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Urine metabonomic study on Danzhi Jiangtang Capsule in treatment of type 2
diabetic rats based on UPLC/QTOF-MS
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Abstract: Objective To observe the metabolic profile changes caused by Danzhi Jiangtang Capsule (DJC) in treatment of type 2 diabetic
rats and to study the possible metabolism. Methods All the SD rats involved in the experiment were randomly divided into normal
control, model, and DJC groups. The rats in the model and DJC groups were fed on high-fat diet for 4 weeks after ip injection with a small
dose of streptozotocin to copy type 2 diabetic rat model. After the modeling, the rats in the DJC group were ig administered with DJC
(1.26 g/kg) for 4 weeks, and the blood glucose was monitored weekly. After the treatment, urine of rats was collected, then all the rats
were sacrificed, abdominal aortic blood was taken to detect the levels of insulin (INS) and glycated hemoglobin (GHb) in plasma. Using
UPLC/QTOF-MS with principal component analysis (PCA) to analyze the metabolic profile changes, the metabolites were identified by
databases, and metabolism pathways were analyzed. Results Blood glucose monitoring and INS, GHb testing results showed that DJC
could lower blood sugar and elevate plasma INS level. In the positive and negative ion modes, we screened seven and six variability
markers respectively. The variability markers were related to glucose metabolism, tyrosine metabolism tryptophan metabolism, and
oxidative stress-related reactions. Conclusion DJC can lower blood sugar, repair islet cells to cure the type 2 diabetes, and the possible
mechanism may relate to the regulation of energy metabolism, tyrosine metabolism, tryptophan metabolism, and oxidative stress.
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ST TR WP B I A PR RGN 2L 2
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YR PR B L AR 5 T A 3 T 2 A
FUR I WS HIE R IR RIS, 2 B8 PR K B
PRENDEPEAR I Ak, AR 2 24 1 £ B 4 3L
Bi7i6 2 BRI R ] BEA) ST kA o
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1.1 A5

FPHERERE RS (WK T2 18 g AHTE 15 g,
HPFRZ 12 g 221 12 g4 305 9 g KIEE 9 g A,
WAYIM S TE25 925 glg, FIHRZIYFIAT 24515 () &
I AME T 6.67 mg/g F1 0.44 mg/g, fit5 20131226,
FUMERRRL 0.4 g, H1 22 0P B2 24 K 2% 5 — it g = e
FIHL AL s BRI 1R (STZ, S Sigma A,
fit5 20140305); BELIM L E (GHb) Wik
& (R A RA R, f#its A056); KUK
Bz (INS) W& (R AR A, ik
5 E-30618); KELmNREL (67%IEMITE 20%
BERE. 10%#5 0 2% A0 [H R 1%AH8, YL
Rl B 25 A ) TR A R | A = g it fikS
20140503).
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Waters ACQUITY UPLC/Xevo G2 Q-TOF MS
(L [H Waters A7) ) HUBHRT AL (A [ 27 (G2 v
FA1004 AU HL 7 RF C R RIS D5 IW3021HR
RIBOHL CRBGE TSR R A R A D,

1.3 ¥

SPF R MfEPE SD KR 30 M, &JFiE (200+£20)
g, IR T ke X 52 R 22 R A R m Bt
VFA[IES SCXK (75) 2009-0001. FHEE. YK,
FERZT 12 h BCH W FR B R e 4EFR 7 20 °C
Kidis AR 40% 2540 I K BRIE N PR SR 1
JaJG, ATSERERAE . S S I R R A
LRV O R RS H I, fFE (LR

YV TR, A b B 25 K55 — M s s B 1]
B 24 B Ry rh 25 ) = S P T
2 FHE
2.1 FMNES%RH

¥ 30 FUBEME SD KR, BEALA O B B
RN PHE R AL, B4l 10 Mo BIRIZ] RN PREE
BRI BE ALK R T iRt Rl SR 4 S, 25
2K 12 h, —kPE ip 35 mg/kg STZ (0.1 mmol/L F7
BRI R, pH 4.2), S5 2 RUHE IR K BB
A, ipSTZ3d )5, VABENLILKE=16.7 mmol/L A¥5
W, OE 2 OB RS OGRS A A sk
IR, TLAGIBR. X BT R LSRR SR 4
Ji, BE R ANERIK 12 h, — IR ip SRR 0.1 mmol/L
FEREMW . SRR G, JHG% 2, FHE R
IRFELE 27K 1.26 gk, ig 4524, RFR 1K,
SRR 10 mL/kg. X A A2 K BB K ig
SGHENARK, ESL Y 4 .
2.2 I#ENET

