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Tém tit

) Hé vi hat fibroin d,‘d va dang dwoc nghién curu rong rdi, déc biét trong dan truyén duoc
pham. Tuy nhiéni mot so tinh chat quan trong ciua hé nhw do bén, dé bam dinh va tinh tuwong
thich sinh hoc van chwa dwoc khao sat. Do 53‘0', r{ghién cd:u nay danh gida in-vitro cdc tinh chat
trén cua fibroin va hé vi hat fibroin c6 nguén goc tir to tam Nam Dinh. H¢ vi hat fibroin dugc
bao ché bang phwong phap dong ngung tu cé kich thuéce khoang 0,167 pm, hi¢u sudt tao hat
dat 72,83+2,25%. Tinh chat ddc trung va cdc thanh phan lién két trong fibroin va vi hat fibroin
dwoc thé 1171_en qua pho FT-IR vdi cdi miii cua amide I, II, I1l. B¢ két tinh cua fibroin va vi hat
JSibroin thé hi¢n cau triic ban tinh thé. Trong moi truong mé phong dwong tiéu hoa, hé vi hat
dat do bén 99,8%. Ca fibroin va hé vi hat fibroin déu khong gay kich ung mang té bao trong
thir nghiém HET-CAM va c6 khd nang bam dinh mucin cao (54,48+0,73%). Tom lai, cd fibroin
va hé vi hat fibroin déu c6 dg bén va on dinh cao trong moi truong co thé nguoi, co kha nang
bam dinh tot va tuong thich sinh hoc cao, rat thich hop dé iing dung dan truyén dwoc pham
duwong uong.
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Abstract

Fibroin nanoparticles have been extensively studied, particularly in drug delivery
applications. However, several critical properties of these systems, including stability,
mucoadhesiveness, and biocompatibility, have yet to be thoroughly investigated. Hence, this
study aimed to in-vitro evaluate these properties of fibroin and fibroin nanoparticles derived
from Nam Dinh silk. The fibroin nanoparticles, prepared via co-precipitation, exhibited an
average particle size of approximately 0.167 um, with a particle formation efficiency of
72.8342.25%. The FT-IR spectroscopy revealed specific signals of fibroin, with distinct peaks
corresponding to amide 1, 1, and III. Both fibroin and fibroin nanoparticles displayed semi-
crystalline structures. In simulated gastrointestinal conditions, the nanoparticles exhibited a
high stability of 99.8%. Additionally, fibroin and fibroin nanoparticles showed no irritation in
the HET-CAM assay and demonstrated strong mucin adhesion (54.48+0.73%). In conclusion,
fibroin and fibroin nanoparticles possess high stability within physiological environments,
excellent mucoadhesiveness, and high biocompatibility, thus, making them suitable for oral
drug deliveries.

Keywords: biocompatibility, fibroin, HET-CAM, mucoadhesion, nanoparticles, stability.
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1. Giéi thiéu
Y hoc hién dai ngay cang phat trién, con nguoi c6 xu hudng quay vé sir dung cac vt
liéu co nguén gbc tir tu nhién dé lam chat mang thudc. Cac vat liéu nay déng vai tro nhu mot
chiéc xe” van chuyén hoat chat dén vi tri can diéu tri nham lam giam tac dung khong mong
mudn, dong thoi bao vé hoat chat trude cac tac dong ciia moi truong bén trong co thé nguoi,
tang sinh kha dung cho hoat chit. Pé thyuc hién nhiém vy van chuyen hoat chat/thudc bén trong
co thé, vat liéu phai dam béo tinh tuong thich sinh hoc, kha ning phan hity sinh hoc va khong
gy doc té bao (Wenk & cs., 2011). Bén canh d6, “phuong tién van chuyén” nay phai c6 do
bén tuong ddi 6n dinh va mirc d6 bam dinh nhat dinh trong céc dich sinh hoc, nham ung dung
cho cac duong dua thudc khac nhau. Hién nay, cac vat li¢u dan truyén thude d3 va dang dugc
quan tdm nghién ctru nhu hé nano tur tinh (Nguyen & cs., 2022), nano polymer (Pham & cs.,
2024), hydrogel (Thao & cs., 2025),... Da sO cac vat liéu da duoc tmg dung 1am sang duoc
tong hop tir cac nguyén liéu da dugc cip phép sir dung cho ngudi. Fibroin, mot loai protein to
tam da dugc FDA phé duyét co thé st dung cho nguoi 1a mot vét ligu day tiém ning trong dan
truyén thudc (Pham & Tiyaboonchai, 2020). Fibroin di dwgc bao ché thanh cac dang dan
truyén nhu hé vi hat, hydrogel, mang film v&i cac chirc nang nhu van chuyén hoat chét, khoéng
hoa xuong, lam lanh vét thwong (Ki & cs., 2009).

