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Linh vue ky thuit dwoc dé cip

Giai phép hitu ich thudc linh vie cong nghé nano, cu thé 13 giai phap hiru ich dé cap
dén quy trinh san xuat phirc nano ZnO-Berberin bang phuong phép dién héa nham phdi
hgp va tang cudng hoat tinh sinh hoc cua ZnO va berberin chéng lai mét sd tac nhan gy
bénh.

Tinh trang k¥ thuat cia giai phap hiru ich

Berberin (BBR) 12 mét loai hoat chit dugc chiét tach tir mét s6 lodi thuc vat, duoc
sir dung phé bién dé didu tri cic bénh c6 lién quan dén duong rudt nhu tiéu chay, viém da
day rudt, bénh ly, r6i loan tiéu hoa. Tac dung chita tiéu chay cia BBR 14 do hoat tinh khang
doc td, khang ndm va khang vi khuan gdy bénh cta né (Xem tai liéu: El-Zahar et al,
“Antioxidant, antibacterial, and antifungal activities of the ethanolic extract obtained from
Berberis vulgaris roots and leaves”, Molecules, 27, 6114, 2022). BBR con ¢6 thé bao vé
16p biéu m6 rudt khéi phan tmg viém (Xem tai lidu: Song et al., “Biological properties and
clinical applications of berberine”, Front Med., 14, 564-582, 2020). Ngoai ra, BBR cling
c6 kha ning khang lai nhiéu ching vi rit gdy bénh (Xem tai liéu: Warowicka et al.,
“Antiviral activity of berberine”, Arch Virol., 165, 1935, 2020) va diéu tri hiéu quéa mdt sb
bénh nhur ung thur (Xem tai liéu: Rauf et al., “Berberine as a potential anticancer agent: A
comprehensive review”, Molecules., 26, 7368, 2021), tiéu duong typ 2 (Xem tai liéu: Yin
et al., “Effects and mechanisms of berberine in diabetes treatment”, Acta Pharm. Sin. B., 2,
327-334, 2012), tang cholesterol mau (Xem tai liéu: Li et al.,, “Effect of berberine on
promoting the excretion of cholesterol in high-fat diet-induced hyperlipidemic hamster”, J.
Transl. Med., 13, 278, 2015), cac bénh tim mach (Xem tai liéu: Feng et al., “Berberine in
cardiovascular and metabolic diseases: From mechanisms to therapeutics”, Theranostics,
9, 1923-1951, 2019) va 16i loan than kinh (Xem tai liéu: Shou et al., “Therapeutic efficacies
of berberine against neurological disorders: an update of pharmacological effects and

mechanisms”, Cells, 11, 796, 2022). Tuy nhién, nhugc diém cua BBR 1a kha ning hoa tan
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kém, din dén hip thu dudng rudt va tinh sinh kha dung cia né thap. Diéu ndy doi héi phai
sit dung BBR vdi lidu lugng cao dé diéu tri hidu qua, tir d6 cling gdy ra cac tic dung phu
khong mong muén va cling lang phi ngudn dugce liéu. Véi sy hd trg cua cong nghé nano,
tinh tan va hoat tinh sinh hoc ciia BBR ¢6 thé dugc ting cudng bang cach nano héa BBR
bang cach sit dung céc chit mang nano lipid, nano polyme, hay nano 6xit kim loai (Xem
tai liéu: Majidzadeh et al., “Nano-based delivery systems for berberine: A modern anti-

cancer herbal medicine”, Colloids Surf. B, 194, 111188, 2020).

