.6 mM, 3,4,5-trimethoxyphenyl-(60-O-galloyl)-1-O-b-D-glucopyranoside with IC50 of 46.9 mM,

saximonsin A with IC50 of 11.4 mM, and saximonsin B with IC50 of 20.6 mM) were isolated with

a percentage purity above 95%. The methodology thus evolved has good efficacy for preparatively

isolating high-purity 1,1-diphenyl-2-picrylhydrazyl inhibitors from extracts of Saxifraga sinomontana and

could be efficiently utilized for rapidly isolating 1,1-diphenyl-2-picrylhydrazyl inhibitors from other

natural products.
1. Introduction

During ATP generation in the mitochondria, aerobic organisms
give out free radicals, and at moderate levels, these species have
advantageous functions in cell signaling and the immune
system.1 Nevertheless, over-production of free radicals results in
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oxidative stress leading to cell damage and subsequently
inammation, aging, cancer, and cardiovascular and neurode-
generative diseases.2–4 Though organisms combat oxidative stress
in several known ways, it has been shown that the effects of free
radicals can be diminished by the addition of exogenous radical
scavengers.5,6 The distinctive in vitro anti-oxidant potential of
extracts of the Saxifraga plant prompted us to aim at isolating the
chief free radical inhibitors and subsequently identication of
them since the contemporary literature incorporated only brief
reports on Saxifraga plants in terms of their chemical prole.7–11

Saxifraga sinomontana J. T. Pan & Gornall (S. sinomontana,
family Saxifragaceae, also known as the “Sai Ren Jiao Mu”), is
a perennial herb and extensively utilized in TTMs.12 Its advan-
tages for treating hepatic and gall diseases, spleen and stomach
diseases, and neuropathic diseases have been well known.
However, there was only one detailed study on the chemical
constituents from S. sinomontana and eighteen compounds
RSC Adv., 2021, 11, 38739–38749 | 38739

http://crossmark.crossref.org/dialog/?doi=10.1039/d1ra05819c&domain=pdf&date_stamp=2021-12-02
http://orcid.org/0000-0001-6168-3325
http://orcid.org/0000-0003-4206-2587
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d1ra05819c
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA011061


RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

2 
D

ec
em

be
r 

20
21

. D
ow

nl
oa

de
d 

on
 3

/8
/2

02
6 

4:
14

:0
2 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
(including phenylpropanoid glycoside, coumarins, phenolic
acid, avonoids and steroids) were identied. Previous study
demonstrated the potential antioxidative activity of the isolated
chemical constituents from the S. sinomontana,12 however, no
reports on radical scavengers isolated from S. sinomontana exist
to date.

The conventional method for purifying radical scavengers
from NPs involves the isolation of compounds and subsequent
testing of their antioxidative capacity.13–18 The mentioned
process consumes a lot of time and a portion of antioxidative
constituents can still be lost. The advancement in on-line HPLC-
DPPH screening had a signicant role in facilitating the
screening and discovery of antioxidative molecular entities from
NPs.19–24 An HPLC column is employed to isolate compounds in
this technique and by dissolving DPPH in methanol or ethanol
(that exhibits 517 nm as its absorbancemaxima A517) enables their
recognition as radical scavengers by undergoing a reaction with
them following their exit from the column. The potential of indi-
vidual compounds for scavenging radicals is proportional to the
decline in A517. DPPH inhibitors can be efficiently identied in
extracts of various NPs using this technique.25–30

Reversed-phase liquid chromatography (RPLC) is a tech-
nique of choice for isolating and purifying individual compo-
nents from NPs.31–36 As a technique with high reproducibility
and real-time tracking of the chemical constitution of the
eluent, it can largely be automated.37,38 The major disadvantage
associated with the use of RPLC is column contamination,
hence it is impossible to inject crude extracts directly into the
system. Prior to RPLC separation, some additional separation
techniques must be employed to pre-treat the sample to
improve the overall content of desired compounds and for the
removal of interfering ingredients. A common pretreatment
technique is medium-pressure liquid chromatography (MPLC).
Different types of polyamide, gel, silica gel or MCI GEL®
CHP20P are deployed in this technique as materials for column
packing. The process of enriching the bioactive compounds
originating from S. sinomontana relies on choosing the most
effective technique in terms of pre-treatment, which eases the
purication steps further. A frequently employed procedure for
enriching bioactives from a variety of NPs is NPs MCI GEL®
CHP20P MPLC, bearing the advantages of excellent reproduc-
ibility, on-line detection, and automatic control and was
selected for pretreating our samples.39–41

