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LOT CAM DOAN

T6i xin cam doan d& tai nghién ctru trong ludn vin nay 1a cong trinh nghién
ctru ctia t6i dua trén nhitng tai liéu, s6 liéu do chinh toi tu tim hiéu va nghién ciu.
Chinh vi vy, cac két qua nghién ctru ddm bao trung thuc va khach quan nhat.
Pong thoi, két qua nay chua timg xuéat hién trong bat ctr mét nghién ciru ndo. Cac
sb liéu, két qua néu trong luén van la trung thue néu sai téi hoan chiu trach nhiém
trudc phat lugt.

Tac gid ludn vin

B

Lé Hong Nhung
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LOI CAM ON

Luan vian duge hoan thanh tai Vién Hoa hoc cac Hop chéat Thién
nhién va Hoc vién Khoa hoc va Céng nghé, Vién Han 15111 Khoa hoc va
Coéng nghé Viét Nam. Trong qué trinh nghién ctru, tac gia da nhén duoc sy
gilip d& quy bau cia céc thiy cb, ddng nghiép, ban bé va gia dinh.

T6i bay t6 long biét on siu sdc, cam phuc va kinh trong nhat téi
PGS.TS. Trin Quéc Toan, nguoi thiy da huéng dan tin tinh, chu do va
tao moi diéu kién thuin loi gitp d& t6i trong thoi gian thuc hién luén van.s

Téi chan thanh cam on Ban lanh dao Vién Hoa hoc cidc Hop chét
Thién nhién, Hoc vién Khoa hoc va Cong nghé va can bd cic phong ban da
tao moi didu kién thuan loi dé t&i hoan thanh céc thi tuc trong qué trinh
thuc hién va bao vé luan vin.

T6i tran trong cam on cic can by Trung tim Phat trién San phém
thién nhién va Cong nghé - Thiét bi, Vién Hoa hoc cac Hop chat Thién
nhién danhiét tinh gitp d& va tao moi diéu kién cho tbi trong qua trinh lam
thuc nghiém va hoan thanh luén van.

Cuédi cing, t6i bay t6 1ong biét on chan thanh va su sic nhat t6i gia
dinh,ban bé va nguoi than d3 luén quan tdm, dong vién, khich 1€ t6i trong
subt qua trinh hoc tip va nghién ctru.

T6i tran trong cam on!

Tac gia lu@n van

v

Lé Hong Nhung
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MO PAU

Theo théng ké ctia t6 chirc Y té thé gigi (WHO), trén thé gidi hién nay co
trén 14 triéu nguoi mac ung thu va sé ngudi tir vong hang nim do ung thu 13 8,2
triéu ngudi/ndm. Viét Nam hién nay 1a mot trong nhiing nudce c6 toc do méc ung
thu ngdy cang cao v6i trung binh mdi ngay c6 trén 300 ngudi chét vi ung thu.
Cung vé6i su phat trién ctia cac phuong phap diéu tri ung thu méi st dung cac ky
thuat va thiét bi hién dai, cac thuéc & ché pham diéu tri, hd tro diéu tri va phong
ngira ung thu moi ludn 1a yéu cau cap thiét duoc dit ra cho cac nha nghién ctru.
Trong d6, ca hai hudng nghién ctru 13 tim kiém cac hoat chit méi va nghién ctru
phat trién cac dang bao ché dua trén céac vat liéu khac nhau ludn 1 huéng nghién
ctru duoc vu tién hang dau.

Trong linh vuc nghién ciru tim kiém, phat trién cac hoat chat c6 hiéu luc
phong ngtra va diéu tri cac bénh ung thu ¢ Viét Nam trong nhitng nim qua co
nhimg budc phat trién nhat dinh. Tir cic ngudén nguyén liéu thién nhién va tong
hop, da phat hién dugc hang ngan hop chat co hoat tinh gay doc té bao, c6 tiém
nang phat trién thanh nguyén liéu dé san xuat cac san pham diéu tri va hd trg didu
trj cac bénh ung thu. Trong linh vuc phét trién cac thudc generic, Viét Nam da
san xuat thanh cong & quy md pilot mot sd cac thudc chéng ung thu hang dau thé
gi61 nhu taxol, taxotere, vinblastin ... Theo xu hudng nay, cac nha khoa hoc Viét
Nam hién nay tiép tuc cac nghién ctru tim kiém dé phat hién cac hoat chat méi co
tac dung phong ngtra va hd tro diéu tri cac bénh ung thu.

Tai Viét Nam cong nghé nano con 1a mot linh vuc con kha méi mé nhung
da thu hat dugc sy quan tam cua kha nhiéu nha khoa hoc va di thu duoc mot sb
thanh tuu trong trong cac nganh vat li¢u dién tir, quang dién tir, vat liéu tu... Tuy
vy, img dung trong linh vuc Sinh hoc va Y hoc, cong nghé Nano van con kha
moi mé va dugc quan tdm nghién ctru cach diy chua l1au (2010 dén nay) trong
mot sb chuong trinh Nha nudc (nhu dé tai NCCB, NCCB dinh hudng g dung,
cac chuong trinh KC nhu KC 02, KC04, KC 10...). Nhitng nghién clru nay tap
trung phan 16n theo hudng van chuyén thude dén cac té bao bénh & mirc phan tir,
trong do vi¢c tan dung hat nano lam "vat tai" trong viéc mang thubc va nha thude
dung "dia chi" trd thanh hudng nghién ciru “néng” trong nghién ciru phat trién
thudc chéng ung thu thé hé méi.
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Pi theo hudng nghién ctru nay ching ta c6 thé manh dan dé xuat mot sb ¥
tudng nghién ciru ing dung cong nghé nano liposome dé cai thién kha ning hép
thu mét sd hoat chit ¢6 hoat tinh sinh hoc cao nhung kha nang hép thu vao co thé
lai rat thap do dic tinh ky nudc, kho hoa tan trong nude. Chinh vi vy, trong dé
tai nay, chiing toi tién hanh “Nghién ctru liposome héa hoat chat a—Mangostin va
danh gia hoat tinh gay doc té bao ung thu”

Muc dich nghién ctru:

- Phan lap thanh cong hoat chit a-Mangostin tir vo qua ming cut voi hiéu
suét tbi uu.

- Téng hop Charge Conversion Polymer

- Téng hop dugc hé liposome mang a-mangostin c6 Charge Conversion

Polymer va nghién ctru dic diém cta hé.

- Thir nghiém danh gia duoc kha niang diéu tri ung thu ciia hé liposome mang o-
mangostin thong qua thir nghiém in vitro.

No1 dung nghién ctru:

1. Xay dung quy trinh chiét xuat va phan lap hop chat a-Mangostin ¢ diéu
kién t6i uu.

2. Tong hop Charge Conversion Polymer

3. Tong hop Liposome chira a-Mangostin c6 gan CCP va danh gia hé

4. Panh gia doc tinh té bao ung thu cua liposome chita a-mangostin c6 gan CCP
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Chuwong 1. TONG QUAN NGHIEN CUU

1.1. Gidi thiéu chung vé a-Mangostin

a-Mangostin 1& mét trong nhitng din xuét xanthone c6 trong vo cua
Garcinia mangostana L. — cdy mang cut duoc trong chu yéu ¢ Thai Lan, Viét
Nam, Indonesia va cac nudc nhiét d6i khac. Hop chét nay dong vai tro chinh
trong hau hét cac hoat dong sinh hoc cua Garcinia mangostana duoc su dung
rong rai trong céc loai thudc co truyén. Trude day, nhiéu nghién ctu in vitro va
in vivo di chitng minh rang a-mangostin ¢4 nhiéu loi ich ti stc khoé va a-
Mangostin dugc biét dén nhiéu nhat trong viéc chdng ung thu.

14 15

Hinh 1. 1:Hoat chdt a -Mangostin

o-Mangostin c¢6 cong thirc phan tir 13 C2aH260s va cu triic xanthone voi
mot nhdm methoxy tai C7 va ba nhom hydroxy tai C1, C3, C6. Cau tric nay la
co s& cho hoat tinh sinh hoc manh mé cua hop chét trong vi¢c Uc ché cac géc tu
do va cac qué trinh viém nhiém lién quan dén ung thu.

Ham luong a-Mangostin trong vé ming cut dao dong tir 5-10% khéi lugng
kho, va mot s6 gidng ming cut c6 thé dat dén 17% ham luong [1].

Quy trinh chiét xuat a-Mangostin phd bién nhét 13 st dung dung méi
ethanol hodc methanol. Quy trinh bat dau bang viéc rira sach, 1am kho va nghién
nhd vé mang cut thanh bot min. Bt nay sau d6 dugc ngdm trong dung moi
ethanol & nhi¢t do khoang 60°C, véi thoi gian chiét xuét tdi wu khoang 1 gio.
Dich chiét sau d6 dugc loc dé loai bo ba, va c6 dic dé thu duoc a-Mangostin tinh
khiét. Cac diéu kién nhu ty 1& dung moi/dugc liéu va thoi gian chiét xuat ¢ anh
hudng 16n dén hiéu suat thu hdi a-Mangostin. Nghién ctru cia Huynh Thi Nhu
Quynh va cong su (2024) cho thiy viéc str dung ethanol 90%, ty 16 dung méi/dugc
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liéu 14 8:1, nhiét 6 chiét xuat & mirc 60°C va thoi gian chiét xuét 1 gio giup tang
hiéu suét chiét xuat 1én dén 85,01% [2]. Viéc tdi uvu hoa quy trinh khong chi nang
cao hiéu sudt ma con giam thiéu chi phi, cho phép tmg dung a-Mangostin trong
cac san pham cham soc stc khoe véi mue gia hop 1y.

Vé tmg dung y hoc, a-Mangostin da duoc thir nghiém trén cac dong té bao
ung thu nhu ung thu gan, phéi, va dic biét 12 ung thu va. Nghién ciru tién 1am
sang cho thdy o-Mangostin ¢ thé trc ché tang sinh té bao ung thu v MCF-7 voi
hiéu qua 1én dén 70% & liéu diéu tri tiéu chudn [3].Thir nghiém trén chudt cho
thdy o-Mangostin giam kich thuéc khdi u trung binh 40-50% sau 4 tuan sir dung
v6i lidu 20 mg/kg [4], cho thay tiém nang 16n trong diéu tri ung thu.

Tuy nhién, a-Mangostin ciing gip phai mot sé han ché. D6 tan trong nude
ctia hop chat rat thip (khoang 0.05 mg/mL), gdy kho khin trong viéc hip thu qua
duong tiéu hoa va dan dén kha niang sinh kha dung kém trong co thé [5]. Bén
canh d6, cac nghién ctru ciing chi ra rang viéc sir dung a-Mangostin & liéu cao co
thé gy doc tinh cho gan va than, dong thoi mot s6 dong té bao ung thur co thé

phat trién co ché khang lai a-Mangostin sau thoi gian dai diéu tri [6].
1.2.  Heé théng din truyén thuéc (Drug delivery system - DDS)
1.2.1. Gi6i thiéu chung vé DDS

Hé théng dan truyén thudc (Drug delivery system - DDS) 1a mot co ché
gitip cung cdp thude vao co thé thong qua cac con duong khac nhau nhu miéng,
tiém, hit, hodc tiém tryuc tiép vao ving bi anh hudng. Pay 1a mot cong nghé quan
trong trong linh vyc y té va dugc str dung rong rii trong diéu tri cac bénh 1y khac
nhau.

Cac hé thdng cung cap thudc ¢ thé duoc thiét ké dé cung cip thude & dang
rai rac hodc 16ng thong qua duong mi¢ng hodc tiém truc tiép vao co thé. Céac hé
thng nay cé thé duogc tuy chinh dé cung cap liéu thude chinh xac vao thoi diém
va vi tri can thiét, gitp gidm thiéu tac dung phu va tang hiéu qua diéu tri. Mot sb
hé thong cung cap thudc phd bién bao gom: thude dang vién, thudc tiém, thude
b6t hit va thudc da. Cac hé thong nay co thé dugc thiét ké dé cung cap thudc trong

khoang thoi gian ngan hodc dai han, tuy thudc vao muc dich diéu tri [7].
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Hién nay, hé thdng dan truyén thudc hudng dich d tro thanh mot cong
nghé quan trong trong viéc diéu tri nhidu bénh 1y khac nhau nhu ung thu, tiéu
duong, bénh tim mach va bénh Parkinson. N6 da gitp cai thién chét luong cudc

song ctia nhiéu bénh nhan va 13 mot phan khong thé thiéu trong linh vuc y té [8].
1.2.2. Mot s6 hé din truyén thudc

Hé théng van chuyén thudc nano duge chia thanh nhiéu loai khac nhau dua
trén diém xuit phat st dung thudc nhu mét, mii, miéng, da hodc muc ti€éu phan
phéi thude truc tiép hay gian tiép. Cac hé théng van chuyén thudc duoc tmg dung
nhiéu nhat la liposome, mixen, dendrimer, hat nano silica, hat nano vang, hat nano
oxit st siéu thuén tir (SPION), dng nano carbon va hat luong ttr [9]. Tuy vao cac
dic tinh khac nhau cia mdi hop chét co hoat tinh sinh hoc ma cac hé thong phan

phéi thude phi hop dugc can nhic va sir dung.
Hat nano phi kim

Silic va cacbon 1a nhitng phi kim gan lién voi doi song con nguoi. Do cac
dic tinh vat 1y/hoa hoc ciing nhu lgi thé vé chi phi thip va kha ning tuong thich
sinh hoc cao, chung c6 thé duoc st dung dé tao ra cac chét mang nano giup chan
doan va diéu trj ung thu [10]. Nhitng nam gan day, cac NP phi kim loai nhu NP
silicon (SiNP), SiNP xdp (PSiNP), graphene va graphene oxide (GO) di noi 1én
nhu mot linh viuc méi, dic biét 1a dé phat trién cac hé thong phan phdi thude trong
diéu trj ung thu [11].

8-Nanocarriers
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Hinh 1. 2: Cdc hat nano vin chuyén thuéc



Hat nano kim logi

Kim loai 14 cac nguyén td ty nhién trén Trai dat duoc ing dung trong nhiéu
linh vuc khac nhau nhu c6ng nghiép, ndng nghiép, y hoc va cudc sdng hang ngay
cua ching ta. V& vét liéu nano, kim loai cling da dugc st dung dé téng hop céc
hat nano kim loai (MtNP) [12]. AgNP, AuNP, ZnONP, Fe,OsNP, CuONP va
Al,O3NP 1a nhitng vat liéu pho bién nhat dugc sir dung dé tong hop MtNP [13].
MNP, khong chi c6 cac dac tinh hoa ly dac trung cua ri€ng chiing ma con chira
cac dac tinh khang khuan, chéng ung thu, xtc tac, quang hoc, dién tir va tur tinh;
da dugc img dung rong rai trong céac linh vuc khac nhau nhu sinh hoc, thuc phém,
noéng nghiép, k¥ thuat, dién tir, my pham va y hoc; va ciing da duoc sir dung trong
thie pham va cac thiét bi y sinh [14]. Cac nghién ctru da chi ra ring AgNP va
AUNP duoc sir dung rong rai trong nghién ctru ung thu vi tinh gay doc té bao cia
ching [15]. Ngoai viéc duge sir dung mot minh, cac NP nay ciing c6 thé két hop
v6i cac chat phan tir sinh hoc nhu peptide, khang thé va DNA/RNA hoic
oligonucleotide, v.v. [16]. Zhou va cong su (2016) da nghién ctru cac dau do nano
AgNPs@MnO, -DOX-Apt dua trén AgNPs@MnO; nap DOX duoc bién dbi
bang aptamer (Apt) AS1411 (mot aptamer (Apt) giau phosphodiester giau G ¢
kha ning chdng tang sinh) c6 thé nham muyc tiéu nucleolin trén bé mit cta cac té
bao Hela [17]. Sau khi dugc dua vao té bao, AgNPs@MnO,-DOX-Apt co thé
giai phong AgNPs va DOX thong qua glutathione (GSH) khir MnO, thanh Mn*2,
Nghién ctru cho thiy ring ca AgNP va DOX déu c6 thé giy doc té bao va xac
minh rang doc tinh chu yéu 13 do qué trinh chét theo chuong trinh cua cac loai
oxy phan tng (ROS) giy ra tir ty thé. So voi AgNPs@MnO,-Apt va MnO,-DOX-
Apt, AgNPs@MnO,-DOX-Apt c6 hiéu qua diéu tri manh hon do sy hiép luc cia
AgNPs va DOX.

Hat nano tzr polymer tw nhién

Glycan (chitosan) hodc protein (albumin va ferritin) 1a vat li¢u phan tur ty
nhién thuong duoc sir dung dé tao ra cac chat mang van chuyén [10]. Chitosan
(CS), mot din xuat cta chitin, 1a mot polyme sinh hoc ti nhién c6 kha ning twong
thich sinh hoc, kha nang phan huty sinh hoc, khong doc hai, hoat tinh khang khuén,
kha nang chita lanh vét thuong va dic tinh chéng ung thu [11]. Do nhitng dic
tinh nay, no cé nhiéu ung dung nhu vat li¢u sinh hoc cho k¥ thuat mé va chira



7

lanh vét thuong, va 1a chat mang dé van chuyén thudc, gen va polypeptide [13].
Tuy nhién, kha ning hoa tan kém ctia CS trong nudc 1am han ché tmg dung cua
né6. Dé khic phuc khiém khuyét nay, cac nhom chirc cua CS di dugc bién doi boi
cic nhoém hydroxyl va amino dé tao thanh cidc dan xudt cia CS nhu
carboxymethyl CS (CMC) giup cai thién kha niang hoa tan ctia CS bang cach
carboxymethyl hoa nhur mot bién dbi wa nude c6 nhiéu tng dung y sinh nhu chira
lanh vét thuong, hinh anh sinh hoc, k¥ thuat mé va phan phéi thudc/gen [14]. Hon
nira, cic NP CMC da thu duoc bang lién két ngang ion cia CMC véi TPP hoic
CaCl, [15]. Cac NP duoc diéu ché boi cac din xuat CS va CS thudng cé dién tich
bé mat duong va dic tinh két dinh niém mac c6 thé bam vao mang nhay va giai
phong luong thuéec mot cach bén vimg [16]. Cac NP dua trén CS c6 nhiéu tng
dung khac nhau trong viéc cung cip thudc ngoai duong tiéu hoa dé diéu tri ung
thu. Cac NP CS ciing thé hién kha ning giai phong thude phu thudc vao pH do
kha ning hoa tan cua CS. Cac dan xuat CS lam thay doi qua trinh giai phong
thudc tir cac NP, ¢t kha ning giai phong thude co thé diéu chinh dugc va tac dong
dén dic tinh dugc dong hoc cua thude duge nap [10]. Dé cai thién hon nira hiéu
qua phan phdi va tinh dic hiéu ctia bénh ung thu, ngudi ta dd nhin manh vao viée
phat trién cac NP dua trén CS véi kha nang nham muc tiéu khdi u tich cuc. Nham
muc tiéu tich cuc co thé dat duoc bﬁng cach chirc niang hoa CS va cac dan Xuét
ctia né véi cac phdi tr nham muyc tiéu khdi u, chang han nhu axit folic (FA),
khang thé, peptide, biotin va avidin, c6 thé nhan biét va lién két v6i cac thy thé
cu thé danh riéng cho té bao ung thu [11]. FA-OCMCS c¢6 thé xdy dung mot hé
thong phan ph6éi RNA can thiép nho (siRNA) thong qua tuong tac tinh dién cing
v6i N-2-HACC. N-2-HACC c¢6 thé dong goi siRNA mot cach hiéu qua vao FA-
OCMCS, pht hop cho qua trinh ndi hoa té bao. O ddy, cac NP FA-OCMCS/N-2-
HACC/siSTAT?3 cua hé théng nhim muc tiéu kép dugc chuén bj bé'mg cach tu lép
rap dién tr bao gdbm OCMCS lién hop FA va N-2-HACC/siSTAT3, nhiam vao
cac thu thé folate dugc biéu hién qua muc trén bé mat cua ca té bao LLC va dai
thuc bao loai M2. Cac NP gay ra qua trinh chét theo chuong trinh ciia té bao khéi
u va chat mang FA-OCMCS/N-2-HACC bao vé siSTAT3 khoi sy thoai bién cta
huyét thanh [12].