Céc hat nano 6xit kém (nano ZnO hay ZnONPs) dugc cong nhan la vat li€u nano an
toan sinh hoc cé hoat tinh chéng ung thu, khang nam, khéang khuén, chéng viém, chira lanh
vét thuong, diéu tri ddo thii dudng (Xem tai liéu: Mishra et al., “Zinc oxide nanoparticles:
a promising nanomaterial for biomedical applications”, Drug Discov. Today, 22, 1825-
1834, 2017). M6t s6 phuong phép 1am ting hoat tinh sinh hoc cta nano ZnO da dugc dé
xuit, bao gdm thay dbi kich thuéc va hinh thai ciia cac hat nano ZnO, bién tinh héa ly bé
mat hat nano ZnO va két hop céc hoat chét ¢ hoat tinh khac voi hat nano ZnO. Gén day,
c4c hat nano ZnO két hop véi BBR da dugce nghién ctru v& kha nang diéu tri ung thu (Xem
tai liéu: Kim et al., “Berberine and zinc oxide-based nanoparticles for the chemo-
photothermal therapy of lung adenocarcinoma”, Biochem. Biophys. Res. Commun., 501,
765-770, 2018) va diéu tri Covid 19 (Xem tai liéu: Ghareeb et al., “Nanoparticles of
ZnO/Berberine complex contract COVID-19 and respiratory co-bacterial infection in
addition to elimination of hydroxychloroquine toxicity”, 51, 735-757, 2021). Trong cac
nghién ctru ndy, céc tdc gia st dung hat nano ZnO thuong mai hodc ché tao hat nano ZnO
bang phuong phap két tha. Sau d6, huyén phu ctia hat nano ZnO dugc trén hop vé6i dung
dich BBR vdi cac ti 1€ nhét dinh dé tao thanh cac hat nano ZnO mang BBR (nano ZnO-
BBR). Nhu vdy, cac hat nano ZnO st dung trong cic nghién ctru trén da & trang thai két
tinh hoan toan, nén su twong tic gitta BBR va hat nano ZnO & trang thai hdn hop. Ngoai
ra, viéc ché tao ZnO bang phuong phép két tua doi hoi phai st dung nhiéu tdc nhan héa hoc
va quy trinh loc rira phirc tap ma van khé loai bo hoan toan céc tac nhan hdéa hoc dé dam
bao d9 tinh sach cta hat nano ZnO st dung trong y sinh. Trong mét nghién ciru khac, phire

nano ZnO-berberin thu dugc bang cach phéi tron kém sulfat va bt berberin da dugc ching
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minh c6 tic dung dé didu tri vét thuong cho ngudi bi bénh tiéu dudng. (Xem tai ligu:
Xuechen Yin et al., “Encapsulation of berberine decorated ZnO nano-colloids into
infectable hydrogel using for diabetic wound healing”, Frontiers in Chemistry, 10, 964662,
2022). Trudc tién, nano ZnO thu dugc bang cach cho phan g giita k&m sulfat véi natri
hydroxide trong méi trudng ethanol va axit linoleic & 120°C trong 12 gi¢. Sau do, phic
ZnO-berberin dugc tao ra bang cach tron hat nano ZnO trén véi dung dich berberin, khudy
& 40°C, rdi loc va 1am khé dé thu san phém cudi. Tuy nhién, han ché ctia cac phuong phap
nay van 13 khé loai b6 dugc nhiing chét ton du trong qua trinh phan (mg tir nhitng tién chét
ban dau, din t6i nhitng han ché khi st dung trong nhitng san phim y sinh hoc. Gén day,
phtrc hgp ZnO-BBR duogc tao ra bing cach tong hop hat nano ZnO bang phuong phap dién
héa, sau d6 tron v6i dung dich berberin, trong d6 BBR lién két véi ZnO qua lién két phoi
tri va twong tac tinh dién (Xem tai liéu: Hue et al., “Complexes of Ag and ZnO nanoparticles
with BBR for enhancement of gastrointestinal antibacterial activity through the impacts of
size and composition”, RSC advances, 13(9), 6027-6037, 2023). Phuong phap nay gilp tao
phic ZnO-BBR ¢4 kich thuéce nhé, d6 tinh khiét cao va hiéu qua khang khudn manh. Dé
ti wu hoa phirc hop nano ZnO-BBR str dung trong linh vuc y sinh, can tiép tuc diéu chinh
cac thong sb dién héa va qua trinh 4n dinh nham kiém soat kich thudc hat, ting d6 tinh
khiét va nang cao hiéu sut tng hop.
Ban chit ky thuit ciia giai phap hiru ich

