TAP CHI NGHIEN CU'U Y HOC

’NG DUNG CHAM CARBON T TINH TRONG CHAN DOAN VA
DPIEU TRI U THAN KINH PEM
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Trirong Pai hoc Phan Chau Trinh

Ung thw ndo trong dé c6 u thén kinh dém tién trién nhanh véi khé ndng héi phuc thdp do khéi u xém
Ian, tai phat. Liéu phép xa tri, héa tri va phdu thuét tén tai cac vén dé nhw déc tinh, thdm nhdp thudc
kém, khang da thubc va cat bé khéi u khéng déy du. Cac chédm carbon tir tinh (M-CDs) cung cép nén
tadng chén tri linh hoat béi khd ndng thdm nhdp hang rao mau ndo hiéu qua, phan phdi thuéc nhdm muc
tiéu va theo déi hinh anh thoi gian thuc. Nghién ctru tién 1é&m sang st dung M-CDs mé phdng enzym géy
déc tinh té bao, dédu do MRI/huynh quang dé huéng dan phéu thuét theo hinh anh thoi gian thuc, hay chét
mang thubc cé kiém soét. Nhiing théch thirc tén tai nhw d6 an toan lau dai, sw khéng déng nhét cia khbi
u, tiéu chuén héa va phé duyét theo quy dinh dé chuyén giao thir nghiém Iam sang. M-CDs duoc xem la
trién vong trong tri liéu nano déi véi u than kinh dém, véi dinh huéng tich hop chén tri, nhdm tring dich
va hé tro chién lwoc y hoc cé thé hoéa; tuy nhién, céc bang ching hién tai vdn cén duoc cing cé thém.

T khéa: M-CDs, mé phdng enzym, u nio, liéu phap, chan doan, chén tri.

. DAT VAN BE

Ung thw hién nay la mét trong nhirng nguyén
nhan hang dau gay t& vong trén toan cu, trong
d6 u than kinh dém va ung thw ndo dwoc xem la
nhém bénh cé dién tién nhanh, véi ty 18 méc va
ty 1& t&r vong dang ké& & ca ngudi I6n va tré em.
U nao chiém khoang 2,6% tong sb ca t&r vong
do ung thw va 1a nguyén nhan ctia gan 30% céac
trwong hop t&r vong do ung thw & tré em. Mac
du cac phwong phap diéu tri hién nay nhw phau
thuat, xa tri va héa tri da dwgc ap dung rong rai,
hiéu qua diéu tri van con han ché, qua d6 lam
ndi bat nhu cau cp thiét vé viéc phat trién cac
liéu phap diéu tri mé&i nham cai thién tién lvong
cho bénh nhan u n&o néi chung va u than kinh
dém néi riéng.! Phau thuat cat bd giup gidm ap
lwc va loai bd mét phan khéi u, nhung rat kho
dé c6 thé cat bd hoan toan vi tinh chat xam lan.

Téac gia lién hé: Phan Lé Minh Tu
Triong Dai hoc Phan Chéau Trinh
Email: tu.plm@pctu.edu.vn

Ngay nhén: 06/02/2026

Ngay duwoc chap nhén: 27/03/2026

Mac du xa tri va héa tri nhadm vao cac té bao
ung thw con lai, nhwng hiéu qua cla chung bi
han ché béi co thé ton thwong md khde manh
bén canh, kh& nang chon loc khéi u kém va
doc tinh toan than. Hon niva, sy phat trién cta
khang da thudc théng qua cac co ché bao gom
bom dong chay, tdng cwong stra chira DNA va
cac con dwdng chéng apoptotic han ché dang
ké hiéu qua cla thudc hda tri. Hang rao mau
nao (BBB) va cac chat van chuyén khang thubc
lam gidm hiéu qua diéu tri, khién viéc didu tri
ung thw ndo tré nén khoé khan hon.?

