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and untargeted lipidomics

YANG Shu-hui, LI Cheng-xi, LI Jian-ping, WANG Yu-meng, LIU Yun, DUAN Jin-ao,
GUO Jian-ming’

(Jiangsu Collaborative Innovation Center of Chinese Medicinal Resources, Nanjing University of Chinese Medicine,
Nanjing 210023, China)

Abstract: In this study, the ameliorative effects of Flos Abelmoschus manihot on mice with chronic inflam-
matory bowel disease (IBD) were investigated and its effects on the structure of the intestinal flora as well as the
lipid profile in feces of IBD mice were analyzed. All animal welfare and experimental procedures followed the
regulations of the Animal Ethics Committee of Nanjing University of Chinese medicine. A mouse model with
chronic IBD induced by dextran sulfate sodium (DSS) was used to evaluate changes in body weight, disease activity
index (DAI), colonic histopathological damage as well as gene expression levels of inflammatory factors in the
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colon. Fecal samples from mice in each group were collected and subjected to Illumina high-throughput sequencing
to detect the abundance of intestinal flora; samples were analyzed by UHPLC-Q-Exactive®” HF Quadrupole-Orbitrap®
of untargeted lipidomics, which detects lipid content in feces. Administration of Flos Abelmoschus manihot could
significantly restore the body weight and ameliorate colonic histopathological damage in IBD mice. Sequencing of
the gut microbiota revealed that the species diversity and richness of the gut microbiota in IBD mice were
decreased, with a significant increase in the abundance of Verrucomicrobia and a significant decrease in the
abundance of Bacteroidetes; Flos Abelmoschus manihot significantly increased the richness and diversity of intestinal
microbiota in IBD mice, increased the number of taxa species at each level, and restored the abundance of bacteria
in the phylum Bacteroidetes. Analysis of fecal lipid profiles identified the most significant changes in sphingolipid
and glycerophospholipid metabolic pathways in IBD mice, with Flos Abelmoschus manihot inhibiting ceramide
and sphingomyelin synthesis in sphingolipid metabolism. In summary, Flos Abelmoschus manihot can effectively
improve the disease condition of mice with chronic IBD, and it has the effect of regulating intestinal flora homeo-
stasis and lipid metabolism, but the related mechanism between the two still needs to be deeply explored.
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BHER G HRA A, # R EG R (dextran
sulfate sodium, DSS, #it5: S3045, 3¢ [E MP Biomedicals
AN FE]); 4% % 5 H I [ € W (k5 BL539A, Biosharp
AR IR A 7)), RNA S U & (k5 ET111-
01) Top Green S qPCR Super Mix iR 7] & (#t 5 :
021127).One-Step gDNA Removal and cDNA Synthesis
Super Mix 7 (L5 : P20329) (b i &N & LW
ARA PR 2 7); i i bR #E 5 LysoPE (lysophosphatidyl-
ethanolamine, 17: 1, #t*5: LM171LPE-11). SM (sphin-
gomyelin, 17: 0, it 5 : 170SM-13). PE (phosphatidyl
ethanolamine, 17:0/17:0, #it5 : LM170PE-19) (Avanti
Polar Lipids 2~ #]); 5 A B (# 5 : C12585714). & I
(5 C12314967) (B2 kAR A R A H]); &
i (& T ke, #E5: 20191217, [F 245 4 H Ak 250
FREA ) B S S BUT JEBE (methyl zert-butyl
ether, MTBE) (& [ Merck 2\ 7l); s N B R #% \ 1R
B (i al, 5% [E ROE A #l).

