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(b) Chronic wound formation's microscopic mechanism

SASP is senescence associated secretory phenotype. ROS is reactive oxygen species. AGEs is advanced glycation end products.
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Fig. 1 Formation mechanism of diabetes foot and chronic wound
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Fig.3 Schematic diagram of glass network structure unit
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Fig. 4 Time axis of bioactive borate/borosilicate glass preparation
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Tab.1 Multicenter, single blind, randomized controlled clinical trial results of MIRRAGEN®

Nursing Model Subjects /case Cure rate of DFUs in 12 weeks PAR Neurological analysis
MIRRAGEN® 20 70% (14/20) 79% 2.0
SOC 20 25% (5/20) 37% 0.6

DFUs is diabetic foot ulcers. PAR is area reduction percentage. SOC is standard of care.

PR A, A A ER 5 2n R H o A R RS
Xk, WUk 7B Z el 5 2. ¥k
WL BBGs 5 HLE 7 FAHSE G, FIH 2 Mg B 07 2.
BHRTEEER. § Y 250K CL RSk 3D $TH)
HiAR, FTCAH & AT 4E . KERS . Hdn . A4
SRR AR kL. BBGs IR A AMY
Rete SR AL = T RA VYIS, RN ER]
D i HL AL D00,

Bti#% MIRRAGEN®If K B H (1355 1, %
WA LA EEE T Cu. Ag. Ce Fll Co %511
R mr L R AR S T I O D R 1t . 1B
BITHAE LS R R R 2 — R/ MmAEA 2 . 1
JEYeBEJ1 2% . Zhao 25 3% (R ED) Cu® B2k
A 13-93B3 BIFAAEECEL N H T SD KR4 )2 7
BRERFETT . 14 d J5, £ Microfil et )s, KAt
BT E T R BREAR, R Cu B
13-93B3  BILT4E i M TR B 5 1 . Hu 2507
Bt T E4EAE R E MBI A0 T B/
RAMR—F2HE CRRBOR N T4 2 iz 5 . %
OB A 7 W AT A2 3E N JBF WK P Bz 4 i (HU VECs)
TR NETERU VEGF 730, 23 miEfs O 7E L
FACTERE, AR & 2 A R Y . Naseri 4510

KV B T 2014 1 2 MR [FZHAY AgBBG:
(46B,05-27Ca0—(24-x)Na,0-3P,05xAg,0 , FH
x=0. 0.15. 0.50 F1 1.00 (/K73 %1); 60B,03-36CaO—
(4x)P,05xAg,0, HF x=0. 03, 0.5F1 1.0 (FE/K
5340)), o Na,O Fi 77 7] LR =B AN 2% . AgBBG
Sof K AT B R 4 3 (0 e BR A AR 5 AgTR:
AT 5% o T A 2EL 590 250 %6} i T 44 &40 Jk R £ A0 401 T 75
B4R 0.3%H10.5% (BE/R 7340 AgBBG A & 2 s
15 AR/ o Deliormanlye 25104 £ £, BBG 3222
T Sprague-Dawley KB 4542421, HE2-H
FRWY, BN 5% () AT 13-93B3 7] &
RN TR, (H¥ 3% (B2 50K 3 7 F
BT3B N 13-93B3 S22, HH &b i 1
A R

BBG & 1 Al DLl i 3 3 4 4k 1 e o ROk T
B 48, BT LR E Y 2 AR SR H
LAY AR (- C AR TE R T R TR 2 2R3 1) 2
AL R £ 4 S5 M g 4% 10 & & - BBG I AT LA
e SLLEY N gs e i) ISP )i As % i ol
B . bR %, BBk 5% (BRI
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FAEE R TS5 A e o 700 ) A
FR LT L FORE 8 T A AR A YRR 1) 76 5
WE—2% IR = 2GR A YL (nBG-TFM), H ] |1
VEGF Al TGF-B AKK T, [FI i TNF-a
IL-1P 55 28 PEGH ML Rl 208 , 2 38 It/ BRUBE PR 9
Bl &S, SCUlE R bR, SeE R EHET R
JoR B R TR BT, DLAT 2 — By A% 1 1 25 e A 5 SR
(QCS-C) A G K AE 3% P 35 35 1 v 3 St Al 38 Bt
i KRR 8 VEGF F1 b-FGF 3 PR 232 52
LN RS AN R A R RIE, ik D & &l %

