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Abstract: The effects of alcohol extracts from roots, stems, leaves, and flowers of Scutellaria Baicalensis
Georgi (SBG) on endogenous metabolism in D-gal-induced aging-model rats were investigated by *H NMR metab-
olomics. Results showed that 32 endogenous metabolites were identified in the urine. Combined with the VIP value
and t-test, 14 different metabolites were found by multivariate statistical analysis of the spectrum. Compared with
the control group, the content of a-ketoglutaric acid, hippuric acid and 3-hydroxybutyrate in the urine of rats in the
model group was significantly decreased (P<0.05) and the content of trimethylamine oxide, glycine, alanine, lactic
acid, dimethylglycine, acetate, pyruvate, taurine, allantoin, betaine, N-acetylated glycoprotein was significantly
increased (P<0.05). The metabolites were mainly derived from taurine and hypo-taurine metabolism; glycine,
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serine and threonine metabolism; pyruvate metabolism; glycolysis/gluconeogenesis; glyoxylic acid and dicarboxylic
acid metabolism; and the tricarboxylic acid cycle. The content of differential metabolites in urine samples was
altered by the alcohol extracts from the different parts of SBG. Leaves extracts of SBG had the greatest effect
on urine metabolites, and mainly affected taurine and hypo-taurine metabolism; glycine, serine and threonine
metabolism; and pyruvate metabolism. This study provides a reliable experimental basis for the future development
of SBG. This animal experiment was approved by the Committee on the Ethics of Animal Experiments of Shanxi

University (SXULL2016036).
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Figure 1 Effects of alcohol extracts from different growth sites
of Scutellaria baicalensis Georgi (SBG) on body weight of D-
galactose-treated rats. n = 8, X + s. C: Control group; M: Model
group of D-gal induced aging. R, S, L, F respectively represented
the drug-treatment groups that given the roots, stems, leaves and
flowers of SBG
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Figure 2  Alcohol extracts from different growth sites of SBG
treatment improved D-gal-induced memory deficits in rats. A: The
line chart of mean escape latency time (s) during training trial; B:
The comparison of escape latency time (s) on day 5th of training
trial; C: The comparison of number of crossing into the former
location of the platform during the probe test; D: Comparison of
time spent in the target quadrant escape latency time (s) during the
probe test. n = 8, X % s. *P<0.05,*#P<0.001 vs control group; "P<
0.05, "P<0.01, ™"P<0.001 vs model group; “P<0.05 vs drug-treated
groups
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Figure 3 Typical 600 MHz *H NMR spectra of control rat for
metabolites identified from the urine samples
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Table 1 The list of the detailed *"H NMR assignments from urine samples in rats. TMAO: Trimethylamine N-oxide; NAG: N-Acetyl-glyco-

