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Nghién ciru tac dung khang biofilm cia gel chira
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Toém tat

Pit vin dé: Metronidazole (MTZ) c6 tac dung trén vi khuan Ky khi; do do, liposome chira MTZ Ia
huéng tiép can tiém nang nham ting tiép can biofilm, kéo dai tAc dung va c6 kha ning nang cao hi¢u
qua didu trj tai chd.

Muc tiéu nghién cieu: Nghién ciru ndy duge thuc hién nhim khao sat cic didu kién tao biofilm in vitro
ctia Porphyromonas gingivalis (P. gingivalis), dong thoi danh gia tac dung khang biofilm cuia gel chira
MTZ dang liposome d6i véi vi khuédn nay.

Doi twgng va phwrong phap nghién ciru: P. gingivalis ATCC 33277, MTZ nguyén liéu, MTZ chuan va
cac hoa chét lién quan dugc sir dung trong nghién ctiu. Nghién ctru danh gia anh huéng cia méi truong,
thoi gian nudi cdy dén kha nang tao biofilm cua P. gingivalis va tac dung khang biofilm cua gel chira
liposome MTZ.

Két qua: Nghién ciru da xay dung duoc mo hinh tao biofilm in vitro cua P. gingivalis, vai diéu kién pha
hop 12 méi trudong Brain Heart Infusion bo sung hemin 5 pg/mL va vitamin K 1 pg/mL, nudi cay ky khi
& 37°C trong 48 hoac 72 h. P. gingivalis ATCC 33277 nhay cam véi gel MTZ liposome va gel MTZ
nguyén liéu, véi MIC lan luot < 0,03 pg/mL va 0,06 pg/mL. Ca hai ché pham déu lam giam dang ké
biofilm hinh thanh sin & ndng d6 MTZ 0,24 ug/mL va tc ché dang ké sy hinh thanh biofilm & nong do
MTZ 0,24 pg/mL sau 48 h va 0,48 pg/mL sau 72 h.

Két ludn: Dit liéu vé kha ning khang khuan, giam sinh khdi cua gel MTZ liposome trong nghién ciru
nay cung cap dir liéu in vitro ban dau va tiém nang dinh hudéng trong cac nghién ctiu vé bénh nha chu ¢
céc giai doan tiép sau.

Tw khoa: metronidazole, liposome, Porphyromonas gingivalis, biofilm
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Abstract

Background: Metronidazole (MTZ) is active against anaerobic bacteria; therefore, MTZ-loaded
liposomes represent a potential approach to enhance biofilm penetration, prolong drug action, and
improve the efficacy of local treatment. Objective: This study aimed to optimize an in vitro biofilm
formation model of Porphyromonas gingivalis (P. gingivalis) and to evaluate the antibiofilm activity of
gel containing MTZ liposome against this bacterium.
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Materials and Methods: P. gingivalis ATCC 33277, raw MTZ, standard MTZ, and related chemicals
were used in this study. The effects of culture medium and incubation time on the biofilm-forming ability
of P. gingivalis, as well as the antibiofilm activity of gel containing MTZ liposome, were investigated.
Results: An in vitro biofilm formation model of P. gingivalis was successfully established, with suitable
conditions consisting of Brain Heart Infusion medium supplemented with hemin 5 pg/mL and vitamin
K 1 pg/mL, followed by anaerobic incubation at 37°C for 48 or 72 h. P. gingivalis ATCC 33277 was
sensitive to both MTZ Liposome gel and raw MTZ gel, with MIC values of < 0.03 pg/mL and 0.06
pug/mL, respectively. Both formulations significantly reduced preformed biofilms at MTZ concentration
of 0.24 ng/mL and almost completely inhibited biofilm formation at MTZ concentration of 0.24 pg/mL
after 48 h and 0.48 pg/mL after 72 h.

Conclusion: These findings provide preliminary in vitro evidence to support further studies on
periodontal disease.

Keywords: metronidazole, liposome, Porphyromonas gingivalis, biofilm

1. PAT VAN DE

Biofilm Ia cong dong vi sinh vat bam dinh bén viing trén bé mat va duoc bao boc trong chat nén
polysaccharid ngoai bao do chung tao ra, véi kiéu hinh khac véi té bao song tu do [1]. Vé thanh phan vi
sinh vat, biofilm c6 thé bao gdm mot hozc nhiéu loai vi khuan khéac nhau. V& cau tric, qud trinh tao
mang can c6 su tham gia ciia nhiéu yéu té dé hinh thanh nén cau tric dic trung ciia mang. Ty & va muc
d6 bam dinh cua té bao vi khuin vao mét bé mit phu thude vao dic tinh ky nude cua bé mat té bao, su
hién dién cua 16ng roi, tiém mao va chat két dinh, ngoai ra con c6 protein mang té bao va sy san xuit
mang luGi chat ngoai bao [1]. Trong nhiéu bénh nhiém tring man tinh, su hinh thanh biofilm lam cho
vi khuan rat kho bj tiéu diét boi khang sinh. Do dugc 16p polysaccharid bao boc nén vi khuan cé kha
nang bam dinh, ton tai lau trén bé mat, dé khang tt vai hién twong thuc bao va su tic dong caa khang
sinh. Duéi sy bao vé cua I6p mang sinh hoc nay, vi khuan cé thé chdng chiu dugc khang sinh & lidu cao
ma chi véi liéu khang sinh bang 1/1000 liéu luong nay vi khuan khéng nam trong mang sinh hoc di bi
tidu diét [2, 3].

Porphyromonas gingivalis (P. gingivalis) la mét loai truc khuan Gram am, ky khi, cé hinh dang
thoi, khong di dong va khong thé phan giai saccharid, tao ra cac khUan lac c6 sic té den trén dia thach
mau. Céc nghién ciru chi ra rang vi khuan P, gingivalis Xuat hién véi sé lugng Ién trong cac vung viém
nha chu. Sw hién dién cua vi khuan nay lién quan dén nguy co cao gy tiéu xuong 6 rdng va mat lién két
nha chu. Ngoai ra, P. gingivalis c6 kha niang xam nhap sau vao md lién két nha chu, dan dén nguy co tai
phat bénh rat Ion [4].

