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[ Abstract] Objective: By comparing the changing of chemical composition contents and the effects of

improving insulin resistance in type 2 diabetic KK Ay mice, to explore the processing principle of Anemarrhenae
Rhizoma processed with salt-water. Method: Ultra-performance liquid chromatography-tandem mass
spectrometry (UPLC-MS) was established for determining the contents of seven saponins and mangiferin in raw
and salt-processed products of Anemarrhenae Rhizoma. The mobile phase was 0.1% formic acid aqueous solution
(A) and acetonitrile (B) for gradient elution (0-1 min, 90%-80%A; 1-2 min, 80%-78%A; 2-5.5 min, 78%-
70%A; 5.5-10.5 min, 70%-40%A; 10.5-12 min, 40%-20%A; 12-12.1 min, 20%-90%A; 12.1-13 min,
90%A). The flow rate was set at 0.3 mL-min"'. The mass spectrographic analysis employed electrospray
ionization (ESI) and negative ion acquisition mode. The acquisition range was m/z 100-1 200. The experimental
type 2 diabetic KKAy mice were divided into model group, Anemarrhenae Rhizoma group (7.2 g-kg'-d"') and
Anemarrhenae Rhizoma processed with salt-water group (7.2 g-kg'-d"). C57BL/6] mice were considered as
normal group and were given the same volume of saline. There are nine mice in each group, once a day for 21
consecutive days. The fasting blood glucose (FBG) was measured once a week. Three hours after the last
administration, the blood samples of mice were collected by drawing eyeballs and were centrifuged to separate
serum for further experiment. The fasting insulin (FINS) , leptin (LEP) , glycated hemoglobin (HbAlc) ,
glycated albumin (GA) , glucagon-like peptide-1 (GLP-1) levels in serum were detected by enzyme-linked
immunosorbent assay (ELISA). The insulin sensitivity index (ISI) and the homeostasis model assessment
insulin-resistance (HOMA-IR) were calculated. The expressions of phosphatidylinositol 3-kinase (PI3K) ,
phosphoenolpyruvate carboxylkinase (PEPCK) and peroxisome proliferator activated receptor gamma co-
activator] (PGC1) mRNA in hepatic and adipose tissue of mice from each group were detected by real-time
fluorescence quantitative polymerase chain reaction method (Real-time PCR). Result: After being processed
with salt-water, the contents of 8§ chemical components in Anemarrhenae Rhizoma were increased, among which
the contents of timosaponin A I , timosaponin B Il , timosaponin B Il , anemarrhenasaponin [ ,
anemarrhenasaponin I a, mangiferin were significantly increased, and increased by 43.78%, 38.77%, 25.84%,
28.21%, 22.51%, 24.04%, respectively. Compared with the model group, raw and salt-processed products of
Anemarrhenae Rhizoma could significantly decrease the levels of FBG, FINS, HOMA-IR, HbAlc, LEP, GA
(P<0.05, P<0.01), increase the levels of ISI, GLP-1 (P<0.05, P<0.01) in serum of mice with type 2 diabetes,
and significantly increase the expression of PI3K and PGC1 mRNA in hepatic and adipose tissue (P<0.05). It is
worth noting that salt-processed products is better than that of raw products. Conclusion: Raw and salt-
processed products of Anemarrhenae Rhizoma have obvious hypoglycemic effect. And the hypoglycemic effect
of Anemarrhenae Rhizoma can be promoted after being processed with salt-water by promoting insulin secretion
and improving insulin resistance. Incremental components are the probably material basis for enhancement of
hypoglycemic effect of Anemarrhenae Rhizoma after being processed with salt-water.

[Key words] Anemarrhenae Rhizoma; processing; chemical composition; type 2 diabetic mice;

insulin resistance; hypoglycemic activity; material basis
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K1 MERSTMUZMSHIFUERNSH
Table 1 MS detection parameters of eight chemical constituents

in Anemarrhenae Rhizoma

K2 ENG BANFHSMIERRANEMEXRER
Table 2 Linear relationship of eight chemical constituents in of

