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Wogonoside Extends the Lifespan of Drosophila melanogaster by
Regulating the Expression of Antioxidant Genes and Body Metabolism
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Abstract To investigate whether wogonoside has an anti-aging role, we studied its effect on the natural
lifespan of Drosophila melanogaster. Metabonomics techniques, such as RT-PCR and UPLC-MS/MS,
were used to explore the potential anti-aging effect of wogonoside. The results showed that 0. 02 mg/mL
and 0.5 mg/mL wogonoside could significantly prolong the overall longevity of fruit flies and improve the
mean lifespan by 5. 64% and 5.39% , and the maximum lifespan by 2. 74% and 5. 12% , respectively.
Dietary supplement of wogonoside significantly up-regulated the expression of antioxidant genes SOD1 ,
SOD2 and CAT, and down-regulated the expression of MTH in fruit flies, compared with the 30 d group.
Seventeen potential biomarkers regulated by wogonoside treatment were found. The metabolic pathway
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analysis suggested that wogonoside antagonizes senescence mainly through modulating amino acid

metabolism ( D-glutamine and D-glutamate metabolism; alanine, aspartate and glutamate metabolism;

arginine and proline metabolism; valine, leucine and isoleucine biosynthesis) and energy metabolism

(nitrogen metabolism ). The results suggest that the anti-aging role of wogonoside is associated with

increasing the expression of antioxidant genes and regulating different metabolic pathways.
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min, BUGAPE SR AN B %5 B 1 I (HEST) ,
WE55 L :3 500 V( +) .2 500 V( - ), BT .
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Fig.1 Survival curves of Drosophila melanogaster treated with wogonoside

t/d

(A) (B) After fruit flies were treated

with different concentrations of wogonoside (0, 0.02 and 0.5 mg/mL Ws) , the survival rate was examined by the Kaplan-
Meier method and Log-rank test. P <0.01, compared with the control group (0 mg/mL Ws)

Table 1 Effects of wogonoside on the lifespan of Drosophila melanogaster in different groups

G Mean lifespan Median lifespan P-value Maximum lifespan
Toup (days) (days) (Log-rank test) (days)

Control 40.8 £0.7 43.0x1.6 — 54.7 0.4

0.02 mg/mlL Ws 43.1+0.8™ 47.0£0.8" <0.01 56.2+0.4"

0.50 mg/mL Ws 43.0£0.8™ 47.0£0.7" <0.01 57.5+0.5™
Values are the mean = SEM of 200 fruit flies from every group. * P <0.05, ™ P <0.01 and ™ P <0. 001, compared with the control
group
2.2 NESHLHARBEANNELEER SODL, X3 d 41530 d 4R REAIR IS A9 2 Ze Bt 17

SOD2 .CAT WFRi%FH TiF MTH 7K
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R ERIBIKF (P <0.05) , JF 22 T I MTH HE[R 3%
PKIKF-(P <0.001) 0. 5 mg/mlL I3 8 %15 RE 6% B 35
[B13 SOD1 F1 MTH JE[H %} SOD2 Fl CAT HE[H i) 3%
A R EAE R
2.3 KiAEZESH
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BEAT I 15 A i i AR ) 28 4k, SR F PLS-DA J7

REAERD PR (Fig. 3A) , S5 R,3 d 414530 d 41
W 5 43I, WP Bl B AR08 0 1, SR i 1G4S
Ji o B A — s AR Ak, SR FHES 5256 ( permutation
test) X PLS-DA # A1 #4755 9F (Fig. 3B) . 45K 1
N, Q2 f ]I £k 5 G B R EE /N T 0, 25 i e
A Q2 {E N R2 B A% T 45 Ml A Ji 4y o5, 2 B PLS-
DA BB AT b B SR i il e i & A
U @ AR IR PE G, >R FH OPLS-DA J7 %) 3
d 130 d P2 SR A A B A (Fig. 3C) . 4R
30 d &SRR P TR R S 3 d R
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0.05) , 2 & 27 4> 2= 5 ARG -8 1 7F 2 B dE
PEHEATEIN , 45 HL UL Fig. 4, Table 2 il Table 3,
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Fig.2 Effects of wogonoside on the antioxidant genes and MTH gene levels of Drosophila melanogaster in different

groups

The expression levels of genes were obtained by the RT-PCR experiment. Data are expressed as mean + SEM.

