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[Abstract] Objective: This study aims to investigate the effect of Dictamni Cortex on intestinal barrier damage in rats and
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its mechanism by untargeted metabolomics and targeted metabolomics for short-chain fatty acids (SCFAs). Methods: Rats were
randomly divided into a control group, a high-dose group of Dictamni Cortex (8.1 g-kg"'), a medium-dose group (2.7 g-kg™), and
a low-dose group (0.9 g-kg"). Except for the control group, the other groups were administered different doses of Dictamni Cortex
by gavage for eight consecutive weeks. Hematoxylin-eosin (HE) staining was used to observe the pathological changes in the ileal
tissue. Enzyme-linked immunosorbent assay (ELISA) was employed to detect the level of cytokines, including tumor necrosis
factor-a (TNF-a), interleukin-6 (IL-6), and interleukin-18 (IL-18), in the ileal tissue of rats. Quantitative real-time fluorescence
polymerase chain reaction (Real-time PCR) technology was used to detect the expression level of tight junction proteins, including
zonula occludens-1 (ZO-1), Occludin, and Claudin-1 mRNAs, in the ileal tissue of rats to preliminarily explore the effects of
Dictamni Cortex on intestinal damage. The dose with the most significant toxic phenotype was selected to further reveal the effects
of Dictamni Cortex on the metabolic profile of ileal tissue in rats by non-targeted metabolomics combined with targeted
metabolomics for SCFAs. Results: Compared with the control group, all doses of Dictamni Cortex induced varying degrees of
pathological damage in the ileum, increased TNF-a (P<0.01), IL-6 (P<0.01), and IL-18 (P<0.01) levels in the ileal tissue, and
decreased the expression level of ZO-1 (P<0.05, P<0.01), Occludin (P<0.01), and Claudin-1 (P<0.05) in the ileal tissue, with
the high-dose group showing the most significant toxic phenotypes. The damage mechanisms of the high-dose group of Dictamni
Cortex on the ileal tissue were further explored by integrating non-targeted metabolomics and targeted metabolomics for SCFAs.
The non-targeted metabolomics results showed that 21 differential metabolites were identified in the control group and the high-dose
group. Compared with that in the control group, after Dictamni Cortex intervention, the level of 14 metabolites was significantly
increased (P<0.05, P<0.01) , and the level of seven metabolites was significantly decreased (P<0.05, P<0.01) in the ileal
contents. These metabolites collectively acted on 10 related metabolic pathways, including glycerophospholipids and primary bile
acid biosynthesis. The quantitative data of targeted metabolomics for SCFAs showed that Dictamni Cortex intervention disrupted the
level of propionic acid, butyric acid, acetic acid, caproic acid, isobutyric acid, isovaleric acid, valeric acid, and isocaproic acid in
the ileal contents of rats. Compared with those in the control group, the level of isobutyric acid, isovaleric acid, and valeric acid
were significantly increased, while the level of propionic acid, butyric acid, and acetic acid were significantly decreased in the ileal
contents of rats after Dictamni Cortex intervention (P<0.05, P<0.01). Conclusion: Dictamni Cortex can induce intestinal damage
by regulating glycerophospholipid metabolism, primary bile acid biosynthesis, and metabolic pathways for SCFAs.
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(faikat) (CNW A #l LS C10015500) ; 79 iR (3%
4l ) (Anpel 23 7 , CDAA-251003A) ; T M2 (3% 4 )
(£ [H Sigma 2y 7 ,B103500) ; 5 TR (o ial) 2-F
HETROAES) 5 m(6@iEad) (48 E Dr
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REMAGE( )RS5 AR A E ] ;ZMN-7803 £l {
HHL(RIR A T A R ] ) ; M2000Pro AU il 5 43
B (FEER R R B2 45 BR 22 7] ) ; Quantstudio3 #!
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S HOR R R ALY, A 9 £ i PR BRA U5 B H AT
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4°C, B .02F42 10 cm, FIA] )2 ¥, B [ 3% % JH ELISA
60 B [ 7 2H 21 TNF-o IL-18.1L-6 45 5 K F- .
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Me i 47 PCR ¢ 88 o DL H Wb B -3- 8% R B A Bl
(GAPDH) N N Z 5L 0, B4~ B Y 5& X R T FE A fig
3IANEE ., RIS N 95 CCHIAEYE 30 5,95 °CAF 1
55,60 °CiR Kk 315,40 MEFF,95 °CP 4% 15 s, R H]
2R AT EAR G 51T I A 1.

