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The effects of maca on energy metabolism in SD female rats
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INBTPAG SR FTHBTFHEFR.ER1I R ELHEF
28 d &, m T fF Mk B & 4 ¥ B F (insulin-like growth
factor 1, IGF-1) . fn 4%, BF /WL 4% J& . o 3% B £ % Cinsulin,
Ins) o i Fo B U 20 22 R A BR 69 &8 R K AL M 2 AT IE 48 48
IR BR E AL 89 & & L B (AMP activated protein kinase,
AMPK) .7 $L3h 4 & b4 & % ¥ & & (mammalian target of ra-
pamycin, mTOR) ,%& & # 8 B(protein kinase B, AKT) #= It
# B Bl (liver kinase Bl, LKB1) 4§ mRNA K-, X% %
PR RA-R g RN A S0 S o R
BN E R F(P<T0.05), Bt & X I K R & Ins Ao
IGF-1 42w %a R 2 ¥; LB F Do 2 F (P<
0.05) £l fo & + Asn, Arg.Ser ¢ Leu 89 & %, 2 F (P<C
0.05) LA BE F Asp.Ser.Thr.Ala,Val ## Leu 9 4%, &
oK 343 B F (P<|0.05) LXK % K XA M mTOR
mRNA £ & &, 2 & onfe s Hop T B F (P<C0.05) L4 AKT
mRNA & ik % ; & i I 21 57 AMPK = LKBl mRNA 52
EEFH MY R R F(P>0.05), % LT 4n, B 7] i@ it A
A o B ok B R ALK 89 4 R, R R T 48 2 A F mTOR
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Abstract: Investigated the effect of different color Maca on energy
metabolism of rats. 40 SD female rats were randomly assigned to 5
groups according to their body mass, which includes one control

group and four experimental groups. Respectively, the four experi-
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mental groups were gavaged with 1% carboxymethylcellulose sodium
suspension with 0.42 g/kg « BW black Maca, purple Maca, yellow
Maca and white Maca powder daily; the control group was gavaged
with 1% carboxymethylcellulose sodium solution without Maca pow-
der daily. For 28 days, determinated content of blood glucose, glyco-
gen, insulin and insulin-like growth factor 1 in serum, amino acid
content in serum and liver. In addition, detected the mRNA level of
AMPK (AMP activated protein kinase) . mTOR (mammalian target
of rapamycin), AKT (protein kinase B) and LKB1 (liver kinase B1)
by qRT-PCR (quantitative Real-time Polymerase Chain Reaction).
These results showed that compared with the control group, relative
skeletal muscle mass of rats was significantly increased (P<Z0.05),
the content of Asn, Arg, Ser and Leu in serum and the content of
Asp, Ser, Thr, Ala, Val and Leu in liver also were significantly in-
creased by black and purple Maca (P<C0.05). However, there is no
significant change in the content of Ins and IGF-1 in serum of rats ga-
vaged with black and purple Maca. In the liver of rats, the mRNA
level of mTOR were significantly upregulated by four colors Maca
(P<<0.05), the mRNA level of AKT were significantly upregulated
by black and purple Maca (P < 0.05),
significant difference in the mRNA levels of AMPK and LKB1 (P>
0.05). Overall,

however, there is no

Maca can change body compositions by regulating the
energy distribution, amino acids may be signal molecules that
mediate mTOR activation.

Keywords: Maca; energy metabolism; signal factor
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JAW 12 h XA H#EE 0.42 g/kg - BW 1y 10 R AL 2F
HE 2R A3 00 R (150 D BRI, a8 A SR 1 0R
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Table 1  The primer sequences and product lengths of genes in qRT-PCR
- 519751 L78S
EiiE (573D T (5'-3D J/bp
mTOR ACCCAAGCCTGGGACCTCTA GGCTGGTTGGGGTCATATGTT 156
AKT ACTCATTCCAGACCCACGAC CCGGTACACCACGTTCTTCT 176
AMPK CACAGGCATATGGTGGTCCACAG  TCCACACAGCAAAGCATAGAG 243
LKB1 CTGGACTCCGAGACCTTATGC CAAGCTGGATCACATTCCGAT 142
B-actin TCGTACCACTGGCATTGTGAT CGAAGTCTAGGGCAACATAGCA 233

HIWEL,
14 ZitsHn

IS5 A L mean=SD RIR 45 41 (7] LU AR SR RV R 7
224391 i Duncan 3 4347 i 2 4, P<<0.05 #IA b A W 3 25
S A UL 22 5 3 PSR ) SPSS 21.0 #4443 #7 . Origin 9
TEE .
2 RS0
o 3 36 K R A K AR
mE 2, S AML . REHKREEYH
S A, L v I EED A 5 W R i T K K R A Y
TR ) 8 2 (P<T0.05) 5 i3 56 41 K BRUAE X B B LS A B
Jon s #Ae  JEC e R ol R 5K R A R g 3 (P<C0.05) T X M
R I A X R A B R R B (P>>0.05) 5 K B0 41 35 A
I Bl 26 1 s 34 42 7 35 0l 7T R 38 28 9 19 B o 0 T ke il A% it
58 BRI K 1) 4 K

