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Research of hyperoside inhibits NF — kB and NLRP3 to promote wound healing in
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Abstract: Objective To investigate the promoting effect and
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mechanism of hyperoside (Hyp) on wound healing in diabetic foot ulcer (DFU) rats by inhibiting the nuclear factor —
kappa B (NF - kB) pathway and the Nod - like receptor family Pyrin domain — containing 3 ( NLRP3) inflammasome.
Methods
experimental group and high — dose experimental group, with 10 rats in each group. Fasting blood glucose (FBG),

A total of 50 SD rats were randomly divided into blank group, model group, metformin group, low — dose

wound healing rate and transcutaneous oxygen partial pressure (TcpO,) in the tissues surrounding the wounds were
measured using a blood glucose meter. Pathological changes in the wound tissues were observed using hematoxylin —
eosin (HE) staining. Enzyme — linked immunosorbent assay ( ELISA) was used to detect serum levels of interleukin
(IL) -8, IL -1, tumor necrosis factor — alpha (TNF — «) and C - reactive protein ( CRP). Western blotting was
employed to assess the relative expression levels of matrix metalloproteinase 9 ( MMP - 9 ), tissue inhibitor of
metalloproteinase 1 (TIMP —1), NF - kB p65, phosphorylated (p) — NF — kB p65 and NLRP3 proteins. Results

The FBG levels in blank, model, metformin, low — dose experimental and high — dose experimental groups were
(5.31 +0.91), (22.52+3.18), (11.27 +2.35), (13.11 £2.67) and (8.76 +1.15) mmol - L™
the wound healing rates were (76.91 £12.30)% , (9.53 £1.01)% , (45.26 +6.15)% , (39.94 +5.47)% and
(57.10 £9.26 )% , respectively; the TepO, values were (41.09 +8.51), (24.35 +4.97), (33.27 £5.68),
(30.84 £3.26), and (37.92 +4.14) mmHg, respectively; the serum levels of IL — 8 were (15.34 +0.39),
(41.92 £3.12), (26.68 +2.28), (30.55 +3.27) and (17.95 £2.70) ng - L', respectively; IL — 1B levels were
(31.05 £4.62), (64.39 +7.14), (46.62 +5.07), (50.21 £3.92) and (39.54 £4.25) ng - L', respectively;
TNF - o levels were (26.95 £4.15), (69.74 +7.43), (39.85 £4.29), (45.08 £4.36) and (35.52 £2.95)
ng - L', respectively; and CRP levels were (0.69 +0.08), (5.11 +0.60), (3.23 +0.58), (3.68 +0.71) and
(1.95 £+0.30) ng + L~
0.99 £0.11, 0.62 + 0.05, 0.74 +0.06 and 0.39 + 0.04, respectively; the MMP - 9/TIMP - 1 ratios were
(22.56 £1.23 )%, (97.07 £5.67)%, (60.18 +5.01)%, (70.49 +5.98)% and (38.39 +4.15)%,
respectively; the p — NF — kB p65/NF — kB p65 protein relative expression levels were 0.21 £0.02, 1.23 +0. 10,
0.51+£0.04, 0.57 £0.06 and 0.33 = 0.04, respectively; and the NLRP3 protein relative expression levels were
0.25+0.01, 0.93 £0.07, 0.72 £0.08, 0.80 = 0.06 and 0.35 * 0.04, respectively. Statistically significant

differences were observed when comparing the model group with the blank group and the low — and high — dose

, respectively;

', respectively; the protein relative expression levels of MMP — 9 were 0.23 = 0.03,

experimental groups with the model group (all P <0.05). Conclusion Hyp promotes wound healing in DFU rats by
inhibiting NF — kB and NLRP3 pathways, reducing inflammation and reducing MMP -9 expression.
Key words : hyperoside ; diabetic foot ulcer; nuclear factor — kB; Nod - like receptor family pyrin domain 3; matrix

metalloproteinase 9 ; wound healing
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2.4 ZRESEERSFNECEHEAEARAEEED
JE ( transcutaneous oxygen pressure, TcpO, )
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TG WA ( x400) K 2 B Al 2R R AR TR
JE S T AR B b v ML 4T i 32 i R R 4 2H 2 B
AR
2.6 ELISA N E/NMRMF IL - 8, IL - 1B,
TNF - oA % CRP 7k F
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A3 ml, FEASHE—BE) 5, L4 700 ¢ - min B
OAEPE 17 min, BB )5 70 B IFUCEE BV, MR G ELISA
N & AR E VLR B, X EVE WP R TL -8\ IL ~ 1B,
TNF — o DA S CRP i B2 HEA TR I 5 0B o
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i, PR AL SR AE S5 I TR 24 o A
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BRI R T 1 S B A BT e . AR TR, %%
YT LB £ 6 P 0 3 U R A AT, T
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IR A R TS h L - 8 IL - 18, TNF -« B
CRP &5 B3 F2s (141 (8 P <0.05), —HIXX
WIEEL RIS 7 90 e S B 2K B L3k 46 PR 7K P8¢
BRI W% R (3 P <0.05) , H 54 2Bk 9]
BERLEAIE, L33,

