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Abstract: To investigate the difference of Gegen Qinlian Decoction (GQD) piece and boiled powder in the
treatment of type 2 diabetes (T2DM), the characteristic of overall metabolite profile was examined in the serum
of T2DM rats with *H NMR-based metabolomics combined with the multivariate statistical analysis. A rat
model of T2DM was established by feeding of high glucose and high fat diet followed by a streptozotocin
(STZ) treatment. The general condition, body weight and fasting blood glucose (FBG) of rats were monitored.
GQD piece and boiled powder exhibited activities in the improvement of these parameters. The results of the
principal component analysis showed that there was a significant difference in the metabolic profile of the normal
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control group, the model group, the positive group, the herbal decoction group and the boiled powder group.
Totally 15 potential biomarkers were identified by OPLS-DA binding univariate analysis. Compared with
normal control group, the serum samples of T2DM showed a higher level of 3-HB, TMAO, glycine, S-glucose
and a-glucose accompanied by lower level of lactate, VLDL, acetate, glutamate, methionine, glutamine, pyruvate,
creatine, choline and glycerol. The above results also demonstrated that both piece and boiled powder of GQD
could restore 14 of these markers. These results suggested that the disrupted metabolic pathways including
energy metabolism, lipid metabolism and amino acid metabolism, were restored by GQD piece and boiled
powder. The two formuladid not show a significant difference. The results of this study provide experimental
data and theoretical basis for the equal activities of GQD piece and boiled powder in clinical application.
K ey wor ds: Gegen Qinlian Decoction; piece; boiled powder; *H NMR; metabolomics
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Figure2 Thetypical *H NMR spectra of rat serum. A: Model

group; B: Control group. The metabolites marked with numbers
areshowninTable 1

4 EZRLGEITHH

"HNMR P A 7 137 b =R 0y P AR
G, N TS S AR ES, BAK
Fi PCA 43 BT 77 5% 1E 8 %o BRUZH . BEALAH L B 24 4
GQD W fr dH AN B A A R BR BEAT 704 i 3 1)
En, IEE R SRR N 2 R T, R
RIS HIECT); hZ AL T IR X A 5 R 2 [a],
FHBHEZS . GQD Wk A A U T2DM K BRI AR

* Herbal decoctive
# Boiled powder

2
dhbowaocen

00
th
=]

n

Figure3 PCA scores plot derived from *H NMR spectra of rat

serum

Table 1 Pesk assignment in the 'H NMR spectra for endoge-
nous metabolitesin rat serum

No.

Metabolite

on (Jin Hz)

1 Very low density lipoprotein  0.89 (m), 1.20—1.30 (m)

2

(VLDL)
2-Oxoisocaproate
4-Methyl-2-oxovaleric acid

0.94 (d, 6.6), 2.62 (d, 7.2)

3 Isoleucine 0.96 (t, 7.2), 1.01 (d, 7.2)

4  Leucine 0.97 (t,7.2)

5 Valine 0.99 (d, 7.2), 1.05(d, 7.2)

6 3-Hydroxybutyrate (3-HB) 1.20 (d, 6.0), 2.31 (dd, 6.6, 13.8),

2.41 (dd, 6.6, 13.9)

7 Lactate 1.33(d, 7.2),4.12 (g, 7.2)
8 Lysine 1.45 (m), 1.70-1.77, 1.73 (m),
1.90 (m)

9 Alanine 1.48(d, 7.2)
10 Acetate 1.93(s)
11  N-Acetyl groups 2.02(s)
12 Glutamate 2.05 (m)
13 Glutamine 2.14 (m), 2.45 (m)
14 Methionine 2.14(s), 2.65(t, 7.8)
15 Glycerylphosphorylcholine  2.23(s)
16 Acetoacetate 2.28(9)
17 Pyruvate 2.38(s)
18 Succinate 2.40 (s)
19 Dimethylamine 2.49 (s)
20 Citrate 2.54 (d, 16.2), 2.70 (d, 16.2)
21 Arginine 2.75(t,8.4),3.84(t,7.2)
22 Dimethylglyoxime 2.93(s)
23 Creatine 3.04(s)
24 Choline 3.21(s)
25 Carnitine 3.22(9)
26  Phosphorylcholine 3.22(s), 3.61 (t), 4.25 (1)
27  Trimethylamine oxide 3.26 (9)

