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[ Abstract | Objective: To observe the hypoglycemic effect of Uygur medicine Ziya Biti tablet on the type

2 diabetic rats, and analyze the hypoglycemic mechanism based on metabolomic techniques. Method: According to

the results of clinical research about different origins of Ziya Biti tablet, the optimal composition was screened out;

type 2 diabetic rats were taken as an experimental object in the pharmacodynamic experiments; the control group
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and model group were given the same dose of normal saline, Ziya Biti bablet group was given 300 mg-kg ', the

metformin group was given 300 mg-kg ' metformin hydrochloride. The fasting blood and weight changes of the
experimental group after the treatment were recorded and compared with normal group; ultra-high performance
liquid chromatography-linear ion trap/electrostatic field orbit trap combined-type high resolution mass spectrometry
(UHPLC-LTQ/Orbitrap MS) technology was used to conduct the metabolomics analysis on the rat serum, and
principal component analysis (PCA) , partial least squares discriminant analysis ( OPLS-DA) on different groups of
rat serum metabolites were performed to identify potential biomarkers. Result; Compared with the model group, the
rats in the Uygur medicine Ziya Biti tablet showed a healthy states, and the blood glucose were decreased (P <
0.05), which indicated that Uygur medicine Ziya Biti tablet had a certain hypoglycemic effect on type 2 diabetic
rats. Eight biomarkers were finally obtained according to the results. Compared with model group, L-valine and
propionylcarnitine in the Uygur medicine group were decreased (P <0.05), while sphingosine-1-phosphate, LPC
(16:1/0:0), LPC (18:0/0:0), LPC (18:2/0:0), LPC20:1/0:0), PC (19:0/0:0) were elevated (P <
0.05). Conclusion: The experimental results showed that Uygur medicine Ziya Biti tablet can reduce the blood

glucose of type 2 diabetic rats and allivate general physiological characteristics. The mechanism of action may be

related to the improvement of amino acid metabolism and lipid metabolism.
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Table 1  Clinical efficacy statistics of treatment of type 2 diabetes

with zialbiti tablets in each group
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Table 2  Comparison of fasting blood glucose before and after

treatment in each group
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HW L4 L 60 35 10.22 £4.20  8.76 £3.19
L RUNK 34 31 9.48 £4.76  7.94 £2.10

HELAIFRENT do

3.2 AW L AR Rk i IR e R BRI R B A

3.2.1 gy KM A2 SR B g
X AR DR s BRI I AR /2 A S5 I ), e 4 25 24 11
Sl Z 5 W e BRI B it R 22 T B 5 O L A R G BE JR
o A B IUBE (I 12647 4G, v 9 T s 25 M W A 1 45
VLR 3 TEWE IR K B8 25 A, LR A | A L 42
FAMBES B EE LT (WA TR EEZER) BN
I AUAE PR A AR KRR o 283 #00 LU 4R IR T T
B E R R B o M 22 5, R 28 9,10, 11
Jil—H AR E B E R

3.2.2 LC-MS/MS Rt =L mG it st X b
PR S 36 BRI 3 #E AT A A AL R OT BE 4T LC-MS/
MS AR 47, Fl F SPSS, Simca & KEGG [ 2% 4% 4}
H % S5 A O AR 0 AR PR O BRI T S R A Ak B
BT, AR A e R BRI Wi 19 22 S AR it — A0 il B
FCARAILR , 3 B3 0 B 52 56 B8040 48 U] IF 5 21 R A
RVZH A AR U 19 43 B9 B 3R 7R W PR 5 L U 2 R T Y
(R°X =0.652,0Q° =0.408) , Ifi H %% 40 = Ia] REAR - i1
R UL 2 ) 22 S5 B/, T A R S8 50 808 43
[Fi] B 500 b e 2 ) O R 2 5 U 1 A, 1 P K
W H R A 22 AR AR AL 5 IR AR — i A
P 5 FE A A0 HE 2 R 0 e 3 W R 10 I W A — a2



5525 B 8 W FEXEFFFRE Vol.25,No. 8
2019 4£ 4 H Chinese Journal of Experimental Traditional Medical Formulae Apr. ,2019
®3 EHEEARBEANURAHEAARTHENREREDNSE
Table 3 Fasting blood glucose changes between control group/model group and treated group mmol-L !
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MIVE L, A — 008 5 b X AL T ge. AR IE
OPLS-DA i 1 % 21 RIS 780 20 K A 306 A7 6 A 49 7 , 52 A :;zz
0 45 ML IR IE R 4 R T 2 B T A o S, 2R BB 20 B AR 4

