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Abstract

The Xian-Ling-Gu-Bao capsule (XLGB) is a famous traditional Chinese medicine prescription 

(TCMP), which has proven effective in osteoporosis treatment. However, due to the lack of a 

dynamic XLGB profile, the in vivo pharmacokinetics of multiple bioactive components within this 

medicine remains unknown. In the present study, ultra-performance liquid chromatography 

coupled with quadrupole time-of-flight tandem mass spectrometry (UPLC/Q-TOF-MS) identified 

a total of eighteen prototypes (using reference standards) in rat serum after oral administration of 

XLGB. These prototypes were subsequently evaluated to ascertain their effects on the proliferation 

and alkaline phosphatase activity of UMR106 cells and the adipogenesis of 3T3-L1 cells. 

Furthermore, a rapid and sensitive UPLC/Q-TOF-MS method was developed and validated for 

simultaneous quantitative analysis of 11 prototypes in rat serum. Chromatographic separation was 

achieved using a Waters Acquity BEH C18column (2.1 × 100 mm, 1.7μm) and linear gradient 

elution employing a mobile phase consisting of water and acetonitrile (both containing 0.1% 

formic acid). All calibration curves showed excellent linearity (r2 > 0.99) within the sampling 

ranges considered. The assay was accurate, precise and reproducible, as demonstrated by the 

obtained intra-and inter-day precisions (less than 12.3%) and accuracies (between −12.7% and 
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11.0%), and the matrix effects, extraction recoveries and stabilities were all satisfactory. Moreover, 

pharmacokinetic parameters were calculated from the plasma concentration-time data. Compared 

to single-compound do sing, significantly enhanced responses were obtained when several 

analytes were administered simultaneously, indicating possible drug-drug interactions among the 

complex ingredients of TCMP. This work provides an experimental baseline regarding the clinical 

applications and medicinal effectiveness of XLGB in the treatment of osteoporosis.
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1. Introduction

Traditional Chinese medicine prescriptions (TCMPs), which combine several single TCMs 

at intrinsic mass ratios, have proven to be effective in extensive clinical practices that have 

been used to treat chronic and complex diseases for thousands of years [1,2]. In general, the 

the rapeutic and pharmacological effects of TCMP have been attributed to the synergistic 

properties of multiple Chinese medicines and various bioactive ingredients that appear to 

minimize adverse effects and improving therapeutic efficacy, termed “TCMP compatibility” 

[3]. Given the usefulness of pharmacokinetic studies for explaining and predicting a variety 

of events related to the efficacies and toxicities of drugs, performing pharmacokinetic 

studies to evaluate the effectiveness and compatibility of TCM or TCMPs is both rational 

and valuable [4,5].

The Xian-Ling-Gu-Bao capsule (XLGB), a famous TCMP consisting of six commonly used 

herbs (Herba Epimedii (70%), Radix Dipsaci (10%), Fructus Psoraleae (5%), Rhizoma 
Anemarrahenae (5%), Radix Rehmanniae (5%) and Radix Salviae Miltiorrhizae (5%)), is 

widely used to treat osteoporosis, fractures, steoarthritis and aseptic bone necrosis [6–10]. 

Furthermore, the safety and efficacy of XLGB with regard to its use to treat osteoporosis 

have been confirmed by a randomized, multicentre, double-blind, placebo-controlled clinical 

trial [10]. Moreover, XLGB is the only anti-osteoporosis TCMP listed in the China National 

Basic Drugs Catalogue (http://www.nhfpc.gov.cn/, 2013 edition).

Until recently, studies have appeared to concentrate on the chemical constituents, 

pharmacology, quality control and in vivo metabolism of XLGB [11–16]. A total of 61 

compounds have been isolated and identified using nuclear magnetic resonance (NMR) data 

obtained from bioactive fractions of XLGB [11]. Furthermore, 118 components have been 

identified and characterized in XLGB extracts using LC-linear ion trap/orbitrap mass 

spectrometry [12]. Meanwhile, no adverse effects were observed in rats after oral 

administration of XLGB at a dose of 1000 mg/kg, which is equivalent to 3.3 times the 

human dose based on conversion of body surface area [13]. Moreover, ten major compounds 

from Herba Epimedii and Fructus Psoraleae in XLGB were simultaneously determined 

using HPLC-UV and detection at 270 nm [14]. To better understand the components that 

demonstrate effectiveness in vivo, LC–MS has been used to identify or characterize the 

XLGB xenobiotics absorbed by rat blood [15,16]. However, no published information is 
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currently available regarding the pharmacokinetics of XLGB, presenting a sizable obstacle 

to understanding the pharmacological mechanisms underlying the therapeutic effects of 

XLGB. Therefore, simultaneous quantification of multiple bioactive components deriving 

from the different herbal components of XLGB is indispensable.

