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Tém tit: Curcumin c6 nhidu tic dung dugc 1y quan trong nhung chua dwoc ng dung nhiéu trén
1am sang do sinh kha dung thip. Phytosome curcumin va PEG-CUR dugc nghién ctru dé ting sinh
kha dung cta curcumin. Phytosome curcumin dugc bao ché bang phan ung gitta curcumin va
phosphatidylcholine. PEG-CUR dugc bao ché bang phan g giita curcumin va PEG. Phytosome
curcumin va PEG-CUR dugc danh gia hinh thanh lién két thong qua két qua phd 'H NMR, FTIR
and DSC. Mot sb dic diém héa 1y nhu thé zeta, do phan bé kich thudc, d6 hoa tan va ham lugng
curcumin ciing dugc nghién ctu. Ham lugng curcumin trong phytosome curcumin la 25,71 +
0,46% va trong PEG-CUR la 13.26 + 1.25 %. Phytosome curcumin c6 kich thudc nano la 131,8
nm va thé zeta 1a - 48,4 mV, trong khi d6 PEG-CUR c6 kich thudc tiéu phan 1a 96,3 nm va thé
zeta 1a -44.5 mV. Phytosome curcumin va PEG-CUR ¢6 d¢ hoa tan cao hon so véi curcumin ty do
trong mot sb moi truong khac nhau. Thi nghiém in vivo cho thiy phytosome curcumin c6 tic dung
bao vé gan tbt hon so v&i curcumin tu do. Phytosome curcumin lam giam ezym gan, giam luong
peroxy hoéa lipid va ting hoat tinh ciia enzym chéng oxy hoéa SOD, CAT, GPx tbt hon so véi
curcumin trén gan chudt bi gay ton thuong do paracetamol lidu cao. Ngoai ra, ching toi con cho
thdy PEG-CUR c6 tac dung doc tinh trén hai dong té bao ung thu HepG2 and HCT116 cao hon
nhiéu so v6i curcumin tu do.

Tir khéa: Curcumin, phytosome, PEG héa, do tan, chéng ung thu, bao vé gan.

1. Pit van dé

Curcumin 12 hop chit curcuminoid chinh
dugc chiét xudt tir cii Nghé (Curcuma longa)
[1]. Curcumin c6 kha ning hoa tan t6t trong
aceton, ethanol va dimethyl sulfoxid, nhung gan
nhu khong tan trong nudc. Mot s hop chat
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curcuminoid ciing c6 mét trong thanh phan cu
ngh¢ [2]. Curcumin Ia hoat chat tiém ning co
kha nang dleu tri mot s6 bénh nhu vang da,
bénh ly vé gan, nhiém khuén, xo vita dong
mach, duc thuy tinh thé, bénh thdp khop, soi
mat, viém loét da day, viém rudt, trAm cam va
sa sut tri tu¢ [3-7]. Tuy nhién, curcumin mang
nhitng dac diém dugc dong hoc kém nhu: kém
hép thu, chuyén ho4 nhanh va thai trir khoi co
thé nhanh nén sinh kha dung rat thap [8]. Sinh
kha dung cta curcumin thap 1a do qua trinh
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chuyén héa nhanh chéng, khong tan trong nudc
va mot s6 con dudng chuyén hoa & duong rudt,
chu yéu 1a do glucuronide héa va sulfonate hoa
[8]. Ngoai ra, curcumin cé toc d6 chuyén hoa
nhanh va thai trir nhanh, bi thuy phan trong méi
truong kiém va dé& dang phan huy khi gip 4nh
sang, nhiét do cao va diéu kién oxi hoa [8-10].

C6 nhiéu phuong phap duoc tién hanh
nhiam ting kha ning tan, ting kha ning hép thu
va d6 6n dinh cua curcumin véi muc dich lam
tang sinh kha dung cta hop chét nay, trong do6
c6 phuong phap tao phytosome va PEG hda.
Phytosome 1a dang bao ché ap dung vio cic
hop chat ty nhién 1am cho qué trinh hap thu tot
hon, va lam ting sinh kha dung cho cac hop
chét tw nhién [11]. Phytosome 1a phirc hop duoc
tao thanh boi mot phan to phospholipid ty
nhién hay téng hop (phosphatidylcholin,
phosphatidylethanolamin hay phosphatidylserine)
phan tmg véi mot hop chat ty nhién c6 trong
dich chiét tr dugc liéu [12]. Phytosome
curcumin 13 su két hop tir dich chiét curcumin
da dugc chuan héa voi phosphatidylcholin-mot
hop chit ty nhién tir dau nanh, da dugc ching
minh dem lai kha ning hap thu cao (gip khoang
30 lan so véi dang curcumin don thuin) va
nong do duy tri 1au hon & trong mau, gitip mang
lai hiéu qua didu tri t6t hon so voi dang
curcumin théong thudéng [3]. Phic hop
phospholipid ctia curcumin cho két qua nong d6
dinh trong huyét twong va gia tri dién tich duéi
duong cong (AUC) ¢ chudt Wistar duc cao hon
gap 5 lan so v6i ndong do dinh trong huyét twong
va gia tri AUC sau khi diéu tri v6i phan tir
curcumin ty do [13].