As far as we are aware, there were no report on the chro-
matographic recognition, isolation and purication DPPH
inhibitors from NPs except our laboratory reports. In our earlier
work, we carried out the targeted separation of DPPH inhibitors
originating from Saxifraga atrata by making use of three-steps
of MPLC, RPLC, and HILIC regulated using an on-line HPLC-
DPPH screening to preparative isolation of the DPPH inhibi-
tors (11-O-galloylbergenin, ethyl gallate, isoquercitrin, and
rutin).21 However, this work comprises an on-line RPLC-DPPH
analysis in combination with two-steps of MCI GEL® CHP20P
MPLC and RPLC to aid the exploration of powerful DPPH
inhibitors from S. sinomontana. The present work is the rst
report on the use two-steps preparative separation strategy of
MPLC and RPLC to recognize, isolate, and purify the DPPH
38740 | RSC Adv., 2021, 11, 38739–38749
inhibitors from NPs. A number of related works on the recog-
nition and separation of DPPH inhibitors or radical scavengers
from NPs could also benet from the bioactivity-led recognition
and isolation technique established and reported in this work.
The bioactivity-guided recognition and targeted separation
method can be transferrable to researches related to the sepa-
ration of DPPH inhibitors from NPs.
2. Materials and methods
2.1 Apparatus and chemicals

A 5 mL manual injector, three prep-HPLC pumps (NP7000), an
LC workstation, and a UV-Vis detector (NU3000) comprised the
set up for preparative liquid chromatography from Hanbon
Science & Technology Co., China. On-line RPLC-DPPH
screening was carried out using Essentia LC-10AD and LC-16
instruments (Shimadzu Instruments Co. Japan). Two binary
gradient pumps, an LC workstation, a fraction collector, and
a UV/Vis detector comprise the key components of each HPLC. A
reaction coil (18.0 m � 0.25 mm i.d.) with polyetheretherketone
(PEEK) and a triple valve coupled the two devices. The Essentia
LC-16A system was used to carry out the HPLC analysis and the
LC-10AD system was employed to obtain the DPPH screening
chromatogram. A Waters QDa ESI mass spectrometer (Waters
Instruments Co. USA) was used to conduct ESI-MS analysis
whereas a Q Exactive Orbitrap device (Thermo Fisher Scientic
Inc., USA) was used to conduct HRESI-MS evaluation. The 600
MHz Bruker Avance was employed to obtain 1H and 13C NMR
spectra (Bruker Instruments Co. Germany) using MeOH-d4 for
the NMR solvent.

For separation, the purchase of MCI GEL® CHP20P (120 mm)
was made from Mitsubishi Chemical Corporation (Japan).
ReproSil-Pur C18 AQ (20 � 250 mm, 5 mm) preparative columns
and ReproSil-Pur C18 AQ (4.6 � 250 mm, 5 mm) analytical
columns were procured from Maisch Corporation (Germany).

Kelon Chemical Reagent Factory (Chengdu, China) was
contacted for the purchase of acetonitrile (ACN) and analytical
grade methanol (MeOH) used in preparative liquid chroma-
tography. ACN (HPLC grade) was taken from Xinlanjing
Chemical Industry (Yunnan, China). Moore water purication
station (Chongqing, China) provided the HPLC grade water
used in HPLC analysis and preparative liquid chromatography.
2.2 Preparation of sample, recognition of DPPH inhibitor
and enrichment of active fraction

S. sinomontana, whole herb, was procured from Hainan County
(4478 m, N 34�510, 37.0600, E 100�550, 13.4000), Qinghai, China in
August 2018 and authenticated via Professor Qingbo Gao of the
Northwest Institute of Plateau Biology, Chinese Academy of
Sciences. A specimen was submitted to the Key Laboratory of
Adaptation and Evolution of Plateau Biota, Chinese Academy of
Sciences (No. Gao2018179).

S. sinomontana herbs were dried and ground into a powder.
Methanol was then used to extract 170.0 g of the herb material
twice (4.0 L and 3 d for individual run). Following ltration and
concentration of the whole extract (8.0 L) at 40 �C under low
© 2021 The Author(s). Published by the Royal Society of Chemistry
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pressure, DPPH inhibitors from S. sinomontana extract were
screened by utilizing the on-line RPLC-DPPH system. ReproSil-
Pur C18 AQ (4.6� 250 mm, 5 mm) analytical column was used to
accomplish the separation of the methanolic extract. ACN
(mobile phase A) was increased linearly in water (mobile phase
B) from 5–50% extending over 60 min thereby employing
gradient elution and the temperature of the column was sus-
tained at 25 �C. The eluent was allowed to ow at 1.0 mL min�1

whereas the volume of the injection was 5 mL and using the
standard procedure a wavelength of 210 nm was used to
monitor the absorbance. An ethanol (EtOH) solution of DPPH
(25 mg mL�1) was applied for post-column derivatization
maintaining a 0.8 mL min�1 rate of ow whereas the absor-
bance was at a wavelength of 517 nm.