Recently, ultra-performance liquid chromatography coupled with quadrupole time-of-flight 

tandem mass spectrometry (UPLC/Q-TOF-MS) has been introduced as an effective 

analytical technique for rapidly screening and quantifying bioactive components in 

biological samples [17,18]. In the present study, UPLC/Q-TOF-MS was successfully used to 

identify 18 prototypes in rat serum after oral administration of XLGB. Furthermore, in vitro 
bioactivity evaluation of these 18 compounds showed that most were responsible for 

promoting osteoblasts formation and inhibiting fat formation to different degrees. Moreover, 

11 bioactive prototypes were selected for simultaneous quantitative analysis by UPLC/Q-

TOF-MS, and their concentration-time dynamic profiles were successfully used to determine 

the pharmacokinetics parameters involved. These results provide a basis by which the 

mechanisms of action and further pharmacological studies of XLGB can be determined.

2. Materials and methods

2.1. Chemicals and reagents

Xian-Ling-Gu-Bao capsules (Batch No.: 100840) were provided by Guizhou Tongjitang 

Pharmaceutical Co., Ltd. (Guiyang, Guizhou Province in China) and contained the 

following: 1.118 mg/g sweroside, 10.64 mg/g magnoflorine, 11.436 mg/g epimedin C, 0.539 

mg/g psoralen, 0.602 mg/g isopsoralen, 17.549 mg/g akebia saponin D, 0.708 mg/g 

neobavaisoflavone, 0.309 mg/g icariside II, 0.117 mg/g psoralidin and 0.833 mg/g 

bavachinin. The reference standards (excepting Timosaponin B II) used for qualitative 

analysis were isolated from the bioactive fraction of Xian-Ling-Gu-Bao, and the detailed 

separation process of these chemical compounds was shown in Fig. S1 [11]. The reference 

standards for quantitative analysis (purity > 98%) were all purchased from Shanghai 

Winherb Medical Technology Co., Ltd. LC–MS-grade methanol, acetonitrile and water were 

purchased from Fisher Scientific (Fair Lawn, New Jersey, USA). LC–MS-grade formic acid 

was obtained from Sigma-Aldrich (St. Louis, USA). All other chemicals were analytical 

grade.

2.2. Animals

Specific pathogen free (SPF) male Sprague-Dawley rats (250 ± 20 g) were provided by 

Guangdong Medical Laboratory Animal Center (Guangdong, P.R. China). The rats were 

kept in a designated animal room at constant temperature (25 ± 2°C) and humidity (55 

± 10)% with 12 h of light/dark per day and free access to water and food. The experimental 

protocol was approved by the Ethics Review Committee for Animal Experimentation of 

Jinan University (Ethical Review NO. 20130301003). All procedures were in accordance 

with the Guide for the Care and Use of Laboratory Animals (National Institutes of Health).
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2.3. Preparation of XLGB samples and standard solutions

XLGB powder was extracted twice with 60% ethanol-water for 2 h, and the resulting 

extracts were concentrated to 1.0 g/Ml for oral administration.

An appropriate amount of each authentic standard was dissolved in methanol to prepare each 

reference standard solution. These reference standard solutions were mixed together to 

ascertain a solution with reasonable reference concentrations. All XLGB samples and 

reference standard solutions were stored at 4°C until use.

2.4. Serum sample preparation

Each serum sample (500 μL) was transferred to a 10-mL polypropylene tube containing 100 

μL of IS solution and 100 μL of methanol. Two millilitres of methanol-acetonitrile (2:1, 

V/V) was added, after which the mixture were vortex-mixed vigorously for 1 min and 

centrifuged at 14,000 rpm for 10 min at 4°C. The supernatant was then transferred and 

evaporated to dryness using N2 at 37°C. The residue was dissolved in 200 μL of methanol, 

and 4 μL aliquots were then injected into the UPLC/Q-TOF-MS system.