Anemarrhenae Rhizoma and its salt-processed products

%y mlz HEFLHLE/V Rl fE A eV Y [l )5 )y i LA Fl/g- L r
HIEFRAFAT  577.22~187.48 60 26 AEFRFF AT ¥Y=36 672.5X+31.8912  0.005 0~0.800 0.999 2
MR AL 755.29~403.96 78 38 HAEFEAF AT Y=58 521.0X+17 833.0  0.003 0~0.480 0.999 8
AIEERAF AL 739.48~197.54 80 38 AR AT ¥Y=272 256.0X+12 157.5  0.002 4~0.384  0.999 8
AEFRFF BT 919.41~255.63 88 55 AR B ¥Y=435408.0X+1 514.71  0.004 3~0.688 0.999 5
HEERAFBIT 901.61~117.58 90 48 AR BIT ¥Y=315345.0X+359.815  0.003 4~0.544  0.999 2
HIEE AT 1 757.35~265.54 78 40 HEERAF T Y=841050.0X+22285.6  0.002 3~0.368 0.999 7
FEERFF Ta 771.35~311.65 82 46 AR Ta Y=1846.99X+21.472 0.001 5~0.240  0.999 9
TERAT 421.03~301.05 50 22 TR Y=9 082.41X+4 205.51  0.003 9~0.624 0.999 8
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Fig. 1

Total ion current chromatograms of Anemarrhenae

Rhizoma and its salt-processed products
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ISR RAE 24 h N ES E T LA

K 5 PR HUA B R R 6 0y, 4 2.2.2 50T I i il
A S VA e 2.2.3 TR AR A 45 SR B R
WAL, Fa AL MRt AL AE: 24 B
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T 1 SF ¥ 5 &4 84 518 0.408, 0.267, 1.300,
3.662,2.252,1.468,0.992,3.458 mg-g',RSD Kk N
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W12 7 i B M R4 .

H % AR 6 13 O J 48 A 43 B 1 AR BB R
0.5 g, 4% 2.2.2 WU T Jy 125 il 4 A2 ot 35 8, 23 i) G %%
A B R AT (0201 g-LY) , HEER A AL
(0.134 g-L") , A2 AT (0.641 g- L"), HIb: 12
HBI(1.775 g- L"), A 2 BIN(1.087 g-L"), Al
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FAFME THE IR 8T8 b B4 1 1 A [m1 )i
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99.26%, 100.69%, 99.37%, 99.47%, RSD 43 %l N
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W% 05 I T 5
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B i, LR 3, A5 R W R Bk 8 S4B AR L3
F % 2 T AR RRE R R RE R AT AR R
AL RS AR B35 JI R AT AL, R RE
BIL Atk # BIL, MAEEH 1, IR T afiles
REMWHEEHR RIS, S8R MT
43.78%, 38.77%, 25.84%, 28.21%, 22.51%,
24.04% .

F3 EMNB RNBHINMEERSPEIENE (n=3)

Table 3 Determination of chemical constituents in Anemarrhenae

Rhizoma and its salt-processed products (n=3) mg-g!

a2y % He FTRE Hh Bk
HBERATAT 0.401 0.427
BRI AT 0.264 0.271
HIBE A AT 1.286 1.849
HBEEF B 3.544 4918
HEER AT B 2.179 2.742
AR T 1.450 1.859
HEERAT T a 0.982 1.203
i ) 3.365 4.174

2.3 ZECFIER

2.3.1  EAEVRE ERNBEVE E W W& S SRR
T AR RE CER HURE R R B B, i 15 4%
75% CBEIR PR B 3 K, B 1 b, U8, A IR,
Ul H MR A R R L Ve VR TR OB R B R TR K

x4 MERBETEI2BERFB/NRFBGH M (3+s,2=9)

TR A&, i 25 AT & 2k 24 T 5 vk B 0.36 g-mL (%
W, 4 CIRAF % H -

2.3.2 BAEAAEE L SEREES R U s B R
7, N SPSS 17.0 Gt 327 B4 k47 %54l 43 B, >k H
BN 5 2243 Hr (One-way ANOVA) 17 4% 41 [A] &2
E R S A, P<0.05 Fl P<0.01 £78 22 5 B A 584t
233 U HAAY KKAy /R e R E v
MR 1 JE A T e A R R R L AR
FEK 12 h, F 5 AR I, K FBG>11.1 mmol- L'
kW PR SR 3 B R ) o K /IS BB AL 43k 3 4
(BRI AR EhFnEEe ), 441 9 H ;CS7TBL/6)
/N GRS 38 A R} 3E R R R 3R 2 ], %k B FBG TE 4.4~
11.1 mmol-L" EF A2 4,39 H . &£4l /R A
B AT N 20 mL-kg!, £ 4 BT 22 E S 4G
2521 d, B H LKA SR 4 45 25 7] i 1
7.2 g kg d!, A AL ARV AL B HOVEE AR
A FEERK

234 FBGKM 45l T4257,14,21d)5 25 &
NASIK 12 h, 2R TR R BT S BB , it B S R 5 20
/NERI FBG, W4, S5 R A SHBIRIA L, 4524
7 dJE AR R FAREA /N BR FBG B E AR (P<
0.05,P<0.01) ;4525 14 dF121 d )5, A= F B Eh F B
2 /N LY FBG BB A 4 iF — 25 B AR (P<0.01) , H#h
HIEEAE AL F A 5B (P<0.05) .