PEG hoéa 1 ky thuat gin ddng hoa tri cac
polymer poly (ethylene glycol) véi cac hoat
chét c6 tac dung duoc 1y, 1a mdt trong nhimg k§y
thuat day trién vong dé cai thién hiéu qua didu
tri cua thuéc. PEG hoa hoat chit c6 nhiéu wu
diém nhu: kéo dai thoi gian ton tai cua thude
trong co thé, 1am giam qua trinh chuyén hoa
ctia thude boi cac enzym trong co thé [14]. Cac
phan tir thudc co tac dung duge 1y tiém ning
nhung tinh chit hod 1y kém nén can tr& qua
trinh hip thu c6 thé sir dung k¥ thuat PEG hoa
dé tang sinh kha dung. Muc dich PEG hoa dé

giam kha ning cac hop chét bi thuy phan do cac
enzym va thai trir nhanh qua than, giap tang
thoi gian ban thai va kha nang hoa tan trong
nudc cua chit [15-16].

PEG-curcumin hoa 13 két hop curcumin véi
phan dudi cua chudi polyme than nudc cua
PEG [15]. Pandey va cong sy da bao ché PEG-
curcumin hoéa thanh coéng, c6 do tan cao trong
nudc va c6 tac dung kich hoat Nrf2, c6 kha
nang tang d6 hoa tan va sinh kha dung cua
curcumin [15]. Dic biét trong didu tri ung
thu, PEG-curcumin hoéa trc ché ting sinh té
bao ung thu tuyén tuy hon phén tir curcumin
ban dau. PEG-curcumin hoéa trc ché giai doan
phan bao va sy hinh thanh cua cac té bao da
nhan bit thudng.

2. Muc tiéu

- Xay dung duoc quy trinh bao ché
curcumin dang phytosome va PEG hda.

- Xay dung dugc tiéu chuan co so cia
curcumin dang phytosome va PEG hoa.

- Panh gia dugc tic dung chdng oxy hoa
cua curcumin dang phytosome va tac dung trén
mot sé dong té bao ung thu ciia curcumin dang
PEG hoa.

- Bao ché duoc vién nang clng chua
curcumin dang phytosome.

3. Phwong phap nghién ciru

3.1. Phwong phdp diéu ché phytosome
curcumin

Phuong phap téng hop phytosome
curcumin dugc dua trén cac tai liéu tham khao
dd cong bd trude déy, c6 thay dbi nhod cho phu
hop v6i diéu kién phong thi nghiém [17-18].
Can chinh xdc lugng cia curcumin va
phosphatidylcholine (theo céac ty 1€ mol khéc
nhau: 1: 1, 1: 2, 1: 4, ty 1€ da duoc lap di lap lai
ba l4n) sau d6 cho vao binh ciu 500 ml va thém
150 ml dichloromethane vao. Hon hgp nay
duge dun hoi lvu & nhiét d6 khong qua 40°C
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trong vong 2h. Ngoai ra ching toi tién hanh
thay ddi diéu kién nhiét do (40°C, 50°C va
60°C) va thoi gian dun hdi Ivu (1h, 2h va 3h) dé
xem diéu kién nao cho hiéu suét ti vu nhat.
Sau d6 tién hanh c6 quay dé loai dung méi va
thém 60 ml n-hexane va khudy lién tuc. Phirc
hop curcumin-phosphatidylcholine duge két
tla, tién hanh loc, va lam kho trong bom chén
khong dé loai bé hoan toan dung méi. Phirc hop
curcumin-phosphatidylcholine da dugc gilt
trong lo thiy tinh mau t6i, tranh 4nh sang va
bdo quan & nhiét do phong. Mdi thi nghiém
duoc lap lai 3 lan, léy két qua trung binh.

Panh gia phytosome curcumin tao thanh

- Hinh thai phytosome curcumin

St dung phuong phép chup hién vi dién tir
truyén qua (TEM) va kinh hién vi dién tir quét
(SEM) véi k¥ thuat nhuém soi am ban xac dinh
hinh thai ctia phytosome curcumin [18].

- Po kich thude tiéu phan (KTTP)

Phan tan phytosome vao nudc tinh khiét, sir
dung phuong phap tdn xa anh sang dong voi
thiét bi NanoParticle SZ-100 (HORIBA
Scientific). Po kich thudc tiéu phan trung
binh Zaverage (d.nm), va phan b KTTP
théng qua chi s6 da phan tan (PDI). Pha lodng
phtic hgp 100 lan bang nude cat trude khi do
curcumin [18].

- Phuong phap phan tich nang luwong nhiét
vi sai (DSC)

Pugc thyc hién trén thiét bj phan tich nhiét
Mettler Toledo. Tién hanh danh gia voi cac
mau nguyén liéu curcumin, phosphatidylcholine
va phytosome bao ché. Str dung dia nhém chira
mau 40ul, duc thung ndp, khdi lwong maiu
khoang tr 3 — 7mg. Nhiét do quét tr 25 —
250°C, toc d6 gia nhiét 10°/phat. Trong quéa
trinh thir, théi khi nitrogen véi luu lwong 50
ml/phat [17; 18].

- Phuong phap do quang pho hong ngoai IR

Ph6 hong ngoai bién doi Fourier (FITR)
dugc str dung dé thu thap phd hdng ngoai cua
curcumin, phosphatidylcholine va phytosome
curcumin [18].

- Phuong phap do ph6 'H NMR

Céc chit duoc do phé 1H-NMR béng cach
hoa tan trong dung moéi CDCI3 va phén tich

bing may do phd IH-NMR spectrometer
(Brucker Advance DRX-500,
BruckerBioSciences Corporation, Billerica,
MA, USA) tai tin s6 500 MHz [18].