Metronidazole (MTZ) la mét khang sinh thugc nhoém nitroimidazole, da dugc sir dung trong
diéu trj viém nha chu do c6 thé tac dong Ién vi khuan ky khi bt budc bang cch can thiép vao qua trinh
tong hop acid nucleic [5]. Tuy nhién, hi¢u qua cua MTZ c6 thé bi han ché do sy hién dién cua biofilm
lam giam kha niang thim thudc va bao vé vi khuan khoi tac dong cua khang sinh. Bén canh do, méac du
hiéu qua cua MTZ trong diéu tri viém nha chu tét nhung thoi gian giai phéng nhanh cia MTZ va sé 1an
str dung nhiéu lan trong dot tri liéu s& Ia tré ngai khi diéu tri viém nha chu tai chd. Do d6, viéc tng dung
hé mang liposome c6 thé gitip tang kha nang tiép can biofilm, kéo dai thoi gian tac dung cua MTZ va
nang cao hiéu qua khang khuan tai chd 1a mot hudng nghién ctru ¢6 tiém ning trong diéu tri viém nha
chu [6].

Nhiéu nghién cau trén thé gisi da ching minh kha nang (¢ ché sy hinh thanh va khang biofilm
cua P. gingivalis bang cac hoat chat va hé mang thuc khac nhau. Liang va cong sy (2020) cho thay
cham carbon chwra tinidazole c¢6 kha ning thidm nhap vao biofilm, 1am giam doc lec va wc ché cac gen
lién quan dén qua trinh hinh thanh biofilm cua P. gingivalis [7]. Tuong tu, Li va cong su (2020) bao cao
D-arginine c6 kha ning tic ché sy hinh thanh ciing nhu thuc day su phan giai biofilm cua vi khuan nay
[8]. Cac nghién ciru khac ciia Gong va cong su (2022), Kumbar va cong su (2021), He va cong su (2022)
ciing ghi nhan bismuth subcitrat, curcumin va coumarin déu c6 kha ning lam giam sinh khéi biofilm,
trc ché sy hinh thanh hoac pha vé cau trac biofilm truéng thanh cua P. gingivalis [9-11].

Tuy nhién, MTZ la mét trong nhimg khang sinh dugc st dung phé bién trong diéu trj viém nha
chu do tac dung manh trén céc vi khuan ky khi bét bugc, cac nghién ciru vé kha ning khang biofilm cua
MTZ dang nano hoa, dic biét 1a dang liposome khi dwa vao dang gel, dbi vai P. gingivalis van con rat
han ché. Tai Viét Nam, cac nghién ctu vé hoat tinh khang biofilm chu yéu tap trung trén cac chang vi
khuan nhu Staphylococcus aureus va cac dich chiét dugc liéu, trong khi cac nghién ctru xay dung mo
hinh biofilm cua P. gingivalis va danh gia tac dung cua céc hé tiéu phan nano trén biofilm caa vi khuan
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nay chua dugc cong bd nhidu [12- 14]. Do do, viéc nghién ciu tac dung khang biofilm cua MTZ dang
liposome d0| véi P. gingivalis la can thiét, vira gop phan hoan thién mo hinh danh gia biofilm in vitro,
vira cung cép co so khoa hoc cho viéc phét trién cac hé dan thudc nano dinh huéng diéu tri viém nha
chu va han ché nguy co khéng khang sinh.

Xuét phat tir co s¢ trén, nghién ciru nay duoc thuc hién nhim khao sat cac diéu kién tao biofilm
in vitro cta P. gingivalis, ddng thoi danh gia tic dung khang biofilm cua gel chira MTZ dang liposome
db6i véi vi khuan nay.

2. POl TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. Poi twgng nghién ciu:

Chung vi khuan P. gingivalis ATCC 33277 (Culti-Loops; catalog number: CL9008) dugc mua
tur Oxoid Limited (Thermo Fisher Inc., Hoa Ky).

MTZ nguyén liéu c6 ngudn géc tir Hubei Hongyuan Pharmaceutical Technology Co., Ltd.
(Trung Qu0c) MTZ chuan c¢6 ham luong 99,96%, dat tiéu chuén Dugc dién Viét Nam V, do Vién Kiém
nghiém thudc Trung wong cung cap. Liposome MTZ dugc bao ché va dwa vao dang gel 0,75% tai Phong
Bao ché — San xuat thudc, Khoa Dugc, Trudng Dai hoc Y — Dugc, Pai hoc Hué [6, 15].

Cac nguyén liéu ding dé bao ché liposome va gel gom hydrogenated soybean
phosphatidylcholin (HSPC), cholesterol, hydroxyethyl cellulose (HEC), Carbopol 934, glycerin,
triethanolamin (Trung Qudc), nipagin va nipazol (Nhat Ban). Cac nguyén liéu dat tiéu chuan co sé cua
nha san xuat.

Céac mdi truong va hoa chit st dung trong nghién cau vi sinh gdm méi trudng Brain Heart
Infusion (BHI) (Merck, Buc), Brucella blood hemin vitamin K agar base (Alphachem, Viét Nam), méau
ngua ly giai (Alphachem, Viét Nam), glucose 1% (Merck, Phép), hemin va vitamin K dang menadione
(Himedia, An D), dung dich tim tinh thé (Crystal violet — CV, Merck, Btc), ethanol 95% va 99,6%,
dung dich dém phosphate va nudc cat v khuan. Vi khuan dugc nudi ciy trong diéu kién ky khi bang
tdi AnaeroPack Anaero (Mitsubishi Gas Chemical Company, Nhat Ban). Céc thi nghiém duoc tién hanh
trén khay 96 giéng day phing hoic day tron (Costa, M) va cac dung cu vo khuan pht hop.

2.2. Phwong phap nghién ciru
2.2.1. Pdnh gid dnh hwéng ciia méi trwong va thei gian nudi cdy dén kha néng tao biofilm cia P.
gingivalis

Tién hanh khao sat méi trudng nudi ciy & giai doan tao biofilm bao gdm méi trudng ¢ bd sung
glucose 1% (moi truong glucose 1%) va mdi truong BHI ¢6 bd sung hemin va vitamin K; sau d6 tién
hanh khao sat thoi gian nudi cay trong 4872 h. Cu thé nhu sau:

+ Mbi truong glucose 1%: Chuan bj huyen phu P. gingivalis (5x107 CFU/mL) trong dung dich
1% glucose, sau do, hat 100 uL cho vao mai giéng cua khay nudi cay 96 giéng day phang. Cac khay
nay dugc i trong 48-72 h ¢ tii am 37° 'C cling véi tli  ky khi dé kieém tra kha ndng hinh thanh mang
sinh hoc. Sau khi nuéi cdy, khay 96 giéng duoc rira ba 1an bang dung dich mudi dém phosphate (PBS)
dé loai bo vi khuan P. gingivalis khong bam dinh. Tlep theo, 150 pL. methanol dugc thém vao tung gieng
dé ¢ dinh mang sinh hoc trong 10 phut. Sau khi ¢é dinh, khay dwoc ria ba 1an voi PBS va dé kho trong
khong khi ¢ nhiét do phong, nhuém mau CV va rira ki bang PBS cho dén khi c4c giéng di chung &m
xuit hién khong mau. Cubi cuing, phan mau nhudém duoc hoa tan bing 200 uL ethanol 95% (v/v) va dinh
lwong bang cach do mat d6 quang & 570 nm trén thiét bi doc dia [7].

