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Abstract Osteoporosis is a bone metabolic disease caused by the imbalance between osteoblasts and

osteoclasts due to excess osteoclastogenesis, manifesting in the decrease of bone density and bone

strength. Scutellariae Radix shows good anti-osteoporosis activity, but the effective component is still un-

clear. Cell membrane chromatography (CMC) is a biological affinity chromatography with membrane

immobilized on a silica carrier as the stationary phase. It can realize a dynamical simulation of interac-

tions between drugs and receptors on cell membrane, which is suitable for screening active compounds

from complex systems. In this study, the components of Scutellariae Radix with potential anti-
(Jiacan Su), nmxyyf@126.com (Yongfang Yuan), xfchen2010@163.com (Xiaofei Chen).

to this work.

of Chinese Pharmaceutical Association and Institute of Materia Medica, Chinese Academy of Medical Sciences.

al Association and Institute of Materia Medica, Chinese Academy of Medical Sciences. Production and hosting

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

mailto:drsujiacan@163.com
mailto:nmxyyf@126.com
mailto:xfchen2010@163.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.apsb.2020.01.019&domain=pdf
https://doi.org/10.1016/j.apsb.2020.01.019
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.elsevier.com/locate/apsb
http://www.sciencedirect.com
https://doi.org/10.1016/j.apsb.2020.01.019
https://doi.org/10.1016/j.apsb.2020.01.019


Screening anti-osteoporosis components from Scutellariae Radix 1857
Scutellariae Radix;

Anti-osteoporosis;

Tectochrysin
osteoporosis activity through inhibiting the differentiation from bone marrow mononuclear cells

(BMMCs) to osteoclast were screened by a BMMC/CMC analytical system. Firstly, a new

3-mercaptopropyltrimethoxysilane (MPTS)-modified BMMC/CMC stationary phase was developed to

realize covalent binding with cell membrane fractions. By investigating the retention time (tR) of the pos-

itive drug, the life span of the MPTS-modified CMC columns was significantly improved from 3 to 12

days. Secondly, 6 components of Scutellariae Radix were screened to show affinity to membrane recep-

tors on BMMCs by a two-dimensional BMMC/CMCeTOFMS analytical system. Among them, tecto-

chrysin demonstrated the best anti-osteoporosis effect in vitro, which has never been reported. We

found that tectochrysin could inhibit the differentiation of BMMCs into osteoclasts induced by receptor

activator of nuclear factor-kB ligand (RANKL) and macrophage colony-stimulating factor (M-CSF) in a

concentration-dependent manner in vitro. In vivo, it significantly reduced the loss of bone trabeculae in

ovariectomized mice, and decreased the level of C-terminal cross-linking telopeptides of type 1 collagen

(CTX-1), tartrate-resistant acid phosphatase 5b (TRAP-5b), interleukin 6 (IL-6) in serum. In conclusion,

tectochrysin serves as a potential candidate in the treatment of osteoporosis. The proposed two-

dimensional MPTS-modified BMMC/CMC-TOFMS analytical system shows the advantages of long-

life span and fast recognition ability, which is very suitable for infrequent cell lines.

ª 2020 Chinese Pharmaceutical Association and Institute of Materia Medica, Chinese Academy of Medical

Sciences. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Osteoporosis is a systemic metabolic skeletal disease character-
ized by reduced bone mass and destruction of bone microstruc-
ture, which results in increased bone fragility and incidence of
fracture1,2. Primary osteoporosis mostly occurs in menopausal
women with a series of clinical symptoms, including pain and
fracture, severely compromising the quality of life3. The patho-
genesis of postmenopausal osteoporosis results from the excess
osteoclastogenesis versus osteogenesis. To inhibit osteoclasts
differentiation and functions remain an important strategy for
osteoporosis treatment. Although various drugs are available, es-
trogen substitutes, e.g., diphosphates, calcitonin, and calcium
preparations, are complicated with serious side effects such as
breast cancer, osteonecrosis, and cardiovascular events4. Thus,
developing safe and effective drugs for the treatment of osteopo-
rosis is of great importance.

