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181t 2H 2% ( metabonomics/metabolomics ) #Jf 57 7]
I WSS AE IR b BT AT T AR Y R 25 B R B
ZET N R AR 5 R Y 2 W 4 N 1 AR 3 A b AR 4k
T A S SR R BRAR 3 M 5 32 2
%15 2% ( nuclear magnetic resonance, NMR) | 55 %1
WAH £8, 3% (‘high performance liquid chromatography,
HPLC) Fl1 i {i% ( mass spectroscopy , MS) LA K AL A [
Bl R AR HUBE (1 3153 R AL, 7 b 25 01 50 S0
ST 2 A | 24 ) w1 O AN A AL A F
FE2 7 IR Hh B 2 Wt A T R A S 8 1A
WU, AT 27 S B 1) 2 1 0 I (b2 4 5 A v
255 ) W LR MU AILAA Bl 77 A= 00 B A RO, 33X TR 7 8
EEREAMIZ AL, K, A A W] TR
SE 2R R R 2SO AN AL O TG & A5 E

JH ( Radix Gentianae ) & — %5 & FH ) 24,
Bt Ry e BB B FE W 45 W e B ( Gentiana manshurica
Kitag. ) . JBHH(G. scabra Bge. ) .= WHB(G. triflo-
ra Pall. ) B HH(G. rigescens Franch. ) fiHE S AR
25,04 B v R I, bR, METE, RE I #A
PRI TGP, AR SR 2555 J IH 35 1 (gentiopicro-
side) 2 2% . JEJHH ( gentianine ) £ 0. 05% % Jp JHAE
(gentianose) £ 4% , g I PR T I6I7 BF R, )
Ji A e RS I Ak A B 7 ARSI 2
PR, JENBAA (a8 PR B R O R
SEVEFRS T ER, [ A A I R D I A 3 4 2
FENR AR5 PRGBS 450 o ABF 780 AR
2H 2 W %8RB T AR JB IH 7K A 57 ( Radix Gentianae
decoction, RGD) Ji5 PRI 385 19 2k 28, Sy 2R3 e IH
A2y AR LTSRS

1 #R5FE

1.1z ks Fn{es

Wistar K, @, A H 240 ~260 g, b at 4kl
AL S50 B W) B R A BRA R, sh Y A A% LS -
SCXK (5%)2007-2010, K5 Al 8 & 0K, 1 37 %
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JERR 12 h, BRI 12 h, Z R 25 ~27°C, M XHE
35% ~75% , 25 IR B At st [ SR R
H] 458 6030075, 22 % 5E 4 Gentiana scabra Bge.
e JIEL R R A S T B ) e 2 g A o
ks E B, L5 4 W) S 110785-200203 A1 110770-
200611 5 ELER X A5 A 52 95 % A i, 28 HPLC-
DAD 5 —fh i 46 I 46 B2 7 98% LA b (A5 <y
260 nm) , #/K(D,0) My B ILHU Rt EAL TR ST BR
SAEA T 3-( =P AR HL) IR BN-2, 2, 3, 3-D
(4)(2,2,3,3-D(4)-3-( trimethylsilyl ) propionic acid
sodium salt, TSP ) Wy B fil & K Bk 72 /> 7], Varian
UNITYINOVA 600 %18 {8 37 i A8 # NMR {04 4
[ Varian A F], SN-682 BUGIHL LK) v SHLEIA
SRR B b E R A BE R AT . AP
3000 = T DU AR A I8 AH -5 3 - i 056 A 9 AR (BC A
Turbo Tonspray 27 M Analyst 1. 1 $HEb ¥ R 50)
g 8 3¢ [ W A RS20 7, Agilent 1100 P4 T
BB R A Sk R W A 36 B L2 PER RO PR 2
Ao
1.2 RGD HHIERUFERTEE

Z: IR L eb 25 7K JIOR) ) 7 125, BB I 245 6
1 kg, LS L Z&0R/K A S 3 U, B 1 b, 38Rt , &
FRAREUR , 20 W45 2 0.5 L, 153 RGD, £ 254
AT 2 kgL 0 PRI (liquid chroma-
tography/tandem mass spectrometry, LC/MS/MS ) #
m .t 33 £ ) W K ] ( multi-reaction  monitor,
MRM) i 44t 75 2XxF RGD o 3 B 32 2 it 73 e JIH
T A AR AT R
1.3 ZYHE LHMFEMRE

