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LOI CAM DOAN
T6i xin cam doan dé tai nghién citu trong ludn van nay la cong trinh

nghién ciru cua toi dwa trén nhiing tdi liéu, sé liéu do chinh t6i tw tim hiéu va

nghién ciru. Chinh vi vdy, cdc két qua nghién cuu dam bdo trung thuc va
khéach quan nhit. Pong thoi, két qua nay chua tirng xudt hién trong bét cir
mot nghién ciru ndo. Céc s liéu, két qua néu trong ludn vin la trung thurc néu
sai t6i hoan chiu trach nhiém trudc phat ludt.

Tac gia ludn van
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Pham Thi Nhung
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LOI CAM ON

Ludn van duoc hoan thanh tai Vién Héa hoc va Hoc vién Khoa hoc va
Cong nghé, Vien Han lam Khoa hoc va Cong nghé Viét Nam. Trong qud trinh
nghién citu, t6i da nhdn dwoc sy giip do quy bdu ciia cdc thay cé, dong
nghiép, ban be va gia dinh.

T6i xin bay t6 long biét on séu sdc va kinh trong nhat 16i PGS.TS. Lé
Minh Ha va TS. Lé Ngoc Hing di giao dé tai, hudéng dan tan tinh, chu déo,
hé tro tao moi diéu kién thudn loi giup do t6i trong thoi gian thuc hién ludn
van.

T61 xin chdn thanh cam on Ban lanh dao Vién Héa hoc, Hoc vién Khoa
hoc va Cong nghé va cdc can bé phong ban da tao moi diéu kién thudn loi dé
101 hoan thanh cdc thi tuc trong qud trinh thuc hién va bdo vé ludgn van.

T6i trdn trong cam on cdc can b, tdp thé anh chi em phong Hop chdt
thién nhién va bdo vé méi truong, Vién Hoéa hoc da nhiét tinh givip d5, hé tro
101 trong qua trinh lam thuc nghiém va hoan thanh ludn vin.

Cudi ciing, 16i xin bay t6 long biét on chan thanh va sdu sdc nhat t6i gia
dinh, ban bé, nguoi than da luén quan tam, déng vién, khich I¢ t6i trong suét

qud trinh hoc tdp va nghién citu.

Ludn van dwoc hé tro kinh phi tir nhiém vu Nghi dinh thu Viét Nam véi
Céng Hoa Séc, mé s6 NDT/CZ/23/07. |

Toi tran trong cam on!

Ha Noi, ngay/ thang//nam.zo25

Tac gia ludgn vin
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Pham Thi Nhung
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X
MO DAU

Trong nhiing nam gan day, cong nghé nano dang ngay cang tré nén pho
bién va dugc tmg dung rong rii trong doi song hing ngay. Cac san pham dira
trén céng nghé nano di xuat hién trong nhiéu linh vuc khic nhau nhu: dét
may, my pham, cong nghé thong tin, nong nghiép va y dugc. O kich thudc
nano, vat liéu thé hién nhiing tinh chit vat 1y, hoa hoc va sinh hoc khac bi¢t
dang ké so voi cung loai vat li€u ¢ kich thudc 16n hon. Nho nhitng dac tinh
doc d4o nay ma nhiéu nha nghién ctru di tap trung khai thac cong nghé nano
nhdm tao ra cac vat liéu cé tinh nang cai tién, dic biét la nang cao do tan
trong nudc va sinh kha dung cta nhitng hop chét von c6 tinh tan kém. Pay 1a
mot hudng nghién ciru dang nhan duoc su quan tim 16n trong nhitng nim gan
day [1].

Dic biét, c6 nhidu phuong phap di dugc phat trién dé ché tao vat lidu
nano dang soi, trong d6 co phuong phip kéo soi bing dién truong
(electrospinning) dugc xem l1a mot trong nhitng k¥ thudt don gian va hiéu qua
nht. bay la ky thuat ché tao soi thuong duogc st dung nhit va sgi nano
polymer ché tao bang phuwong phap niy c6 tmg dung cao trong linh vuc dan
thudc. Bén canh d6, soi nano polymer ché tao bang phuong phap quay kéo
luc dién truong co cAu trac 18 ¢ thé kiém soat duoc va mang cac chit lanh
vét thuong nén duogc img dung mang thude nha cham. Trong nhitng nim gan
day, viéc ché tao vat liéu nano bang phuong phap quay kéo luc dién truong
dang dugc quan tam nghién ctru, mé ra nhitng hudng tng dung moi, dac biét
1a tng dung trong linh vuc y dugc khong chi trén thé giéi ma con ¢ Viét Nam.
Thong qua phuong phép electrospinning, nhiéu loai soi nano da duoc ché tao
tir ca polymer ty nhién (nhu zein, collagen, silk, chitosan...) va polymer tong
hop. Céac soi nano nay di duoc tng dung trong nhiéu linh vuc khac nhau bao
gdm y sinh hoc, tach chiét/phan tach, cam bién (sensor) va cac hé dan truyén
thudc.

Trén thé gid1 va hién tai & Viét Nam, viéc nghién ctru ché tao sQ1 nano
chitosan mang hoat chat duoc liéu béng ky thuat luc dién truong dang duoc
cac nha khoa hoc quan tam.

Capsaicin 12 dugc chiét xudt tir qua 6t (Capsicum annuum L.) ¢6 hoat

tinh sinh hoc chinh trong &t chiém t6i 65-70%. Cac nghién ciru trén thé giéi
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da chiing minh capsaicin c6 tac dung lam giam dau, khi str dung capsaicin &
nong do thap cé kha ning giam viém, giam dau do viém khép dang thap va
dau co. Ngoai ra, & ndng do capsaicin cao di dugc chimg minh 1a diéu trj than
kinh, dau sau m va dau dau. Capsaicin con c6 tiém ning khang khuan, khang
nam t6t. Ngoai tac dung giam dau, khang khuan, Capsaicin con duogc biét dén

boi kha nang di€u tri cac bénh ngoai da khac nhau: da khd, vay nén.

Trong linh vuc y sinh, sy két hop chitosan (CS), polylactic acid (PLA)
va polyethylene glycol (PEG) trong ché tao soi nano dugc danh gia cao nhd
kha nang bd sung wu diém cua timg thanh phan. Chitosan 1a polymer tu nhién
c6 tinh phan hity sinh hoc, twong thich sinh hoc, khang khuan va hd tro lanh
vét thuong, song kho dién kéo do do tan han ché va ciu trac lién két hydro
phirc tap. PLA 1a polymer ngudn goc tai tao, c6 do bén co hoc cao va kha
ning tao soi tot, gitip khic phuc han ché cua chitosan. PEG 1a polymer wa
nuoc, tuong thich sinh hoc, cé vai tro cai thién do 6n dinh, hoa tan va kha
ning phan tan, dong thoi ting cudng twong tac gitta CS va PLA. Do do, su
phéi hop ba polymer CS/PLA/PEG vira dam béo tinh chét sinh hoc céan thiét,
vira nang cao dic tinh co hoc va dé dang tao soi, phu hop cho tng dung trong
linh vuc y sinh [4].

Trén thé gidi va trong nudc hién chua c6 cac nghién ctru ché tao soi
nano polymer chitosan mang hoat chat capsaicin. Do vay, t6i da quyét dinh
lua chon dé tai nghién ctru: “Nghién ctru ché tao soi nano chitosan mang hoat

chat capsaicin bang phuong phap luc dién trudng”.

Muc ti€u cua luan van la: Ché tao soi nano chira chitosan va hoat chat
capsaicin bang phuong phap lyc dién truong. Nghién clru dédc tinh, cau truc

so1 nano chitosan mang hoat chat capsaicin.

Céc soi nano polymer chitosan gan hoat chét capsaicin ¢6 kich ¢& nano
mét v4i cac dic tinh gitip cho viée giai phong hoat chét tir tir (nha cham), 1am
tang cuong tac dung, tinh sinh kha dung cua hoat chét va cac két qua dat duoc
s& 1a dinh hudng trong nghién ctru cic dang bao ché tao cac san pham chim
soc suc khoe, dac biét 1a dinh hudéng ung dung trong miéng dan giam dau,
kem béi da...hd tro diéu tri bénh dau xuong khép.



CHUONG 1. TONG QUAN NGHIEN CUU
1.1. Tong quan chung vé cong nghé nano trong linh vure y dwge

Cong nghé nano trong y dugc 1a mot linh vuc twong d6i méi mé nhung
phat trién nhanh chéng, két hop giira cong nghé nano véi y sinh hoc va dugc
hoc. Ung dung ctia cong nghé nay bao gdm: bao ché thudc ¢ dang nano, cac
tac nhan chan doan hinh anh sir dung hat nano ciing nhu cic hé thong chan
doan tri li€u tich hop.

Organic NPs

Polymeric NPs

R Viral NPs

Hinh 1. Ung dung ciia céng nghé nano trong linh vuec y dwoc

Trén thé gidi, cac bang sang ché lién quan dén nghién ctru va Gmg dung
cong nghé nano trong bao ché dugc liéu dung cho thuc phdm chirc ning, tinh
dén thang 10/2017, da co tong cong 1.284 don sang ché dugc cong bd. Hai
qudc gia c6 don ding ky sang ché som nhat trong linh vuc nay 14 Nam Phi
(nim 1974) va Hoa Ky (ndm 1978). Tinh d&én thoi diém noi trén, cac bang
sang ché trong linh vuc nay di dugc diang ky tai 31 qudc gia va 2 t6 chic
qudc té 1a T6 chirc S¢ hiru tri tué thé gidi (WO) va Vin phong sang ché chau
Au (EP). Trong d6, nim qudc gia dan dau vé sb luong sang ché bao gom: Hoa
Ky, Han Qudc, Nhat Ban, Trung Qudc va Uc. Cac qudc gia con lai c6 ty 16
don dang ky dao dong tir 0,46% dén 1,75%. Vé ndi dung, cac sang ché tap
trung vao ba nhom chinh: (1) dugc phim va ché pham hd trg diéu trj (chiém
53%), (2) thuc pham va d6 udng (chiém 29%) va (3) my pham (chiém 12%).
Trong d6, hudng nghién ciru lién quan dén duoc pham va ché pham hd tro

di€u tri chiém ty 1€ cao nhat va dugc quan tam nhi€u nhat tai cac quoc gia dan



dau nhu My, Han Quéc, Nhat Ban, Trung Quéc va Uc, cling nhu tai hai t6
chic WO va EP. Piéu nay cho thay xu huéng tng dung cong nghé nano trong
bao ché duogc liéu dang duoc tap trung nghién ciru manh mé ¢ nhém nudc

phat trién.

Céc két qua nghién ctru cho thiy rang cac hé hat nano mang lai nhiéu loi
ich vuot troi vé duge dong hoc so véi thude truyén théng béi chiing gitip tang
do hoa tan, cdi thién sinh kha dung, nang cao hi¢u qua diéu tri, giam ddc tinh
va tang kha nang hudng dich moé. Pac biét, cac duogc chét c6 thé duge lién két
v6i cac soi nano chitosan - von 13 nén polymer sinh hoc nhdm phén tan hoat
chat va giai phong dan dan nhd qua trinh khuéch tan hodc phan huy cua
polymer. Chinh vi vay, thude c6 thé duge thiét ké hicu qua hon, an toan hon

va t&i wu hon cho muc tiéu diéu trj cu thé [2].

Tai1 Viét Nam, trng dung cta sgi nano polymer dang ngay cang dugc mo
rong va thu hut sy quan tdm cia cac nha nghién ctu. Trong d6, nhém nghién
ctru ctia TS. Nguyén Thi Thu Thiy thudc trudng Pai hoc Phenika ché tao va
ung dung soi nano polymer trong céac linh vuc sau: y sinh, moi truong, nang
lugng xtc tac...Niam 2018, tic gia Nguyén Thi Thu Thuy va Nguyén Thi
Phuong Thu tai Truong Pai hoc Cong nghiép Ha Noi di nghién ctru ché tao
mang soi nano chitosan/polyvinyl alcohol tng dung loai b6 ion kim loai nang
trong nudc. Két qua mang sgi nano CS/PVA duogc danh gia kha ning hap phu
d6i voi ion Cu?* va Pb?* trong dung dich nude va kha nang xu 1y loai ion kim
loai ning trong nudc thai ciia qua trinh ma dong bang Ni, Cr cia cong ty Co
phan Khi cu dién I [3].

Bén canh do, vi¢c nghién ctru, ché tao va ung dung vat li€u nanochitosan
d3 duoc nhidu nhém nghién ciru trong nudc trién khai, dic biét trong cac linh
vuc duoc pham va ndng nghiép. Mot trong nhitng cong trinh nghién ciru tiéu
biéu 1a dé tai: “Nghién cuu ché tao vt liéu chitosan ung dung trong duoc
pham va trong néng nghiép”’ do PGS.TS. B Trudng Thién (Vién Hoa hoc -
Vién Han 1am Khoa hoc va Cong nghé Viét Nam) chu tri. Dé tai nay da xay
dung thanh cong quy trinh ché tao san pham tir nanochitosan, dong thoi tién
hanh thir nghiém tGng dung kich thich sinh trudng trén cay lta, cho két qua

kha quan trong thuc tién canh tac.



Gan day, nhom nghién ctru ciia PGS.TS. Lé Minh Ha (Vién Hoa hoc —
Vién Han lam Khoa hoc va Coéng nghé Viét Nam) va cOng su tap trung
nghién ctru va da phat trién thanh cong soi nano polymer duoc ché tao bang
phuong phap kéo soi dién tir hé CS/PEG/PLA mang hoat chit ty nhién ethyl
p-methoxycinnamate (EPMC). H¢ vat li¢u nay cho théy dac tinh co hoc uu
viét, kha ning giai phong hoat chét hiéu qua (~70% sau 24 gio) cung voi hoat
tinh sinh hoc cao. Pic biét, soi nano thé hién rd hiéu qua chéng viem (ICso =
41,05 + 1,75 pg/mL), khang khuan va dugc danh gia 1 an toan trén ca md
hinh in vitro va in vivo, khing dinh tiém ning tng dung trong y sinh, dic biét

trong diéu tri viém [4].

1.2. Tong quan vé phwong phap lwc dién truong va ing dung lién quan

Trong s6 nhiéu phuong phap dugc sit dung dé ché tao vat liéu nano hién
nay, k¥ thuat quay luc dién truong (electrospinning) dugc danh giad 1a mot
trong nhitng phuwong phép don gian va hiéu qua nhat dé tao ra céc soi co
duong kinh tir vai chuc nanomet dén vai micromet. V&i phuong phap nay,
ngudi ta da tong hop thanh cong nhiéu loai soi nano tir cic polymer tir nhién
nhu zein, collagen, lua to tam, chitosan, cling nhu tir cdc polymer téng hop.
Nhing s¢1 nano nay da dugc ung dung rong rai trong cac linh vuc nhu y sinh,
cong nghé phan tach va cam bién [5-6].

1.2.1. Sw phat trién ciia nghién ctru s¢i nano bang phwong phap hre
dién trwong

K¥ thuat phun dién (electrospray) da duoc dé xuét tir cudi thé ky XIX va
din dugc cai tién, phat trién thanh phuong phép luc dién truong
(electrospinning) vao khoang nim 1900. Vao nim 2006 dén nay giai doan nay
chung kién su bung nd cac cong trinh nghién ciru mg dung sgi nano phuong
phap luc dién truong trong: cam bién, k¥ thuat mé, vat liéu chéng tac nhan
hoa hoc, mang loc, gian gia thé, pin va xuc tac. Ngoai ra, soi nano con dugc
mg dung ndi bat trong y hoc nhu hé théng phan phdi thude.

Tir sau nim 2010, phan 16n cac coéng trinh nghién ctru di tap trung vao
tmg dung thuc tién cua soi nano thong qua phuong phap luc dién truong trong
nhiéu linh vuc khac nhau. Cac nghién ciru nay thuong st dung polymer chirc
nang hoda, so1i tich hop hat nano hodc céc sgi nano composite c6 chira oxit kim

loai dé nang cao hi¢u qua trng dung.
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1.2.2. Nguyén 1y hoat dong, cau tao thiét bi va cic thong s6 vin hanh

1.2.2.1. Nguyén Iy hoat dpng va céu tao thiét bi

Co ché hinh thanh soi trong k¥ thuat phwong phap luc dién truong dua
trén nguyén ly tuong tac tinh dién gitra cic dién tich. Dung dich polymer
duoc chira trong xilanh co6 san lyc cing bé mit. Khi duoc két ndi véi nguén
dién cao ap tai dau kim tiém, dién tich dugc truyén vao dung dich. Déng thot,
mot bd thu dién tich trai ddu duoc dit cach dau kim mot khoang nhét dinh
(thuong khoang 10 cm) dé thu nhan soi.

Khi dién ap cao duogc cap (khoang tir 10 dén 30 kV), dién trudng manh
s€ lam dung dich tai dau kim vuot qua lyc cang bé mit va hinh thanh mot cu
tric dac trung c6 dang hinh nén goi 1a nén Taylor (Taylor cone). Tt dinh cua
nén nay, dong dung dich bi kéo gidn va phong ra tao thanh cac sg¢i si€u manh.
Mat dd dién tich tai bo thu cang cao thi qua trinh hinh thanh sgi cang 6n dinh
va hi€éu qua hon. Hinh 1 dudi day minh hoa rd rang nguyén ly van hanh cua

hé théng luc dién truong.

