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Abstract

Extracts of several products of Pulmuone were screened for their anti-aging activity using the
K6001 yeast strain bioassay system. Maca supercritical extract significantly exhibited anti-aging
activity and two active compounds were isolated from the extract. The structures were elucidated
by the spectroscopic data and comparison with those reported. One structure was proposed to be
n-benzyl-(9Z)-octadecenamide (1), and another was identified as n-benzylmyristamide (2). Both
compounds significantly extended the replicative lifespan of K6001 yeast strain. To confirm the
structure of compound 1, n-benzyl-(9Z)-octadecenamide (1) was synthesized and biological activ-
ity was evaluated. The synthesized n-benzyl-(9Z)-octadecenamide (1) is identical to natural com-
pound 1 from spectroscopic data and biological activity.
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A FR B R RK6 00 1/E A EMTEMIFIE RS, NEHEERXE ARZ A= mEATRE, KIEm
s TR R AFBFHPiEERE . Bz R g m R T TR RN ER 2
THMERAEY(L, 2). XFEAMMLEDHET RS B2 S K BE R SRR 5 ) 1 F iy . JE I B 1 24 DA K SCHR
BABLLXT, HWIEHEA AW 1HIS 1 An-benzyl-(9Z)-octadecenamide(1), TG S22~
n-benzylmyristamide(2) . AT # — S HIA M EWIK E W, & B T n-benzyl-(9Z)-octadecena-
mide(1), FFHWETHEVEE, SRRHEKREB]Mn-benzyl-(9Z)-octadecenamide 1 S HIE &
EYEMES RARIFE SV LA .

3 40
oo, HiEE, BB, K6001E:HR:
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1. 5|8

T RBEEN AR, AR IR B ThRE R S SRR AT AL i R, R AR dr b
ANETREG ) o ARAE A AN O St SN SR B R, BRI 60 & 20 N TR ELEI AN 1990 21
9.2% 7+ &2 2013 FF 1 11.7%, FEFTT 2] 2050 4260 N FUR I 20 12, EE6 5 4Bk A0 21.1%[ 1],
o, REAMN EANMHLAIATHRIAEE LR, ZFENOESN O S5 B RE, 20 iR It
fi & R E SR B, it R AR AU E LR B, T R 60 & FEE N DRI EL B A 2010
TR 12.4%FF R 2 2040 SR 28%[2]. REZISARIERAR . L. M52 KPR AT W, FECEEZM
JER SR Z 7, FENBEBBCAE . HEw W2 A N 22 0 ikl DNA 47 5725 100
H S22 U35 . [ 2 NSk B =IR [ 42 N b s, W iE 88 . PR ZAH HTR
(1) AR 28 DL B KA AR 7 i 2 BB R R 22 NI AL

A 157 B2 G VR I AR A VE R BT T MR AR = R G R A B U im I A E A EE R
o BB, ATHUEEM AN B RRE, Ll R, NRE. HhohREWASY, o5
GRFRG NFK T, /DRI TR 2 R B aE R, (HH B E TR0 S GG, SEie IRk
B G HAE, UL 2 M A T 29000 50 fa B AR FE 2500 TR b B s o R, 2Ry, S0 B (5%
Wy, 5 ANRIPEG R REGR, (HRHE ANREZRETHRERERE, HiFEERGRENEE —E
FEPUREL W T B R R R 2 ) B S AR A 2 LWL Sir2 AR SIRT 2 [
F, #NE A E EERREER 4] BRI Aa FAR, BoARMS, BRAER, 8T RS I8 10 a5 5k
I8 =P TRIR S EY R .

