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[ Abstract]
mass spectrometry (UPLC-Q-TOF/MS), the changes of endogenous markers in rat plasma at the different stage,

Objective: Based on ultra performance liquid chromatography-quadrupole time-of-flight

namely modeling and administration of Shenling Baizhusan (SLBZS) , and the mechanism of SLBZS in the
treatment of ulcerative colitis (UC) were studied. Method: In the modeling stage, rats were randomly divided
into normal group, spleen deficiency with dampness retention-UC (SDDR-UC) and pure-UC (P-UC) model
group. In the administration stage, SLBZS was given to the above two different model groups. After modeling
and administration, rat plasma was collected and determined by UPLC-Q-TOF/MS. The mobile phase was 0.1%
formic acid aqueous solution (A )-acetonitrile (B) for gradient elution (in positive ion mode: 0-2 min, 99%A ; 2-
9 min, 99%-73%A; 9-10 min, 73%-44%A; 10-13 min, 44%-38%A; 13-19 min, 38%-28%A; 19-21 min,
28%-2%A; 21-23 min, 2%A; 23-25 min, 2%-10%A; 25-27 min, 10%-99%A; in negative ion mode: 0-2 min,
85%A; 2-3 min, 85%-65%A; 3-5.5 min, 65%-44%A; 5.5-8 min, 44%-25%A; 8-10 min, 25%-2%A; 10-
16 min, 2%-85%A ). The electrospray ionization (ESI) temperature was 120 °C under the positive and negative
ion modes, and the acquisition range was 50-1 000. Partial least squares-discriminant analysis (PLS-DA) was
used to analyze the changes of endogenous metabolites in the above two different model rats from the different
stage. MetaboAnalyst 5.0 was used to analyze the metabolic pathways of these identified metabolites. Result:
Sixteen potential biomarkers were screened and identified in the modeling stage, among which 11 potential
biomarkers were common in the two model rats, which mainly affected the primary bile acid biosynthesis
pathway. Twenty-three potential biomarkers were screened and identified during the administration stage, among
which 3 potential biomarkers were shared by the two model rats, and SDDR-UC and P-UC model rats had 11
and 9 potential biomarkers, respectively. It mainly affected 6 pathways such as purine metabolism, pentose
phosphate pathway, pyrimidine metabolism, retinol metabolism, primary bile acid biosynthesis and steroid
hormone synthesis. Conclusion: The primary bile acid biosynthesis pathway appears in the different stage of
modeling and administration of UC, showing a dynamic change process. The therapeutic effect of SLBZS on
SDDR-UC rats may be related to inhibiting the expression of nuclear transcription factor -kB (NF-«B) signaling
pathway, activating farnesoid X receptor (FXR) and enhancing the expression of cytochrome P450.

[Keywords] Shenling Baizhusan; spleen deficiency with dampness retention-ulcerative colitis; pure-
ulcerative colitis; metabolomics; ultra performance liquid chromatography-quadrupole time-of-flight mass
spectrometry (UPLC-Q-TOF/MS) ; bile acid; biomarkers
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Fig. 1 Process of rat grouping, modeling and administration
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12-F2 58, 10-+ VB M R y-47 A I 52 A TR L 168-
FRAEMERR o 5 2 ), A [ 5R) d B 2 A5 1 OR HICRE fi 26
KEAFNBEEREYERAR GO RHE GRS, 5
SDDR-UC & B 4 L85, 2 %5 HOR HOAT LA 2 4
W RS W AR R £ L y- 4% BT 52 B R | 1682 JE MfE Bl
SF 12N bR S W b 12 08, 10- 1\ Bk
— M5 BR . 2-decaprenyl-6-methoxy-3-methyl-1, 4-
benzoquinone IHIR 3 MY bR &Y . 5 P-UCHELA
HAHLEE, ZE HARBAT LB T 7', 8'-dihydro-8'-
hydroxycitraniaxanthin flI 2-decaprenyl-6-methoxy-3-
methyl-1, 4-benzoquinone {¥ #1 %} & J&¥ (P<0.05, P<
< 115 -
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0.01), [ ¥ 4 20 & M & —#5 R . pimelylcarnitine ,
JE PR &5 7 A A= W b A W B9 AR X SR B (P<0.05, P<

