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Tom tit:

Berberin dwoc biét dén nhw mdt loai khang sinh thye vat véi tac dung khang khuin, khang nAm manh. Berberin &
kich thwdc nano cho théy tiém nang khic phuc cac nhwoc diém vé do tan trong nwéc va tinh sinh kha dung, tir do6
mé ra nhiéu tiém ning wng dung. Trong nghién ciru nay, nano berberin (BerNPs) dugc hip phu trén mang cellulose
vi khuén tao vat liéu composite Vi tiém nang ing dung lam vit liéu khang khuin. Tinh chit hat BerNPs, ciu tric
va su thay déi clu tric bé mit mang cellulose sinh hoc (Bacterial cellulose - BC) trwédc va sau khi hap phu BerNPs
dwoc khao sat bang phwong phap chup FE-SEM, XRD va FT-IR. Khi nang khing khuin ciia BerNPs va vit liéu
composite dwgc khao sat tren vi khuén Escherichia coli va Streptococcus pyogenes trong diéu kién in vitro bang
phwong phap dong nuoi cay Két qua cho thay, BerNPs co hoat tinh khang E. coli va S. pyogenes manh, hat BerNPs
kich thwéc 50-60 nm cé kha ning hip phu 1én mang BC tét nhit sau 2 gié ngdm. Nghién ciru buée diu tao dwoc vat

liéu composite ¢6 kha niang khang lai E. coli va S. pyogenes véi hi¢u qua trén 80%.

Tir khéa: cellulose vi khuin, khang Khuén, nano berberin, vit liéu composite.

Chi s6 phén loai: 1.6

1. Dt van de

Berberin 12 mot akaloid thuc vat da duoc biét dén voi
kha nang khang khuan, khang nim va dugc tmg dung trong
nhiéu linh vue nhu diéu tri cac bénh vé tiéu hoa, hd tro didu
tri ung thu, dai thao duong tuyp II, chéng oxy hoa, khang
viém, thiéu mau cuc bo... [1-3]. Tuy nhién, tinh sinh kha
dung kém lam cho kha nang ung dung cta berberin con
han ché [1]. Cac nghién ctru ché tao berberin c6 kich thudce
hat nano da cai thién dang ké tinh tan trong nudc, tinh sinh
kha dung, gop phan ting tiém ning mg dung ctia dugc chat
berberin [2, 4].

BC la mang ludi cac s¢i nano cellulose dan xen dugc sinh
tong hop trong qua trinh 1én men cua vi khuan Acetobacter
xylinum trong moéi truong nude dua gia. BC khong chira cac
hop chét cao phan tir nhu hemicellulose, ligin... [5-7] va
¢6 nhiéu dic tinh vu viét hon cellulose thuc vat nhu d6 tinh
khiét cao, thim hat dich tét, do bén kéo cao, kha nang gitt
nudc cao, dac bi¢t 1a tinh twong hop sinh hoc nén da duoc
ting dung rong rii trong y hoc, thyc phim, my pham... [5,
8]. Trong linh vuc y sinh, BC 1a mot vat li¢u tiém ning, gop
phan thiic diy qua trinh lam lanh vét thuong nho vao kha
nang duy tri d§ 4m, che phu bao vé vét thuong, dong thoi
hd trg qua trinh ting sinh t& bao nguyén bao soi, giip vét
thuong nhanh lanh hon [6]. Ngoai ra, BC con c6 tiém nang
lam vat liéu ing dung trong mang boc, tii bao quan thuc
pham [7, 9]. Tuy nhién, vé& co ban BC khong c6 kha ning
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khang khuan, diét khuan. Két hop BC véi BerNPs duoc
thuc hién voi muc dich tao ra vat liéu composite mang cac
dic tinh wu viét ciia BC va BerNPs, c6 tiém ning ing dung
lam mang khang khuén.

