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BWE.BHY KAWL, HRZGEREIE FTiE AFAR FWIEAHL R N2 2R TR CF1038.TJ356 «aak — 2(0k524) A #F 7
st F KRR - BBAANE LR L4 BR F A AR R A AR (R B E = TR AR (&SRR 541 50 pmol / L,
A e AR ] JE A8 11, AR A % 28(25 wmol / L, AL A A) JF 48 1, & # & 42(100 wmol / L), T NGM 3% 7 3k £k 425 OP50 X i
AEH R R E R R AL R AT RERE AL A HH ER R AN FHE LT (FIH) B35 (EGEHME) LA
EW(EBE) ek (FHB/ AWAEER)GYa; KA qRT - PCR FHm kB E / b EFAKBE T 1425 (1S)@sk4a % 4
B (daf - 2 akt — 1.sod — 3 ctl = 1 \hsp — 16. 2) F A KT -4 M CF1038 % EARF 3L Kk £ R TJ356 B EAR daf - 16 4 F AL F  ¥m)
BB | Z BB IR (AMP / ATP) = ATP 7K-F, K )8 Western blot =4 AMP 7442 & # B (AMPK) 12 5 i@ %48 % % & [ AMPKa2
I % (aak — 2) An AR 4L — AMPK / AMPK | &38R, 4] aak — 2(0k524) R BR AR K E R GER &L hmowy JHAMRI, 4
Lk AEMEKERE, H(22.38+2.03)%, 5T Bakss AR K. SATAE R R EHRE SREEE ABLAEEEY
RENZH EBEREZEREZBRK(P<0.05), X PHAARI, M TUAXEFEREZRLZH(P<0.05)  Sarmas AR, H5 4
% & daf - 2.akt — INRNA F & K3 R F A&, s0d — 3.ctl — 1 hsp — 16. 2 mRNA FE KPR EHFH(P<0.05) ;43 8BA5 A48,
BHAFUHCFIB8 RERFGLEFELZF(P>0.05); 5 Ba ks, FARI, SA T4 1356 TERBERERFAZP<
0.05). 55 Rk, 7480 I, %A FL% & AMP/ ATP aak - 2 % @ & & KT & AMPK & @ B8 ALK T3 2 51 &, ATP K F 2 %
BAR(P <0.05) ;3B 5 A4, Z A E4 ack - 2(0K524) REARF G A EEZF(P>0.05) 45 AL, TEHFREL KA
WA AR A R IR K K A0, TR Y 1S i@ % Afe AMPK 125 @% A %, B4 RIFHRREERE mB#H T,
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Study on the Anti — Aging Effect and Mechanism of Tanshinone II,
LENG Yan'en,ZENG Yue,SHI Lin
(Zhongjiang County People's Hospital ,Deyang ,Sichuan 618100, China)

Abstract: Objective To investigate the effects and mechanism of tanshinone II, on anti — aging. Methods The wild — type
Caenorhabditis elegans N2 and its mutants CF1038, TJ356, ack - 2 (0k524) were selected as the research objects, the sodium
hypochlorite — sodium hydroxide method was used to replicate the L4 phase synchronization model nematodes,which were randomly
divided into control group (equal mass concentration of dimethyl sulfoxide),each monomer group (50 pmol / L,only wild - type),
tanshinone II, low — dose group (25 pmol / L,only wild — type),tanshinone II, high — dose group (100 pmol / L),which were
coated with drug - containing OP50 Escherichia coli solution on NGM medium. The life extension rate of nematodes among
different monomer component groups were compared;the effects of low — and high — doses tanshinone I, on the biological
characteristics of nematodes [development (number of laid eggs) , movement (swing frequency) , aging marker (lipofuscin) ] and
stress resistance (survival rates of high temperature / free radical) were evaluated;qRT — PCR was used to detect the expression levels
of genes related to insulin / insulin — like growth factor 1 signaling (IIS) pathway (daf — 2,akt — I,sod — 3,ctl = I,hsp — 16.2),
as well as the life extension rate of CF1038 mutants and the daf — 16 nuclear localization rate of TJ356 mutants;the levels of
adenosine monophosphate / adenosine triphosphate (AMP / ATP) and ATP were detected. Western blot method was used to detect
the expression levels of AMP activated protein kinase (AMPK) signaling pathway related proteins [AMPK «2 subunit (aak — 2)
and phosphorylated — AMPK / AMPK],as well as the life extension of aak — 2 (0k524) mutants. Results Among the monomer
component groups, tanshinone I, group showed the highest life extension rate,which was (22.38 + 2.03)%. Compared with those
in the control group,the number of laid eggs,swing frequency, survival rates of high temperature and free radical of nematodes in
the tanshinone 1II, low — dose and high — dose groups were significantly increased, and the accumulation of lipofuscin was
significantly decreased (P < 0.05),and the improvement in the tanshinone I, high — dose group was more significant (P < 0.05).
Compared with those in the control group,the mRNA expression levels of daf — 2 and akt — I in the tanshinone II, high — dose
group were significantly decreased, while the mRNA expression levels of sod — 3,ctl — I and hsp — 16.2 were significantly

