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Mechanism of famous classical formula Huaihua Powder in treatment
of ulcerative colitis based on metabonomics
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[ Abstract] Ultra-high performance liquid chromatography-quadrupole-time of flight tandem mass spectrometry ( UHPLC-Q-TOF-MS)
was employed in this study to observe the effect of Huaihua Powder on the serum metabolites of mice with ulcerative colitis and reveal
the mechanism of Huaihua Powder in the treatment of ulcerative colitis. The mouse model of ulcerative colitis was established by
dextran sodium sulfate salt (DSS). The therapeutic effect of Huaihua Powder on ulcerative colitis was preliminarily evaluated based on
the disease activity index ( DAT) , colon appearance, colon tissue morphology, and the content of inflammatory cytokines such as tumor

necrosis factor-a ( TNF-«), interleukin-6 (1L-6), and interleukin-18 (IL-18). UHPLC-Q-TOF-MS was employed to profile the
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endogenous metabolites of serum samples in blank control group, model group, and low-, medium-, and high-dose Huaihua Powder
groups. Multivariate analyses such as principal component analysis (PCA), partial least squares discriminant analysis ( PLS-DA) ,
and orthogonal partial least squares discriminant analysis ( OPLS-DA) were performed for pattern recognition. Potential biomarkers
were screened by Mass Profiler Professional ( MPP) B. 14. 00 with the thresholds of fold change =2 and P<0.05. The metabolic
pathways were enriched by MetaboAnalyst 5. 0. The results showed that Huaihua Powder significantly improved the general state and
colon tissue morphology of mice with ulcerative colitis, reduced DAI, and lowered the levels of TNF-a, IL-6, and IL-18 in serum. A
total of 38 potential biomarkers were predicted to be related to the regulatory effect of Huaihua Powder, which were mainly involved in
glycerophospholipid metabolism, glycine, serine, and threonine metabolism, mutual transformation of glucuronic acid, and glutathione
metabolism. This study employed metabolomics to analyze the mechanism of Huaihua Powder in the treatment of ulcerative colitis,
laying a foundation for the further research.
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2 B MBI 2 (KA 1,04 g- kg ', 24
NI REE R 5 il B 1,56 - kg™, o AR
RGN LS A% R 3,12 g-kg ', M AR S
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2N, NI T 2. 5% DSS KWL 7
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Table 1  Scoring criteria of DAI
LI,
[/ %
0 0 k3 IEHZEEk
1 1~5 FHAE(+) S BUY 0.5 Kbt
2 5~10  BHME(2+)  FEMERESIE/ R
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05 BRI (4+) g PR HR AT L D S 280 e a2
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S5 R R AR oK o) PR SE min E TH as i B
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INERIA TR (g) X 100% o 45 M b 453 105 9 93 1 DL
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Table 2 Scoring criteria of CMDI
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2.6 /NEIMYEA IEPRAYRZm HL-80 CvkFE
(IR , $ 1B ELISA 250 6 vd B 45 25 Bl /) B i
1 TNF-a \IL-6 1 IL-18 A 7K,

2.7 IMIHEFEARMEIE  H-80 °C VKA i I i+
AVET 4 CTFMZR, B 100 pL MEFEAR T 2 mL
BUDAE M 300 wL 0. 1% F R 1 H B, I TiE
60 s, T4 °CF 12 000 r-min"' &.0> 15 min, B 7
W R 2 mL B0, SR T ESERSE TS
T, BRI 50 pL B9 70% W EEE %, T4 CF
12 000 r+min~' 2.0 15 min, B FVE W, £ 00, B B
WA /N UMW FEA 10 WL 1R & 45 2 5 & 35
(quality control, QC) FEAS ¥ IR ke, TERE
wn AT, LRI 8 > QC MEAS  FEREA A i 72
o B 8 BERERNE 1 AT QC FEM LI Rt
EMESHEENE,

2.8 UHPLC-Q-TOF-MS %<4  # JH UHPLC-Q-
TOF-MS 1F & 5 =X ok 46 I35 A, B35 A R
Agilent poroshell SB-C,; 120 €A% (2.1 mm x 100
mm,2.7 wm) , Vs 0. 1% M R/K (A)-HEE(B),
B EEVERL (0~ 6 min, 5% ~65% B;6~13 min, 65% ~
80% B ;13 ~27 min,80% ~92% B ;27 ~30 min,92% ~
100% B), #Hi# 30 °C, i 0. 3 mL-min™', #FEE
3 nl,

