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Scutellaria baicalensis Georgi leaf and tea extracts prolong lifespan
and alter the metabolomic aging profile in a Drosophila melanogaster
aging model
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Abstract: The paper aims to study and compare the effects of Scutellaria baicalensis leaves (SLE) and Scutel-
laria baicalensis tea (STE) water extracts on the lifespan of Drosophila melanogaster, and explore their anti-aging
mechanism through metabolomics. Lifespan, food intake and fertility were measured after administering different
doses of SLE and STE to a Drosophila natural aging model, and the metabolic profile of Drosophila was analyzed
by metabolomics and multivariate statistical methods. The results showed that SLE and STE (1, 3 g-L*) could
significantly prolong the average lifespan, median life and maximum lifespan of male Drosophila, improve the
fertility of Drosophila, and had no effect on the food intake. Through metabolomics technology, 14 differential
metabolites related to aging were found, involving a total of five metabolic pathways. All differential metabolites
were reversed after STE intervention, while 13 differential metabolites were reversed after SLE intervention. The
results suggest that SLE and STE can delay aging of Drosophila, and the anti-aging mechanism is related to energy
metabolism.
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Table 1 Effects of Scutellaria baicalensis leaves (SLE) and Scutellaria baicalensis tea (STE) on lifespan of male Drosophila melanogaster.

Mean: Mean lifespan; Median: Median lifespan; Max: Maximum lifespan. "P<0.05, ""P<0.01, ""P<0.001 vs K group; **P<0.001 vs LL group

Group Number Mean/d Median/d P (Log-rank test) Max/d

K 247 39.895 + 1.231 41.000 + 1.464 — 66.72 +£0.178

LL 250 43.168 + 1.205 45.000 + 1.845" 0.0105 68.28 + 0.147"
LM 247 44352 +1.202" 46.000 + 2.515™ 0.000 8 69.52 + 0.232""
LH 250 37.911 +1.249 37.000 + 2.040 01157 65.76 + 0.210

TL 252 42,592 +1.249" 44.000 + 2.352" 0.007 5 69.80 + 0.231"##
™ 250 45,589 + 1.245™ 50.000 + 1.628™ <0.000 1 70.00 + 0.252""
TH 248 38.576 + 1.222 40.000 + 1.908 0.0859 65.32 + 0.198

Figure 1 Lifespan curves of male Drosophila melanogaster in
each group. A: Lifespan curves of K, LL and TL groups; B: Lifespan
curves of K, LM and TM groups; C: Lifespan curves of K, LH
and TH groups. K: Control group; LL: Low dose of Scutellaria
baicalensis leaves group; LM: Medium dose of Scutellaria
baicalensis leaves group; LH: High dose of Scutellaria baicalensis
leaves group; TL: Low dose of Scutellaria baicalensis tea group;
TM: Medium dose of Scutellaria baicalensis tea group; TH: High
dose of Scutellaria baicalensis tea group

Figure 2  Effects of Scutellaria baicalensis leaves and Scutellaria
baicalensis tea on food intake and fecundity of Drosophila mela-
nogaster. A: Feeding rate of Drosophila melanogaster in each
group. n = 15, X + s; B: Pupae Liad of Drosophila melanogaster in
each group. n = 10, x  s. "P<0.05, ""P<0.01 vs K group; *P<0.01
vs LM group
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Figure 3 Typical *H NMR spectrum of D. melanogaster from K
group (K: Control 3 d). The metabolites labeled with numbers are
listed in Table 2
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Table 2 Peak attribution in*H NMR spectra for main metabolites in tissues of D. melanogaster. 2-HPPA: 4-Hydroxyphenylpyruvic acid;

