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Objective: The aim of this study was to evaluate the antiaging effect of Schisandra chinensis 

lignans (SCL) by analyzing the characteristics in the serum of d-galactose (d-gal)-induced rats.

Methods: Forty male Wistar rats were randomly divided into control group, d-gal model group, 

low-dose SCL group (50 mg/kg/d), medium-dose SCL group (100 mg/kg/d), and high-dose 

SCL group (200 mg/kg/d). A serum metabolomics analysis method based on rapid resolution 

liquid chromatography coupled with quadruple-time-of-flight mass spectrometry was carried 

out to study the characteristics of d-gal-induced aging rats and evaluate the antiaging effects 

of SCL, and multivariate statistical analysis was performed for pattern recognition and char-

acteristic metabolites identification. The relative levels of p19, p53, and p21 genes in the brain 

tissue were measured by quantitative real-time polymerase chain reaction for investigating the 

underlying mechanism. 

Results: Metabolomics analysis showed that 15 biomarkers were identified and 13 of them 

recovered to the normal levels after the administration of SCL. Based on the pathway analysis, the 

antiaging mechanisms of SCL might be involved in the following metabolic pathways: energy, 

amino acid, lipid, and phospholipid metabolism. Furthermore, SCL significantly inhibited the 

mRNA expression level of p19, p53, and p21 in the brain of aging rats induced by d-gal. 

Conclusion: These results suggest that SCL can delay rat aging induced by d-gal through 

multiple pathways.

Keywords: Schisandra chinensis lignans, aging, rat, metabolomics, RRLC-Q-TOF-MS, 

RT-PCR

Introduction
In recent years, natural products with antiaging activity, such as traditional Chinese 

medicines and herbal medicines, have been increasingly widely used. Schisandra, a 

famous traditional Chinese medicine material that originated in China, is the ripe and 

dry fruit of Schisandra chinensis (Turcz.) Baill. Lignans are one of the main compo-

nents with multiple functions in Schisandra. There have been extensive reports on 

the role of lignans in Schisandra in delaying aging, such as improving learning and 

memory impairment caused by oxidative damage induced by d-galactose (d-gal) in 

rats,1 inhibiting d-gal-induced brain tissue aging in mice by attenuating apoptosis of the 

endoplasmic reticulum pathway,2 and regulating autophagy and inhibiting apoptosis.3 

However, aging is accompanied by the overall change of multiple organs and systems, 

in which the organs and systems affect each other closely; so, it is not reasonable to 

clarify the overall effects of a drug on the body based on changes induced by the drug 

in a part of the body.
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In recent years, metabonomics has been widely used for 

research on plant characteristics, the diagnosis of diseases, 

the exploration of drug action mechanisms, and the discovery 

of biomarkers, is reaching its maturity with the development 

of equipment, improvement of experimental methods, and 

the emergence of related analysis software, and as a new 

tool, has been considered to have immense scope in research 

on the development of diseases and the mechanism of drug 

action,4–6 especially suitable for the study of changes in the 

overall metabolism of the aging body.

The d-gal-induced aging model, as the most widely used 

subacute aging animal model currently, shows various aging 

manifestations, such as shortened life span, learning and 

memory disorders, neurodegenerative changes, hypoimmu-

nity, and low fecundity,7,8 with similar changes to those in 

the morphological, physiological, and biochemical indexes 

of natural aging in various organs, and is widely used for 

the investigation of aging mechanisms, and the pharmaco-

dynamic evaluation of antioxidants and antiaging drugs. It 

has been found that spontaneous behavior (open field test) 

is reduced and the spatial memory ability is damaged (water 

maze) in d-gal-induced aging rats.9,10 In our previous study, 

Schisandra chinensis lignans (SCL) showed an anti-hyper-

lipidemia effect on hyperlipidemia mice induced by high-fat 

diet, and the mechanisms may be involved in metabolic 

pathways such as tricarboxylic acid (TCA) cycle, synthesis 

of ketone body and cholesterol, choline metabolism, and 

fatty acid metabolism, with acetyl-CoA as the key factor to 

anti-hyperlipidemia of SCL.11 It has been reported that aging 

is closely related to dyslipidemia.12

In the present study, a rapid resolution liquid chromatog-

raphy coupled with quadruple-time-of-flight mass spectrom-

etry (RRLC-Q-TOF-MS)-based metabolomic approach was 

used to evaluate the antiaging effect of SCL by analyzing 

characteristics in the serum of d-gal-induced rats and the 

antiaging mechanism involved in the expression of related 

protein genes was also investigated.