2. Vat liéu va phuong phap nghién ciiu
2.1. Vit ligu

Vi khuéan S. pyogenes - ATCC 49399 va E. coli - ATCC
25922 dugc luu gitt tai Phong Thi nghiém Cong ngh¢ Sinh
hoc, Trung tam Nghién ctu Trién khai Khu cong ngh¢ cao,
TP H) Chi Minh. Céc loai mdi truong st dung nudi cay vi
khuén 1a LB Broth (Invitrogen, Hoa Ky), Trytic Soy Agar -
TSA (Scharlau, Tay Ban Nha).

BC c6 d6 day 2,5 mm san xuét tir vi khuan A. Xylinum
duogc thu nhan, xu 1y va luu gitr tai Phong Thi nghiém Cong
nghé Sinh hoc [6]. Hon hop BerNPs 30000 pg/ml (ché
tao tir berberin 95% chuan duoc pham bang phuong phap
nghién quay [10, 11]) do Trung tam Nghién ctru Trién khai
Khu cong nghé cao, TP Hd Chi Minh cung cip.

2.2. Phwong phdp phin tich mau BC va BerNPs

bac tinh, dinh h'?ip thu dac trung gfla ’berberin duoc
xac dinh bang ky thuat do quang phd hap thu UV-Vis
(Ultraviolet - Visible spectroscopy, Buc) voi bude song tir

350 dén 500 nm bang cach pha loang trong methanol (do &
nong do 1000 pg/ml).
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Abstract:

Berberine can be considered a natural antibiotic plant with
strong antibacterial and antifungal activities. The problem
of bioavailability and poor solubility can be overcome by
formulating berberine at nanoparticles, which opens up a vast
range of applications. In this study, berberine nanoparticles
(BerNPs) were adsorbed on bacterial cellulose forming a
composite with the potential for antibacterial material. The
properties of BerNPs and the surface modification of bacterial
cellulose membranes before and after BerNPs adsorption
were analysed by FE-SEM, XRD, and FT-IR methods.
The antibacterial activity of BerNPs and its composite was
examined in vitro by the co-culture method with Escherichia
coli and Streptococcus pyogenes. The results indicated that
BerNPs exhibited great antibacterial properties against E. coli
and S. pyogenes. The optimum capacity of loading BerNPs
(50-60 nm) above the biological cellulose was after 2 hours
of soaking. The antibacterial effectiveness of the preliminary
composite against E. coli and S. pyogenes was over 80%.

Keywords: antibacterial, bacterial

material, nano berberine.

Classification number: 1.6

cellulose, composite

Mau BerNPs va mang BC duoc phén tich bing phwong
phéap chup anh FE-SEM (Field emission scanning electron
microscope, Hitachi S-4800, Nhat Ban) dé xac dinh kich
thudc hat, hinh thai va ciu trac bé mat [1]: Thuc hién bang
cach nho miu lén lugi dong duong kinh 3 mm (Sigma
Aldrich, Hoa Ky), dé khé ¢ nhiét d6 phong (d6i voi miu
BerNPs); dong kho chan khong miu ¢ -50°C (Scanvac
Coolsafe 55-4, Pan Mach) dbi véi mau BC va tién hanh
phén tich & dién thé 10 kV véi FE-SEM.
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BerNPs va BC dugc dong kho chan khong ¢ -50°C va phan
tich XRD (Bruker D8-Advance, Durc) dé xac dinh cau trac ¢ goc
quét 4-40° [1].

Tién hanh phan tich FT-IR doi véi BC, BerNPs va vit ligu
composite BC/BerNPs dé xac dinh cac nhom chirc dac trung va
tinh chat lién két hoa hoc trong phan tir [12].

2.3. Phuwong phdp xdc dinh ham lwong berberin trong hon hop

Dung dirong chudn berberin: Can 10 mg bot berberin (chuan
HPLC, Sigma) hoa tan hoan toan trong 10 ml methanol [11].
Tién hanh chuan bi ddy dung dich berberin tir 25 dén 1,5625
pg/ml (pha loang bac 2). Po do hap thu cua dung dich chuan tai
bude song cuc dai 350 nm véi miu tring 1a methanol, sir dung
cuvet thach anh vo6i do day 1 cm.