Co6ng nghé nano mang dén cac nén tang
linh hoat cho viéc tich hop chan doan va diéu tri
trong mot hé thdng thdng nhét. Trong d6, chdm
carbon v@i kich thwéc siéu nhd, tinh twong
thich sinh hoc cao, kha nang phat quang va
mang thuéc hiéu qua dang ndi 1én nhw vat liéu
tiém nang cho chan doan va diéu tri ung thu.
Nh& kha nang tdng cwdng cac liéu phap quang
déng, quang nhiét, ddng hoa hoc va mién dich,
chdm carbon mé& ra trién vong (rng dung lam
sang trong cac chién lwoc diéu tri ung thw hiép
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ddng.*s Cham carbon t tinh (M-CDs) da thu
hat sw quan tam 1&n nhd vao sw két hop doc
dao cla nhiéu chirc nang bao gébm kich thuéc
siéu nho, phat quang manh, twong thich sinh
hoc, kha nang hoa tan trong chat 16ng co thé va
6n dinh héa hoc. Céc tinh nadng nay cho phép
M-CDs vwot qua BBB nham vao cac té bao
khéi u va cho phép chan doan hinh &nh va diéu
tri déng thoi."

Nhikng tién bd gan day trong liéu phap nano
dwa trén M-CDs da chirng minh réng ching cé
thé vwot qua cac han ché cla viéc phan phéi
thudc truyén théng. Didu nay khéng chi chirng
minh sy gia tang doc tinh t& bao cta phuwong
phap thuéc kép, ma con nhan manh tdm quan
trong cda viéc phan phdi thubc cé muc tiéu, cé
thé dat dwoc thong qua viéc két hop véi protein
van chuyén sat2 M-CDs cho phép tich hop
chan doan hinh anh da phwong thirc va diéu tri
trong mét nén tdng nano duy nhét, két hop phat
quang huynh quang vo&i do twong phan MRI
dé theo d&i phan phéi thubc va dap &ng khoéi
u theo théi gian thye. Nho kich thwdc nano
va kha néng chirc ndng héa bé mat, chung dé
dang vuwot qua BBB, phan phéi thubc cé chon
loc va gidm doc tinh toan than. Sw két hop cac
d&c tinh huynh quang va tir tinh giip M-CDs hd
tro hiéu qua hinh anh, liéu phap nhadm muc tiéu
va tiéu diét khéi u thdng qua cac co ché quang
nhiét, quang déng hoac mé phéng enzym, dinh
vi chiing nhw mét nén tang tri liéu nano thé hé
m&i cho diéu tri u than kinh dém &c tinh.'¢

Nghién ctru nay dugc thye hién theo hwéng
tbng quan twong thuat cé cau tric. Viéc tim
kiém tai liéu dwoc tién hanh trén hai co sé
d liéu chinh la PubMed va Google Scholar.
Chién Iwoc tim kiém st dung két hop cac tir
khoa “magnetic carbon dots”, “M-CDs”, “brain
cancer’, va “glioma”. Cac bai bao dwgc xem xét
bao gdm cac cong bd bang tiéng Anh véi tiéu
chi lwa chon bao 96m cac bai bao nghién ctru
gbc va bai tdng quan, cac nghién ctru lién quan

dén dac tinh sinh hoc, kha nang vwot hang
r&o mau-ndo hodc ng dung y sinh ctia chdm
carbon tlr tinh, va cac nghién ctu lién quan dén
chan doan hoac diéu tri u than kinh dém. Tiéu
chi loai trir bao gébm tém tat hoi nghi khéng cé
toan van va cac nghién cru khoéng lién quan
trwc tiép dén cham carbon tir tinh ho&c u than
kinh dém. Qua trinh sang loc dwgc thyc hién
thdng qua viéc danh gia tiéu dé, tom tét va toan
van nhdm dam bao tinh phu hop va chat lvong
khoa hoc. Téng cong cé 17 bai bdo duwoc lya
chon va dwa vao phéan tich trong nghién ctru.
Bai bao nay trinh bay cac rng dung ndi bat
ctia M-CDs trong chan doan va diéu trj u than
kinh dém, bao gébm hé théng mé phéng enzym
khéng can thubc, chat mang nano chira thubc,
phwong phap tich hop chan tri, va dau do nano
MRI huynh quang phwong thirc kép (Hinh 1).
Bai bao phan tich hiéu qua diéu tri cia M-CDs,
lam rd kha ndng vuot qua BBB, phan phdi
thuéc nh&m muc tiéu va chan doan hinh anh
da phuwong thire. Pong thei, cac dac tinh héa
ly, ky thuat bé& mat, tinh twong thich sinh hoc
va hiéu qua chdng u trong mé hinh u than kinh
dém dwoc thdo luan, cung v&i nhitng thach
thirc vé& an toan sinh hoc, tinh khdng ddng nhét
ctia khéi u, khd nang mé rong san xuét va trién
vong phat trién cac liéu phap ca nhan hoa va
nano théng minh trong twong lai.

