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Abstract: Objective To compare the antidiabetic effects between raw and fermented Gegen Qinlian Decoction (GQD) containing
different endogenous metabolites by 'H NMR technology based on metabolomics. Methods The antidiabetic effects were evaluated
using high glucose and high fat diet combined with streptozotocin (STZ). The treatment groups were fed with GQD and fermented
GQD every day, respectively for 8 weeks.The general condition, body weight and fasting blood glucose (FBG) of rats were observed.
The chemical compositions of serum were assigned by 1H NMR spectroscopy. Using the multivariate statistical analysis as the main
data analysis methods, potential biomarkers were screened in the model. Results The body weight of the diabetic rats decreased
significantly compared to the normal control group after injection of STZ. In addition, the FBG level was significantly increased in the
diabetic rats than that in the normal control group. GQD and fermented GQD all can improve the general condition, body mass, and
FBG level of T2DM rats. The results of the principal component analysis showed that the metabolic profile of the normal control
group, the model group and drug treatment group was significantly differentiated. In total, 15 potential biomarkers associated with
T2DM were identified by OPLS-DA binding univariate analysis. The corresponding S-plot combined with VIP > 1 revealed that the
major variations in diabetic rats were the elevation of 3-hydroxybutyrate (3-HB), choline, glycine, glycerol, B-glucose, and a-glucose,
as well as the decline levels of lactate, very low-density lipoprotein (VLDL), trimethylamine-N-oxide (TMAO), acetate, glutamate,
methionine, glutamine, pyruvate, and creatine. Both raw and fermented GQD displayed antidiabetic effects against STZ-induced

diabetes by restoring 15 of biomarkers. Conclusion Detailed analysis of the altered metabolite levels indicated that raw and fermented
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GQD significantly ameliorated the disturbance in glucose metabolism, lipid metabolism, and amino acid metabolism in the therapeutic

process of T2DM, while no significant difference was observed between them. The results of this study provide experimental data and

theoretical basis for the clinical application of GQD fermentation from the perspective of metabolomics.
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Table 1 Effects of GQD and fermented GQD on body weight of T2DM rats
AB igSTZ A d e BRI e
0d 7d 14d 21d
PO 382.204+31.03 414.67+19.18 430.00+23.48 452.33+22.97 458.11+27.22
it 409.09429.234 373.84+£28.3444 365.08 £26.66* 366.33+33.40°  352.42433.63%
GQD 409.94+37.004 377.90+36.94 358.47+38.84 355.211+43.88 359.54439.84
K GQD 404.46£24.42% 369.01 +33.65 357.81+28.92 353.89429.17 358.25423.56
1) R AU /g
28d 35d 42d 49d 56d
ot H 469.22+27.15 478.67125.48 471.22+23.85 483.00+27.89 483.11+24.38
LAY 342.33£29.74%4 342.55+33.79% 340.27£34.2144 336.75+£42.59% 335.38+33.46%
GQD 362.58+36.05 361.40435.78 368.75+40.90 364.861+27.51 364.86136.00
K GQD 360.25+22.64 362.77+26.12 363.00+27.51 373.18+£55.834 374.63+£33.4844

xR 4P<0.05 44P<0.01; SHEMALLE: 4P<0.05 44P<0.01, K2 H
AP <0.05 24P <0.01 vs control group; 4P <0.05 44P<0.01 vs model group, same as table 2

#*2 GQD MAE GQD xf T2DM KR FBG KIS/
Table 2 Effects of GQD and fermented GQD on FBG level in T2DM rats

ig STZ #i 1 d FBG/

&5 FBG/(mmol-L ™)