Collector

High voltage power supply

Hinh 2. Minh hoa qua trinh tao soi nano tu dung dich polymer duoi tac
dong cua dién truong

Thiét bi luc dién trudng bao gé)m ba b phan chinh: (1) nguén dién cao
ap - 1a thanh phan c6 anh huong 16n nhat dén qua trinh tao soi, (2) hé thdng
bom dung dich bao gdm bng tiém va kim tiém (trong mot sé thiét ké khong
dung kim, cum nay dugc goi chung la spinneret) va (3) bd thu (collector) -
noi tap trung cac sgi dugc hinh thanh.

Céc thong s6 thiét bi nhu loai kim, thé tich dung dich, duong kinh kim,
hodc thiét ké xilanh cling can duoc lua chon phu hop tuy theo loai luc dién
truong st dung. Trong d6, cic hé théng khong st dung kim (needleless



electrospinning) dugc danh gia 1a phu hop nhat cho quy mé san xuat cong
nghiép nho vao kha ning tao ra lugng 16n soi nano trong thdi gian ngan.

Hién nay, trén thi trudng c6 nhiéu loai thiét bi luc dién truong voi cac
c4u hinh va nguyén 1y hoat dong khac nhau, tuy nhién su khac biét chu yéu
nim & thiét ké ctia phan spinneret va bo thu. Mot sé hé théng str dung dién
cuc lam spinneret, trong khi nhiéu thiét ké khac ap dung co ché khong sir
dung kim (needleless). Trén thuc té, cac thiét bi khong kim dang dan chiém

vu thé nho kha nang san xuat quy mo 16n va hiéu suit cao.
1.2.2.2. Théng soé vin hanh

Céc yéu t6 anh huong dén qua trinh kéo soi tir dung dich polymer bang
phuong phép luc dién truong bao gém ca cac dic tinh cua dung dich, diéu
kién moi trudng va cu hinh thiét bi, trong d6 thong s6 dung dich dong vai tro

then chét trong viéc hinh thanh va kiém soat hinh théi ciia soi nano.

o Théng sé lién quan dén dung dich kéo sgi

Vit liéu lwa chon: Vi¢c lya chon polymer thich hop cho ky thuat lyc dién
truong phu thude vao muc tiéu tng dung cudi ciing cta soi nano. Chang han,
cac soi nano dan dién cé chira 6ng nano (nanotube) tir polymer din dién
thuong duoc str dung trong cac thiét bi cam bién, dién cuc va vat liéu c6 hoat
tinh sinh hoc, nho kha ning dap tGng dién tich bén trong cu tric phan ti.
Khéi luong phan tir (M. wt.) ctia polymer 1a mot trong nhirng yéu t6 then chdt
quyét dinh dic tinh hinh théai cua soi. Nhiéu nghién ctru cho thiy cting mot
loai polymer nhung c6 khéi lwong phan tir khic nhau s& cho ra sgi ¢ duong
kinh khéc nhau. Polymer c¢6 khdi lwong phén tir qua thip dé tao ra soi bi dut
doan, trong khi khéi lugng qua cao gy kho khin trong viée kéo soi lién tuc.
Do d6, can lya chon polymer co khdi luong phan tr tdi wu dé dam bao hinh
thanh soi déng déu va lién tuc.

Dung moi hoa tan: Trong truong hop s¢i nano composite, dung dich
polymer thudng duoc pha tron voi cac tién chat vo co nhu mudi kim loai hodc
hat nano. Céc tién chat nay can duogc hoa tan trong dung méi phu hop dé dat
duoc do nhdt thich hop cho qua trinh lyc dién truong. Khi qua trinh kéo soi
dién ra, dung moi s& bay hoi trong qué trinh di chuyén tir dau kim dén b6 thu.
Vi véy, lya chon dung moi thich hop cho tig loai tién chét 1a diéu kién tién

quyét dé dam bao chét luong soi.



Céc thudc tinh quan trong cua dung dich anh huéng dén kha nang kéo soi bao
gém dd nhot, strc cang bé mit va d6 dan dién, véi mdi lién hé chat ché gitra
ba yéu té nay:

v' Pj nhét: Pay 1a thong sd anh hudng truc tiép dén kha ning hinh thanh
soi. Dung dich c6 d6 nhot tdi wu s& tao ra sgi co duong kinh trong khoang
micro dén nano. Dung dich qua loang s€ tao ra soi c6 hat, trong khi dung
dich qua dic dé gay tic kim va kéo soi khong 6n dinh.

v Stre cing bé mit: La luc tic dong trén bé mat chat 1ong theo don vi chiéu
dai. Trong phuong phép luc dién trudng, dién 4p can phai du cao dé thing
duoc stric cang bé mat nhim tao thanh soi. Céc dung moi khac nhau s€ anh
huong dén strc cang bé mit khac nhau. Yang va cong su da chirng minh
rang viéc giam strc cing bé mat (ma khong thay doi ndng do polymer)
gip cai thién hinh dang so1 tir dang c6 hat thanh so1 min.

v Do din dién: C6 vai tro dic biét quan trong trong viéc hinh thanh s¢i. Ce
Wang va cong su chi ra rang cic polymer ty nhién thuong c6 d6 dan dién
cao hon do dic tinh polyelectrolyte, nhung dong thoi lai ¢ strc cing bé
mit 16n hon, gdy khé khan trong qua trinh kéo soi so véi polymer tong
hop. Pé cai thién d6 dan dién, ngudi ta thuong bd sung mudi nhu NaCl,
KCI hoic KBr vao dung dich. Viéc ting do dan dién s& lam gidm dudng

kinh soi, gitip tao ra sgi manh hon va dong déu hon.
e Théng sé thiét bi

Trong k¥ thuat lyc dién trudng, cac thong sé lién quan dén thiét bj dong

vai tro then chdt trong viéc kiém soat hinh thai, duong kinh va hudng sap xép
ctia soi nano. Mot s6 thong sb chinh bao gom: téc d6 dong dung dich, kich
thudc va hinh dang kim tiém, dién ap ap dung, khoang cach giira dau kim va
bd thu, cling nhu cAu hinh cta bd thu.
Toc d dong cua dung dich 1a tbc do ma dung dich polymer duoc day ra khoi
dau kim dudi tac dung cta ap luc. Téc d6 dong thap thuong c6 loi cho qua
trinh phan cyc cua dung dich polymer, giup hinh thanh sgi min va lién tuc.
Nguoc lai, khi téc do dong ting 1én, chiang han dat mirc 1 mL/phit, nguy co
tao ra soi c6 hat ting dang ké do dung dich khong kip kho hoan toan trudc khi
dén bo thu.



Puong kinh va hinh dang ciia kim tiém ciing anh huong dang ké dén dic
diém soi tao thanh. Viéc sir dung kim c6 duong kinh 16n (gauge nho) thuong
cho ra soi ¢6 kich thudc ¢& micromet. Ngoai ra, hinh dang tiét dién cua kim
(tron, elip, v.v.) cling anh huong dén hinh thai cua soi - chang han, kim c6 tiét
dién elip co thé tao ra soi det hodc bién dang khong déu.

Pién ap ap dung trong qua trinh kéo soi c¢6 anh hudng nhét dinh dén duong
kinh sgi. Nhiéu nghién ctru da chi ra r::fmg khi dién ap tang, luc dién tac dong
1én dung dich tang theo, anh hudng dén tdc d6 kéo soi va hinh thai soi. Tuy
nhién, so v&i cac thong s6 khac, anh huong cua dién 4p dén duong kinh soi 13
turong d6i han ché trong pham vi hoat dong tiéu chuan.

Khoéng cach giira dau kim va bd thu 13 thong s6 c6 anh hudng dang ké dén
chat lugng soi. Khoang cach nay can du 16n dé dung mai c6 thoi gian bay hoi
hoan toan trudc khi soi tiép xtic voi bo thu. Néu khoang cach qua ngén, soi d&
c¢6 hinh dang hat hodc khong déu; trong khi d6, khoang cach qua dai c6 thé
gy dut gdy dong soi do sy mét 6n dinh dién truong. Do d6, can tdi wu
khoang cach nay tuy thudc vao hé dung dich va diéu kién moi truong.

Céu tric va loai b thu (collector) cé vai trd quyét dinh trong viéc dinh
huéng (alignment) va dinh hinh (orientation) ciia soi nano. Mot sb thiét ké
phd bién bao gdm: bd thu dang kim, ban phang, thanh ngang, truc quay, dia
quay, hodc bon chira dung dich. Trong d6, bd thu dang dia quay (disk
collector) thuong duoc sir dung dé thu duoc soi ¢6 hudéng dinh hinh tt.

o Théng sé méi trwong

Trong k¥ thuat luc dién trudng, cac yéu t6 moi truong nhu nhiét d va
d6 am c6 anh hudng dang ké dén qua trinh hinh thanh cling nhu cau tric vi
mo cua sgi nano. Trong dd, nhié¢t do tai vi tri bd thu (collector) dugc xem la
mot yéu td dic biét quan trong trong viéc diéu chinh tinh chat Xép va hinh
thai bé mit cua soi.

Ngoai ra, nhiét do va do am 1a hai thong s6 moi trudng co mdi lién hé
chit ché va cung anh hudng dén qua trinh kéo soi. Nhiét d6 cao thudong lam
giam d6 am tuwong d6i trong khong khi, tir d6 ting téc d6 bay hoi ctia dung
mdi, diéu nay c6 thé dan dén viéc hinh thanh soi khé nhanh hon, nhung ciing
c6 nguy co gy ra cac hién tuong nhu soi dé giy, tao 16 x6p khong dong déu

hoic khong kiém soat duge hinh théi soi.



Do am cao trong mdi trudng luc dién truong co thé dan dén sy hinh
thanh cic soi nano c6 dudng kinh 16n va bé mit khong dong déu. Trong
nghién ctru ché tao soi polystyrene, nhom tac gia di xac dinh rang d6 am tdi
wu dé thu duoc sgi nano c6 dic tinh xdp ddng déu 1a dudi 25%. Vuot qua
mirc nay, kha ning kiém soat hinh thai soi va mirc 46 xdp sé& bi giam.

Do d6, viéc duy tri d6 am ¢ muec tdi vu 1a diéu kién tién quyét dé dam
bao chét lugng soi nano, dac biét trong truong hop mong mudn hinh thanh
cac mang xép hodc cAu tric co dién tich bé mat 16n phuc vu cho cac ing dung

trong linh vuc loc, cdm bién va y sinh.

1.2.3. Cac irng dung lién quan

Céac soi nano duoc ché tao bing ky thuit quay dién truong (E-spun
nanofibers) s& hiru ty 1€ dién tich bé mit trén thé tich rat 16, day la mot dac
tinh wu viét gitp md rong kha ning Gmg dung trong nhiéu linh vuc khac nhau.
[6].

Hién nay, cac ing dung ndi bat cia cong nghé nay bao gom: loc khong
khi va chat 16ng, mit na cham soc da, trang phuc bao ho quan su, cam bién
nano, tmg dung lién quan dén ning luong, vat liéu bang vét thuong, hé thdng
dan truyén thudc, cd dinh enzyme va gid thé cho k¥ thuat msé.

Trong s6 cic hudng ung dung tiém ning, huéng tng dung dan truyén
thudc dugc danh gia 14 mot trong nhimg linh vuc day trién vong nhat. Nhitng
vu diém vuot troi nhu: kha ning mang tai thudc cao, hiéu suit bao géi hiéu
qua, kha nang phan phi da dang liéu phap cing luc, quy trinh thyc hién don
gian, va chi phi thap khién k¥ thuat electrospinning trd thanh mot cong cu day
htra hen trong linh vuc y sinh, dic biét 1a trong héa tri tai chd sau phau thuat

[7].

Nhiéu nghién ctru in vitro da dugc thuc hién nham danh gia kha nang
kiém soat phan b va giai phong thude tir mang soi nano. Zong va cong su di
tién hanh nghién ctru trén vat liéu mang soi nano tir PDLLA c6 tai thudc
khang sinh Mefoxin, thong qua viéc tdi uu cac thong sb thiét bi nhu: cuong
d6 dién trudong, ndng d6 dung dich polymer, ty 18 bd sung mudi va téc do cap

liéu. Mang soi nano sau khi ché tao duge ngam trong 20 mL dung dich dém



dé tién hanh khao sat qua trinh giai phong thudc. Két qua cho thiy, toan bo
luong thude duoc giai phong hoan toan sau 48 gi, minh ching hiéu qua kiém

soat giai phong cua h¢ vat li¢u.

Trudce thyc trang do, vat li€u sgi nano noi 1én nhu mot gidi phap tiém
ning voi vai tro 1a hé dan truyén thudc hiéu qua, gitp cai thién do on dinh,

giam lidu sir dung va ting d6 tap trung thudc tai vi tri can diéu trj [6].

1.3. Tong quan chung vé vat liéu chitosan va ing dung nanochitosan
trong linh vuc y dwge

Pong vat giap xac va dong vat than mém 1a nhitng loai thuy san dugc
tiéu thy rong rii trén toan thé gidi nho huwong vi thom ngon va gia tri dinh
dudng cao. Tuy nhién, trong qué trinh ché bién, chi khoang 30 - 40% khdi
lugng sinh hoc cua cac loai nay dugc sur dung lam thuc phérn, trong khi phén
con lai (chiém khoang 60 - 70%) bi loai bé duéi dang chat thai hodc san pham
phu. Cac phé phim nay, tuy khong duoc sir dung truc tiép trong thuc pham,
nhung lai chia nhiéu hop chat c6 gia tri, dic biét la chitin - mot
polysaccharide tu nhién quan trong. Chitin c6 thé duoc chiét xuit tir vo cua
cac loai dong vat co vo thong qua nhiéu phuong phép khac nhau nhu xu 1y
héa hoc, vi sinh vat, enzyme hodc cac quy trinh “xanh” than thién voi moi
truong. Tuy nhién, do dic tinh khong tan trong nuéc va trong hau hét cac
dung méi hitu co, chitin gip nhiéu han ché trong tng dung thuc té. DBé khic
phuc nhugc diém nay, chitin thuong dugc khir acetyl hoa dé tao thanh
chitosan - mot dan xuat c6 kha ning hoa tan tt hon va s¢ hitu nhiéu tinh nang
sinh hoc, ttr d6 mo rong kha nang tng dung trong cac linh vuc nhu y duoc,

thuc pham chirc ning, ndng nghiép va cong nghé sinh hoc [8].
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Hinh 3. Ung dung ciia Chitosan (CS) trong cdc linh vuc y duoc,

thwe pham chire ndng, néng nghiép va cong nghé sinh hoc

Dé tmg dung trong linh vuc y té va thuc pham, chitosan di duoc nghién
ctru rong rai vé mirc do an toan va doc tinh. Ngay tir nam 1968, K. Arai va
cong su da bao cao réng chitosan hau nhu khong ddce, voi chi s6 LDso 1a 16
g/kg thé trong, khong gay doc cip tinh hodc man tinh trén dong vat va nguoi.
Nhiéu nghién ctru sau do cling khrflng dinh cac dac tinh vu viét cua chitosan
nhu: tinh co hoc tdt, kha ning tao mang dé dang, khong ddc hai, phan huy
sinh hoc ty nhién va kha ning twong thich sinh hoc cao - khong chi véi co thé
dong vat ma con véi mo thuc vat. Nhitng dac tinh nay khién chitosan tré
thanh mot vat liéu sinh hoc tiém ning trong cic ung dung y sinh, dic biét

trong viéc hd tro lam lanh vét thuong [9,10].

Gan déy, cong nghé nano da mo ra hudng tiép can méi trong viée t6i uu
hoa cac dic tinh vat liéu. O quy md nano, dién tich bé mit riéng ting 1én dang
ké, kéo theo su cai thién vé cac tinh chét vat 1y, hoa hoc va sinh hoc cta vat
liéu. Nguyén 1y nay ciing duoc ap dung dé tao ra nanochitosan - cac hat
chitosan & kich thudc nanomet - nham nang cao hi¢u qua ung dung, dac biét
trong dan truyén thudc, thyc pham chirc ning va cac hé phan phdi hoat chat
sinh hoc [8].

Vao nam 2019, Ikono Radyum va cong sy da tién hanh nghién ctru hoat
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tinh khang khuan cta nanochitosan ddi véi mang sinh hoc cua hai loai vi sinh
vat phd bién trong khoang miéng 1a Streptococcus mutans va Candida
albicans. Trong nghién ciru nay, nhom tac gia da tong hop thanh cong céac hat
nanochitosan voi kich thudc trung binh dao dong tir 20 dén 30 nm, dong thoi
xay dung dugc mo hinh méang sinh hoc don loai va mang sinh hoc phdi hop (S,
mutans va C. albicans) trong diéu kién in vitro. Két qua cho thay, khi nong do
nanochitosan ting, kha ning séng sot ctia ca hai loai vi sinh vét giam dang ké,
cho théy tac dung urc ché sinh trudng ro rét cuia vat liéu nay. Tuy nhién, khéi
luong mang sinh hoc sau 3 gid u khong c6 sy thay dbi dang ké, bat ké 1a
mang sinh hoc don loai hay phébi hop [11].