10 HURE, BEHLP-23 70 hoxt BREH (g AR 4R K )
F1RGD £ (ig RGD 40 g-kg™' - d™', F R 1 &k, %L
9d ). TEMZZHET3 d JFAG % 3 d & — AR
RO & ROk E. 7E d S, AT i 4
8:00 a.m. ~4:00 p.m. 8 h JRI&K, —-20C % fF. %4
2 E d 2, 28 AERK 10 h, A HORBLEVK S min
(PEN s ), 47k R BRI , S50AE 6 9 40 5, SR |
JALDE B IE R N SR AR AR, R R R L
(MRS i (g) x 1000/ 3 YA HE (g) ) o R x 5
Fn , WAL S EOH SAS B ¢ I g T et
Bro
1.4 [M3 cAMP F1 ¢cGMP & =ilE

He R SRR A i Ak IR R BB, A ABE TR B BT BE
3000 x g &L 15 min, Y HE LK, 07 FH S B9 70 B

D7 A L R cAMP B cGMP [y 5 . i SAS
A o KA TR R AR R
1.5 FRiEEEMIALIE

PRUBHFE LT 4°C,3000 x g B0 10 min, B E K
WA 1 1B RR R 2% vl (Na, HPO, 0.4 mol - L',
NaH,PO, 0.4 mol-L™", pH 7.4) ,#' 10 min, Ff
F4°C ,13 000 x g B> 10 min, B VE W A TSP
(1 mmol-L™") , f] Varian UNITYINOVA 600 % &
fHET s 4 NMR (G 7 3
1.6 NMR ¥#ER&EM7HT

TR 7 A2 4 NMR A 8 ] NOE AH 56
2D-NMR % ( nuclear overhauser effect spectroscopy,
NOESY) fik /741 , % FH Ui A 7y Xl K g, ¢t i
IFE N 2 s A IE 0. 15 s, 3% 58 7000 Hz, SRAE £
Hrod k, Z U 128 U, MR AT O A Z R
LKA B B AR 28 (free induction decay,
FID) {5 5 £ ik 32 k fd 57 M8 4 4% 2 NOESY, L)
TSP b # (i 7 2 2% We i 08, Eh O ppme 3 11
Varian NMR 1 ] % {4 ( Varian’s NMR application
software package, VNMR) H i #2565 [ 'H ] NMR i
PR INE, AL 9.5 ppm 3] 0.5 ppm, & B Ay 0. 04
ppm, K IRIETE S TAERIfLFS 4.5 ~6.2 ppm
ZBRIAT R BOFR . B EEIN— b2 )5, D
SO B, Excel SCPFIEAE, T 3 1043 (principal
components, PC) 434,
1.7 EWZHH

WP E AT RO AR EE 45 55, F Unscramb-
ler 9.6 (CAMO, USA) 34T PC 4345 SRk
PC AR Y PC X PR SRR BCHEA T A QB S0

2 #R

2.1 RGD HEZEHLZFEHFNE

i LC/MS/MS £ I J7 35 % RGD o g I 5
T A H A DA 3 A R T T S
M7E o LC/MS/MS Kl 75 %65 2005 iz 24 i (—FK)
RO IR g iE S HPLC g 5 vk b4 T Tk
HE B 5 HMEIN g Ok B A I a8 4 = T OB R
RS S5 R8I P AR A L B, BRI A O i AN A AT DA HERA
I e IR 0, 1T L A A A 2 S 4 R
TR B TR b, e S5 R R,
RGD H g IR 8 2 S0 1 FH B 1 1 % 4t 43l
F512.52 g-L7",7.30 F18.84 mg-L~",
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2.2 KR OMRRGD E5h 4 M E EBR. BERIK
KEMEL

2525 d 0 ~2,2 2K RAMIICH i 25 5 ;d 3 RGD
23 HARRH BURAR IR 4 U8, TTAE, Hofth 21 W8 G B
W d 5 RGD 2 238 KB BLE TS , B A R0 1
2%, BNEMT AEPHZEE G40, 188 = 01, AR 32
PHHEAE B (2 2 F X IR AL, BTN TE 5 d 8 IETE 2 M
A R ITCH RIETE . K EUARTE S5 0 Rl T I 2
1, 2GS d 3 TFE RGD 2R A BH S84 F X HE 4,
RE B EMYOK RO B (F1,%£2),
2.3 XRORR RGD FRESEEMTH

SREGEE ARG d 2, SOHE AR SE R R, IR DE A
JUE B IUE BB N RN O SR AR, IR TR R AR 4
$0,RGD 4 5% FEAH HL AR TE I AR (K 3) 6
2.4 KFROAR RGD 5% cAMP #1 ¢cGMP & &
K