PROGREAL R R 2o [ AE7E OPLS-DA b A5 21 20 1 45
M AR R 2 A AR 00 23 8 R, U6 W A L B R X b
PRI B A — & BRIPAERT . DLIET 1
3.2.3 WEAEYARICY R RS N E SR
PRI R B DG Y 22 SR, >k HI OPLS-DA X IE
FERERURE AR JEAT IR A 23 Hr 345 VIP {H, [7] i iz H]
SPSS 14. 0 B {F X 1E # 21 5 45 B4 21 #4385 1350 4 i
1T One-Way ANOVA % 4% 4> #r, 3548 P, B 4
VIP >1,P <0.05 #ff i % A9 o 5 0 PR s K B
FEM 22 A0 Y . it KEGG W 3 o 17 1% K R
P AR 22 S A P A3 1 05 RS B 1 1 b g
KIfE B 2E53/NT 5 ppm B4L& YRR 22 AU,
HRPIFEEE T 8 A2 AN, ix 26 22 AU Y
XS it AR RS R R 4, SRIBIAM L IE W 4S5
POt 32 B 24H H L-valine , propionylcarnitine &5 i )
FEAG, IE % 41 A1 #C Le $2 R 41 sphingosine-1-
phosphate , % Il I8 BEAR 5% ( LPC) (16:1/0:0) ,LPC
(18:0/0:0) ,LPC(18:2/0:0) ,LPC(20:1/0:0) ,
RIEAHGE (PC) (19:0/0:0) By & B Thi . RPIK
e R RE A8 52 i 2 2k R A, I B AR AT
Xf B PR K B EAT IR YT o
4 it
MLV & A 6 /N AR, AR A

k5 AT DL A T R 24 0 % BN B A T
AWF5EIE L LC-MS fCH 21 7 5 R &5 & £ o078 B 48
TE 50 0 AN [5] 25 590 B PR Ao R Bl L 375 A AR 47 4G 0
Bro SCue 4 R R WO L4 R 8 2 BUHE B s LAY 14

[}
| |
0 Ll -
-10 u
-20

-30 —————
-50 -40 -30 -20 -10

12]

201 c /
151
10 “
51 A
0 -
A /
A
A

50 -40 -30 20 -10 0 10 20 30 40
1]

A. =41 PCA 1543 B. IE# 4% LB BRI 2 OPLS-DA 45435 C. 0 He
A 4L X OB 4 OPLS-DA 184
E1 EFLC-MSRFEZNSTHIEBIHT

Fig.1 Multivariate data analysis based on LC-MS metabolomics
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Table 4 Related potential markers and metabolic pathways
i
No. I/ min BEREY A AR 1 3 [ E B QA&
AL X L 4SS L 20
1 1.79 L-valine valine, leucine and isoleucine biosynthesis 1 1Y
2 9. 86 propionylcarnitine unkown v l
3 13. 60 sphingosine-1-phosphate sphingolipid metabolism to 1
4 14. 63 LPC(16:1/0:0) glycerophospholipid metabolism 1o 1
5 18. 68 LPC(18:0/0:0) glycerophospholipid metabolism o il
6 15. 65 LPC(18:2/0:0) glycerophospholipid metabolism to 1
7 21. 61 LPC(20:1/0:0) glycerophospholipid metabolism 12 I
8 22.33 PC(19:0/0:0) glycerophospholipid metabolism 12 12
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FHEZE S W B NR LIRS & 2 5 e 2, 45
22 SR AR LA 3 P 25 R, U T AROT HE AR
Jr A8 B R B Y AR AR KT

PC 344 BRI N , 2 40 i A f) B 388 4 i o, O
HUTae2 5 840 M5 5 e Sl 2 . it oh, B i mt e
B R A 1A 32 a0, () I 2 LY TP i
HFE IR A, RTINS B, IR
SR B E G R He b 2 1 IR 2 — RE DR 47 L35 o A i
HABAEA . EH GRS/ B T 8 s AR
B JR A i B TR R RT S BN 0 A I B S AR, AR
WF5E v A 42 m] LA 32 B PR & i 7 b PC
(19:0/0:0) KK