- Phuong phdp tinh d0 hoa tan cua
Curcumin so v6i Phytosome curcumin

Chuan bi cac dung dich: Dung dich HCI
0,IN; Dung dich dém phosphat pH 4,50,1M:;
Dung dich dém phosphat pH 6,8 0,1M:;

3.2. Phurong phap diéu ché PEG-CUR héa

Phuong phap diéu ché duoc dua trén céc tai
lidu tham khao va c6 thay ddi cho phu hop véi
diéu kién phong thi nghiém [19; 20]. Tron 1an 9
g PEG methyl ete acrylat cung véi 2,3 g 3- acid
mercaptopropionic va 0,1 ml trietylamin
trong 100 ml tetrahydrofuran khan. Sau dé
khudy hdn hop & 25°C trong 24 h, trén may
khudy tir. San pham tao thanh (A) dem két tia
v6i ete khan du. Hoa tan 5,6 g san phim A,
2,2 g N, N'-dicyclohexylcarbodiimid (DCC),
1,7 g curcumin va 0,1 g 4-
dimethylaminopyridin trong 50 ml
tetrahydrofuran va khudy & cac diéu kién nhiét
do (25°C, 40°C, 50°C) trong khoang thoi gian
khac nhau (6h, 12h, 24 h) d¢ tim diéu kién cho
hiéu sudt cao nhat tao PEG-Curcumin. Sau d6
loc san phdm va dem két tia trong ete khan du
va sdy kho ¢ diéu kién chan khong & 25°C.
PEG-CUR hoa duoc gitr trong lo thiy tinh mau
t6i, tranh 4nh sang va bao quan & nhiét do
khong qué 25°C.

Phuong phap dinh gia tiéu chuin chit
lwgng ciia PEG-CUR

Xdc dinh hiéu suat diéu ché PEG — CUR héa

Xac dinh hi¢u suat diéu ché PEG-CUR dua
vao dinh lugng curcumin ty do dua theo
phuong phap dugc mo ta sau day [17].

Xac dinh ham lugng curcumin toan ph?m:

Cén chinh xac khoang 50 mg PEG-CUR,
hoa tan hoan toan bang methanol trong binh
dinh mirc 50mL. Pha loang bang methanol dén
nong do thich hop, loc qua mang 0,45 um. Dinh
lwong curcumin (Meyr toanphan) b::ing phuong phép
HPLC theo dudng chuin di xay dung.

Xac dinh ham lugng curcumin ty do:
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Can chinh xac khoang 50 mg PEG-CUR,
phan tan trong nude tinh khiét véi ty 18 1:100
(kI/tt). Ly tam véi tbc dd 8000 v/phut, trong 30
phut, loc ldy can hoa tan trong methanol, dinh
lwong curcumin ty do (Meyr w do) béng phuong
phap HPLC theo duong chuan da xay dung. Tir
d6, xac dinh hiéu sudt PEG - curcumin theo
cong thuec:

H(%):(mcur toan phan'mcur tu QO)X 100/ Meyr toan phan

Pinh lugong curcumin bang cach su dung
phwong phap HPLC vdi cac diéu kién sic ky
nhu sau:

Diéu kién sic ky:

Cot Agilent ZORBAX Eclipse Plus 95A
C18, kich thudce cot 4.6 x 100 mm, duong kinh
hat nhdi 3,5 um;

Pha dong: Hon hop acetonitril va nuéc cat
theo ty 18 nudc cit- acetonitril (70:30);

Téc d6 dong 1 ml/phit;

Thé tich tiém méu: 10 pl.

Detector PDA, budc song 425 nm.

Xac dinh ham luong curcumin trong PEG —
CUR héa

Pha dung dich PEG-CUR trong metanol &
ndng do 100 pg/mL. Sau d6 dugc pha lodng véi
methanol dén ndéng d6 10 pg/mL. Dung dich
dugc bao quan ¢ 37°C trong 24 gio [21; 22].
Lugng chit curcumin dugc x4c dinh béng
phuong phap HPLC.

- Tinh khéi lugng clia curcumin c6 trong
PEG - CUR theo dudng chuin di xiy dung
duoc.

- Ham luong curcumin trong PEG -
Curcumin

HL = Meyreymin X H x 100

MPEG —curcumin
Trong d6: H 1a hi¢u suat diéu ché ctia miu

dem do

Meyreumin: 1@ Twong  curcumin dinh luwong
duoc.

MPEG-curcumin 12 lll’UIlg da can.

Xac dinh do hoa tan cua PEG-CUR hoa

Chuén bi cac dung dich dém: Dung dich
HCI 0,1N; Dung dich dém phosphat pH 4,5
0,1M:

- Dung dich dém phosphat pH 6,8 0,1M:
Cho 50,3 ml dung dich KH,PO, 1M va 49,7 ml
KH,PO4 1M vao binh dinh mirc 1000ml, dinh
mirc bang nude cat.

- Tién hanh dénh gia d hoa tan cua PEG-
CUR trong cac méi truong pH khac nhau. Pugc
tién hanh theo phuong phap dwoc mé ta trudc
day [17; 18]. Xé&c dinh d6 hoa tan ctia PEG -
curcumin va curcumin tu do bang cach thém
mdt lugng du cua mdi mau vao 20 ml dung moi
trong binh thuy tinh kin & nhiét do 25°C. Cac
chét léng duoc lic trong 24 h va ly tim & 5000
rpm trong 10 phut. Sau d6 dem di loc, va 1 ml
dich Igc pha loang v6i methanol. Muoi L dich
loc dugc tiém vao HPLC va phat hién curcumin
& budc soéng 425 nm.