increased (P < 0.05) ; there was no significant difference in the life span of CF1038 mutants between the control group and
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tanshinone I, high — dose group (P > 0.05);compared with the control group,the nuclear localization rate of TJ356 mutants in

tanshinone I, high — dose group was significantly increased (P < 0.05). Compared with those in the control group,the levels of

AMP / ATP, aak — 2 protein expression and phosphorylated AMPK protein in the tanshinone II, high - dose group were

significantly increased, while the level of ATP was significantly decreased (P < 0.035) ;there was no significant difference in the

life span of aak - 2 (0k524) mutants between the control group and tanshinone II, high - dose group (P > 0.05).

Conclusion Tanshinone I, can significantly improve the biological characteristics and stress resistance of nematodes,and prolong

the life of nematodes,which may be related to IIS pathway and AMPK signaling pathway,suggesting tanshinone I, has good anti —

aging activity and druggability potential.

Key words:Chinese medicinal materials;monomer;tanshinone Il ,; Caenorhabditis elegans;anti — aging;druggability

SEERN F1 208 A R S RN B 1 3 22 M OB
FFE s TR AR TR 2 T I A S B
T RE R, o e R/ BB BEREARKE T 1
(IGF — D) {5 % (11S) i B&BI A1 AMP 7% 4k 25 11 3
(AMPK) 15 5 i [ E 8% UE 55 A 5 %5 22 09 4% 0 I8 2
=S AR, RERT R L2280 A AREE MR A,
Pz i Ptk B ZORIE -8 S 1 2P E
BRI PRI PR 0~ 100 R IS O L R A 2 9 i T
il L2 ep 5 B Ry A R AR AL s 25 PEAT
ANHIH o 75 0 BT 2 e DR g st AR ST i o
T EEARST , SE DRSS B 2 SRR 7] AR ST A LTS Tl
FRFT2R RO RIFFE XS 52, R G 0 o LT o 2 sl ) rh 2
BRI LR BCH U 2 T IR 20 1, it
ARG FALE], LA S 250 1, Al e vh 2515 v
A BB T A SRS 5 S AR IR RE N
1 MRl5H%

1.1 B RG53HY

1L 2% : BPC — 1507 B fE iR 35 7246 ( i —fE B2
IAMAF);B) - 1ICD L TAE R (i W Ry
He WAL B B Ay A BR N T ) 5 5424R 6 =8 i i v 1k
20 L (78 [E Eppendorf 23 ] ) ; Confocal microscope
LSM800 IO AT AL W i (T [E] Carl Zeiss 23 1] ) s Leica
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B BT AL E (%) = 6 hIFIG R B/ &
LR BT B

e &5 2R 3 % PR 3R K 7KK - R qRT — PCR % B
)25 Ak L4 A2k HGE &, BESL S R 5t BRALRPFS 0 1T, 75
FE AL, R R L LR U1 500 H 4% 1. 2 300 R 5 kb
B 48 h, LA MO B iEVE 3 I, BB B EP A, AT
R, G R 3RS AR A0 8, A 1 mL TRIzol %
WAk SIS | 20y R 58 2 A 5 12 000 X g 5.0 10 min,
VSR & A - S EEELUIUE RNA, LL75% 1
VR G W % T DEPC /K H , 45 2 RNA J5 R H] NanoDrop
2000 £ RNA 2 B 5 7™ k& ¢ B e 5% 1300 60 13 B 45 0
RNA #5554 ¢ DNA o2k FH S22 58 28 it PCRAGHEA T
B, LA B — actin AN S R 2-244C k11 B 1 LA 1Y)
AN Rk BT A SR B 51 Wt A TAEY TRA
FRAFEIG BT W 1,