Exosomes



8

Exosome la céc ti ngoai bao duoc tiét ra boi cac té bao dong vat co vu.
Chuiing bao gdm mdt mang té bao 16p kép phospholipid, 1 cac cau tric hinh cbc
c6 kich thuée nano (50 &én 100 nm) dudi kinh hién vi dién tir truyén qua [7]. CO
nhiéu loai protein va protein phdi tir dugc dan nhan khac nhau trén bé mit cia
exosome, bao gdm ALIX, tetraspanin (CD9, CD63, CD81), integrins va cac phan
tr bam dinh té bao (CAM) phan anh ngudn gdc ndi sinh ctia chiing, cac phan tir
nay gan vao va van chuyén tai trong ctia chung t6i té bao muc tiéu [18]. Exosome
¢6 tinh On dinh, kha ning twong thich sinh hoc, kha ning mién dich thép va doc
tinh thap trong luu thong va co thé duge sit dung dé nhim muc tiéu cac mod
va/hodc co quan bénh dua trén dic tinh va ngudn gdc ctia chung véi xu hudng té
bao cy thé [19]. Gan day, cac NP md phong sinh hoc exosome, dugc xay dung
b1 exosome dudi dang vat liéu sinh hoc tu nhién va cac NP c6 chuc nang, da thu
hat nhiéu sy chii ¥ nhu mot nén tang phan phdi thudc hiéu qua [9]. N6i chung,
cac NP mo phong sinh hoc exosome dugc hop nhat bang cac chu ky ép dun vat
1y hodc dong bang/tan bang lap di lap lai, diéu nay c6 thé anh huong dén tinh toan
ven cua protein trén mang exosome, giy trd ngai cho liéu phap diéu tri ung thu
[7]. O day, cac PSiNP phat quang di duoc sir dung dé tong hop mot té bao khoi
u tuong thich sinh hoc - cac PSINP mo6 phong sinh hoc exosome (E-PSiNP) da
duoc loai bo té bao nhu mot chit mang thude cho hoa tri liéu ung thu nhim muc
ti€u nho kha nang tai thude tuyét voi, kha nang tuong thich sinh hoc cao va kha
nang phan hily sinh hoc [19]. C6 thé sir dung cac PSiNP dugc nap DOX c¢6 vo
boc exosome (DOX@E-PSiNP) 1am vat mang dé phan phdi nham muc tiéu DOX.
Trong 6ng nghiém, DOX@E-PSiNP c6 thé gy ra biéu hién thap cia protein da
khang P-glycoprotein (P-gp), dan dén giam tinh luu dong ctia mang té bao, gitp
ting cudng kha nang luwu giit ndi bao va kha niang nham muc tiéu ctia nd dén cac
té bao khdi u duoc diéu chinh bsi CD54 (ICAM1) , 1am cho chung thé hién sy
hap thu té bao manh mé [9]. So véi DOX hoic DOX@PSiNP mién phi, DOX@E-
PSiNP c6 kha ning gay doc té bao tuyét voi hon ddi vai té bao gbe ung thu (CSC).
In vivo , sau khi tiém tinh mach, DOX @ E-PSiNP cho thay su tich liy khdi u
ting cudng, su xAm nhap cua khéi u va sy hap thu té bao phan tmg chéo cua cac
té bao ung thu s6 luong 16n va CSC, dan dén lam giau DOX ting cudng trong
tong s t& bao khéi u va té bao dan sb bén, diéu nay c6 thé tiép tuc cai thién hiéu

qua chong ung thu [10].



Dendrimers

Donald A Tomalia da thanh cong trong viéc tao ra dendrimer poly
(amidoamine) (PAMAM) dau tién vao nam 1979 va lan dau tién xudt ban tac
pham c6 anh huoéng 16n cta minh vao nim 1985 [10]. Dendrimers 1a mot loai
polyme dudi gai tong hop tuong ddi méi voi cdu tric nano dai phéan tir tong hop
béac thang (1-100 nm) ba chiéu, phan nhanh, phéan tan cao, tong hop timg budc
[12]. Cau tric dendrimer dwa ra mot chién luoc méi dé hoa tan cac thube khong
tan trong nudc va c6 ba vi tri chinh dé biy thudc bang cach sir dung cac co ché
khac nhau, bao gém cac khoang trong (bang bay phan ttr), cac diém phan nhanh
(bang lién két hydro) va cac nhom bé mit bén ngoai (bang dién tich— twong tac
dién tich), cung cép mot thudc tinh vat chira nano duy nhét dé van chuyén thube
[13]. N6 ciing cung cAp mdt nén tang da tri dé lién két nhidu myc tiéu sinh hoc
cai thién hiéu qua diéu tri, da duogc st dung dé san xuét mot loai thudc nano maéi
cho cic phuong phép diéu tri khang vi-rat va chong viém [18]. Dendrimers da
duoc bao cdo 1a lam ting kha ning tham thiu qua da va nhim muc tiéu thudc cu
thé [20]. La mot phuwong phap phan phdi hap dan cho cac chién luge diéu tri chéng
viém tiém ning, dendrimers da phan phéi thanh cong indomethacin qua dudng
tham thdu qua da nhu mot chat ting cudng tham thau qua da [20,21]. Tuy nhién,
vé diéu tri ung thu, phan phdi nhim muc tiéu dua trén dendrimers 1a cong cu
khong thé thiéu duoc str dung rong rai nhat va c6 kha nang twong thich sinh hoc
cao véi tac dung phu thap d6i v6i té bao binh thuong, chirc nang mién dich va
cac thanh phan mau, dong thoi ting cudng kha ning hoa tan, on dinh va kha dung
sinh hoc dudong udng. cua cac loai thubc chéng ung thu khac nhau [21]. Céc
dendrimer ghép véi Trastuzumab (TZ) dd duoc tong hop dé dat dugc kha ning
phan phdi DTX hiéu qua dén cac té bao ung thu vii dwong tinh véi thy thé yéu td
ting truong biéu bi 2 (HER2) & ngudi, dong thoi chon loc hon va ¢6 hoat tinh
khang tang sinh cao hon so vdi cac t& bao am tinh HER2 [19]. So véi céc
dendrimer khong lién hop, cac dendrimer lién hop TZ thé hién kha ning nhim
muc ti€u manh hon va qua trinh ndi hoa té bao cao hon, déng thoi doc tinh tan
huyét thap hon va thoi gian ban huy luu théng dai hon [19]. Hon nita, mic do
ROS, tiém ning mang ty thé, phan b chu ky té bao va hoat dong cua caspase 3/7,
8 va 9 cua lién hop PAMAM-DTX-TZ da dugc xac dinh va so sanh vo1 DTX tu
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do. Nhitng phat hién nay co thé gitp phat trién ho so diéu trj tét hon dbi voi bénh
ung thu va duong tinh véi HER2 d6i véi DTX [22].

1.2.3. Tiém niing &ng dung hé théng dan truyén thudc huéng dich

Ung dung cua hé thdng cung cap thudc 1a rat da dang. Mot trong nhiing
g dung phd bién nhét 13 diéu tri ung thu. Hé théng cung cip thude gitip dua cac
loai thudc truc tiép vao vung ung thu, giam thiéu tac dung phu cta thudc va ting
hiéu qua diéu trj [21]. Cac hé thdng cung cip thudc duge sir dung dé cung céap
cac loai thudc hoa tri, bao gém ca céac loai thudc méi nhu siRNA va DNAzyme,

cho phép viéc ché tao thudc tryc tiép tai vi tri bj anh huéng [7].

Hé thong cung cap thudc cling duoc str dung dé diéu tri bénh tiéu dudng.
Céc loai thudc c6 thé duge cung cap qua duong tiém, dudi dang vién, hay thong
qua cac thiét bi tiém insulin tur dong. Hé théng nay giup dua thudc truc tiép vao

co thé, giam thiéu tac dung phu va ting hiéu qua diéu tri [19].

Trong linh vuc bénh tim mach, hé théng cung cap thudc duogc sir dung dé
diéu tri cac bénh Iy nhu suy tim va bénh mach vanh. Céc loai thube co thé dugc
cung cap qua dudng tiém, thong qua cac thiét bi tao dong chay lién tuc, hodc dugc
cung cip qua mang nhén tao [9]. Hé théng nay giup dua thudc truc tiép vao co

thé va giam thiéu tic dung phu cua thude.

Hé théng cung cip thudc ciing duoc sir dung dé diéu tri bénh Parkinson.
Céc loai thudc c6 thé duoc cung cap qua dudng miéng hodc qua thiét bi tiém
insulin tu dong. Hé théng nay giup dua thude tryc tiép vao co thé va giam thiéu
tac dung phu cta thube [10].

1.3. Liposome vin chuyén thuéc
1.3.1. Gioi thi¢u vé Liposome

Liposome dugc ing dung nhiéu trong linh vuc bao ché thuéc nho 4 tinh
nang: Hoa tan hiéu qua cac khoang chat kho tan nhu sat, magie, kém...; ting kha
nang hap thu ciia mang té bao véi hoat chit; giam thiéu tac dung phu cta thudc
diéu tri ung thu véi co thé; cung cip phospholipid gitp bao vé da day, ta trang
khoi viém loét [23]. Liposome dugc phat minh vao nam 1965 bdi nha khoa hoc
ngudi Anh tén 1a Alec Douglas Bangham. Ban dau, n6 c6 cau trac kha don gian

va con nhiéu khuyét diém. Trai qua nhiéu nam, cong nghé Liposome ngay cang
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hoan thi¢n va hién nay, n6 duoc iing dung rong rai trong nhiéu linh vuc khac nhau
nhu my pham, duoc my pham va duoc pham [23,24]. Liposome la nhiing hat co
cau trac hinh cau, bao gdm mdt nhan nude & giita, bao boc bdi vo phospholipid
g6m mot hay nhiéu 16p dugc mo ta 1an dau vao giita nhitng ndm 60 béi Bangham.
Trai qua hon 40 nam tiép tuc nghién ctru, phét trién va cai bién dang ban dau,
liposome ngdy cang dugc khang dinh 1a mot hé mang thudc, phan phdi thude
hang dau, dong vai trd quan trong trong viéc hinh thanh cac dang thudc nham cai

thién hi€u qua diéu tri.
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Hinh 1. 3: Céu triic ciia Liposome
Thanh phdn chinh ciia liposome

Thanh phan chinh ciia liposome bao gom phospholipid, cholesterol va

mot s6 chat hoat dong bé mat, c6 sy phu hop sinh hoc cao [25].

Phospholipid: Chiém ty 18 16n trong thanh phan cau tao cua liposome 1
phospholipid. Pay 1a mot loai lipid chira phospho va c6 cdu tric ludng tinh bao
gdm dau phosphate wa nudc va dudi hydrocarbon ky nudc duge lién két véi gbe
alcohol. Ban chét ludng tinh ly giai cho kha nang tu ap rap cua phospholipid
khi dua vao phan tan trong moi truong nudc, tao thanh 16p mang lipid kép, nhi
ho& dé 6n dinh nhii tuong. Phospholipid ciing 14 thanh phan chinh ctua mang té
bao. Do d6, liposome ¢ tinh twong hop cao véi té bao va md. Nho cau trac khép
kin c6 mot dau wa nude, mot dau ky nude ma cac hop chit nay ¢6 kha ning cudn
lai thanh c4c hat hinh cau véi cau tric 16p mang phospholipid kép [24].

Nguédn goc ciia phospholipid duoc str dung trong cac cong thire tong hop
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c6 thé 1a ty nhién, tong hop hoic ban tong hop. Liposome tong hop tir
phospholipid tu nhién thuong c6 do tuwong hop sinh hoc cao hon cac loai khac
[25].

St dung Liposome 1am hé van chuyén thudc trong co thé 1a mot hudng di
moi. Cong nghé Liposome dugc ap dung d6i voi thube chéng ung thu, cac doan
gene, protein tai td hop... Nho dac diém duoc dong hoc cua Liposome, cac hoat
chét s& dugc van chuyén dén té bao dich chinh xéc, gitp nang cao hiéu qua diéu

tri, giam doc tinh so véi dang thudc truyén thong [26].

Liposome

Mang tfé bao

Té bao chat

Hinh 1. 4: Céu triic mang lipid ciia Liposome twong dong véi cdu triic mang

Trong diéu ché dugc pham, cong nghé Liposome con gitip cac hoat chat kém
tan tham thau vao thanh rudt non, gitip co thé hap thu nhanh va ting hiéu qua diéu
tri. Sat 1d mot trong nhitng chat khoé tan cé thé tng dung cong nghé Liposome,
khién nguoi uong khong cam thay vi tanh dic trung cua kim loai. Ngoai ra, cac
hién twong kho chiu thudng gip khi udng vién sat nhu ¢ néng, budn non, tao

bon... cling giam dang ké [27].

Khi cac phan tir nay dugc dong géi trong cdu trac liposome thi sy tich tu tai
khéi u tang gap 2-3 lan. Cac thube dugc dong géi trong liposome dé dang ting
kha nang tudn hoan trong mau dong thoi ting cuong lang dong tai cac khéi u, bao
vé thube tranh cac qué trinh chuyén hoa ciing nhu 1 phan phéi thude dén cac mo
ung tha, han ché dén cac mé lanh, ting cuong hap thu trong c4c co quan giau don
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bao, dai thuc bao don nhan va hé théng ludi ndi moi (gan, 1a lach, tuy xuong) va
giam hép thu tai than, co tim va ndo. Dé dat muc tiéu 1a cac khdi u, liposome phai
ton tai 1au trong vong tudn hoan mau, tiép can khéi u theo co ché thu dong bang
cach di qua cac khe hé thanh mach cua cac mé ung thu va cubi cung 1a tip trung
tai cac mO dich. Kha nang tap trung tai mo6 dich cta cac liposome nay duoc goi
1a hiéu Ung ting tinh tham va tinh luu giit (enhance permeability and retention
effect- EPR) [28].

u “ br-ong _~ Mbung thu
ra - : ‘
Lno?somo | ‘i —4‘._0 ‘l'f“"

> A 44 i, ! : ‘

‘ \.3 41 =T por - L_’_i?f
Mach méu, [‘ - \

d Lj Mo thwéng

Hinh 1. 5: Khd nang tdp trung tai mé dich cia Liposome dwa trén hiéu irng
EPR

Hiéu tng EPR duya trén su khac biét giita cau trdc cia cac mo ung thu va
cac mo thudng. Céc khdi u thudng chira mot luong 16n cdc mao mach giira cac té
bao noi md. Cac mach méau nudi khdi u thudng ¢ hinh dang bt thuong va co
nhitng khe hd. Cac khe hé caa 16p té bao 16t mang trong mach mau thuong co
duong kinh vuot qua 400 nm. Cac phan ta thude liposome c6 duong kinh nho
hon 400nm s& vuot qua duoc nhitng khe hé nay di vao khoi u va phong thich
thudc. Kich thudc cac khe hd ¢ nhitng mach mau cia cac mé binh thudng co
duong kinh nho hon 10 nm, khéng cho cac phan tir thube liposome di qua, vi vay
ngan chan thude dén cac mé lanh va gay hai [27]. Chinh nho dic tinh nay ma céac
hat kich thudc nano c6 thé dé dang thoat mach va tich tu tai khdi u. Nguoc lai cac
mo binh thudng cac té bao noi md két hop chat ché dan dén ngan ngira su khuéch
tan caa cac hat nano bén ngoai cac mach mau [28].
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Hinh 1. 6: Sw khdc biét gitta mach mdu ¢ moé binh thwong va mé ung thw

1.3.2. Cdc phwong phdp tong hop liposome vin chuyén thuéc

Phwong phap hydrate hoa mang mong lipid: dugc Alec Douglas
Bangham dwa ra vao nim 1964 va 1a mot trong nhitng phwong phap phd bién nhét
hién nay dung dé téng hop liposome. Co ché hinh thanh liposome theo phuong
phap Bangham Ia tao 16p mang phospholipid mong bang phuong phap cb quay
chan khong va bao boc 1ay dugc chat trong qua trinh hydrat hoa. Dugc chét ua
nuée thi hoa vao dung méi nude, duge chat ky nude thi cho vao dung méi hitu
co [23].

Tao mang lipid: Hoa tan hon hop lipid trong dung mai thich hop, ti 1¢ 10

- 20 mg lipid/1 ml dung méi, sau d6 boc hoi dung mdi dé tao thanh mang mong
lipid str dung thiét bi cat quay chan khong hodc dong kho lipid. Duogc chat c6
thé phéi hop va hoa tan vao dung méi hitu co cung véi cac lipid dé qua trinh bdc
hoi dung méi ciing tao diéu kién cho duoc chat lién két véi lipid [25].

Hydrate hoa: Hydrate hoa lipid vi moi truong hydrate, & nhiét d6 va thoi
gian thich hop, két hop quay téc do cao ting hoa tan dé tao thanh hon dich
liposome. Mbi truong hydrate hoa tuy theo loai lipid va muc dich mang thudc
co thé 13 nudc, dung dich NaCl 0,9 %, dung dich dém (citrat, phosphat,
Hepes...), dung dich duong (glucose, dextrose, sucrose...). M0i truong hydrate
hod c6 thé chira mudi, chat 6n dinh, dugc chat. Qua trinh hydrate hoa nén dugc
tién hanh ¢ nhiét 46 cao hon nhiét d6 chuyén pha cua lipid Tc khoang 10°C nham
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dam bao tinh linh dong trong qua trinh sip xép hé mang thudc, thong thuong tir
50ss-60 °C. Thoi gian hydrate hoa phu thudc vao loai phospholipid [23,25].

Phwong phap tiém ethanol. dugc Batzri va Korn m6 td nam 1973, con
duoc goi 1a phuong phap pha lodng ethanol hay tiém ethanol. Quy trinh bao ché
gdm céc budc: hoa tan phospholipid va cac thanh phan tao mang vao ethanol,
bom nhanh dung dich ndy vdo modi truong nudc cit hodc hé dém Tris
hydrochloric, két hop khuay tron. Do thay d6i dung mdi tao thanh cac SUV ¢6
kich thudc khoang 25 nm. St dung siéu loc dé loai ethanol va tinh ché liposome.
Liposome thu duoc ¢o kich thuée nho (30 - 110 nm) kha ddng nhat ma khéng
phai trai qua qua trinh siéu am. Uu diém cta phuong phéap nay 1a st dung dung
moi khong quéa doc nhu ethanol va dé dang mo rong quy mo [29].

Phwong phap tiém ether: Hoa tan duoc chit trong nude, dun cach thuydé
duy tri nhiét do khoang 55 — 65 °C. Hoa tan cac thanh phan tao mang liposome
vao ether hodc diethyl ether/methanol. Bom tur tir dung dich ether vao dung dich
nuée tir phia ddy, khi tiép xic v6i pha nudce, ether bc hoi dudi ap suét giam tao
thanh liposome khong dong nhat co kich thuéc 200 — 1000 nm. Phuong phép
tién hanh nhanh nhung hiéu suét tao liposome thap, duoc chat phai tiép xtic voi

nhiét d6 va dung méi, c6 thé anh hudéng ti d6 6n dinh ciia ché pham [25].

Phwong phdp boc hoi pha dio (Reverse — phase evaporation method) sir
dung cac dung moi hitu co nhu diethyl ether/isopropyl ether hozc hon hop cua
diethyl ether: chloroform (1:1 v/v) va hon hop cua chloroform: methanol (2:1
v/v) hoa tan phospholipid. Tién hanh bdc hoi dung méi dudi 4p suat giam. Hoa
tan trd lai hdn hop cac thanh phan bang mot dung méi khong tron 13n duocvéi
nude. Dé tao micelle dao, thém pha nudc va siéu am trong khoang thoi gianthich
hop cho dén khi tao thanh hé phan tan dang nhil twong nudc trong dau. CAc
micelle déo ¢ cdu trac gdm phospholipid don 16p bao quanh nhan nuéc. Sau
d6, boc hoi tir tir dudi 4p suét giam dé loai dung méi hitu co, khi d6 cac micelle
sat nhap vao nhau, hé chuyén sang trang thai gel. Tiép tuc qué trinh béc hoi dung
mdi, khi dat t6i diém gi6i han, trang thai gel bi bé gdy cac micelle bi pha v&
phospholipid tai sip xép tao cdu trac lipid kép va hinh thanh liposome. Uu diém
chinh cta phuong phap nay 1a ty 1& dong goi duoc chét cao, pht hop dé bao ché

liposome mang céac chat co cau truc phan tir cong kénh, kich thudclon nhu
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albumin. Tuy nhién, nhugc diém ctia phuong phap 1 tao ra cac liposome c¢6 kich
thude 16n, khong ddng nhat, trong qua trinh bao ché st dung nhiéu dung moi
hitu co, can c6 bién phap loai va kiém so&t dung mdi ton du va nhimmg kho khin
dé mé rong quy md [30].

Liposome sau khi duoc bao ché thudong c6 kich thudc 16n va da 16p nén
can cong doan tiép theo 1a giam va dong nhat kich thudc tiéu phan bang cac
phuong phap sau:

Phwong phap siéu &m: Liposome da 16p kich thudc 16n c6 thé phan chia
va tai tao thanh céc liposome don 16p Kich thude nho tir nang Iugng siéu dm st
dung thanh siéu 4m hozc bé siéu 4m. Thanh siéu 4m cho hiéu qua cao nhung chi
tac dung voi thé tich nho va d& 1am néng hodc dua tap vao mau, con bé siéuam
c6 thé &p dung cho luong 16n mau nhung kho kiém soat dugc kich thudce va do
dong nhat kich thuéc do kho kiém soat duoc cac thong sb siéu am [24].

Phwong phép nén/ ddy qua mang: Nguyén tic ciia phuong phap la day
liposome qua mang (polycarbonate) c6 kich thudc 16 xdp phu hop. Do d6
liposome da 16p 16n c6 thé bién dang va tré thanh liposome don 16p hodc
nanoliposome tuy theo kich thudc ciia mang. Thong thudng can day nhiéu chu
ky va str dung mang c6 kich thudc tir 16n dén nho dan. O quy md nho, st dung
thiét bj cam tay. V&i quy mé 16n, sir dung thiét bi nén ap suét cao véi khi tro
(con goi 14 dong nhat hod &p suét cao) dya trén nguyén tic sir dung &p suat lam
nhiéu loan dong chay cua hé phan tan, ting toc d6 va cham cta cac giot dan toi
cac tiéu phan dugc phan chia nho hon [24,28].

So sanh giita phuwong phap siéu am va phuong phap day qua mang voi thé
tich nho cho thdy phuong phap siéu am cd thé nhanh chong cho kich thudcenho,
con phuong phap ddy qua mang can lap lai nhidu chu ky méi giam duogc kich
thudc nhung d6 dong nhit cao hon. Ngoai ra, liposome co thé duoc donghda
bang phuong phap déng lanh - giai déng (freeze- thawed) hodc phuong phap Vi
hoéa 16ng (microfluidization) [28].

1.3.3. Cdc teng dung ciia liposome trong van chuyén thuéc hwong dich

Co ché vin chuyén hwéng dich ciia liposome



17

Liposome c6 thé duoc thiét ké dé tap trung vao cac té bao dich nho viéc
gan céc ligand bé mat, nhu khang thé hoic peptide, giup chiing nhan dién va lién
két v4i cac thu thé dic hiéu trén mang té& bao muc tiéu. Mot vi du 1a liposome gén
khang thé chéng HER2, cho phép thube nhim vao cac té bao ung thu va ¢ biéu
hién qua mic thy thé HER2 [25].