JIE SRS A 1L 3% U7 75 SR R IR N R AR TR LS
AR S 5E AR RN R IR 5 EIERRK T . &
RN S 58 B IR O S B TR, W PR I b T S T
It S I V% T B A B S i R R A T b I A
AU T I P ) S5 S B R Wk B T s, AS I Y ke B AT
FE AR R T LA e 0 4 2 1R /K - 98 35 1

LysoPC J& T ¥ Il #% N8 ( lysophosphatides,
LysoPLs) , J&— 882/ AU 9y , 2 S A B AR %
J# 15 25 M (oxidized low density lipopro tein, ox-LDL)
() F2 B M 23, 7E 1R Y ox-LDL Al i i i 5 il A2
(phospholipidase A2, PLA2) 7K f# , LDL 2= 5 5 Mk
IEL B 57 B8k D5 b 4 i U R T 2 R LPC O A
FLAR W] LPCs 0T LLBCE IS U 8 B 9 GLUT4 [y 34K

. 146 -

oA

2 1 g 1D 48 2%k 4 28 05 09 R R, DA T B 3 A 26 A A
25 ok i A R B0 AR JHOIR 2 WA i w7
7 OGTT Z 45 fl T2DM B K N [ BF ot v, %
P LPCs 7K -4 i N B 35 B IR, AR 0F 9% & B
WEPR % K BRI 35 B LPCs & A= ™ & % fl, H
LysoPC (16 : 1/0 : 0 ), LysoPC (18 : 0/0:0),
LysoPC(18:2/0:0), LPC (20 : 1/0 : 0),
PC(19:0/0:0) & 25 R A%, A8 4k J5 DX 1] fig 2 B IR
i A 78U BT IR g 1 5 AR SO HIE oy BB 32 40t 2k i
LPCs f % 7 2 2 L 20 3d i b 4R A 11 G
Jr i, SRRV AH H, W H 4R R 4R BRAR Y LPCs
BT, A AL AT IR A, UL A HE R AT
DL o 2 LPCs ARG 25 BL R 16 97 0 R o

S 56 BE e R BCHEAF 9 i L Aty I 0 Ak R AR
X O AR A 47, I MR 4 15 B AT A G 1
RS E— 2D AR R S50 B W AT e E S 0 2
1) ] S TR RR A 18] 24 2 B S 56 B0 s 43 B 4
2 A0 AR A O 1 B I LA . SE B 5 R R
AW LU 32 7 AT — o 19 B U0 4, 7] B i AR 4 b
ol 5 W PR g R BR G 2R BE ML RE , AR R AL o] 58 5 o
SRR AR RS A O ARSI S Rl Lol e
WA L4 7 i pF e $E it =%

[ &% k]

[ 1] Stumvoll M B, Goldstein J, van Haeften T W. Type 2
diabetes: principles of pathogenesis and therapy [ J].
Lancet,1900,365(9467) :1333-1346.

[ 2] Dedoussis G V,Kaliora A C,Panagiotakos D B. Genes,
diet and type 2 diabetes mellitus: a review [ J]. Rev
Diabet Stud,2007,4 (1) :13-24.



5525 B 8 W FEXEFFFRE Vol.25,No. 8
2019 4£ 4 H Chinese Journal of Experimental Traditional Medical Formulae Apr. ,2019
[ 3] Yach D, Stuckler D, and Brownell K D. Epidemiologic [ Fr2h 4=k ,2014 ,39(3) :526-530.

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

and economic consequences of the global epidemics of
obesity and diabetes [ J ]. Nat Med, 2006, 12 (1)
62-66.

KRR AR [ M. L 1 BB R
fi 4t ,2000:125.

ZbEoR  ARELT, M, AE. O H B 5 6T ik A Il B
ERR LI [T]. hEHT 25 5 Ik R 4% 35,2008 ,27
(7) :495-499.

B K2 0 By 2s . A N R LRI T A= &8 24 b o -
HEEIRZG M LML 5 & R 5% o8 BB £ TLAE R
11,1999 :162.

Nicholson J K, Lindon J C, Holmes E. Metabonomics’:
understanding the metabolic responses of living systems
to pathophysiological stimuli via multivariate statistical
analysis of biological NMR spectroscopic data [ J].
Xenobiotica,1999,29(11) :1181-1189.

Kim H K, Choi Y H, R. NMR-based
metabolomic analysis of plants[ J]. Nat Protoc,2010,5
(3) :536-549.

Lanza I R, ZHANG S, Ward L E, et al. Quantitative
metabolomics by 1H-NMR and LC-MS/MS confirms
altered metabolic pathways in diabetes[J]. PLoS One,
2010,5(5) :10538.