Xdc dinh nong dé berberin trong hon hop BerNPs: Pha loing
hon hop BerNPs trong methanol va tién hanh do do hdp thu
twong ty nhu dung dich chuin. Nong do berberin c6 trong hén
hop BerNPs duoc tinh toan dya trén phuong trinh duong chuén.

2.4. Phurong phdp ddnh gid hoat tinh khéng khudn ciia BerNPs

Chuén bi diy nong do BerNPs bang cach pha loing bic 2
o nong do 1500 pg/ml trong cac dng chira moi truong LB. Vi
khuan thir nghiém duoc nudi cdy trong moi truong LB ¢ nhiét dg
phong, do do hap thu tai budc song 625 nm dé x4c dinh mat do
vi khudn. B6 sung 100 pl dich vi khuén vao cac ong moi truong
chira BerNPs (ndng do cudi dat 10° té bao/ml). Nghiém thirc dbi
chimg véi ong nghiém moi truong khong chira BerNPs. U cac
ng nghiém ¢ 37°C, sau 24 gio hiit 100 pl hon dich trai déu 1én
moi truong thach dinh dudng TSA, u cac dia ¢ 37°C trong 24
gid, dém cac khuan lac va tinh hiéu suit diét khuan theo cong
thure sau [13].

A-B

H (%) =252 x 100

trong d6 A, B 1an luot 1a s6 t& bao vi khuan trong 1 ml & 6ng
doi chung va ong thir nghiém.

2.5. Phuwong phdp két hop tao vit ligu BC/BerNPs

Vit liéu composite BC/BerNPs dugc ché tao dua trén sy
hap phu vat 1y cta cac hat BerNPs vao mang luéi mang BC.
Chuan bi mau BC day 2,5 mm, kich thudc 2x2 cm va hén hop
BerNPs 1500 pg/ml. Ngam BC vao hdn hop BerNPs nong do
1500 pg/ml. Sau cac khoang thoi gian 1, 2, 3, 4, 6 va 8 gio, thu
1 ml méu trong diéu kién vo trung, do OD,;; va xac dinh ham
lugng berberin con lai trong hdn hop. Ham lugng BerNPs hip
phu 1én mang BC duoc xac dinh dya trén ham lugng berberin
mét di trong hdn hop ngam sau cic khoang thoi gian khao sat.
Béo quan cac mau vat liéu composite & 2-8°C.

2.6. Phwong phap danh gia dic tinh vt liéu composite
BC/BerNPs

~ banh gia kha nang hip phu BerNPs 1én mang BC, sy thay
doi mang BC trudc va sau khi hap phu BerNPs bang phan tich
FE-SEM, phan tich XRD ¢ goc quét 4-40° va FT-IR.
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Hoat tinh khang khuéan ca vat liéu composite BC/BerNPs
duoc xac dinh bing phuong phép tlep xtic trye tlep Phu’ong
phép nay dugc thuc hién bang cach dong nuéi cay vi khuan véi
mat do 10° té bao/ml va vat liéu BC/BerNPs kich thudc 2x2
cm? ¢ 37°C. Thyc hién véi mau dbi ching 1a mang BC khong
hap phu BerNPs. Sau thoi gian 1, 8, 18 va 24 gid, hit 100 pl
hon dich trai 1én moi truong thach dinh dudng TSA. U céc dia
nghiém thirc ¢ 37°C, sau 24 gio dém s6 khuan lac hién dién
trén cac dia nghiém thirc va tinh hi¢u suat diét khuan cua vat
liéu BC/BerNPs so véi doi chimg.