F1 5l9F7
Table 1 Primer Sequences
519 JPH(5-3") K & /op
Z0-1 -3if ATTCAGGTCGCTCGCATGAC 150
T i ACTGCGTGGAATGAT CGGAG
Occludin [ CTCGGTACAGCAGCAATGGT 117
i TCATAGTGGTCAGGGTCCGT
Claudin-1 _FJif AACCCGAGCCTTGATGGTAA 110
Fiif CAGGACCTCATGCACTTCA
GAPDH  Lif CAACTCCCTCAAGATTGTCAGCAA 156

R if GGCATGGACTGTGGTCATGA

2.6 AR 1 AR AL 2 A I K oy BT

2.6.1 UPLC-MS #i W %4 fF ACQUITY UPLC
BEH C, {554 (2.1 mm=100 mm, 1.7 wm) , £ 6
40 °C; i s A 0.1% R K % T (A) Fl 2 (B)
Bh B ¥k i (0~0.5 min, 99%~80%A; 0.5~2.5 min,
80%~40%A ; 2.5~4 min, 40%~34%A ; 4~5 min, 34%~
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20%A; 5~7.5 min, 20%~14%A; 7.5~8 min, 14%~
1%A; 8~9 min, 1%A) . #f £ & 4 pL, i #
0.4 mL-min". JHi% 24 . BB 55 B T PR (EST) , 4 %)
FEOE 8 B TR, OF B B A0 WSS R R
2kV, BT EMEME BT 1.5 kV; IEE FHEfLE
60V, 1B F4EFL R 70 VB F IR 120 °C
I8 95 7R 0L B 500 °C 5 s AT 1 000 L-h' s 4
FLAHHE SO L-h'; fif i AE 15~45 V.,
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W, R A N AR 1 A 24 B )3 (HMDB ) il
HREE N 5 B A A B4 5 (KEGG) Bl P #5474 O
A3 % 5 T

2.7 HUa) SCFAs AR 20 2 6 I S 40 A Bl i I
W FEA 20 mg, I A — KLAK BRI A B RV T
1 000 wL (0.5%, v/v) , 30 Hz Bk J& {¥ BF & 1 min,
2 500 r-min” ## i€ 10 min, 4 °C#A # 5 min, 4 °C .
12 000 r-min" &> 10 min; B F 3 A & bR 09 B
AT H Rk (MTBE) 25U 500 wL,2 500 r-min™ i
i€ 3 min, 4 °C#8 7 5 min, 4 °C .12 000 r*min" & >
10 min; W B¢ I 35 200 wL = oF £ N+ &
GC-MS/MS £l 9] iz N %5 ) H SCFAs % . SCFAs
43 # K Fl Agilent 7890B A {7 3% 1% , {5 3% A K
DB-FFAP(0.25 mmx30 m, 0.25 wm) , & X &<, Wi
1.2 mLemin™, R4 WA R S b 501,
RO 1 pL, AR AR R B 50 °C L R FF 1 min, DA
18 °C min™ {9 3 F FH il & 220 °C, £ 5 5 min, T A
FE & ¥R 22 g K IR X 1 AT 4 M o 1R 11 R
4 £ T BE 4301 R 250 °C A1 230 °C

2.8 Giil=#sr#r  ffi A SPSS 26.0 BT GE T4y
B, B8 DL x5 R, 24 0] HLRECR B R O 25 4%
¥ (One-way ANOVA) , I 4 [R] L 5 R F kST REAS ¢
Ry, P<0.05 F 2= 5 A4 it 2= L.

3 &R

3.0 HEEE TR E AL B G Em 5
25 LA L3, 6 R 45 00 B 2H K BRI g 2 4 45 4
W I, B 3R B A 5 5 8 6 720 R Al B s TR
JE AR B FRE IS 2 R 2 S e, v D e R R )
P03 de k7, TN AR . DA 1

3.2 P fEE R 6K R 4 41 TNF-a IL-18.1L-6
KRR 558 A HES, B R A% R 2K R

AL AL B Y R A CL A TR A4 DL fif
AR 2R
B1 B#HEMNKROBGERAESELHZM(HE,<200)
Fig. 1
rat ileum tissue (HE, x200)

Effect of Dictamni Cortex on morphological changes of

5] fizs 4 24 v TNF-a  IL-18 . IL-6 /K - g 3 F+ & (P<
0.01) , Hr LA i Bz ey 5 ok 21 o Oy W8 38, 4 7 i
Bl 5 i 40 . WK 2.