F2 SHRRENHEE R A5 (Tep0,) M HE (2 £ 5)
Table 2

(TepO, ) in wound of rats in each group(x +s)

Comparison of transcutaneous oxygen partial pressure

MAA AR EREIR (Y P <0.05) s SROBALILE, = ) Tep0z (mmHe)

HIXUIRZE R B FBG T e 2 T AT 5 38 i 2% T i (3 14d 28d

P <0. 05) ,1& \%%ﬂiig’ﬁéﬂﬁﬁﬂ@ FBG i@@%?ﬁ%, Blank 10 36.77 £8.26 41.09 £8.51

BT RS R BT (1 P <0.05) 1. Model 10 21.65+3.95* 24.35+4.97*

3 o AR Bk BAIE TepO, BRI Metformin 10 28.01 +4. 02* 33.27 £5. 68*
Iz == 7 2 HIF2 Experimental — 1, 10 27.29 +3.29% 30. 84 +3. 26"
*ﬁﬂ zﬂ jt [I«:_E{A E/‘J TCpoz 7J( EF‘ E % 1&% 3: gg IJ:_[ éﬂ Experimental — H 10 33.34 +3.51%4 37.92 £4, 14*A

(P<0.05), FHi)a, SRR LA, — XU A
iR R B SE 8 4R B TepO, 3 B 3% T &
(P<0.05), H5E2H AR EEIE], WE2,

F1 RAKBA MBS (FBG) B LLAL (% +5)

Compared with blank group, *P < 0.05; Compared with model group,
#P <0. 05 ; Compared with metformin group, 4P < 0.05; Compared with

experimental — L group, &P <0. 05.

Table 1 Comparison of fasting blood glucose( FBG) levels in each group (x +s)

FBG(mmol - L")

Wound healing rate( % )

Group n

14 d 28 d 14 d 28 d
Blank 10 5.43 +0.85 5.31+0.91 49.95 +9.06 76.91 +12.30
Model 10 24.78 £3.92* 22.52+3.18* 5.33£0.61* 9.53£1.01*
Metformin 10 14.04 +2.77% 11.27 £2.35% 26.68 +4. 62* 45.26 +6. 15*
Experimental — L, 10 17.62 +3.15* 13. 11 2. 67* 21.09 =5, 35% 39.94 £5.47*
Experimental — H 10 13.65 2. 63" 8.76 £1.15%4 33.94 +4,20%A 57.10 +9.26%4

Blank group:0. 5% NaCl;Model group: Modeled +0. 5% NaCl; Metformin group : Modeled +200 mg - kg =" metformin ; Experimental — L group : Modeled + 100
mg - kg ™! hyperoside ; Experimental — H group ;: Modeled + 200 mg + kg ™' hyperoside ; Compared with blank group, * P <0. 05 ; Compared with model group,
#P <0. 05 ; Compared with metformin group, 4 P <0. 05 ; Compared with experimental — L group, * P <0. 05.
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5 S4MEFERNERFERHZAR MMP -9 i
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RV K FR L 4L MMP - 9 27 [ AH X ik 7K
Je MMP - 9/TIMP - 1 H 35 8 %8 T4 a4 (8
P <0.05), SEIARIA Hdr, — H UL FIAIG | 5 75
SR K R IR R AR A TR (1 P <0.05) , H.
SRR IEASE, Wk 4,
6 SLMEIERERRE KR NF - «B i# B F
NLRP3 %1%/ i 2201

FERIZH K A Y p - NF - kB p65/NF - B

R4 AURBEETUS R E R 9(MMP - 9) F4 & & H AR
ZUMHI 5 T(TIMP = 1) FR 2R AR LU (2 £ 5)

Table 4 Comparison of the relative expression levels of matrix
metallopeptidase 9( MMP —9) and tissue inhibitor of metalloprotei-
nase 1 (TIMP —1) in each group of rats(x +s)

MMP -9/TIMP - 1

Group MMP -9 TIMP -1

(%)
Blank 0.23 +0.03 1.02+0.06  22.56+1.23
Model 0.99+0.11*  1.02£0.05  97.07 +5.67 "
Metformin 0.62 +0. 05" 1.03+0.05  60.18 +5.01*
Experimental - L 0.74 +0. 06" 1.05+0.06  70.49 +5.98"
Experimental -H ~ 0.39 £0.04%4  1.02 +0.03 38.39 4. 154