HE I35 125 I, SR FHOE & X, B R
4000 V, SRR E 13 Lemin™ | TR E
250 °C, AL E T 7 45 psi(1 psi=6. 895 kPa) , #§<
TR 350 °C B 11 Lomin™'  BE24HLE 125V,
AL m/z 100~1 000,

2.9 AREELEmGI A Gt TR SPSS
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2.10 AU E KR AL BE 0BT S GETT AR R
H Agilent MassHunter Profinder( B. 08. 00 W) 2K {4 %}
UHPLC-Q-TOF-MS 1fiL 375 {3 57 1 B s £ 4l 10 A7 06
S I WX 5 WA T 5 MU i 2 AR IE S R AT, T 20 L
B R 75. 0, AN, cef K80, HETKE. cef 4L
P55 A Mass Profiler Professional (MPP) B. 14. 00 %k
8, B3 R 75. 0, 04T 5080 )4 — A Ak 3L, 71531
(B [ A SIMCA 14, 1 ]k, 34T 0 B
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Fe /N 3 A ) 4 B ( partial least squares discrimina-
tion analysis, PLS-DA ) Fl 1E 22 fi f5¢ /)N — 3¢ 1] 51 43 Bt
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5. 0(https ://www. metaboanalyst. ca/ ) #4718 1} 18 %
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3.1 NE—BORZS A DAL PRy BRI/ U
15, 2000, =&V 5 AR FLIE, BT A
ZERE. FHH SAH/NRIENIEL, BROLHE,
FEMCRAS RAF . 525 AU H AL/ L DAT T
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Table 3  Effect of Huaihua Powder on mice with ulcerative colitis(x+s,n=8)

4150 Fl/g kg™ [ENGiN RN 2 S0 V) Y ) S Ve B PR/ DALY/ 4%
s - 0 0 0.37+0.52 0.13+0. 34
pieii] - 2.310. 48% 1. 80+0. 42 3.27+0. 48 7.43£0.70%
ESuZA S 0.078 1. 14+0. 35" 0. 56=0. 20" 2.10+0.57Y 3.67+1.25Y
[ 1115 0.624 0.800. 19% 1.33£0.21% 2.56+0.70 4.88+1.44%
HEAET 1.04 1.59+0. 48% 1.22+0. 63% 2.43x0. 67% 5.63x1.57%

1.56 1. 48+0. 36> 1.0120. 479 1. 6920. 95 4.46x1. 659
3.12 1.25+0. 29" 1.18+0. 42% 1.42+0. 63% 3.85+1.48Y

A AL P<0. 05,7 P<0. 01 ; SHEHI4 H Y P<0. 05, P<0.01(F 4~6 /) ,

3.2 /NREMHKE 45 ETE % CMDL P4y
5523 AU L B 2 /)N R4S B K BE s, 245 1 o i
BB TR (P<0.01) , Ui BRI ZH /)N R 485 i 6
S B 4 5 AR A LY, 4545 2 4/ RS T K B
RN, 45 M AR EOH B FRIK(P<0. 05)  #EiE2S
FIAL, ULHA 45 23 25 A X RE G A 45 W R E OB, FLAS- 4y
A EA —ENES WE 1 K4,
3.3 /MRS HA LR HE Yoo 1 Wil
(200 %) MLEF T, 25 F 4L/ BUBE 2 7T WL/ i 1
AMMEMEE WA 2R s, R W B RE; 5
25 FAGLAH B, AR 2 /N BRI 2 T DL R R A, 2 AL
A RR AR IR L S aR AU A (REET k) A R
U LA M PR A R (B AT k), KR T
eI, v WL b R A YR (2L k) s & 2 A
BRI L5 i A DA SE A S A TERE , Ja s vl D 4 B G

A, ZSH4;B. BRI Co BRI D, BmIEIEAE. PR
IR RAL F. MAEBUT RG] G MR R AL (& 2 [H)) .
K1 H4UhREmkE

Fig. 1 Colon length of mice in each group

K2 B IRHES VRS ST | 1A J2 00 2 A0 I Dl /b, 25

1303



20234E3 H | S48 BH S

FRERET T

CHINA JOURNAL OF CHINESE MATERIA MEDICA

Vol. 48, No.5 | March, 2023

K4 FUVNREIIKEE Ll TR AR B CMDIL Iy (245,n=8)

Table 4  Colon length, colon weight index and CMDI score of mice in each group(x+s,n=8)