Panh gia dic diém héa 1y cia PEG-CUR

Hinh thai PEG-CUR

Do kich thudc tiéu phan (KTTP)

Phuong phép phan tich nang luong nhiét vi
sai (DSC)

Phuong phép do quang phd hdng ngoai IR

Phuong phap do phd "H NMR

3.3. Ddnh gid tic dung chéng oxy héa cia
curcumin phytosome

Tién hanh gdy doc tinh gan bang
paracetamol dugc tién hanh tai Khoa Y Duoc,
Pai hoc Qudc gia Ha Noi. Chudt duge chia
thanh cac nhém khac nhau. Quy trinh tién hanh
thi nghiém trén md hinh gay doc tinh gan thyuc
nghiém bang paracetamol dugc mé ta & hinh 1.
Tat ca cac chudt, tror nhom dbi ching sinh ly
dugc tién hanh gay doc tinh gan bang cach cho
ubng paracetamol 1 lan/ngay trong 1 tuan.

- Nhom I (nhém chung sinh ly): Chut dugc
cham séc bang ché do binh thuong.

- Nhom II (nhom ching bénh, nhom PAR):
Chudt dugc gay doc tinh gan bé’lng cach cho
ubng paracetamol (1 g/kg thé trong) 1 lan duy
nhit va duoc chiam soc voi ché do binh thuong,
khong c6 bat ctr didu tri ndo.

- Nhom III (Nhém CUR): Chudt dugc didu
trj bang curcumin véi lidu 200 mg/kg thé trong
trong vong 1 tudn va gdy doc tinh gan béng
cach cho udng paracetamol (1 g/kg thé trong)
vao ngay thu 8.
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- Nhom IV (Nhom Phyt 100): Chudt duoc
diéu trj bang phytosome curcumin vé&i lidu
tuong duong 100 mg curcumin/kg thé trong
trong vong 1 tudn va gdy doc tinh gan bang
cach cho udng paracetamol (1 g/kg thé trong)
vao ngay thu 8.

- Nhém V (Nhom Phyt 100): Chudt dugc
diéu trj bang phytosome curcumin vé&i lidu
tuong dwong 200 mg curcumin/kg thé trong
trong vong 1 tudn va gay doc tinh gan bang
cach cho udng paracetamol (1 g/kg thé trong)
vao ngay thu 8.

Nuéi thich nghi

Vao ngay thir 10, 14y mau dong mach canh
cua chudt, sau d6 chuot bi giét va gan chuot
dugc tach ra. Gan chudt dugc dong nhét trong
hé dém lanh gom (50 mM Tris-HCI (pH 7,5); 8
mM MgCl,; 5 mM ethylen glycol bis (2-
aminoethyl ether)-N,N,N’,N’- tetraacetic acid
(EGTA); 0,5 mM EDTA; 0,01 mg/ml
leupeptin; 0,01 mg/ml pepstatin; 0,01 mg/ml
aprotinin; 1 mM phenylmethylsulfonyl fluorid
(PMSF) va 250 mM NaCl). Sau do, ly tam &
diéu kién (12000g, 4°C) trong 15 phit roi thu
lay phan dich nbi phia trén va bao quan & nhiét
d6 -80°C dén khi phan tich.

Diéu trj bang phytosome hogc curcumin

-3 0

8 10
0 1

Ly mau dong mach

Gay doc tinh gan
bing céch cho chudt canh, giét chudt, tach
£ ) liy gan, dong nhat dé

uong paracetamol

danh gi4 chi s6 sinh
hoa

Hinh 1. Quy trinh tién hanh thi nghiém trén mé hinh gay doc tinh gan thyc nghiém bang paracetamol.

Danh gia cac chi s6 sinh hoa:

+ Pinh luong enzym AST, ALT: bang Kit
dinh lugng ALT, AST cia hang Human (Puc)
cung cép.

+ Panh gia hoat tinh chéng peroxide héa
lipid (LOP)

+ Panh gia hoat d enzym Superoxide
dismutase (SOD)

+ DPanh gia hoat d6 enzym Catalase (CAT)

+ Danh gid hoat d6 enzym Glutathione
peroxidase (GPx)

3.4. Pdanh gid tac dung trén mét sé dong té bao
ung thw cua curcumin dang PEG hoa.

- Hai dong té bao ung thu dai trang
HCT116 va ung thu gan HepG2 nghién ctu
dugc cung cap boi trung tim gidng nudi cay
Hoa Ky, ATCC (American type cell culture),
luu trir trong nito long, tai nhom Nghién cuu
Ung thu hoc Thyc nghi€m, bd mon Sinh hoc Té

bao, khoa Sinh hgc, truong DPai hoc Khoa hoc
Tu nhién, Pai hoc Quéc gia Ha Noi.

- St dung phuong phdp MTT (3-[4,5-
dimethylthiazol-2]-2,5 diphenyl tetrazolium
bromid) dé nghién ctru doc tinh té bao. Nguyén
tdc cua phuong phap nay dwa vao su khir hop
chait MTT mau vang thanh dang tinh thé
formazan mau tim trong té bao sdng. Nong do
formazan hinh thanh dugc do bing may quang
phd & bude song 500-600 nm. Qua trinh khir
xay ra dudi sy xuc tic clia enzym trong ty thé
trong té bao sdng, theo d6 ham luong cua chat
tao ra ty 1€ thuan voi $6 luong té bao séng tham
gia phan Ung.

