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[Abstract] Objective Establishing animal model of Vibrio vulnificus (V. vulnificus) early infection via respiratory tract, to

[(BE&£B] NG BRWHTRIT H (ALB19J003) 5 il 4= B L e BE 24 B0 H (CX19027)
MEEEN] ok, BLOroA:, R PG M AL Jem B 1207 T A 5T
[B151E&] FIWE, E-mail: hzzhoulj@126.com; ZEE, E-mail: mahui-28@163.com



Med J Chin PLA, Vol. 48, No. 12, December 28, 2023

observe the survival, pathological changes of target organs and the expression changes of inflammatory cytokines in model mice, and
to provide references for the relevant prevention and treatment strategies. Methods A total of 24 healthy female BALB/c mice (8 to
10 weeks old) were randomly divided into 4 groups (6 mice per group), including control group and three infection groups (low,
medium and high concentration of infection, respectively), based on which the V. vulnificus infection models were established by
intranasal administration. The survival statistics, status of defecation, hair and respiration as well as mental state of mice were
monitored during 0-12 h early infection progress. Hematoxylin-eosin (HE) staining was performed on the important organs of mice to
analyze the pathological manifestations, and immunohistochemical staining was used to detect the expression of interleukin (IL)-6, IL-10,
interferon-y (IFN-v) and tumor necrosis factor-a (TNF-a) in the target organs. Mouse inflammation panel combined with flow
cytometry was used to further detect the changes of multiple inflammatory and anti-inflammatory cytokines in serum. Results
V. vulnificus infection via respiratory tract caused mice deterioration in survival rate, defecation, hair status, respiratory tract and
mental state within 12 h. HE pathological analysis showed inflammatory cell infiltration and cell necrosis in ileum, lung, liver and
spleen of mice in different infection groups, and the injury was much severer in high concentration of infection group.
Immunohistochemical results reflected the positive expression rates of IL-6, IL-10, IFN-y and TNF-« in ileum, lung, liver and spleen
of mice in medium and high concentration of infection groups were significantly higher than those in control group (P<0.0S). The
results of mouse inflammation panel and flow cytometry showed that compared with the control group, the expression levels of TNF-a
and monocyte chemotactic protein (MCP)-1 in all three infection groups were significantly increased (P<0.05), and the expression
level of IL-27 significantly decreased (P<0.05); the expression levels of IL-1f, IL-6, IL-17A and granulocyte-macrophage colony-
stimulating factor (GM-CSF) were significantly increased in medium and high concentration of infection groups (P<0.05); the
expression levels of IL-1a, IL-23, IL-12p70 and IFN-vy were significantly increased in high concentration of infection group (P<0.05).
Conclusions V. vulnificus infection progressed rapidly through respiratory tract in mice, and lung, intestine, liver and spleen were
major target organs. Accompanied by increased secretion of multiple serum inflammatory cytokines, V. vulnificus infection through
respiratory tract might further causes severe inflammatory reaction in hosts.

[Keywords] Vibrio vulnificus; inflammatory cytokines; respiratory tract; infection; animal model

IR R 2 BAPER, WRORE T A T
[(E3EE ) €' NPT BUREE Tl D0 DN/~ 9E 3 91
S, SRR IR Y E R R A ) R L1 R
B 12 Fh BOW I S, A 4 I (Vibrio vulnificus, 111 FZGHIAES KGR, R IET

V. vulnificus) BUR PERC5H , 5y I FHIRL 5 3d A4
B, RSERTT I 100% Y, BEH SRR . K
FRFEMV K RN ETE SN, V. vulnificus B N
Z5 1Y Hiz 38 i 1) B3 AE BN, 2006 4 B Emerging
Infectious Diseases 72 5 4 A fE B i 4l 18 2 B, B
BIRMEIERAN, WE5E BN V. vulnificus ¥ AT 38 33 FF
RS EE S 2 AR AR AR, 51 AR Ak
A, FEMPELRER . MR G RIERT, BEEAT
M 2, UK TR A 95 51 1R T B AR sk
RMEERERY, KA FEEFER, Vovulnificus
A Bl K I E AR . FEE R, BFS
V. vulnificus 2V T8 (72808 75 1 R GS ,  H M L e
PR MG HE eI ], 4732 REBAH BUEOR T4,
X He 22 P I G R g 1 B 3R BT R . BT
V. vulnificus 28 W T8 4 15 F W HGE E WL . A 5558
1T SRR ST V. vulnificus WP IE BRSNS ABEARL WL
R I BL(0~12 h) /N A AR RS TN R A A
AL, JFHEAT R S B o B, B AR VR A
V. vulnificus 25 WP WE JE YL /I BRAL 88 B I B0 45
ARG TAERE S

