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Tém tit:

Nano Curcumin (n-Cur) 1a m¢t phytopolyphenol dugec tach chiét ra tir cia nghé (Curcuma longa), da dugc chirala
cach cai thién tinh tan va nhirng han ché cﬁa curcumin (Cur), song lai khong tao dwoc tinh hwéng dich dic hiéu.
Trong nghién ctru nay, nhom tac gla da gan thém axit folic vao he n-Cur (n-Cur-FIl) gitip cho Cur dat dugc tinh
hwéng dich dic hiu téi cac té bao biéu hién thu thé folate. Viéc gan thém axit folic vao n-Cur dwgc thwe hién thong
qua thi nghiém hwéng dich (boyden charmber assay) ciia cac té bao biéu hi¢n cao thu thé folate (té bao viém hoic
ung thw). Két qua cho thiy, n-Cur-FI d3 lam ting kha ning huéng dich dic hiéu t6i té bao viem (RAW264.7 dwoc
cam ung béi lypopopisacharide) hodc té bao ung thw (Hela) biéu hién cao thu thé folate tuwong ung la 70 hoac 30 lan
s0 v6i n-Cur thong thu’o’ng Trong khi té bao khong biéu hién cao thu thé folate (A549) khong cho kha ning nay. Dir
liéu phan tir nay cho thay dung n-Cur-FI co thé cai thién tinh trang viém mot cich dic hiéu nho Cur huéng dich téi

vung viém.

Tir khéa: hé nano hwéong dich thu thé folate, nano curcumin, nano curcumin gan axit folic.

Chi s6 phén loai: 3.4

Pat van de

Cur 13 hop chét sic t6 thudc nhom phytopolyphenol duoc
tach chiét ra tir cti nghé (Curcuma longa). Dua vao ciu tric
trén vong phenyl cua Cur, nhém methoxy c6 vai tro quan
trong cho tac dung chita tri bénh. Cur duoc biét dén véi tac
dung chéng oxy hoa, chéng viém va chéng lai khéi u, duge
sir dung lam duoc phdm trong thuc phdm chirc ning, chét
bd sung va thudc. Cur dugce cac nha khoa hoc khéng dinh la
c6 hiéu qua cao trong viéc hd tro diéu tri mot sb bénh ly vé
viém loét da day, viém gan, viém ta trang, ung thu niém mac
da day, truc trang... Tuy nhién, do bi han ché vé kha nang
hoa tan trong cac dung moi phan cuc va dé dang bi phé hity
boi cac enzyme ciing nhu diéu kién pH axit trong da day,
Cur bi han ché rat nhiéu trong hé thong dng tiéu hoa [1-3].

Hién nay, dé giai quyét vin dé Cur khong tan trong nudc,
cong ngh¢ vat liéu nano bao goi Cur da dugc ing dung rong
rii trong nudc va trén thé gidi [4-7]. Cac nghién ctru in vitro
cua A.K.T. Thulasidasan va cong su [1] da chiing minh
rang, dong goi Cur trong hat nano PLGA (Poly(lactic-co-
glycolic acid)) két hop véi axit folic ¢6 thé lam tang tiém
nang diéu tri ciia Cur. Cac san pham nay da han ché duoc
phan nao anh hudng cia cic enzyme va pH acid trong dich
vi t6i dugce tinh ctia Cur; tuy nhién, cac nghién ctru nay van
chua giai quyét duoc triét dé van dé dua duoc lugng Cur
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dén cac té bao gay viém hodc diém dich mot cach dac hiéu.

Thu thé folate alpha (FRa) 13 mot protein mang gin voi
lycosyl-phosphatidylinositol. Cac nha khoa hoc da tim ra
rang FRo biéu hién qua muc & cac té bao viém [8] hodc
khéi u ran nhu 13 ung thu biéu mod budng trimg, phdi va vi
[9-11], biéu hién thdp va han ché trong cac mo binh thuong
[12]. Sy biéu hién qua muic cua FRa co thé tao didu kién
cho cac té bao ung thu ting truong qua cac co ché lién quan
hodc doc lap vai lugng folate hip thu [13-17].