+ Moéi truong BHI ¢6 chira 5 pg/mL Hemin va 1 pg/mL Vitamin K: St dung méi truong nudi
cay 1a BHI ¢6 bo sung thém Hemin va Vitamin K, sau d6 dugc & 37 °C trong diéu kién ky khi tir 4872
h dé hinh thanh biofilm. Panh gi4 sinh khdi bang phuong phap nhuém CV, rira bang dung dich dém
PBS, thém ethanol dé hoa tan CV va do mat d6 quang & 570 nm [9, 11].

Tién hanh xac dinh kha nang hinh thanh sinh khdi biofilm thong qua két qua do mat d¢ quang
OD theo c6ng thac (1) nhu sau [16]:

OD,,0D.,...,0D NC{,NC,,...,.NC
ODrigy chin= (Z — ) - (Z — ) ®

Trong d6, OD1.n: gié tri mat d6 quang cua cAc mau thir; NCy. ,: gia tri OD cua cac mau doi
chung am.

Dua vao cdng thuc trén xac dinh kha nang hinh thanh biofilm nhu sau:

+ Khong san xuét sinh khéi biofilm (ODhigy chinh < NC),
+ Hinh thanh sinh khéi biofilm yéu (NC < ODnigy chinh < 2 x NC),
+ Hinh thanh sinh khéi biofilm vira phai (2 x NC < ODhigy chinh < 4 x NC),
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+ Hinh thanh sinh khéi biofilm manh (ODrig chinh > 4 X NC).

2.2.2. Ddnh gid tdc dung khang biofilm cia gel chita liposome MTZ déi véi vi khudn P. gingivalis
2.2.2.1. Panh gid nong dg irc ché toi thiéu (MIC) cua gel chira liposome MTZ dsi véi vi khuan P.
gingivalis

Nong d6 tc ché téi thiéu (MIC) cua cac ché pham thur dugc xac dinh bang phuong phap vi pha
loang trong méi truong long, tham khao huéng dan CLSI M11-A7 dbi voi Vi khuan ky khi. Mau thu
duoc pha loang lién tiép theo cap so 2 trong mdi truong sBHI trén khay 96 giéng day tron, vai ddy ndng
do tir 16 dén 0,03 pg/mL [17]. Huyén dich P. gingivalis dwoc chuin héa twong duong McFarland 0,5
(1,5 x 108 CFU/mL), sau d6 pha loang dén 1 x 10" CFU/mL. Mdi giéng chira 100 pL mau thir da pha
lodng duoc b sung 10 L huyén dich vi khuan, dat mat do cudi khoang ~ 1 x 10° CFU/mL. Khay dugc
u Ky khi ¢ 37 °C trong 48 h.
2.2.2.2. Bdnh gid kha nang khdang biofilm cua gel chira liposome MTZ dsi véi P. gingivalis

Quy trinh danh gia kha ning khang biofilm va trc ché hinh thanh biofilm ddi véi vi khuan P.
gingivalis cua gel liposome MTZ va gel MTZ nguyén li¢u dugc tom tat nhu sau:
a. Panh gia kha nang khang biofilm hinh thanh sin cua gel liposome MTZ di véi vi khuén P. gingivalis

Huyén dich vi khuan P. gingivalis (150 pL) dwoc nudi ciy tdi uu va u ky khi & 37 °C trong 48
hozc 72 h dé tao biofilm tir cac didu kién téi wu ¢ khao sét trén. Sau thoi gian tao biofilm, 150 puL mau thir
duogc dua vao giéng dé thu duoc cac ndng do cudi tir 0,06 dén 30,72 pg/mL va tiép tuc u trong diéu kién
ky khi & 37 °C trong 24 gid. Sau thoi gian u, dich trong giéng duoc loai bo, cac giéng duoc rira ba 1an bang
PBS dé loai té bao khong bam dinh va dé khd & nhiét o phong trong 20 phut. Biofilm dugc ¢b dinh bang
200 pL methanol trong 15 phut, rira lai bang PBS va nhuém vai 200 pL dung dich CV trong 20 phat ¢ 25
°C. Thudc nhudm du duoc loai bo, cac giéng duoc rira dén khi dbi ching am khéng con mau, sau do, CV
lién két véi biofilm dugc hoa tan bang ethanol 95%. Téng sinh khéi biofilm dwoc dinh lwong bang cach
do mat d6 quang & budc séng 570 nm [18].
b. Panh gia kha ning uc ché hinh thanh biofilm cuaa gel chta liposome MTZ d6i voi vi khuan P.
gingivalis

Kha ndng tc ché hinh thanh biofilm cua cac ché pham thir ddi vsi P. gingivalis duoc danh gia
bang phuong phéap dong o vi khuan véi mau thir trén khay 96 giéng day phang. Huyen dich vi khuan dugc
chuan hoéa tuong duong McFarland 0,5 (1,5 108 CFU/mL) trong méi trudng nudi cay t01 wu. Moi gleng
duoc bo sung 150 uL huyén dich vi khuan va 150 uL mau thir sao cho thu dugc cac nong do cuoi cua
thude thir tir 0,06 dén 30,72 pg/mL. Cac khay dugc u ky khi & 37°C trong 48 hozc 72 h dé dong thoi tao
biofilm va danh gia anh huéng cua mau tha 18n qua trinh hinh thanh biofilm. Sau thoi gian v, dich nudi
ciy duoc loai bo, cac giéng duoc rira ba lan bang PBS, dé khd & nhiét do phong, ¢ dinh biofilm bang
methanol va nhuom bang dung dich CV. Thudc nhudém lign két vai biofilm duoc hda tan bang ethanol 95%
va tong sinh khdi biofilm dwoc dinh lugng bang cach do mat do quang & budc séng 570 nm [18].
2.3. Xir ly va phan tich s6 liéu