3. Két qua va ban luan
3.1. Dic tinh va ham lwgng berberin trong hon hop BerNPs

Hon hop BerNPs c6 mau vang, dong nhat, khong lang
dong, khong tach pha. Kiém tra v6 tring trén méi trudng thach
dinh dudng khong théy ¢6 su hién dién cua vi sinh vat. Két
qua phan tich UV-vis (hinh 1A) cho thiy, hdn hop BerNPs co
3 dinh (peak) hap thu manh va dic trung & bude song khoang
250, 350 va 430 nm, két qua nay tuong dong va ciing da duoc
bao cdo trong mot sé nghién clru trude day [10, 11, 14]. Két
qua chup FE-SEM hdn hop BerNPs cho thiy c6 su ton tai cua
cac hat voi kich thudce khoang 50-60 nm, cac hat phéan tan t6t
va khong bi tu lai voi nhau (hinh 1B).

Hat BerNPs

D) hiip thu (Abs)
o

200 300 400 500
Budc song (nm)

Hinh 1. Két qua kiém tra cac dac tinh ctia hén hop BerNPs bing
phé UV-vis (A) va chup FE-SEM (B).

3.2. Hoat tinh khéng khudn ciia BerNPs

Berberin tac dong dén cac enzym RNA polymerase, gyrase
and topoisomerase IV va rc ché sy phén chia te bao, ngoai ra
no con te ché sy tong hop protein va pha v cdu triic té bao vi
khuén [12]. Két qua hinh 2 cho thiy, hdn hop BerNPs c¢6 kha
ning diét vi khuan S. pyogenes tot hon trén E. coli. O cac ndng
do tur 46,88 ug/ml BerNPs diét gan nhu hoan toan vi khuan .
pyogenes (hiéu suat >99%). BerNPs cho thay kha nang diét £.
coli yéu hon, dat trén 70% & cac ndng do tir 187,5 pg/ml.
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Hinh 2. Kha nang diét vi khuan E. coliva S. pyogenes ctia BerNPs.
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3.3. Khd niing hip phu BerNPs lén mang BC

Vi cdu tric 1a cac soi nano cellulose dan xen thanh mang
ludi va ¢6 thé tham hit dung dich, mang BC c6 kha ning hap phu
v giir cac hat BerNPs (hinh 3). Két qua khao sat cho thay sau 2
gio ngdm mang BC dat ngudng hap phy t6i da hoat cht. Luong
BerNPs con trong hon hop sau 2 gio hép phy gidm con 1214,78
pg/ml. Sau hon 2 gid, ham lugng berberin trong hon “hop thay
doi khong co su khac biét y nghia thong ké (hinh 4). Két qua cho
thay, mang BC day 2,5 mm c6 kha ning hap phu va giit mot lugng
berberin khoang 71,305 pg/cm?.

(A)

1222 35¢ 1225.55¢ 1218 27°

Théi gian (gio)

Hinh 4. Ham lwong berberin coén lai trong hén hgp ngam. Céac chiv
céi khac nhau thé hién sy khac biét ¢6 y nghia véi p<0,05.

3.4. Danh gia ddc tinh ciia vit liéu composite BC/BerNPs

Vit liéu BC/BerNPs sau khi ché tao duoc kiém tra sy thay
d6i bé mat, hinh thai va kich thude soi nano cellulose cling
nhu kich thudc hat BerNPs dudi kinh hién vi dién tir quét. Két
qua cho thay, mau BC tinh khiét co cau triic tir cac soi nano
cellulose (duong kinh khoang 100 nm) dan xen thanh mang
ludi bén chit (hinh 5A). Sau khi hdp phu BerNPs, bé mit cac
soi nano cellulose san sui, duong kinh soi 16n hon (do céc hat
BerNPs bam vao) va céc soi co xu hudng két dinh va xép chong
1én nhau, khong con thiy r6 cdu triic mang ludi (hinh 5B).

Hinh 5. Anh chup FE-SEM mang BC (A) va vét lidu BC/BerNPs (B).

1



mssssssm Khoa hoc Tu nhién | Khoa hoc su séng

2500

2000 W)‘ \‘,i

‘=

2 !

