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[ Abstract]  Objective To study the serum metabonomic changes in abnormal Savda rat model of type 2 diabetes
mellitus (T2DM). Methods Sprague Dawley (SD) rats were subjected to abnormal Savda-producing conditions followed
by induction of T2DM. Plasma samples were collected from each test group and analyzed by 'H nuclear magnetic resonance
(NMR) spectroscopy. The spectral profiles were analyzed by multivariate analysis using orthogonal projection to latent

structurs discriminant analysis (OPLS-DA). Results The content of glucose and lactic acid in plasma of the rats with
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abnormal Savda syndrome was decreased, while the contents of VLDL, LDL and carnitine increased obviously. For

abnormal Savda rat model with T2DM, the concentration of amino acids (alanine, valine, isoleucine, leucine, tyrosine,

glutamic acid, phenylalanine, methyl-histidine, glycine ), and lactic acid, pyruvic acid, glycoprotein, citric acid,

creatinine,, 3-hydroxybutyric acid, acetoacetic acid, acetic acid, acetate, creatine, carnitine, scyllo-inositol, VLDL, LDL

were decreased, and glucose and taurine concentrations were increased significantly. Conclusions

Protein metabolism

phenylalanine and tyrosine metabolic pathway, glycolytic pathway and the lipid metabolic pathway may be considered as

biomarkers of abnormal Savda rat model of T2DM.
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Tab.1 Observation on the state of abnormal Savda syndrome in the rat models

pUR ~Si 7N ALY
Observations Quantitative assignment
BRREBR 1 =652 = R A DGEE ;3 = TOGEE T HUKIE 4 = IR, JOLEE, bk
Skin and hair 1 =glossy; 2 =dull, with a certain luster; 3 =lackluster, cold; 4 =dull and dry
WREHE 1= T 2002 = I BE ;3 = D RHRBE 4 = RS i
Tongue 1 = smooth and rosy; 2 = a few speckle; 3 =a few ecchymosis; 4 = large number ecchymosis
AR 25 1= 1E% 52 = 5163 = fe g I
Sleep 1 =normal ; 2 = easily frightened; 3 = lethargy
oy L= U8 BRIIR 2 = OB 21153 = OB, T4 = OB, 145, A5k
FERE . DT . S . .
1 =forming, sticky like; 2 = forming, semi drying; 3 = forming, drying;
Feces o s .
4 =forming, dry, difficult to discharge
- 1= HIEH R 0,2 = BIEW 00,3 = 50 B0, A RK 4 = HEZRIER M
PR P B

Urine volume

PARARES
Drinking
REARES
Diet
AR
Behavior
MR
Excitability
1 44 IV
Emotion
(UNER:

Weight gain

1 = normal volume, light yellow; 2 =normal volume, yellow; 3 =small volume, yellow and smelly;
4 = white flocculent turbidity

1 =1E% ;2 = HAHSK3 =2
1 =normal ; 2 = fight for water; 3 =less water
1= 1E% ;2 = BAHGHT;3 =/
1 =normal; 2 = scramble each other; 3 =less food
1 =163k ;2 = 450 3h
1 =lively; 2 = curl up and move less
1= X RIEEUR 2 = ROVaR
1 = sensitive to stimuli; 2 =lags in response
L =152 = B3 = B 4 = 5 2%, Bk ko
1 =best; 2 = good; 3 =fidget; 4 =irritable and aggressive
0=25<;1=15~25;2=10~15;3=5~10;4=5<;5=0>
0=25<;1=15~25;2=10~15;3=5~10;4=5<;5=0>

1.3.4

M3 FEA A H-NMR 52,
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ARSI . T Inova600 I AZ g H: 4% 8 15 1 7
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A5 5 M 1E (orthogonal signal correction, OSC) , $2
i TANTE R {5 BE . OPLS-DA 43 )51k R°X
5 Q7 SO i a R A HER M, b @° R
GETHAUR I B, A TE P2H v 22 S MR
JH OPLS-DA 73 #r b 4K 15 /Y 7% &t & 2 M S 4L
(variable importance in the projection, VIP) {EL#fi i€ .
VIP > 1 BRI R AL B 22 ey
A, AR & A2 AR 5 15 R F OPLS-DA 73
Br v 59 28 & A 56 & %X ( correlation coefficient, r) H|
W, AHFE I EE #E1T OPLS-DA 43 #fr Z A i ik
200 YHYHES S UE I B 0 PLS A7 A7 AP B 46 IE
LA ] i HAT 350

2 R

X} PLS RIS MBI UEZE SR AN 1 Fs , Bk S
USen P ATVINGE S Ivoaw TR0 g Rt R R DO NI OO
ZH | S S H B IEZH FN T2DM S B 5 UE 40 H-