AN EAC IR TR, R T4 SR 40 o0 8 i i il
IR Eh AR W03 1 3 3/ 22 35 B 7K B I (SF-MA-BS),
Tk FL R TR T AUHE PR SD K R B THI (1
BIBIT o TR SE-MA-BS 7K BEK 1k 2 7] 7E $00b
PR, SBLTCEEMG AT, PRI HE AR .
SF-MA-BS It FP 1) BRI A DO Bl 2 1 R
WFRPIREAER, Hr s a0 & & 1 RIEM B, 2
BEMA TR, S hmEf 1 &a", Schuhladen 257"
DA LA 4E 52 (MCO) 5 242 7 RIGE M) EM K, @
AN 10% 20%. 40% (&2 201 1393-B3 Hi
KT 3D 4T EISC AN 5 AEPTEE . 40%
BBG/MC SER I 5 B ATk 5 MC BRI 3 4%,
HARAN N LR AT 4 i o s 22 LR W, BBG/MC
THRA RUF YA

R WPER/ARERR R A MIE M IR EE(BBG/BSG) R B E A A XIR
Tab. 2 Effect of boric acid/borosilicate bioactive glass (BBG/BSG) on promoting wound healing

Composition Doped element

In vitro results In vivo results

Cu dopped BBG fibre (0.4-1.2 pm)
6Na,0-8K,0-8Mg0-22Ca0-54B,0 0, 0.5%, 1.0%, 3.0% (in mass) CuO
3-2P,0s; %(in mole)!®"

Cu-dopped borosilicate glass/polylactic
acid hydroxyacetate fiber:
6Na,0—-8K,0-8Mg0-22Ca0—
18Si0,-36B,03-2P,05-6Sr0; % (in

mole)*!

3.0% (in mass) CuO

Ag dopped borate glass powder
x=0, 0.15%, 0.50% and 1.00%
46B,03—27Ca0—(24-x)Na,0-3P,0s—
1631 (in mole)

xAg,O'
1%, 3%, 5% (in mole) Ce,0s; 1%,
5% Gay03, 0.15%, 1.0%, 3.0%
V205

Ce, Ga, or V doped borate glass
(1393-B3) porous scaffold!®¥

BBG/carboxymethyl cellulose/poly
(-caprolactone) fiber pad:
5.5Na,0-11.1K,0-4.6Mg0-18.5Ca0
~56.6B,03-3.7P,05'*”

BBG/PVA hydrogel:
6Na,0-8K,0-8Mg0-22Ca0-54B,05
—2P,05-6Sr0; %(in mole)!*”

Cu dopped BSG/silk fibroin hydrogel
(SF-MA-BS): )
. 0.5% (in mole) CuO
55810,-5B,03-4P,05—22Ca0-8MgO
—68r0-0.5Cu0!"

BBG/Methylcellulose/Manuka Honey
Hydrogel 3D scaffold
BBG 0, 10%, 20% and 40%
(BBG/MC): .
(in mole)
5.5Na,0-11.1K,0-4.6MgO-18.5CaO
~56.6B,03-3.7P,05"”)

Promote the migration of HUVECs,

tubular formation, secretion of
VEGEF, and stimulate the expression
of genes related to angiogenesis in
fibroblasts

Promote the migration of HUVECs,
tubular formation, and secretion of
vascular endothelial growth factor
(VEGF); Increased expression of
angiogenesis related genes in
fibroblasts

Antibacterial activity against both
Gram positive and negative bacteria

was dose-dependent

None of the three types of glass had

antibacterial effects

Significantly enhance the
proliferation and differentiation
abilities of fibroblasts and

keratinocytes; No antibacterial effect

Release B(OH)4 (less than
100 mg/L) slowly and improve
biocompatibility

Reduce the expression of
inflammatory related factors and
increase the secretion of
anti-inflammatory cytokines; Cu®*
could recover HIF-1 a pathways to
promote angiogenesis; Inhibiting

bacterial adhesion and growth

Biocompatibility

SD rat full-thickness skin defect: At 7
days, 3.0% copper doped BBG has

better angiogenesis ability

Significantly improved
epithelialization of wound healing,
enhanced vascular sprouting and

collagen remodeling

Ce containing glass could induce an
increase in angiogenesis, while Ga

and V containing glass reduced it

SF-MA-BS promoted angiogenesis
and significantly accelerated wound

healing of diabetes
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Future challenges of boric acid/borosilicate glass