Z 1500 f 'y

© ' #

= { 1

o [/ BC/BerlPs W,

£ 1000 £ ! ~‘~
o i

= \\y(‘

] A

BerNPs r
R e

4 9 14 19 24 29 34 39

Géc nhicu xa 20 (dd)

Hinh 6. Phd XRD ciia BC, BerNPs va vat liéu composite BC/BerNPs.

Tiép tuc phan tich nhiéu xa tia X dé xac dinh su thay do6i
vé cdu trac cua vat liéu BC/BerNPs (hinh 6). Phé nhiéu xa tia
X ctia BC tinh khiét cho thdy, 2 dinh dic trung nim & 14,49°
twong tmg v6i mat phang (110) va 23,16° twong Gmg v6i mat
phéng (200) 1a mit phing tinh thé cua cellulose, didu nay
ciing da dugc bao cao trong mot sd nghién ciru trude day [9,
13, 14]. Hon hop BerNPs cho théy, cac peak dic trung ¢ 8,6,
9,1, 12,9, 16,2 va 25,4°, twong tu nhu nghién ctru cua M.U.K.
Sahibzada va cs (2018) [1]. Thong qua cuong do cac peak cod
thé khang dinh BerNPs ban chat 14 tinh thé [1, 15]. Pho XRD
ctia mau BC/BerNPs ¢6 sy xuét hién dong thoi cia cac peak
c6 cuong do manh dugc tim thay trong 2 mau BC va BerNPs.
Cac peak nhidu xa manh va sic nét & vi tri 14,5° twong tmg voi
mit phang (110) va 23° tuong ung v4i mat phing (200) cua
cellulose, peak rat nét ¢ vi tri 9,1° tuong ng voi mat phing
(110) ctia BerNPs. Diéu nay mot lan nita khang dinh, chung t6i
d3 ché tao thanh cong vat liéu composite, mang BC da hép phu
va gili cac hat BerNPs vao cu triic mang ludi soi cellulose.

Tiép tuc phan tich FT-IR dé xac dinh cac nhom chirc dic
trung cta cic mau vat liéu (hinh 7). Dya vao phé FT-IR cua
mau BC dbi chimg c6 thé nhan thay rang, BC ban dau c6 nhing
dinh héap thu dic trung v6i dai dao dong kéo dén tir vi tri khoang
3400-3500 cm!, dao dong vai dinh nhon va sdc nét xut hién
& vi tri 3346 cm!, dac trung cho dao dong kéo dai ctia nhom
O-H, tir vi tri 2800 dén 2900 cm' 14 su kéo dai ciia lién két
C-H. Pinh IR ¢ vi tri 1160 cm! 1a su kéo dai cua lién két C-O-C
va vi tri 1035 dén 1060 cm cho thdy day 1a nhém carbonyl
cua lién két C-O. Pinh IR trong ving 847 cm! dic trung cho
dao dong lién két p-1,4 glucoside, cac két qua phd FT-IR cia
BC trong nghién ctru ndy tuong tu nhu cic cong bd cua N.
Halib va cs (2012) [15], N. Atykyan va cs (2020) [16], T.G.
Volova va cs (2022) [17]. Pho FT-IR ciia hdn hop BerNPs trong
nghién ciru nay tuong dong véi nghién ciru ctia cac nhom tic
gia S.K. Battu va cs (2010) [18], P.R. Vuddanda va cs (2014)
[19], M.U.K. Sahibzada va cs (2018) [1] v6i sy xuét hién cac
dinh tai cac vi tri 1597 cm™ dac trung boi dao dong kéo dai
C=C cia vong thom. O vi tri 1568 va 1506 cm' twong tmg cho
nhém C=C udn va vong furyl, dao dong kéo dai lién két C=C
va C-O lan lugt duge nhin thdy & vi tri 1361 va 1103 cm™'. Dao
dong C-H duoc thé hién ¢ vi tri trong khoang 1035-1184 cm’'.
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Hinh 7. Phé FT-IR cac mau BC, BerNPs va vat liéu BC/BerNPs.

