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Nghién citu bao ché hé vi hat (nanoparticles) tir fibroin to tam, ung
Nhén bai (Received): 28/04/2024 dung trong van chuyen vitamin KI1. Hé vi hat trong duoc bao ché
Sta bai (Revised): 22/05/2024 bang phuwong phdp doi dung méi cé kich thude t6i wu la 361 nm
Duyét dang (Accepted): 28/07/2024 ung voi ti 1¢ fibroin: EtOH (v/v) la 1:5. Hé vi hat tai vitamin K1 co
théng s6 t6i wu khi dwoc bao ché bang phiong phdp dong ngung
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KI.
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ABSTRACT

The research developed silk fibroin nanoparticles for the delivery
of vitamin K1. The blank nanoparticles, formulated by the solvent
exchange method, possessed an optimal size of 361 nm at a
fibroin:EtOH ratio of 1:5 v/v. The optimal vitamin Kl-loaded
nanoparticles were obtained by the co-condensation method, with
a size of 702 nm and an entrapment efficiency of 35%,
corresponding to an initial loading value of 3 mg. The interactions
of the components in the system were analyzed using FT-IR
spectra, which revealed typical peaks of fibroin and vitamin K1.
The release efficiency of the particles formulated by the adsorption
and co-condensation method was 92.17% and 90.08%,
respectively. Furthermore, the nanoparticles could protect vitamin
K1 in basic, acidic, and oxidizing conditions twice better than the
free vitamin K1. In conclusion, the study successfully formulated
vitamin K1-loaded fibroin nanoparticles that could be a potential
pharmaceutical.
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1. GIOI THIEU

Vitamin K1 1a mot loai vitamin hoa tan trong
chit béo, it tan trong nudc, va c6 vai trd quan trong
trong qua trinh diéu chinh sy dong cam mau (Weber,
2001). Vitamin K1 con hd trg su trao ddi chét cua
xuong va trao doi calcium trong hé thdng mach mau.
Cung véi vitamin A va E, vitamin K1 ciing 1a dbi
tuong nghién ctru day tiém nang trong linh vyc déng
cAm mau va xir 1y, hoi phuc vét thuong (Grober et
al., 2014). Ngudn cung cap vitamin K1 chu yéu 1 tir
rau xanh, trai cay, dau hat, cac thuc phélm Ién men,
san phém tur thit, cd hodc duoc téng hop nho mot $6
loai vi sinh vt c¢6 loi. Tuy nhién, co thé chi c6 thé
hép thu tir 5-10% lugng vitamin K1 tir thyc phim
qua duong ti€u hoa (Jones et al., 2008). Mot trong
nhitng nguyén nhan chinh ciia sy kém hap thu 1a do
vitamin K1 1a mot chét than dau, c6 ciu tric phan tir
kha 16n, céng kénh, kém tan trong nudc, dé bi phan
huy hay anh hudéng boi pH cua moi truong dudng
tiéu hoa. Do d6, vitamin K1 thuong dugc bd sung
qua cic ché pham dudng tiém. Tuy nhién, cac ché
pham duong tiém chira vitamin K1 thudng kém bén
trong cac diéu kién khac nhau nhu méi truong acid
manh, base manh va oxi héa manh. Vi vay, viéc
nghién ctru mot hé thdng van chuyén vitamin K1, ¢6
kha nang bao v¢ va tang do on dinh cua thudce, 1a rat
can thiét.

Mot trong s6 nhimg vat liéu mang thudc dang
duogc quan tdm hién nay 1a fibroin to tam. Fibroin 1a
mdt vat liéu y sinh da dugc Cuc quan ly Thuc phém
va Dugc pham Hoa ky (US FDA) cong nhan, va
dang duoc nghién ctru rong rii, nhét 1a cho cac tng
dung trong nganh my pham va dugc phim. Fibroin
1a mot protein tu nhién c6 dac tinh ndi troi nhu kha
nang ty phan huy sinh hoc c6 kiém soat (Pham &
Tiyaboonchai, 2020), khong gy doc té bao (Pham
et al., 2022), dé bao ché thanh cac dang ché phém,
d& dang chuyén ddi ciu truc (anti-parallel- sheet &
dang to II va a helix ¢ dang to 1) (Konishi &
Kurokawa, 1968), va c6 kha nang ty cAu trac thanh
cac hat nano bang phuong phap d6i dung méi (Pham
et al., 2023a).

