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Study on intervention of triptolide on metabolism of LC/IT-TOF-MS in ulcerative
colitis
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Abstract: Objective The effect of triptolide (TP) on endogenous metabolites in mice with ulcerative colitis (UC) was analyzed by
means of metabolomics, and the metabolic pathway and possible mechanism of TP in UC were discussed. Methods C57BL/6 mice
were randomly divided into blank control group, model group, and triptolide group. Dextran sulfate (DSS) was used to induce UC mice
model. The serum samples of mice were detected by high performance liquid chromatography-mass spectrometry and characterized by
principal component analysis (PCA) and orthogonal partial least squares discriminant analysis (OPLS-DA) to identify the potential
biomarkers and possible metabolic pathways. Results Compared with the blank control group, a total of 15 potential biomarkers, such
as cholic acid, bezoar cholic acid, goose-deoxycholic acid, citrulline, guanidine butyric acid, aminoacetic acid, and cis-aconitic acid,
were found and identified in serum. Compared with the model group, the potential biomarkers showed a tendency of callback to normal
level after TP intervention. Conclusion Metabolomics analysis reveals that TP had certain therapeutic effects on UC mice, and its
mechanism may be related to regulating primary bile acid biosynthesis, arginine, and proline metabolism.
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HABEWE (triptolide, TP) &ME ABEF4>
S EI i RN E ), HA PR g iR
H, TTZNHETRERERT % RGBT,
B S FNAR S 25 B G e MR A M . TSR
Bl TP BB AU UC /MR EH IR 2 0+ B Bl
(1 FoU0E 81, (E FLVE R R FE WL o oA o B

G H 22 R G E ) BB G 5y, AT
TR I RIS T8 7 . & I7E A TR
AT o3 R EAR IR e e &, R U B AE
V) 2 GORAS AR P 1010, AR 2% )2 B
F T 25 E FAMLEI ORI T, SR A AR 22
ST T T R EOR SRR, A SR R A
AW TR, HT TP A UC /N B PP A it
YIRS, HE—BHRT TP FH UC AR S A
Al RENLA] o
1 R
1.1 =4

SPF 2, C57BL/6 /N (8 J&ws, HEME, A&
18~22¢g) 30 K, MEHIAE (b)) EVHASE
FRAF], SRI8sh PV nlES SCXK (51)-2016-0002,
/IR FE R FE T 1 R R K 25 B b A s o S
BN o
1.2 A5

TP (HEEMZ M EM b, S 111567-
201404, J5i &5 B0 99.8%); A5 e i I BE B R A
(DSS, #it5 31404, MP AF]D; /NR AN -6
(IL-6)+ /NI IAFEIE F-0 (TNF-00) BEHEE G0 1
7% (Thermo Fisher Scientific A@]); ZJiF (it
%, Merck AF]D; K BUMEERRIE AT,
1.3 ¢&5

LC-MS/MS-IT-TOF X ( H A 5 A %] ); Waters
XBridge® Cis i 4E (100 mmX2.1 mm, 3.5 um);
AL204 HL-F 5T KF (Mettler Toledo A ] );
Gradient A10 Mill-Q i#B4ii/K2% (£E Millipore 2
F]); XW-80C IR liEie Aoy ( LRI ZEAES) ;s
AURE LY (FEE Sigma AF]); BEARX (Thermo
Scientific A& ).

2 HiE
21 PES5%RZ

NG ERETE L, BEAL T B2 A
4. TP 4, 410 K. BUuEE TP FAHIKE
Iy AR W FH R A R SR . X R S AR
Hig 5 FEFEK, TP 4 ig 44T TP 0.4 mg/kgts14,

2525 3d Ja, BRATIEZH AN, Hoax 2 20/ B E B 2.5%
ff) DSS YA 7 d, SERGHEIA 10 d. IERPOKIRE,
RGN RIGIRES, IR E, HEE%.

2.2 TNYELM R ALER

TSLIREE 10 K, AT /) SR BE ## KL, A7
B (4 °C. 3000 r/min. 10 min), H bk, 40%,
—80 CIrAF . ELISA &l 1L-6. TNF-a 7K~

WA MHLRT 4% % KPR RFEE, 176
WYL F AT HE Jeft, 7Eas: Bt T xlgsind
ZUHEAT IR B KA R
2.3 HPLC-MS #&i

KF Waters XBridge® Cys i 44:(100 mm X 2.1
mm, 3.5 um); FEHEA 40 C, AEFFEN 035
mL/min, #FEERN 5 ub, FEMIEE N 4 °C: B
FHVEMLAAAE: Wiz A A H0, WizhtH B NG,
BRI AT WAR 1.