1996 4F- Bobola & A& HIL 1 BE BE) RAEHE K600 1, 1% S AL R AL A BERE 72 B b, R REAH M 25 4 24 19 7,
M F4IMI A RERFEE 0 2L, PRGBS BRAH AL A 140 B (9 N B0 Re i IR[5], IR SRR R IR R 4k T
A 450 I TP R 200 B S o) P 3 i R 7 4k BB 2004 4, Jarolim S50 3% ik I BR 200 Ff 92 P - 1 B 52 o 1
MIRE TS, IF HORILHAE A ZE P IE(10 pM) A, S PR A7 i [FRF o] DARE 2 2 A8 K (6] AR A1 BAAE I BF
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RAZHR K6001 it RGE51 S, CAZFIRIRWURRRT] WRSE[8]. ZA[9]. RZMTH[10] [11]55
FRERE B H Sk 2 Fh i M R B R ) B A U 2 s AL G

N (Lepidium meyenii Walp)J5i 7= T FE- IR 3500 - 4450 K22 558711 ik FLMNLEFLE M/ A2 &
PR CZH 2000 ZEH 8. f£5% EHTSEEMEDIRE . e EFERR. PuIEs7. R iEE[12]
[13], T HICATA 2 IPE A, DRI 3 B JEURE 1) &S R A il 7R A2 BBk B 2 N5 R . 356 15 [/ 56 %2
O A DLBAE 7 A AR B 3SR S5Ok, FEZERUE J108 30 MPa, ZEHUREEA 40°C K44 T T IR I CO,
A, ZJE, FRRE . BURA IS FOR G i S O AR, B 2845 21 Bk i SR B0 K o

AT 50T 5 ] ] 5 22 8 W] RIE 2 AN 7= AT g, N B R I AR BUR R P g iE e AT T
WAL, fEREEERA R K600l FEME RS 51 % T, 70 45 3 M A 3 o 1 % (macamide) 36 16 & )
n-benzyl-(92)-octadecenamide(1), n-benzylmyristamide(2), H B4 &3 192K LR AR K6001 & il 1475
ArIYER -

2. MMEFHE
2.1. MRS

P-230 B HORA (RS AL GER A A F]); 6224A TOF RUUR A (35 H Agilent A F]); AVII-500
AU SCIRA Gt £ A B e A 7))s (i Capeell PAK C18, 344 Develosil PH-HG-5( H 4 Nacalai tesque
AT]); K6001 TPk o BRI SR 9 28 K2 1) Breitenbach 2% $243t; LGB G F A2 0K A 6 H [/ 26 2
AR TMER(85%, ARALE TR Z4): K & FE(99.9%, dbnt B RIEFHEERA): Bk
BE#(99%, bRt EH REEHEARATR): FH99%, e REEHEARAR); DMAP, 4-FZJEit
WE(99%, BiTHi 1) HALRA N ik ai s Aot

2.2. EWIEMNES %

2.2.1. HEFERECH

DR R IR AL MACE : 1% BERER . 2% B AMR. 3% AR EARLL), 121°CEEKE 20
bR, &R

2)HI BRI R AL ML E . 1 % BERERY . 2% B AR, 2% B AR R, 121°CEEKE 20
aEbE, #H

3)E A IR E : ARRAARE TR 2% BIRUR AL

2.2.2. FEMERE S %

DWGEAF T30 CUKAR 1) K6001 BRI, kB 2= )5, H PBS iEUE =K, SAJEIMAZ] 5 mL
W FUE R A R 7R R, 28°C, 160 rpm #RIR 14537 24~28 h ZH A K B XTI f5 . MR PR Hh B H 1 )
Ak, WAJEEH 1 mL, BSO, F PBS YRR =K, BREFTSIEINRAR IR, FiH PBS MRS,
P ERHOR T 28T T g5

2)IAI AR 6 cm [FIFFES IR IL(CK BN 5 mL 8 2 B 95 3 (5 2% 3 R), A vA H R [ i 1 7 3
Jeis 3 AN [ R 28 UM S5 R AR 2B A AR I B (10 uML A 2 2 B s AR i, RR OB RIS, J
HIMAZ) 5000 ANEERE, KB G BB IRAT 2l Fo X ST R AT T o5 7R 36 R, 78 28 C IS FHE %M
Ko