Tuy nhién, d6 bén, do bam dinh va tinh tuong thich sinh hoc cua fibroin dwoc chiét tir
céc loai to tam c6 ngudn gdc khac nhau van chua duoc quan tim nghién ctru rong rdi. Cac
nghién ctru trén thé gidi hién nay cha yéu chiét fibroin dé ing dung vao cac ché pham cu thé
ma chua c6 su so sanh tinh chit gitra ngudn nguyén liéu. Nam 2023, mot nghién ctru di chi ra
su khac nhau cua fibroin va hé vi hat fibroin dugc bao ché tir to tim & Viét Nam va to tim
Théi Lan (Nguyen & cs., 2023). Nghién ciru tap trung vao thanh phan acid amin, trong luong
chudi protein, tinh chat hoa Iy cua fibroin va hé vi hat fibroin. Viéc chi ra su khac biét vé tinh
chat hoa li cung cip cac théng tin quan trong dé dinh hudng tng dung cho timg loai fibroin c6
ngudn gdc khac nhau. Bén canh do, nghién ciru ctia Zhou & cs., 2001 vé fibroin chiét tir kén
tam Bombyx mori ¢6 ngudn gbc Trung Qudc da chi ra thanh phan acid amin thu dugc gém
glycine (45,9%), alanine (30,3%), serine (12,1%), tyrosine (5,3%), valine (1,8%) va 4,7% la
15 loai acid amin khac, khac biét voi thanh phan trong kén tam trang Nam Dinh duoc cong bd
bai Nguyen & cs.,2023 bao gdm glycine (43%), alanine (30%) va serine (12%) va cac acid
amin khac. Diéu nay cho théy su khéc biét vé thanh phﬁn cua tung loai kén tam khac nhau, su
khac biét nay co thé anh huéng dén tinh chét cta cac ché phiam c6 ngudn gde tir fibroin to tam.

Tai Viét Nam, to tim duoc nudi tr(‘”)ng & nhiéu dia phuong khac nhau tao sy da dang vé
ngudn gdc to. Theo thong ké cua Bo Nong nghiép va Phat trién nong thon (mard.gov.vn):
“Nam 2019, ca nudc san Xuét duoc 11.855 tan kén té“lm, tang 42,9% so voi nam 2018; nam
2020 dat 14.937 tan, tang 25,9% so v6i nam 2019; nam 2021 dat 16.444 tan, tdng 10,08% so
v6i nam 2020; va nam 2022 dat 16.824 tan, ting 2,31% so véi nam 2021. Téc d6 tang truong
binh quén giai doan 2018-2022 1a 19,33%.” Vi san lugng va toc d6 tang trudng do, Viét Nam
c6 ngudn nguyén li¢u doi dao, nhung to tam Viét Nam chu yeu phuc vu cong nghiép dét may
va xut khau, luong nho to tam Ung dung trong chi khau y te nhung chua c6 s6 liéu thong ké
10 rang. Vi loi thé do, to tam 1a mot ngudn nguyén lidu tiém ning cho bao ché vat liéu din
truyén thude.

Tom lai, dd co nhitng nghién ctru vé tinh chat khac biét cia fibroin chiét xuat tir cac loai
kén tim khac nhau d3 duoc cong b trude ddy, nhung chua c6 mot nghién ciru ndo trong nude
phan tich do bén tinh bam dinh va tinh twong thich sinh hoc cua fibroin va h¢ vi hat fibroin
dugc chiét xuat tu to tam Nam Dinh. Do d6, nghién ctru nay dugce thyc hién nham bo sung vao
ngudn dit lidu quc gia va thé gidi vé cac tinh chat quan trong cia fibroin chiét xuat tir to tim
Nam DPinh.
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2. Vit liéu va phwong phap nghién ciru
2.1. Dung cu va hoa chit

Kén to tdm thé dugc thu mua tir huyén Truc Ninh, tinh Nam Dinh, Viét Nam. Cac hoa
chit khac nhu sodium carbonate, calcium chloride, calcium nitrate tetrahydrate, nudc cAt hai
lan va ethanol do Cong ty Hoa chat Cemaco, Can Tho, cung cap. Mucin dugc mua tir Sigma-
Aldrich, Singapore.

2.2. Chiét fibroin tir kén to tam Nam Pinh

Fibroin duoc chiét xut tir kén tim Nam Dinh béng ky thuat khur mudi. Cu thé, qua trinh
nay thyc hién trén 10 g kén tim, dun noéng & 80°C trong 1 gio cing véi 200 mL dung dich
Na,COs3 néng d6 0,5%. Sau qua trinh xur Iy nhiét, s¢i to dugc lam sach k¥ béng nudce cat, sau
do sdy kho ¢ diéu kién nhiét d6 phong. Tiép theo, soi to duoc hoa tan vao mot hdn hop mudi
gém CaCl,, Ca(NO3),, EtOH va nuéc, tao thanh mét dung dich dang keo nhét. Dung dich keo
nay tiép tuc trai qua [qua trinh loc tham tach trong 3 ngay 6 nhiét do phong. Cubi cing, dung
dich dugc ly tdm nham loai cdn, thu 1ay phan dich ndi chua fibroin tinh khiét.

