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Indole-3-carboxaldehyde protects mouse from Shigella
infection

CHEN Yongyan, WU Xiaoxiao, YANG Huan’

School of Medical Technology, Xuzhou Medical University, Xuzhou 221004, Jiangsu, China

Abstract: [Objective] To investigate the alleviating effect of indole-3-carboxaldehyde (I3A) on the
colitis caused by Shigella infection and decipher the underlying mechanism. [Methods] We conducted
the in vitro experiment to measure the minimum inhibitory concentration (MIC) and activity of I3A
against Shigella by micro broth dilution method. Further, we used a microplate reader to measure the
absorbance (Agp) of the bacterial suspensions with different concentrations of I3A at 600 nm and
counted the number of Shigella via the plate colony counting method. In the in vivo experiment, we
randomly assigned 18 mice into a control (NC) group, a SF301 group, and a SF301+I3A group. The
SF301+I3A group was administrated with 200 uL I13A by gavage for 8 consecutive days, and the NC
group and SF301 group with 200 pL sterile water. The colitis model of Shigella infection was
established on the 4th day in the SF301 group and SF301+I3A group. Body weight and disease activity
index (DAI) were used to evaluate the conditions of mice. After the above experiments, we euthanized
all the mice, collected the middle colon for histopathological detection to observe the inflammation,
determined the expression levels of interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a) in the
lower colon, and measured the bacterial load in feces and cecum. The safety of I3A application in vivo
was monitored in mice for 14 days. [Results] In vitro experiment: the MIC of I3A was 128 pg/mL. The
bacterial counts and Agg in the groups treated with different concentrations of I3A were different from
those in the control group (P<0.05). In vivo experiment: compared with the SF301 group, the
SF301+I3A group showed the body weight and DAI close to those in the NC group and significantly
relieved colonic damage. No obvious inflammation was observed in SF301+I3A group, and the
bacterial load and the expression levels of inflammatory cytokines were different between SF301+I3A
group and SF301 group (P<0.05). I3A had no significant effect on the body weight of mice (P>0.05).
[Conclusion] We demonstrate that I13A has a protective effect on the colitis caused by Shigella
infection. Specifically, I3A alleviates the colitis by inhibiting Shigella load and reducing colonic
damage and inflammation levels. Moreover, I3A shows no toxicity in vivo.

Keywords: indole-3-carboxaldehyde; Shigella; colitis; inflammatory response
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I RE AR 47 b 2 15 B G e R A8 ST, mgfie-3- 1
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— I, [3A ] Ul i B4+ Bk /b iR 45
KU Feh, KATEEHE BA EEHES]
AL Y 25 i R R DR AP R

AR, FRATHAT TIRSMIT R S5,
FERAERABI T 13A JE AR BB TR A4,
R BARPAYEN, 8 T BA BT S|
AL I 25 1 9% () I R RE AR A B AR b . Bbah, 3R
I BA T 13A AT REAIVE ML, Gndm il 2550
W PR R B RO A, IR T IBA TR
2 HY 45 I 2 B DRI RIS T T

1 #H57%

1.1 #%
1.1.1 RIKEREE# sf301

HhE AR GRS bk, TR Kee 1k
AL TP ORE I S, 2RI S T &
A RFUEL 15% H i 0% J R K 57 R A 1 57 3
(trypticase soy broth, TSB)H & T80 °C {1
TSB W T 1L AR5 5 HE AR W AR A PR W)
1.1.2 754

mg|e-3-FH I (I3A) A Sigma /23 7] (129445,
4l =97%).
1.1.3 54

et CSTBL/6T /NEL, 5-6 Y, 20 g 247,
e RE R IR, T VT4 38 R AR SE 56 sh i 4
ARARAH
1.2 E#MEEKIESR

it FC B B BB s£301 W47 T80 °C, i ]
B 75 o W5 R IR 2] TSB FEASEAR |, 37 °C
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1.3 I3A BIRIMREE S
1.3.1 HERIE