proteins
No. Metabolite Moiety J,, (multiplicity)
1 Lipids CH,, (CH,),, C=CCH,C=C 0.87 (m); 1.27 (m)
2 Isoleucine 0CHj,, 6CH,, 6CH,, yCH,, yCH,  0.94 (t), J =7.20 Hz
3 3-Hydroxybutyrate yCH, 1.20 (d), J=4.20 Hz
4 Lactate aCH,, fCH, 1.33(d), J=7.20 Hz
5 2-Hydroxyisobutyrate CH, 1.36 ()
6 Alanine SCH, 1.48 (d), J=7.20 Hz
7 Citrulline yCH,, fSCH, 1.56 (m); 1.83 (m)
8 Acetate CH, 1.93(s)
9 N-Acetyl-glycoprotein CH, 2.04 (s)
10 Pyruvate CH, 2.38(s)
11 Succinate CH, 2.41 (s)
12 a-Ketoglutarate aCH,, fCH, 2.44 (t),J=7.20 Hz; 3.01 (t), J = 7.20 Hz
13 a-Oxoglutarate yCH,, fSCH, 2.46 (t), J = 6.60 Hz; 3.01 (t), J = 6.60 Hz
14 Citrate Half CH,, half CH, 2.54 (d), J = 15.00 Hz; 2.66 (d), J = 15.00 Hz
15 Dimethylamine CH, 2.72 (s)
16 Dimethylglycine N-CH, 2.92 (s)
17 Creatinine CH,, CH, 3.04 (s); 4.06 (s)
18 Malonate CH, 3.15 (s)
19 Choline N(CH,), 3.20 (s)
20 Taurine N-CH, 3.23 (t), J =6.60 Hz; 3.42 (t), J = 6.60 Hz
21 TMAO CH, 3.27 (s)
22 Glycine CH, 3.57 ()
23 Phenylacetyl glycine 2,6-CH; 3,5-CH 3.68 (s); 7.36 (m); 7.42 (m)
24 Guanidinoacetate CH, 3.80 (s)
25 Betaine CH,, CH, 3.90 (s)
26 Hippurate CH 3.97 (s), 7.55 (t), J = 7.20 Hz; 7.64 (t), J = 7.20 Hz; 7.84 (d), J = 7.80 Hz
27 Trigonelline N-CH,, 1-CH 4.44 (s); 9.13 (s)
28 N-Methyl-nicotinamide ~ CH, 4.48 (s); 9.29 (s)
29 Allantoin CH 5.38 (s)
30 Fumarate CH, CH, 6.53 (s)
31 Benzoate CH, 7.55 (t), J=7.20 Hz; 7.88 (d), J = 7.20 Hz
32 Formate CH 8.46 ()
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Figure 4 The metabolic profiles of urine samples. A: The Partial least squares-discriminant analysis (PLS-DA) score plot among the six

groups; B: Validation plot obtained from 200 permutation tests for the PLS-DA models of normal and model groups; C: The orthogonal pro-

jection to latent structure discriminate analysis (OPLS-DA) score plot from the control and D-gal induced aging groups; D: The S-plots of

OPLS-DA score plot between the control and model groups
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Figure 6 Pathways analysis of urine in rats. A: Summary of pathways analysis. Each point represents one metabolic pathway, the size of
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Figure 7  Alterations of metabolites and possible metabolic pathways in urine samples of aging rats. The metabolites in blue font were
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Table 2 The summary of the metabolites based on *H NMR

analysis from the serum and urine samples in rats

Differential metabolites Serum Urine
(Cvs M) Cvs M Regulated CvsM Regulated

1 Isobutyric acid ! R,S,L

2 3-Hydroxybutyric acid ! R, L ! R,S

3 Lactate 1 R, L 1 L

4 Acetone 1 R,S L

5  Threonine 1 R,S, L

6 Leucine 1 L

7 Lysine 1 R, S, L

8 Glutamate 1 R,S L,F

9  Glutamine 1 S, L, F
10 Glycine 1 L F il

11 Glycerol 1 R, L

12 Guanidinoacetate 1 L

13 Taurine 1 il S, L, F
14 Valine i) F

15  Pyruvate 1 F il

16  Acetate 1 F il S, L, F
17  Alanine 1 F 1 L
18 TMAO ) L, F
19  Dimethylglycine 1 L
20  Hippuric acid ! R
21 Allantoin 1 L, F
22  Betaine 1 L
23 NAG 1
24 a-Ketoglutarate )
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Figure 8 Number of metabolites regulated by the different drug-
treatment groups that given the roots, stems, leaves and flowers of
SBG between the serum and urine samples

Morris 7K XK & S50 mJ DA BR K BR A 2% 18] 2% 2] 1012 Re
73, BT FH T H0 1 5 2 A AR 75 R h 0 AR SEEG HIAT
ARG REZR, BT S AHAN KR, E8 58 T
D-gal 75 3 AR R K BB AR B K, 5 ek & B I
WD, 1E B AR R BRI s a B B s . BEEAR
KRR YT RS, UL AT N SR AR b AN A AR
FEE ) e, i BH A [T 1 B A A B A A R R
(1 AE 2% 582 VE

