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Effects of Scutellaria baicalensis Georgi flowers on D-galactose
induced aging in rats based on serum metabolomics
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Abstract: This study aimed to evaluate the antioxidant activities of Scutellaria baicalensis Georgi flowers
by measuring the scavenging activity of hydroxyl radical and superoxide anion radical. Aging of rats was induced
by D-galactose and protective effects of Scutellaria flower extract (SFE) at different doses were evaluated by
locomotor activities. To explore the mechanism of SFE, metabolomic technique combined with multivariate
statistical methods was used to analyze the profile of metabolites from rat serum and quantify the levels of
glutamine and glutamate in the serum. All research procedures were approved according to the Committee on the
Ethics of Animal Experiments of Shanxi University. The results showed that high-dose of SFE had antioxidant
activity in vitro, and could ameliorate the aging behavior of rats. A total of 9 potential biomarkers related to aging
were found, pointing to the involvement of 7 metabolic pathways.
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Table 1 +OH and O, - radical scavenging activity of Scutellaria
flower extract (SFE) in vitro. n =3, X+ s

Mass concentration Free radical scavenging rate/%

/mg-mL* Hydroxy| radical Superoxide anion
0.25 276+3.1 19.3+0.6
0.5 46.9+3.6 289+1.1
1 72.0+0.3 359+38
2 84.4+05 37665
4 85.5+0.1 574+65

2 WIpITAREIH

KEAT AF LRI R mE LR, 5% A e,
D-gal 2H K B 28 8RS 2 (B 1A) F1E SR 3 (K 1B) 1
2 /b (P<0.05.P<0.001), % B D-f 7L b ik 45 2> ff
KR MZBN6E A B FIR R R I PR, Bon 25
fiE. %57 SFE J& K B % Hks 50 B S B0 A i 1
hn (P<0.01.P<0.001), ¥ B SFE g% 3% =2 K H
EXTPP

o
<

g

nber of rearings

2
=3

The number of crossiongs
d
(=

=

6c:\ be\ Qv @Z‘
(}F i

Figure 1 Effects of SFE on open field of aging rats. FL: SFE 0.4
g-kg?'; FH: SFE 0.8 g-kg™. A: The number of crossings; B: The
number of rearings. x + s, n = 10. *P<0.05, #*P<0.001 vs control
group; “P<0.01, ""P<0.001 vs D-gal group
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Figure 2 Typical *H NMR spectrum of serum samples from

control group. The numbers of peaks in the figure correspond to
Table 2
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Table 2 'H NMR data and assignments of major metabolites in serum of rats

