Novel dressing materials for the rapid repair of wound surface of skin FIELD
OF THE I NVENTI ON The present invention relates to a novel dressing nateri al
for pronoting the proliferation of epithelial cells, to use of inorganic

el ement (s) silicon and/or <calciumin the preparation of such a dressing
material, and to o) . | olifergt] f gpithelial

cells in vitro. BM%%%%W@&'@J&%@E of skin on

t he human body surface are common conditions inevitably occurring in the
daily life, and usually incluseoumnd serrfacenofskinont usi ons, burns, chenical
burns, and the like. The nore delay of wound healing, the nore difficult

w Il scars disappear after wounds healing. As to large and chronic wound
surface of skin such as bedsores and various skin ulcers of patients

suffering d , | pair and growth of epithelia are
particul ar %}%Er@faﬁgd-rﬁlég”@ﬁgﬁopti mal treatnent of various skin wounds is
to control secondary bacterial infection and to pronote rapid wound

healing. In the prior art, various antibacterial ointnents, creans or

powder s ar eryd gf‘ééént%%tﬁ:% (1588 B nb9é| GreisSi 3461%a) Br %maﬁﬁ%y

surface. Howev single or conposite antibiotrc dressings can

contr ol _seqsaeratidhor epithblidlEaR! koTuse 8fthotghhicUaBRlenY(s) SicBrhamil

bi ol ogi cal 'activity of actively inducing the Tapid gro of epit eri al
cell's at thalsewnh He brsfaration ©f Wuchi 4 dréssii@Phatefiap!dritbteoh micfitodvend
surface. US Patent 6,262,020 discloses a topical wound therapeutic

f ornul at i orproaitiagrthe prolifetationrifepithietialf celisdonitrool | i ng the inflammatory
reaction i at the wound surface of skin. US Patent 5,190,917 and US Pat ent
5,290,762 discloses the anti-inflamatory effects of serine protease

inhibitors, and said
BACKGROUND ART OF THE INVENTION

Various wounds of skin on the human body surface are common conditions
inevitably occurring in the daily life, and usually include incised wounds,
contusions, burns, chemical burns, and the like. The more delay of wound
healing, the more difficult will scars disappear after wounds healing. As to large
and chronic wound surface of skin such as bedsores and various skin ulcers of
patients suffering diabetes, the rapid repair and growth of epithelia are
particularly needed. Hence, the optimal treatment of various skin wounds is to

control secondary bacterial infection and to promote rapid wound healing.

In the prior art, various antibacterial ointments, creams or powders are widely
used as dressings for external use on human body surface. However, single or
composite antibiotic dressings can merely control secondary bacterial infection,
and will usually not exhibit biological activity of actively inducing the rapid
growth of epithelial cells at the wound surface to result in the rapid healing of
the wound surface. US Patent 6,262,020 discloses a topical wound therapeutic

formulation containing hyaluronic acid for controlling the inflammatory reaction



inhibitors are incorporated into a topical wound therapeutic fornulation for
inhibiting the inflammatory reaction at wound surface in US Patent

6, 262, 020. However, all of the topical formulations disclosed in these
patents do not possess the function of actively inducing and pronoting the
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sterilized and may readily cause hypersensitivity in huma

stability qiodseesRhetfahsticrhof Aatively iRGudTRg Hnd PRIMGEHLE the/ AapiQ UfroMiti et | ons,
such as during production, storage, transportation, distribution and

clinics. Hespitheliatat¢he doandfsudfaiceguBi Rateat 5804\200cdisEioses attepieal weungt i ve
ingredients in a conmmon topical formulation is lack of practical utility

clinically.dréssing dompsasing plasara fibsoreatinndHowdvercatthdugh dhisofibinestimbi 1 ity
and being capable of inducing the proliferation of epithelial cells and the
wound heal i capldirtbeoratizatly iprahiofe dbsi adbiesion t dfe humane cells,aint theBRIr&eticlUMVARY
OF THE | NVENTI ON The present invention is based on the inventor's |long-term
and i n- deptapplicetien if ithes fibtanegtin ds extragted fropi umaniptasigactile saureeivéll havi ng
activities of initiatively inducing. the 8ro| iferation of epithelial cells,
el i m nati ngP§ Wnptawitbﬁpla@m@ﬂaroa@ptlmw plepBxpensivato beysed gliricallyy of
wound on huna _?ki? and di.re Ela/ . . . . C
and if the fibronectin is obtained via genetic engineering process in vitro, it will
not process a biological activity similar to that of the natural proteins in human
body. In addition, both the natural and synthesized proteins can hardly be
sterilized and may readily cause hypersensitivity in human body, and the
stability of the protein can hardly be maintained under various situations, such
as during production, storage, transportation, distribution and clinics. Hence,
the idea of using biologically active proteins as active ingredients in a common

topical formulation is lack of practical utility clinically.

Thus, dressing materials having sufficient biological stability and being capable
of inducing the proliferation of epithelial cells and the wound healing are

dramatically desired in the state of art.
BRIEF SUMMARY OF THE INVENTION

The present invention is based on the inventor’'s long-term and in-depth
researches for developing a topical biological material having activities of
initiatively inducing the proliferation of epithelial cells, eliminating inflammation,
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based on the inventor's pioneer discovery. In the conventional concepts, al
inorganic elenent materials are "inert", i.e., inorganic elenent materials
do not possess the inducing activity of stinmulating the growth of

bi ol ogi cal cells. The inventor's pioneer discovery indicates that sone
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initiatively inducing the proliferation, differentiation and mgration of
human epithelial cells, can control pH at wound surface by neutralization

to prevent |nfheaBaidniBnaPBshdtHE AFIHRGaniB VEMERRAfRediflsi dHdUsidie, §.8¢

heal i ng of epithelial wound and in preventing the secondary bacteria

infection. iRBrddific eRéritHateriats 86 ABEPbséebetibiiRduding dctlity of SHrRGRting
material for treating or alleviating diseases or conditions in need of

pronoting tihe growth of biotdgical ceillg. di fferentiation of epithelial cells,
wherein said dressing material conprises an effective anmount of

m croparticles of inorganic element silicon and/or calciumand optionally
phar maceutically acceptable carriers and/or excipients. Such a dressing

mat eri al cahhacinvenloy’si pibneert discoyeryl indicaies othabfsamet inorganic celemendnd
pronote the rapid healing of wound. On the other hand, the present invention
further relmaterialy canealse deotised@sgeligroicaksigngln tas selestivelyrdinaulateapsdum i n
the preparation of a dressing materjal faor treating or alleviating diseases
or conditi orﬁgumer‘i@%ﬂrwhp?’!ﬂ%ﬁ'tﬂief@ﬁtm@n@f C8H®l i feration or differentiation
of epithelial cells. Finally, the present invention provides a nmethod of
pronoting the proliferation

Concretely, the inventor discovers that microparticles of the inorganic elements
silicon and/or calcium have the biological activity of initiatively inducing the
proliferation, differentiation and migration of human epithelial cells, can control
pH at wound surface by neutralization to prevent inflammation, and have better
performance in inducing the healing of epithelial wound and in preventing the

secondary bacterial infection.

On the one hand, the present invention provides a dressing material for
treating or alleviating diseases or conditions in need of promoting the
proliferation and differentiation of epithelial cells, wherein said dressing
material comprises an effective amount of microparticles of inorganic element
silicon and/or calcium and optionally pharmaceutically acceptable carriers
and/or excipients. Such a dressing material can actively induce the

proliferation of epithelial cells and promote the rapid healing of wound.

On the other hand, the present invention further relates to the use of inorganic
element silicon and/or calcium in the preparation of a dressing material for
treating or alleviating diseases or conditions in need of promoting the
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of epithelial cells in vitro, conprising applying an effective anmount of
silicon and/or calciummcroparticles to said cells. BRI EF DESCRI PTI ON OF
THE DRAWNGS Fig. 1 is a scanning electron mcrograph of a dressing materi al
conprising silicon/calciummcroparticles. Fig. 2 is a photograph of
cultured normal human epithelial cells upder the induction of

silicon/ caPEQ"EﬁfﬁHPBP(B;S*JFQrPBV@éQn ﬁcﬁf'th\?"?ﬂ%'&at es the effects of
silicon/calciummcroparticles or conbination thereof at different
concentrations on pronoting the proliferation of normal human epithelial

cell's ("N ik iR UBUOEpRARL 7300 oy cig B promeidlorccl o,
or O L1 er ot bpRpigbls i e! abpeh Rsesh bheshle ShuMde Gtf

m croparti ﬁh%’%hﬁm cﬁé?ﬂcleél?ﬁ%ﬁi?f?éﬁs. different concentrations on

i nduci ng the synthesis and secretion o type-1V collagen in normal human
epithelial cells, wherein Fig. 4a shows the |evel of type-1V collagen in
epithelial cells exposed to silicon and calcium elenents for 12 days, and

Fig. 4b sheg®EFIBESERIPTIONIOPTHE/DRAWHYGS i n epithelia exposed to silicon
and calciumelenents for 20 days. Fig. 5 indicates the effects of

silicon/calciummcroparticles or conbination 4 thereof at different
concentrations on inducing the synthesis and secretion of epithelial growh
factor in kg nhlis lruseannipg teélectren mietdgsapoéraeidressiing natesabeemprising evel of
epithelial growmh factor in epithelial cells exposed to silicon and calcium
el ement s fgﬁlcm/cahwn raetorarticlesh shows the |evel of epithelial growh

factor in epithelial cells exposed to silicon and cal ciumelenents for 20
days.