2.3. Bao ché hé vi hat fibroin

Quy trinh bao ché hé vi hat fibroin tir fibroin Nam Dinh dugc thuc hién nhu sau: Pau
tién, dung dich fibroin (d3 chuin bi & muc 2.2) dugc pha lodng t6i ndong do 1% (w/w). Sau do,
1 mL dung dich fibroin 1% dugc cho vao dng ly tim, tiép theo, thém tir tir 5 mL EtOH vao
cung 6ng ly tam. Hon hop duoc lic déu trong 1 gio véi toe do lac 1a 150 vong/phut. Cubi quy
trinh, hdn hop dugce ly tim ¢ toe dd 6000 Vong/phut trong thoi gian 15 phut. Phan thu dugc ¢
day o dng ly tAm chinh 1 hé vi hat fibroin. Hé vi hat fibroin sau dé duoc rira 3 1an bang nudc
cét, voi phuong phap tai phan bd va ly tam.

2.4. Panh gia tinh chit héa li ciia hé vi hat fibroin

Phé hong ngoai bién dm Fourier (FT-IR) 14 k¥ thuat phan tich dya trén kha nang hép
thu birc xa héng ngoai ctia miu & nhitng bude song khac nhau. Khi buc xa hong ngoai tuong
tac voi mau, cac lién két hoa hoc trong phan tir s& dao dong ¢ nhiing tan sb dic trung va hip
thu nang lugng tuong mg, qua d6 cho phép nhén dién cau tric va thanh phan héa hoc cua
mau. Trong nghién ctru nay, mau fibroin va h¢ vi hat fibroin dugc phén tich bang phuong phap
tao vién nén voi chat nén KBr, pho dugc ghi nhan trén thiét bi FT-IR JASCO 4600 trong
khoang s6 song tir 400 dén 4000 cm.

Kich thudc trung binh va d§ da phan tan kich thudc hat cua hé vi hat fibroin dugc xac
dinh bang phuong phap tan xa anh sang dong (DLS) sir dung thiét bi MicroTrac $3500. Hé vi
hat duoc tai phan tan trong nudc khir ion, phép do dugc tién hanh ¢ nhiét do 25°C véi goc do
¢ dinh 1a 90°.

2.5. Panh gia kha niing giy kich img bang phwong phap HET-CAM

Phuong phap HET-CAM (Hen's Egg Test-Chorioallantoic Membrane Assay) duoc ap
dung nhim d4nh gia kha ning gay kich tmg cta fibroin va h¢ vi hat fibroin (Thao & cs., 2025).
Mang chorioallantoic cua phoi tring thu tinh 18 mot mé hoan chinh bao gém ddng mach, mao
mach va tinh mach va vé mat k¥ thuat dé nghién ciru (J. Leighton, J. Nassauer, R. Tchao,
1985). Theo phuong phép ndy, cac hoa chat cé thé duoc tiép xuc tryc tiép v6i mang
chorioallantoic cua trimg ga va c6 phan tmg tuong tw voi cac chat gdy kich tmg v6i phan tmg
viém dugc tao ra trén cac mach mau két mac. Ba phan tng c6 thé duoc xac dinh trong thir
nghiém nay l1a xuat huyét, ly giai va dong tu trén mang chorioallantoic ciia trimg da thu tinh
vao khoang ngay thir 8, 9 ctia qua trinh phdi (khi mé thin kinh va nhén thirc vé con dau van
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chua phat trién) (Mohamed & Sara, 2017). Cac phan tng nay dugc danh gia cam quan va cho
diem theo Bang 1.

Trong nghién ctru nay, tring vit da thy tinh dugc Iya chon va u trong diéu kién nhiét do
37°C, d6 am twong ddi 65% trong thoi gian 8 ngay. Sau do, phan vo trimg duoc cit bo cin
than, dong thoi loai bo 16p mang mong bén trong dé 16 o mang CAM, la 16p mang phoi dang
phat trién. Thi nghiém duoc tién hanh bang cach nho 0,2 mL mau thir 1én bé mat mang CAM,
dam bao khong lam t6n thuong hay rach mang. Quan st va ghi nhan hinh anh cia mang CAM
tai cdc moc thoi gian: 0 gidy, 30 gidy, 120 gidy va 300 gidy dé danh gia phan (mg kich ng
thong qua cac dau hidu nhu mach mau bi gidn, ndi rd hodc do 1én (xuat huyét, ly giai va dong
tu) va cham diém theo Bang 1. Mtrc d6 kich ung duoc danh gia voi cac muc (1) khong kich
g (tong diém < 1), (2) kich g nhe (tong diém < 5), (3) kich g trung binh (tong diém <
9) va (4) kich img ning (tong diém tir 9 t6i 21). Thi nghiém bao gdm mau dbi ching 4 am (NaCl
0,9%), d6i ching duong (sodium dodecyl sulfate, SDS 1%), dung dich fibroin nong do 1
mg/mL va mau vi hat fibroin phan tan trong dung dich d6i chirg am.