2.5. UPLC/Q-TOF-MS conditions

UPLC was performed using an ACQUITY™ UPLC system (Waters Corporation, 

Manchester, U.K.) with an auto-sampler at 4°C. Separation was achieved on an ACQUITY 

UPLC™ BEH C18 Column (1.7 μm, 3.0 × 150 mm, Waters Corporation, Manchester, U.K.) 

maintained at 35°C. The mobile phase consisted of water (A) and acetonitrile (B) (each 

containing 0.1% formic acid), and the flow rate was 0.6 mL/min. The gradient elution 

program utilized for qualitative analysis was as follows: 0–0.11 min, 2% B; 0.11–10.26 min, 

2–36% B; 10.26–12.29 min, 36–48% B; 12.29–14.32 min, 48–80% B; 14.32–14.59 min, 

80–100% B; 14.59–16.53 min, 100% B; The gradient elution program utilized for 

quantitative analysis was as follows: 0–0.11 min, 2 B; 0.11–2. min, 2–10% B; 2.0–3.0 min, 

10% B; 3.0–3.6 min, 10–13% B; 3.6–4.2 min, 13–35% B; 4.2–5.5 min, 35–37% B; 5.5–7.5 

min, 37–55% B; 7.5–8.0 in, 55–100% B; 8.0–9.3 min, 100% B.

The UPLC system was coupled to a hybrid quadrupole orthogonal time-of-flight (Q-TOF) 

tandem mass spectrometer (SYNAPT™ G2 HDMS, Waters, Manchester, U.K.) with 

electrospray ionization (ESI). The operating parameters were as follows: capillary voltage, 3 

kV (ESI + ); sample cone voltage, 35 V; extraction cone voltage, 4 V; source temperature, 

100°C; desolvation temperature, 300°C; cone gas flow, 50 L/h and desolvation gas flow, 800 

L/h. The full scan mass range was 50–1200 Da. The method employed lock spray with 

leucine encephalin (m/z 556.2771 in positive ion mode and m/z 554.2615 in negative ion 

mode) to ensure mass accuracy. Psoralen and is opsoralen were both monitored in selective 

ion mode (SIM) with an m/z of 187.0395. Selective reaction monitoring (SRM) was 

performed as follows: the m/z 197.0814 → 127.0390 transition with a collision energy (CE) 

of 20 eV for sweroside, 342.1705 → 297.1130 with CE 22 eV for magnoflorine, 823.3025 

→ 369.1338 with CE 35 eV for epimedin C, 929.5110 → 437.3418 with CE 20 eV for 

akebia saponin D, 299.2011 → 231.174 with CE 20 ev for norethindrone (IS), 323.1286 → 
267.066 with CE 22 eV for neobavaisoflavone, 369.1338 → 313.0710 with CE 25 eV for 

icariside II, 321.1126 → 137.0242 with CE 29 eV for corylin, 337.1071 → 281.0468 with 
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CE 24 eV for psoralidin, 339.1591 → 219.1026 with CE 2 5 eV for bavachinin. All 

experimental data were collected in centroid mode and processed using Masslynx™ 4.1 

software and a Quanlynx™ program.

2.6. Cell culture

UMR 106 cells and 3T3-L1 preadipocytes were purchased from ATCC (American Type 

Culture Collection, Manassas, VA, USA) and maintained in Dulbecco’s modified Eagle’s 

medium (DMEM) with 10% foetal bovine serum in an incubator with 5% CO2 at 37°C [19].

The colourimetric MTT (tetrazolium) assay for cell proliferation is as follows. UMR106 

cells were placed into a 96-well plate and maintained for 24 h, before being treated with the 

compounds of interest at different concentrations. After 24 h, 50 μL/well of MTT solution (1 

mg/mL, Sigma, St. Louis, MO, USA) at 37°C was added. The cells were incubated for 4 h. 

The solution was then removed, and 200 μL of DMSO was added to each well. The plates 

were then read using a micro-plate reader system (Microplate Spectro, Biotek Instrument 

Inc., USA) with a test wavelength of 570 nm and a reference wavelength of 650 nm [19].

Alkaline phosphatase (ALP) activity was evaluated as follows. After 500 μL of 104 cells/

well of UMR 106 cells was seeded into 24-well plates and incubated for 48 h. The culture 

medium contained compounds at different concentrations, and the osteogenic medium was a 

basal medium with 10 mM glycerophosphate and 50 g/mL ascorbic acid. After culturing for 

2 days, the ALP activities of UMR 106 cells were determined [19].

Adipocyte differentiation and oil red O staining in 3T3-L1 cells was performed as follows. 