Axit folic - mdt phéi ttr ¢6 4i luc cao cua thu thé folate,
gill lai cac déc tinh lién két cua thu thé khi duoc tao dan xudt
thong qua carboxyl. Véi dic tinh kich thudc nho san co, dé
tao phan tmg, lién két hoa hoc lién hop don gian va hau nhu
khong mang tinh sinh mién dich cua axit folic khién né tre
thanh mot phdi tir Iy twong dé phan phéi thude dén cac khbi
u hoac vung viém. Viéc nhim muc tiéu thu thé folate bé“mg
cach su dung axit folic dugc coi nhu 1a mét chién luge déy
htra hen cho diéu tri viém hodc ung thu véi nhiéu loai thudc
dang duoc thir nghiém 1am sang [18-20]. Folate lién két dac
biét v6i axit folic tao ra phirc hop thu thé - phdi tir nim
trén mang té bao, nd duoc ndi hoa thong qua con duong
endosome. Khi pH cua endosome dat ngudng, folate s€ tach
ra khoi thy thé va thude dugc giai phong [1]. Trong nghién
clru nay, chung toi dua ra nhitng minh chimg phén tr ro rang
vé hiéu qua cua viéc sir dung axit folic (mot phéi tir dic hidu
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Abstract:

Nano curcumin (n-Cur) is a phytopolyphenol extracted
from turmeric (Curcuma longa), which has been shown to
improve the solubility and limitations of curcumin (Cur)
but failed to produce target specificity. In this study, the
authors proved that the addition of folic acid to the n-Cur
(n-Cur-Fl) helps Cur to achieve a specific target towards
folate-receptor-expressing cells through the Boyden
chamber assay of high folate receptors (inflammatory
or cancer cells). Results showed that n-Cur-FI increased
the ability to target specifically to inflammatory cells
(RAW264.7 induced by lypopopisacharide) or cancer
cells (Hela) highly expressing folate receptors, up to 70
or 30 times more than conventional n-Cur, respectively.
While the authors could not see this ability in A549
cells, which did not express high folate receptors. These
molecular data indicated the potential of using n-Cur-
Fl1 to improve the blocking of inflammation by Cur
targeting the inflammatory region specifically.

Keywords: nano curcumin, nano curcumin conjugates
folic acid, nano curcumin specific targeting.
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¢6 4i luc manh voi thu thé folate), nhu mot chét dan duong
cho n-Cur c6 kha nang hudng dich toi cac té bao viém hodc
t€ bao ung thu biéu hién cao thu thé folate.

Nguyen liéu, hoa chat va phuong phap
Nguyén li¢u

Nguyén liéu dung trong nghién ciru 1a 3 mau thu: Cur,
n-Cur va n-Cur-Fl duoc cung cip boi nhém nghién ciru cta
TS Lé Thi Thu Huong (Khoa Y Dugc, Dai hoc Quéc gia Ha
Nbi). Cac dong té bao dugc sir dung trong nghién ctru nay
bao gém: dong dai thuc bao chuét RAW264.7, dong té bao
A549 va dong té bao ung thu ¢b tr cung Hela duoc luu trix
tai Phong Cong nghé té bao dong vat, Truong Dai hoc Khoa
hoc Ty nhién, Pai hoc Quéc gia Ha Noi.

Héa chit

Moi truong Modified Eagle ctia Dulbecco (DMEM,
PAN, Germany) c6 b6 sung 10% Fetal Bovine Serum (FBS,
Corning), 100 ug/ml penicillin, dung dich rira HBSS (PAN,
Germany); dung dich Trypsin/EDTA (PAN, Germany); dung
dich dimethyl sulfoxide (DMSO). Kit CellTiter 96® Non-
Radioactive Cell Proliferation Assay (Promega, USA); kit
tach RNA (Aurum Total RNA kit, Bio Rad, USA). Thiét bi:
may lic tron GFL; may do quang phd UV-Vis LABOMED
UV-2550, may Nano drop one Thermo Fisher va cac thiét
bi chuén ding trong nudi cay té bao, hoa sinh va sinh hoc
phan tir.

Phuwong phap

Nudi cdy té bao: cac dong té bao duoc nudi trong moi
truong Modified Eagle cua Dulbecco (DMEM, PAN,
Germany) c¢6 bd sung 10% Fetal Bovine Serum (FBS,
Corning), 100 xg/ml penicillin. Cac t& bao dugc nudi & diéu
kién 37°C, 5% CO, va d6 am 95%.

