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Abstract: Objective To investigate the anti-aging effects of aqueous extract from Rhamnus utilis (RUAE) and elucidate its
mechanisms using Drosophila melanogaster as a model organism based on metabolomics. Methods Adult D. melanogaster eclosed
within three days from the same batch were collected and randomly divided into a control group and experimental groups treated with
RUAE at different concentrations (0.5, 2.5 and 4.5 g-L!). A series of functional assays including lifespan analysis, hydrogen peroxide-
induced acute oxidative damage, cold stress tolerance, and antioxidant enzyme activity measurement were performed to assess the
effects of RUAE on the lifespan and antioxidant capacities of D. melanogaster. Furthermore, liquid chromatography-mass spectrometry
(LC-MS)-based metabolomic analysis was conducted on D. melanogaster samples from different treatment groups to screen differential
metabolites and enrich the relevant metabolic pathways. Results Compared with the control group, 0.5 and 2.5 gL' RUAE

significantly prolonged the average, median, and maximum lifespans of male D. melanogaster, enhanced resistance to acute oxidative
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injury and cold stress, and increased in vivo T-SOD activity (P < 0.05, 0.01, and 0.001). Metabolomic analysis identified 34 differential

metabolites that were reversed by RUAE, implicating five metabolic pathways: Phenylalanine metabolism, biosynthesis of

phenylalanine, tyrosine and tryptophan, taurine and hypotaurine metabolism, starch and sucrose metabolism, and glutathione

metabolism. Conclusion The RUAE extends the lifespan and delays the senescence of D. melanogaster, while enhancing the

activities of endogenous antioxidant enzymes in the flies; its anti-aging mechanism might be associated with the regulation of metabolic

pathways such as phenylalanine metabolism.
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Table 2 Effects of RUAE on lifespan of male Drosophila melanogaster

MR FREWE(gLY R P FEn/d FRA A /d P1H (Log-rank #5%) I 7 /d

X e — 120 73.325+1.561 74.000 +1.826 — 99.250+1.095

RUAE 0.5 120 78.092+1.441* 80.000+1.643 0.042 102.917£0.949
2.5 120 78.833+1.546" 81.000+2.282 0.010 104.250+1.377
4.5 120 77.700+1.665"  78.000+2.462 0.024 109.833+2.259**

R4 "P<0.05 P<0.01.
*P<0.05 P <0.05 vs control group.

7R, 051 2.5 g L7 RUAE Y68 . 35 S8 K SR 1) A7 A RS RO SIS S5 TR, X HR A R4l
(P<0.05) (& 2-A). % R4 B F 548 8.6h,  BWUSHIMKERA ) 92 s, 0.5. 2.5 gL' RUAE #Jfg
0.5.2.5g'L "' RUAE Reffi-1F-3) % r 73 Ml ZE K 8.63%- 3 G A SRR A RS IR I TR, 2l 824 67 s
12.60% (% 3). 45K W RUAE il & RN (P<<0.001) (K 2-B), &I RUAE 1] LA S g 1)

= N1 A N1
EE=REANAT G YA P& R RE
A
B 1007 C  40q
100 — %R 100 ==z ==~ . — X Sk .
ol *-~RUAEOSgL! | * *-— RUAE25gL™" g . 2 504 -
= . = g
%60 = 60 E'u;z( 601 5 20
401 140 K40 8
= el o
RS \o 204 & 104
20 201 # e
0 T T T 1 T T T 0 T T T T T L T % 0_ 0‘7
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 % #0525 XHHE 0.5 2.5
t/h t/h ’ RUAE/(g'L™") RUAE/(gL™)

AT AR R R i T i 28 ;. B-RUAE XU BT BIBEE JI 520 C-T-SOD MG /) SXFIALLEEL: "P<<0.05 ""P<0.001.
A-Lifespan curves of Drosophila melanogaster under hydrogen peroxide-induced damage model; B-Effects of RUAE on cold stress tolerance of

Drosophila melanogaster; C-T-SOD enzyme activity; “P < 0.05 P <0.001 vs control group.