Traditional Chinese medicine (TCM) has been used to invigo-
rate kidney and strengthen bone for a long history. People have
been trying to find a breakthrough in the treatment of osteoporosis
from TCM5,6. Scutellariae Radix is one of the most widely used
TCM in clinical application and has been proved to have a wide
range of pharmacological activities, mainly for bacteriostasis,
antipyretic analgesia, and anti-cancer7. Recent studies found that
Scutellariae Radix shows good anti-osteoporosis activity8, which
could significantly prevent weightlessness induced osteoporosis
and enhance the bone mineral density and bone microarchitecture9.
Among which wogonin was reported to inhibit osteoclast differ-
entiation by inhibiting the transfer and transcriptional activation of
nuclear factor of activated T-cell 1 (NFATc1) from the cytoplasm to
nucleus10. Baicalein activates mammalian target of rapamycin
complex 1 (mTORC1) signaling pathways through protein kinases
and transcription factors, such as P-4E/BP 1 and P-S6K1, to
stimulate MT3T3-E1 cells to differentiate into osteoblasts11.
However, there was no comprehensive mapping of the anti-
osteoporosis components from Scutellariae Radix extracts. We
deduced that other similar mother-nucleus compounds with a lower
content in Scutellariae Radix could have even better anti-
osteoporosis activity.

Cell membrane chromatography (CMC) is a biological affinity
chromatography technique with cell membrane as a stationary
phase. It has dual functions of chromatographic separation and
characterization of active components12, which can be directly
used to study the screening of active components from complex
systems and the interaction between drugs and membrane re-
ceptors13. The better the retention behavior the compound has, the
stronger it bonds with the receptors on membrane. Our group has
developed a series of CMC models, which were used in the
screening of more than 40 kinds of TCM or herbal medicines14.
Primary bone marrow mononuclear cells (BMMCs) differentiate
into osteoclasts under the stimulation of macrophage colony-
stimulating factor (MCSF) and receptor activator of nuclear fac-
tor-kB ligand (RANKL) via receptor activator of nuclear factor-kB
(RANK)15,16. Thus, in our study, the primary BMMC was selected
as the target cell for screening anti-osteoporosis components from
Scutellariae Radix.

For common CMC columns, the cell membrane and silica gel are
connected by hydrophobic interaction, resulting in the membrane
fractions easiness to fall off from stationary silica phase, and the life
span is almostwithin 72h17. The activity of the stationary phase incell
membrane chromatography directly affects the efficiency of the
whole CMC system. Besides, the short life of the column will lead to
significant consumption of rawmaterials,which limits the application
of CMCmodels on the primary cells or other cells that are difficult to
expand or obtain18. We previously reported a covalently modified
3-aminopropyltriethoxysilane (APTES) silica CMC stationary
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phase18,19. Through covalent bonding, the life of the column has been
successfully extended to about 12 days, and the column efficiency has
been significantly improved. However, glutaraldehyde was required
as a bridge during this procedure, and a decrease on yield was caused
by self-polymerization of glutaraldehyde20.

In this study, a 3-merraptopropyltrimethoxysilane (MPTS)
modified silica gel was produced, to obtain an active ester group
on the surface, which can covalently bind with the amino group on
the surface of cell membrane21e23. Modified by MPTS showed the
following advantages over APTES: (1) solve the problem of
glutaraldehyde self-polymerization. (2) The reaction activity of
mercapto-maleimide is higher than that of amino-aldehyde
group24. (3) The reaction procedure was milder and faster. Next,
a two-dimensional (2D) MPTS-modified BMMC/CMC system
was developed for comprehensive screening of anti-osteoporosis
components from Scutellariae Radix, which effectively saved
the cell dosage of primary cells. The new MPTS-modified
BMMC/CMC method shows suitable suitability for primary
cells and can be expected for further applications.