Compared with blank group, * P < 0.05; Compared with model group,
#P <0. 05 ; Compared with metformin group, 4 P <0. 05 ; Compared with ex-
perimental — L group, & P <0. 05.

p65 FL{E \NLRP3 (ASC J% caspase — 1 £ FAAHXT kK
PR ESTEA41(Y P <0.05), ZH XKLL
I 7 S A R L) L iR 8 A A A 4 1t 2
flR(¥ P <0.05), H54: 22 Bk i 50 & 50 A 56, I
=5 A2,

prranpes | A . — 0
NF-«B p65 —-- - e 5o
NLRP3 | s S e R e 110KD:

ASC | W SR e . e 22 kD2

Caspase-1 —--. — 48 kDa
cappir W S A o
A B C D E

2 GuPEEN AN A5 LR B T kB p65 ML (NF - B
p65) Fl Nod FEZ R Pyrin 454458 3 (NLRP3) & [ HH X 23k
KB HUAE

Figure 2  Comparison of nuclear factor kappa —b p635 subunit(NF —
kB p65) and Nod - like receptor family pyrin domain — containing 3
(NLRP3) protein relative expression levels in each group of rats de-
tected by Western blot

A: Blank group; B : Model group; C: Metformin group; D Experimental —
L group; E ; Experimentsl - H group.

Figure 1

Histopathological changes of wounds in rats of each group detected by hematoxylin — eosin( HE) staining ( x 200)

A Blank group; B : Model group; C: Metformin group; D: Experimental — L group; E : Experimental - H group.

R3FHRRUMERIEHN TKF-H A (2 £5)

Table 3 Comparison of serum inflammatory factor levels in rats of each group(x £s)

Group IL-8(ng- L") IL-1B(ng - L71) TNF - a(ng - L°") CRP(pg - L")
Blank 15.34 0. 39 31.05 +4. 62 26.95 +4. 15 0.69 =0. 08
Model 41.92+3.12* 64.39 +7.14* 69.74 +7.43* 5.11+0.60 "
Metformin 26.68 +2.28* 46.62 +5.07" 39. 85 +4. 29* 3.23 £0. 58"
Experimental — L 30.55 +3.27* 50.21 =3, 92* 45.08 +4. 36" 3.68 +0.71*
Experimental — H 17.95 £2.70*4 39.54 4, 25%A 35.52 +2.95%4 1.95 +0. 364

Compared with blank group, * P <0. 05 ; Compared with model group,*P <0. 05 ; Compared with metformin group,* P <0. 05 ; Compared with experimental — L

group, © P <0. 05.
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RS FKUHKENF - «B p65 F NLRP3 AHXF 2k KT (W LLE (5 +5)

Table 5 Comparison of the relative expression levels of NF — kB p65 and NLRP3 in rats of each group (x £5s)

Group p — NF — kB p65/NF - kB p65 NLRP3 ASC caspase — 1
Blank 0.21 £0.02 0.25 +0.01 0.22 +0.01 0.19 +0. 02
Model 1.23£0.10* 0.93+0.07* 1.00 0. 06 * 1.14+0.09*
Metformin 0.51 £0. 04* 0.72 +0.08* 0.39 +0.04* 0.53 +0.05*
Experimental — L 0.57 £0. 06* 0. 80 0. 06* 0.78 £0.07* 0.71 £0. 06*
Experimental — H 0.33 £0. 04%4 0.35 £0. 04%4 0.34 £0.02%4 0.49 £0.03%4

ASC : Apoptosis — associated speck — like protein containing a card ; Compared with blank group, * P <0. 05 ; Compared with model group, *P <0. 05 ; Compared

with metformin group, 4 P <0. 05 ; Compared with experimental — L group, “ P <0. 05.

i

DFUs 1195 B A= BEAIL G A R 52 2%, 95 B I i o ik
> JBGY GRS M R AE S AT H X R R
L[FRHAS 10 DR IEE @Al R, TR, R
AW 2288 5 2300 IR T I 0 A& 32 T .
BInE W E T UL R BUAEH . Hyp /EA—
AP A AT N5 B AT 2 B iy E A R, 7E 2 A
WE IR S FLI RAE MR IT PR I EE M, L
JEHE F W, Hyp A LAl 1 8% PPARy/AMPK {5 5 i
WO R R AR, IR 3 ] Ras/Raf/MEK/
ERK1/2 JH 5 1k , 2E S IR B e 1) 2 A e e
SAEAS R, Hyp I8 6B3E AMPK/SIRTI {5 5
B, 5 DFU K B9 280 S Nz, i 3 15t 97 B 1T AT
B0 TEARHITE R R R BB T 2 41 S B T
B 3, A A 3 S TepO, 34 1 2 FEAIR, [F] B
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