4151 Fl/g kg™ il K E/em 4 B R CMDI
2 - 10. 68+0. 64 0. 89+0. 12 0.33+0.58
AR - 6. 60=0. 36> 1.35+0. 20 1.970.31%
ESUZ 0.078 9.92+0. 53% 0.93+0. 14% 0. 87+0. 24¥
VARG 0. 624 9.1420. 44 0.96+0. 13% 0. 94x0. 40%
WAL HL 1.04 7.97+0.319 1.23+0. 11% 1. 54+0. 66%

1.56 8.65x0. 617 1.130. 16% 1.33+0. 36%
3.12 9. 86+0. 48" 0. 98+0. 09> 0. 90+0. 33%

PR B AL Dl 553, A A I 1) 2 2 R 5 Vb 0 2

2 HAUNRL ALY

3.4

525 FAYUAH B SR 2 /N BRI 48 74 P F TNF-ar
IL-6 IL-18 & & B W 7t 55 (P<0.01) ; SR 4 [

x5 SU/MRER T

AR BLCHE B2, x200)
Fig. 2 Pathological changes of colon tissue in mice of each group( HE staining,x200)

A (x+s,n=8)

Table 5 Comparison of inflammatory factors in mice of each group(x+s,n=8)

AR5 25 B, IR RO B, ILIAT 2,

/BRI 2% P F TNF-a IL-6 IL-18 F7K-F- 85, PH M 24 20 M A6 1l 2h 25 41 /0N BRIl 3 4% 1 I+
TNF-a I1L-6 IL-18 FY &5 W R A% ( P<0. 05) , 1]
FRACTCAT i 5 1 96 /1N RO 9 E U g, W3R 5,

2H 5 Fl/g kg™ TNF-a/pg+mL ™" 1L-6/pg-mL™" IL-18/pg-mlL "'
e - 83.61x3.93 90. 68x4. 63 56.72+3. 80
T - 121. 22+5. 20” 116. 52+4. 217 102. 20+4. 477
EVhi% 0.078 97.59+3. 86 94. 43+4. 76 71.9326. 26"
VARG 0. 624 97. 65+5. 76 92.13%3.93% 76. 13x4. 92
WAL 1. 04 115.30+2. 45% 109. 52+5. 679 88. 71+4. 56"
1.56 100. 12x4. 63% 101. 36%5. 10¥ 82.52+3.90%
3.12 98.32+3. 19 95. 62+4. 58" 72.62+6. 68%

3.5
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1.0 P mo
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K. Z5H4 ;M. B D, SEALHURA 2 ;2. MR h R 24 ;G MRALT R B4 5 QC. s kEA
&3 420K UM S PCA(a) \PLS-DA(b) (OPLS-DA(c¢) LA K B3 (d) 15853
Fig.3 PCA(a), PLS-DA(b), OPLS-DA(c)plots and permutation test (d)scores of serum metabolites in rats of each group

3.6 RRAEHGE W 1597 PR 25 W 2 /N BRI i v A R
YbrEY W MPP R 0 BE T AE AR Y bR
(fold change =2 H. P<0.05) , 5 % A8 V5 76 2k Wy b
BYiE T METLIN 088 R 5w 25 R R, 5 HA
oA BRI A 49 DR B i kA T AR, H
W13 R A LB AR R | L-gamma-75 & BE-L-57 50 &
2 L-TN &R KRR 45 DY) & 5 3 T,
JHe A 2 I R AT | LU R I A 1 Dl — TR | Il
WERRMENLG (16.0)1X 4 A5 & 3 L 5B
oA A HR R Al o 38 M kA T AR
b, AR A 1-TM RIS L BEE R [ 18:1(92) /0.
0] .L-gamma-7 Z [k -L-5 52 A R | L-5 F & BE-L-i
AR U IE PR 375 1l 4 B Tk L BERE (0:0/16:0) |
VML BENRTE SB[ 18:1(114)/0:0] 55 11 DM,
W6,

3.7 REHEEN SN U B EEYREY T
A MetaboAnalyst #4215t 375 1 45 i %< /)N BR i 3 14 4%
T A A ,ﬁﬂﬁ pathway impact>0 M -lg P>0.6
(1) 5 4555 50 1 45 I 9 AH 5 0 AT I8, 4390 H
THBERR A, 28 e H KA, H 2R | 22 & Ay 2

FRACIS, M P A5, ISCOHE 71148 265 ¥ 128 1R 19 +H EL 5% AL
MLACHLRE % 2 108 H B AR Qi 2R 2 2R
AR IR A, SO IR 2 W TR IR 0 A B Ak, 23 e
H AR X 4 2538 % ( pathway impact>0 M -1g P>
0.5) , I XM 2 R A il 2 e A, o 2 e ARl i 2
B — % %W ( pathway impact>0 M —lg P>
0.4), WK 4,
4 e