(TMAO)

28 Glycerol 3.54 (dd, 4.2, 4.2), 3.66 (dd, 3.6, 3.6)
29 Glycine 3.57(s)
30 a-Glucose 3.90 (dd, 1.8, 12), 5.24 (d, 7.8)
31 p-Glucose 4.65 (d, 7.8)
32 Unsaturated fatty acid 5.32 (m)
33 Allantoin 5.39(s)
34 Tyrosine 6.9 (d, 8.4), 7.20 (d, 8.4)
35 Phenylalanine 7.33 (m), 7.38 (m), 7.43 (m)
36 Xanthine 7.75(s)
37 Formate 8.46 (s)

AR, RGN R
NTRILEE RAE T2DM K R A b &
W, REIEH O AL S B2 HEAT A B ) OPLS-DA 73

Mr, ERIE A, B 4B “S” i/ — miAR
F AR, K B R B 1) 55 VIP (variable
importance in the projection) &tk HAF & VIP (%
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Figure4 OPLS-DA scoreplot (A) and corresponding S-plot (B) between control group and model group
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metaboanalyst.cal) % #f FE i 4T 1@ % 4 M, @

Table 2 The change of endogenous metabolites in different groups.

“P<0.01, ""P<0.001 vs model group

Impact >0.1 §ifi % 75 2 i bl i R DRI & STZ 75 311
T2DM KA 6 2 Q@ M k4 B &AW, 408 H
AR A RN Z R AU (0.29); H il Mg 4K
(0.28); MEARRAH (0.24); WA RAARMABE
FR A (0.15); WEmE MR ARE = AR AR (0.13); bt a
2. AR 0.12), WE 5
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Figure 5 Summary diagram of pathway analysis with MetPA.
1: Glycine, serine and threonine metabolism; 2: Pyruvate
metabolism; 3: Glycerolipid metabolism; 4: Alanine, aspartate
and glutamate metabolism; 5: Glycolysis or gluconeogenesis;
6: Cysteine and methionine metabolism

n=8, x+s. "P<0.05 "P<0.001 vs control group; "P<0.05,

Metabolite Control group Model group Positive drug Herbal decoction Boiled powder
VLDL 0.39+ 0.04 0.29 + 0.04 0.40 + 0,051 0.43+ 0067 0.51+0.181
3-HB 0.20 + 0.06 0.42 + 0.191% 0.68 + 0.42 0.63+0.34 0.63+0.24
Lactate 0.95+ 0.27 0.64 + 0.07)* 2.69+ 0901 310+ 1181 253+0.301""
Acetate 0.13+0.03 0.07 + 0.02%# 0.09 + 0.021 0.08 +0.011 0.07 + 0.011
Glutamate 0.45 + 0.05 0.29 + 0.04"* 0.58+0.181" 0.77+0.161"" 0.63+0121""
Methionine 0.40 + 0.08 0.20 + 0.04*# 0.41+0.191" 057+0211" 0.41+0.097""
Glutamine 0.71+0.12 0.41 + 0.09 " 0.59 + 0.231 0.70+ 0.201" 0.54 + 0.131
Pyruvate 0.11+0.02 0.06 + 0.01 % 0.10 + 0.061 0.10+ 0.031" 0.08+0.011""
Creatine 0.25+ 0.05 0.10+ 0.04** 0.17 + 0.041" 0.22+0.051"" 0.16+ 0.051
Choline 0.33+ 0.05 0.24 + 0.02** 0.30+ 0.041" 0.29 + 0.041 0.27 + 0.061
TMAO 1.36+0.14 1.64 + 0.111%# 1.43+018| 112+ 019)™ 1.16+ 030"
Glycine 0.69+0.13 1.00 + 0.101"# 0.25+0.05,"" 0.19+0.06,"" 0.21+0.05,""
Glycerol 0.16 + 0.02 0.11 + 0.02)"* 0.13 + 0.021 0.20 + 0.071" 0.14+0.021"
B-glucose 0.93+0.08 1.34 + 0.081"# 0.76+0.09,"" 0.78+0.07"" 0.79+ 010"
a-glucose 0.80+0.13 1.28 + 0.081"# 1.28+0.11] 110+ 0.12)" 1.16 + 0.20]