R IR S B O ML (85 Microfuge 22R).
A R B O ML (3 [ Beckman 2 7); fill 284 g i TR A
AR5 XW-80A, L) 7H 2 Hr i 88 ) ), TR
(1455 - ML-204/02, b g Mg 5 ) - 4T F 2 A0S A IR 2
F]); U3000 = 2% A7 4 1% 4 (3% [ Dionex A #); Q-
Exactive VU 25 #1 — % 18 B 57 115 {X (3% E Thermo Fisher
Scientific 2 H]); F 2 B O W41 (32 [H Thermo 4 1)),
R dR 7 %% (35 [E Scientific Industries A 7); KQ-500B
AU R IEBE AR (B LT A AR A R AR, 5
Z—H R (4 Sartorius 2 7).
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ZIM B 18I 70% LRESEHL, 11 10 % 8 1 70% &
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MBS HTE ¥ 22 L CSTBL/6 /N RBEHL 5
H 3, HA a4 (control) 8 H AEAYL (model) A3k
BFEWLIRMAHAE HK), A% TH., SAHDMR
R T IEE K. BARLAE N R K R &
DSS, f: 424200 mL. DSS % 5 IBD [ A7 24
H1~7 K, Bl 3 K DSS KL 2%, J5 4 K1 DSS i &
2.5%; 95 8~ 14K, 4y MR E KK, 5 15~24 K%, 1l 3

K ) DSS W FE 2.5%, J5 7 K1) DSS W 3%:; 5 25~
31K, AN AR K; 5 32~38 K, DSS K 3%; 2
39~45 K, FHRN AR IIK. &KL A AT
A b, 75 & 4 /K AN B 15 45 24 06 &) S5 40 S 32,
FIEN 1 gkg! (BZERLEEY)  HiZE 2 BE = 800 mg-kg':
200 mg-kg™"), L5 2 AR 0.1 mL/10 g, B R 1R,

121 IBD A2 BT SCI0 T A2 Al S BRI A
B OREAOIRES VIR S S A O, AR AR A E N R
O3 FFAE BB L OKAE Rl = LR A VR4 5 IBD R
953 7% 3 $5 80 (disease activity index, DAI), ¥4 A5 i Ul
R 1HTR:

Table 1 Inflammatory bowel disease (IBD) activity index scoring

criteria

Stool
Weight loss ,00 Occult blood in stool  Score
consistency
0 Normal Normal
1%-5% (with 5%) Soft stools Positive

5%-10% (with 10%)  Mildly loose Mild hematochezia
10%-15% (with 15%) Watery stools Massive hematochezia
>15% Diarrhea

AL = O

Heavy bleeding

NREHERARBOH W EREEMAN,
BT 4% 2 5 TR [ 2 R, R AL S R A
il Fr, U0 R i e S5 14T 95 AR RS — 2L (hematoxylin and
eosin, H&E) JL{t,, 75 W8 N M %2 498 1 41 i v 25
AL, AT S5 I H RV 77 o

INREE AR LR T REAE A F R E FRAALN  FRECN
A A 2E 10 mg A2 Ay, WFEE 2] 3%, 4 /] TransZol 1212
HBUmRNA, #1f RNA i #2151 S AR AT 1 A . $R X
JEIEAT RNA WK FEN 2, 4% — & LU 2 W 2, AR
KR AT 30 S N2, A QuantStudio 5 7 SEIE
O E B PCRACGHATY 184 S A &, 51V 51 WK 2.
P18 25 )5, B9 4k ¥ DL GAPDH (glyceraldehyde-3-
phosphate dehydrogenase) AN Z A, H 2%+ H
gl 2A 21 TNF-o (tumor necrosis factor alpha) 1 Muc?2
(mucin-2) FE R AT Rk & .

PRBE A FEMF 5500 2% n B0 2H /) SR
F&ff, K H Ilumina PE250 ~F 5 X DNA J1 Bk 47 X i
Table 2 Polymerase chain reaction (PCR) primer sequence of

each gene. TNF-a: Tumor necrosis factor alpha; Muc2: Mucin-2;
GAPDH: Glyceraldehyde-3-phosphate dehydrogenase

Gene Primer (5'-3')
TNF-a Forward: AGGCGGTGCTTGCTTCCTCAG
Reverse: GGCTACAGGCTTGTCACTCG
Muc2 Forward: GCTGACGAGTGGTTGGTGAATG

Reverse: GATGAGGTGGCAGACAGGAGAC
Forward: ACATCAAGAAGGTGGTGAAGC
Reverse: TTGTCATACCAGGAAATGAGCTT

GAPDH
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(paired-end) M7, M PRI TAE B _FHFIRFR A 5 5E o