Dit liéu duoc biéu dién duéi dang trung binh + do léch chuin (Mean + SD). Cac thi nghiém
dugc lap lai it nhat trén 3 giéng ky thuat trong mot thi nghiém, trir khi ¢6 ghi chu khéc. S6 ligu dugc it
ly bang phan mém Microsoft Excel for Microsoft 365 Apps for enterprise.
3.KET QUA NGHIEN CUU
3.1. Anh hwéng ciia méi truedng nudi ciy dén kha ning tao biofilm caa P. gingivalis

Tién hanh tao biofilm cua chung vi khuan P. gingivalis ATCC 33277, sir dung méi truong
glucose 1% va mdi trudng BHI + hemin + vitamin K dé khao séat kha nang hinh thanh biofilm. Biofilm
tao thanh sau 48 h u ky khi & 37 °C s& duoc danh gia vé tdng sinh khbi bang phuong phap nhuém CV
va do mat do quang OD ¢ 570 nm thu duoc két qua & hinh 1.
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Hinh 1. Anh hudng cta méi truong tao biofilm: (A) glucose 1%, (B) BHI + Hem + Vitamin K dén
kha nang tao biofilm cua P. gingivalis; (C) Anh huong ciia méi truong nudi cay dén kha ning tao
biofilm caa P. gingivalis (véi 6 giéng lap lai trong 1 lan thi nghiém)

Quan sét cac giéng bang mit thuong c6 thé nhan thiy nhiing giéng chira méi truong BHI +
hemin + vitamin K sau khi nhu¢m CV s€ cho mau xanh tim dam hon moi truong glucose 1%, nghia la
sinh khéi biofilm duoc tao ra & méi truong BHI + hemin + vitamin K 1 nhiéu hon (Hinh 1A-B).

Két qua khao sat hai moi truong nudi cdy cho thay méi truong BHI bo sung hemin va vitamin
K cho kha ning hinh thanh biofilm cua P. gingivalis tbt hon so véi méi truong glucose 1% voi gia tri
OD gan gép 3 lan. Mai truong glucose 1% khong tao duoc biofilm (ODhiy chinh (Glucose 194) = 0,238 — 0,137
= 0,101 < 0,137); trong khi d6, moéi truong BHI + hemin + K ¢6 kha nang hinh thanh biofilm manh
(ODhigu chinh (8HI hem k) = 0,771 — 0,139 = 0,632 > 4 x 0,139).

Do d6, moi truong BHI + 5 pg/mL hemin + 1 pg/mL vitamin K duoc lya chon lam méi truong
nudi cay cho céc thir nghiém tiép theo.

3.2. Anh hwéng cia thai gian nudi ciy dén kha niing tao biofilm cua P. gingivalis

Str dung méi truong nudi ciy BHI + 5 pg/mL hemin + 1 pg/mL vitamin K 1am diéu kién t6i vu
dé khao sét vé kha niang hinh thanh biofilm theo thoi gian. Trong nghién ctru nay, hai méc thoi gian 48
h va 72 h dugc chon nham danh gi4 giai doan truong thanh va bién doi cua biofilm P. gingivalis, qua do
xéc dinh duoc thoi diém nudi cdy thich hop nhat cho céc thir nghiém tiép theo.

Tién hanh nudi ciy tao biofilm trén 02 khay 96 giéng & 02 thoi diém khéc nhau trong cac hop
ky khi riéng biét (trong d6, cac quy trinh hut, rira, nhuém cac giéng dugc 1ap lai twong tu giira 02 khay),
thu duoc két qua ¢ hinh 2.

A

Control Control

C 1 = BHI+Hem+K
OControl

Gia tri OD570nm
e Lo @
2 o o

o
N

D ,

48h 72h
Hinh 2. Anh huong cua thoi gian nudi ciy dén kha ning tao biofilm: (A) Sau 48 h (80 giéng lap lai
trong 1 thi nghiém), (B) Sau 72 h (86 giéng lap lai trong 1 thi nghiém); (C) Kha ning hinh thanh
biofilm P. gingivalis tai thoi gian 48 va 72 h
Céc khay 96 giéng sau khi duoc nhuém CV trong 20 phut, rira bang dung dich dém PBS va dé
khé & nhiét ¢ phong, quan sat bang mat thuong cé thé dé dang nhan thiy ¢ khay 48 h phan day giéng
c6 nhiéu mang bam mau tim ¢am hon khay 72 h, c6 thé cho thay luong biofilm bam dinh vao day giéng
cao hon tuong tng véi gia tri OD Ién hon gan 1,5 lan (Hinh 2). D4i véi thoi diém 48 h, cho kha ning
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hinh thanh sinh khdi biofilm manh (ODagh = 0,732 - 0,117 = 0,615 > 4 x 0,117), trong khi thoi diém 72
h cho kha nang hinh thanh sinh khdi biofilm vira phai (OD721 = 0,509 — 0,123 =2 x 0,123 < 0,386 < 4
x 0,123).

Vi ci hai thoi diém déu cho kha nang hinh thanh biofilm, mirc do sinh khéi biofilm tao ra tir
vira dén manh, nén ca hai moc thlc‘yi gian 48 h va 72 h duqc’ lua chon dé thuc hién cac thir nghiém tiep
theo, muc dich lua chon ca hai moc thoi gian trén dé cung cap dir liéu so sanh hiru ich cho danh gia hiéu
qua. . X
3.3. Panh gia tic dung khang biofilm caa gel chira liposome MTZ doi véi vi khuan P. gingivalis
Xdc dinh gia tri MIC cia gel chira liposome MTZ doi véi vi khuan P. gingivalis 7

Nong do gel MTZ liposome (Gel MTZ Lipo) va Gel MTZ nguyén liéu dugc chon dé khao sat
lan luot tir 160,03 ug/mL bing phuwong phap vi pha lodng (theo cip sb 2) véi két qua thu dwoc ¢ hinh
3.

46 _Phalodngtheocipsé2 003 s ¢
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Hinh 3. Két qua thir MIC caa gel MTZ Lipo va gel MTZ nguyén liéu ddi vai P. gingivalis (nhin tir
dudi 1én; ky hiéu: 6 vudng: c6 su phét trién vi khuan, S: méi trudng, C: d6i ching)

Két qua vi pha lodng cho thiy déi chimg duong co P. gingivalis phat trién tot, trong khi di
chang am khdng ghi nhan vi khuan moc. Gel MTZ Lipo tic ché su phét trién cua P. gingivalis ¢ toan bo
dady nong d6 khao sat, véi MIC nhé hon hoic bang 0,03 pg/mL. Gel MTZ nguyén lidu tc ché vi khuan
tir ndng do 0,06 pg/mL, do d6 MIC dugc xac dinh 1a 0,06 pg/mL. Gel liposome placebo khdng cé kha
ning uc ché P. gingivalis. Két qua cho thdy gel MTZ Lipo c6 hoat tinh t&rc ché P. gingivalis tt hon gel
MTZ nguyén liéu.