Materials and methods
sCl preparation and its method
S. chinensis was purchased from Jian City Schisandra 

Cultivation Base, Jilin Province, China and identified as 

the ripe dried fruit of Schisandra by Professor Li Fengli 

at the Department of Pharmacognosy, Beihua University, 

China. Schisandra total lignans were extracted according 

to the procedures of carbon dioxide supercritical extraction 

reported previously.11 The contents of seven active lignans 

(schizandrol A, schisandrol B, schisantherin A, schisanhenol, 

schisandrin B, schisandrin C, and deoxyschizandrin) in SCL 

were determined by high-performance liquid chromatogra-

phy (HPLC; e2695; Waters Corporation, Milford, MA, USA) 

and the conditions were as follows:

Column: Waters ODS (250×4.6 mm, 5 μm); mobile phase: 

methanol (A), water (B); the following gradient program 

was used: 0–15 minutes (40% to 25% B), 16–20 minutes 

(25% B), 21–30 minutes (25% to 10% B), 31–40 minutes 

(10% to 0% B), 41–45 minutes (0% B), 46–55 minutes (0% 

to 40% B); column temperature: 30°C; flow rate: 0.5 mL/min; 

detection wavelength: 230 nm; sample size: 10 μL. The con-

tents of lignans in the samples were calculated. The results 

are shown in Table 1 and Figure 1.

Chemicals and materials
HPLC-grade methanol and acetonitrile were purchased from 

TEDIA (Fairfield, OH, USA). Schizandrol A, schisandrol B, 

schisantherin A, schisanhenol, schisandrin B, schisandrin C, 

and deoxyschizandrin were purchased from Chengdu Pre-

ferred Biotechnology Co Ltd (Chengdu, Sichuan, China), 

with purity .98%. d-gal and all the reference standards were 

purchased from Sigma-Aldrich Co (St Louis, MO, USA). The 

water used in the experiments was collected from a Milli-Q 

Ultra-pure water system (EMD Millipore, Billerica, MA, 

USA). Other chemicals were of analytical grade.

Animal handling
Forty male Wistar rats, weighing 200–220 g, were provided 

by the Changchun Institute of Biological Products Co, Ltd 

(Changchun, China; certificate number: [Ji] 2016-0008, spe-

cific pathogen-free). The experimental animals were raised in 

accordance with the regulations approved by the Council of 

Animal Care and Use of Beihua University (CACUBU). The 

animal room was sterilized once a week, with a temperature 

control of 20°C–24°C and humidity of 45%–55%. The ani-

mals were exposed to a circadian cycle of 12 hours/12 hours 

and were housed in separate cages, with free access to food 

and water. The animal pad was replaced once every 3 days, 

Table 1 Content (mean ± sD, n=3) of seven lignans in sCl by hPlC

Compound Content 
(mg/g)

Compound Content 
(mg/g)

schisandrol A 7.35±0.52 Deoxyschizandrin 0.75±0.06
schisandrol B 5.28±0.16 schisandrin B 3.26±0.25
schisantherin A 0.69±0.04 schisandrin C 1.50±0.08
schisanhenol 0.50±0.04 Total 19.33±0.95

Abbreviations: sCl, Schisandra chinensis lignans; hPlC, high performance liquid 
chromatography; sD, standard deviation.
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and the body weights of animals were weighed and recorded 

once every 2 weeks.

All rat experimental procedures were approved by 

CACUBU (no 20170302) and performed in accordance with 

the Regulations for the Administration of Affairs Concern-

ing Experimental Animals approved by the State Council of 

People’s Republic of China.

Forty male Wistar rats were randomly divided into control 

group (control), d-gal model group, low-dose SCL group 

(SCL-L), medium-dose SCL group (SCL-M), and high-dose 

SCL group (SCL-H), with eight rats in each group. Rats in 

the model, SCL-L, SCL-M, and SCL-H groups were given 

100 mg/kg d-gal via subcutaneous injection once daily for 

9 consecutive weeks, and those in the control group were 

given normal saline in the same way. Rats in SCL-L, SCL-M, 

and SCL-H groups were intragastrically given 50, 100, and 

200 mg/kg/day SCL, respectively, and those in both the 

control group and model group were given an equal volume 

of distilled water for 3 consecutive weeks from the seventh 

week after the administration of d-gal and normal saline.

