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Abstract: In this study a D-galactose-induced aging rat model combined with "H NMR of serum and liver
metabolomics were used to explore the anti-aging effect and the potential metabolic regulatory mechanism of
Scutellaria baicalensis Georgi leaves. All procedures involving animal treatment were approved according to the
Committee on the Ethics of Animal Experiments of Shanxi University. The results of physical characteristics, an
open field test and serum biochemical indexes indicated that Scutellaria baicalensis Georgi leaves had an anti-
aging effect that could ameliorate the characteristics of aging rats such as acquired hair loss and slow response,
improve the spontaneous activity of aging rats, and decrease lipid peroxidation and glycosylation damage induced
by D-galactose. Serum and liver metabolomics further revealed that Scutellaria baicalensis Georgi leaves could
decrease serum and liver metabolism disturbances in aging rats, mainly through different metabolites and metabolic
pathways. Specifically, 12 differential metabolites including glutamine and glutamate, 11 metabolic pathways
including D-glutamine and D-glutamate metabolism and alanine, aspartate and glutamate metabolism in serum
were significantly altered after the treatment. Simultaneously, five differential metabolites such as a-glucose and
fS-glucose, two metabolic pathways that are glycolysis or gluconeogenesis, and starch and sucrose metabolism in

the liver were markedly altered.
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(SLE) on body weight of aging rats. n = 10, x = s. LL: 400 mgkg™,
equivalent to the crude drug; LH: 800 mg-kg', equivalent to the

crude drug
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Figure 3 The effect of SLE on serum biochemical indexes of
aging rats. n=7,x+s; A: Malondialdehyde (MDA); B: Advanced
glycation end products (AGEs); “P<0.05, **P<0.001 vs Control;
"P<0.05, ""P<0.01, ""P<0.001 vs Model

3 EZRGUAHMESKEIS T

Ntk — BRI 5 5 RS0 5 2 K B E A AL
#1l, 38 i PCA F1 OPLS-DA 73 H7 A B 3 4 A% 15 %6 B 11
A Il 78 322 K BRI 22 AR A

Z gt A as R 5 s, KA E LT (A,
R>=0.873, 0°=0.802) AT (B, R*=0.801, 0*=0.690) f{]
PCA Hi & P W0 52 21 WH S 1K) 43 185, 3 WA ARE RS 44 K R
T R B R R A= B S P AR 3R EL, 1T B S IR 7
] DL KA L. B 5C (R2X=0.763, R*Y=
0.994, 0*=0.921, CV-ANOVA P<0.05) 1 & 5D (R2X=
0.793, R2Y=0.943, 0°=0.787, CV-ANOVA P<0.05) 4} 5|
Sy AL 375 A0 UE B9 OPLS-DA #% £ [, 3 it #H B S-plot
(B 5E F1 5F) VIP{E (>1) LA AR P AH X #2431 AR ¢
K36 (B 6 R EE 7), ML AU B s 48 H 124 22 AR
B

B8 B BN T 178 s AT, 525 (4l L,
B ZH B2 B e A R 2 AR, o LR 3- V
BT SRR I R AN A SR % L7 AN P U e 3
(1) 2 A4, ﬁﬁ%%@&ﬁﬁﬁ@ﬁﬂﬁﬁﬁxfmm%ﬂﬁ%
b B AR R I T . e Ah, Mg R IR R E
SRAMLIEY BT NS I i <R T I R s
RUMEEA LTS 8P R RS i

B

24

3.0 2.9 2.8 2.7

49

38 37 36 35 34 33 32
f1 (ppm) f1 (ppm)
‘{ 50 ﬁt

88 84 80 76 72 68 3132
f1 (ppm)

13 12 1.1 1.0 0.9

£1 (ppm) f1 (ppm)
1
19 1314 16 1 15 14 12
m no 21
2 20 312 5 8o’ /
\ — \ / \41
(WY \
4.5 4.0 35 3.0 25 20 15 1.0 6.5 6.0 4.5 4.0 35 3.0 2.5 2.0 15 1.0

f1 (ppm)

f1 (ppm)

Figure 4 Typical '"H NMR spectra of rat serum (A) and liver (B) obtained from control group (the No. 1-52 of metabolites were in agree-

ment with those in Table 1)
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Table 1  Assignments of "H NMR spectra peaks obtained from serum and liver of rats. S: Serum; L: Liver

No. Metabolite ¢ 'H (multiplicity) Sample
1 Lipids 0.87 (m), 1.29 (m), 1.58 (m), 2.77 (m) S
2 pantothenate 0.90 (s), 0.94 (s) L
3 Isoleucine 0.94 (t, 7.4 Hz), 1.01 (d, 7.0 Hz) S,L
4 Leucine 0.96 (t, 6.3 Hz), 1.72 (m) S,L
5 Valine 0.99 (d, 7.0 Hz), 1.04 (d, 7.0 Hz) S,L
6 Isobutyric acid 1.07 (d, 7.5 Hz) S,L
7 3-Hydroxybutyric acid 1.21 (d, 6.2 Hz) S,L
8 Lactate 1.33 (d, 6.9 Hz), 4.12 (q, 6.9 Hz) S,L
9 Threonine 1.33 (d, 6.9 Hz), 4.24 (m) S,L