AR — 25 K F H NMR AZ AR 1 4 2 4 R %
R BRI PR AEAT 07, FF LI T 35 AR 25
TERE BRI 22 AR S A A o AR AT 2
JLEG oA, WA R R, MR T B, R A
A 144 BENZE R, T2 ) 6 FAABHER.
X AR 3 B R 5 AR P LR 22 5 S B IR AR A
eI A E VMM S Ak, AT 3SR
2 ACEEARY), 5 RS LE LIS AN R ERE A 1 e



- 2710 - 2% %4 Acta Pharmaceutica Sinica 2020, 55(11): 2702 -2712

W 2 AR . B L R AR A R
SCATBEXT F-H7F T8 (AR ML A KO I 0 55 25 AN (]
AL BE SR DT REE 1R FILAR 3 0 — b A8 i, BE TN
B BT AR K -

J1ig J5 R A 4 2 e AR 32 RURL, RS
PR 8 W 2 20 W I A R A 72 S 7L TR A A
W2, T AE B 2 v Az i ATPIY 3 % fif v ] 4% 7T A
e i B A AR BB AR b, ) A BRI B  3- TR H
W2 F B E IR AW RN, HX T E
H, BAH P ALIR IR HZ R B BT X R
B ZHI SR 2520 58 — 2, B3R K R AR
R AR ZRL, HED 5 480 W i =R P R R B, TR R
i T k2> B R PR SE VR I A 10 0 45 A ok, S ELS AR
WA SR AR LA RIRE BE R T v R4, FE3E 22
R, A RIBORT BE 2 1N, 2k iy 38 7L IR i S
WREE, SBELIR S BRIN2, T B AR L& B
PR BE T AEIE N, 38 T R A AR 5 AN Lk A 40 473 , 3
T IH 3 A P 453 0 0 TR 2 90, i 45 24 B 55 i R R )
G, RS ERE R E LR . RIRIEIN R NIRRT
REE A R BTy A —, SR g A a2 R XA O TR
FO B, BB O TR S K 2 TR B AR M A
W52 AR IR IR A i 1 S A e F2 2R R Z Bt CoA
5 = RIRMEIACN, o-Ff 1 B2 =R IRAE3A 1 Hh R]
PR, AR 2 eh T I R RN UL A - R R
FEAR, BEUIRLAR I =R IR A 3R 52 [, BB =0
PG SFH o MR 2B SR 2= TERE R YR, %
APdcE, HERZEMZR, TREAATEA K. 3-
FORET IR — PR A, 75 2Rk b BE Y 3- IR IR I A il
A B R B ME A0 A2 B £ BT A AN BRI IR 1E N =R IR
e, AW FC, RBFEA AR A ) 3-F2 0L T IR & BB
i, AT REAENLAA th AU E N =R IR A LG RE . Lk
b, 3-Fa 3k TR AL MG Wi BRAE HF A S8 AL Ja IR B AX a8
FH RS 40, A2 PR L BE IR B — R 3, KT B AT
fE A& i1 T D-gal 7 Bl W7 BR 19 B S84k D 6E 52 21 9 1
B, BRI IR A T TR H AR R R 5
BETHE, - RS- T RS B B, X
5 A VR ZH RT3 3 2 KRR AR BT I AN I 35 A A
17 ™H NMR AR 2 73 BT (R 1F 78 28 SR B4 12—, By i
MBI e B A B AL . b b, S A IR s A o
HE RBEAE ], AHEFU v, St R 2 h & A
BTt SR AT R S HE MR (14 p- A AL DA G .
B AIE WA PR I A A S TR - SR A I A 7 A 1
CoA RNRETE N =R IRIGA AL~ L Re B . AT T
A58 70 20 PR VBURE A o T IR 7K - T e, DN TR X AT g 2
#85) 2.1 CoA TE T8t CoA 7K it Bl (¥ 1F FH N 5K fif

