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J& % 3 R LbGp 28/~ R /A Bt b R A& B T PBS 4L (P <0.05) . N 4L, PBS 4L % LbGp 41 #) NF—kB—p65 .
NLRP3 . IL-1B A IL-6 AR A KRGt Lk T, ZF YA LT FEL(P<0.05),PBSAH & T NA
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Effects and mechanisms of lycium barbarum glycopeptide on
corneal inflammation and healing in alkali-burned mice*
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Abstract: Objective To investigate the effect and mechanism of lycium barbarum polysaccharide (LbGp) in
corneal alkali burn healing. Methods Forty-five healthy SPF-grade male C57BL/6J mice aged 6-8 weeks were
randomly divided into normal control group (N), injury control group (PBS) and LbGp treatment group (LbGp), with
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15 mice in each group. In the PBS and LbGp groups, mice were subjected to alkali burn injury in the right eye, and
then treated with PBS solution or LbGp solution (10 mg/mL) via eye drops and subconjunctival injection,
respectively. Three days after treatment, the corneal epithelial repair and corneal tissue structure were observed by
slit lamp microscope and HE staining. The expression levels of NOD-like receptor thermal protein domain
associated protein 3 (NLRP3), interleukin-1B (IL-1B), interleukin-6 (IL-6), myeloperoxidase (MPO) and the
phosphorylation levels of nuclear factor kappa B (NF-kB) in corneal tissues of each group were detected using qRT-
PCR, Western blotting, and immunohistochemistry. At 14 days after treatment, the degree of corneal opacity was
scored with a slit lamp microscope; the corneal tissue structure was observed by HE staining. Results On the third
day after treatment, the corneal epithelial healing rate of LbGp group was significantly faster than that of PBS group.
The comparison of genes and proteins relative expression levels of NF-kB-p65, NLRP3, IL-1p, and IL-6 among the
N group, PBS group, and LbGp group revealed statistically significant differences (P <0.05). The expression levels
were higher in the PBS group than in the N group (P <0.05), while they were lower in the LbGp group compared to
the PBS group (P <0.05). Furthermore, the infiltration of MPO-positive neutrophils in the corneal stroma of the
LbGp group was lower than that of the PBS group. On day 14 after treatment, the corneal opacity score in the LbGp
group was significantly lower than that in the PBS group (P < 0.05). Conclusion LbGp treatment can inhibit the
activation of NF-«B and expression of NLRP3 and IL-1f after corneal alkali burn in mice, inhibit excessive

inflammatory response, and promote the regeneration of corneal epithelium and the recovery of corneal structure,

which is conducive to the restoration of corneal transparency and integrity.

Keywords: corneal; alkali burn; inflammation; lycium barbarum glycopeptide; nuclear factor-kappa B; NOD-

like receptor thermal protein domain associated protein 3; interleukin-13
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/IS S B 20, Sk 5 R ) B FIOK . SEEe sh i A=
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A7 4 A /N B B BT B, i AR AR BROG , T
P TEARAT R AR o AR IR YT Ir AR 45 H/N ELURE
BLA3 B IE 7 6 HR AL (N 1) « o 28 AT A Ak B fidt e /)
B s 451005 0T BEZH (PBS 41 ) < A7 HIR A2 il Bl b 1 A5 260 )5 4%
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(LbGp 41 ) : 47 HR 52 il i b8 3 152 ) J5 25 T LbGp ¥ W
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IR (PR H 2g 4 ), BDAE 1 24 H 3047 45 T 1 5
PBS ¥ i 5% LbGp % ¥ (10 mg/mL) (5 pI/HR , 1 ¥%/d)
A mMERRE (1 %), K H H PBS % i 5%
LhGp ¥ T HR 36 97 (5 wi/BR , 3 WR/d) 45 & 2 4ii 5
FIRE (L) . BJE RIS BHATIRIT . W
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(L6 sh i & HL2 ) .
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FIBF Alcon 23 7)) , PBS ¥ W (b 5t R € R A R
INF)) , B R AL NF—k B (p-NF-kB—p65 ) Hi14 (30338,
B EH Cell Signaling Technology /N d] ), NF- k B-p65
(82428, 5 [H Cell Signaling Technology NE) B A
LW (MPO) Hi 1A (1622245, 35 L H E 25 R 4E
AR A ), IL-1B (ab9722, Y& [ Abcam 23 #] ) ,
NLRP3 (abh270449, ¥& [E Abcam 2% # ) , GAPDH
(ab181602, ¥& [E Abcam A F) ) o FhS B AT 1 Gl 45
(TR M BT A BRA ) M 8% (7 5] Zeiss
OS] A W (VLI 28 S a b A BR A ) )
RIPA 240 ( LI = RAEYHE ARG BRAF) 5608
F AR BG4l (R R R AR
NP
1.3 AERRGEENSH