3.5. Bao ché vién nang cimg chita curcumin
dang phytosome

Phuong phéap bao ché khéi thude dong vao
nang:

- Phytosome curcumin c¢é nhugc diém déo
dinh, ty trong nhd, kha nang tron chdy kém ma
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trong cong thirc cua khdi bot dong nang chiém
ty 16 kha cao do vdy nham giup cho khdi bot
chay déu vao nang dé dam bao vé khdi luong
va ham lugng dugc chit ching tdi tién hanh
bao ché khdi thudc bang phuwong phap xat hat
wot dé khic phuc nhugc diém trén.

- Khéi bot thude duge bao ché bang phuong
phap xat hat w6t theo quy trinh nhu sau:

Buwéc 1: Cac ta duoc tron: magnesi stearat,
aerosil, natri lauryl sulfat dugc nghién min va
ray qua co ray 180, Phytosome curcumin va cac
ta dugc con lai duoc nghién va rdy qua c& rdy
180. Can cac nguyén li¢u theo cong thurc.

Budre 2: Hoa tan PVP K30 trong ethanol dé
duoc dung dich ta duoc dinh.

Buwde 3: Tron bot kép phytosome curcumin,
Avicel PH 101, natri croscarmellose.

Buwéce 4: Thém dung dich PVP K30 vao
khéi bot trén, nhao tron tao thanh khdi Am.

Budce 5: Xat hat qua rdy 600. Sdy hat ¢
nhiét d6 50°C t6i khi dat ham 4m 2 - 3 %.

Bude 6: Stra hat qua ray 800.

- Lua chon ¢& nang sé 0 v6i dung tich nang
la 0,67ml. Hat dugc dong vao nang, sau do
thém manitol dé vira du dung tich nang. Luong
manitol thém vao dugc tinh theo cong thirc sau:

Mmanitol = (Vnang -, mhat/ dhat) X dmanitol
Trong do: Myui: Khoi lugng manitol céan
thém vao (g)

Viang - Thé tich nang (ml)
Myy Khéi luong cua hat (g).
dngt> dmanitor: Lan luot 13 khéi lugng riéng
ctia com va manitol (g/ml).

4. Tong két két qua nghién ctru
4.1. So do bao ché phytosome curcumin

Phytosome  curcumin (ti 1€ mol
curcumin:phospholipid (dat tiéu chuén chat
lwong nha san xudt) twong tmg: 1:1,) dugc bao
ché theo so db sau:

Curcumin (2,04 g)
+150ml CH,Cl,
Phospholipid .
(phosphatidylcholin) »  Binh cau 500 ml
(4359
Khudy tir gia nhiét Pun hdi luu nhe (40°C), 2h
200 vong/phut

Dung dich mau vang

Phytosome curcumin
Dang bot, ving —®  chit luong

e Cit loai hoan toan dung méi bing may ¢ quay
e Cho két tia trong hexan (60ml)

e Séy va hut 4m chan khong

Kiém tra bong lo,

bao quan

So dd 1. Quy trinh bao ché Phytosome Curcumin mé 6,39¢.
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Hinh thai va cu trac phytosome curcumin

ba chyp dugc anh SEM (Scanning electron
microscopy) va TEM (Transmission Electron
Microscopy) ctia phytosome curcumin. Anh
chup SEM cho thiy bé mit miu Phytosome
curcumin sau khi bao ché mang cac tiéu phan
dang hinh ciu. Anh chup TEM cho thdy céc
tiéu phan phytosome curcumin c6 hinh cau
phan bd dong déu.

Kich thudc, thé Zeta

D3 danh gia mot sb tiéu chudn vat 1y cua
phytosome curcumin tao thanh: kich thudc
tiéu phan, PI, thé zeta thu dwgc mot sb két
qua kha quan.
Bang 1. Kich thudc tiéu phén, chi s6 phéan tan va thé

zeta cua phytosome curcumin

PI Z-average (d,nm)  Theé Zeta mV
0,191 131,8 -48.4

Danh gia phén tich duoc phd quét nhiét vi
sai DSC, Pho hong ngoai IR va phd 'H-NMR
ctia phirc hop phytosome -curcumin cho thay
su hinh thanh lién két giita phosphatidylcholine
va curcumin,

Do hoa tan cia Curcumin so voi Phytosome
curcumin.

Cac mau phytosome dugc thir ¢ tan bao
hoa trong moi truong pH khac nhau va trong n-
octanol, so sanh véi curcumin nguyén li¢u va
hon hop vat 1y curcumin- phosphatidylcholin.
Curcumin nguyén liéu rét it tan trong nudc,
nhét 12 & pH 1,2, pH tang, d0 tan curcumin cé
xu hudng tang 1€n, PJ tan cuia curcumin trong
n-octanol cling khéng cao, d6 la cac nhuogc
diém cua nhiéu hoat chét tir ty nhién nén sinh
kha dung qua duong udng hodc ding ngoai da
déu han ché, Phytosome lam tang dd tan cua
curcumin trong nudéc & pH khac nhau va ca
trong n-octanol, 1am cho hoat chat d& khuéch
tan vao mang, dé dang chuyén tir pha nudc sang
pha lipid, lam tang sinh khé dung.

