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AMPK) @35 % HiL#h 4 &t E & ¥ & & (mammalian target of rapamycin, mTOR) @48 Xk KX B FKF. &
B ABRBRBFA I3HALLTFRY. SIBEMIL, 7.5 mgmL ASRB T R0y EHF FE K 972%, LR
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Anti-aging Effect of Ginseng Extract and Its Mechanism on
Drosophila melanogaster
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(1.Jilin Provincial Center for Drug Inspection, Changchun 130062, China;
2 Northeast Asian Research Institute of Traditional Chinese Medicine, Changchun University of Chinese Medicine,
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Abstract: Objective: Based on the model organism of Drosophila melanogaster, the anti-aging effect of ginseng extract and
its mechanism on Drosophila melanogaster were investigated. Methods: The composition of ginsenosides in ginseng
extract were analyzed by HPLC. Wild Canton-S Drosophila melanogaster were randomly divided into control group and
ginseng extract group. The life span test, food intake, triglyceride level, reproductive ability, exercise ability, and the
survival time of Drosophila melanogaster under starvation, heat stress and oxidative stress were applied to analyze the anti-
aging function of ginseng extract. The transcription levels of genes related to AMP-activated protein kinase (AMPK)
pathway and mammalian target of rapamycin (mTOR) pathway were determined by polymerase chain reaction. Results:

Ginseng extract contained 13 ginsenosides. Compared with the control group, 7.5 mg/mL ginseng extract could prolong the
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life span of Drosophila melanogaster by 9.72%, and had no significant effect on the food intake, triglyceride level and
fecundity (P>0.05), significantly improved the climbing ability (P<0.05 or P<0.01), and increased the ability to resist stress

(P<0.05 or P<0.01). Compared with the control group, the intake of ginseng extract significantly increased the transcript
levels of AMPKa., FoxO, Sirtl, LKBI and CaMKII (P<0.05 or P<0.01), decreased the transcript levels of HDAC4 and
SREBP (P<0.05), and enhanced ATP content and ATP/ADP ratio (P<0.05 or P<0.01). In addition, ginseng extract
significantly decreased the transcription levels of mTOR-related genes PI3K, TORC, 4E-BP and S6K (P<0.05 or P<0.01),
and significantly increased the transcription levels of Azgl, Atg5, Atg8a and Atg8bh (P<0.01). Conclusion: Ginseng extract

could delay the aging of Drosophila melanogaster by activating AMPK pathway and inhibiting mTOR pathway.
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PR, 5IEE . BEIRIA | (O ISR A 221R A 71
PRI A P AT B 2 UIAH G, HIX Sepen 1Y 8w
LT BEAEES B i 2 Fe et HEi, F-
FREBUES A WAL L = 3 . B FF A 25 M) syRy T 7 48
& HATAanBl2A il i) 2P — TP ETE IR
E S BLaE, RAE TS . RERIWE R/ NERIAAEDT
FEITHIBR S | R AN 12 0.

ANZ(Panax ginseng C. A. Mey. ) J&=Fk [ 75 p
XIE M2 84, BREAT RANTA . 28 P EER, Bk
Iz T M G B AR BRGS0, 2
FEAE SR AR b 2 —1 0, SRR A A RHAE
TR BT S M AR O, BRI S
Z W FRAESZYOAR RIS R GE R, ANSUKRY L R
IKIE 2L T A5 1 N S 38 U I RE 1S 4 1< Oregon
K it SRS R i g i O 3 i L pT A Ak RE 10 AR
T, FBTEL G T A SR e S S 2 AT oY 32
L P TFan S KA AT T L PR e AR R —
HLRIAIE W, iR 2R AR SR -

AW G I T RIBIEAR R, 53FT AS TS
FFTIIAE AR . 2B DI IR AE SRR )y . 2 CRE
TSR TI IR ST Fahs, 22U Z A EH
SIPT NSRBI RN . ), N ARG
B (PCROFEA, il M E AMPK i % 2 mTOR
30 AR LR IR, IRE A ST SE S AL i o
ZVERPLEI, DA NSRBI 5 3 25T A %
PO I AR S
1 MRS5E%®
1.1 #MRI5ER