Ddnh gid anh hwéng cia cac chat 1én toc do sinh trucng
té bao bang kit Cell Titer: t& bao RAW264.7 (2,0x10* té
bao/100 pl/giéng), A549 (1,0x10* t& bao/100 pl/giéng),
Hela (1, 0x10* té bao/100 pl/giéng) dugc nudi trong dia 96
giéng, 1 qua dém ¢ 37°C va 5% CO,. Sau do, cac té bao
duogc 0 ¢ cac ndng do khac nhau véi Cur (0; 2,5; 5; 10; 20;
40; 100 pg/ml), n-Cur (0; 2,5; 5; 10; 20; 40; 100 va 1.000
pg/ml), n-Cur-F1 (0; 100; 2.000; 4.000; 6.000 va 8.000 pg/
ml). Sau 24 h 11 v6i cac chat, kha ning sinh truong ciia cac
dong té bao trong diéu kién c6 mat cua cac phuc hé duoc
danh gia bang Kit Celltiter (Promega, M¥). Dia 96 s& dugc
lic bang may lic tron GFL & toc do 4.000 vong/phut trong
10 phut tai nhiét do phong, sau d6 s€¢ duoc do & budc song
535 nm bang may do quang phé UV-Vis LABOMED UV-
2550. Cac thi nghiém duoc lap lai 3 1an. Két qua duoc tinh
theo cong thuc:

X 100%

s x Ac
%T¢é bao song = m



‘Trong do: Ac 1a d6 hép thy OD cua mau duoc b(f) sung
cha}t; Ao 1a do hap thu OD cua mau khong dugc bo sung
chat.

Gia tri n6ng dd cua cac chat Cur, n-Cur va n-Cur-Fl
khong gay chét t€ bao dugce tinh dya vao do thi log (licu
dung) va % uc che.

Pdnh gid kha ndng hdp dan ciia cac chdt lén té bao
bang thi nghiém Boyden Chamber Assay: nudi té bao RAW
264.7 (2,0x10° t& bao/transwell) va A549 (2,5x10* t& bao/
transwell), Hela (2,5x10* té bao/transwell) & budng phia
trén transwell v6i moi truong nudi cay DMEM 4,5 mg/ml
glucose bd sung 4% FBS, 100 pg/ml penicillin. Buong phia
dudi transwell dugc bo sung thém cac chat véi ndng do Cur:
20 pg/ml, n-Cur: 20 pg/ml, n-Cur-FI: 200 pg/ml. Sau 24 h
1, tién hanh thu transwell, té bao di chuyén xuéng mit dudi
cua day transwell dugc ¢6 dinh lai béng formaldehyde 4%
trong 10 phut, sau d6 dwoc nhuém bang crystal violet. Cac
té bao mit trong ctia giéng nudi dugce loai bé hoan toan bang
tam bong dé c6 thé nhan dién duoc cic té bao di chuyén
xudng mat dudi mot cach rd rang nhat. Transwell duoc chup
anh va dém dudi kinh hién vi soi nguoc & vét kinh 10X.
Téng lwong té bao di chuyén xudng mit dudi (3) duoc tinh
theo cong thuc:

a x 30
0,8

Trong d6: a 1a tong lwong t& bao dém duogc trén 0,8
mm?vi truong, 30 1a dién tich bé mit transwell (mm?) [15].
Chung t6i da phén tich va tinh toan lwong té bao bi hap dan
béng ca chuong trinh Microsoft Office Excel va phin mém
OriginPro dé tao biéu dd cho luong té bao & mdi mau.

