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Effect of rosmarinic acid on intestinal barrier damage and gut microbiota imbalance in rats with ulcera-
tive colitis by regulating the HMGB1/RAGE signal axis

WU Juncheng,ZHAO Liguo,ZHANG Liwen (Digestive Endoscopy s Boao Yiling Life Care Center s Qionghai
571400, Hainan »China) *

Objective To analyze the effect of rosmarinic acid (RA) on intestinal barrier damage and intestinal micro-
biota imbalance in rats with ulcerative colitis (UC) ,and explore its mechanism of action. Methods Rats were randomly
grouped into a control group, UC group,low dose RA group,medium dose RA group,high dose RA group,and high dose
RA-+recombinant high mobility group protein 1 (rHMGB1) group.with 10 rats in each group. A UC rat model was es-
tablished using 2,4, 6-trinitrobenzenesulfonic acid (TNBS) combined with ethanol.the disease activity index (DAI) and
colonic mucosal injury index (CDMI) scores were performed on each group,hematoxylin-eosin staining was applied to ob-
serve pathological changes in colon tissue and perform pathological score (HS) scoring,enzyme linked immunosorbent as-
say was applied to detect serum levels of interleukin-6 (IL-6),1L-10,and IL-183, real-time quantitative {luorescent PCR
(qRT-PCR) was applied to detect the number of major bacterial species in the gut microbiota. Western blot was applied to
detect the expression of HMGBI1, advanced glycation end products (RAGE), nuclear factor-«B (NF-«B p65), p-NF-«B
p65.claudin-1,Z0O-1,and occludin proteins. Results Compared with the control group,the colon tissue of rats in UC
group was severely damaged and a large number of inflammatory cells infiltrated,the DAI score (0.00=£0. 00 vs 10. 13+
1. 14) ,CDMI score (0. 00=+0. 00 vs 7. 3540. 78) and HS score (0. 0040. 00 vs 10. 83+ 1. 25),levels of IL-6 (93. 72+
10. 08 vs 252. 7426, 93) and IL-1B (73.92+9. 58 vs 162. 47 16. 38) ,numbers of Bacteroides (5.3840.57 vs 9. 29+
1.03) . Escherichia coli (4.16=+0.47 vs 7.83+0. 81) , Enterococcus (4.51=+0.58 vs 6. 83+0.72) ,and the protein expres-
sion of HMGB1,RAGE,and p-NF-«kB p65/NF-kB p65 were obviously increased, the levels of 1L-10 (182.53+18. 64 vs
65.1946. 82) , the numbers of bifidobacteria (7. 954-0. 83 vs 4. 2740. 45) and lactobacilli (8. 63+£0.82 vs 4,514+0.48),
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and the protein expression of Claudin-1,Z0-1,and Occludin were obviously decreased (all P<C0. 05) ;compared with the
UC group,the damage degrees of colon tissue, intestinal mucosa, and glandular structure in the low, medium, and high
dose RA groups were improved.the DAI score (7. 95+0.81.5.54+0.57.,3. 08+£0. 36) .CDMI score (5.2140. 54.3. 86
+0.41,2.14740.27) and HS score (8. 6140. 88,6.27+0. 64,3. 39+0. 38),levels of IL.-6 (205. 84 +21. 37,158. 43+
16.25,119.38£12.49) and IL-18 (132. 46 £13. 91.106, 834 11. 27,84. 62+ 8. 59) , numbers of Bacteroides (8. 04 £
0.82,7.1840.75,6.09+0.62),E. coli (6.51%0.66,5.37+0.58,4.75+0.49),Enterococcus (5.86+0.61,5.37+
0.55,4. 78 0. 49), and the protein expression of HMGBI1, RAGE, and p-NF-kB p65/NF-kB p65 were obviously de-
creased, the levels of 11.-10 (105. 36 £ 11. 34,133. 47+ 14, 08,169. 35+ 17. 08), the numbers of bifidobacteria (5. 86 4
0.63,6.27+0.64,7.53+0. 78) and lactobacilli (5. 8640.62,7.0340. 75,8, 22+0. 87),and the protein expression of
Claudin-1,Z0-1,and Occludin were obviously increased (all P<C0. 05) ;the use of rHMGBI can reverse the improvement
effects of RA on intestinal barrier damage and intestinal microbiota imbalance in UC rats.  Conclusion RA may improve
intestinal barrier damage and intestinal microbiota imbalance in UC rats and inhibit inflammatory response by inhibiting

the HMGB1/RAGE signaling pathway.
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group box 1/advanced glycation end products signal axis
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1
1.1 %4 HEM Sprague-Dawley (SD) K., 1