*P<0.05, *P <0.01 and " P <0.001, compared with the corresponding 3-day group without Ws; *P <0.05, ™ P <0.01

and "P <0.001 compared with the corresponding 30-day group
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Fig.3 Multivariate statistical analysis of UPLC-MS/MS data for Drosophila melanogaster samples in the 3-day and 30-
day groups PLS-DA score plots (R°X =0.502, R*Y =1, > =0.969) (A) : the horizontal axis indicates the scores of every

sample point on the first principal component and the vertical axis indicates the scores of the every sample point on the second

principal component; Permutation test (B) ; the PLS-DA model was validated using the response of the permutation test through

200 permutations, the regression line of the *-points intersected the vertical axis (on the left) below zero, and all Q*-values and

R’-values to the left were lower than the original points to the right, indicating a low risk of overfitting; OPLS-DA score plots (R*Y
=1, Q°=0.931) (C) combines the quadrature signal correction method and the PLS-DA to modify the PLS-DA; S-plots (D)
provides visualization of the OPLS-DA predictive component loading to facilitate model interpretation and reveal the relevant

changes of endogenous metabolites responsible for the score plot (n=8)
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RETE— I, RIS EE L 0 53 B 07 1638 N T
IZACHH A 2B, R B O 55 48 e A% U 19 1 AR
Wy, %3 d.30 d.0.02 mg/mL Ws F1 0.5 mg/mL
Ws 1 4 20 27 > 22 S A i 47 2 18] 22 5593 dr, 3t
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ek, Xt HE AT B2 7R AR AR G 20 M (Fig. 7)), B R
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RO, IR | 22 S8 W 3,
FE IR — 43 32 A5 9 1E A G M fc ik, B —
A BT ) B T e ERE G, ) 5 2 AR e MR
iz FrE s L, 454 Fig. 6, Al LIE H, %
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JEBE (18:3 .16:1.16:0 18: 1) Z [H] IE A M
185 At 25 S5 AR5 22 T 1 R OGP A, 2
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Table 2 Differential metabolites associated with aging identified in Drosophila melanogaster

No. Metabolite RT (min) Measure;nézalculate d Adduction  Formula VIP f}(:zl;rllgel f}iigez f}?ﬁge3
1 L-Arginine 1.00  175.1189 175.1190 M +H* CH,,N,0, 3.65 0.76" 1.64™ 1.83"
2 Histamine 1.01  112.0871 112.0869 M +H* CsHgN, 1.90 0.66" 1.26 1.17
3 Pyroglutamic acid 1.03  130.0499 130.0499 M +H* CsH,NO, 4.64 0.76™ 1.21" 1.22%
4 Choline 1.05 104.1073 104.1070 M +H* CH,;NO 2,15 0.65% 1.35  1.40
5 Proline 1.07  116.0707 116.0706 M +H* CsH,NO, 8.92 1.62" 1.0l 1.12
6 L-Acetylcarnitine 110 204.1229 204.1230 M+H* CyH,;NO, 3.92 0 0.69% 1.34° 1.21
7 L-Glutamic acid 1.16  148.0604 148.0603 M +H* CsH,NO, 1.83 1.22% 1.04  1.04
8 L-Glutamine .19 147.0762 147.0764 M +H* CsH, N, 0, 4.78  0.62" 1.51" 1.66™
9 Taurine 1.20  126.0219 126.0219 M+H* C,H,NO;S 3.18 0.70° 1.07  0.69
10 Gluconic acid 1.20  195.0505 195.0499 M -H CeH,, 0, 2,19 0.39% 0.99  1.69
j Adenosine 1.67  348.0703 348.0704 M+H* CoH N;O,P 3,42 0.84* 0.98  0.91
5’-monophosphate
12 UDP-N- . 1.68  606.0745 606.0729 M -H CpHisN,OLP 1,98 0.67" 1.42" 1.46™
acetylglucosamine
13 L-Methionine 1.70  150. 0581 150.0583 M +H* CsH,,NO,S 2.330.34" 1.26  1.02
14 L-Isoleucine 2.21  132.1019 132.1019 M +H* C¢H,3NO, 579 0.38% 1.42™ 1.04
15 Adenosine 2.33  268.1039 268.1040 M +H* CoH N0,  3.54 0.37% 0.91  0.77
16 L-Phenylalanine 4.54  166. 0861 166.0863 M +H* C,H,,NO, 1.28 0.68% 1.14  0.84
17 3-Hydroxydecanoic acid ~ 8. 49 187. 1334 187.1334 M -H- C, H, 0,4 2,12 0.55" 1.52" 1.50*
18 LysoPE(18:3) 9.93  476.2771 476.2772 M +H* CxH,LNO,P 3,20 2,91 0.39" 0.33"
19 LysoPC(18:3) 10.03  518.3246 518.3241 M+H* CxHgNOP 1,75 2.68" 0.51" 0.47°"
20 LysoPE(16:1) 10.21  452.2769 452.2772 M +H* CyH,NO,P 3,87  1.90" 0.39"* 0.35"
21 LysoPC(16:1) 10.26  494. 3240 494.3241 M +H* CuHgNOP 3,76 2.07" 0.46™ 0.43"
22 LysoPC(16:0) 11.34  496.3391 496.3398 M +H* CuHyNO,P 1,73 1.89" 0.46"" 0.51"
23 Linoleyl carnitine 11.38  424.3415 424.3421 M+H* C,sH,sNO, 6.33 0.07** 5.09  5.51°
24 LysoPE(18:1) 11.80 480.3083 480.3085 M+H* CuHENOP 1,62 2.00" 0.49™" 0.44 7"
25 LysoPC(18:1) 11.86  522.3551 522.3554 M+H* CxHuNOP 4015 2.73% .43 0.40 ™"
26 L-Palmitoylcarnitine ~ 11.90  400. 3418 400.3421 M+H* Cy, HysNO, 6.58 0.09" 510" 7.56""
27 FElaidic carnitine 12.17 426.3575 426.3578 M+H* Cys Hy NO, 2.69 0.12" 535" 7.86""