Fig. 2 is a photograph of cultured normal human epithelial cells under the

induction of silicon/calcium microparticles.

Fig. 3 indicates the effects of silicon/calcium microparticles or combination
thereof at different concentrations on promoting the proliferation of normal
human epithelial cells, wherein Fig. 3a shows the proliferation folds of
epithelial cells exposed to silicon and calcium elements for 12 days, and Fig.
3b shows the proliferation folds of epithelial cells exposed to silicon and

calcium elements for 20 days.

Fig. 4 indicates the effects of silicon/calcium microparticles or combination
thereof at different concentrations on inducing the synthesis and secretion of
type-IV collagen in normal human epithelial cells, wherein Fig. 4a shows the
level of type-IV collagen in epithelial cells exposed to silicon and calcium
elements for 12 days, and Fig. 4b shows the level of type-IV collagen in

epithelia exposed to silicon and calcium elements for 20 days.

Fig. 5 indicates the effects of silicon/calcium microparticles or combination

4



Fig. 6 is a photograph of the course of treatment using silicon/calcium

m croparticles dressing naterials in a clinical case. DETAI LED DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS I n one enbodi nent, the present invention
provi des a dressing nmaterial for treating or alleviating diseases or

concl o eGP, Al BB B ThAIGRS % Bl 468 SBHtEDS, o
amount  of 'Qﬁfﬂ%@l ghﬂ@gﬁpfor?ﬁ hbgﬁ%\b l él’?épﬁﬁélﬁil B&@,O@ﬁér@%@ 8L &fofad

optional |l y pharnac y acce carrirers an excl pients. I'n the

dressing Mapfy iciel oF Oetrﬂilgeﬁlél?%r%%h IfBBP A _%Pithémﬂ é‘é?l@.t@:\k}%o?eﬁfto iﬁiﬂé’érg dC

el ement silicon and/ alciimmcroparticles can be el y change or

adj usted, sygldiute eldragnts foP 12, aneTFey. B ¥hdwomdIcvel Bf 8pithdlal GRsith or its

wei ght within the mxture. In the dressing material of the present
invention, ftér inrapitielalkcallsaxpoted itd silioon andwalciom élenmts for@maays:
substance form including for exanple Si 2, NaAl Si 2, KAl SiQ2 or any

conbi nati on thereof; and said inorganic elenent calciumcould be in any

i norgani ¢ substance form including for exanple Ca0  CaSO4, CaP&, CaCl2 or
i n any conbFigat 6ois ahehetefgraplvoroft te fdausse tafntreatrhenti weingt siliconmadsiumnd uses
the inorganic elenment "silicon" as the main chem cal conponent for inducing
the prolifefigropartigies dressingmatesials ix 2 eliniedl easean epithelial cells. The
experinmental data of normal human epithelial cells as set forth in the
figures prove that the silicon added in the cell culture nedia exhibits an

Fro 3« nDEIlRbPEsEHPdioRor e PrignERED EapBIENE g 5 “an
the synthesis and secretion of epithelial growh factor (see Fig. 5), which
are key bi ol ogical indexes of the proliferation

In one embodiment, the present invention provides a dressing material for
treating or alleviating diseases or conditions in need of promoting the
proliferation or differentiation of epithelial cells, wherein said dressing material
comprises an effective amount of inorganic element silicon and/or calcium
microparticles and optionally pharmaceutically acceptable carriers and/or
excipients. In the dressing material of the present invention, the contents of
inorganic element silicon and/or calcium microparticles can be widely changed
or adjusted, such as from 0 to 100%, preferably from 0.5 to 90% by their or its

weight within the mixture.

In the dressing material of the present invention, said inorganic element silicon
could be in any inorganic substance form, including for example SiOa,
NaAlSiO,, KAISIO, or any combination thereof; and said inorganic element
calcium could be in any inorganic substance form, including for example CaO,

CaS0Q,, CaP0Q,, CaCl; or in any combination thereof.

For the first time, the inventor proves and uses the inorganic element “silicon”
as the main chemical component for inducing the proliferation and
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and differentiation of epithelial cells. Hence, in the present invention,
the inorganic elenment "silicon" is the main chem cal substance for inducing
the proliferation and differentiation of human epithelial cells. For the
first tinme, the inventor further proves and uses inorganic el enent

i 11 oronti @l %‘wcw?@ﬂ]ﬂﬁﬁéf P ﬁ%%?taél?éew@”%gfeﬁﬁ&ﬁ"r{téf fafeng [‘mf?rrr‘r%s. d
Ccper | mant druBanEPRoRlalearn 48 g 31t b fpurds blov? Tt tad SR sfai | ¢
activit tyh?ith%“?sﬁd#ﬁ%@@pﬁ%ﬂ?dﬁb”'bitﬁeaﬁf%h'\ﬁ& 1160 1O BRI BF1'C (e
The syht hed STERATZE o fi‘ﬁﬁé?" 'Eé. TRe iFip" 35Tl s peRRTa o ton & T,

are key bi q&gguva&%a;gcé@@*e g Qﬂi&'thé% fthé&?s atif! sebfetivheof 'efﬁthé’lthOf

eplthellal resent entlon the 1 norganic enent

“cal ci unt i grolRh ifacer fseeaigt Byerwﬁaﬁ A 'k\é9 tﬁcﬁl@ﬁicﬁﬁindé*@é‘b@ﬂ?@fnrélﬁérahaﬁ'uc' ng
the proliferation and différentiation of human epitheli al : he

dressi ng neamd idifferehtiation ijeéﬁiﬂiellah\c@ﬂél Plencéhén Itﬁérﬁl@@em fhsmiohs thel i con
and cal cium can be used alone or in conmbination. For the first tine, the

i nvent or pringegatiG@emnert Silitan”ds thé maincchiemical cabktanckt for éndecing the
containing silicon can increase the proliferation of epithelial cells (see
Fig. 3), thwolifeyatidreand diffeteptiatiant obinuroantepitbelial cedls! agen(see Fig. 4), and
the synthesis and secretion of epithelial gromh factor (see Fig. 5) for
6-7 folds, 6 *i denpnstrating a significant synergistic inducing effect. In

t he present_inventjon, unless otherw se stated, silicon_ cal cium eI enments can
be used al an‘ér the ifiretutie; the ﬂnwntpérfaﬁth%fnpmsm@ % !WQ%’NCO‘P emﬁﬁi

epithelial ,cells, so as 0 _induce the ne\/}/ bon formiﬁlon ‘ﬁ: gd
effectlve|yca01um as chemical component for inducing the prolifera on an

differentiation of human epithelial cells and for neutralizing the acid products
generated on the wound surface of skin. According to the experimental data
shown in Fig. 3, Fig. 4 and Fig. 5 (see below), it is proven that the calcium
added in the cell culture media exhibits inducing activity (1-2 fold) of promoting
the proliferation of epithelial cells (see Fig. 3), the synthesis and secretion of
type-IV collagen(see Fig. 4), and the synthesis and secretion of epithelial
growth factor (see Fig. 5), which are key biological indexes of the proliferation
and differentiation of epithelial cells. Hence, in the present invention, the
inorganic element “calcium” is defined as another effective chemical substance

for inducing the proliferation and differentiation of human epithelial cells.

In the dressing material of the present invention, the inorganic elements silicon
and calcium can be used alone or in combination. For the first time, the
inventor proves that the addition of calcium in cell culture media containing
silicon can increase the proliferation of epithelial cells (see Fig. 3), the
synthesis and secretion of type-IV collagen(see Fig. 4), and the synthesis
and secretion of epithelial growth factor (see Fig. 5) for 6-7 folds,
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Thus, unless otherw se stated, silicon and cal cium el enents can be used in

conbination in the present invention to forman "el enent conbi nati on having
ef fective biological induction activity", wherein the atom c proportions of
said elements in the conbination are: silicon fromO to 100% and cal ci um

subst ances SamensitAinkr S sFRER sl AR BB Maurd eReCT T cct ~ i th opt i mal

i nducing activity contains silicon from50 to 100% and calciumfromO to
50% in percentage of atomc weight. For the first tine, the inventor

further DVQHQﬁeTpPé’i t?f?\i‘é?ﬂi@h”Gnlbgsto'ﬂ?em@@%té@%ﬁl Pn%ﬁcﬁur‘n’blghfénts’”caf'g 4

and Fig. 5, the I bited biological 1nduction I's direc

propor ti onale higed ARNGABGRAIdAtheqstolifetatior aﬁd)aufe?éhmbﬁldﬂnuneérde ﬂﬁ@.aﬂmm mim
bi ol ogi cal induction effect is achieved at the saturation physr ol ogi cal

concent r at igaiis, §6 asitd iirdute(thethewp bbne fiskneatlon astiveR3amp effectivepect i vel y.
Thus, in the present i nvention, the concentrations of the elenents having

bi ol ogi cal induction effect in the dressing material are: for silicon, the
concentration thereof is effective to increase the silicon concentration in
wound sur fEuws, tundesseotherwisgpstatad, siicoppand galtivrorelesleotsinan theeused in
concentration thereof is effective to increase the calciumconcentration in
wound sur f @genbinatior in &elprqgmﬂm/emyonﬂmform@rt‘éﬁiemenhaombmadion havinge
present invention represents an animal . in particular a manmal i an (such as
an ape, catqffeéﬂwﬁch*gég'cﬁi i @H@@ﬁCt'N@demherg'Game ath'GdeOP%@PnSrCétﬁﬁlq

f bl d | | t h I
Bet i ve. nat GHREENESH (g CoPAIAN A sHsan o @”%ﬁ%f’q\ne élgwew ot 82 o2,

el enent s, c a ion of ,the njcroparticles,of t two, el enents, or
composi t e ng al I'&e @ge%g{taw{ga ion, 9\ el%ment com |na jon of substances

having effective biological induction effect” with optimal inducing activity
contains silicon from 50 to 100%, and calcium from 0 to 50%, in percentage of

atomic weight.