Table 4 Effect of Anemarrhenae Rhizoma and its salt-processed products on serum FBG levels of type 2 diabetic mice (X+s,n=9)

a5 H| & FBG/mmol-L"!

/g kg!-d! U 25T %574 %5144 %5214
gE| - 6.20+0.83 5.81+0.68 5.88+0.66 5.71+0.64
LR - 25.78+2.58" 26.74+1.86" 26.93+1.82" 26.77+1.85"
A Bk 7.2 26.07+2.62 23.17+2.882 18.13+2.96% 17.33+3.44%
EpSIRE 7.2 25.74+2.98 21.64+1.67Y 13.63+2.62%% 13.94+2.543%

52 U R D P<0.01; 5 AR ZH 45 2 P<0.05,3 P<0.01 5 5 28 B2 He 48 9 P<0.05,9 P<0.01( £ 5,6 [d]) .

2.3.5 IMiEREARRIN DNERRG G, AL
7K 3 h, IR BRECMm , BT B0 8 R PR, BT
B & 30 min, T 3 800 remin” &[> 15 min( & .01
5.9 cm), 43 &5 1ML , I 1ML S FINS, LEP, HbAlc,
GA,GLP-1 (1% &, H 45 A 4 Ban) & oy vl ]
A7, IF 4 9 % 24 2L 1SI=In [1/(FINSXFBG) |,
HOMA-IR= (FBGxFINS)/22.5 i & ISI Fil HOMA-
IR LR S, Z5R RS2 A4l s, B4 /N
L% FINS,HOMA-IR,,LEP,HbAlc Hl GA /K i %
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Fh v, ISTAT GLP-1 7K - I 3 B fIK (P<0.01) , 5 1fiL b
R0 2% SR — 2, ik — 2 UE BA 2 BB FR R KK Ay /) iR
TR SR LA, AR A RE AL ER BRI R
f FINS, HOMA-IR,, LEP, HbA lc fll GA 7K F- i 2 [
& (P<0.01) ,ISTF1 GLP-1 /K B & Jt & (P<0.05, P<
0.01); 54 Jn bR L, #h AR 28 /N BRUAY IST, LEP,
GA,GLP-1 B934 1 5 B &2 (P<0.05,P<0.01)

2.3.6 PI3K,PEPCK M1 PGC1 mRNA 3 ik /K- 6
D BRI, S0 T 9k Ak BB /N B S A R DE
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F=5 MBEHFEI2EBERF/NRLFERKFEOZME (T+s,1=9)
Table S Effect of Anemarrhenae Rhizoma and its salt-processed products on FINS,ISI, HOMA-IR,LEP,HbAlc,GA,GLP-1 levels

of type 2 diabetic mice (x+s5,7=9)

. H FINS LEP HbAlc GA GLP-1
215 181 HOMA-IR
/grkg!-d! /mU-L"! /ng-L! 1% 1% /pmol-L!
M - 19.23+1.58 -4.71£0.12 4.97+0.58 2.38+0.15 23.61+2.80 20.88+1.06 36.52+3.53
LAY - 68.25+£14.060  —7.48+0.16" 81.06+15.31"  7.20+1.99" 55.39+4.16"  50.85+5.18" 10.24+1.85"
Az Bk 7.2 37.07+5.03% -6.43+0.25 28.60+6.55% 5.42+0.26% 38.13+4.032  39.32+4.78% 16.82+4.96%
Fp IR 7.2 35.12+4.42% -5.17£0.2329  21.76%5.07% 3.39+0.07%> 371143209 30.26+4.64>  22.88+4.9334

fig 15 23, FH v 19 AR B ER K VS Uk L IE AR T 2
KAy BT R PR VS R e B A -80 °CUK AR
PRAF# . BUAAE 412129 30 mg, AR 4 & RNA 4
B 0] & Ud B 5 B A 2 /N RUIFH L IR D 4 R