Ddnh gid khd nang khdng biofilm hinh thanh sén cia gel chiva liposome MTZ déi véi P. gingivalis

Thir nghiém vé kha nang khang biofilm hinh thanh sin sau 48 h hodc 72 h ciia gel chira liposome
MTZ dbi véi P. gingivalis duoc tién hanh voi diy nong do tir 0,06-30,72 pug/mL va a trong 24 h, thu
duge két qua & hinh 4.
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Hinh 4. Kha ning khang biofilm hinh thanh sin ciia gel MTZ Lipo va gel MTZ nguyén lig¢u dbi véi P.
gingivalis: (A) doi voi biofilm hinh thanh trong 48 h va thir thudc trong 24 h; (B) doi voi biofilm hinh
thanh trong 72 h va thir thuéc trong 24 h (3 giéng lap lai trong 1 lan thi nghiém ¢ méi nong do, doi véi
control: 6 giéng lap lgi trong 1 lan thi nghigm)
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Déi véi trudng hop biofilm hinh thanh trong 48 h va thtr thude trong 24 h: Khi ting dan ndng
d6 thude, hiéu qua khang biofilm cua gel MTZ Lipo va gel MTZ nguyén liéu ting dan. Tai nong do
MTZ 0,24 pg/mL, ca hai ché pham gel MTZ Lipo va gel MTZ nguyén ligu lam giam dang ké sinh khéi
biofilm vé&i % sinh khéi biofilm con lai 1an luot 1a 26,34 + 2,51 % va 28,36 + 0,33 %.

Déi voi truong hop biofilm hinh thanh trong 72 h va thir thube trong 24 h: Xu hudng tac dong
tuong tu nhu & biofilm 48 h, sinh khéi biofilm giam dan khi nong d6 MTZ tang 1én, ca hai nhém gel
MTZ Lipo va gel MTZ nguyén li¢u ciing lam giam dang ké sinh khéi biofilm véi % sinh khéi biofilm
con lai lan luot 14 23,34 + 3,02 % va 23,17 + 1,53 % 6 nong do MTZ 0,24 pg/mL.

O toan bo ddy ndng do khao st va hai thoi diém, kha ning khang biofilm cua hai ché pham gel
MTZ Lipo va gel MTZ nguyén li¢u gan tuong ty nhau vai ti 1¢ % sinh khéi biofilm con lai tuong tng
tir 0,85 dén 1,35 lan (ngoai trir & nong do 7,68 pg/mL, d6i voi biofilm hinh thanh trong 48 h va thir
thudc trong 24 h 120,61 lan).

Ddnh gid khd nang rrc ché sw hinh thanh biofilm cia gel chiva liposome MTZ doi véi P. gingivalis

Thir nghiém vé kha ning tc ché sy hinh thanh biofilm caa gel MTZ Lipo dbi véi P. gingivalis
duoc tién hanh véi day nong do tir 0,06-30,72 pg/mL va i trong 48 h hoic 72 h, thu dwoc két qua & hinh
5.
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Hinh 5. Kha ning wc ché sy hinh thanh biofilm cia gel MTZ Lipo va gel MTZ nguyén li¢u dbi véi P.

glnglvalls (A) truong hop cho vi khuan va thu00 thir vao u chung trong 48 h; (B) truong hop cho vi

khuan va thudc thir vao u chung trong 72 h(@3 gieng ldp lai trong 1 lan thi nghiém ¢ méi nong dé, doi
véi control: 6 giéng lap lgi trong 1 lan thi nghiém)

Déi véi truong hop cho vi khuan va thude thir vao u chung trong 48 h: Khi nong 46 MTZ ting
Ién 0,12 pg/mL, tong sinh khéi biofilm con lai giam manh xudng con <30% & ca hai nhém gel MTZ
Lipo va gel MTZ nguyén liéu. Tir nong d6 MTZ 0,24 pg/mL tro I1én, sy hinh thanh biofilm gan nhu bi
(rc ché hoan toan véi % sinh khéi biofilm con lai lan luot 12 1,88 + 0,40 % va 1,32 + 0,58 % tai nong do
MTZ 0,24 pg/mL.

Déi véi truong hop cho vi khuén va thudc thir vao u chung trong 72 h: Xu hudng tac dong tuong
tu cling duoc quan sét thy. Ca gel MTZ Lipo va gel MTZ nguyén liéu déu lam giam dang ké tdng sinh
khéi biofilm vai % sinh khdi biofilm con lai 1an luot 14 16,49 + 1,20 % va 15,61 + 2,44 % tai nong do
MTZ 0,24 pg/mL. Hiéu qua e ché gan nhu hoan toan (>95%) dat duoc khi nong do MTZ tién téi mébc
0,48 pg/mL.

O cac ddy ndng do khao sat tir 0,06—0,96 pg/mL va ca 2 mdc thoi gian 48 h va 72 h, kha niang
trc ché hinh thanh sinh khéi biofilm cua gel MTZ Lipo va gel MTZ nguyén liéu 1a gan twong ty nhau
Véi ti 18 % sinh khéi biofilm con lai twong wng tir 0,85 dén 1,40 lan.

4. BAN LUAN

Dang gel ding tai chd 1a huéng tiép can phi hop trong diéu tri viém nha chu nho kha ning duy
tri ndng d6 khéang sinh cao tai ti nha chu va han ché tac dung toan than. MTZ Lipo c6 hiéu qua trén vi
khuan ky khi Gram 4m nhung dang quy uéc thuong giai phong nhanh, can ding nhiéu lan. Vi vay, gel
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MTZ Lipo c6 thé gitp kéo dai thoi gian luu gii thube, cai thién hiéu qua diéu tri hd trg sau cao voi ring
va lam nhin mat gdc rang [19].