FI 1 3 3 v 52 56 2 0 A BR B AT R AR R R AT IE
SCXK () 2022-0004 , {& # (200 +=20) g, Frfi sh ¥ 7¢
12 h (2RSSR A A K 2 25 °C IR E F A%, H
FH AR FIROK
1.2 FZXAEMNE RAWTIL TR EYR
HABRAT 2,4, 6-=fif 5 R R (TNBS) g T 3% &
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v E]IL-10 ELISA A & TR FER AW R A
B 1L-18 ELISA 70 & W F 1 ifg il oF A= 9 Bl £
AR A DNA 2 B0 ) & Fi 52 B 2 & 96 6 PCR
(qRT-PCRO R A & W F 1 #H = KA Al — Bt
HMGBI1.RAGE NF-«B p65.p-NF-«B p65 . & & [1-
1(claudin-1) iR & B H-1(ZO-1D) . 5 8 H (oc-
cludin) Fl GAPDH $i /&4 T 3¢ [ Abcam 23 ] ; HRP
FRig i 1gG 0 T 2K UG 3¢ B 5 2B W B e A5
BT, BT 134 7 F 03 A R A Al 52
B 2 O 7 1t PCR AXCH 35 EHA SR A Rl AR 7™ 5 565040 6ok
BET A 55 E AR R R A F AR,
2 HiE
2.1 FHHERA AL FEHLEE 10 R REAE R
X B, H Ay K R SR TNBS Bk 4 2 B Ak 1, 4 48
UC #EAI 3 KBS £ 12 h J5 RREE; B 5% 9 TN-
BS 5 50 % SRR A, FH SR ROR & T R 22 18 1T
AP R BATITZ) 8 em WS M, £ AT T, i R BB &
10 min ZE 47 . XF B R BRTE AAH [R) (R BR ) A R K
WAL 2 d 5 R B SRS Bl 22 e W i AE A5 R AR, O
2895 FELEEAA N UC K BB R0 b 7 A 2

H 3 BB T K BB AL 43 UC 20 RA fIKF BE 4 .
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RA H5 4] \RA @ Hl =4 .RA &+ rHMGB1 4. 4 %1 qRT-PCR3|#Y

4 0 A EE e EL g Fj“/\ UQA% . Table 1 qRT-PCR primer

H10H, R 1; PR AR A 2 R R4 O 45 T 30,60 — FrTRCED) K (o
90 mg/kg RAM™ @ HAbH; RA %} + rHMGBI1 41 K i, Bacteria Sequence(5'-3") Length

WY 8 pg/kg rtHMGBI1™ B # ik v 41, [ B 245 -5 90
mg/kg M HE RA WE B ALH; X IR UC 4145 T+ TR
FIE A A HEL K, 1 K/ d, ESE 14 d,

2.2 AAEHIFHK(DADF S WMEKFAKE FEHE
PR AT L A 5 B e R BRUEEAT DAL PF4r . P4
PRl (O RTE R IE 0 40, B 10 ~52%12 1 4%
W 500 ~102%10 2 43 . 9848 10 % ~2024010 3 43,
202 DL it 4 435 () 2R EH 12 0 4 BB
BGE 143 Al 2 43 B BEGE 3 4. KRR L 4 48
Co) i i 175 00 - ¥k L i B i 0 43, 55 BRI 1 43,
PEIC 2 43, 2508 v ] UL I 3 4. B K i 4
Gy STEREE IRE BT

2.3 HARER L WmEFREBAS 3 2 (CDMD # 4
BJa—WH 2R KRS & 12 ho R R, 38 a0 i
SR AR ML AY B LT, — 20 CH-AE. SR HHE
FI 4 B8 K B 43 B 485 i - I ek LA B L T i 3R AL
AT IF 245 . 0 PBS Wk 2 2540, IR WL 52 45 11 2 I
BilE B IF 34T CMDI $F 43 . CMDI $F- 43 45 - o460 15
100 Zr s BB KM, RIEOCH . EBmIE 1 s
97 » (0L JC 70 1Ml 5 i BEHE IR 4T 2 4 5 B — 007 5t 2 O
RIEIC 3 415 =2 Wb Wdz I K RAEIC 4 415 2855
PSR M >1 em 2 5 4>, i M >2 cm
BRI 1 em 8400 1 4,