0.01) o ¥ 1A= Wy br & W 09 A0 X = B2 £ 8T o3 A DL 4%
568 RS BRS 4 A

K3 ATFSTEARBMBRARMEE . ABEFEXTEEEWRZWHIEI FE(F+s)

Table 3 Relative abundance of latent biomarkers in different ion modes of rat plasma at administration stage (x+s)

B .. . L EH4l SDDR-UC ~ P-UCHIMA] SErARA P-UC % 2541

st B WEEESY (n=17) 1R (n=8) (n=6) AR (n=8)  BARE(n=10) B E(n=10) (n=4)

IE P-l BERRERHERRIREL 323.1£130.1 601.7+210.2% 259.5+182.6 329.3+121.9% 38411137 330.0£77.77 411.1£348.8
P2 A 310.3+249.7 784.3+105.5 1311.34721.57  849.8+318.7 955.4+239.3 933.5+233.9 1 188.7+748.4°
P33 GRARNIR 3E 614.1£133.1 880.3+115.7” 470.0£266.1 632.2+219.6" 6443£109.4"  507.6+89.8" 463.5+343.9
P-4 nigakihemiacetal B 227.7483.1 373.5+113.0" 161.4+122.0 214.8+70.4% 249.8+82.4 234.8451.1 270.5+274.3
P-5  12-F8%-8,10-+/\ 1959.6+648.6 1 044.1+658.8% 759.4£363.0"  1333.5:471.2 1643.6+827.5 1 161.4+458.2 882.4=1 113.0
P-6  10-hydroxy-8-nor-2- 1963.0+465.9  1385.7+370.0"  1384.1£317.0  1055.5£371.0 928.5+455.7 924.24366.0° 1 140.9+734.5

fenchanone glucoside
P-7 =i 2287.0£782.0  3587.7+1074.8" 2809.8+1200.9 2739.1+731.2  30784+1 151.1 2509.7£568.0  2517.0+780.3
P-8 2RACHHE B 3811.4£396.6 3 803.6£580.4 2417.5£629.7"  3561.4£317.5 401128350  3756.7£508.1 3 492.6+1 061.4°
P-9 pimelylcarnitine 4 442.0£491.4  4452.6£635.9 2874.6:698.2”  4240.4+283.9  4681.94730.9 4 164.7+436.0 3 972.1+1 064.5"
P-10 - FEA T 2141742515 2277.1£352.6 1520.9+443.47 2 117.6:163.1  2407.0+440.2  2284.9+157.1  2475.9+108.9”
P-11 B 428534250  4287.5+560.1 2672.5£706.4%  4002.8+258.3  4199.8+673.8  3974.7+370.8 3 569.2+1 001.9”
P-12  uzarigenin 3-[ xylosyl- 3 422.94335.5 3 384.0+406.4 2081.2+556.5” 3167.8+237.9  3383.7+4704 3 136.7+291.8  3228.5+231.2¢
(1—2)-rhamnoside |

P-13 4-hydroxyretinoic acid 3 450.0+315.2 3 532.1+456.8 2200.3£598.4%  3185.0£234.6  3291.5+478.6  3205.5+317.9 2 988.1+759.3°
P-14 JHR 53.4£6.3 32.5+13.0 21.6+17.27 35.110.19 51.0+8.1" 49.6+6.6 40.3+22.0°

i N-1 13Z-docosenoyl-CoA 3 647.2261.7  5345.6£792.9”  3413.2+4248  3613.0£1496.9" 4527.5£638.6  5060.7+382.1 3 898.7+371.5
N-2  y-BABE AR 602.1£73.7 912.9+218.5" 789.4+143.5"  494.9+208.2Y  790.6+184.7 757.8£198.1 679.8£97.8
N-3  cis-6-nitro-p-mentha-  691.1+£69.2 1067.0£198.7" 572.8495.2 623.5+267.6" 882.8+211.2  1070.6+141.1 740.1+152.8