®2 BEEXXREGAR SR TNF-a IL-18.1L-6 7K T {3 I

(X+s,n=6)

Table 2 Effect of Dictamni Cortex on levels of TNF-«, IL-18,

and IL-6 in rat ileum tissue (¥+s,n=6) ng-L"'
=] =
415 "Ji_l TNF-a IL-18 IL-6
/g kg
7S [ 4l 67.01+£5.25  30.73+3.11 22.81+4.74

MR E A 8.1 133.35+10.34" 68.51+7.85" 75.23+6.52"
HEE R Rl md 2.7

& AR = 0.9

127.45+7.20"  62.90+6.25" 71.45+5.33"

118.17+5.47"  59.35+7.06" 70.04+4.58"

528 HA LV P<0.01

3.3 [ fif H 4 KR Il 41 4L ZO-1, Occludin Al
Claudin-1 mRNA £iEW#Em S A4 HE, A
fief Jiz % 5] 1 26 249 AT B g R AR OK BRI i 21 2L b ZO-1
Occludin 1 Claudin-1 mRNA 7k % (P<0.05, P<
0.01), 7R iz 8 Fe U BE 2 0. WK 3.

x3 BERYKXREDMEAZRSP Z0-1. Occludin 1 Claudin-1
mRNA RIEBIFM (F+s,n=3)

Table 3 Effect of Dictamni Cortex on mRNA expression of ZO-1,

Occludin, and Claudin-1 in rat ileum tissue (x+s,n=3)

;‘q N=N
| ’ JE_I Z0-1
/g kg

Occludin Claudin-1

ISk
PR Rl a8
PRl 2.7
PR AGHRAl 0.9
5 AV P<0.05,7P<0.01(K 4 FIK 6 )

1.00+0.03  1.0040.03  1.00+0.05
0.52+0.15  0.48+0.07 0.63+0.20"
0.57+0.19”  0.55+0.12 0.70+0.13"

0.67+0.09"  0.62+0.20° 0.72+0.10"
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3.4 1 R ORI Y 2 AR R R Y B e 3.5 1A R R ORI Al PN 2R oA T VR A ) b

KA PCARMEANFAMBREN , A4S
1 fif 7 45 25 4176 PCA TF43 I W] & 4y IF, W A
fief J7 5 SO B N 25 0 AR KT k2 R g
SR TR AL AR i 22 5, ST OPLS-DA #5 #l
#4753 BT, OPLS-DA 15 73 & B Y i3 47 200 Y i AL ¥
ok 5, 1F B 14 30 F A 2 8 RY=0.999, 0=
0.998, fi & T # 3 T B & 2 L R°Y=0.994, 0’=
0.983,R°Y Q> ¥ H il 1, 3= W B 70 5L 46 o 19 i g
KRB E, HRY >0, R KK ETHE B
R ] §E . WLEE S-plot & A] 1, K 2 B i 7 1 B
E 5 PSR A i S R R B B, X
BB SE TR A Z M A 25 . WL
F B b Ak

®4 BEREIARDENEY TR GHE 20

AP 3 XK R N R A A
Yy Ak my #0548 4T & VIP>1, fold change>1.2
57<0.8 & Q-value<0.05 (A 7=y, 25 (4 5 A &
RGP B R 21 2R, &id B+
SRR AT, S A AR, A S8 14
YR EY R EE LR TN EY R EET
P VLI 5 YRR InAL BL
3.6 1 R ok R BRIl 2 vb AR S I Y S )
W R BRI figg PN 25 W A A b O 5 Y B Y A A W A
AW AT & ST, LA FHE N >0.10 Sy Z& 1 0 3%
g5 R AR YS K 10 21 i, b P<0.05 Ho5¥
M (>0 B G B4 i ik 28 32 22 R H i B g AQ 8 01 )
REVE PR A= W5 0S5 o L3 5 BB AL R 3R 4