Wishart D S. Quantitative metabolomics using NMR[J].
Trends Anal Chem,2008,27(3) :228-237.

Patterson J, Focant J F. Comprehensive two-dimensional

Verpoorte

gas chromatography time-of-flight mass [ J]. J High
Resolut Chromatogr,2003,23(3) :208-214.

YIL Z,HE J, LIANG Y Z, et al. Plasma fatty acid
metabolic profiling and biomarkers of type 2 diabetes
mellitus based on GC/MS and PLS-LDA [ J]. FEBS
Lett,2006,580(30) :6837-6845.

Fiehn O. Erratum: metabolite profiling for plant
functional genomics[ J]. Nat Biotechnol,2000,18 (11) .
1157-1161.

Lindon J C, John C, Holmes E, et al. Contemporary
issues in toxicology the role of metabonomics in
toxicology and its evaluation by the COMET project[ J].
Toxicol Appl Pharmacol,2003,187(3) :137-146.
VREIE, 17 %5 AU L2 RO E kR (1], (3,
2003,21(4) :316-320.
Stringer K A, Mckay R I, Karnovsky A, et al.
Metabolomics and its application to acute lung diseases
[J]. Front Immunol,2016,7(4) :44.

Matthiesen
research[ J]. Methods Mol Biol,2010,646(3) :67-76.
Ef wTR,BFE2%, % 5T GC-MS QB4 =ik 0
FEE R IR T BB R R e A LR [T].

R. Bioinformatics methods in clinical

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

B R, T ER SR, S5 TLBR TR 9T OR BUBE PR
9o AE AL 6 19 100 5 AR 2 = BE R [T ). 2 Hr b 2,
2015,43(2) :169-175.

Widi, 5T T, A, 5 T AR 2 b 4 IR
B s 2 BB e O BRI AR I8 25 L A £ AL A
[J]. v [ S0 7 7 24 2% 75,2018 ,24(20) :102-107.
Wishart D S. Metabolomics; the principles and potential
applications to transplantation [ J ]. Am J Transplant,
2010,5(12) :2814-2820.

James E L, Parkinson E K. Serum metabolomics in
animal models and human disease [ J]. Curr Opin Clin
Nutr Metab Care,2015,18(5) :478-483.

Wi, 7 T, QU , 5 T AR 2 o b < IR
B e 2 OB DR O R BN QI 3L B0 4R AT BIL )
[J]. v S0 7 7 24 2% 75,2018 ,24(20) :102-107.
WL XIOR, A E % BT GC-MS US4 % 4>
T R0 o 5 B R R B AR (D] T S 8 R
#4i,2017,23(16) :101-107.

/NTT XL, R, 45 A 10 75 0 AL B RO B
R SRR LT AR A 2 P ST [ ] vl [ S 36 T ) 2
#:,2015,21(23) .87-91.

XING F. Lysophosphatidylcholine up-regulates human
endothelial nitric oxide synthase gene transactivity by c-
Jun N-terminal kinase signalling pathway[ J]. J Cell Mol
Med,2010,13(6) :1136-11438.

Murugesan G, Sandhya Rani M R, Gerber C E, et al.
Lysophosphatidylcholine regulates human microvascular
endothelial cell expression of chemokines[ J].J Mol Cell
Cardiol ,2003,35(11) :1375-1384.

WANG L, LIU J, MO Y Y, et al
Lysophosphatidylcholine-induced

surface redistribution

regulates signaling of the murine G protein-coupled
receptor G2A [ J]. Mol Biol Cell, 2005, 16 (5):
2234-2247.

Yea K,Kim J, Yoon J H, et al. Lysophosphatidylcholine
activates adipocyte glucose uptake and lowers blood
glucose levels in murine models of diabetes[J]. ] Biol
Chem,2009,284(49) :33833-33840.

Barber M N, Risis S, YANG C, et al.
lysophosphatidylcholine levels are reduced in obesity and
type 2 diabetes[ J]. PLoS One,2012,7(7) : 41456.
ErpAe BT AR Y 2 BURE RO R IR S5 TS g W)
BRI EYOEGE (D], 6 5. d 50 FER 22
e ,2015.

RIFEE W o238, ZE M TE , 25 ¥ 10 9% N Pt JH 6 16 AT MU
P P WS k[ ]. v [ 24 B2 T 4R, 2014, 30
(12) :1642-1646.

Plasma

[EEHE Bikik]

. 147 -