1(7),2-diene
N-4 pyngnfEfik-2
N-5  168-F8 3 M Fi

2039.8+496.2 3 224.4+680.7"

2 672.8+408.3

3221451 196.6 5358.6£1316.4" 3977.2+1 116.1" 3065341 595.5 4 119.3£1340.9 3 565.7+856.2

2076.8£965.7  2642.24460.0  2805.4+382.2  3007.5+1 028.8

4 482.24608.8

N-6 S-(PGJ2)-glutathione  755.14251.5  1107.0+239.6" 909.8+218.7 649.2+324.5% 856.2£240.9 763551573 1047.2£140.8
N-7 C 450.0+130.9 216.9483.7 937.7+185.37  718.6+299.6Y  1049.7£192.6"  878.2+165.0Y  648.7+62.0%
N-8  IRILBEIREECFERE  514.9+176.7 837.0+180.5" 620.8+161.1 498.7+255.7" 640.4+208.7 550.3+120.7 708.3+112.2

[0: 0/24: 6 (62, 9Z,
122,152,182,212) ]

N-9  3B8-FEHE AR Y iR

14 794.9+1 979.8 20 437.2+2 517.9" 17 203.621 597.9 14 077.4+5 880.9% 17 702.9£2 261.0 16 024.6x1 169.7 20 216.0+3 130.8

I : 45 SDDR-UC i % 4 [{ %5 > P<0.05,P<0.01; 5 P-UC #i £ 41 [t %~ P<0.05,° P<0.01; A.7', 8'-dihydro-8'-hydroxycitraniaxanthin; B.( 1S, 2R, 4R) -p-menth-8-

ene-2, 10-diol 2-glucoside ; C.2-decaprenyl-6-methoxy-3-methyl-1, 4-benzoquinone

3.7 UC KBRS B 45 254 [R] o B N IR PRV 72 A=
T 7 ) 38 1% o3 BT

3.7 R BE m I 2 AL, AR 2 A [ R R 4
YR T 1AW PN IR A W6 AR %, 5 3
AHOG Y = 2R A 3G L AR .

3.7.2 45 BE i E 3 A0, SDDR-UC K B4
3 AR L 40 0l Sy R AR | R OB i A
mE AR, 5 = AR G B 3 BRI R B R A R A
fRdh. P-UCKRARA 1 250 AR, 5 HAMEm

- 116 -

FEZA W A 4-oxo-retinoic acid, SDDR-UC K &
5 P-UC K B [A] A AR 30 38 26 o 25 [ B 2R 6
(5 FHAR Gy 2RI Wl 168- %2 Jk M 1 ) 70 4] 2
JH R AW A R (5 HAH G £ WH R

HAR ) .
4 itit

TE 8 AT B, 1 25 40 IE R S 0 0 IR T 1R 114 i 22
PRaSW o 2 TR I 3 o A I -y - SRS 1 1
Fak , kR AT AL S, AT X 2 i % 7 AR BRI Y
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40 AHXFFEE T R, & 2% FORBCT fUE B 2 1, [6]
38 e B 1 45 25 1 B 3= & 800 % 168-5% Jik ik i

3.5 EREEBEARERETNS5Y), 20 & 3-55E

N A T 5 R Y S [ B BT R R A iR
& 50 & DAL ] P G, 3E L R E 0 A0 L DY A7 1R R 4
primaky bile acid Hiosynthesis AL R R E S L ik %" . TOWNSEND %

2 15 th, 25 B B S A5 S B W0 A T A

20 19 B SR bR 0 S 2 R R S R SR AR AR R %

M F -k B(NF-«B) ifs 18 e {1 i R AE & A, 38 1] B il

0.015  0.020 0025  0.030 o 5 BT 98 Al PR B 8 58 ok R YT 1A DY 1Y SR OE

T S
2 SRR KRR I 4% X 1518 B 4 A

Fig. 2 Metabolic pathway of rats plasma in modeling stage
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Fig. 3 Metabolic pathway of rats plasma in administration stage