2.1

2.2 Byl AREEENIERNZM

Fo g kot 3 56 A R B OB S A B S LR 3. IR AN
B JFOK7E— R B e T ML AR R AR AR ST 7
SR P B 25 2 4 48 it 0 7 2 K% D e Ik HE T A R R
SRR T AW L AR AR B PO 0 A AR 2 TR BRI b
1 AU A v e N1 o A R A S 11 0 e s O
o 2T 2 SR R BT 3 uf o0 3K 3 O B IR ) B e S W
AT 388 o JFE I e g A, HG o SR R oh 5% D o i
Z(P<C0.05), Al RE S B M b & A REZ A L. BAD
GRS W 3 2 kT (0 BRUHE PR B A A
P B R o T R DB T 00 i 2 K T S BT B R e L A
HIPLIE 55 Az g fig S, Ins A1 IGF-1 78 WL HFIE LA
e e 107 2EL 28 e ks b L B U7 B BT A6 R 3R 5 0 AR AN A
AR SR A . Vi S &R 5 K B R Ins A
IGF-1 & BA8L ¥ R 8 % (P>0.05), u %1, Ins/IGF-1 3
A vl e LR AR R R RS T

ﬁgUU

x2 BB AREKHGZE
Table 2 The effects of Maca on growth of SD female rats (n=38)
2153 W E /g KIEE /g AR HFRERE /% MXHE SR/ % WENEER/ % MR RN/ %
Y =pogiE] 175.3848.73 248.00+8.21¢ 2.87+0.62 0.63+0.05 1.0640.43 2.54+0.21¢
3 179.50+7.33 280.754-11.46° 2.85+0.59 0.66+0.11 0.92+0.68 2.8040.22°
et 173.25+7.19 266.0048.04° 2.9240.71 0.62+0.09 0.96+0.61 2.77+0.15°
BT 0 176.25+6.52 261.504-9.90° 2.8240.52 0.5940.12 1.0240.81 2.60+0.25%
=ELY 175.13+7.12 254.004212.76" 2.904+0.49 0.65+0.08 0.98+0.52 2.63+0.25%
T 5 a.b.c R4 A Z BIFLE B2 5F (P<0.05),
*3 BExABBEARMBENEERSENSE
Table 3 The effects of Maca on the contents of blood glucose and glycogen in rats(n=28)
a5 1 wE/ J W I/ LB 5/ Ins/ IGF-1/
(mmol « L™ 1) (mg+ g 'Liver) (mg-+g 'Muscle) (pIU « mL™ D) (ng+mL 1)
25 IR 5.12+0.28 14.7940.28* 4.86+0.44 26.98+2.45 46.43+4.03
SRIT 5.09240.62 15.24740.45P 5.1140.38 27.4242.32 45.02£3.78
e 5.4240.54 15.15240.30" 5.9540.61 26.94423.01 48.33+2.81
HH 5.1740.45 14.9440.36 5.0640.72 27.1741.98 47.8943.39
SEET) 5.14+0.33 15.0340.31 4.97+0.55 26.9542.53 46.49+2.81

1t 8% asb,c Fom &4 a7 AL B3 2% % (P<<0.05)
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L o xok 1 98 DA R L 3 R R R R R Y R R L
4.5, HEBEE S R AT TE LR N RE 9 B 1L O H A B OF it
Ao 525 Foxk BRZH RGBS R 55 B AT AR 3 (P<C0.05) i
HH Asn.Arg Fll Ser (& 1 . J3 Ah, 2% 150 41 A Y0 il
T Gln fy %, HR &3 (P>>0.05), 30 Al 18 st 46 Kk B
JFREH Asp.Ser . Thr Fl Ala f9 & i H b 2830 0 1 5 35 0 w]
.3 (P<<0.05) 3 il 38 K BT HE ' Asp.Ser, Thr #1 Ala #Y
s 0 B A R I B A R TR R RN B3 (P>
0.05) o B3 0 0 5% 30 0 454 o 38 562 A B AL 35 AN B UL o 2R

BHEMR, Z A AR . TENLIR N, 3B & L T i
WHLAHBL Y o-FHER B £ G W 38 H 5T 0 i 7= AR .