50.0 g of dried polyamide (100–200 mesh) was mixed with
approximately 30.0 mL of the concentrated methanolic extract
which was rather incompletely dry and dried at 40 �C. A
stationary phase comprising a pre-assembled 49 � 460 mm
column lled using 1.2 L of MCI GEL® CHP20P was employed
to load the resulting dry mixture (13.5 g) and a CH3OH/H2O
mixture was used to elute it. Within a 90 min duration, the
percentage of methanol underwent a linear increase from 0 to
100%. A 57.0 mL min�1 rate of ow was maintained, and the
absorbance was tracked again at 210 nm. Following repeated
separations for ve cycles, the fractions Fr1 to Fr4 were gathered
together, combined, and later concentrated to furnish sample
fraction Fr1–Fr4.
2.3 Reversed-phase liquid chromatographic separation of
DPPH inhibitors from the target fraction

Through MCI GEL® CHP20P MPLC pretreatment, 4 fractions
namely Fr1, Fr2, Fr3, and Fr4 were obtained. RPLC analysis
indicated that the fractions Fr3 and Fr4 contained DPPH
inhibitors and were further separated by making use of
a ReproSil-Pur C18 AQ (20 � 250 mm, 5 mm) preparative
column. A 2.4 g sample of the fraction Fr3 was solubilized in an
H2O (8.0 mL) and upon ltration via a 0.45 mm membrane,
furnished a 300.0 mg mL�1 sample solution of Fr3. The
stationary phase constituted a preparative column of ReproSil-
Pur C18 AQ (20 � 250 mm, 5 mm) whereas the mobile phase
was made up of ACN in H2O. Prior to separation, the system was
allowed to equilibrate for 10.0 min. Until 60 min, an isocratic
elution was carried out using 2% ACN. Each run was based on
an injection of 1.0 mL of the Fr3 sample solution. The rate of
ow of the eluent was constantly maintained at 19 mLmin�1, and
the process of elution was tracked at 210 nm. Redissolution of the
3.4 g fraction Fr4 sample dissolved in 12.0mL of 80 : 20 v/vMeOH/
H2O2 followed by ltration through a membrane with 0.45 mm,
yielded a 366.7 mg mL�1 sample solution of Fr4. The column
utilized was the preparative column of ReproSil-Pur C18 AQ (20 �
250 mm, 5 mm), and the mobile phase comprised ACN in H2O.
Prior to separation, the system was set to equilibrate for 10.0 min.
15% ACN was applied for isocratic elution over 60 min. Each run
involved an approximately 3.0 mL injection of the Fr4 sample
solution. The rate of ow related to the eluent was maintained at
19 mL min�1 meanwhile tracking the elution at 210 nm.
© 2021 The Author(s). Published by the Royal Society of Chemistry
2.4 Assessment of activity and purity of the obtained DPPH
inhibitors

Evaluation of the degree of purity of the isolated compounds
and estimation of their antioxidant potential was conducted
using the on-line RPLC-DPPH system. A ReproSil-Pur C18 AQ
(4.6� 250 mm, 5 mm) analytical column was utilized to separate
the DPPH inhibitors. Water and acetonitrile respectively were
employed as the mobile phases. Linear gradient elution was
based on 5–50% B for 60 min at a ow rate of 1.0 mLmin�1. The
volume of injection was 5 mL and the absorbance was tracked at
210 nm. The concentration of DPPH was 25 mg mL�1, whereas
the eluent was allowed to ow at a rate of 0.8 mL min�1. At
517 nm, the UV-Vis detector-based chromatograms of the
methanolic solution of DPPH were acquired.

2.5 mg of DPPH was dissolved in 100 mL of ethanol (25 mg
mL�1) and stored in dark conditions (0–4 �C). Each isolated
DPPH inhibitor (1.0 mg) was dissolved in ethanol (1.0 mL) and
prepared into different concentrations (0–100 mg mL�1). 30 mL
of each test DPPH inhibitors solution and 70 mL DPPH solution
were added into the 96-well plates. All measurements were
performed in triplicate. Then, the mixed solution was placed in
darkness and incubated for 30 min. The ultraviolet absorbance
of the mixture at 517 nm was determined and recorded as A.
The scavenging rate of DPPH radical was calculated according
to the following equation.