CMDI 5345 35 B4 305 i 45 i 41 2398 VR A6 TR
SRR RAEAE — 80 C& s i m 25 W tH U 40 2 5%
HH B [

2.4 HE & s 042025 PP EE T o4
M, A E Y R R 4 pm) , 285 H HE 4
0, T2 WU T MRS I H R LB 3 OF i
AR FLIEAF CHS M Hhe 4 o5 1) 7™ o 5 B AR JEE L [
BT RN 2R 4 W 1 Ay L AR SR AT IR 4y, B 0~
14 43 o3 (B8 0 17 8™

2.5 ELISA #al ik 1L-6,1L-10,IL-13 K F K
LIV % B8 ELISA 328 50 & vl B A ) o 3 1L-6 . IL-
10, 1L-18 7K.

2.6 qRT-PCR #&m f7if 8 & USSR K BUBT fif 3% 48,
B0 R 3R L PBS R UUE, K Ak 5 B0, I
IR B TR B DNA 32 B0 R & 12
I DNA, 25 40 606 BE 31K I DNA 9 400 5 Rk
IR IR P FEME DNA 34T qRT-PCR A0 , 43 B WL T8
FRAUAT B R B 3% A T W B T SUEE AT B L FLIR AT 7 -F
FE.BIF AL 1.

BB F:AGCCAAACATCCTGCACACC 206
R:CGTCCAAAGGCATACCACGC

spskny P TCTTTCTCTGACCCCTCCTGTG ”
WA R TTGGAGTCCCAAAGTCCCAGAA

5 Bk F:AGGCCAACGTGGAACCTG 262
R:AGGCCAACGTGGAACCTG

. F:GGGCATTGCCTTCTTTGGCA
BEFT B R:GGGCAGTGTGTTTCTCTGGC 234

F:GGGGCCCAACTGGTCATCATA

ALRAT R: TAGCGTGTAAAGCTGGGTGACA 161

2.7 Western blot #&ml 48 % & & 89 &k ik BRKEW
i H L A RIPA 247K F24M% 15 min, 42 HUE
L BCA WL E B AR EE . R S5 I 4l 2
B4 SDS-PAGE HLUK G FE ED AR 27 4 R I+, ]
5% A AW E R E A 1 b 43 A —$T HMGBI (1
: 1000) \RAGE(1 : 1000) ,Claudin-1(1 * 2000) ,ZO-
1(1 3 1000), Occludin (1 : 1000) fl GAPDH (1 :
1000) .4 CHEE 4, YE I s A HRP Fric iy IgG —
L1 : 20000, EIRIFF 1 h, Pk 611 58 k22 &k
JECECL) i 5 & % #4177 M4k, >R JH Image-Pro
Plus 6.0 34T EHE &,

2.8 %t F 454 KR GraphPad Prism 8. 0 kit
TGP, IHREERA =+ Rox, 2400 LK
SRR R 225081, W W HL 3R T SNK-qg K5, P
<0.05 NERAZRITFEX.

# R

1 RA kKR DAI & CDMI ¥4 # 81

KB DAT % CDMI 43 3 2. 5% B2 A 1
UC 20 K Bl DAT 3¥43 F1 CDMI 3743 2 58 25 7 55 (e
=28. 100, fcppn = 29. 798, P<C0.05); 5 UC 4 H
b RA & w4 DAT R4y .CDMI 343 1 i 2%
TWE Ctpar = 4. 930, 11. 388, 18. 648, fepwr = 7. 133,
12.524.,19. 960, P<C0.05); 5 RA & # & 41 H L,
RA & +rHMGBI1 41 DAT ¥4 .CDMI ¥4 ¥ & % 7+
B =17.502, 2o =19. 978, P<<0.05),
2 RAMAREHARRETHHZME

HE 3% (8 00 22 % B 20 K R 45 i 20 23 485 44 3 W v]
UL s BR R HES 5 55, Z I 58 4, UC 4145 g 41 20 % i ™
L, FH T % BRAR S5 A8 3 B Ko R R 4 L3R s RA
23K IR YT I S5 I 4L R B L R AR 45 4 4540
i EE A5 B 0 L R 4 B R D s RA i+ rHMGB1
AR REE AL H T RA &5 4l i, &
AR E G A 1), SXFRA A L, UC 4K HS
WA BT (1 =27. 398, P<C0.05); 5 UC AL,
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RA I 24 HS PE 38 3 F (e =4. 592,
10.268.18. 008, P<C0.05); 5 RA &5l & 4480 1,
RA 5 +rHMGB1 4 HS ¥4 3 T+ (¢ = 16. 457,
P<C0.05)(F 3),