T R R A KL () g 5K, A A A ) S
5% 2H K BRI B L IR
2.3 HEARREMMAE

25 4 G, REOREUE T IR R
SRR 1.0%3 2405 (NaNy), WA R Y ) 4%
T, FHHEOK. WK 2.0 mL B A], 12 000 r/min
20 S min, HETEW, R
2.4 [03 GHb F1 INS &0

WA PRI S, KRR ip 3.5% K & GBS BRI, BE -
BNIKHIAL 5.0 mLo FHAUTAA I 58 M2 INS
H1GHb 7K BRAEHR A S I REAT
2.5 RBRSAEIEMRIL &MY
251 AR Ak AN Waters HSS T3 (100
mmX2.1 mm, 1.7 um); WaIAHAK (A F10.1%
RO (B), BEEVEMFEP: 0~1 min, 0% B;
1~3 min, 0~15%B; 3~6min, 15%~50% B;
6~9 min, 50%~95% B; 9~10 min, 95% B; #¥
i 50 °C; MRBUAE 0.3 mL/min; HEFERE 10 ul.
252 USRI B AR (ESD, RHIE
SR EST 7, HHEE m/z
100~1 000, T HIEN 3.0kV (ESI)D. 2.5kV
(ESI), RFAERIE A 20 V, $REUERE 4.0 V,
BN 120 °C, JBEHIRN Ny, IR
9350 °C, BLEFIAARRGLE A 800 L/, HEALX
AR RN 50 L/hs
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173 Excel X1F. # Excel XIFS$ A SIMCA-P # A}
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Y57 STZ 1 JH )G, 50k B4R BRUAR E B 20 K
BUMBER] BT (P<<0.01); SRR LR, 4524
3 JE S PE g BB e AKX R MUY B BR AR (P<

0.05); 2524 4 JA J5 P [0 1 3 20 K BB s A 2
HEFE T (P<0.01). W#E 1.
3.2 % GHb #0INS MELR

ERIRZA bR, BZH KRR GHD /KPR 2T
i (P<0.01), INS /ACPEZEFFK (P<0.01), iR
RUR AR IR A h e sz, i) BTk, B,
Ure PHERERERTERTT 4 F)G, KRILK GHb /K2
FRHIL (P<0.01), INS K FTHE (P<0.05). W& 2.
33 KRRGRIGLEFE S

AT RAEM R IEFEA L ik FE )5, ] UPLC/
QTOF-MS AT 4 B A JSUas $ s (1 R4, B R4k
KH Masslynx4.1 E¥a & BEAE . FEARHIES 2 Fp
BT, SRR TRE, B2 5
BIAIE . B RN R S T . xR

F1 FHEAXRMENLEZL (X £s5,n=10)
Table 1 Random blood sugar of rats in each group (X *s, n=10)

B LI /(mmoL-L ")

] SAE=E -1
A MRk ) @ BHE LA BAE2E  RAE3E BAS 4N

o} 1 — 6.6310.46 6.58+0.87 6.520.49 6.63+£0.42 6.4940.36
A — 21.67+£7.32%  2292+647%  23.684+820"  21.13£5.07" 23.36+7.27%
Pz B bl e e 1.26 20.11+4.46 18.92+5.29 17.20+3.94 16.6640.93" 11.21+£4.34"

AR "P<0.01; SEMALLLE: "P<0.05 TP<0.01, FIH

#p <0.01 vs control group; "P<0.05 P <0.01 vs model group, same as below

£2 HBHEKXRME GHb F1INS KFE L (X L5, n=10)
Table 2 Comparison on GHb and INS levels in plasma of
rats in each group (X %5, n=10)

| FE/(gkg™) GHb/(mgL™") INS/(mU-L™)

Ko i — 4425+6.08 8.5440.11
ot — 78.50+8.88"% 7.08+0.80"
P R0 e 1.26 50.33+13.44™ 7.85+1.22"

DN NN S S PSR N SRR Stk e el
W T R TS R 2 K BAN [ o 0 AR f 1Tt
Jas BT A AR B R e S, xR AL
SEINFEAT . W IRAL L R LR P [ e A 4 47
BB B R AR 3~7 min J1A] (U T A
W Ry THIAF A e 22w, Ui 3 IR K U
PEANYIAAAE S 22 57

PR

0 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
t/min

El1 KEKBHEAEBSTFEATEBEFRE

Fig. 1 Total ion chromatogram of rat urine in positive ion mode
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Fig. 2 Total ion chromatogram of rat urine in negative ion mode
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Fig. 3 PCA score plot in positive ion mode (a) and negative mode (b)