Qua thir nghiém khao sat méi truong anh huong dén qua trinh ting sinh cua vi khuan, chiing toi
da tién hanh khao sat 02 loai méi trudng khac nhau cho giai doan hinh thanh biofilm, cu thé la: Glucose
1%, BHI + Hemin + vitamin K. Trong d6, méi truong BHI + Hemin + vitamin K cho thiy sy phat trién
ndi bat caa P. gingivalis. BHI duoc dung nudi cy cac loai vi sinh vat c6 diéu kién sinh trudng phuc tap.
Thanh phan ciia méi truong BHI gom c¢6 dich tim bo va dich ndo bé cung cap acid amin, nito, carbon,
vitamin va khoang chat cho qua trinh sinh truéng caa vi khuan, disodium hydrogen phosphat c6 vai tro
la hé dém pH, glucose (~ 0,2%) la ngudn carbohydrat can thiét cho sy phat trién cua vi khuan, natri
clorid gidp duy tri sy can bang &p suit tham thiu gitra moi trudng va té bao vi sinh vat, tir d6 hd tro qua
trinh phat trién cac chang vi khuan khé tinh.

Mot sé nghién ciru di bd sung glucose trong moi truong nudi cay tao biofilm cua P. gingivalis
nhu BHI + glucose v6i cac nong d6 khac nhau [20] (trong d6, chwa thé hién su khac biét vé gié tri OD
giita cac ndng do glucose cao) [21]; hoic chi sir dung BHI [22, 23], hodc cac méi trudng khac nhu
Tryptic Soy Broth + glucose 1% [24], hodc méi truong bovine serum albumin két hop a-ketoglutarat
[25]. Trong nghién ciru nay, méi truong c6 bo sung glucose trong giai doan tao biofilm ciing da thé hién
su hinh thanh sinh khéi biofilm twong tw nghién ctu cua Smlga va cong su khi pha lodng moéi truong
basal media trong PBS ¢ giai doan tao biofilm ciing da thé hién sy hinh thanh sinh khdi biofilm khéng
dang ké so véi moi truong st dung BSA co/khong co két hop collagen [26].

‘Trong nudi Cay P. gingivalis, mdi truong thuong duoc bd sung hemin va vitamin K dé hd trg su
phét trién cua vi khuan. Trong nghién ciru nay, hemin 5 pg/mL va vitamin K 1 pg/mL duoc su dung,
phu hop véi nghién ciru cua Kesavala va cong su, trong d6 khong ghi nhén khac biét déang ké vé dong
hoc tang truong khi so sanh hemin 5 pug/mL véi 500 pg/mL [27]. Hemin la ngudn cung cap sit va nhan
porphyrin quan trong cho P. gingivalis, do vi khuan nay khdng tu tong hop porphyrin va khéng sir dung
siderophore nhu nhiéu vi khuan khac. Thay vao do, P. gingivalis thu nhan sit tir hem cua ky cha théng
qua gingipain va cac protein lién két mang [28]. Do 6, hemin 5 pg/mL va vitamin K 1 pg/mL dugc lya
chon cho cac thir nghiém nudi cay trong nghién ctru nay.

Trong khao sét thoi gian nudi cay, huyén dich P. gingivalis 1,5x10° CFU/mL dugc nudi cay
trong méi truong BHI bo sung hemin va vitamin K, 1 ky khi ¢ 37°C trong 48 h hoac 72 h. Két qua dinh
lwong bang phuong phap nhuém CV cho thdy sinh khdi biofilm bam dinh dat mirc cao hon & 48 h va
giam nhe & 72 h. Sy giam nhe sinh khdi & 72 h ¢6 thé lién quan dén giai doan phan tan hoic thoai hoa
mot phan biofilm do thiéu hut dinh dudng, tich liy san phém chuyén hoa va co ché dléu hoa cam bién
) lugng [29, 30]. P. gingivalis dugc ghi nhan c6 hé théng LuxS/Al-2 tham gia giao tiép gitra cac loai
va didu hoa cac qua trinh lién quan dén biofilm [31]. Mot s6 nghién ctru trude day ciing cho thiy thoi
gian nuoi cay 1a yéu t6 anh huong dén sy hinh thanh va cau trdc biofilm caa P. gingivalis [30], vei cac
moc thuong dugc s dung nhu 16 h hodc 48 h [9, 32]. Viéc sur dung cung huyén phu vi khuan cung 16
moi truong va khai dau thi nghiém dong thoi da giam thiéu bién thién lién quan dén mat d6 gidng, thanh
phan méi truong va thoi diém tién hanh. Chi thi ky khi ciing x4c nhan rang diéu kién ky khi duoc thiét
lap trong ca hai hop. Tuy nhién, do cac mau 48 va 72 gio duoc nudi trén cac khay va trong cac hop ky
khi riéng biét, anh huong con lai cua khay va mé  chua thé duoc loai trir hoan toan; vi vay, su giam
sinh khdi ¢ 72 gid duoc xem la mot xu huéng can duoc xac nhan qua cac thi nghiém doc 1ap trong cac
nghién cuu tiép theo [33]. Do do, viéc lua chon ca hai thoi diém 48 h va 72 h trong nghién ctu nay la
pht hop nham danh gia tac dung khang biofilm cua MTZ Lipo dang nano héa trén cac giai doan biofilm
khac nhau.

Theo phuong phap vi pha lodng, két qua duoc doc bang mit thudng theo huéng dan CLSI M11
— A7 “Phuong phép danh gia do nhay cam cua vi khuan ky khi” [17]. Gia tri MIC thu dugc cua ché
pham gel MTZ Lipo 1a < 0,03 pg/mL va gel MTZ nguyén liéu 1a 0,06 ug/mL. Gia tri ndy nam trong
khoang dao dong tir 0,02 dén 2 pg/mL [34]. Piém gay (breakpoint) ciia MTZ dbi vai vi khuan ky khi
tham khao tir CLSI v&i MIC < 8 pg/ml [35]. Ca 2 ché pham thir nghiém trén déu dugc xac dinh MIC <
8 pg/mL, nam dudi breakpoint nhay cam tham chiéu cua CLSI déi vi MTZ va vi khuan ky khi (<8
pg/mL).

Loai bé mang sinh hoc va ngin ngira tai phat van 1a muc tiéu trong tim trong diéu tri bénh nha
chu. Bén canh céc bién phap co hoc nhu cao voi, xir Iy bé mit chan riang va vé sinh rang miéng, cac liéu
phap hd trg bang khang sinh, chit sat khuin hodc men vi sinh thuong duoc str dung nham nang cao hiéu
qué diéu tri. Tuy nhién, khéng sinh toan than khong dugc khuyén khich thuong quy do nguy co tac dung
phu va kho dat n6ng d6 hiéu qua tai tui nha chu [36]. Vi vay, cac hé phan phéi thude tai chd, dic biét 1a
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hé mang nano, duoc quan tim phat trién nhim ting ndng d6 duogc chét tai vi tri dich, kéo dai thoi gian
luu gitr, kiém soat giai phong va giam tac dung toan than. Nho kich thudc nho va dién tich be mat 16n,
cac tleu phén nano c6 kha ning thAm nhap, tuong tic va hd trg pha v mang sinh hoc. Mot s6 hé nano,
bao gdm nano kim loai nhu nano vang, nano bac va cac vt liéu nano khac, di cho thay tiém ning khang
khuan ddi véi cac nhiém khuin ving miéng [37].