Il. NOI DUNG TONG QUAN

1. ’ng dung M-CDs trong chan doan va diéu
tri u than kinh dém

M-CDs mé phéng enzym

Mot loai hat nano mé phéng hoat tinh enzym
(nanozym) siéu nhé mang nguyén ti& st don
c6 tén la Fe-CDs, duwoc két hop véi angiopep-2
(Fe-CDs@Ang), nhv mét nén tang didu tri xtc
tac khong dung thuéc nham chéng lai khdi u
nguyén bao than kinh dém khang thubc. Cac
nanozyme don nguyén tlr s&t nay mo phdng
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M-CDs mé6 phéong enzym
e M0 phdéng enzym
e Qua trinh tao ROS

M-CDs cho chan doan hinh
anh phwong thirc kép

o Tich hgp MRI + hinh &nh
quang hoc

M-CDs gan thuéc
« Bao géi thubc
e Chuyp anh hai mé hinh

M-CDs cho két hop chén
doan hinh anh va diéu tri
e Chup MRI/Chup huynh quang
 Két hop liéu phap

Hinh 1. Téng quan cac hwéng trng dung ctia M-CDs trong chan doan
va diéu tri u than kinh dém

cac hoat dong ctia enzym, bao gébm cac chirc
nang oxidase, catalase va peroxidase, giup
diéu chinh méi trwéng bén trong khéi u bang
cach diéu hoa céac loai phan (rng oxy hoa
kher. Viéc phat trién loai nanozyme sinh hoc
mo6 phdéng mdi dwa trén cac chién lvgc y hoc
nano xanh, Fe-CDs dw&i dang hinh cau voéi
dwong kinh trung binh 8,8 £ 4,9 nm, v&i phan
tich thanh phan nguyén té trong d6 bao gém
70,81% carbon, 13,4% oxy, 11,4% nito va 2,7%
sat. Viéc gan két Angiopep-2 tang cudng phan
phdi ¢ muc tiéu qua BBB, dat dwoc khoadng
4,5% lidu tiém trén mdi gam md trong khdi u
than kinh dém. Trong cac mé hinh chuét U251-
TR c6 khéi u nguyén bao than kinh dém khang
thubc, Fe-CDs@Ang trc ché dang k& sw phat
trién cha khdi u va kéo dai thoi gian séng sot
trung binh tr 20 ngay 1én 52 ngay so v&i nhém
ddi chirng str dung nwéc mudi, cho thay day 1a
mot phuong phap diéu tri hiéu qua véi doc tinh
toan than rat thap (Hinh 2A).7

M-CDs gan thuéc

Cham nano lai Fe,0,@C-CDs (dwdng kinh
100 nm) dwoc tbng hop bang cach két hop
céc tinh thé nano oxit sat t tinh v&i cac chdm