) B RNA. £ 46 05 51 9 )7 51 '"PI3K.: I+ ¥ 5'-
CGGCGTGACATGTAGGCTCTCA-3', & if 5-
ACGGCCCGCACTGCAAGTTTGCCT-3'(146 bp) ;
PEPCK: I ¥ 5-GGGCCGCTGGATGTCGGAAG-
3', F ¥ 5-CCAATCTTGGCCAGCGGCGA-3' (132
bp) ; PGC1: I} 5~AGTGGTGTAGCGACCAATCG
GA-3', F it 5~AGGACCGCTAGCAAGTTTGCCT-3'
(109 bp) ; B- Wl 3 & 1 (B -actin) : F {if 5'-
AGGCCAACCGTGAAAAGATG-3', F % 5-TGG
CGTGAGGGAGAGCATAG-3'(185 bp) , % 5| ¥ i
AT AEY TR ) RO A RA GG %

Fo MBELHIBEIT 2BERF/NRIFAL KA EL H PI3K,PEPCK,PGC1 mRNA &ix

J Real-time PCR $% #8377 & 108 B 45 #: 4 |, B-actin,
PI3K,PEPCK & I 7% % & K 95 °C T ZE P 10 min;
95 °CZF £ 30 5,55 °CiR k 30 s,72 °CHE{# 20 s( 3L 40
MEFR) o PGCL LW Z& 4 hy 95 °C Fil 22 £ 10 min;
95 °CAF 1 30 s, 56 °CiR *k 30 s,72 °CHEfH 20 s( 3L 40
ANPEIR) o RN ER FR 25 pLo R 229 H X G B
%315 PI3K, PEPCK , PGC1 iy mRNA i Xf ik , 45
RUWFK6, HE6M A, 525 A, AR /N R
JF 2028 B i W5 41 23 b PI3K, PEPCK, PGC1 /iy mRNA
TR B T (P<0.01) ; 5468 41 A1 HE , A 0 B
2H ER N BE2H N BT 2 KR D7 41 2 PI3K, PGC
A mRNA £ 35 B i | (P<0.05),{H PEPCK mRNA
f9 2% 35 W) T B A2 AL 5 5 AR REZH AR L, Fh 0 B 2H
/N AT 20 40 J g W 40 40 v PIBK, PGC1 Y mRNA %
BB E I (P<0.05) , #878 ER RN RO T AR R B

Y8 (X+s,n=9)

Table 6 Effect of Anemarrhenae Rhizoma and its salt-processed products on expressions of PI3K, PEPCK, PGC1 mRNA in hepatic and

adipose tissue of T2DM mice (x+s5,17=9)

a5 5 JFEH B Jig 17 £ 21
/grkg'-d” PI3K PEPCK PGCI PI3K PEPCK PGCI
25 - 1.16+0.31 1.12£0.17 1.38+0.25 1.19£0.28 1.14+0.12 1.4240.18
T - 0.52+0.14" 0.48+0.16" 0.200.09" 0.62+0.09" 0.47+0.11Y 0.22+0.02"
7 S 7.2 0.68+0.11 0.46+0.15 0.32+0.262 0.71+0.172 0.48+0.24 0.41+0.282
EVSIRSS 7.2 0.79+0.16>% 0.47+0.23 0.49+0.07>% 0.82+0.14>% 0.50+0.19 0.57+0.29%%
3 itig o wE e AL AR B, ALY B

HIBErh & A K& B I, 2 B 2R
6% , 2 H 32 BT M A A IR A TR e Ak
R €53 12: (HPLC ) #E 47 J1 B 30 1 115 )5 16 27 1053 %oF
o, R BUARE AT AT, J0 6k 2 BIT AN SR 24
il J5 A 3 B R A3, I Rk 3 b i A 1Y) R AR
YEAT T HFIE o AR S 56 A B 6 M 16 8% 30 6F o 7% %
[ SR S SR e O Y (B = T s e S |
UPLC-MS W 7 A& 1B 3k H1BE FE B IS P AL (75%
TSIy ) vh 8 S48 b5 Lo 1Y B i, 45 R AR B BE

I, bR T HBE A T a0 & &4
B E L, A R KT 43.78%, 38.77%,
25.84%,28.21%,22.51%,24.04%.