2100 ¢ ¢ ¥ & Chinese Traditional and Herbal Drugs 3 46 % 25 14 ¥ 201547 A

MYE Gl AE R ILE G R . BN SR 4 KRB

JESs & AR B 22 e AR AT e Pl . A S W 1 A TR A5 2 W A AR B B
EEFREUN LS 7 A 2R brEY, fE PR —3F A\ Human Metabolome Database il Kegg
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1 0.4 Y
03{ P b
05995'31"1%1725@33" _3’ Danz 5 o,
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Fig. 4 PCA loading plot in positive ion mode (a) and negative ion mode (b)
#x3 EBFEATERMREMEEER
Table 3 Identification of differences markers in positive ion mode
R AR
EPAFR (=52 mlz VIP {H —
B PR R fcsedl
WL C4HoN;0, 132.0772 1.943 4 1 1T
LT C,H,N;0 114.066 6 1.899 3 1 1
W5[Ie-3- 2 1R C,H,NO, 162.055 1 45150 1 T
PN NIy C1oH,NO; 190.050 3 42950 1 T
PRI CsH4N,O;5 169.036 5 2.098 7 i 1
5-7 -6~ FF A 0| TR T 2 B T T C,sH7NOg 340.103 5 3.4923 17 VU
3| Wk R T 5 i A P CysH;sNOg 338.0879 33683 o V
VFEARTRE, 1 FBATHE, S R4 "P<0.01; SEMALE. P<005 TP<001, #4
"' decrease, "1 increase, P <0.01 vs control group; "P<0.05 P <0.01 vs model group, Table 4 is same
4 HBFEXATERMREVLEELER
Table 4 Identification of variability markers in negative ion mode
B A=k
G FR b2 mlz VIP ——
BRI PHE R R g4
IR C,H;0,S 201.022 4 575717 17 U
N-C W He-L-TR A % C1H3NO, 222.080 2 4.666 7 1 T
TR TR M Ci15H»0sS 349.113 4 47390 7 )
LR LR -2 R CeHgK,04S 254.981 1 1.2192 17 1
2-7K LR ET AR 1R C14H 50, 297.097 2 5.203 8 ﬁ# V
TR A1 1) CsHeO5S 188.985 9 4.0258 T## 1
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42 SFHMHIKTS

T 457 B R Ry T B T AR B T IR, A R 2 B
(FIEE 6 AN T IR PR S A A g R T AR . FEA
W, M SIS, SRR DT B R IR 45 O T8 1w T b
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BENG| R P FING -3 R MR AE AR N 4 T e PR TR IR
I3 5 | 76 14 v AR R AL N SBOTR AR 1R Tt A AR
AN LE AU (0 A 4 W e S, R T = A A 2 i
U, AR Sz e BB IR 4K SRR 5-F6 i -6- TR 4
L VO T B S TR R 3- M e Y R ] 50 0 T4 R 1) 2
BEETIER KB (P<0.01), R 2 B0 R K
B P TR ey DA B S A I O AS TTHE, i
SCHRAREARST o FHEREREIRIET T4 )5, sS4
KRR 558556 FH A 0| W A 26 i T PR AT 3-
W P Y ] 4 0 8 1 1) s PARAEG. (P<<0.05), & il
BRI PRI 25 5, T AHERT PR s 2 ] DAFEAIC 2
RUHE PRI R R, AL N BOIR 2

DRI S AN A (AT A4, ARG 11 e 2%
ST SRIRTEEAE 2 BURH IR B AR I,
I R TC R B R TR T v 55 HEHE L ok % = KT RN I T
SRR R A, R R AT LA S A 40
(1) 9 AL SO R, 38 mT L5 kS Py 7 40 B T i 25
Blo miPRIRIE 2 BOWE R H A K AR K 2L AL
S R ISR K UK T PRI Y T . (P<
0.01), FHig FEHE R FEIEYT o K SR IRIR (1) 5%
BRI AT B PRAR (P<<0.01). H1T 518 FR R )95 BR
JRRISE A AR %, DR 45 5 i 30 R0 e o e 2 S 50
BFST, AR [ b 1 9 T e A T 0 o3 M AR R
B 5 ZEHHUR B AR R P R R 1) o