Ung dung liposome trong diéu tri ung thw

Céac thudc chéng ung thu nhu doxorubicin da dugc bao ché dudi dang
liposome, giup ting kha ning hap thu vao cac té bao ung thu va giam tac dung
phu trén té bao lanh. Liposome Doxil, mot san pham chira doxorubicin, cho thiy
hiéu qua cao trong diéu tri ung thu budng trimg va céc loai ung thu khac véi it
tac dung phu hon [31].

Ung dung liposome trong diéu tri cdc bénh nhiém triing

Liposome c6 kha ning cai thién hiéu qua ctia khang sinh bang cach ting
cudng kha nang thim nhap vao cac té bao nhiém khuan. Mot nghién ciru cho thay
liposome gan amikacin, mot khang sinh diéu tri nhiém khuan lao, giup ting hiéu
qua diét khuan khi str dung véi cac mo phoi bi nhiém [32].

Han ché va hudng cdi tién ciia liposome

Du liposome c6 nhiéu loi ich, chung van gdp phai han ché vé d bén va
thoi gian luu hanh ngin trong mau. Cac ky thudt cai tién nhu gian PEG
(polyethylene glycol) giup kéo dai thoi gian luu hanh cua liposome va giam su
nhan dién bai hé mién dich. Cac liposome PEGylated da cho thdy hiéu qua vuot
troi trong viéc phan phdi thudc hudng dich [33].

1.4.  Gidi phéng thudc khéi Endosome
1.4.1. Gidoi thiéu qua trinh Endosome

Endosome 12 mot bao quan ndi bao quan trong trong qua trinh van chuyén
va phan loai cac phan tir dugc té bao hap thu tir mdi truong ngoai bao. Qua trinh
hinh thanh endosome bat dau tir khi cac phan tir, nhu protein, lipid hodc thude,
gén két v6i cac thu thé dic hiéu trén mang té bao, kich hoat qua trinh nhap bao
(endocytosis). Trong giai doan dau, cac endosome sém hinh thanh tir mang té
bao, c6 pH twong ddi trung tinh (khoang 6.0-6.5). Cac endosome sém hoat dong
nhu mot tram phan loai, dua mot sb phan tr quay trd lai mang té bao hodc chuyén

vao cac endosome mudn [25].
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Khi chuyén sang giai doan endosome mudn, céc ti nay dan di chuyén sau
vao bén trong té bao va pH cua ching giam xudng khoang 5.0-6.0. Cubi cung,
endosome mudn hop nhét voi lysosome — bao quan chtra enzyme tiéu hoa c6 pH
rat thap (4.5-5.0), dé phan giai cac phan tir ngoai lai va thai ra cac thanh phan
khong can thiét hodc gay hai cho té bao. Doi véi cac hé théng van chuyén thudc,
qua trinh chuyén dbi pH trong endosome tao ra thach thic dang ké vi phan 16n
cac loai thubc co thé bi phan huy hodc bat hoat trong méi truong axit cua
lysosome trude khi dat dén dich diéu tri ndi bao [34]. Do d6, dé tang hiéu qua
diéu tri, viéc phat trién cac hé thong c6 kha ning giai phong thude khoi endosome
trude khi bi phan giai 14 can thiét va 1a mot linh vuc nghién ctru quan trong trong

duoc hoc va sinh hoc té bao.

1.4.2. Gidi thiéu vé polymer thay déi dién tich

Polymer thay d6i dién tich (charge-conversion polymer - CCP) 1a loai
polymer c6 kha nang thay d6i dién tich bé mit ctia minh khi gap cac diéu kién pH
khac nhau, dic biét tir pH trung tinh sang pH axit. O pH trung tinh (khoang 7.4,
nhu trong mau), cac polymer nay thuong mang dién tich Am dé giam thiéu tuong
tac khong mong mudn véi cac protein huyét thanh va han ché su loai bo ciia hé
théng mién dich, gitp duy tri su 6n dinh ctia hé théng van chuyén trong tuan hoan
mau. Tuy nhién, khi vao bén trong endosome — moi truong c6 pH axit hon — cac
nhom chire trén polymer hap thu proton (H*), chuyén d6i polymer tir dién tich Am
sang dién tich duong.

Mot vi du dién hinh 13 polymer PAsp(DET-Cit), trong d6 cdc nhom chirc
chtra citraconic anhydride dugc gan vao chudi bén cua polymer. Khi mdi truong
tr¢ nén axit, nhdm citraconic anhydride s€ thiy phan, gidi phong nhom amino va
lam tang dién tich duong trén bé mit polymer. Su thay doi dién tich nay khong
chi lam tang tuong tac véi mang endosome ma con giap pha v mang endosome,
tao diéu kién dé hé thdng giai phong thudc truc tiép vao bao twong cua té bao dich
[34]. Polymer chuyén d6i dién tich khong chi c¢é tiém ning trong van chuyén
thude diéu tri ung thu ma con ing dung rong rii trong diéu tri cac bénh 1y doi hoi
tinh chinh x4c cao nhu diéu tri gen va cac bénh ty mién dich.

1.4.3. Co ché gidgi phong khéi endosome ciia polymer thay déi dién tich
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Co ché giai phong thudc khoi endosome ctia polymer thay doi dién tich
dwa vao qua trinh chuyén dbi dién tich bé mit ciia polymer tir am sang duong khi
gip moi trudng axit trong endosome. Sau khi hé thong van chuyén chtra polymer
thay ddi dién tich duoc hép thu vao té bao qua qua trinh nhap bao, n6 s€ dugc bao
boc trong cac tui endosome. Trong endosome sém, pH khoang 6.0-6.5 gilp duy
tri dién tich am cua polymer, lam gidm tuong tac véi mang ndi bao va tranh sy
tuong tac khong mong mudn véi cac cau tric khéac trong té bao [34].

Khi endosome chuyén sang endosome mudn va pH giam xubng con
khoang 5.0-6.0, c4c nhom citraconic anhydride trén polymer bat dau thily phan,
gidi phong nhém amino, tir 46 1am tang dién tich duong cua polymer. Sy tich liy
dién tich duong trén bé mat polymer tao ra ap luc day 1én mang endosome, lam
gidn né mang va tham chi gay ra 15 hong trong mang endosome. Qua trinh nay
cho phép hé thdng van chuyén va thudc thoat ra khoi endosome trude khi chiing
hop nhat véi lysosome [34,25]. Pidu nay dic biét hiru ich déi voi cac hoat chét
nhu o-mangostin, mot hop chit chong ung thu, giup né giai phong vao méi trudng
bao twong dé tac dong 1én té bao dich ma khong bi phan huy trong méi trudng
axit [25].

Nghién ctru ctia Tan et al. (2018) d& chiing minh rang polymer PAsp(DET-
Cit) c6 kha ning tao ra sy chuyén dbi dién tich rd rét trong méi truong axit, gitip
tang kha ning pha vd mang endosome va giai phong thudc vao bao tuwong [34].
Khi pH ctia moi trudng giam tir 7.4 xudng 5.0, thé zeta cta hé théng chuyén d6i
tir am (-22.31 + 2.4 mV) sang duong, tao lyc diy manh véi mang endosome va
gay ra sy pha v& mang, gitp thudc thoat ra ngoai. Hinh anh kinh hién vi dién tur
truyén qua (TEM) cho thay cac hat liposome chira polymer PAsp(DET-Cit) c6
hinh thai cau 6n dinh trong mau, nhung khi vao méi truong axit cia endosome,
hinh thai va dién tich cua chung thay d6i, tao diéu kién cho su giai phong thude
[24].

Ngoai ra, cac két qua nghién ctru khic cho thay polymer chuyén doi dién
tich khong chi nang cao hiéu qua giai phong thudc ma con gitp ting cudng tinh
6n dinh ctia hé thong van chuyén trong tuan hoan mau. Cac nghién ctru trén dong
té bao ung thu cho thay ty 18 thudc dugc giai phong tir hé thong PAsp(DET-Cit)—
Toc dat dén 80% sau 24 gid trong moi trudng endosome md phong, so vai ty 16
chi 30-40% & cac polymer khong c6 kha ning chuyén doi dién tich [34,24]. Két
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qua nay chimg minh rang polymer PAsp(DET-Cit) c6 kha ning tdi wu hoa qua
trinh giai phong thudc nho co ché chuyén dbi dién tich trong moi truong axit, mo
ra tiém ning tmg dung rong rii trong cac hé théng van chuyén thudc hudng dich
trong diéu tri ung thu va cac bénh 1y khac [28].

Polymer chuyén doi dién tich PAsp(DET-Cit) khong chi chimg minh tinh
hiéu qua trong viéc giai phong thudc khoi endosome ma con dap tmg duoc yéu
cau an toan va 6n dinh trong co thé. Co ché chuyén ddi dién tich gitip ting hiéu
qua diéu tri, giam thiéu sy phan hity ctia thude trong lysosome va bao vé cac hoat
chat nhay cam khoi cac enzyme tiéu hoa [25,28]. Cac nghién ciru tiép tuc nhan
manh tiém ning ciia polymer nay trong viéc cai thién tinh hiéu qua va an toan cho
cac li¢u phap diéu trj hién dai, dic biét 1a cac liéu phap can do chinh x4c cao nhu

diéu tri gen va mién dich.
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Chuong 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU

Déi twong nghién ciru

2.1.1. Péi twong nghién ciru

-

=
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Hinh 2. 1:V6 qud mang cut
V6 qua mang cut dugc thu thap trén thi truong, cé nguén géc Viét Nam.

2.1.2. Vit ligu, hod chét va dung méi nghién civu

Cac dung mbi n-hexane va ethyl acetate dugc mua tr Thermo Fisher
Scientific (Waltham, MA, USA). Dioleoylphosphatidylcholine (DOPC),
Chloroform (CHCL3), Dulbecco's Modified EagleMedium (DMEM), Fetal
Bovine Serum (FBS) va Penicillin-Streptomycin (PS) dugc a-mangostin cua
Sigma-Aldrich (St. Louis, Missouri, USA). N-hydroxysuccinimide (NHS),
N,N-dimethylformamide (DMF), dicloromethane (DCM), methanol
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(MeOH), diethylenetriamine (DET), va N-methyl-2-pyrrolidone (NMP) déu
duoc cung cip boi Wako Pure Chemical Industries, Ltd. Cac hoa chat khac
duoc sir dung déu dat chat luvgng phén tich, va cac mang polycarbonate duoc
cung cap boi Whatman Inc. Kinh hién vi laser dong tiéu TCS SP5 AOBS
cling duogc sir dung dé quan sat va danh gia.

Tocopheryl succinate, 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide
hydrochloride (EDC), Benzyl-L-aspartate N-carboxy-anhydride (BLA-
NCA), n-butylamine, citraconic anhydride cua hang Sigma Aldrich (Hoa
Ky).

Lecithin dau nanh (Lec) duoc tach chiét tir hat dau nanh va Tocopherol (Toc)
duoc a-mangostin cua hdng Sigma Aldrich (Hoa Ky). Mang polycarbonate
kich thuéc 16 100 nm dugce cung cip bdi Avanti® Polar Lipids (Alabaster,
US). a-MG duoc phan 1ap tir vo méng cut trong phong thi nghiém. Nudc cat
ctia hang Sartorius (Ptrc), mang tham tach kich thudc 16 14.000 Da cua hing
Sigma Aldrich (Hoa Ky).

Té bao ung thu gan (HepG2) duoc cung cip boi American Type Culture
Collection (Manassas, VA, USA).

Phuwong phap nghién ciru

2.2.1. Phdn ldp a-Mangostin tir vo qud mdng cut
2.2.1.1. Xdy dung quy trinh tién xir Iy nguyén liéu

Vo qua Phan loai V6 tuoi Chit nho
mang cut
A A Say diét men
Bot Nghién LA y di¢ >
U N Say kho ¢ (110°C, 15
nglg}/en nho ¢ =0.3 55 - 60°C ohi)
iéu cm

Hinh 2. 2: So dé quy trinh tién xi¢ Iy nguyén li¢u
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Mau vo méng cut sau khi dugc thu mua duoc dem xir 1y trudce khi chiét tach va
phan 18p o - mangostin. Pau tién mau dugc phan loai dé bo di nhimg phan thbi
hong, tiép dén mau duoc rira sach va chit thanh timg doan khoang 3-5cm. Mau sau
d6 tiép tuc duge dem di sdy kho. Giai doan sdy gém 2 cong doan, trudc tién 1 say
diét men duoc tién hanh trong 15 phat ¢ nhiét d6 110°C. Sau d6 miu duge siy kho
& nhiét do 60 = 5°C t6i ham 4m nhé hon 10%. Mau kho dugc dem di nghién bang
may nghién bua c6 duong kinh 16 sang o = 0.3 mm, ta thu dugc bot nguyén liéu ré
cdy com rugu trai hep. Bot nguyén liéu nay duoc dem di chiét tach dé thu o -
mangostin.

2.2.1.2. Xdy dung quy trinh chiét xudt, phan Idp hop chdt a-Mangostin

Dich chiét Cao chiét tng

Cé quay

Chiét xuat
FtOH 96%

Pha hiru co

[Bét vo Mang cut (100 g) dung méi |

dung méi 2. EtOAC

Cao chiét EtOAC

1. CC, Si0y HE =4:1 | Phan doan chira | - CC, SiO; HE = 90:1

2. Coquaydungmoi | a-Mangostin | 2. Kiém tra béng TLC

Két tinh, HE = 20:1
4-6°C, 10h

Hén hop thd

Hinh 2. 3: So' dé quy trinh chiét xudt, phén lgp hop chdt a-Mangostin
Bo6t vé mang cut thu dugc ¢ giai doan trudc tiép tuc dugc mang di chiét xuat

a-Mangostin

va phén 1ap hop chat « - Mangostin. 100g bot nguyén lidu dugc chiét xuat véi dung
moi ethanol 96°. Sau khi chiét xut, dich chiét dugc ¢ quay dudi dung moi ta thu
duoc cao chiét. Him luong a-Mangostin kiém tra bang HPLC va ham luong cao
chiét thu duoc dé danh hiéu qua chiét xuit va thue hién ti wu hoa cac thong $6 cong
nghé cta qua trinh. Cao chiét tong nay tiép tuc duoc hoa tan voi 1 luong t6i thiéu
nudec, roi chiét phan bd véi EtOAc. Thu lay pha hitu co. Tién hanh c6 quay & &p suat
giam ta thu duoc cao chiét EtOAc. Cao chiét nay duoc tién hanh sic ky cot gradient
v6i hé dung méi trién khai 1a n-hexan/EtOAc (90/1, v/v). Kiém tra bang séac ky 16p
mong (TLC) cho dén khi trén cot khong con vét caa o - mangostin. Str dung TLC dé
kiém tra cac phan doan thu duogc sau khi két thuc séc ky cot, gom cac phan doan co
chtra a-Mangostin sau d6 tién hanh sic ky cot lan 2 voi hé dang dung méi n-
hexan/EtOAC (4/1). C6 quay dudi dung moi ta thu dugc hdn hop co chira o —
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Mangostin tho. Hon hop nay duoc két tinh lai trong hé dung méi n-hexan/EtOAC
(20/1,v/v) trong 10 gi & nhiét do 4-6°C.
2.2.1.3. Khdo st anh huéng ciia cdc yéu to cong nghé dén hiéu sudt qud trinh
chiét xudt a-Mangostin

Céc thong sb cong nghé gdm nhiét d6 chiét xuat, cong sut siéu Am, thoi gian
chiét xuat va ty 1& dung moi trén nguyén liéu sé dugc khao sat don bién va danh gia,
Iwa chon diéu kién pht hop bang ham luong o-mangostin (%) trong cao chiét va hiéu
suit thu hoi cao chiét (%).

- o thu hdi a-Mangostin dugc tinh bang cong thic:

n X- . Téng lwvong a—Mangostin trong cao chiét
D6 thu hdi o-Mangostin = —2 "9 Ak = x100%
: Tong lwong a—Mangostin trong dwoc liéu

- Hiéu suat chiét cao toan phan duoc xac dinh bang cong thuc:

Khoi lwong cao chiét thu dwoc

x100%

Hiéu suat chiét = — —
: Khoi lwvong duoc liéu

Béng kinh nghiém chiét xuét cac loai dugc liéu. Ban dau chang t61 lya chon
diém gbc cho cac yéu to cong nghé nhu sau:
+ Nhiét do chiét xuat: 50°C
+ Thoi gian chiét xuat: 240 phuat
+ Ty 1€ dung moi/nguyén li¢u: 6/1
+ Cong suit siéu am 2,5 w/cm?
Khi khéo sat sy phu thudc cua tirng bién doc 1ap thi cac bién con goi dugc gitr
¢ dinh & cac mire géc hodc murc tot nhat & khao sét trude do.
2.2.1.4. Xdc dinh a-Mangostin bang cdc phwong phdp phé
Céc hop chét sau khi phan 1ap duoc tién hanh xac dinh c4u tric bang cac phuong
phap pho hién dai nhu pho 1 chiéu (*H-NMR, 2C-NMR) va dbi chiéu véi TLTK.
+Phd proton 'H-NMR: Trong phé IH-NMR, mdi loai proton cong huoéng & mot
truong khac nhau tir d6 dua vao dg dich chuyén hoa hoc cua céac proton cho biét loai
proton va sb lugng proton ctia mdi loai [35].
+ Phé carbon 3C-NMR: Trong phd *C-NMR, mdi nguyén tir cacbon s& cong

huong va cho mot tin hiéu pho khéac nhau, tir 46 giup phan biét tit ca cac loai cacbon
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va cung cap thong tin bd khung cacbon ctia hop chat. Do dich chuyén hoa hoc cho
biét loai nhém chre [35].

2.2.2. Tong hop Polymer thay déi dién tich
2.2.2.1. Tong hop N- Succinimidyl Tocopheryl Succinate

Tocopheryl succinate (1,74 g, 3,28 mmol) vdi N-hydroxysuccinimide (NHS)
(0,38 g, 3,28 mmol) va xuc tac la 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide
hydrochloride (EDC) (0,64 g, 3,38 mmol) trong 50 ml dung mdi dichloromethane
(DCM). Hon hop dugc khudy déu trong diéu kién moi trudng khi argon trong 48 gio
& nhiét do phong. Sau khi phan tmg két thac, dung dich duoc rira sach bang 100 ml
nudc cat trude khi chiét pha hiru co. St dung dung méi dichloromethane (DCM),
pha nudc dugc chiét nguoc hai 1an, mdi 1an 50ml. Sau khi loc, pha hitu co hén hop
duoc 1am kho bang MgSO, va ¢o dic bang phuong phap bay hoi, thu duoc gel mau
vang (1,9 g, hiéu suat 91%). San pham N-succinimidyl tocopheryl succinate nay
duoc xac minh béng phé 'H-NMR dé xac dinh céu trac va ty 1€ chuyén ddi ctia nhém
carboxyl.
2.2.2.2. Toéng hop Poly(B-benzyl L-aspartate) (PBLA)

n-Butylamine duoc st dung dé trung hop md vong benzyl-L-aspartate N-
carboxyanhydride (BLA-NCA), dan dén su tong hop poly(s-benzyl L-aspartate)
(PBLA). BLA-NCA (2,49 g, 10 mmol) dugc can va bao quan trong ti argon dé
tranh tiép xtc v6i nude, sau d6 duge hoa tan trong hdn hop Dimethylformamide
(DMF) (10,0 mL) va dichloromethane (DCM) (100 mL) & 40°C. Dung m6i DCM
duoc st dung dé pha lodng n-butylamine (14,6 mg, 200 mmol) trude khi thém vao
dung dich BLA-NCA. Phan ting tring hop duoc tién hanh trong 48 gid ¢ 40°C dudi
moi trudng argon.

Sau khi phan Gmg hoan tit, san pham duoc két tua ba lan trong diethyl ether
dé tinh ché va sau d6 duoc lo trude khi dong kho bang cach sir dung benzen lam
dung méi. DBé kiém tra d6 tinh khiét va xac dinh mtrc 46 polymer héa ctia PBLA sir
dung pho *H-NMR.
2.2.2.3. Tong hop Poly(f-benzyl L-aspartate) Tocopherol ( PPLA -Toc)
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Su lién hop ctia nhom ky nuée a—tocopherol vao dau mach ctia poly(S-benzyl
L-aspartate) (PBLA) don chudi duoc thuc hién thong qua phan tng giita PBLA va
axit tocopheryl succinate duoc kich hoat bang N-hydroxysuccinimide. PBLA da
dong kho (DP = 20; m = 150 mg, 0,0375 mmol) dugc hoa tan trong 10 mL
dicloromethane (DCM). Dung dich nay sau d6 duoc thém vao 50 lan luong N-
succinimidyl tocopheryl succinate (1,2 mg, 1,875 mmol) hoa tan trong 7 mL DCM.
Hdn hop dugc khudy ¢ nhiét d6 phong trong 48 gid dudi ap suat argon. San pham
duoc thu bang cach két tua trong 300 mL diethyl ether, sau d6 dong khé dé thu san
pham bot trang (167,2 mg, hiéu suit 98%). San pham PBLA-Toc dugc kiém tra
bang phd 'H NMR dé xac dinh sy hinh thanh thanh cong cta lién két amide.
2.2.2.4. Téng hop Pasp(DET)-Toc

Phan ng aminolysis cua poly(f-benzyl L-aspartate) (PBLA) voi
Diethylenetriamine (DET) trong diéu kién khan va trung binh duoc str dung dé dua
cac nhom amin vao mach nhanh cua PBLA. PBLA-Toc da dong kho (DP =20, m =
150 mg, 0,65 mmol benzyl-L-aspartate(BLA)) dugc hoa tan trong N-methyl-2-
pyrrolidone (NMP) (10 mL) (dung dich A). DET (V = 3,5 mL, 32,5 mmol, hoic gip
50 lan BLA) duoc pha lodng trong NMP (5 mL) (dung dich B). Ca hai dung dich
dugc 1am lanh xudng 4°C trude khi nho giot dung dich A vao dung dich B. Hon hop
phan tmg dugc khudy & 4°C trong 4 gid. Dung dich thu duoc sau d6 dugc trung hoa
dan bang HC1 0,5 N str dung hdn hop mubi va da dé kiém soat nhiét do dudi 2°C.
Dung dich trung hoa duoc tham tach qua dung dich axit hydrochloric 0,01 N (4 lan)
va nudc cat (1 lan). Bot tring PAsp(DET)-Toc duogc thu duéi dang mudi
hydrochloride sau khi dong khé. San pham PAsp(DET)-Toc duogc kiém tra bang phd
'H NMR dé xé4c dinh su hinh thanh thanh cong.
2.2.2.5. Tong hop PAsp(DET-Cit)-Toc

PBLA (DP =20, m = 50 mg, 0,22 mmol Asp(DET)) dugc hoa tan trong 450
mL dung dich d&m NaHCO:s 0,5 M (pH = 8,92). Cis-aconitic anhydride (m = 1,75 g,
11,1 mmol, twong duong gip 50 1an Asp(DET)) duoc thém dan vao dung dich nay.
Hon hop phan ung duge khudy & 4°C trong 4 gio. Dung dich cudi cung dugc tinh
ché 3 1an bﬁng nude cat qua cac don vi lopc Amicon Ultra (MWCO = 3000; Millipore,
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Billerica, MA, USA). San pham thu duoc sau khi dong kho dudi dang bot trang (67
mg, hiéu sut 78%). Sy hinh thanh thanh cong ctia PAsp(DET-Cit)-Toc dugc xéac
minh bang phd 'H-NMR va phan tich kich thuéc hat qua Dynamic Light Scattering
(DLS).