Blood and brain sample collection
Blood samples of rats in the control, SCL-L, SCL-M, 

and SCL-H groups were collected from the inner canthus 

5

100

R
el

at
iv

e 
ab

un
da

nc
e

(%
)

10 15

1
2

3
4

5

6

7

20
Time (min)

25 30 35 40 45 50

5

100

R
el

at
iv

e 
ab

un
da

nc
e

(%
)

10 15

1

2

3 4

5

6

7

20
Time (min)

25 30 35 40 45 50

D

E

A B C

Figure 1 Schisandra chinensis lignans: (A) photo of fresh Schisandra; (B) photo of fruit powder; (C) photo of extract solution; (D) typical hPlC of standards; (E) typical hPlC 
of sample. Peak identification: 1, schisandrol A; 2, schisandrol B; 3, schisantherin A; 4, schisanhenol; 5, schisandrin B; 6, schisandrin C; 7, deoxyschizandrin.
Abbreviation: hPlC, high performance liquid chromatography. 
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(anesthesia with ether) by the end of the ninth week, and 

those in the model group were collected in the same way 

by the end of the third, sixth, and ninth week, respectively, 

for the analysis of serum metabolomics. Rats from each group 

were sacrificed after the last blood collection, and the brain 

tissues were removed onto an ice plate immediately. The 

removed brain tissues were washed with pre-cooling saline, 

dried with filter paper, and cryopreserved at -80°C for use.

rrlC/Ms analysis
One hundred microliters of the serum were added with 1 mL 

methanol, shaken by a vertex meter, and then centrifuged 

(12,000 rpm) at 4°C for 5 minutes to obtain the supernatant. 

The supernatant was filtered through a 0.22 μm filter mem-

brane and the filtrate was stored at 4°C for use.

Chromatographic separation was performed using a 1200 

rapid resolution liquid chromatography system (Agilent 

Technologies, Santa Clara, CA, USA). An Agilent SB-C18 

column (100×3.0 mm, 1.8 μm, 600 bar) was used at a tem-

perature of 25°C. The gradient elution was carried out with 

a binary pump. Formic acid (0.1%) (v/v) was considered as 

phase A and acetonitrile as phase B at a constant flow rate 

of 300 μL/min. A gradient profile with the following propor-

tions (v/v) of phase B was applied: 0−10 minutes from 5% 

to 50% and 10−20 minutes from 50% to 95%. The injected 

volume was 5 μL. 

MS analysis was performed on 6520 Q-TOF MS (Agilent 

Technologies), which was equipped with an electrospray 

interface and automatic calibration system. The MS param-

eters were set as follows: drying gas (N
2
) temperature at 

350°C and flow rate at 8.0 L/min, nebulizer at 207 kPa, 

capillary voltage at 3.5 kV, fragmentor voltage at 175 V, and 

skimmer voltage at 65 V. The full MS scan range was from 

m/z 50 to 1,000 in both negative and positive modes. 

Biomarkers data and statistical analysis
After RRLC/MS measurement, the raw data were prepro-

cessed using MassHunter 03.01 and Mass Profiler Profes-

sional 02.02 software (Agilent Technologies) for peak 

extraction, filtration, and normalization. All data were 

expressed as mean ± standard deviation (SD) (x–±s). “n” 

denotes the sample numbers in each group. The data were 

analyzed using independent t-test and one-way analysis of 

variance (ANOVA) (SPSS 19.0; IBM Corporation, Armonk, 

NY, USA); p-values ,0.05 were considered significant. 

Multivariate data analysis was performed by using principal 

component analysis (PCA), partial least squares-discriminant 

analysis (PLS-DA), and orthogonal PLS-DA (OPLS-DA). 

