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Linh vuc k§ thuit dwoe dé cap

Giai phap hitu ich thudc linh vuc cong nghé nano, cu thé 1a giai phap hiru ich dé
cép dén quy trinh nano héa berberin bang phuong phap tai két tia trong dung moi khong
hoa tan nhim tdng cuong tinh tan va hoat tinh sinh hoc ctia berberin chéng lai mdt sb
tac nhan gay bénh.
Tinh trang ky thuit cia gidi phap hiru ich

Berberin (BBR) 1a dugc liéu truyén théng c6 gia thanh ré, da dugc st dung phd
bién do c6 hiéu qué cao trong diéu tri bénh ly, tiéu chay, r6i loan tiéu hoa, viém da day
rudt, viém gan vang da, dau mét do viém két mac va mot s6 bénh ngoai da. BBR duogc
chitng minh c6 kha ning @c ché hoic tiéu diét nhidu vi sinh vét gdy bénh nhu vi khuan
Escherichia coli (E. coli) (Xem tai li€u: Petronio et al., “In vitro and in vivo biological
activity of berberine chloride against uropathogenic E. coli strains using Galleria
mellonella as a host model”, Molecules, 25, 5010, 2020), Helicobacter pylori (H. pylori)
(Xem tai liéu: Yang et al., “Mechanism of berberine in treating Helicobacter pylori
induced chronic atrophic gastritis through IRF8-IFN-y signaling axis suppressing”, Life
Sci., 248, 117456, 2020), Staphylococcus spp. gdm ca chiing khang methicillin (Xem
tai liéu: Wang et al., “The bacteriostatic effect and mechanism of berberine on
methicillin resistant Staphylococcus aureus in vitro”, Research Square, 1, 2019). BBR
ciing dugc danh gia 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). BBR
giup giam d4u hiéu viém nhu cyclooxygenase-2 (COX-2), prostaglandin (PGs), yéu tb
hoai tr khdi u-0. (TNF-a), interleukins (ILs) va phan tng téng hop oxit nitric (iNOS),
protein kinase kich hoat AMP trong dai thuc bao, giam phosphoryl hoa JUK1 va céc
cytokine gdy viém (Xem tai liéu: Ma et al., “Berberine inhibits pro-inflammatory
cytokine-induced IL-6 and ccll1 production via modulation of stat6 pathway in human
bronchial epithelial cells”, Int. J. Med. Sci., 17, 1464, 2020). Trong 14m sang, BBR dung
trong didu tri mot s6 bénh khong ldy nhu dai thdo duong typ 2, rdi loan lipid mau, béo
phi, khang insulin, thic ddy bai tiét insulin, gan nhiém m& va bénh tim mach (Xem tai
liéu: Dou et al., “Oxyberberine, an absorbed metabolite of berberine, possess superior

hypoglycemic effect via regulating the PI3K/Akt and Nrf2 signaling pathways”,
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Biomed. Pharmacother., 137,111312, 2021). BBR ciing c6 khé ndng bao vé than kinh
trong qué trinh diéu tri ung thu thong qua hoat dong cholinergic, chdng oxy héa, bao vé
gen, chéng viém va apoptotic (Xem tai liéu: Ibrahim et al., “Neuroprotective potential
of berberine against doxorubicin - induced toxicity in Rat’s brain”, Neurochem. Res.,
46, 3247, 2021).

Mic du duogc tinh cia BBR rat da dang, nhung trén thuc té, hu hét cac san phém
¢6 hoat chit BBR déu & dang tho véi ndng d6 thap. Mot trong nhiing vén ton tai 16n ctia
BBR do6 14 kha ning hoa tan trong nuéc kém, din dén kho phdi tron véi cac san pham
khac hay tang dugc ndng do BBR trong céc sin phdm co thé tich nho. Day cling 1a
nguyén nhan chinh [am gidm kha ndng hép thu cua co thé va giam hiéu qua cia BBR
chéng lai c4c tac nhan giy bénh.