4.2. Tiéu chuan co so kiéem nghiém cua
curcumin dang phytosome

Dua vao két qua dat dugc ¢ hoat dong 2:

Tinh chat

Ché pham phai c6 mau vang dong nhat,
khong dugc c6 mau la

Can khoang 1g ché pham, trai déu trén mot
to gidy trang min. Quan sat bang mét thuong,
dudi anh sang tu nhién

Hinh thai va cu trac phytosome curcumin

Anh chup SEM cho thdy bé mit maiu
Phytosome curcumin mang cac tiéu phan dang
hinh cau.

Anh chup TEM cho thdy cac tiéu phéan
phytosome curcumin cé hinh cau phan b
ddng déu.

Kich thudc tiéu phan

Kich thudc tiéu phan, chi sb da phan tan va
thé zeta ctia phytosome curcumin.

Thé Zeta mV
Tri tuyét d6i >25

PI Z-average (d,nm)
<0,3 <300nm

Phan tich nhiét quét vi sai

Gian dd nhiét cta phic Phytosome
curcumin xuat hién cac pic méi v6i higu tng
thu nhiét thap hon phosphatidylcholin.

Phd hdng ngoai

Trén phd hdng ngoai cua dung dich
phytosome curcumin c6 cac dinh hap thy manh
dic trung cho lién két hydro gitra curcumin va
phosphatidylcholine

Pho '"H-NMR

Phytosome curcumin c6 céc tin hi¢u proton
dac trung cia curcumin va phosphatidylcholine.

Do hoa tan cua Phytosome curcumin

by tan trong nudc cua phytosome
curcumin: 20,0-40,0 (ug/ml)

Béao quan

Dung trong lo thily tinh mau ti, tranh anh
sang, & nhiét d6 dudi 30°C.

4.3. So' @6 bao ché PEG-CUR

Qui trinh diéu ché PEG-CUR dugc tom tit
nhu sau:
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PEG methyl ete acrylat (9g)

+ 0,1 ml trietylamin
3- axit mercaptopropionic (2,3g)

+ khudy 6 25° C trong 24gid

Céc ¢6 mé 500ml

+100ml tetrahydrofuran khan

Két tia v6i ete khan du

San phim A

Curcumin (1,7g) —> Sin phim A (5,6g)

4dimethylaminopyridin (0,1g)

N,N’ Dicyclohexylcarbodiimid (2,2g)

Tetrahydrofuran 50ml

+ khu'c"iy'(") 25° C trong 24gio
+ cho ket tua trong ete khan du
+ sy khé duéi chan khéng & 25°C

PEG - CUR —_— Kiém tra chat bong lo,
Dang bot, vang luong bao quan

So dd 2. Qui trinh diéu ché PEG-CUR.

banh gia PEG-CUR tao thanh

Tinh chét cam quan cia PEG-CUR

Mau thu dugc sau khi siy kho dudi chan
khong c6 mau vang cam

Hinh thai va cau tric PEG-CUR

Anh chup SEM va TEM cho thdy cac tiéu
phan PEG-CUR c6 hinh cau

Kich thudc, thé Zeta

Danh gid mot s tiéu chuén vat 1y cua PEG-
CUR tao thanh: kich thudc tiéu phan, PI, thé
zeta thu dugc mot s6 két qua kha quan.

Béng 2. Gia tri kich thudc, chi s6 phan tan va thé
zeta cua PEG-CUR

Chi s6 phantan ~ KTTP Z- Thé zeta
PI average (nm) mV
0,182 96,3 -44.5

Danh gia phan tich dugc pho quet nhiét vi
sai DSC, Pho hong ngoai IR va phé 'H-NMR

ctia PEG-CUR  cho thiy sy hinh thanh lién két
gitta PEG va curcumin (dugc trinh bay chi tiét
trong bdo cao ndi dung 2).

Do hoa tan ciia Curcumin so véi PEG-CUR

PEG-CUR lam tang d§ tan ctia curcumin
trong nudc & pH khac nhau va ca trong n-octanol,
do d6 tang hé sb phan bd D/N, 1am cho hoat chat
dé khuéch tan vao mang, d& dang chuyén tir pha
nudce sang pha lipid, lam tang sinh kha dyng.
Két qua cho thay s lan ting do tan cta PEG-
CUR so voi curcumin cao nhét 1én téi gan 10
lan trong méi trudng n-octanol. Trong moi
truong nudc va dung dich HCL 0,1N, d6 tan cia
phytosome curcumin ciing tang dén 5.5 1an va
6,2 lan, tuong tmg. O hai méi trudng dung dich
dém phosphat pH 4,5 va pH 6,8 thi chi tding hon
2 va 3 lan.

Xay dung tiéu chudn co s kiém nghiém

cua curcumin dang PEG hoa
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Dua vao két qua dat dugc ¢ hoat dong 2,
ché phim phai dat cac yéu ciu chét luong sau:

Tinh chét

Ché pham phai c6 mau vang dong nhat,
khéng duoc c6 mau la

Hinh thai va ciu tric PEG-CUR

Anh chyp SEM cho thiy bé mit mau PEG-
CUR mang cac tiéu phan dang hinh cau.

Anh chup TEM cho thdy céac tiéu phan
PEG-CUR c¢6 hinh cau phén bb dong déu.

Kich thudc tiéu phan

Kich thuée tiéu phan, chi s6 da phan tan va
thé zeta ciia phytosome curcumin

Thé Zeta mV
Tri tuyét d6i >25

PI Z-average (nm)
<0,3 <300nm

Phan tich nhiét quét vi sai

Gian d6 nhiét cta phire hop PEG-CUR xuét
hién céc pic méi v6i hidu Gng thu nhiét thip
hon PEG va curcumin.