DPPH inhibiton ð%Þ ¼
�
1� A� A0

A1

�
� 100%

A0 was absorbance of the blank group (ethanol), A1 was absor-
bance of the control group and A was the absorbance of the
sample (30 mL of each test DPPH inhibitors solution and 70 mL
DPPH solution).
2.5 Statistical analysis

The statistical analysis was performed by applying SPSS version
20.0 soware (SPSS, Chicago, IL, USA). All data given repre-
sented three repeat experiments, the concentrations 0–100 mg
mL�1 were converted to mM and the nonlinear regression was
used to calculate the concentration of the isolated DPPH
inhibitors that caused 50% inhibition (IC50) of the scavenging
activities. The DPPH scavenging activities curve was performed
by the Prism 8.0 soware.
3. Results and discussion
3.1 DPPH inhibitors recognition and MCI GEL® CHP20P
medium-pressure liquid chromatography enrichment

MeOH was selected as the extraction solvent due to its excellent
solubility and low-cost. Approximately 17.7 g (subtracted over-
dried 50.0 g polyamide from 67.7 g dried polyamide mixture) of
crude extract was obtained from 170.0 g air-dried whole herb of
S. sinomontana, producing an extraction yield of approximately
10.4%. Since few literature reports on DPPH inhibitors
constituents of S. sinomontana are available, the methanolic
concentrated extract (30.0 mL) of S. sinomontana was subjected
to an on-line system of RPLC-DPPH provided with a ReproSil-
RSC Adv., 2021, 11, 38739–38749 | 38741
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Fig. 1 The schematic and actual diagrams of the on-line HPLC-DPPH apparatus (A), analytical chromatogram (B) on a ReproSil-Pur C18 AQ
analytical column and DPPH inhibitory activity profile (C) of the S. sinomontana crude sample.
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Pur C18 AQ analytical column. Fig. 1B and C (Fig. 1A represents
the schematic and actual diagrams of the on-line RPLC-DPPH
system), respectively showed the separation and recognition
chromatogram. As evident from Fig. 1B and C, the 4 major
DPPH inhibitors peaks that in Fig. 1B had been marked with
hearts were obtained between the retention times of 10 to
35 min. Keeping in mind that the extract was poorly soluble and
complex, dried polyamide (50.0 g, 100–200 mesh) was supple-
mented to 30.0 mL of concentrated extract, mixed and dried.
The obtained air-dried mixture comprised 17.7 g of whole herb
extract of S. sinomontana.

RPLC separation could be interfered by the presence of lipids
and chlorophyll in plant extracts thereby contaminating the
preparative column, so removal of these constituents prior to
preparative separation was of utmost importance. MPLC, using
a renewable MCI GEL® CHP20P sorbent-lled medium
Fig. 2 The actual MCI GEL® CHP20P MPLC system (A) and S. sino-
montana extract-polyamide mixture separation chromatogram (B).

38742 | RSC Adv., 2021, 11, 38739–38749
pressure column (49 � 460 mm) was utilized for the pretreating
S. sinomontana extract. A novel dry extract-polyamide mixture
(13.5 g) was added in a small MPLC column (sample loading
column, 49 � 100 mm) and the preparative RPLC was con-
nected to two MPLC columns (Fig. 2A). As shown in Fig. 2B four
fractions (Fr1, Fr2, Fr3, and Fr4) were accumulated together
following a single enrichment cycle using water–methanol
based eluent.

The collected fractions Fr1–Fr4 were combined aer ve
repeated MCI GEL® CHP20P MPLC separations. They were
concentrated and subjected to analysis by an analytical column
of ReproSil-Pur C18 AQ, employing Essentia LC-16A system as
in Fig. 1A. Fig. 3A–E presented the analysis chromatogram
pertaining to the crude sample of S. sinomontana and the
Fig. 3 HPLC analysis of the S. sinomontana crude extract (A) and Fr1–
Fr4 (B–E) on the ReproSil-Pur C18 AQ analytical column.

© 2021 The Author(s). Published by the Royal Society of Chemistry
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fractions Fr1–Fr4. Compared with Fig. 3A, D and E, the four key
DPPH inhibitors from the crude sample of S. sinomontana were
enriched efficiently in fractions Fr3 and Fr4 (the hearts in
Fig. 3D and E), respectively. Additionally, peaks 1–4 (Fig. 3A and
E) belonged to the 4 macroconstituent in the crude sample of S.
sinomontana. Fractions Fr3 and Fr4 were gathered and aer
evaporation of the solvent, 2.4 g of fraction Fr3 and 3.4 g of
fraction Fr4 were yielded respectively (32.7% recovery). The
fractions Fr2 and Fr3 samples were severally solubilized in
8.0 mL of H2O and 12.0 mL MeOH/H2O2 mixture (80 : 20 v/v),
and prepared for further chromatographic separation by
passing through a 0.45 mm lter.
3.2 Reversed-phase liquid chromatographic separation of
DPPH inhibitors from the fractions Fr3 and Fr4