The identification of metabolites was accomplished by com-

parison of the measured accurate mass value with the following 

databases: Human Metabolome Database,13 LIPID MAPS,14 

and Kyoto Encyclopedia of Genes and Genomes.15

rnA extraction and real-time reverse 
transcription polymerase chain reaction 
(rT-PCr)
The total RNA in the brain tissue of rats was extracted with Trizol 

reagent, and effects of SCL on the expression of p19, p53, and 

p21 genes in the brain tissue of rats were observed. RT was per-

formed using 5 μg RNA, 1 μL Random Primers (0.5 μg/reaction), 

1 μL Oligo(dT) 15 Primer (0.5 μg/reaction), and 3 μL 

Nuclease-Free Water, strictly referring to the procedures of 

RT kits (Promega Corporation, Fitchburg, WI, USA). The 

PCR primer sequence was designed by Dingguo Changsheng 

Biotechnology Co Ltd (Beijing, China) using Primer 6.0 soft-

ware (PREMIER Biosoft International, Palo Alto, CA, USA) 

and the gene expression level was analyzed using SYBR Green 

kit (Promega Corporation). The sequence and length of primer 

are listed in Table 2. ΔΔCt method was used for the relative 

quantitative analysis. β-Actin was used as the control to nor-

malize the data and the unit was expressed as a percentage.

Results
rrlC-Q-TOF-Ms method for 
the metabolomic analysis
d-gal-induced aging rat model is the most commonly used 

method for establishing a subacute aging animal model cur-

rently, characterized by shortened life expectancy, learning 

and memory impairment, and immunodeficiency. In this 

study, rats were subcutaneously injected with 100 mg/kg 

d-gal once daily continuously for 9 weeks and a RRLC-Q-

TOF-MS approach was employed in the metabolomic study 

of biochemical changes in the serum of aging rats. Figure 2 

presents the base peak intensity chromatograms of serum 

Table 2 Primers used for quantitative real-time PCr

Genes Primer sequences Length (bp)

p19 Forward 5′ ACTCAgCCAACTCCTCC 3′ 160
reverse 5′ TCCgTgggCAAAgAC 3′

p53 Forward 5′ ATTCTATCCAgCCAgTTgTT 3′ 109
reverse 5′ TAgCCCTTgAgATTATTgC 3′

p21 Forward 5′ TCCgCACAggAgCAAA 3′ 140
reverse 5′ AgTCAAAgTTCCACCgTTCT 3′

β-Actin Forward 5′ CCCATCTACgAgggCTAT 3′ 145
reverse 5′ TgTCACgCACgATTTCC 3′

Abbreviation: PCr, polymerase chain reaction. 
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samples from control, d-gal (9 weeks), and SCL-H rats in 

both negative and positive ion modes. For the precision and 

repeatability of the developed RRLC-Q-TOF-MS method 

in this study, 50 μL of all the serum samples were mixed to 

prepare a quality control (QC) sample. During all the liquid 

chromatography (LC)-MS analyses, the QC sample was mea-

sured after every six serum samples. Five ions (m/z 145.0621, 

180.9721, 231.9666, 452.9206, and 588.8940) in negative 

ion mode and five ions (m/z 132.0973, 188.0652, 215.2066, 

330.3273, and 437.1814) in positive ion mode were extracted 

for the assessment according to the variation of their peak 

areas and retention times. The system stability (relative stan-

dard deviations %) of m/z values, retention times, and peak 

areas were ,0.20%, 0.0008%, and 9.3%, respectively. These 

results indicated the excellent reproducibility and stability 

during the whole sequence.

Analysis of serum metabolite profiles
Based on RRLC-Q-TOF-MS data, PCA was performed to 

determine the potential metabolites of serum samples from 

control, d-gal (3 weeks), d-gal (6 weeks), d-gal (9 weeks), 

SCL-L, SCL-M, and SCL-H rats. PCA, as a common method 

for multivariate data analysis, can be used to reduce the 

dimensionality with minimal information loss while retain-

ing the characteristics that contribute most to the variance. 

Figure 3 shows the PCA score plots, and the scattered 

points of control, d-gal (3 weeks), d-gal (6 weeks), and 

d-gal (9 weeks) samples exhibit an obvious separation in 

both negative and positive ion modes. SCL-H and SCL-M 

samples, especially SCL-H samples, exhibited an obvious 

separation from d-gal (9 weeks) samples and close to that 

of d-gal (3 weeks) samples in both negative and positive 

ion modes. SCL-L samples exhibited an obvious separation 

from d-gal (9 weeks) samples and close to that of d-gal 

(6 weeks) samples in negative ion mode, but no significant 

separation from d-gal (9 weeks) samples in positive ion 

mode. PCA, as an unsupervised method, can only reflect the 

original state of data, but in the experiment, environment, 

diet, and other factors, as well as system errors will affect 

the experimental results. In order to filter metabolic changes 

caused by some factors that were not related to the experi-

ment, and obtain more accurate results, supervised PLS-DA 

and OPLS-DA analyses were used for further processing of 

data in this study.

