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KIEM SOAT PHONG THiCH NANO-GRAPHENE OXIDE

UNG DUNG TIEM NANG CHO CAC BANG GAC KHANG KHUAN
Nguyén Trung Hiéu', Er-Yuan Chuang?
TOM TAT

Dat vin dé: Graphene va ho graphene gin diy dwoc nghién cibu rong rai nhw mot vit ligu sinh hoc Iy
twong cho cic tng dung kij thudt mé va vin chuyén thudc. Nho cdc dic tinh co sinh hoc tuyét voi ma chiing co
thé khic phyc nhitng han ché’cia cdc gidi phdp hién tai ding gac vét thwong dya trén hydrogel va ddp ting cdc
Yéu citu chita lanh vét thwong man tinh ciia gac khding khudn.

Muc tiéu: Tim ra mgt phwong phdp khd thi dé'tdm va kiéin sodt phéng thich cdc hat nano-graphene oxide
(GO) tir mang lién két chéo genipin - gelatin 1tng dung lam gac vét thirong khding khudn.

Doi tuong - Phuong phdp nghién cibu: Dung dich tién gel gelatin — GO dugc pha ¢ cic nong dj dinh
truede va duwge gel héa béi cdc ndng do genipin (Gp) khic nhau. Sin phim nano gel tao ra dwoc dinh gid kha ning
hdp thu nuée, ty 1¢ thodt hoi nieéc, cic nghién civu in vitro vé khd ning tweng thichysinh hoc, khing khudn, chia
lanh vét thwong. Bén canh do, khd ning gidi phéng GO ciung véi toc d¢ pharn huy, cita tam nano gel ciing dwoc
nghién civu kij lwong cho ting dung tiém ning cia bing gac khiang khudi.

Két qua: Cic tim nano gel tao ra c6 khd ning kiém sodt phongithigh GO tiy thudc vio nong dj Gp va nong
do enzym mo phong moi trieong vét thwong. Ngoai ra, cic hat GO phoug thich tir tdm nano gel cé hoat tinh
khdng khudn chong lai Staphylococcus aureus va Pseudontonas aeruginosa thong qua cdc canh sic va co ché'bao
boc cua GO, dong thoi thiic ddy sw ldp diy cdc nguyémbao sgig ngueoi thudn lpi cho qud trinh lién vét thuong
man tinh.

Keét lugn: Chiing toi tin rang viéc két hop.aano GO vao gelatin duwoc gel hda bdi Gp sé la mét chién lugc khd
thi dé'phat trién biang gac vét thwong da chig€ ning cho cac yéu ciu chita lanh vét thiong man tinh.

Tir khoa: gac khing khudn, genipin, hydrogel, nano-graphene oxide, vét thirong
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CONTROLLED RELEASE OF NANO-GRAPHENE OXIDE FOR POTENTIAL APPLICATION
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Background: Graphene and graphene-family have recently emerged as a shining star in biomaterials for
tissue engineering and drug carrier applications due to their excellent properties, which could overcome the
limitations of current hydrogel — based strategies and fulfill the requirements of antibacterial dressings for chronic
wound healing.

Objective: To develop a feasible method to impregnate GO into genipin - crosslinked gelatin and control the
GO particles released from nanocomposite hydrogel for application as antibacterial wound dressings.

Methods: GGO pre-hydrogel was crosslinked by different genipin (Gp) concentrations. The obtained
nanocomposite hydrogels were evaluated by water absorption capacity, the in vitro studies of

1B6 mdén Chéan Thuong Chinh Hinh, Khoa Y, Pai hoc Y Duoc TP. HCM
?Khoa Ky Thuat Y Sinh, Pai Hoc Y Khoa Dai Bac, Dai Bac, Dai Loan
Téc gid lién lac: TS.BS. Nguyén Trung Hiéu DT: 0909274971 Email: bshieundgd@gmail.com

Chuyén Dé Ngoai Khoa 227


mailto:bshieundgd@gmail.com

Y Hoc TP. H6 Chi Minh * Tap 26 * S6 1 * 2022

Nghién cttu Y hoc

biocompatibility, antibacterial, wound healing. Furthermore, the GO release kinetics in accordance with the
degradation rate of nanocomposite hydrogels were thoroughly investigated to estimate the potential

application as chronic wound dressings.