2. Experimental section

2.1. Reagents and instruments

Silica gel (5 mm, 200 Å) was obtained from Qingdao Meigao
Chemical Co., Ltd. (Qingdao, China) and was activated at 120 �C
before use. Scutellariae Radix was purchased from Leiyunshang
Pharmacy Co., Ltd. (Shanghai, China). Gefitinib (GFT), dexa-
methasone (DXMS), tectochrysin were purchased from Shanghai
Yuanye Biotech Co., Ltd. (Shanghai, China) (purities�98%).
Dulbecco’s modified Eagle’s medium (DMEM), phosphate buffer
saline (PBS) were purchased from Hyclone (Thermo Fisher,
Waltham, MA, USA). Fetal bovine serum (FBS) was purchased
from Gibco Life Technology Co. (Australia), penicillin strepto-
mycin, and trypsin were purchased from Gibco-BRL Co. (Rock-
ville, MD, USA). N,N-Dimethylformamide (DMF), 3-
mercaptopropyltrimethoxysilane (MPTS), 3-aminopropyltri
ethoxysilane (APTES), N-(4-maleimide butyryl oxide) succini-
mide (GMBS), dimethyl sulfoxide (DMSO), HPLC-grade aceto-
nitrile and MS-grade ammonia acetate were purchased from
Sigma Co. (St. Louis, MO, USA). TRAP staining kit was pur-
chased from SigmaeAldrich, Co. (St. Louis, MO, USA).

2.2. Preparation of sample and standard solutions

Scutellariae Radix (100 g) was immersed in 1 L of 50%
ethanol, heating reflux for 1.5 h. The decoction was filtered
through four layers of gauze. The residue was extracted once
more. The extracting solution was merged and condensed to a
concentration of 1.0 g/mL. The decoction was stored at 4 �C
for use12. GFT, DXMS, and tectochysin were separately dis-
solved to 50 mmol/L by DMSO to make a stock solution. A
mixed standards solution of GFT and DXMS (1 mmol/L each)
was prepared in methanol.

2.3. Synthesis of MPTS-modified stationary phase

The reaction scheme is shown in Fig. 1A. Briefly, 1 mL MPTS
was added to 1 g silica gel (5 mm, 200 Å) and stirred for 5 h in
100 mL DMF under the condition of 60 �C and nitrogen
protection. Silica gel was bonded to MPTS to obtain sulfhydryl
groups on the surface. Then the suspension was cleaned with DMF
at 5000�g for three times. After that, the sediment was obtained
and reacted with 5% GMBS in 500 mL DMSO solution for 2 h, so
that free active ester groups were exposed on the surface of silica
gel, which could covalently bind with the active amino groups on
the surface of cell membrane. The sediment was cleaned with
DMSO at 5000�g for three times and dried in the vacuum drying
pump for 48 h.
2.4. 2D MPTS-modified BMMC/CMC analysis

BMMCs were obtained from the femoral bone marrow of C57BL/6
mice (Shanghai Slack Co., Shanghai, China) at 8 weeks of age and
was cultured with a-MEM medium added 10% fetal bovine serum
and a mixture of penicillin (100 U/mL) and streptomycin
(100 mg/mL), at 37 �C and 5% CO2. The MPTS-modified BMMC/
CMCcolumns (10mm� 2mmi.d., 5mm)werepreparedaccording to
our reported method previously25 by using MPTS-modified silica
gels. Afterward, MPTS-modified comprehensive BMMC/CMC sys-
tem was performed on an Agilent 1200 series HPLC system con-
sisting of an autosampler that controlled by Agilent MassHunter
Workstation (Agilent Technologies, Palo Alto, CA, USA), a binary
(Pump 2 and Pump 3) solvent delivery system, a thermostatically
controlled column apartment and an online degasser. The BMMC/
CMC column was applied as the first-dimensional column, with
10 mmol/L ammonia acetate as the mobile phase and delivered at
0.2 mL/min. For the second dimension separation, A XBridge TM
C18 column (100 mm � 3.0 mm i.d., 3.5 mm, Waters, Ireland) was
used, and the mobile phasewas composed of solvent A (0.1% formic
acid) and solvent B (acetonitrile) at 0.8 mL/min by a linear gradient
elution program: 0e5 min, from 10% B to 60% B; 5.01e10 min,
60% B; 10.01e13 min, 10% B. A 10-port dual-position valve
(MXP9960-000, Rheodyne, Rohnert Park, CA, USA) equipped with
two 500 mL sampling loops was applied to realize the switch between
the two dimensions. The synchronization of the two dimensions was
ensured by using a home-written program in Visual Basic 6.0
(Microsoft, Redmond, WA, USA). The eluent from the second-
dimensional column was introduced to a 6220 TOF mass (Agilent
Technologies, Palo Alto, CA, USA) equipped with an electrospray
ionization interface, and signals were collected by the Agilent
MassHunter Workstation (Agilent Technologies). All detailed oper-
ations of the 2D system were stated in our group’s previous
research13,26.
2.5. In vitro osteoclastogenesis assay