2.2.3. Tong hop liposome chira a -Mangostin c6 CCP
2.2.3.1. Tong hop Liposome chira a-Mangostin c6 CPP

Quy trinh ché tao liposome o-mangostin tai CCP (CCP-liposome) duoc thuc
hién qua phuong phap hydrat hda mang phim két hop v6i dun (extrusion). Dau tién,
dung dich gom 0.3 mL PAsp(DET-Cit)-Toc 0.01 M, 2.5 mL DOPC 0.025 M va 1
mL o-mangostin 0.02 M trong chloroform dugc chuan bi. Hén hop nay duoc khudy
déu trong 2 phut va chuyén vao binh bay hoi ddy phang d¢ loai bé dung méi. Qua
trinh bay hoi thyc hién trén Rotavapor R-100 ¢ nhiét do 40°C, ap suat 250 mBar va
téc d6 quay 2 vong/phut. Sau do, thém 3 mL nudc cat vao hdn hop va siéu am &
40°C trong 30 gidy, tao thanh huyén phu chita CCP—liposome a-mangostin va o-
mangostin ty do chua bao boc va duoc thim tach (MWCO = 14.000 Da, 2 L nuéc
ct, 24 gid) dé loai bé o—mangostin khong dugc bao goi.

Tiép theo, san pham duoc loc qua mang polycarbonate kich thudc 100 nm
(Whatman Inc., Clifton, NJ, USA) dé tao ra cac hat liposome co kich thudce df’)ng
déu. Sau do, cac liposome o-mangostin tai CCP duoc tach khoi a-mangostin tu do
bang phuong phap sic ky loai bo kich thude (size exclusion chromatography) trén
cot PD10 Sephadex® G-25. Liposome trong (khong c6 a—mangostin va CCP) va
CCP-liposome (khong c6 a—mangostin) duoc tong hop bang quy trinh twong ty ma
khong thém nguyén li¢u.
2.2.3.2. Xdc dinh dic diém héa Iy ciia hé liposome theo phwong phdp do tan xa

anh sang dong (DLS)

Céc liposome chira a-mangostin (a-MG) duoc bao quan va theo déi kich
thudc hat cling nhu d6 phan tan cua kich thudc hat sau 1 ngay, 4 ngay, 7 ngay va 10
ngay bang ky thuat tdn xa anh sang dong sir dung may Horiba SZ-100 ¢ nhiét do
25°C. St dung nguyén ly tan xa &nh sang bai cac hat trong dung dich, cho phép tinh
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toan duong kinh hydrodynamic cia CCP—liposome, thé zeta, chi s6 da phan tan va
do 6n dinh cua liposome.
2.2.3.3. Xdc dinh hiéu sudt bao goi va ham luwong thuoc

Pé xac dinh hiéu suat bao goi (EE%) va ham lugng thudc (DL%), mau dugc
chuyén tir lo dram sang binh day tron 100 mL, sau d6 dugc quay bay hoi (nhiét o
bé 45°C, &p suat binh 0 mbar, téc d6 quay muc 3) cho dén khi toan b nuéc bi loai
bo va mot mang mong con lai trong binh. Mang lipid/a-mangostin dugc hoa tan
trong 3,5 mL dung dich MeOH/CHCI3 [3:1, (v/v)] va duoc siéu &m trong bé trong
2 phuat dé pha v cac huyén phi liposome va giai phong a-mangostin di bao goi. Sau
d6, 100 uL dung dich nay duoc hut tir binh, két hop véi 2900 uL dung dich
MeOH/CHCl; [3:1, (v/v)] trong bng eppendorf, va lac trong 30 gidy. Hon hop nay
sau d6 duoc chuyén sang cuvet thay tinh va do hap thu cua mau dugc do ¢ budc
s6ng 243 nm so véi chuan MeOH/CHCI; [3:1, (v/v)] bang may quang phd Hitachi
U-2900 (Hitachi, Tokyo, Nhat Ban). EE% va DL% c6 thé dugc tinh toan nhu sau:

(lwong a — mangostintrong liposome (umol))

EE% = - 100
% tong lwong a — mangostin(umol ) x

(khoi lwong a — mangostintrong liposome (ug))
DL% = . : x 100
(khoi lwvong liposome mang a — mangostin(ug))

2.2.3.4. Xdc dinh toc do gidi phong

Giai phong o—Mangostin tir CCP—liposome duoc xac dinh bang phuong phap
tham tach. CCP-liposome chita a—mangostin dugc hoa tan trong nudc cat (ddH:0)
va chuyén vao 6ng tham tach (MWCO = 1400 Da), sau d6 nhung vao dung dich dém
phosphate (PBS, 0,1 M, pH 7,4) va dung dich dém acetate (0,1 M, pH 5,0 va 6,0) &
tdc d6 khuay 110 vong/phut, 37°C. Mdi diéu kién miu dugc thir nghiém ba lan. O
cac khoang thoi gian xac dinh, mot thé tich dung dich giai phong dugc thay thé bang
dung dich dém méi cung thé tich. Luong o—mangostin duoc giai phong tir CCP—
liposome duoc tinh toan bing cach do cudng d6 hip thu ¢ 480 nm sir dung may
quang pho UV (Hitachi U-2900, Hitachi, Tokyo, Nhat Ban).
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2.2.4. Panh gia doc tinh té bao ciaa CCP-Liposome
2.2.4.1. Ddnh gid déc tinh té bao

Té bao HepG2 duogc nudi cdy qua dém ¢ 37°C trong méi truong 5% CO: trén
dia 96 giéng voi DMEM. Poc tinh té bao ctia a-Mangostin, CCP—liposome tréng,
va CCP-liposome tai thuc dugc danh gia bang phwong phap MTT [3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide], 1a phuwong phép gian tiép
xéac dinh hoat tinh cta chit thtr qua kha ning (e ché enzyme oxidoreductase phu
thuoc NAD(P)H cua té bao. Enzyme ndy xuc tac phan ung khir thudc nhuém
tetrazollum MTT thanh dang formazan khong hoa tan (mau tim), qua dé phan anh
tuong quan sb luong té bao dang phat trién khi do & budc song A = 570nm. Do hap
thu ¢ budc séng 570 nm cia mdi giéng duoc do bang thiét bi Spectramax M5
Microtiter Plate Luminometer (Molecular Devices, San Jose, CA, USA).
2.2.4.2. Xac dinh kha nang giai phong thuoc khéi endosome

Té bao HepG2 duoc tiép xuc truc tiép voi CCP-liposome va 1 trong diéu kién
5% CO2 & 37°C. Sau khi xtr Iy bang Triton X va ¢ dinh bang formaldehyde 4%, té
bao dugc nhudm trong 30 phut véi Cyanine 3 (budc song kich thich/phat xa =
555/569 nm) va Hoechst 33342 (budc song kich thich/phat xa = 352/454 nm). Hinh
anh huynh quang té bao duoc thu va phan tich trén kinh hién vi huynh quang dong
tiéu laser Nikon Al. PNikon Al.vi huynh quang d, té bao HepG2 (10° té bao/mL)
duoc xur Iy trude voi Cyanine 3 va Hoechst 33342 trong 30 pht, sau d6 t voi chat
thir trong 1 giGt,Prong 30 phut truvéi Cyanine 3 va Hthé noi bao (endosome), Kit
thir Lysotracker Green (buyanine 3 va Hoechst 33342po= 504/511 nm) dueen
(buyaninbé phan tich hinh anh thu dugc, ngudng tin hiéu hinh anh dong xuat
hién/chong 14n (colocalization threshold) dugc thiét 1ap va phan tich véi cong cu
Coloc2 — plugin trén phin mém phan tich hinh anh Image] dya trén hé s tuong
quan Pearson (R).



CHUONG 3: KET QUA VA THAO LUAN

30

3.1. K&t qua khao sat anh hwéng cia cac yéu té cong nghé dén hiéu suat

chiét xuat

3.1.1. Anh hwéng caa ty 1é dung mdi/nguyén liéu téi hiéu suét chiét xuat

B4 tri cac thi nghiém chiét xuat vo qua ming cut véi dung moi etanol 96%, siéu

am & cong suét 2,5w/cm? tai nhiét d6 50°C trong thoi gian 4hKét qua khao sat anh

hudng cua ty 18 dung mdi/nguyén lidu téi hidu suat chiét xuat thu a-mangostin duoc

thé hién ¢ bang 3.1 va dd thi 3.1.

Bing 3. 1: Két qua khdo sdt ty 1¢ dung méi/nguyén liéu chiét xudt dén higu sudt
thu héi a — mangostin va ham lwong cao chiét tong

TT Ty 1¢ dung moi/ nguyén Ham lwgng a — mangostin Hiéu suit thu cao
liéu (ml/g) trong cao chiét tong (%) chiét tong (%)
1 4/1 3,5%£0,15 10,7+0,11
2 5/1 4,1+0,19 11,6 £0,18
3 6/1 5,6 +0,22 12,7+0,19
4 7/1 7,9+0,24 16,4 £ 0,23
5 8/1 8,8+0,21 17,4 £0,22
6 9/1 8,2+0,21 17,6 £0,31
7 10/1 7,8+0,21 18,0+0,28

Tir két qua chi ra & bang 3.1 va d6 thi 3.1 ta thay rang ty 1¢ dung mdi/nguyén

li¢u chiét cung vdi cong suat si€u am, nhiét do va thoi gian chiét xuat l1a cac yéu to

anh hudng chinh t&i kha ning chiét xuat o - mangostin va hiéu suat thu cao chiét

tong. Trong qué trinh thi nghiém ta thay ¢ ty 16 dung moi/nguyén liéu hap (ty 18 4/1,
5/1 va 6/1) thi hiéu qua qua trinh chiét xut con thap. O ty 1& 4/1 thi hiéu suat thu
cao chiét tong 13 10,7% va ham luong o - mangostin 12 3,5 + 0,15 % trong cao chiét
té)ng; O ty 1¢ 5/1 hiéu suét thu cao chiét té)ng la 11,6 £ 0,18% va ham luong a -
mangostin 12 4,1 + 0,19 % trong cao chiét tong; Tai ty 1¢ 6/1 hiéu suat thu cao chiét
téng 1a 12,7 + 0,19 % va ham luong o - mangostin 12 5,6 + 0,22 % trong cao chiét
téng. Piéu nay c6 thé giai thich 14 & ty 1& dung moi thap, nong do cao chiét trong
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dung méi nhanh dat dén trang thai bdo hoa hon vi vay can trd qua trinh trich ly cac
hop chét trong duogc li€u, vi vay hi¢u suét chiét s& théip hon ¢ cac ty I¢ cao hon.

—e— Ham lwong a-Mangostin trong cao chiét téng (%) Hiéu su4t thu cao chiét téng (%)
30
25 = = = -
= 17,4 17,6 18
16,4
20 -
15 - = 12,7
- 11,6
" 10,7 7,9 88 8,2 7,8
iy 5,6 o == N —
3,5 ’
5
0
4/1 5/1 6/1 7/1 8/1 9/1 10/1

Do thi 3. 1: Két qud khdo sdt 1y 1é dung méi/nguyén liéu chiét xudt dén higu sudt
thu héi & — mangostin va ham lwong cao chiét tong

Khi ta tang ty 1¢ chiét xuat 1én 7/1 va 8/1 thi hiéu suat chiét tiép tuc tang lén
dang ké, hiéu suat thu cao chiét tong lan luot & mic 16,4 + 0,23% va 17,4 + 0,22%
con ham lugng o - mangostin lan luot dat mérc 7,9 + 0,24 va 8,8 + 0,21%. Tiép tuc
tang ty 1& dung modi/nguyén lidu 1én 9/1 va 10/1 thi két qua thu duoc khong thay doi
nhiéu, hiéu suat thu cao chiét tong van chi ting rat nhe 13 17,6 + 0,31% va 18,0 +
0,28, tuy nhién ham luong o — mangostin lai giam v6i ham luong trong cao chiét
téng lan luot 1a 8,2 + 0,21% va 7,8 = 0,21%. Do do, ching t6i chon ty 1€ dung
moi/nguyén licu 13 8/1 1am murc gbc dé tién hanh cac thi nghiém tiép theo.

3.1.2. Anh hwéng cia nhiét do chiét téi hiu suat chiét xuat

BG tri cac thi nghiém chiét xuat vo qua mang cut véi dung moi etanol 96%, siéu
am & cong suat 2,5w/cm® véi ti 16 dung méi/ nguyén liéu 1a 8/1 (ml/g) trong thoi
gian 4h.

Két qua khao sat anh hudng cia nhiét d6 t6i hiéu suat chiét xuét thu cao chiét

téng va ham luong o — mangostin trong cao chiét tong dugc thé hién & bang 3.2 va
do thi 3.2 sau:
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Bing 3. 2: Két qud khdo sdt nhiét dp chiét xudt dén higu sudt thu hoi a —

Mangostin va ham lwong cao chiét tong

- Nhigt 43 (°C) Ham lwong a._; anngostin trong Hiél.l’(suét thu cao
cao chiét tong (%0) chiét tong (%)

1 30 3,8+0,12 12,7 +£0,15
2 35 49+0,17 15,6 + 0,18
3 40 7,6 £0,25 17,5+0,19
4 45 8,6 +0,21 17,8 +0,23

50 8,8+0,21 17,9+0,22
6 55 7,2+0,25 18,6 + 0,31

—e— Ham lwong a-Mangostin trong cao chiét tng (%) Hiéu sust thu cao chiét téng (%)

30
25 T - <L o
+ 17,8 17,9
175 18,6
20 .
il 15,6
15 12,7
8,6 3,8
10 7,6 T 34 7,2
4’9 y . v\
3,8
5
0
30 °C 35 °C 40 °C 45 °C 50 °C 55 °C

Do thi 3. 2: Két qud khdo sdt 1y 1é dung moéi/nguyén liéu chiét xudt dén higu sudt
thu héi o — Mangostin va ham lwong cao chiét tong

Duya vao két qua & bang 3.2 va d6 thi 3.2, ta thiy nhiét d6 anh hudng kha nhiéu
t6i kha ning chiét xuat o - mangostin ciing nhu hiéu suat thu cao chiét tong. O nhiét
do chiét xuit tir 30 - 40°C, hiéu suét thu cao chiét téng co su tang manh cling nhu
ham lugng o - mangostin. Cu thé, tai 30°C hiéu suét thu cao chiét téng thu duoc 1a
12,7 + 0,15% véi ham luong o — mangostin la 3,8 + 0,12%, ¢ 35°C hiéu suét thu cao
chiét tong thu dugc 1a 15,6 + 0,18% v&i ham luong o — mangostin 1a 4,9 + 0,17%.
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Tir 40°C dén 50°C, ham luong cao chiét tong va lwong o — mangostin trong
cao chiét tong thu duoc cd xu hudng ting nhung véi téc d6 cham va dat dinh trong
khoang 45-50°C véi 1an luot 13 tai 40 °C hiéu suat thu cao chiét tong thu duoc 1a 17,5
+0,19% v6i ham luong o — mangostin 1a 7,6 + 0,25%, tai 45 °C hiéu suét thu cao
chiét tong thu duoc 13 17,8 + 0,23% véi ham lugng o — mangostin 14 8,6 + 0.21% va
tai 50 °C hiéu sut thu cao chiét téng thu dugc 1a 17,9 + 0,22% v6i ham luong o —
mangostin la 8,8 + 0,21%.

Khi tiép tuc tang nhi¢t do chiét xuét 1én 55°C, hiéu suét thu cao chiét téng van
tang nhe, tuy nhién ham luong o — mangostin ¢6 xu hudng giam. Diéu nay c6 thé
giai thich khi tang nhiét do s& 1am ting kha ning hoa tan mot s6 hop chat khac co
trong vé qua mang cut nhu tanin hoac lignin, trong khi d6 ham lugng o, — mangostin
da dat dén muc t6i da. Do d6 chung toi chon khoang nhiét do 45 — 50°C lam mirc
gbc dé tién hanh cac thi nghiém tiép theo.

3.1.3. Anh hwéng ciia cong suat siéu am téi higu suat chiét xuat

B4 tri cac thi nghiém khao sat anh hudng cua cong suat siéu am toi hiéu suét
ctia qué trinh chiét xuét ¢ diéu kién ty 1& dung moi/ nguyén liéu 1a 8/1, nhiét d6 chiét
xuét & 45-50°C va thoi gian chiét xuat 1a 4h.

Két qua thu duoc trinh bay trong bang 3.3 va d thi 3.3 nhu sau:

Bing 3. 3: Két qud khdo sdt cong sudt siéu Gm dén hiéu sudt thu héi

a-mangostin va ham lwong cao chiét tong

T Cong suit siéu Am | Ham luong a—’mz?ngostin trong | Hiéu 'sus?':t thu cao
(w/cmd) cao chiét tong (%0) chiét tong (%)
1 0,5 1,7+0,12 10,1+0,12
2 1,0 2,9+0,15 11,6 +0,12
3 1,2 3,6 +£0,25 12,5+ 0,18
4 1,5 5,6+0,22 14,8 £ 0,25
5 1,8 7,8+0,28 16,9 +£0,23
6 2,0 8,2+0,25 17,6 £0,31
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7 2,2 8,6 0,27 18,0 + 0,25
8 2,5 8,7+0,12 18,1 +0,21
9 2,8 8,6 £0,35 17,8 +£0,42

—e— Ham lwong a-Mangostin trong cao chiét téng (%)

30

25

20

15

10

0,5

1

1,5

Hiéu suat thu cao chiét téng (%)

L
+ 18 18,1
° 176 17,8
16,9
8,2 8,6 8,7 8,6
1,8 2 2,2 2,5 2,8

D6 thi 3. 3: Két qud khdo sdt cong sudt siéu am dén higu sudt thu héi

Dua vao két qua ¢ bang 3.3 va d6 thi 3.3 ¢ trén, ta thiy cong suit siéu 4m anh
hudng 16n téi kha ning chiét xuit o - mangostin ciing nhu hiéu suét thu cao chiét
téng. o) cong suét 0,5 — 1,8 W/cm?3, hiéu suét thu cao chiét téng c6 su tang manh
cling nhu ham Iuong o — mangostin bién doi dang ké. Cu thé, tai 0,5 W/cm3, hiéu
suat thu cao chiét tong thu dugc chi 13 10,1 + 0,12% véi ham lugng o — mangostin
la 1,7 + 0,12%. Tai 1W/cm®, hiéu suat thu cao chiét tong thu duoc chi 1a 11,6 +
0,12% voi ham lugng o — mangostin 12 2,9 + 0,15%. Tai 1,2 W/cm®, hiéu suét thu
cao chiét tong thu dugc chi 1a 12,5 + 0,18% v&i ham luong o — mangostin 13 3,6 +
0,25%. Tai 1,5W/cm?, hiéu suat thu cao chiét tong thu duoc chi 14 16,9 + 0,23% véi
ham lugng o — mangostin 12 7,8 + 0,28%. Tai 1,8W/cm?, hiéu suat thu cao chiét tong

a-mangostin va ham lwong cao chiét tong

thu dugc chila 11,6 £ 0,12% véi ham lugng o — mangostin 1a 2,9 + 0,15%.
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Tir 1,8 dén 2,22W/cm?®, ham luong cao chiét tong va luong o — mangostin

trong cao chiét tong thu duoc c6 xu hudng ting nhung véi toe dd cham va dat dinh

& 2,2W/cm?® véi 1an luot 13 tai 2W/cm? hiéu sudt thu cao chiét tong thu dugc chi 1a

17,6 + 0,31% v6&i ham Iuong a — mangostin la 8,2 + 0,25% va tai 2,2 W/cm? hiéu

suat thu cao chiét téng thu dugc chi 13 18,0 + 0,25% véi ham luong o — mangostin

la 8,6 +0,27%. Tiép tuc tang cong suét 1én cac muc 2,5 va 2,8W/cm?, hiéu suit thu

cao chiét tong va ham luong o — mangostin hau nhu khong thay ddi. Vi vay chung

t61 chon muc cong sudt 2,2 w/cm® cho cac thi nghiém tiép theo.