Phd hdng ngoai

Trén phd hdng ngoai cia dung dich PEG-
CUR cb cac pic hép thu bao gdm: pic cua
curcumin va mot sb dao dong ciia PEG (chudi
hydrocacbon ctia PEG)

Phd 'H-NMR

PEG-CUR c6 cac tin hi¢u proton dic trung
cua curcumin va PEG.

Do hoa tan cua PEG-CUR

DJ hoa tan cia PEG-CUR trong nudc > 25
(ng/ml)

Bdao quan

Dung trong lo thily tinh mau t6i, tranh anh
sang, & nhiét do dudi 30°C.

4.4. Bdnh gid dwoc tdc dung chong oxy héa cia
curcumin dang phytosome

Téc dung lén cac enzym gan

Céac enzym bao gdbm AST va ALT la cac
enzym chinh transaminase ¢ gan dung dé danh
gi4 cac ton thuong gan [23]. Két qua tac dung
lén cac enzym gan cua cadc nhom nghién ctu
trinh bay ¢ bang 3.

Bang 3. Tac dung cua phytosome curcumin lé€n cac enzym gan, n=6.

Enzym Chiing trang Nhom PAR Nhom Cur 200 Nhom Phyt 100 Nhom Phyt 200
AST (IU/L) 3824+4.23 101,28 +11,25" 81,28+ 12,27 4725+ 524" 4125+5,32°
ALT (IU/L) 31,12+5.21 97,67+ 11,84" 68,58 + 14,45 42,15 + 6,38" 37,17 +3,25"

Hoat do cua hai enzym ALT va AST tang
c6 y nghia théng ké trong nhom PAR so véi
nhém ching. Khi chudt duoc diéu tri voi
phytosome curcumin, hoat d§ cua hai enzym
nay giam dang ké so v6i nhom PAR. Vi nhom
diéu tri bang curcumin, hoat do cua hai enzym
nay cé xu hudéng gidm so véi nhém PAR nhung
khong c6 ¥ nghia thong ke.

Hoat tinh chéng peroxide hoa lipid (LOP)
va hoat d9 cac enzym chdng oxy hoa: Catalase
(CAT);  Superoxide  dismutase (SOD);
Glutathione peroxidase (GPx).

Kha ning wc ché qua trinh peroxy hoa lipid
clia cac chat duge danh gia thong qua viée xéac
dinh ham luong malonyl dialdehyde (MDA) - san
phém ctia qué trinh oxy hoa lipid mang té bao.

Béng 4. Anh hudng ciia curcumin, phytosome curcumin dén hoat tinh chéng peroxide hoa lipid (LOP) va hoat
dod cua cac enzym chong oxy hoa

MDA SOD CAT GPx

Lo (nmol/mg protein) (don vi/mg protein) (don vi/mg protein) (don vi/mg protein)
Chimg tring 0,52 +0,14 0,573 + 0,09 298,87 + 39,15 2535+327
Nhom PAR 1,89 +0,15" 0,187 +0,08" 89,8+ 13,19 10,19 +2,32"
Nhém Cur 200 1,61 +0,13 0,210 + 0,07 129,8 + 14,21 11,23 3,18
Nhom Phyt 100 1,42+ 0,12° 0,282 + 0,10" 165,15 + 21,12° 13,68 +2,72
Nhom Phyt 200 1,28 +0,11" 0,362 + 0,12* 196,12 + 23,15 17,86 + 4,54*

Ghi chu: *: p< 0,05 khi so sanh v6i chimg tring, *: p< 0,05 khi so sanh v6i nhom PAR
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Két qua nghién ctru cia ching toi chi ra
ring curcumin va phytosome curcumin lam
ting hoat d6 cia cac enzym chdng oxy hoa
SOD, CAT, GPx va giam muc peroxyd hoa
lipid & cac m6é gan. Phytosome curcumin véi
mirc liéu trong dwong véi 100 mg curcumin va
200 mg curcumin/kg thé trong 1am tang hoat do
clia cac enzym chdng oxy hoa va giam lugng
peroxy hoa lipid va cac enzym gan AST, ALT
¢6 y nghia thong ké so v6i nhom PAR (p<0,05).

Trong khi d6, khi chudt duogc diéu tri voi
curcumin & muc liéu 200mg/kg thé trong, gip
d6i lugng curcumin so véi phytosome curcumin
& mirc liéu twong dwong 100 mg curcumin/kg
thé trong chi co xu hudéng lam hoat d6 cua cac
enzym chong oxy hoa va giam luong peroxy
hoa lipid va cac enzym gan AST, ALT ma chua
dat murc c6 y nghia théng ké so v6i nhom PAR
(p<0,05).

4.5. Bdnh gid tac dung trén mot sé dong té bao ung thi cia curcumin dang PEG héa

Trén dong HCT116

Béng 5. Ty so tang sinh (A%) va gia trj ICs, ctia hai chdt PEG-CUR va Curcumin trén dong té bao HCT116

Dong TB  HCTI116
PEG-CUR Curcumin
[Cug/ml] A% (lan 1) A% (l4n 2) A% (lan 1) A% (l1dn 2)
DCDM 100 100 100 100
100 10,47 15,45 15,36 17,55
50 46,66 38,05 16,12 20,31
25 55,13 54,08 43,19 33,46
12,5 85,48 81,25 45,44 53,89
6,25 93,36 88,16 74,11 106,08
3,125 102,83 110,6802 97,90 114,09

1C5,=34,35+3.9 pg/ml

IC50:14,49 + 1,8 ug/ml

% T
3

® PEG-CUR
Curcumin

0 . 1
Log (ndng d¢) (ng/ml)

Hinh 2. D6 thi biéu dién kha ndng irc ché ting sinh té bao té bao HCT116 clia Curcumin va PEG — CUR. Gid tri
IC54 ctia ctia Curcumin va PEG — CUR dugc tinh dua vao d6 thi va chuyén tir log [pg/mL] sang pg/mL.