Su phat trién cta y hoc nano da thac déy ung dung cac hé vat li€u nano trong diéu tri nhiém
khuén, bao gdm bénh nha chu. Trong dé, liposome 14 hé tiéu phan dugc céu tao tir 16p phospholipid kép,
c6 kha nang bao goi dugc chét, cai thién do 6n dinh, han ché phan bd dén mé lanh va duy tri hi€u qua
diéu tri voi liéu thip hon. Liposome di dugc nghién ciru rong rai trong diéu tri ung thu, bénh truyén
nhiém va gan day duoc quan tim trong diéu tri nha chu. Mot s6 nghién ctru cho thay cac hoat chat nhu
SuperOXIde dismutase, resveratrol hogc lactoferrin khi dugc bao goi trong liposome c6 thé lam giam chi
s6 viém nuéu, d6 sau tai nha chu, ndng do cytokine gdy viém va tiéu xuong 0 rang trén cac mo hinh
thue nghiém hodc nghién ctru 1am sang [38-40]. Nhitng két qua niy goi y tiém ning ctia liposome nhur
mot hé mang thudc sinh hoc trong hd trg chiam soc strc khoe rang miéng va kiém soat bénh nha chu.

Trong nghién ctru nay, gel chira liposome MTZ Lipo dugc danh gia tac dung trén biofilm don
loai cua P. gingivalis ATCC 33277 va so sanh v6i gel chira MTZ Lipo nguyén li¢u. Quy trinh thtr
nghiém dugc tham khao tir mét s6 nghién ciru trude day Ve danh gia hoat tinh khang biofilm dbi Vo1 P.
gingivalis, trong d6 biofilm dwogc hinh thanh trén dia vi giéng, sau d6 tiép xtc véi mau thir & cac ndng
d6 khac nhau va dinh luong sinh khdi bang phuong phap nhugom CV [7].

Mot s6 nghién ciru gan day ciing stir dung mé hinh tuong ty dé khao sat tic dung khang biofilm
cuia céac hoat chit méi. Ando va cong su (2025) cho théy acid ferulic c6 kha nang trc ché sy hinh thanh
biofilm cua P. gingivalis & nong d6 dudi MIC théng qua co ché trc ché san xuat autoinducer-2 (Al-2)
va hoat dong thu thé lién quan dén cam ung sb lwong. Co ché nay c6 thé gop phan lam giam hinh thanh
biofilm va han ché biéu hién cac yéu té doc luc nhu gingipain. Tuy nhién, nghién ctru méi dimg lai &
biofilm don loai, do d6 can thém cac khao sat trén biofilm da loai, mé hinh in vivo va nghién ctru 1am
sang dé khing dinh hiéu qua ung dung [18].

Trong nghién ctru nay, biofilm P. gingivalis hinh thanh sau 48 h va 72 h dugc u véi gel MTZ
Lipo va gel MTZ nguyén liéu & day nong d6 0,06-30,72 pg/mL. Két qua cho thiy ca hai ché pham déu
lam giam rd rét sinh khéi biofilm, ké ca & khoang nng d6 MTZ thap 0,06-7,68 pg/mL. Ca hai ché
pham déu lam giam d4ng ké sinh khéi biofilm da hinh thanh sin (>70%) & nong d6 MTZ 0,24 pug/mL.
Hé gel liposome chira MTZ chua 1am ting dang ké hiéu qua khang biofilm so v6i gel MTZ nguyén liéu
trong diéu kién in vitro. Két qua nay c6 thé lién quan dén dic tinh giai phong duoc chét tir liposome.
Han va cong su (2024) cling ghi nhén peptide LL17-32 khi tai vao liposome c6 hiéu suét lién két cao
nhung hoat tinh diét khuan dbi voi P. gingivalis giam so véi dang tu do, co thé do hoat chat dugc giai
phong han ché. Tuy vay, dic tinh giai phong cham cua hé liposome van c6 tiém ning cho cic dang thude
bam dinh ni€ém mac va giai phong kéo dai tai khoang miéng [41].

Thir nghiém trc ché hinh thanh biofilm trong nghién ctru nay dugc tham khao tir Ando va cong
su (2025), trong do huyén dich P. gingivalis duoc d6ng u v6i hoat chat thir trén khay 96 gleng day phang
va sinh khéi biofilm duoc dinh luong bang phuong phap nhuém CV [18]. Mot hudng tiép can tuong tu
cing dugc ghi nhdn trong nghién ctru cua Hiroshima va cong su (2023), khi peptide khang khuén B-
defensin 2 (BD-2) dugc bao goi trong liposome nham cai thién kha ning van chuyén dén té bao biéu mé
miéng. Ca BD-2 ty do va liposome BD-2 déu lam giam dang ké sy bam dinh cua P. gingivalis, c6 thé
lién quan dén dic tinh cation va ludng tinh ciia BD-2, giup tuong tic v6i mang vi khuan va can tr¢ qua
trinh bam dinh. K&t qua nay cho thiy liposome 13 hé mang tiém ning trong phat trién cac tac nhéan sinh
hoc hd trg phong ngtra bénh nha chu [42].

Trong nghién ctu nay, gel MTZ Lipo va gel MTZ nguyén liéu & ddy nong d6 0,06-30,72 ug/mL
dugc dong u véi huyén dich P. gingivalis trong méi trudng BHI bd sung hemin va vitamin K, & 37°C,
diéu kién ky khi trong 48 h hoic 72 h. Sau 1, téng sinh khdi biofilm hinh thanh duoc dinh lrong bang
phuong phap nhuém CV va do OD. Két qua cho thiy ca hai ché pham déu tic ché rd sy hinh thanh
biofilm theo xu huéng phu thudc ndng dd. Trudng hop cho vi khuan va thude thir vao a chung trong 48
h, ca hai ché pham tic ché dang ké (>70%) sy hinh thanh biofilm ¢ ndng d6 MTZ 0,12 pg/mL va tc ché
gan nhu hoan toan (>95%) tir néng d6 MTZ 0,24 pg/mL. Trong khi do, trudng hop cho vi khuan va
thudc thar vao u chung trong 72 h, hi¢u qua uac ché >70% dat dugc & ndng d6 MTZ cao hon 1a 0,24
pg/mL va tir ndng do MTZ 0,48 ug/mL tré 18n hai ché phdm tc ché dang ké su hinh thanh sinh khéi
biofilm.