AHFFEIE I ST DSS 5 T 1 1597 TR 45 I AR /N
BB TRY | R SRR AL 26 2 )5 /) BRUAR i i R [ 8 DAL
VEOr | 45 W 3 W0Vt B HE 20 2005 3 S b, BT
UHPLC-Q-TOF-MS X /N B I 75 # A% #4174 18 4 =
A3HT, 38 3 PCA  PLS-DA il OPLS-DA B fiff 455 764 e
B B % 2H R 22 5, JF i 0k MPP SR 146 T 72
HEYIbREY), SE L R B . SRR MAE
AT B S B IR DAL PF4, el 45 1 R DR A B IR
RIEHAFE i, D4R ERUIBAEEON Btz 45
REA—ERITER . /DRI AL 27 507
Z5RoR , BHE PSS A AR/ NI TS FEA Th AR 3 49 4>
WETE R W bs B W, 3 ARG I B R kIR A
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Table 6 Information of potential biomarkers
No. _ BIEAEYIREY - 4/ min s LA
T RS Mwos N Hus M

1 P A Wit spermidine 0.501 0 145. 157 5 12 13
2 1-JHER VA ML BEARIR[ 18:1(92)/0.0] LysoPA[ 18:1(9Z)/0:0] 17.139 4 458.240 8 o -

3 1,2-ZBEH e 1,2-diacyl-glycerophospholipid 29.601 1 614.393 2 v 1o
4 17-F M =B 17-epiestriol 22.9410 310.155 3 o 19
5 2,5-— HUE L AR 2,5-dimethoxycinnamic acid 6.505 1 230.054 4 o 1
6 3-HAEFLRR-FIER Y 3-mercaptolactate-cysteine disulfide 1.293 1 258.034 3 1? 1t
7 3a,7b, 12a- = FREAAIE L H 2R 3a,7b, 12a-trihydroxyoxocholanyl-glycine 10. 694 9 487.291 0 1» 1
8 3- F 35| 3-methylindole 1.656 3 131.072 8 1» -

9 5 -HmRE 5'-methylthioadenosine 2.9998  297.0879 | -

10 D-FIEFLMR D-phenyllactic acid 8. 666 0 166. 062 3 o 14
11 L-gamma-#3 2 B-L- 552 2R L-gamma-glutamyl-L-isoleucine 3.3511 260. 136 0 1 -

12 L-alpha- KA Z-L- AN 2R L-alpha-aspartyl-L-hydroxyproline 6.940 0 246. 085 6 v 1
13 L-alpha-% 2 Bt-L- 22 28R L-alpha-glutamyl-L-hydroxyproline 7.553 0 260. 101 6 o -

14 L-JR&ER L-threonine 4.2059 234.085 6 o T
15 L-N&ER L-alanine 0.634 0 89.047 6 o 14
16 L-RpPamt-L- i L-isoleucyl-L-proline 0.894 3 228.146 3 1» -

17 N1,NI12-Z ek N1, N12-diacetylspermine 18.963 1 308.218 3 1?2 13
18 N-ZBt-7-0-Z. Bt 2 5 N-acetyl-7-O-acetylneuraminic acid 3.769 0 184.071 3 v t4
19 ZRHIEE benzaldehyde 12.913 2 106. 041 8 12 T4
20 R MEHEBEE TR phenethylamine glucuronide 10.179 0 314.148 6 v 1
21 JEmg choline 0.8717 103.099 5 1? 13
22 A HER H A ERAEER Y lithocholic acid glycine conjugate 28.913 5 450.347 7 v 19
23 Huh#EAREE 2 BERE glycerylphosphorylethanolamine 3.843 4 237.036 8 o 19
24 AL MEH K oxidized glutathione 1.257 6 612.149 0 v -

25 HIPTELER trigonelline 0.6250 137. 060 2 o 1
26 &R glycine 4.731 6 173.104 3 o 13
27 HER argininic acid 0.614 0 175.095 1 o 14
28 WM AR R tyramine glucuronide 7.448 5 330.142 6 12 1
29 SPEIEAHR anthranilic acid 0.637 4 137.047 1 12 1
30 HiYMRE Fla prostaglandin Fla 7.5049  378.2356 | D t3
31 T ER docosanamide 28.942 4 339.347 1 12 1
32 PR —ITiR tetradecanedioic acid 11.595 5 280. 164 1 12 (R
33 HITE betaine 0.8100 117.079 3 o 1
34 vanillin 29.682 1 152.046 8 12 1
35 ®/EREK coumarin 1.3274 146. 036 2 1 19
36 FEREHER capryloylglycine 6.688 0 201.1359 o 14
37 EIE B linoleyl carnitine 12.510 1 423.333 3 v -