Bang 1. Bang cho diém danh gi thir nghiém HET-CAM

Phan Ung quan sat Thoi gian xuét hién (gidy) Diém sb
Xuit huyét 0-30 5
Ly giai 30-120 3
Pong tu
120-300 1
> 300 0

2.6. Panh gia d) bén hé vi hat fibroin

Heé vi hat fibroin dugc khao sat do bén (46 phan huy) trong méi trudng md phong
duong tiéu hoa. Pau tién, voi diéu kién mé phong moi truong da day, tién hanh can 50 mg
mau hat, thém vao 2 mL dung dich HCI ¢6 pH 1,2, sau d6 i & nhiét d6 37°C trong thoi gian 2
gid. Két thuc giai doan nay, mau dugc ly tdm lanh dé loai bo dung dich, phan hat thu duoc
dem say & 60°C dén khi khi lugng khong doi.

Tuong tu, voi diéu kién mo phong duong tiéu hoa tir da day dén rudt non (pH thay doi
tir 1,2 dén 6,8), can 50 mg mau hat rdi xir Iy giong nhu giai doan mo6 phong da day (u trong
dung dich pH 1,2 trong 2 gi¢ ¢ 37°C). Sau d6, mau dugc ly tam lanh, loai bo phén dung dich
ndi, bd sung tlep 2 mL dung dich dém phosphate pH 6,8 va tiép tuc i trong 6 gio tlep theo.
Cubi cung, mau dugce ly tim dé loai bo dich ndi, hat dugc sdy & 60°C dén khoi luong 6n dinh.
Do bén cua hé vi hat fibroin duoc xac dinh bang phan tram khéi lugng hat con lai sau khi trai
qua qué trinh tht nghiém trong mdi trudng md phong tiéu hoa.

2.7. D) két tinh

Chi s6 két tinh (Crystallinity Index - CI) thé hién murc d¢ két tinh cua fibroin, dugc
xé4c dinh thong qua ty 18 giita ving tin hiéu két tinh va tdng cua tin hidu két tinh va vo dinh
hinh (Pham & cs., 2018). Trong nghién ctru ndy, chi sé két tinh cua fibroin dugc tinh toan dya
vao phé FT-IR, cu thé su dung cuong do hép thu tai cac dai dac trung amide I va amide II theo
hai cong thure (1) va (2):

Cliri = Di622/(Di1622 + Digas) (1)
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Cliri= Di1517/(Dis17 + Diseo) ()

Trong d6: Clirr, D162, Diess 1an luot 1a gia tri CI, mat do phan tinh thé va mat do, phan
v0 dinh hinh cua dai amide I. Tuong tu, Cliru, Disi7, Diseo la gia tri CI, mat d6 phan tinh the
va mat do phan v6 dinh hinh ctia amide II.

2.8. Panh gia kha nang bam dinh

Kha niang bam dinh cua hé vi hat fibroin trong diéu kién mo phong duong tidu hoa
dugc danh gia bang cach str dung dung dich mucin c6 ndng d6 2 mg/mL, pha trong dung dich
HCI pH 1,2 hoac dung dich dém phosphate pH 6,8. Thi nghiém dugc thyc hi€n véi cac ti 1¢
khéi lwong khac nhau giita mucin va hé vi hat fibroin, lan luot 1a 1:2, 1:4, 2:1 va 4:1, bang
céch ldy chinh x4c luong dung dich theo yéu cau, sau d6 i o nhiét do 37°C trong 1 gid. Sau
khi 1, cac mau duogc ly tim, phan dung dich ndi dugce do quang phé UV-vis nham xéc dinh
ndng do mucin con du trong méi trudng thir nghiém. Phép do thyuc hién & bude song cuc dai
258 nm khi dung méi 1a HC1 pH 1,2 (phuong trinh dudng chuan y = 0,0026x + 0,0047, R? =
0,9990), va budc song cuc dai 264 nm khi dung moi 1a dém phosphate pH 6,8 (phuong trinh
duong chudn y = 0,0015x — 0,0043, R2 = 0,9982). D6 bam dinh (%) duoc tinh theo cong thirc
sau (3):