Tran Hoang Long va céng su. Tap chi Y Duroc Hué. 2027; 17(1) — Online first



Nghién ctu
Tap chi Y Dwoc Hué - Hue Journal of Medicine and Pharmacy 1SSN:3030-4318; eISSN:3030-4326

Két qua cua ca hai thir nghiém, gdm danh gia tac dung trén biofilm d3 hinh thanh va wc ché su
hinh thanh biofilm, cho thdy gel MTZ Lipo va gel MTZ nguyén liéu cé hiéu qua gan nhu twong duong
nhau. Diéu nay c6 thé do nghién ciru sir dung mé hinh biofilm don loai P. gingivalis trén khay 96 giéng,
1a mo hinh in vitro don gian, chua tai hién day du cdu triic biofilm da loai, ba chiéu va cac diéu kién
dong trong khoang miéng nhu dong chay nudc bot, dich nuéu va wng suit cit. Trong diéu kién thir
nghiém tinh, ndng do thudc duoc duy tri 6n dinh va hang rao biofilm don loai chwa du phic tap, do d6
loi thé caa hé liposome c6 thé chwa thé hién rd so véi MTZ nguyén liéu. Nhan dinh nay phu hop voi
nghién ctru cta Chen va cong su (2023), trong do, liposome chira ginsenoside Rh2 cho hiéu qua tuong
tu hoat chét tu do trong mé hinh don loai, nhung hé liposome gin khang thé dac hiéu véi P. gingivalis
thé hién wu thé & hon trong mé hinh da loai va in vivo. Két qua cho thay cac hé nano cé thé phat huy
loi thé tét hon trong nhitng mé hinh sinh hoc phtc tap, gan véi diéu kién bénh ly thuc té hon [43]. Vi
vay, véi két qua nghién ciru trén cho thay sy twong dong trong viéc sir dung liposome lam chéat mang dé
danh gi4 kha ning diét khuan trong céc thir nghiém in vitro trén vi khuan don lodi c6 thé chua thay dugc
su khac biét rd rang giita nano va nguyén lieu g6c [43]. Tuy nhién, diéu nay lai mo ra hudng di méi vé
viéc tiép tuc thir nghiém cac cong thirc gel chira MTZ liposome trén cac mé hinh gay viém nha chu in
vivo ¢ dong vat thi nghi¢m ciing nhu trén céc chung vi khuan gay bénh viém nha chu khéc, ddng thoi
danh gia cac déc tinh, so phan cua dang liposome trong cac diéu kién thir nghiém s& gop phan luén giai
thém cho cac két qua da dat dugc trong cac nghién cuu tiép theo. Ngoai ra, CV nhuom ca té bao song,
té bao chét va chit nén ngoai bao, do dé su thay déi OD phan &nh téng sinh khéi con bam trén giéng,
khéng phan anh tryc tiép kha ning séng cua vi khuan. Do d6, cac phuong phéap resazurin, XTT, Syto9,...
dé dinh lugng té bao séng/chét cd thé duoc xem xét sir dung trong nghién ctu tiép theo dé 1am 16 hon
co ché khang biofilm cua cac cong thic [44]. Trong nghién ctu nay, tung thir nghiém dugc danh gia
trén cac gieng Ky thuat trong mot lan thi nghiém, do d6, viéc khdng thyuc hién kiém dinh gia thuyet trén
céc giéng k¥ thuat gidp tranh hién twong gia lap va nguy co danh gia thap do khong chac chan [45, 46].
Do d6, cac két qua quan sat trong nghién ciru ndy duoc xem I bang chung vé xu huéng tac dung cua
cac tha nghiém.

5. KET LUAN

Nghién ctru da khao sat dugc cac diéu kién tao biofilm in vitro ddi véi vi khuin gay viém nha
chu P. gingivalis. Moi truong BHI b6 sung hemin 5 pg/mL va vitamin K 1 pg/mL duoc xac dinh 12 méi
truong phi hop nhat cho qua trinh hinh thanh biofilm. V& thoi gian nudi ciy, tai ca hai thoi diém 48 va
72 h, P. gingivalis déu thé hién kha ning tao biofilm & muc trung binh dén manh. Nhu vay, diéu kién
thich hop dé tao biofilm P. gingivalis trong pham vi nghién ctru nay 1a nuéi ciy vi khuan trong moi
truong BHI bd sung hemin 5 pg/mL va vitamin K 1 pg/mL, & 37 °C trong diéu kién ky khi trong 48
hoac 72 h. P. gingivalis ATCC 33277 nhay cam vaéi ca gel MTZ Lipo va gel MTZ nguyén liéu véi gia
tri MIC cua hai ché phiam lan luot 12 < 0,03 pg/mL va 0,06 pg/mL. Ca hai ché phdm déu lam giam déng
ké tong sinh khdi biofilm d hinh thanh sin & nong &6 MTZ 0,24 pg/mL. Déi vai su hinh thanh biofilm,
hai ché pham wc ché dang ké sinh khéi biofilm ¢ ndng 6 MTZ lan luot 14 0,24 ug/mL sau 48 h va 0,48
ug/mL sau 72 h. Gel MTZ Lipo ¢6 hoat tinh giam sinh khéi biofilm, nhung wu thé so véi gel MTZ
nguyeén li¢u chua rd trong md hinh in vitro nay. Di ligu vé kha nang khang khuan, giam sinh khéi caa
gel MTZ Lipo trong nghién ctru nay cung cap dir liéu in vitro ban dau va tiém ning dinh hudéng trong
cac nghién ciru vé bénh nha chu & cac giai doan tiép sau.

Tuyén b6 vé xung ddt lgi ich

Céc tac gia khang dinh khong c6 xung dot loi ich dbi voi cac nghién ctru, tac gid, va xuét ban
bai bao.
Loi cam on

Nghién ciru nay duoc tai tro boi dé tai cip Pai hoc Hué ma sé DHH 2024-04-227 va duoc tai
trg mot phan boi Trudng Pai hoc Y - Duge, Pai hoc Hué dbi véi nhom nghién ciu tiéu biéu ma sb
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