F1 3|MFFIE
Tab.1 Primer sequences
AR FhRE £0 Rl
daf-2 152bp "= GCTGGACGAATACGGATTCG -3 5= TGCGATCATCTTCGTCACCT - 3

- CAGTGGCGATCAAGAGGAAC-3" 5" - GCTCCAGTTGTTGCCATTCT - 3'
- TCAAGGTCAACGAGGAGGAC -3" 5" - AGTCGATGTTGGCGATCTTG - 3'
- ATCGCCGACTTCAACAACCT - 3" 5= TGCTGGTTCAGGTAGGCATT - 3'
- GAGGAGCTGAAGGAGGCTTT - 3" 5"~ CAGCCATTCCTTCACCTTCC - 3
= GTGTCGAGTCCTGTGGCATC -3" 5" - CGGAGATCGTGATGGACTTG - 3

akt-1 138bp
sod-3  145bp
-1 160bp
hsp=16.2 128 bp
f-actin 118bp

[ L I )

daf — 16 #% €L 3 BUm] 254 L4 19 TI356 58 A8 R i
i, BENLS A IR PR S L R e, gl & b
30 H 1L 200 R e Ab R 48 h, R FH LR A= A E
X GFP 9643 A, I i1 5 daf — 16 4% 58 K 1% 58 f
= N GFP R sk / AR LR HUREL X 100% -

AMPK il }% 45 (1 26 15 7K - : SR il Western blot 325 B
] 24k L4 1 26 A BERL 20 g o BELH A2 10, s 7
2, REZH 2 500 H L3 1 230 TR A B, 48 h R IR EE 4R
g A0 S R E A, T e R R AN IR TN
5455 T Jie B J2 #RL UK (SDS — PAGE) 73 B 8 1, B 10, 5% Wit
JIg 4= 3P4 2 h, TBST ¥ 18 2 ¥k, il A aak — 2(1:1 000,
V/V),AMPK(1:1000,V/V),p - AMPK(1:1000,V/V),
B —actin(1:2000,V/V)—¥0,4 ‘CTHFE 24 h, TBSTIH
PE2WK s IMA ZH(1:5000,V/ V), &M H 1 h, fdifH
ECLAL2E KGR 5% TR K EEMH , LA B - actin AN S,
53 MT aak — 2 Fl p — AMPK & FAHX K IEK- .

AMP / ATP 5 ATP /K- R AW ki B[R 2P
b L4 aak — 2(0k524) 58725 1, BEAIL 53 2h XoF B2 A1
FESER L, 0 a2, B2 B AL B R L 1 500 4%
L2300 F 5 s A F 48 h, il £ 213K, T 4 ATP A5 ) it
FI G AMP / ATP 3R G U W 15 40E SR FH 2O LR AR Y
(E./ E, =535/587 nm) Kz U] ATP F1 AMP 7KF-, I 3155
AMP / ATP,
1.4 Sit=4iE

K H GraphPad Prism 9. 0 48 1228450 B o T i 5%
RELLX + s 7R, BIALIE] G LA A T 00 SRR A ¢ K 50, 22401
] 347 B R 2R 5 22 43 B (ANOVA) | 2 5 R
Tukey FJF K4 P < 0. 05 W FA G2 L,
2 #R
2.1 ZHEMIERER

50 B2 U3, 45 SRR 1 o3 21 2k e 5 34 f 3 A
K (P<0.05), Hop FF2 1T, 414k i 5 i K T H
PR B AL (P < 0. 05) , FLIA B0 4 16 PR i e b o
(AT A > 20%) 7, BiEe A 18 58 FH 200 11, o Je 5
RIS TEWF 2,
2.2 ZHAYPHERTESE

Ejxh B He g, PRS0 I, AR L 79 2L 4R = B
B BB ST R e H AN R B E T
L IRE R LR B B FEIN(P < 0.05) , HSFZE , =
Fl R 2 (P <0.05) TEILER 3,
2.3 IS BE4H% mRNA RiEKFES CF1038 REE
FWEKER

Ej X IR LU 5, PRSI 4 28 R daf - 2 01
akt — I mRNA KGRIV ERER sod = 3 ctl = 1 hsp = 16. 2
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R2 SHBERSEREGTERELR(X +5,n>70)
Tab.2 Comparison of life extension rate of nematodes among

different monomer component groups (X = s,n > 70)

205 A4 (d) R (%)

*t B840 15.32+1.02 0

i N | 18.75+1.31" 22.38 +2.03"
GEEX 17.12+1.15* 11.75+1.58*
Itk By 2n 16.89 +1.21°* 9.95+0.90"
N Bkl 16.63 +1.18* 8.50 + 1. 06"
kA 16.28 + 1. 09" 6.20+0.71°"
HR T HA 16.21 1. 12" 5.80 +0. 52"
ZL2FR A 15.98 + 1. 07" 4.30+0.56™
HE g a 15.80 1. 05 3.10 + 0. 44

E G RRALE P < 0.05; 5 A, 4k, P <
0.05.£3ZKTHE1F.