LR T 2 I ER R AR D 8 2 5k ER i AR
O R A SRR L B IR R A R 3 R i %
o AT i g O BRE K LA T i S5 R A . SRR R
(Branched-chain amino acid, BCAA) 35 Leu.Ile 1 Val, #A
WF9E 2 R, SR B R AH 5 IR S T RE TR 2 B
2. AIAIR S AR W], 25 1200 20 3 ol 38 T A b 9 K B I
AR Leu A1 Val (199 &, 152 2B 7T % mTOR {5
S 0 AT RS 3 mTORCI ser2448 R R {L7 .

x4 BEHRBARDEFSERSENE W
Table 4 The effects of Maca on amino acid contents in serum in rats (n=238) pmol/g
2153 Asn Ser Arg Leu Val Gln
Ry =pogiEEl 32.45+6.31% 225.764+22.55*  566.44+20.12* 116.55+11.44* 226.67+18.44 155.44+18.11
B 3 48.55+5.33" 310.33424.08> 768.76+25.34> 156.55+15.23" 243.43+17.78 185.44+21.22
21| 52.6944.90° 284.98416.43>  741.324+22.05> 162.56+15.33" 251.224+21.33 179.47419.33
L 46.35+3.33" 274.33424.54*>  687.81+33.09> 138.22+12.91* 260.33+23.44 162.87+21.14
[SEZL 45.3345.44"° 245.661+20.11®*  645.67+19.33¢ 148.38+16.77*>  256.58416.73 168.44415.55

T @5 a.b.c FoR A5 AR TE 3 22 5 (P<C0.05) .

x5 BNHRRARFEFEEBREEBNYW
Table 5 The effects of Maca on amino acid contents in liver in rats (n=38) pmol/g
2 5 Asp Ser Gln Thr Ala Val Ile Leu
SENIER4 4.61+£0.23* 36.4442.712 64.34+3.43* 311.18+12.36* 16.2242.51* 322.11422.54* 42.44+6.43* 189.43+24.22
PRI 5.31+0.18>  42.5442.04> 76.1245.23> 389.39+17.34> 27.32+1.85> 569.28 +18.44" 58.874+6.33> 275.33+32.33"
21/ 5.21+0.32>  44.2143.120 73.31+£5.31" 414.67+19.43> 24.33+1.89> 488.32425.34¢ 57.90+E7.42> 245.87+26.67"
HE I 5.484+0.22° 38.21+3.15%  68.54+3.43%> 363.924+14.44> 18.4443.09% 516.34+19.92¢ 52.09+7.21¢> 235,09419.28"¢
SR 4,584+0.332 41,3943.45%>  74.92+4.29> 345.90+22.88* 22.63+1.49¢ 433.22428.559 47.44+5.23® 204.87+29.65%
A . bc F A LI 12 B 3 95 B (P<C0.05)
2.4 BEHLBRARFBEARTEERHERER mRNA 0.080°
RIEEN M EEXTIR@E
. RN . g DA 3
3O S 3456 B M 445 of i Bt £ 34 56 B 28 B mRNA » i % @%%g%%ﬂ
LI 1 R R 2 S 2 A S om0 o SR
3 T A 5+ et AMPK £ 503 A mTOR {5 538 i 76 40 ZE 0 oad W
Jrad ol ’:::j 25m
W P ) — A~ £ AR B AR B AR T . 2L £% o0 N by TR
Pk LAMPI/CATP] b i Fb % . 77 % LKBL. 3 i 3% =3 000, o % § i §
AMPK-TSCZ J mTOR i tE. A ik 825 R0, 4 i1 = noio . % \ % \
GUH B2 (P<0.05) | it 5k BUFIE mTOR mRNA % ik 0.000 5 N2 NW 5 N
o - o o s g mTOR AMPK AKT LKB1
BLAT R0 AKT mRNA RSB RISCTRIMBED g ) o xp it s K RN IR P KM RS E R
i 2 (P<<0.05), Tixf AMPK \LKB1 mRNA k& mRNA A9 £ % 20 %%
IR R M AN 3 3 (P=>0.05) & Jk R R 45 75 B 4 R 2 IS 9 3l 1 Figure 1  Effects of Maca on mRNA levels of key genes of

SRBMAGIECE AN AMP R ATP B9 H ] L 58 5K P A
i}, v-ATPase-Ragulator $£3F LKB1 MM i i AMPK; fiE &
KPEE B, mTORCL 5 Z 454 3F 8 80 18 & A i 8
. [FAT. AMPK J& mTOR 3@ B% i 32 2 09 8086 . s B0s s
BEMEWZ b TSC2 ZE . F @ Rheb-GTP, 1 # ] mTORC1
TPk s W al B iR Ak 3% 3k 45 1 Raptor MM B # Raptor 5
mTORM &5 477, 53 b, BCAAIR W # i% PI3K . ik 1 #% B2

energy metabolism in the liver of rats (n=28)

b AKT (serd37), # i mTORCI™ 7, ol B 4 /5 i T
mTOR,ffi mTOR &, Zi & L R 45 R R, L HE
JERR L HE B A ) @ R S m TOR 95 5 B 7

3k
0 E A e 3o R Y R 3 R A ML AR ) A HE AL
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