3.1.4. Anh huwéng ciia thoi gian chiét xuat téi hidu suat chiét xuat

BO tri cac thi nghiém véi cac thong so:

+ Ty I¢ dung moi/ nguyén li¢u la 8/1

+ Cong suat siéu am 2,2 w/cm®

+ Nhiét ¢ 45-50°C

Két qua khao sat anh hudng cua thoi gian toi hiéu suat chiét xuat thu cao chiét

téng gidu o — mangostin duoc thé hién ¢ bang 3.4 va do thi 3.4 nhu sau:

Bing 3. 4: Két qua khdo sdt thoi gian chiét xudt dén hiéu sudt thu héi

a — Mangostin va ham lwong cao chiét tong

TT | Thoigian (Phat) | Ham hrong a — Mangostin trong | Ham lwgng cao chiét
cao chiet tong (%) tong (%)
1 30 2,1+0,24 8,5+0,18
2 60 3,6 £0,22 10,8 + 0,24
3 90 4,8+0,28 12,9+0,23
4 120 6,2 + 0,25 15,6 + 0,31
5 150 7,6 +0,27 17,0 +0,25
6 180 8,5+0,12 18,1+0,21
7 240 8,6 £ 0,35 17,9 £ 0,42
8 300 8,6 £ 0,25 18,5+ 0,18
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20 181 17,9 18,5
18 17 .
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14 12,9
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—8—Ham lvong o — Mangostin trong cao chiét téng (%) Ham Iwong cao chiét tdng (%)

Do thi 3. 4: Két qud khdo sdt thoi gian chiét xudt dén hiéu sudt thu hoi
a — Mangostin va ham lwgng cao chiét tong

Duya vao két qua & bang 3.4 va d6 thi 3.4 o trén, ta thiy thoi gian anh hudng
16n t6i kha niang chiét xuat a - mangostin cling nhu hiéu suat thu cao chiét tong. O
khoang thoi gian 30 — 120 phut, hiéu suit thu cao chiét tong c6 su ting manh ciing
nhu ham lugng o — mangostin bién d6i dang ké. Cu thé, & murc 30 phut, hiéu suét
thu cao chiét tong thu duoc chi 1 8,5 + 0,18% véi ham luong o — mangostin 1a 2,1
+ 0,24%. O murc 60 phut, hiéu suat thu cao chiét tong thu dugc chi 1a 10,8 + 0,24%
v6i ham luong o — mangostin 1a 3,6 + 0,22%. O muc 90 phat, hiéu suét thu cao chiét
téng thu dugc chi 1a 12,9 + 0,23% v6i ham lugng o — mangostin 1a 4,8 + 0,28%. O
mirc 120 phat, hiéu sudt thu cao chiét tong thu dugc chi la 15,6 + 0,31% voi ham
luong o — mangostin la 6,2 + 0,25%.

Tir 120 dén 180 phut, ham luong cao chiét tong va luong o — mangostin trong
cao chiét tong thu dugc co xu hudng tang nhung véi tbc dd cham va dat dinh & 180
phut véi 1an luot 14 tai mic 120 phut hiéu sudt thu cao chiét tong thu duogc chi 1a
15,6 £ 0,31% v&i ham lugng o — mangostin la 6,2 + 0,25%, tai mirc 150 phat hiéu
suat thu cao chiét tong thu dugc chi 13 17,0 + 0,25% véi ham lugng o — mangostin
1a 7,6 + 0,27%, tai muc 180 phut hi¢u suat thu cao chiét tong thu dugc chi la 18,1 +
0.21% véi ham luong o.— mangostin 1a 8,5 + 0,12%. Tiép tuc ting thoi gian 1én dén
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240 va 300 phut, hiéu suat thu cao chiét tong va ham lugng a — mangostin hau nhu
khong thay d6i. Vi vy chiing t6i chon murc thoi gian 180 phit cho cac thi nghiém
tiép theo.
3.1.5. Xay dwng quy trinh chiét xuit va phan Iap a-Mangostin ¢ diéu kién
tdi wu

e Quy trinh chiét xudt va phan I@p a — Mangostin ¢ diéu kién téi wu

1. SAy dich men 120°C, 15 phiit
2. Shy khd 55-60°C
3. Nghién nho dén kich thude < 0,3mm

[ Bot nguyén liu ]

1. Chiét bing EtOH 96
t=45-50 C, 180 phnut, cong suit siéu 4m 2,2w/cm
Ty 1& dung méi/nguyén liéu =8/1(ml/g)

2. C6 quay thu hdi dung méi
¥

[ Cao chiét tong }

1. Hoa vao nuéce ty 1€ 6/1 (ml/g)
2. Chiét phén bd 3 14n véi EtOAc ty 18 Y (viv)

[ Qi,ghEtOAC } [ Qi&hnuéc }

1. Lam khan
2. Cb dudi dung mdi

[ Cao chiét giau a-Mangostin ]

Séig ky cot 1. Gradient dung méi n-hexan/EtOAc
2. Ding phan tir n-hexan/EtOAc (4/1)

v

[ a-Mangostin tho ]

K&t tinh n-hexan/EtOAc (20/1)

a-Mangostin
sach

Kiém tra TLC ]

So dé 3. 1: Quy trinh chiét xudt va phén lgp a — Mangostin ¢ diéu kién t6i wu
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Cac budce thuc hién:

Buéc 1: Chudn bi nguyén vit liéu va thiét bi

+ Can chinh x4c bdt nguyén lidu (bot vo qua mang cut kho ¢ d6 am ~10%)).
+ Chuan bi dung méi ethanol 96%.

+ Chuan bi binh cau, sinh han hdi luu, bé diéu nhiét.

+ Chuan bi bd phat song siéu am

Buwéc 2: Tién hanh chiét xuit

+ Nap bot nguyén liéu vao binh cau.

+ Thém vao binh cau dung méi etanol 96%.

+ Lap sinh han, bat nudc, bat thiét bi siéu 4m va diéu nhiét.

+ Tién hanh chiét xuit ¢ 45-50°C trong thoi gian 180 phit véi muc cong suét
phat siéu 2,2 w/cm?®,

Buwéc 3: Két thiic qud trinh chiét xudt, thu cao chiét

+ Tat bép dién, ngit nudc sinh han.

+ Loc thu dich chiét bang ph&u buchner.

+ C6 dic dich chiét bang may co quay ap sudt giam.

+ Thu cao chiét.

Buéc 4: Chiét phén bé véi EtOAc

+ Hoa cao chiét bang 1 luong vira du nudc theo ti 1& 1/5 (g/ml), khudy that déu

+ Tién hanh chiét phan b dung dich trén véi EtOAc. Chiét 3 lan; ty 1é chiét
mdi 1an (v/v = 1/4). Thu lay phase khong tan trong nuéc, 1am khan bang Na,SOy

+ Co dic bang may cd quay ap suat giam thu cao chiét giau o — mangostin.
Buwéc 5: Tién hanh sic ky cot

+ Chuan bi cot sac ky silica gel pha thudng
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+ Dung moi rira giai 1a hé n-hexan/EtOAc gradient dung mai (v/v, 90/1 dén
1/1). Kiém tra bang sic ky 10p mong, gom cac phan doan chtra o. — mangostin.

+ Sic ky cot silica gel pha thudng v6i hé dang dung moi n-hexan/EtOAc (viv
=4/1)

+ Thu htmg dung dich ra khéi cot, kiém tra bang sic ky 16p mong (TLC)

+ Gom cac phan doan chtra o — mangostin sach.

+ C6 quay thu hon hop chtra a — mangostin v&i do tinh sach khoang 80%.
Buéc 6: Két tinh thu a — mangostin tinh sach

+ Hoa tan hoan toan hdn hop 1 vao dung dich n-hexan/EtOAc (v/v, 20/1).

+ Két tinh lai & nhiét do 4-6°C, thoi gian 10 gid.

Buéc 7: Thu sin phim

+ Loc rtra tinh thé bang n-hexan.

+ S4y kho dung méi n-hexan thu duoc o — mangostin.

+ Kiém tra bang sac ky 16p mong (TLC) va sac ky 1ong hiéu ning cao (HPLC).

+ o — mangostin thu dugc ¢ do tinh khiét trén 98% (theo dién tich pick trong
sic @6 HPLC).

Két qua tir 1000g bot vo ming cut ban dau, trai qua cac cong doan chiét xuét
va phén lap di thu dugc 18,6 g o — mangostin, hiéu suat dat duoc 1a 1,86%

3.1.6. Xac dinh cau tric hoat chat a-Mangostin thu dwoc

Hop chéat a-Mangostin 1a mot xanthone thu duoc tir vo qua mang cut dudii
dang v6 dinh hinh, mau vang, nhiét d6 néng chay 180-181°C, phu hop véi cac gia
tr1 da dugc ghi nhan trong tai liéu tham khao (181,6-182,6°C). Cac phan tich chi tiét
bang cac phuwong phap pho hoc khac nhu *C-NMR va 'H-NMR di cung cip thong
tin day du vé cdu tric ciia a-Mangostin, cho phép xéac dinh cac nhom chic va khung

cau trac cua hop chat nay.
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Phé BC-NMR
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Hinh 3. 1: Pho 3C-NMR ciia a-Mangostin trong dung méi CDCls

Pho BC-NMR cho biét trong phan tir ¢ tong cong 24 carbon géom nim nhom
methyl tai dc 25.8 (C-14), 18.2 (C-15), 17.9 (C-19), 25.8 (C-20) va 1 nhém methoxy
(OCHy) tai dc 62.0 ppm; 2 nhom methylene tai dc 21.5 (C-11) va 26.6 (C-16); va 13
carbon bc 4 tai ¢ 160.1 (C-1), 108.5 (C-2), 161.6 (C-3), 155.1 (C-4a), 155.8 (C-6),
142.6 (C-7), 137.1 (C-8), 112.2 (C-8a), 182.1 (C-9), 103.6 (C-9a), 154.6 (C-10a),
132.1 (C-13), 135.6 (C-18), trong d6 c¢6 1 nhdém carbonyl dac trung tai oc 182.1 (C-
9).



41

Phé *H-NMR

Pho 'H-NMR cho biét 2 tin hiéu ctia proton thom dudi dang singlet tai 5 6.29
(H-4) va 6.82 (H-5); 2 tin hiéu proton ctia nhom 3-methylbut-2-enyl dudi dang
doublet tai oy 3.46 (d; J = 7.0 Hz; H-11) va 4.09 (d, J = 6,5 Hz; H-16); 2 tin hiéu
dudi dang multiplet ciia nhom vinylic tai oy 5.30 (m, H-12 va H-17); 4 tin hiéu dudi
dang singlet ctia nhom methyl tai oy 1.77 (H-14), 1.83 (H-15), 1.84 (H-19), 1.69 (H-
20) va tin hi€u proton dudi dang singlet cua nhém methoxyl tai oy 3.8 (-OCHj3).
Ngoai ra, con co tin hiéu ctia 3 nhom hydroxy dudi dang singlet tai oy 13.77 (OH-
1), 6.14 (OH-3), 6.30 (OH-6).

[~ M O O W W)W wwwwuwwiwwww s =T oo — o

—13.775
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HO O OH |'

r T T T T T T T T T T T
14 13 12 11 10 9 8 7
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Hinh 3. 2:Phé *H-NMR ciia a-Mangostin trong dung méi CDCls
Phan tich dit liéu pho cia a-Mangostin két hop so sanh voi tai liéu tham khao
khang dinh hop chat c6 tén goi la a-Mangostin c6 ciu trac héa hoc trong Hinh 3.2

v6i cac dit liéu pho dugc tom tit trong Bang 3.5.
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Bing 3. 5:Div liéu phé 1H va 13C-NMR ciia a-Mangostin trong dung méi CDCls

IH (6n) 13C (dc)
TT TLTK [36]
(500MHz, CDCl3) (500MHz, CDCls)
1 160.6 159.8
2 108.5 109.9
3 161.6 162.2
4 6.29 (s; 1H) 93.3 92.2
Aa 155.1 154.1
5 6.82 (s; 1H) 101.6 101.8
6 155.8 156.8
7 142.6 143.3
8 137.1 136.3
8a 112.2 109.6
9 182.1 181.2
%a 103.6 109.9
10 154.6 154.5
11 3.46 (d; J = 7,0 Hz; 2H) 21.5 20.9
12 5.30 (m, 1H) 1215 123.7
13 132.1 130.3
14 1.77 (s; CHa) 25.8 254
15 1.83 (s; CHy) 18.2 17.9
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16 4.09 (d; J = 6,5 Hz, 2H) 26.6 255
17 5.30 (m; 1H) 123.2 1225
18 135.6
19 1.84 (s; CH3) 17.9 130.2
20 1.69 (s; CHy) 25.8 17.6
OCH; (7) 3.8 (5,3H) 62.0 25.7
OH (1) 13.77 (s) 60.1
OH (3) 6.14 (s)
OH (6) 6.3 ()

Két qua nghién ciru pho cong huong tir hat nhan cho thay san pham thu duoc
c6 céc tin hiéu proton va cacbon phtt hop véi dit liéu phd cta hop chit a — mangostin.

3.2. Két qua tong hop Polymer thay déi dién tich
3.2.1. Tong hop N- Succinimidyl Tocopheryl Succinate

N-Succinimidyl Tocopheryl succinate dugc tong hop bang cach két hop
Tocopheryl succinate va NHS trong su hién dién cia WSC (EDC) trong dung moi
DCM (Hinh 3.3). San pham dugc x4c dinh bang phuong phap do phd *H-NMR trong
CDCl3 ¢ nhiét o 25°C.

NCN O (@]
o
Cooy
)I\/\"/M + HON> OM
O (¢}

Tocopheryl succinate N- hydroxylsuccmlmlde N-Succinimidyl Tocopheryl succinate

Hinh 3. 3: Téng hop N-Succinimidyl Tocopheryl succinate

Pinh ciia nhém ethylene thudc vong succinimide xuat hién rd rang trong pho
'H-NMR. Viéc so sanh ty 1€ proton gitra cic proton ethylene trong vong succinimide
va cac proton methyl lién két v6i nhom pheryl ctia Tocopherol x4c nhan ty 1¢ chuyén

d6i nhom carboxyl trong Tocopheryl succinate dat 100%.
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Hinh 3. 4:Phé *H-NMR ciia Tocopheryl succinate (4) va N-Succinimidyl
Tocopheryl succinate (B) trong CDCls ¢ 25°C

3.2.2. Tong hop PBLA

PBLA duoc tong hop théng qua qua trinh polymer héa ma vong cia BLA-
NCA khai dau tir nhom NH: caa n-butylamine (Hinh 3.5).

0 O\fo o
CHy” > ""NH, + n —=> . cHS N Ny
DMF/CH,Cly, 40 °C : 0O
Q Q)
n-butylamine BLA-NCA PBLA

Hinh 3. 5: Tong hop PBLA théng qua polymer héa mé vong ciia BLA-NCA
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Qua trinh polymer hoa dugc x4c nhan bang cach theo ddi su bién mét ctia céc
dinh dic trung ctia NCA (1850 cm™': dao dong khéng ddi xtmg ctia C=0; 1780 cm ™'
dao dong dbi xtmg ctia C=0; 910 cm™': dao dong cua C=0) (Hinh 3.6).

Bat dau qua trinh polymer hoa:

\ [ s N
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: | W Ml W Vi
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’x '} I" “ I fl i"’ | \J & ,{ V‘ .'. lt \’ \
! /AN v l'”( .
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f ;l

4000 3400 2800 2300 1800 1500 1200 900 600

Hinh 3. 6: Theo doi qua trinh polymer héa thong qua cdc dinh dic trung ciia
BLA-NCA bang phép do IR

Do polymer hda cia doan PBLA trong cac copolyme PBLA dugc xac dinh la
20 bang phép do 'H-NMR trong DMSO-ds ¢ 80°C thong qua so sanh ty 1é proton
gitra cac proton methyl trong nhém butyl (CHsCH2.CH2CHa-, & = 0,8 ppm) va nhém
o-CH (COCHNH-, 6 = 4,7 ppm) (Hinh 3.7-A). Tinh don phan tan cua PBLA (DP =
20) duoc xac nhan bang phép do NMP-GPC (Mw/Mn = 1,19) (Hinh 3.7-B).
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Hinh 3. 7:(4) Phé 'H NMR ciia PBLA (DP = 20) trong DMSO-ds ¢ 80°C vi
(B) phép do siic ky thim thiu gel-GPC

Tuong tu, cac polyme PBLA-Toc véi cac mirc 40 polymer hda khac nhau (DP
= 32,73, 106) dugc dac trung thong qua phép do 'H-NMR va NMP-GPC (Hinh 3.8).

Bing 3. 6: Tong hop PBLA polymers

DP
Nguyén liéu | 20 40 70 100
Két qua 20 32 73 106
M/M, 1.19 116 104  1.08
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Hinh 3. 8: Phé 'H NMR ciia PBLA trong DMSO-ds 6 80°C va phép do sic ky
tham théiu gel-GPC véi DP = 32 (A), DP = 73 (B), DP = 106 (C)

3.2.3. Tong hop PBLA -Toc

PBLA-Toc duoc tong hop thong qua lién két amide gitta N-Succinimidyl
Tocopheryl succinate va nhém amine & dau chudi PBLA (Hinh 3.9).

et wwDCMT%Z” A
&

PBLA N-succinimidyl Tocophreyl succinate PBLA-Toc

Hinh 3. 9: Téong hop PBLA-Toc thdng qua lién két amide
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San pham duoc xac dinh thong qua phé 'H-NMR. Céac dinh ctia nhém
Tocopheryl trong PBLA-Toc xuat hién trong khoang tir 0,8 — 2,1 ppm. Ty 1¢ chuyén
ddi cua nhém amino dau dinh NH. cta chudi PBLA duoc xac dinh dua trén ty 1€
mol tuong ddi giita cac proton methyl ctia Tocopheryl succinate ((CHs)sCs-, & = 1,8
- 2,0 ppm) va nhém a-CH (-COCHNH-, & = 4,7 ppm) trong phd 'H NMR (Hinh
3.10).
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Hinh 3. 10:Phé 'H NMR ciia PBLA (DP = 20) trong DMSO-ds 6 80°C (A) va
phép do GPC (B)
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Céac polyme PBLA (DP = 32, 73, 106) dugc phan ung véi N-Succinimidyl
Tocopheryl succinate trong cung diéu kién véi PBLA DP = 20. Khi so sanh kha ning
lién két cua Tocopherol voi dau mat PBLA & cac mirc d6 polymer hoa khéac nhau,
ty 1& chuyén ddi giam khi chudi polyme dai hon (Bang 3.7). Nguyén nhan 1a do céu
tric cudn ngau nhién (random coil), nhém amine dau mut cta cac polyme c¢6 DP cao
kho twong tac voi nhom N-hydroxysuccinate hoat hoa ctia Tocopheryl succinate.
Thoi gian phan tng 1au hon 14 can thiét dé hinh thanh lién két amide gitra PBLA va
N-Succinimidyl Tocopheryl succinate.

Bing 3. 7: Tong hop PBLA-Toc

DP =20 DP=32 DP=73 DP=106
Ty 1& chuyén doi (%) 81% 78% 73% 68%
Mu/Mp 1.14 1.15 1.08 1.12

Phép do NMP-GPC xéc nhan rang viéc lién két Tocopherol v6i chudi polyme
PBLA khong 1am anh hudng dén ciu tric ctia polyme (Hinh 3.11). Sy gia ting khoi
lwong polyme 1a hop 1y do sy bd sung nhém Tocopherol vao dau mat PBLA.

DP=32 DP=73 DP=106

T T |
18 20 2|2 24 le 28 18 20 99 94 % 18 20 22 24 26

Thoi gian (Phit) Thas gian (Phat) Thai gian (Phit)

Hinh 3. 11: Phép do séc ky tham thiu gel-GPC ciia PBLA-Toc véi cic DP khdc
nhau (32, 73, 106)
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3.2.4. Tong hop PAsp(DET)-Toc

PBLA-Toc dugc thuc hién amin héa bing diethylentriamine (DET) trong
NMP trong diéu kién nhe. Phan tmg duoc mé ta trong Hinh 3.12.

O H (0]
/\/\ N <

0] H

é NMP, 4°C HI\; Ng

H
NH, -

PAsp(DET)-Toc

PBLA-Toc

Hinh 3. 12: Téng hop PAsp(DET)-Toc thong qua phén irng amin héa véi DET

Mot loat cac chudi nhanh cationic tir nén ting PBLA duy nhat da duoc chuan
bi thong qua phan mg amin hoa dinh lugng. Phan tng bat dau bang viéc hoat hoa
nguyén tir nito trong chudi chinh bai mot amin hoat dong nhu mot base yéu, tao lién
két hydro véi proton ctia nhom amide. Tiép theo, nguyén tir nito duoc hoat hoa s&
tan cong nucleophile vao nguyén tir carbon ctia nhém carbonyl trong chudi nhanh,
tao thanh vong succinimidyl. Sau d6, mot amin tiép tuc tdn cong nucleophile vao
mot trong hai nhom carbonyl trong vong succinimidyl, ddn dén viéc chuyén d6i hiéu
qua thanh dan xuét poly(aspartamide) N-thay thé. Do d6, phan tng amin hoa dinh
luong khong anh huéng dén lién két amide gitta PBLA va Tocopheryl succinate. Két
qua nay ciing duoc xac nhan bai phd 'H NMR (Hinh 3.13).

Pho 'H NMR cua PAsp(DET)-Toc cho thdy sy xuat hién cta cdc nhom
ethylene trong céu tric 1,2-diaminoethane (PAsp(DET): H.N(CH:):NH(CH:).NH-,
8 = 3,2-3,6 ppm), trong khi cic dinh tir benzyl bién mét, ching minh sy thay thé
bang DET d3 dién ra.

