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Exploring the inhibitory effect of vitexin on otitis media with effusion in rats based
on AMPK/NLRP3 pathway mediated pyroptosis

LI Yan-feng, LU Zhen-min
Department of Otolaryngology, The First Affiliated Hospital of Xinxiang Medical College, Xinxiang 453100, China

Abstract: Objective To investigate the effect and regulatory mechanism of vitexin on otitis media with effusion rats. Methods Fifty
male SD rats were randomly divided into control group, model group, vitexin (3 and 12 mg/kg) groups, and vitexin + AMPK inhibitor
group (Compound C), with 10 rats in each group. Except for the control group, all other groups of rats were used to replicate a rat
model of otitis media with effusion using the endotoxin method. After successful modeling, vitexin (3 and 12 mg/kg) groups of vitexin
were injected intraperitoneally with different doses of 3 and 12 mg/kg of vitexin. After intraperitoneal injection 12 mg/kg of vitexin,
immediately injection 20 mg/kg of Compound C into the vitexin + Compound C group. The control group and model group were
injected with equal amounts of physiological saline intraperitoneally. After continuous administration for 21 days, hematoxylin eosin
(HE) staining was used to observe pathological changes in the middle ear mucosa tissue, Enzyme linked immunosorbent assay (ELISA)
for the determination of serum TNF-a, IL-6, IL-1f, and IL-18 levels. The auditory brainstem response instrument was used to measure
the hearing function of rats, Western blotting was used to detect the expression of AMPK/NLRP3 pathway and pyroptosis related
proteins in the middle ear mucosa tissue. Results Compared with the model group, the pathological damage of the middle ear mucosa
tissue was reduced in the vitexin (3 and 12 mg/kg) groups, and the thickness of the middle ear mucosa, hearing response threshold, and
serum TNF-a, IL-6, IL-6, IL-18 levels were decreased (P < 0.05), and pyroptosis related proteins (caspase-1 p20, GSDMD-N,
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IL-1B, IL-18) and NLRP3 protein expression were downregulated, while p-AMPK protein expression was upregulated (P<0.05), and
there was a dose-dependent relationship. Compared with the vitexin 12 mg/kg group, Compound C can reverse the changes in the

above indicators caused by vitexin. Conclusion Vitexin can inhibit the inflammatory response and alleviate pathological damage to

the middle ear mucosa in rats with otitis media with effusion, and its mechanism is related to the inhibition of AMPK/NLRP3 pathway

mediated pyroptosis.

Key words: vitexin; otitis media with effusion; AMPK/NLRP3 pathway; pyroptosis; inflammatory reaction
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—4di. Caspase-1p20 —#i. GSDMD-N —#i. IL-1B
—¥i. IL-18 —#i (3£ Cell Signaling Technology,



E3IBEEI0H 20234104 DS EET Y3

Drugs & Clinic

Vol. 38 No. 10 October 2023  « 2399 -

b5 2537, 2532, 89332. 37349. 63124, 57058).
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NLRP3 —#i (1:1000). Caspase-1p20 —Hi (1 :
500). GSDMD-N —# (1 :500). IL-1p —#% (1:
1000). IL-18 —#% (1 :1000). B-actin —Hi (1 :
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BN BB R IR, SCIGES IR Image
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p20. GSDMD-N. IL-1B. IL-18 FHHFKILE R .
1.3 HiHESH
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2 #R
21 HHRMNABRPEFEREBERSKETMFER
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KRFEREJkR, AV BRGNS, R4 EESEE. 54K 12 mg/kg AL, HHE+
RIRREE A, T HAEE K (P<0.05), H Compound C ZH K 5, H- 28 B 2H 25 BR 45340 F2 2
PEBEAE IR 2 BRI, TR ES R AR &, HBEEER N (P<0.05), WHE 1. % 1.