Pdnh gid biéu hién ciia thy thé folate bang ky thudt
Reverse Transcriptase PCR: t& bio RAW264.7 (2,5x10°
té bao/ml), t& bao A549 (1,0x10° té bao/ml) dwoc nudi
trén dia petri, u qua dém trong DMEM glucose chira 10%
FBS, 100 pg/ml penicillin. Sau 24 h, cac té bao dugc
chuyén nubi trong DMEM. RNA tong s6 tir hai dong té
bao dugc tach bang kit Aurum Total RNA kit (Bio Rad,
USA). Sau khi tach RNA tong sd, tién hanh tong hop
cDNA bing phan tng sir dung enzyme phién ma ngugc
(Reverse Transcriptase) va kiém tra chat lugng san pham
tao cDNA thong qua phan tmg PCR véi cac cap moi sau:
Mbi P-actin: Fw: 5’-CTGTCCCTGTATGCCTCTG-3", Rv:
5"-ATGTCACGCACGATTTCC-3" (san pham 218 bp),
mdi mFOLRI: Fw: 5> CTGCATGGATGCCAAACACC
3’, Rv: 5 GCACAGGGGAACATCAAGGA 3’ trén trinh
tu tham chiéu NM_001252554.1 (san pham 298 bp) va moi
hFOLRI: Fw: 5 GGAGGAAGAATGCCTGCTGT 3’, Rv:
5" TTGCACAGAACAGTGGGTGT 3’ trén trinh ty tham
chiéu NM_016724.2 (san pham 391 bp), duoc thiét ké bang
phan mém Primer 3. Gen f-actin dwoc thuc hién song song
dam bao luong RNA tong s6 dua vao mdi mau la nhu nhau.
San pham PCR dugc dién di trén gel agarose 1,5% va duoc
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ghi lai hinh 4nh.

Xt Iy 56 liéu: cac s6 lidu nghién ctru duoc xr 1y thong ké
theo phuong phap t-test student sir dung phin mém Excel va
SigmaPlot 10 (Systat Software Inc, M¥). S6 liéu dugc biéu
dién dudi dang X+SD. Su khac biét cé y nghia khi p<0,05.

Két qua va ban luan

Anh hwéng ciia nong dé cdc chit hé n-Cur gin axit
folic toi kha nang sinh truong cua té bao

Nhu da d& cép o trén, Cur bi han ché vé kha ning hoa tan
trong cac dung mdi phén cuc, dé bi phén huy trong rudt nén
hiéu suat hap thy kém [1- 3]. Do do dé danh gi4 lidu viéc gin
thém axit folic co lam mat tinh tan trong moi truong sinh
hoc cua chét hé n-Cur, chung t6i da tién hanh thi nghiém
hoa cac chat Cur, n-Cur va n-Cur-FI trong méi truong nudi
cdy té bao DMEM & cung dai ndng do 0; 2,5; 5; 10; 20; 40;
100 pg/ml. Két qua cho thay, viéc gin axit folic vao n-Cur
khong nhiing khong anh hudng t6i kha nang tan cta n-Cur
ma con lam tinh tan cia n-Cur dugc ting 1én rat nhiéu.
Trong khi Cur c6 d6 phan tan kém dan ¢ cac nong do cao
(tor 10; 20; 40; 100 pg/ml) thi cac chat hé n-Cur c6 do phén
tan tot hon. Vi n-Cur, d6 phan tan bi giam xay ra o nong
dd6 100 pg/ml, trong khi voi n-Cur-Fl thi khong thay xuét
hién tia o néng d6 nay, khong théy hién tuong kém tan hay
su khac biét giita cac ndng d6 khac nhau (hinh 1). Didu nay
cho thiy viéc gén axit folic vao hé n-Cur con gitip lam ting
tinh tan ciia n-Cur trong moi truong nudi ciy.

0 25 5 10 20 40

100 (pg/ml)

n-Cur

n-Cur-Fl

Hinh 1. Mtrc d6 phén tan cua cac dang Cur, n-Cur va n-Cur-Fl
trong méi trwong nudi cay DMEM.