For the first time, the inventor further proves that, according to the
experimental data in Fig. 3, Fig. 4 and Fig. 5, the exhibited biological induction
effect is directly proportional to the concentrations of silicon and calcium, and
the maximum biological induction effect is achieved at the saturation
physiological concentrations of silicon (100 ppm) and calcium (33 ppm)
respectively. Thus, in the present invention, the concentrations of the elements
having biological induction effect in the dressing material are: for silicon, the
concentration thereof is effective to increase the silicon concentration in wound
surface tissue to 1 ppm to 100 ppm, and for calcium, the concentration thereof
is effective to increase the calcium concentration in wound surface tissue to 1

ppm to 33 ppm.

The term ‘“individual” in the present invention represents an animal, in
particular a mammalian (such as an ape, cattle, horse, pig, sheep, rodent, goat,
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by m xing these two elenents and drying and mlling the resultant m xture
via conventional physical or chem cal procedures. Fig. 1 is a scanning

el ectron mcrograph of a dressing material conprising silicon/calcium

m croparticles. In the present invention, the atomc ratio of the m xed
m'croparticldes contai ni n 0 f these two elenents or of these two

el enent s i F9h&3LS @,pgefemq)iyf EHM'CI es is not critical for achieving the
obj ect of the present invention, because all atomc ratios or weight ratios
of these two elenments are within the range of exhibiting effective

I nducti on 1ﬁee§iiic%lf‘ﬁﬂgg%i9§nf ﬁ?&r@ﬁﬁmc@%ﬁﬁ!tﬁe'di&lﬁgical akfie @@%Iqani pelucting

activi ty. nce, nati ons contalning Ihnorganic e silicon as

bi ol ogi cal Jaﬂ@%irﬁi&rékﬂaﬁ“ﬂéleé"c@ﬁ&iﬂh?idhec@ﬂihbf,@fij@'él%éﬁts, eI afior? bf MENt
cal cium as synergistic active substance in any atomc or weight ratio can

be used as thé ehie@patiicles bf thesadaat slements) or wBrpdsie enisidpartidles ebtahed or
human skin of the present invention. The dianeters of silicon and cal cium

m croparti dyemixiag these twa elanmernts tandedryihigsand millingrthé sesultang mikjure asgl t he

di ameters of silicon and calcium mcroparticles are generally in the range
of from 10@onventioridl OphysicaMoerahemicalpidcedurasofdg.t 1 dé es sCamsing tdlectrd®00 nm)
have advantages of immedi ately exhibiting the biological induction effect
when t he ninicopgraph of @sdressingonatsirishcomprisingsilioap/cadcivay migreparticldsi n, whi |l e
| arge mcroparticles (greater than 1000 nmand | ess than 100 pm bring
about sl ow and | ong-term biol ogi cal induction effect by gradually

di ssolving .and rel easing after the mcroparticles contact, with cells or
wound sur f dBdhepregent inventien, theatamig (atio ‘%fth? mixed gHeropagiglegcontaining

m croparticles not .only bring abopt,, i di ate inducti effect to

epi t hel i al Or@elq?gpr\eﬁet freo v%ﬁm?n%%rqraeg,thﬁ%ﬁ 058?%?Wlsaf'hqﬁﬂec?fp89#%r ation
and i {1 er gt toBs Gl b efBhiBF doRlevify e SBRY bPhd Prestt ildhidn,

i nducti on
because all atomic ratios or weight ratios of these two elements are within the

range of exhibiting effective induction effect, and the difference merely lies in
the level of inducting activity. Hence, all combinations containing inorganic
element silicon as biological inducing agent alone or in combination with
inorganic element calcium as synergistic active substance in any atomic or
weight ratio can be used as biological active agents in the wound dressing

material for human skin of the present invention.

The diameters of silicon and calcium microparticles can be in a mixed-type
distribution (see Fig. 1), and the diameters of silicon and calcium
microparticles are generally in the range of from 100 nm to 100 pm, wherein
small microparticles (less than 1000 nm) have advantages of immediately
exhibiting the biological induction effect when the microparticles contact with
cells or wound surface of skin, while large microparticles (greater than 1000
nm and less than 100 pym) bring about slow and long-term biological induction
effect by gradually dissolving and releasing after the microparticles contact
with cells or wound surface of skin. Thus, the mixture of large and small
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dressing material on the wound surface. It should be noted that the size of

m croparticles in the present invention is nerely associated with the tine

for bringing about the induction effect and the tinme for sustaining the

i nduction effect, and does not directly change the biological i nducti on
con/ cal ci,um.ma
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|norgan|c el enents silicon calcium are term ne 1 Ol 0QI caIIy

active el engraksingamadal On tm%‘um $UiHfacePNO5hd@H A %tedi'tﬁétethen&.k@tdfon and
repair of human Skin tissue, which is a break-through in the field of

bi ol ogi cal rmireparicles!if theepresent ingehtiors Y iierelyzaskodiate@ Wit e X fRgenous
coll agens, epithelial growh factors or various adhesive proteins are

consi der ed brindiny eabopit tthe lindudtivtueffectrared thee timebfdr $ustainingy thes induction

shortcom ngs, such as |less safety, inferior stability of biological activity

and hi gh ceffact, and dees inat dlingctiy cheedei thebbiolagicalaindactipm aetivitg obrthe

clinically. According to the experinental data in Fig. 3, Fig. 4 and Fig.

5, as well silicarfealcium rnatgriak asedefined. imrhe keresewiuinvestionn Hemcsi gn theof t he

present invention, it is firstly proven that inorganic elenments silicon and
cal ci um al OPFEsERt iAventianyi thet ﬁwﬁoeawe@ﬁaém ﬂn@rmra@l%ycwtbe/eofpaam nto

d h I | | d b d. h f
s’ sABmtes i e ) bRl 8,6l M Y, e
ts i f h
avant ages dRmEpe STeeBiar o9 m ihiPGatlse iR fine A 3 0dB0 o can
obvi ously |{6C{€diﬁﬁ1_t he practical applicability 9

In the present invention, inorganic elements silicon and calcium are
determined to be biologically active elements capable of inducing the
proliferation, differentiation and repair of human skin tissue, which is a
break-through in the field of biological material. In the prior art, synthesized or
extracted exogenous collagens, epithelial growth factors or various adhesive
proteins are considered to have epithelia induction effect, but they have some
shortcomings, such as less safety, inferior stability of biological activity and
high cost, and can hardly be used in biological engineering or clinically.
According to the experimental data in Fig. 3, Fig. 4 and Fig. 5, as well as the
clinical case of human skin wound shown in Fig. 6 of the present invention, it is
firsty proven that inorganic elements silicon and calcium alone or in
combination can replace biologically active protein to induce the epithelial cells
and to obviously promote the rapid healing of wound surface of skin. The use
of these inorganic elements as main active agents in a dressing material for
wound surface of human skin has advantages of safety, stability, readily
obtaining, and low cost, and can obviously increase the practical applicability
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of the dressing material for wounded skin. In the prior art, small wounds of
skin surface in daily life can be treated with sterilized adhesive plasters
such as "Bandages". However, these adhesive bandages is used only to cover
wound surface, and have no activity of anti-inflannation i nduci ng the
grom h of e iﬁhella or OWDHI % rgg heal i ng of wounded skin. In the
prior art, Hithgdeessing prateuakior WoundedSKis are also used in dressings for
treatment of wounded skin, but these dressings can nerely control the
secondary bacterial infection at the wound surface, but cannot initiatively

| nduce the | aR5 hsrﬂéu ﬁ%u%ﬁgldfa%drgrgufﬁc@ﬁn bafy YRLBan RUALARS W \k‘?h result

in the rapi hedl contalnin
i norganic : " t b
used in vaf%t%’&s%“m%ﬁ%%%‘?@.@% i s éb“s PHERer (HRR, abecifdl, @ g

three mann&igndabbs! & Lged &ily%%@@é\* Wd&'nﬁssﬁﬁé‘éteran@ehé\ﬂa ‘i’\'or aetivity %IPF” ' ed

to the wound surface of skin, wherein the corrp05|t|on of the mcroparticles

i s as defi ngfli-inflBnini&tidi, epeNtingN RN igréwth iof espithelld 6 préaLiAg Cthesrapidpr i se
various mcroparticles containing one of silicon and calciumelenments, a

conbi nat i orhedlinghsf woandgduskincllethefprionest; dingle edrecampssitedantilviotics iare
m croparticles obtained by m xing these two elenents and drying and mlling