Initiating with the chromatogram given in Fig. 3D and E, the
separation conditions were further optimized on the same
analytical column to enhance the resolution of the peaks as well
as the efficiency of purication. Two well-resolved peaks (peaks
1 and 2, Fig. 4A correspond to DPPH negative peaks I to II,
Fig. 4B) were observed by employing the on-line RPLC-DPPH
set-up using the optimized conditions for fraction Fr3 on the
ReproSil-Pur C18 AQ analytical column separation. Following
linear amplication, 19.0 mL min�1 was maintained when
preparatively separating Fr3 on the ReproSil-Pur C18 AQ
preparative column, whereas the injection volume was kept at
1.0 mL. Fig. 4C showed the preparative chromatogram of the
Fr3 fraction of S. sinomontana. A comparison of Fig. 4C and A
makes it evident that active chromatographic peaks 1 and 2
were found to have nearly identical retention times on the
ReproSil-Pur C18 AQ preparative column and the ReproSil-Pur
C18 AQ analytical column. Aer eight repeated preparative
Fig. 4 The optimized analytical chromatogram (A) and DPPH radical scav
C18 AQ analytical column and preparative chromatogram (C) of the S. sin
the optimized analytical chromatogram (D) and DPPH radical scavenging
AQ analytical column and preparative chromatogram (F) of the S. sinom

© 2021 The Author(s). Published by the Royal Society of Chemistry
separations, the fractions Fr3-1 and Fr3-2 were respectively
gathered, the residues were dried aer evaporating the solvent,
resulting in 106.2 mg yield of Fr3-1 and 246.9 mg yield of Fr3-2;
the recovery being 14.7%.

For fraction Fr4, the optimized conditions of fraction Fr4 on
the ReproSil-Pur C18 AQ analytical column separation were also
conducted and two well-separated peaks (peaks 3 and 4, Fig. 4D
that correspond to DPPH negative peaks III to IV, Fig. 4E) were
clearly observed employing the on-line system of RPLC-DPPH.
Subsequently, for the separation of Fr4, the linear amplica-
tion on the ReproSil-Pur C18 AQ preparative column, was used
to calculate the ow rate (19.0 mL min�1) while the volume of
the injection was maintained at 1.5 mL. Fig. 4F showed the
preparative chromatogram of the S. sinomontana fraction Fr4.
When compared with Fig. 4D and F, similar retention times
were observed for active chromatographic peaks 3 and 4 on the
preparative column of ReproSil-Pur C18 AQ (Fig. 4F) and
analytical column of ReproSil-Pur C18 AQ (Fig. 4D). Aer eight
repeated preparative separations, the fractions Fr4-1 and Fr4-2
were respectively obtained, and the residues were dried
following evaporation of the solvent, giving 248.5 mg of Fr4-1
and 41.8 mg of Fr4-2 with a percentage retrieval of 8.5%.
3.3 Purity, structural characterization and activity of the
isolated DPPH inhibitors

Isolated DPPH inhibitors Fr3-1, Fr3-2, Fr4-1 and Fr4-2 were re-
evaluated for the degree of their purity and their activities by
employing the on-line RPLC-DPPH system with a ReproSil-Pur
C18 AQ analytical column. The four constituent compounds
were found to have purities well above 95% as illustrated in
Fig. 5A–H and the contents of the four DPPH inhibitors were
0.62& for Fr3-1, 1.45& for Fr3-2, 1.46& for Fr4-1 and 0.24& for
enging profile (B) of the S. sinomontana Fr3 sample on the ReproSil-Pur
omontana Fr3 sample on the ReproSil-Pur C18 AQ preparative column;
profile (E) of the S. sinomontana Fr4 sample on the ReproSil-Pur C18

ontana Fr4 sample on the ReproSil-Pur C18 AQ preparative column.
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Fig. 5 Purity and DPPH inhibitory activity of the target fraction activity verification chromatogram of the isolated Fr3-1 (A and B), Fr3-2 (C and D),
Fr4-1 (E and F), and Fr4-2 (G and H) fractions on the ReproSil-Pur C18 AQ analytical column.
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Fr4-2, respectively. IR, UV, MS, NMR, and optical rotation
spectra were acquired to explicate the detailed structural
information pertaining to isolated DPPH inhibitors. A
comparison of Fr3-1 and Fr3-2 was made with the already
published literature reports. The details of MS data and NMR of
Fr3-1 and Fr3-2 (given below, full spectra in ESI†) agreed
respectively with the data for 3-methoxy-4-hydroxyphenol-(60-O-
galloyl)-1-O-b-D-glucopyranoside and 3,4,5-trimethoxyphenyl-
(60-O-galloyl)-1-O-b-D-glucopyranoside, (structures of Fr3-1 and
Fr3-2 in Fig. 6). The structures of Fr4-1 and Fr4-2 were identied
to two new diarylnonanoids NPs (named saximonsin A and
saximonsin B, Fig. 6) based on their spectroscopic data.

