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Abstract: Objective To investigate the anti-fatigue effects and the relationship between UPLC and anti-fatigue effects of different
extracts of black Maca, and to provide a basis for clarifying the material basis of anti-fatigue effects of black Maca. Methods Anti-
fatigue effects of eight different extracts of black Maca were evaluated through exhaustive swimming time, contents of liver glycogen,
and lactic acid in serum; UPLC-Q-TOF/MS was applied to establish the fingerprints for black Maca from eight extracts; Using the
anti-fatigue effects of exhaustive swimming experiment as pharmacodynamic indicators, spectra-effect relationship was analyzed by
using PLSR. Results 60%, 80%, and 95% ethanol extracts of black Maca could significantly prolong the exhaustive swimming time of
mice, with the effects of 95% ethanol extract of black Maca was the strongest; The treatment of 80% ethanol extract of black Maca
significantly increased the level of depressed hepatic glycogen due to excessive exercise; Moreover, 95% ethanol extract of black Maca
substantially decreased the serum lactic acid accumulation after loaded-swimming. A total of 23 characteristic peaks were characterized by
HPLC fingerprints of eight different extracts of black Maca. N-benzylhexadecanamide, N-benzyl-5-0x0-6F,8E-octadecadienamide,
1,3-dibenzyl-2-phenyl-4,5-dimethylimidazilium, and N-octadecanamide were found to be positively related to the anti-fatigue effects with

VIP > 1 in extracts of black Maca from PLSR analysis by using anti-fatigue effects of exhaustive swimming time as pharmacodynamic
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indicators. Conclusion 95% and 80% ethanol extracts of black Maca showed the obvious anti-fatigue function. It is clear that four

components N-benzylhexadecanamide, N-benzyl-5-oxo0-6E,8 E-octadecadienamide, 1,3-dibenzyl-2-phenyl-4,5-dimethylimidazilium, and

N-octadecanamide are the principal anti-fatigue substances in black Maca. The study has the contribution to to explore the material basis of

anti-fatigue effects and provides new ideas for the omprehensive and reliable quality control of black Maca.

Key words: black Maca; anti-fatigue; exhaustive swimming test; spectra-effect relationship; partial least squares regression analysis;

N-benzylhexadecanamide; N-benzyl-5-oxo-6E,8 E-octadecadienamide; 1,3-dibenzyl-2-phenyl-4,5-dimethylimidazilium; N-octadecanamide
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H. . 2055 13 R, BHse R, BRI E
FER LT B ESRy,  H IR B R R o)
JROLTHSUmJE R 1 ZAERAT RN, Fhun BA
SRR BESRMEMEE DI RE . AT LN . Pl
JoRBRARS B AT 988 4 22 e D R 00 A AN [RIHR BT VA 0]
FE IR 57 A FH P S0 o R W SCRRARGE

HAl, Tk Rec &5l 2 T a2
JRFEERAI FE7-, {H R 25 1 FH B B AT 7
FERTED o AHI I /N BRIk e« Al HA
JEAI B AR KT, EUECRREDM 8 PRI BTk 7
YER s R i RO (s - ©AT I R) % (UPLC-Q-
TOF/MS) VEE L BHWNA RS Fe g &g, I
Fl Rt/ —Felm] )35 (PLSR) 43 #fr b Fe Sr v
TR SR 5T A R SRIR RS , e e H R R,
73 RN T RGN TR 57 ' SRt e B AT
95 55 1 P I 252800 o R A AR o
1w
1.1 Zm5is

HREE T VS, & KRBV FT ki AT IRA
K BK ZE W TT 0L 45 E O B R R AT S8 Lepidium
meyenii Walp. WIHRZE, JyraFhun. JHBE 55 &
FURR R I T B s AR A R A 7]

1.2 Y

SPF Z0IfEPE ICR /IR 270 R, 12 JE, A=
(21£2) g, MWEILEEREMRE R ARA
"], PEREIES SCXK (A1) 2014-0004.

1.3 {425

Waters Acquity I Class UPLC 8 /5 R AH €21 -
BB A (3 Waters A F]); Waters Xevo G2
QTOF Jii 1A% (ZE[E Waters A F)); i H: A Waters
ACQUITY UPLC HSS T3 Cjs (100 mmX2.1 mm,
1.8 ym); FA2004N H-77rtrRF (ipz—, b
5k AR RE A A R A 7)) 3K15 BB O HL(HE
Sigma A F]); 723 Bo] WA (Rifgi4E

BHEAERARAFD); HAER KBS R
JESEEAL B H R AT .