Trong nhiing nghién ctru trudc, fibroin da duoc
bao ché thanh hé vi hat (fibroin nanoparticles, FNP)
tai thuc bang phuong phap ngung tu va hap phu
nham giai _phong thudc c¢6 kiém soat (Pham et al.,
2023b). Ddng thoi, hé thong nay c6 kha ning bao vé
dugc hoat chat trong cac méi trudng acid, base, va
oxi hoa manh (Pham et al., 2023a). Tuy nhién, van
chwa c6 nghién ctru ndo dé cap dén van dé ung dung
FNP trong viéc van chuyen va bao v€ vitamin K1.
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Do d6, nghién ctru nay dugc thuc hién nham bao
ché FNP tng dung trong van chuyén vitamin K1.
Két qua nghién ctru khong nhimmg nang cao gia tri
cuia cac ngudn nguyén liéu ty nhién, doi dao nhu to
tam ma n6 con c6 y nghia khoa hoc (phat hién thém
ung dung tiém nang cua hé vi hat tr fibroin, rut ra
nhitng dir kién vé twong tac 1y hoa cta hoat chat voi
hé thong) cing véi ¥ nghia thyc tién (gop phan cai
thién kinh té & cac khu vuc nudi tim lay to). Ngoai
ra, ché phém 6 thé duoc phat trién thanh mot duoc
phim trong twong lai.

2. PHUONG PHAP NGHIEN CUU
2.1. Vatliéu

Fibroin duoc chiét xuit tir to tim Viét Nam.
Vitamin K1 (dang dung dich thudc tiém, mdi 6ng 1
mL chira 10 mg vitamin K1, Tween 80, nudc cAt pha
tiém) dugc mua tir nha thudc Trung Son Pharma,
Can Tho, Viét Nam. Sodium carbonate (Na,CO3),
calcium chloride (CaCly), calcium nitrate (Ca(NO3),
va ethanol dugc mua tir hoa chit Xilong (Trung
Qudc).

2.2. Chiét fibroin tir kén tim thd

PAu tién, kén tdm thd dugc loai sericin b?lng
dung dich Na,CO3 0,5% ¢ 80°C trong 1 gi¢. Sau do,
s0i to duoc rira sach v6i nude cit va dé kho & nhiét
do phong. Fibroin to tam duoc chiét tir soi to da loai
sericin bang cach hoa tan trong hdn hop
CaCl:Ca(NO3),:EtOH:H,0, gia nhiét bang 16 vi
song (900 W) trong 2 phat. Hoén hop nhét sau do
dugc loc tham tach bang mang loc cellulose trong 3-
5 ngay. Dung dich sau loc dugce ly tam loai cén, dich
ndi chinh 1a dung dich fibroin dugc x4c dinh ndng
d6 bang cach do quang phd UV-vis & bude song 276
nm véi dudng chudn y = 1,1517x + 0,0099 (Pham et
al., 2023a).

2.3. Bao ché h¢ vi hat fibroin (FNP)

Hé FNP tréng (khong chira vitamin K1) duoc
bao ché bang phuong phap dbi dung méi. Dau tién,
chuin bi dung dich fibroin 1% (w/w) (SF 1%) bang
cach pha loang dung dich fibroin gbc voi nude. Tiép
theo, EtOH dugc nho tir tir vao dung dich SF da
chufm bitheotilé 1:1,1:2, 1:3, 1:4, va 1:5 (v/»). Hon
hop duoc lic véi tée d6 150 vong/phit trong 1 gid.
Cudi cung, hdn hop duoc ly tim, phan ling sau ly
tam chinh la hat FNP, duoc rira lai véi nudce. San
ph'f\m dugc bao quan lanh dé su dung cho cac thi
nghiém sau.
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2.4. Bao ché hé vi hat tai vitamin K1 (FNP-
K)

_ Hé FNP tai vitamin K1 (FNP-K) duogc bao ché
bang hai phuong phap la dong ngung tu (FNP-K-
NT) va hap phu (FNP-K-HP).