Giai phap hiru ich nhim khic phuc va giai quyét cac nhugce diém néu trén, cu thé 13
gii phap hitu ich d& cap dén quy trinh ché tao phirc nano ZnO-BBR béng phuong phép
dién héa nhim tao ra san phdm phiic nano ZnO-BBR ¢6 d¢ tinh khiét cao va ting cudng
kha nang khang khuin dbi véi vi khudn Gram 4m va Gram duong do tac dung hiép ddng
ctia nano ZnO va BBR. Quy trinh theo giai phép hiru ich cho phép ché tao nano ZnO-BBR
bing phuong phép don gian, than thién véi moi trudong va gid thanh ré do sir dung han ché

céc tac nhan hoda hoc.

Theo d6, giai phap hitu ich dé xuit quy trinh san xut phirc nano ZnO-Berberin ¢4
hoat tinh khéng khuan st dung trong linh vuc y sinh, trong d6 quy trinh nay bao gbm cac

budc:
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a) chuin bi nguyén liéu gdm hai thanh kém (46 tinh khiét 99,999 %, chiéu dai 150
mm, chiéu rong 10 mm va chiéu day 0,5 mm) va berberin dang bot (46 tinh khiét khong
thap hon 97,0%);

b) tao huyén phu hat nano ZnO bang cach nhing hai thanh k&m cach nhau 5 cm
trong 200 g dung dich natri citrat c6 ndng d6 trong khoang 0,01 — 0,04 % khéi hegng va ndi
hai thanh kém v&i ngudn dién 4p trong khodng 7 — 15 V trong thoi gian 1 -3 gid, sau do ly
tam & toc d6 5000 vong/phut trong 5 phut va loai bd phan ling;

¢) tao dung dich berberin bang cach cho berberin vao trong cbe dung glycerol véi ti
18 1:10 (khdi luong (g): thé tich (ml)), sau d6 khudy tron trong diéu kién gia nhiét & 37 °C

cho dén khi thu dugc dung dich berberin c6 mau cam déng nhét;

d) tao huyén phti phitc nano ZnO-BBR bang cach bom nho giot dung dich berberin
3 chun bi & budc (¢) qua dau kim tiém véi toc dd khoang 0,5 — 2,0 ml/phiit vao binh thiy
tinh chira 180 - 190 ml huyén phu hat nano ZnO d3 chudn bi & budc (c) trong didu kién
khudy 1000 — 1500 vong/phut tai nhiét d6 phong; va

e) thu dung dich phic nano ZnO-BBR dn dinh bang cach rung siéu &m dung dich
thu dugc & bude (d) trong thdi gian 5 — 15 phut, sau d6 dung dich dugce loc qua gidy loc,
san pham thu duoc 14 dung dich phirc nano ZnO-BBR ¢4 mau vang ddng nhit.

Giai phap hiru ich ciling dé cap dén dic didm san phdm phirc nano ZnO-BBR thu
dugc tir quy trinh theo giai phap hitu ich, trong d6 phirc nano ZnO-BBR ¢4 cAu trac 13i -
vo v6i kich thude hat nhd va phan tan ddng déu, tao thanh dung dich c6 mau vang déng
nhit, 6n dinh.

Mo ta van tat hinh vé

Hinh 1 13 phd nhiéu xa tia X ctia nano BBR (b) va phirc nano ZnO-BBR (a) taora
bang quy trinh theo giai phap hiru ich.

Hinh 2 12 phd hép thu tir ngoai — kha kién (UV-Vis) ctia nano BBR, nano ZnO va
phirc nano ZnO-BBR tao ra bang quy trinh theo gii phap hiru ich.



Hinh 3 13 anh hién vi dién tit truyén qua (TEM) ctia hat nano ZnO (a) va phirc nano
ZnO-BBR (b) tao ra bing quy trinh theo giai phap hitu ich.

Hinh 4 13 biéu @b thé hién hiéu qua khéng tu cau vang khang methicillin (MRSA)
(a) va Salmonella enteritidis (S. enteritidis) (b) cua mau ching 4m (nudc c4t), miu nano
BBR, mAu nano ZnO va mau phirc nano ZnO-BBR (mau gbc, mau duge pha lodng 2 14n va
4 1an) dugce ché tao bang quy trinh theo giai phép hitu ich.

