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[ Abstract] Objective To explore the intrinsic biomaterial basis of the TCM syndrome of type 2 diabetes in adult
SD rats through differential metabolic markers and metabolic pathways using urine untargeted metabolomics. Methods SD
rats were randomly divided into normal and T2DM groups with deficiency of both qi and yin. The T2DM group with
deficiency of both qi and yin was established by feeding a high fat and sugar diet combined with intraperitoneal injection of a
small dose of streptozotocin (35 mg/kg) and intragastric administration of Qingpi Fuzi powder granules. Untargeted
metabonomic analysis of urine was performed by liquid chromatography-tandem mass spectrometry. Potential biomarkers and
pathway enrichment were identified by principal component analysis, partial least squares discriminant analysis, KEGG

database, HMDB database, LIPIDMaps database, and MS/MS tandem ion fragment information. Results Metabolite
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changes related to diabetes were found to involve nine carbohydrate, twelve lipid, nine amino acid, and two energy

metabolic pathways. Conclusions There are carbohydrate, lipid, amino acid, and bioenergy metabolism disorders in the

biological model of qi yin deficiency in diabetes. Metabonomics are helpful to reveal the material basis of TCM syndromes.
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Fohegle b
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Groups Body mass(g) Jume( mL) consumption
volume (m (mL)
Yy
E% 4 274.30 £ 13.63 19.80 + 7.05  20.10 + 2.02
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BRI

230.00 £ 11.19755.70 + 14.16™ 44.00 + 7. 87"
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He AR L, P < 0.05, " P < 0.01, (TF#I[)
Note. Compared with the normal group, * P < 0.05, ™ P < 0.01. (The
same in the following figure )
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Figure 1 Pathological results of rat pancreas
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Table 3 Potential biomarkers screened and their changing trends
e R4 5 3 A AL .
RT s Lt SR
Serial Name of Molecular P-value (min) > "y Up and KEGC. pathws
No metabolite formula i ? down —pafiway
TR I35 T F R AE WA L
C, HyO
! Aldosterone R 0-000079.600 6343 405.1904 Down Steroid hormone biosynthesis
: R AR A
o i JRHEF ﬁ]"ﬂ*ﬁﬁﬁ!&fﬁ ¥efy
2 . CsH,,04 0.000 198 187 1.342 151. 0619 Mutual conversion of pentose
Ribitol Down L
and glucuronic acid
3 5!5%!]@44 . CpHi504 0.000 333 475  6.308  209.1191 Lk . a—iklﬁ(@zzﬁ‘ﬁf .
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ASAMERA 1 5 it e e A 72
4 b %%ﬁmﬁ 1.5-Pi CeH y06 0. 000 667 167 1. 660 177.0412 LA PRI AR
Gluconolactone Up Pentose phosphate pathway
AR PR AT S K ey o
5 D- ISk G- i CeHy3 0P 0. 000 955 903 1.512  259.0228 L BB TSR .
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6 Hﬂ‘ﬂ? CgH;, 04 0. 001 445 447 1.311 179. 0568 L . LA L .
Inositol Up Galactose metabolism
‘ i T2 4 3
7 Mﬁ CioH;N,Os  0.001 888372 1.406  267.0726 LA . el .
Inosine Up Purine metabolism
L-itr i -1, 4- NS . i B M R AR AR LA
’ CeH,,0
8 L-gulono-1,4-lactone 67106 0002 055 568 1402 177.0413 Up Metabolism of ascorbic acid and aldolate
D B AR T PR LB R R A Xt
CeH,,0
0 D-saccharic acid 60T 0- 006 986 805 1.273 209.0312 Down Metabolism of ascorbic acid and aldolate
Ny N LT 1 1 4 T A 3
10 D_Hiﬁ%m CsHgNO, 0.009 317 282  4.925 114. 0564 i . %%W&*ﬂﬂﬁi%&&{tlﬂf .
D-proline Down Arginine and proline metabolism
e TR R AL WA
CgH,,0
1 Estradiol 18772472 0010 306 915 6.226 2711708 Down Steroid hormone biosynthesis
PhRH . EiH L divli]
CoH,N,0
12 Pseudouridine othizlN20s - 0. 011 363 471 1399 243.0628 Up Pyrimidine metabolism
D- ¥ 6-Bi [y TE R R
CeH;0,P ’
13 D-fructose 6-phosphate 6T 0000 003 810 1496 261.0378 Up Starch and sucrose metabolism
2SR i R AR
14 N-Zf Jﬂg& C,;H,N,O05  0.000 004 400  1.397 175. 1083 L ﬁﬂﬂﬁi% » bk.
N-acetylornithine Up Arginine biosynthesis
bR R FUR
CeH,,O
15 Duleitol 6raTe 0- 000 006 380 1302 183. 0870 Up Galactose metabolism
N =T e 25 A A1
16 LARSE CoHpN,05  0.000010600  5.082  209.0930 | 0  BEmRE
L-kynurenine Down Tryptophan metabolism
YA N & fie - 3 S i A i A1
17 VR CsH,NO,  0.000011300 1335 132.0660 9 R RIRARALH
Hydroxyproline Up Arginine and proline metabolism
No- =12 LR AR TR B
CoH,,N,0 . . .
18 Ny, N , Ng-trimethyl-L-lysine ot20N202 - 0.000 012 900 1.253 189. 1605 Up Lysine degradation
i o K A He
19 B CyHy0;  0.000016 000  8.560  331.2276 P el
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) N D 2
20 BB CoHeN,0S 0.000059600 1.344 2651124 09 il
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TR i IR PR R IR P A A
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i T R B R AR
C,, H5,0
2 Cortisol 20T 0-000 192 462 6.152 363.2176 Down Steroid hormone biosynthesis
By /AN EiH ARG TR ) R 5 1
Cp,H;,0
2 Docosahexaenoic acid noRT 0-000296 598 6629 329.2484 Up Biosynthesis of unsaturated fatty acids
A i 3 Szl A5 TS T L5 i A
24 LA C;H, NOLS  0.000331098  1.401  150.0554 % PRCRR AR AR
Methionine Up Cysteine and methionine metabolism
N-L-Z1& 2 - i £H AR
C,H;;N;0
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Figure 3 PCA analysis of positive and negative ion patterns in rat urine
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Figure 4 PLS-DA analysis of positive and negative ion modes in rat urine
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Figure 5 KEGG enrichment results of positive and negative ion metabolic pathway in rat urine
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