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ABSTRACT

The chitosan-fucoidan-curcumin nanosystems was synthesized by a simple
polyelectrolyte self-assembly method together with the inclusions of complex
system. The process was carried out with ultrasonic assistant and heating
stirring. This nanosystem was not degraded when passing through the
stomach, it was effectively released in the intestine, increasing absorption and
bioavailability. The parameters of chitosan, fucoindan, curcumin, cyclodextrin
were investigated to achieve a concentration higher nano curcumin. The total
amount of chitosan and fucoidan was 10%, 13%, 15%, 17%, and 20% of the
total agents. The corresponding amounts of curcumin were such that chitosan,
fucoindan, and curcumin remained constant at 30%. Cyclodextrin was added
as 70%. The characteristics of the nanosystems have been determined by SEM,
TEM, FTIR, and HPLC methods. As a result, the chitosan-fucoidan-curcumin
nanosystems has been successfully synthesized, the nanoparticles have
uniform sizes and are in the range of 30-100 nm. The maximum nano
curcumin content is 15%. The suitable conditions of the reaction at 80°C, the
content of chitosan 7.5%, fucoidan 7.5%, curcumin 15%, and cyclodextrin 70%.

Gidi thiéu

vao ca thé hay tang tinh sinh khd dung cla cac hoat
chat nay, cac nha khoa hoc da s& dung nhiéu phuong

Vdi tinh ndng tuong thich sinh hoc va phan hudy sinh
hoc cao, cing vdi ngudn nguyén liéu déi dao, cac hoat
chét c6 ngudn gbc tu nhién ngay cang dugc nghién
clu va s dung réng réi trong nhiéu linh vuc, dac biét
la trong y sinh nham cai thién va nang cao suc khde
cling nhu chira tri bénh cho con ngudi.

Han ché clia mét sé hoat chat tu nhién la khd néang
hap thu vao cd thé kém, dé bi phan huy bdi dich da
day, dan dén hiéu nang st dung ching khong dat
theo ky vong mong muén. Dé tang kha nang hép thu

phép khéac nhau. Co thé hoa tan ching vao mét s
chét béo, protein cung vai chat tao nhi hda nham tao
ra cac hé vi nhi tuong. Phan tan cac hoat chéat vao cac
polyme, monopolyme, chitosan, polysaccarit, casein,
tao liposome, mixell va thé phic vui, tu l&p rap
polyelectrolyte...

Sén phdm nhan dugc la cac nanomedicine (thuéc
nano) cé kich thudc nano mét, véi kha ndng hoa tan va
phan tan tét trong moi trudng nudc va dich cg thé.
Viéc lya chon gidi phap céng nghé va st dung céc
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ch&t mang trong qué trinh t6ng hop nanomedicine
can phai ddm bdo sao cho céc hoat chét khong bi bién
tinh, gir nguyén trang théi clia hat nano, cac chat nén
(chét mang) tuong thich sinh hoc, khéng gay déc va
khong gay phan Ung phu trong qua trinh st dung.

Chitosan (CT) la mét polysaccarit mach thang thu dugc
bang cach deacetyl hoa chitin, dugc tim thdy chd yéu
trong xuong cla dong vat chan dét va gidp xac.
Chitosan dugc st dung trong linh vuc ki thuat mo
(thiét k€ md cdy), lieu phap diéu tri ung thu (phan phai
thuéc), hd trg ¢d dinh enzym, gidm cholesterol trong
mau, déng gdéi cac hgp chat cé hoat tinh sinh hoc. Véi
hoat tinh chéng viém, chitosan dugc Ung dung réng
rai trong y sinh dé khang khuén va chita lanh cac vét
thuong. Chitosan ¢ thé lam gidm dau trong viéc x ly
vét thuang, diéu tri tai chd vét bong, tray da, loét da va
cac vung ghép da [1].

Fucoidan (FC) thudc ho polysaccharid dugc phan lap
tU mét s6 loai tdo ndu va dong vat khdong xuong séng
& bién. Fucoidan cé kha nang chéng dong méu, khang
vi-rat, khang u, chéng viém, chéng oxy hda, chéng
tang sinh va diéu hoa mién dich [2,3].

Su két hgp gilta fucoidan vdi chitosan la mét giai phap
hitu hiéu, nham tao ra chét nén (chat mang) trong qué
trinh phat trién cac hat nano. Tuong tac gitta nhém
amin cla chitosan va nhém sulfat cla fucoidan, cho
phép hinh thanh céc hat nano va lam han ché qué
trinh gidi phong cac hoat chat & dang nano. Lién két
fucoidan-chitosan c6 tac dung ngan ngutra su suy thoai
cac nanomedicine trong da day va gidi phdng ching
trong rudt [1,2].

