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Collagen peptide combined with sodium alginate improve intrauterine adhesions
in mice by downregulating expression of NLRP3 inflammasome
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Abstract Objective To investigate the repairing effect and mechanism of collagen peptide (CP) combined with sodium
alginate (SA) on endometrial injury. Methods Forty-eight SPF female C57BL/6N mice were randomly divided into sham,
model, and CP+SA groups, with 16 mice in each group. In the model group, the intrauterine adhesion model was established
by injecting 95% ethanol into the uterine cavity through the cervix to induce endometrial injury. In the sham operation group,
0.9% normal saline was injected into the uterine cavity. The treatment group was injected with a mixture of CP and SA after
injection of 95% ethanol into the uterine cavity. At 7 days after modeling, eight mice in each group were selected to provide
samples. HE staining was used to observe pathological changes in mouse uterine tissue. Modified Masson tricolor staining
was used to observe endometrial fibrosis. Western Blot was used to measure protein expression levels of proinflammatory
factors NLRP3, ASC, caspase-1, IL-1p, and IL-18 in uterine tissues. ELISA were used to measure IL-1B and IL-18 in serum
The remaining eight mice in each group were cohoused in accordance with a male : female ratio of 1 : 2, and the number of
pregnant mice in each group was recorded. Pregnant mice were euthanized on day 14 of pregnancy, and the number of
embryos was recorded. Results (1) Compared with the sham operation group, the model group had a thinner endometrial
thickness and increased endometrial fibrosis and inflammatory cell infiltration. Additionally, the protein expression levels of
proinflammatory factors NLRP3, ASC, Caspase-1, IL-1p, and IL-18 in uterine tissue and the serum levels of IL-1p and IL-18
in the model group were significantly lower than those in the sham operation group (P < 0.05). (2) Compared with the model
group, the treatment group showed reductions in the degree of endometrial injury, endometrial fibrosis, and inflammatory cell
infiltration. Additionally, the protein expression levels of NLRP3, ASC, caspase-1, IL-1p, and IL-18 in uterine tissue and the
serum levels of IL-1p and IL-18 in the model group were significantly lower than those in the sham operation group (P <
0.05). (3) Compared with the sham group, the reproductive ability of the model group was decreased (P<0.01). Compared
with the model group, the reproductive ability of the treatment group was significantly improved (P < 0.01). Conclusions
Combined application of CP and SA effectively improved pathological changes of uterine tissue, reduced endometrial injury,
inflammatory responses and fibrosis, and improved the reproductive ability of mice. The mechanism may be related to
downregulation of NLRP3 inflammasome expression, which provides a reliable experimental basis for combined application
of CP and SA for treatment of intrauterine adhesion

Key words  intrauterine adhesions; collagen peptide; sodium alginate; NLRP3 inflammasome

HWI L8 WIRERBENER T2 AMEREE . BEMEE, b rEnEeeErse
TERJEIRIT. SR Y T 8 W IR R E B )5 5 ST 5 A IS 5 Beis T E B 5 PORE 3E 23T. 5 ks
% Cintrauterine adhesion, TUA) & PEETH REG A H W —F 78 WL SRR, FERTEN
JESR R G 5 T 5 WIEEER E40, BRRFENRIERRL, SRR RRESETFETERN,
BT ENES S, EERNNERIEE, ZRAR. HEXGL. W2, RERZ . HIRFH
e, PEERW U SRS HAT, MERZ A MRIT IUA MJ7E, RIS TUA, R
TUA JFRIE, *HHRE TUA B QLR REEAEENIERZ X, NLRP3 4 ME R R G 11
AERERMNBEARE Y, FEZH NLRP3 ZAEA. ATMHXMOK AHEEA (apoptosis-
associated speck-like protein containing a CARD, ASC) AN F 2= Bk & BRI K A R REE-H /& (Pro-
caspase-1) 3 FA[A) 282 () 28 (SR AH AR, FEHLAA S8 R e 2k kR bt 3 S AR U8, B R
NLRP3 RIENMEZ ', . MELHRE AR ERRE, WH0H NLRP3 JE /M GE AL ] iR 4
SiE S SR AT AEALRRIE 1, 4R, NLRP3 #8RE/NMETE TUA W OFE A ok ILAR0E . BF 98 o IR IR 2B
ik Ccollagen peptide, CP) Flif#EEEZ 44 (sodium alginate, SA) HA LK . RBFQIM M A ED
REU>, HILXT TUA B EFIALEDIE 75 2k — P BT 9o [k, ABTFUR CP A SA B T4 J 9/
BT A, R IOR TUA T RIS, N IRER B 6 TUA 2 B3 K6 97 8 B