3)TE 10 i HBE, 20 fi5¥6e s N a2 BF R0 M= A5 A AN BEALIEEL 40 8 AN EERE
REAM B 75, AL B L 4 NSOt id sk, JEERIEA M. PEMESTEE, Soit b, VPR TS
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2.3. BEGITE S

JEIT SPSS(Statistic Package for Social Science)Ztitft, XM 40 MR HAT 4T, 1HES
AP BEREP I AT, FERT SRR 2 5 B X R AT — X — 1) T-RE 5%, P E/NT 0.05 TR 5 I 3E 14 5
XFHRAHAHEL AT RE M E R

3. FR511R
3.1. UG FRE K B MRS E, it

TEIS IR G S BOM AR (15 @) A 120 ml 50% A EEKIR G477, 2% )5 3000 rpm 50> 10 min, |
TERZ ODS HEZHT 0 B (B FIA RARFIL N L K= 5:5, 7:3, 10:0), MR¥5 TLC &5 1A H1EE] 4 M5,
Gy R IE PUANZH Sy AT PURE B MR e, 45 SRR A 3 AN (WERAFIR KRR EE K = 10:0) 5
A I K B TR IR M A i R o ORI 1 20 23 4 SR AT IR AR AT (1 73 35 (RE I 200 - 300
H, WHARAREC N IE Ok 2R 4 =10:0,9:1, 8:2, 7:3, 3:7, 0:10), RHE TLC 45 A IEEE] 4 MY
HHEAT TIE AR, B8 G S MR AL 28 2 N (E Cbe: 48R L BE = 8:2)3F47 Pk HPLC 4ifk, & —ik4l
AN i HE Capeell PAK C18(¢410/250 mm), Jitif 3 mL/min, &7 K 210 nm, s 90% H FE-
KIREVEF], FRBNEETE 2 (t = 21.6 min); 55 IRAML AN (i Develosil PH-HG-5(410/250 mm),
WE 2 mL/min, B 210 nm, FBIH 90% H EE-/KIE G, BENEELEY 1(1.8 mg, tr = 9.3
min)(& 1), BIZAAEDIERE A 3 1M AT 10 pM I 3568 535 KR R d M5 ar (] 2(a)). 2 )5, Xt
BEAT T OE P RE AT (0 2 B A 4 ANETEL 7 (IE Ok ZBR OBE = 7:3)ik47 A ODS HEEHT 408, 153
TEMEA A 2(1.6 mg) (] 1), KRIVZAAWIEIREE N 3 uM B A 535 G KRR B HIPE A dr (K] 2(0)).

3.2. HEUMEBIEF R K PR YRS E

A ABKAR, MS: m/z372 [M+H] . #R4EH 'H NMR(500 MHz, CDCl3)d: 7.28 - 7.35 (m,
5H), 5.66 (s, 1H), 5.35 (m, 2H), 4.45 (d, 2H, J = 5.5 Hz), 2.21 (m, 2H), 2.02 (m, 4H), 1.66 (m, 2H), 1.27 - 1.30
(m, 20H), 0.88 (t, 3H, J = 6.5 Hz). ¥ 'H-NMR 5 3CHR[ 14317 ELXT, SEAR—2, Frel ik &b
%€ N n-benzyl-(9Z)-octadecenamide(/&] 1),

EHEALEYIR): ¥ AR, MS: m/z318 [M+H] . 'H NMR(500 MHz, CDCl3)d: 7.27-7.35 (m, 5H), 5.66
(br's, 1H), 4.45 (d, 2H, J= 5.5 Hz), 2.21 (t, 2H, J = 7.5 Hz), 1.65 (m, 2H), 1.25 - 1.30 (m, 20H), 0.88 (t, 3H, J =
7.0 Hz). ¥ 'H NMR 5 3CER[15]HEATEER, 52480 BT Ak & 45 /07 € N n-benzylmyristamide( /4]
1.