2 RUHE PR A2 eh 22 A R R T 300y A MR e
HF SRR 2 B R AP (IR) 5 R & R 40 WA
JEU L AR IR A T B 5T R AR R
RS VR R, W] 34 hin WL AR X6 e & 2% 0% BURE B IR,
AR HURE A VR T B 3 AR S5 A T 9 RR Al
S 35 S YNE e o I RE NN SIS R R VA 3 1
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YRR BT IR (52 o [ &P 2 BURE /R KK Ay 7N
B A K 2 7 3 A T R ) Sl I 3 e v AR s IR K
1 7R S &, R B B 0 IO s R S T
BN 2 R IR A5 E R, 5 N2 2 OB PR 95 & 5 it PRl —
o, i E PR A B BEAR B9 2 KRR R % 3h ¥ B
RIL CSTBL/6T /NS KK Ay /N BRUEL A 32 A [R) I
PELATE S 2 AL FE BT IR 90 1) 24 35502 S0 50 K
A 58 TS 5 rf 3 UE B R R (7.2 ge kg d) ALY
Rok i FH B g, OAR S 96 W R 45 2 AL B 45 2 R i
7.2 g-kg'-d! IF R BRI AT S B RS 7 H
W5 o

H il & | L FBG, HbAlc, GA E 2 2 BI#E JR
512 W RLIAE 97 0 7 ARG DU 48 AR AR SCAIF 9 45 R
Won, 52 HYAE L, BRI B FBG, HbA 1c il
GA /KT 5 35 T &, 2 B AR L 520 3 ) oy 5 i A= 0 B
AR J0 BRI R 0% T 2 R AR 2 BUBE SR S KK Ay /) B
FBG, HbAlc, GA /K F, H #h 1 K0 4F FH 5 i i
E R

LEP J& 1 i [ 20 0 43 96 i — F R  3% . A F
S5 R, LEPHRPL 5 IR ) & A & e % YA 5¢  LEP
HEPL A LEP 52 1R A SR 5 IR R BE 5 28 52 1RO iRk
R AEAEN . GLP-1 & — P e i & R 7, T L2
HE Ry 2R o IRV S R AR s R
T RS R LA R R D 4 SR L 41 2L 2
PI3K 7 R 5 A5 S Gk ik AR h i & s R, 5
IR ) % A= % VI AH ). PEPCK & — i i I 4 4 g
7 T2 PR AL ) G HE I . AR R KRS IR Ik &
2 BRI 2 05 5 R 1 K TR L 51 & IR
PEPCK 3£ ik F i, nl 9/ I 0K g 07 % 1 7 4> .
PGC1 J& — i 5 2 /) R & X 8 4% B 7, A3 oiF 92 iE
S, IR ARCE R R/ BLE PGC L s 5 N 36 18 1 2 1%
I, 22 705 34 2 RO PR A IR 11 K A

AR SCHFFEEE R B, BARBE AL 20 /N B TE FINS
KA T s AL/ B 5 2 AL A i AT AR
B & Tt , H HOMA-IR & 3 JF &, 17 o LEP 7K°F
i 35 Fh =, ISTAT GLP-1 /K 5 25 B A, I 240 20 12 i
fIij 40 21 PI3K, PEPCK, PGC1 Y mRNA 5 ik ¥ i
FN A R WA A AL /N B BT A Y TR R, L
L IMYE LEP ZKF- 19 3 w8 X 2s i — 25 15 hn FINS /943
W, M LR TR Il A 0 BE £ R XY BB 45 3
i 2 B9B% R % KK Ay /) UL 7% H FINS, HOMA-IR,
LEP /K-F, f % 7t & IST A GLP-1 §9 7K, it 2 I i
JIT2H 280 K i 7 20 21 7 PI3K , PGC1 mRNA (£ ik, 3
W25 25 J5 T A2 HEAILAAR 3 W R B 3R, B A 4 g LA
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IR SEIR , H 3 HIBE XS LEP, ISI, GA %5 48 bR i ik 4
FHEAR T A B

g5 B TR AR SCRF S B A N BE R RE XS A
M 2 RUBE R % KK Ay /)N B A BEAR FBG, 203 IR
(A L L0 B £ S RE 08 02 E BILIAR R S 4,
H8 0 ML A GF JB K 2 04 AR o B ot W 1
S, T R 5 4 A A 0 BE R AT, T RE R AT B
I, RnBE R B, MBI T a e it
AT BE S R B 0B £ FH 1 5 Y ) BT A
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