i 12, A5 75 JR v T 1 K T T e 290,

R = I A R T A s R A =
Ji, kT 4R A B 1 280, T T R TR 1) REAA 2K R R R 2
T A5 72 PR i 18 20 1 (10 1 L = A= 129, R mE 5 &5 SRR,
T2 A A, SRR AT A = SRR
EThE, GRS R ERK, YRR KR IEEN
PR REAR I R AE 2Rl Ah, S IR R 1R vl = T M R
AU A FR AR, 2R L B R Ak A 3 R A2 B S i AT
SEC RIS R PERGR, RiAR T e RS RS 5 A AL N
WO VAR G, TSR SR A A R 3 R 1) O A
R o SCHRPORIE 2 1 R i Yk > 4R A v T R 1)
A2 R, H N TR MR S B ER T PR A 0 B SR A A
A B H R AR S 77, RIEPUEAAER . A&
9T, B A PR BRE A 1) - B R 5 s 1 18 B AL
PFI FH (0 2 R R ek />, AT I AN A R AR 2R L, &
B M R TS A A AR RS
AR, T A S A T K TR B AR R IR, [FII 7E
AT MR (ROS), JRERHE ROS it — 35 S b il JR %,
DAL R B 2%t DA A 2 SR A S P 6 3o R b S 2
— 8, FEARSIGH, B KRR IR ER SR T,
M4 s 5 JEREAR Y e IR B R & = B2 I, Ui
B2 R B B A AT DL Sk 0 ] 9 S A 4 A T 2% LA
Rz N RN R AR § - A R AR SR
I, G ThEE I TS LA I SORE R4S R A7, (Bl 5 41 M 5
(1 Th fig T8, 24907 0 3 22 AR 9 (1 R A2, N-2
b &R 12— PP RRE AR, X The i 4k A5 &
BAEH . R RBRB T N- B E &8, 7T
e 28 RE HE 1M ik E 2%

B Abh, AR 2H A 35 K BB A AR 4T 'H NMR
AR EH 2 oy prleioin gh AR s h a5 L M TS A4,
A 0 20 KB 7R 23 A R A SRR B 24 i 2= AR
Mo &5 FRIAS R o3 A RE AR 2 16 22 A s A
[, 3 AT 8 -5 AL AR T DA B A R 4H 2R 1 3 e 25 DI AH
Ko BRI 2 BT AEA A, A0 R U4 1) 28 AL 34 5
A—F, MALR . 3-FETRME AR . BREAR—
T IEYR, BB AR 2K AEEE IR0 A — 2 A
VIR AN — B X A RE S AR 2R AE L
SR 2 SR A R0 I T I RN PR RRE AN 1 40 BT 45
B R DUE SR AR 2 TR L ZE TEER Y,
R S P RO TR TR X . A2
A FEEAH =ANTIH, 0, AR AT R X B
MR 25 TR SRS AT HEAT TH NMR (¥ AR 5 20
0T, KRS B AR 0 T 2 AR i
AR, AHIF TR AT PRIEAEA AT Zh AT, A e
73 H PR 0 7 3 22 3 B 2 P AR P AR LT



FRAAIA HET H NMR R 2 BB AN 8 AR A s 2 A AT 9L

2711

Do HU ARBCT WU B I EOR, *H NMRACI 4127 7y
Brs i 1 32 /AR, B A AR D, T
AR B>, T H B R N, T
{10 = BR 2, 2 4 v 3t S AR PO AR R 2% 1 AR AL . B
Ja, A HLA AR 2% A TR R 75 2 BB R AR
W2 TR 2 AR SR 5 3k — DR

B, ASOR AR AL 22 20 B B 7E D-2F FLBEBCR
ZRBRBACH R B 324k, 456 2 gt o0, BE T
S5 PRI 2 AERE SR RE N 0 T 2 K BRUK
YRR A v 1 22 e A A 1) R R AT A (R R EE R U T
X B K SRR AL 21— € R 1R A, B3RS
I RE SRR i A PSR TR 2 1K

PE& TRk MR = T B STT TR R R
H; SRR PR 2R Y 2 AT SR AR PR Bl A R e
SRS S R A iR SO 2R 4 A B B SCHR, A ERELAE,
BEGERG. PTAAEE P IRA T 4R .