All the sample data matrixes were analyzed in statistics 

with the PLS-DA method. As shown in Figure 4, the distin-

guishing results of samples among the different groups were 

roughly the same as those by PCA, and the degree of separa-

tion from d-gal (9 weeks) samples was better in the positive 

ion mode. The PLS-DA score plot revealed a good fit and 

high predictability of the PLS-DA model with high statistical 

values of R2 and Q2. The R2 values were 0.942 (positive ion 

Figure 2 BPI chromatograms obtained from negative and positive ion rrlC-Q-TOF-Ms analyses of control, d-gal (9 weeks), and sCl-h rat.
Abbreviations: BPI, base peak intensity; RRLC-Q-TOF-MS, rapid resolution liquid chromatography coupled with quadruple-time-of-flight mass spectrometry; SCL-H, high-
dose Schisandra chinensis lignans; d-gal, d-galactose.
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mode) and 0.925 (negative ion mode), and Q2 values were 

0.937 (positive ion mode) and 0.916 (negative ion mode). 

The results demonstrated validity of the current model.

In order to confirm the differences in the regulation of 

endogenous metabolites in the blood of rats before and after the 

modeling and after the administration of SCL to a maximum 

extent, OPLS-DA was applied to analyze the results in the 

control and d-gal (9 weeks) group, d-gal (9 weeks) and SCL-H 

group, to obtain OPLS-DA score plots and S-plot (Figure 5), 

and the different metabolites were looked for by S-plot in 

combination with variable importance in projection values 

(.1). Accordingly, there were a total of 15 potential metabo-

lites which showed significant differences between control 

and d-gal (9 weeks) groups; 13 of them showed significant 

differences between d-gal (9 weeks) and SCL-H groups.

To identify these potential biomarkers, the retention 

time, accurate molecular ion mass, and characteristic MS/

MS fragment ions were compared with those of authentic 

standards and database resources. The [M-H]- ion at m/z 201 

in negative ion mode was selected as an example to illus-

trate the biomarker identification. Figure 6A is the extracted 

ion chromatogram (EIC) of m/z 201 in negative ion mode 

and the mass spectrum is shown in Figure 6B. As the mass 

accuracy was ,10 ppm, the possible elemental composition 

of the compound was compared with that of the registered 

compounds in databases and the metabolite was tentatively 
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Figure 3 PCA score plots of groups in negative (A) and positive (B) ion mode. , Control group; , d-gal (3 weeks) group; , d-gal (6 weeks) group; , d-gal (9 weeks) 
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identified as sebacic acid. To confirm the identification, the 

reference standard of sebacic acid was analyzed by LC/MS 

and MS/MS. Figure 6C shows the MS/MS spectrum of 

sebacic acid and the characteristic fragment ions at m/z 183 

[M-H
2
O-H]- and m/z 139 [M-C

2
H

6
O

2
-H]-, with a good 

concordance with the metabolite m/z 201. Based on the above 

information, the metabolite m/z 201 was identified as sebacic 

acid. The other compounds were identified using the above 
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Figure 5 OPls-DA analysis of rrlC-Q-TOF-Ms of rat serum. score plot of control and d-gal (9 weeks) group in negative (A) and positive (B) ion mode. score plot of d-gal 
(9 weeks) and sCl-h group in negative (C) and positive (D) ion mode. s-plot of control and d-gal (9 weeks) group in negative (E) and positive (F) ion mode. s-plot of d-gal 
(9 weeks) and sCl-h group in negative (G) and positive (H) ion mode. , control group; , d-gal (9 weeks) group; , sCl-h group.
Abbreviations: sCl-h, high-dose Schisandra chinensis lignans; d-gal, d-galactose; OPls-DA, orthogonal partial least squares-discriminant analysis; rrlC-Q-TOF-Ms, rapid 
resolution liquid chromatography coupled with quadruple-time-of-flight mass spectrometry. 
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method. Fifteen compounds were tentatively identified as 

biomarkers and the related information is listed in Table 3.