BMMCs were obtained from the femoral bone marrow of
C57BL/6 mice (Shanghai Slack Co.) at 8 weeks of age. Six to 8 h
later, suspended cells were collected and re-suspended with
DMEM medium added MCSF (50 ng/mL). Seventy-two hours
later, cells were digested and then cultured on 96-well plates
(2.5 � 103 cells/well), divided into a control group and three
groups treated with tectochrysin (25, 50, or 100 mmol/L). All
groups were cultured with DMEM medium added RANKL
(50 ng/mL). On day 7, cells were stained using a TRAP staining
kit (SigmaeAldrich) according to the manufacturer’s protocols.
Cells with three or more nucleus were regarded as osteoclast
cells and counted.



Figure 1 (A) Synthesis of MPTS-modified silica gel and its reaction with the cell membrane. (B) Actual micrograph of (I) silica gel; (II)

MPTS-modified silica gel; (III) MPTS-modified silica gel bonded with BMMC cell membrane. Magnification of the electron microscope is

20,000 times. (C) Capacity factor (k) of GFT on control columns and MPTS-modified columns prepared with BMMC cells within 12 days

(n Z 6).
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2.6. In vivo experiments

2.6.1. Animals and experimental design
C57BL/6 female mice (Shanghai Slack Co.) of 8 weeks age were
kept in a ventilated general-grade animal room at 24e28 �C. All
procedures were complied with the guidelines of the Ethics
Committee on Animal Experiments of the Second Military
Medical University. The mice were randomly assigned to 3
groups (n Z 5/group), including sham-treated group (Sham),
ovariectomized (OVX) mice treated with normal saline, and
OVX mice treated with tectochrysin dissolved in DMSO. After
pre-experiment, we confirmed that the dosage of tectochrysin in
mice was 5 mg/kg/day. All mice were anesthetized with 5%
chloral hydrate and operated aseptically. Then, the operation
area was sterilized with 75% alcohol. Small incisions were made
on the back skin and peritoneum to expose the abdominal cavity
and find out the bilateral ovaries. Bilateral ovaries of OVX group
and tectochrysin treatment group mice, with the same volume of
fat mass of sham operation group, were removed. After the
operation, the skin incision was sutured with 5e0 non-
absorbable suture. After that, mice were allowed to recover for
24 h. From the second postoperative day, 5 mg/kg/day of
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tectochrysin or normal saline was given by intraperitoneal in-
jection. After administration for 6 weeks, all mice were anes-
thetized with chloral hydrate, and the femur and arterial blood
were obtained.

2.6.2. Bone histomorphometric analysis
Bone histomorphometric analyses were performed as previously
described27. Briefly, femurs were fixed and decalcified for two
weeks. Sections (4-mm thickness) were then prepared with a
microtome and stained with hematoxylin and eosin (HE).

2.6.3. Microcomputed tomography analysis
Microcomputed tomography (Micro-CT, Skyscan, Antwerp,
Belgium) analyses were performed using 80 kV, 124 mA, and
8 mm resolution. Structural parameters including the bone
mineral density (BMD), bone volume/total volume (BV/TV),
bone surface area/total volume (BS/TV), and trabecular number
(Tb.N) for the metaphyseal region of the proximal tibiae were
analyzed.