M A T KPR R 2

References

[1] Mo R, Wei ZM, Yang YS. Advances in research of anti-aging
mechanism [J]. Med J Chin PLA (ff i & & %2 2% &), 2017, 42:
743-748.

[2] Song J. Protective Effect of Scutellaria baicalensis Flowers on
Aging Rats and Regulation Mechanism Based on Glutamine -
Glutamate Metabolic Pathway (3% %5 1€ 51 5 & /E e R B &
Tt e — 7 S R A 1T 36 B2 P 9 Y5 WL F 93) [D]. Taiyuan: Shanxi
University, 2019.

[3] Wang KX, Gao L, Duan DD, et al. Effects of baicalein on D-
galactose-induced aging rats based on *H-NMR metabonomics
[J]. Chin Tradit Herb Drugs (" %524), 2017, 48: 511-518.

[4] Zhao FF, Chang YF, Gao L, et al. Protective effects of Scutellaria
baicalensis Georgi extract on D-galactose induced aging rats [J].
Metab Brain Dis, 2018, 33: 1401-1412.

[5] Duan DD, Wang KX, Zhou YZ, et al. Baicalein exerts beneficial
effects in D-galactose-induced aging rats through attenuation of
inflammation and metabolic dysfunction [J]. Rejuvenation Res,
2017, 20: 506-516.

[6] Duan DD, Gao L, Wang KX, et al. Baicalein prolongs the lifespan
of Drosophila melanogaster through antioxidation activity [J].
Acta Pharm Sin (%% %:4k), 2016, 51: 1401-1406.

[7] Xue LY. Study on Screening and Mechanism of Anti-aging
Effective Ingredients of Scutellaria baicalensis (¥ % #i &2 H
2K 4y 9 % K E ML BF 7E) [D]. Taiyuan: Shanxi University,
2018.

[8] Zhou F, Li JQ, Wang KX, et al. Metabolomics-based study of
metabolic changes in liver tissues of senescence accelerated
mouse prone 8 (SAMP8) treated with baicalein [J]. Chin Tradit

[]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Herb Drugs (1 #%}), 2019, 50: 2604-2611.

Li JQ, Gao L, Wang KX, et al. Fecal metabolome and gut micro-
biome alterations in a mouse model of senescence accelerated
mouse prone 8 (SAMP8) [J]. Chin Tradit Herb Drugs (¥ # 24),
2018, 49: 2265-2273.

Pang YY. The Anti-aging Effect and Spectrum-Effect Study of
Different Parts of Scutellaria baicalensis Georgi (F{ %2, 2. I
PUEEZAE F ZA% 2055 &0 7¢) [D]. Taiyuan: Shanxi University,
2019.

Pang YY, Zhou YZ, Song J, et al. Anti-aging effect of Scutellaria
baicalensis Georgi leaves based on *H NMR serum and liver
metabolomics [J]. Acta Pharm Sin (%24 2%4k), 2020, 55: 74-82.
Song J, Pang YY, Gao L, et al. Effects of Scutellaria baicalensis
Georgi flowers on D-galactose induced aging in rats based on
serum metabolomics [J]. Acta Pharm Sin (%% 2% 4k), 2019, 54:
533-539.

Song J, Zhou YZ, Pang YY, et al. The anti-aging effect of
Scutellaria baicalensis Georgi flowers extract by regulating the
glutamine-glutamate metabolic pathway in D-galactose induced
aging rats [J]. Exp Gerontol, 2020, 134: 110843.

Li F, Xu Q, Zheng T, et al. Metabonomic analysis of allium
macrostemon bunge as a treatment for acute myocardial ischemia
in rats [J]. J Pharm Biomed Anal, 2014, 88: 225-234.

Chang YF, Gong WX, Zheng YH, et al. Urinary metabolomics
study of the effects of Scutellaria baicalensis Georgi ethanol
extract on D-galactose-induced rats [J]. Acta Pharm Sin (24 % %
1i%), 2016, 51: 86-92.

Chang YF. 'H NMR Based Metabonomic Study of the Anti-
aging Effects of Scutellaria baicalensis Georgi (3 T 1€ i 41
2210 B A P 2 AE VR & WL AR 9E) [D]. Taiyuan: Shanxi
University, 2016.