AL (mmol-L) 0d 14d 28d 24 56 d
ol 5574231 5.34+0.66 5.43+0.92 4.99+0.83 5.4740.98 6.12+1.06
| 5194137 1345+1.68% 150043418  16.98+3.40%  1833+3.16M  19.48-+3.420
GQD 5774286  13.74+1.67 14.08+3.36 13.61+4234  1444+5394  13.97+3.5944
KB GQD 6414251 14074203 13.93+2.15 13.68+3474  13.95+2.864  1223+1.6644
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Fig. 1 Typical 'H-NMR spectra of rat serum
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Table 3 Peak assignment of H-NMR spectra for endogenous metabolites in rat serum

g MLk Su g5 MGk Ou
1 REHEEREES 0.89 (m), 1.20~1.30 (m) 21 FEER 2.75(t,J=8.4 Hz), 3.84 (t,J =
2 2-FMRCOMAEE 094 (d,J=6.6Hz),2.62(d,J="7.2Hz) 7.2 Hz)
3 RRAR 0.96 (t, J=7.2 Hz), 1.01 (d, J="7.2 Hz) 22 T ZHif5 2.93 (s)
4 ZHER 0.97 (t,J= 7.2 Hz) 23 Il 3.04 (s)
5 AEER 0.99 (d,J=7.2 Hz), 1.05 (d, J=7.2 Hz) 24 JHBR 321 (s)
6 3-FETER 1.20 (d, J = 6.0 Hz), 2.31 (dd, J = 6.6, 25 3.22(s)
13.8 Hz), 2.41 (dd, J = 6.6, 13.8 Hz) 26 TR AET 3.22 (s), 3.61 (1), 4.25 (1)
7 AW 1.33(d,J=7.2Hz),4.12 (q,J =72 Hz) 27 FEMH=HE 3.26 (s)
8 AR 1.45 (m), 1.70~1.77 (m), 1.90 (m) 28 Hih 3.54 (dd, J=3.6, 9.6 Hz), 3.66
9 WAR 1.48 (d,J=7.2 Hz) (dd, J=4.2, 114 Hz)
10 B&ER 1.93 (s) 29 HER 3.57 (s)
11 N-acetyl groups 2.02 (s) 30 oA RE 3.90 (dd, J=1.8, 12.0 Hz), 5.24
12 BER 2.05 (m) (d,J=17.8 Hz)
13 HaEbiix 2.14 (m), 2.45 (m) 31 B-Hi&pE 4.65(d,J=7.8 Hz)
14 HER 2.14 (s), 2.65 (t,J = 7.8 Hz) 32 RMAFAEWIEE  5.32 (m)
15 HusE e 2.23 (s) 33 JRER 5.39 (s)
16 ZBkZiR 2.28 (s) 34 BER 6.90 (d, J=8.4Hz), 7.20 (d,J =
17  HEHER 2.38 (s) 8.4 Hz)
18 BRIIMR 2.40 (s) 35 RNER 7.33 (m), 7.38 (m), 7.43 (m)
19 —HjE 2.49 (s) 36 FEIES 7.75 (s)
20 FEBER 2.54(d,J=16.2 Hz),2.70 (d, J= 16.2 Hz) 37 HR 8.46 (s)
A Eapict B oR?
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o o 08 = ' 5
et AN ol I <o |
30 02| §
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{[1] TR B 5 HE ) Bt 1 R R
D l /31 M3.p(corr)[1]
& i o W, "
- 4 /ﬁwﬂ = 04 0
2 2 =
% -2 &/ —0.4
72 -0.8 7"17 05
7§15 -10 =5 10 _14%.25 —0.15 —0.05 0 0.050.10 0.15 0.20
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1.000 24*[1]

I*I.O

p[1]

A\ B, C. D-4rHIFm IR SRR 20 K BRIM 2K "H-NMR 1) PCA HUsi Bl BEBGGTER . OPLS-DA 347 El. S-plot B; D B rRitam 55

2 3 AR S A X R

A, B, C, D-PCA score plot, permutation test model validation plot, OPLS-DA score plot and S-plot analyses between control and model groups from

"H-NMR spectra of rat serum, respectively; Number of metabolites in Fig. D corresponding to number of metabolites in table 3
2 EREFREE KRR MEK S 'H-NMR % T8t 54