Bén canh do6, dé thir nghiém liéu ndng do cac chat hé
n-Cur c6 giy doc cho té bao hay khong, ching t6i da kiém tra
tac dong cua cac chat anh huong dén kha ning sinh truong
clia té bao RAW264.7, A549 va Hela bang Kit CellTiter.
Két qua cho théy, s6 luong té bao ciia RAW264.7 va A549
trong cac mau dugc u bang Cur bit dau giam ¢ ndng do cao
hon 10 pg/ml, riéng dbi voi té bao Hela 14 2,5 pg/ml (hinh
2A). Trong khi d6, cic mau duoc G v6i hé n-Cur va n-Cur-F1
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thi kha ning sng cua té bao RAW264.7 va A549 6n dinh &
céc nong do cao hon lan luot 1a 35 pg/ml va trén 6.000 pg/
ml, dong thoi n-Cur va n-Cur-FI ciing cai thién anh hudng
ctia Cur 1én té bao Hela (hinh 2B, 2C). Tir d6 c6 thé thay,
viéc nano hoa cac san pham Cur lam giam kha ning gy doc
cho cac té bao, dic biét 1a n-Cur gén thém axit folic.
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Hinh 2. Anh hwéng clia ndng d cac chat Ién kha ning sinh trwéng cla
céac dong té bao. (A) Anh hwdng clia Cur (0; 2,5; 5; 10; 20; 40; 100 ug/ml) ;
(B) Anh huéing clia n-Cur (0; 2,5: 5; 10; 20; 40; 100 va 1.000 pg/mi); (C) Anh
hwéng ctia n-Cur-FI (0; 100; 2.000; 4.000; 6.000; 8.000 ug/ml) Ién kha nang
sinh trwdng clia cac dong té bao RAW264.7 (2x10° t& bao/ml), t& bao A549
(1%10° t& bao/ml) va Hela (1x10° t& bao/ml) trong céc giéng cia dia 96 giéng
sau 24 h. Lwong té bao séng sau 24 h dwoc xac dinh bang cach bd sung 60 pl
dung dich Cell Titer vo tirng giéng. Di¥ liéu duoc cung cap dwdi dang gia tri
trung binh £ SD (n=3).

Ddnh gid tinh huwéng dich ciia h¢ n-Cur-FI t6i té bao
co biéu hién thu thé folate

Nhu da dé cdp 0 trén, axit folic 1a mot tdc nhan co ai luc
manh vé6i thy thé folate trén bé mit té bao ung thu, viém
loét...[8]. Do d6, dé danh gia tinh hudng dich ciia hé n-Cur-
F1 t6i t& bao biéu hién thy thé folate, chiing toi xét biéu hién
folate & muc @6 mRNA trén dong té bao RAW264.7, A549
va té bao Hela. Két qua RT-PCR cho thiy sy xuét hién cac
bing san pham & khoang 298 bp déi voi té baio RAW264.7
(hinh 3A) va & khoang 391 bp déi vai té bao Hela dung
nhu tinh toan trudc do, ching té su biéu hién manh mRNA
folate trén cac dong té bao nay. Trong khi gan nhu khong
thu dwoc tin hiéu bang san phdam PCR & dong A549 (hinh
3B). Diéu nay cho thiy viéc dung dong RAW264.7 va Hela
biéu hién manh thu thé folate dé chimg t6 kha ning huéng
dich toi thy thé folate cia n-Cur-Fl 1a lya chon hop ly;
té bao A549 biéu hién rat thip hodc hau nhu khong biéu
hién thy thé nay sé& duoc ding lam ddi ching 4m trong thi
nghiém danh gia kha nang huéng dich cia n-Cur-FI.
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(A) (B)
Folate 298 bp
ﬂ-aCtin e bp ﬁ-actin _ Zebe

RAW 264.7
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Hinh 3. Mirc d6 biéu hign mRNA thy thé folate trén cac dong té bao:
RAW264.7 (A), A549 va te bao Hela (B). RN{-\téng so dwoc tach tir cac té ba}o
RAW264.7, A549, té bao I-!ela va d‘u’(yc chuyén hoa thanh cDNA, mirc d6 biéu
hién mRNA folgte dwc_yg kiém tra bang RT-PCR; beta actin dwgc s¢ dung lam
no6i chuan & mai loai mau.