R 1 A RIS 56 2 s o A B2 AR B 245 i
RIPRIEZE B 2@, RO R R A T
LG PRBEEANTE TSB AR FRYBAAHE T
HEBRERKIRAT, f#i] DensiCHEK™ Plus Hojd{X
(A=t B35 2 1 A A B A R BC i 0.5 27 Fehmife
PRIV - TSB VAR FR BRI 2 5%10° CFU/mL,
Bl 10 mg/mL 13A, 7E 96 fLiH, &—1Ljn
200 pL BE i, HAFLINA 100 uL H#, MAZS
VI sE— L2k 2 1 024 ng/mL, FaEA5 45
FeRiBe . S AMRE 100 pL B AR A FEAE ST IR
BN 37 °C 553546 24 h, WS H BLVE I T v
1) doe 1K 25 40 vk B B Sy e /DN 31 B VR (minimal
inhibitory concentration, MIC),
1.3.2  FHRITHE

i RS AR BT s301 7E TSB
WK FR I 37 °C HFH 24 ho B 1 mL W,
4 000 r/min. 4 °C B.0» 5 min, H{ 20 mL TSB &
RIGFRIEERIRST, /3% 41 10 mL B.04,
A BA #HIREKIN 0, 64, 128, 256 ug/mL,
IRATMAF] 24 FLANTE IR T, JFAE 37 °C 3k
Ki3% 2 h, {#H iMark [EEFR1X(Bio-Rad 2\ F])K:
W15 55 5 AW 600 nm &b AT (Asoo)
WA EIR G, 10 fAEREERRE, B 100 pL
WATTE TSB FH |, 37 °C W5 24 h. &),
TR PR R VR E L s BA BT
eI,
14 THRBEIEIIRGH

C57BL/6J /)N BRI 3% T4 M BB R 2 50 50
siyrrho, i E R 25 °C, 1BE 40%-70%,
25T 12 h B SSEOIR AR S 30 = K Rk,
B H#EEAROK, SCRTE Y RS 3 d.

¥ 18 HUNEBEHLA K 3 AR : NC
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ZH . SF301 ZHH1 SF301+I3A 4, H4 6 A, &
YeRi 3 d JTHAR4S SF301+I3A #H3%%: 8 d ity
200 puL/d B9 I3A (10 mg/mL)JE & AbFE, 4K HE
B 1 kPO NC 21 SF301 41 0] [F] if i2E4 T 200 pL
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IVZEIA L . Hi NP RZERE, BOIT] =
5 R B b i, I R S T T AR AN i 4

W, B BE 2 B 4% FP 1 DA77 2 212 000
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(tumor necrosis factor-o,, TNF-a). 14l il 2% -6
(interleukin-6, IL-6)5% 4 1 4H i Kl % £ .

¥ 10 HU/NREBEL A 2 DSAFIAL: NC
4, BAWH, HHs5 H, BAH/PNFIELE 14 d
HEAT 200 pL/d 19 I3A (10 mg/mL)%E & 4b 3,
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10%-15%4 3 5, KT 15%K 4 43) . KEFH
JEQEHR N 0, MO, 2 70, JBIEH 4 7)
AR M (EH 0 43, B FAvER 2 4y, Bk
Iy 4 53) 3 g AT EE G PR, 4 3 L
R EERLL 3 BI15%] DAL, ) DAI=({K
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BUNR P B, F 4% 2 RHEERE 24 h, 2
Je B [ W 25 B AL 8L K vhgk 24 h, TR 70%
L HE/80% . F/90% £,/ oK 2, WE/ TE K £, sk
TTRREEIRK, B HAE T —WR 1/
FZR I 45 10 min, ZJRdEf7iRes . M, &
Ja Ul R 47 93 AKS - 21 (hematoxylin-eosin, HE)
ety Seod WA N WSS I R A2 0 A TE I
T % R A 4 9 1 1 15 0 o
153 WNEFARYNEFFHNERERR

KRR E B NAY 52EMEFRE, A
1 mL JCIE PBS 2J9¢, IRSIVE MR, FJCIE PBS
5010 fEERRERRRE, BURIR . FRE 10, 100 fi50Y
HZVER 100 uL IR A FE TSB A |, 37 °C
B 24 h, B G EE 0R TE TR R
(colony forming unit, CFU), 53R log;o (CFU/g)
TR
154 KFRJEE PCR (quantitative real-time
PCR, qPCR)E £ % %40 E F

i FHE RNA #2050 & db o o R
A PR w3 7 R AR B IO B 4
&L RNA, RIS, 4] Ultra SYBR G
W (A B Sk 300 A A PR W) R 5 5 38
I gPCR (Roche 2 Fl)E w4 TNF-a, 1L-6 B9
FIBIK o B BER FRIKAAXT p-actin b5 LI iE
1 27T H B DR A AR 2 R R AN [ 41 i
K71 PCR 5#1%} : TNF-a: 5'-GATCGGTCCCC
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CTAC-3";IL-6:5-AGACAAAGCCAGAGTCCTT
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1.6 ZRitFESH

i /1 GraphPad Prism 6.0 B4 7481127
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THAR RS RIER . RSB RZE 2
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[ GETT2E 3 L. P<0.05 W2 R A G E L.