PERIYS o (ERS 22 S R 1 7K - 7F 2 A [R] UC A 7Y
R B H 42 T A8 A 3 T A R 3 A B B A A S W
T U6, BLEA S B B 480, fie e HLAA )™ 2 B 22 0 3 ¢
AR . B2 )E 2HA R PRk T — %
T GNB T R AL WA SGE B, 5 R S A 32 B
JERR . MR JE T B AR W I, AL 454 s T
BB, BA —ERPTRAIEN , 7E KR 41

N o TE 2 HN[R] UC B A v B 168- 7% K& Mk i - Ji2
W & F+ = , SDDR-UC £ Bl 28 2 % 4 R T Bl i
BT AN [R) R 1 ] 9

7E SDDR-UC K B & B 1 W W2 1 b & 12
WA TR e AR 3 R R A W R R R 2 X 3 AR AR
3 I OC B B R — B R OB T T A (R
TRITEE s /e WE A R 0 A2 0 5 Il W BE AR I AR A28 1Y
ERLTRFEMAERSE MRERRSE RIERS
AH B T 410+ 188 W 1) 26 0 B BT DA BRI —
A 0 P I SO PR PR HE R Ak R I
B 25 T OGRS A Y k3G ' EAR IS
SDDR-UC #5 %Y 21 B iR 4% 0l £5 % 11 h i & i 2 1IE 8
RN, &S ARECT B TR,
D225 11 R BT 8 AL 52 M) 1 1 W R IEE 4 08 3ot
i E T AL AR s A R AR e R K A2 . AR P-UC
KB A & I 4-ox0-retinoic acid & A1 B BEAC I 1Y) &
BHWACG Y, B T — R S 2 1 A LAk
G AR AR AR P, 4- 5 R A
24k B 1R 1% 40 i {5 % P450 26A1(CYP26A1) #H Ak
I %, A AF 5T 2% WA B BR /N B CYP26A 1 1] T304 B
B AE R A A BEAR . FEARSCHRSE T, & 31 P-UC AR
AU 2H 1) 4-hydroxyretinoic acid & & % 1E % 4 B & B
K, &2 aARBTHUE W3 R,

1 385 155 R0 45 25 AN [ B B 38 kB0 T 90 4% IR i TR
AW A R B, S5 I I 00 G 25 AU R R IE R 1
R0 R RR T R 1 e 27 o 2 SEUIR IR I R 2
U v RE [ A B A4 2 b R AR R R R A L
JEF 200 B 5 R R 2 Ak R IR 5 HE At AR 7 B o — 2
B HE M2 BN R i e AR Y IR T Az % 2 iR
FEAf A7 7ERRBE v, 43 BEEG B g T8 AN B AR i AR
YR LR JIR T T I 5 14 4 5 IR T TR L 0 ORI G IR
1 5 191 i A it A1 A M P9 4 ST W L, AR et T
A A [0 300 JHF 22 BET 1 AR 35 L 7 I T R
R AR R R T R T O R BE X
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Z & (FXR),FXR 5 NF-«B 5 53 % % V) 4 56 , 7]
i A3 BH 1E NF-«B {75 5 3 5 14 2 15 % 300 il 98 5 =,
] B, FXR 4 A RE 2 48 E S B A% B (0 5507 R
SCHIF 5 & B0 5 00 AL H A, 2 21 A [R) A TR KRR 7 1
BB BE W6 K 1 900 9 BR 7 8 A A i % ) T G 2
AN AR B4 AR K = R 38 I S T T R 4 2 BE R
149 40 G0 IR T T 26 4 4 1A S ) I TR ) A G 3 R
D) R G 2 A E R A AR X R T v ET R R
R Ry 48 9 N AS B Al 45 40 ] FXR 3R 3k, ol 55 X
CYPTAT(JH TR A W 20 M 3% 2 A0 B2 A% 3% 42 1Y) B 7
it ) i 6, A3 L IR R 3G 2 0 45 25 o B IR R
AH G S B B AT B — T PR A TS AN AR 15 S
PR R 1/2(BRK1/2) | c-Jun % 3 A 3ty 38 il (JNK)
I NF-«B {55 5 18 8% 10 ) CYP7A1 2 35 FBH v 1R &
B, 55— 07 i UC K BUNG b IR TR i 12 A
WA HLVE i 5 38 1K a/B(OSTa/OSTR) # ik F &,
FOM T ER i 18 W e & I D R bR ek 2D, AT it A5 E
2 o BT . &S % (R WS RT3 AR R
o I 225 R BT i 00 FXR A | NF-«B
263k, T B AR 2 1 10 26 3K, B0 S e RS .