2.6.4. Serum biochemistry
The blood was collected via fundus venous plexus under anes-
thesia. Then serum was collected. The levels of interleukin
6 (IL-6), C-terminal cross-linking telopeptides of type 1 collagen
(CTX-1), tartrate-resistant acid phosphatase 5b (TRAP-5b) and
osteocalcin (OCN) in the serum were measured using ELISA kits
(Anogen, Mississauga, ON, Canada) following the manufacturer’s
instructions.

3. Results and discussion

3.1. Reproducibility and life span of MPTS-modified CMC
columns

Because of the problem that cell membrane was easy to fall off
from silica gel, the life span of traditional columns was only
within 72 h17, which has greatly prevented the CMC from being
widely applied. BMMCs used in this research were primary cells
obtained from the femoral bone marrow of mice, so large number
of cells bring tedious operation and high cost. In our previous
research, a post-preparation treatment by paraformaldehyde was
used and successfully prolonged the life span to about six days.
However, this method might influence the bioactivity of the cell
membrane, and meanwhile, the procedure added the difficulty of
column preparation18. Based on this, chemical modification on
silica gel was developed. Firstly, APTES was adopted and suc-
cessfully extended the column span to about 12 days18. In this
research, MPTS was selected as the new material for the modi-
fication on silica gel. Compared to APTES, the reaction condition
was milder, the reaction time was controlled to less than 7 h, and
the self-polymerization of glutaraldehyde in reaction procedure
was avoided. Furthermore, the reaction activity of mercapto with
the maleamide group is higher than that of the amino group and
aldehyde group24,28. As shown in Supporting Information Fig. S1,
the immobilized membrane protein contents on 40 mg MPTS,
APTES and non-modified silica gel were 443.33 � 16.50,
398.01 � 38.18 and 289.67 � 9.43 mg, respectively, indicating
that MPTS-modified silica gel has the best efficiency of bonding
cell membrane proteins.
Scanning electron microscope was used to characterize the
surface of silica gel with and without MPTS-modification, as
well as the effect of bonded with BMMC cell membrane
(Fig. 1B). Successful surface modification of silica gel was
observed, and the ability to bond with cell membrane was
ideal. The retention peak time (tR) of positive drug GFT was
chosen as an evaluation to examine the life span and repro-
ducibility of MPTS-modified BMMC columns. A total of
3.5 � 107 BMMCs were obtained to prepare BMMC cell
membrane columns made from the MPTS-modified and non-
modified silica gel (n Z 6). The capacity factor k was then
defined to assess the membrane affinity of different com-
pounds, which is descripted as Eq. (1):

kZ ðtR� t0Þ= t0 ð1Þ
where t0 is the dead time determined by the non-retained com-
pound. k of GFT was calculated for 12 days with six injections for
each day. As shown in Fig. 1C, k of GFT on control silica gel
columns decreased rapidly in the first five days and was nearly
0 on 8th day. While on MPTS-modified columns, average of k of
six columns was 8.3 in 12th day. The results showed that after
covalent modification by MPTS, the binding ability and stability
between silica gel and cell membranes was greatly enhanced,
successfully prolonging the column life span to at least 12 days.
Besides, the reproducibility was enhanced from RSD 20% to less
than 10% for the first three days when the column efficiency falls
most18.

3.2. Application of the MPTS-modified BMMC/CMC system

Firstly, the selectivity and efficiency of the BMMC/CMC system
were evaluated. The brief scheme of 2D MPTS-modified
BMMC/CMC/C18 column/TOFMS system was shown as
Fig. 2. GFT (epidermal growth factor receptor antagonist) was
selected as a positive drug, and DXMS (hormones) was selected
as a negative drug to investigate the selectivity and efficiency of
screening system, for epidermal growth factor receptor, was
expressed on BMMC membrane 29,30. The retention plots of
GFT and DXMS, respectively on BMMC/CMC columns and
MPTS-modified BMMC/CMC columns were shown in Fig. 3A
and B. GFT showed strong retention behavior on both non-
modified and modified columns, but peak time on MPTS-
modified columns was significantly longer than that on regular
columns, while DXMS was barely retained on this CMC model,
reaching the peak at about 2 min. It indicates the selectivity,
availability, and higher efficiency of MPTS-modified BMMC/
CMC system.