No. Metabolites oy (multiplicity) Moieties
1  Lipid 0.86 (m), 1.28 (m), 2.78 (m) CH,, (CH,)n, C=CCH,C=C
2 lIsoleucine 0.95 (t,J=7.4 Hz),1.01 (d, J = 7.0 Hz) 0 CH,, y CH,, y' CH,
3 Leucine 0.96 (t, J = 6.3 Hz) 0 CH,, o' CH,
4 Valine 0.99 (d, J=7.0Hz), 1.05 (d, J= 7.0 Hz) y CH,, y' CH,
5 Isobutyric acid 1.07 (d,J=7.2 Hz) CH,
6  3-Hydroxybutyrate 1.20 (d, J = 6.3 Hz) y CH,
7  Lactate 1.33(d, J=6.9Hz),4.12 (q,J = 7.0 Hz) a CH, p CH,
8  Alanine 1.48 (d,J=7.3 Hz) S CH,
9 Lysine 1.45 (m), 1.73 (m), 1.90 (m) 0 CH,, yCH,, s CH,
10  Acetate 1.92 (s) CH,
11 Glutamate 2.08 (m), 2.35 (m) S CH,,yCH,
12 O-Acetyl-glycoprotein 2.14 (s) CH,
13 Glutamine 2.15 (m), 2.45 (m) B CH,, yCH,
14 Acetone 2.23 (s) CH,
15 Acetoacetate 2.28 (s) CH,
16 Pyruvate 2.37 (s) CH,
17 Citrate 2.53 (d, J =16.1 Hz), 2.70 (d, J = 16.1 Hz) CH,(1/2), CH,(1/2)
18 Dimethylglycine 2.92 (s),3.70 (s) N-CH,, CH,
19 Creatine 3.04 (s), 3.93 (s) CH,, CH,
20 Choline 3.20 (s) N(CH,),
21 Phosphocholine 3.22 (s) N(CH,),
22 Glycerophocholine 3.23 (s) N(CH,),
23 Trimethylamine oxide 3.25(s) CH,
24 Betaines 3.26 (s), 3.90 (s) N(CH,),, CH,
25  Taurine 3.27 (t, = 6.6 Hz), 3.42 (t, J = 6.6 Hz) -CH,-S, -CH,-NH,
26 Scyllo-inositol 3.36 (s) CH
27 Glycine 3.56 (s) CH,
28  Glycerol 3.59 (dd, J = 9.8, 3.8 Hz), 3.66 (dd, J = 11.7, 4.2 Hz) CH,OH, CH,OH
29  p-Glucose 4.65 (d, J =8.0 Hz), 3.25 (dd, J = 9.4, 8.0 Hz), 3.40 (m), 3.47 (m), 1-CH, 2-CH, 4-CH, 5-CH,
3.72 (m), 3.90 (dd, J = 12.3, 2.0 Hz) 6-CH
30  a-Glucose 5.24 (d, J = 3.8 Hz), 3.54 (dd, J = 9.8, 3.9 Hz), 3.77 (m), 3.84 (m) 1-CH, 2-CH, 5-CH, 6-CH
31  Allantonin 5.39 (s) CH
32 Tyrosine 6.90 (d, J =8.4 Hz), 7.20 (d, J = 8.4 Hz) 3or5-CH, 2 or 6-CH
33 Histidine 7.04 (s), 7.74 (s) 2-CH, 4-CH
34 Phenylalanine 7.32 (m), 7.42 (m) 2 or 6-CH, 3 or 5-CH
35 Formate 8.46 (s) CH
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Figure 3 PCA scores plots (A) of serum from all rats, PLS-DA scores plot (B), corresponding validation plot (C) and corresponding S-plot

(D) from control and D-gal groups
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Figure 4 Relative peak areas of representative endogenous metabolites in serum of rats. “P<0.05, #P<0.01, **P<0.001 vs control group;
"P<0.05, "P<0.01, ""P<0.001 vs D-gal group. A: Valine; B: Glycine; C: Lactate; D: Pyruvate; E: Alanine; F: Taurine; G: Glutamate; H: Glu-

tamine; |: Acetate

JE I TH NMR A A 27 3 RS R BRI i IR PR AR

HEAT A TH 43 M, AT ATE T SFE 4E 22 %8 3% [ /E F AL .
AR I8 5 3 b 45 R BoR B & e s =2 R A S

HEMRMERR . R AL —FhEZ AL 5, M
I35 728 2R & B 1 T R R RE i R T, 1

EL

M A IR AL A RR A, 3 BURIN R 0, 4 R
SCRTLE A PN i 2T R4 2 RO, e o IR S 2 W PR
SE VR E N E K BRI A = AN A R 1
ERREL, 45 F D-FFUBE A, KRG H 2R AR
P i 2 B T h e, U 3 R K A e A A R A

Eﬁ‘/\



- 538 - 222224 Acta Pharmaceutica Sinica 2019, 54(3): 533 -539

o
- b 3
o
—
1
6
[ ]
it @7 .—
i 4
g . @
@
- 85
o0® 2
@]
fol
o o
0.0 0.2 0.4 0.6 0.8 10

Pathway Impact

Figure 5 Summary diagram of pathway analysis with MetPA. 1:
D-Glutamine and D-glutamate metabolism; 2: Taurine and hypo-
taurine metabolism; 3: Alanine, aspartate and glutamate metabo-
lism; 4: Valine, leucine and isoleucine biosynthesis; 5: Glycine,
serine and threonine metabolism; 6: Pyruvate metabolism; 7: Gly-
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Figure 6 Effect of the SFE on the levels of glutamine and gluta-
mate in the serum of rats. x = s, n = 10. **P<0.001 vs control
group; "P<0.05, ™"P<0.001 vs D-gal group
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