BERREZFHEHERATAIE  K-80 °CIEAF /N
FE{H T 4 °CRRUR, R 5 HR L 20 mg i T 2 mL & 08,
BN 200 pL B4t 7K, 513 15 min. & 2 W E 20 uL 2]
KWT 1.5 mL B0 1, I 225 pL & W A% [LysoPE
(17:1)~SM (17:0)-PE (17:0/17:0) # EZ1 4 5 pg'mL™"]
UK R, 9% € 10 s, N 750 L () MTBE, 5 /5 JiE
10's, T4 °CRE % 10 min, SN 188 pL HHZHK, i jiE 20 s
JaF 4 °C, 18 000 r'min” & 0> 2 min, W HL 350 uL k3%
W 1.5 mL EO0ET T, BT8O0 NTHET. T
FIRE S 110 pL VAW (B H 2R, 91 1) 3T 27,
B1 9% Ji€ 10 min, # 7 10 min, 18 000 r-min” &> 10 min,
060 uL E3E T RN, EALEERE T

BE FR ¢H % LC-MS (liquid chromatography-mass
spectrometry) B #r & il #E: ACQUITY CSH
C18 (1.7 pm, 2.1 mm x 100 mm); Jii&: 0.3 mL-min™; 1E
BRI IREIAE A 2K =614, % 10 mmol- L' H
FRELFN 0.1% IR, B: ARE: 4 =91, % 10 mmol-L"
FRRELAN0.1% FIR . S TR A: O
K =6:4, %10 mmol L' ZFR¥%:; B: RIAEE: M =9:1,
10 mmol- L ZfR%z . I AN AHBREE: 0~4 min, 15%~
30% B; 4~5 min, 30%~48% B; 5~22 min, 48%~82%
B; 22~23 min, 82%~99% B; 24~24.2 min, 99%~15%
B; 24.2~30 min, 15% B. FEif: 65 °C, #EFE&: 2 uL
(IEBT), 5 uL (B 1.

JF W% 2% 1 Q-Exactive VY 2 K —L38 25 1 BH 5T 3 X,
A Es 77 2 HESIE . BB 71 M55 dk: 3.5kV, &
TIRIRE: 306 °C, BANE IR 300 °C, B 45 arb,
B 10 arb, YU 215~1 800 m/z, S-lens: 50; 11
TR WS R 3.0 kV, BRI EL: 325 °C, B4
L BE: 300 °C, B 45 arb, MBI 10 arb, 36 [
215~1 800 m/z, S-lens: 50,

FitFRHE LI A KA GraphPad Prism8 555
E43#7, BT #4532 L mean + standard error of the mean
(SEM) 7R (n = 3). K one-way ANOVA Tukey #E17
dim 2z T, 5 AHE, P<0.05 KR EH5%
NES-9'E

HR
1 REZELEAEZNEEMIBD /NRAOERELE
RIBRTS

HARSERT R 1A R, 5IEH 4R,
FE 45 T DSS i [], #5578 20 /)s B 1 B I8 35 PRI, 7E 47 K
AR, /N RAR AT TR R SR BAEn T B 2%
Iz AR S (K 1B). 4% MR E R E 0% L3¢

FERGHH B KR B3 I = I 2% & V70 vH 5 DAL 45 R 2R
B /N B FE DSS ], DAIVE A B BT, BT
4, HH I S IR S A i SRR B & 2R AR
245 J5 ] 2 35 PR IBD /N U DALV 73, o3/ IR TS
JER (B 1C).

HE et 25 B BIR, 25 B 41/ R 45 2 25 1 58
B MREHS R %, 9 b A AT L e R S AR
Y M, TSR IR, TG B S B AR A A5 7Y 26 /)N
B &5 Jizp 4. 23 ] DL B S 1 98 4 A R IR T, ZH 2R S5 A B R
2B, e B VE 4 2 35 T (] 1D); 3 &) 25 AR
4520 J5 W RT Oss 4 I AL 23 R IR, DK RS 58 45 ), I
ARG 1 45 T 28 s ER A1, R BB A VE o A BE AR 1)
Ho Gl i RORE R AR R E VIR, 2 AL
Bkl RN EERR 2 —. 5IE% /N, IBD
BRI R 45 K P2 W W4 4, B R TR G 2 5 V] 3
W /NG K (B 1E).