+ 1450 - #j 2424 3%  Acta Pharmaceutica Sinica 2017, 52 (9): 1444 —1451

g

T2DM == B2 pH T ¥ 40 M b 52 44 93 55 Bk 51
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RUZH K BROIEBL D) 5, A5t 2 50 4A BL 1 X R ZELAIK
40.83 g, HEFLEEPRICES, LIRGHn, BAHK
bR R A4 5T B 30 L IE 6 FRZHAIS 147.73 g PTREAS HH
THUAR TC v 78 40 1) FH A 0 A e =, SUIR T AN iR
FITR S fARINaE, AA5 BIB T B B 5 45 25 i (R HERS,
SU AR ER T R, U GQD T &
REHA g3 T2DM 5] R K B & T FE I 42 .
Kl FBG S22 Wb JR v AR, 2 s 15 Fi e
7RI AR AN SEER 45 T T2DM K E GQD, 4
i 8 I HIGYT, W LAA REIC FBG, £ 8 il skia g il
B, 452454 FBG ¥ W EACTHAYAH, JLLLA& AT
B PG4 .

M & 2 FARE Y, Re 8 B 4 T e A=
PR AR PR B « A 7R A TH NMR AR 22 45 4
Z LG ATk B T2DM K RUME H 15 MNEEAY)
P& . GQD MR A HURH BH P 245 10 5 ¥ REA [F)
FEEEHL[AR A 14 A 5 IEFE XA, T2DM K
BRI A R A0 LR 2 2 B S PR AL - 5 AT -
HWE S ERET G, RS, AR
Re AR &0, BN, A=A
1% P LR B 2 ek /b, RO L) IR, 45T GQD
R MERTUG, LRAAER S SRR, o
AN -1 % B 5 BEFRAR o SCHRAROED S LRR T LASR v
JOR B U, R R OB, B IR R 2
AHRFFLH T2DM KRR LE H LR & & B W AR, 45
T GQD kUG, HEERET &, Hikal W,
GQD R F FH 2 B T 247 B 5% M W T2 A0 R TR T AR
A P, B R A B AT AR a3k A JE 2H SRR B R
BET G IR, AT R LER & &, T SRR S R
OB, BRI IR

R AT i = e, B B B AR AR
A= (TMAO) MHTAYIR, 5 i gH w2 il
=09, Diaz LM T 2 TURE RIS U UR 10 4 PR BAR,
WYIh TMAO & &R H G, A# 5+ T2DM K&
L3 BB & B PR, TMAO S8 THeE, 5 LR
45 —5. GQD Tk A BT 15 TMAO AR
(o] I 3 T 15, B O B e B 4R R 2R B
W M ZE S R T B G S B A, TR
R R R F= 1 o SCRRIROE TS, g G 1] v ] 5

R BRI AR o 5 B B T e R R PR . A
WEFE A T2DM K BRI HRH i AR fER o S I 2
AR, SRR DA A A ZEL. GQD R A AN
AHCFHUEPE B B, 328 GQD WU A HLRT
BE I 1o 7 e P AT 508 S R T O 5 T 4R
fEM .

B R NE NS B RE S R LR, £
i E A R . A A AR D B A QU A IR AR
W Z R, GG IR, R SRS NE B
Pit. AWEFEH T2DM KRR L3 P 7 e R 25
MR & BRI, FTREZ T HLAAXT T2DM iy A ' 452
Pammif B SN 45T GQD R AN A HICT T P
BRI 4, BRI R H R RS BT R,
FIRE RS H T PR e LR 5 AR R L 4 ) B A A AE
—ERERH . GQD A MAHT AU H&E RS
EYEFER. GQD WA AN A U AT 1 H A R A4y
SRR, AR R % 2B

£i L, GQD YT Mk i RERT N T2DM K Bl 4
iR, R REIE FBG. RIS &0 M4t 1 ow,
P75 B a8y T ol i e A IR B A A B R
R SR AR MR AFAE I, KRB =R, P2
IR A2 SR P B PR B AR 245 4 A (0 O AR A
HAWE MRS 5 TR RS 68, B R0 . v B
REANIR - 32 i 250 R R S o AR TE4h SR AR
2D GQD M PR ML AR 1 1 S 56 He e
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