Tuong tng trén dong HCT116 dbi véi hai
chit PEG-CUR va Curcumin lin luot,
1C50=34,35+3,9ug/ml, ICs= 14,49+1,8ug/ml.
Do ham luong curcumin trong PEG-CUR cua

mau nghién ctru 1a 13,26 %, qén ICsy cta lugng
curcumin tuong tng uc che t&€ bao HCT116 chi
la 4,55 pg/ml.
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Béng 6. Gia tri ty s6 ting sinh (A%) va gia tri ICs, cia PEG-CUR trén dong té bao HepG2

Dong TB HepG2

PEG-CUR Curcumin
[Cug/ml] A% lan 1 A% lan 2 A% lan 1 A% lan 2
PCDM 100 100 100 100
100 12,705 5,290 8,758 10,832
50 25,156 27,765 12,674 19,815
25 89,635 79,964 75,211 56,627
12,5 96,893 85,810 89,142 81,433
6,25 99,976 88,090 89,973 107,471
3,125 100,162 96,302 89,000 106,972

1C5,=33,99 + 8,2 pg/ml

IC5=28.,61 + 3,25 pg/ml

100 1 .
y % PEG- CUR
v Curcumin
g
© 60
(%]
2
B 40
X
i
¥ 20
0 r r ‘ " ‘
-0.5 0.0 0.5 1.0 1.5 2.0
Log (n6ng dd) (ug/mL)

Hinh 3. Dap tmg liéu ciia PEG-CUR va curcumin trén dong té bao HepG2 nudi cdy don 16p. Tuong tng trén
dong HepG2 d6i v6i hai chat PEG-CUR va Curcumin lan luot, 1Cs¢=33,99 + 8,2 ug/ml, ICso=28,61 + 3,25
pg/ml. Do ham lugng curcumin trong PEG-CUR ctia mau nghién ctru 1a 13,26 %, nén ICs, ctia lugng curcumin
tuong tmg tc ché t& bao HepG2 chi 1a 4,50 pg/ml.

Két luan

Céc két qua nghién ctru cho thdy PEG hoa-
curcumin va phytosome curcumin lam tang tac
dung dugc ly cua curcumin, c6 kha nang phat
trién thanh cac san phim nhu moét thuc phdm
chtrc nang hé tro stc khoe, diéu tri bénh. San
pham phytosome curcumin va PEG hoa-
curcumin ting d6 hip thu so véi curcumin va
tang hiéu qua diéu trj cua curcumin. Trong cac
nghién ctru tiép theo, chung toi sé tién hanh
danh gia sinh kha dung in vivo cla phytosome
curcumin va PEG-CUR dé danh gia wu diém

ctia dang bao ché nay so voi curcumin tu do;
danh gid cac hoat tinh sinh hoc khac cua
phytosome curcumin va PEG-CUR nhu: chéng
viém, khang khuan va d4nh gi4 tac dung trc ché
té bao trén cac dong té bao ung thu khac va trén
md hinh in vivo.
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Preparing Phytosome Curcumin and PEG-CUR Complex

Bui Thanh Tung, Nguyen Thanh Hai, Phan Ke Son
VNU School of Medicine and Pharmacy, 144 Xuan Thuy, Cau Giay, Hanoi, Vietnam

Abstract: Despite curcumin’s numerous pharmacological effects, it has been limitedly used in
clinical practice due its low bioavailability. In this study, phytosome curcumin and PEG-CUR
complex were prepared to increase their bioavailability. Phytosome curcumin was prepared by
reaction between curcumin and phosphatidylcholine; PEG-CUR was prepared by reaction between
curcumin and PEG. Phytosome curcumin and PEG-CUR were characterized by '"H NMR, FTIR and
DSC analysis. The physicochemical parameters such as zeta potential, size distribution, solubility and
curcumin content were also investigated. The amount of curcumin in phytosome curcumin was 25.71
+ 0.46 % and in PEG-CUR was 13.26 £ 1.25 %. Phytosome curcumin has the size of 131.8 nm and the
zeta potential of -48.4 mV, while PEG-CUR has the size of 96.3 nm and the zeta potential of -44.5
mV. The solubility of phytosome curcumin and PEG-CUR in certain media was higher than that of
free curcumin. The in vivo assay showed that phytosome curcumin had stronger hepatoprotective
effect in comparison with free curcumin. The administration of phytosome curcumin effectively
suppressed paracetamol-induced liver injury evidenced by a reduction in lipid peroxidation level, and
elevated enzymatic antioxidant activities of superoxide dismutase, catalase, and glutathione peroxidase
in mice liver tissues. The study results also show that the cytotoxicity effect of PEG-CUR was much
greater than that of free curcumin in HepG2 and HCT116 cancer cell lines.

Keywords: Curcumin, phytosome, PEGylation, solubility, cytotoxicity, hepatoprotective.