In order to further compare the variation trend of metabo-

lites in each group, the EIC and the average peak area of all 

the metabolites in each group were analyzed to determine the 

relative intensity. The relative intensity of the metabolites 

in each group was presented as the mean ± SD. Differences 

at the feature level between samples were statistically dis-

tinguished using the ANOVA test at a significance level of 

p,0.05 and p,0.01. Changes of the metabolites in each 

group are shown in Figure 7.

effects of sCl on the expression of p19, 
p53, and p21 genes
p19, p53, and p21 genes pathways are important pathways 

through which d-gal promotes senescence, and literature 

has reported that lysophosphatidylcholine, phospholipid, 

and sphingolipid are closely related to the p53 pathway.16–21 

Table 3 Data of identified metabolites detected by RRLC-Q-TOF-MS

Ion 
mode

Metabolite Mass Molecular 
formula

Related pathway Changes
(M-C)

Changes
(S-M)

negative lysine 146.1876 C6h14n2O2 Amino acid metabolism ↑ ↓
Pyruvic acid 88.0621 C3h4O3 energy metabolism ↑ ↓
lactic acid 90.0779 C3h6O3 energy metabolism ↑ ↓
glutamine 146.1445 C5h10n2O3 Amino acid metabolism ↑ –

linoleic acid 280.4455 C18h32O2 lipid metabolism ↓ ↑
Tyrosine 181.1885 C9h11nO3 Amino acid metabolism ↓ ↑
3-hydroxybutyric acid 104.1045 C4h8O3 lipid metabolism ↑ ↓
sebacic acid 202.1205 C10h18O4 lipid metabolism ↓ –

Positive 5-l-glutamyl-taurine 254.0572 C7h14n2O6s Amino acid metabolism ↑ ↓
lPC18:2 519.6515 C26h50nO7P Phospholipid metabolism ↑ ↓
Phosphatidylcholine 758.0603 C42h80nO8P Phospholipid metabolism ↓ ↑
lPC20:4 543.6729 C28h50nO7P Phospholipid metabolism ↑ ↓
Dihydrosphingosine 301.5078 C18h39nO2 Phospholipid metabolism ↓ ↑
Phytosphingosine 317.5072 C18h39nO3 Phospholipid metabolism ↓ ↑
lPC16:0 495.6301 C24h50nO7P Phospholipid metabolism ↑ ↓

Notes: M-C represents d-gal model group vs control group; s-M represents sCl group vs d-gal model group. “↑” and “↓” indicate that the compound was up and 
downregulated; “–” indicates that the compound did not significantly change.
Abbreviations: RRLC-Q-TOF/MS, rapid resolution liquid chromatography coupled with quadruple-time-of-flight mass spectrometry; SCL, Schisandra chinensis lignans. 

Figure 6 Identification of biomarker sebacic acid. (A) eIC of ion at m/z 201.1090 in negative ion mode; (B) esI-Q-TOF full-scan mass spectrum; (C) Ms/Ms spectrum of 
ion at m/z 201.1090.
Abbreviations: EIC, extracted ion chromatogram; MS, mass spectrometry; Q-TOF, quadruple-time-of-flight.
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Therefore, p19, p53, and p21 mRNA expressions in the brain 

tissue of all the rats were detected by q-PCR and analyzed 

by using the ANOVA test. As shown in Figure 8, compared 

with those in the control group, p19, p53, and p21 mRNA 

expressions in the brain tissue of rats in d-gal group (9 weeks) 

were significantly increased ( p,0.01); compared with those 

in the model group, p19, p53, and p21 mRNA expressions 

in the brain tissue of rats in SCL-M and SCL-H groups were 

significantly decreased ( p,0.05), suggesting that d-gal could 

significantly increase the expression of p19, p53, and p21 

genes in the brain tissue of rats, and SCL could significantly 

inhibit the abnormally high expression of p19, p53, and p21 

genes in the brain tissue of d-gal-induced rats.

Discussion
In this study, rats were subcutaneously injected with 

100 mg/kg d-gal once daily continuously for 9 weeks, and a 

RRLC-Q-TOF-MS approach was employed in the metabo-

lomic study of biochemical changes in the serum of 

aging rats. The results showed that the levels of lysine, 

pyruvic acid, lactic acid, glutamine, 5-l-glutamyl-taurine, 

3-hydroxybutyric acid, LPC18:2, LPC20:4, and LPC16:0 

increased remarkably, while those of linoleic acid, tyrosine, 

sebacic acid, phosphatidylcholine, dihydrosphingosine, and 

phytosphingosine decreased obviously in the serum of d-gal-

induced rats compared with those in the control group. After 

the administration of SCL, the levels of most metabolites 

returned to normal except those of glutamine and sebacic 

acid. These change trends indicate that d-gal-induced aging is 

closely related to energy metabolism, amino acid metabolism, 

lipid metabolism, and phospholipid metabolism, and SCL 

can mitigate metabolism disorders induced by d-gal.