38 WAGIR traumatic acid 6.019 9 250. 117 0 o 1
39 AREBEAG lauroylcarnitine 8.7700  343.2704 | D 19
40 HEIMBENSEEARGE (14.0) LysoPC(14:0) 13.4522 467.298 5 1» 1
41 HMBEARIE IR (16:0) LysoPC(16:0) 16.362 6 495.3317 1 IR
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2:3R6
No. WA YR EY A 4/ min s AL
4 B MuwusN Huos M

42 R NG B NBER [ 22:6 (42,772,102 ,13Z,  LysoPC[22:6(4Z,7Z,10Z,13Z,16Z, 17.635 1 545.345 2 1» 14
167,197) ] 192) ]

43 W IBEIEEEAEGR[ 20.4(82,11Z,14Z,17Z) ] LysoPC[20:4(8Z,11Z,14Z,17Z) ] 18.181 0 521.349 1 R 14

44 FEMBEIEEEARGE (24.0) LysoPC(24:0) 29. 846 8 607. 455 8 1» 13

45 W MBENRHEZ B (0:0/18:0) LysoPE(0:0/18:0) 20.9876  481.315 1 12 19

46 TR IR BE £ B2 1 [ 20: 4 (82,112, 14Z, LysoPE[20:4(8Z,11Z,14Z,17Z)/0:0] 15.621 1 501.283 5 1 -
172)/0.0]

47 WMBENRHEZ B (0:0/16:0) LysoPE(0:0/16:0) 16.5128  453.2832 |V -

48 M B AR BE L BERE [ 22.5(72,102,13Z,  LysoPE [ 22:5 (7Z, 10Z, 13Z, 16Z, 17.2603  527.3015 12 R
167,192)/0:0] 192)/0:0]

49  FEIMBEIEEE B 18:1(112)/0:0] LysoPE[18:1(11Z)/0.0] 18.262 7 479.298 9 1 -
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Fig. 4  Effect of Huaihua Powder on metabolic pathways in mice with ulcerative colitis

(lysophosphatidylcholine , LysoPC ) | ¥ Ifil B A5 it £ B
J1i ( lysophosphatidylethanolamines , LysoPE ) | 2 & iR
TGS BT , 9 e 22 2 AR i dd s 0 e AR
L AR AL B ) 25 25 AT K- K R AE
B 25 5 /N B A DK B Ak ) T2 L4
S BRAE AT el i e AR O A, A IR
Fr it TS I R TR

WESE R, H AR QI o 10 K AT %
PRI O AR 2 2 A A P A
WEASIE IH 5 ( phosphatidylcholines, PC) 2 4 Jifd Ji&
R H M BER, 7E#EAR BEET PC KR A
LysoPC'*, EAMFFUEM , 1A LysoPC Jin &l fig 4
20 A PR (R R, IR 5 R 7 A T SR RE O
A8 5 A 0TS o3 U8 B Wi IR 7 A2 ( phospholipase A2,

PLA2) (380, Jin s w5 B 1 7K fg >, DT 38 Jn b i
PR LA i Al 2 S A JB ) R T, 75 5 AT DR 4
Ft AR F L 38 00 TNF-oc, IL-18 , IL-6 %5 48 i AR 3¢ [
T A, 5 GO A g R DDA OO I
(choline, Cho ) 7F IH fii i B ( choline kinase alpha,
CHKa) 46 T 7 A= 8 B2 JIH 5% ( phosphate choline,
P-Cho) , #R J5 CTP: B FR MH B i 1 Wt 5% % i
( phosphoryl cholinecytidyltransferase , PCYT1a) 1] F
P-Cho 5 CTP B #£ W5 W2 £k ( pyrophosphate, PPi) |
JE 1% & A B CDP-JIH #i, ( cytidine-diphosphocholine
CDP-Cho) , f% J& JI0 5 % g %% #% B 1 ( choline
phosphotransferase , CHPT1 ) 5w o ga 4 r7mE
PC, T PC A ik S r= 2R WL 5, AR5
8K W, A H /N R Cho, PE, LysoPC M
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Fig. 5 Effect of glycerophospholipid metabolism on the treatment of ulcerative colitis mice by Huaihua Powder
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