the resul t also wsed im dressingsoiov éreatroenl ofpigunded skin, bitthiese ldregsingsecam es, in
conbination with a pharnaceutically acceptable carrier, excipient and/or

adj uvant . 2anerdie anltruod:dhe Segoodagabacienia nm‘egtm @t dhenwaurd sunfase, tbeit mul at ed
into ointnment by m Xxi with conventi onal uvant such as nedi cal Vaseli ne
as base, vﬁﬂ’tﬂ@tl'ﬁ't@g@'w'nfjbﬁetthéaﬁﬁpﬁb gtf%‘é!ﬂ\/v@]ﬁrﬂl)'t@ﬁhwa@@”soﬁtéh?nwom base
can cover tr§§wound surface and,al so aﬁt as carrl er to carr ?ﬁri' ctive

agents suciriace; eresul isgihearanid yyaundehealing, rhecwéﬁué‘ﬁ’e eSSg $ed

above and containing inorganic element silicon and/or calcium in the present invention
can be used in various manners, including but not being limited to the following
three manners:
1) In form of microparticles powder, being directly applied to the wound
surface of skin, wherein the composition of the microparticles is as defined
in the present invention, i.e., the microparticles comprise various
microparticles containing one of silicon and calcium elements, a
combination of the microparticles of these two elements, or composite
microparticles obtained by mixing these two elements and drying and
milling the resultant mixture via conventional physical or chemical
procedures, in combination with a pharmaceutically acceptable carrier,
excipient and/or adjuvant.
2) The silicon and/or calcium inorganic elements can be formulated into
ointment by mixing with conventional adjuvant such as medical Vaseline as
base, which is useful for treating the wound surface of skin. The base can
cover the wound surface and also act as a carrier to carry effective agents
such as the biologically active inorganic elements as mentioned above and
to permit the effective agents to adhere to the wound surface of skin for a
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to permt the effective agents to adhere to the wound surface of skin for a
10 long period and to achieve the optinal biological effect. The contents
of the biological induction inorganic elenments in the ointnment are as
defined in the present invention, i.e., the concentration of silicon is
such that permts to [ ease the silicon concentration in wound surface
tissue to pwtnﬁrmoamﬁmcwsemﬁaoefane iplogiqal giget. 39?&%%%@ ofthen t hat

permts tomrgase cal.cium co centratl nd _sur sue to 1

Dot o” 35  ppnbiooicalingyctpd IROSRRIE ST IR, @%ﬂ"&%‘%‘?'ﬂg”%éﬁ g cd by

oresant i nvehtsaht TG £ e e ReHRach. BT SIRBRTE éﬁéﬁhé‘ﬁﬂgﬁﬁﬁ‘ Ba " '
gauze of = adhfel ue i forASoRidiatiBhn maﬁdeéJrﬁfée'tYs%uel o cm'uc“on
G FRafe.

conponent s of I con an ciuminorgani c elenents 1n t ype skin

wound dr essi nppﬁar%naqheeédneeﬁtra floh BPCRIGRAF I sicl [dgrﬁ'snﬁgfﬁ%dr@aé e of

chem cal spec proportions and particul e patch-type

skin wound dr gsigiung ceAcentfatRin |ﬂfW0|§ﬂc¥§uﬁaﬁéﬁ§§dé 001 pp #ft'oo&[’}B grRN skin
wounds. The dressing material of the present invention can be used in nmany

fields, for gxamptpatch— ege beinuseshddressitig ogn lbeyfermaratéd eyusihgese of
various devices (such as netal stents for coronary artery) to be inplanted

i nto human bosijico laaddoresalciugn imdrganicl midropariclesecas rdefinedeint fhenpresgnt ur t her
conprise no or any conventional broad-spectrumor specific antibiotic in
any armount, aimrentiomras binlogicaiveddtionatomppnert| anchascdraentional gayzeanbunt .
The dressing material of the present invention urther conprise other
factors whi chadhesiéapasiens apr cibState-t nEhgr 6ﬁ¢€%@at bistogieale pindretion|

cells, such as collagens,_ epithelial ?nqwth factor and/.or human grow h
factors, varieem@ponents of silicon and calcium inorganic elements in the patch-type

skin wound dressing are as defined in the present invention above in terms
of chemical species, proportions and particulate diameters. The patch-type
skin wound dressing can be of any size suitable for various human skin

wounds.

The dressing material of the present invention can be used in many fields, for
example, it can be used as coating layer on the surface of various devices

(such as metal stents for coronary artery) to be implanted into human body.

The dressing material of the present invention may further comprise no or any
conventional broad-spectrum or specific antibiotic in any amount, and no or

any conventional topical anesthetic in any amount.

The dressing material of the present invention may further comprise other
factors which are capable of promoting the proliferation of epithelial cells, such
as collagens, epithelial growth factor and/or human growth factors, various
natural proteins extracted from human body, various antibiotics and
bacteriostatic agents in the form of Chinese traditional medicine or Western
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natural proteins extracted from human body, various antibiotics and
bacteriostatic agents in the formof Chinese traditional nedicine or Western
u nedicine, various anti-inflammtory agents, various autol ogous or
xenogenous skin materials, various animal skin materials or extracts

t hereof, wvaripous netals and rﬁ,r,gﬂni C atddi tives, or an conbiqr]ati on t hereof.
The benefit®€giCiNge ¥rEQUHt AVBHIMMAIGY « 4968 YIQUSe SHIQIPIRNS |Are i n:

N g
ectve SUOSARGR ke I RS3E RARS B hy SRR RERS o, it o

"Bandages" and antibiotic ointnments w thout biological induction effect in
the prior art; due to the first use of inorganic elenents as biol ogical

i nduction CPRPPRABHS of thebFestinirfi@ntish asortidrel Yo ¥pAcd &t Ye %:ﬁh@'&%bousl y

superior to those synthesized collagens or ‘growh factors in the art; and

since the "§f siliesh @Al ddMluRt idtopaitickss withShdustRn effdctitbehurh&s @pithelment i on
is basic, it can effectively neutralize the acidic exudates fromthe wound

surface to ¢ellsasimahe @ffective componént aicibiolbgitanigduibiion gethu Sulsstanga tinel i al
cells and the rapid wound healing. The inorganic elenents being used as
acti ve substhendressing material eaeses thevdresising matericd df dme poesendinvemdiondost abl e
in properties and of |ow cost, thus being obviously superior to an

dressi ng nebe@r phviouslit superigr Hoolthege agonyeotienals “Bandages/e andbantihiodis i n t he
prior art. In addition, the conbjination of inorganic active substances wth
br oad- spect eiitmants withautbielagicakindustiem effeehin ibe Grioe ar; due de the tirsy useevent
the secondary bact_eriialql i nfectiqn on the wound surface of skin, ensure the

i nduct i on e®k &Qrgapics elenes cas hitlegica! iINdudioseampongntsyi thel biglogieal| s and
e or 201 9 BEBIA9nd"sah0 5’ Boviblers et 18'i555d BndFabEekLoiBhehl o coen
growth factors in the art; and since the “biological induction active substance”
of the present invention is basic, it can effectively neutralize the acidic
exudates from the wound surface to form a local environment facilitating the
growth of epithelial cells and the rapid wound healing. The inorganic elements
being used as active substances in the present invention have advantages of
being stable in properties and of low cost, thus being obviously superior to any
dressing material containing biological proteins as active substances in the
prior art. In addition, the combination of inorganic active substances with
broad-spectrum antibiotic in the present invention can effectively prevent the
secondary bacterial infection on the wound surface of skin, ensure the
induction effect of silicon/calcium active elements on epithelial cells and the
rapid healing of the skin. In sum, the dressing material of the present invention
can initiatively induce the proliferation of epithelial cells and promote the rapid
wound healing (the period being shortened at least by half). The rapid healing
of the wound surface may prevent or reduce the formation of scar after the
healing of the wounded skin. Thus, the dressing material of the present

invention is suitable for the treatment of various wound surfaces of skin, for
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can initiatively induce the proliferation of epithelial cells and pronote
the rapid wound healing (the period being shortened at | east by half). The
rapid healing of the wound surface may prevent or reduce the formation of
scar after the healing of the wounded skin. Thus, the dressing material of