Curcumin (CC) la moét hgp chat polyphenol ky nudc
dugc chiét xuét ti ci nghé, da dugc st dung réng réi
nhu cac loai thudc truyén théng & An Do, Trung Quéc
va Viét nam. Ba c6 rat nhéu cac nghién clu sau réng,
veé tinh chat hoa ly va hoat tinh dugc ly cla curcumin
trén nhiing bénh khac nhau. Chang han nhu ung thu,
tim mach, viém rudt, viém da day, viém da, lam lanh
vét thuang, nhiém HIV, bénh Alzheimer, viém khdp
dang thép va bénh tiéu dudng. Vd&i dac tinh trung hoa
géc tu do va chéng oxy hoda, curcumin la mét hoat
chat c6 khad nang ho trg tich cuc trong viéc ngan ngla
ung thu, gy man cam cho cac té bao khdi u va bao vé
cho céc t€ bao binh thudng trong qua trinh hoa tri - xa
tri [4].

Céc két qua nghién clu in-vitro qué trinh gidi phdng
cac nanomedicine da chi ra rang, su c6 mat cua lién
két fucoidan-chitosan, lam cho cac hat nanomedicine
khong bi suy gidm chét lugng khi di qua da day va sau
dé dugc giadi phong mét cach hiéu qué & rudt, lam

tdng khd ndng hédp thy va tinh sinh khd dung cla
chiing. Két qué cling cho thdy, hé nano nay it gay déc
t€ bao, c6 khad nang phan phdi hudng dich, kha nang
bam dinh niém mac cao va su phong thich cé kiém
soat dén cac t& bao biu md rudt [5].

N&i dung cla bai bdo nay cong bd mot sé két qud
nghién clu t6ng hop hé nano chitosan-fucoidan-
curcumin, bang phuong phdp tu l&p rép
polyelectrolyte (polyme dién ly) don gidn két hgp vdi
hé phdc vui dugc tao thanh bdi curcumin va
cyclodextrin (CD).

Thyc nghiém va phuong phap nghién cdu
Héa chdt

Céac hoa chat dudc si dung gém: Fucoidan 80% (Cong
ty C6 phan Fucoidan Viét Nam); Curcumin 98% (Cong
ty CP Tinh dau va Chét tham, Viét Nam); Chitosan 90%
deacetyl héa (ISF Chitin & Marine Products LLP, India);
cyclodextrin 98% (Tokyo Chemical Industry Co., Ltd,
Japan); con thuc phdm 98% (Hda chat Buc Giang, Viét
Nam).

Quy trinh téng hop vdt liéu

Qué trinh phan Ung nano hda dugc thyc hién trong
moi trudng siéu am cé khudy va gia nhiét, nham két
hop cac hat nano curcumin vdi fucoidan va chitosan,
thanh hé nano c6 ham lugng curcumin cao nhét va
cling vdi cac dac tinh can hudng dén.

Cac thong s6 thich hop da dugc khao sat bang thuc
nghiém la t6c do khudy 300v/ph, nhiét dé phan Ung
(80°C), thdi gian phan Ung (3 gid) sé dugc sif dung cho
nghién cltu nay.

Cac thong s6 can khao sat la ndng do cla chitosan,
fucoindan, curcumin, CD dén ham lugng curcumin va
kich thudc hat nano dugc tao thanh. Chitosan va
fucoindan dugc trén déu vdi nhau, t6ng lugng
chitosan va fucoidan tinh theo trong lugng la 10%, 13%,
15%, 17% va 20% so vdi téng cac chat tham gia phan
Ung nano hda (chitosan, fucoidan, curcumin, CD).

Ham lugng curcumin dugc khao sat la 10%, 13%, 15%,
17% va 20%. Téng lugng chitosan, fucoindan, curcumin
lubn khéng déi & 30%. Luong CD tham gia la 70%
téng cac chat tham gia phan Uing nano hdéa. Lugng CD
can chon du hon so vdi ly thuyét, vi nguyén liéu CD
ludn ton tai kha nhiéu phan tu bi 16, dudng kinh 16 ¢o
thé nho hon dudng kinh cla phan t& curcumin, lam
cho curmin khéng thé vii vao sau trong 16 dudc.
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Dau tién, chudn b lugng curcumin 98% theo ké hoach
thuc nghiém, réi hoa tan vao con 98° theo ty lé
curcumin/con la 1/30, trong thiét bi phan Ung hoi luu
dung mai, t6c dé khudy 300 vong/phut, nhiét dé 80°C.
Hé thiét bi dugc dat trong bé siéu am LSP-500-USA.
BS sung CD theo ty 1é tuong Uing va duy tri trong thoi
gian 1 gid. Sau do tiép tuc bS sung hdn hgp chitosan
va fucoindan, duy tri phan Ung nano hoa trong 2 gig
tiép theo.