Tur biéu d6 HPLC, polyme PAsp(DET)-Toc khong cho thay su phén hily trong
qua trinh amin héa bang DET & 4°C. Két qua tuong ty ciing thu dugc véi cac chudi
PBLA c¢6 DP cao hon, khang dinh rang diéu kién phan tmg nay phu hop cho qua
trinh amin hoa PBLA-Toc.
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Hinh 3. 13: Phé 'H NMR ciia PAsp(DET)-Toc (DP = 20) trong D0 6 80°C (A)
va biéu do HPLC (10 mM AcOH, nhiét dp 25°C, pH 4,7, 2 mg/ml,
pht hign RI va UV) (B)

3.2.5. Tong hop PAsp(DET-Cit) — Toc

Phan tng gitta PAsp(DET)-Toc va Citraconic anhydride dugc thuc hién trong
dung dich dém NaHCOs 0.5M (pH = 8-9) (So d6 3.14).

0 H H. O Q o
H H,O
N N O-=
/\/\” M ﬂjw Toc \ NN N NjMo\TOC
00 (0] O H 00
O HN 0

HN

g” { g NH )
NH N | S S

HN) § Citraconic anhydride HoN {

g, PN (o
2 0.5M NaHCOj buffer (pH=8-9) o NH ‘ 0

\

ooc c00

PAsp(DET)-Toc PAsp(DET-Cit)-Toc

Hinh 3. 14: Téng hop PAsp(DET-Cit)-Toc
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San pham dugc xac nhan bang phd 'H NMR. Nhom methyl (CHsC-, 8 = 1,9
ppm) va nhém methyne (-CH-, § = 5,5-5,9 ppm) cua citraconic xuat hién trong phd
IH NMR (Hinh 3.15). Céc dinh ctia nhém methyne duoc giai thich béi cu trac lién
két 61 (C=C) va sy lién két ctia cac nhom CO khac nhau voi DET.
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Hinh 3. 15: Pho 'H NMR ciia PAsp(DET-Cit)-Toc (DP = 20) trong D0 ¢ 80°C
3.3. Téng hop va dic diém cia CCP- Liposome

Phuong phap tan xa anh sang dong (Dynamic Light Scattering - DLS) duoc
stt dung dé phan tich kich thudc va tinh chat bé mat cia CCP—liposome, trong khi
kinh hién vi dién tir truyén qua (Transmission Electron Microscopy - TEM) duoc
ap dung dé quan sat dic diém hinh thai. Két qua do DLS cho thay kich thuéc trung
binh cua cac hat CCP-liposome 1a 98,59 + 5,1 nm, vd&i chi s6 da phan tan (PDI) 1a
0,098 + 0,02 va thé zeta am -22,31 + 2,4 mV (Hinh 3.16A). Quan sat qua TEM cho
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thay cac hat CCP-liposome c6 hinh dang cau 18 rang, thé hién tinh ddng nhat vé mit
hinh thai (Hinh 3.16B).

A . B
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Hinh 3. 16:(A) Phdn bé dién tich bé mit dwec thé hién théng qua kich thudc,
PDI va thé zeta ciia CCP-liposome va (B) Hinh anh CCP-liposome chup bing
kinh hién vi dién tir truyén qua (TEM) 6 cdc dp phéng dai khdc nhau. Thanh ty
lé chi ra kich thwoc 500 nm
DPé x4c nhén tinh 6n dinh, CCP-liposome da trai qua phan tich kich thudce
trung binh va PDI trong vong 35 ngay (Hinh 3.17). Tinh 6n dinh cua liposome duoc
chting minh qua sy thay doi khong dang ké vé kich thudc trung binh va PDI trong
sudt thoi gian quan sat 35 ngay.
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Hinh 3. 17: Pdnh gid tinh én dinh ciia CCP-liposome trong vong 35 ngay bing
cach theo déi s thay déi vé kich thuwéc trung inh va chi sé da phén tin (PDI).
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Su bién d6i gia tri thé zeta phan anh dic tinh chuyén dbi dién tich cia CCP-
liposome dugc trinh bay trong Hinh 3.18. Tai pH 7.4, phttc hop CCP-liposome duy
tri thé zeta 6n dinh khoang -20 mV, cho thiy tinh 6n dinh cta hé trong m6i truong
trung tinh. Tuy nhién, khi pH giam xudng 6,6, thé zeta dan chuyén tir &m sang dwong,
do su phé&n hay cia nhdm amide cis-aconitic trong cau trlic polymer. Sau 2 gid u tai
pH 6,6, thé zeta dat 0 mV va tiép tuc tang 1én gia tri dwong. Nguoc lai, & pH 7,4,
khong quan sét thay sy thay d6i ndo vé gid tri thé zeta, khang dinh tinh 6n dinh cta

hé trong mOi truong trung tinh,

Phan t&rng pH cua CCP-Liposome
200

€ —a—pH=66
2 150+
-
et
S
§ 100- L L] T T T
. 20-
S
£
s 9
Q
N
£ 209
=
0 1 2 3 4 5
Thoi gian (h)

Hinh 3. 18: Kiém tra sw thay déi kich thwéc va thé zeta ciia CCP-liposome trong
cac dung dich co pH khdac nhau trong khodang thoi gian 5 gio. Dit lieu dugc
trinh bay dwdi dang trung binh + d léch chudn (SD) (n = 3).

Ngoai ra, sy bién doi kich thudc dang ké ctia phic hgp CCP-liposome ciing
duoc kich hoat boi qué trinh chuyén dbi dién tich. Nhu trong Hinh 3.18, tai pH 7,4,
phttc hop CCP-liposome duy tri kich thudc 6n dinh khoang 100 nm, cho thay tinh
doéng nhat cua cdc hat trong moi truong trung tinh. Tuy nhién, khi pH giam
xudng 6,6, kich thudc cac hat ting dot ngot, hinh thanh céc cum 16n véi dudng kinh
gan 200 nm. Hién tugng ndy c6 thé duoc giai thich boi su giam luc ddy tinh dién
giita céc hat, 14 két qua cua qud trinh trung hoa dién tich mot phan sau 1 gio 1, va
hoan toan sau 2 gio trong moi truong axit véi pH 6,6.
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3.4. Ty I¢ giai phong va hiéu suat bao géi ciia CCP-Liposome

Dung dich sau tham tach duoc thém mot luong dung dich dém méi tuong
duong dé dinh luong qua trinh giai phong duoc chat tir CCP-liposome trong céc
khoang thoi gian xac dinh. Luwong o-mangostin dugc giai phong duoc do bang
phuong phép quang phd UV ¢ budc song 480 nm. Két qua cho thiy hiéu suit tai
thudc dat mic cao nhét, 17,4%, khi ndng d6 a-mangostin 12 150 pg/mL (Po thi
3.5A). Tuy nhién, khi ndng d6 tang 1én 200 pg/mL va 300 pg/mL, kha ning tai thude
giam cOn 14,57% va 14%, tuong tng. Dic biét, & ndng do 150 pug/mL, hiéu suat bao
goi dat gan 90%, cho thdy kha nang luu gitr dugc chat vuot troi trong hé CCP-
liposome.
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Do thi 3. 5: Biéu thi khd nding tdi thudc, higu sudt bao gdi va kha ning
nhd thuéc ciia CCP-Liposome

(A) Ham luong thudc va hiéu suat bao goi.
(B) Ham luong thube duoc giai phong ciia CCP—liposome chira a-mangostin.

Dit liéu duoc trinh bay dudi dang trung binh + d6 1éch chuan (SD) (n = 3).

Pic diém giai phong thudc cho thay sy phu thudc rd rét vao moi trudng pH.
Tai pH 7,4, toc d6 giai phong a-mangostin rat cham va gan nhu khong dang ké (gan
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0%) trong 24 gio, ching minh rang thudc dugc bao goi chit ché trong CCP-
liposome, diéu nay co loi cho viéc tudn hoan trong co thé va giam doc tinh ngoai y
mudn. O méi trudng pH 5,0, tbe d6 giai phong lai ting dang ké véi mot giai doan
giai phong nhanh ban dau, dat 50% sau 12 gid va duy tri 6n dinh trong 24 gio tiép
theo (Po thi 3.5B).

Hién tuong giai phong nhanh nay ¢ thé dugc giai thich bai sy thiry phan pH
cua Cit-Toc tai pH 5,0, dan dén sy pha v& ciu trac polymer va gia ting khuéch tan
dugc chat qua cac hat liposome truong ng. Nhitng két qua nay cho thay hé CCP-
liposome khong chi hiéu qua trong viéc bao g6i ma con c6 kha ning giai phong thudce
c6 kiém soat, phu hop cho cac tmg dung diéu tri hudng dich trong méi truong axit,
nhu tai cac khéi u hodc endosome.

3.5. Kha ning giai phong thudc khéi thé ndi bao (endosome)

Qua trinh giai phong thudc nhanh chong khoi tiéu thé (lysosome) 14 rat can
thiét khi cac hat nano bi giit lai bén trong lyposome sau qué trinh nhap bao
(endocytosis). Do d6, kha ning hap thu ndi bao ctia cic hat nano va qua trinh giai
phong thude di dugc nghién ciu.

100 500 -
—— Liposome o -
~—— CCP - Liposome S I
8 80 S8 400 T
Qo oo 1
@ 5
g- 60 g_ 300 4
+ <
Q =
>
2 40 S 200 I
<O =
o <O
o o
S 204 oo 100+
=
= )
3
0 T T T T 0 T T
10° 10! 102 10° 104 10° Liposome CCP - Liposome

Hinh 3. 19: Kha néng gidi phéng thuéc

(A) Pinh huynh quang cta liposome va CCP—liposome duoc hién thi trén biéu do
dong té bao (flow cytometry histogram).



58

(B) Cuodng d6 huynh quang trong té bao HepG2 dugc xir 1y véi liposome va CCP—
liposome dugc dinh lugng. Dir li¢u dugc trinh bay dudi dang trung binh + dg I¢ch
chuan (SD), véin=35, P <0,01.

Nhu thé hién trong Hinh 3.19A, ca liposome va CCP—liposome déu c6 kha
nang xam nhap vao té bao. CCP—liposome cho thiy mirc d6 hap thu cta té bao cao
hon dang ké so véi cac hat liposome thong thuong, cho thay vai trd ciia CCP trén bé
mit trong viéc tang cuong d6 nhay va hiéu qua tuong tac cua liposome voi té bao
dich. Phan tich dinh luong tir dit liéu dong té bao ciing khang dinh két qua ndy, nhu
thé hién trong Hinh 3.19B.

Cyanine 3 Hoechst 33342 Merged

Liposome

CCP - Liposome

Hinh 3. 20: CLSM dwoc si¢ dung dé theo doi sw di chuyén ngi bao ciia liposome
va CCP-liposome. Cyanine 3 (mau dé) dwoc siv dung dé hién thi hinh anh, trong
khi nhan té bao dwoc nhuém véi Hoechst 33342 (mau xanh lam). Thanh ty ¢
biéu thi kich thwéc 20 um

Hinh anh tir kinh hién vi dong tiéu lam rd hon qua trinh di chuyén ctia CCP-
liposome va liposome vao trong té bao. Sau 6 gio 1, tin hiéu huynh quang ctia CCP-
liposome (mau do) duoc quan sat rd rang trong té bao HepG2, cho thay sy xAm nhap

hiéu qua cua chiing vao bao tuong. Nguoc lai, tin hi¢u huynh quang cia liposome
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thong thuong chi phan bb ngiu nhién trén mang té bao, khong thé hién sy xdm nhap
sdu vao trong té bao (Hinh 3.20).

Nhitng két qua nay cho thiy rang su gian két cia CCP 1én liposome khong chi
nang cao kha ning twong tac v6i mang t& biao ma con thic day qua trinh hip thu noi

bao, 1am ting hiéu qua van chuyén thudc dén dich trong té bao.
3.6. Pdc tinh té bao in vitro

Poc tinh té bao ctia CCP-liposome chira a-mangostin dugc do ludng va so
sanh véi liposome chira a-mangostin va a-mangostin ty do. Cac té bao dugc xu Iy
v6i cac hop chat hoat tinh va san pham polymer trong 4 gio trong cac dung dich dém
co gia tri pH khac nhau: 5,0; 6,6; va 7,4. Két qua tur thtr nghiém MTT duoc thé hién
trong Pd thi 3.6.

Sau 4 gid xir Iy, kha ning sdng cta té bao khi dugc G vdi CCP-liposome chira
o-mangostin trong dung dich dém pH 5,0 giam dang ké so voi dung dich pH 7.4 va
6,6 va gan tuong duong voi két qua cta a-mangostin ty do (Do thi 3.6A). Két qua
ndy cho thiy co thé do moi trudng axit thlic dy sy giai phdng a-mangostin, dan dén
doc tinh té bao cao hon.

Ngoai ra, cac mau nay tiép tuc duoc kiém tra trong cac thi nghiém theo thoi
gian (24-96 gio xur 1y). Liposome chtra o-mangostin ban dau it hiéu qua hon a-
mangostin ty do trén té bao HepG2 sau 24 gio. Tuy nhién, sau 48 gio, liposome
chtra o-mangostin giai phéng thém duge chit vao bén trong té bao va do vay doc
tinh té bao cao hon (Po thi 3.6B).

CCP-liposome chira o-mangostin thé hién ddc tinh t& bao cao nhat so véi cac
hé liposome khéac (liposome tréng, o-mangostin tu do va liposome chira a-
mangostin). Két qua nay chirmg minh rang CCP—liposome chira a-mangostin khéng
chi phan phéi o-mangostin hiéu qua hon véo trong t& bao ma con c6 kha ning bao
vé hop chét khoi sy phan huy trong endosome. Diéu ndy khang dinh wu thé vuot troi
ctia hé théng CCP-liposome trong viéc cai thién hiéu qua van chuyén va hoat tinh

cua thuoc.
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Do thi 3. 6: Khd nding séng sét ciia té bao bénh

(A) Doc tinh té bao ctua a-mangostin va CCP—liposome tai a-mangostin trén dong
HepG2 trong thoi gian ngin (4 gio) o cac didu kién pH khéac nhau (pH=5,0 , pH=6,6
va pH=7,4). Dai nong d6 a-mangostin trong moi truong tir 0,1 pg/mL dén 100
pug/mL.

(B) Poc tinh té bao ctia CCP-liposome tai a-mangostin theo thoi gian (xt 1y trong
24-96 gid) v6i ndng do o-mangostin twong duong 5 pg/mL.
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KET LUAN
Trong nghién ctru nay, chung toi thu dugc cac két qua sau:

Di xdy dung quy trinh chiét xuat va phan lap hop chat a-Mangostin & diéu
kién t6i wu: Nhiét d6 45-50°C, thoi gian 180 phut, cOng suat phat siéu 2,2 w/cm?, ty
1¢ dung méi/ nguyén liéu (ml/g): 5:1. Tién hanh phan l4p hoat chit o-mangostin tir
v6 qua mang cut theo quy trinh tdi vu ta thu duoc hop chat a-Mangostin ¢6 do tinh
sach 12 98% véi hiéu suét 1 1,86%. Cau tric o-mangostin dugc chimg minh bang

cac dit kién phd cong huong tir hat nhan 1 chiéu.

D3 tong hop thanh cong Polymer thay d6i dién tich (CCP) - mdt polyme c6
kha niang chuyén dobi dién tich (charge-conversion property), di duoc tich hop vao
liposome nham tao ra hé théng CCP-liposome, giup tang cuong hiéu qua van chuyén
thudc dén té bao HepG2. Liposome CCP c6 kich thuéc 12 98,59 + 5,1 nm, chi s6 da
phan tan (PDI) 14 0,098 + 0,02 va thé zeta 4m -22,31 £ 2,4 mV.

Liposome CCP cho thay hiéu suit nap thubc dat 17,4% voi nong do 150
ng/mL a-mangostin va giai phong 50% thudc trong moi trudong axit sau 12 gid.
Phén tich hinh anh huynh quang té bao cho thiy PAsp(DET-Cit)-Toc c6 vai trd
cho qua trinh giai phong khoi thé ndi bao (endosome) va liposome CCP chira o-
mangostin c6 hoat tinh trc ché t& bao manh khi 1am giam ty séng sot ciia té bao

xudng con 7% sau 96 gio.
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KIEN NGHI

Mic du ¢6 nhimng tién bo déang ké, nhung dé tng dung thuc té hoa hé liposome
chtra a-mangostin trong diéu tri ung thu,can tién hanh thém cac nghién ctru tiép theo
nhu thir nghiém trén dong vat va thir nghiém 1am sang. Viéc nay sé giup dam bao on
dinh va hiéu suét ctia hé liposome, lam nén tang cho cc img dung trong linh vuc y
hoc va diéu tri bénh 1y. Nhitng nghién ctru tiép theo ¢ thé tap trung vao diéu chinh
thanh phﬁn, kich thudc, va mirc d¢ chirc nang cta liposome dé dat duoc hiéu suét
t6t nhat va dong thoi giam tac dong phu cé thé xuit hién trong qua trinh diéu tri.
Piéu nay dit ra nhiig thach thirc, nhung ciing mé ra nhiéu co hoi trong viéc phat

trién cong ngh¢ nay va cai thién kha nang dicu tri cac loai ung thu khéac nhau.



63

DANH MUC CONG TRINH CUA TAC GIA

1. Trang Thi Kiéu Phan, Hoang Huy Nguyén, Xuan Thi Nguyén, Tung Vin
Nguyén, Linh Anh Duong, Linh Phuong Nguyén, Uyén Thu Pham, Hong
Fabrication of a Charge - Conversion Polymer-Liposome for Enhancing
Endosomal Escape of Drug Delivery System for a—Mangostin, Processes,
11(8), 1-16. Nhung L&, Toan Quéc Tran, Duong Thanh Nguyén, Dung Thuy
Pham, 2023.



64

TAI LIEU THAM KHAO

1. Phong, N. T., Pham, T. H., Le, V. A., 2021, Thanh phan héa hoc va céc tng
dung y hoc cua a-mangostin trong vo mang cut, Tap chi Nong nghiép va Phat
trién Néng thén, 20(6), tr. 45-53.

2. Huynh Thi Nhw Quynh, L& Quédc Anh, Nguyén Thi Thu Hing, 2024, Ung
dung dung mdi ethanol dé t6i uu hoéa quy trinh chiét xuat o-mangostin tir vo
mang cut, Tap chi Hoa hoc Viét Nam, 62(1), tr. 23-30.

3. Chen,Y.Z.,Wang, L. P., Zhang, J., 2019, Effects of a-mangostin on breast
cancer cells and its potential mechanisms, Journal of Cancer Research and
Clinical Oncology, 145(8), tr. 1521-1531.

4. Tan, S. H., Lim, K. J., Choo, A. S., 2018, Preclinical evaluation of o-
mangostin in tumor reduction in mice, Experimental Oncology, 40(4), tr. 304-
310.

5. Nguyen, T. T., Pham, Q. H., Tran, M. N., 2022, Challenges in the
bioavailability of a-mangostin and strategies for
enhancement, Pharmaceutical Sciences Review, 12(3), tr. 58-67.

6. Wang, X. H., Liu, R. T., Zhao, Q., 2021, Toxicity and resistance
mechanisms of a-mangostin in cancer treatment, Asian Journal of
Pharmacology, 33(2), tr. 110-118.

7. Zhou, H., Zhang, L., Chen, Q., 2016, AgNPs@MnO2-DOX-Apt
nanosensors for targeted cancer therapy, Journal of Biomedical
Nanotechnology, 12(8), tr. 1405-1416.

8. Nguyen, P. T, Tran, V. H., Le, M. T., 2020, Advances in polymer-based
drug delivery systems for cancer treatment, Materials Science and
Engineering: C, 107(2), tr. 110215.

9. Smith, A. M., Duan, N., Jones, M. T., 2020, Metallic nanoparticles in
targeted drug delivery systems, Nanomedicine: Nanotechnology, Biology and
Medicine, 28(4), tr. 102274.

10.Choi, S. H., Kim, Y. J., Park, S. E., 2021, Natural polymer nanoparticles in
drug delivery: Application and challenges, Carbohydrate Polymers, 260(1),
tr. 117794.

11.Lee, J. W., Park, K. S., Kim, H. J., 2019, Use of functionalized chitosan for
enhanced tumor targeting, International  Journal of Biological
Macromolecules, 133(4), tr. 398-407.

12.Fang, Y. H., Li, C. Z.,, Zhao, Y. H., 2020, Gold nanoparticles in cancer
therapy and imaging, Theranostics, 10(2), tr. 921-932.

13.Chen, W. X., Wang, L. T., Zhang, J. Y., 2021, Development of polymeric
nanoparticles for drug delivery, Journal of Pharmaceutical Sciences, 110(5),
tr. 1972-1985.



65

14.Tran, Q. H., Le, A. V., Nguyen, T. N., 2019, Graphene oxide and its
biomedical applications, Nanomedicine, 14(4), tr. 563-576.

15.Zhang, W., Wang, J., Chen, X., 2021, Graphene oxide in biomedical
applications: A review, Biomaterials Science, 9(7), tr. 2208-2232.

16.Fang, T. S., Xiao, J. H., Li, X. M., 2020, Advances in chitosan-based drug
delivery systems, Carbohydrate Polymers, 229(1), tr. 115456.

17.Wang, Y., Zhao, Z., Liu, Z., 2018, Functionalization of nanoparticles for
enhanced drug delivery to cancer, Advanced Drug Delivery Reviews, 132(2),
tr. 3-15.

18.Tomalia, D. A., Naylor, A. M., Goddard, W. A., 1985, Starburst
dendrimers: Molecular-level control of size, shape, surface chemistry,
topology, and flexibility from atoms to macroscopic matter, Angewandte
Chemie International Edition, 29(2), tr. 138-175.

19.Lee, J. H., Yeo, Y., 2015, Controlled drug delivery: advances and
challenges, Advanced Drug Delivery Reviews, 97(1), tr. 1-3.