Sur f aces. of XANHE BsPE el bRs" chBlutal S e bBRFwe? bR LIS i

bed ' ' ffering. far. ' d
vari ous i nor B hSUEERg 6] exble et A MR inEARERV UG R RSy
life, and t ld.ke. I ' j h bi ol ogi cal inducti
et vi . o OB e B e o er Ly, saf ety, | ow cost
and facility in application, thus can be effectively and wi dely used on

vari ous wound surfaces of skin, ranging fromsmall surface wounds such as

i nci sed wouTkisseamdveF dréssing Materiaahbye Ibidlegical liridtionuadthsty, wadngisosuch as
burns, chem cal burns, bedsores and ulcers of human surface (e.g., skin

ul cers of pldvesrthe advdrdages ofdistabdd esroperty,pisafaty,e ldvecastpand Wagility firal i ng.
The biol ogically active conponents of the skin dressing nmaterial of the
present i nagplicationdihiis @anfheceffedtivetyandwidelypusel oheatpesiiounticuriscasi on
containing a hyaluronic acid as main active substance as disclosed in US
Pat ent 62620f20kin; rangiag, frome smalll syiface waundse sueham émisedwaunslspapdent
invention can both _control inflanmmtion and pronote the growth of

epi thel i a, e@ntusiopsdn Aady lifedailargesurtaceamovnrdsesycheambuals, chemical bartat or y
reaction at the wound surfac&aof skin T&Sgpég_duct of jhe present invention

differs froPfdspes @nd wcgrse u@an$HrAcey inguisersetpatientssubigring

serine. pr ot SRS BTGP e8P Waad Pe8Macci 7 1 anmmt ory ef fects,  but

have no bi ol ogi cal induction effect as the product
The biologically active components of the skin dressing material of the present
invention differ from the topical wound therapeutic formulation containing a
hyaluronic acid as main active substance as disclosed in US Patent 6262020
in that, the biological active components of the present invention can both
control inflammation and promote the growth of epithelia, while the hyaluronic
acid can merely control the inflammatory reaction at the wound surface of skin.
The product of the present invention differs from the serine protease inhibitors
as disclosed in US Patent 5,190,917, US Patent 5,290,762 and US Patent
6,262,020 in that, these serine protease inhibitors merely have the
anti-inflammatory effects, but have no biological induction effect as the product
of the present invention. The present invention differs from the topical wound
dressing comprising plasma fibronectin as disclosed in US Patent 5,604,200 in
that, although the dressing disclosed in US Patent 5,604,200 could
theoretically promote the adhesion of human cells, but in practical application,
if the plasma fibronectin is extracted from human plasma, the source will be
limited and the plasma fibronectin will be too expensive to be used in clinic,
and if the fibronectin is obtained via genetic engineering process in vitro, the
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of the present invention. The present invention differs fromthe topical
wound dressing conprising plasma fibronectin as disclosed in US Patent
5,604,200 in that, although the dressing disclosed in US Patent 5, 604, 200
could theoreti caIIy pronote the adhesion of human cells, but in practical

ggﬁlr LE:@J Orbrggit bAiSAS e b PG AbchesS R LB AER YA B R,
engi neer | ng heraLwaibins I FumaR 3 HeRes n8 BV i d BRFEl Wit o
POSSESS th%l%ﬁl&?'a%ﬁbtfﬁg'éﬁ 5}5 ivd fHdréieh? id Qaéomﬂ'fo fb‘?:l&ﬂthﬁﬁﬁl P{)Rt ins in

human body eory o usimg a protern wt brological activity

as an acti "Iﬁlk’wr@%ﬁ | bméalceémenuﬁqaéceén é?ﬁ.BHbﬁbbﬁeept§1 allaergdnic

practi cal nica I'n the conventional concepts I norgani c

el ement nmatgemahs nﬁuténalsrsﬁét“menr' ife., ioPGAsi8 RllemehenRtdridlgidernct 1;fos«é@ssslot
possess the activity of stinul ati ng the growth of organisns. The active

chem cal  ahepactivitys ofisstithulatindethdr gsswthgofradrganismsof Thdreagtives ehémiocalent i on
is agroup of inorganic elenment materials, and for the first tinme the

present i nwamponends sised @ thet drassingmeatenial ofthe presentemientioavie algroup of cal

i nduction activity to epithelial cells. Due to this discovery, a

conbi nat i orinofganitrejemieot gnetesials and fasethes digstt timeegha cprasent dnventoal

bi ol ogi cal induction proteins to _pronote the induction of growh of

epi t hel i al diggqvers that pemgelRAfganic elemeantsondven hialegicak indvﬁw@aaﬁlwtselt@nent s
further has anti-jnf tory, effect and fect bi ol ogical stability, so
that it carPRibelal Qeﬂllé Err”gbtpéﬁﬁ cL%‘F%‘ﬁ’ng? £ H@"BF‘lQSt’"?f anigRlemeAthean used t o
formsurface dre terials,.havin in i nfl ammati on,
i bi t1 ng B 60 0 ToRIRERaYE NERaHglaaiE Jpunicds ol dp tpmiole 18 ang

f epai ring ﬁﬁ@@&uﬁ&ﬁ@?@@"&f EBfhdifaf 2eiE n EH‘e hSEniRtE, A EomiSiRAtist of S

burns, che
inorganic elements further has anti-inflammatory effect and perfect biological

stability, so that it can solve the problems existing in the prior art and can be
used to form surface dressing materials having functions of relieving
inflammation, inhibiting bacteria, promoting the proliferation of epithelial cells
and repairing wound surface for the treatment of incised wounds, contusions,

burns, chemical burns etc.

In the present invention, unless otherwise stated, the term “biological induction
active substance” is defined as a substance being capable of initiatively
stimulating the normal proliferation and differentiation of cells to achieve
specific physiological functions. The silicon and calcium inorganic elements of
the present invention have the biological induction activity of initiatively
stimulating normal proliferation and specific differentiation of human epithelial
cells to achieve specific physiological functions (such as the synthesis and
secretion of type-IV collagen and epithelial growth factor). The synthesis and
secretion of type-IV collagen and epithelial growth factor plays a significant
function in the rapid proliferation of epithelial cells and the rapid repair of
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In the present invention, unless otherwi se stated, the term "bi ol ogi cal

i nduction active substance"” is defined as a substance bei ng capabl e of
initiatively stimulating the nornmal proliferation and differentiation of
cells to achieve specific physiological functions. The silicon and cal ci um

[ [ I f he. [ ' he biol ogical | [
et vi Ty of WPHRG iSUEtRGEIS) SKi NALATRSSIY FBHSHAS BroNPeN SUTaRE S akepenpi c
functi ons. (RIBrEEofHE s SEha i Bitloakeal ufleloR HpatRy The PRl °°
uncti ons - n
i thelial . h. a6 [ . o1 |
cPL el 2L ARl VB e Bt U6 B0l IBHGRE) TfhelYOkeY 581 0e"
prol i feratiiﬂgggni@giénq&lntg%!ilic%ﬁlérﬁ &eiukbhe rapid repair of 14 wound surface

of skin. No ssing materials for wound surface of skinin the prior art
possesses such a specific biological induction function. The "bi ol ogi cal
i nduction active substance" of the present invention is further defined as

i norgani c erraphéseritiihvertiondaethepprivides 4 h%tﬁbéiﬂ@roﬂnbﬁﬁ?"th@prdlﬂéﬁa'ﬁ@h _
provi des a nmethod of pronmoting the proliferation of epithelial cells in

vitro, conpof epitieliapreklls iy vitro,eddneptising appiving anf effédtiveoamoantibbsiliedhci um

m croparticles of the present invention to such epithelial cells. In an
enbodi nent , asdfod calcium paictopariclesod tse lppdsent ame ftimnetoasuthaepitheliabtelisor
exanple from100 nmto 100 pm Said m croparticles can be in any form of

i nor gani ¢ sin ar emkodimeat, saidrimiciopadiclessare selublei and bage a diameteef fakAl Si O2,
CaQ, CaSm4, CaPOX4, CaCl2 etc. or_any conbination thereof. In one

embodi nent , examalesiromc 400 ana te A0 um Raid spgrapacticdes gap hesétany farm of

conbi nation, wherein silicon conprises 50-100% angd cal ci um conprises 0-50%
in terns of NOFganie sificonand 'éé]ﬁlé‘i"‘bﬁk‘bs“?ﬁﬁe%i'ﬂ‘éwd%g@ﬂ r"%"‘r'gfpb%ﬂq)bon can

be for SXATREG, Eabl, PRERGYIckRY, B or 3RS S BbB AR g T 838 B T
embodiment, said silicon and calcium microparticles are used in a combination,
wherein silicon comprises 50-100% and calcium comprises 0-50%, in terms of
relative atomic weight. The final concentration of silicon can be for example

1-100 ppm, and the final concentration of calcium can be for example 1-33

ppm.

The present invention is further described in detail with the following

non-limiting examples together with the drawings.
EXAMPLE 1
Preparation of mixed-type biological induction silicon/calcium microparticles

The diameters of silicon and calcium microparticles of the present invention
can be in a mixed-type form. In one embodiment, the diameter of silicon and
calcium micropatrticles of the present invention is in the range of from 100 nm
to 100 um, but the present invention is not limited to this range. The starting
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ppm The present invention is further described in detail with the foll ow ng
non-limting exanples together with the drawi ngs. EXAMPLE 1 Preparation of

m xed-type biol ogical induction silicon/calciummcroparticles The

di ameters of silicon and calcium mcroparticles of the present invention

can be in a m xed-t .1n one enmhodi nent, the dianeter of siljcon and
cal ci um mi cNgiaRAls @ygss' a {nﬁl.d %@‘irﬂakﬂ%v@ﬁ(?)@r?nds the, weight salips 6f theom 100

St arif’néf(is Hindorraiptel, 7<) & |"b§V§@/ob%rr‘1d%%a B40% (%p"roé%stfﬁﬂqﬁs. e

% 0%, T
L?éi:ce):isof or PRGBS aftfed  Eipulor o BB AL d SRR, B GAIHI 1 i con
gr i ndi ng. .“ﬂ“g*%‘*{@%ﬁ*ﬁ?i itplgd B StgBhamhited Bl ﬁﬁ"?ﬁﬁﬁq i BRESERM s cr cens
o obLain vegi Uk, 81 GAAPALLIGEI S Wik i frﬁ{e@ﬁts&‘e@%tf‘é bt EAgoe, £ rom