IMP: Inosine monophosphate; AMP: Adenosine monophosphate

No. Metabolite o,/ (multiplicity)
1 Isoleucine 0.95 (t,J=7.4Hz),1.01 (d,J=7.0 Hz)
2 Valine 0.99 (d, J=7.0 Hz), 1.05 (d, J = 7.0 Hz)
3 3-Hydroxybutyrate 1.15 (d, J = 6.3 Hz)
4 Lactate 1.33(d,J=6.9 Hz)
5 2-Hydroxyisobutyrate 1.36 (s)
6 Alanine 1.48 (d, J=7.1 Hz), 3.77 (q)
7 Acetate 1.92 (s)
8 N-Acetyl-glycoproteins 2.02 (s)
9 N-Acetylglutamate 2.04 (s)
10 Glutamine 2.14 (m), 2.44 (m)
11 Acetoacetate 2.3(s)
12 Pyruvate 2.35(s)
13 Succinate 2.41 (s)
14 a-Ketoglutarate 2.45 (t), 3.01 (1)
15 Methionine 2.65(t,J=7.6 Hz)
16 Sarcosine 2.76 (s), 3.65 (5)
17 Asparagine 2.96 (m)
18 Cysteine 3.03 (m)
19 Creatinine 3.05 (), 4.05 (s)
20 Choline 3.19 (s)
21 Phosphatidylcholine 3.21(s)
22 p-Glucose 3.25 (dd, J = 9.4, 8.0 Hz), 3.47 (m), 3.72 (m), 3.90 (dd, J = 12.3, 2.0 Hz), 4.65 (d, J = 8.0 Hz)
23 a-Glucose 3.54 (dd, J = 9.8, 3.9 Hz), 3.84 (m)
24 Glycine 3.57 (s)
25 2-HPPA 3.58 (q)
26 N,-Methyl-4-pyridone-5-carboxamide ~ 3.64 (s)
27 Sarcosine 3.65 (s)
28 Glycerol 3.66 (dd)
29 Alanine 3.77 (q)
30 Glucose 3.91 (dd, J = 12.3, 2.1 Hz), 5.24 (d, J = 3.7 Hz)
31 Hippurate 3.98 (d)
32 Urea 5.81(d,J=7.7Hz),7.55(d, J=7.7 Hz)
33 Tyrosine 6.90 (m), 7.20 (m)
34 Phenylalanine 7.32 (m), 7.42 (m)
35 Tryptophan 7.73 (d,J=8.0 Hz), 7.54 (d, J = 8.2 Hz)
36 Xanthine 7.81(s)
37 Histidine 7.89 (s),
38 Hypoxanthine 8.20 (s), 8.22 (s)
39 Inosine 8.35 (s), 6.05 (d), 3.87 (dd)
40 Formate 8.46 (s)
41 IMP 8.58 (s)
42 AMP 8.61 (s)
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Figure 4 Multivariate statistical analysis of the effect of SLE
and STE on D. melanogaster metabolism. A: PLS-DA scores plots
from K, M, TL, TM, LL and LM groups; B: Permutation test from
PLS-DA; C: OPLS-DA scores plots from K group and M group;
D: S-plot from OPLS-DA

Figure 5 The effect of SLE and STE on the relative peak areas
of D. melanogaster differential metabolites. n = 6, x + s. *P<0.05,
#P<0.01 vs K group; "P<0.05, ""P<0.01 vs M group
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Bl 7 Fros .

Figure 6 MetPA analysis of metabolic pathway of differential
metabolomics in *H NMR spectra of D. melanogaster. A: Regula-
tion of SLE extracted on the metabolic pathway of Drosophila
melanogaster with aging; B: Regulation of STE extracted on the
metabolic pathway of Drosophila melanogaster with aging. 1: Gly-
cine, serine and threonine metabolism; 2: Alanine, aspartate and
glutamate metabolism; 3: Glyoxylate and dicarboxylate metabolism;

4: Starch and sucrose metabolism; 5: Glycerolipid metabolism

Figure 7 Metabolic network diagram associated with aging in
Drosophila. The blue dotted arrow indicated that the metabolites
in non-administered 30-day group (M group) decreased with age
compared with that in 3 d control group (K group), and the red
dotted arrow indicated that the metabolites in M group increased
with age. The blue arrow indicated that the metabolites in SLE and
STE groups decreased with age compared with that in M group,
and the red arrow indicated that the metabolites in SLE and STE
groups increased with age, but a-ketoglutarate was increased only
in STE group. The numbers in the red circle indicated the path-
ways in which the metabolites participate, and the numbers corre-
spond to those in Figure 6. ATP: Adenosine triphosphate; TCA
cycle: Tricarboxylic acid cycle; GSH: Glutathione; GSSG: Gluta-
thione (oxidized)
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