20.Tomalia, D. A., Christensen, J. B., Boas, U., 2012, Dendrimers, dendrons,
and dendritic polymers: Discovery, applications, and the future, Cambridge
University Press, Cambridge, Anh Quéc.

21.He, H., Pham-Huy, L. A., Pham-Huy, C., 2017, Targeted delivery systems
for cancer treatment, Current Pharmaceutical Design, 23(1), tr. 225-243.

22.Zhang, W., Wang, J., Chen, X., 2021, Advances in dendrimer-based drug
delivery systems, Biomaterials Science, 9(5), tr. 1804-1815.

23.Bangham, A. D., Standish, M. M., Watkins, J. C., 1965, Diffusion of
univalent ions across the lamellae of swollen phospholipids, Journal of
Molecular Biology, 13(1), tr. 238-252.

24.Torchilin, V. P., 2005, Recent advances with liposomes as pharmaceutical
carriers, Nature Reviews Drug Discovery, 4(2), tr. 145-160.

25.Allen, T. M., Cullis, P. R., 2013, Liposomal drug delivery systems: from
concept to clinical applications, Advanced Drug Delivery Reviews, 65(1), tr.
36-48.

26.Barenholz, Y., 2012, Doxil®—the first FDA-approved nano-drug: Lessons
learned, Journal of Controlled Release, 160(2), tr. 117-134.

27.Feng, S. S., Chien, S., 2003, Chemotherapeutic engineering: application and
further development of chemical engineering principles for chemotherapy of
cancer and other diseases, Chemical Engineering Science, 58(18), tr. 4087-
4114,

28.Drummond, D. C., Meyer, O., Hong, K. Kirpotin, D. B,
Papahadjopoulos, D., 1999, Optimizing liposomes for delivery of
chemotherapeutic agents to solid tumors, Pharmacological Reviews, 51(4), tr.
691-743.



66

29.Batzri, S., Korn, E. D., 1973, Single bilayer liposomes prepared without
sonication, Biochimica et Biophysica Acta (BBA) - Biomembranes, 298(4), tr.
1015-1019.

30.Szoka, F., Papahadjopoulos, D., 1978, Procedure for preparation of
liposomes with large internal aqueous space and high capture by reverse-
phase evaporation, Proceedings of the National Academy of Sciences, 75(9),
tr. 4194-4198.

31.Gabizon, A., Shmeeda, H., Barenholz, Y., 2016, Pharmacokinetics of
pegylated liposomal Doxorubicin: Review of animal and human
studies, Clinical Pharmacokinetics, 42(5), tr. 419-436.

32.Pandey, R., Khuller, G. K., 2005, Antitubercular inhaled therapy: liposome
and nanoparticle-based drug delivery systems, Indian Journal of Chest
Diseases and Allied Sciences, 47(3), tr. 171-176.

33.Allen, T. M., Hansen, C., Rutledge, J., 2004, Liposomes in targeted drug
delivery, Drug Delivery Reviews, 56(1), tr. 69-86.

34.Tan, S. H., Lim, K. J., Choo, A. S., 2018, Charge-conversion polymers for
targeted drug delivery, Journal of Biomedical Nanotechnology, 14(8), tr.
1237-1245.

35.Silverstein R. M., et al., 2015, Spectrometric Identification of Organic
Compounds, 8th ed., John Wiley & Sons

36.Liu, X., Zhang, J., & Wang, L, 2015, Characterization and structural
identification of a-mangostin using NMR spectroscopy, Journal of Natural
Products, 78(10), 2439-2446



s processes
S

Article

Fabrication of a Charge-Conversion Polymer—Liposome for
Enhancing Endosomal Escape of Drug Delivery System for

a—-Mangostin

Trang Thi Kieu Phan '-*%, Hoang Huy Nguyen 2, Xuan Thi Nguyen 2, Tung Van Nguyen 2{, Linh Anh Duong 2,
Linh Phuong Nguyen %, Uyen Thu Pham %, Hong Nhung Le »®, Toan Quoc Tran -1, Duong Thanh Nguyen 15:*{%
and Dung Thuy Nguyen Pham 78+

. check for
. updates

Citation: Phan, T.T.K,; Nguyen, HH.,;
Nguyen, X.T,; Van Nguyen, T.;
Duong, L.A.; Nguyen, L.P; Pham,
U.T,; Le, HN,; Tran, T.Q.; Nguyen,
D.T,; et al. Fabrication of a
Charge-Conversion Polymer—
Liposome for Enhancing Endosomal
Escape of Drug Delivery System for
x-Mangostin. Processes 2023, 11, 2344,
https:/ /doi.org/10.3390/pr11082344

Academic Editor: Roberta
Campardelli

Received: 5 June 2023
Revised: 26 June 2023
Accepted: 12 July 2023
Published: 4 August 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/ licenses /by /
40/).

Graduate University of Science and Technology, Vietnam Academy of Science and Technology (VAST),

18 Hoang Quoc Viet 5t., Cau Giay Dist.,, Hanoi 10000, Vietnam; phantrang.2508@gmail.com (T.T.IK.P.);
nhungtin2k@gmail.com (H.N.L.); tranquoctoan2010@gmail.com (T.Q.T.)

2 Institute of Genome Research, Vietnam Academy of Science and Technology (VAST), 18 Hoang Quoc Viet St.,
Cau Giay Dist., Hanoi 10000, Viemam; myphamvemb@gmail.com (H.H.N.); dtnlab.vast@gmail.com (X.T.N.);
tungnv@igrac.vn (T.V.N.); dalinh@igrac.vn (L.A.D.)

Vinmec Research Institute of Stem Cell and Gene Technelogy, Hanoi 10000, Vietnam

4 School of Preventive Medicine and Public Health, Hanoi Medical University, 1 Ton That Tung St.,

Dong Da Dist., Hanoi 10000, Vietnam; nplinh239@gmail.com

Institute for Tropical Technology, Vietnam Academy of Science and Technology (VAST),

18 Hoang Quoc Viet St., Cau Giay Dist,, Hanoi 10000, Vietnam; phamuyenpjj@gmail.com

6 Institute of Natural Products Chemistry, Vietnam Academy of Science and Technology (VAST),

18 Hoang Quoc Viet 5t.,, Cau Giay Dist.,, Hanoi 10000, Vietnam

NTT Institute of Applied Technology and Sustainable Development, Nguyen Tat Thanh University,

Ho Chi Minh City 70000, Vietnam

Faculty of Environmental and Food Engineering, Nguyen Tat Thanh University,

Ho Chi Minh City 70000, Vietnam

*  Correspondence: ntduongl82@gmail.com (D.T.N.); pntthuydung@ntt.edu.vn or pntdung@ntt.edi.vn (D.T.N.P)

Abstract: a-Mangostin, which is a natural xanthone compound, inhibits the metastasis and survival
of various cancer cell types. However, its therapeutic effectiveness is limited by low water solubility
and very poor absorption. There are several studies that developed the drug delivery system
for a-mangostin, but they are still a remaining challenge. Drug delivery techniques are severely
hampered by the breakdown of nanoparticles inside endosomes, The abrasive chemical environment
in these compartments causes both the nanoparticles and the encapsulated c-mangostin to degrade
throughout the course of the voyage. Intracellular defenses against external materials refer to this
collective mechanism. A pH-responsive liposome named PAsp(DET-Cit)-Toc, made of lipids and
a charge-conversion polymer (CCP), has been created for the targeted transport of e—mangostin in
order to avoid this deteriorative outcome. The average hydrodynamic size of CCP-liposoine particles
is 98.59 + 5.1 nm with a PDI of 0.098 £ 0.02 and a negative zeta potential of 22.31 + 2.4 mV. TEM
showed the shape of the spherical CCP-liposomes. x—Mangostin is successfully captured inside CCP-
liposome and the loading yield reached the highest encapsulation efficiency of 83% with 150 pg/mL
of a—mangostin. In the acidic condition of pH 5.0, an initial burst of c-mangostin reached 50% after
6 h in buffer solution. CCP-liposomes could escape from endosomes even after 3 h, and almost
80% of CCP-liposomes escaped after 24 h. The cell ability of a-mangostin-loaded-CCP-liposome
incubated in buffer solutions of 5.0 decreased significantly and was close to free e-mangostin. Our
data proved that a-mangostin-loaded CCP-liposome delivered more effectively a—mangostin into
cells and prevented the degradation of a—mangostin inside cells, especially endosomal degradation.

Keywords: liposome; charge-conversion polymer; oc—mangostin; DDS
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1. Introduction

The application of natural based-compound products is a promising therapy for dis-
ease treatment, especially cancer. a—Mangostin is known as a xanthone derivate isolated
from the pericarp of the mangosteen fruit of Garcinia mangostana Linn. Scientists” interest in
this compound has grown as a result of its potent anticancer properties [1-4]. a-Mangostin
has proved effective in several cancer types, such as human prostate carcinoma [5], lung
adenocarcinema cells [6,7], and breast adenocarcinoma [2,8]. Despite its potential biological
and pharmacological capabilities in cancer treatment, ®-mangostin has certain limitations,
including weak water solubility, which results in relatively poor absorption, limiting its an-
ticancer effects [9,10]. In order to overcome this limitation, nanoparticles, or nanomaterials,
were developed as a drug delivery system to reach high water solubility and biodistribu-
tion [10-12]. The diversity of nanoformulation drug delivery systems, such as nanomicelles,
liposomes, and solid lipid nanoparticles, have been designed to ameliorate the limitation of
cc-mangostin and increase its delivery to achieve better therapeutic outcomes [10].

Liposomes are a revolutionary drug delivery system in several biomedical fields [13,14].
Liposomes exhibit various distinct benefits, including high biocompatibility, bicavailability,
and degradability by stabilizing acquired molecules, overcoming hurdles to cell/tissue
absorption, and enhancing drug/compound distribution to target areas in the body [15-17].
Therefore, liposomes can support protecting compounds from early inactivation, oxidation
in the bloodstream, and upgrade aggregation in the tumor [13,18,19]. Recently, we have
developed a liposome system that encapsulates a—mangostin and is capable of releasing
e-mangostin to HepG2 cells [20], Furthermore, the FDA has authorized various liposo-
mal medications, including Myocet, Doxil, and Marqibo [21]. However, liposomes also
encounter defense systems within cells with aims to recognize, neutralize and eliminate
the invading foreign substances [13]. These barriers include the reticuloendothelial system,
opsonization, and immunogenicity.

The liposome has a lipid bilayer structure, so it is easy to absorb into the membrane
of cells and results in the release of the active compound into the extracellular fluid. In
addition, the liposomes can interact with cells via receptor-mediated endocytosis, but
it only permits vesicles of a maximum diameter of 150 nm, and liposomal content has
the ability to endure the acidic environment of lysosomes. In addition, it is difficult for
liposomes to escape endocytosis inside cells, in which endosomes fuse with liposomes
leading to the degradation of liposomes via a low pH and the release of drugs [22-24]. For
liposomes, early endosomes serve as a pivotal checkpoint that determines whether they
will be recycled, excreted, or degraded. Liposomes have the potential to either evade the
early endosome and progress further, leading to the formation of late endosomes, or they
can become entrapped within the early endosome and subsequently merge with lysosomes
to form endo-lysosome vesicles, resulting in their degradation [25]. As a result, in order to
sustain their therapeutic effectiveness, drug-based liposome delivery systems must resist
rapid breakdown and escape early endosomes.

Numerous studies have developed smart polymers that are responsive to environ-
mental factors, including pH, temperature, and ionic strength. Additionally, pH-sensitive
polymers have advanced to the point where they may include acetal, ester, and hydra-
zone into their acid-labile linkage, allowing the medication to be released from the endo-
some [26-28]. However, because these polymers have a positive charge, they are easily
attached to molecules in blood arteries and are detected by the reticuloendothelial system
throughout their circulation in the blood. Therefore, charge-conversion polymer (CCP)
needs to possess negative charges at neutral pH conditions (blood or cytoplasm), and when
entrapped by an endosome, CCP absorbed protons (H') in the endosome environment to
neutralize its negative charge at acidic pH (endosome or secondary lysosomes) result in
endosome swell and burst [29,30]. Finally, the active compound will be released from the
endosome.
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In this research, we designed a drug delivery system including two main components
(1) liposomes are composed of phospholipids and cholesterol as carriers; (2) CCP-Toc: a
charge-conversion polymer, which has Toc side chains to bind to lipesomes, this CCP-Toc
supports liposome escape from endosomal degradation (Figure 1). This system applies to
improve the limitation and delivery a~mangostin and enhance its therapeutic performance
for cancer treatment.
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Figure 1. Schematic of endosomal escape mechanism of a charge-conversion polymer modified
liposome.

2, Materials and Methods
2.1. Materials .

o—Mangostin, N-hydroxysuccinimide (NHS), N,N-dimethylformamide (DMEF),
dichloromethane (DCM), methanol (MeOH), diethylenetriamine (DET), and N-methyl-2-
pyrrolidone (NMP) were supplied by Wako Pure Chemical Industries, Ltd. (Osaka, Japan).
The 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride (EDC) was acquired
from Sigma-Aldrich (Merck, Germany). Fuchs’ approach was used to generate benzyl-L-
aspartate N-carboxy-anhydride (BLA-NCA). [31]. Polycarbonate membrane filters were
acquired from Whatman Inc. (Clifton, NJ, USA). Dioleoyl, palmitoyl-oleoyl, and dimyris-
toyl phosphatidyl ethanolamines (DOPE, POPE, and DMPE) were from Avanti-Polar Lipids,
Inc. (Alabaster, AL, USA). Carboxyfluorescein (CF), triton X-100, alpha-tocopheryl suc-
cinate (0~TOS), chloroform, and phosphate-buffered saline (PBS) were obtained from
Sigma-Aldrich. All other chemicals used were of analytical grade. The laser scanning
confocal microscope TCS SP5 AOBS was acquired from Leica (Wetzlar, Germany).
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2.2, Methods
2.2.1. Synthesis of Charge-Conversion Polymer PAsp(DET-Cit)-Toc

- Synthesis of N-Succinimidyl Tocopheryl Succinate

N-suecinimidyl tocopheryl succinate was synthesized from tocopheryl succinate and
N-hydroxysuccinimide with the presence of wet suck catalyst (WSC). Tocopheryl succinate
(1.74 g, 3.28 mmol), NIIS (0.38 g, 3.28 mmol), and EDC (0.64 g, 3.28 mmol) were dissolved in
50 mL DCM. The mixture was agitated at ambient temperature for a duration of 48 h under
an argon atmosphere. Upon the completion of the reaction, the solution was rinsed with
100 mL of distilled water before the organic phase was extracted. With DCM, the aqueous
phase was back-extracted twice in 50 mL each. After filtering, the mixed organic phase was
dried with MgSQO,. The substance was obtained as a yellow gel (1.9 g, 91% of the product)
by isolating the product by solvent evaporation at decreased pressure. The conversion
rate of carboxyl group in tocopheryl succinate was determined to be 100% from the peak
intensity ratio of the ethylene groups in succinimide ring (-CH,CH;-, 6 = 2.8 ppm}) and
methyl groups binding with pheryl of tocopherol ((CH3)3Cs—, 6 = 1.9, 2.0, 2.1 ppm) in
'H NMR spectrum (7.5 mg/mL, 25 °C).

- Synthesis of PBLA

n-Butylamine was used to ring-open polymerize the BLA-NCA, resulting in the
synthesis of poly(f3-benzyl L-aspartate) (PBLA). BLA-NCA (2.49 g, 10 mmol) was collected
and weighted inside an argon bag to prevent any contact with water and then dissolved
in the mixture of DMF (10.0 mL) and CH,Cl; (100 mL) at 40 °C. DCM was used to dilute
i-butylamine (14.6 mg, 200 mmol) before introducing to the BLA-NCA solution. The
polymerization was reacted for 48 h at 40 °C under argon. IR measurements were used to
determine the end of polymerization.

The PBLA product was three times precipitated in ether (3 L) for purification. The
resultant precipitate underwent filtering before being freeze-dried using benzene as the
solvent. BLA unit has a polymerization degree of 20 based on 'H NMR spectroscopy by
comparing the ratio of the proton in methyl group (CH3CH,CH;CHj—, § = 0.8 ppm) and
the proton in benzyl group (C¢gHsCHy~, & = 5.1 and 7.3 ppm) or the proton in a~CH group
(COCHNH-, 6 = 4.7 ppm). The monodispersity with My /My = 1.1 was confirmed by GPC
measurement.

Similarly, PBLA polymers with various degrees of polymerization (DP = 32, 73, 106)
were synthesized and characterized.

- Synthesis of PBLA-Toc

The conjugation of hydrophobic group a-tocopherol to the end chain of a single
platformed PBLA was prepared through the reaction of PBLA and N-hydroxysuccinimide—
activated acid of tocopheryl succinate. Lyophilized PBLA (DP = 20; m = 150 mg, 0.0375 mmol)
was dissolved in 10 mL DCM. The solution was then added to 50-folds of N-succinimidyl
tocopheryl succinate (1.2 mg, 1.875 mmol} in 7 mL DCM. The solution was agitated at am-
bient temperature for a duration of 48 h under argon pressure. The product was collected
by precipitation in 300 mL diethyl ether, followed by Iyophilization to give white powder
product (167.2 mg, 98%). The conversion rate of amine group in PBLA was calculated to be
% from the peak intensity ratio of the methyl groups (CH3CH-, 5 = 1.8-2.0 ppm) and in
o—CH group (-COCHNH-, § = 4.7 ppm) in 'H NMR spectrum (7.5 mg/mL, 80 °C). The
monodispersity with My, /My = 1.1 was confirmed by GPC measurement.

Similarly, PBLA-Toc polymers with various degrees of polymerization (DP = 32, 73,
106) were synthesized and characterized. .

- Synthesis of PAsp(DET)-Toc
The aminolysis reaction of PBLA with DET under moderate anhydrous conditions was
used to introduce amino groups into the PBLA side chain, Lyophilized PBLA-Toc (DP = 20,

m = 150 mg, 0.65 mmol BLA) was dissolved in NMP (10 mL} (solution A). DET (V = 3.5 mL,
32.5 mmol, or 50 folds of BLA) was diluted in NMP (5 mL) (solution B). Both solutions
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were cooled down to 4 °C before adding dropwise solution A into solution B. The reaction
mixture was agitated at 4 °C for 4 h. The resulting solution was then neutralized gradually
by 0.5 N HClin a salt-ice system to control temperature below 2 °C. The neutralized solution
was dialyzed in 0.01 N hydrochloric acid solution (4 times) and distilled water (1 time).
The white powder, PAsp(DET)-Toc, was obtained as hydrochloric salt after lyophilization
(mg, % yield). No benzyl peak was seen in 'H NMR spectrum. The quantitative conversion
of PBLA to PAsp(DET) by the aminolysis reaction was verified by 'H NMR from the peak
intensity ratio of the protons of the a~CH group (-COCHNH-, b = 4.7 ppm) to the ethylene
groups in the 1,2-diaminoethane (PAsp(DET): I, N(CIH, ) NH(CH, ), NH-, § = 3.2-3.6 ppm)
settled at the side chain. Similarly, PASp(DET)-Toc polymers with various degrees of
polymerization (DP = 32, 73, 106) were synthesized and characterized.

- Synthesis of PAsp(DET-Cit)-Toc

PBLA (DP = 20, m = 50 mg, 0.22 mmol Asp (DET)) was dissolved in 450 mL 0.5 M
NaHCOj3 buffer (pH = 8.92). The solution was then added cis-Aconitic anhydride (m = 1.75 g,
11.1 mmol or 50 folds Asp(DET)) gradually. The reaction mixture was stirred at 4 °C for
4 h. The final solution was purified 3 times with distilled water through Amicon Ultra
filler units (MWCO = 3000; Millipore, Billerica, MA, USA). The product was obtained after
lyophilization as a white powder (67 mg, 78%). The conversion yield was calculated from
the peak intensity ratio of the methyl groups (-OCOC(CH3)CH-, & = ppm) and in a~CH
group (-COCHNH-, § = 4.7 ppm) in 'H NMR spectrum (7.5 mg/mL, 80 °C).

Similarly, PAsp(DET-Cit)-Toc polymers with various degrees of polymerization
(DP = 32, 73, 106) were synthesized and characterized.

2.2.2. Preparation of Liposome

The film hydration process and subsequent extrusion were used for preparation of
liposomes. In total, 0.3 mL of 0.01 M PAsp(DET-Cit)-Toc solution, 2.5 mL of 0.025 M DOPC
stock solution, and 1 mL of 0.02 M -Mangostin stock sclution were mixed together in an
Eppendorf tube using chloroform as the solvent. The mixture was vortexed for 2 min -
before being transferred to a flask with a flat bottom. Subsequently, the solvents were
extracted from the mixture using a Rotavapor R-100 at 40 °C, 250 mBar, and a rotational
speed of 2. In total, 3 mL distilled water was added to the mixture and sonicated at
40 °C for 30 s. The opaque suspension containing a-Mangostin-loaded-CCP-liposome and
unencapsulated «-Mangostin was formed and dialyzed (MWCO = 14,000 Da, 2 L dH,0,
24 h) to remove unencapsulated a-Mangostin. Liposomes were extruded through 100 nm
size polycarbonate membrane filters (30 times) (Whatman Inc., Clifton, NJ, USA) to create
vesicles with a comparatively consistent mean size. The mixture was pre-equilibrated in
phosphate-buffered saline (pH 7.4) before detaching non-encapsulated o-mangostin by size
exclusion chromatography (PD10 Sephadex® G- 25 M column). Blank liposomes (without
c—mangostin and CCP) and CCP-liposomes (without c-mangostin) are synthesized with
the same process without adding materials.