To induce adipogenesis, 3T3-L1 cells (5×104 cells/well) were plated into 6-well plates and 

maintained for 2 days after reaching confluence (designated as day 0). The culture medium 

was then exchanged with differentiation medium (DMEM containing 10% FBS, 0.5 mM 

IBMX, 1 μM dexamethasone, 2 μg/mL insulin, and 200 μM indomethacin) for 2 days. The 

cells were then incubated in adipocyte growth medium (DMEM supplemented with 10% 

FBS and 1 μg/mL insulin) for 2 days and maintained thereafter with 10% FBS DMEM to 

day 8 based on a published protocol. Tested compounds were added to the medium over the 

full course of differentiation. The medium was changed every other day. On day 8 the cells 

were stained with Oil Red O, an indicator of cell lipid content. This experiment was repeated 

3 times [20].

2.7. Pharmacokinetic analysis

After fasting with free access to water for 12 h, rats were orally administered XLGB. Blood 

samples were then collected from the rats’ external jugular veins into tubes at 0.5, 1, 1.5, 2, 

3, 4, 6, 8, 12, 24, 36 and 48h after administration. The blood samples were placed at room 

temperature for 2 h, after which they were centrifuged at 3000 rpm for 10 min. The serum 

was separated and stored at −80°C until experimental use. For pharmacokinetic parameters 

analysis, WinNonlin 6.3 was used to calculate the analytes’ pivotal pharmacokinetic 

parameters.
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3. Results and discussions

3.1. Selection of internal standard (IS)

Choosing an appropriate internal standard is important to obtaining satisfactory methods 

validation. The eleven bioactive components considered herein exhibited various types of 

structures. Different internal standards were optimized in this regard, including 

carbamazepine, daidzein, genistein, norethindrone and levonorgestrel. Norethindrone was 

selected as the internal standard due to its superiority with regard to analytical responses and 

resolutions.

3.2. Optimization of sample pre-treatments

Protein precipitation, liquid-liquid extraction (LLE) and solid phase extraction (SPE) were 

all tested for their suitability in sample pre-treatment. Recoveries of these analytes via LLE 

(ethyl acetate or extraction with other extraction reagents) were lower than those obtained 

via protein precipitation. Meanwhile, SPE was very labour-intensive and time-consuming. 

Therefore, protein precipitation was used to pre-treat serum samples. Methanol-acetonitrile 

was selected as the precipitation agent [21].

3.3. Identification of major component absorbed by rat serum

By comparing the retention times, accurate ions and fragment ions (Table S1) of XLGB-

containing serum versus blank serum, 18 prototypes, including flavonoids, alkaloids, iridoid, 

coumarin and saponins, were identified in extract ion chromatograms (EICs) of rat serum 

after oral XLGB administration (Fig. S2). The structures of these prototypes were shown in 

Fig. 1, and two of these examples were used to demonstrate structure characterization.

Peak 2 pertains to an [M+H]+ ion at m/z 342.1702 in positive ion mode, indicating an 

alkaloid. The ion at m/z 297.1126 in the MS/MS spectra (Fig. S3) indicates the loss of C2 H6 

NH from the [M+H]+ ion. Moreover, elimination of a neutral fragment of CH3OH yielded 

an ion at m/z 265.0864. Subsequently, a neutral loss of CO, produced an ion at m/z 
237.0912, indicating a rearrangement. Compared to the reference standard and results 

reported in the literature [22], peak 2 was determined to be magnoflorine.

Peak 5 has been identified unambiguously as psoralen. With regard to the MS/MS spectra 

(Fig. S3), the neutral loss of CO or CO2 is the predominant elimination reported in the 

literature [23]. The fragment ions at m/z 159.0437, 143.0495 and 131.0476 correspond to a 

series loss of CO, CO2, and two molecules of CO, respectively.

3.4 Evaluation of in vitro activity

Among the 18 prototypes identified, seventeen compounds were isolated from the bioactive 

fraction(s) of XLGB. These 17 pure compounds were evaluated with regard to their effects 

on the proliferation and alkaline phosphatase (ALP) activity of UMR 106 cells and the 

adipogenesis of 3T3-L1 cells. All data were expressed as the means ± S.D.s and were 

collected from at least three independent experiments, each performed in tetraplicate. 

Statistical analysis was by way of one-way ANOVA with post hoc multiple comparisons. A 

p value less than 0.05 was regarded as significant [19,20]. The results (Fig. 2) obtained 
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indicated that most of these compounds promoted proliferation and ALP activity and 

inhibited adipocyte formation to different degrees. Among the compounds evaluated, 

sweroside exhibited excellent bioactivities with regard to the three evaluation indexes above, 

while psoralidin obviously inhibited adipocyte formation.