Déi voi phuong phap dong ngung tu, 1 mg hoic
3 mg vitamin K1 (dang 16ng) dugc tron véi 1 mL
dung dich SF 1%. Sau d6, 5 mL EtOH dugc thém
vao dung dich SF. Hon hop dugc lic déu va dé
ngung tu trong 24 gio. Cudi cing, hdn hop dugce ly
tam lanh dé thu hat FNP-K-NT, phan dich ndi dwoc
do UV-vis véi budc song cuc dai 1a 330 nm, duong
chuin y =0,0067x - 0,0036 (R2=0.9993). Hiéu suét
tai vitamin K1 dugc xac dinh bang cong thie (1).

EE% =

Ham lwgng ban ddu—Ham lugng sau khi nap

Ham lwgng ban dau x100% (1)

Déi v6i phuong phap hép phu, hat FNP tréng
dugc phan tan vao 30 mL dung dich vitamin K1 véi
ham luong 3 mg, tién hanh lic trong 2,5 gio. Tai cac
thoi diém cach nhau 15 hodc 30 phut, 1 mL dung
dich dugc hut ra, bd sung lai 1 mL nuéc cAt. Phan
dich hut dugc ly tam lanh (12000 rpm, 30 phut), thu
ldy phan dich va tién hanh phén tich UV-vis dé xac
dinh néng d6 vitamin K1 con lai trong dung dich, tu
d6 xac dinh ham lugng vitamin K1 tai dugc vao hat.
Phan hat tai thudc dugc bao quan lanh cho céc thi
nghiém tiép theo xac dinh cac tinh chat ly hoa lién
quan.

2.5. Panh gia tinh chit Iy héa ciia h¢ vi hat

Kich thudc hé vi hat dugc danh gia bang phuong
phap tan xa anh sang dong (DLS). Mau hat dugc
phén tan vao nudc, hé phan tan dugc cho vao cuvet
nhua va tién hanh do bang méay SZ-100 Horiba theo
cac thong sb co ban dugc thiét 1ap sin trong may.

Tuwong tac gilra fibroin va vitamin K1 trong hé vi
hat dugc danh gia qua phan tich phd hong ngoai bién
dbi Fourier (FT-IR). Mau thir duoc tron déu voi
KBr, ép vién mong bang may nén, va tién hanh do
FT-IR bang may FT-IR 4600 Jasco véi diy sb song
4000-400 cm™ va cac thong s6 duge thiét lap san
trong may.

Do két tinh cua fibroin duoc danh gia bang chi
sd két tinh (Crystallinity index-CI), dugc tinh theo
cong bd trude d6 (Pham et al., 2023b). Trong nghién
clru ndy, cuong do tin hiéu cua phd FT-IR da duoc
sir dung dé tinh toan CI. Di v6i phuong phap nay,

224

Tép 60, S6 Chuyén dé SDMD (2024): 222-228

cac dai tin hiéu amide I va amide II cua fibroin dugc
tinh toan theo cong thirc (2) va (3).

Clirt = Lis22/(Lis22 + Ligas) 2)
Cirir= Lisi7/(Lis17+ Liseo) 3)

Trong d6: Cliri, Lie2, Licss 12 gia tri CI, mat d
phan tinh thé va mat d6 phan v6 dinh hinh cta dai
amide [. Tll’O’l’lg tu, Cliri, Lis17, Liseo 12 glé tri CI, mat
d6 phan tinh thé va mat do phan v6 dinh hinh cua
dai amide II.

2.6. Giai phong in vitro vitamin K1

Qua trinh giai phong vitamin K1 tir FNP-K duoc
tién hanh in vitro trong méi truong mo phong dich
sinh hoc, & pH 7,4. Cac mau hat FNP-K-NT va FNP-
K-HP dugc phan tan lan luot vao 40 mL dung dich
dém phosphate pH 7,4, khudy tir véi tbe do 200
vong/phit, & 37°C trong 6 gid. Sau mdi khoang thoi
gian 30 phut, 1 mL dung dich dugc rat ra va bu lai
1 mL dém. T4t ca cac phan dung dich dugc hut ra
mdi 30 phut duge dem di ly tdm lanh (12000 rpm,
10 phut), loai hat bén du6i va 1iy phan dich phia trén
tién hanh do UV-vis v&i budce song cuc dai 1a 320
nm dé xac dinh ham luong vitamin K1 giai phong
vao dung dich ¢ thoi diém rat mau thong qua
phuong trinh duong chuan y = 0,0076x - 0,0243 (R>
=1).