®2 HAKR DAIR CDMIES LB (¥ £s)
Table 2 Comparison of DAI and CDMI scores in each group
of rats(x=+s)

AL (n=10) DAT 4y CDMI P4}
Group DALI scores CDMI scores

it B4 0.00=0. 00 0.000. 00

UC 4 10.134+1. 14° 7.3540. 78"

RA IG5 B4l 7.9540. 81" 5.2140. 54"
RA il g4l 5.544:0.57" 3.864-0. 41"
RA = 7 21 3.084+0. 36" 2.1440. 27"
RA &+ rHMGB1 4 8.24+0. 86" 6.8840.70°

Hia SXIE4 R, P<0.05;b 5 UC A lb#, P<<0.05;¢c 5 RA
w4 L, P<<0. 05,

K3 BAXRHSTEDEE (¥+£s)

Table 3 Comparison of HS scores in each group of rats(x %xs)

B (n=10) HS PF4r
Group HS scores
XJ B0 0.0020. 00
UC 41 10. 8341, 25°
RA {7 & 21 8.61-+0. 88"
RA il &4 6.27+0. 64"
RA &7 &4 3.3940. 38"
RA 7 +rHMGB1 4 9.2541. 06"

Hia HSXFRE4 L, P<<0.05;b 5 UC A %, P<<0.05;¢ 5 RA
T A P, P<<0. 05,

y . e

" RA R . RA BHEA 'RA Fi+HMGB1 4

B1 SHAXREHARREZTL(HE FE,200X)
Fig. 1 Pathological changes of colon tissue in each group
of rats (HE staining,200 X )

3 RA XK IL-6.1L-10 IL-1p 7k F #4841

ELISA il A B 3 i il 35 20 M R 7K F 45 S n
Fda, SXBAMIEL,UC 4K FMLE 1L-6 . 1L-18 /K
TR TL-10 7K 3 BEAR (2 = 17, 488,145 =
14,757 st y4, = 18. 695, % P<C0.05); 5 UC AL,
RA & . 00 2 K BT 1L-6 \ 1L-18 /K3 g 3%
FEAR L TL-10 7K 35 & 3 TH & (e = 4. 314, 9. 482,
14,206 £y 15 = 4. 416, 8. 849,13, 310, 2,,, = 9. 600,
13.801.17. 910, P<C0.05); 5 RA & )& 414 Lt .
RA &+ rHMGBI1 4 K R i i 1L-6 . 1L-18 /K73

%ﬂ%» IL-10 7qulﬁ%[§%’ﬂ£ (tys =11, 4359t11;13 =
11.103,¢y.,,=13. 264, P<0.05),

®4 HAKRRME IL-6.1L-10 1L-1p K F L% (¥ +5,pg/mL)
Table 4 Comparison of serum levels of IL-6,1L-10 and IL-1p
in each group of rats(x£s,pg/mL)

éﬂ%?}(rz u:plo) 16 1L-10 118
Xt I 4 93.72410.08  182.53418.64  73.9249.58
uc 4 252.74426.93"  65.1946.82°  162.47+16. 38"
RA IG5 2 41 205.84421,37" 105.364:11.34"  132.46+£13.91"

RA W24 158.43416.25" 133.47414.08" 106.83411.27"

RA ®l 4 119.38412. 49" 169.35+17.08"  84.62+8.59"
RA#+rHMGBL 41 213.58422.86°  88.5348.92°  145.83415.17°

TEa 50 BRAL A, P<<0.05;b 55 UC 418, P<<0.05;5c 5 RA il 41
H#, P<0.05,

4 RA Xt XI5 iE & 8 1 %

HRAHE gRT-PCR A6 45 5 11545 19 1 3 78 BF AH X =F
WL 5. SXFHRAAM L, UC 4K BT . Kk
T TH R A R £ B FT R L LR T R e D
s = 10, 503 £ pman = 12. 3934 tymu = 7. 935,
s = 12. 3264 Laymms — 13. 712, %) P<C0.05); 5
UC HAH L RA AR H e 70 2 AU 18 R 35 4 A
W 3K T Jb 25k D RUBEAT P FLIR AT A I 1 2 (4 e
=3.002,5. 237, 8. 417, t xymmm = 3. 995, 7. 809,
10. 288t g = 3. 251.5. 096, 7. 443 £ gysprss = 6. 494,
8.084 11. 448t 554 =5. 445.8.949,11. 807,3 P<T
0.05) ;5 RA m Al &t 4148 I, RA & + rHMGBI 414
FEER W K35 7 B A BR B 0 35 38 22, SO A 5 L LR AT
BRI oy = 7. 955 L ggnm = 9. 597+ Ly =
5. 827 ot gupiris = 7. 679 st s = 9. 878,84 P<<0.05),