Vao nam 2021, Danica Z. Zmejkoski va cdng su da nghién ctru mot hé
vat liéu nano sinh hoc méi, bao gdm nanochitosan (nChiD) duoc tao ra bang
phuong phap chiéu xa gamma va tich hop vao khung polymer cellulose vi
khudn (BC), nham phat trién mot hé vat liéu c6 kha ning quang hoat, chdng
oxy hoa va tiém ning Gng dung trong diéu trj vét thuong. Trong nghién ctru
nay, cac hat nanochitosan c6 hinh dang gan gidng dia, véi kich thudc trung
binh dao dong tir 40 dén 60 nm, tuy thudc vao lidu chiéu xa. Cac hé vt liéu
nanocompozit BC-nChiD thu dugc déu phat huynh quang mau xanh luc, doc
1ap véi budc song kich thich, cho thiy tinh chat quang hoc 6n dinh. Két qua
danh gia doc tinh té bao cho thdy cac vat lidu nay khong gy doc dbi véi té
bao song. Pong thoi, hoat tinh chdng oxy hoéa duoc ghi nhan ¢ muc trung
binh, thong qua kha ning bét giit gbc tu do. Pic biét, cac miu nanocomposite
thé hién hiéu qua tc ché dang ké su phat trién cua nhiéu ching vi sinh vt
thudng gip trong cac loai vét thuong kho lanh. Nhitng két qua nay cho thay
hé vt liéu BC-nChiD c¢6 tiém ning tré thanh mot tic nhan sinh hoc hiéu qua

trong hd trg diéu trj va tai tao mo tai vung vét thuong [12].

Nam 2023, Mohamed Saied va cong sy da tién hanh nghién ctru kha
ning khang ndm cua vat liéu nanocomposite duoc tong hop tir nanochitosan,
nanostarch va hat nano oxit dong sinh tong hop (myco-synthesized), nhim
tmg dung trong viéc kiém soat cac ching Candida da khang thudc. Trong
nghién ctru ndy, 24 chung Candida dugc phan 1ap tir caic mau bénh pham 1am
sang. Trong s do, ba chung c6 muc d6 khang cao nhat véi cac thue khang

nam thong dung da duoc lya chon dé khao sat sau hon, bao gém: Candida
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glabrata MTMA 19, Candida glabrata MTMA 21 va Candida tropicalis
MTMA 24. Cac chung nay duoc xac dinh chinh xac thong qua phuong phéap
phan tich di truyén. Pic tinh cta nanocomposite téng hop duoc danh gia
thong qua mot loat cac phuong phap phan tich 1y hoa hoc nhu phd hap thu tir
ngoai kha kién (UV-Vis), phd hong ngoai bién doi Fourier (FTIR), kinh hién
vi di¢n tir quét (SEM), phé tan xa nang luong tia X (EDX), kinh hién vi dién
tir truyén qua (TEM). Két qua cho thdy nanocomposite thé hién hoat tinh
khang ndm manh mé& ddi véi ca ba chung Candida d3 chon, véi duong kinh
vung Uc ché lan luot dat 15,3 mm ddi véi MTMA 19, 27 mm, d6i véi MTMA
21 va 28 mm ddi véi MTMA 24. Quan sat bang kinh hién vi cho thay C.
tropicalis sau khi xtr 1y bang nanocomposite c6 hién tuong pha huy cau trac
thanh té bao, dan dén hoai tr va chét té bao, chirng minh hi€u qua tac dong

tryc tiép cua vat liéu 1én cdu trac té bao nam [13].
1.4. Vat li¢u polylactic acid (PLA) va &rng dung tao s¢i nano

Polylactic acid (PLA) 1a mot loai polyester c6 ngudn gbc tir nguyén liéu
tai tao nhu cu cai duong, ngd va mia dudng. Vat liéu nay duoc biét dén véi
cac dac tinh uvu viét nhu kha ndng phan huy sinh hoc, tinh tuong thich sinh
hoc cao, kha nang hép thu sinh hoc, khong gay doc hai ddi vé6i co thé va kha

nang kéo so1 tot.

O OH

[~

HO O

ot -1 0
Hinh 4. Céng thirc cdu tao Polylactic acid (PLA)

Nho nhiing dac tinh trén, PLA 1a mdt loai polymer da dugc Co quan
Quan 1y Thyc pham va Dugce phim Hoa Ky (FDA) phé duyét cho nhiéu ting
dung y sinh, bao gém chi khau phiu thuat, vi nang, vi cAu va vat liéu cdy
ghép [14].

PLA da duoc tng dung rdng rai trong vi¢c ché tao céac san phém nhu chi
khau phau thuat, vat liéu cdy ghép va hé thdng dan truyén thudc. Ngoai ra, véi

kha ndng phan huy sinh hoc trong moéi truong ty nhién, PLA con dugc su
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dung pho bién trong nganh bao b, in 3D, va cac san pham ding mot lan, gop
phén giam thiéu tac dong ti€u cuc dén méi truong [7,14].

Khi phéi tron v&i chitosan, cac tinh chét wu viét cua ca hai vat liéu duoc
tan dung, tao ra hé sg1 c6 do 6n dinh cao, kha nang khang khuén tét, va tinh
tuong thich sinh hoc vuot troi. Cac san phém phéi tron PLA/chitosan da duoc
nghién cru tng dung trong nhiéu linh vic nhu: gia thé tai tao md, mang phan
huiy sinh hoc va sg¢i nano.

Tuy nhién, trong qué trinh ché tao soi nano bang ky thuit quay dién
truong, cac dung moi duoc sir dung dé hoa tan hé polymer ndy thudng mang
doc tinh cao. Viéc st dung cac dung moi ddc hai nhu vay da han ché kha
nang tmg dung thuc tién trong linh vuc y sinh hoc. Do dé, viéc tim kiém hé
dung méi than thién v6i moi trudng, dong thoi duy tri duoc cac tinh ning co
hoc cua PLA va dac tinh sinh hoc cua chitosan la diéu can thiét dé phat trién
cac vat liéu sgi nano phu hgp cho img dung y sinh.

Nam 2014, Andri Hardiansya va cong su da ché tao thanh cOng sg1 nano
PLA pha trén voi CS thong qua k¥ thuat quay di¢n truong. Pac biét, mot hé
dung méi méi da dugc phat trién dé chuan bi dung dich kéo sgi PLA pha
chitosan, trong dé ethanol dugc bd sung nhim ting kha ning hoa tron giita
chitosan trong acid acetic (HAc) va PLA trong chloroform (CHCl:). Két qua
phan tich anh hién vi dién tir quét (SEM) cho thdy khi ham luong chitosan
tang trong hdn hop CS/PLA, duong kinh trung binh cta soi giam xudng dang
ké. Su co6 mit cua chitosan trén bé mit soi cling dugc xac nhan thong qua viéc
nhuém mau véi thudc nhuém Orange 7 va FITC - ca hai déu c6 kha ning
tuong tac vo1 nhom amino (-NHz) dac trung cta chitosan trén sgi nanofiber.

Ngoai ra, soi CS/PLA con thé hién kha nang khang khuan rd rét d6i voi
vi khuan Escherichia coli (E. coli). Nong d6 trc ché toi thiéu (MIC) cua
chitosan trong h¢ soi lai CS/PLA ddi voi E. coli dat gia tri 0,015 g/mL. Két
qua tir phép thir doc tinh té bao bang phuwong phap MTT cho thdy vat liéu
khong gy doc cho dong té bao fibroblast chudt L929, cho thdy tinh tuong
thich sinh hoc tét.

Tt nhitng két qua trén, co thé két luan r::fmg soi PLA pha tron chitosan
dugc ché tao tir hé dung méi méi khong nhirng cé hoat tinh khang khuan ma

coOn an toan doi voi t€ bao dong vat co vi. Do do, vat liéu nay hira hen 1a img
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clr vién tiém ning trong cac ung dung y sinh hoc nhu bang vét thuong, vt

liéu céy ghép hodc hé dan truyén thudc tai chd [14].
1.5. Vat liéu polyethylene glycol (PEG) va irng dung tao s¢i nano

Polyethylene glycol (PEG) 1a mot polymer tong hop duoc Gmg dung rong
rai trong linh vuc y sinh nho vao kha nang hoa tan cao trong moi trudng nudc,
tinh twong thich sinh hoc va kha ning dung nap tbt. Cac loai thudc c6 thanh
phén két hop véi PEG da dugc Cuc Quan 1y Thuc phém va Duoc phérn Hoa
Ky (FDA) phé duyét boi tinh an toan khi stir dung trén nguoi. Do do, PEG da
dugc ung dung rong ridi trong linh vuc y sinh, bao gdm lién hop sinh hoc
(bioconjugation), dan truyén thudc (drug delivery), cam bién sinh hoc

(biosensing), hinh anh y hoc (imaging) va k¥ thuat mo (tissue engineering).

H H

| |

HO——C— (CH,—O—CH_) —C——OH

H H

Hinh 5. Céng thirc cdu tao Polyethylene glycol (PEG)

Trong cac ung dung lién hop sinh hoc va dan truyén thudc, PEG c6 thé
duoc gén truc tiép véi thude hodc lién két trén bé mit cia cac vat liéu nano
mang thudc (mot ki thuat goi 14 PEGylation) nham ting cudng do 6n dinh va
d6 hoa tan cua thudc trong co thé, déng thoi giam tée do dao thai khoi hé tuan

hoan, ttr d6 to61 wu hoa hi€u qua diéu tri.

Ngoai viéc lién hop truc tiép PEG véi thude, PEG hoa con duoc tng
dung rong rai trong linh vuc vat liéu nano y sinh. Cac hat nano (NPs) la cac
vat liéu c6 dai tinh chat 1y hoa rong va kich thudc théng thuong trong khoang
1-100 nm, duoc coi 13 nhitng tng vién tiém ning cho hé mang thudc vi chiing
c6 thé dugc thiét ké dé dat do 6n dinh cao, ty 1& dién tich bé mat/thé tich 10,
dé dang gin cac tac nhan dinh hudng va c6 kha ning mang luong 16n tac

nhan diéu tri.
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PEG hoa da dugc chiing minh 1a co thé cai thién do 6n dinh trong co thé
ciia cic hé mang nhu micelle, liposome, dendrimer, nanoshell vang, chdm
luong tr va hat nano polymer, nho do tang hiéu qua diéu tri. Cac hat nano
dugc bién ddi v6i PEG tré nén wa nudc va co dién thé zeta gan bang 0, gitp
ngin chin hodc giam thiéu sy bam dinh cta cac opsonin (protein huyét thanh)
- nguyén nhan lam tang kha nang thyc bao. Do dod, cac hat nano PEG hoa c6

thé tranh duoc hé thuc bao don nhan (mononuclear phagocyte system - MPS).

Chudi PEG véi muc d6 hydrat héa cao con cé thé 1am ting kich thudc
thuy dong hoc cua cac hat nano, gitip chung tranh dugc sy thai trir qua than,
ddng thoi han ché tiép xtc véi enzyme phan giai protein va khang thé. Ngoai
ra, cac chudi PEG linh hoat va ua nudc con giup cac hat nano PEG héa dé
dang khuéch tan qua 16p chit nhiy dé giai phong thude tai chd mot cach hiéu
qua [15,16].

Su hién di¢n cua PEG dugc cho 1a gitp cai thién tinh tuong thich va kha
ning phan tan giita PLA va CS. Trong mdt nghién ctru cia Nguyén Thi Thu
Trang va nhom nghién ctru vao nam 2016 cho thdy, cic hat nanocomposite
xanh trén nén poly(lactic acid), chitosan va polyethylene glycol
(PLA/CS/PEG) di duoc diéu ché thong qua phuong phap pha dung dich.
Ham luong PEG duoc sir dung tir 2-10% khdi luong so véi PLA. Pic trung
c4u triic va hinh thai ctia cdc nanocomposite trudc va sau qua trinh thiy phan
trong dung dich acid dd duoc xac dinh bang phd hdng ngoai bién doi Fourier
(FTIR), nhiét lugng ké quét vi sai (DSC) va kinh hién vi dién tr quét (SEM).
Qua trinh thay phan cta cac nanocomposite PLA/CS/PEG trong dung dich
acid tai céac thoi diém khac nhau cling duoc khao sat. Su dich chuyén cua cac
nhém chic C=0, CH; trong phd FTIR cua nanocomposite PLA/CS/PEG
trude va sau thiy phan duoc quan sat rd rang. Anh SEM cho thiy PEG déng
vai tro cai thién tuong tac gitta PLA va CS, tur d6 lam han ché sy thim cua
dung dich acid vao cau trac cia nanocomposite khi c6 mit PEG. Két qua thu
duoc sau 28 ngdy thir nghiém trong dung dich axit cho thiy nanocomposite
PLA/CS/PEGS (chira 8% khéi lwong PEG) c6 mirc d6 mat khdi lwong thap
nhit cung véi hé sb hdi quy cao nhat (R2=0,9614) [17].
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1.6. Capsaicin va hoat tinh sinh hoc

Ot (Capsicum annuum L.) 1a loai qua c6 vi cay, thugc ho Ca
(Solanaceae). Ot khéng nhitng dugc sir dung phd bién trong thuc phdm ma
con dong vai tro 12 mot loai dugc liéu duoc Gtng dung phd bién trong cac bai
thudc dan gian trong y hoc ¢ truyén. Thanh phan héa hoc chinh tao nén vi
cay dic trung cua 6t 1a capsaicin - mot hop chat thudc nhoém capsaicinoid. O
cac gidng Ot co do cay thap, tong ham luong capsaicinoid thuong chiém
khoang 0,003 - 0,01% khéi lwong kho, trong d6 capsaicin chiém khoang 69%,
tiép theo 1a dihydrocapsaicin (22%), nordihydrocapsaicin (7%) va cac hop

chat khac nhu homocapsaicin va homo-dihydrocapsaicin & muc khoang 1%

[18,19].
H

H
HO CHa

OCH,

Hinh 6. Céng thirc phdn tir ciia hop chat Capsaicin

Capsaicin (trans-8-methyl-N-vanillyl-6-nonenamide, CisH27NO3) 1a mdt
hop chit tinh thé c6 tinh wa dau va it tan trong nudc [23]. Capsaicin 1a hoat
chat chinh c6 mat nhiéu trong qua 6t va hop chit nay ciing da duoc ghi nhan
1a c¢6 nhiéu hoat tinh sinh hoc dang cht y nhd vao kha ning giam dau va
chbéng viém tiém ning. O ndng do thap, capsaicin c¢6 kha ning 1am giam triéu
ching dau do viém khép va dau co. Khi st dung & ndng dd cao hon,
capsaicin con dugc ghi nhan trong viéc hd tro diéu tri dau dau va dau sau
phau thut. Ngoai ra, hop cht ndy con c6 dic tinh chéng oxy hoa, chdng khdi
u, chdng loét va giam dau. Nho nhitng dic tinh nay, capsaicin dang dugc
quan tAm trong nghién ctru va ung dung tiém ning cho diéu tri cac bénh 1y
tim mach, tiéu hoa, ung thu va da liu.

Mot dic diém doc ddo cua capsaicin so v6i cac chat gay kich ung tu
nhién khac 1a né c6 kha ning kich thich than kinh cam giac trong giai doan
dau, sau d6 1am giam hoat dong cia ching dan dén trang thai mat dap tng

kéo dai. Ngoai ra, capsaicin con dugc chirng minh ¢6 thé ho tro ki€ém soat can
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ning nho vao tac dong sinh nhiét va ting cuong trao do6i chat, do d6 c6 thé
g dung trong diéu tri béo phi.
e Chdng oxy héa

Nhiéu co ché sinh hoc di duoc dé xuat dé giai thich cho cac tac dung
diéu tri ctia capsaicin, bao gdm kha niang chéng oxy hoa, giam dau va giy
chét té bao theo chuong trinh (apoptosis). Mot s6 co ché trong s6 d6 lién quan
dén hoat dong cua thu thé TRPV1 (Transient Receptor Potential Vanilloid 1) -
con goi la thu thé capsaicin, trong khi mot s6 co ché khac duogc cho 13 hoat
dong doc lap vai thu thé nay.

Tuy nhién, Gtmg dung 14m sang cua capsaicin hién con nhiéu han ché,
trong d6 diém dang chu ¥ nhat 1a thoi gian ban hiy ngin, anh huong dén hiéu
qua va do on dinh khi st dung. Mot ) nghién ctru da chi ra tiém nang diéu tri
rd rét clia capsaicin, tuy nhién ciing c6 nhitng quan diém trai chiéu dit ra nghi
van vé tinh kha thi trong thuc hanh 1am sang [20].

e Khang khuan

Mot trong nhitng dic tinh ndi bat cua capsaicin 1a kha nang khang khuan.
Tuy theo ndng do str dung va ching vi sinh vét, capsaicin c6 thé phat huy tac
dung (rc ché sinh truong (bacteriostatic) hodc diét khudn (bactericidal) ddi véi
nhiéu loai vi khudn Gram dwong va Gram am. Ngoai ra, capsaicin con co thé
lam giam doc lyc cua vi khuan thong qua nhiéu co ché khac nhau, chiang han
nhu tc ché hinh thanh mang sinh hoc hodc giam su tiét doc to.

Khéng chi ¢ tac dung véi vi khuan, capsaicin con cho thay hiéu qua
khang ndm, dic biét 1a véi cac ching thudc loai Candida - tac nhan gay
nhidm ndm phd bién - théng qua viéc can trd qua trinh hinh thanh mang sinh
hoc. Mot s6 loai ky sinh trung nhu Toxoplasma gondii va Trypanosoma cruzi
cling duoc ghi nhan 1a man cdm véi capsaicin. Bén canh d6, mot sb loai virus
cling bi han ché kha nang xam nhap vao té bao vat chi dudi tac dong cua hop
chat nay [21].

e Khang nim

Nghién ctru danh gia hoat tinh khang khuan, khiang nim va khang ky
sinh tring cta capsaicin va dich chiét tir hat va vo 6t cua loai Capsicum
chinense Jacq.. Két qua cho thdy cac mau thir c6 kha ning trc ché hinh thanh
va loai bo mang sinh hoc, giam hoat tinh hemolysin ctia Candida spp., va rc

ché su phat trién ndi bao cua Toxoplasma gondii & nong dd khong gay doc.