2 HERE504

2.1 DBA KMREE MR IE
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(Kl 1A-B). L4k, 64, 128, 256 pg/mLI3A 5
MR IEIEFR 2 h 5, BB Ao IR, 5
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B BoR T RTE MRS A 13A X B R AR K i 52,
AT B A Ao ¥ 7R, I3A FE 256 pg/mL Y5
N, EPR A EET RRIR R
22 DBA BREREIIENEBHE/NRE
I8 R fiE 4K

J T I BAEEREG R R PR
X, AT/ 200 pL 10 mg/mL ) 13A 17
3 d ATEE AR, JRAEEE 0 KUEE 5x10° CFU/
UGB R B IR IR LIS S L I R I R A, 2 5 Hre:
BA #HE Tz/NNRALFERT 1 d (Bl 2A). SF301
H/NBRU AT AR SF301+I3A ZH/NRR A T R
FIZURI B B, XM TR m i 250, 53
SF301 4I/NEEY DAL PFor 383G, #eshilzl, 4%
1M, FH I3A Ab 3% 3k TR IR /I R i 7 19 I R
iR S I i ke 3, /N R A S AR AL B S
NC 4 (&l 2C), DAL ¥4t s F-2¢(El 2D). 7
Hh, IBA FEAX /N BPIRAS | (R E 7 A B,
FATIAN 1BA Al g HA A=Y 4 PE(# 2B).
23 BAMEZBFIRFRRE
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B2, FRATTEE A AL /0N A 25 1 8 43 1 L
K, It HE 4o a8/ BRAS I s PR 100
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(A)
NC 3A-64  I3A-128  I3A-256
(B) 5 - (©) .
§¢wm-_ﬁL 03 ——mm—
= 2% koK
< 30410°
e o2}
B 2.0x10%} ~
B S oo}
= 1.0x10°
5
3 0 0.0
@ C W6 2% 56 C 6% 1% 986
W oA LR AN

1 I3A EREREO. 64. 128. 256 pg/mL) & T X &5 E AR EIE
Figure 1 Antibacterial activity of I3A against Shigella at different concentrations (0, 64, 128, 256 ug/mL).
A: depiction of colony forming units (CFU) by plate count method; B: the number of colonies of Shigella; C:

Asoo co-cultured with Shigella at different concentrations of I3A for 2 h. **: P<0.01; ***: P<(0.001; ****;
P<0.000 1.

(A) Infection: Sacrifice:
C57BL/6  mice Shigella flexneri harvest colon
Yy * ;
-3 day 0 day 5 day
Treatment Daily monitoring:
Control weight, clinical score, survival

(B) (©) (D)

115 120 = NC 25 - NC
= 110 = = SF301 20 - SF301
= 2 110r = SF301+13A ! : -~ SF301+I3A
%0 105 %0 b P ; . — = 1.5

2 100 2 E%Eﬁfiiq 210 l

o = T)] ! | 1
a2 9 2 0.5 1

90 80 . - -+ - +

0 1 2 3 4 5 0 1 2 4 5
t/d t/d

2 NRERMETREEHNREE. RFEHNRETESTL

Figure 2 Establishment of mouse model and changes in body weight and disease activity index scores of
mice in each group. A: establishment of a Shigella-infected colitis mouse model: each mouse was
pre-gavaged with 200 pL of 10 mg/mL I3A for 3 consecutive days, followed by intragastric administration of
5x10* CFU of Shigella, and I13A was administered again by intragastric administration for 5 days. B: body
weight of mice in NC group and I3A group (AV+SE, n=5). C: body weight of mice in NC group, SF301
group and SF301+I3A group (AV£SE, n=6). D: disease activity index score (AV+SE, n=6).
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H e 13A TEARSM BTGP, FATHED 13A
TEM AR USRI AR BTRT DA T Al X i DR T
IR R ORI VER, PRI ATIN T 3
ERMHBNEY P ENEN S E T MNED
Hr, SF301+I13A 41/ A TR 2 X EUE
2.556 0+0.229 3, 3% /F SF301 4 3.485 0+£0.105 5