SBpih R B4R Canton-S, AR K244
T AR BiAs T A G, B IR A M iRE 25 C,
THEVRE 65%, YCHREW] 12 h; AS(Z)  HMy
BRG] A R ] (it 2021060301) 5 NS4
Rgl. Re. Rf, Rg2, Rhl, Ro. Rbl. Rc. Rb2, Rb3.
Rd. Rg3(S). Rh2(S) JHSEEARE YR ARG RA
Hl; BEEE (Saccharomyces cerevisiae) . JE 1A 4 B Hs .
Nl EHgERH T AR B A BR A F] ;5 b
Vg RAAE YA RS Bl AR TR AR
Al oK Ol WEAAE dbRtb T R ER
. BAGAERERE U ERESEEAYRHAA R F;

TRIzol 3Z[FH Invitrogen 2\ &l ; H ¥ = M5 M & 357
a0 M RUEE AR T RIS ATP & Eiil ik 5]
& ATP/ADP LhfEME & R S RAEYE
ARAFRA F]; TaKaRa 4 53%i855 & . SYBR Premix
Ex TaqTM 11X & HAS TaKaRa V]

Ultimate 3000 I =20 AH % SEEIFEER K
2\ 7l 5 Infinite 200 Pro BYEFFRIY  Fi -+ TECAN 2%
Hl; MIX-430 BUER BT IFRAE @i R
Hl; EVOS RIS 5] B Wi 32 E AMG A Hl;
CFX96 %I PCR {¢ 3£ BIO-RAD 2\ H].
1.2 LWHE
1.2.1 ASEBWITHS T2 S5t gy
Jr MR B, B 200 ¢ A S PRI A, $% 1:10
(W/v)RHRE LSS —ROKBIZE 1.5 h, 55 KUK BT 1 h,
BIFUEROITUAR, I 75% 212, BEATIE0T0, BS.0H
3, BT E BVS SR .
1.2.2 ASEEIIST 0T 2% Zha 5502 1407
AR, R S RO AH (G357 (HPLC) X A S
W A SRS AT AT . A A S b
RS HEEUY) 0.15 g, IIA 10 mL /K& IET
5, £ 80 °C M4 FIMFAFEIARALEL 1 he BUKMA IE
TR, ZE TS S mL HESA RS2, T 0.22 um
VRS o %l BRSO A R B PRI = 2T
Rgl. Re. Rf, Rg2. Rhl. Ro., Rbl, Rc, Rb2, Rb3,
Rd. Rg3(S). Rh2(S)idi i, I FH Bsis fide A e 22 %)
B, 8 e BE 4y 9 R 0.485. 0.400. 0.475. 0.390,
0.450. 0.445. 0.520. 0.410. 0.375. 0.370. 0.460.
0.335. 0.390 mg/mL BIXT BB IR & . FIAAH
Fyde, LIKT HES, (A £R B B (] R AR, Xh NS4
T AN S BT B T MERIE S T .