2.7. Hiéu qua bao v¢ vitamin K1 ciua FNP

Hiéu qua bao v¢ vitamin K1 cua hé FNP duoc
danh gi4 trong cac moi truong khac nghiét nhu base
manh (NaOH pH 12), acid manh (HCI pH 1,2), oxi
hoéa (H,O» 0,5%). Hat FNP-K-NT duogc phan tan
trong 10 mL cac méi truong noéi trén va khudy tir
trong 24 gid & 37°C. Két thuc qua trinh, cac hdn hop
duoc ly tam va dich sau ly tdm dugc do UV-vis &
budce song cuc dai 320 nm nhiam xac dinh ham luong
vitamin K1 con lai thong qua cac phuong trinh
duong chuén 1a y = 0,0076x + 0,0123 (R2=0,9991)
(HCI1 pH 1,2), y = 0,0081x + 0,0029 (R? = 0,9994)
(NaOH pH 12), y = 0,0073x - 0,0003 (R? = 0,9997)
(H207 0,5%).

3. KET QUA VA BAN LUAN
3.1. Chiét fibroin tir kén tim tho

Tir 10 g kén tam sau khi dugc loai sericin bang
cach dun nong véi dung dich NayCOs 0,5% rdi rira
sach va lam kho, thu dugc 7,45 g to soi. S¢i to thd
dugc dung dé chiét fibroin, hiéu suat thu dat 32,9 +
1,72% (Hinh 1).
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Hinh 1. Dung dich fibroin sau khi chiét
3.2. Kich thwdéc hé vi hat

Bang 1 cho thy kich thudc hé vi hat FNP trong
giam dan tir 847 nm (FNP-1) xudng con 361 nm
(FNP-5) khi ting thé tich ethanol tir ti 1&
fibroin:ethanol (SF:EtOH) tur 1:1 1én 1:5, chiing to
ethanol 14 yéu t6 anh huéng tryc tiép dén kich thudc
hat. Khi tang thé tich ethanol thi kich thudc hat
giam, vi fibroin c6 kha nang tu cau trac thanh hat
khi thay d6i dung méi tir nudc sang ethanol. Khi &
dang hoa tan trong nudc, fibroin chu yéu c6 ciu triic
xodn o (Valluzzi et al., 1999), khi thém ethanol vao
céu trac fibroin hinh thanh lién két hydro chuyén vé
céu triic gap nép P ddi song song tao thanh vi hat
(Pham et al., 2022). Qua trinh nay s& dién ra nhanh
chong khi ting ethanol nén cdu trac hat tao thanh
nhanh chéng, han ché sy twong tac gitra cac chudi
fibroin 1am keo tu tao chum hat, ddn dén kich thudc
hat giam dan.

_ ya
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H¢ FNP-5 (SF:EtOH 1:5 v/v) ¢6 kich thude nho
nhét, d4p tmg cac yéu cau vé vat liéu dan truyén
thubc (Pham & Tiyaboonchai, 2020), nén duogc
dung dé tién hanh nap vitamin K1. Két qua cho thy
hé FNP-K-NT c¢6 kich thude 702 + 32 nm va FNP-
K-HP ¢6 kich thude 565 + 28 nm. Sy gia tang kich
thude 1a do vitamin K1 ¢6 ciu tric cong kénh, nén
khi tai vao hé vi hat s€ 1am hat to hon.

Bang 1. Kich thuéc hé vi hat FNP tréng
MAiu Ti 1€ fibroin:EtOH Kich thwéc (nm)

FNP-1 1:1 847 £ 44
FNP-2 1:2 763 +£20
FNP-3 1:3 725 + 31
FNP-4 1:4 55117
FNP-5 1:5 361 =12

3.3. Céu tric hé vi hat

DPic trung vé c4c nhém chire cua vt lidu cling
nhu tuong tac giita vitamin K1 va fibroin dugc xac
dinh thong qua phd FT-IR (Hinh 2). Phd IR cua
fibroin thé hién day du cac mii dic trung bao gom
amide I (1625-1650 cm™"), amide 1T (1525-1515 cm-
1, amide I (1235-1240 cm™). Céc dic trung nay
tuong dong voi nghién ciru da cong bd vé tinh chat
cua fibroin dugc chiét tir kén tam thu hoach & Viét
Nam (Nguyen et al., 2023). Diéu d6 chung to da
chiét thanh cong fibroin tir kén tam Viét Nam. Bén
canh @6, hé FNP tréng con gitr dugc toan bd miii dac
trung cua fibroin, chimg t6 tinh chat fibroin khong
bi thay di trong qua trinh bao ché.