Fraction Fr3-1 (3-methoxy-4-hydroxyphenol-(60-O-galloyl)-1-
O-b-D-glucopyranoside, ESI-MSm/z 477.26, [M + Na]+, 453.34, [M
� H]�, calc. for C20H22O12 m/z 454.1111): 1H NMR (600 MHz,
MeOH-d4) 7.09 (2H, s, H-200, 600), 6.93 (1H, d, J ¼ 8.7 Hz, H-5),
6.42 (1H, d, J ¼ 2.8 Hz, H-2), 6.17 (1H, dd, J ¼ 8.7, 2.8 Hz, H-
6), 4.66 (1H, d, J ¼ 7.5 Hz, H-10), 4.53 (1H, dd, J ¼ 11.8,
2.1 Hz, H-b), 4.42 (1H, dd, J ¼ 11.8, 6.4 Hz, H-a), 3.77 (3H, s,
–OCH3), 3.63 (1H, m, H-50), 3.46 (3H, m, H-20, 30, 40); 13C NMR
(151 MHz, MeOH-d4) 168.3 (C-700), 154.9 (C-4), 152.0 (C-3), 146.5
(C-300, 500), 141.0 (C-1), 139.9 (C-400), 121.4 (C-100), 120.5 (C-5),
110.3 (C-200, 600), 107.7 (C-6), 104.5 (C-10), 101.8 (C-2), 77.8 (C-
30), 75.6 (C-50), 75.0 (C-20), 71.7 (C-40), 64.7 (C-60), 56.5 (–OCH3).
The data correspond to 3-methoxy-4-hydroxyphenol-(60-O-gal-
loyl)-1-O-b-D-glucopyranoside.42

Fraction Fr3-2 (3,4,5-trimethoxyphenyl-(60-O-galloyl)-1-O-b-D-
glucopyranoside, ESI-MS m/z 521.28, [M + Na]+, 497.35, [M �
H]�, calc. for C22H26O13 m/z 498.1373): 1H NMR (600 MHz,
MeOH-d4) 7.04 (2H, s, H-200, 600), 6.93 (1H, s, H-2, 6), 4.81 (1H, d, J
¼ 7.6 Hz, H-10), 4.61 (1H, dd, J¼ 11.9, 1.9 Hz, H-b), 4.41 (1H, dd,
J ¼ 11.9, 6.7 Hz, H-a), 3.75 (1H, m, H-50), 3.66 (3H, brs, 4-OCH3),
38744 | RSC Adv., 2021, 11, 38739–38749
3.65 (6H, brs, 3, 5-OCH3), 3.45 (3H, m, H-20, 30, 40); 13C NMR (151
MHz, MeOH-d4) 168.3 (C-700), 155.9 (C-1), 154.8 (C-3, 5), 146.6 (C-
300, 500), 139.9 (C-400), 134.7 (C-4), 121.4 (C-100), 110.1 (C-200, 600),
103.3 (C-10), 96.3 (C-2, 6), 77.7 (C-30), 75.8 (C-50), 74.9 (C-20), 71.8
(C-40), 65.1 (C-60), 61.2 (4-OCH3), 56.5 (3, 5-OCH3). The data
correspond to 3,4,5-trimethoxyphenyl-(60-O-galloyl)-1-O-b-D-
glucopyranoside.43

Fraction Fr4-1 (saximonsin A, brown solid, [a]25D +80.1 (c 0.02,
CHCl3); UV (MeOH, lmax, nm) (log 3): 282.5 (3.77); IR (KBr,
nmax, cm

�1): 3429, 2959, 2918, 2851, 1736, 1617, 1261, 1098,
1030, 804; HRESI-MS m/z 387.1796, [M + H]+, calc. for C22H27O6