Results: The GO release kinetics were depended on the crosslinking degrees and enzymatic levels following
degradation rates. Most importantly, the released GO particles displayed uniformity and dispersity, retained the
antibacterial activity against Staphylococcus aureus and Pseudomonas aeruginosa via their sharp edges and
wrapping mechanisms, and promoted human fibroblasts migration.

Conclusion: We highly believe that the incorporation of GO into genipin crosslinked gelatin hydrogels will
be a feasible strategy to develop a multifunctional wound dressing for the requirements of chronic wound healing.

Keywords: antibacterial, genipin, hydrogel, nano-graphene oxide, wound healing

DAT VAN DE

Vét thwong man tinh 1a nhitng vét thuong
khong tién trién qua cac giai doan binh thuong
cua qua trinh lanh vét thuong mot cach cd trat tw
va dung thoi gian. C6 bon giai doan lién tuc va
chdng 14p nhau ctia qua trinh lanh vét thuong
binh thuong gém giai doan cim mau, viém, tang
sinh va tai tao. Bat ky r6i loan nao nhu viém kéo
dai hodc qua murc, ting sinh va di tra t€ bao
khong du, qua trinh hinh thanh mach bi gian
doan va nhiém tring dai dang déu c6 thé anh
hudng dén su lanh vét thuong va chuyén thanh
vét thuong man tinh. Hau qua c6 thé dafi'd@én
cit cut chi, nang thém bénh tat va te véng. Theo
bdo cdo cua Trengove va cOng sy, ymirc
metalloproteinase nén (MMP) ©@ét thuong man
tinh cao hon 30 Ian so véi vét thuongtedp tinh
(Ian lwot 1a 22,8 ug/ml so y61 0,76 pig/ml)(-2.

Cho dén nay van chura,cd phitong phap dieu
tri t6i vwu cho cac vét thwongfman tinh khong
lanh. Trong s& cac chit nano khang khuéan, nano
bac da c¢6 mat trén thi truong cham soc vét
thuong va da dat dwgc mot s6 thanh cong vé
mat lam sang. Tuy nhién, cac hat nano bac
khong phai la giai phap hoan hao trong viéc thay
thé thudc khang sinh do lo ngai vé doc tinh doi
v6i nguoi va cling dé gay ra su phat trién dong
vi sinh vat khdng bac. Do d6, cadc nanocarbon
khang khuan, ddc biét la GO da thu hat rat
nhiéu sy cht y cta cac nha nghién cttu do tinh
tuwong hop sinh hoc t6t, hoat tinh khang khuan
pho rong va khang mang sinh hoc vi khuan®.
Céac co ché khang khuan ddc biét caa GO bao
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gom cdc ting sudt oxy hda hoéa hoc, hiéu ting dao
nano sic bén vé mat vat ly, cac t& bao dugc bao
boc co hoc va chiét xuat lipid cé thé tao diéu kién
thuan loi cho viéctthoat khoi hoac tri hoan sy
phat trién ctfa’yi sinh vét khang GO®.

Dua trén tat.cacdadac diém tich cuc cua GO
hudng 161 viéc chita lanh cac vét thwong man
tinh khiéngo tro thanh mot ¢ng vién tiém nang
dé*két hopyvao bang gac vét thuwong. Cho dén
nay, van chura c6 nghién ctru nao lién quan dén
dongshoc va hoat tinh sinh hoc ctia GO dugc giai
phong mot cach c6 kiém soat tir nano gel tong
hop boi gelatin - genipin tuong tng véi nong do
enzym tai chd ctia dich tiét vét thuong.
POITUONG -PHUONG PHAPNGHIEN CUU
Ché tao tim nano gel