Then, comprehensive 2D MPTS-modified BMMC/CMC
system was applied to screening the potential active components
of anti-osteoporosis from Scutellariae Radix. Detailed identifi-
cation results of components of Scutellariae Radix analyzed by
C18 column-TOF/MS was shown in Supporting Information
Table S1. Totally, six components with retention behavior on
BMMC were screened from Scutellariae Radix (Fig. 4A and B).
By matching with the chemical constituent database of Scu-
tellariae Radix and the validation of standard samples, the six
compounds were identified as chrysin, baicalein, wogonin,
oroxylin A, tectochrysin, and baicalein-7-O-b-D-glucoside.
Specific retention behavior information was shown in Table 1.



Figure 3 Typical 3D plot of mixed standards obtained by (A) control BMMC/CMC/C18 column/TOFMS system and (B) MPTS-modified

BMMC/CMC/C18 column/TOFMS system.

Figure 4 (A) 2D plots of compounds of Scutellariae Radix extracts obtained by the 2D MPTS-modified BMMC/CMC/C18 column/TOFMS

system. (B) 2D plots of standards of potentially active compounds obtained by the 2D MPTS-modified BMMC/CMC/C18 column/TOFMS

system.

Figure 2 Brief scheme of 2D MPTS-modified BMMC/CMC/C18 column/TOFMS system. (A) Ten-port dual position valve was at position 1.

CMC column 1 was equilibrated, and the 1st fraction was collected in loop 1. (B) Ten-port dual position valve was switched to position 2. The 1st

fraction was being analyzed by a C18 column combined with TOFMS while the 2nd fraction was collected in loop 2.
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Figure 5 Tectochrysin inhibits osteoclastogenesis in vitro. (A) Formation of TRAP-positive cells from BMMC cells (B) Quantification of

osteoclasts. Results shown are means � SD, n Z 5; ***P < 0.001 vs. control group.

Table 1 Potentially active components in Scutellariae Radix characterized by the MPTS-modified BMMC/CMC/C18/TOFMS analysis

system.

Comp. No. Identification tR (C18, min) tR/k (BMMC-CMC, min) [MþH]þ (m/z) Error (ppm) Abund.

match (%)

Formula

Exact Accurate

3 Chrysin 11.3 12.5/9.42 255.0652 255.0653 0.2 99.26 C15H10O4

4 Baicalein 10.8 7.5/5.25 271.0601 271.0598 �0.15 99.88 C15H10O5

5 Baicalein-7-O-b-D-

glucopyranoside

9.4 5/3.17 433.1129 433.1128 �0.32 99.87 C21H20O10

8 Wogonin 8.8 5/3.17 285.0757 285.0754 �0.9 98.95 C16H12O5

9 Oroxylin A 8.1 5/3.17 285.0757 285.0751 �2.32 98.28 C16H12O5

23 Tectochrysin 2.2 30/24 269.0808 269.0808 �0.33 99.88 C16H12O4
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Through literature research, except tectochrysin, the other 5
compounds all have been input to anti-osteoporosis research and
reported to have a certain degree of inhibition on osteopo-
rosis11,12,31. The results above further validate the validity and
accuracy of the 2D BMMC/CMC system in screening potential
active components of Scutellariae Radix. Among these 6 com-
pounds, tectochrysin has never been reported to be used in anti-
osteoporosis research, while it showed the most definite affinity
with BMMC cell membrane, which indicated it could tightly
bind with receptors on the cell membrane and most likely to be
active. Therefore, in this study, we focus on the anti-osteoporosis
activity of tectochrysin both in vitro and in vivo.
3.3. Tectochrysin inhibits osteoclastogenesis in vitro