Fold change' represents the variation of different metabolites in 30 days group comparing with 3 days group; Fold change®and Fold

change’ represent the variation of different metabolites in 30 days + 0.02 mg/mL Ws group and 30 days + 0.5 mg/mL Ws group
"P<0.05,

comparing with 30 days group, respectively;*P <0.05,

0. 001 ws 30 days group

#p<0.01,

P <0.001 vs 3 days group;

“P<0.01,

= p o
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Fig.4 Total positive ion and negative ion chromatograms of UPLC-MS/MS: the 3-day group (A), the 30-day

group (B)

Numbers represent differential metabolites in fruit flies between 3-day and 30-days group, which were

identified by online database: Metlin ( http://metlin. scripps. edu), HMDB ( hitp://www. hmdb. ca), and Pubchem
(https ://pubchem. ncbi. nlm. nih. gov/). Specific metabolites’ information is listed in Table 2

2.3.2 RAH@IEA  ABS DU S H RN Y
8 N DA A R i 0 K 3 ) A e g, DA R &AL
PRI AH EAEFHOG 2R B 17 AT AR bn 4 A
MetaboAnalyst 3. 0 (http ://www. metaboanalyst. ca) %%
P PE b JEA T AR AT T OB DU T R
Wi B A S 1) 5 AR iR 72 (pathway impact >
0.1) : D-BABENEF D-75 AR ; @ BACHS;

@ WEIR , KRR IR ; @ 5 202 A
HRRAH; © W= R, 5 R 5758 B IR AL
(Fig. 8) o &AM, DUHE %1 32 2050 2o 1y 2 Ak
R (AT 0 £ DA T T TR e i B, O Ah,
2% KEGG BHi e (http . //www. kegg. jp) , K T 5
TP AR S W HE AT OCIE, H 28 AH S AR Y
ZE (Fig.9) .
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Table 3 Mass fragment information of the differential metabolites in D. melanogaster between 3-day and 30-day groups were
obtained by UPLC-MS/MS

RT

Scan

No. Metabolite . MS MS/MS
(min)  mode
. 158. 0924, 130. 0975, 116.0708, 112. 0871, 70. 0657,
1 L-Arginine 1.00 + 175. 1189 60. 0563
2 Histamine 1.01 + 112. 0871 95. 0607, 83. 0608
3 Pyroglutamic Acid 1.03 + 130.0499  84.0449
4 Choline 1.05 + 104. 1073  60.0814, 58. 0657
5  Proline 1.07 + 116. 0707  70. 0657
6  L-Acetylcarnitine 1.10 + 204. 1229  145.0495, 85. 0289, 60. 0814
7  L-Glutamic acid 1. 16 + 148.0604  130. 0499, 102. 0552, 84.0448
8  L-Glutamine 1. 19 + 147.0762  130.0499, 84. 0448
9  Taurine 1.20 + 126.0219  108.0115
. . 177. 0401, 159. 0290, 129. 0186, 101. 0240, 99. 0078,
10 Cluconic acid L2000 - 195.0505 g9 0235, 87.0079, 85.0284, 75.0078,, 71. 0128, 59. 0129
1 Adenosine .67 o+ 348.0703  136.0618, 97. 02873
5'-monophosphate
. 402. 9964 , 384.9834, 323. 0285, 282.0389, 176. 9349,
12 UDP-N-acetylglucosamine 1. 68 - 606. 0745 158.9249. 96. 9686, 78. 9580
L 133.0319, 104. 0532, 102. 0553, 87.0267, 74. 0607 ,
13 L-Methionine 1.70 + 150. 0581 61,0113, 56,0502
14 L-Isoleucine 2.21 132. 1019  86.0970, 69. 0705
15 Adenosine 2.33 268. 1039 136. 0620
16  L-Phenylalanine 4.54 + 166. 0861 131. 0491, 120. 0809, 103. 0545
17 3-Hydroxydecanoic acid 8.49 - 187.1334  59.01289
18  LysoPE(18:3) 9.93 + 476. 2771 335.2580, 261.2209
19 LysoPC(18:3) 10.03 . 5183046 500. 3149, 335.2571, 184.0735, 104. 1074, 86. 0968,
60. 0814
20 LysoPE(16:1) 10. 21 + 452.2769  434.2663, 311.2581, 280. 2633, 237.2210
. 476.3139, 311.2582, 258.1112, 184.0735, 104.1073,
21 LysoPC(16:1) 10. 26 + 494. 3240 86. 0969, 60. 0814
. 478.3291, 313.2745, 258.1097, 184.0735, 104.1073,
22 LysoPC(16:0) 11.34 + 496. 3391 86. 0969 . 60. 0814
23 Linoleyl carnitine 11.38 424.3415  85.02879
24  LysoPE(18:1) 11. 80 480.3083  462.2976, 339.2895, 265.2530
) 504. 3449, 339.2901, 258.1067, 184.0735, 104.1073,
25 LysoPC(18:1) 11.86 + 522.3551 86. 0969 , 60. 0814
26  L-Palmitoylcarnitine 11.90 + 400.3418  341.2689, 239.2366, 85.0288, 60. 0814
27  Elaidic carnitine 12. 17 + 426.3575  265.2519, 144. 1021, 85. 0290