3.5. Method validation

Whether the responses of these prototypes were over the lower limit of quantitation (LLOQ), 

eleven components exhibiting significant anti-osteoporosis activities were selected for 

simultaneous quantitative analysis in rat serum via UPLC/Q-TOF-MS. The method was 

validated for selectivity, linearity, extraction recovery, matrix effects, precision, accuracy and 

stability according to the Guidance for Industry: bioanalytical method validation from the 

US Food Drug Administration (FDA) [24].

To ensure there were no significant endogenous interferences, selectivity was determined by 

comparing the chromatograms obtained for each blank serum sample (from six different 

rats), drug serum samples obtained 1 h after oral administration of XLGB and blank serum 

samples spiked with standard solutions at LLOQ concentrations. As shown in Fig. S4, no 

interference peaks (from endogenous entities) were detected at the retention times of the 

analytes and the IS.

Calibration curves were constructed by plotting analyte:IS peak area ratios (y) versus 

respective serum concentrations (x) using a 1/x2 weighting factor and linear least-squares 

regression analysis, and the slope, intercept and correlation coefficient of each curve were 

determined. The 1/x2 weighting factor was greater than 0.99. Linear ranges, regression 

equations, correlation coefficients and LLOQs were shown in Table 1.

Extraction recoveries (ER) and matrix effects (ME) were evaluated using a published 

experimental protocol [25]. The peak areas of 3 different concentrations of analytes within 

quality control (QC) samples were defined as A1. A2 referred to the peak areas pertaining to 

analytes within extracted control serum samples reconstituted with standard solutions at 

three concentrations. A3 corresponded to the responses of analytes obtained by directly 

injecting the corresponding pure reference standards at three QC levels. Extraction 

recoveries and matrix effects were calculated as follows: ER% = A1/A2 × 100%, and ME% 

= A2/A3 × 100%. The absolute recoveries of these analytes were all above 71.7% for the 

three concentration levels investigated, while the matrix effects of these analytes were found 

to range from 89.1 to 110.7% at different concentration levels. The results (Table S2) 

suggested that the recoveries obtained were consistent and reproducible and did not indicate 

significant enhancement or suppression of ionization for any of the analytes studied.

The accuracies and inter/intra-day precisions of the assay were evaluated by determining six 

replicates of QC samples (at low, middle and high concentrations) on three consecutive days 

and were listed in Table 2. The inter-day and intra-day precisions ranged from 0.9% to 7.9% 

and 3.3% to 12.3%, respectively, and the accuracies ranged from −12.7% to 11.0%. The data 

obtained was within acceptable limits.
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The stabilities of 11 analytes in the serum samples were assessed under different conditions 

and at three concentration levels, including extracted samples stored at 24 h at room 

temperature, those kept at −80°C for 24 h, those undergoing three freezing cycles at −80°C 

with thawing at 25°C, and serum samples maintained at room temperature for 8 h. The 

sample sets were compared via three QC replicates at each concentration investigated. 

Stability results (Table S3) indicated that all the analytes were stable under different storage 

conditions.

3.6. Pharmacokinetic analysis

The method validated above was successfully applied in a pharmacokinetic study after oral 

administration of XLGB. The mean concentration-time profiles of these bioactive 

components shown in Fig. 3. The pharmacokinetic parameters of interest calculated using 

the Phoenix WinNonlin 6.3 program and are illustrated in Table 3.

In the present study, we different oral doses (3, 6 and 12 g/kg) to rats to investigate the 

pharmacokinetic parameters involved. Except for magnoflorine, psoralen, isopsoralen and 

bavachinin, all bioactive components exhibited dose-dependent relationships when mean 

AUC0-t values were plotted against the different doses employed. The pharmacokinetic 

profile was not available for psoralidin because the analytical signals were lower than the 

LLOQ after oral administration of XLGB at a dose of 3 g/kg. The concentrations of other 

components, such as akebia saponin D, neobavaisoflavone, icariside II and corylin, were a 

slightly higher than the corresponding LLOQs.