2% I ik , SDDR-UC i 45 il 45 24 A [A] [ Bt 34
LT WG R A S nE B L R T 143
BAEA B L B B0 G AR T R A A A R B R T
SDDR-UC M i 5 2| 25 25 iy 8 A4S i . 2% R HE
Xf SDDR-UC 3 J7 1 F 7] & 5 9 il NF-«B {5 5 8
BB F 5 S FXR G CYP IR IAA K. BRI,
R UC 2 R M s 55 a8t A% JE DR PR BE e 1 1
AR Al 5 R R A AR KR A ST TE F A
K58 2 2% AR BUR ST UC 1R AL 8 A % 4
10, J7 22 7] I TE AR ) e SR Al 2 55 2 2 H R T .

[FIZRHR] AXRAEETHEF R,

(&% 30Hk]

[1] SHAPIRO J M, ZOEGA H, SHAH S A, et al.
Incidence of Crohn's disease and ulcerative colitis in
rhode island: Report from the Ocean State Crohn's and
Colitis Area Registry[J]. Inflamm Bowel Dis,2016,22
(6):1456-1461.

[2] HOIVIK M L,MOUM B, SOLBERG I C, et al. Work
disability in inflammatory bowel disease patients 10
years after disease onset: Results from the IBSEN study
[J]. Gut,2013,62(3):368-375.

(3] REERAER,IALAE. B s R b g BER YT b
PR BF 5% 3k /e [T, vh o8 B 45 5 WF 5T, 2021, 13(2) ¢
118-121.

- 118 -

[4]

[6]

[7]

[9]

[10]

[14]

[15]

SRR Ut ABEL, S L B S R PR T R R
HPE I (2017) [T]. A R 257835 ,2017,32(8)
3585-3589.

AR SRR PN L A L S R TIORT I T R
T 97 P25 i R K BL45 7 4 23 NF-xB p65, IkBa, IkKB
HH M mRNA RIE R 2 [J]. b [ 528 5 7 2 e
#£,2020,26(19):108-113.

PSYCHOGIOS N, HAU D D, PENG J, et al. The
human serum metabolome[J]. PLoS One,2011,6(2):
e16957.

ZHAO H, LIU Y J, LI Z, et al. Identification of
essential hypertension biomarkers in human urine by
non-targeted metabolomics based on UPLC-QTOF/MS
[J]. Clin Chim Acta,2018,486:192-198.

CHU H, ZHANG A H, HAN Y, et al. Metabolomics
approach to explore the effects of Kai-Xin-San on
Alzheimer's disease using UPLC/ESI-Q-TOF mass
spectrometry[]] J Chromatogr B, 2016, 1015-1016:
50-61.

kAR, LES . PR AT ] AR
SRR — P EZHAUME,2013,15(4) :643-647.

AR RS, p S0, WRAEDE 4% . T R A4 AL N A
JE RG22 11 AR UL 0] L Y TR 3597 1 285 1 6 R B
BIMEIALHI LI ]. b 2508 25 5 i PR 25 51, 2021,32(2)
149-157.

AR R SRR A IR TR B 597 M 45 T 46
KRB 3 SR [T]. h i BE LS 4 % 4) L 2012,
10(8):918-924.

A N R T A TR 2 R . P 25 3R 0T I U Y
I PR AE 58 45 5 0 [0 ], v e B2 25 5 4, 1988, 3(5)
71-72.

Wh/INEF, J i A B, 46 PRS0 ME IE 3l R LY
R R T [T]. A R 2 2% 35, 2001, 16(4)
52-58.