The metabolites were identified by online database: Metlin ( http://metlin. scripps. edu) , HMDB ( http://www. hmdb. ca), and
Pubchem (https://pubchem. nchi. nlm. nih. gov/)

3 i
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Fig.5 PLS-DA score plots (A) and the Permutation test (B) of D. melanogaster samples collected from different
groups
circle, the 30-day group (n =8) ; red five-point star, 30-day + 0.02 mg/mL Ws group (n =8) ; green four-point star, 30-day

Different colors and shapes in the figure indicate different groups: blue triangle, the 3-day group (n =8); orange

+ 0.5 mg/mL Ws group (n=8); light blue hexagon, QC samples group (n =4). The permutation test was obtained through

200 permutations (R*X =0. 588, R*’Y =0.983, (> =0.852)
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Fig.6 Comparison on relative peak areas of the potential biomarkers associated with aging, which could be regulated
by wogonoside in the tissues of D. melanogaster The relative peak areas of metabolites were obtained from UPLC-MS/MS
analysis of Drosophila melanogaster samples. One-way ANOVA was used to compare the differences in metabolites between
different groups. Data are expressed as mean = SEM. *P <0.05, ¥P <0.01, and P <0.001 compared with the 3-day
group; “P<0.05, ""P<0.01, and """ P <0.001 compared with the 30-day group
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Fig. 7 Pearson correlation analysis of the potential Pathway impact
biomarkers Pearson correlation analysis was performed on
seventeen potential biomarkers by using the MetaboAnalyst 3. Fig.8 MetPA analysis of the metabolic pathway

0 ( http://www. metaboanalyst. ca). The horizontal and
vertical axes represent variables: Pl. Arginine, P2.
Pyroglutamic Acid, P3. L-Glutamine, P4. L-Acetylcarnitine,
P5. UDP-N-acetylglucosamine, P6. L-lIsoleucine, P7. 3-

MetPA analysis was performed on all potential biomarkers by
MetaboAnalyst 3. O (http://www. metaboanalyst. ca). The

abscissa represents the significance value of the metabolic

Hydroxydecanoic acid, P8. LysoPE(18:3), P9. LysoPC(18: pathway calculated by the topological analysis and the
3), P10. LysoPE (16: 1), P11. LysoPC(16:1), PI12. ordinate represents the significance level of the metabolic
LysoPC(16:0), P13. Linoleyl carnitine, P14. LysoPE(18: pathway enrichment analysis. The large Pathway impact and
1), P15. LysoPC(18:1), P16. L-Palmitoylcarnitine, P17. - Log(p) values, large circles, and deep colors indicate

Elaidic-carnitine.  The color scale represents Pearson
correlation coefficients, brown and blue represent positive or
negative correlations, respectively. The deep color represents
large correlation coefficients and strong correlation

stronger correlations between metabolites and metabolic
pathways
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Fig.9 Network of the disturbed metabolites and metabolic pathways based on the KEGG pathway database The
metabolites in the black box are potential biomarkers, “ 17 or *“ | ” indicates a significant increase or decrease with age. After
wogonoside treatment, all labeled metabolites were returned
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