As shown in Table 3, the parameters evaluated, such as Tmax, Cmax, t1/2, AUC0-t, AUC0−∞, 

MRT0-t and MRT0−∞, differed from those evaluated after oral administration of a single 

compound. For instance, sweroside demonstrated an obvious improvement in t1/2, implying 

delayed absorption [26]. Compared to previously published data, magnoflorine exhibited 

greater Tmax and t1/2 values, indicating that magnoflorine absorption was enhanced by 

intragastric administration of Xian-Ling-Gu-Bao compared to administration of the 

compound independently [27]. Akebia saponin D showed clear improvements in Cmax and 

Tmax [28,29], indicating that the complex ingredients in the TCM formula induced drug-

drug interactions [30] and affected pharmacokinetic behaviour via solubilisation, 

complexation and hydrolytic decomposition, thereby improving bioavailability [31,32]. In 

addition, obvious double absorption peaks appeared in previously published reports, 

indicating that AUC0−∞ was increased in comparison to the present study’s results. Previous 

research implicated icariside II as one of the major intermediate decomposition products of 

other flavonoids [33]. This may explain the higher absorption of Cmax observed for icariside 

II in the present study compared to previously published reports [34]. Similarly, the 

persistently high concentrations of psoralen and isopsoralen can been explained by the 

hydrolysis of psoralenoside and isopsoralenoside, respectively [35]. The obvious decrease in 

Cmax and AUC observed for bavachinin indicated that some of the ingredients present 

reduced the absorption and bioavailability of bavachinin [36]. Double absorption peaks were 

observed for several bioactive components in the present study, which may be related to 

enterohepatic circulation.
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4. Conclusions

The method developed and validated above was successfully used for qualitative and 

quantitative analyses of prototypes in rat serum after oral XLGB administration. Meanwhile, 

evaluation of these prototypes (except Timosaponin B II) revealed different degrees of anti-

osteoporosis activity. Moreover, the pharmacokinetic parameters of these bioactive 

components were successfully obtained using WinNolin 6.3 software. Compared with single 

dosing of individual compounds, significant improvements in Cmax and Tmax were observed 

for sweroside, magnoflorine, akebia saponin D, icariside II, psoralen and isopsoralen, 

indicating that the complex multiple ingredients in XLGB may induce drug-drug 

interactions that influence their pharmacokinetic parameters. Likewise, the obvious 

attenuation of the Cmax and AUC of bavachinin indicates corresponding reductions in 

absorption and bioavailability. These results facilitate our understanding of the material basis 

of the therapeutic effects of XLGB and should be valuable to further studies and therapeutic 

applications involving XLGB.
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Fig. 1. 
Chemical structures of eighteen prototypes detected in rat serum after oral administration of 

Xian-ling-gu-bao extracts based on MS full scan and MS/MS scan by UPLC/Q-TOF-MS 

system with electrospray ionization (ESI). The rat serum were pretreated with methanol-

acetonitrile (2:1, V/V) to perform protein precipitation, and then the concentrated 

supernatant was injected into UPLC/Q-TOF-MS system.
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Fig. 2. 
Anti-osteoporosis related in vitro effects of the components absorbed in rat serum after oral 

administration of Xian-ling-gu-bao extracts. (A): Analysis of UMR 106 cells proliferation 

following treatment of individual compound. UMR 106 cells were treated (24 h) at 

increasing doses (0.01, 0.1, 1, 10 μM) of 17 individual compound. Cell proliferation was 

evaluated by MTT assay. (B): Alkaline phosphatase (ALP) activity was evaluated after 

incubated for 48 h treated with different concentration (0.01, 0.1, 1 μM) of 17 analytes. (C): 

Adipogenesis effect of 3T3-L1 cells after treated with each compound (1 or 10 μM). On day 

8, the 3T3-L1 cells were stained with Oil Red O after tested compounds were added to the 

medium over the full course of differentiation. Columns, mean (n = 3, in triplicate); bars, 

SD. * P < 0.05, ** P < 0.01. (1: sweroside; 2: magnoflorine; 3: psoralenoside; 4: 

isopsoralenoside; 5: psoralen; 7: isopsoralen; 8: epimedin C; 9: icariin; 10: akebia saponin 

D; 11: icariside I; 12: 2”-rha-icariside II; 13: neobavaisoflavone; 14: icariside II; 15: corylin; 

16: akebia saponin PA; 17: psoralidin; 18: bavachinin).
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Fig. 3. 
Mean concentration-time profiles of these bioactive components after oral administration of 

Xian-ling-gu-bao extracts (n = 6) (a: sweroside; b: magnoflorine; c: epimedin C; d: akebia 

saponin D; e: psoralen; f: isopsoralen; g: neobavaisoflavone; h: icariside II; i: corylin; j: 

psoralidin; k: bavachinin).
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