FRiESHUE: KA ESIE B, e
m/z 100~1 000; B YRHE 4 kV; HEFLHE 50
V: FALSSE 11 L/min; F1#28 % /7 1 000 kPa;
VeI E 350 C; i SALE AR EGEE (CID
energy) 50%; Full#%HE 1.80~2.10 kV.

R ORI

Table 1 Gradient elution condition of mobile phase

t/min Al% B/%
0.01 95 5
3 95 5
5 50 50
7 50 50

10 25 75

20 25 75

27 5 95

30 5 95

35 95 5

42 95 5

2.4 BIREALIE

KH SPSS 19.0 AT AT, & TR
SEDLX s R, 4R BBCR FH B R R O £ 5
BT, WIREALLES, J7 255 M# KA LSD VL5, 75
ZANF54 K Dulmet’s LA 56 .

K H Profiling solution # {4 33E 17 ¥4 i AL AN
g RS, SRJ5 SN SIMCA 14.1 4%, Fritk
Ja BT E R BT (PCA)Y IE A i B3 /N — 36 )
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553 1 (OPLS-DA). #R#E VIP>1.0. MK HRE
([p(corr)|> =0.58 ik i 7 (1) 2 AR, KA
One-way ANOVA (P<0.05) FERR¥A & &1 %=R
G . e o e 2= AR, AL
F MetaboAnalyst 4.0 3174 i@ % 547

3 #R

3.1 TP ¥ UC /MREFELFIRE R MFERGERE

FIKFERIE N
AR A (HE et 4580 8R (H
1-A), KRG /N R S5 I RARIE &, R AR DL 98 14
A
B *%
60. 1
a ##
R I
2
S 301
=
151
0 - v
papicy i) TP

EXIIRALEH: "P<0.01;

TGF-a/(pgmL?Y) O

IR . BIAL N A R R T K BERE, T
W5, BT WK B PR 4R Ik 4
Ri, PRk, LRAMIRIEHiE. TP H/ N
L R AR RSB T, R IRR I D,
il RAEF RN UGS . SOERN TR AR R (K

1-B. C), HxIRA b, HAYZH /N R s 1L-6.
TNF-o /K53 Thm (P<0.01). SEAIL LA,
TP H/NRIMES IL-6. TNF-a &2 K (P<
0.01) . #&7x TP Al #141] UC /N R ML 3% 1IL-6. TNF-a

*%
1
2001 ##
1
100 1
0 - .
paitct (Ll TP

SRR #P<0.01

**P < 0.01 vs control group; #P < 0.01 vs model group

E1 TP Xt UC /MREMFELRESE (A) RIVEREREFKE (B) BIFM (X s, n=10)
Fig. 1 Effects of TP on colon histopathology (A) and serum levels of inflammatory factors (B) in UC mice (X £s, n = 10)

3.2 PCA

PCA "] LA 25 2 Jo 1 285 S v i ikt 3 250
MR, WELERPM—ERER, BREFEE.
WKl 2 s, S, BRHS TP Hanlik T4
FIGRAN, SRR RIRE, R 3 H R
REPAKY EEA—E N ERME. WA SERA
BRI, SR, TP 4NN /N7
R R T B SR B R oR ST IE 5 K1
e, K MetaboAnalyst 4.0 #AFHEAT 250 ¥, 8
HARERREE R AR E R, SRRl
YA RRAR, A R AR K- . Wikl 3
B, AU B ARG = BEAEAS [F) 2H B) A7 A 3 22 5
BT TP IRIT RE R 7B ERREIIRES,
Wi 7 DSS WX se 7 AU sE R . 455K,

Wi TP AbEE, UC /)RR ATV A2 AL 5 B
WEIEF .
3.3 OPLS-DA

OPLS-DA RJ AMAS: I 21 ¥ 4 T A2 B fE rp 54K
AR Y. WK 4-AL B R, B
® 5} 1
m A
ATP
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101 g
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Fig. 2 PCA analysis of mouse serum
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b08 a02 a03 a04 a05 a06 b07 cl6 bl2

b09 b10 bil
5

a0l cl15 c13 «cl7

cl4 c18

a01~06 A% 4L, b07~12 NI, c13~18 4 TP 4l; LR NI, AR bl
a01—06 are samples of control group, b07—12 are samples of model group, c13—18 are samples