m/z 387.1802, [M + H]+). The 1H NMR spectrum of fraction Fr4-1
revealed that the compound contained two 1,3,4-trisubstituted
benzene rings [6.66 (1H, d, J ¼ 8.0 Hz, H-50), 6.62 (1H, d, J ¼
2.0 Hz, H-20), 6.49 (1H, dd, J¼ 8.0, 2.0 Hz, H-60) and 6.66 (1H, d, J
¼ 8.0 Hz, H-500), 6.60 (1H, d, J ¼ 2.0 Hz, H-200), 6.48 (1H, dd, J ¼
8.0, 2.0 Hz, H-600)], a pair of trans olenic protons [6.87 (1H, dt, J
¼ 15.9, 7.0 Hz) and 6.07 (1H, br d, J ¼ 15.9 Hz)], 11 aliphatic
proton signals distributed in the high eld range of 1.65–3.65
and a methoxy group [3.27 (3H, s)]. The 13C NMR and DEPT
spectra of fraction Fr4-1 showed a total of 22 carbon resonances
containing; seven quaternary carbons atoms at dC 201.6, 146.2,
146.2, 144.6, 144.3, 134.8, 133.8 ppm; nine methine carbons at
dC 149.7, 132.0, 120.7, 120.6, 116.5, 116.5, 116.3, 116.3,
78.5 ppm; ve methylene carbons at dC 45.3, 37.2, 35.6, 34.8,
31.7 ppm and one methoxy carbon at dC 57.2 ppm. The nine
methine aromatic or olenic carbons contained two sets of 2,5,6
positional CH signals (6 CH groups, dC 120.7, 120.6, 116.5,
116.5, 116.3, 116.3 ppm) of 1,3,4-trisubstituted benzene rings,
which was consistent with information of the 1H NMR (two
1,3,4-trisubstituted benzene rings). The rest of the CH (dC 149.7,
132.0 ppm) and 78.5 ppm were corresponded with the double
© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 6 Chemical structures and the HMBC, 1H, 1H-COSY and NOESY correlations of the isolated DPPH inhibitors.
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bond group and oxygenated methine carbon, respectively.
Combining with the carbonyl carbon at dC 201.6 and ve
aliphatic methylene carbons, we speculated a long straight
chain with nine carbons was existed in the structure. Aer
searching the relevant literatures, the 1H and 13C chemical
shis were similar to those of C9 chain of ericanone,44 which
was isolated from Erica cinerea except the dehydration synthesis
of 3, 4 carbons. The methoxy group was positioned at C-7 on the
basis of the HMBC correlations from the methoxy proton signal
to C-7. Therefore, the structure of fraction Fr4-1 was established
as (E)-1,9-bis(3,4-dihydroxyphenyl)-7-methoxynon-3-en-5-one
(Fig. 6) and named saximonsin A (diarylnonanoid). Its signal
assignment of 1H and 13C chemical shis were in Table 1 and
the HMBC, 1H, 1H-COSY and NOESY correlations of fraction
Fr4-1 were depicted in the Fig. 6.
© 2021 The Author(s). Published by the Royal Society of Chemistry
Fraction Fr4-2 (saximonsin B, brown solid; UV (MeOH, lmax,
nm) (log 3): 279.5 (3.81), 375.0 (3.30); IR (KBr, nmax, cm

�1): 3427,
2919, 2851, 1631, 1603, 1261, 1114, 805; HRESI-MS m/z
355.1536, [M + H]+, calc. for C21H23O5 m/z 355.1540, [M + H]+).
The 1H NMR spectrum of fraction Fr4-2 showed that the
structure also contained two 1,3,4-trisubstituted benzene ring
moieties, two trans olenic protons [6.88 (1H, dt, J ¼ 15.7, 7.0
Hz) and 6.31 (1H, br d, J¼ 15.7 Hz)], twomethylene signals (2.64
(2H, t, J ¼ 7.7 Hz) and 2.49 (2H, br q-like, J ¼ 7.3 Hz)), which
indicated the structure was symmetric. The 13C NMR and DEPT
spectra of fraction Fr4-2 also proved the symmetry of the
structure. Considering the NMR signal characteristics of frac-
tions Fr4-2 and Fr4-1, the structure of fraction Fr4-2 was
established as (3E,6E)-1,9-bis (3,4-dihydroxyphenyl)nona-3,6-
dien-5-one named saximonsin B (diarylnonanoid). Its signal
assignment of 1H and 13C chemical shis were in Table 1 and
RSC Adv., 2021, 11, 38739–38749 | 38745
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Table 1 The NMR data for fraction Fr4-1 and Fr4-2 in CD3OD (dH, 3.30 ppm; dC, 49.0 ppm)

No.

Fr4-1 Fr4-2

1H NMR 13C NMR 1H NMR 13C NMR

1 2.63 (2H, t, 7.7) 34.8 2.64 (2H, t, 7.7) 34.9
2 2.48 (2H, br q-like, 7.3) 35.6 2.49 (2H, br q-like, 7.3) 35.8
3 6.87 (1H, dt, 15.9, 7.0) 149.7 6.88 (1H, dt, 15.7, 7.0) 149.5
4 6.07 (1H, br d, 15.9) 132.0 6.31 (1H, br d, 15.7) 129.9
5 — 201.6 — 192.2
6 2.61 (1H, dd, 15.3, 5.3) 45.3 6.31 (1H, br d, 15.7) 129.9