D¢ bam dinh = [(Khdi lugng mucin ban dau — Khoi lugng mucin con lai)/Khdi lugng
mucin ban dau] x 100% (3)

3. Két qua va thao ludn
3.1. Két qua danh gia tinh chit héa li ciia fibroin va hé vi hat fibroin
3.1.1. Hiéu sudt chiét fibroin

Pau tién, 10 g kén tam duogc tién hanh xir 1y bang cach dun nong trong dung dich
Na,COj3 0,5% nham loai bo sericin, sau do rira ky béng nudce sach va séy kho, thu duogc 7,40
g to soi. Tur luong to soi nay, 1y dang 5 g dé tiép tuc xtr Iy bang hdn hop mudi, thu dugc hdn
hop dang keo nhét. Hon hop keo nay duoc tinh sach bang cach thim phan qua mang cellulose
trong vong 3 ngay nham loai bo hoan toan luong mudi du, sau do tién hanh ly tam dé loai bo
cac tap chét con lai va thu dugc dung dich fibroin tinh khiét. Fibroin chiét xuat thanh cong tur
kén tam ton tai dudi dang dung dich va cé thé bao quan 6n dinh & nhiét d6 4°C trong vong 2
tuan (Hinh 1). Sau khi doéng kho dung dich fibroin, thu dugc fibroin dang bot co6 khdi luong
xac dinh 1a 1,191+0,01 g.

——

Hinh 1. Dung dich fibroin (trai), bot fibroin dong kho (phai)

113



Tap chi Khoa hoc Dai hoc Bo”‘ng Thap, Tap 14, S6 Dac biét 04S (2025): 108-120

3.1.2. Hiéu sudt tao hat fibroin

Hiéu suat tao hé vi hat fibroin thu dugc la 72,8342,25%, dugc xac dinh bang ti 1¢ giita
kh01 luong hat tao thanh so véi tong luong fibroin ban dau sir dung. Két qua nay cao hon hiéu
suat tao hat cua fibroin ¢6 ngudn goc tir vung nudi ba Lat & cung diéu kién tao hat, voi hiéu
suat dat 65% (dir lidu chua cong bd clia nhom tac gia). Fibroin 1a protein c6 kha nang tu lap
rap hinh thanh hat thong qua cac lién két hydro, chuyén d6i ciu triic tir dang xoan a sang cau
trac B gap nép ddi _song song trong qua trinh tao hat (Pham & cs., 2024). Tuy nhién, hi¢u suét
nay ciing chi ra rang fibroin chwa chuyén doi hoan toan sang dang hat, c6 thé 1a do luong
ethanol sir dung chua du dé thuc day hoan toan qua trinh nay. Vi vy, can tién hanh thém céc
nghién ctru diéu chinh ti 1¢ fibroin va ethanol nham ting hiéu suat va giam do bién thién, tir d6
t6i wu hoa quy trinh, nang cao hi¢u qua cua qué trinh tao hé vi hat fibroin.

3.1.3. Kich thwoc hé vi hat fibroin

Kich thudc trung binh va d phan tan kich thudc cia cac hat fibroin dugc do bang ky
thuat DLS. Két qua cho thdy kich thu6c trung binh cta hat fibroin 13 0,167 pm, nim trong
khoang kich thudc phu hop dé tng dung hiéu qua trong cac hé din truyén thudc (Pham &
Tiyaboonchai, 2020). Hat véi kich thudc nho s& co dién tich bé mit 16n, qua do cai thién kha
nang mang va giai phong thudc. Ngoai ra, két qua phan tich cling thé hién rang céc hat fibroin
trong cting mot mau ¢ kich thudc kha dong nhat (Hinh 2). Bén canh d9, trong diéu kién phéan
tan trong moi trudong nude hé vi hat fibroin 6 thé 6n dinh trong mot tuan ma khong bi keo ty,
cho thdy hat c6 kha ning phan tan tt trong cac méi truong dan truyén.
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Hinh 2. D6 thi phan bd kich thwéc hé vi hat fibroin
3.1.4. Thanh phan nhém chire ciia fibroin va hé vi hat fibroin