Pyruvic acid plays an important pivotal role in the 

metabolism of three nutrient substances, such as conversion 

Figure 7 Comparison of the relative intensity of potential biomarkers in control, d-gal (9 weeks), and sCl group; values are expressed as mean ± sD (n=8). 
Notes: Vs control group, *p,0.05, **p,0.01; vs d-gal (9 weeks) group, #p,0.05, ##p,0.01.
Abbreviations: sCl, Schisandra chinensis lignans; sCl-l, low-dose Schisandra chinensis lignans; sCl-M, medium-dose Schisandra chinensis lignans; sCl-h, high-dose Schisandra 
chinensis lignans; d-gal, d-galactose; sD, standard deviation.
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to acetyl-CoA involved in lipid metabolism and TCA cycle.22 

d-gal can stimulate a significant increase of pyruvic acid, 

and the reason is the disorder of glycolysis and TCA cycle.23 

An increase in the level of lactic acid indicates changes in glu-

coneogenesis, carbohydrate and energy metabolism. It was 

also reported that there is a high level of pyruvic acid and 

lactic acid in the urine of d-gal-induced rats.24 In this study, 

the content of pyruvic acid and lactic acid was significantly 

increased in the serum of d-gal rats, and the intervention 

with SCL could significantly decrease the content of pyruvic 

acid and lactic acid, indicating that SCL could alleviate the 

glucose metabolism and energy metabolism disorders.

Tyrosine is an essential amino acid and the precursor 

of catecholamines, such as epinephrine, dopamine, and 

norepinephrine.25 Many studies have indicated that serum 

and brain tyrosine metabolism is closely related to aging.26,27 

Lysine, as a ketogenic amino acid, can provide structural 

components for the synthesis of carnitine, and carnitine will 

facilitate the synthesis of fatty acid in cells.28 Glutamine is 

the precursor of glutathione, an important antioxidant, and 

a lower level of glutamine indirectly leads to increased lipid 

peroxidation damage. In our previous studies, it was found 

that SCL could improve metabolic disorders of lysine, glu-

tamine, and 5-l-glutamyl-taurine in the serum of mice with 

hyperlipidemia.11 The level of serum lysine, glutamine, and 

5-l-glutamyl-taurine increased in the model group, showing 

an oxidative stress injury and lipid metabolism disorder in 

d-gal-induced rats. After the intervention of SCL, the level 

of lysine, tyrosine, and 5-l-glutamyl-taurine recovered to 

different degrees, indicating that SCL could improve the 

amino acid metabolism disorder caused by d-gal.

Sebacic acid is a saturated straight-chain dicarboxylic 

acid. Lipid metabolism was reported to play an important 

role in aging since the related metabolites were involved in 

many biochemistry reactions29 and fatty acid in serum showed 

a significant increasing trend with aging.30 Linoleic acid, a 

polyunsaturated fatty acid, is a precursor of prostaglandins 

in the arachidonic acid pathway and plays an important role 

in protecting the brain from neurodegenerative processes.31 

Compared with that in the control group, the level of serum 

linoleic acid in the model group was significantly reduced, 

but rebounded significantly after the intervention of SCL, 

Figure 8 effects of sCl on the mrnA expression of p19 (A), p53 (B), and p21 (C) genes; values are expressed as mean ± sD (n=8).
Notes: Vs control group, **p,0.01; vs d-gal (9 weeks) group, #p,0.05.
Abbreviations: sCl, Schisandra chinensis lignans; sCl-l, low-dose Schisandra chinensis lignans; sCl-M, medium-dose Schisandra chinensis lignans; sCl-h, high-dose Schisandra 
chinensis lignans; d-gal, d-galactose; sD, standard deviation.
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indicating that SCL can improve the lipid metabolism disor-

der and nervous system damage induced by d-gal, which was 

also in accordance with the results of Yan et al’s study.1

3-Hydroxybutyric acid is generally considered to be a 

ketone body, synthesized in the liver from acetyl-CoA, and 

can be used as an energy source for the brain when blood glu-

cose is low. It was reported that the level of 3-hydroxybutyric 

acid increased significantly in aging and hyperlipidemia 

animals.26,32 The results of this study are consistent with those 

reported by many other studies, indicating that SCL can cor-

rect the lipid metabolism disorder induced by d-gal.