x5 BAARBEFHENFERE (XLs,1gN/g)
Table 5 Comparison of relative abundance of intestinal flora in each
group of rats(x £s,IgN/g)

ARl (=10 MHH Kipha ThE R LRI

Group Bacteroides E. coli Enterococet B fidobacterium  Lactobacillus
BogiE 5384057 4164047 4514058 7.95£0.83  8.63+0.82
ucH 9.29£1,03°  7.83£0.81"  6.83£0.72°  4.2740.45°  4,51£0,48°
RAMEAIEA  8.04%0.82  6.5140.66°  5.8620.61°  5.86%0,63" 5.86%0.62
RAGHER  7.1840.75"  5.37£0.58°  5.37£0.55"  6.2740.64" 7,030,753
RAGAIEA  6.09F0.62°  4.7540.49°  4.7820.49°  7.53£0.78"  8.2240.87
RAG+rHMGBL AL §.8640.91°  7.52£0.77°  6.28£0.65°  5.2420.53°  5.07£0,51°

T SARALLE, P<0.05;b 5 UCHI 4. P<0.05;¢ 5 RA A AL E, P<0.05,

5 RA XX B Claudin-1,Z0-1,Occludin T 5 Rix 8
2

Western blot # ] & i Claudin-1.ZO-1. Occlu-
din AL RME 2 figk 6, SXFMAMIL.UC K
f{ Claudin-1. ZO-1. Occludin #E H F &k T #F T &
Cf cruntins = 18. 64242501 = 19. 6884 £ oo = 17. 365, 1
P<0.05);5 UC A, RA i . & #F &4 Clau-
din-1.Z0O-1, Occludin % H & ik B F & (i =
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10. 963, 16. 263, 18. 204, t,,, = 8. 135, 17. 440, BE T E Ctuvem = 11. 879, trace = 10. 304,

19. 6675t occruain = 13. 016, 21, 467, 19. 969, ¥ P <<
0.05); 5 RA @& 7l &t 41 40 L, RA & + rHMGB1 41
Claudin-1,Z0O-1, Occludin & H #F£iE B & T 5 (¢ audins
=15, 274, t 40, = 17. 017+ £ e = 15. 441, ¥ P <<
0.05),

% 6 %&HKR Claudin-1,Z0-1,0ccludin B B RiL LB (¥ £s)
Table 6 Comparison of Claudin-1,Z0-1 and Occludin expression
in each groupof rats(x=*s)

A (n=10)

Group Claudin-1 70-1 Occludin

X 20 1.0240.11 0.91+0.10 1.13+0.15

UC 4 0.33£0.04°  0.26+0.03*  0.29%+0.03"
RA G &4 0.58+0.06" 0.4140.05"  0.53+0.05"
RA H 4 0.7940.08"  0.68+0.07"  0.87+0.08"
RA & #l i 4 0.95+0.10" 0.85+0.09" 1.01=+0.11"

RA & +rHMGB1I 41 0.4140.05°  0.3240.04°  0.4240. 05°
Hea SXFIRA E, P<<0.05;b 5 UC 41 H#, P<<0.05;¢c 5 RA
w4 R . P<<0. 05,

B C D E F

A
Claudin-1 - — ----
0] D — ——

L —
v (A -

A XHE4 B UC4 C RAMHMEZ D RAPHES
E RAEFHESAH F RAE+HrHMGB1 4

2 Western blot #: il X f& Claudin-1,Z0-1,Occludin & 5 §J &%

A control group B UC group C RA low dose group D
RA medium dose group E RA high dose group F RA high+rH-
MGBI group

Fig.2 The expression of Claudin-1,Z0-1 and Occludin
in rats were detected by Western blot
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Fig.3 The expression of HMGB1/RAGE signaling pathway protein
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