it 5 4. 22 HE{E ZORBAX SB C g {0+

® 1 SIMEE

Table 1 Gradient of mobile phase
1] (min) WA (%) TBIHHB(%)
0~30 19 81
30~40 19~29 81~71
40~70 29 71
70~80 29~32 71~68
80~90 32~42 68~58
90~105 42~60 58~40
105~113 60 40
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(4.6 mmx=250 mm, 5 pm); TdAH: A M ZHEF B A
0.05% WBEFR/KIEAE, ¥R 1 BT b A TR BE Ve ; A6
Mz 203 nm; AE#R 30 °C; BEAETE 10 pL; Wik
1 mL/min. FHSMHEEE AN S BT Rbl W AT
F 5000,
1.2.3 REpIEFEIEENTSE  SERBEIED ik
FEVEAIE L
1.2.3.1 ZREFR (dietary restriction, DR) 1% ¢ 3
A 21 g/L 86, 18 g/L BN, 7 o/L Z5l8, 14 mL/L
10% JEIH 4 B s (To/K A ), 7 mL/L TR
1.2.3.2 FEABEEFRAEL  BREA 42 o/L MehkSh, Fenlils
FRHA TS IR
1.2.3.3 HFyEaest M ASIRBW I ALl B 57
Fe s E S 2.5, 5, 7.5, 10 mg/mL BUEEFRRE,
1.2.4 Bl =% RMWEESFD Ik e
B, BOPIME 6~8 h DU, 7F CO, FRIFAVE A TR
PEFNEPESR MG 5y TT . MERMBBEAL X IR . NS4
WL, 25T HE RS IR AL BN R B A SR 1557
FE, BRI 10 SLbfERE, F9-S0004H 10 . TESRAET I
FIREAIFOL, TR ARG 3 | P FFar S i 7533
TG FE (Yo)=PR AT 1 1Y) SR B 550 /4 20 SR b B %K
%100 (1)
S8 A (d)=FRLLITAT SR 5 i /A2 S
BB =(2)
HEF7 35 (%) = (S B 2H -1 T fim— o REZH - 350 75
1w )/ X BEZH -3 754> 100 #(3)
1.2.5 BEWEHCEEER: SZ B AN WIrik e
U, WX IEZH . 7.5 mg/mL ASHEEUYILH | R
e iR M 2H ( BH-PE X IR, RR AT 3 d R Rk B R
3% I TRNHGRIREN, MR N 5% WEBE R ) R 45
100 H, M3 T &4 2.5% G ERE(wv)
DR g3k, A 1 h )5, FE R TE W b Peidivg
7R, T° 200 mL mZER/K 53K . RGN0 800 mL
ZEWEIK, FH 0.22 mm EART R R AR, B
PRYIE 629 nm T IMERGE .
P 53 HE (%) =(OD2g 551 /ODpgp g gy ) < 100
=(4)
1.2.6 HiM=HRE S0 S5 Bk mevE
fEEpk, XTIELH . 7.5 mg/mL A Z3E B £H S5 b i 5
10 d, TEMR AP DO R, IF AR H- vl — BRI a2 5]
BT IR T R
1.2.7 ZEFERR IR %%%Qii%%““ P T IER A EE
e, B 3 H R A AL BB g 5 X IR ZH ER 7.5 mg/mL NS
FE EC A7) 2 P SR I T A LT B 3 L v AR Y, A
5 %%, FE2H 10 4, B3PS 12 h YR MmN, F-4ei R b
FEIREL
1.2.8 s Ikl SHIE N iR
AL, WAEES 20, 30 FT 40 d PSR, XTREZH . 7.5 mg/mL
ANSHEUIH A 100 2, KRB E KB WE

Hh, SEEGERR 5L AT
k- (G5TY5-
ZEEE F (mm/s ) =28 CHE 25 (mm ) /ZE[€H 8] (s)
(5)
1.2.9 RiRe bt St e
i, XFRELH | 7.5 mg/mL ASHEEUWH RMERSE 10 d,
B2 100 H o PUTRSZE: FRIRIRFRE A 1.5% It
BFE. 3% JEIHA R . 0.5% NIRBIET IR IE P,
12 h g5 — R MR E T Ol & 30T *ftr“/%f(
SEY: R RAR FRAE 37 °C EIRIEFEAA T, B 1 hid
NG Lt S [ RUTVNIE I oo 97 oy = W A VA € L
FH 5% BENHIE WM Bead |AL A E LU E N 5%,
400 uL TEUEAC L, W SR b sL 2 reE o | AL & I8 4Ly
M2, A 2 h 0 S — IR SRR AR 00 B 38 430
FET .
1.2.10 ATP &+ & ATP/ADP LlL{HME SZ5
7 BT RS E S A, XTRELZE ., 7.5 mg/mL A SHEEL
Yy SRR IR 10 d, 7EW A P P B R, FRAR HiE
ATP &8 EZ 5 & ATP/ADP LB a2 55 &
ME ATP %251 ATP/ADP LbfE,
1.2.11 FEFEFERSPT @i RT-PCR X AMPK
iE M AH SC 3 AMPKa., FoxO. Sirtl, HDACH.
SREBP. LKBI1. CaMKII V) & mTOR i i AH & 3% A
PI3K. TORC. 4E-BP. S6K. Atgl. Atg5. Atg8a.
Atg8b ) mRNA KBTI . 275 SAETE" 11y
TrEFEVEMB R, XTREZ . 7.5 mg/mL A SHEH4H R
WEMEFE 10 d, TEMR A U I TRIzol 171 LAFE HL
E. RNA. R #li TaKaRa J¥ 5% 5538 5 & &% SYBR
Premix Ex TaqTM IT 3= & e B AR IR 617 I 5 5%
K PCR 5286, LI GAPDH IS 5L, R 2728
THE H LR R R Ko 5 I RS A=A /A R,
FPAINEE 2,
1.3 IR
5K A GraphPad Prism 6.0 %14 long-rank
test, T test B One-way ANOVA JFikil A 78811434,
P<0.05 BG4 2557%
2 FBR55H
2.1 ASREBYIR S 7
NS BT R ANS T BB RS, FRgH al
R NSNS PER SR R 2R, ARfFTaE
i HPLC 30 E NS A S B i e M &%
B, AE S AT AR S R B E A S’ 1 A
2% 3 N o DA BRI MR A v i 174 L1 WA B[] Sy
Z M, Bl ASIRBW T 13 F ASBAF, i
FE 50912 Rg1(0.1282 mg/g) . Re(0.2066 mg/g) .
Rf(0.0503mg/g).Rg2(0.0319mg/g). Rh1(0.0072mg/g).
Ro0(0.0071 mg/g).Rb1(0.2472mg/g). Rc(0.3198 mg/g).
Rb2(0.2230mg/g).Rb3(0.0360mg/g).Rd0.1616mg/g),
Rg3(S8)(0.0149 mg/g) . Rh2(S)(0.0006 mg/g)