7% 4 o] WL, RGD 2 5% BR4H He A%, 3% cAMP

Tab 1.
decoction (RGD)

Fl cGMP Z it Jo cAMP/cGMP [ TCH] 254k .
2.5 ['H]INMR Eit R #3185 54

RGD £ A%t 41K BRI A9 SRS [ "H ] NMR i
WE 1 FR, 10 HAR ] HINMR 3% f 3% i L4
() PC A3 M4 R UL 2 Al 3. & 2 AT 0L, RGD 41
5550t FE 4 1] JC A .38 X RN EE &, RGD 41 4 R 43 #i 7
HJ7, Wk R A AE AL T, HAE PC2 Jy ) B2 B
—EFEREMSr . X[ TH]NMR 3§28 (b8 5% i fe K
12 4~ PC 1) 5T #ik #5371 o 80% (PCL) il 8%
(PC2) . 45H1E 3 Xf PC1 F PC2 #E—25 43 BT 2 B,
L5t FRALAH B, RGD 21 K Uk Tk Hh 4 285 1 N 2 I 1R
(3.94 ~3.46 ppm) . 2-B 3 % —Fa (3. 02,2. 46
ppm) FFERIR (2. 54,2. 66 ppm ) FIIE IR £ (2. 42
ppm ) FE UG AE X B 2 TR B G I 2R B R (3. 42,
3.30 ppm) EH = (3. 26 ppm) JILERAT (4. 06,
3.06 ppm) Fl -+ ZLEFREE IS 5F (1. 54,1. 30 ppm) [
TG AR X R TR B B R R

Changes of body weight and temperature of rats after oral administration of Radix Gentianae

Body weight/g

Body temperature/°C

Group

do d3 do6 do9 do d3 d6 do9
Control 194.4£5.1 203.3+11.9 207.8+12.1 212.3+10.9 37.1+0.7 37.2+0.8 37.1+0.4 37.2+0.5
RGD 195.9+6.7 209.7+7.2 217.6+12.2 227.0+10.5 37.5+0.3 36.0+0.5" 35.9+0.5™ 36.5+0.4"

The rats of RGD group were ig RGD 40 g-kg™'+d ™" for 9 d. The control group was ig normal saline. The body weight and temperature

were measured on d 0, 3, 6 and 9, respectively, after RGD administration. x £s, n=5. "P <0.05, ™ P <0.01, compared with

control group.

Tab 2. Changes of diet and water intake of rats after oral administration of RGD
Diet intake/g Water intake/ml.
Group
d2-0 d1-3 d4-6 d7-9 d2-0 d1-3 d4-6 d7-9
Control 18.1+1.7 17.9 1.3 17.5+1.6 18.2+1.2 37.9+£10.0 31.8+6.7 34.8+3.0 37.3x4.6
RGD 18.2 1.5 16.6 £2.9 17.8 £3.3 18.4+3.9 37.9+£10.2 38.2+9.0 46.3+7.2 40.9+9.9

See Tab 1 for rat treatments. The data were the means of diet or water intake during the indicated 3 d. d-2: d 3 before RGD adminis-

tration. x +s, n=5. No statistical significance between RGD and control groups.

Tab 3. Changes of organ indexes of rats after oral administration of RGD
Organ index
Group
Thymus Spleen Liver Kidneys Adrenals Ovaries
Control 1.94 +0.35 2.56 +£0.47 36.48 £4.36 8.36 £0.47 0.49 +0.05 0.77 £0.07
RGD 1.95 +3.66 2.68 +0.39 40.15 +5.86 8.78 £0.49 0.47 £0.05 0.71 £0. 14

See Tab 1 for rat treatments. Organ index = organ weight (g) x 1000/body weight (g). x s, n =5. No statistical significance

between RGD and control groups.
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Fig 1. 600 MHz [ '"H]NMR spectra from rat urine of RGD and control groups. See Tab 1 for rat treatments.

The rat urine was collected on d 5 after RGD administration.