e cnome ARl T, S TSR
'f o 4;“‘.. ' ,—"T':.‘:,"”"“ =
Rapa s it e RSt vans Y < g
_"‘*‘.' - 9 Rt sE S
~ .;-\\ . i p
pagil TR 4130 % 3 mg kgt H13H % 12 mg kgt #1344+ Compound C

1 BRERRPEREFEMN (HE, X200)
Fig. 1 Pathological changes in the middle ear of rats in each group (HE, <200)

*1 BEARFPEMERELER ( x+s, n=10)
Table 1 Comparison of thickness of middle ear mucosa in
each group ( X +s,n =10 )

2H 5 FlEI(mg kg A EFAE )RR /um
Xif — 40.12+6.33
LY — 159.66+9.21"
R 3 118.99 +8.56"
12 52.22+6.08%&

H:3 & +Compound C 12420 143.11+8.77@

X B bR : TP<<0.05; SAEAVALLEL: *P<<0.05; H4HIIE 3
mg kgt 4 ELEL: &P <<0.05; H4LIfIE 12mg kgt HLLE: @P<<0.05
*P < 0.05 vs control group; *P < 0.05 vs model group; &P < 0.05 vs

vitexin 3 mg kg~ group; &P < 0.05 vs vitexin 12 mg kg~ group

2.2 HHEXTKERUITHINEERIF T

Lt RAAREL, ARIZRR ABR s B H
BN (P<0.05). S, 4HHE 3. 12
mg/kg ZH K R ABR J B EI{E BH B FEIK (P<<0.05),
H 2B A 5430 R 12 mg/kg 4LAHEL, AMPK
#1771 Compound C BEREIE K ABR S o7 [ {E
(P<0.05), W% 2.

*2 KEAR ABR RFBMEELH ( x+s, n=10)

Table 2 Comparison of ABR response thresholds in each

group of rats ( X +s,n =10 )

21 5 FE(mg kg ) ABR UM R{E/dB
o — 25.77+3.89
it — 69.87+9.76"
IR 3 46.62+6.18*
12 31.2045.54#&

4312 +Compound C 12420 64.16+9.27@
XA LS "P<<0.05; SEMANLE. *P<0.05; H4LifIFE 3
mg kgt AHELEL: &P <<0.05; H4LIIE 12mg kgt LI @P<<0.05
"P < 0.05 vs control group; *P < 0.05 vs model group; 4P < 0.05 vs
vitexin 3 mg kg~' group; &P < 0.05 vs vitexin 12 mg kg group

2.3 HFIEIARMFE TNF-ay 1L-6. IL-1p 7KFE
=AU

xR AR b, BRI KRR M TNF-on IL-6+
IL-1B+ IL-18 /K-FHH 3 (P<<0.05). SR ZHAH
b, 4912 3. 12 mg/kg 4K R IMIE TNF-a. IL-6+
IL-1B+ IL-18 /KI5 B 2 f# I (P<<0.05), H. & 75
MMt SHIE 12 molkg AL, 4R+
Compound C #1 KM% TNF-a. 1L-6. IL-1B. IL-
18 /KPR (P<<0.05), W% 3.

®3 BEAKRIME TNF-a, IL-6, IL-1By I1L-18 7KFLEE ( x s, n=10)
Table 3 Comparison of serum TNF-a, IL-6, IL-1B, IL-18 levels in each group of rats ( X s, n =10 )

2H ) FE/(mg kg TNF-a/(pg-mL™?) IL-6/(pg mL ™) IL-1B/(pg-mL ™) IL-18/(pg mL ™)
xof — 12.88+3.02 35.01+5.11 17.00+4.06 23.62+4.88
iRt — 45.88+6.31" 132.88+10.30 62.331+7.69" 73.69+7.46"
= 3 38.50+4.30* 110.20+9.26* 48.11+6.66* 58.33+6.11%
12 28.01+5.33%& 90.20+8.88%& 40.76+6.08%& 36.87 £5.44%&
#1313 +Compound C 12420 43.26+7.02€ 125.48+9.97@ 56.771+8.299 69.22+8.16@