Bot gelatin duoc khudy hoa tan trong nudc
cat 100 vong/phut, ¢ 60°C trong 60 phut dé thu
dugc dung dich mau vang dong nhat. Dung
dich GO duwoc chuan bi b??mg cach khudy manh
bot GO véi nude cat trong 30 phut. Sau do, dung
dich GO dugc lam cho phan tén dong déu bang
song siéu am (Elmasonic P, Ptrc) trong 15 phut ¢
37°C. Tiép theo, nho giot dung dich GO vao
dung dich gelatin va tiép tuc khudy manh ¢ 60°C
trong 60 phtt nita. D& gel héa bang genipin (Gp)
va thu duoc nano gel (3G), bot Gp dwoc hoa tan
trong dung modi etanol va nho giot vao dung
dich gelatin-GO r6i khudy tiép 2 phut. Do pH va
diéu chinh dat pH sinh 1y tir 7,2 ~ 7,4 bang dung
dich HCL. Lay 500 pL dung dich tién gel cho vao
moi giéng ctia dia 24 giéng va u & 37°C cho dén
khi gel héa. Cac nano gel duoc lién két chéo
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béng Gp trong 48 gid ¢ nhiét dd phong. Sau do
ching dugc rita khit khudn bang etanol 70%
trong 30 phtit, va rta lai ba Ian bang PBS dé lam
sach etanol. Nhom ching nghién cttu dung gel
gelatin - Gp (2Gpx) duoc ché tao cing phuong
phéap nhu trén. Gelatin cho toan bd nghién ctru
duoc ¢6 dinh 6 8 w/v%. Nong do cta cac thanh
phan khac trong cac nano gel khac nhau duoc
viét tat 1a 3Gpx (px dai dién cho nong d6 Gp dao
dong tr 0,1 ~ 3% trong luwgng véi nong dd GO c6
dinh 1a 1% trong luong) va 3GOy (Oy dai dién
cho nong do GO dao dong tir 0,5 ~ 2% trong
leong véi nong d6 Gp c6 dinh la 1% trong
lwong)@.

Do hap thu nudc caa tim nano gel (SR)

Cac mau dong kho 2Gpl1, 3Gpx va 3GOy, da
duoc can trudc, duwoc ngam trong PBS (pH 7,4) o
37°C. Qua timg mdc thoi gian, cdc mau duwoc vét
ra, 1am rdo nuwdc bang gidy tham rdi can lai. SR
duoc tinh theo cong thitc sau:

SR (%) = [(Wt - WO0) / WO] x 100;

Trong d6 Wt va WO lan luot la trong lugng
can duoc theo mdc thoi gian va trong luong ban,
dau ctia mau. Thi nghiém dwoc 13p lai balan
(n=3)@.

Ty 1¢ thoat hoi nwdc (WVTR)

WVTR dugc xéac dinh bang cdch stdung cac
lo thuy tinh (dwong kinh 16/m) chita nude cat,
dugc day nép bang tamfgel thir nghiém 2Gpl va
3Gp1 (n=3). Cac lo khong day ndp duoc st dung
lam nhém ching. Tét ca cac 1o duoc dat trong ta
1 0 37°C va do am 95%. WVTR duoc wdce tinh la
trong lwong ctia nuwdc mat qua mot don vi dién
tich ctia tdm gel thir nghiém trong 24 gio .

D0 tan tim nano gel trong mai tredong men

D& mo6 phong dd tan cua gel trong moi
treong men nhu dich vét thuwong, cdc mau dong
kho 2Gpl va 3Gpx duoc xac dinh trong luwong,
cho ngam trong dung dich co thé mé phong c6
chtrta collagenase (SBF, pH 7,4) & cac nong do
khac nhau la 2, 10 va 20 pg/ml, va duwoc a ¢
37°C. Méi trudong enzym duoc lam méi mdi
ngay. O cac khoang thoi gian xéc dinh, cic mau
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duoc 1dy ra va dong kho trong 48 gio roi can lai.
D6 tan cua tdm nano gel trong moi tredong men
duoc thé hién qua phan trong luong con lai
(WR) ctia gel duoc tinh theo cong thirc sau:

WR (%) = [(Wi- Wt) / Wi] x 100;

Trong d6 Wi va Wt [an lwot la trong luwong
ban dau va trong luong quan sat dwoc cua
mau tai thoi diém t. Thi nghiém dwoc lap lai ba
lan (n=3)®.

Giai phong GO tix tim nano gel

Chét dich ttr cc mau 3Gpx bi tan trong mdi
treong men dugc quay ly tam 5000 vong/phut
trong 10 phut dé thu lai cdc GO duoc phdng
thich ra. Sau khi Iyjtam, GO phdng thich duwoc
hoa tan lai tfohg PBS va.do mat do quang (OD) ¢
bude song 230'nm bang may quang phd V-770
UV-Visible/NIR (Jasco, ST, USA) (n=3). Cac nong
do xac'dinh tredc cua GO trong PBS dwoc do
bang OD dé thiet 1ap duong cong chuan®.