(0]

NHAS A= e~
S8

O

NH)I\/\/\/\/\/\/\
o8

2

Figure 1. Chemical structures of n-benzyl-(9Z2)-octadecenamide (1) and n-benzylmyristamide (2)
1. n-benzyl-(9Z)-octadecenamide (1) n-benzylmyristamide (2)BI{4F 4544
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33. BFHHSY 1 S

FHER(141 mg, 0.5 mmol)¥&T 5 mL /K & H ke, 7E 0°C FIMAR KM (181 mg, 1.5 mmol),
FEAFHE 1h J5, I DMAP(74 mg, 0.6 mmol)FI-F i%(82 uL, 0.75 mmol), Z8Z:4i+: 3 h 5, b &EKeE
1B BE(FE 3) [15]e EIRSR G~ T 30 mL LR ZEG+, 405 MR BRIR SN, i dh BRIA e,
ZJa, AHUEFHTCKBRBRENTH, SRR 0 60F Ry, Zi R A AR B (E Sk LR 4
fis = 7:3)3 A GEA102 mg), %A MEAKL HPLC 4ifb(FEE K = 98:2)3 LA [E1£(75 mg). 'H NMR
(500 MHz, CDCl;) d: 7.27~7.35 (m, 5H), 5.75 (s, 1H), 5.34 (m, 2H), 4.44 (d, 2H, J = 5.7 Hz), 2.20 (t, 2H, J =
7.3 Hz), 2.00 (m, 4H), 1.65 (m, 2H), 1.26 - 1.30 (m, 20H), 0.88 (t, 3H, J = 6.9 Hz). A=¥0i&H M 45 5 % 1%
BRAEYTERED 3 uM F1 10 uM B e 3 KB BRI B I M A d, 5 RIRRIEI A & W7 1t —
RIS TR A4 1 45 R/ 8 2N n-benzyl-(9Z)-octadecenamide

4. &g

£ K6001 FFREEMEGIL RGN T1F T, f ik [ [ 5 2 2w RIFE I 2 A dh W P 2 Mg AT i ik,
I ISR G SR U R AR A Pt gidEte, R R R P ey ik T 7t se, did
1 AR, LA HPLC 2ift, 1921 BA B2 &) @ Bt L aHLE ik,
e EAL S 1 45N n-benzyl-(9Z)-octadecenamide(1), ETEMLAY) 2 HIZ5HIN n-benzylmyrista-
mide(2). AHIF 7545 F 7 W ] 56 22 2 w) SRS A mn ki 52 Ok R B B i 2 s 1, st & WfE
B v GO AR R o AR AR A FA LA A gt — 2B I 9T

100 -x-x-x-x\x —a— Control 100 ¥=X=X=X=%X Control
80 1 \ —o— Res (10 PM)* 80 1 —o— Res (10 IJM)*
x\x —— 1 (3 uM)* 2 (3 uMy*
60 1 N 4
2 —x=1(10 uM) z % —x=2 (10 uM)
el KN o
S 40 7 Kogy % 40 1
\N
20 "Q&‘ 20 1
¥
0 v v v T v v _hx >3 0 T T T T T T > Kah
0o 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Generations Generations
(@ (b)

Figure 2. Biological activity results of n-benzyl-(9Z)-octadecenamide(1) and n-benzylmyristamide(2)+: Treated with
negative control (anhydrous ethanol); ==O==: Treated with the positive control (resveratrol, 10 uM); ==@==: Treated with
1/2 at a concentration of 3 pM; ==X==: Treated with 1/2 at a concentration of 10 uM.

[&] 2. n-benzyl-(9Z)-octadecenamide (1)K n-benzylmyristamide (2)B95EMENELLER B AN IRLA (K ZEE); —o—:
FHMESTERLA(EZESEE, 10 uM); —e—: K& 1 HEHENEY 2G 1M); —x—: LEW | HELEH 2(10 M)

(0]
[e) Cl
NRz )WWW/ % oM
HO DCM
(0]
©/\NH)WW

Figure 3. Synthesis of n-benzyl-(92)-octadecenamide (1)
[& 3. n-benzyl-(92)-octadecenamide (1)BIE X
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