Note : Compared with those in the control group, "P < 0.05;
compared with those in the tanshinone I, group, *P < 0.05 (for
Tab.2 — 7 and Fig. 1).

R3 SALREYFHERRFEMELR (X 25,1 >30)

Tab.3 Comparison of biological characteristics and stress resis-

tance among different groups (X = s,n > 30)

a3 F&(A) . kiEng i w}%

(K1%) £(%) (%)

*EA 1985041230 2345+ 1.88  1250.64+105.32 28.67+3.21  34.12+3.45
FARIEAZA 25341420 2789200 980.45+89.67 45.78+4.12° 52344456
AR TN 186741645 3123234 T45.30478.23% 58.91+5.23° 67.89+5.78"

E I AE I KA F L, P < 0.05,
Note: Compared with those in the tanshinone II, low - dose

group, 2P < 0.05.

il 11 5 7] £ 2 CF1038 58 A% {4 77 i JC Ind 3 25 =% (P >
0.05) o FFZ 0 1, v 37 i 2H 2k 11 daf — 16 B0 AL RN
(90.12 + 4. 89)%, ‘i 3 1= T X HEA A9 (52. 67 + 4. 56) %
(P<00$5#W%a1%5

2.4 AMPK ESEBBEXEARIEKTES akk -2
(MﬂﬂﬁQW€LkF&
x4 THAZLBISEMKER: mMRNA REKFELRE(X 5,
n=1500)

Tab.4 Comparison of IIS pathway related mRNA expression levels
between the two groups (X = s,n = 1 500)

45 daf -2 akt -1 sod -3 al -1 hsp-16.2

B 1.00£0.12 1.00£0.15 1.00£0.06 1.00+0.09 1.00+0.01
AAANAHEL 0.62+0.08 0.7840.09° 2.50+0.16" 1.820.19° 3.12£0.31'

®5 PHCFI038REARFMILE (X +5,n>10)
Tab.5 Comparison of life span of CF1038 mutants between two the
groups (X = s,n > 30)

48 %) F&(d) Fr i K F (%)
papiicen 13.53+1.34
FHR@WI,HHFa 13.68 +£1.29 1.11£0.35

62

S5xt R i, PHS R HAI_J}IIJE;QH%%EEE/J AMP /
ATP i 3 TH &, ATP K- 3 3 BRI (P < 0. 05) o 5 XT 1i
L HEE, FESE T 50 i 4 2 A aak - 2 8 (3R IAKF
ﬁAm«%EW%%K%ﬁﬁﬁﬂm@<om)ﬁm
A5 IS, &5 4 aak — 2(0k524) 9875 R F fi

BEZERP>0.05) WK 1HIE6 £T,

HARS ek it
aak — 2 4 — mmaak-2%EH
=3 p - AMPK/ AMPK

*kk

*kk

p - AMPK

B — actin
O_
»ﬁ%%g% o Q%
4\ D) >\ kb
%W‘ F %,
N
A B
A, Bl w ok E B, #IELT
E1 AMPK{ESH@EEBEXEBRIEKE(n=2500)

A. Gel electrophoretogram  B. Data statistics chart
Fig. 1 Expression level of AMPK signaling pathway related proteins
(n =2 500)
F6 MWALHRAMP/ATPFIATPKFLLE (X +5,n=1500)
Tab. 6 Comparison of AMP / ATP and ATP levels of nematodes
between the two groups (X * s,n = 1 500)

28 %) AMP / ATP ATP(nmol / mg)
i F8 21 0.15+0.02 12.56 +1.23
AR, &M EH 0.38+0.03 8.34+0.89
P <0.001 <0.001

R7 FiHaak - 2(0k524) REFFHILR (X 25,0 =1500)
Tab.7 Comparison of life span of aak — 2 (0k524) mutants be-

tween the two groups (X = s,n = 1 500)
28 5% 4 (d) Fa it KA (%)
S 14.55+1.075
FAMI, HA T 14.71 £ 0. 863 1.11+£0.03
3 AT
AW RGETR L T PSS RS