Hoat tinh khang khuidn cia GO dugc giai
phong tir nano gel

Hoat tinh khang khuan cua GO duoc giai
phong tir nano gel chong lai vi khuan S. aureus
(BCRC10781) va P. aeruginosa (BCRC11864) dwroc
dénh gia bang thi nghiém do mat d6 quang vi
khuan OD600 va dém khuan lac (CFU). Cay 500
uL dung dich vi khuan (OD600: 0,07) véi cac
nong do GO khac nhau dwoc giai phdng tir nano
gel trong mdi giéng ctia dia 24 giéng. Dia duoc 4
trong may lac 50 vong/phtit & 37°C trong 24 gio.
Nhém d6i ching la dung dich vi khuan khong
c6 GO. Sau 24 gio 0, dung dich vi khuan ¢ céac
giéng duogc do gia tri OD600 va dugc pha loang
v6i nudc mudi 0,85% r6i 1ay 100 pL trai déu 1én
cac dia thach LB. Céc khuan lac vi khuan dwoc
ghi lai va dém sau khi t ¢ 37°C trong 18 gio. Cac
thtt nghiém khang khuan duoc 1ap lai ba lan
(n=3)O.

Kinh hién vi dién t@ quét SEM dugc thuc
hién dé€ hiéu thém vé nhitng thay do6i hinh thai
ctia vi khudn khi ti€p xac véi GO duoc giai
phéng ttr nano gel. Sau 3 gio cdy véi GO, dung
dich vi khudn duoc ly tam hai [an véi PBS 6 toc
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do6 6000 vong/phtt trong 5 phut dé loai bo hoan
toan moi treong. C§ dinh vi khudn bang dung
dich formalin 10% qua dém va sau d6 dwoc khtr
nuoc bf?mg mot loat cac dung dich etanol (30% ~
95%). Cudi cting, 1dy mdi mau 1 giot nhé 1én lam
kinh va d€ kho ¢ nhiét do phong r6i phu lai
béng 16p bot vang. Hinh thai vi khuan c6 va
khong tuong tac véi GO dugc quan sat bang
kinh hién vi S-3500 SEM®.

Thir nghiém lanh vét thwong trong 6ng nghiém

Té bao nguyén bao soi ctia nguoi (CG1475,
BCRC, bai Loan) dugc cdy trong dia 12 giéng ¢
mat do 5 x 10* t&€ bao/giéng. Sau 24 gio 0, s
dung dau pipet 200 pL vo trung tao mot vét
xwdc & trung tdm ctia mdi giéng roi riza sach t&
bao chét bang PBS. Cac mau gel 2Gp1 va 3GO1
duoc dit vao cac giéng va t véi t& bao bang moi
treong nudi cdy cé chita 1 pg/ml collagenase
(md phong dich tiét vét thuwong binh thuong).
Mikc d0 lién kin vét xuedce ctia té bao 6 0, 12 va 24
gio duoc ghi lai bang kinh hién vi. Ty 1é déng
vét xude 0 12 gio so vai vét xude ¢ 0 gio xac dinh
ty 1é di chuyén t€ bao®.

Phan tich thong ké

Dit liéu duoc trinh bay dwdi dangigia tri
trung binh + d¢ 1éch chuan (SD):

So sanh nhom duwoc thuc hién béng phép
kiém Student’s t khong ghépadoi ¢ho hai nhom
va phan tich phuong sai mot chiéu (ANOVA)
cho hon hai nhém, tiép theola phép kiém Tukey.

Su khac biét vé két qua duoc coi la khong ¢
y nghia (ns) va c6 y nghia thong ké véi p <0,05
(*) va p <0,01 (**).