MO ta chi tiét giai phap hiru ich

Sau ddy, giai phép hitu ich dugc mo ta chi tiét voi cac phuong 4n va cac vi du thuc
hién cu thé, tuy nhién, nhitng phuong 4n va céc vi du niy chi nhim muyc dich minh hoa va
lam 3 ban chit cua giai phap hitu ich chir khong nhim han ché pham vi yéu cu bio ho
cia giai phap hiru ich.

Giai phap hiru ich nham ché tao phirc nano ZnO-BBR bang phuong phap dién héa,
san pham hat phirc nano ZnO-BBR dugc tao ra bang quy trinh theo gidi phédp hiru ich cé
cAu tric 181 — vo véi kich thudc hat nhé va phén tan déng déu, tao thanh dung dich c6 mau
vang ddng nhét, én dinh, c6 hoat tinh cao khéng vi sinh vat gdy bénh.

Theo do, giai phap hiru ich d& xuét quy trinh san xut phirc nano ZnO-Berberin ¢4
hoat tinh khang khuén st dung trong linh vuc y sinh, trong d6 quy trinh nay bao gdm cac
bugc: a) chuan bi nguyén liéu; b) tao huyén phti hat nano ZnO; ¢) tao dung dich berberin;

d) tao huyén phti phitc nano ZnO-BBR; va e) thu dung dich phtrc nano ZnO-BBR 6n dinh.

Ban chit ciia phuong phép ché tao phtrc nano ZnO-BBR theo giai phap hitu ich 1a
st dung phurong phdp dién hoa dé hinh thanh c4c hat nano ZnO, sau d6 phuc nano ZnO-
BBR cAu tric 16 — vo duoc hinh thanh thong qua lién két phéi tri gitta nguyén t oxy trong
nhém methoxy ciia phan tit BBR véi nguyén tir Zn ciia phan tir ZnO, rung siéu &m duoc dp
dung & budc tiép theo véi muc dich phan tin 4n dinh cac hat phttc nano ZnO-BBR trong

nuée. Quy trinh cho phép linh hoat trong quy mo6 thuc hién.

Trong buéc chuin bi nguyén liéu, hai thanh k&m (46 tinh khiét 99,999 %, chiéu dai

150 mm, chiéu rong 10 mm va chiéu day 0,5 mm) duoc téy rira sach béng dung moi thich



4188 6/12

hop. Berberin dang bét, ¢6 d6 tinh khiét khong thap hon 97,0% dugc bao quén trong lo kin,
luu gitt & nhiét d6 phong.

Trong budc tao huyén phu hat nano ZnO, can mét luong natri citrat trong khoang
0,02 — 0,08 g hoa tan trong 200 g nude cAt dung trong cde thiy tinh ¢6 mo6 250 ml. Dt hai
thanh kém song song, cach nhau 5 cm vao trong cbe dung dung dich natri citrat da chuin
bi & trén va ndi hai thanh k&m véi ngudn dién 4p trong khoang 7 — 15 V trong khoang thoi
gian 1 — 3 gi & nhiét 46 phong. Dung dich thu duge dem ly tam 6 tdc do 5000 vong/phut

trong 5 phut va sau d6 loai bo phan ling dé thu dugc huyén phu hat nano ZnO.

Trong buédc tao dung dich BBR, can 1 gam BBR cho vao cde thiy tinh c6 mé chira
ttr 10 — 20 ml glycerol. Khu?iy trén & diéu kién gia nhiét 37 °C dé BBR tan hoan toan, tao

thanh dung dich BBR c6 mau cam ddng nhét.

Trong budc tao huyén phti phirc nano ZnO-BBR, mot cde thiy tinh ¢6 mé chira 180
— 190 ml dung dich huyén pht hat nano ZnO dugc dat trén may khuéy tir va khudy lién tuc
véi tde @6 1000 — 1500 vong/phut & nhiét do phong. Dung dich BBR sau khi hoa tan trong
glycerol dugc nho giot vao huyén phit nano ZnO bang bom kim tiém ty dong vdi tbc do
0,5 — 2,0 ml/phut. Sau khi nhé giot hét dung dich BBR, dung dich huyén phti phitc nano
ZnO-BBR tiép tuc duge khudy trong 30 phut.