W0l [ 25 1A 5 49 22 3R FH R T i . O 378 W
W AERRPUFEE W (pH 6.0) . EDTA$LRIE K
(pH9.0. pH8.0), PBSZ MK . BSA, AIfiliG. 7rAK
FEU W . DL YN fa e 20 AR e T4
IR 2216E BiflE Al 2216E A% W A 75 55 W T2
F] ; LEGENDplex™ £ X i I 328 5% &5 W 1 3¢
BioLegend A 7] . Mt /K ML A % K| DIAPATH 22 7] 5
HHEHL. e A RDURAA A HEY) LG A
7% %] Leica Biosystems 23 1) ; WA MR R G H H
A Nikon A H] 5 J AU H 52 Cytek 23w
112 RE  Vovulnificus B3R B 1H00066 1 H H1
R A W) B R AR A B 0 (Marine Culture
Collection of China, MCCC), {17 T8 30% H
2216E 85773, —80 CHBARIR VKA R A7 45

1.1.3 LB EhY 5541 8~10 J& it SPF ¢ M %
BALB/c/IMil 24 H, W H A6t 4538 R AL S50 shiH R
AN F LR sh A =1V rTUES . SCXK(5)2021-
0006], AT 17~18 g, BHALS AL | KUk e
ZH . P R R 2 R R B S, B e Ho /D
LT SPE 454 N 3% Tt & BHEE AR W R A TR



AT A 4 20234E12)028 H 4H48%  H12i

AT, JIEG SR (60 hid W PEIRI IR+ 12 h S ) N A
HITRE o AR S S0 )7 B4 B AR B4 A 50 iRk 55
A BR A A SC e sh e B S st A e
W55 4 [ Br 52 56 ah 1) Bl 24 BL 535 2> (the International
Council for Laboratory Animal Science, ICLAS) [ 5¢
R, JFEEST [ 5 SC SR s Y i B FALE -
12 ik
1.2.1 B0 90 TR I R G R g /) RS R Y T
V. vulnificus 1H00066 52 M J5 , 4% ' 28 2216E W 17 ,
35 °C. 180r/min %1% 5% 12h, 12000 r/min % it 5
O 2mine 3¢ B, BARDNE M JC R 1xPBS 1 4%
3, FHHEFTCE 1xPBS 43 5I# B £ 0D, =0.1(1I%
WREEIRELZH) . ODgy, =0 2(HHHR FE YL 2H) . ODyyp =
0.3(F vk BE A ) o AR 4 43 I B 1 m T 6 DTV
3000 r/min % i 50> S min; 1xPBS H & ZE 100 pul, 7¢
SIATEIRST, 4 CORAFE s[RIl % 100 pl 1xPBS
G W VE R R . 2% 2H /) LK T 5 R S 2 2 1R
THIENG A SLEE , SMPIGEZE 25 2R, HWEeI0
SR £ P I J /N S
122 SEEEhWI AL AT ARG (0~ 12 h)
e E] B 1 h I — & 2N BRI A APIRAS , BAE AT
RONPIRIE S5 E A TR AR . RRB RN
FAEMARDE o 2 12 h WL 55 BRI/ BRI T R4 7R
BRI, S E I S B st/ NS, 3k
WOOME, i . ML H L B (xPBS ZNE) . 18]
B (ko) S EE N IEAS IO 1xPBS #hijk
BT 4% Z R W EE W P A E , 240 5 AR E
W, HEZEEE, BFEH.
1.2.3 /NRMBES EHSURHE AT Rroe e E
/1N BRUNE 48 L ZUHEA T A IS LR D) 1, IR A -4
(hematoxylin—eosin R HE)Q%@ , 200x)G5E T gL /N R
IR /SN AN N SN = S = B 1111775 ) i =
AU TSBLIES S o
1.2.4 R AR /N EUE g o il A A 2
F 2 i /) & -6 (interleukin-6, IL-6). IL-10, y T4 &
(interferon-y, IEN-vy). JiJ& 3K 5L F (tumor necrosis
factor, TNF)-o Fik MO0 R 50 218 % /N FRUE SR 41
AT OWEITIRY) . SRS, BT
TR TR AE 5 2% v (pH 6.0) P 1 TIEE, Bl E T
3% H,0, % i I F 25 min,  1xPBS L5 AT A L
M 30min, 1xPBS ML 0 HIMIABLIL-6, TL-10,
IFN-y Fl TNF-a $ifK, 4 CHFH I, 1xPBS thik/5
A ZHUZERBFE Smin, A DAB BAWRK, AR
Y3 min, WK, B R, VIR ST RS T WL,
SERARIC N (M) . B o (B B R AE
A0 R F). R Aipathwell 5% {4 43 # IL-6, IL-10.
IFN-y Fl TNF-o Y BHPERIA 3 . PR IA 2 (%) =