KET QUA
Kha ning hap thu nwéc

Hau hét cac nano gel tong hop déu tang kha
nang hap thu nwdc ngoai trir 3Gp0.1. N6 hap thu
nudc rat nhanh trong vong 2 gio dau véi hon 15
[an trong lugng ctia nd va sau do tan bién trong
PBS. Diéu nay cho thdy gel 3Gp0.1 van con dic
tinh thay phan va khong thich hop lam gac vét
thuong. Mat khac, nong d6 Gp dung cang thap
thi t6c d¢ hap thu nude cang cao ¢ 24 gio dau.
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Hinh 1: Mitc d¢ hip thu muwdc theo thoi gian ciia cic
nano gel sit dung GO 1% va cdc nong do Gp khic
nhau. (Nguon: tic gia)
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Hinh 2: Ty ¢ thodt hoi nuwdc cua cdc tim gel 2Gp1 so
v6i 3Gp1. (Nguon: tic gid)

WVTR ctia nhéom d6i ching, 2Gpl va 3Gpl
lan lwot 1a 810 + 26,5, 540 + 26,4, 523 + 47 g/m?
moi 24 gio. WVTR ctia gel 2Gp1 cao hon khong
dang ké so voi nano gel 3Gpl. Nhiing két qua
nay cho thdy sy hién dién cua GO khong anh
hudng dén WVTR cta cac tdm nano gel. Cac tdm
nano gel nay cho thdy kha nang thoang khi dap
tng cac yéu cau cua gac vét thuong.

D0 tan tim nano gel trong mai tredng men

Dé md phong moi treong enzym cua vét
thuong, collagenase loai I véi cac nong do khac
nhau (2, 10 va 20 pug/ml) duoc sit dung dé wée
tinh tdc d§ tan cac nano gel va ddc tinh phdng
thich GO twong ting. Nhin chung, nong do Gp
thap hon hodc nong d6 enzyme cao hon sé c6
thoi gian phan htiy nano gel nhanh hon. Do d¢,
nong do Gp cao hon ¢d thé thich hop st dung
cho cac vét thwong man tinh c¢6 mdi truong
enzym tai chd cao (Hinh 3).
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GO duogc phong thich tir nano gel

Su phdng cua GO ciing bi chi phdi bdi nong
do Gp dung trong gel va néng d6 enzym tuwong
tng voi toc d6 phan hiy ctia nano gel. Sy phong
thich GO ty 1é thuan truc ti€p véi toc d phan
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hay ctia nano gel. Cac nong do enzyme cao hon
hodc noéng dd Gp thap hon dan dén viéc giai
phéng GO tich Ity nhanh hon va cao hon tir
nano gel tong hop (Hinh 4).
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Hinh 3: Trong lirong con lai cua cdc nano gel sir dung nong do Gp khic nhaw,gom*8Gp0,5, 3Gp1, 3Gp2, 3Gp3
tan trong moi truong cé nong dg collagenase la 2 ug/mi, 10 ug/ml va20ug/mil (Nguon: tic gid)
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Hinh 4: Nong dg GO tich lily dwoephonghich tir cic nano gel siw dung nong do Gp khic nhau gom 3Gp0,5,

3Gp1, 3Gp2, 3Gp3 ¢ nhiéusmondd cellagenase khdc
Hoat tinh khing khudn«ua /GO dugc giai
phong ttr nano gel
D€ danh gia hoat tinh khang khuan cta GO,
S. aureus va P. aeruginosa dugc tuyén chon dé u
véi cac nong dd GO khac nhau bang cach st
dung thi nghiém OD600. Gia tri OD600 nm ctia
ca hai dong vi khuan déu giam phu thudc vao
nong do sau 24 gio u voi GO. Hon ntia, két qua
gid tri OD600 nm phu hop véi két qua thi
nghiém CFU. S6 lugng khuan lac trong nhom
3GO2 cling it hon dang ké so vdi cac nhom khac
ddi vdi ca hai dong vi khuan. Diéu nay c6 nghia
GO phong thich c6 thé e ché sy phat trién cta
vi khudn mot cach hiéu qua (Hinh 5).
D€ nghién cttu sdu hon anh hudng ctia GO