Gén day, nham cai thién tinh tan va mé rong tng dung cia BBR trong céc san
phdm ciling nhu hd trg didu tri, mot s phuong phap da duoc dé xuét, bao gdm ting
cuong tac dung hiép d@)ng cung vai loai thudc khac, nano héa hay déng goi trong hé
mang nano (Xem tai liéu: Igbal et al., “Nanotechnology-based strategies for berberine
delivery system in cancer treatment: pulling strings to keep berberine in power™, 7, 481,
2021). BBR c¢6 thé dugc nano hoa thdng qua cong nghé tir trén - xubng (may nghién bi,
may ddng nhat ap suét cao, cong nghé vi 1ong va sdy phun) hodc cong nghé tir dudi lén
(két tha bay hoi). Cong nghé tur trén xudng c6 hiéu suat cao, nhung kich thudc tinh thé
duoc tao ra khong ddng déu, tiéu tdn thoi gian va ning lugng. Cong nghé tir dudi lén
cho kich thudce hat nhé, ddng déu hon va tiéu tdn it nang luong nhung hiéu suat khong
cao. Do vdy, dé nano héa BBR & quy md cong nghiép can phai tim ra nhiing thong s6
ché tao phu hop nhu néng do hoat chét cin diéu chinh, tic dong co hoc va lya chon dung
moi nham t8i vu hoa kha ning hoa tan, gitt nguyén duoc ban chét hoat chat thanh phan
d6ng thoi dam bao tinh an toan cla san pham.

Ban chit k§ thuit ciia giai phap hiru ich

Giai phap hitu ich dé xuét nham khac phuc va giai quyét cac nhugce diém néu trén,
cu thé 1a giai phap hitu ich d& cap dén quy trinh nano héa berberin bang phuong phép
tai két tua trong dung mdi khong hoa tan nhdm tang cudng tinh hoa tan, gitt duge ban
chét cua hoat chit va nang cao dugc hoat tinh sinh hoc ctia berberin chéng lai tac nhan
gdy bénh, cu thé 1a chéng lai mét s6 ching vi khuén gay nhiém trung bénh vién. Quy

trinh theo giai phap hitu ich cho phép nano hoéa berberin bang phuong phap don gian,
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than thién véi moi trudng, it tiéu t6n ning lugng, c6 thé tiy bién dé thu dugc lugng 16n
san phAm nano héa.

Theo d6, giai phéap hitu ich d& xuét quy trinh nano hoa berberin bang phwrong phép
tai két tta trong dung moi khong hoa tan, trong d6 quy trinh nay bao gbm cac budec:

(a) chuén bi nguyén liéu gdm berberin dang bot (do tinh khiét khong thdp hon 97,0%)
va dung mdi glycerol (do tinh khiét khong thap hon 99,0%);

(b) tao dung dich berberin trong glycerol bang cach cho berberin vao binh thiy tinh
chtra sdn dung mai glycerol theo ty 1€ 100:1 (khéi luong : thé tich), sau d6 khudy
tron déu trong diéu kién gia nhiét & 37 °C cho dén khi dung dich berberin chuyén
sang mau cam dong nhét;

(¢) tao dung dich huyén phu berberin trong nudce bang cach bom nho giot dung dich
berberin d& chuin bi & buéc (b) qua 6ng mao quan véi tdc dd khoang 0,5 - 1,5
ml/phtt vao binh thiy tinh chra nude cAt hai 1an dé dat duogc néng dd berberin
trong khoang 2,0 — 5,0 mg/ml & diéu kién khqu 1000 - 1500 vong/phut tai nhiét
do phong; va

(d) thu dung dich nano berberin bang cach ding song siéu 4m tac dong lén dung
dich huyén phii & budc (c) trong thoi gian 5 - 15 phit, dung dich sau d6 dugc loc
qua gidy loc, san pham thu dugc 14 dung dich nano berberin ¢6 mau vang dém
ddng nhat.

Giai phap hitu ich cling dé cap dén dic diém san pham nano berberin thu duoc tir
quy trinh theo giai phép hitu ich, trong d6 san pham dang dung dich c6 mau vang dong
nhét, hat nano berberin c6 kich thuéc nho va phén tan déng déu.

M ta vén tit hinh vé

Hinh 1 1a phd hép thu tir ngoai — kha kién (UV-vis) ctia berberin chua nano héa
(Pure BBR) va nano berberin (BBR NPs) tao ra bang quy trinh theo giai phap hitu ich.