Dung dich sau phan Ung dudc dua vao hé c6 dac dé
dudi dung méi. Khi lugng dung méi con lai khoang
30% so vdi lugng dung méi ban déu, thao 1dy dung
dich da co réi dua vao tu sdy chan khong.

San phdm sau séy la khéi ran x6p, dugc nghién min va
xac dinh cac dac trung nhu ham lugng curcumin, kich
thudc hat...

Phuong phdp nghién ctu

D6 hoa tan clia san phdm dugc danh gid dinh tinh
bang cach hoa tan vao nudc cét cb pH 6,8-7,4. Hé
nano dat yéu cau vé do tan khi dung dich nhan dugc
trong sudt, khong van duc hodc ton tai cac hat ran
lang phia dudi.

Hinh dang va kich thudc hat cla san phdm dugc xac
dinh bang phuong phap hién vi dién t& quét (SEM)
trén thiét bi S-4800 Nhat Ban va anh TEM trén thiét bi
JEOL JEM 1010 Nhéat Ban.

Pac trung nhém phan ti cia san phdm bang phd
FTIR, trén méy Impact 410-Nicolet FTIR (M), theo
phuong phap ép vién KBr.

Xac dinh ham Iugng curcumin bang phuong phép sdc
ky 1dng hiéu nédng cao (HPLC), trén thiét bi 1100 Agilent
(M9).

Két qua va thao luan
Anh huéng cda ndng dé chét tham gia phdn (ing
Anh hudng ctia ndng dé chat tham gia phan ing dén

dé hoa tan va kich thudc cla hé nano chitosan-
fucoidan-curcumin dugc trinh bay & bang sau:

CT/FC  CC cD Po tan K.thudc

(%) (%) (%) trong nudc (nm)
1 10 20 70 Puc 30-500
2 13 17 70 Puc 30-400
3 15 15 70 Trong suét  30-100
4 17 13 70 Trong suét 30-80

5 20 10 70 Trong suét 20-60

K&t qua cho thay vdi ham lugng curcumin la 20%, ham
lugng chitosan/fucoindan 10%, khi pha san ph&dm nano
vao nudc, dung dich khéng trong sudt. Cac hat tao
thanh, théng qua anh SEM va TEM c6 hinh théai khdng
dong déu va nhiéu hat cé kich thudc In, khodng 30-
500nm.

Ham lugng curcumin giam con 17%, tuang Ung vdi
ham lugng chitosan-fucoindan 13%, khi pha san pham
nano vao nudc, dung dich bdt duc han so vdi san
phdm cé ham lugng curcumin 20%. Cac hat tao thanh
c6 hinh théi khéng dong déu, kich thudc hat giam
nhung van ton tai nhiéu hat co kich thudc 16n, khoang
30-400nm.

Khi gidm ham lugng curcumin xuéng 15%, két qua cho
thdy dung dich trong suét, hé nano da tan hoan toan.
Kich thudc hat kha dong déu va nam trong khodng 30-
100nm.

Tiép tuc gidm ham ludng curcumin xuéng 13% va 10%,
tuong Ung vdi ham lugng chitosan-fucoindan 17% va
20%, san phédm nhan dugc cling tan tét trong nudc,
khich thudc hat giam dan nhu da thdy & bang trén.
Muc tiéu uu tién la ham luogng nano curcumin c6 trong
san phdm & mudc cao nhat co thé, bai déi tugng st
dung curcumin lam thuc phdm bao vé stc khde nhiéu
hon, gia curcumin ré hon nhiéu so vdi fucoidan nén sé
lam cho gia thanh san pham khéng qué cao.

Céc tac gia [6] d& mod phong ca ché tao phuc vii gitra
cyclodextrin va curcumin nhu hinh 1. T&f ca ché nay, ¢
thé ly gidi dugc su phu thudc gitta do hoa tan cla hé
nano vao ham lugng curcumin.