Fig. 2 Multiple statistical analysis on "H-NMR spectra of rat serum in control and model groups
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0*=0.929, UMY R AP, AT T N —b &R
YIRS . ET R A A B 1) OPLS-DA i V5
STZ Ja 5l N IR 27 (B 2-C). S-plot
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0.05) HIEAEEMNREY . SXTRAAMEIL, STZ it
BRI T2DM KSR A 3-F2 05 TR JEAR. H
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B E: IR IREEREO. R, 4R,
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M ANL IV /R i 1

XEAYZH . GQD 4. KF# GQD 2H Jonf R 4H it
17 OPLS-DA (& 3), 25 R 278 GQD H KB GQD
IR T IR AR A 2 6], R WIS T 2 Fh2s4)
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YR T AR A — AT A B & b, 45 R
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FEFEHD R0 15 FPyEAE A bs £, Hh GQD Ak
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Fig. 3 Score plot of OPLS-DA of rat serum in each group

TR . P-HIARESS 10 FEEAEMIIREY (P<
0.05. 0.01. 0.001). Bk4h, GQD XfHZELZ. Ml
PR AT o7 26 0 B A R 3 REAE A (P<<0.01. 0.001),
T & GQD XIS A w3 mR/EA (P<<0.001).
34 RGBT

K:H MetPA (http://metpa.metabolomics.ca/) 77
PrAEMAEHER, 2 15 MUY EESST
10 AR 42, IR 4. @B BN
UM, T 8 4 P<<0.05 HUARUHEERAE Jm b
RV A STZ 1355 (1) T2DM KRR AR () 4 Qi
¥, DN ABRMEARNRE, NER. K%
RARMAB AR, HER. LR MRMIFARAU
PR AU, BRI A AR S AR AR, AT BRE
AR A R, MR, &
HWAEWLR, Impact>0.1 FIAQEHE R &4 5 &
1k, kR E] 8 &ACHHERK .
4 Tig

B PR A2 1 B e T N S R 1) 32 B 2 —,
FNREUE. BRI R B . 2 il T R
B R BRI RIER, H TS & BB A SR
I5 (B ST T AT 2. — . GQD 2 I PR b EL 3R 3E 1) B
APt T2DM {EF R 255277 « RS /i It 7R A
R GQD AT GQD B i A1 AE MBS 7 B o315
IR R I KBS RIS R & B2
T840 GQD Y597 T2DM [1E I AR ANBE AT

KB GQD 7E3E T2DM K S — ek 1
IR PSR TRE E LT GQD, HXT
IO W PR R B 2R A7 I B A R R . Al FBG
STV WTHE PRI AR, A2 W 17 R I6 T RO 1Y
HEHEEbR. ALK T T2DM KR GQD FlA
GQD, &t 8 a7 5, GQD Ak GQD 4K
i, FBG 0 Z K T A4, KB GQD A ¥ L T
XTREZH, R GQD FIKE# GQD A ReFECIAE, H.
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Fig. 4 Changes of endogenous metabolites in each group
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Table 4 Results of MetPA metabolic pathway analysis

(aMsipiiked tE P1E Impact {8
D-H AW D-15 IR AR BEBE. BER 0.000 78 1.000 00
WER . REFRINA AR W, A7, BRI 0.001 13 0.409 28
CTETRAN — 3R IR A o] 7 0.139 17 0.296 30
HEmR. LA RIS A MG HERER. DR, WERER 0.000 14 0.291 97
Hb A Hh 0.15525 0.280 98
PR R At FUR. EERR . BERRE: 0.000 87 0.243 37
W T A TR 2R . L. W 0.001 43 0.127 53
=RIRIEIR PIBEABR . o7 % B 0.013 73 0.125 40
e = A R R A HER. W 0.026 20 0.115 67
i R AN T R A U BEBE. BRR 0.006 62 0.105 45

R — DR AN, 4T GQD M
K% GQD Jo&, KEIME 7L R AN T B IR & 2 BH 2
THiE, $&8 GQD UK RE GQD ¥ m] ja/ b 4k, I
TSN LRI R, GG RS =YL A0t
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