1 R 57A;

1.1 ##
1.1.1 REE

48 H SPF 2R M il H AR ZERCMEME CSTBL/ON /N, 9 ~ 12 S, 1AFE 19 ~ 24 g, W T E AT
DU AR O A TR A F B sz ey [SCXK () 2020-0005) o %8 5 R, WFHNE. EBF
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20 ~26°C, ¥ 40% ~ 70%, JGIRUIRERI AL 12 h/12 h, FEFRFRA, 475 3 (8] & 41/ R A sk Bbs
W R AR, AT 8 £ B R LR sh# 0 SPF 3K 82 [SYXK () 2020-00111 , #HLER 1 A
Jei FF525 o WF A BT BB AE S R A8 £ B B 4 = PR [ B SE 36 sh M A8 2 2 (AR SR SR (K2021-
033-01) »
112 EERFSNHE

IR AR A (R @ B R B R A, HED , SR CGRIYITEG IR AR Akl
HEWR-AR, PE , 2RYE (EHHEALERNERAF, PE) , HE Ea kA&
( Beyotime , C105S, #[E) , KB Masson = f& 4 ik 5 & (Solarbio, G1345, W [E) ,
NLRP3/NALP3 (Adipogen, AG-20B-0014-C100, %I[E) , ASC (ABclonal, A11433, F[E) , Anti-
Caspase-1 (Abcam, ab138483, #[H) , Anti-IL-1B (Abcam, ab9722, ZE[E) , IL-18 (ABclonal,
A20473, " [E) , GAPDH (Proteintech, 6004-1-1, H1[E) , B-Actin (Beyotime, AF5003, [ ,
FAREE A id L P %R (ZSGB-BIO, ZB-2301, HE)> , #HREE AR L¥ED/R (ZSGB-BIO, ZB-
2305, 1) , /N IL-1B ELISA i{7/# (CUSABIO, CSB-E08054m, i) , /MR IL-18 ELISA it
7il& (MULTI SCIENCES, EK218-96, W) . /NahP e kBl ik, hED , MAagiEE
Z AL BB (Nikon NI-U, HZA) , /NEEEHEIKFEE RS (Bio-Rad, EHE) .
1.2 A%
12.1 /NG IUA #ERIEE 5T

AR HIE L 95% LR T FE WS T8 NI SIS0 SUS B £F e 46 A Rt
e BAM/NR TUA BERIUS1 3 B 3 R A I AN, TG Es, RIELBIT.
A FE 7S B A T JRR AL E AT IR, & /N BRI 2% ~ 3% OS5 90 R 77 6 SRR e, KRB T
NPERAE S LA TREEMAN 1.5% ~ 2.5%F Rt 4R pR e, G SR E e RE 5|
O, kN 95% LM H ZE MR 2B NAE DG, 45 1 min, HLEIES 0.9%4EH K
2 mL Mt E R A TR AR I LB
122 RS HE R AR

¥ 48 JUNRBENL A 3 4, SAABFRA. BEMAMGITH (CP+SA) , M4 16 H. #EIA
o ERITEZNR T ESE AN 95% L BT T2 WM, Hl& IUA B, BFARALNRT
BB E S 0.9% AR K. BITA (CP+SA) ZU/NR T8 FA & i 5 95% L BT i 8 G B
) 5 i R 5%CP+2.5%SA IRAWR . A 4/ RIS 5 3910 T 1IE% S YATK .
1.2.3 BEARER R Ab 22

L7 d JEEFABEHIE 8 H/ANRE, R 2% ~ 3% bW A BREE, Buf)E, B0, BEZEif
E%AE, AT ELISA 236, MTE44, MoALET-80°CHREEM, HTEASENE. S04
BN EN 4% BERRNTEE, EMARCEY N, ATESAZEES RO UERSR
Masson = juf
1.2.4 £FEEE AR

FIRSHENRTIER 7 d J5HEEERSERLE 122 F 20: 00 5%, 52 K 8: 00 BlELRA K
, DUREE TR FIidAEIRSE 1 R, ME/NRNAEN, RS AERDREE, THRS 14
RAFEUEYR/N R, e TR EGE .
125 BHARRMPL (HE) LEUEFENBEHRSEE

FEASY FHE R EA, HAELE 5 min, BARSARAKT ML 10 min, FOYE 1
min, BACGEW, YRR E, BEEEEME T T E AR B LA, 10 x 4 f581 10 x 20
R TR, F Image J AT B AR A K .
12.6 BB Masson ZBLBNEFENEFUENLEE