SEUS I IE AT, /N BUME R G T 2
(70 me/kg ) JBR P, [] Bsf FH 3k 2 P 5 R DR IR VAT T
AR VEAT R PR RR I . AR5 4 AR 2 mm IUEAR 12
% T 1 mol/L i S 8 AL 88 NaOH 1 b, B DB 48 1 I
Z AR T 5 R R TN B R AR R
PREE10 s, B f5 7 B 08 48 7, JF 20 mL 2R #
ERIK PP R IR R M A5 A SCIR A R IR AR R
R 5 0 o Sk e

1.4 GRBARLFERE

TEIRIT JE B 5 3 R AR 14 R/ B 5 1 &
JEREE25 90, I FHZIUME B FA s Ab A8 o s 4k /DS BUHR
BRST B S A 1 mL 42 W EP A (= R
[ 24 ~ 48 h) o HF [ 22 4 19 /0N BROHIR 35K 4 77 90 0 ik
JEE o B e — PR R B MO K A B SR S A e A 3
A4 wm 5 BRYT R . a0 HE G (8, W2 AR 4% 2 40
ML S5 R FIE A o IRl SR FH A g2 20 24k 2 e 8 1
XA IT IG5 3 RIA L) v i 47 MPO (1: 1 000 #ii
B JIL-1B (1:500 7 B ) G €5, WL %€ 3 41 /)N BRL A
JIES v MPO 1 TL-1B 2 135,
1.5  Western blotting # illl £ A% 26 42 p—-NF-«B-
p65.NF-kB-p65.NLRP3 & B %Ki

TBITEEE 3 K, /N BT S 3 = BRI 2459, O T 4
MER R AR SE , U 58 8 A I (R 2H 3 MAEAS ) L T
A EE T A ) R IR T ) R Y RIPA 2L M
(4 °C 15 min) o M ARIRIS X B AT AR
T e 2 0 (10 min) , WOCR & 85 H By B VE W, JTAE
FH A U BR1E (5 mg/mL BSA ) 1277 £ 0 22 BT 75 2 1 %
WA B o K WO I 2R RS 5X SDS-PAGE |4
SRR A, 100 °C& 10 min, 115 8 (IREA . BUE (1
FES, BREE B IKAUMAEFL N, 43 B p-NF-kB-p65 .
NLRP3 . IL-B M 1N 2 GAPDH 75 [ 4745 , ¥4 & 7R 11 4%
WHEPVDF R L. 4 CHE —Piad e, — P
p—NF-kB-p65 (1:1 000 i £ ) . NF-kB-p65(1:1 000
Fii B ) NLRP3 (1:1 000 % B¢ ) (IL-1B (1: 1 000
&) .GAPDH(1:1 000 % B ) o R H ,fEE W NP E
“H(1:10 000 i BE)2 he ), FH B AR AR 5= XL (A 41
A O AR R S8 (LI-COR, & 1) i 17 g% . 1]
Image] H4%F EHR AT 5097 o
16 EMRATERGHERNEONAERAR
NF-«kB.NLRP3.IL-6.IL-1B EE &KX

BTG A 3 K, /INELE S R 25, OF
HUHENE YL AL FE . BUT 58 8 A I (BE 4 3 MR
SR FH R 3 3R 5 4 B3 41/ B A B AL 4 B RNA
WA G HRR MBI ARAR . fH M-
MLV 3% #% 5% i i 5] £ (Promega Corporation, Madison,
K ) A M cDNA. W AR & : Oligo dT 2 wL, RNA
PEHUM 25 wL, i 4% 5% ) (5 x M=Mly Buffer 8 pL .
10 nM dNTP 4 L M-MIv %580 1 pwl) o K45
70 °CAE M 5 min, B 5 A7 300 5% ok SN 42 °C
60 min, 94 °C .10 min, 4 CAE3:, L7 E R B S
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fif} & 5 )W (quantitative real-time polymerase chain
reaction, qRT—PCR) * FH SYBR Premix Ex Taq ™
(TaKaRa 4= ¥ B} 8 By A1 R A ", K% ) Al
LightCycler®480 I PCR £ 4t (1% [H Roche /A 7] ) #E17 .
JZ W AR % 2 SYBR Premix 10 L, iF [ 51 9 0.5 pL,
J 17 51 %) 0.5 wL, eDNA £ 4z 1 pL, ddH,0 8 pL.
qRT-PCR [ I 25 : 95 C AR 4 15 5,95 C A8 1
155,59 CiB & 30 s,74 CHEM 30 s, H 45 H IR,
ST,