Hinh 2 14 phé hong ngoai bién dbi chudi Fourier ctia nano berberin (BBR NPs) tao
ra bang quy trinh theo gidi phap hitu ich.

Hinh 3 12 hinh anh TEM cua cac hat nano berberin c¢6 kich thuéc dudi 100 nm
duoc ché tao bang quy trinh theo giai phép hitu ich.

Hinh 4 13 biéu dd thé hién hidu qua khang vi khudn Methicilline-resistant
Staphylococcus aureus (MRSA) (a) va E.coli O157:H7 (b) cla mAu chimg am (nudc cét
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va glycerol), mAu berberin thuin (2 mg/ml), va mAu nano berberin tai céc nong d6 2, 3,
4 va 5 mg/ml duoc ché tao bang quy trinh theo giai phap hitu ich.
M6 ta chi tiét giai phap hiru ich

Sau day, giai phap hitu ich dugc mo ta chi tiét v4i cac phuong 4n va céac vi dy thuc
hién cu thé, tuy nhién, nhitng phuong an va cac vi du nay chi nhim muc dich minh hoa
va lam rd ban chét cia giai phap hitu ich cht khong nhdm han ché pham vi yéu ciu bao
ho cta giai phap hitu ich.

Giai phap hitu ich nhim nano héa berberin bang phuong phap tai két tha trong
dung moi khong hoa tan, san pham duoc tao ra bang quy trinh theo giai phap hitu ich c6
mau vang ddng nhat, hat nano berberin c6 kich thudc nho va phén tan ddng déu, c6 hoat
tinh cao khang vi sinh vat gay bénh.

Theo d0, giai phap hitu ich dé xuét quy trinh nano héa berberin bang phuong phap
tai két tha trong dung moi khong hoa tan, trong d6 quy trinh nay bao gdm cac budc: a)
chuén bi nguyén liéu; b) tao dung dich berberin trong glycerol; ¢) tao dung dich huyén
pht berberin trong nuéc; va d) thu dugce dung dich nano berberin

Ban chit ciia phuong phap nano héa berberin theo giai phap hitu ich 1a st dung
phuong phép tai két tia berberin trong dung moi khong hoa tan dé phén tan thanh cac
hat berberin nhd, sau do st dung séng si€u am dé phan tach cac hat berberin nh6 nay
thanh cé4c hat c6 kich thudc nano bao boc bédi glycerol dé phan tan ddng déu trong nudec.
Quy trinh nay cho phép linh hoat trong quy md thuc hién nhérn thu duoc luong 16n sén
phim nano berberin & quy mo cong nghiép.

Trong budc chuén bi nguyén lidu, berberin ¢ dang bot sau khi dugc tinh ché tir cay
duoc liéu nhu vang dang, hoang ba, hoang lién chan ga, hay mao lwong hoa vang ...
hodc berberin thwong mai c6 dg tinh khiét 16n hon hoic béng 97,0% dugc luu gilt trong
1o bit kin & nhiét d6 phong va dung moi glycerol (c6 do tinh khiét 16n hon hodc bing
99,0%). Cac dung cu va vt li¢u phu trg dugc tay rira sach bang dung mdi thich hop,
khong dé bam dinh héa chét tir nhitng 14n st dung trude d6 va dam bao vo tring trude
khi st dung.

Dbi véi bude tao dung dich berberin trong glycerol, can lugng bot berberin thich
hop rdi dua vao trong binh hodc cde thiy tinh, sau d6 bom vao binh (cbe) thuy tinh d6
mot thé tich glycerol sao cho ty 1€ gitta berberin va glycerol 1a 100:1 (ty 1€ gitra khéi

lwong va thé tich), trong tmg 100 mg bdt berberin véi 1 ml dung mdi glycerol. Tiép
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theo, khudy tron dé berberin tan hoan toan vao glycerol trong didu kién gia nhiét & 37
°C, dung dich chuyén tir mau vang cta berberin sang mau cam dbng nhat. Dung moi
glycerol sir dung dé hoa tan berberin c6 dd tinh sach cao (99,0% hodc 16n hon), dat tiéu
chuén ding trong thuc pham hoic dugc pham.