Chuyén Dé Ngoai Khoa

nhau la 2 pg/ml, 10 ug/ml va 20 pug/ml. (Nguon: tic gid)

phong thich tir nano gel ddi véi hinh thai vi
khuan, phan tich hinh anh SEM ctia hai chung vi
khuan ¢ trén da duoc ghi lai sau khi cdy véi GO
phong thich. Hau hét P. aeruginosa bi mac ket
trong cac tim GO dan dén tach khoi méi truong
dinh dudng cta ching va khong sinh s6i dwoc.
Véi S. aureus, cac canh sic ctia tim GO hoat
dong nhu dao cit qua mang t& bao ctia vi khuén,
dan dén mat tinh toan ven cia mang va cudi
cung la chét t&€ bao vi khuén (Hinh 6).

bé danh gia iing dung tiém ning ctia nano
gel lam bang vét thuong, thi nghiém lam lanh
vét thuong duoc tién hanh trén cac t€ bao
nguyeén bao sgi cua nguoi duoc cay truc tiép voi
gel 3GO1 so voi 2Gpl & nong do thap cua
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collagenase. Su hién dién ctia GO trong nano gel
c6 thé ting cuong su di chuyén cua t€ bao
nguyeén bao soi ctia ngudi mot cach dang ké sau
12 gio cdy va dong kin vét xudc hoan toan & 24
gio so vai gel 2Gpl. Tuy nhién, xét nghiém lanh
vét thuong trong phong thi nghiém khong thé
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Hinh 5: Thi nghiém do mét d¢ quang vi khudn OD600 n

phong thich 1 v6i S. aurevfs

P. geruginosa
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phan anh tinh hinh thyc t€ cua nhiing vét
thuong phttc tap ¢ nguoi va dong vat. Do do,
mot nghién ctu in vivo nén duoc tién hanh dé
chtiing minh hiéu qua va tao diéu kién thuan lgi
cho nano gel duoc dua vao ting dung lam sang
trong teeong lai.
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Hinh 6: (a) Hinh anh SEM cua P. aeruginosa va S. aureus trueéc (doi chirng) va sau 3 gio tiép xiic véi GO phéng
thich, (b) thi nghi¢m lanh vét thwong ciia gel khong c6 GO (2Gp1) so vdi gel c6 ting cuong GO (3GO1) trén té’
bao nguyén bao soi ctia nguwoi 6 nong do collagenase thap, (c) hinh anh GO phong thich 1 voi S. aureus (SA) va

P. aeruginosa (PA) trong 3 gio (C: nhom chitng, 1: nhom GO phong thich), ( d) die liéu dinh lirong ciia thi
nghiém lanh vét thiwong bang phitn mém Image J. (Nguon: tdc gid)
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BAN LUAN

Nghién ctu tao ra cic tdm nano gel tng
dung lam gac khang khuan. Do d6, kha nang
hdp thu nuwéc cua tdm nano gel phan anh truec
tiép kha nang kiém soat dich tiét vét thuong.
Hau hét cac tdm nano gel déu tang téc do hap
thu nudc theo thoi gian. Nong d6 Gp st dung
thap hon sé c6 téc d6 hap thu nwéc cao hon
dang ké sau 24 gio. Do d6, dé€ st dung cac nano
gel nay lam bang vét thuwong dé kiém soat dich
tiét ra, nén st dung Gp t6i vu tir 0,5 dén 1%
trong luwong. Khi nano gel hdp thu nudc dat
trang thai can bang, qua trinh phan hiy sé xay ra
néu nano gel lién tuc ti€p xdc voi moi truong
enzym. Trén thuc t€, dich tiét vét thuong chira
nhiéu enzym khac nhau nhu serine proteinase,
aspartic proteinase va
metalloproteinase nén vo6i cac noéng do khac
nhau tuy thudc vao tinh trang vét thuong®. Do
d6, nong do Gp dung cao hon ¢6 thé phu hop dé
stt dung cho cac vét thuong man tinh cé dich tiét
enzym tai chd cao.

cysteine proteinase,

Trong qua trinh phan htty, cdc nano gel bat
dau phéan ly tir ngoai vi dén trung tam'va giai
phong cac hat GO. Nong dd enzyme ¢ao hon
hodc nong d6 Gp thap hon.dan dén suigiai
phoéng GO tich Ity nhanh hon va caeshon tir cac
nano gel. Do d6, 3Gp1 c6 thé thichdop st dung
cho vét thuong cap tinh véi nong do enzym
thap, trai nguoc véi 3Gp2 va 3Gp3 cho vét
thwong man tinh. Trong bao cdo ctia Rehman
SRU str dung GelMA két hop GO cho thay suw
gidi phong GO lién tuc va kéo dai phu hop véi
viéc kéo dai thoi gian thuy phan trong PBS trong
28 ngay®. GO duoc giai phéng tit nano gel c6
thé kich thich tdng sinh t€ bao, di chuyén t€ bao
va thac day sy hinh thanh cac mach mau méi dé
chita lanh vét thuong.