1 sS55I

FEH 519751 K /bp
~ IEf]: 5'-GATTACTGCTCTGGCTCCTAGC-3' 22
practin JZfi : 5'-GACTCATCGTACTCCTGCTTGC-3'! 22
i 1E[] : 5'-ACACCTCTGCATATAGCGGC-3' 20
A F2If) : 5'-CAGCCTTCTCCCAAGAGTCG-3' 20
1E[]: 5'-CTGGCATCTGGGGAAACCT-3' 19

NLRP3

J2 1] : 5'-CATCTGCAGCTGTTTTCAGGG-3' 21
1E[f] : 5'-CCCCAATTTCCAATGCTCTCC-3' 21
16 JZ I ; 5'-CGCACTAGGTTTGCCGAGTA-3'! 20
1E[] : 5'-TGCCACCTTTTGACAGTGATG-3' 21
fotp J21i]: 5'-TGATGTGCTGCTGCGAGATT-3' 20

1.7 RERRITS

TRYT R 5 14 K, (1 FH B0 22 BAT 8 B L 4 /N
BRI (R 6 MEAS ) JF R 0 ~ 4 43 AT £
RIPESr o PEATFR1E 2 0 43 Ff K 58 42 1 B, i i
S R AL TR AT UL 5 1 43 Sy SR R RO 7 W, AT L
N i FL A 5 5 2 4 oA R AR VR ok, B 24 T LT
TR L 5 3 43 Ry A BN 385 B, JL T AN A D e A
it L 5 4 43 Ry £ R 58 4R 3 B, AS AT D B T AL
P4 2 2B 9T N B3OS AT, 5 SR G2 (.
1.8 Sit=FHiE

B 73 BT SR SPSS 23.0 Gt #cfk . iR
DAIIEL + bRifE2E (x £ s) Fon, PHAL HLES o 4656 51
Wilcoxon #6565 Z 4L b 22001, #HE—E WM
[t %5 1] SNK—q 8%, Bonferroni K56 . P <0.05 J 25 34
Gt

2 #R

21 BHNMRAREENIRKRRIR

09750 3 K, KO 2R BUAT e ol B L 45 2R

7, LhGp A /N BUFA M6 1 Bz e 1o A oy 1E (28.27% ) /)N
T PBS 4 (69.69%) , & t K 9, 2 R A G B X
(1=8.256, P =0.001) . HE {02 5 40, PBS 41 /)
SRS I b B A AR AR, b B 2 AR HE S A R L E
BAL R 2 ~ 3 )2 o S BK i B A K & 40 240 i
B . 1 LhGp 43R 97 5 55 3 K A M6 2L o o 19 48
2 fu 35 PBS ZH 70, ff I K i sz . DR 1
22 FHENMRAEALANMPORIRIE

R HA M Qe O R BoR, 5 N A ML
B, PBS 2H 1 #f1 I 18] J5t A K 2 MPO G €8, B 14 v
LA LR A T LbGp 21 rh Mk 240 Jf 2 31 114 7 12 B 1
Fefik. W2,
2.3 HBHNRBIRAEALNF-«B.NLRP3.IL-18 &
IL-6 mRNA ERE#83t RiXxZ b

qRT-PCR ) 25 1 7R , N 40 . PBS 41 & LbGp 41
) NF-kB-p65 . NLRP3 \ IL-1B 1 IL-6 mRNA FH X} &
ki, &7 2000, 2R A G E L (P <
0.05) ; # — 25 W W L 4%, 28 SNK-q 3% Bonferroni £
¥, PBS #H NF—kB—p65 . NLRP3 . IL-1B F1 IL-6 mRNA
FH X 2 38 B8 N 41 T+ & (P <0.05) , 1 LbGp 2 NF-
kB—p65 \NLRP3 . IL-1B F1 IL.-6 mRNA #H X 3 1k & 45
PBS 4 [ (P <0.05) . W32,
2.4 HANRAEALNF-«B.NLRP3.IL-18 &
IL-6 EAHEXFRIEEILE