Trong budc thu san phém phirc nano ZnO-BBR, dung dich huyén phu phitc nano
ZnO-BBR dugc rung siéu 4m trong thoi gian 10 — 15 phit dé céc hat phirc nano ZnO-BBR
phén tan n dinh trong nudc. Sau d6 dung dich dugce loc qua gidy loc (dudng kinh 15 loc 20
— 25 pm), san pham thu dugc 12 dung dich phirc nano ZnO-BBR ¢6 mau vang ddng nhat.

San phém duoc dung trong lo kin va bao quan trong ngan mat ti lanh.
Vi du thye hién gidi phap hiru ich
Vidu 1. Ché tgo phirc nano ZnO-BBR

Dit hai thanh k&m (46 tinh khiét 99,999 %, chidu dii 150 mm, chiéu rong 10 mm va
chiéu day 0,5 mm) song song, cach nhau 5 cm vao trong cdc thity tinh ¢6 mo 250 ml chira

200 g dung dich natri citrat 0,02 % khéi luong. Néi hai thanh k&m véi ngudn dién &p 9 V
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trong thoi gian 2 gid & nhiét d6 phong. Ly tim dung dich thu dugc & tdc 46 5000 vong/phuit
trong 5 phut, sau d6 loai bod phan lang dé thu dugc huyén pht hat nano ZnO ddng nhit.

Hoa tan 1 gam berberin (BBR) trong 10 ml glycerol trong cde thay tinh ¢6 mo &
nhiét do 37 °C d thu duge dung dich BBR ¢6 mau cam ddng nhat.

Trong mot cdc thiy tinh ¢6 mé 250 ml, 190 ml dung dich huyén phu hat nano ZnO
dugc khudy lién tuc véi téc d6 1000 vong/phut bang may khudy tir & nhiét d6 phong. Dung
dich BBR dugc nho giot vao huyén phu nano ZnO bang bom kim tiém tu ddng véi tde do
1,0 ml/phut. Dung dich tiép tuc duoc khuay thém 30 phit sau khi dung dich BBR dugc nho
hét, sau d6 duoc rung siéu 4m trong thoi gian 15 phut va loc qua gidy loc dudng kinh 16 20

pm) dé thu dugc dung dich phirc nano ZnO-BBR ¢4 mau vang ddng nhét.
Vi du 2. Xdc dinh dic tinh phirc nano ZnO-BBR

Dé x4c dinh sy hinh thanh cAu triic pha tinh thé cta phirc nano ZnO-BBR, tién hanh
x4c dinh nhiéu xa tia X cho san phém phitc nano ZnO-BBR thu dugc tir Vidu 1 b%mg thiét
bi EQUINOX 5000 — Thermo Scientific. Cu thé, hinh 2 13 gian dd nhiéu xa tia X cta san
phim phirc nano ZnO-BBR thu duoc tir Vi du 1, cho thdy cac pha tinh thé ZnO véi cac
dinh dic trung tai géc 20 bﬁ“mg 31,6; 34,44; 36,19; 47,62; 56,59; 62,89 va 67,99 °. Cac dinh
dac trung tinh thé BBR xuit hién tai goc 20 bing 6,79; 9,13 va 13,90 °. Tuy nhién, cac dinh
dic trung cho tinh thé BBR trong san phim phtrc nano ZnO-BBR xudt hién véi cudng do
thip hon so BBR nguyén chat. Diéu nay chimg t6, su c6 mit cia Zn*" va ZnO hinh thanh
trong qua trinh dién hoa va tdn tai trong dung dich huyén phit nano ZnO &nh hudng dén sy
t4i két tinh ciia BBR. Zn2* va ZnO c6 thé tao phtrc véi phan tir BBR thong qua su chuyén
dién tich tir nhdm methoxy isoquinolin (d6ng vai tro 1a gbc cho) sang ion Zn*" (d6ng vai
trd 1 chét nhan). Bén canh d6, nguyén tir oxy trong nhém methoxy cua BBR c6 thé cho
nguyén tir Zn dién tr tu do cta nd d& hinh thanh lién két cho nh4n. Ngoai ra, bé mit hat
nano ZnO c¢6 thé mang dién tich &m do dugc gin két voi céc gbc citrat, tir @6 hinh thanh
luc twong tac tinh dién gilta bé mit tich dién 4m ctia hat nano ZnO véi nhém amoni bac 4