To examine the effects of tectochrysin on osteoclastogenesis,
BMMCs were treated with RANKL and MCSF in the presence of
25, 50, and 100 mmol/L tectochrysin. The selection of dose of
tectochrysin was according to the cytotoxicity experiments
(Fig. S1). Compared to the control group, tectochrysin dose-
dependently reduced the number of osteoclasts (P < 0.05)
(Fig. 5A and B). It suggested that tectochrysin dose-dependently
suppress osteoclasts differentiation in vitro32.
3.4. Tectochrysin reduced ovariectomy-induced bone loss
in vivo

We evaluated the effects of tectochrysin on ovariectomy-induced
bone loss. The trabeculae in the sham group were dense and
uniform, while in OVX mice, the trabeculae were sparse and
disordered (Fig. 6A). After six weeks of treatment with tecto-
chrysin, the number of trabeculae was preserved, and the bone
microstructure destruction was significantly ameliorated33.
Compared with the model group, the area of trabecular bone in
tectochrysin treatment group was significantly increased
(P < 0.05). The findings were corroborated by Micro-CT anal-
ysis (Fig. 6B and C). The trabecular BV/TV, BS/TV, Tb.N, and
BMD were decreased in OVX mice and preserved by treatment
with tectochrysin relative to the OVX mice (P < 0.05).

We examined the serum level of CTX-1, TRAP-5b, OCN, and
IL-6 (Fig. 6D). The serum levels of CTX-1, TRAP-5b, and IL-6 in
the OVX group were significantly higher than the sham group,
indicating that OVX mice showed active bone resorption34e36.
After 6 weeks of treatment with tectochrysin, the levels of CTX-1,
TRAP-5b, and IL-6 in the serum of mice were decreased
(P < 0.05), but OCN was not altered significantly (P > 0.05). The
decline of bone resorption biomarkers indicates that tectochrysin
inhibits bone resorption in vivo37.



Figure 6 Tectochrysin inhibits ovariectomy-induced bone loss in vivo. Dosage of tectochrysin was 5 mg/kg/day. (A) Representative H&E

staining of femoral sections and difference of trabecular area from each group 6 weeks after OVX operation. (B) Tb.N, BS/TV, BV/TV, and BMD

were analyzed. (C) Representative microcomputed tomography sections of the femur from sham-treated OVX mice and OVX þ tectochrysin

mice. (D) BMD, IL-6, TRAP-5b, and OCN were examined in the serum. Results shown are means � SD, n Z 5; *P < 0.05, **P < 0.01,

***P < 0.001 vs. OVX operation group.
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4. Conclusions

A comprehensive 2D BMMC/CMC-TOFMS analysis system was
established to screen anti-osteoporosis compounds from Scu-
tellariae Radix, while short column life span and low reproduc-
ibility substantially prevented CMC from being widely applied to
primary cells for the properties of hard to obtain and cannot be
expanded. Point to this, MPTS was used to bind the cell mem-
brane to silica gel by covalent bond instead of hydrophobic
interaction. Through this strategy, the life span of the CMC col-
umn was successfully prolonged from 3 to 12 days. On this basis,
a 2D MPTS-modified BMMC/CMC-TOFMS system was estab-
lished, and tectochrysin was screened out having a potential ac-
tivity of anti-osteoporosis. Follow-up experiments confirmed that
in vitro, tectochrysin could inhibit the differentiation of BMMCs
into osteoclasts in a concentration-dependent manner from 20 to
100 mmol/L. In vivo, tectochrysin could relieve the symptoms of
osteoporosis by significantly improving the loss of bone trabec-
ulae in OVX mice, decreasing the serum level of bone resorption
conversion factor CTX-1 and TRAP-5b, as well as IL-6. These
results show that tectochrysin has a significant anti-osteoporosis
effect, and the primary mechanism is to inhibit the formation of
osteoclasts, thereby alleviating the imbalance between osteo-
genesis and osteoclasts in vivo. Thus, the application of 2D
MPTS-modified CMC system realized the screening of anti-
osteoporosis pharmacodynamics of Scutellariae Radix. Not only
that, the strategy of MPTS-modified silica gel CMC can be
expanded the application arrange to other infrequent cell lines to
realize screening of pharmacodynamics from complex chemical
samples.
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