Phé FT-IR cua fibroin cho théy r0 dao dong dac trung ciia nhém chire -OH tai vi tri )
song 3288,04 cm™ (Hinh 3). Tin hiéu hép thu tai 1634,38 cm™ thé hién dao dong dic trung
ctia amide I, trong khi dinh pho tai 152542 cm™ phan anh sy c6 mit ctia amide II. Ngoai ra,
dao dong dic trung cua amide 111 dugc quan sat & vi tri 1236,15 cm™ (Yang & cs., 2019). Céc
dinh phd tai 1525,38 cm™ va 1063,55 cm™ 1ién quan truc tiép dén cdu trac p-sheet dbi song
song cua fibroin (Pham & cs., 2018). Nhitng tin hiéu nay hoan toan phu hop véi dic trung phd
IR cua fibroin di duoc nghién ctru trude day, ching to qua trinh chiét xudt fibroin tir ngudn
kén to tim tai Nam Dinh d3 thanh cong.
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Tuong tu, phd FT-IR ciia hé vi hat fibroin thé hién cac tin hiéu twong tyr fibroin nguyén
liéu. Cu thé, nhom chirc -OH ¢6 tin hiéu dao dong tai 3290,93 cm!, trong khi dao dong cua
nhom -NH dugc ghi nhéin tai 2976,59 cm™ (Pham, Nguyen, Nguyen & cs., 2023). Dao dong
amide I va amide 11 1An luot xut hién tai 163438 cm! va 1526,38 cm”!, con tin hiéu amide 111
xudt hién tai 1237,11 cm™. Tuy nhién, cudng do tin hiéu cia hé vi hat fibroin c6 su khac biét
dang ké so voi fibroin nguyén liéu, c6 thé 1a do nhimng bién ddi cdu tric dién ra trong qua trinh
hinh thanh hat, dAn dén khac biét trong ty 1é giita cac phan két tinh va vo dinh hinh. Sy thay
d6i nay s& duoc thao luan ky hon trong ndi dung vé do két tinh cua fibroin.

— V1 hat fibroin
Fibroin

- | H | i I ' | : | " I :
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Hinh 3. Ph6 FT-IR ciia fibroin va hé vi hat fibroin
3.2. P bén hé vi hat fibroin

bé danh gia do bén, hé vi hat fibroin duoc cho vao cic moi truong moé phong duong
tiéu hoa. Sau cac khoang thoi gian twong tng, hé vi hat duoc do lai khdi luong va phd FT-IR,
nhim danh gia sy thay d6i. Pho FT-IR cua hé vi hat fibroin-HCI cho th?iy cac miii h?ip thu dac
trung tai viing s6 song 3074,94-3288,04 cm’', twong g vé6i dao dong gidn dai cua lién két
N-H thudc nhc')m amide A va amide B trong ciu tric fibroin. Cac dinh phd tai 1629,55 cm’
va 152542 cm™' 1an lugt biéu hién dao dong cua cac lién két C=0 va N-H (amide I va amide
II), phu hop véi cac nghién clru trude day ve fibroin (Pham, Nguyen Lieu & cs., 2023). Tuy
nhién, cuong d6 cua cic mili hap thu nay c6 sy thay ddi so voi vi hat fibroin truge khi ngam
trong moi truong acid (Hinh 4). Sy thay d6i nay c6 thé do vi hat fibroin v6i cAu trac x6p, khi
tiép xtc v6i moi truong acid, cac lién két hydro xay dung nén cu triic hat bi pha v& mot phan
lam anh huéng dén do6 két tinh, dan dén sy bién d6i vé hinh dang va cudng d tin hiéu phd FT-
IR. Mic du cdu triic bén trong ¢o6 sy thay ddi nhét dinh, nhung d6 bén cua vi hat fibroin dat
99,8%, cho thdy vi hat hau nhu khong bi phan huy trong diéu kién acid manh, chirng minh
tinh 6n dinh va kha ning ton tai tét cia vi hat trong méi truong dich vi da day.
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Dbi voi vi hat fibroin-PBS, sau khi trai qua diéu kién mo phong dich vi da day va tiép
tuc chuyen sang moi truong mo phong dich rudt (pH 6,8), do bén van duy tri 6 mirc 99,8%,
cho thay pH kiém nhe trong dich ruot khong anh huong déng ké téi d6 bén cta vi hat. Pho FT-
IR cua vi hat fibroin trong moéi truong PBS cling khong c6 sy khac biét 10 rét so vdi vi hat
fibroin ban dau, khéng dinh tinh 6n dinh c4u trac cua vi hat fibroin trong toan by dudng ti€u
hoa.

Vi hat Fibroin-HCl
i hat Fibroin

Vi hat Fibroin-PBS

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Hinh 4. Phd FT-IR ciia h¢ vi hat fibroin, hé vi hat fibroin trong méi truong acid HCI
pH 1,2 (vi hat fibroin-HCI) va h¢ vi hat fibroin trong méi truong dém phosphate pH 6,8
(vi hat fibroin-PBS)

3.3. Pj két tinh ctia fibroin va hé vi hat fibroin

Két qua do do két tinh (Bang 2) cho thay hé vi hat fibroin c6 chi s6 CI tai ving amide I
(Clirr) 120,502, kha gin véi fibroin ban du (0,501). Didu nay ching té qua trinh tao hat khong
1am thay d6i dang ké céu tric co ban cua fibroin. Sy ting nhe cta do két tinh c6 thé xuit phat
tir viée fibroin hinh thanh thém céc lién két hydro giita cac chudi xoan ty do dé tao ra pha tinh
thé (B-sheet dbi song song) trong qua trinh tao hat. Tuy nhién, gia tri CI tai ving amide I
(Clirir) giam nhe tir 0,490 (fibroin gbc) xudng con 0,472, cho thiy qua trinh két tinh trong hé
vi hat chi yéu lién quan t6i lién két N-H (Pham & cs., 2018).