Haider S, Saleem S, Perveen T, et al. Age-related learning and
memory deficits in rats: role of altered brain neurotransmitters,
acetylcholinesterase activity and changes in antioxidant defense
system [J]. Age (Dordr), 2014, 36: 9653.

Zhou ZJ, Xie YY, Gong MJ, et al. Urine metabonomic study of
intervention effects of Morinda officinalis How. on 'Kidney-yang
deficiency syndrome' [J]. Acta Pharm Sin (2422 243R), 2013, 48:
1733-1737.

Dahan L, Rampon C, Florian C. Age-related memory decline,
dysfunction of the hippocampus and therapeutic opportunities [J].
Prog Neuropsychopharmacol Biol Psychiatry, 2020, 102: 109943.
Rehman SU, Shah SA, Ali T, et al. Anthocyanins reversed D-
galactose-induced oxidative stress and neuroinflammation
mediated cognitive impairment in adult rats [J]. Mol Neurobiol,
2017, 54: 255-271.

Yu JQ. Exploring the Potential Biomarkers for Diagnosis and
Classification of Lung Cancer by Non-targeting and Targeted
Metabonomics (3 - 35 B AR A1 8L bR A U 2 2% 10 I i 12 W %
4y B AR W) bR & ) WF %) [D]. Nanchang: Nanchang University,



2712 2% %4 Acta Pharmaceutica Sinica 2020, 55(11): 2702 -2712

20109. [27] Qu WL. Study on Evaluation of the Effectiveness and Mechanism
[22] Shyh-Chang N, Daley GQ, Cantley LC. Stem cell metabolism of Qiong-yu Extract Anti-aging Effect on Metabonomics (& T

in tissue development and aging [J]. Development, 2013, 140: AR 27 B B K F I 4% 3 2 AF PR A % BL I BF 9T) [D].

2535-2547. Guangzhou: Guangzhou University of Chinese Medicine, 2014.
[23] Zhao FF, Gao L, Qin XM, et al. The intervention effect of [28] Guo Q, Li XJ, Guo HR, et al. The urinary metabolomics of

licorice in D-galactose induced aging rats by regulating the Astragalus Radix and Dioscoreae Rhizomacomes reveal possible

taurine metabolic pathway [J]. Food Funct, 2018, 9: 4814-4821. therapeutic mechanisms in the treatment of type 2 diabetes [J].
[24] Zzhang X, Liu H, Wu J, et al. Metabonomic alterations in hippo- Acta Pharm Sin (%% %1it), 2020, 55: 83-90.

campus, temporal and prefrontal cortex with age in rats [J]. [29] Zhao JW, He JL, Ma ZC, et al. Urine metabolomics studies of

Neurochem Int, 2009, 54: 481-487. Shenfu attenuated compatility [J]. Pharmacol Clin Chin Mater
[25] Zhao FF. The Effect of Glycyrrhiza uralensis Fisch on D-gal Med (12242 51lfi /K), 2015, 31: 1-5.

Induced Aging Rats and the Analysis of the Target Metabolomics [30] Yang M, Hu ZX, Li L, et al. Effects of shenmai injection on

Based on Taurine Pathway (‘H % %} D-gal i § # K RPLE Z1E urine metabolomics of hypertensive heart failure model rats [J]. J

P B B T 4 i TR O I () L A A3 4 2 BT 4E) [D]. Taiyuan: Tradit Chin Med (1% %% &), 2020, 61: 334-339.

Shanxi University, 2018. [31] Li MR, Zhou YZ, Du GH, et al. Research progress about the
[26] Wang L, Song M, Hang TJ, et al. Metabonomic study on the anti-aging effect and mechanism of flavonoids from traditional

effects of allicin on rats [J]. Acta Pharm Sin (% 2% 2% 4R), 2009,
44:1019-1024.

Chinese medicine [J]. Acta Pharm Sin (% %% 2% #i), 2019, 54:
1382-1391.