Két qua nghién ciru ciing cho thay, khong xuat hién
luong té bao dang ké ¢ mit dudi cua giéng nudi (transwell)
trén ca 3 dong té bao thir nghiém khi 4 véi Cur, n-Cur hay
khong i voi chit nao (Non) (hinh 4A). Tuy nhién da c6 su
khéc biét 16n xay ra d6i véi dong té bao biéu hién thu thé
folate 1a RAW264.7 va Hela: ¢ sy tap trung rat nhiéu té
bao ¢ mit dudi cia giéng nudi trong su cd mit cia n-Cur-
Fl, trong khi khong thiy hién twong niy trén mau c6 dong
té bao A549 (hinh 4A). n-Cur-F1 di tao ra su huéng hoa hip
dan cac té bao RAW264.7 va Hela 1én téi twong tng 70 va
30 1an so voi dung riéng n-Cur (hinh 4B). S& luong té bao
hudng dich vuot troi nay c6 duge la do sy c6 mét cua thu
thé folate trén bé mit té bao RAW264.7 va té bao Hela da
hudng hoa tdi viung c6 axit folic trén cac phan tir n-Cur-FI.
Té bao thiéu hut thy thé folate 13 A549 khong c6 kha ning
nay trong diéu kién c6 n-Cur-F1 hay khong, dong thoi n-Cur
hay Cur thong thudng ciing khong c6 kha ning hap dan té
bao c6 thu thé folate (RAW264.7 va Hela).
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Hinh 4. Kha nang hwéng dich toi dong té bao biéu hign manh thy thé
folate. (A) Anh té& bao tap trung mat du’éji cla mépg giéng nudi (transyvell) tiep
ch v&i Cur, n-Cur hoac n-Cur-Fl; (B) SO lwgng té bao hwéng dich dém dugc
(te bao/transwell).

R4t nhiéu nghién ctru di chi ra ring, thu thé folate 1a
dich @é tri liéu mot so0 ung thu. Mot s6 cong bo khac vé hé
mang thuoc gan axit folic cling da cho thay kha nang hudng
dich dac hi¢u toi t€ bao bi€u hién thu thé folate [18-20].
Su két hgp cta hat nano gan véi axit folic giup tang cuong
tiém nang hoa tri liéu cua Cur doi véi paclitaxel (mot loai
thuoc hoa tri dugc st dung dé di€u tri mot so loai ung thu),
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lam giam dang ké sy phat trién ctia khdi u in vivo véi viée
giam chuyén vi vao nhén cia cac nhan t6 phién ma NF-kB
va AP-1 [1]. Cac hat nano PLGA-PEG gin véi axit folic
ctia Cur thé hién hoat tinh chdng ung thu duoc ting cuong
nh¢ phan phdi dic hiéu diém dich [21]. Phtc hop nano tir
dich triét 14 ciy Withania somnifera (i-Ex) nhim muc tiéu
thu thé folate tiéu diét mot cach chon loc cac té bao ung thu.
Trai nguoc véi i-Ex, phirc hé nano i-Ex hudng dich thy thé
folate (FRi-ExNC) cho thdy c6 sy hip thu té bao cao gip 3
1an boi cac té bao ung thu dugc lam giau thy thé folate nay
trong diéu kién in vitro. Cac thir nghiém khdi u in vivo ciing
cho thiy kha ning hd trg (rc ché khdi u manh hon cta FRi-
ExNC (ching to phtic hé nay c6 vai tro la ung ctr vién mang
thude tu nhién higu qua va an toan trong diéu tri ung thu)
[22]. Bén canh do, cac hat nano PLGA két hop voi axit folic
lam ting dang ké tinh tham cua paclitaxel hip dan té bao
Caco-2 biéu hién thy thé folate [18]. C6 thé thay két qua cua
chung t6i hoan toan pht hop voi cac nghién ctru di cong bd
vé viéc gan thém axit folic vao phirc hé bao goi thudc dem
lai hiéu qua huéng dich cao hon nhiéu lan khi khong c6 mat
thanh phan nay.

Keét luan

Nghién ctru nay 1a bang chimg phan tir xdc dang cho
théy, lan dau tién, phtc hé n-Cur khi dugc gén thém axit
folic khong chi gitip lam tang tinh hoa tan ctia n-Cur ma con
c6 tac dung lam tang t6i 70 va 30 lan trong viéc hudng dich
t6i cac té bao viém biéu hién cao thu thé folate a RAW264.7
va té bao ung thu Hela so véi n-Cur thong thuong. Diéu nay
mo ra trién vong sir dung n-Cur gin axit folic ¢6 tinh huéng
dich dac hiéu cao, dic biét trén cac dbi tuong té bao viem
nhu viém loét da day va mot s6 té bao ung thu khac.
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