FEHSY FE BB EA, YA N Bouin MBS 2 h, REFAE 2 min, Mayer SFARKLEE
2 min, FRYEZEELIAE 10 s, BHEEHRREALTE 10 min, FHEEHEYM 5 min, FFERAFE 2 min, I
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KIEW, PR AR, AR TR TE AR, 10 x 4 5810 x 20 fF 258 T
M, JH Image J 8P BT it &0 F & IR AR R E .
1.2.7 Western Blot #& 0 &8 FZ 4041 NLRP3. ASC. Caspase-1. IL-1p. IL-18 A RAER
HEAARFEAN G, RBES GRS EAREE, KOG TRk, L. Bk, B, i
[, 4 SIS B A R — PR BT, SR TE Azure LA ROCHUE RELE ., H Image-Pro Plus # 1}
SR EMEA RN S EANREME.
1.2.8 ELISA # & A/NR i IL-1p 1 IL-18 &8
USRI, M HE 10 ELISA AR AR & A B 1 RO RE, R 2/ R TL-1p A0 IL-18
i, DORAE SRS AR, Bl OD {EAEREAL R, TEARHEMZE, 155 & f i R AR o B i 64 1R K
.
1.3 SitESW
AU TR P £ bafEE (X + 5) Fon, KM Image J. Image pro-plus #H{7& & 447, R
Fl GraphPad Prism 8.0 #f47&it 24 Wi fE . % 4L EOHE e BRI R A % 5 % 4+ BT (One way
ANOVA) HIZ M IERBIET M. UL P<0.05 FoREn HA R ELE.

2 R

2.1 INRFEHR HE £ EENE

mE AR, SEFERMAMAL, SERAFEABREE. BIF, FER LXK, TEARRER
BEd, ZRAEEREE (P <000, HEARE REMRERE. SHEMAML, BTHATFEAR
WG RENREE, TEABERERRTMmM, RUEARERE R, TE ARk SR R e, 2
REHFEFEE (P<005 .

TR (e H i
Number of endometrial glands

HE ' & & P
FETAA i s & S &
Sham group Model group CP+SA group & _g,é"’ 'Qx%"
S

e A: HE Be@ P T EASUES 22 B: il Image J ER 7 E A BRI, SEFRMMIL, P <0001 SHHMAMR
Ik, *P<0.05.
B FEASRIIEES AR
Note. A. HE staining was used to the morphological ch of uterine tissues. B. Image J was used to quantify the number of
endometrial glands. Compared with sham group, ***P < 0.001. Compared with model group, *P < 0.05

Figure 1 Morphological observation of transverse section of uterine tissue
22 MNRFEHAAKR Masson ZBHRBLER
M 2 TR, SERFARLMEL, #AA ST A S A T I SR A, R R A A g
%, ZRAAERENE (P <0001 o T8 PRI AB IR ek 50 8L, Ay, HS R4
S5NERGE, FEREAREMREZEEE, "Rab R s atinsh. SEMMMIL, CP+SA i
7 B AP S SR A ) e, R BATEEE (P <0.001) .
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PRI T S
Percentage of fibrosis
B

. " g K 8 B R

AL gL sharHl s @t S

Sham group Model group CP+SA group Q‘{I{f@? %c@éu -'l@;gf'g
S A &

PE: As PR Masson =& R i E AT AR IE, IR IRET A g iR B 0, WLEFHERE 40 B: JH Image J 5 87 21 POBRET 1L
m#H: SEFRAHNL, P <0.001: SHRAHLL, *P<0.001.

B2 F 7 BRI e P R
Note. A. Modified Masson tri-color staining was used to assess the degree of fibrosis. The collagen fibers were dyed blue and the muscle
fibers were dyed red. B. Image J was used to quantify the area of endometrial fibrosis. Compared with sham group, ***P < 0.001. Compared
with the model group, #*P < 0.001

Figure 2 Observation of the degree of transverse fibrosis in uterine tissue

2.3 Western Blot #2ill/NRFEHLA S NLRP3, ASC. Caspase-1. IL-1p. IL-18 EAFRIAE

HE 3 A, SEFRMAMLEL, BA4/NRFE44 NLRP3. ASC. Caspase-1. IL-1B. IL-18 %
FARG RE R ET S, ZREEEEM (P <0001, P <001 8 P <005 . SERAML,
CP+SA JHITH/NR T EHS NLRP3. ASC. Caspase-1. IL-1p. IL-18 [ %R iL 0] B AL,
ERAFRENE (P<0.001 58 P<001) .
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B3 #HTEHMAHA NLRP3, ASC. Caspase-1. IL-1p. IL-18 HH &k
Note. A. Relative expression of NLRP3 protein. B. Relative expression of ASC protein. C. Relative expression of Caspase-1 protein. D,
Relative expression of IL-1f protein. E. Relative expression of IL-18 protein. Compared with sham group, ‘P < 0.05,**P <001, "**P <0.001.
Compared with the model group, P < 0.01, **P < 0.001. (The same in the following figures)

Figure 3 Protein expression electrophoresis of NLRP3, ASC, Caspase-1. IL-1p and IL-18 in uterine tissues of each group

2.4 /NERIMFEA IL-18 #A IL-18 AR F 4 ik F R0

mE 4 TR, SEFRMAME, SERANRIEEP IL-1p F IL-18 #KFHHE&, E#FAF
BEM (P <0018 P <0001) . SERAMLL, &7 A/NEMLTE P IL-1p 1 IL-18 [ AK-F 200 & 1§
ik, ZRAFEENE (P<0.01 5 P<0.001) .
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Figure 4 Secretion levels of IL-1f and IL-18 in serum of mice in each group
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Figure 5 Pregnancy of mice in each group
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