18

Dic biét, capsaicin khi két hop véi thude diéu tri toxoplasmosis 1am tang hiéu
qua diéu tri. Nghién ctru ndy cho thiy tiém ning ing dung cia capsaicin va
chiét xudt tir 6t nhu cc tac nhan sinh hoc trong y hoc [22].

Pang chu ¥, tiém ning ung dung capsaicin trong y hoc twong lai cang
duoc mé rong khi két hop véi cac cong nghé bao ché va co ché dan thude tién
tién, gitp cai thién hiéu qua sinh hoc va tinh on dinh cta capsaicin. Hon nita,
anh huong ctia capsaicin 1én sy tiét va hoat dong cua cac peptide sinh hoc nhu
somatostatin va substance P - nhitng chit c6 vai trd diéu hoa phan tng viém
va mién dich - mé ra nhitng hudng nghién ciru moi day trién vong trong linh
vuc diéu tri bénh Iy viém nhiém va rdi loan mién dich [21].

Mic du capsaicin 1a mdt hop chat sinh hoc c6 hoat tinh cao, nhung
nhuogc diém 16n ctia nd 13 kha ning hoa tan trong nudc kém dan dén sinh kha
dung thip khi str dung truc tiép. Do d0, viéc bao vi nang capsaicin vao trong
hé nén polymer la mot hudng tiép can hiéu qua nham cai thién do hoa tan,
tang kha ning phan tan, ting sinh kha dung ciing nhu tinh 6n dinh va hép thu
sinh hoc ctia hop chit nay. Theo nhu céc tai liéu chung toi tra ctru duoc, hién
chua c6 nhitng cong bd, nghién ctru trong nudc va qudc té vé viée bao vi
capsaicin trong cdu tric ma train CS/PLA/PEG bang phuong phap dién kéo.
Vi vay, nghién ctru nay duoc thuc hién nham ché tao so1 nano CS/PLA/PEG
co grfln hoat chét capsaicin va sgi nano tao ra dugc nghién ctru cac tinh chat
dac trung bao gém dic tinh hinh thai, héa hoc, co hoc, do thAm udt va hoat
tinh khang khuan.
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CHUONG 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. P6i twong nghién ciru

2.1.1. Vat liéu nghién ciru
Chitosan (CS, M, ~ 100 kDa; d¢ khir acetyl dat 99%) dugc mua tir hang
Sigma - Aldrich (M¥); Polylactic acid (PLA, M, = 200 kDa), polyethylene
glycol (PEG, M, = 600 Da), hoat chat capsaicin (do tinh khiét > 95%) duoc
chiét tach va tinh ché tir qua Ot (Capsicum frutescens L.) do Phong Hop chat
thi€én nhién va Bao v¢ moi truong - Vién Hoa hoc - Vién Han 1am Khoa hoc
va Cong nghé Viét Nam (VAST) cung cap.

Cac chung vi sinh vat bao gé)m: Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 10145, Bacillus subtilis subsp. spizizenii
ATCC 6633, Staphylococcus aureus subsp. aureus ATCC 25923, Aspergillus
niger ATCC 6275, Fusarium oxysporum ATCC 7601, Candida albicans
ATCC 10231 va Saccharomyces cerevisiae VITCC-Y-62 do Phong Sinh hoc -
Vién Hoa hoc - Vién Han lam Khoa hoc va Cong nghé¢ Viét Nam (VAST)
cung cap. Cac chung nay dugc bao quan trén moi trudong thach dinh dudng va
luu trir & nhiét do 4°C.

2.1.2. Héa chat va dung méi

Acid acetic (> 99,5%) va chloroform (> 99,5%) dugc cung cip boi
Merck (Puc) do Phong Hop chit thién nhién va Bao vé méi truong - Vién
Héa hoc - Vién Han 14am Khoa hoc va Cong nghé Viét Nam (VAST) cung cap.
Tat ca cac hoa chit déu duogc st dung truc tiép va khong qua xt 1y thém.

2.1.3. Thiét bi va dung cu
< He thiét bi quay kéo luc dién truong electrospinning Nano NC, hing san

xuét Korean cia Truong Pai hoc Phenika.

% Thiét bi hién vi dién tir quét phat xa truong FE-SEM, model Hitachi S-
4800 cua hang Hitachi tai Phong thi nghi¢m trong diém, Vién Khoa hoc
Vit li€u - Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam (VAST) cung
cap.

< Thiét bi GX PerkinElmer (Hoa Ky) tai Phong Nghién ctru va Phat trién
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Hoéa dugc, Trung tdm Nghién ctru cong nghé cao - Vién Khoa hoc Vit
lidu - Vién Han 1am Khoa hoc va Cong nghé Viét Nam (VAST) cung cip.

% Thiét bj kiém tra co 1y vat liéu Zwick Z2.5 (Pirc) tai Vién Khoa hoc Vat
liéu - Vién Han 1am Khoa hoc va Cong nghé¢ Viét Nam (VAST) cung cép.

< Thiét bi do goc tiép xtic quang hoc Dataphysics OCA 50 (Puc) tai Vién
Khoa hoc Vat li€u - Vién Han 1am Khoa hoc va Cong nghé Viét Nam
(VAST) cung cap..

< Thiét bi phan tich quang phd tir ngoai - kha kién Ultraviolet - Visible
Spectrophotometry (UV-Vis), model EMC-61PCS-UV
Spectrophotometry (Ptic) tai Trung tim Nghién ctru va Phat trién cong
nghé cao - Vién Han 1am Khoa hoc va Cong nghé Viét Nam (VAST) cung
cap.

% Thiét bi siy chan khong, xuat x& Trung Qudc.

¢ Dung cu lién quan: Can phan tich 4 s6 1& Pioneer, OHAUS - USA; May
khuéy tr co gia nhiét Arec, Velp - Y, may khuéy tr RH basic KT/C, IKA
- Pirc; Kinh hién vi mat L100A - China; Ong tiém 3 ml va dau kim tiém
26G, Vinahanakook - Viét Nam; Ong nhuya PTFE; Bom tiém vi luong
Cole Palmer 74900 - USA; Cdc dong thuy tinh thé tich ¢& 100 ml, 200 ml,
500 ml; Ong dong thuy tinh thé tich 25 ml, 50 ml, 100 ml; Dia petri cac
loai; Pipet 2 ml, 5 ml, 10 ml; Piia thuy tinh; Phéu; Mudng 1ay hoa chit...

2.2. Phuong phap nghién ciru

2.2.1. Phuong phap nghién ciru ché tao s¢i nano CS/PLA/PEG chira
capsaicin bang thiét bi quay kéo soi lwe dién truong

Hinh 7. Hé electrospinning Nano NC
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So dd 1: So @6 khao st ché tao s¢i nano CS/PLA/PEG mang hoat chat

capsaicin bang thiét bj quay kéo soi luc dién truong

0,1 g chitosan 0,75 g PLA
0,05 g PEG
Hoa tan trong Hoa tan trong CHCI;
CH;COOH 90%, 50°C 90%, 40°C
Dung dich chitosan 2% (w/v) (1) Dung dich PLA 15%, PEG 1% (w/v) (2)

B6 sung luong capsaicin
thich hop

Dung dich PLA/PEG c¢6 chira
hoat chat capsaicin (3)

Thém tu tir (1) vao (3), ty 1& 1:1 (v/v),
khuay déu hon hop bang tir truong

Dung dich dong nhat (4)

- Nap dung dich (4) vao bom tiém 5 mL
- Diéu chinh céc thong sb: dién 4p, toc do bom,
khoang cach tir kim phun t6i bd thu

Soi nano CS/PLA/PEG mang hoat chét capsaicin tot nhat (miu soi con 4m)

Say chan khong ¢ 50°C/12 gid dé loai bé hoan
toan dung moi

So1 nano CS/PLA/PEG mang hoat chét capsaicin tdt nhat (mau soi di kho)
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2.2.1.1. Khdo sdt néng dé capsaicin trong dung dich CS/PLA/PEG
Chuan bi dung dich polymer

Lay 0,1 g chitosan (CS) hoa tan hoan toan trong 5 ml dung dich acid
acetic 90% & nhiét do 50°C, khuéy déu dé tao thanh dung dich CS c6 néng do
2% (w/v) (dung dich 1). Pong thoi, 14y 0,75 g polylactic acid (PLA) va 0,05 g
polyethylene glycol (PEG) hoa tan trong 5 ml dung méi chloroform ¢ 40°C
dé thu dung dich c6 néng d6 PLA va PEG lan luot 1a 15% va 1% (w/v) (dung
dich 2). Sau d6, tién hanh khao sat néng do capsaicin trong dung dich
CS/PLA/PEG bang cach can luong capsaicin twong tng v6i 5 thi nghiém theo
bang 1 bo sung vao dung dich 2 dé tao thanh dung dich 3. Dung dich 1 dugc
thém tir tir vao dung dich 3 theo ty 18 thé tich 1:1 (v:v), dong thdi khudy déu
bang tir trudng nham tao ra mot dung dich déng nhat (dung dich 4)

Bdng 1. Khdo sat nong do capsaicin trong dung dich CS/PLA/PEG (% w/v)

Nong do
Khoi capsaicin Ham luwgng
o ) I lwgng trong dung capsaicin
STT | Ky hi¢u thi nghi¢ém . . .
capsaicin dich trong s¢i kho
() CS/PLA/PEG (% wiw)
(% w/v)
1 CS/PLA/PEG/CAPS 0,078 0,78 8
2 CS/PLA/PEG/CAP10 0,100 1,00 10
3 CS/PLA/PEG/CAPI12 0,123 1,23 12
4 CS/PLA/PEG/CAP14 0,171 1,71 14
5 CS/PLA/PEG/CAP16 0,198 1,98 16

Qua trinh kéo sg¢i dién (Electrospinning)

Dung dich 4 duoc nap vao bom tiém 5 ml gan kim loai din dién ndi véi
ngudn dién cao thé & mirc 20 kV. Tc d6 cap dung dich dugc duy tri & muc 1
mL/h. Khodng cach tur dau kim dén bo thu (collector) duoc ¢6 dinh & 15 cm.
Qua trinh duoc lap 3 1an cho mdi thi nghi¢m. Sau khi thu dugc soi nano
CS/PLA/PEG chtra ham lugng capsaicin lan luot 8%, 10%, 12%, 14%, 16%,
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cac mau duoc sdy trong may sdy chian khong ¢ 50°C trong vong 12 gior dé

loai bo hoan toan dung moi.

Céc soi1 nano CS/PLA/PEG thu dugc chira ham luong capsaicin lan luot
1a 8%, 10%, 12%, 14%, 16% duoc xac dinh kich thudc va danh gia hinh thai
soi thong qua kinh hién vi dién tir quét (SEM). Tir @6, tién hanh dua ra néng
d6 capsaicin toi vu tot nhit cho quy trinh tao soi nano CS/PLA/PEG mang

hoat chit capsaicin va thyc hién cic nghién ciru tiép theo cia dé tai.
2.2.1.2. Khdo sdt cdc thong so ky thudt
Chuan bi dung dich polymer

Sau khi xac dinh duoc néng dd capsaicin tdi wu nhét cho quy trinh tao
so1 nano CS/PLA/PEG mang hoat chét capsaicin, dung dich 4 dugc chuan bi
dé tién hanh khao sat cac diéu kién thong sb bao gém: khoang cach tir kim
phun dén bo thu, tdc do bom, dién ap c6 thay dbi nham tim ra phuong phép
ché tao soi nano CS/PLA/PEG mang hoat chét capsaicin t8i wu nht.

a) Khdo sdt khodang cach tie kim phun toi by thu

Dung dich 4 chura né)ng do capsaicin dat tdi wu duge nap vao bom tiém 5
ml gin kim loai dan dién ndi v6i ngudn dién cao thé & mirc 20 kV. Tdc do cap
dung dich duoc duy tri & mirc 1 mL/h, cic thong sb 1a ¢ dinh cho méi thi

nghiém.

Khao sat su thay dbi khoang cach tir kim phun dén bo thu lan luot 1a 13
cm, 14 cm, 15 cm, 16 cm, 17 cm. Qua trinh duoc lap 3 lan cho mdi thi
nghiém. Sau khi thu dugc soi nano, cac miu duogc sdy trong mdy sdy chan

khong & 50°C trong vong 12 gidr dé loai bo hoan toan dung moi.
b) Khdo sdt toc dé bom

Dung dich 4 chtra né)ng do capsaicin dat ti wu duge nap vao bom tiém 5
ml gin kim loai dan dién ndi v6i ngudn dién cao thé & mirc 20 kV. Khoang
cach tir dau kim dén bo thu (collector) 12 15 cm, cac théng sb 1a ¢b dinh cho

moi thi nghiém.
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Khao sat su thay ddi tbe d6 bom lan lugt 14 0,05 mL/h; 0,1 mL/h; 0,5
mL/h; 1 mL/h; 1,5 mL/h. Qua trinh duoc 1ap 3 1an cho mdi thi nghiém. Sau
khi thu dugc soi nano, cac miu duoc sdy trong may sy chan khong & 50°C

trong vong 12 gio' dé loai bé hoan toan dung mai.
¢) Khdo sat dién dap

Dung dich 4 chira ndng d6 capsaicin dat t6i vu duoc nap vao bom tiém 5
ml, dugc bom véi toec do bom 6n dinh 1a 1 mL/h . Khoang cach tur dau kim

dén bo thu (collector) 1a 15 cm, cac thong sb 1a ¢b dinh cho mdi thi nghiém.

Khao sat su thay doi dién ap lan luot 1a 5 kV, 10 kV, 15 kV, 20 kV, 25
kV. Qua trinh duoc 1ap 3 1an cho mdi thi nghiém.Sau khi thu duoc soi nano,
cac mau duoc sdy trong may sdy chian khong ¢ 50°C trong vong 12 gior dé

loai boé hoan toan dung moi.

Vi cac diéu kién toi wu vé khoang cach tur kim phun té1 bo thu, tde do
bom va di¢n ap, ta thu dugc sgi nano CS/PLA/PEG mang hoat chat capsaicin
t6t nhat. Soi nano chira ham luong capsaicin t6t nhat dugc sdy trong may sy

chan khong & 50°C trong vong 12 gio dé loai bo hoan toan dung méi [24].

Qua trinh khao sat cac diéu kién ché tao soi nano CS/PLA/PEG mang
hoat chét capsaicin bao gdm ndng do capsaicin trong dung dich CS/PLA/PEG,
dién ap, tde do bom, khoang céach tir kim phun t61 bd thu va lga chon ra diéu
kién toi wu nhat dé ap dung cho quy trinh ché tao soi nano CS/PLA/PEG chira
hoat chat capsaicin. Sau do sgi nano CS/PLA/PEG chura hoat chat capsaicin

t6t nhat duoc dem phan tich cdu tric soi.
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2.2.2. Phwong phap nghién ciru ciu tric soi

2.2.2.1. Phwong phap phan tich hinh thai hoc

Pic diém hinh thai cua cac mang sgi nano dugc tao ra tir qua trinh kéo
so1 dién dugc quan sat béng kinh hién vi dién to quét (FE-SEM, model
Hitachi S-4800). Puong kinh soi dugc xac dinh thong qua phan mém xu 1y
hinh 4nh ImagelJ. Trung binh duong kinh dugc tinh tr khoang 100 s¢i nano
khac nhau, duoc chon ngau nhién va xur 1y s6 liéu bang phan mém MS Excel
[24].

2.2.2.2. Phwong phdp phén tich thanh phin héa hoc

Tinh chit hoa hoc cta soi nano dugc phan tich thong qua phd hong
ngoai bién doi Fourier (FT-IR) st dung thiét bi GX PerkinElmer (Hoa Ky)
[24].

2.2.2.3. Phwong phap phan tich co hoc

Do bén kéo cta vat liéu duge do béng may kiém tra co 1y vat liéu Zwick
Z2.5 (Buc). Mdi mau duge cit thanh dai c6 kich thude 15 mm chiéu rong va
50 mm chiéu dai. Téc d6 thtr nghiém dugc dit & mac 10 mm/phat véi chiéu
dai kep 1a 30 mm. Mdi phép do duoc lip lai 3 lan. Két qua dugc trinh bay
D) [25].

h

dudi dang gia tri trung binh + d6 1éch chuan (S
' o NI 78

P

-

Hinh 8. May kiém tra co Iy vt liéu Zwick 72.5

2.2.2.4. Phwong phap khdo sdt tinh tham wot

Tinh chat thAm wét cia mang soi nano dugce danh gia bang phuong phap
giot tiép xuc (sessile drop), str dung thiét bi do goc tiép xtic quang hoc.

Thiét bi do goc tiép xtic quang hoc Dataphysics OCA 50 (Puc) duge sir

dung dé danh gid kha ndng tham udt ciia mang soi nano. Mot giot nude cat
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khir ion c6 thé tich 5 uL duoc nhé 1én bé mat mang. Goc tiép xtic duoc ghi
nhan bang camera k¥ thuat s6 sau 60 gidy ké tir khi giot nudc tiép xuc voi bé
mat vat liéu. Thi nghiém duogc 1ap lai ba lan va két qua duoc trinh bay duoi
dang gia tri trung binh &+ d6 1éch chuan (SD) [25].