mang dién tich duong cia BBR.
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P& x4c dinh kha nang hip thu ciia phitc nano ZnO-BBR thu duoc tir Vi du 1, tién
hanh do phd hip thu tir ngoai kha kién (UV-vis) & dai budc séng tir 200 — 800 nm (Hinh 2)
sir dung thiét bi quang phé UV-vis (6850 UV/Vis, Jenway). Do hiéu ing plasmon bé mit
clia cac hat nano, dinh hip thu ciia hat nano ZnO dugc x4c dinh ¢ 340 nm. Céc dinh hép
thu dac trung cho BBR xudt hién & 228, 263, 345 nm tuong tmg cho su dich chuyén n—m*
cua nhém isoquinoline va & 421 nm twong Umg cho su dich chuyén n- 7 trong phan ti BBR.
Dinh hip thu cia phitc nano ZnO/BBR tuwong tu nhu phd ctia nano BBR, nhung ¢6 cudng
d6 thip hon. Tuy nhién, dinh hap thu dic trung ctia nano ZnO & 340 nm khong xuét hién
trong phd hap thu UV-vis ctia phtrc nano ZnO-BBR, ¢6 thé giai thich do né bi chdng 1ap
béi cac dinh hap thu manh ciia BBR.

Pé x4c dinh kich thudc va hinh thai cua phirc nano ZnO-BBR thu dugc tir Vi du 1,
tién hanh phan tich phttc nano ZnO-BBR bing kinh hién vi dién tir truyén qua (TEM,
JEM1010, JEOL). C4c hat nano ZnO ¢6 hinh luc gidc déu véi kich thuéc nim trong khoang
tir 20 nm dén 40 nm (Hinh 3a). V&i su ¢6 mit cia BBR, phirc nano ZnO-BBR tao thanh ¢6
hinh cau véi kich thuée nhd hon (Hinh 3b). Co thé quan st thdy cac hat nano ZnO dugc
bao boc bdi mot 16p mang day va thd. Lép mang nay duoc hinh thanh do sy hép phu cua
BBR trén bé mit cua hat nano ZnO, tao thanh cAu tric 16i-vo cta phirc ZnO-BBR.

Vidu 3. Ddnh gid hi¢u qud khdng khuén ciia san phdm phicc nano ZnO/BBR

San phdm phirc nano ZnO-BBR ché tao theo quy trinh cta gidi phap hitu ich duoc
danh gia hiéu qua khang khudn d8i véi hai dong vi khuén 13 tu cau vang khang methicillin
(MRSA, Gram duong) va Salmonella enteritidis (S. enteritidis, Gram 4m) sir dung k§y thuat

nong do diét toi thiéu va dém khuan lac.

Hiéu qua khéng khuén cta phitc nano ZnO-BBR dugc so sanh voi nano ZnO va
nano BBR (Hinh 4). i véi MRSA, hoat tinh khéng khuin cta phirc nano ZnO-BBR vuot
trdi so v6i nano BBR va nano ZnO & ndng d6 pha lodng 4 1an tir ndng d6 gbc cua san pham
thu dugc & Vi du 1. O ndng d6 gbc va ndng do pha loing 2 l4n, phitc nano ZnO-BBR ¢6
kha nang tiéu diét hoan toan vi khuin MRSA & ndng d6 10° CFU/mL. Céc hat phirc nano
ZnO-BBR ¢6 kich thude nhé hon va dugc bao boc bdi 16p mang BBR bén ngoai nén dé
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dang tiép xtic va tuong tdc vGi mang té bao vi khuAn MRSA, din t6i kha nang tiéu diét vi
khudn t6t hon. D&i v6i S. enteritidis, nano BBR khong thé hién kha ning khang khuan
ngay ca ¢ nong do cao nhét trong khi nano ZnO va phirc nano ZnO-BBR ¢6 tac dung trc

ché ¢ nong d6 10° CFU/mL.