ExtA i "P<0.05; HIEAALLE: *P<<0.05; H4biHIE 3 mg kgt 4lLLE: #P<<0.05; H4LHIE 12 mg kgt Al LLEL: @P<<0.05
P < 0.05 vs control group; *P < 0.05 vs model group; &P < 0.05 vs vitexin 3 mg g~' group; &P < 0.05 vs vitexin 12 mg kg~ group
24 HHEMNKBRPEHEMEETHERXERAR  Caspase-1p20. GSDMD-N. IL-1B. IL-18 FH X}
A RiEEWHESE (P<0.05). SHBAMML, 4
S5 AML, BAA KR B R RN % 3. 12mg/kg 4K H B3R ZH 21 Caspase-1p20+



E3IBEEI0H 20234104 DS EET Y3

Drugs & Clinic

Vol. 38 No. 10 October 2023 -« 2401 -

GSDMD-N. IL-1B. IL-18 & [ AHX} Rk I I B
ik (P<<0.05), HEFEHHIM. S54HZ 12 mg/kg
ZHAHEL, AMPK #1157 Compound C fEm% B & idi 4%
EiREAFRE (P<0.05), WK 2. %4,

-

GSDVD-N{ S 32 10°

IL-18) — | — —— - 1.8X10*

|L—1ﬁ | o— - — a— - l.7><104

Proctin| AEEEE___: SR A 3 <10°
PURICOR vt 3 12 M=+
#3812/ (mg kgY)  Compound C
2 BHEKRPEFPEHAL Caspase-1p20. GSDMD-N,
IL-1B\ 1L-18 EEEALER K E
Fig. 2 Gel electrophoresis of caspase-1p20, GSDMD-N, IL-
1P and IL-18 proteins in middle ear mucosa of rats in

each group

25 HFRENFKRFFEHLS AMPK/NLRP3 &
BHEXERTENFMm

TR R TR, XA, B
KR H L p-AMPK [ 2232 B B,
NLRP3 [ 42k B B (P<<0.05), - A ZH A
e, 4L 3. 12 molkg 4K H A AL p-
AMPK [H M 223 5 25 380, NLRP3 BH 14 352 B 2 93
b, HEFEMR (P<0.05). HH:3#HE 12 mg/kg
HAHEL, AMPK 175 Compound C BE1% B i i 4
p-AMPK. NLRP3 [H{:£ L (P<<0.05), WK 3. &
5. Western blotting #6357~ , #5784 20 K B FE 4 i
HZ p-AMPK [ FRIA K, NLRP3 & RIAHY
i (P<<0.05). HHEEMMAMLL, 43R 3. 12 mg/kg
HARPHBFHLS p-AMPK E A E£IETHE,
NLRP3 & [ ik FK (P<<0.05), H 27 EH M,
5450 & 12 mg/kg 4 AH L, AMPK #0 #il 7
Compound C HE#% B {10 % p-AMPK. NLRP3 & [
Fik (P<0.05), WK 4. £6.

*4 BUEAARDEHFPEAL Caspase-1p20. GSDMD-N, IL-1p. 1L-18 EEMEXIFILE ( x£s, n=6)
Table 4 Relative expression of caspase-1p20, GSDMD-N, IL-1g, and IL-18 proteins in the middle ear mucosa of rats in each

group ( X+s,n=6)

o = FEAMFREE
ZH ) 5 &/(mg kg™
Caspase-1p20 GSDMD-N IL-18 1L-18
ot HE — 1.0340.19 1.0140.22 1.004-0.18 1.05+0.10
A — 2.56+0.42" 1.9640.31" 1.8940.20 2.6340.39"
HIHIER 3 1.8140.30% 1.63+0.20* 1.31+0.21% 1.6840.18%
12 1.4240.26%& 0.96+0.23% 1.0240.17%& 1.36+0.20%&
#3612 + Compound C 12420 2.15+0.37@ 2.45+0.33@ 1.8940.26@ 2.01+0.31@