2 5k

2.1 EIBUHEEIRHIE

2,11 BEFN 20%. 40%. 60%- 80%. 95% LM HE
B (BEEYD) KoKIEE) OKIEYD il 4
SIFRELFSIN K 500 g & 10 L BB, 254K
YHIAN 10 {58 (5L) 20%- 40%- 60%- 80%-. 95%
CEERUK, [FIFHEE 2 h, #AJE, [FIEFR (50~
60 C) ZE—EM, KIBgkLLkss (70~80 C)
Z2HE, WESHNAGIREM LT AL 2.06.
1.83. 1.79. 2.33. 3.07. 1.01g, #H.

2.1.2  EIDMK RV INEE KA i S K 2R 2R
EVRE R H) ¢ AR IR A 500 g &
10 L BJEFH A, A 10 f58EK (5 L), KES
ANEIREL, $20 S h, FAGE, WUE R0 KK,
FK (50~60 C) ZE—ERA, KB4k S
(70~80 C) ZMF, KHERKMBHEIMAREH,
RI45 SEFL K SE VDI A FE i, WA RS
M TAZ 161 g &H. BUKESEBIERIUGE
(253, 5 EEEE (45 il e A4 s
SERRER) $REX 2 h, [FIKZEE (50~60 C) ZICHE
W, KIBkSEM4E (70~80 C) EFME, HIEK
AR AE RS, WEANEREM ST
H25692g, #%H.

2.2 EDLMIAERBIIRE S 1ER

221 SEERSPH AR R 270 RN ICR /N R FE
Lok 3 ik, &Rtk 90 H. Bt/ BRaE N MR 1
JAJG, BBENL NLAT 9 41 XHIRAL. BIDUNK
B OKIEYD) .« BEFDIN 20% L BEFR B2 (20%
FEHEY)) . SRILN 40% L EEHREUIA (A0%EEHEY)
HEIDIN 60% L BEFEHUIA. (60%EEFEY) ) S ILIN
80% L BEFEHNIH. (80%BEHEY) ) HEILMI 95% .1
PEEUIAL (95%EEHEN ) BIDUMIK S INIE K I FE
AL OREYIINIE R SEF K 28R 2824
BEIRESEA (GBI, 4 10 K. KGR
AR A 2550 2.5 g/kg, PAZSIR/KEC



© 2092 -

T84

Chinese Traditional and Herbal Drugs 35 49 % %5 93] 201845 A

TR, % 10 mL/kg ig 2524, X4 ig 447
LSRR, BR1IR, ES14d.

222 JJuiEvk S0 SRIREE 25 30 min J5, T/
B M EARTE 8% R, &R HMBNK
R 50 em. KR (25+ 1) CHIEREMART, 3%
B /N B T AR K 2 SRR INK T, 10 s AN RE
IR [ KT B T], - RIS RT3 ek B T

2.2.3  JFREEMEDY RIREEZ 30 min J5, KN R
BT G0t CARPAMENFIK 90 min, HHEN
FIAbSE, BURFME, A Eh/KiEy, FREITIE S8
T s a7 25 130 B A ) P SR K

224 [MEFALERNEN SRIRE 25 30 min J5, ¥/
ET (0L CKRPMERIK (AEFE 6%) 10
min, 25 TUEKERIZ]. KRR 30 min [ R
NEF KA B . 4 °C, 3000 t/min 25> 15 min, HY
Mg, —20 CLRAF. 2R FLER A IBCF) & it A
W35 FLER KT

23 EIMIAERREUIR UPLC-Q-TOF/MS 43414
231 B SR EE A Waters ACQUITY
UPLC HSS T3 Cis (100 mm 2.1 mm, 1.8 um); {AFH
M 0.3 mL/min; HEFEREN 3 uL; HHRA 35 Cs it
FERF R4 35 min; JiRaAHA 0.1% FERZKIEH(AD- 0.1%
FIRIM MG (B) . BHEEVEIREF L& 1.