, FABEES 5 s BB, IFit
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Table 2 The sequences of primers
B SES Ei#F51 TS
GAPDH 5-CTCGACTCACGGTCGTTTCA-3' 5-GGTGATCTTCTGGCCGTTCA-3'
AMPKa 5'-GGCCATCGCTTACCATCTGA-3' 5-ATCGATGATTGGGGAACGGG-3'
FoxO 5-GCGCCTCTACTTTGATAGGAC-3' 5S-TATTGATGTCCAGCAGGCCG-3'
Sirtl 5'-AACCAGGTGCCAGACACTAC-3' 5-GTTGAGGCCAGAATTTCCGC-3'
HDAC4 5'-CGAATGGCACAACGACAACG-3' 5-GTTCGGTTCGGATGCTGTCT-3'
SREBP 5-TGGCTTCTACCAAGTGCCAG-3' 5-CAAGAGCTGTTGCGTTGGAC-3'
LKBI 5'-ATACGCCACGACACTTGGTT-3' 5'-ACCGTGGAGTTGCGGTATTT-3'
CaMKII 5-CTCGCAGTGCTCTTCAGCTA-3' S-TTTGCAGTTTTTACCAAGAAC-3'
PI3K 5-CCTAATCTGCCTGTTGCCCA-3' 5-ACTGAGTCGCTTCGTTTCGT-3'
TORC 5-GCGCCTCTACTTTGATAGGAC-3' 5-TATTGATGTCCAGCAGGCCG-3'
4E-BP 5'-ACCCTCTACTCCACCACTCC-3' 5-GGAGTTTGGCTCAATGGGGA-3'
S6K 5-CATGCATTTGGAGCGTGAGG-3' 5-TCCTTGCACAGTCCGAAGTC-3'
Atgl 5-GCCAGCTCCATCGAAAATAACC-3' 5-GCGGCGCAGCAGGCACAG-3'
Atg5 5'-GCCCCTGCGACTTCACTATCC-3' 5'-CCATTAAATCGGCCAAACTCTTCT-3'
Atg8a 5'-CCAATACAAGGAGGAGCAC-3' 5'-AGGAAGTAGAACTGACCGAC-3'
Atg8b 5'-AATGTGATCCCACCGACATC-3' 5-TTGAGCGAGTAGTGCCAATG-3'
1754 A 2.2 ASRBEYIx RigE G
150 4 Rg3(S) 7
o % T i S 2 AT SR R R B B0

_, 1001 HIVFHTdERR. EAMISEIESS, AZS/K$EY M BTSN
75 1 37 e \

T P 53 FUAT 4 28 P S AR IO 9. 28 SCHOTESE,
251 [ 2 T, 5.0 me/mL A Z U HLRA G LA
01 SR

95 EHE KA (P<0.05), 7.5 mg/mL A SHEHUGHR g

—40

0 10 20 30 40 50 60

7I0 8IO
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Fig.1
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HPLC E NS T NS B H AR

Determination of ginsenosides in ginseng

extract by HPLC

A frdfiEdh; B: ASHREU .