LPC18:2, LPC20:4, and LPC16:0 are all lysophosphati-

dylcholines. Free radicals are one of the most recognized 

considerations in the aging theory; the oxidative stress in the 

aging process is closely related to some age-related diseases, 

such as Parkinson’s disease and Alzheimer’s disease, and 

when oxidative stress occurs, the generation of free radicals 

can activate the phospholipase A2 that could hydrolyze 

phosphatidylcholine to become lysophosphatidylcholine.33,34 

Lysophosphatidylcholine is an effective detergent-like cyto-

toxic compound, and can damage the membrane of plasmo-

cytes and vesicles, and eventually lead to the death of cells 

if a sufficient amount of it is generated.35 In this study, the 

level of serum lysophosphatidylcholine in the model group 

was significantly elevated, and after the intervention of SCL, 

the level of serum lysophosphatidylcholine was reduced in 

different degrees, showing that an obvious oxidative dam-

age could be induced by d-gal, and SCL could alleviate free 

radical injury.

Phosphatidylcholine, dihydrosphingosine, and phy-

tosphingosine all are phospholipids and the major compo-

nents of cellular membranes. Ceramide, the metabolite of 

phospholipids, is involved in the proliferation, differentiation, 

and apoptosis of cells. Many studies have shown that in the 

oxidative stress state, the content of phospholipids is sig-

nificantly reduced in the blood of both aging animal models 

and patients with Alzheimer’s disease.34,36 In this study, the 

content of the three phospholipids in the d-gal group was 

significantly reduced, and significantly elevated after the 

intervention of SCL.

In summary, SCL treatment partially improved the 

metabolism disorders induced by d-gal, with a good antiaging 

effect. The metabolic pathways included were proposed as 

follows: energy metabolism, amino acid metabolism, lipid 

metabolism, and phospholipid metabolism (Figure 9).

Cell stress factors, such as hypoxia, nitrative stress, 

genetic toxicity, and telomere shortening, can cause cell 

cycle arrest and cell senescence or apoptosis, thereby limit-

ing the proliferation of damaged cells and preventing the 

cells from canceration.37–39 p53, as a protein located in the 

key nodes of a variety of regulatory networks, plays a very 

important role in maintaining the cell cycle, and ensuring 

Figure 9 Potential metabolic pathways disturbed in d-gal (9 weeks) rat and alterations by sCl treatment. “ ” and “ ” in blue indicate up and downregulation in d-gal (9 weeks) 
group compared with the control group; “ ” and “ ” in red indicate up and downregulation in sCl group compared with the d-gal (9 weeks) group.
Abbreviations: sCl, Schisandra chinensis lignans; d-gal, d-galactose; TCA, tricarboxylic acid; ggT, γ-glutamyl transpeptidase; PlA2, phospholipase A2; eC, enzyme 
commission.
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the integrity of cell genome and the response of cells to 

various stresses.40,41 p19ARF is the upstream gene of p53; 

the expression of p19ARF can inhibit the translocation of 

Mdm2 from the cytoplasm to the nucleus, and p19ARF can 

increase the expression of p53 by blocking the translocation 

of Mdm2. The downstream target molecule of p53 is p21, 

an inhibitor of cyclin-dependent protein kinase, which can 

inhibit the cell cycle to result in an irreversible growth arrest 

of the cells. The results of this study showed that SCL could 

reduce the expression of p19, p53, and p21 genes in the 

brain tissue of aging rats, indicating that SCL can exert its 

antiaging effect by downregulating p19, p53, and p21 genes 

to regulate the cell cycle.

Conclusion
In the present study, an RRLC-Q-TOF-MS-based metabolo-

mic approach was employed to reveal the metabolic regulation 

of SCL on aging rats induced by d-gal. It turned out that the 

administration of SCL could partially recover the metabolism 

dysfunction caused by d-gal via several possible metabolic 

pathways: energy metabolism, amino acid metabolism, lipid 

metabolism, and phospholipid metabolism, and the mecha-

nism may be related to the downregulation of SCL on p19, 

p53, and p21 signaling pathways. This study may provide a 

theoretical basis for the prevention and treatment of aging.
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