El2 RUAE XREBRHEES K REBIFA T-SOD BgHIF/ M
Fig. 2 Effects of RUAE on stress resistance and T-SOD activity in Drosophila melanogaster

#*3 RUAE SEEHSRGRERIEE GRS
Table 3 Effects of RUAE on lifespan of Drosophila melanogaster under hydrogen peroxide-induced damage model

Hul  RERE(gL™) EN R ¥ d/d W 75 i /d P{H (Log-rank &%) A n/d
Xof HEt — 90 8.644+0.281 10.000+0.237 — 12.2224+0.222
RUAE 0.5 82 9.390+0.286" 10.000+0.255 0.040 12.667+0.333

2.5 90 9.7334+0.198""  10.000+0.194 0.011 12.000+0.000

xR "P<0.05 *P<0.01.
“P<0.05 *"P<0.05 vs control group.

3.3 RUAE X REEISEGE AR I BERAT S QC FEAS B E EE A SR AR e 1, K
MR N MM ThRERERT B30, SECLE BUTEM QC FEARAI T 2 £i5 SD il (F 3-A),
Yekf RGFRAS, PUEMER) N R, SRS R BN, XK QC FEAKA 7, i HALES FIFR e YR LT,
EXPIRAIAHEL, 0.5, 2.5g L' RUAE ¥Re Rk &AM THESE . X IR4 5 RUAE AR
RIgfAN T-SOD 7K (P<<0.001, & 2-C). g% 5B, WA EAEREEZR (K 3-B). #—

B, RUAE Re42 i S A oy o A B 1 SR A BN PLS-DA. OPLS-DA i, 194
34 ET LC-MS Kifi4E¥ 7 # RUAE LERKE  KERMEALE 0.5, 2.5 gL' RUAE A E 5
M=EZ1ER =, 5PCAZR—% (K 3-C. D). PLS-DA [f]

341 Zougitoabr EEMEQCHAKPCATE 200 KHFIA GRS RER: O it A



EA9EETH 20206FE7H %38 A Drug Evaluation Research Vol. 49 No.7 July 2026 + 2339 -
g y
A B = c m %
B0 g 401 RUAE0.5 gL ‘ RUAE 0.5 gL
Q072 v e . 20 - +RUAE25¢L " 20 TRUAE25 gL
20 e ° :
— 0 ® — 0 h 1—: — 0
= 20 s °® = =) . [ia
-40® 20 it ®
*(1{) 2 std. dev. m = 201
_logﬁsld “dev. """"""""“"""""""“"'"": —40 _
203 4 5 6 7 60 40 20 0 20 40 60 —40-20 0 20 40
HoE 1] t[1]
){J'HI-‘. E or
| Fapil S S S o
RUAE 0.5 gL [')'( + -—= '. ¢
*RUAE 2.5 gL B B
G4
=02
0
02 |
~40 =20 0 20 40 02 0 02 04 06 08 1.0
1.000 32#[1] 1.000 32#[1]
A-QC #H1) PCA MUl XWHHR4L. 0.5 2.5 g'L™' RUAE #H2 [f]ff): B-PCA #rild; C-PLS-DA #rild; D-OPLS-DA # 5 E; E-PLS-DA 7!

e,
A-PCA score plot of QC group; Between the control group, 0.5 g-L™!, and
DA scatterplot; E-PLS-DA model validation plot.