::& Stable and mature processing techniques

Conceivable in vitro and in vivo evaluation methods

gi Effective collaborative treatment strategies

)

Controllable ions release : >
Deep molecular biological mechanisms = ! ),
L N 1

6 TR Eh/ LR £ A 305 P B3R 7 RSk A W 5 2 v T s £ 2 2 Bk il

Fig. 6 Important challenges proposed for borate/borosilicate bioactive glasses in the future of biomedicine.
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Extended Abstract

The morbidity and mortality of patients with chronic wounds increase with the aggravation of social aging. The sharp rise in the
burden of the medical system leads to an increased demand for high clinical efficacy, developed therapies, and innovative products.
Bioactive glass (BGs) is well considered as a promising clinical material in biomedical fields, especially in wound healing. BGs
stimulate the production of growth factors due to its unique controlled dynamic ion release properties, enhancing cell proliferation and
regulating the gene expression of related cells. Particularly, the bioglass composed of borate and borosilicate exhibits a controllable
degradation rate, which can continuously release functional ions and regulate the wound microenvironment for various pathological
stages of wound healing to induce angiogenesis and accelerate the steady recovery of pathological wound tissue. In over 50 years of
clinical and fundamental research, the efficacy of bone grafts in repairing bone tissue has been conclusively demonstrated, and
biomaterial scientists have analyzed in depth the molecular biological mechanisms underlying the interaction between BGs and bone.
Emerging applications of BGs for soft tissue repair still require a further research. This review represented a relationship between the
structure and properties of boric acid/borosilicate bioactive glass, focusing on the clinical application research progress and future
prospects for the development of bioglass wound dressings.

Complicated factors make chronic wounds difficult to manage. The excessive inflammation is a key factor in wound
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pathogenesis. To treat chronic wounds, it is essential to comprehend how to prevent the development of microorganisms at the wound
site, reduce ROS production and tissue inflammation, induce cells to release more growth factors, alter the cell vitality, chemotaxis
and mobility, and initiate new blood vessel growth. The development of BGs reveals its positive role in the treatment, restoration, and
regeneration of hard and soft tissues in the human body. Compared to conventional inactive biomaterials, its clinical application
significance and potential are substantial. Borosilicate bioactive glass (BBGs) with a unique glass network structure has a faster
degradation rate, compared to silicate bioactive glass, making it suitable for soft tissue repair. BBGs with specific functional
properties can be produced via adjusting the proportion of biologically active elements (i.e., Na, K, Ag, Au, B, Ca, Cu, Co, Ga, Mg,
Sr and Zn) doped into the glass network structure according to the therapeutic needs of target tissues or organs. BBGs with different
ion compositions can continuously release functional ions and regulate the wound microenvironment for different pathological stages
of wound healing, thereby inducing angiogenesis and accelerating the steady-state recovery of pathological wound tissue. In addition
to the superior clinical therapeutic effect by using fiber as clinical application dressing, BBGs can also combine with polymer to form
functional hydrogel dressing, and can prepare multi-functional composite materials by electrospinning technology or 3D tissue
engineering printing technology to meet the personalized needs of different stages of wound repair. The majority of chronic wound
patients are affected with the intensification of global aging. Boric acid/borosilicate bioactive glass wound repair materials are
low-cost, easy to store, and have significant social and economic benefits.

Summary and prospects Although clinical and basic application studies have confirmed the potential of BBGs in wound healing
applications, the structural composition of BBGs, especially the types and concentrations of therapeutic ions released, as well as the
regularity and molecular biological mechanisms of pathological wound healing, still need a further exploration. The risk of soft tissue
and organ toxicity, and even systemic toxicity caused by BBGs, is needed to be evaluated. Also, it is necessary to effectively evaluate
and ensure the biosafety of BBGs dissolved ions, and to construct a more advanced in-vifro simulated wound dynamic
microenvironment. In addition, combining BBGs as additives with other treatment strategies (such as stem cell therapy or growth
factors or drugs) or technologies (such as negative pressure drainage) could be a possible synergistic strategy for promoting wound
healing and repair. In summary, the existing researches indicate that the full potential of BGs in medicine is not fully developed, and
the related market is expected to further grow in the future.
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