O budc tao dung dich huyén phil berberin trong nudce, nude ct hai 1an dugc chudn
bi san trong mot binh thiy tinh dat trén may khuéy tir hodc cé truc khuéy, khuéy lién tuc
véi tde dd 1000 - 1500 vong/phit & nhiét dd phong. Dung dich berberin sau khi tan trong
glycerol dugc dua vao binh bang cach bom nho giot qua bng mao quan véi tbc do
khoang 0,5 - 1,5 ml/phtt cho téi khi dat dén ndng do berberin trong khoang 2,0 — 5,0
mg/ml.

O bude thu dung dich nano berberin, chuyén dung dich huyén phu berberin trong
nude sang bé khudy siéu 4m trong thoi gian 5 - 15 phut. Dudi su hd tro cia séng siéu
4m, hat berberin 16n dugc phan tach thanh nhitng hat nhé hon ¢6 kich thudc nano va
duoc bao vé boi 16p glycerol bén ngoai. Sau khi siéu 4m, dung dich nano berberin duge
loc qua gidy loc nhanh (dudng kinh 18 loc 20 - 25 pm) dé thu duoc dung dich nano
berberin c6 mau vang dam dong nhét.

Vi du thwe hién gidi phap hitu ich
Vidu 1. Nano hoa hop chit berberin

Cho 100 mg bot berberin (BBR) clorua (d6 tinh khiét: > 99%) hoa tan trong 1 ml
dung dich glycerol ¢ 37 °C dé thu dugc dung dich mau cam dbng nhat. Sau d6, nho giot
dung dich nay vao cbe chira 19 ml nude cét hai 14n (Iam dung moi khong hoa tan) voi
téc do 1 ml/phat va duy tri téc do khudy 1000 vong/phut cho t6i khi dat trang théi bao
hoa (5,0 mg/ml). Dung dich chita BBR dang huyén phu duoc chuyén sang bé rung hozic
khudy siéu 4m trong thoi gian 5 phut, sau d6 loc qua gidy loc nhanh c6 kich thudc 18 loc
v6i dudng kinh 20 pm thu duge dung dich nano BBR ¢6 mau vang dam ddng nhét.

Vi du 2. Xdc dinh ddc tinh ciia sin phédm nano berberin

San phin nano BBR tao ra béi quy trinh theo giai phap hitu ich dugc danh gia kha
ning hip thu thong qua phd tr ngoai kha kién (UV-vis) duoc so sanh véi glycerol va
BBR thudn (BBR chwa dugc nano héa) & dai bude séng tir 200 - 550 nm, st dung thiét
bi quang phd UV-vis (6850 UV/Vis, Jenway). Hinh 1 cho thay glycerol khong c6 dinh
hép thu trong dai budc séng 200 - 550 nm vi n6 khong ¢ cAu trac lién hop. Bdi véi

dung dich nano BBR (BBR NPs), ¢6 3 dinh cuc dai cuong do lon xuét hién & budc song
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228, 263 va 344 nm, gidng nhu dinh hép thu cia BBR thudn. Cac dinh nay dic trung
cho qua trinh dich chuyén n—n* trong ciu trac phan tir BBR. Ngoai ra con ¢6 mot dai
hép thu cuong do thép hon cé dinh & buéce song 421 nm, duge cho 1a dai chuyén tiép n—
m* trong cAu trac phan tir BBR. Khong c6 thay dbi v& vi tri cac dinh hp thu gifta nano
BBR va BBR thuén.