ExHE4IE: "P<0.05; HHA4ILLE: *P<<0.05; H4HIHIE 3 mg kgt 4lLkE: &P<<0.05; S4LIFIE 12 mg kgt AlLLE:: @P<<0.05
P < 0.05 vs control group; *P < 0.05 vs model group; &P < 0.05 vs vitexin 3 mg kg~' group; &P < 0.05 vs vitexin 12 mg kg~ group

NLRP3 j Mes

Xf I il

R ATWP G

R b

HIHZE 3mg kgt ALHE 12 mgkgt  HEIHIZ +Compound C

3 GIEAWAM p-AMPK, NLRP3 BEMRIA (IHC, X200)
Fig. 3 Immunohistochemical detection of positive expression of p-AMPK and NLRP3 (IHC, %200)
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#* 5 HBEKXRPEHEHELN p-AMPK, NLRP3 EHPRM
FIELLBLER ( x5, n=6)
Table 5 Comparison of p-AMPK and NLRP3 protein
positive expression in middle ear mucosa tissues
of rats in each group ( X %s,n=6 )

i g kg B
oyl — 1.00+0.17  1.0040.20
iy — 0.23+0.06" 2.61+0.41"
HIPE 3 0.58+0.10¥ 1.8940.25%

12 0.89+0.21%¢ 1.46+0.23%
I+ 12420 0.4340.082 2.104-0.329
Compound C

xR "P<<0.05; SEIMALE. *P<0.05; S4LIIFE 3
mg kg A LL#R: 4P<<0.05; H41IAIE 12 mg kgt HLLE: @P<<0.05
*P < 0.05 vs control group; *P < 0.05 vs model group; &P < 0.05 vs
vitexin 3 mg kg~! group; &P < 0.05 vs vitexin 12 mg kg group

p-AMPK M — — “I 8.2X10°

ANMPK | — ---.I 6.2X10°

NLRPS [ S S — -| 2OX106¢

PONi R vt 3 12 MR+
#3HEI(mg kg)  Compound C

4 ZHERKBHPEFIRALE p-AMPK, AMPK, NLRP3
EREREIKE
Fig. 4 Gel electrophoresis of p-AMPK, AMPK and NLRP3
protein in middle ear mucosa of rats in each group

#*6 RUEARPHEHFEHAL p-AMPK/AMPK, NLRP3 &
AENRIEE ( X+s, N=6)

Table 6 Relative expression of p-AMPK/AMPK and
NLRP3 proteins in the middle ear mucosa of rats
ineach group ( X +s,n =6 )

iliv) NLRP3
Zh] (mzﬂjﬂ) P-AMPKIAMPK " 53?3 i
ot Het — 1.184+0.20 1.034+0.20

LAY — 0.41+0.07°  2.31+0.32

HIFR 3 0.72+0.14*  1.68+0.28"

12 1.16 £0.21%& 1.07£0.21%&

HIR+ 12420 0.39+0.05@  2.19+0.29¢

Compound C

ExtHA L "P<0.05; LA LE: *P<0.05; H4LHIE 3
mg kgt A ELEL: 4P <<0.05; H4LIfIE 12 mg kg t AL @P<<0.05
*P < 0.05 vs control group; *P < 0.05 vs model group; &P < 0.05 vs
vitexin 3 mg kg~ group; &P < 0.05 vs vitexin 12 mg kg~' group

R A AP E AR A IR B, R
Z P g RIS R I v B A sl o h B AR e A . 3R
A B 1 R R 46 T B LEE T 20 45345 DA K 1 T g
RELAS 0 A 5 DL, AT — s B B BRI, (H AT
H 20%~40%EE = HI R B RAE, TEERRNE T
AT R R, F, PRI E R
(13995 5 B ML) 37 L) T 06 97 A2 I PRI 97 #E
677 ZIRTT IR AT o

9% 41 35 DR RN 41 Jf DR 35 K 11 8 9% 0 2 4 T
PEFRH R B EEBURR 2, ] 2ORE 48 i R R
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