carbon huynh quang trong mét I1&p vé carbon
c6 cau tric xbp. Nhitng chdm nano nay thé
hién kha nang dap &ng tir trrdng manh (tr 4o
dat 32,5 emu/g) va c6 kha nang hd tro MRI,
cung véi cac dac tinh phat quang (ndng suét
lwong t&r khodng 6,8%). L&p vé carbon x6p cho
phép mang theo ham lwgng doxorubicin (DOX)
véi mirc cao (835 mg/g) va viéc gidi phong
thubc dwoc kiém soat bang anh sang héng
ngoai gan. Cac chdm nano nay an toan cho té
bao B16F10 & ndng d6 1&n dén 200 pg/mL. Két
hop gitra hoa tri liéu véi liéu phap quang nhiét
gilip nang cao dang k& hiéu qua diéu tri, gidm
IC,, xubng con 150,6 ug/mL.? Chat mang nano
nhay cam v&i pH dwoc téng hop tir cac chdm
lwgng t&r carbon pha tap gelatin, agarose va
magie dé& phan phdi curcumin nhdm muc tiéu
trong diéu tri ung thw ndo. Chat mang nano
thé hién cac dac tinh dap ng véi pH, véi kich
thwéc cham 1a 193,48 nm va dién thé zeta Ia
-42 mV, giup ti wu héa kha ndng nap va déng
goi thubc. Cac thir nghiém in vitro cho thay dé
nhay pH dang ké, véi ty | gidi phong curcumin
dat 97% & moi trwdng pH axit (5,4) so v&i mic
giai phéng curcumin chi dat 70% & mai trwdng
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pH sinh Iy (7,4). Cac xét nghiém doc tinh té bao
chi ra réng sw sbng sét cla té bao u than kinh
dém U-87 MG gidm manh xudng con 51%, cho
thdy viéc nhdm muc tiéu hiéu qua vao cac té
bao ung thw, nang cao kha nidng diéu tri ung
thw ndo.°

M-CDs tich hop chan tri

Sw két hop gilra cac vat liéu tir tinh va chadm
carbon tao ra cac nén tdng c6 dac tinh ly hoa
khac nhau tuy theo muc dich str dung; cac thong
sb vé kich thwdc, kha nang hap thu té bao va
hiéu qua vwot BBB cla cac hé vat liéu M-CDs
tich hop dién hinh dwoc trinh bay cu thé trong
Bang 1. M-CDs doéng vai trd 1a mét nén tang
tri liéu nano dot pha, cho phép tich hop déng
thoi khd nang chan doan hinh &nh da phuong
thire va diéu tri dich nhdm giai quyét cac thach
thire cbt 16i nhw BBB, tinh khdng ddng nhét ctia
khéi u va khang liéu phap. Cac hwdng tiép can
chinh bao gbm viéc phét trién cac hé nano lai
da chirc nang nhuw CNPCP-DOX tich hop kha
nang phat quang rd nét véi phan phéi thubc
hoa tri chon loc, hé CD-Fe,O, tan dung dac
tinh tr tinh va dién tich bé mat Ién dé tao hiéu
&ng hiép déng trong trc ché té bao u than kinh
dém, va cac chdm polyme carbon (CPD) phat
guang do co6 kha nang xuyén qua BBB nguyén
ven phuc vu dan dwdng phau thuat theo thoi
gian thwc (Hinh 2B)."'2 Tiém nang cta M-CDs
nam & kha ndng giam sat va dap (rng diéu tri
tire thoi, théng qua viéc tuy chinh linh hoat thiét
ké vat liéu tr cac hé siéu nhd téi wu cho hinh
anh dén cac cAu truc lai phirc hop nham téi da
héa hiéu qua tiéu diét t& bao ung thw.'>'2 Trong
sb cac hé dwoc trinh bay, CPD phat quang dé
thé hién wu thé ndi bat trong chan doan u than
kinh dém nho kich thwéc siéu nhd, kha nang
vwot qua BBB nguyén ven va tin hiéu huynh
quang 6n dinh, cho phép chup anh thdi gian
thwe phuc vu hwéng dan phau thuat. Nguwoc
lai, cac hé lai CNPCP-DOX va CD-Fe,O, cho
thay tiém nang diéu tri vuot tréi nhd kha nang

mang thudc, nhadm muc tiéu khéi u va tao hiéu
tng hiép déng gitra hoéa tri va dac tinh tw tinh.
Sw khac biét nay phan anh mdi lién hé chat ché
gitra thiét ké vat liéu nano v&i muc tiéu ng
dung, trong dé cac hé téi wu cho hinh anh wu
tién kich thwéc va phat quang, trong khi cac hé
diéu tri doi hdi clu truc lai phirc hop dé tang
hiéu qua tiéu diét té bao ung thu.