San pham phtrc nano ZnO-BBR ché tao bang quy trinh theo giai phap hiru ich thé
hién kha nang tiéu diét vi khudn MRSA tét hon do 6 kich thude hat nho va 16p BBR boc
bén ngoai co ai luc t5t hon v6i mang té bao cla vi khuan Gram dwong. Hon nita, nho
thanh phan ZnO ma kha nang (rc ché dbi voi vi khudn Gram am cta phie nano ZnO-BBR

duoc thé hién.

Hiéu qua dat dwgc cia giai phap hiru ich

Quy trinh san xuét phtrc nano ZnO/BBR theo giai phép hitu ich cho phép ché tao
san pham phtic nano ZnO/BBR ¢6 kich thuée dudi 20 nm, co cdu truc 18i-vo voi sy hinh
thanh 16p mang méng BBR bao boc hat nano ZnO. Hoat tinh khang vi khuan gay bénh
cta phirc nano ZnO/BBR dugc ting cudng so véi nano ZnO va nano BBR dbi voi ca hai
chung vi khuan Gram duong va Gram am. Quy trinh theo giai phdp htru ich don gian va
dé thuc hién. Phurc nano ZnO/BBR dugc xac dinh c6 do déng déu v& hinh thai, ciu tric

tinh thé va tinh chét hoa ly 6 dinh.

Bang ky thuat dién hoa két hop siéu am, quy trinh cho phép ché tao phtic nano
ZnO/BBR khong 1an céc tap chit doc hai, an toan khi stt dung trong linh vuc y sinh nhu

diéu tri cac bénh lién quan dén duong rudt.
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YEU CAU BAO HO
1. Quy trinh san xuét phtc nano ZnO-Berberin ¢6 hoat tinh khing khuén st dung

trong linh vuc y sinh, trong do quy trinh nay bao gbm cac bude:

a) chudn bi nguyén licu gdm hai thanh k&m (do tinh khiét 99,999 %, chiéu dai 150
mm, chiéu rong 10 mm va chiéu day 0,5 mm) va berberin dang bot (d9 tinh khiét khong

thdp hon 97.0%);

b) tao huyén phu hat nano ZnO bang cach nhiing hai thanh k&m cach nhau 5 cm trong
200 g dung dich natri citrate ¢o ndng do trong khoang 0,01 — 0,04 % khéi luong va ndi
hai thanh k&m v&i ngudn dién ap trong khodng 7 — 15 V trong thoi gian 1 -3 gi0, sau do

ly tam ¢ tdc do 5000 vong/phut trong 5 phut va loai bo phan lang;

¢) tao dung dich berberin bang cach cho berberin vao trong cde dung glycerol voi ti
1€ 1:10 (khéi luong (g): thé tich (ml)), sau d6 khudy tron trong diéu kién gia nhiét ¢ 37 °C

cho dén khi thu dugc dung dich berberin c6 mau cam dong nhat;

d) tao huyén phu phtic nano ZnO-BBR bang cach bom nho giot dung dich berberin
da chuén bi ¢ buge (¢) qua dau kim tiém voi tbe do khoang 0,5 — 2,0 ml/phut vao binh
thiy tinh chita 180 - 190 ml huyén phu hat nano ZnO da chuén bi ¢ bude (c) trong dicu
kién khudy 1000 — 1500 vong/pht tai nhiét do phong; va

e) thu dung dich phic nano ZnO-BBR 4n dinh bang cach rung siéu am dung dich
thu duoc & bude (d) trong thoi gian 5 — 15 pht, sau d6 dung dich dugce loc qua gidy loc,

san pham thu duoc 1a dung dich phttc nano ZnO-BBR ¢6 mau vang dong nhat.

10
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