%3 ASIRIWTSAS DA
Table 3 Contents of ginsenosides in ginseng extract
NS Fiht(mg/g)

Rgl 0.1282
Re 0.2066
Rf 0.0503
Rg2 0.0319
Rhl 0.0072
Ro 0.0071
Rbl 0.2472
Rc 0.3198
Rb2 0.2230
Rb3 0.0360
Rd 0.1616
Rg3(S) 0.0149
Rh2(S) 0.0006

FrAm HA AN IR AE A (P<0.01), AEAIRFalm TixX
Byl RS T0 W R (P>0.05) . FH SR A 75am)
FE- S N FZR AT A0, ARSIk B Esin 7.5 mg/mL
NS 75 BT B ORI AR, e 75 3R 558
9.72%. Bk, JFEESZEG L 7.5 mg/mL VE hEefEfl .

100 - == X 4]
- 2.5 mg/mL
80 1 % == 5.0 mg/mL
@ #% == 7.5 mg/mL
S 601 -~ 10.0 mg/mL
40 A
%
20 4
0 T T T T T T 1
0 10 20 30 40 50 60 70
KA (d)
46 -
44
=
i@ 42
oy
gy
38 T T T T T
%'_f/é A% NG Sy 3
{\Q? ‘)6\%\6\ N 6‘%\\ o 6\%\& Q(ooo\&
V- ; - N

K2 NSRRI 3 A i 0
Fig.2 Effect of ginseng extract on the life span of
Drosophila melanogaster
E: 55X BRGIA EE, "P<0.05, TP<0.01; [&] 5~&] 9 [Fl,
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23 ASRREWIGRIBRRERH =AM
ARJITE N, 38 >4 0 AR BR il mT DA SE ae /b PR
FEA L SRS BRI 2R | IR Ay
PSR P02, Lee 459 28, fF SR bR & P kb e sk
[ 21 2 Bt i 2o B3 i) D SR v b8 i i, M 2 7
i AAE NS HEHU) ) 4E 54 FH 2 5 DA AR B il
Wi A, ASHFST LA AL M3 £ i A H T =l S PP dE
b, E—2 T i NSHEEB N e 5845 . K 3 1]
0, 5xFREZHAH L, 7.5 mg/mL A S HEHUY T S g 1%
BRI E I (P>0.05), H AR S R g A0 Hh
ZHRASE(P>0.05) . FH UEHED, NSRRI 1t FFE
FHFIFARAS TR ERR R4S

ns

50 1 —
——
~ —r
s
=
R 25
o
«
B
0 1 T
o HRZH NS
ns
30 - | . |
c
TE) ——
E 20 —
g
4o
fé?
11 10 4
=
o
0 T T
X HEZH NS

K3 NS HE I xS S e b Sl =R & e 5 )
Fig.3 Effect of ginseng extract on the food intake and
triglyceride content of Drosophila melanogaster

W SXTRRAA L, ns FAREFA R P>0.05; K 4 [

2.4 ASIRHWIX RIS EIERE NHIFN

SR A AR FE T Bl 2 fih A 5 R AR IR D 2Rk Y
ARk, BETTG G A58 5 R anda /a2, PRt b A
BRI SO N R KR IR A 1 T S — o {HE, B
AP E 25 YA N IZ S A SE DI RE AT . S
HIWFFEERI, NS B B BB TE AL R FHRE Ty Ao Ak
il b R R A IEFFAE Y. i NS E)
HOSEFFE R -5 T AT DI REAR G, AWTFE LA™ Bl
HORPET RS, BEATRE—2E 0. Al 4 AT, S
TR L, 00 7.5 mg/mL A S4B AR o) i
PSR Y™ BTG 2B 5 (P>0.05) o HH IEAED, A
S RENS A E A EAE S RE T RO OL T, K&
X AT e I IE A