100 nmto 1 m’'xI n m croparticl es accordin o therr size

and proport,lnmo a}lﬁaescbvﬁﬁﬂ%{.ﬁér%npﬁidﬁ\étéﬁoﬁf {H§F%@fr§np?bérdﬁ1qsd16w Pgrectron

measur enent of scanni ng ectron m croscope. Fi I'S a scanni ng

i crograph gid #nifingstheds mimbsémelescmwiﬁg% melm sig8/ &l ‘Ftéb’ﬁrtlon The
m croparticles. These m xed-type biological induction silicon/calcium

m croparti cdiamerers efuinisroparidlesam@ @étermiseitby thed hteasyurement efkcamsihg and
the clinical case in the follow ng exanpl es. EXAMPLE 2 Proliferation and

m grati on oéleowommhiclostepeepid.eis al scapining sledeont inicrogrdpbt ofoa dre$siagl i con

and calcium mcroparticles (Fig. 2) Human epithelial cells to be tested are

t aken from miateriali ssamprisiig 20sikdordcaldium  microparticles. These mixed-type
biological induction silicon/calcium microparticles are autoclaved, and are

used in the cytological tests and the clinical case in the following examples.
EXAMPLE 2

Proliferation and migration of normal human epithelial cells under the induction

of silicon and calcium microparticles (Fig. 2)

Human epithelial cells to be tested are taken from skin tissues of 20-25 aged
healthy donors. The epithelial tissues are washed with sterilized physiological
saline, and placed in cell culture dishes. These culture dishes were then
placed in a conventional cell culture medium containing 10% fetal bovine
serum and 0.2% broad-spectrum antibiotic, then the dishes are incubated in a
5% CO; incubator at 37°C, The medium is replaced with a fresh medium daily.
On the 14" day, the epithelial cells migrate from the cultured epithelial tissues
to the surfaces of the culture dishes. Then the tissues are removed, and the
derived epithelial cells are maintained on the culture dishes to proliferate.
When the cells are passaged for three times or proliferate to a sufficient
number, the cells are separated from the culture dishes by 10% collagenase to

16



heal thy donors. The epithelial tissues are washed with sterilized
physi ol ogi cal saline, and placed in cell culture dishes. These culture

di shes were then placed in a conventional cell culture nedium containing
10% fetal bovine serumand 0.2% broad-spectrum antibiotic, then the dishes
are incubated in a. 5% CO2 in uﬁaa or at 37C  The nmediumis reg[ﬁag&d with a

fresh medi L}?ﬁd‘éﬁq n .@%bﬁﬂé‘ tiestimy In (the gstsndhe o¢el We&eniSt PPom t he
{ ?’}siﬂéidgf%@%'@‘h?f?ﬁ?@e Bishes o AVl dTat P i Comeliuih SORaNg, 1928 on t he
S‘r’| prof j orta G St ‘ff?‘iﬁbfﬁ%ﬁ@@ﬁmﬁ@t@iﬂ?‘é ER LR T
D 0 * i I . o
cul (e O Sy ARG ERSRNGEA Brofrh REGHATH 1 PSSk
di ameter of gy @ ra%@dd@gtm ﬁgé;fégﬁll??%fth@?fé’éh H‘%‘ﬂié‘ﬂa%ﬁlﬁﬂgbe

e
br oad- spectrum antibrotic as wel clum 1norga enent

m croparti cdfpHsieRs 8deFofRAF daps, arfd e Pletrelevat rphpgipIdwcaA %&igﬁgg of

§
procedure, the media are replaced with fresh media having the s

conposi t i ongeesdisyareareasiagd, atathe tinke poifte asadedcribedlhtthéss eshmplesadhi vities
of the cells are neasured at the tine points as described in these

exanpl es. lthe phetographoof dimd présériteexamepslentt exabel eeen tthataepitiselixt esells hat
epithelial cells proliferate significantly, extend and m grate on the

second day mplifezaie sighificamtiyy extedaaidmigraite abtiee sechrud day oétélecultwingsi | i con
and calcium m croparticles on the proliferation of normal hunman epithelial
cells (Fig. 3) The early rapid proliferation of epitheliumis a
pre-requisite for the rapid healing of wound surface of epithelium In the
present tesEXAMRIE 8pithelial cells used for identifying test materials are
taken from normal human skin, and the cells are

Notable induction effect of silicon and calcium microparticles on the

proliferation of normal human epithelial cells (Fig. 3)

The early rapid proliferation of epithelium is a pre-requisite for the rapid healing
of wound surface of epithelium. In the present tests, the epithelial cells used for
identifying test materials are taken from normal human skin, and the cells are
cultured and grow in media containing the silicon and calcium microparticles of
the present invention prepared according to the process of the Example 2. The
specific combinations of chemical ingredients are pre-added in to the cell
culture media used in the present tests at the concentrations as depicted in the
Table of Fig. 3. One group serves as a control. Experimental groups with the
test materials are compared to said control group to determine the induction
effect of the test materials on the growth of cells. During the culture procedure,
the media are replaced with fresh media having the same specific
compositions every four days. Cell proliferation tests are conducted on the 12"
and 20" day by counting the total number of cells grown in media containing
various combinations of additives at various concentrations by a conventional
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cultured and grow in nedia containing the silicon and cal cium m croparticles
of the present invention prepared according to the process of the Exanple
2. The specific conbinations of chem cal ingredients are pre-added in to
the cell culture nmedia used in the present tests at the concentrations as

e R e B Pt L L
of Z_‘é& Th "ty tilEad B, BB R el hu shéafwé% B s isbeS  Peen
e e MBS 2P BEl, TreBERHhis 4R NGRS eHE g PBKRIS ng 1 ne
total numbet, ghyipgk 'a%ti@iﬁ%\ﬁphUgiﬁ‘g%ég?&ﬂé%ti%Qﬂ ethﬂE'iQIl’(%IIQOKQ'cBﬂ]i 83 of
additives at varirous concentrati ons by a conventronal 1 flow cytoneter,

and the prohith@r &t rg’r&h;S*,Stlar’i’fthé hothedyt RQoI @mcﬁﬁ oh ?éslu?tngrhcﬁﬂs?%@g%te 3 were

cal cul at ed based on the cell nunbers adhered to the culture during

the first 2dfdigwréliferdt®nt 68tgprR sMicontré8lits iAQFHOXitnaE 2156 rbiifepatighkhi bi t's
an obvious activity of inducing the proliferation of epithelial cells. As

conpared tand h® Fpm resulty Rppeskitiate 125 foldagrolifdratiomm3si ppmosalcitsnl ts in
approximate 3-fold proliferation, 50 ppmsilicon results in approxi mte

2.5-fol d prresulteimapproximatel 1153fqig proldferdtion, andat®ppri end 8 pph talciim
proliferation; 33 ppmcalcium results in approximte 1.5-fold
proliferatiaso rasdlt 16 obyiousnpradifgrption 45e¢ drig. 3d)k dNVhesuthese rtwobinoogeanic
proliferation (see Fig. 3a). Wen these two i_nor?ani c elenments silicon and
cal ci um ar eclamgads isilieon: admealciumt atecadded dfe theroedier &ti thes vagossown in
Fig. 3b, the cell proliferation are increased by 4.5-fold, 3.5-fold and
2-fold in c@wt@gﬂansr\sh%ndanlflgo|3bgrtbapcqlle9fsél&ravemya.re ipsreased2by h day,

O o A e R Db Soarb O BT PSR a5 3pedieh
On the 20" day, due to the sustained induction effect, 100 ppm silicon induces
3-fold proliferation, and the combination of 100 ppm silicon and 33 ppm
calcium results in more than 5-fold proliferation. From the results of the groups
with different combinations of chemical components during different culture
periods, it can be seen that the induction effect of the cell proliferation are
directly proportional to the concentrations of silicon and calcium within the
ranges applied in the present tests. Thus, it is proven that inorganic elements
silicon and calcium exhibit obvious induction effect on the proliferation of

epithelial cells.
EXAMPLE 4

Silicon and calcium microparticles significantly induce the synthesis and

secretion of type-IV collagen in normal human epithelial cells(Fig. 4)