T e,
v Vitamin K1

Két qua d§ két tinh theo phd FI-IR, CI :

Crystallinity index (d§ két tinh), IRI:

dinh amide | cha fibroin, IRLl: dinh

amide 11 ciia fibroin

i P§ két tinh
Miu N
CllIRI (’lll{ll
Fibroin 0,55 0,49
FNP-K-HP FNP 0,50 0,48
FNP-K-NT | 0,50 0,48
FNPKNT FNP-K-HP | 0,49 0,44

Wavenumber (cm")

T T T T T T
4000 3500 3000 2500 2000 1500 1000

1
500

Hinh 2. Phé FT-IR ciia fibroin, FNP, FNP-K-NT (hé vi hat FNP tai vitamin K1 bz"mg phuong phap
ngung tu, FNP-K-HP (h¢ vi hat FNP tii vitamin K bang phwong phap hap phy), va vitamin K1; va d9
két tinh cia cac hé twong ing
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Phé FT-IR cua vitamin K1 ¢6 miii dic trung nhu
miii C=0 & vi tri khoang 1600 cm™!, miii C=C &
khoang 1400 cm™' va dao dong dan cua lién két C-H
vong thom & khoang 3100 cm™ (Zhao et al., 2013).
Phd FT-IR ctia hé vi hat FNP-K-NT va FNP-K-HP
cho thiy rd cac miii dic trung ctia hé FNP tréng nhu
mili amide I, II cua fibroin (1500-1600 cm™). Tuy
nhién, cac tin hi¢u dac trung cta vitamin K1 khong
hién 10 trén phé cta hé vi hat. Piéu nay co thé duoc
giai thich boi hai nguyén nhan. Mot la, luong
vitamin K1 duogc tai vao hé tuong ddi thip (~20-
30%), dan dén tin higu vitamin K1 twong d6i yéu va
bi che lép béi tin hiéu cia fibroin. Hai 1a, vitamin
K1 dugc tai vao hé vi hat dudi dang hé phan tan
phan tir, nén cac tin hiéu bi giam di dang ké (Pham
et al., 2022). Hién tugng nay phu hop véi su gidm
d6 két tinh cta hé vi hat sau khi tai vitamin K1
(Pham et al., 2023b).

Do d6, ¢o thé két luan ré‘mg da tai thanh cong
vitamin K1 vao hé vi hat bang phuong phap ngung
tu va hip phy, va qua trinh bao ché khong anh huéng
tinh chét ctia fibroin va vitamin K1.

3.4. Higu suit tai Vitamin K1

Déi voi phuong phap ngung tu (FNP-K-NT),
hiéu suét tai cia mau c6 ham lwong vitamin K1 dau
1a 3 mg cao hon so véi ham lugng dau 14 1 mg (Hinh
3). Piéu nay dwoc giai thich 1a do vitamin K1 duoc
két tinh ciing liic voi cac hat FNP tao thanh cac phirc
hop FNP-K-NT 6n dinh. Qua trinh nay bi anh huong
boi cac yéu t6 lién quan dén do tan cua thude ciing
nhu ndng d6 va ham luong thube trong dung dich.
Do d0, khi ting lwong thudc trong dung dich 1én 3
mg, mot lugng 16m phan tir thude s& két tia theo hat
va bam trén hat nhiéu hon. Vi vay, ham lugng 3 mg
ban d4u c6 hiéu suat tai cao hon 1 mg.