Western blotting K4 5 B o8, N4 PBS 4 &
LbGp 2 i) p—NF-k B—p65/NF-kB—p65 . NLRP3 #ll IL-
18 & I AH X 3k 5 1 Lh A, 2207 22500, 2 7 386
Geitr L (P <0.05) ; #E— LI L #L, 48 SNK—q
5¢ Bonferroni £ 4 , PBS #1 p-NF- kB—p65/NF— kB-
p65 . NLRP3 Fl 1L-1B & [ AH ) 36 15 & 8¢ N 41 7 &
(P <0.05) , T LbGp 21 p-NF- kB—p65/NF- kB—p65 .
NLRP3 Fl IL~1 & [ AH X 2% 35 3 PBS 41 FEAIK (P <
0.05). AL F AL RER, 5 NAH MK
oA, PBS 41 1% #f 5 18] Jo A K 5 A IL-1B A K3k .
W3 FE 3 4,
25 BHANMNRAREREETFSRHELRE

BTG5 14 K, BT i B W28 45 R s
N ZH /Iy BAf R 58 42 385 WY i L R 5 280 B e )
UL, 5 PBS 20 /)y AR JBE v BE R ik, LT AS BT D e L
T R S B T LhGp 2H /N BRI B S A BE TR vk, BR &
D, i LRI S0 3 UL T SA) o AR BRETE Dl 43
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N PBS 4 LbGp 21

N4 PBS 41 LhGp 41

—~ =
gl

50 pm 50 pm
B
A RT3 R TR BT WA BIIEE K SO R A GRS B 6YT 3 dJa /N L 8L HE B o gl
E1 ar3dE/hRAaRAREERARHELBER

N2 PBS 4 LbGp 4

50 pm

B2 &F3dERANRABARTIMPORERE (RBEHAL ¥ E)
R2 BHENRAEHLNF-xB-p65.NLRP3.IL-18 & IL-6 mRNA MY RiEEMLE (n=3,x=*s)

21531 NF-«kB mRNA NLRP3 mRNA IL-1B mRNA IL-6 mRNA
N4 1.00 = 0.03 1.02£0.23 1.01+0.18 1.02+0.23
PBS 41 1.98 +0.28 4.97 £2.80 547.85 + 436.23 5224230
LbGp 4l 1.40 0.42 1.40 £1.20 102.82 +136.18 201+ 1.44
F1H 22.404 12.266 12.149 15.537
P1H 0.000 0.000 0.000 0.000

x3 BHANRAEBEHALPp-NF-B-p65.NLRP3 X IL-1B ZEAMBEMRIZEMNLEE (n=3, x+s)

215 p-NF-kB-p65/NF-kB-p65 & 4 NLRP3 # -1 HEH
N 1.06 £ 0.16 0.46 + 0.06 0.52+0.61
PBS# 1.48 +0.14 1.14 +0.12 1.17 £0.07
LbGp 2 1.08 £0.15 0.35+0.11 0.77 +0.17
FAE 7.228 54.331 25.463
P{E 0.025 0.000 0.001
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N PBSZ  LhGp# 7~ , PBS 4 A R IE 13 43 (3.33 £0.62) 43 1 T LhGp
o NF_B-p65 P 65 kD 2H (1.63 +0.57) 4% , 28 Wilcoxon ¥ 36 23T , 22 B B 48

| 2B X (Z=-4.190, P =0.000) . HE 4t {5 25 5 g
_kB-p6" - — = 65 kD . R
Vo065 S NN A2 3 4 2 R R

vuers [ 0 0SB PBS 4R LbGp /0 RUSA I L 40
- ——— 253 AHE RN, ST, PS40 T
- AT B EF 4 40017 LbCp 4L ILAR£F 420

11y P 17100 e 915 AU A WA R 5
D A ol R

3 BHMRABRARELBENRIEZEMNLE

N4 PBS 41 LhGp 41

3 BT A e TR
-,!":_-4'.‘5' M AN o e
Ot L s ST AT N
o o B RSTER Na
= RN T 3
SOpm,  FRTTE 28 Hsgpm L P T S m

E4 RT3IEEENRABARTIL-1BHRIE (REHLLERA)