S5 W 2 Muc2 J TNF-o [f) mRNA JE & 45 5 12
7R, 2 DSSIERLE, N REIHAH AT Muc2 /KT 5.3 T,
TNF-0 7KV 535 b 2850 &) 384620 24 Jm e 3k Muc2
KIE, X TNF-a RIEA[ — @ M 1E B (B 1F).
2 EHEEXUATREEMIBD IRBEEEYMS
M

R T BRI & FEAE NS M IBD /) U 18 T A M
BRI, AT FE B S K F 16S tRNA T 704 7 /N 1
WoiE R 2 FEVE . TEREAT H00dE b BRI S B 97% AR B
(1) 355 BR] 3 21) 3 AT UH 28 4H B 43 R 45/ 5 T (operational
taxonomic units, OTUs), £ OTUs f)FEft_L Bk 47T #Hp=F
& LAY Fh 2 R 53 . FH rank abundance i 2k
FE i 1K) OTUs AR 48 AH X 3= 42 — 5@ B HE 51 4
5, LLOTUs B HEF 9 5 AR AR BR, AH X 3= B2 9 AL bR
21T R, T S R R R (BEAR AR ) M5
(T 25 Bk U 2 ). 7E B B Alpha 2 FEYE A b, B
Chaol ¥8 £ 3R AL =F & /%, LA Shannon F1 Simpson $8$13&
fEZFEPE. HIEHE /DNRAH, IBDEAU/N AL RS
FE R ZFEVE B BRIRM B S, & L% 25, rank
abundance [l £& B \2. 457 #, Chaol . Shannon 1 Simpson
T8 3500 2 T vy, 2R 0 o B 2R A ] G U N B TR )
B F 8 FE e 2 R (B 2AB).

X /I BRI TE AR ) 45 R AT 0 A KR, 5 IR
W /N EAR B, IBD B /N BRAE & B R E FORE B
ZE S AL B ZEA A ERTT N H VBB %28
REECE A B R mEN (K 20), i & 26467 &
EH XG0 E A 2 R . AETTKF B, B
/N B LA B 1] (Bacteroidetes) B 2 k2, JEBE B 7]
(Firmicutes) F1 2k B 1] (Actinobacteria) 4 1 i it 3,
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Figure 1 Effects of Flos Abelmoschus manihot (HK) on various indexes in chronic inflammatory bowel disease (IBD) mice. A: Experi-
mental diagram; B: Body weight changes of mice in each group; C: Changes in disease activity index (DAI) of mice in each group; D:
Hematoxylin and eosin (H&E) pathological sections and histological scores of mouse colon in each group. Scale bar: 100 um; E: Mouse

colon length in each group; F: Gene expression levels in mouse colon tissues from each group. n = 5-8, x + standard error of the mean

ok whk

(SEM). "P < 0.05, ""P < 0.001, P < 0.000 1 vs control group; “P < 0.05, P < 0.01 vs model group
A B Rank abundance curve
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Figure 2 Effects of HK on the species diversity of gut microbiota in mice with chronic IBD. A: Microbiota alpha diversity index; B:
Microbiota rank abundance curve; C: Number of microbial taxa at each level; D: Species composition at the phylum level. C1-C8, M1-MS5,
and H1-HS5 refer to the control group, the model group, and the HK group, respectively. n = 5-8, x + SEM. P < 0.01, P < 0.000 1 vs

model group. OTU: Operational taxonomic unit
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TR R0 45 2 S5 AT LR R S AT TR A T R, PR AIC
JELEETE T4 B =F 2 (B12D).
3 REELNEMIBDMNRBEEHEETHE
AL

XHUFF B 1] (Bacteroidetes) 22 FE 1 ] (Proteobac-
teria)s 7 £k B ] (Actinobacteria). & &% 1% [] (Fir-
micutes) AP EE 7] (Verrucomicrobia) &5 718 i £
BERFE R o3 4 BRI, 5 IR /N B B, IBD AR /)N
SROPE ST ) =5 FE B2 T v, MU T 1 F 2 T
P, BRI 2 J5 R] e 3 R SR AU TR T 4T T2, X
PETUTR T T4 3 B TG B 3 52 (1 3A).