FE R EAR 245 2017 428 A5 27 H55 8 1 Chin J Comp Med, August 2017,Vol. 27. No. 8 19

NMR &S T 2 T0 B R s |3 42 B4 B 2 i
25, TEILIE 2, /Wi S 4000 502 R°X =
0.27 5 (* =0.47 R°X =0.56 5 (Q* =0.90 Fl R°X =
0.57 5 Q% =0.92, 5 BATTUEZH K B I 3% rh
EPFEAFLRR & 5 T BE Y [R1AS VLDL  LDL 1R B Y 5
S I T2DM S8 SR BT UE 2 i 3 v 2 A e ik
TR (NAIR Srre ZIR SE IR s AR AR AR
g RN AR A R T2 R) UL LR | TS
iR WEEE A AR IR I B-F TR . LB LR | &
12 JUUR2 A & LB VLDL  LDL ()& f ERIAR T
AR AR O I B0 PR 2,

1.0

R2=(0.0,0.306), 0*= (0.0, — 0.319) R
. -
. i i : 1 - Q.;
s & -
0.5 - ! _:I_:r i ~ -~
| I i i e ~
i L
u ™
0.0 2 _—m
oo
— L I N
L L

00 01 02 03 04 05 06 07 08 09 10
B1 HA RIS

Fig.1 Results of permutation test
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Note. () : Healthy rat; ( A ) Abnormal Savda model ; ( € )T2DM with abnormal Savda model.
Fig.2 OPLS-DA score plot generated from' H-NMR
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EEBEAEWA B Protein biosynthesis

FHERAEERY Phenylalanine and tyrosine metabolism

PEBEA Glycolysis

BEBE# Gluconeogenesis

ILEBYE S I 4 M1 R Catecholamine biosynthesis

HBER . mERNRFERMEMRE Valine,leucine and isoleucine degradation
P HEFRRARH Nucleotide metabolism

AU Histidine metabolism

M ARERIARS Starch and sucrose metabolism

R EARH Propanoate metabolism

SBEAH 3 [ f# Fructose and mannose degradation

44 AR Retinol metabolism

A 55 Galactose metabolism

HER,, LZBMHE R Glycine serine and threonine metabolism
REBRAHERICH Arginnine and proline metabolism

BSR4 Tyrosine metabolism

PIE
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Fig.3 Enrichment analysis of metabolic pathways of abnormal Savda rat model with T2DM
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Tab.2 Correlation coefficient and VIP values of the differentiatial metabolites

N T B g 1E# /55 T2DM SRR/ S T2DM
i Normal/Savda Normal/ Savda/
Metabolites T2DM with Savda T2DM with Savda
r vIP r vIP r vIP

1 SRR Tsoleucine -0.96 1.51 —0.94 1.48
2 FL R Leucine -0.92 1.46 -0.9 1.43
3 TR Valine -0.95 1.49 -0.89 1.49
4 #LIR Lactic acid -0.75 1.88 -0.81 1.21 -0.9 1.5
5 NZ 2 Alanine -0.83 1.34 -0.9 1.48
6 BEEEH Glycoprotein -0.98 1.36 -0.97 1.34
7 B E R Glutamic acid -0.99 1.5 -0.94 1.33
8 JLER Creatine -0.75 1.49 -0.96 1.37
9 HLBR T Creatinine -0.8 1.27 -0.87 1.33
10 FrBERR Citric acid -0.81 1.35 -0.72 1. 14
11 JILEE Tnositol
12 B Scyllo-inositol -0.76 1.36
13 AHB choline
14 HER Glycine -0.84 1.32 -0.82 1.38
15 fi% 2R Tyrosine -0.9%4 1. 46 -0.79 1. 47
16 KT Z R Phenylalanine -0.83 1.46 -0.93 1.49
17 B - 2 T2 B-hydroxybutyrate -0.91 1. 44 -0.84 1.28
18 LR Acetoacetic acid -0.92 1.24 -0.96 1.35
19 P 3L2H iR Methyl histidine -0.79 1.2 -0.73 1. 06
20 o — T B a-glucose -0.7 1.81 0.95 1.52 0.94 1.51
21 B - Hi% B B-glucose -0.75 1.34 0.91 1. 48 0.98 1. 06
22 WA B I8 2 1 VLDL 0.74 2.47 -0.85 1.28 -0.92 1.23
23 %% E I8 H LDL 0.75 2.02 -0.74 1.28 -0.96 1.26
24 LR Acetic acid -0.97 1.46 -0.92 1.41
25 NEAAR Pyruvate -0.96 1.44 -0.95 1.45
26 AR Taurine 0.96 1.4 0.97 1.26
27 A5 Carnitine 0.72 1.12 0. 88 1.42 -0.96 1.28
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