Hinh 9. Thiét bi do géc tiép xiic quang hoc

2.2.2.5. Pdnh gid khd nang gidi phong hoat chit
St dung thiét bi phan tich quang pho tir ngoai- kha kién Ultraviolet-

Visible Spectrophotometry (UV-Vis) dé danh gid kha niang giai phong hoat
chat capsaicin trong soi nano. Lay 10mg mau s¢i nano dugc ngdm trong 100
mL dung dich dém phosphate (PBS, pH 7.4), duy tri & 37°C va khudy tir lién
tuc, nham mo phong diéu kién sinh 1y cua co thé. Tai cac mdc thoi gian: 0,5;
1; 1,5; 2; 2,5; 3; 4; 8; 12; 16; 20 va 24 gio. Moi mbc thoi gian rat ra 3mL
dung dich va b6 sung ngay 3mL PBS méi véo thi nghiém, nham dam bao thé
tich hé khong thay d6i trong sudt qua trinh thi nghiém.
Mau sau khi thu dugc ly tim va loc dé loai bd cin polymer, phan dich trong
duoc phan tich do hip thy quang tai A max = 281 nm.
Puong chuin duogce thiét 1ap tir cac dung dich capsaicin chuan c6 ndng do biét
trudc, do trong cung diéu kién thi nghiém (PBS, pH 7.4, 37°C, khuéy tur).
Ty 1é phan trim capsaicin giai phong duoc tinh theo cong thire (1):

Ty |é phan tram capsaicin giai phong (%) :% x100 (1)

M:: lugng capsaicin duoc giai phong tai thoi diém t (xac dinh tir dudng chuén)
Mo: tong luong capsaicin nap ban dau trong sgi nano.
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2.2.2.6. Pdnh gid khd ning khdng khudn
Kha niang khang khuan cua cac mang soi nano dugc xac dinh bang
phuong phéap vi giéng 96 well, duya trén hudng din cia Vlietinck (1999) va
McKane (1996) [26, 27]. Cac chung vi sinh vt thir nghiém bao gdm:
% Vi khuan Gram am: Escherichia coli ATCC 25922, Pseudomonas
aeruginosa ATCC 10145;
% Vi khuan Gram dvwong: Bacillus subtilis subsp. spizizenii ATCC 6633,
Staphylococcus aureus subsp. aureus ATCC 25923;
% Nam soi: Aspergillus niger ATCC 6275, Fusarium oxysporum ATCC
7601;
% Nam men: Candida albicans ATCC 10231, Saccharomyces cerevisiae
VTCC-Y-62
Cac khang sinh dung lam dbi ching dwong gdém: streptomycin va
tetracyclin cho vi khuan Gram am va Gram duong; nystatin cho ndm va ndm
men.
Mdi dia vi giéng duoc 0 trong 24 gio & 37°C dbi v6i vi khuan va 48 gid
& 30°C d6i v6i nAm. Mdi thir nghiém duoc lap lai 3 1an. Nong d6 thap nhat
clia mang soi nano c6 kha ning tc ché sy phat trién rd rét cla vi sinh vt

(MIC) sau thoi gian u dugce ghi nhan va bao céo.
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CHUONG 3. KET QUA VA THAO LUAN

3.1. Két qua ché tao s¢i nano CS/PLA/PEG mang hoat chit capsaicin

bing cong nghé quay kéo soi luc dién truong

3.1.1. Két qua khao sit nong dd capsaicin trong dung dich
CS/PLA/PEG

Qua trinh quay kéo soi dién ra khi nap dung dich 4 vao bom tiém 5 ml
voi nguén dién cao thé 20 kV. Téc d6 bom dung dich 1a 1 mL/h. Khoang cach
tir dau kim dén b6 thu (collector) duge ¢b dinh ¢ 15 cm. Sau khi thu dugc soi
nano CS/PLA/PEG chtra ham lugng capsaicin lan luot 8%, 10%, 12%, 14%,
16%, cac mau duogc sdy trong may sy chan khong & 50°C trong vong 12 gio

de loai bo hoan toan dung moi.

Céc soi nano CS/PLA/PEG mang hoat chat capsaicin dugc xac dinh kich
thudc va danh gia hinh thai soi thong qua kinh hién vi dién tor quét (SEM)
trong hinh 10 - 14. Két qua danh gia duoc thé hién ¢ bang 2 nhu sau:

Bdng 2. Két qud khdo sat ché tao soi nano CS/PLA/PEG chita capsaicin

o nong do khdac nhau

Nong do
capsaicin Ham luwgng .
o L . Hinh thai sgi
Ky hi¢u thi trong dung capsaicin | Danh gia qua .
STT N . . . ) . | nanochitosan
nghi¢m dich trong sQi trinh kéo s¢i A
A (3 lan lap)
CS/PLA/PEG | kho (% w/w)
(% w/v)
Tao soi dé So1 mau tréng,
CS/PLA/PEG/ . _
1 0,78 8 dang va két | kich thudc soi
CAPS
thanh mang nho
Tao soi dé So1 mau tréng,
CS/PLA/PEG/ . _
2 1,00 10 dang va két | kich thudc soi
CAPI10
thanh mang nhd
3 CS/PLA/PEG/ |23 1 Tao soi dé | Soi mau tring,
CAP12 ’ dang va két | kich thudc soi
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thanh mang

nhé va dong

déu, min

CS/PLA/PEG/

Hinh thanh
so1, ¢6 hién

tugng tic kim

So1 mau trang,

kich thudc soi

1,71 14 )
CAP14 phun va dut khong dong
gady trong qua déu
trinh kéo so1i
Qua trinh tao .
. So1 mau trang,
so1 bi tac kim _
CS/PLA/PEG/ kich thudc soi
1,98 16 phun, hinh
CAPl16 to va khong
thanh céac hat \ \
. dong déu
U

bl

a

Hinh 10. Anh hién vi dién tir quét (SEM) ciia soi nano CS/PLA/PEG/CAPS

phong dai: a) x5000; a’) x200
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10.0um

b’)
Hinh 11. Anh hién vi dién tir quét (SEM) ciia soi nano CS/PLA/PEG/CAPI10
phong dai: b) x5000; b’) x200

C) c’)
Hinh 12. Anh hién vi dién tir quét (SEM) ciia soi nano CS/PLA/PEG/CAPI2
phong dai: c) x5000; c’) x200

IMS-NKL x5.00k SE(U) IMS-NKL 5.0kV 6.3mm x200 SE(M)

d) d’)
Hinh 13. Anh hién vi dién tir quét (SEM) ciia soi nano CS/PLA/PEG/CAPI14
phong dai: d) x5000; d’) x200
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IMS-NKL 5.0kV 5.9mm x5.00k SE(M) 10.0um IMS-NKL 5.0kV 6.2

e) e’
Hinh 14. Anh hién vi dién tir quét (SEM) ciia soi nano CS/PLA/PEG/CAPI6
phong dai: e) x5000; e’) x200

¢ Ly do lwa chon polymer

Trong nghién ciru ndy, chitosan duoc st dung lam thanh phan chinh
trong hé soi nano mang hoat chit capsaicin. Tuy nhién, viéc hoa tan chitosan
dé phuc vu qua trinh kéo dién truong (electrospinning) gip nhiéu han ché do
ban chét chitosan 1& polymer ban két tinh, kho hoa tan hoan toan trong cac
dung mdi than thién véi co thé. Theo cic nghién ctru trude do, chitosan c6 thé
hoa tan tot trong trifluoroacetic acid (TFA), cho phép tao soi co6 kich thudc
khoang 200 nm [28]. Tuy nhién, TFA la axit manh, c6 ddc tinh cao va gay
anh huong tiéu cuc dén da, mat va hé ho hap nén khong phu hop véi cac ting

dung y sinh nhu dan truyén thudc hoic tai tao mé.

Trong dinh hudéng cua dé tai 1a phat trién vat liéu sinh hoc an toan, co thé
mang hoat chit dugc liéu vao co thé, nén dung mé6i TFA khong dugc sir dung
dé dam bao tinh an toan sinh hoc va kha ning tng dung 1am sang. Thay vao
do, chitosan dugc hoa tan br?mg acid acetic loang, mot lya chon it doc hon,
nhung lai han ché vé kha niang tao soi khi kéo dién, do khong tao dugc do
nhét va dan dién pht hop cho qua trinh 6n dinh dong dién.

bé khac phuc van dé nay, nhom nghién ctru da lya chon bd sung cac
polymer an toan, khong ddc hai, c6 kha ndng tao s¢i tot dé phoi tron cung

chitosan, bao gdm 2 polymer PLA va PEG.
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Viéc bd sung cac polymer ndy véi ti 18 thich hop gitip ting do nhdt, cai
thién d6 dan dién, giam strc cing bé mat va dé)ng thoi duy tri tinh tuong thich
sinh hoc, tir @6 hd trg qua trinh tao soi nano on dinh tir dung dich khong ddc
hai [29]. Vi vay, dé tai di lwa chon ty 18 hoa tan chitosan (CS) bang dung dich
acid acetic 90% dé tao thanh dung dich CS co6 né)ng do 2% (w/v). PLA va
PEG hoa tan trong dung méi chloroform dé thu dung dich c¢6 néng do PLA va
PEG lan luot 12 15% va 1% (w/v). Sau d6, tao hdn hop polymer theo ty 1& thé
tich 1:1 (v/v).

+ Anh hwéng cia nong d§ capsaicin dén qua trinh kéo s¢i va hinh thai

s¢i nano

Két qua thi nghiém duoc tong hop trong bang 2 cho thay anh huong cua
nong do capsaicin dén qua trinh kéo soi nano CS/PLA/PEG. Dung dich kéo
soi duoc pha voi ndong do capsaicin tir 0,78% dén 1,98% (w/v) cho thiy cac
két qua thu duoc nhu sau:

o Tu né)ng do 0,78 - 1,23% capsaicin, hé dung dich c6 do nhét va do dan
dién phu hop, giap duy tri qué trinh kéo soi 6n dinh hon, tao soi min,
d6ng déu va khong hinh thanh hat.

e Ting ndng do capsaicin 1én 1,71%, ham luong capsaicin ting 1én 1am
giam do dong nhat phan tan, c6 thé giy tach pha, ting d6 nhét cuc bo
hodc anh huéng dén tinh chat dién, din dén hién twong giot roi, dong
phun khong déu,va khong tao duogc soi lién tuc.

e V&i ndng d6 capsaicin 1,98%, capsaicin vugt ngudng phan tan trong hé
polymer, dan dén gian doan kéo so1, hinh thanh cac hat tich tu va khong

tao dugc mang soi 6n dinh.

Tir cac quan sat trén, co thé xac dinh rang nong do capsaicin t6i vu trong
dung dich polymer 1a 1,23% (w/v) va dat ham lugng capsaicin trong s¢1 kho
12 12% (w/w) trong mau s¢i nano CS/PLA/PEG/CAP12. Tai day, dung dich
kéo soi vira dam bao tinh 6n dinh, vira cho ra soi ¢6 hinh thai tdt nhét, déng

thoi duy tri dugc tinh an toan sinh hoc.
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3.1.2. Két qua khao sat khoang cach kim phun téi bd thu

Dung dich (4) CS/PLA/PEG chtra ndng d6 capsaicin 1,23% (w/v) duoc
nap vao bom ti€ém 5 ml gén kim loai dan dién ndi véi ngué)n dién cao thé &
mirc 20 kV. Tdc d6 cip dung dich dugc duy tri & mirc 1 mL/gid, cac thong sb
1a ¢6 dinh cho mdi thi nghiém.

Khao sat sy thay doi khoang cach tir kim phun dén b thu lan luot 1a 13
cm, 14 cm, 15 cm, 16 cm, 17 cm. Qua trinh duoc lap 3 lan cho mdi thi
nghiém thu dugc két qua khao sat tai bang 3.

Bang 3. Két qud khdo sdt khodng cdch kim phun t&i bo thu & cdc khodng

cach khac nhau

STT Khoéing cach tir kim Hinh thai s0'1 nanochitosan
phun dén bé thu (cm) (3 lan lap)

Soi tao thanh bi két dinh, d6 bén kém, mau

! P trang. Kich thudc soi khoang 200-380 nm
Tao soi dé dang va két thanh mang, mang tao

2 14 thanh mong, do bén kém, mau tréng. Kich
thudc soi khoang 190 -270 nm
Tao soi dé dang, két thanh mang, tach 16p
dugc dé dang. Soi két thanh mang mau

. P trang, mang soi day, do bén tot. Kich thudc
so1 khoang 200 - 300 nm
Tao duge soi, soi bi dit mach. Soi két thanh

4 16 mang mau tring, mang soi ddy, do bén tdt.
Kich thudce soi khoang 300 - 400 nm

5 17 Khong tao duogc soi
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Trong qué trinh kéo soi dién truong, khoang cach gitta kim phun va bé
mat thu dong vai tro quan trong trong viéc kiém soat hinh thai va chat lugng
soi. Dit liéu thu dugc tir khao sat cho thiy su thay d6i khoang cach lam anh
huong dang ké dén qud trinh hinh thanh va dic diém cau trac cta soi nano
CS/PLA/PEG mang hoat chét capsaicin, trong khi cac diéu kién khic nhu
dién ap (20 kV), tbc d6 bom (1 mL/h) va ndng d6 dung dich duoc giit ¢d dinh:

e Khi khoang cach phun 13 13 cm, cac soi tao thanh ¢ hién tugng két dinh
va bé mit soi khong dong nhat, hién twong chay mang xay ra va giam do
bén co hoc. Diéu nay co thé do hién tuong dung moi chua bay hoi hoan
toan trudc khi soi tiép xtic v&i bé mit thu, dan dén két cau soi khong hoan
chinh va hién tugng dinh tu.

e Tai khoang cach 14 cm, hinh thai soi tao thanh tdt hon. Mang soi dugc
hinh thanh rd hon, tuy nhién van con ton tai mot sé diém xuét hién mang
mong khong dong déu bé mit, cho thay qué trinh bay hoi van chua t6i uu
hoan toan. Kich thudc sgi & muc tuong doi dong déu, nam trong khoang
190 - 270 nm.

e Khi khoang cach dugc tang 1én 15 cm, cdc dac diém hinh thai soi dat
trang thai tot. Soi phan bd dong déu, két mang tét, khong con hién tuong
chay mang hay tu soi. Kich thuéc soi 6n dinh & khoang 200 - 300 nm,
phan anh tao soi tot nhét trong dai khao sat diéu kién khoang cach. Diéu
nay cho thiy khoang cach 15 cm cho phép dung méi c6 du thoi gian bay
hoi, dong thoi duy tri cuong do dién trudng di manh dé kéo gidn dong
dung dich thanh soi lién tuc.

e Nguoc lai, khi tang khoang cach thém 1 cm thanh 16 cm, hinh théi soi bat
dau kho tao soi. Cac soi tré nén manh va dé dut, kém theo do 1a sy xuit
hién cua cac ving khong lién tuc hodc chay nhao. Nguyén nhan c6 thé 1a
do tia soi bi kéo dai qua mirc hodc dién truong khong con du manh dé duy
tri qua trinh kéo soi 6n dinh, din dén hinh thanh cau trac soi kém bén.

e Dang chu v, tai khoang cach 17 cm qua trinh kéo soi khong dién ra thanh
cong. Day co thé xem 1a gidi han trén ddi voi khoang cach phun trong hé
kéo soi khao sat, do luc dién truong giam déng ké khién khong hinh thanh

duoc tia sgi hodc sgi b1 kho sém va gay khi con lo ltrng trong dién trudng.
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Vi vay, khoang cach 15 cm la diéu kién tdi wu dé ché tao soi nano nano
CS/PLA/PEG mang hoat chat capsaicin trong hé kéo soi di¢n truong khao sat.
Khoang cach nay can bang t6t giita yéu cau bay hoi dung méi va duy tri dong
dién 6n dinh, tir 46 dam bao chét lugng soi ca vé hinh thai 1an tinh chit co

hoc.
3.1.3. Két qua khao sat téc do bom

Dung dich (4) CS/PLA/PEG chtra ndng d6 capsaicin 1,23% (w/v) duoc
nap vao bom ti€ém 5 ml gén kim loai dan dién ndi véi nguén dién cao thé &
mirc 20 kV. Khoang cach tir dau kim dén bo thu (collector) 1a 15 cm, cac

thong s6 13 ¢b dinh cho mdi thi nghiém.

Khao sat su thay ddi tde d6 bom lan lugt 14 0,05 mL/h; 0,1 mL/h; 0,5
mL/h; 1 mL/h; 1,5 mL/h. Qua trinh dugc 1ap 3 1an cho mdi thi nghiém thu
dugc két qua khao sat tai bang 4.