Tab 4. Changes of cAMP and cGMP levels in rat
plasma after oral administration of RGD
Group  ¢cAMP/pmol-L ™" ¢GMP/pmol-L.""  cAMP: cGMP
Control 79.7 £18.5 1.90 £0. 15 41.6 +6.4
RGD 61.4+3.7 1.76 £0. 15 35.1+3.8

See Tab 1 for rat treatments. x s, n=5. No statistical signifi-

cance between RGD and control groups.
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Fig 2. Scores scattering plot for urinary spectra
of rats in RGD and control groups following princi-
pal component ( PC) analysis.
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Fig 3. Loadings plot of PC analysis ( PC1 vs
PC2) for metabolites.
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T A N A FR B A 2D, AR 9T I R B HE B R e
A7 X AT RS O I fil 5 VR A G, JFIE BB
IE VB R RO B O OB E R RN K
AR 257 e I I AR X R s B™ B A M 46140 -
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B 7= ) 25 8 (A4 I 7 B AT aed 2 32 20 100 ol FrAfE
B AR 2 B o KRR [ HNMR 3% b 3 45 b
FRR A R IR DI 1 A5 5 S 35 19, #E0 o] BE 2 i
FHLATREFER (00558 32 0 B 4R IBUR AN 2 JF
TR o AR ER R T R Eh ) B B S oy, Ja
Z 5 1M TEAC RE , A0 UL A IS 5 At A
2 B 5 B R e IS A = 0 Ik D R R SR R
AR A L U S e AR, R
D R i B N 25 5 b PN I A FL 1 % I e R PR A
T WURR I ZE AR PR 2 A Re AL RE AU VE T, E AT T
DFRERE AR I . _EARE A 5 KRS S
AEAF o 5 as A R R PR I i R0 I I o4 Ao 32
RHL 425 258 5240 o i A3 R FH R RE = R A7 S5 ) fig
TR, e A AR LIARRE A I E R, X 5
Hh s B R R IH FE 4 25 44 1) B % FH R U] 9€ 7 A1 7°F
Go D350 HE PC 43 HrAs 0 B L AT LUE B0 R4 S
HRERAE PC2 7] 2 B HCRE , #278 PC2 EZAR
F T RBZ MBS 5 T PCL N R e T 45 2540
5XF L Z [ AR 25 57

EN e U I B E S S REY) A B
K ERIEPEIRAE , -5 | 2 PR A A5 s o 14 B i AR
o AR 2B 8w, e E A FEVE/E F o] BE 238

T FEAROR SRR W A s By o X — S5 2R
W7 i AT —E R bR T 2GR S R 19
RE VROV, AT AT RE AR VT RIS e v 25 22 B 22 HE A
(19 245 B AL SR A — 2B I s e

B - SO R A R 2 S A L SR B I A B E S e
AR AR P 3 3ot s St B i R 2 A R A S
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Changes of metabonomic profiles of rat urine after oral administration of
Radix Gentianae decoction

XU Bin, ZHAO Yi-Min "

(Institute of Pharmacology and Toxicology, Academy of Military Medical Sciences, Beijing

Abstract;: AIM  To study the metabonomic
profile of rat urine after oral intake of Radix
Gentianae decoction ( RGD) and to observe the
correlation between the metabonomic changes
and the cold-property action of Radix Genti-
anae. METHODS
were divided into control (ig normal saline)
and RGD (ig RGD 40 g-kg™'-d™", for 9 d)
groups. The physical parameters, such as body

Ten female Wistar rats

weight and temperature , food and water intake,
were measured every 3 d from d 3 before RGD
administration. At d 5, the urinary sample of
each rat was collected individually and the
[ "H] nuclear magnetic resonance ([ 'H]NMR)
spectra of the urinary samples were measured.

At d 2 after the end of RGD administration, the

plasma concentrations of cyclic adenosine
monophosphate ( cAMP) and cyclic guanosine
monophosphate (¢GMP) were determined, and
organ indexes were calculated after weighting
the liver, kidneys, spleen, thymus, adrenals
and ovaries of the rats. RESULTS From d 3
of RGD administration, compared with the con-
trol, the rats of RGD group showed poor physi-
cal appearance, obvious diarrhea, lower body

temperature, and more stool under stimulus,

100850, China)

but no marked changes on diet and water in-
take. The plasma cAMP/cGMP ratio and organ
indexes had not shown statistically significant
differences between the two groups. Analysis of
the ['"H]NMR data of the urinary samples
showed that the RGD group and the control
group were distributed in 2 clusters in the prin-
cipal components analysis diagram without over-
lap. Escalated glucose, amino acid, 2-0 glut-
arate , citrate and succinate levels, and reduced
taurine, creatinine and dodecanoate levels were
observed in urinary samples of RGD group.
CONCLUSION

high dose of RGD causes a cold syndrome of

Long term treatment with

the insufficiency type in the test rats. The vari-
ation of the ['"H]NMR data appeared closely
associates with the cold-property of RGD,
which indicates the obvious down regulation of
RGD at energy metabolic progress in tricarbox-
ylic acid cycle, fatty acid metabolism and
energy conservation and utilization.

Key words: Radix Gentianae; metabonomics; mag-
netic resonance spectroscopy; pattern recognition
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