2.2.3. Measurement of Dynamic Light Scattering (DLS)

To measure the size, the DLS instrument (Horiba, Japan) employs the principle of
light scattering by particles in solution, allowing for the calculation of the hydrodynamic
diameter of CCP-liposomes that were maintained at ambient temperature. Furthermore,
the zeta potential, which reflects the surface charge and stability of the liposomes, was
assessed using the electrophoretic mobility of the particles in an electric field.

2.2.4. Drug Loading and Encapsulation Efficiency

The EE% and DL% were measured according to the previously described proce-
dure [32]. Briefly, after water was removed, the CCP-liposome film was dissolved in 3.5 mL
CHCl3/MeOH (1:3, v/v} and subjected to bath sonication for 2 min. Then, the resultant
solution was diluted with 2.9 mL of CHCl3/MeOH (1:3, v/v) and measured absorbance at
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243 nm using UV-Vis spectrophotometer (Hitachi U-2900, Tokyo, Japan) in comparison to a
reference solution of CHCl;/ MeOH (1:3, v/v).

2.2.5. Drug Release

o-Mangostin release from CCP-liposome behavior was determined by dialysis method.
o-angostin-loaded-CCP-liposome was first dissolved in dd-H, O and transferred to dialysis
tubing (MWCO = 1400 Da), and immersed in phosphate buffer saline (0.1 M, pH 7.4)
and acetate buffer (0.1 M, pH 5.0, 6.0), at a speed of 110 rpm, 37 °C. Each condition of
samples was examined in triplicate. For time intervals, the determined volume of release
medium was replaced with the same volume of the fresh buffer solution. The amount
of e-Mangostin release from CCP-liposome was calculated by measuring the absorbed
intensity at 480 nm using a UV spectrophotometer.

2.2.6. In-Vitro Uptake of CCP-Liposome by HepG2 Cells

Human hepatocellular carcinoma (Hep-G2) cells (American Type Culture Collection,
Manassas, VA, USA) was cultured in DMEM containing 100 pg/mL streptomycin sulfate,
100 units/mL penicillin G, and 10% FBS in humidified atmosphere of 95% air and 5% CQO,
at 37 °C, Further experiments were conducted using exponentially growing cells.

HepG2 cells were plated onto a 6-well plate (1 x 10° per well) containing 1 mL of
DMEM for a flow cytometry study. The cells were allowed to attach to the plate under
incubation at 5% CO, and 37 °C for 24 h. Then, CFPE-labeled liposomes at a final concen-
tration of 2 g/mL were added to the cells, whereas the control group received liposome-{ree
culture medium. After a 6-h incubation period, the cells were washed three times with cold
PBS, trypsinized, and resuspended in 0.3 mL of PBS. The cell fluorescence intensity was
measured by using Cytomics FC 500 cytometer (Beckman Coulter, Brea, CA, USA) with
excitation and emission wavelengths of 495 nm and 515 nm, respectively.

2.2.7. Confocal Laser Scanning Microscopy (CLSM)

Each of the wells of a 6-well plate was plated with HepG2 cells (1 x 10° cells) on a cover
slip. After 24 h, CFPE-labeled liposomes were added to each well and incubated for another
6 h. At 30 min before the conclusion of the incubation, Lysotracker Red with an excitation
peak at 573 nin and an emission peak at 592 nm was applied to each well. The cells were
then rinsed three times with cold PBS before being fixed with 4% paraformaldehyde at
room temperature for 15 min, followed by nuclei staining with Hofor for 5 min. The cells
were examined using TCS SP5 AOBS confocal microscopy system (Leica, Germany).

2.2.8. Cytotoxicity Assay

HepG2 cells were cultured overnight at 37 °C in a 5% CO; environment in 96-well
plates with DMEM. The cytotoxicity of free drug, blank CCP-liposomes, and drug-loaded
CCP-liposomes was assessed using an MTT test (Sigma-Aldrich, St. Louis, MO, USA). The
absorbance at 570 nm of each well was measured using a Spectramax M5 Microtiter Plate
Luminometer (Molecular Devices, San Jose, CA, USA).

2.2.9. Endosomal Escape Property

HepG2 cells were immediately given CCP-liposomes and incubated in 5% CO; at
37 °C. Following Triton X treatment and 4% formaldehyde fixation, cells were stained
for 30 min using Cyanine 3, which has a peak excitation wavelength at 555 nm and a
peak emission wavelength at 569 nm, as well as Hoechst 33342 with an excitation peak at
352 nm and an emission peak at 454 nm. For fluorescence imaging, a Nikon Al confocal
laser-scanning microscope was employed. HepG2 was exposed to 105 cells/mL and
suppressed for 1 h in order to conduct tests on the mechanisms behind cell uptake. For
30 min, Cyanine 3 and Hoechst 33342 were used to pre-treat the cells. Before repairing,
Lysotracker Green with excitation/emission maxima of 504/511 nm was employed in the
endosomal escape experiment. Using the colocalization threshold and coloc2 plugin in
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Image] program, the level of colocalization was measured based on Pearson’s correlation
coefficient (R).

2.2.10. Statistical Analysis

The data were analyzed using one-way ANOVA and StatPlus: mac LE software
version v7.3.31 (Analystsoft Inc,, Walnut, CA, USA), with * p < 0.05 considered as statistical
difference.

3. Results and Discussion
3.1. Synthesis of Charge-Conversion Polymer PAsp(DET-Cit)-Toc
3.1.1. Synthesis of N-Succinimidyl Tocopheryl Succinate

The charge-conversion polymer Pasp(DET-Cit)-Toc was designed and synthesized fol-
lowing Scheme 1. First, N-succinimidyl tocopheryl succinate was synthesized by coupling
tocopheryl succinate and NHS and with the presence of WSC (EDC) in the DCM (Scheme 1).
The product was confirmed by 'H NMR measurement in chloroform—dz (CD3Cl) at 25 °C
(Figure 2A). The peak of the ethylene group of the succinimide ring appeared clearly in the
'H NMR spectrum. Comparing the proton ratio of ethylene protons in the succinimide ring
and methyl protons bonding with the pheryl group of tocopherol confirmed the conversion
rate of the carboxyl group in tocopheryl succinate to be 100%.

Tocopheryl succinate

+NHS + WSC
=120, 32, 73,106 C\/@ ©
PBLA in CH,Cl, N-Succinimidyl Tocopheryl Succinimide
A~y L JI\,Y
sy
PBLA-Toc

+ DET/NMP

; QW

PAsp(DET)-Toc

NHJ in 0.5M NaHCO; buffer (pH=8-9)

PAsp(DET-Cit)-Toc

\#— Citraconic anhydride

Z+
P

HN o]
A
o? "o

Scheme 1. Procedures of PAsp(DET-Cit)-Toc synthesis.
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Figure 2. The 'H NMR spectra of (A) tocopheryl succinate and N-succinimidyl tocopheryl succinate
(B) PBLA (C) PBLA-Toc (D) PAsp(DET)-Toc and (E) PAsp(DET-Cit)-Toc.
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3.1.2. Synthesis of PBLA

Afterward, PBLA was synthesized by ring-opening polymerization of BLA-NCA
triggered by the NH; group of n-butylamine (Scheme 1), The polymerization was confirmed
by monitoring specific peaks of NCA disappeared (1850 cm !: C=0 asymmetric stretching;
1780 ecm~!: C=0 symmetric stretching; 910 em ™% C=0 deformation) (Figure 2B). The
polymerization degree of PBLA segment in PBLA block copolymers was estimated as 20 by
'H-NMR measurements in DMSO-d; at 80 °C comparing the proton ratios of the methyl
protons in butyl group (CH3CH,CHCH;—, 8 = 0.8 ppm) and the o-~CH group (COCHNH-
, & = 4.7 ppm) (Figure 2B). The monodispersity for PBLA (DP = 20) was confirmed by
NMP-GPC measurement (My, /My = 1.19).

3.1.3. Synthesis of PBLA-Toc

Similarly, PBLA-Toc polymers with different degrees of polymerization (DP = 32,
73, 106) underwent characterization through 'H-NMR measurements and NMP-GPC
(Figure 3C). The amide bond formed between N-succinimidyl tocopheryl succinate and
the amine group at the end chain of PBLA was used to produce PBLA-Toc (Scheme 1).
The product was confirmed by the 'H NMR spectrum. The peaks of the tocopheryl
group in PBLA-Toc appeared at 0.8-2.1 ppm. The conversion of distal end amino group
NH; of the PBLA chain was determined by calculating the relative molar ratio of methyl
protons of tocopheryl succinate ((CHg)3Cg~, 8 = 1.8-2.0 ppm) to «a—CH group (<COCHNH-,
§ = 4.7 ppm) in 'H NMR spectrum (Figure 3C).

A Liposome characterization B TEM image
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Figure 3. Characterizations of CCP-liposome. (A) The surface charge distribution is indicated by
the distribution of hydrodynamic size and zeta potential of CCP-liposomes. (B) TEM images of
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CCP-liposomes taken at various magnifications. Scale bars indicate 500 nm. (C) Assessment of
CCP-liposome stability over a 35-day pericd by monitoring changes in hydrodynamic size and
polydispersity index (PDI) (D)) Examination of size and zeta potential changes in CCP-liposomes
across different pH solutions over a 5-h timeframe. Data are presented as the mean % SD (1 = 3).
The variation in the zeta potential value depicted the charge-conversion characteristic of the CCP-
liposome, as demonstrated in (D). The CCP-liposome complex exhibited a consistent zeta potential
of approximately —20 mV at pH 7.4. However, at pH 6.6, the zeta potential progressively transitioned
from negative to positive as a result of the degradation of the cis-aconitic amide group in the polymer.
The zeta potential value reached 0 mV after 2 h incubation at pH 6.6 and changed to a positive value.
It showed no change of zeta potential in pH 7.4.

The PBLA polymers (DP = 32, 73, 106) reacted with N-succinimidyl tecopheryl suc-
cinate in the same condition as PBLA DP = 20. Comparing the conjugation of tocopherol
to the distal end of PBLA with different degrees of polymerization, the conversion rate
was decreased due to the longer polymer chain. Because of the random coil structure,
the distal amine group of the polymers with higher DP is difficult to interact with N-
hydroxysuccinate activated by tocopheryl succinate, A longer reaction time is required for
amide bond formation of PBLA and N-succinimidyl tocopheryl succinate. In addition, The
NMP-GPC measurement confirmed the conjugation of tocopherol to the PBLA polymer
chain did not affect the polymer structure. The increase in polymer weight was reasonable
due to the addition of the tocopherol group to the distal end of PBLA.

3.1.4. Synthesis of PAsp(DET)-Toc

PBLA-Toc was aminolized by diethylenetriamine (DET) in the NMP under a mind
condition. The reaction was described in Scheme 1. A range of cationic side chains derived
from a single platformed PBLA was synthesized through a quantitative aminolysis reac-
tion [33-35]. The process begins with the activation of the nitrogen atom in the main chain
via the interaction of an amine as a weak base, in which hydrogen bonds with the proton
of the amide group. Subsequently, the activated nitrogen attacks the carbon atom of the
carbonyl group in the side chain, resulting in the formation of the succinimidyl ring. Then,
an amine molecule attacks one of the two carbonyl groups inside the succinimidyl ring,
resulting in the effective conversion of the ring into an N-substituted poly(aspartamide)
derivative [36]. Therefore, a quantitative aminolysis reaction does not affect an amide bond
through PBLA and tocopheryl succinate. This result was also confirmed by the 'H NMR
spectrum (Figure 2D). The TH NMR spectra of PAsp(DET)-Toc showed the appearance
of the ethylene groups in the 1,2-diaminoethane (PAsp(DET): HyN(CH;),NH(CH; ), NH-,
8 = 3.2-3.6 ppm), while the peaks from benzyl disappeared demonstrating substation with
DET proceeds.

3.1.5. Synthesis of PAsp(DET-Cit)-Toc

Pasp(DET-Cit)-Toc was created by reacting PAsp(DET)-Toc with Citraconic anhydride
in 0.5 M NaHCO; buffer (pH = 8-9) (Scheme 1). The product was confirmed by the
'H NMR spectrum and characterized by HPLC (Water GPC). The methyl group (CH3C-,
8 = 1.9 ppm) and the methine group (-CH-, § = 5.5-5.9 ppm) of citraconic appeared clearly
in the 'H NMR spectrum (Figure 2E). The group peaks of methine group were explained by
the structure of the double bond (C=C} and the binding of different CO groups to the DET.
The conversion rate of PAsp(DET-Cit)-Toc was determined through the comparison of
the proton intensity of methine protons of citraconic with the a-CH group of the polymer
chain. The production has also checked the degradation by HPLC.

3.2. Physical Characterizations of CCP-Liposome

The size, surface properties, and morphological features of the CCP-liposome were an-
alyzed by DLS and TEM. DLS measurements revealed that the average hydrodynamic size
of CCP-liposome particles was 98.59 + 5.1 nm, with a polydispersity index of 0.098 + 0.02
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and a negative zeta potential of 22.31 + 2.4 mV. (Figure 3A). The spherical CCP-liposomes’
shape has been observed using TEM (Figure 3B). To confirm its colloidal stability, CCP-
liposome underwent a 35-day hydrodynamic size and PDI analysis (Figure 3C). The lipo-
some’s stability was demonstrated by the nominal changes in hydrodynamic size and PDI
during the course of 35 days of observation.

In addition, the dramatic size change of the CCP-liposome complex also was induced
by the charge conversion. As results showed in Figure 3D, at pH 7.4, the CCP-liposome
complex remained around 100 nm in size. At pH 6.6, however, there was an instantaneous
rise in their size. Large aggregates with diameters of almost 200 nm have developed. The
aggravation was most likely caused by a decrease in repulsive forces as a result of partial
charge neutralization after 1 h of incubation and total neutralization after 2 h at an acidic
pH of 6.6.

3.3. The Release Rate and Encapsulation Efficiency of CCP-Liposome

The drug loading yield reached the highest capacity of 17.4% with 150 pg/mL of
a-mangostin (Figure 4A). When the concentration of a-mangostin increased to 200 pg/mL
and 300 pg/mL, the drug loading capacity decreased to 14.57% and 14%, respectively.
Moreover, with the c-mangostin concentration of 150 pg/mL, the encapsulation efficiency

is nearly 90%.
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Figure 4. Characterizations of a~mangostin CCP-liposome. (A) Drug loading and encapsulation
efficiency; (B) Release profile of c—mangostin CCP-liposome. Data are presented as the mean &+ SD
(n=23).

In terms of release profile, drug release at pH 5.0 was substantially quicker than

at between pH 6.6 and 7.4, which was consistent with the qualitative results. The a—

mangostin release was slower at pH 7.4, and the drug release quantity was virtually 0%

| in 24 h, indicating that the drug may be well encapsulated in the CCP-liposome, which is

i beneficial for CCP-liposome circulation in vivo and also reduces cytotoxicity. In an acidic

| pH 5.0 solution, there was an early burst of a—mangostin that reached 50% after 12 h and

then remained stable for another 24 h (Figure 4B). It is most likely pH hydrolysis of Cit-Toc
at pH 5.0, resulting in fast drug diffusion via swelling liposome particles.

3.4, Endosome Escape of CCP-Liposome

Rapid lysosomal drug release is indispensable, while nanoparticles are eventually
entrapped inside the lysosome after endocytosis. Therefore, the intracellular uptake of
nanoparticles and drug release were investigated. As shown in Figure 5A, both liposomes
and CCP-liposomes were able to penetrate into cells, CCP-liposomes demonstrated a
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much greater cellular absorption than liposome particles, indicating the presence of CCP on
the surface of more sensitive liposomes. Furthermore, a quantitative examination of flow
cytometry data revealed the same result (Figure 5B). The confocal images also indicated
CCP-liposome and liposome cellular trafficking. After 6 h of incubation, CCP-liposome
fluorescence (red) was clearly visible in HepG2 cells, whereas liposome fluorescence was
haphazardly spread over the cell membrane (Figure 5C). According to the results of cellular
uptake, CCP binding to liposome was conducive to liposome absorption into the cell.
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Figure 5. Cellular uptake of liposome and CCP-liposome on HepG2 cell. {A) The pealk fluorescence
of liposome and CCP-liposome shown on the flow cytometry histogram. (B) Fluorescence intensity
in HepG2 cells treated with liposome and CCP-liposome was quantified. The values are presented as
the mean =+ standard deviation (1 =5, * p < 0.05 considered as statistical difference). (C) Confocal
laser scanning microscopy (CLSM) was utilized to monitor the intracellular mobility of liposome and
CCP-liposome. Cyanine 3 (red) was utilized for visualization, while the cell nuclei were stained with
Hoechst 33342 (blue). Scale bars indicate 20 pum.

The intracellular distribution of CCP-liposomes was studied using confocal laser
scanning microscopy to validate the improved endosomal escape abilities of the charge-
conversion liposomes. This study made use of cyanine-3-labeled liposomes, as seen in
Figure 6A. Upon release of the CCP-liposomes from acidic vesicles within the cells, the
fluorescence signal transitions from yellow to red. In Figure ¢A, CCP-liposomes could
escape from endosomes even only after 3 h and almost 80% of CCP-liposomes escaped
after 24 h. The confocal images also showed cells changed from the yellow color to almost
red inside the cell after 24 h. Figure 6B summarizes the quantitative assessments of the
CLSM images. As a result, the co-localization of pPDNA with PAsp(DET-Aco) in the CLSM
pictures should be identified as yellow. At 4 h, the yellow pixels were clearly visible inside
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the cells, suggesting CCP-liposome absorption into cells in their intact state. The yellow
pixels diminished with time, but the red pixels rose. The rate of liposome co-localization
with PAsp(DET-Cit)-Toc was estimated by counting the yellow and red pixels as follows:

number of yellow pixels

Co-localization rate =

number of yellow and red pixels
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Figure 6. CCP-liposome endosomal escape in a HepG2 cell. (A). The color cyanine 3 (red) was
utilized. Hoechst 33342 (blue) was used to stain the cell nuclei, while LysoTracker Green (green)
was used to stain the late endosome and lysosome. (B) Quantitative investigation of CCP-Liposome
co-localization at each time point of CLSM observation. Scale bars represent 20 jum.

The quantitative result in Figure 6B clearly showed a steady decline in the co-location
rate of liposome with PAsp(DET-Cit)-Toc (CCP-liposome) over time. This finding implies
that PAsp(DET-Cit)-Toc internalized with liposomes might revert to PAsp(DET) in acidic
endosomal compartments. Eventually, regenerated PAsp(DET) in di-protonated form is
expected to be released from the polyplexes, probably by affecting the integrity of the
endosomal membrane, as described in prior research [37]. Compared with the study of
Kingshuk Dutta et al., only the charge-converting pAsp(DET) polyplexes showed efficient
endosomal escape after 24 h and reported releasing ~80% of encapsulated particles [38].

3.5. In Vitro Cyfotoxicity

The cytotoxicity of a-mangostin-loaded CCP-liposome was measured and compared
to c—mangostin-loaded-liposome and e-mangostin only. The cells were exposed to active
compounds and polymer products for 4 h in different buffer solutions of pH values 5.0,
6.6, and 7.4. MTT assay showed the results in Figure 7. After 4 h of treatment, the
cell ability of c-mangostin-loaded-CCP-liposomes incubated in pH 5.0 buffer solutions
reduced much more than that incubated in pH 7.4, 6.6 buffer solutions and was close
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to free a-mangostin (Figure 7A). In addition, these samples were continued to examine
in time course experiment (24-96 h culture). Blank liposomes had no toxicity to cancer
cells. a-mangostin-loaded liposomes had less effective on HepG2 cells than «~mangostin
only in 24 h treatment, but after 48 h, «x-mangostin-loaded liposomes released more o
mangostin inside cells and caused more cytotoxic (Figure 7B). a—-mangostin-loaded CCP-
liposomes presented the most cytotoxicity compared to the other group. This result proved
that e—mangostin-loaded CCP-liposome delivered more effectively a—mangostin into the
cell and prevented the degradation of «-mangostin inside cells, especially endosomal
degradation. In the Lei Jiang et al, study, the introduction of paclitaxel (PTX) into charge
conversional liposomes resulted in enhanced cytotoxicity in both lung cancer A549 cells
and drug-resistant lung cancer A549/Taxol cells, surpassing the effects observed with free
PTX and PTX-loaded traditional liposomes [39].
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Figure 7. Cytotoxicity effects of a—mangostin, e-mangostin-loaded CCP-Liposome on HepG; cells
in (A) 4 h of culture with different pH buffer and «—mangostin concentration from 0.1 to 100 pg/mL
and (B) from 24 to 96 h of culture with a-mangostin concentration of 5 pg/mL. Data are presented as
the mean =+ SD (n = 3, * p < 0.05; ** p < 0.01 considered as statistical difference).

4, Conclusions

In this research, we are continuing to modify and improve the c—mangostin-based-
liposome-delivery system for obtaining the ideal therapeutic effects of a—mangostin. It was
effectively packaged with liposomes and showed effective cytotoxicity against HepG2 cells
in our prior work [20]. However, liposomes face endosomal degradation and then decrease
drug delivery efficiency. To circumvent this constraint, PAsp(DET-Cit)-Toc, which has a
charge-conversion property, was merged into liposomes to create the CCP-liposome, which
has improved drug transport efficiency toward HepG2 cells. DLS analysis revealed that this
CCP-liposome drug loading yield reached the highest encapsulation efficiency of 17.4%
with 150 pg/mL of k—mangostin. In an acidic environment, the CCP-liposome swelled
and erupted, releasing the encapsulated drug into the cytoplasm that reached 50% after
12 h. Furthermore, confocal pictures increased the involvement of PAsp(DET-Cit)-Toc to
the endosomal escape of CCP-Liposomes via the charge-conversion process. Furthermore,
ae-mangostin-loaded CCP-liposomes presented the worst cell viability of 7% after 96 h
compared to other groups in the cytotoxicity test. The terminal group of PAsp(DET-Cit)-
Toc can be used to conjugate multiple ligands and offer active targeted drug delivery in
the future.
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