Céc dic trung lién két hoéa hoc cua bot BBR thuan va dung dich nano BBR dugc
x4c dinh bang phd hdng ngoai bién ddi chudi Fourier (FTIR, NEXUS 670, Nicolet) &
ché do truyén qua trong dai sé séng tir 400 dén 4000 cm™' (Hinh 2). Hinh 2a 1 pho FTIR
cua glycerol, dai hip thu xuét hién & s séng 3287 cm™! dic trung cho dao dong kéo dai
ctia nhom —OH. Hai dai c6 dinh & s song 2934 va 2880 cm™! duge quy cho céc dao
dong —CH, ddi xtmg va khong d6i xtmg. Dai ¢ s6 séng 1032 cm™! duge quy cho cac dao
dong bién dang C—H va cac dao dong kéo dai C—C. Hinh 2c 1a phd FTIR ctia BBR thuan,
xuét hién mét dai rong cuc manh & sb séng 3414 cm™! do dao dong kéo dai O—H cua do
4m trong cac mau. Dai hép thu yéu 6 sb séng 2844 cm™! gan cho céac dao dong kéo dai
ctia nhém methoxy (—O—CH3). Ngoai ra, dinh ¢ s6 séng 1633 cm™! dic trung cho lién
két d6i C=N" trong cAu tric phan tir cia BBR. Dinh dic trung tai s6 song 1567 va 1506
cm™! duoc quy cho dao dong cta cac lién két C=C tuong tng trong vong thom va nhém
furyl. Hinh 2b 1a phd FTIR ctia nano BBR khong xuét hién cac dinh dic trung & s6 séng
2844 va 1506 cm™! (vi tri cac hinh trong dugc phong to tir Hinh 2). Phat hién nay c6 thé
duoc giai thich bai sy hinh thanh lién két hydro gitta cAc nhém chira oxy (nhém methoxy
va furyl) ctia BBR va nhom —OH cua glycerol trong nudc.

Kich thuéc va hinh dang cta céc nano BBR da dugc phén tich béng kinh hién vi
dién tir quét (SEM, S-4800, Hitachi) va kinh hién vi dién tir truyén qua (TEM, JEM1010,
JEOL). Hinh 3a 1a anh SEM cta BBR thudn, c4c hat tao thanh thanh két tu chit ché véi
kich thuéc khac nhau trong pham vi micromet. Sau qua trinh nano hoa, kich thuge cua
céc hat BBR giam xudng cip dd nano. Hinh 3b 1a hinh TEM ctia nano BBR dang hinh
hop chir nhat ddng nhét, c6 su phan tan tét, 6 kich thude hat nho hon 100 nm.

Vi du 3. Ddnh gid hiéu quad khang khudn ciia sdn phdm nano berberin

San phan nano BBR tao ra béi quy trinh theo giai phap hitu ich dugc danh gia
hidu qua khang khuan trong sy so sanh véi BBR thuén trude khi dugc nano hoa, sit dung
glycerol va nuéc cAt 1am dbi chimg am. Hoat tinh khéng khuén cta BBR thuin & ndng

do bdo hoa (2,0 mg/ml) va nano BBR (ndng d6 khac nhau trr 0,1 - 5,0 mg/ml) da dugc
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danh gia d6i v6i hai ching vi khuén gay nhiém tring bénh vién gbm vi khudn Gram
dwong (Methicilline-resistant Staphylococcus aureus - MRSA)) va vi khudn Gram am
(E. coli 0157:H7) trong diéu kién phong thi nghiém, sir dung k¥ thut khuéch tén dia,
ndng do diét t6i thidu va dém khuén lac.

Vi k§ thuat Kkhuéch tan dia, két qua cho théy hoat tinh khang khudn cta ca nano
BBR va BBR thudn, nhung cho két qua danh gia khong rd rang. Bing k¥ thuat ndng dod
diét téi thiéu (MBC) trén phién 48 giéng da cho thy gid tri MBC cua nano BBR khang
lai MRSA va E. coli O157:H7 tuong tng 1a 2,0 va 5,0 mg/ml. Trong khi d6, vi khuén
sau khi tiép xtic véi BBR thuan tai ndng d6 bio hoa (2,0 mg/ml), ca hai ching vi khuén
van moc binh thudng sau khi G 37 °C. Hinh 4 cho thdy su ting sinh ctia MRSA va E. coli
0157:H7 trong moi trudng canh thang dinh dudng sau khi xir ly bang nano BBR va
BBR thuin ¢ ndng do khac nhau trong khoang 0,1 - 5,0 mg/ml. Két qua thu duoc bang
cach dém khuln lac trén cac dia thach sau khi cdy dich 14y tir trong mdi trudng canh
thang dinh dudng. Hinh 4a cho thdy BBR thuan khong trc ché MRSA & ndng do 0,1
mg/ml. Tuy nhién, khi tang din ndng d6 BBR thuan tir 0,5 mg/ml dén ndéng dd bio hoa
ctia BBR thuén (2,0 mg/ml) hoat tinh trc ché vi khuén ciing ting 1én. So sdnh két qua
khang khuan giita nano BBR va BBR thuan cho thiy: hoat tinh khang khudn ctia nano
BBR cao hon trong khoang néng d6 0,1 - 1,0 mg/ml. Khong quan sét thdy su tang sinh
ctia MRSA sau khi xir Iy bing nano BBR & ndng d6 2,0 mg/ml. Déi v6inano BBR ¢ 2,0
mg/ml va ndng @6 16n hon déu c6 kha ning khang khuin manh ddi v6i chiing MRSA.