Vit liéu composite sau khi ché tao bang phuong phap ngam
hap phu vat ly giita BC va BerNPs thé hién gan nhu day du cac
dinh ddc trung cta cac vat li¢u ban dau, nhu sy xuét hién cac
dinh dac trung cho BC tai 1160 cm™ va vi tri 1035 dén 1060
em! 1an luot 1a su kéo dai cta lién két C-O-C va nhom carbonyl
cua C-0O, hay vung 847 cm™! déc trung cho dao dong cua lién
két B-1,4 glucoside; cac dinh tai 1597, 1506, 1035 dén 1184
em! 14 cac dao dong dic trung cho BerNPs. Mau composite
BC/BerNPs cho thdy mot dai phd rong kéo dai, khong thé hién
dinh nhon sic nét tai vi tri 3346 cm so v&i BC d6i chtiing. Nhin
chung, phé FT-IR cua vat liéu BC/BerNPs cho théy d6 séc nét
cta cac dinh giam di va cudng do cac dinh giam so voi phd don
tung vat liéu. Sy giam cuong d va do sic nét cac dinh cua vat
liéu composite ¢ thé do anh hudng cua céc hop chat nano khi
dwoc hip phu vao mang BC. Trong nghién ciru ciia L.M. Dobre
va cs (2010) [20] va S. Pal va cs (2017) [21] khi cho BC hip
phu nano bac cling da ghi nhan hi¢n tugng tuong tu.

3.5. Hoat tinh diét khudn ciia vdt ligu composite BC/BerNPs

Két qua budc dau khao sat cho thiy vat liéu BC/BerNPs co
kha ning diét khuén kh4 tét. Trong nghién ctru nay, so v6i mau
ddi chimg (mang BC khong hip phu BerNPs), vat liéu BC/
BerNPs cho théy kha nang diét va uc ché manh sy phat trién
cta cac chung vi khuan khao sat. Thu nghiém trén vi khuén S.
pyogenes cho thay hiéu qua diét gan nhu tuyét d6i (>99,99%)
sau cac mbc thoi gian khao sat (hinh 8). i v6i E. coli, hidu
qua diét khuan dat 71,437% sau 1 gio va ting lén hon 80%
sau 18 gio. Piéu nay chimg to kha nang diét khuan ciia vat
liéu composite c6 duge 1a nho BerNPs. Khi két hop v6i mang
BC, cac hat BerNPs duoc hép phu va giit lai bén trong cu triic
mang ludi cia mang BC. Khi khao sat hidu qua diét khuan cia
vat li¢u, BerNPs duogc giai phong khoi mang BC mdt cach tur
tir va tac dong diét khuan. Hién twong két hop hoat chat diét
khudn véi mang BC va qué trinh giai phong hoat chat khoi
mang BC mdt cach tur tir va diét khuan cling da dugc ghi nhan
trong cac nghién ciru khi cho hip phu nano vé co (nano bac,
nano df”)ng...) hay hoat chét curcumin [13, 22, 23]. Mot $6
nghién ctru ché tao vat lidu khang khuan tir mang BC hép phu
nano bac, chitosan ciing d4 cho thay hidu qua khang khuan trén
90% khi thir nghiém trén vi khuén S. aureus va E. coli [16, 17].
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Hinh 8. Hiéu suét diét khuan cuaa vat liéu BC/BerNPs.

4. Két luan

Trong nghién ctru nay, vat liéu composite duge ché tao
bang cach ngdm hap phu vat 1y giita BC va BerNPs. Vit lidu
sau khi ché tao co kha nang diét vi khudn S. pyogenes (trén
90%) va E. coli (trén 80%). Budc dau cho thay, vat liéu
composite BC/BerNPs c¢6 tiém ning 16n lam mang khang
khuan c6 thé ung dung trong y dugc, my phém va bao quan
thuc pham.
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