Table 4 Effect of Dictamni Cortex on metabolic pathways in rat ileum content

i K 4% B 5 AR WU PCECANEC B P -lgfH Holm IRAELE LA BR W
Hh g R 1 36 0.20 2 0.01 1.79 1 0.75 0.11
FIHNARTT BRAE WG 0 2 46 0.26 2 0.02 1.59 1 0.75 0.01
I AR A 5t 3 5 0.03 1 0.02 1.55 1 0.75 0.00
RN A TR 4 8 0.05 1 0.04 1.35 1 0.89 0.14
- SE SRR TR AR 5 13 0.07 1 0.07 1.15 1 1.00 0.00
ik i AR 6 20 0.11 1 0.11 0.97 1 1.00 0.04
I H AR 7 28 0.16 1 0.15 0.83 1 1.00 0.03
SRR 5 TR AE 65 B 8 36 0.20 1 0.19 0.73 1 1.00 0.00
KRR R A 9 36 0.20 1 0.19 0.73 1 1.00 0.02
AEA: 00 R AR 148 10 44 0.25 1 0.22 0.65 1 1.00 0.00

3.7 A fE R BRI 2 9 SCFASs 1 52

K FHHE 1] SCFAs ARG 4 2 14 75 ¥ % 28 (1 4 L 1 et
B 4 25 240 K BRIl 9 25 ) v () SCFAs 7K F- #E 47 BF
9%, W S5 1Sk 1Y 8 Fl SCFAs #E 1T PCA ; 45 1 B /R 28
P14 5 e R 25 25 41 22 180 A BH 8 0 23R 28 R 43 B
oo B JE I AE R Y 8 Bl SCFAs 4 IR 25 14l Al
ff iz 45 2 20 17 OPLS-DA , UL 3t B B o 44 et
AT UL A ST BN o BT AR R B R A I SR i R R
JiFEge Jy o i — % E VIP =1 MK R (P<

x5 BHEEEIMARSCFAs K FEREN (X£s5,n=3)
Table 5 Effect of Dictamni Cortex on SCFAs levels in rats (x+s,n=3)

0.05) #4725 S A 1 0 2 |, 077 % 11 T 2 1Y 8 i 22
5+ SCFAs, 45 5L UL 3% 5 11 W B m A4k} ; 525 4 L
B, A AT RN KR AN TR . &
AR Em s TR IR R MR O
Ko Gt R BoR, 52 HA g, &
B XTI 6 Flr SCFAs 1 52 1 HL AT G v 2% & S, J
HN R (P<0.05) .5 TR (P<0.01) . T R (P<0.01) .
R (P<0.01) . 5 % g (P<0.01) . J% 2 (P<0.01) .
ks,

-1

mg-g
211 51 F /g kg IR /mg- g 5T SR 4R TR Nz

2 HAH 0.045+0.007 0.024+0.004 0.012+0.002 2.24+0.18 1.6140.26 0.77+0.18

P i R e ) 2 8.1 0.076+0.006> 0.057+0.008 0.035+0.008 1.30+0.32% 0.79+0.33 0.57+0.11"
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KALAE ML o D58 45 5 TR, 16 R R o 4l
(8.1 g-kg', 9 f%F W Al IR 55 &k & ) . 7 &
(2.7 g-kg', 345 WL A i PR 45 &L &) AR R i 4
(0.9 g-kg™, VA5 B I R A 80 it ) T 100 8 il 24 vl 5 5
M f 20 209 B 24 0 5% 00As Tt [l g 40 4
TNF-a, IL-18.1L-6 7K *F- } [& {1k ZO-1. Occludin Al
Claudin-1 mRNA 7K -, H & FLF] EAKH , IESE T H
ficf Ji Xof 1] Jig ZH SR A o R T UL 2B A BRI
PR R f A 3 04 v AR A SR IR S 4R 4 2
JHE ] SCFAs AR 41 2 B AR TF 4t 43 Br 1 fif Bz A 29
Ji KB N 25 ) R AR R AR 1 AR AR A AL IR A
) B A 6 K R ] i 2 440 45 O R o R HE T
AR 2H 22 45 R o, (6 Rz AT 5 2 T L N AR
4 bR B, RV G N YT T A A bR
Yy, ok R g I R A R IR R AR A
2R U i 7% B ) SCRAs AR it 4 27 45 S Bk, (A
fef f7 S 25 T R B N m Y R TR SR
IR K S R K F- | BRI K BBl A N R
TR LB CRKT o X bR s 42 & i
W R A W RTRE Dy 1 B R 75 U Il i A 1 T A
A Ak 2E B