AT B 1T T il ol A A, R LA R i 1
() B B 2H R 4y, R M AL 0 IR AR A Sk S
M BRI T N 4E 2K K, 3|
B ZEAC L 2 vT 0 2 B 1E P IBD /N BT B AN AU
B S AUAT &R =+ FE (3B).
4 EEETIEM IBDRB )R FEERE RN

N TR E 18 1 IBD /)N B {E R Jo R R 1 AR Ak,
SR FH A S P AR A ) R J5 4H 5 v, T SN I o 4 A 4
AT F 57 534 (principal component analysis, PCA),
SE TR, 12 1% IBD /)y BB A4 (1) I 1 56 B AR B AR
h, Horp IE B P8R PCL: 40.9% PC2: 10.9%; 155
T4IPC1: 41.3%.PC2: 21.6%. HE AL 57 H T
JIg B SR AT 31 8 25 U (B 4AB). X I ot 21 2 H s
H#— 34T fold change 73 #T & I, 18 1% IBD /) b F&
S R R BT, B IER E, MR
T SRR L& B A € FIHEH (B14A.B).

AR5 %5 5 I 5T AR A R 5 B 3 57 Kl ] (voleano
plot) FIER KB (K 4A~D), 33— i 1% 2% 20 1) 1) 2=
S E, 12 M IBD A5 AL /) B SS (58 H 3k J TH 92 Fh 22
PR BT, Herb I B A AN % 0E 70 b 22 e TS
(1 4C), f s 7 0 %8 22 Bz vl o (I
4D), 45 12 Pl g 7 Fh B s RE L4 Mhovh 22 It i 4 Fh
H B R ARG L 3 M I R E A 3 b H i B R £ 1
¥ 55, B ) BEAR 45 24 JE 0t /N B FEAE v IR o I AR A
FAE T H B R IR (K4C.D). e DL ESEE,
P HEAT R o A I8 B 2 M, Pk th VR o B e B
HH 3 22 e AR ARl B, AU I8 2% AR A A R B R
IR R 22 SV BOR I IR B A i B (] 4E), HhiF
I3 F5 e~ 22 S B S 35 R AU B A T 2%, BIVER IR AR U
(sphingolipid metabolism) 1 H i % A5 1€ ¥ (glycero-
phospholipid metabolism) i % .

5 EBHELMEHIBDIRENREFEFHESEDS
Gd:opA

A A I A 2 2 R W R 4 2 A b Ok
I, IBD AN AR N IR & E R AR R E R, 4G
5T LA HHE 23 4, BB 2R b 3 Fh 2 BRI, pH
P Jric A 0 AT B IR S AT IR AN T . B IEE /D
SRUAH B, IBD /)N R 5 v 3 T IR 2 B35 B 25 38, 3
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Figure 3 Effects of HK on the levels of gut microbiota and the population of Bacteroidetes in mice with chronic IBD. A: Relative
abundance of gut microbes at the phylum level; B: Relative abundance of gut microbes at each level under the phylum Bacteroidetes. n = 5-8,

x £ SEM. P < 0.05 vs control group; “P < 0.05 vs model group
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Figure 4 Effects of HK on global lipid alterations in the feces of chronic IBD model mice. A: Principal component analysis (PCA) plot,
fold change analysis, volcano plot in positive ion mode; B: PCA plot, fold change analysis, volcano plot in negative ion mode; C: Differen-

tial metabolites in positive ion mode; D: Differential metabolites in negative ion mode; E: Diagram of lipid metabolic pathways
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Figure 5 Effects of HK on the contents of phospholipids in the feces of chronic IBD model mice. A: Glycosphingolipid content changes;

B: Ceramide content changes; C: Sphingomyelin content changes.
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Figure 6 Effects of HK on the contents of glycerophospholipid in the feces of chronic IBD model mice. A: Phosphatidylcholine content

changes; B: Ether linked phosphatidylcholine content changes; C: Lysophosphatidylcholine content changes; D: Ether linked lysophosphati-

dylcholine content changes; E: Phosphatidylethanolamine content changes; F: Ether linked phosphatidylethanolamine content changes. n =
5-8,x = SEM. "P<0.05, P < 0.01 vs control group; "P < 0.05, P < 0.01 vs model group
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