D6i v6i hé vi hat fibroin sau khi ngdm trong méi truong acid (fibroin-HCI, pH 1,2), gi4
trj CI giam dang ké & ca hai ving amide I va amide IT (Cligs giam con 0,488 va Cliry con
0,457). Su giam rd rét nay cho thdy méi truong acid d anh hudng dén cau trac fibroin, kha
ning do qua trinh proton héa cac nhém chirc amide dan dén lam dirt giy cac lién két hydro
ndi/lién phan tir, do d6 thay déi mirc do két tinh cua vat liéu. Trong khi d6, hé vi hat fibroin
dugc xir Iy trong mdi trudmg dém phosphate (fibroin-PBS, pH 6,8) cho thiy do két tinh hau
nhu khong thay doi so véi fibroin ban dau (Cliri= 0,501 va Clry = 0,484). Két qua nay cho
thiy moi trudng phosphate gitip bao toan ciu tric fibroin hidu qua hon, duy tri 6n dinh d6 két
tinh cua vat lidu trong diéu kién mo phong rudt non.
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Bang 2. P két tinh (CI) cia fibroin, h¢ vi hat fibroin va hé vi hat fibroin trong méi
truwong acid HCI pH 1,2 va méi trweong dém phosphate pH 6,8, mo phong dwong tiéu héa.

Miu Clirt Clirn
Fibroin 0,501 0,490

Vi hat fibroin 0,502 0,472
Vi hat fibroin-HCl 0,488 0,457
Vi hat fibroin-PBS 0,501 0,484

3.4. Két qua danh gia mirc d9 gay kich ting

Trong nghién ctru ndy, SDS, mét chat hoat dong bé mat manh c6 kha nang pha huy ciu
trac lipid va protein cia mang CAM, dugc sur dung lam mau ddi ching dwong. Khi tlep xuc
v6i mang CAM, SDS gdy t6n thuong té bao ndi md, dan dén phu né, vd mach va xuat huyét,
diém sb kich tng 1a 13 (Hinh 5). Nguoc lai, dung dich NaCl 0,9% dong vai tro dbi chimg 4m
vi da dugc chimg minh an toan hoan toan déi véi mang té bao (diém sd kich ung 1a 0). Két
quéa danh gia theo phuong phap HET-CAM cho thay dung dich fibroin khéng gy ra bét ky
phan tmg kich mg nao; cac mach mau trén mang CAM khéng c6 déu hiéu bi dong, v&, hay
xuat huyét, cu tric mang van giit nguyén ven so voi dbi chimg am (diém s kich tg 1a 0).
Diéu nay khang dinh fibroin c6 d6 an toan cao, phu hop cho cac img dung tiép xuc truc tiép
v6i cdc md song. Déi voi hé vi hat fibroin, két qua tuong tu ciing duoc ghi nhan: mang CAM
van nguyén ven trong suot thoi gian thir nghiém, khong c6 hién tuong xuit huyét hay ton
thuong mach mau (diém s kich mg 1a 0). Két qua nay cho thiy fibroin va céc vi hat fibroin
déula nhitng vt li€u an toan, khong dc tinh, c6 kha nang tuong thich sinh hoc tdt, do d6 tiém
nang st dung rong rai trong linh vuc y sinh va m§ pham.

Déi chimg dwong Fibroin Vi hat fibroin Pé6i ching Am

0 gidy E \ A

30 giay \ Wai
&i
120 giay ﬁ'