#& 1 UPLC-Q-TOF/MS %t &1t
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Fig. 1 Effects of different extracts of black Maca on

exhaustive swimming time in mice (X %5, n = 10)
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Fig. 2 Effects of different extracts of black Maca on contents
of hepatic glycogen in mice (X £s, n =10)
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Fig. 3 Effects of different extracts of black Maca on contents

of serum lactic acid in mice (X £s, n =10)
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Fig. 5 Characteristic peaks of black Maca extracts
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Table 2 UPLC-Q-TOF/MS map of characteristic peaks of black Maca extracts
g5 w/min [M+H]"  HF WA ET (m)z2) 1 R IA
1 0.81 23410 — 207, 156, 127, 109, 91 Ell
2 19.89 38429 CasHyNO2 366,306, 300,288,277,  N-"F4E-5-50fR-6E8E- 1 )\ Bk Ik e / N-" J:-13- 44X -
260 9E, 11 E-1+ )\ Tk i Wt e /IN-"F Jik-9- 5 AR-12E,15Z- - )\
Bk 5 B RG/N- "R 2-9- AR 12, 1 SE-1 )\ Tk IR e i
3 1347 31830 — 240, 211, 193, 123,91 Ell
4 1636 37436 — 357, 266, 248, 138, 121 E N
5 2475 28429 CuisHyNO 256, 158,144,130, 116  N-1-/\kefifi
6 2456 31031 CxH3oNO 265,254,247, 95 N-ethyl-(2E,16E)-octadecadienamide
7 2413 406.33 C2sHa3NOs3 391, 375, 305, 91 N-(3,4-dimethoxybenzyl)-hexadecanamide
8 249 34631 CxnHwNO  268,239,221,137,109  N-"FHANHl
9 10.15 218.12 CisHisNO2 200, 159, 126, 112, 91 3-benzyl-1,2-dihydro-N-hydroxypyridine-4-methoxy
10 853 201.14 Ci3HisN2 160, 121, 109, 91 1-dibenzyl-trimethylimidazilium
11 9.08 225.14 CisHisN2 208, 181, 130, 91 1-dibenzyl-2-propyne-4,5-dimethylimidazilium
12 9.18  229.17 CisH2oN2 188, 137, 121, 91 1-dibenzyl-2-propane-4,5-dimethylimidazilium/1-dibenzyl-
2-isopropane-4,5-dimethylimidazilium
13 9.81 239.16 CicHisN2 198,181, 158,91 1-dibenzyl-2-(1,3-butadiene)-4,5-dimethylimidazilium
14 1121 27717 CioH20N2 262,199, 185, 109, 91 1,3-dibenzyl-4,5-dimethylimidazolium
15  11.52  291.19 Cz0H22N2 250, 199, 158, 117,91 1,3-dibenzyl-2,4,5-trimethylimidazilium
16 12.14 30520 CxHxuN> 250,213,185, 123,91 1,3-dibenzyl-2 (R)-ethyl-4,5-dimethylimidazilium
17 1315 35320 CosHaaNo  275,185,171,158,121,91  1,3- - FAE-2-2K5E-4 5. FEERR I
18 1329 333.23 CxHxsN2 277, 250, 241, 200, 185, 1,3-dibenzyl-2-butyl-4,5-dimethylimidazilium/1,3-dibenzyl-
158,91 2-isobutyl-4,5-dimethylimidazilium
19 1411 34725 CaH3oN2 277, 255,227,200, 158,91 1,3-dibenzyl-2-pentyl-4,5-dimethylimidazilium
20 1439 316.29 C21H3sN2 298, 280, 262, 109, 91 1-(3,5-cyclohexadiene)-cyclohexyl-2-hexyl-4,5-dimethyhyd-
ridelimidazilium/1-dibenzyl-3-cyclohexyl-2-isopropenyl-
4,5-dimethylimidazilium/1-(1,3-cyclohexadiene)-3-cyclohe-
xyl-2- hexyl-4,5-dimethy-hydridelimidazilium/1-dibenzyl-
3-cyclohexyl-2-propenyl-4,5-dimethylimidazilium
21 6.05 233.13 CisHigN202 215, 116,91, 70 (1R,3S)-1-methyltetrahydro-p-5,6-hydridecarboline-3-
carboxylic acid
22 6.97 233.13 CisHieN202 215, 187, 142, 116, 91 (18.3S)-1-methyltetrahydro-B-5,6-hydridecarboline-3-carboxylic acid
23 1335 27428 Ci¢H3asNO2 256,212, 136,93 N-ethyl-tetradecene ester
AR (ZRARER) MBERAZRL KAWL KA EMRT AR R DT EE B () /N 8T VIP 95