PUR MR -2-FR R A L-PUI I PR (1) Bt R AR i

PR, L-U IR A LA S A R O R v B )
PUAEALFITT . 2 RO PR KU I e IR 4 A
FE AR = A KR R AR B, AT 2 BUBE R 1T
A KT A AN RS o WU B2 1 7= 2E 4t
AR, RIS IR K B PR A I PR -2 - TR
ThiE (P<0.01). R3¢ 25 BRI 57 35 BH P 0 B B
FREHE 1] DL DR R IR A N BCRES, BRLk
B R K A Wia 7 e, PR Uk il g -2-
TR I & N R (P<0.05).
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PR IR 5 B RRE LR, IEHARREN R,
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FE-L-Ti B4 TR A 1E 5 R S 35 FAAEG, 0 0 PR A
AR, T DD RE 2 T SO R A A 1)
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DUX T iR — & AR EH o
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LTI AR ATE . ML TR atifh 22 25,
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PR ZFLI IR A ZEL, MW, B
1RK AR AL RO S, B2 BT B Th e .

S0k

(11 JEAR, @ZR, b, 5. A AR R B
e N BR[0T E b B 26 B2, 2014,
21(4): 126-129.

[2] Fang Z H, Liu Y, Bao T T, et al. Effect of Danzhi
Jiangtang capsule on monocyte chemoattractant protein-1
mRNA expression in newly diagnosed diabetes
subclinical vascular lesions [J]. World J Gastroenterol,
2013, 19(19): 2963-2968.

(3] RANE, TROCHE, EACHL, S5 PR BB R0 B PR
KRB MR ARSI RERI S [7]. 2B
BB A 2 B 23R, 2010, 9(4): 73-75.

[4] rbr, SKERRE, Motse, 55 PR BRI Bl R
BB B, VEGF S MRSEI N [J]. WLy
KEEEAR, 2014, 38(1): 64-67.

[51 #e7, 4 R KTR, 5 KB40
N2 BB R IT 0RO WU K BAEFIALED (0], 2
Frk 2%, 2013, 41(3): 371-376.

[6] ARFCHE, ETM, EASHL, & PHEFHR RN S5
B PRI R BB I (0], h B SEBT5 )27 2%, 2013,
19(17): 288-290.

[71 YuZR, Ning Y, Yu H, et al. A HPLC-Q-TOF-MS-based
urinary metabolomic approach to identification of
potential biomarkers of metabolic syndrome [J]. J
Huazhong Univ Sci Technol: Med Sci, 2014, 34(2):
276-283.

(8] XUXUME, ZFHEMK, eI, 55 FHEEOHXT 2 B9p K
Joi BRSO B AR AR 2L 2 5T (9], o T 2 B Al
R, 2012, 28(4): 490-495.

(91 #Jerh, £ 8B, A, & RBEFERRACUY A IL
TERE SR PR IR AR I R N (0], s 4t
222005, 3(5): 462-463.

[10] ¥ &, POSe9E, Kk, A5, W NEZOW S ARtk
TR (], SIERR A ED)BEUE, 2000, 22(1): 38-41.

(11] SEEEHR, FTHIES, RRPHRE, 4. B o (- il



L)

Chinese Traditional and Herbal Drugs

Fa6HE F 143 20158E7 H

© 2103 -

[12]

[14]

WA T o= A 2 A K LR Y IOARE 4 (0],
2, 2014, 45(13): 1883-1888.

PR, BIRAE, £, A T RUKSRIUIR R
PR T /) B AR TR Al b G AR Sk PR R B 9 70 1D 52 )
[7]. "hZ24, 2010, 41(3): 418-423.

EOE, BTR, LB, S AT UM - BT I
FACH2H 22 H T30 BT 11 BU8E PR (M HL B R 2R
[J]. i, 2012, 30(1): 8-13.

Wang T J, Larson M G, Vasan R S, et al. Metabolite
profiles and the risk of developing diabetes [J]. Nat Med,
2011, 17(4): 448-453.

Catalano K J, Maddux B A, Szary J, er al. Insulin

[16]

[17]

[18]

resistance induced by hyperinsulinemia coincides with a
persistent alteration at the insulin receptor tyrosine kinase
domain [J]. PLoS One, 2014, 9(9): 1-11.

WRF5 SR, BN, ki, &8 T 5 I E s R A AT
HIwETCEERE [7]. P52, 2014, 45(7): 1031-1036.
FEVERE, JH W MR R AR HL ) 2 L5 0 11
AR (0] of I I R 25 B 22 2 3, 2000, 16(4):
305-308.

Zhang T T, Jiang J G. Active ingredients of traditional
Chinese medicine in the treatment of diabetes and
diabetic complications [J]. Expert Opin Investig Drugs,
2012, 21(11): 1625-1642.