Bang 4. Két qud khdo sdt toc do bom & cdc téc dé bom khdc nhau

STT Toc d6 bom Hinh thai s¢i nanochitosan
(mL/h) (3 1an Lip)
. 0.05 Soi tao thanh bi dut dong, soi khong déng nhat, do bén
’ kém, mau trang. Kich thudc soi khoang 200 - 450 nm
) - Soi tao thanh bi dut dong, soi khong dong nhit, d6 bén
’ kém, mau trang. Kich thudc soi khoang 250 - 350 nm
Tao soi d& dang, két thanh mang. Soi két thanh mang
3 0,5 mau tréng, mang so1 day, do bén tot. Kich thudc SO1
khong dong déu khoang 110 - 320 nm
Tao soi dé dang. Soi két thanh mang mau tréng, mang
4 1 soi day, do bén tét. Kich thude soi dong déu khoang 200
- 300 nm
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Tao soi hinh thanh hat két tu. Soi két thanh mang mau
1,5 tring, mang soi day, do bén tét. Kich thudc soi 16n
khoang 300 - 600 nm

Téc do bom dung dich kéo soi 1a yéu té quan trong anh hudng dén
luong dung dich duoc cip vao ving dién truong, tir 46 quyét dinh tinh lién
tuc cua tia soi, kha nang bay hoi cua dung moi, cling nhu hinh thai s¢i tao
thanh. Trong khao sat nay, tbe d6 bom duoc thay doi tir 0,05 dén 1,5 mL/h
nham danh gia anh huéng dén hinh théi soi nano CS/PLA/PEG mang hoat

chat capsaicin nhu sau:

e Tbc dd bom 0,05 mL/h, dong dung dich oplymer ra khoi kim rat cham,
1am tia soi bi dtt doan va phan tan khong déu. Mic du dung mdi c6 nhiéu
thoi gian dé bay hoi, nhung lugng vat liéu qua it khién soi khong hinh
thanh lién tuc. Két qua 1a thu cac soi mong, dut roi, do bén kém va khong
d6ng déu vé kich thude (dao dong tir 200 - 450 nm).

e Ting tbc d6 bom lén tir 0,1 dén 0,5 mL/h dong dung dich polymer duoc
6n dinh hon, nhung van chua du on dinh dé tao mang soi lién tuc. Mt s6
chd soi két dinh hodc chay mang, cho thay su khong dong déu trong qué
trinh hinh thanh. Kich thuéc sg1 dao dong kha rong tir 250 - 350 nm.

e Khi tdc do dat 1 mL/h, qua trinh kéo soi tré nén 6n dinh nht. Dong dung
dich di1 dé duy tri tia soi lién tuc, dong thoi dung méi c6 thoi gian bay hoi
hop 1y nho sy can bang giita tbc d6 cip dung dich va diéu kién dién
truong. Cac soi thu duoc ¢6 hinh thai ddng déu, khong bi dinh tu hodc von
cuc. Kich thudc soi nim trong khoang hep 200 - 300 nm va mang soi két
ndi tot, cho thdy day 1a tbc do bom tbi wu trong diéu kién khao sat.

e Tuy nhién, khi ting 1én 1,5 mL/h, téc d6 cap dung dich tré nén qué nhanh,
dan dén hién tuong du dung méi va kéo khong kip kho. Dicu nay gy ra
chay mang, két tu va tao soi c6 kich thuéc 16n khong dong déu (t6i
khoang 300 - 600 nm). Mang soi trd nén roi rac, mot sé chd con hinh
thanh giot nhé hodc khdi khong dinh hinh.

Vi vy, tdc do bom 1 mL/h duoc xac dinh la t8i wu cho qua trinh ché tao
so1 nano CS/PLA/PEG mang hoat chat capsaicin. Tai tdc do nay, h¢ tao ra soi
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ddng déu, khong chay mang, kich thudc hep va cd mang lién két t6t, phi hop

cho cac trng dung can vat liéu dang mang Xép hodc lam déan thude.
3.1.4. Két qua khao sat dién ap

Dung dich (4) CS/PLA/PEG chtra ndng d6 capsaicin 1,23% (w/v) duoc
nap vao bom ti€ém 5 ml, dugc bom véi tbc d6 bom 6n dinh 1a 1 mL/h .
Khoang cach tir ddu kim dén bo thu (collector) 13 15 cm, cac thong sb 1a cb

dinh cho moéi thi nghiém.

Khao sat sy thay dbi dién 4p 1an luot 1a 5 kV, 10 kV, 15 kV, 20 kV, 25
kV. Qua trinh duoc lap 3 14n cho mdi thi nghiém thu dugc két qua khao sat tai

bang 5.
Bang 5. Két qud khdo sdt dién dp ¢ mire dién dp khdc nhau
STT Pién ap Hinh thai s¢i nanochitosan
(kV) (3 1an Lip)
1 5 Khong thu dugc soi
5 10 Soi tao thanh bi dut dong, soi khong déng nhat, d6 bén
kém, mau trang. Kich thudc soi khoang 300 - 450 nm
Tao soi dé dang, két thanh mang, soi dong nhat, tach 16p
3 15 dugc d& dang. Soi két thanh mang mau tring, mang soi
day, do bén tot. Kich thudc soi khoang 250 - 470 nm
Tao soi dé dang, két thanh mang, soi dé)ng nhét, tich 16p
4 20 dugc dé dang. Soi két thanh mang mau trang, mang soi
day, d6 bén tét. Kich thudce soi khoang 200 - 350 nm
Tao duogc soi, soi bi dut mach. Soi két thanh mang mau
5 25 traing, mang soi day, do bén tét. Kich thudc soi khoang
190 - 550 nm
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Trong nghién ctru nay, dién ap dugc khao sét trong khoang tir 5 - 25 kV
nham xac dinh diéu kién t6i uvu cho qua trinh dién kéo sgi nano CS/PLA/PEG
mang hoat chit capsaicin. Két qua cho thiy rang dién ap dong vai trd quyét

dinh dén hinh thai va chét luong cua soi tao thanh nhu sau:

e Muc dién 4p thip tir 5 kV dén 10 kV, khong quan sat duoc sy hinh thanh
soi ma chi xuét hién céc giot dung dich, cho théy luc dién truong chua du
dé thang lyc cing bé mit va duy tri dong phun 6n dinh.

e Khi ting dién 4p 1én 15 kV, soi bat dau xuat hién nhung hinh thai khong
déng nhét, xuét hién nhiéu hat, duong kinh soi dao dong trong khoang
300 - 450 nm. Piéu nay cho thidy mic du truong dién da du dé thyc hién
qua trinh phun, song cudng d6 van chua tdi vu dé kéo cing hoan toan soi.

e O muc dién ap 20 kV, qua trinh dién kéo dat duoc su on dinh 3 rét. Soi
hinh thanh c6 ciu trac dé)ng nhat, bé mat min, it khuyét tat, voi duong
kinh dao dong trong khoang 250 - 470 nm. Cho thdy dong phun on dinh
va qua trinh bay hoi dung mdi dién ra phu hop, dam bao sy phan b dong
déu ctia capsaicin trong hé nén polymer.

e Nguoc lai, khi dién ap ting 1én 25 kV, mic du soi van dugc hinh thanh
nhung xay ra hién tuong dit mach va két ty thanh mang. Hinh thai quan
sat duoc cho thidy dong phun khéng 6n dinh, dan dén sy phan bd kich
thude rong (190 - 550 nm) va giam tinh dong nhit ctia mau. Ngoai ra,
dién ap cao c6 thé lam gia ting dao dong ciia dong dién tich, lam suy giam
tinh toan ven cua cdu tric soi ciing nhu anh hudng dén sy bén ving cua

capsaicin.

Dua trén cac két qua trén cho thay 20 kV 1a diéu kién dién ap t6i vu cho
qua trinh dién kéo soi nano CS/PLA/PEG mang hoat chét capsaicin, dam bao
su can bang giira hinh thai dong déu, duong kinh hep va kha ning bao toan
duoc chat. Két qua nay twong dong véi bao céo trén hé Zein di thiy 20 kV 1a

murc dién ap toi wu dé tao soi min va dong déu, it khuyét tat [30].

Thong qua qua trinh khao sat va tdi uvu hoa cac thong sd ky thuat trong
quy trinh ché tao soi nano CS/PLA/PEG mang hoat chat capsaicin, nghién
ctru d3 xac dinh dugc diéu kién tdi wu gém: néng dd capsaicin trong dung

dich polymer 13 1,23% (w/v), khoang cach tir kim phun dén bo thu 13 15 cm,
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va téc d6 bom duy tri @ mac 1 mL/h. Dudi nhitng diéu kién nay, soi nano thu

duoc dat ham lugng capsaicin bén trong soi 1é€n dén 12%.

So d0 2: So' @b ché tao soi nano CS/PLA/PEG/CAPI12 bing thiét bi

quay kéo s¢i lue dién trwomng

0,1g Chitosan (M, ~ 100 0,75g PLA (M, = 200 kDa);
kDa; DD 99%) 0,05g PEG (M,, = 600 kDa)
Hoa tan trong Hoa tan trong CHCl;
CH3COOH 90%, 50°C 90%, 40°C
Dung dich chitosan 2% (w/v) Dung dich PLA 15%, PEG 1% (w/v)

Bé, sung 0,123g hoat
chat capsaicin

Dung dich PLA/PEG c6 chura
hoat chat capsaicin (W/v)

Khudy tron tir tir theo ty 18 1:1 (v/v),
dong nhat.

{

Dung dich CS/PLA/PEG/CAP ndng d6
capsaicin 1,23%

- Nap dung dich vao bom tiém 5 mL ’
- Thong so quay kéo: dién ap 20kV, toc do bom 1
mL/h, khoang cach tir kim phun té1 bo thu 15cm

S¢i nano CS/PLA/PEG/CAP d§ 4m cao

i Say chan khong ¢ 50°C/12 gid

Soi nano CS/PLA/PEG/CAP12 kho

M6 ta cac budc thue hién ché tao soi nano CS/PLA/PEG/CAP12 bﬁng
thiét bi quay kéo so1 luc dién truong nhu sau:

Buwéc 1: Chudn bi dung dich polymer
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Buwéc 1.1: Chudn bi dung dich chitosan (Dung dich 1)

Can 0,1 g chitosan (CS) va hoa tan hoan toan trong 5 mL dung dich
acid acetic 90%. Qua trinh hoa tan thuc hién ¢ nhiét d§ 50°C, khqu déu béng
khudy tir cho dén khi thu dugc dung dich déng nhat. Nong do chitosan thu
duoc 1a 2% (w/v).

Buwéc 1.2: Chudn bi dung dich PLA/PEG (Dung dich 2)

Can 0,75 g polylactic acid (PLA) va 0,05 g polyethylene glycol (PEG),
sau d6 hoa tan trong 5 mL dung mdi chloroform & 40°C. Khudy déu dén khi
thu dugc dung dich trong sudt. Nong do twong tng cua PLA va PEG 1a 15%

va 1% (w/v).
Buéc 1.3: Bé sung hoat chit capsaicin (Dung dich 3)

Can 0,123 g capsaicin va cho vao dung dich 2. Khudy déu dé capsaicin

phan tan hoan toan trong dung dich, tao thanh dung dich 3.

Buwéc 1.4: Chudn bi dung dich CS/PLA/PEG/CAP néng dp capsaicin
1,23% (Dung dich 4)

Dung dich chitosan (dung dich 1) dugc thém tur tir vao dung dich 3 theo
ty 18 thé tich 1:1 (v:v). Khudy déu bang khudy tir cho dén khi thu dugc dung
dich dong nhét (dung dich 4), chuan bi cho qua trinh kéo soi.

Budc 2: Kéo soi bang phwong phdp di¢n trwong (Electrospinning)
Buwéc 2.1: Thiét Igp thiét bi kéo si

Nap dung dich 4 vao bom tiém 5 mL c6 gén kim loai dan dién. Két ndi

kim tiém véi ngudn dién cao thé.
Buwéc 2.2: Thiét lgp cdc diéu kién kéo soi

Pién ap ¢ muc 13 20 kV. Toc do cdp dung dich 1a 1 mL/h. Khoang cach
tir dau kim dén b thu (collector) 13 15 cm. Tién hanh kéo soi trong diéu kién

phong thi nghiém, thu soi truc tiép 1én bo thu.
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Buwéc 3: Sdy va thu sin phim

Sau khi thu dugc s¢i nano CS/PLA/PEG chtra capsaicin con am, tién
hanh say kho trong may say chan khong & 50°C trong vong 12 gio nham loai
b6 hoan toan dung moi con sot lai. San pham cubi cung 1a soi nano kho, c6

ham lugng capsaicin dat khoang 12% (w/w).

Trong cac nghién ctru tiép theo, tiép tuc danh gia cac dic tinh céu tric
cua soi b'fmg cac k¥ thuat phan tich chuyén sau nhu: FTIR, SEM, co hoc va
tinh thAm wdt dé hiéu rd hon vé mirc d6 két tinh, ciu tric vi mo va su phan bd
clia capsaicin trong nén polymer. Bén canh d6, ddnh gid hoat tinh khang
khudn cta hé soi nano ciing 1a can thiét, nham xac dinh tiém niang tng dung

sg1 trong vi¢c tao miéng dan giam dau, khang khuan, khang viém.

3.2. Két qua nghién ciru ciu tric s¢i nano CS/PLA/PEG mang hoat chit
capsaicin bang cong nghé quay kéo so¢i lire dién truong

3.2.1. Két qua phan tich hinh thai hoc

Két qua phan tich hinh thai hoc (Hinh 16) cho thiy bé mit ctia sgi nano
CS/PLA/PEG/CAP12 bé mit nhin, déng nhét va khong c6 hat két tu. Puong
kinh trung binh ctia soi nano 13 269 + 54 nm. Biéu dd phan bd dudng kinh soi
(Hinh 17) cho thdy khoang 85% sb luong soi c¢6 duong kinh dong déu nim
trong khoang 200 - 350 nm.

Hinh 15. Anh sgi nano CS/PLA/PEG/CAPI2 sau khi thuc hién qua trinh kéo

lyc dién truong o cac diéu kién toi uu
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Hinh 16. Anh hién vi dién tir quét (SEM) ciia soi nano CS/PLA/PEG/CAPI?2 ¢
do phong dai: a) x10.000; b) x5.000; c) x200

Frequency (%)

<200.000 (200.000, 250.000] (250.000, 300.000] (300.000, 350.000] >350.000

Diameter (nm)

Hinh 17. Biéu dé phdn bé dwong kinh ciia soi nano CS/PLA/PEG/CAPI?2

3.2.2. Két qua phan tich thanh phan héa hoc

Phd hong ngoai bién doi Fourier (FT-IR) cua cac thanh phan riéng 1¢
(chitosan, PEG, PLA, capsaicin) va mau soi nano CS/PLA/PEG/CAP12 duoc
trinh bay trong hinh 18. Két qua phan tich cho thiy su hién dién cta cac nhom
chire dic trung ciia ting thanh phan va cho phép danh gia tuong tac hoa hoc
trong h¢ vat liéu téng hop.
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Hinh 18. Phé FT-IR ciia CS (4), PEG (B), PLA (C), Capsaicin (D) va soi
nano CS/PLA/PEG/CAPI2 (E)
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Pho FT-IR cua capsaicin hién thi cac dai hap thu dic trung bao gom:

*

3309 cm™': dao dong gian N—-H (amin)
2926 cm™': dao dong gian C—H (methylene)
1627 ecm™: dao dong gian C=0 (amide)
1424-1553 cm™: dao dong vong thom C=C

0

)
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L)
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Nhiing tin hiéu nay phu hop véi cau tric capsaicin, mot phan tir thudc
nhom alkaloid c6 chtra ca nhin thom va chudi aliphatic va két qua da duoc
cong bd trude do. Cu thé, El-Kaaby va cong sy (2016) khi so sanh phd chuan
capsaicin v&i mau callus va seedling cia Capsicum annuum d3 ghi nhan cic
dai hip thu tai 3315-3354 cm™ dic trung cho dao dong gidn N—H, ving
2926-2866 cm™ dac trung cho dao dong gian C—H, cung vdi cac tin hi¢u rd
rét ciia nhom carbonyl (C=0) va dao dong vong thom (C=C) [31]. Cac s liéu
nay hoan toan twong thich véi phd thu dugc trong nghién ctru ché tao soi
nano CS/PLA/PEG mang hoat chat capsaicin.

Pbi voi polymer PEG, phd ghi nhan hai dinh hap thy rd rét tai:

s 1089 cm™: dao dong gian C—O—C trong mach chinh

o%

% 2878 cm™': dao dong C—H dac trung ciia nhém methylene
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CS thé hién mot dai rong & vung 3361 cm™, dac trung cho dao dong gian
két hop N-H va O-H, thudong gip ¢ polysaccharide c6 nhom chirc amin va
hydroxyl. Bén canh do, cac dinh tai 2869 cm™ (C-H), 1023 va 1066 cm™
(dao dong lién két C—O trong vong pyranose) xac nhan dic diém cdu trac
polysaccharide. Nhitng phan tich va phan bd dinh nay phu hop véi cac bao
céo trude diy cua Islam, Arnold va Padhye (2015), pho FT-IR cua chitosan
diéu ché thé hién mot dai rong dac trung ¢ vung 3290-3600 cm™!, twong ung
v6i dao dong kéo gidn két hop ctia nhom —OH va —NH.. Bén canh d6, cac tin
hi€u 10 nét tai ~2869 cm™* (dao dong C—H aliphatic) va trong khoang 1020-
1080 cm™ (dao dong lién két C—O trong vong pyranose) di duoc ghi nhan
[32].

Trong phd ctia PLA, cac dinh hap thu manh tai:

s 1747 cm™: dao dong gian C=0 (ester)
s 1180 va 1080 cm™: dao dong C—O—C (ester) trong mach chinh polyester,

1a cac dau hi€u ro rang cho cau tric polyester mach thang

Phd FT-IR cua soi nano CS/PLA/PEG/CAPI12 cho thiy cac tin hiéu dic
trung tai:

% 1750 cm™ (C=0)
% 1181 va 1082 cm™ (C-O-C)

Diéu nay cho théy su hién dién cua lién két ester tir PLA va PEG trong
mang ludi soi. Ngoai ra, sy duy tri ciia cac dinh nay cing véi viée khong xut
hién cac dinh méi bat thuong cho thdy rang qua trinh nap capsaicin khong
lam thay d6i dang ké ciu trac héa hoc chinh cua hé vat liéu, dong thoi
capsaicin co thé ton tai ¢ trang thai vat 1y phan tan trong ma trdn polymer,
thay vi hinh thanh lién két hoa hoc méi. Piéu nay twong ddéng véi két qua phd
FTIR cta miu nanofiber tir chitosan két hop mat ong nap capsaicin (HTCs-
capsaicin) dugc bao cdo boi Al-Musawi et al. (2020) [33].