Type-lV collagen is one the main extracellular matrix proteins in epithelium,
and its synthesis and secretion is one of the important indexes of the activity of
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calciumresults in nore than 5-fold proliferation. Fromthe results of the
groups wth different conbinations of chem cal conponents during different
culture periods, it can be seen that the induction effect of the cell
proliferation are directly proportional to the concentrations of silicon
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synt hesi s and secretion of type-1V <collagen facilitates the rapid healing

of wound suedraditiores ofethiet Bxedrmpla 3.1 The brly differeace liesamphat, thetsynttegsisitanguman
epithelial cells used in the experinmental groups and control group are

cul tured i nsearetionl@fitgpex\l Icotiagerpob thel cukturedoepithetial celksmarefluantitativelypl e 3.
The only difference lies i iy t hat the synthesis and secretion of type-1V

col | agen of mensurad o thal12Didalaind:20't day dusing the soltureatThedeyel ofdypedéd on
the 12th day and 20th day durlng the culture. The |evel of type-1V collagen
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Sigma Inc). The measurements are expressed by fg of type-IV collagen
secreted by per 10 millions cells on the 12" day and 20" day. The results
demonstrate that the inorganic element silicon significantly induces the
synthesis and secretion of type — IV collagen. As compared to the control
group, on the 12" day during the culture., 100 ppm silicon results in 1-fold
increase, and 50 ppm and 100 ppm silicon also results in significant increases;
33 ppm calcium results in 0.5-fold increase, and 16 ppm and 8 ppm calcium
also results in significant increases. When these two inorganic elements silicon
and calcium are added into the culture media at the various concentrations as
shown in Fig. 4, the synthesis and secretion of type-IV collagen respectively
increase by 2-fold, 1.5-fold and 1-fold in comparison with the control group. On
the 20™ day, due to the sustained induction effect of the test material, 100 ppm
silicon increases the synthesis and secretion of type-IV collagen by 4-fold, and
the combination of 100 ppm silicon and 33 ppm have an induction effect of
more than 6 folds. From the results of different combinations of chemical
components during different culture periods, it can be seen that the induction
effect on the synthesis and secretion of type-IV collagen are obviously directly
proportional to the concentrations of silicon and calcium within the ranges of
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denonstrate that the inorganic elenment silicon significantly induces the
synthesis and secretion of type - IV collagen. As conpared to the control
group, on the 12th day during the culture., 100 ppmsilicon results in
1-fold increase, and 50 ppm and 100 ppmsilicon also results in significant
pm cal ciumres crease, and 16 m.and 8
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folds. Fromthe results of different conbinations of chem cal onents
during di ffwbgnd safater e periods, it can be seen that the induction effect
on the synthesis and secretion of type-1V collagen are obviously directly
proportional to the concentrations of silicon and calciumw thin the ranges
of 19 tested concentrations and conbinations. Thus, it is proven that

i norgani c EXAMPILE 5si | i con and cal ci um exhi bit obvi ous induction effect on
the synthesis and secretion of type-1V collagen in epithelial cells. The
sustained and gradually increasing of the |level of type-IV collagen is of
great advantage to the constructiogn of collagen matrix in the wound surface
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Epithelial growth factor is one of the main regulatory proteins in the
proliferation of epithelial cells, and its synthesis and secretion is one of the
important indexes of activity of normal human epithelial cells. Epithelial growth
factor plays an important role in the healing of wound surface of epithelium.
The increase of the synthesis and secretion of epithelial growth factor
facilitates the rapid proliferation of epithelial cells and the rapid healing of
wound surface. In the present test, normal human epithelial cells used in the
experimental groups and the control group are cultured in accordance with the
procedure and conditions as disclosed in Example 4, the differences being that
the synthesis and secretion of epithelial growth factor of the cultured epithelial
cells are quantitatively measured on the 12™ day and 20" day during the
culture period. The contents of epithelial growth factor secreted by cells of
these groups into the cell culture media are measured by conventional
immunohistochemical methods with the monoclonal antibody against epithelial
growth factor (commercially obtained from Sigma Inc), and the values are
expressed as fenograms of type-IV collagen secreted by per 10 millions cells
on the 12" day and 20™ day. The test results prove that inorganic element
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Epithelial growmh factor is one of the main regulatory proteins in the
proliferation of epithelial cells, and its synthesis and secretion is one of
the inportant indexes of activity of normal human epithelial cells.
Epithelial growth factor plays an inportant role in the healing of wound
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on the 12 th day and 20th day. The test results prove that inorganic el enent
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secreti on of epithelial growmh factor. As conpared to the control group, on
the 12°" ddpcreaseibyd.bHfeldc 315-fold apdi2. Bold incomparison dtbrthe entrotgiaupabout
4.5-fold increase, ., and 50 ppmand 10 ppmsilicon also results in
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and 33 calcium ppm results in an induction effect of near 3-fold. From the
results of the groups with different combinations of chemical components
during different culture periods, it can be seen that the induction effect on the
synthesis and secretion of the epithelial growth factor is directly proportional to
the concentrations of silicon and calcium within the ranges of the tested
concentrations and combinations. Thus, it is demonstrated that the inorganic
elements silicon and calcium exhibit obvious induction effect on the synthesis
and secretion of the epithelial growth factor in epithelial cells. Especially, the
great increase of the synthesis and secretion of the epithelial growth factor
induced by the test materials during the early culture period significantly
enhances the proliferation and amplification of the epithelial cells at the early
stage of the healing of wounded epithelium, and vastly promotes the healing of

wound surface.
EXAMPLE 6

Clinical case of using a novel dressing material of silicon and calcium
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increase by 6.5-fold, 3.5-fold and 2.5-fold in conparison with the control
group. On the 20th day during the culture period, due to the sustained

i nduction effect of the test material, 100 ppmsilicon increases the
synthesis and secretion of the epithelial growth factor by one fold, and
t he conbination of 100 ppmsilicon and 33 calciumppmresults in an

i nducti on eMfsepardiclesdar premefing the rgrid h%ahr\gééfmwgsurifm an Hupranekin

di fferent conbinations of chem cal conponents during different culture
periods, it can be seen that the induction effect on the synthesis and

concent 1t | The eSBht Ekahitie, Jidinkes e einicaf | e, o %%?ﬂ%\/ﬁﬁ%é#to the
L R W, S R o o
synt hesi s |ﬁ5f’\ﬁé]ur‘?d‘sarffa Sn%\'ﬁeﬂ%kl '[ %Qntflé%tfggéﬁr Célﬁe\lvhé‘l

cells. Especra great 1ncrease o e synthesis etion of the

epi thel i al ghpebhet 36K Rfice W’h@H%mnB)heTaP% évﬂﬁfm.ﬂgt;ﬁfw aftfe Eont g@%)r?:) t‘%‘q garly

culture period significantly enhances the prol Fferation an I cation

of the epitiela & aslt! 3 xa s@;b@ree@édtunetét afd rehchéd the debpdapér SOHERGS
epi thelium and vastly promotes the healing of wound surface EXAMPLE 6

Cinical cawith@bvidtisrexudiates oh the eatindgsuriaicer After béingi Hurt, ahe patientvasum 21
m croparticles for pronoting the rapid healing of wound surface on human

skin The priesnetiateipimgated bl wpraying she hevelldressiay reafesiat obthe siicoroand
dressing material of the silicon and cal ciummcroparticles on pronoting
the rapid ¢aleiunmpiciopadioies surthaseund swiaoe, skitha sterdizedt gaure covered6- year
old girl, who injured her left knee when falling near a swi nm ng pool. The
cont usi on hherean. After 48f hawsufrom thes tregiraeet, dbat exudates dramrtbacwetndhe deep

| ayer of derms
surface completely disappeared, no secondary infection occurred on the

wound surface, and most of the wound surface were covered with epithelial
cells. After 7 days of treatment, the wound surface was completed repaired,
and the skin surface was flat, except for a small amount of residual heme
caused by blood oozing in the contusion. A reexamination carried out after 4
weeks of the treatment showed the wound surface was completely healed, the
retained heme substantively disappeared, and there was no notable
pigmentation and no scar. Fig. 6 showed photographs of wound surface at
different time points after the treatment with the novel dressing material
powder of the present invention, with magnified photographs shown in the right
column. The present example proves that the wound repairing capability of the
novel dressing material of the present invention is very significant. When the
wound surface is treated with a conventional dressing material, the exudates
on the wound surface will last for more than 3 days, and more than 10 days will
be needed for the wound surface to be covered with epithelia. Moreover, it is
difficult to control the bacterial infection with a conventional dressing material,
and the infection may further delay the repair of wound surface. However, the
period for the wound surface to be healed will be shortened at least by half
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wi th obvi ous exudates on the wound surface. After being hurt, the patient
was immediately treated by spraying the novel dressing material of the
silicon and calciummcroparticles on the wound surface, with a sterilized
gauze covered thereon. After 48 hours fromthe treatnment, the exudates from

the wound surface conpletely disappeared, no secondary infection occurred
on the mu\NBGBJPPﬁC{SgE'aEd“ tal of the Pragentdnyention i oyes;cPibgethen

epi t heli al ells, After 7 days of treatnepgt, the nd surface was
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present i nveig bbvious thatrthe Present invetitionnbé karrisondnstunfthe eahte wagat ed
with a conventional dressing material, the exudates on the wound surface
will |ast fasspecificallyadisfoseq in thenabower eoritbais it exgrapleisl | be needed for

t he wound surface to be covered with epithelia. Mreover, it is difficult
to control the bacterial infection with a conventional dressing material,
and the infection may further delay the repair of wound surface. However,
the periodSinse theepresentiinventian anay becalterad caf adapted dasedr o thel aboveeast by
hal f 22 when the dressing material of the present invention is enployed.
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pending claims.
The entire contents of all the publications (including patents, patent

applications, journals, laboratory manuals, books or other documents) are

referred to herein by references.
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of the present invention that can accelerate the wound surface healing could
effectively prevent the formation of scar after the wound surface healing.