10 Lysine 1.46 (m), 1.72 (m), 1.90 (m) S,L
11 Alanine 1.49 (d, 7.3 Hz) S,L
12 Acetic acid 1.92 (s) S, L
13 N-Acetyl glycoproteins 2.05 (s) S
14 Glutamate 2.06 (m), 2.14 (m), 2.36 (m) S,L
15  Glutamine 2.14 (m), 2.45 (m) S,L
16  O-Acetyl glycoproteins 2.14 (s) S
17 Oxidized glutathione  2.15 (m), 2.54 (m), 2.97 (dd, 14.3 Hz, 9.6 Hz), 3.31(dd, 14.2 Hz, 4.3 Hz) L
18 Acetone 2.23 (s) S
19 Acetoacetate 2.28 (s), 3.44 (s) S
20 Pyruvate 2.37 (s) S
21 Succinate 2.41 (s) L
22 Citric acid 2.53 (d, 16.1 Hz), 2.70 (d, 16.1 Hz) S
23 Methionine 2.64 (t, 7.7 Hz) S
24 Malic acid 2.68 (dd, 15.3 Hz, 3.0 Hz), 4.31 (dd, 10.1 Hz, 3.1 Hz) L
25 Dimethylamine 2.72 (s) L
26 Trimethylamine 2.88 (s) L
27 Creatinine 3.03 (s), 4.05 (s) S, L

28 Choline 3.20 (s), 4.06 (m) S,L

29 Phosphorylcholine 3.21(s) S,L

30 Acetylcholine 3.23 (s) S

31 p-Glucose 3.25(dd, 9.4 Hz, 8.1 Hz), 3.40 (m), 3.46 (m), 3.73 (m), 3.84 (m), 3.91 (dd, 12.3 Hz, 2.2 Hz), 4.65 (d, 7.9 Hz) S,L

32 a-Glucose 3.40 (m), 3.46 (m), 3.54 (dd, 9.8 Hz, 3.8 Hz), 3.73 (m), 3.84 (m), 5.24 (d, 3.8 Hz) S,L

33 Trimethylamine oxide 3.25 (s) S, L

34 Betaine 3.27 (s), 3.90 (s) S, L

35 Glycine 3.56 (s) S,L

36 Glycerol 3.59 (m), 3.66 (m) S

37 Guanidinoacetate 3.80 (s) S,L

38 Ascorbate 4.52 (d, 1.9 Hz) L

39 Mannose 5.19 (d, 1.6 Hz) L

40 Unsaturated lipid 5.32 (m) S

41 Sucrose 5.41(d, 4.0 Hz) L

42 Glycogen 5.41 (m) L

43 Uracil 5.81(d, 7.7 Hz), 7.55 (d, 7.7 Hz) L

44 Adenosine 6.07 (d, 7.1 Hz), 8.24 (s), 8.35 (s) L

45  Fumaric acid 6.53 (s) L

46 Tyrosine 6.89 (d, 8.5 Hz), 7.20 (d, 8.5 Hz) S,L

47 Histidine 7.04 (s), 7.84 (s) S,L

48 Phenylalanine 7.34 (d, 6.9 Hz), 7.38 (m), 7.43 (m) S, L

49 Niacinamide 7.60 (dd, 8.2 Hz, 5.2 Hz), 8.26 (d, 8.0 Hz), 8.72 (d, 4.9 Hz), 8.95 (s) L

50 Xanthine 7.88 (s) L

51 Hypoxanthine 8.20 (s), 8.22 (s) L

52  Formate 8.46 (s) L
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Figure 5 Multivariate statistical analysis of the effect of SLE on
serum and liver metabolism. A, C, E: Serum; B, D, F: Liver; A, B:
Principal component analysis (PCA); C, D: Orthogonal partial
least squares discriminant analysis (OPLS-DA); E, F: S-plot
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Figure 6 The effect of SLE on the relative contents of serum differential metabolites. A: Leucine; B: Isobutyric acid; C: 3-Hydroxybutyric

acid; D: Lactic acid; E: Threonine; F: Lysine; G: Glutamic acid; H: Glutamine; I: Acetone; J: Glycine; K: Glycerol; L: Guanidinoacetate;

#P<0.05, #P<0.01, **P<0.001 vs Control; "P<0.05, ""P<0.01, ™

P<0.001 vs Model
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Figure 7 The effect of SLE on the relative contents of hepatic differential metabolites. A: Isoleucine; B: Leucine; C: Valine; D: 3-Hydroxy-

butyric acid; E: Lactic acid; F: Lysine; G: Glutamic acid; H: Creatinine; I: f-Glucose; J: a-Glucose; K: Trimethylamine oxide; L: Sucrose;

#P<0.05, #P<0.01, **P<0.001 vs Control; *P<0.05, “"P<0.01, *"P<0.001 vs Model
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Figure 8 Differential metabolites in serum and liver. red font: Up-regulated in serum with SLE; green font: Down-regulated with SLE
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Figure 9 Pathway analysis in serum and liver. A: Serum meta-
bolic pathways associated with aging; B: Regulation of serum met-
abolic pathway by Scutellaria baicalensis Georgi; C: Hepatic met-
abolic pathways associated with aging; D: Regulation of hepatic
metabolic pathway of Scutellaria baicalensis Georgi. 1: D-Gluta-
mine and D-glutamate metabolism; 2: Alanine; aspartate and gluta-
mate metabolism; 3: Nitrogen metabolism; 4: Cyanoamino acid
metabolism; 5: Glycine; serine and threonine metabolism; 6: Va-
line; leucine and isoleucine biosynthesis; 7: Methane metabolism;
8: Synthesis and degradation of ketone bodies; 9: Aminoacyl-
tRNA biosynthesis; 10: Butanoate metabolism; 11: Arginine and
proline metabolism; 12: Glycolysis or gluconeogenesis; 13: Starch

and sucrose metabolism
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