Két qua nay cho thiy rang hé soi nano CS/PLA/PEG giir dugc dic tinh
cdu tric cta cic polymer nén sau khi phdi tron va nap capsaicin. Diéu nay

quan trong trong viéc dam bao tinh 6n dinh cua vat li¢u cling nhu hi€u qua
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giai phong hoat chat trong cac ung dung dan thudc tai chd hoic bang vét

thuong.
3.2.3. Két qua phan tich co hoc

Tinh chat co hoc cua cac soi nano duoc khao sat thong qua phan tich
duong cong tng suit (Mpa) - bién dang (%) nhu trinh bay trong hinh 19. Céc

thong sb co hoc sau 3 1an do thu duoc gia trj trung binh trong bang 6 sau:

15 + e

10 +

Spannung in MPa

0.5 —-— Il

0.0 f | | i I } | { i { : I : f
0 2 4 8 8 10 12 14
Dehnung in %

Hinh 19. Pé bén co hoc cia soi nano CS/PLA/PEG/CAPI2

(itng sudt, MPa — bién dang, %)

Bdng 6. Két qud phdn tich co hoc soi nano CS/PLA/PEG/CAPI2

R L Modul dan héi P bén kéo
So lan do Do gian (%)
(MPa) (MPa)
1 13,22 95,5 2,12
2 13,24 95,49 2,11
3 13,23 95,48 2,11
Trung binh 13,23 + 1,65 95,49 + 4,94 2,11 +0,64
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Y nghia ciia cic thong s6 co hoc:

Céc soi nano c6 gan capsaicin trong nghién ctru nay thé hién do bén
kéo trung binh 2,11 £ 0,64 MPa, do gian dai khi dut 13,23 + 1,65% va modul
dan hoi 95,49 + 4,94 MPa. Cac gié tri ndy nam trong khoang da duoc cong bd
cho nhiéu hé nanofiber polymer sinh hoc. Cu thé, Mosallanezhad et al. (2022)
bao cao d6 bén kéo cua polycaprolactone/chitosan electrospun nanofibers
trong khoang 1,9-2,9 MPa [34], trong khi Clerici et al. (2024) cling ghi nhin
cac dac tinh co hoc tuong tu & nhitng hé nanofiber sinh hoc khac [35]. Su
trong dong nay cho thay két qua nghién ctru vat liéu c6 d6 bén phu hop dé
ung dung trong linh vyc y-sinh.

Hon nita, phan bd hoat chit ddng déu trong mang lu6i polymer giup duy
tri hodc tham chi cai thién tinh chit co hoc nhd 1am ting twong tac phan tir
giita hoat chat va nén polymer [36]. Dir liéu trong nghién ctru hién tai cho
thdy capsaicin duoc phan tan du 6n dinh dé khong lam giam déng ké do bén

kéo hoac do dan hdi cua soi.
3.2.4. Két qua khao sat tinh tham wét

Kha ning thim udt bé mit cua cac soi nano CS/PLA/PEG chira 12%
capsaicin duoc khao sat théng qua phuong phap do goc tiép xuc voi nudc.

Két qua do 3 lan lap lai thé hién tai bang 7.

Bang 7. Ket qua do goc tiép xuc giita giot nwoc va soi nano

CS/PLA/PEG/CAPI2
S6 lan do Gée tiép xuc giira giot nwde va soi
nano (°)
1 73,6
2 73,8
3 73,8
Trung binh 73,7+ 1,5
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a) b) ¢)
Hinh 20. Géc tiép xiic duwoe do bang camera kj thudt sé
a) 73,6°; b) 73,8° ;c) 73,8°

Tir két qua do cho thiy soi nano chtra capsaicin co goc tiép xuc trung
binh dat 73,7 £+ 1,5° cho théy bé mit vat liéu c6 tinh wa nude & mirc vira phai.
Theo tiéu chuan chung, cac bé mit co goc tiép xuc voi nude nhod hon 90°
duoc xem 1a wa nuédce (hydrophilic) [37]. Goc tiép xuc trong khoang 70 - 75°
duoc ghi nhan 1a phu hop cho cac vat li¢u tiép xtic md sinh hoc vi né tao diéu
kién cho sy hip phu protein va twong tac té bao dién ra hiéu qua hon [38].

Tinh chit wa nuéc ndy cé thé bat ngudn tir cdu trac polymer nén va bé
mat sgi. Trong nghién ctru nay, mac du capsaicin 1a mot hop chit c6 tinh ky
nuée (hydrophobic), viéc nap ham luong capsaicin 12% khong 1am mat hoan
toan dic tinh ua nudc cua vat licu. Nguyén nhan c6 thé 1a do capsaicin phan
bd bén trong ciu trac soi thay vi tip trung trén bé mit hoic do twong tac gitra
capsaicin v6i cac nhom ua nudce cua polymer nén da lam giam tinh ky nudc
bé mat.

Tinh va nudc cua sgi nano dong vai tro thiét yéu trong cac ung dung y
sinh. N6 gitip hd trg trao doi nudc, oxy va chat dinh dudng, dong thoi ting
cuong su bam dinh va tang sinh cuda t€ bao, tir d6 nang cao hi€u qua str dung

trong bang vét thuong, vat liéu mang thudc hodc gia thé nudi cdy té bao [39].

3.2.5. Két qua danh gia kha ning giai phéng hoat chat

Két qua khao sat danh gia kha ning giai phong hoat chit capsaicin cua
soi nano CS/PLA/PEG/CAPI12 trong dung dich dém phosphate (PBS, pH 7.4)
duoc thé hién trong hinh 21.
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Hinh 21. S gidi phong hoat chdt capsaicin trong sgi CS/PLA/PEG/CAPI2
theo thoi gian

Giai doan dau (0—4 gio dau): toc do giai phong nhanh, v6i khoang
61,3% capsaicin duoc giai phong nhanh chong. Giai doan nay chu yéu do
luong hoat chit nam trén bé mat hoac gﬁn bé mit soi, dé dang khuéch tan ra

moi trudng xung quanh.

Giai doan sau (4 gio tiép theo): téc do giai phong cham dan va on dinh,
biéu hién dic trung ctia co ché giai phong kéo dai. Qua trinh nay duoc chi
phdi boi su khuéch tan cia capsaicin qua ma tran polymer va c6 thé nhod su
lién két hydro giita capsaicin va cic nhom chirc ctia polymer, 1am giam toc do
thoat khuéch tan.

Sau 24 gio, tong luong capsaicin dugc giai phong dat kheang 70% hoat
chat, cho thay su giai phong khong hoan toan, ¢ thé do mot phan hoat chat
van giit lai trong mang lu6i polymer.

3.2.6. Két qua kha niing danh gia tinh khang khuan

Két qua khao st hoat tinh khang khuan duogc tong hop trong bang 8 cho
théy soi nano CS/PLA/PEG/CAP12 c6 kha nang trc ché chon loc mét sb
chung vi sinh vat. Cy thé, gia trj ndong do wc ché t6i thiéu (MIC) dbi véi
Escherichia coli ATCC 25922 dat 100 pg/mL, phan anh hi¢u qua khang
khuan kha tot di v6i vi khuan Gram 4m nay. Pay 1a mot két qua dang chu v,
vi 16p mang ngoai cua E. coli thudong bi ton thuong bdi cac hop chét ¢é tinh

ky nudc nhu capsaicin, do cau truc lipopolysaccharide ciia mang ngoai dé bi
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pha v& (vi du thdy khi capsaicin 1am ting tinh thdm mang ngoai cua

Acinetobacter baumannii khang colistin) [40].

Déi véi hai chung khac 14 Staphylococcus aureus subsp. aureus ATCC
25923 (Gram duong) va nam Aspergillus niger ATCC 6275, gia tri MIC 1a
200 pg/mL, thé hién mirc d6 wrc ché trung binh. Trong khi d6, Bacillus subtilis
subsp. spizizenii ATCC 6633 chi bi e ché ¢ ndong d6 400 pg/mL, cao hon
dang ké so véi cac chung con lai, cho thdy hiéu qua khang khuan cua
capsaicin d6i voi chung nay 1a trong di thap.

Mit khac, khong ghi nhan hoat tinh khang khuan dang ké ddi véi cac
chung vi sinh vat con lai trong dai ndng do khao sat, cho thay phd tic dong
khang khuén cua soi nano chira capsaicin c6 tinh chon loc. Piéu nay phu hop
v6i cac nghién cuu trude do, trong do capsaicin dugc ghi nhan 1a cé hoat tinh
manh hon véi mét sb vi khudn Gram am so v6i Gram duong hoac nam, phu

thudc vao chung cu thé va né)ng do [41].

Tinh chon loc nay c6 thé 1a loi thé trong cac tmg dung y sinh, vi né cho
phép e ché vi sinh vat gdy bénh muc tiéu ma khong anh hudng qua muc dén
hé vi sinh vat co loi. Déng tho1i, viéc str dung hé soi nano CS/PLA/PEG lam
nén mang ciing giup ting cuong kha ning phan tan va giai phong capsaicin,
nhd cdu tric polymer ban tinh thé va twong thich sinh hoc cao [42].

Badng 8. Hiéu qud khdng khudn ciia soi nano CS/PLA/PEG/CAPI2 so vii

capsaicin ty do

Gia tri MIC cua sgi
Gia tri MIC
nano
STT Vi sinh vat cua capsaicin
CS/PLA/PEG/CAP12
tu do (ng/mL)
(ng/mL)
1 Escherichia coli ATCC 100 200
25922
o | Pseudomonas aeruginosa 0 0
ATCC 10145
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spizizenii ATCC 6633

4 | Staphylococcus aureus 200 400
phan loai aureus ATCC
25923

5 | Aspergillus niger ATCC 200 200
6275

6 | Fusarium oxysporum 0 0

ATCC 7601

7 Candida albicans ATCC 0 0
10231

8 Saccharomyces cerevisiae 0 0
VTCC-Y-62

Két qua thu dugc cho thdy tiém ning tng dung cta soi nano
CS/PLA/PEG/CAP12 nhu mot vat liéu khang khuan chon loc, dic biét phu
hop trong cac linh vuc yéu ciu kiém soat vi khuan Gram am va mot s loai
nam mdc. Tuy nhién, can nghién cru sdu hon dé mé rong phd tac dong ciing

nhu cai thién hiéu suat cia hé dan truyén hoat chat nay.
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KET LUAN VA KIEN NGHI
KET LUAN

Sau mdt thoi gian tim hi€u va thuc hién luan van thac si voi dé tai:

“Nghién ctru ché tao s¢i nano chitosan mang hoat chat capsaicin bang phuong

hap luc dién truong”, tac gia da hoan thanh duoc muc tiéu, nhiém vu cua
v . 9 . v

luan van dat ra va thu dugc mdt so két qua, cu thé nhu sau:

1.Pi x4c dinh duoc cic diéu kién ché tao soi nano polymer
CS/PLA/PEG/CAP12 gbm: ndng do capsaicin t6i uu trong dung dich polymer
1a 1,23% (w/v) va ham lugng capsaicin trong soi khoé 1a 12% (w/w); khoang
cach tir kim phun t&i bo thu la 15 cm, tdc d6 bom dung dich kéo s¢i la 1 mL/h

va dién ap t6i wu cho qua trinh dién kéo soi 1a 20 kV.

2.P3 xac dinh dugc dic tinh cAu trac cia sgi nano polymer
CS/PLA/PEG/CAP12 gdm:

e K&t qua phan tich hinh thai hoc cho thdy bé mat cta soi nano
CS/PLA/PEG/CAPI12 nhén, dong nhat va khong c6 hat két tu, dudng kinh
trung binh cua soi nano 1a 269 £ 54 nm, khoang 85% ) lugng soi co

duong kinh déng déu nam trong khoang 200 - 350 nm.

o K&t qua phan tich thanh phan héa hoc phd IR cho thdy hé sgi nano
CS/PLA/PEG/CAPI12 giir duoc dic tinh cdu trac ciia cac polymer nén sau

khi phoi tron va nap capsaicin.

o Két qua phan tich co hoc cho thay, cc soi nano CS/PLA/PEG/CAP12 thé
hién do bén kéo trung binh 2,11 + 0,64 MPa, d gidn dai khi dat 13,23 +
1,65% va modul dan hoi 95,49 + 4,94 MPa

o K&t qua khao sat tinh thdm u6t cho thdy soi nano CS/PLA/PEG/CAP12
c6 goc tiép xtc trung binh dat 73,7 + 1,5°, cho thiy bé mit vat liéu c6 tinh
wa nudc O muc vira phai. Pay 1a gia tri phu hop cho cac vat liéu co tiép
xtc mé sinh hoc vi né tao diéu kién cho sy hap phu protein va tuong tac té

bao dién ra hi€u qua hon.

3. Két qua danh gia hoat tinh khang khuan cho thiy Soi nano polymer
CS/PLA/PEG/CAP12 ¢o tinh khang khuan chon loc, gia tri MIC ddi véi
Escherichia coli ATCC 25922 dat 100 pg/mL. Déi véi Staphylococcus
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aureus subsp. aureus ATCC 25923 (Gram dwong) va nim Aspergillus niger
ATCC 6275 dat 1a 200 pg/mL. Dbi v6i Bacillus subtilis subsp. spizizenii
ATCC 6633 dat 400 pg/mL.

KIEN NGHI

Do thdi gian nghién ctru con han ché va pham vi nghién ctru chu yéu tap
trung vao viéc ché tao soi nano CS/PLA/PEG c6 chira médt hoat chit 1a
capsaicin va nghién ctru mdt s6 dic tinh ciu trac soi dic trung, do do, tac gia
c6 d& xuit mot s6 hudng nghién ciru tiép theo nhu sau:

R

% Ti€p tuc nghién ctru sdu mot s6 dac tinh khac nhu: hoat tinh chong viém,

hoat tinh gdy doc té bao ung thu, kha ning chong oxy hoa.,...

*» Nghién ctru doc tinh va tac dung khang viém, giam dau trén dong vat thuc

nghiém.

% Két hop cac ky thuat phan tich chuyén sau hon nhu: phan tich co ché giai
phong hoat chat bang mé hinh dong hoc; phan tich pho FT-IR, pho XPS,
phd DSC-TGA dé lam 13 twong tac hoa 1y gitra polymer va hoat chat.

Nhitng huéng nghién ctru nay khong chi gitp lam sang to co ché hoat
dong cua hé sgi nano mang hoat chit ma con tao tién dé cho viée phat trién
cac vat liéu dan thude ung dung trong diéu tri bénh 1y cu thé, dic biét trong

cac linh vuc nhu: da lidu, ung thu hoc, y hoc téi tao,...
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PHU LUC

PL 1. Anh hién vi dién tir quét (SEM) cua soi nano CS/PLA/PEG/CAP12 ché
do SE 5kV, tai cac do phong dai khac nhau: x10.000, x5.000 va x200

PL 2. Phd FT-IR cia CS, PEG, PLA, Capsaicin va sQi nano
CS/PLA/PEG/CAP12

PL 3. Phd FT-IR téng hop cua CS, PEG, PLA, Capsaicin va sgi nano
CS/PLA/PEG/CAP12



60

PL 1
Anh hién vi dién tir quét (SEM) cua soi nano CS/PLA/PEG/CAP12 ché do
SE 5kV, do phong dai 10.000
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Anh hién vi dién tir quét (SEM) cua soi nano CS/PLA/PEG/CAP12
ché d6 SE 5kV, do phong dai 5.000

IMS-NKL 5.0kV 6.2mm x5.00k SE(M) N
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Anh hién vi dién tir quét (SEM) cua soi nano CS/PLA/PEG/CAP12 ché do
SE 5kV, do phong dai 200

IMS-NKL 5.0k 6.0mm x200 SE{M)
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PL 2
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Pho FT-IR cua Capsaicin
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2

Pho FT-IR cua soi nano CS/PLA/PEG/CAP12
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Abstract: In this paper, electrospun nanofibers composed
of polymers including chitosan (CS), polyethylene glycol (PEG),
polylactic acid (PLA) loaded with 12% capsaicin were prepared
using electrospinning method. The morphological and chemical
characteristics of the nanofibers were analyzed using a scanning
electron microscope (SEM) and the Fourier transform infrared
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mechanical properties and hydrophilicity of the nanofibers were
also investigated. The results exhibited a tensile strength of 2.11 +
0.64 MPa, an elongation at break of 13.22 + 1.65%, and a Young's
modulus of 95.49 + 4.94 MPa. The nanofibers were found to be
hydrophilic with the contactangle of 73.7 + 1.5°. Capsaicin-loaded
nanofibers exhibited significant antibacterial activity against four
bacterial strains including Escherichia coli, Staphylococcus aureus
subsp. Aureus, Bacillus subtillis subsp. Spizizenii, and Aspergillus
niger. However, the nanofibers did not exhibit antibacterial activity
against Pseudomonas aeruginosa, Fusarium oxysporum, Candida
albicans, and Saccharomyces cerevisiae. This is the first time that
electrospun CS/PLA/PEG loaded with 12% capsaicin nanofibers
have been prepared and their characteristic and antibacterial

property were reported.