of TP group; Green suggests down-regulation and red suggest up-regulation

3 ETARERHEMHIARE

Fig. 3 Heatmap visualization based on difference metabolites in different groups
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1.000 1*t[1] p[1]
A, B-XHEALAIAILL ) OPLS-DA 7353 A1 S-plot [¥; C. D-HEAIZLAI TP £ OPLS-DA 7534318 S-plot
A, B-score chart and S-plot of OPLS-DA analysis of control group and model group; C, D-score chart and S-plot of
OPLS-DA analysis of model group and triptolide group
4 MR OPLS-DA £%
Fig. 4 Schematic diagram of results of OPLS-DA analysis of mouse serum
2 EFKEHINTTIE
Table 2 Screening of differential metabolites
e P vs %o I8 TP vs 7
VIP fold pe VIP fold pa
4K — H R (phthalic anhydride) 3.04 217 0.003 1.07 6.69 <0.001
JREFR Ccitrulling) 3.19 2.38 0.004 1.71 11.12 <<0.001
cyclo (-Pro-Tyr-) 1.51 11.65 <0.001 1.19 3.37 0.002
FEFERR (dehydroshikimic acid) 1.10 4.45 0.001 1.34 477 0.001
y-IUT R (y-guanidinobutyric acid) 1.15 33.38 <0.001 3.62 0.54 0.001
3-FFE-2-¥2 L VR (3-amino-2-hydroxy pentandioic  2.45 5.48 0.026 2.73 0.52 0.001
acid)
y-L- B WA EWiE (y-L-glutamyl- glutamine) 2.18 0.07 0.023 1.12 0.72 0.004
Z BT, Cacetylcholine) 1.24 6.53 0.035 3.45 8.49 0.003
o-ZJEC 8 (a-aminoadipic acid) 1.32 0.20 0.029 2.14 3.37 <0.001
3,6-Mi/KF-FL¥E (3,6-anhydrogalactose) 1.91 0.12 <0.001 1.97 26.52 0.001
-+t (daturic acid) 151 0.80 <<0.001 1.34 7.21 <<0.001
Jii= 1% 3k ER (cis-aconitic acid) 2.03 0.85 <0.001 2.90 4.14 <0.001
#& 2 5EHER (chenodeoxycholic acid) 1.08 0.92 <0.001 1.38 5.20 0.037
JEER (cholic acid) 1.79 0.45 0.002 1.23 0.94 0.001
EREHER (taurocholic acid) 1.59 3.34 0.001 2.37 1.08 0.003

AR FEMERRE t

2The significant differences were generated from the Student’s t-test
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#3 EHTHPLC-MS WEBAESREMERE
Table 3 Identification of potential metabolites based on HPLC-MS

tr/min WEY) MY TR RE(X1079) RN SR AT
147 SRR HIRNE 148.016 0 7.18 CsH403 148 [M+H]*
157  JRER 175.095 6 437 CeHsNsOs 175 [M+H], 157 [M+H—H:0]*, 139 [M+
H—2H0]*
2.18  cyclo (-Pro-Tyr-) 260.116 0 1.38 CuHi1eN203 260 [M+H]*, 231 [M+H—CHOJ*, 214 [M+
H—CHO—OH]*
318  REUIFHR 172.0371 4.68 C7Hs0s 172 [M—H]", 128 [M—H—CO02]
371 y-INT R 145.085 1 -3.23 CsHuNsOz  145[M—H]
890  3-FIL-2-7R LK IR 163.048 0 -5.96 CsHoNOs 163 [M—H]", 127 [M—H—2H:0]"
13.86  y-L-B M- E B Z 275.111 7 2.24 CioH17N3Os 275 [M+-H]*, 257 [M+H—H:0]*, 247 [M+
H—COJ*
14.28  ZPSENEmS 163.120 8 -5.96 CrH17NO3 163 [M+H]*, 145 [M+H—H0]*
1549  o-ZFHO R 161.068 8 3.12 CeH11NO4 161 [M—H]", 125 [M—H—2H,0]"
1550  3,6-Fi KLk 162.052 8 -6.18 CeH100s 163 [M+H]*, 145 [M+H—H0]*
1717+t 270.255 8 -1.18 C17H3402 270 [M—H], 234 [M—H—2H0]", 190 [M—
H—2H,0—CO;]
20.67 Ik 174.016 4 44 CsHsOs 174 [M—H]", 130 [M—H—CO;]
2399 #GEEHER 392.292 6 417 C24H4004 392 [M—H]", 364 [M—H—CH3OH], 336
[M—H—CHsOH—CO]
2655  JHER 408.287 5 -1.12 CasHa00s 408 [M—H]", 376 [M—H—CH30H]", 348
[M—H—CHsOH—CO]
2877 RENHER 515.291 6 -2.23 C2HsNO7S 515 [M—H], 500 [M—H—CH3], 472 [M—
H—CHs—CO]"