(A) NC  SF301 SF301+13a (B

Colon length/cm

(©

T
!"‘ e Y

XA
--lv-‘{:l‘g?.‘

- . Ry

[ Haveds
[ — —
nras

—

L

B3 BHNREMESNHEETLEER

(P<0.05); 7EZE(Hrh SF301+I3A ZH 1Y 407 2 &
FXH A 3.347 0+£0.285 6 11 @ K T SF301 41
Y 5.340 0£0.171 8 (P<0.05) (& 4).
2.5 BARDVRMEHEBEFRIRIE

A P 1 A8 1038 8 B R R SOAE SR 1) AR
o I 13A 2 A5 BEREAR I 2 M 4 M R - 1)
RV G, a4 1L-6
F1 TNF-a By RIEKF o MRIEE 1, XFT IL-6 11
X E LR, 5 NC 4 1.008 00+£0.075 52 A7,
SF301 £H 1.998 00+0.236 20 B & J 5 (P<0.01),
M SF301+I3A £4H 1.231 00+0.193 10 B & &4
(P<0.05). [AIFE, TNF-o AT EIAE, SF301 41
1.892 00+0.105 00 H % & F NC 41 1.009 00+
0.060 89 (P<0.000 1), 11 I3A ZbFE 54 1.343 00+
0.116 70, BB FEKP<0.01) (K 5), Kk, 13A 7E
R TR R A -5 4 L R 43 DDA G

NC SF301  SF301+I13A

Figure 3 Comparison of colon morphology and pathological changes of mice in each group. A: mouse

colon morphology. B: mouse colon length (AV+SE, n=6). C: pathological images of HE staining and
histopathological scoring of mouse colon tissue, arrows indicate infiltration of inflammatory cells and
disappearance of goblet cells.
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(A) Faeces

6 e

== ==

Log,, (CFU/g)
=
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4 ZEEBNEHATVHAR UK

(B)

Caecum content

4 o &
S5 3t o
[
3] ——
S 27
u]
! SF301 SF301+I3A

Figure 4 Comparison of bacterial load in feces and cecal contents in each group (AV+SE, n=6). A: faecal
bacterial counts; B: bacterial count of caecum contents. *: P<0.05.

F1 BAXMNREFD IL-6. TNF-0 RixHIE0N
Table 1

The effect of I3A on the expression of IL-6 and TNF-a in mouse colon

Groups IL-6 TNF-a
NC group 1.008 00+0.075 52 (n=5) 1.009 00+0.060 89 (n=6)
SF301 group 1.998 00+0.236 20 (n=5) 1.892 00+0.105 00 (n=6)
SF301+I3A group 1.231 00+0.193 10 (n=4) 1.343 00+0.116 70 (n=6)
(A) (B)
e 23T % * B 257 ok ook *ok
(5] -
5 5
" 2.0+ % 2.0f
é Dé 1.5
1.5+ E 151
2 3
= Tt ZLU
2 2 s
- g
0.0 & 0.0 . -
NC SF301 SF301+I3A NC SF301 SF301+I3A
5 AL PREMIEEFRIREKESR

Figure 5 Analysis of the expression levels of inflammatory cytokines in colon tissue. A: IL-6 mRNA levels in
the colon of each group; B: TNF-a mRNA levels in the colon of each group. *: P<0.05; **: P<0.01; ****:

P<0.000 1.

3 & #

T, AT S Tl R AR R T R
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AR, B S B R R
I SR B BLIATS A 5 k2B R P BF T R

<l actamicro@im.ac.cn, 010-64807516

WIEAEY) 1BA X5 it Y. i,
FRATTHEN T3A AT LAREAR & B0 5 ke 1 45 i 4 Y
BN, PRI R SR AR €. K
TSR AN T 13A X 7 B8 B 0 B 0%
P, SRJE ST T AR T R 45 W 2/ U
FHHELT 1BA JRYT 5 /N B ARAE AR 4G 1 5 2R

AL o



FRIKIGSE | TUE 24, 2022, 62(10)

4027
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