PRI /A 2T A X 100%

1.2.5  /DRIMIE 130 PRI R 1 3 K F il
KAE/NEUAL YL, 3000 r/min %5 B0 Smin, B E 2
MLV AT -80 CUKAR A FH o B AEARIL R 25 wl I
%, %M LEGENDplex™ £ [K TR 7 & W 457
%, TR RE N 4% 2 /N UM TP IL-18 . IL-le, IL-6.
IL-10, IL-23. IL-12p70. IL-17A, IL-27. IEN- vy,
IFN-B. TNF-o, A% 4 f6 2 I (MCP)-1 AR A
- 15 00 200 it 2 9% )38 R F- (GM-CSF) %5 13 48 M4
HL P P 2R K . SERRIRAR AT - IR ARt
Wk 25 wl MIEREE 20, JIA 25 WK BT &
60min, M A 25l 3 21 8 1 bric 19 B8 5 0F fl R
(SA-PE) 1 30 min; K FH R 240 MIAAG I 13 F 41 g
B TRY5OCHRIE, FFH LEGENDplex #(4-#E4 7 8cd b
B, X HAGR BT E I T .

1.3 Siitpab B SR SPSS 26.0 B F #4748 140
Mro HHEREMAGIES LM, Ux £ sFm, M4l
FORRH K5, 222 18] B R FH PR 36 22 40T
HE— I LR P LSD-t s o P<0.05 22 A 48t

2 % R

2.1 V. vulnificus W W T8 J% G4 LI /N RO UL A= B 27 2
b BEGJE 0~12h, AR EEGA/N R S )E
IUELH 2 RSN A B O, AR S K R
PRZERE . S BRI . PP FURTE SEAEAR
P52 28 S BRI A FIAER B (R E R . Bl
FEFEINTE, SMULA: PRAr bR R AR IR RT RS, S 3R
LA/ SRR S o B IR e AN BT RS
RSB, k. kBRG] . 1
Gb, BA/NEPIRILE R SR, Kk FELER
TR BRI IE 45 28 T AL R 5P licds e e
A DLAEAR o

2.2 V. vulnificus WP 18 R LI/ R & B SR OG
HEVRHEF R AR HER O R BN, SR
P, ik, L SRRV E L DE. B
B NUR S8 7B R LB 17 BN AN 11177 N 1 i =
H AN [R)RRE g B 07, L v e P SR Qe L B A5 7
FER (A1),

(D) AT o X IR ZH /N BRUST 20 M HES B 5, B IE
W, EOS), TN, TV Rk
JE IR ZH /N U EH 250 2 mT WL/ A KA AR
AR, MUBRSRRATR Y PR B/ R AL
ZUR ] WAL Z AT A OB AR PE, A ik, #E
o, MBTES LA R IR LN BUIF 2L ] L
BN MK REAZ T, A0, BT AN IR G,
ARG NV RSP NI Vi O ol I AN



Xof B2

il

e

Med ] Chin PLA, Vol. 48, No. 12, December 28, 2023

R R et L

SR SR A AR Ak
Bl1  Viulnificus WP TE B GR R0 /)N B 32 SRR B 2l A8 (HE x200)

Fig.1 Pathological changes of major organs in mice with V. vulnificus early infection via respiratory tract (HE x200)
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Fig.2 Expression of IL-6, IL-10, IFN-y, and TNF-« in intestinal of mice with early infection of V. vulnificus via respiratory tract
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Tab.1 Expression levels of 13 inflammatory factors in serum of mice with V. vulnificus early infection via respiratory tract (pg/ml, x+s, n=6)

KM+ X HEZH I B B 2 e B R e e B SRR e 2]
IL-1B 3.74+0.00 4.0820.59 5.30+0.46') 8.58+0.4400)
IL-la 5.91+0.46 6.07+0.50 6.62+0.26 10.53+0.81V@0)
IL-6 3.9940.32 4.4620.35 6.56+0.62 7.64+0.730
IL-10 3.31+£0.28 3.15+0.00 3.15+0.00 3.15+0.00

IL-23 3.93+0.00 3.93£0.19 4.0440.19 15.15+1.2700@O)
IL-12p70 1.850.00 2.06£0.19 2224033 4274025000
IL-17A 3.49+0.17 4.80+0.82 6.62+1.35% 8.28+0.88®
IL-27 33.16+8.87 1.69+0.00" 1.69+0.00") 1.69+0.00")
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MCP-1 5.08+0.70 8.47+0.621 15.71£0.2010@) 17.61+0.37V@6)
GM-CSF 15.36+2.14 19.03+6.38 27.86+3.99" 113.10+10.47M@®
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