x4 HEXRFRESTHEERRESR

Table 4 Main information of related metabolic pathway analysis

JE PEREAL hits raw P -lgP FDR impact
LY/PSE 3
VIR R AEYD & R (primary bile acid biosynthesis) 46 3 0.001 6 6.437 1 0.13 0.03
¥ 2 B AN il 2= ER 1C 1t Carginine and proline metabolism) 44 2 0.023 4 3.753 6 0.64 0.03
R IRED & (lysine biosynthesis) 4 1 0.022 4 3.7980 0.64 0
- T R A0 IR 2 T 8 X 18 Ctaurine and  hypotaurine 8 1 0.044 4 3.1147 0.91 0
metabolism)
LBETR A — R W (glyoxylate and dicarboxylate 18 1 0.097 4 2.328 4 1.00 0.03
metabolism)
FREIRIEIA [citrate cycle (TCA cycle)] 20 1 0.107 7 2.2280 1.00 0.03
HE R I%ME (lysine degradation) 23 1 0.1230 2.095 6 1.00 0
H et (glycerophospholipid metabolism) 30 1 0.1577 1.8471 1.00 0

UERIRARYS . SR AN R AR RRIAIA . UDEEX TR UC K. N T E ST T # uC
R HMBEREAW . b, WIZUEHIRAE ADRIENAAERR, M T R A P ACghE
Y& RS AR S B, FLK, AR BRE, WK 5. & TP THUR s K AU,
MR X AR BAT R g9 i, RWX 2 2640 USRS 2 TR R
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pathway impact
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Fig. 5 Metabolic pathway analysis results
4 g

AEFFVEN T TP X UC /NI 255K, 1fn
T 2R AT 4 SRR B AT FE T it UC /) AR
RIFH TP X UCH —EMTHEM. Wik TP
T UC fEAEf EAmilE, SHMALLE, TP
AN IR SR BRI A P e, SR AT
FONTINERYT TP T UC AIBERIPE NS, &
DU T RE S W BB FR A& i KSR AN
IR UHE A K.

TP 2 IR A TR 73 B R A B, S 7R N TR
FEGRE . WHIER, 7585 RN IE
ST EHATMRE S . XSG RCE AR AT 20407,
RIL TP AREE UC /NR BRI R IE . AL
IIFTEE RO, X HRALL B TP H A FEAN R
FIRDCIERN, 7B REEF, RYIELH/N AR A N
TAREHPKPAFAE —E 2 etk . 2/ 2 DSS
FIE, NN S0 R L B T
BEMNAEL, ST TP &, XEFHEALR/N
AU SCRIL K B AEH KT s . WHoess
RE7R, HER. FEHRR. RAHRR. MR,
TR 2k AR IS kR4 15 MR AT /E
N5 UC MR EAE bR E .

JE AU 2 LA M JORE ke g B A 0,
JOEL AR 25 SRR A2 P P A v L T 55 ) 2 b 32
BRRAER . GRS, AR IR FR Ak o H 2E,
5 HABAET o — e HE RN E A, e A
IR wiiseesEl)ilik SISy R il 45 LG RS 2.7

TE 20 AR A AR T R AN B8 AT BT IR
R AR HE TR A [0 P oA S A0 K g P e 2 R i
SR AL TR KA A [ BT AECS10T, 5 SR R
RIS R, R AR
MxF UC P R R AR (/R F 200, S S iH AR KT
UC /NS BRI, #2718 UC AFAERIZR BT
RRAUNEERS, 45T TP T-HUE A R H 18l .
Hh AR A B X Ry, AR LB 4N
b B SR AE AT RE(E P, 1EfE 57 S
VP2 AL A AR 5% 73 1 (K A A b B ke 25 B 2 A
Fl o H I i 7K 1 RO A3 B 0 Il o A 3 1
KT R, H B KT AR S i
AR E AL, A EEREY) SRR, BT
x> UC /B H BIUIR B AR 25 3L SAH 56 R R 7 1Y
AR o 3 AT TP R REX H i A A I8 e 2t AT I Y
M e UC AER .
NEIRRE—F AR AR, EE il
BRI N JFR G R, TG BRI /N 2 i = A=
FIH AR SRR, S 5REES, S 5RERM
—FME (NO) G M. REBRA AR RIEIL
REFEBANIR &R S DhRE T A NO 5k
FE AR IE H AZR RS T A8 2 A A A ke O B
TERT. BRIk, I R E MK Ay e 2 i ok
o 200 0 L R B J i RO ) — b RIS R R
Yikr R, AR IL, UC /BN IR KT 2

TG, HACE AR S A RS = IR AT =
R Ko

ZR PR, AN FACETAL 073506 UC /)
B PR PR =) S5 50 B ZH L TP 2L/ BR P VR
Y2 8] 2 AT AT 7T . UC BN AR A — 251
Rufigte kA ZREL, T TP TR ZELAAH
MWERAFRA RO, R TP X UC BT
ER, HALHIATRES TP 375/ SR N ZEELEIA)
FRHAH RV G R SR RS %
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