@
- (b)

>IN
> -

CcD Curcumin

- ©
C L

— ¥ =

CD Curcumin 0:0

Hinh 1: Su hinh thanh thé phic vui
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CD la hgp chét tan trong nudc, hinh dang nén cut, c6
16 réng bén trong. Budng kinh 16 trong ctia CD 1a 7,84,
vai déc tinh ky nudc. Clng véi dac tinh ky nudc giéng
16 réng clia CD, két hgp dudng kinh nho hon (4,44)
[6], nén curcumin c6 thé dugc wvui vao trong 16 réng
clia CD. Néu tinh theo ly thuyét, thi 1 hodc 2 phan t&
CD sé tao phuec vui (inclusions) vd&i 1 phan ti curcumin.

Néu 2 phan t&r CD vUi 1 phan t& curcumin (hinh 1a), thi
thé phiic vui nay sé tan hoan toan trong nudc, cho
dung dich trong suét cé mau vang dén mau nau do
tuy mdi trudng pH.

Trong thuc té&, s& ludn ton tai truong hgp 1 phan t& CD
Ui 1 phan tif curcumin (hinh 1b) hodc do cac 16 réng bi
16i khéng vai duge cac hat curcumin ty do (hinh 1c), s&
lam cho dung dich khéng trong suét.

M&t khac, curcumin ndi chung hay nhiing thé ton tai
clia cac phuc tao hat nano curcumin ndi riéng, thudng
khong bén trong méi trudng pH qué cao hodc qué
thép. Qua trinh ty l&p rap polyelectrolyte bdi sy tuong
tac gilta nhém amin clia chitosan va nhém sulfat cla
fucoindan tao ra cac polyme dién ly. Cac polyme nay
bao boc va 1&p rap vdi cac hat curcumin. Sau clng, s&
tao ra nhitng hat nano déng déu, phan tan tét trong
nudc va bén trong méi trudng pH thép (hinh 2).

Hinh 2: Hé nano chitosan-fucoidan-curcumin

Hinh 2 cho thdy, cac hat nano & thé phuc vui dugc bao
boc bdi cac polyme dién ly chitosan-fucoidan, tao
thanh hé nano chitosan-fucoidan-curcumin. Su bao
boc nay lam cho hé nano bén viing hon trong moi
trudng axit cao clia da day. Va cling gilip cho cac san
phdm tao thanh tan tét trong nudc, déng nghia vdi
céc hat curcumin phén tan tét trong nudc.

Hinh dang va kich thutc hat (Gnh SEM va TEM)

Do gidi han cla bai béo, nén ndi dung nay chi néu
nhiing anh dai dién d&c trung nhat trong qué trinh lam
thuc nghiém.

Két qud SEM va TEM cho thdy, khi ham ludng
curcumin 1& 17% va 20%, van ton tai cac hat cé kich

thudc 16n, khodng 400-500nm (hinh 3a, 3c). Xay ra
hién tugng nay la do lugng curcumin con du, khong
tao phuc vui cling nhu khong dugc bao boc bdi hé
chitosan-fucoidan. Cac phéan t curcumin tu do sé tai
két tinh, tao thanh céc tinh thé 16n.

Hinh 3: Anh SEM (a,b) va TEM (c,d) ctia hé nano
chitosan-fucoidan-curcumin v&i ham lugng curcumin
20% (a,c) va 15% (c,d)

Trén hinh 3b va 3d c6 thé nhan théy, cac hat nano cé
dang gan giéng hinh cau. Cac bién hat rat ro rang,
chiing t6 ching phan bd rdi rac, khong bi dinh vao
nhau. Khi ham Iugng curcumin gidm con va dudi 15%
cac chat mang la chitosan, fucoidan va CD du dé tao
phuc vui va bao boc cac hat curcumin, lam cho ching
khéng thé két tap thanh cac hat I6n. Thé hién trén hinh
3b va 3d, kich thudc cac hat nano nho hon 100nm va
kha déng déu.

Két qud cho thdy, ham lugng t8ng chitosan va
fucoidan 15%, ham lugng curcumin 15% va ham lugng
CD 70% la thich hgp nhét. Néu tang ham lugng CD thi
c6 thé lam tang luong phic vui, ddng nghia véi tang
ham lugng curcumin lén cao han. Nhung hé phuc vui
khé& khong bén trong moi trudng axit clia da day. Do
vay, ham lugng chitosan va fucoidan 15% la du dé tao
hé nano bén viing vdi dich da day.

D3c trung nhém phén ti bang phd FTIR

Hinh 4 hién thi phé FTIR clia curcumin, CD, chitosan,
fucoidan va hé nano chitosan-fucoidan-curcumin.