M-CDs chan doén hinh 4nh phwong thirc
kép

M-CDs dwoc hinh thanh nho viéc lién két
cdng hda tri chat twong phan Gd-DTPA v&i cac
chdm nano carbon pha tap nito (NCD), diing
cho hé thdng hinh anh sir dung phwong thirc
kép dé chan doan u than kinh dém. Chadm nano
NCDDG, vei kich thwéc 16i khoang 5 nm, dat
hiéu quéa cao trong viéc vwot qua BBB va nhdm
dén cac khdi u nh& vao hiéu trng cai thién tinh
thadm va kha nang lwu gitr. NCDDG thé hién déc
diém ndi bat trong kha nang twong phan T voi
gia trir, 1a 8,06 mM"-s™, cao hon rd rét so voi
Gd-DTPA thwong mai. Cac thtr nghiém vé doc
tinh té bao chi ra rdng NCDDG twong thich sinh
hoc tét hon so véi Gd-DTPA do I6p phil polyme
clia né. K&t qua tr MRI trong thir nghiém in
vivo cho thdy kha nang nhdm muc tiéu khéi u
hiéu qua va tang tin hiéu MR trong sb T, trong
khu vwec u than kinh dém, cung véi hinh anh
huynh quang thanh céng, chirng minh hiéu qua
clia né trong chan doan u than kinh dém nhay
cdm (Hinh 2C)."™ Cham carbon pha tap mangan
duwoc tbng hop tr o-phenylenediamine hodc
axit citric két hop véi formamide. Nhitng chdm
nano nay cé kich thuéc [én dén 10 nm, hoat
dong nhw mét dau do nano phwong thire kép
cho cé phat quang va chup cong hwéng tir. Cac
thudc tinh clia ching xac nhan kha nang ttr tinh,
c6 thé rut ngén thoi gian thw gian T, va T,, diéu
nay khién chung tré thanh chat twong phan hiéu
qua. Phan tich MR xac dinh gia tri d6 gién cao
(r,: 4,8-9,7 L-mmol"-s™, r,: 42,2-89,0 L-mmol
'-s1), vwot trdi hon so v&i mangan thwong mai
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Mn-DPDP. Viéc chup MR trong éng nghiém
cho thdy sy giam dang ké T, 1én dén 42,3%
& ndéng dd 2,5 pmol- L. Ty lé r,/r, 8,8-10 lam
ndi bat hiéu quéa cla chung nhw cac chat twong
phan T, va T, kép, lam cho chung tré thanh Iya
chon tét cho cac ng dung hinh anh sinh hoc
trong twong lai."* M-CDs dwoc st dung nhw
mot tdc nhan can quang cho chup cong hwéng
tr théng qua chuyén bao hoa trao dbi hda hoc
(diaCEST), cho phép thwc hién chup anh khong
gay xam lan cho cac t& bao trong cac mé sau
bén trong co thé. Chadm carbon dwoc bién dbi
ttr arginine tdng hop c6 kich thwéc trung binh [a
4,7 nm, v&i kha ndng twong phan diaCEST gan
lién v&i cac proton co thé trao ddi trén bé mat
clia chung. Céac thir nghiém trong 6ng nghiém
chi ra ring cac dic diém CEST phu thudc vao

ndng d6 véi tin hieu MTRasym téi da la 2 ppm
tai pH 7,4, cho thdy gi¢i han phat hién tuyén
tinh dwdi 0,5 mg/mL. D& tang cwdng sw hap
thu té bao cla cac té bao u than kinh dém U-87
MG & nguoi, chdm carbon dwoc déng géi trong
liposome (Lipo-AC-dots), duy tri hon 90% kha
ndng sbng so6t cla t& bao & ndng dd cao. Xac
nhan in vivo cho thdy CEST MRI c6 kha nang
phan biét hiéu qua cac té bao u than kinh dém
duwoc danh dau trong nao chudt, va két qua cho
thay tin hieu MTRasym tang 28% & 2 ppm déi
v&i Lipo-AC-dots so v&i nhém ddi chiing (p =
0,0019). Chdm carbon la mét tac nhan twong
thich sinh hoc cho CEST MRI trong viéc chan
doan cac tinh trang nghiém trong nhw khéi u
than kinh dém ma khong can thiét phai st dung
kim loai nang.'®