Déi voi phuong phap hép phuy, tién hanh d4nh
gia qua trinh hap phu theo thoi gian, thu duogc b thi
biéu dién qua trinh nhu Hinh 4. Hiéu suit hip phu
vitamin K1 cua hat FNP tang nhanh chong trong 60
phut dau, dat 20,47%, sau d6 hiéu suat gan nhu gilr
on dinh khong c6 su chénh léch dang ké & cac moe
thoi gian tiép theo.

Kha ning tai thudc dwoc thuc hién bang phuong
phap ngung tu mang lai hiéu suét ti cao hon so véi
phuong phap hip phu. Piéu nay dwoc gii thich 1a
do qué trinh hap phu chu yéu 1a hip phu vat Iy thong
qua céc tuong tac yéu nhu lién két hydro, Iyc van
der Waals gifra vitamin K1 va bé mit caa hé vi hat
fibroin. Viéc chi twong tac 16ng 1éo bén ngoai bé mit
lam cho vitamin K1 d& bi khuéch tan tr& lai dung
moi, ddn dén giam hiéu suat tai thudc. Bén canh do,
theo phuong phap déng ngung tu, viéc vitamin K1
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duoc thém vao dich fibroin trude khi ddi dung moi
tao diéu kién cho vitamin K1 tuong tac véi fibroin
trudce, sau d6 lai duge ngung tu déng thoi vai fibroin
dan téi vitamin K1 vira duoc bao boc bén trong hé
FNP vira duoc hdp phu bén ngoai bé mat FNP.

40 -

35

N N w
(=] w o

[
w«

Hiéu suiit tii (%)

10 -

1mg

3mg

Hinh 3. Hiéu suit tai vitamin K1 ¢6 ndng d¢ diu
1a 1 mg va 3 mg ciia hé vi hat FNP-K-NT

25 7
— 20 4
g
5‘- 15 4
£
'
45 10 4
=
Y
o 5 -
0 T T T T T "
0 30 60 [0 120 150 180
Theoi gian (phiit)

Hinh 4. Do thi qua trinh hip phu vitamin K1
theo thoi gian cia hat FNP-K-HP

3.5. Giai phong in vitro vitamin K1

Quaé trinh giai phong vitamin K1 tir FNP-K-NT
va FNP-K-HP trong méi truong md phong dich sinh
hoc (pH 7,4) c6 thé chia thanh 2 giai doan (Hinh 5).

O giai doan 1, vitamin K1 dugc giai phong
nhanh choéng ra khoi hé vi hat. Do vitamin K1 dugc
tai vao hé vi hat dudi dang h¢ phan tan phan tr, nén
d6 tan va toc do giai phong hoat chat trong moi
truong dém ting dang ké (Pham et al., 2022). Dbi
v6oi hé FNP-K-NT, qua trinh phong thich dat cuc dai
voi lugng vitamin K1 giai phong dat trén 92,2%
trong 60 phut dau. Diéu nay cho thay hé FNP khong
gdy anh huong (lam cham) qua trinh phong thich



Tap chi Khoa hoc Pai hoc Can Tho

vitamin K1, dam bao duoc tbc dd va ham lwong
vitamin K1 dugc phong thich mdt cach nhanh
chong. Déi voi hé FNP-K-HP, qué trinh giai phong
dat cuc dai din ra chdm hon va téc do giai phong
tang tuyén tinh theo thoi gian, dat cuc dai ¢ 180
phut. Nguyén nhan c6 thé 1a do su tuong tac thuan
nghich gitra ca ba yéu t6 1a vitamin K1, fibroin va
céc thanh phéan trong moi trudng giai phong lam cho
su hap phu va giai hap phu dién ra luan phién, dong
thoi sy chénh 1éch gradient néng do cuia vitamin K1
ciing gbp phan tao nén sy giai phong ting tuyén tinh
¢ giai doan nay.

O giai doan 2, cic mdc thoi gian tiép theo, phan
tram phong thich hoat chat c6 xu huéng giam dan
nhung van giit dwoc sy 6n dinh. Didu nay ching to
lwong vitamin K1 phéng thich duoc giit 6n dinh
trong moi truong gidi phong trong thoi gian dai.