Keywords:  Electrospun  nanofibers, capsaicin,  chitosan,

polyethylene glycol, polylactic acid, antibacterial effect

1. INTRODUCTION

In recent years, nanotechnology has become increasingly
popular with a variety of applications across different fields,
such as textiles, cosmetics, software technology, agriculture
and medicine. Among these, nanotechnology in medicine
or nanomedicine, is a relatively new and rapidly developing
field that combines nanotechnology with biomedical and
pharmaceutical sciences, including nanopharmaceuticals, nano-
imaging agents and therapeutic diagnostics. At the nanoscale,
the physical, chemical and biological properties of materials
differ from those of materials at larger sizes. There have been
many studies applying nanotechnology to create materials with

new properties [1].
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Currently, there are many methods for fabricating
nanomaterials, among which the electrospinning technique is
one of the simplest methods for producing fibers with diameters
ranging from tens of nanometers to several micrometers. Using
this method, numerous nanofibers have been created from natural
polymers (such as zein, collagen, silk, chitosan) or synthetic
polymers, and they have found applications in various fields such
as biomedical, separation, and sensor technologies [2- 3].

Chitosan (CS) is a derivative obtained from chitin and is
a natural polymer with the second-largest abundance after
cellulose. Chitosan is found in the shells of crustaceans, insects,
and the cell walls of certain fungi. It is formed through the
deacetylation of chitin by chemical or biological methods, and the
resulting chitosan often has a nanofiber structure [4]. In the fields
of medicine and pharmaceuticals, chitosan has been recognized
as a biomaterial with many potential applications in drug
delivery, transdermal absorption, mucosal absorption, and in
grafting techniques [5-6]. Additionally, chitosan possesses several
valuable biological activities, such as antioxidant properties,
cholesterol-lowering effects [7] and antimicrobial activity [8].
Chitosan is also used as a material capable of carrying bioactive
compounds, whether they are water-soluble or poorly soluble,
such as capsaicin.

Polylactic acid (PLA) is a biodegradable, biocompatible, bio-
absorbable, and non-toxic polyester derived from renewable
resources, including beet, corn, and sugar. PLA is widely used in
the biomedical field for products such as surgical sutures, implants,
and drug delivery systems. Itis also used in packaging, 3D printing,
and disposable items due to its biodegradable nature [9-10].

Polyethylene glycol (PEG) is a versatile, biocompatible,
hydrophilic polymer thatis widely used in various applications,
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including pharmaceuticals, cosmetics, and industrial
processes. PEG is highly soluble in water, which has been
widely utilized in drug delivery to enhance the stability and
solubility of drugs in vivo [11-12]. The presence of PEG was
considered to help improve compatibility and dispersibility
between PLA and CS [13].

Pepper (Capsicum annuum L.) is a fruit that has a spicy flavor
and grows from a plant belonging to the Solanaceae family.
Capsaicin is the main chemical component found in peppers. The
less spicy varieties of peppers have capsaicinoid concentrations
that range from 0.003 to 0.01% in dry weight of the pepper
[14]. Among them, capsaicin accounts for approximately 69%,
dihydrocapsaicin for about 22%, nordihydrocapsaicin for around
7%, homocapsaicin for about 1%, and homo-dihydrocapsaicin
for approximately 1% [15]. Some previous studies showed that
capsaicin has anti-inflammatory properties and can reduce pain
associated with rheumatoid arthritis and muscle pain at low
concentrations. At higher concentrations, it can help alleviate
headaches and postoperative pain, along with other valuable
biological activities such as antioxidant [16], antibacterial [17] and

antifungal properties [18].

Although capsaicin is a highly bioactive compound, it
is poorly soluble in water. The encapsulation of capsaicin in
polymer matrix is one of the methods to improve its solubility and
bioavailability. To the best of our knowledge, there are no reports
on encapsulation of capsaicin into CS/PLA/PEG polymer matrix
structures using electrospinning. Therefore, this study aimed to
prepare electrospun CS/PLA/PEG nanofibers loaded with capsaicin
and study their characteristic properties including morphological,
chemical, mechanical, wettability, antibacterial activities.
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2. MATERIALS AND METHODS

2.1. Materials

Chitosan (CS, M ~100 kD; degree of deacetylation = 99 %)
was purchased from Sigma-Aldrich (USA). Polylactic acid (PLA,
Mw 200 kD), Polyethylene glycol (PEG, Mw = 600 Da), acetic acid
(= 99.5%), chloroform (= 99.5%) were purchased from Merck
(Germany). Capsaicin (= 95%) (obtained from chili peppers)
was supplied by Department of Pharmaceutical Chemistry and
Organic Synthesis, Institute of Natural Products Chemistry, VAST,
Vietnam. All the chemicals were used without further treatment.

Bacterial strains including Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 10145, Bacillus subtillis subsp.
spizizenii ATCC 6633, Staphylococcus aureus subsp. aureus ATCC
25923, Aspergillus niger ATCC 6275, Fusarium oxysporum ATCC 7601,
Candida albicans ATCC 10231, Saccharomyces cerevisiae VTCC-Y—-62
were obtained from Experimental Biology Department, Institute
of Natural Products Chemistry, VAST, Vietnam. These strains
were maintained on nutrient agar and stored at 4°C.

2.2, Fabrication of electrospun nanofibers CS/PLA/PEG loaded capsaicin

Preparation of polymer solutions

0.1 g of CS was completely dissolved in 90% acetic acid
solution at 50°C to give CS solution at the concentration of 2%
(w/v) (solution 1). PLA (0.75 g) and PEG (0.05 g) was dissolved in
chloroform at 40°C to obtain the solution with the concentration
of PLA and PEG of 15% and 1% (w/v), respectively (solution 2).
An appropriate amount of capsaicin (0.123 g) was then added to
solution 2 to achieve solution 3. Solution 1 was added slowly into
solution 3 at the ratio of 1:1 (v:v) with magnetic stirring to obtain
a homogeneous solution for electrospinning (solution 4).
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Electrospinning process

The solution 4 was put into a 5 ml syringe attached to a metal
needle that connected to a high voltage of 20 kV. The feeding
rate of solution was 1 mL/h. The distance from the needle to the
collector was set at 15 cm. Produced nanofibers containing 12%
of capsaicin were dried by a vacuum drying machine at 50°C for
12 hours to completely remove the solvents [19].

2.3. Characterization of the nanofibers

Morphological analysis

The morphological characteristics of the electrospun
nanofibers were observed using a scanning electron microscope
(Hitachi, 5-4800). The diameter of nanofibers was determined
using an image processing software (Image]). The average
diameter was then calculated randomly from about 100 different
nanofibers using MS excel software [19].

Chemical analysis

Chemical characterization of the nanofibers was observed
using Fourier transform infrared (FI-IR) spectrometer
(GXPerkinElmer- USA) [19].

Mechanical analysis

The tensile strength of the nanofibers was measured using
a material testing machine Zwick Z2.5 (Germany). Each sample
was cut to dimensions 15 mm in width and 50 mm in length. The
test speed was 10 mm/min and the gauge length was 30 mm.
Measurements were repeated 3 times. The result was presented
as mean * SD (standard deviation) [20].

Wetting study

Wetting property of the nanofibers was conducted by
sessile drop method using an optical contact angle equipment
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Dataphysics OCA 50 (Germany). A small droplet (5 uL) of
deionized water was placed on the surface of nanofibers. The
contact angle was measured using a digital camera at 60 seconds
after the droplet touched the nanofiber surface. This measurement
was repeatedly performed three times. The result was presented
as mean = SD [20].

2.4, Antibacterial assay

The antibacterial activity of the nanofibers was conducted
on 96-well microplates according to the methods of Vlietinck
(1999) and Mckane (1996) [21,22]. Test bacterial strains included
Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 10145
(gram negative), Bacillus subtillis subsp. spizizenii ATCC 6633,
Staphylococcus aureus subsp. aureus ATCC 25923 (gram positive),
Aspergillus niger ATCC 6275, Fusarium oxysporum ATCC 7601
(filamentous fungi), Candida albicans ATCC 10231, Saccharomyces
cerevisine VICC-Y-62 (yeast). Streptomycin, tetracyclin, and
nystatin were used as positive control for gram positive, gram
negative, yeast and fungi, respectively. The microplates were
incubated for 24 h at 37°C for bacteria and 48 h at 30°C for fungi.
The lowest concentration of the fibers that inhibited the visible
growth of a microorganism (MIC) after incubation was observed
and recorded.

3. RESULTS

3.1. Characterization of electrospun nanofibers CS/PLA/PEG loaded capsaicin

Figure 1 showed that the surface of the nanofibers CS/PLA/
PEG loaded with 12% capsaicin was smooth, uniform, without any
beads. The average diameter of the nanofibers was 269 + 54 nm.
The histogram of diameter distribution of the nanofibers (Figure 2)
indicated about 85% of fibers population had a diameter between
200 - 350 nm.
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a R U e s e

Figure 1. SEM micrographs of the nanofibers CS/PLA/PEG loaded
with 12% capsaicin at different magnifications a) x5.000, b) x 200
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Figure 2. Histogram of diameter distribution of the nanofibers
CS/PLA/PEG loaded with 12% capsaicin

Figure 3 presented the FI-IR spectra of the CS, PEG, PLA,
capsaicin, and the nanofibers loaded capsaicin. The FT-IR
spectrum of capsaicin showed some typical absorption peaks at
3309 cm™ (N-H), 1627 cm—1 (C=0), 2926 cm—1 (C-H), 1424 - 1553
cm—1 (aromatic C=C). The FT-IR spectrum of PEG exhibited two
sharps peaks at 1089 cm—1 (C-O) and 2878 cm—1 (C-H). The FT-
IR spectrum of CS revealed the strong broad absorption band
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around 3361 cm—1 corresponding to N-H and O-H stretching
vibrations, the peak at 2869 cm—1 assigned to C-H stretching
vibrations, the strong doublet absorption peak at 1023 and 1066
cm—1 attributed to pyranose structure. The FT-IR spectrum of
PLA displayed characteristic stretching frequencies for C=0
and C-O at 1747 and 1180, 1080 cm—1, respectively. The FT-IR
spectrum of the nanofibers revealed three major peaks at 1750
(C=0) and 1181, 1082 cm—1 (C-O).
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Figure 3. FTIR spectra of CS (A) PEG (B) PLA (C), capsaicin (D), the
nanofibers CS/PLA/PEG loaded with 12% capsaicin (E)

The stress—strain curve of the electrospun nanofibers loaded
with capsaicin was shown in Figure 4. Mechanical analysis of
the nanofibers exhibited a tensile strength of 2.11 = 0.64 MPa, an
elongation at break of 13.22 = 1.65%, and a Young’s modulus of
95.49 + 4.94 MPa.
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Figure 4. Mechanical strength of the nanofibers CS/PLA/PEG
loaded with 12% capsaicin (stress, MPa - strain, %)

Wettability of the nanofibers loaded with capsaicin was
investigated by the contact angle method. The nanofibers were
found to be hydrophilic with the contact angle of 73.7 = 1.5°
(Figure 5).

Figure 5. The measured contact angle images of the nanofibers
CS/PLA/PEG loaded with 12% capsaicin

3.2. Antibacterial effect

The results of evaluating the antibacterial activity of the
nanofibers loaded with 12% capsaicin were shown in Table
1. The nanofibers exhibited antibacterial effect against three
trains Escherichia coli ATCC 25922 (MIC value of 100 pg/mL),
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Staphylococcus aureus subsp. aureus ATCC 25923 and Aspergillus
niger ATCC 6275 (MIC value of 200 ug/mL), Bacillus subtillis subsp.
spizizenii ATCC 6633 (MIC value of 400 ug/mL). However, the
nanofibers did not show antibacterial activity against the other
strains at test concentrations.

Table 1. Antimicrobial effects of the nanofibers CS/PLA/PEG loaded
with 12% capsaicin compared to free capsaicin

MIC value of the

MIC val f
nanofibers loaded with value o

i i Capsaicin
No. Microorganism 12% capsaicin P

(ng/mL)
(ng/mL)
Escherichia coli ATCC

1 25922 100 200

2 Pseudomonas aeruginosa
ATCC 10145
Bacillus subtillis subsp.

3 400 : 200
spizizenii ATCC 6633
Staphylococcus aureus

4 200 ‘ 400
subsp. aureus ATCC 25923
Aspergillus niger ATCC

2 : 2

5 6275 00 00

6 Fusarium oxysporum ATCC
7601

7 Candida albicans ATCC
10231

8 Saccharomyces cerevisiae
VTCC-Y-62

4, DISCUSSION

Capsaicin is a valuable compound extracted from chili
peppers with important pharmacological application in
controlling pain and inflammation. Capsaicin was also reported
for its antioxidant, anti-obesity, anti-cancer and antibacterial
effects. However, due to its taste, odor and pungency, poor
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solubility in water, sensitivity to light, temperature, capsaicin’s
application has some limitations [23]. The encapsulation of
capsaicin has attracted more attention from many researchers.
Several nanoscale systems carrying capsaicin have been reported
such as Capsaicin-incorporated zein electrospun nanofibers
[23], honey/Chitosan Nanofibers Loaded with Capsaicin [24],
capsaicin-loaded chitosan nanocapsules [25], etc. In our current
study, for the first time, a polymer matrix system CS, PLA,
PEG carrying capsaicin was fabricated. The CS component
has anti-inflammatory, antibacterial activity, and is a polymer
commonly used as a drug carrier [26]. PLA is a biodegradable and
biocompatible polymer with high mechanical strength, making it
easy to fabricate nanofibers by electrospinning method [8]. PEG
is a hydrophilic polymer and the presence of PEG may help to
enhance drug release in vivo [12].

The nanofibers made of polymers CS, PLA, and PEG loaded
with 12% of capsaicin (w/w) were produce by electrospinning
method. The selected content of capsaicin in the nanofibers was
the highest content at which the electrospun nanofibers formation
process went smoothly. At the content of capsaicin more than
12%, the produced nanofibers had beads and the fiber formation
process was interrupted because the injector of electrospinning
machine was clogged.

The nanofibers have been evaluated for properties
including morphological, chemical, mechanical, wettability and
antibacterial properties. The surface of the nanofibers CS/PLA/
PEG loaded with 12% capsaicin was smooth, uniform, without
any beads with the average fiber diameter of 269+54 nm, and
about 85% of fibers population had a diameter between 200 —
350 nm. The FT-IR spectrum of the nanofibers revealed three
major peaks at 1750 (C=0) and 1181, 1082 cm—1 (C-O). This
suggested the interaction between the components capsaicin,
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CS, PEG, and PLA in the nanofibers, which caused certain shifts
in the absorption peaks of the functional groups. Mechanical
analysis of the nanofibers exhibited a tensile strength of 2.11 =+
0.64 MPa, an elongation at break of 13.22 + 1.65%, and a Young's
modulus of 95.49+4.94 MPa. The low tensile strength of the fiber
membrane may explain the reason chitosan is a polymer with
low mechanical strength. Wettability is a fundamental property
that significantly impacts drug release mechanisms, influencing
dissolution rates, release kinetics, formulation design, and overall
therapeutic efficacy. Understanding and controlling wettability
is essential for the development of effective pharmaceutical
products [27]. The nanofibers were found to be hydrophilic
with the contact angle of 73.7 = 1.5°. The presence of PEG in the
nanofibers is considered to be responsible for the hydrophilicity
of nanofibers CS/PLA/PEG loaded capsaicin. The nanofibers
exhibited antibacterial activity against four types of micro-
organisms: Escherichia coli ATCC 25922 (MIC value of 100 ug/mL),
Staphylococcus aureus subsp. aureus ATCC 25923 and Aspergillus
niger ATCC 6275 (MIC value of 200 ug/mL), Bacillus subtillis
subsp. spizizenii ATCC 6633 (MIC value of 400 ug/mL). The
results obtained in Table 1 show that nanofibers exhibited better
antibacterial activity against Escherichia coli and Staphylococcus
aureus than free capsaicin. Perhaps CS, an antibacterial polymer
also contributed to the antibacterial effect of the nanofibers
CS/PLA/PEG loaded capsaicin. The antibacterial effect of the
nanofibers and free capsaicin against strain Aspergillus niger
was similar. However, the nanofibers revealed weaker activity
against strain Bacillus subtillis subsp. spizizenii than free capsaicin,
probably due to the low capsaicin content in the nanofibers
leading to a decrease in this activity. Neither the nanofibers nor
capsaicin exhibited antibacterial activity against the remaining
strains at the test concentrations.
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These are the initial research results for the nanofibers CS/
PLA/PEG loaded with 12% capsaicin. Further in-depth studies
on other activities in vitro and in vivo need to be continued to
provide scientific data for the application of the nanofibers CS/
PLA/PEG loaded capsaicin in biomedical field in the future.

5. CONCLUSIONS

In the current paper, we fabricated the nanofibers loaded
with 12% of capsaicin (w/w) from biodegradable, biocompatible,
non-toxic, and environmentally friendly polymers including
CS, PEG, PLA, and a natural bioactive compound capsaicin
by electrospinning method. The nanofibers were investigated
for their morphological characteristics, chemical, mechanical,
wettability and antibacterial properties. The produced nanofibers
were uniform, smoothly with the average fiber diameter of
about 269+54 nm. The nanofibers CS/PLA/PEG loaded with 12%
capsaicin revealed antibacterial property against four strains
Escherichia coli, Staphylococcus aureus subsp. Aureus, Aspergillus
niger, and Bacillus subtillis subsp. spizizenii with MIC value
from 100 — 400 pwg/mL. However, the nanofibers did not show
antibacterial activity against Pseudomonas aeruginosa, Fusarium
oxysporum, Candida albicans, and Saccharomyces cerevisiae.
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