2.5 g'L"! RUAE groups: B-PCA scatterplot; C-PLS-DA scatterplot; D-OPLS-

3 RUAE THE&ERBHEASTHIT D (n=06)
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Table 4 Information table of 34 differential metabolites
05gL!' 25gdi’!
T YIS RR AP LA TR AFR twmin SRR miz HMDB RUAEvs RUAEvs
R i
1 oleamide THIRRTE CiHsNO 12117 [M+H]™ 28227983 0002117 1° T
2 Cl4-dihydroceramide ~ Cl4- —EMAMME CpHesNOs  20.053 [M+H]" 51250548 0011759 — i
3 Cl6-dihydroceramide ~ C16- “ZMZME CauHeoNOs  21.118 [M+H]® 54053668 0011760 — o
4  hypoxanthine UK IR CsHaN4O 1.076 [M+H]" 137.04628 0000157 — T
5 phthalic acid AR IR CsHsO4 19.627 [M+H—  149.02345 0002107 — I
H.0]"
6  L-phenylalanine L-BHER CoHuNO; 4272 [M+H]"  166.08678 0000159 |” —
7 uricacid JRIZ CsHaN4O3 1.065 [M—H]  167.02151 0000289 1" o
8-amino-7-oxononanoic 8-ZEJE-7-EMERE CoHyNOs 14919 [M+H]"  188.12871 0240687 |* ™
acid
9 linoleamide IR CisHzNO  17.783 [M+H]®  280.26393 0062656 1" ™
10  L-norvaline L-IE45 R CsHuNO: 1.065 [M+H]™ 118.08680 0013716 | -
11  a-linolenoyl ethanolamide o-JEARMEIE Z 7% CoHsNO2 16483 [M+H]"  322.27498 0013624 |* —
12  stearoyl ethanolamide  FH/IEEE LB CooHaNOz 22205 [M+H]" 31031129 0013078 " —
13 oleoyl ethanolamide Ik LR CoH3sNOz  20.549 [M+H]™  308.29562 0002088 |* -
14  O-pentadecanoyl- O- Tl CoHeNOs 20624 [M+Na]® 40830917 0062517  |* ™
carnitine
15  N-o-L-acetyl-arginine ~ N-o-L-ZBEFSZEE  CeHisNaOs  1.066 [M+H]™  217.13021 0004620 | —
16  histamine M CsHoNs3 0.837 [M+H]"  112.08755 0000870 ™
17 D-(+)-maltose D-(+)-ZZFKE C12H2201 1.015 [M+H]" 36510649 0000163 — T
18  4-vinylcyclohexene A-ZIHEIR T CeHr 14.921 [M+H]" 109.10172 0246592 |* "
19  adenosine lin3ss CioH1sNsOs  2.284 [M+H]"  268.10480 0000050 |* —
20  cis-5-tetradecenoyl JiA-5-+VUMTE  CaHaoNOs 9245 [M+H]"  370.296 32 0002014  |* —
carnitine IR,
21 taurine BRIz C2H/NOsS 0.968 [M+H]" 126.02241 0000251 1™ —
22 palmitylethanolamide  A7HEEE Ll CisHzNO2 2263 [M+H— 28227994 0002100 — e
H.0]"
23 S-allyl-L-cysteine S-UHTIFE-L-EE CoHuNOS 2732 [M+H]"  162.058 86 0034323 e
N
24 4-pentylphenol A-JRER CuHi60 12.978 [M+NHJ]" 182.15454 0246582 |* ™
25  phenethylamine KM CgHuN 0.380 [M+H]" 122.09693 0012275 1™ e
26 coumaran RIT AR CgHsO 2.001 [M+H]" 121.06534 0013815 1™ e
27 tetraglycol DU CgH1505 4751 [M+Na]® 217.10532 0094708 | -
28 xanthine PN CsHaN4O2 1.784 [M+H]"  153.04122 0000292 — o
29 indole LGS CsHiN 14.380 [M+H]" 118.06564 0000738 — o
30 hexylbenzene TR CioHis 20.622 [M+H]"  163.148 47 0061815 — "
31 thapsic acid PR C1sHa004 12.601 [M+CAN 350.23102 0000672 — o
+Na]*
32 reduced glutathione WFERAMHIL  CoHiZNsOsS  1.622 [M+H]"  308.091 74 0000125 — e
33 DL-o-tocopherol DL-o-/E B} C2oHs002 20.218 [M+H]"  431.38562 0001893 — e
34 azelaic acid - CoH1604 14918 [M+H]" 189.11268 0000784 — o
*P<0.05 "P<0.01 " P<0.001.
P<0.05 "P<0.01 ™P<0.001.
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Fig. 6 Relative contents of common differential metabolites in Drosophila melanogaster after intervention with 0.5 and
2.5 g-L™! RUAE group ( X *s, n=6)
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Fig. 7 Metabolic pathway analysis of RUAE attenuating senescence in Drosophila melanogaster
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