20234 2 A
20 -
ns
| N |

- —
A R —
g 10 4 -
=
e

0 T T

X 2 ANSHEHW)

K4 NSRBI S8 EAERE 1 52
Fig.4 Effect of ginseng extract on reproductive ability of
Drosophila melanogaster

2.5 ASEBYIX RIBIEENEE DRI

RMEIIZ BNRE SRV B — AR
BECHE S/ M MR EEERFE bR, T LA 25 SR i e
EHUAMSGERERE . DI, ATl s R i s e
B, PR NSRBI is shBe S s . &l 5
T2, PR 2 SR 1) 2 TG S ) [ A P 3 R T
A 7.5 mg/mL AS IS, 25 20 F1 30 d SR
e 14) 2 TR S R Sk 25 v T BB 4H (P<0.05), 1T 40 d
SRR R 5 X% REZH A LA A B 3 22 55 (P<0.01) 6
Fh EHED, A S 2 HC X SRz shRE 1A W T
YEH.

307 [ xma
. 3 iy
=
3 .
> 20 4
g £3
£
i
=
2 10 o skk
0 T T |-}|u
20d 30d 40d

K5 AR R sRE ) B9 520
Fig.5 Effect of ginseng extract on athletic ability of
Drosophila melanogaster

2.6  ASIZEUIXT SRR RN A RE SRR

RLIRE JT BN RN S N 2R, H a2y
PRIAIRATT I P BE 1 st iy e 4 U o 38 B AL 3
FRN I B BN AT ST ACPPAN SR X 2 BN
P SN o AR TR A g o 5 TR . RN
AT A EIRET T, BEEASHER R R AT 15 51
SO, BE— 2B T NS IETF R AR ER 53
PR 0 SR i T DD i A2 PR HE 5 .l IR 6 AT, FEYL
AR TP T, X ARZHAR L, A NS
PRI a0 R g A= A7 th 26 5 4 F2 (P<0.05) o LAk,
TE AL S T HUERF T, A NSRRI ) R g A=A 7
HHZE 55 6 BRZHAH U {2 25 A7 72 (P<0.01) o A E4%
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it il (h)
b 100 5 — x4
% | x == NS

20 -
0 T T LI T T T T Ll 1
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A1) (h)
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K6 NSRRI SR RE T 5
Fig.6 Effect of ginseng extract on stress ability of
Drosophila melanogaster

TE: a: PUHRI G be BUSEAG c: AL

NS =7 53: Ly BIR TR S R VAT &2 S Al W EPEaEa N
(] FH AN, A SHEBCY e b A i 2 KA S
Yo HAHH O AR S AH G
2.7 ASEEWI%T AMPK {55 1@ AN

AMPK &40 PN RE ELIR A (R AZ 2%, 72211
AWAR, HFREEACIEKEREIK, AMPK BYT5 152
NI, WFFTR, #E AMPK §E0£38 i & —
F 9| 5 CHI R R (AN 3 FoxO F1 Sirel . T
8l HDAC4 1 SREBP), iRB3EL w2y HP, B2
AR, ASA s NS 217 Rbl GEISE
I AMPK 55538 BEFS TN B2 41 e 208200, SR ¢
T AS LI E 2% 55 %05 05 5300 AMPK AHSCH)
KUWHAE . AT SoFIH PCR FAREEENT AMPK
{55 3 A DGR R SRR R 52 ] . S5 R A 1, S50
FEZHAH L, B AN SR i R i v AMPKo M JH:
TUREEE FoxO 1455 5k /K A% W 2 858 i1 (P<0.01),
Sirtl FFESIK-REERIN(P<0.05), HDAC4 11 SREBP
PRI SR KO S 35 BTG (P<0.05) (8] 7)), a4 e A
SEEIGEITS AMPK, J-JE# AMPK /-SRI5=%
FCILN RIS . ATP 2R Py Reid g <@

PEEPUARRE AT, 25Xt ATP & & ATP
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