SANSHEZ-FIDALGO S, CARDENO A, SANCHEZ-
HIDALGO M, et al. Dietary extra virgin olive oil
polyphenols supplementation modulates DSS-induced
chronic colitis in mice[J]. J Nutr Biochem, 2013, 24
(7):1401-1413.

CHONG J, WISHART D S, XIA J G. Using
MetaboAnalyst 4. 0 for comprehensive and integrative
metabolomics data analysis [J]. Curr Protoc
Bioinformatics,2019,68(1):e86

GOYAL N, RANA A, BIJJEM K R V, et al. Effect of
chenodeoxycholic acid and sodium hydrogen sulfide in
dinitro benzene sulfonic acid (DNBS) -induced
ulcerative colitis in rats[J]. Pharmacol Rep, 2015, 67
(3):616-623.



528 B 15 ] HEXBAFZRS Vol. 28, No. 15
202248 H Chinese Journal of Experimental Traditional Medical Formulae Aug. ,2022
[17] EDWARDS D P. Regulation of signal transduction human disorders of bile acid biosynthesis [J]. Mol

[18]

[20]

[22]

[24]

pathways by estrogen and progesterone[J]. Annu Rev
Physiol,2005,67:335-376.

TOWNSEND E A, MILLER V M, PRAKASH Y S.
Sex differences and sex steroids in lung health and
disease[ J]. Endocr Rev,2012,33(1):1-47.
GARCIA-GOMEZ E, GONZALEZ-PEDRAJO B,
CAMACHO-ARROYO 1. Role of sex steroid
hormones in bacterial-host interactions [J]. Biomed
Res Int,2013,2013:928290.

PERES R S, SANTOS G B, CECILIO N T, et al.
Lapachol a  compound

targeting  pyrimidine

metabolism, ameliorates autoimmune
arthritis[ J]. Arthritis Res Ther,2017,19(1) :47.

VINCENZETTI S, POLZOMETTI V, MICOZZI D, et

experimental

al. Enzymology metabolism and
neurodegeneration[ J]. Curr Med Chem,2016,23(14) .
1408-1431.

AMORINI A M, PETZOLD A, TAVAZZI B, et al.

of pyrimidine

Increase of wuric acid and purine compounds in
biological fluids of multiple sclerosis patients[I]. Clin
Biochem,2009,42(10/11):1001-1006.

SNYDER J M, ZHONG G, HOGARTH C, et al.
Knockout of CYP26A1 and CYP26B1 during postnatal
life causes reduced lifespan, dermatitis, splenomegaly,
and systemic inflammation in mice [J]. FASEB 1J,

2020,34(12):15788-15804.
VAZ F M, FERDINANDUSSE S. Bile acid analysis in

[25]

[26]

[27]

[28]

[29]

[30]

Aspect Med,2017,56:10-24.

XIAO Y T, YAN W H, ZHOU K J, et al
Glucocorticoid treatment alters systemic bile acid
homeostasis by
transport of bile salts[J]. Dig Liver Dis, 2016,48(7) :
771-779.

WONG B S, CAMILLERI M, CARLSON P, et al.

Increased bile acid biosynthesis is associated with

regulating the biosynthesis and

irritable bowel syndrome with diarrhea [J]. Clin
Gastroenterol Hepatol,2012,10(9) :1009-1015.

GADALETA R M, VAN ERPECUM K 1,
OLDEBBURG B, et al

activation inhibits inflammation and preserves the

Farnesoid X receptor
intestinal barrier in inflammatory bowel disease [J].
Gut,2011,60(4):463-472.

GADALETA R M,OLDENBURG B, WILLEMSEN E
C, et al. Activation of bile salt nuclear receptor FXR is
repressed by pro-inflammatory cytokines activating
NF-«B signaling in the intestine[ J]. Biochim Biophys
Acta,2011,1812(8):851-858.

LIN B C, WANG M, BLACKMORE C, et al. Liver-
specific activities of FGF19 require Klotho beta[J]. J
Biol Chem,2007,282(37):27277-27284.

Bie AL, R, JE T, 4 DL FXR A0 4 IR R AR
ORI TR [T]. AW ER 24, 2018,8(4) : 62-68.
[EEHE XEX]

+ 119 -