Thtt nghiém v6i nano BBR va BBR thuin ¢ ndng d¢ tix 0,1 - 2,0 mg/ml cho thay
kha ning @e ché vi khuan E. coli 0157:H7 khong cao (Hinh 4b). Khi xi I bang nano
BBR & ndng d6 3,0 - 4,0 mg/ml da 1am gidm dang ké kha niang moc cua ching vi khuén
E. coli O157:H7. Két qua thir nghiém da chiing minh rang BBR sau khi nano héa bang
quy trinh theo giai phép hitu ich ¢6 kha nang trc ché vi khudn E. coli O157:H7 & nong
dd cao.

San phdm nano BBR tao ra bang quy trinh theo giai phéap hitu ich cho céc hat
BBR v6i kich thude dudi 100 nm, do ty 1& bé mit trén thé tich cao nén céc hat d& dang
tiép xtic va tuong tc voi mang té bao vi khudn, din toi (e ché cling nhu tiéu diét vi

khuén.
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Hiéu qua dat dwoc ciia gidi phap hiru ich

Quy trinh nano hoa berberin theo giai phép hitu ich tao ra san pham nano berberin
¢6 kich thuéce dudi 100 nm, ting kha nang hoa tan cta berberin hon 2,5 14n trong nuéc
va hoat tinh khang vi khuan gy bénh cai thién rd rét so voi berberin thudn. Quy trinh
theo giai phap hitu ich don gian va dé& thyc hién. Biang k¥ thuét tai két tia trong dung
moi khong hoa tan, quy trinh cho phép tao ra cac hat nano berberin phén tan 6n dinh
trong nudc trong thoi gian dai ¢ nhiét do phong.

Quy trinh theo giai phap hitu ich cho phép 4p dung d6i v6i ca ngudn nguyén liéu
berberin thuong mai cling nhu nguén chiét xut tir cdy dugc liéu trong ty nhién, san
phdm an toan khong chira chét dc hai, giam thiéu 6 nhiém mai trudng, ddng thoi c6 thé
linh hoat dé dua vao nhiéu loai hinh san phim khac nhau gép phan ting gid tri vé kinh

7
A

te.
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YEU CAU BAO HO
1. Quy trinh nano hoéa berberin bang phuong phap tai két ta trong dung moi khong
hoa tan, trong d6 quy trinh nay bao gbm cac budc:

(a) chuén bi nguyén lidu gdm berberin dang bot (¢ tinh khiét khong thép hon 97,0%)
va dung mdi glycerol (do tinh khiét khong thép hon 99,0%);

(b) tao dung dich berberin trong glycerol bang cach cho berberin vao binh thuy tinh
chira san dung méi glycerol theo ty 1& 100:1 (khéi luong : thé tich), sau d6 khudy
tron déu trong diéu kién gia nhiét & 37 oC cho dén khi dung dich berberin chuyén
sang mau cam déng nhat;

(c) tao dung dich huyén phii berberin trong nudce bang cach bom nho giot dung dich
berberin d chuén bi & bugc (b) qua éng mao quan Vi tbc do khoang 0,5 - 1,5
ml/phut vao binh thiy tinh chira nuée cét hai 1an dé dat dugc ndng @ berberin
trong khoang 2,0 — 5,0 mg/ml & didu kién khudy 1000 - 1500 vong/phut tai nhigt
do phong; va

(d) thu dung dich nano berberin bang cach ding song siéu 4m tac dong 1én dung
dich huyén phi1 & budc (¢) trong thoi gian 5 - 15 phit, dung dich sau d6 dugc loc
qua gidy loc, san pham thu duoc 1a dung dich nano berberin ¢6 mau vang dam

ddng nhat.
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