2.80 (1H, dd, 15.3, 7.2)
7 3.63 (1H, m) 78.5 6.88 (1H, dt, 15.7, 7.0) 149.5
8 1.65–1.78 (2H, m) 37.2 2.49 (2H, br q-like, 7.3) 35.8
9 2.45–2.56 (2H, m) 31.7 2.64 (2H, t, 7.7) 34.9
10 — 133.8 — 133.9
20 6.62 (1H, d, 2.0) 116.5 6.62 (1H, d, 2.0) 116.5
30 — 146.2 — 146.2
40 — 144.6 — 144.5
50 6.66 (1H, d, 8.0) 116.3 6.66 (1H, d, 8.0) 116.3
60 6.49 (1H, dd, 8.0, 2.0) 120.7 6.50 (1H, dd, 8.0, 2.0) 120.7
100 — 134.8 — 133.9
200 6.60 (1H, d, 2.0) 116.5 6.62 (1H, d, 2.0) 116.5
300 — 146.2 — 146.2
400 — 144.3 — 144.5
500 6.66 (1H, d, 8.0) 116.3 6.66 (1H, d, 8.0) 116.3
600 6.48 (1H, dd, 8.0, 2.0) 120.6 6.50 (1H, dd, 8.0, 2.0) 120.7
OCH3 3.27 (3H, s) 57.2 — —

Fig. 7 DPPH inhibition activities of the isolated DPPH inhibitors (Fr3-1, Fr3-2, Fr4-1 and Fr4-2) at different concentrations (mM) were fitted with
a logistic function to count the IC50 value.

38746 | RSC Adv., 2021, 11, 38739–38749 © 2021 The Author(s). Published by the Royal Society of Chemistry
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the HMBC, 1H, 1H-COSY and NOESY correlations of fraction
Fr4-2 were depicted in the Fig. 6.

In order to evaluated the in vitro DPPH scavenging activities of
the isolated compounds Fr3-1, Fr3-2, Fr4-1, Fr4-2, DPPH free
radical scavenging assay were performed in this study with the
modied method based on Zhao et al.45 and Damiano et al.46 with
some modications. As shown in Fig. 7, the four isolated DPPH
inhibitors displayed strong antioxidant activity and the IC50 value
were 39.6 mM, 46.9 mM, 11.4 mMand 20.6 mM for Fr3-1, Fr3-2, Fr4-1
and Fr4-2 respectively. Compared with the structures of Fr3-1 and
Fr3-2, which had similar parent nucleus except the different
substituent groups of C4 and C5, the hydroxyl substituted C4 and
nonsubstituted C5 (Fr3-1) had lower IC50 value (39.6 mM)
compared with methoxy-substituted C4 and C5 (Fr3-2, IC50 value,
46.9 mM). In addition, the structures of Fr4-1 and Fr4-2, the
methoxy-substituted C7 diarylnonanoid (saximonsin A) had lower
IC50 value (11.4 mM) compared with dehydrogenize C6 and C7
diarylnonanoid (saximonsin B) with IC50 value of 20.6 mM.

4. Conclusion

The current work established an efficient and rapid technique
comprising MPLC and RPLC supplemented with on-line RPLC-
DPPH assay for screening, isolating, and nally purifying DPPH
inhibitors from S. sinomontana. The methanolic extract of the S.
sinomontana gave a total of four DPPH inhibitors which were
identied as per the standard procedure. To isolate the targeted
fractions, the extract was pre-treated utilizing an MCI GEL®
CHP20P sorbent, furnishing 2.4 g and 3.4 g of fraction Fr3 and
fraction Fr4 respectively (32.7% recovery). Additional separation of
the fractions Fr3 and Fr4 was carried out using isocratic elution on
the preparative column of ReproSil-Pur C18 AQ, whereby 106.2 mg
of Fr3-1 and 246.9 mg of Fr3-2 (14.7% recovery) were isolated from
fraction Fr3 and 248.5 mg of Fr4-1 and 41.8 mg of Fr4-2 (8.5%
recovery) were isolated from fraction Fr4. The radical scavenging
activity and purity were thoroughly re-evaluated and all four frac-
tions (Fr3-1, Fr3-2, Fr4-1, and Fr4-2) were found to be active
towards DPPH inhibition, the purity was determined to be >95%
and the IC50 value were 39.6 mM, 46.9 mM, 11.4 mMand 20.6 mM for
Fr3-1, Fr3-2, Fr4-1 and Fr4-2 respectively. The outcome illustrated
that the process of screening, isolating and purifying different NPs-
based antioxidant molecules (including new antioxidative diary-
lnonanoids), can potentially benet from the use of reported
methodology. These results demonstrate that the reported meth-
odology can be used for screening, isolation and purication of
potent DPPH inhibitors from different natural products.
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