Glioma

Hinh 2. Két qua trng dung M-CDs trong chan doan va diéu tri u than kinh dém tién lam sang.
(A) Nanozyme Fe-CDs duoc gén phdi ttr nhdm muc tiéu giup vuot qua BBB, diéu hoa ROS va kich
hoat cac con duong chét té bao trong u nguyén bao thén kinh dém khéng thuée.” (B) Cham polyme
carbon phét quang dé (CPDs) véi kich thuéc siéu nhé cho phép vurot BBB nguyén ven, hé tro chan
doan hinh &nh u than kinh dém khéng xam lan va dan duong phdu thuét theo thoi gian thuc.” (C)
Hé chadm carbon gén gadolinium (Gd-CDs) tich hop chén doén hinh &nh phuong thirc kép MRI/
huynh quang, cho phép phét hién va theo déi u than kinh dém véi d6 nhay cao.™
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2. Pu diém, han ché cta M-CDs

Hé vat liéu M-CDs dai dién cho mot bwéc
tién dang ké trong viéc diéu tri nano nhadm kiém
soat khéi u ndo, dac biét 1a dbi véi u nguyén bao
than kinh dém. Viéc két hop doc dao gitra liéu
phap diéu tri, hinh anh héa va kha nang xuyén
qua BBB lam cho chuing khac biét v&i cac chat
mang théng thwdng. Cac chién luvgc st dung
M-CDs trong diéu tri u than kinh dém cho thay
nhirtng wu thé khac biét vé chirc nang va hiéu
qua. Bang chirng tién Iam sang cho thay rang
M-CDs mé phdng enzym cung cap giai phap tri
liéu khéng dung thube hiéu qua, gitp diéu hoa
vi méi trwong khdi u va kich hoat con dwéong
chét té bao véi doc tinh toan than thap. M-CDs
mang thuéc co tiém nang téi wu hoéa ndéng do
héa chét tai khéi u thdng qua co ché gidi phong
c6 kiém soat va kha ndng vuot BBB nho kich
thwée nano. Kich thwéc nhé cia M-CDs tao
diéu kién cho viéc xam nhap vao BBB mét cach
hiéu qua va diéu chinh nhdm chinh xac théng
qua cac phéi t&r, nhw transferrin, nham tang
cwong tap trung thubc tai cac vi tri khdi u ma
khéng gy ddc tinh toan than. Cac hé tich hop
chan tri c6 thé mang lai kha nang giam sat dong
thi dap wng diéu tri va chi dan phau thuat thoi
gian thyc véi dd phan gidi hinh anh kép cao.
M-CDs két hop tinh nang huynh quang v&i hinh
anh cong hudng tir d& cho phép theo dbi thoi
gian thwc qua trinh phan phéi thubc va phan
&ng cla khdi u, diéu nay coé thé nang cao két
qua phau thuat. M-CDs cho thay tinh linh hoat
khi la chat mang cho céc liéu phap khac nhau
nhw héa trj liéu va tdc nhan quang nhiét, mé ra
co hoi cho nhitng phwong phap didu tri quan
trong dé giai quyét tinh trang khang thubc va
tinh khéng ddng nhat vén cé cia u nguyén bao
than kinh dém.

Mé&c du s& hivu tiém nang Ién, M-CDs van
ddi mat véi nhizng han ché dang ké trong (rng
dung diéu tri u than kinh dém. Déc tinh dai han

tiém an Ia mdi quan ngai hang dau, dac biét 1a
nguy co ro ri ion kim loai ttr 16i ttr tinh va s tich
tu ngoai muc tiéu tai cac co quan néi tang nhw
gan va than. Bén canh do, hiéu qua vwot qua
BBB van chwa thyc sy 6n dinh. DU thanh céng
trong cac mé hinh tién lam sang, nhung céu
trac hang rao nguyén ven & cac vung xam lan
ngoai vi trén co thé ngwoi thwong han ché kha
nang phan tan cta hat. Thach thirc nay con di
kém v6&i kha nang nhdm muc tiéu chwa téi wu,
do tinh khéng déng nhét sinh hoc cta khdi u
va su biéu hién thu thé khéng nhét quan qua
cac giai doan bénh lam can tré s tich tu chinh
xac. Thém vao dé, viéc tai thubc va kiém soat
giai phong bi han ché, vi cac dwoc chét didu tri
c6 kich thwdc 16n co thé lam tang dwong kinh
thay dong hoc, tlr d6 1am mét di wu thé cda kich
thudc siéu nhé can thiét dé vuot qua BBB.
3. Trién vong ctia M-CDs