H b B A 1 i A% - I AR S R B A Bk
) 22—, A R A Ay, L A R AN Y R
HE T AE L 8 9 A0 A (PC ) 2 40 M B b o 0 H i
JIg , B W N W K A S = AE 0 s g 19k BE 8 (LPC) .
TR ) LPC R 12 iF R ORE BT 0 R 0 i R R
i ARG AE B, 7R 45 T B s T
W A A 0 A2 A B IR, 2 BURE L AR M RO
Be, AW ES R BN, B A H S T G T
KR N 2 ) RE A P LysoPC(16:0/0:0) \LysoPC
[16:1(92)/0: 0] . PC (18:1(9Z) e/2: 0) . LysoPC
17:0/0:0) % PC(18:1(112)/18:0) 7K, $7R 14 ¥ fiz
i 3 4 L LysoPC (16: 0/0: 0) %5 48 35t 4 7K “F 2k 1fij 7
0 Vil B a8 i A% R A T 5 % I B 8 40

W1 TR A= W) B W YT TR 1) A W 6
K FARS 7 Wy %t g B b Dy e BAA S, HAA R
R 0 G B R K T 1 S s B AR B0 1 B R T
g MRIFWR (BAs) & M 32 2R B 43, i E
IR RS . FE A SR AR IR TE R Ta- 5 AL
fiti (CYPTAT )N JIR [ B2 5 A6 A 732 3 IR [ 52, 4R J5
i W K A 8 P4S0 i 1 £ A ik 12 T L PBA |

i -27- ¥ 4k B (CYP27A1) JF If 5 AH &) B 5% 4k N
27-F2FE A [E i, £ EIE 8 CDCA, 78 BAs i -F 1 2
R, 95% (045 4 5 BAs 7 7] 17 oK st iof 3 3h 4%
15 B T W, Y BAs 3 B R T ] iy 2 41
W, B0 & A o ARBEGE AR Bow , 1 R Ab B S
K BRI 1 P 25 40 v A il R 2 AR IE R L A Tk AR L AU
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KV TR R IR RR AR W A R AR AL
i J5%: W% T BE B M 3K

SCFAs J& 7 B i A s 2 AR =z — 1k
i AE T4y F R E B — RANE sh e AR, A
O AR .CTR. % T]’RONEK . 2R . C R A
SOmR%., H, o RN TR SR 90%~
95%. X L& i JIj iR 7 I 16 B [ D) 68 vh & 1 T AR
FH, HIK S 0 2% A RT B8 X B i B 48 405 7 A 5 g 2520
A SC B 5T R0 T R b B B Al 2
SCFAs, H il i i 3% AMPK 15 5 38 J& , {2 ik 2%
HEEE 11 (40 ZO-1 . Occludin fil Claudin-1) i 6 ik
03] NF-wB {5 5 38 B 00 300, 982 A2 & 40 i I
TNF-a \IL-18 {9 Bk, 1F 117 364 588 7 5 B D) g 5 A TR 3l
i S G B 2 K (GPR43) , il 412 & 41 it A
FIL-12 (4 72 4=, 3 1 NOD #f 32 {& % 11 3(NLRP3)
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SO R T L R AN B R R R,
NI i 3 R RE , B 5 M B R T RE Y . SR T LA
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ik O G A EE IR SZ K (T GPR43) |, 41 il £ % 20
JiL PR F- (4 IL-6 A1 TNF-a) 1Y 7 A2, 38 58 i b B2 248 i
Z 0] B i B DA U/ i 3 A M P A R
20 K 5 (4 TL-6 FI TNF-a) 8977 A=, 35 10 42 37 1 Bt
[ N I DECE ST NN a2 N TN
WAYTNER TR LRI KT BE7R 1 2 mT D
Bt BE B 07 . 5 C IR, & B &f R T
Ja ] BE RO R A KT T R TR R R
i B 5 KV HAH ORI, 72 25 I 4 /)N
B R ARG, 5 T R R R K S O
KT o #E— 2B R, e R TS A e ALY R
TR . & 1 % SCFAs /K -3k 1 % & W Bt B it 403
HAH G 58 B ow , IR R T DLl & 300 FXR A
TGRS S5 Z 0, 15 1 32 1 i 0 AR 4 . A it ARl A 4
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F 5w JE TR 04 A ORI DR A o
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