Cac thi nghiém khang khuidn bao gom
OD600 nm va CFU chitng minh rang GO phéng
thich c6 thé tic ché hiéu qua su phat trién cua ca
S. aureus va P. aeruginosa véi dac tinh phu thudc
nong 6. Nhitng két qua nay cho thay rang cac
nano gel dugc dung lam bang vét thuong dudi
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dich tiét enzym tai chd c6 thé giai phéng cac hat
GO khang khuan dé€ ngan ngtra nhiém trung vét
thuwong hodc tao diéu kién chira lanh vét thuwong
bi nhiém trung. K& tir khi GO Ian d4u tién duoc
béo cao vé viéc tic ché dang ké sy phat trién cua
vi khuan E. coli vao nam 2010. Diéu nay da
truyén cam hung cho cac nghién ctu vé
graphene va cac vat liéu khang khuan thudc ho
graphene d€ chita lanh cac loai vét thuwong khac
nhau nhw chitosan-PVA s¢i nano chita graphene
chong lai vi khuan E. coli va vi khuan
Agrobacterium, GO chong lai vi sinh vat gay vét
thuong man tinh, mud6i amoni bac bon dya trén
co sO chong lai vi khuan Gram am da khang va
mang sinh hoc ctia chiing®”. P. aeruginosa bi mac
ket trong cac t&mGO phong thich dan dén ngét
két n6i voi moi truwdng dinh dudng cua chung va
khong sinh s6i.dwoc. Co ché bao boc nay ctia GO
chong laivi khuan cling da duoc bao cao boi
Giulio va cong su dan dén mat tinh toan ven ctia
mang va cudi cung la chét t€ bao vi khudn. Phat
hién eua ching t6i cling gidng nhw cac an phdm
tirde day da bao cdo rang GO ching minh déc
th diét khuan d6i véi vi khuan Gram duong va
Gram am dua trén sy ti€p xtc truc ti€p cua
thanh & bao vi khudn véi cac canh sic va cac vi
tri goc ¢ trén cac tam GO, tiép theo la su xam
nhdp hoan toan cta graphene vao vi khuan
thong qua 16p kép lipid®. Ngoai ra, su di chuyén
clia cac nguyén bao soi tir bo vét thuong ciing la
mot trong nhitng budc quan trong trong qua
trinh chita lanh vét thuong. Két qua cta ching
toi dwgc ing ho bdi Rehman va cong sy stt dung
GelMA ngam tam GO cé nong do 0,002% w/w
da tang cuong dang ké sy di chuyén cua nguyén
bao soi 3T3, t&€ bao ndi md EA hy926 va té€ bao
sting Hacat®. Gan day, Chen va cong su da cong
b6 viéc két hop 0,5% trong lwong GO trong nano
gel chitosan-PVA gitp tang dang ké kha nang
chita lanh vét thuwong thong qua viéc tang cuong
tai biéu md hda trong nghién ctru in vivo?.

KET LUAN

Cac tdm nano gel chita dung GO va c6 thé
duoc kiém soat phong thich cac hat GO tuy
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thudc vao nong do Gp va nong do enzym tuong
tng vai toc do phan hay gel. Ngoai ra, cac nano
gel con chitng minh kha nang phdng thich GO
duy tri hoat tinh khang khuén chdng lai S. aureus
va P. aeruginosa thong qua cac canh séc va co ché&
bao boc ciia chiing, dong thoi thuc day sw di cue
cua nguyeéen bao soi 0 nguoi. Tan dung déc tinh
da chtic nang ctia GO, chung ti tin rang nghién
ctru két hgp GO vao hydrogel lién két chéo sé la
mot chién lugc kha thi d€ phat trién bang vét
thuong da chitc nang cho cac yéu cau chira lanh
vét thuong man tinh.
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