SIMCA-P 12.0 #fEXS 23 AMb &Y & & (X
) 5P e (YAEE) #E4T PLSR 70 #.
RILUNE I UPLC Fa 8B+ H 15,1710,
5. 8. 13, 20, 12, 2 SUEEH S ER R IEMK
PE, BPAEXT & S3G 0, ooy (E R0, R 14
MESHUETEH 20N, WE 6-A. BEE

R E, — AR VIP>1 i, SHREH &
F TR0, DLy v Y Uk I TR) B 57 1) 25 3 A R b
i, JEIE SIMCA A4 AbFE A5 2 SEID i B 1.
8. 3. 2. 7. 6. 23. 17 1 5 FU&M) VIP H¥ KT
1, UGB NR BT 5 EH REEEER, WE
6-B. ZxG LR IR EA 5 i 55 /E Y PLSR
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Fig. 6 PLSR standardization regression coefficients (A) and
efficacy VIP contribution plot (B)
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SPLESEIGHT T, CURCNA T AR AR RS2 B
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WFFENT 5, AR SIZE6 78 3 FH A ICR /NR AT B
57 MBI R FTUOL, SIS 25 RN, B 95%.
80%- 60%BEHEWIIEIfE 53 AE /N R 738 e vk st 1]
Wemigahit /1, BA—wPuE s EH . WA
TIPS WIVER J7VERR T a3l 715550 4b, b fdE A
EFRFRIIRT I o B85 ALAR REIR A7 7 5, Mo
RIZUE g2 AE R RE I, R R B g 2% 2 ml DU
WS BN 77355, 4610 R LA 57 FREE RO, AR
SeG b, BRI 80%. 60%EEIRMIAL UL IR/ BB
FERE R HITEFE, Ll 80%BEFR NI . T
AR, WA E e A K2 LR, AN
FURRM RN, 25l RNIREEhRE I R, Fit
WO PR FLERMER, T DAV 57 IR A

SEIGUESE, FRFDUIN 95%MEE A AE 05 B A% /N BR 67 B i
¥k 30 min J5 M7 FLER KT, (2t SLER AT BRI, JE
T PSS R B 215 380 1Y) 2B P NS B 7E Briges 57
FHMIHRG, IOV EBIL 95%. 80%EEHRMIEK I H
TENPUESTER

rh 2 2 R T R e W R 2 R ) G H, 2
H 2 VPN R S A% O, BERROC R R LR
MR SCEIRE R SR At b, S AR 5 2
R IRl CIRER2), PLSR 304 5 V2:4E % o4 Pt )
VIS BT SR AR S AT A 3 o 2 BT IR FE AR T g
—ik, FEANEETN, RN SEHEHE R (Zugk
PERENE ) B st CEResr i) A
A A AH b CHRBSAH G AT, e S B KPR
FIREARAE S, BA TS B m MAREL 5 T iR
St 12324, A FER A PLSR 40 AT B FGINAS A $2
B e i i AR S P 55 EH 2RISR R, e T
FROUEIE R TR 4 ME 2, B N-R 3
TNWERZ . N- 255 AR-6 E,8E-1 )\ ik IR I
1,3- R 22K 34, 5- — F SRR AT N-+ )\t ok e
S50 55 PR (0 4 48w 77 i UK i [A) 52 TR A DG,
B A 25 Tk, AR Dy B I 57 1E A
(VB TE 230k

L W e AR EE O (1) 2 BN 5 o A DU A B
WINPT Y I EE Y R . HESCERIRIE, X PR
JR AL B A 25 3 BB Y 3 K /N BR 7 S T K B (1]
BAAR A B TR 979 O /s BROMLFLER I LR Bt S 1
&, WIS IR R R R, B
PUAMNBE A EALEE (SOD) FI Bk H Ak 4
B (GSH-Px) 13 /325200, 1X 5 AR 5156 i FL R
M A S NSRS fE . N1 )\
Wi . N-"E 5552 AR -6 E 8 E- 1 )\ Bk — I S Hi 55 24
RRMRHER SR . TP R ESETIX 4
P80 AT 8 B T A RO, IR AT
TN 245 R0 IO SRt % F ST A TR R SR () T R A )
IR

SE R
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