AR R PUREE T, AR R P 1, R A
K& ATz b, X TS HALAZ M 22 5 A 5 P2 T,
F14 RIS 235 A 34 i FE X 4 B Pl BRI BRI RE ), e AT 2
TR 2S5 H mT BERR ] 1 HS Al Ay 28 i P 1 - 190X
RUIPIZE 1 AEvT 2 T HA S L3 tesh, P2
I 30 i 2 P 4 P AR ) A R R, A5
PRSI, ] 25 8 i AR R R A7 5 RN e A
IFWD IR R R R RS R A e hn S, A
255 R VR D B M E AN A A B 0 B DDA G e =170 3 ]
FEZEA N, Hogg BLAF RN T



2026 4F 4 H 20 H 45 35 4555 8 1)
Vol. 35,No. 8, April 20,2026

&%

China Pharmaceuticals

HFIE-
Pharmacy Articles

FHSR L, 06 PR 50 Bhia 7 s bR 2l ik ks A A 4k
PEC RS o0 B0 BeoC VR BE | 78 22 A0 LI Il 2l
TG 20 77 T A 26— R B b S 400 o) A1 1 v 3t A8
2 YA P R A T 1) 2H 2 S R AR S AR B A F
FEFR WY, 1S 38 B% Al £ 300G daf - 16 / Fox O LSk 5
PR s s i, NI & b AR D AR5 T,
XoF HEZH HAE, FHS T, o 70 e 20 2k HRB 5 R 324K daf - 2
K HF W akt — 1 mRNA 2835 7K 35 W R
sod = 3.ctl = 1 \hsp — 16. 2 mRNA ik /K V-2 B3 TH .
EWIEF  sod — 3 Ml el - 1H) -2 E 3R 6
BEHLEIS sod — 3.ctl — 1 B2 hsp — 16.2 H9 daf — 16/
FoxO {5 510 5% A9 R W JE A, daf — 2 56 PR 98 28 v 5 1 8
15 daf — 16 1 ALK LR R AR art 1o AW 58, 5 X0 B2
LA, PF2 0 11 v 79 i 20 58 A0 1A 5 iy JE KSR TG i 25748
b A WEFEE W daf — 16 ARG KAEPEZA/EH AR
WEFE 5 BT L, P2 1, 5 7 6 41 TI356 9848
A daf — 16 456 A 0 I, 2B 5030E 7 FH2 00 11, v]
TH o 10S 3 A T AR .

AMPK 1E 0 20 i il 1 (L 25, FL30E vl {2 F 2 b fAk
AW BRI [ W, 5 YA S0 AR g v, SR
WEAH Heg , FHS A T, 5 ) A4 L aak — 2.p — AMPK/
AMPK 25 [ 3R 5KF B 75 SR S T, 0T fegs
TS AMPK {5538 B & DU 2 AEH A IR B,
AMPK W] 38 i 3 58 BE i f QI e 22 5 2V AR,
XTHRZH LA, PF 2 11, 5 7 4 20 26 L AMP / ATP Al
ATP K-35 835 TH i o 5 0 IR b, FH2 11, e 9
H aak - 2 AR KRFFATIER R TC 35 25 57 RIS 1T,
3 o PR 11S R AMPK UUER {5 538 B & FEPT s =R,
X —HLH 5 = OBUICAE 25 W) £E e AR L (0 2 AT 2 4
AR

AW FEAAFAE— 22 Ry PR 10, 4R A AL i 2L
YA — B A 22 5 5 2275 78/ BB 7Y v i —
RS S T AP0 SR L EAh  HLI RS
RIRAIRE daf — 16 5L BRI 73T (W DAF - 16
HIBE R AL S L BEAL B ) | 5 SRR 9 75 45 B 1 T 4 2
HICRISPR - Cas9 /© 51 3L g HE A | i PH2 1 1,
A LA I A

ZE LTI PSR L, 0] R A R T A, AL
Al g5 1S 5 AMPK XUH 5 53l A ¢, HPF2m 11, B
A RAFE Y2 R AR AP ME eE  25 W BE & R A
TR T o AR T 3 2o I 2L B0 4 S I IR i
WF 5% PEAl 22 4Pk 597 350, 4 8l AAS 5 v 24 B 43 )
AP E 2k
S ik
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