N2 PBS 41 LbhGp 41

N2 PBS 4 LbGp 4

50 pm

ARIT 14 dJE TR R AT W BIIUER S SO RN A G ISR s BIGIT 14 dJ/NRURBIASUHE Qe gt
E5 aF14dERAERRBEAFHERBER
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BB W W IR My 2 —  fE 22 R
H 2 i 53.69%" . A BEIRURE 1 I, 18 A2 AR v 4
R 2o B 2R 0k 45 g | )™ JE A R R, 5 B0A
TR B AR A SR OF A, P E AL . A
5T 2 B, 38 3k 40 1 12 4 Bl 7 R NF-k B AZ RS A, 1]
LA 2304 i £ S 6k e 473 S 1 4 A iz T, SATKA
SO 26 B, 4104 NF— kB 3035 AT L3R IT /N B
fo B BGE 5 o A W98 iR 3E , NLRP3 48 iE /N A 7E £y
FEE B 58 43 Ji 1 96 E B N R B AR L WROTE
NLRP3 /MA ] 5] & Caspase—1 T 16, S 8 1L-1B 1Y
AR ik, BHL VBT NLRP3 18 B 1 LAy 20 48 i, M 1T
P& 5 A S B RN B G, B NF- kB 3OS KX
NLRP3 | IL-1R & ik > 1 il 4 i S 1, A BE J2 i i
A REORGE 1 J5 BV TE SR B o NF-« B & —Fh %
SRR, TR AR ARAE 40 I T N R A
A KA A A AR Y Y R SRS
™, NF-«B 5 HAMH N7 «B(IkB) &5 &, 4 T 41 i
Fh HIGTE M . YA LU A 00, Ix B 885 R 1L
Ji & fift , BRI NF—k B—p65 , Fifi J5 28 33 HE — 45 o W 12
FAE H , NF-k B-p65 #8005 1 5% 12 2 4 A% I, 45
A E 19 DNA JF 91, 005 98 RE 1 50 9% AH OC 58 1Y
FiEM . NLRP3 & —Ff NOD ¥EZ (K A, fF1E T
20 e 5 P O R R TS . 7E AN a2 B AR 4 L R
B H At 3805 15 5 1), NLRP3 #0005 I 5 & e & G
ASC 25 BT LR AR o BT 19 NLRP3 4 4iF 14 7] DA
PTG Caspase—1, A2 {8 41 i N () pro—1L—18 Fl pro—IL~
18 554k A 15 P 64 TL-1 8 0 TL-18 - Bl 21 40 Jfa 41 %
FEVERIPY . X S P % 40 B B 1 — 25 9 i
KRIERN, S5 RPN . NF-kB il i ]  1L-
1B 4543 1 18] 42 5 ) NLRP3 48 5E /MA R ThBE . 380G
NF- kB JiF , 23 S IL-1B 1 & B, 1 1L-18 2
NLRP3 #76 i9 20 B3 402, Be Ak, NLRP3 % 45 /&
(9 16 Ak s W] LS i NF—«B 38 5% . G IFsE R0,
NLRP3 # 3 7] LLi% S NF-« B 8936 1k , 34 58 98 5E
IV o 3% 2 38 o NLRP3 /) AR i A1 48 4 i ] (i
IL-10  IL-18) > S 3 1Y, 33X 28 41 ffg X o] LL0G
NF-«B il 1>, NF-«B fil NLRP3 Z [A] 7 1£ & 24 ()
AHE PR OC &R, AR g% RN ARIE 0 T % D)
VB, JL ] 95 2R AE P 14 7 A5 0 40 B 6 988 SV o

AR, MRl 2 R o 2 A5 S i 5l
#% , i NF-k B, PI3K-Akt-mTOR . p38-MAPK . Wnt—
—catenin , MLCK-MLC , PI3K-Aki-GSK-38 } MyD88
SRR MARIE W B B I
PUAE ST B e Fp 2 O AR R R R
TR 1 R 7 1 2 96 97 aok o, A AC 22 0 5 i
il NLRP3/6 5 iEt /MK 38 f#% F1 NF- kB 5 46 , 9052 T
G K AT 228 v 4R U I PR 43 LhGp B it
KA, I BB/ 4y F A T AR,
Ve 25 H B2 TR ST BN EE LT, T DU 25 4 ik B i
IR A b, SR, S & T G T R 43 1 4% E
S RE R AR, S T W DR IR T Y 2 A R Ak, 5 T
RS R L B, AR B SE CR A T
T 25 G MR 1 77 X2 24, B H s die , 39 m 25 4 7
MR 1 Jmy B 9 B, R VR YT ROR o A A T BB 1
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