300 giay

Hinh 5. Két qua danh gia kich tng HET-CAM cia fibroin va hé vi hat fibroin

117



Tap chi Khoa hoc Pai hoc Dé‘ng Thap, Tap 14, S6 Dac biét 04S (2025): 108-120

3.5. Két qua danh gia kha ning bam dinh cia vi hat fibroin

Kha nang bam dinh cta hé vi hat vdi niém mac trong ctia duong ti€u hoa dang thu hut
sw quan tdm dang ké trong linh vyc phan phdi thudc tién tién. Viéc kéo dai thoi gian luu coa
hé vi hat tai moi truong tidu hoa co thé mang lai nhiéu loi ich, bao gdm ting cuong sinh kha
dung ciia thube, giam tan sudt ding thudc va nhim muc tiéu diéu tri hiéu qua hon cho cac bénh
ly. Su thay ddi ti 16 mucin: vi hat nhdm danh gia kha bang bam dinh cta vi hat tai cac vi tri ma
khéi lvong mucin 14 khac nhau trong hé tiéu hoa, dong thoi x4c nhéan rang khi khdi luong
mucin tdng hodc giam thi hi€u qua bam dinh cta hé vi hat bi &nh hudng theo xu hudng nhu
thé nao, nguoc lai khdi lugng hat thay dbi cho thay trong cung mét khdi lugng mucin thi kha
ning bam dinh t6i da lwong hat dat bao nhiéu. Két qua danh gia cho thy hé vi hat fibroin c¢6
kha ning bam dinh tot hon trong diéu kién acid, twong duong v6i méi truong pH dich vi da
day (Hinh 6). Ty 1€ mucin:vi hat fibroin dat hiéu suat bam dinh cao nhat 1a 1:2, voi gia tri la
54,48+0,73%. Khi giit nguyén khéi lwgng mucin va ting dan lugng vi hat fibroin, kha ning
bam dinh khong ting dang ké, diéu nay chung t6 hiéu qua bam dinh cua hat da dat trang thai
bdo hoa ¢ ti 1¢ 1:2. Nguoc lai, khi tang khdi lugng mucin (ty 1¢ 2:1 va 4:1), phan trim bam
dinh lai c6 xu huéng glam xudng. Hién tugng nay cé thé dugc g1a1 thich do gidi han dién tich
bé mat vi hat, luong mucin bam trén bé mat hat da dat cuc dai, viéc tlep tuc tang thém lugng
mucin chi 1am ting khdi lugng ban dau, dan dén hiéu suét bam dinh tinh theo phan trim bj
giam. Trong moi truong dém phosphate (pH 6,8), mucin ton tai o trang thai tich dién am; do
d6, xut hién lyc day tinh dién vdi cac vi hat fibroin, vén cung mang dién tich 4m, lam giam
kha nang bam dinh cia hat. Hé vi hat fibroin bam dinh mucin chu yéu dya trén sy tuong tac
ctia fibroin va mucin. Cuy thé, vi hat fibroin ¢ thé tuong tac v6i mucin théng qua cac lién két
hydro, cac nhém hydroxyl, amine, carboxyl trén hat c6 thé tao lién két hydro v6i nhom
hydroxyl va carboxyl ciia mucin. Tuong tac ky nude c6 thé xay ra vi fibroin ¢ ca dau ua nudc
va ky nudc. Ngoai ra, luc van der Waals c6 thé hd trg twong tac cta vi hat fibroin va mucin
(Muhammad & Joshua, 2022). Tom lai, v6i kha nang bam dinh ¢ ca hai mdi truong da day va
rudt non tuong ddi cao, hé vi hat fibroin rét thich hop dugc tng dung dé van chuyén hoat chét
qua dudng tiéu hoa, gitp ting thoi gian luu giit hoat chat va ting kha nang hép thu thudc, gop
phan lam ting sinh kha dung dugc chét.

60 -

mHC] =mPBS

%bam dinh

1:2 1:4 2:1 41
Ti 1€ mucin: vi hat fibroin (w:w)

Hinh 6. Két qua danh gia kha ning bam dinh ciia hé vi hat fibroin
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4. Két luan

Nghién ctru da thanh cong trong viéc chiét xuét fibroin tir ngudn kén tam tai Nam Dinh,
dong thoi bao ché duge hé vi hat fibroin véi hiéu sut dat 72,83+2,25%. Céc vi hat fibroin thu
dugc 6 kich thudc trung binh 13 0,167 pm, phi hop cho cac ing dung dan truyén thube. Két
qua phan tich tinh chét hoa 1y cho thay fibroin va vi hat fibroin cé cau tric twong déng va hé
vi hat fibroin thé hién d6 bén viing cao hon. Panh gi4 tinh an toan bang phuong phap HET-
CAM di chimg minh ring ca fibroin va hé vi hat fibroin déu khong gay ra kich tmg, dam bao
kha nang tuong thich sinh hoc cao. H¢ vi hat fibroin véi tinh twong thich sinh hoc va kha nang
bam dinh rat thich hop dugc tmg dung trong cic dang bao ché duoc pham duong udng, dé van
chuyén hoat chit qua duong tiéu hoa, giup tang thoi gian luu gitr hoat chat va ting kha ning
hap thu thudc, _80p phan 1am tang sinh kha dung dugc chat. Tuy nhién, nghién ctru chua chi ra
su khac biét vé kha ning tai/giai phong hoat chét ctia hé vi hat fibroin c6 nguon gbc Nam Dinh
s0 v6i cac loai vi hat fibroin khac. Chinh vi thé, cac nghién ctru tiép ndi co thé tmg dung hé vi
hat fibroin nhim bao ché thanh cac duoc pham/thuc phim chirc ning sir dung qua dudng udng
bang céch tai hoat chit vao hé vi hat fibroin.
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