Su phéng thich nhanh chéng va 6n dinh cua
vitamin K1 trong h¢ FNP-K 1a do tuong tac gilra
vitamin K1 va fibroin chii yéu 1a cc twong tac yéu
nhu lyc van der Waals va lién két hydro, tao diéu
kién cho vitamin K1 d& dang khuéch tan vao moi
treong giai phong. Bén canh do, sy chénh Iéch
gradient nong do cua vitamin K1 giira bén trong va
bén ngoai h¢ hat (dung dich dém) goép phan dan téi
su phong thich 6n dinh & giai doan sau (Pham et al.,
2023Db).
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Hinh 5. Qua trinh gidi phéng vitamin K1 tir hat
FNP tii vitamin K1 bang phwong phap ngung
tu (FNP-K-NT) va hap phu (FNP-K-HP)

Tom lai, h¢ FNP-K vira ¢6 kha nang phong thich
nhanh chong vitamin K1 trong giai doan dau, giap
dat nong d¢ dicu tri trong dich sinh hoc, vira c6 kha
nang duy tri nong do d6 trong thoi gian dai.

3.6. Hiéu qué bao vé hoat chit vitamin K1

cua hé vi hat FNP

Vitamin K1 1a mot chat d& bi phan huy trong céc
mdi trudng khac nghiét, dac biét 1a moi trudng cod
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tinh oxi héa (do cac lién két doi trong phéan tir
vitamin K1) (Samide et al., 2022). Do d6, kha ning
bao v¢ vitamin K1 ctia hé vi hat FNP trong cac moi
truong kiém manh (pH 12), acid twong duong dich
vi da day (pH 1,2), va oxi héa (H,0,) dugc thé hién
qua luong hoat chat con lai (%) sau 24 gid thi
nghiém so véi vitamin K1 nguyén chat (Bang 2).

Két qua cho thdy hiéu suét bao vé vitamin K1
cua hé vi hat cao hon so véi vitamin K1 ty do, trong
ca ba moi truong thtr nghi¢m. Cu thé, trong moi
truong kiém, vitamin K1 tir hé vi hat sau 24 gio con
lai 50,51% khong bi phan hily, cao gan gap doi so
voi vitamin K tw do. Tuong tu ¢ méi truong acid va
oxi hoa manh, hiéu suat bao vé 6 giam nhung luong
vitamin K1 con lai tir hé vi hat van cao gap nhiéu lan
so voi tir vitamin K1 tu do.

Kha nang bao vé cua hé vi hat co thé dén tir kha
nang giai phong hoat chat c6 kiém soat ctia hé vi hat.
Vitamin K1 chii yéu bi phan huy ¢ dang tu do, va it
bi phan hity khi con dang dugc gan két vao hé vi hat
FNP, do it tiép xtc v&i tac nhan phan huy (Pham et
al., 2023a). Vi thé, hé FNP-K c6 kha nang bao v¢
vitamin K1, thich hop dé bao ché cac ché phim
nhdm bao quén hoat chét duogc tdt hon.

Bang 2. Luong hoat chit vitamin K1 (%) con
nguyén ven cia hé vi hat FNP-K-NT va
cia vitamin K1 tw do trong cac méi
truwong khac nhau

Miu Base Acid O(i(_Il 21(1)023
(pH 12) (pH 1,2) 0,5%)
IF\II‘TIP'K' 50,51 0,95 17,23+0,40 822 0,83
rltamm 22.46+0,07 6,54+0,21 2,15+0,13
4. KET LUAN

Nghién ctru da bao ché thanh cong hé vi hat tir
fibroin tai vitamin K1 bang phwong phap ngung ty
va hap phyu. Phuong phap ngung tu cho két qua t01
wu, v6i kich ¢& hat nano, hiéu suit tai 35%, va cdu
trac fibroin, vitamin K dugc bao ton. Trong diéu
kién mé phdéng pH dich sinh hoc, hé vi hat FNP-K
¢6 kha nang gidi phdng qua hai giai doan, giai doan
nhanh va giai doan kéo dai, v6i hiéu suét giai phong
trén 90%. Hon nira, hé vi hat FNP c6 khé nang bao
vé hoat chét vitamin K1 kha t6t trong cac diéu kién
khic nghiét nhu méi truong kiém, méi trudng acid
va moi truong oxi hoa manh. Tom lai, h¢ FNP-K cé
thé duoc tiép tuc nghién ctru dé phat trién thanh cac
dang dugc pham trong tuong lai.
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