Chitosan thé hién cac dinh dic trung cla dao doéng
udn NHsz* (nhém amin proton) va C=0 (nhém
cacbonyl) clia amit thi cdp tuong Ung & 1560 cm™ va
1650 cm™". Cac dinh & 1150 cm™ va 1026 cm™' cho théy
dao déng kéo gian C-O-C khéng déi xiing va dao
déng bién dang C-O cla chitosan. Cac dinh déc trung
ctia phé fucoidan & 1160-1260 cm™ va 845 cm™ ¢6 lién
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quan dén su kéo dai khong déi xing S=0 va kéo dai
C-O-S cla cac nhom sulfat. Trong phé clia hé nano
(hinh 4e), c& cac dinh dic trung cla chitosan va
fucoidan déu c6 mat, nhung cé su chuyén dich cla
nhom C=0. Céc lién két dugc hinh thanh théng qua
tuong tac tinh dién do nhém amin tich dién duang
trén chitosan va nhém sunfat tich dién am trén
fucoidan.

~ . —
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Hinh 4: PhS FTIR cla beta cyclodextin (a), curcumin (b),
chitosan (c), fucoidan (d), hé nano (e)

Dao dong kéo dai vong benzen cla curcumin & 1627
cm™' va dao déng C-C cla CD & 1510 cm™' dugc thé
hién trong hinh 4a. Ph& FTIR dién hinh cia CD dac
trung & dai 1033 cm™' dugc gan cho dao déng kéo dai
clia C-O-C. T4t ca cac dinh hdp thu & trén c6 thé dugc
tim thay trén phd FTIR cla curcumin va CD (hinh 4a,
4b). Tuy nhién, céac dinh dac trung C-O va C-C cla
curcumin tai phé FTIR ctia hé nano (hinh 4e) hau nhu
khéng nhan thdy. Déu nay cé thé giai thich bang su
lap rép polyelectrolyte gitta chitosan-fucoidan vdi
curcumin va vdi hé phic vui CD-curcumin, tao thanh
hé nano chitosan-fucoidan-curcumin.

Xdc dinh ham lugng curcumin bdng phuong phdp sdc
ky [6ng hiéu nding cao (HPLC)

Hinh 5 la phd HPLC cta hé nano chitosan-fucoidan-
curcumin téng hgp theo ty Ié chitosan 7.5%, fucoidan
7.5%, curcumin 15% va CD 70%. Két qua dinh lugng
curcumin bang HPLC la 15.3%. Két qua nay phu hgp
vdi lugng curcumin da tinh toan va dua vao phan Ung
nano hoa.

Injection Date : 3/19/2021 11:12:37 AM
Sample Name : Hien Nanocur_062

Acq. Operator  : Quang

Acq. Instrument : Instrument 1 Inj Volume : 5 pl
Acq. Method ¢ C:\Chem32\1\METHODS\Quang_2020.m

Last changed : 3/19/2021 9:50:50 AM by Quang

Analysis Method : C:\Chem32\1\METHODS\Quang_2020.m

Last changed : 3/19/2021 11:51:33 AM by Quang

DAD1 A, Sig=425.4 Riel-500,100 [QUANG NVIHIEN NANOCUR_062MG. D)

Location : Vial 11

15,709

13.080

0 5 10 15 Py P
Signal 1: DAD1 A, Sig=425,4 Ref=500,100

Peak RetTime Type Width Area Height Area
% [min] [min]  [mAU*s] [mAD) %

| | | | 1 1 I

1 13.090 BB 0.1743 14.02444  1.08885 0.3043

2 15.709 Vv 0.2022 478.26196  36.17609 10.3760

3 16.099 VB 0.2268 4117.03516 271.75146 89.3198

Totals : 4609.32156 309.01640
Totals curcumin: 0.12mg 15.3%

Hinh 5: Ph& HPLC clia hé nano chitosan-fucoidan-
curcumin

Két luén

Da téng hgp thanh cong hé nano chitosan-fucoidan-
curcumin, cac hat nano co kich thudc doéng déu va
nam trong khodng 30-100nm. Ham lugng nano
curcumin dat t&i da la 15%.

D3 xac dinh dugc diéu kién thich hgp cla phan Ung
nano hda la nhiét d6 800C, thai gian phan Ung 3 gid,
ham lugng chitosan 7.5%, fucoidan 7.5%, curcumin
15% va CD 70%.

L&i cdm on

bay la két qud cla dé tai KH&CN cép cg s3, mé sé
VHH.2021.11, do Vién Hoda hoc (Vién Han 1am Khoa hoc
va Cong nghé Viet Nam) tai trg kinh phi.
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