It is obvious that the present invention can be carried out not in the sane

way as specifically disclosed in the above contents and exanples. Since the
pr esent inv& hvon may be altered or adapted based on the above teachings,

t he present PIRIEN®SSNn can be carried out not in the same way as the

specific description. Al these variations fall into the scope as defined in
the pending clains. The entire contents of all the publications (including

patents, patent Bb chiu‘tﬁ% U|ﬂHr ;?/}' Bry NP, 0('1935?%@5%&99%% ge Ot her

docunents) are erré to hérein re erences erences u L,
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108: 1563-1573. 2. Chou L, Firth JD, U tto V-J, Brunette DM (1996) Effects

of titani um orSciéncassd0BptIedrth7HNnd post-transcriptional regul ation of
fibronectin in human fibroblasts. Journal of Bionedical Mterials Research.
31:209-217. 3.2.ChGbou L, Firth 4DJ Dittd Mt 4, Brunétte BMINEi096) Bffec{slot@anithi ent s of
titani um substratum and grooved surface topography on netal |l oproteinase-2
expression in ttamsaripmnalcaﬂohpost-trammip&bnalf reguiatian ofiffibntestinainshiasear ch.
39:437-445 4. Chou L, Mare Wagner WR. (1999) Effects of h dr oxyapatite
coating cryst dioreblasts. éﬂUWbQEBWﬁ'W' MaterialsaReseaigbnd 120021 ency, and

3. Chou L, Firth JD, Uitto V-J, Brunette DM. (1998) Effects of titanium
substratum and grooved surface topography on metalloproteinase-2
expression in human fibroblasts. Journal of Biomedical Materials Research.
39:437-445

4. Chou L, Marek B, Wagner WR. (1999) Effects of hydroxyapatite
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proliferation in vitro. Biomaterials. 20:977-985.
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* Annotation: CHOU L. is the English name of the present inventor.
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proliferation in vitro. Biomaterials. 20:977-985. 5. US Patent 6, 262, 020,
July 17, 2001 6. US Patent 5,604,200, February 18, 1997 * Annotation: CHOU
L. is the English nane of the present inventor. 24 Wat clainmed is: 1. A
dressing material for treating or alleviating diseases or conditions of an
i ndi vidual in need of pronoting the proliferation or differentiation of

epi t hel i al %a@a'mer'& n said dressing material conprises a therapeutically
ef fective anmount of inorganic elenments silicon and/or cal cium

m croparticles, and an optional pharmaceutically acceptable carrier and/or

resei ng i dri o crory BEGThr FREARGISP BbafindBeaset S SHERRARS; i
i croparti ¢l esy foydydhiens hBa "B BrdAbtAL IS drlfteldtict B BifleroMigfich byl d

silicon and/or crum m cropart e present I1n t orm of single

el ement — mcr %gﬁh&hél'c%ﬂ %h@%lﬁ%%ié Bre%Egg&aﬁfa?erlﬂl ‘ébgﬁﬁfsbb(‘d fheraf eutﬁa‘g essi ”9

mat eri al accor Ing to C alm 1, wherein m Ccr op ticles are so

dressi ng mat elgffaktias C ArAb Gt t@fclnmrghmc WBRInférits Sadilficdh C et | @b@mmhave a
di aneter of from 100 nmto 100 pm A dressing material according to claim

1, wherein saimicigparices cancbargptional phaomadsutisaleatesptablenearrigr and/or
silicon-containing corrpound such as Si2, NaAlSi 2, KAIS Q2 etc., or any

conbi nation tlexcipidnt. 7. A dressing materi al accor di ng to claim1, "wherein on
t he basis of
2. A dressing material according to claim 1, wherein said dressing

material comprises both inorganic elements silicon and calcium

microparticles.

3. A dressing material according to claim 1, wherein said silicon and/or
calcium microparticles are present in the form of single element

microparticles or composite elements microparticles.

4. A dressing material according to claim 1, wherein said microparticles

are soluble.

5. A dressing material according to claim 1, wherein said microparticles

have a diameter of from 100 nm to 100 ym.

6. A dressing material according to claim 1, wherein said inorganic
element silicon is selected from any silicon-containing compound such as

SiO,, NaAISiO,, KAISIO; etc., or any combination thereof.

7. A dressing material according to claim 1, wherein on the basis of
relative stoichiometric percentage, the content of silicon is 0-100%, and the
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relative stoichionetric percentage, the content of silicon is 0-100% and
the 25 content of calciumis 0-100% 8. A dressing nmaterial according to
claim1l1, wherein said inorganic elenent calciumis present in the form of
any cal ci um contai ning conpound such as CaQ, CaS®4, CaP&4, Cad 2 etc., or
any conbination thereof. 9. A dressing material according to claim 1,
wherein sai d 6eRiest cha'ﬁ&‘t”éﬁ Q‘Imﬁtﬁt her conprises antibiotics, conventional
topi cal anesthetic drugs, or other factors being capable of pronoting the
proliferation of epithelial cells, such as collagens and/or epithelial

orou 126t ot Oy e SRR op 6y oty 7 ISR RO e 101
of Pover . of Bigls Biosbrodoh Y SHA 1S TR LGRS QbR o m I

of skin to bessipdsicuo peaspl.echo, eatif !, dhadlyicntihaliGi tiggrl surface of

skin. 12. A dressing material according to claiml, V\ﬂerel n sai d di seases or
conditions are selected fromthe group consisted of incised wounds,
contusi ons, burns, scalds, chem cal burns, bedsores, various ulcers on the

surface of skpn, sardlessiag! materidl 3accordings 3o Ngaimmt £ wdler@inc saidl dgedsing! ai m 1,
wherein said individual 1s an animal, in particular a manmali an (such as an
ape, cattle, hvatesal forther carhprges antitdotics, goaventibog) topical anebthetic dropgsf er abl y
a human. 14. Use of inorganic elenents silicon and/or calciumin the
manuf act ur e obr dther factors being capable of promoting the proliferation of epithelial

cells, such as collagens and/or epithelial growth factor, or any combination

thereof,.

10. A dressing material according to claim 1, wherein said dressing

material is present in the form of powder, ointment or patch.

11. A dressing material according to claim 1, wherein said dressing
material is a dressing material for the wound surface of skin to be used to

promote the repair or healing of the wound surface of skin.

12. A dressing material according to claim 1, wherein said diseases or
conditions are selected from the group consisted of incised wounds,
contusions, burns, scalds, chemical burns, bedsores, various ulcers on the

surface of skin, and the like.

13. A dressing material according to claim 1, wherein said individual is an
animal, in particular a mammalian (such as an ape, cattle, horse, pig,

sheep, rodent, goat, dog, cat, rabbit), preferably a human.

14. Use of inorganic elements silicon and/or calcium in the manufacture of
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a dressing material for treating or alleviating diseases or conditions of an
i ndividual in need of pronoting the proliferation or differentiation of
epithelial cells. 15. Use according to claim 14, wherein said dressing
material is used as a surface coating Iayer of various devices to be

i nplanted in vi sai d devices to

o cordin ai
ol antod i n YGHES wé’feoﬂaﬁ?reﬁ@éﬂr?w 2l g dineddes o oPNARUSLRERR di ng ¢ 0
claim 14, where i d_ dj SE ndl i ons sel ect fromthe_,.grou
Consi st ad of Ml T haSa &, arbmpBRg sl miaferatiohy s uiferomaion) r og P
bedsores, var bﬁ”ﬁe"ﬁff@f@ on the surface of skin, and the i ke. 18. Use
according to C wherein said inorganic eI enents silicon and/or

calciumare mcroparticles having a dianeter of from100 nmto 100 pm 19.
A met hod of promoting the proliferation of epithelial cells in vitro,

wherein sai d At hosk Q%H?rﬂln%et% AR Y4 Nghérei Qélufd?égélhgfmﬁfeﬁﬁplﬁ'dé‘édaé@é’”t of
silicon and/or calciumnicroparticies to said epithe cells. 20. A nethod

according to gLeghe baatmc:j@eryer@fvaﬂods fdeViceo tcpalih \Aﬁlan@éd ifvivei licon is from1l
to 100 ppm 21. A nmethod according to claim 19, erein the final

concentration of calciumis froml to 33 ppm 27 22. A nethod according to

claim19, wherein said mcroparticles have a dianeter of from 100 nmto 100

pm 23. A net H6d Wse @cdording do adlainm159 saich dewicas stai be iimplagded dnelieordst s

silicon and/or calciumis any silicon-containing and/ or cal ci um containing
metal stents for coronary artery.

17. Use according to claim 14, wherein said diseases or conditions are
selected from the group consisted of incised wounds, contusions, burns,
scalds, chemical burns, bedsores, various ulcers on the surface of skin,

and the like.

18. Use according to claim 14, wherein said inorganic elements silicon
and/or calcium are microparticles having a diameter of from 100 nm to 100

pm.
19. A method of promoting the proliferation of epithelial cells in vitro,
wherein said method comprises applying a proliferation effective amount of

silicon and/or calcium microparticles to said epithelial cells.

20. A method according to claim 19, wherein the final concentration of

silicon is from 1 to 100 ppm.

21. A method according to claim 19, wherein the final concentration of

calcium is from 1 to 33 ppm.
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conpound such as Si 2, NaAl Si @2, KAl Si 2, CaO CaSO™4, CaPOX4, CaCl2 etc., or
any conbi nation thereof. 28

22. A method according to claim 19, wherein said microparticles have a

diameter of from 100 nm to 100 pm.

23. A method according to claim 19, wherein said inorganic elements
silicon and/or calcium is any silicon-containing and/or calcium-containing
compound such as SiO,, NaAISiO,, KAISiO,, CaO, CaS0Q,4, CaPO,, CaCl,

etc., or any combination thereof.
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