Viéc diéu tri cac khdi u ac tinh & hé than kinh
trung wong, d&c biét [a u nguyén bao than kinh
dém, hién van déi mat voi nhirng thach thac
to I&n do tién lwgng kém, ty 1é tlr vong cao va
thoi gian séng sét trung binh cGa bénh nhan
thwong dwdi 15 thang.” Phau thuat cét bé 1a
phwong phap diéu tri tién quyét, nhung bac st
ph&u thuat thworng gap kho khan trong viéc xac
dinh chinh xac ranh gi&i khéi u do tinh chat xam
l&n manh mé va khéng déng nhét cla cac mod
tan sinh vao cAu tric ndo.”"? Viéc cét bd khong
hoan toan dan dén nguy co tai phat tai ché cao,
trong khi phau thuat qua murc lai gay ton thwong
khong thé dao nguoc cho cac ving chirc ndng
cla nd0."2 Hon nira, cac tac nhan héa tri chuén
thuwdng that bai do BBB ng&n chan hau hét cac
dai phan t thubc di vao nhu mod nao, cung voi
sy thich nghi nhanh chéng cla té bao u dan
dén tinh trang khang thubc.”'®

Trén co s& thuc tién dé, viéc ng dung
M-CDs c6 th& mang lai nhitng gia tri lam sang
tdi wu nham giai quyét cac gi¢i han ma phuong
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phap truyén théng chwa dap ng hiéu qua. Th
nhéat, kha nang vuot qua BBB va xac dinh ranh
gidi khéi u. Khac véi cac chat twong phan MRI
thwong mai (nhw Gd-chelates) cé thoi gian lwu
hanh ngan va kha ning vuot BBB kém, M-CDs
v&i kich thuwéc cwc nhd co thé xam nhap hiéu
qua qua ca cac vung BBB con nguyén ven
hodc bi pha v& & giai doan sém."?'” Dac biét,
phwong thirc chan doan kép MRI va huynh
quang cho phép bac si dinh vi khéi u chinh xac
trwéc phau thuat va cung cap hinh &nh huéng
dan thoi gian thwe trong qua trinh md, giup
vach rd ranh gi&i khéi u v&i dd phan giai cao, tw
do tdi wu hoa viéc loai bd md bénh ma van bao
ton mé lanh.’*"” Th& hai, gép phan gidi quyét
tinh trang khang thubc va theo déi dap wng
diéu tri. M-CDs khéng chi déng vai tro 1a hé dan
mang thuéc, gitp tdng ndng do thubc tich Ity
tai khéi u thong qua hiéu ng tang tinh thdm va
lwu gitk, ma con cé thé hoat ddng nhw mot tac
nhan diéu tri nano khéng can mang theo dwoc
chét.”'® Théng qua dac tinh nanozyme, M-CDs
kich hoat con dwdng chét té bao theo chuong
trinh, dac biét hiéu qua dbi véi cac dong u
khang thuéc ma hoa tri truyén thdng khéng con
tac dung.” Céng nghé nay cling cho phép theo
d&i sw phan bé thubc va danh gia dap ng khéi
u ngay trong qua trinh diéu tri.81

Do d6, cdng nghé nay bd tro da nang cuc
ky manh mé chivr chwa thé thay thé hoan toan
phau thuat hay xa tri. N6 nang tdm dé chinh
xac clia phau thuat théng qua hwéng dan hinh
anh va tang cwdng hiéu qua cltia hoa tri bang
cach vuot qua BBB va nhdm muc tiéu phan
ttr.'213 Khd n&ng tich hop chan tri giup ca nhan
héa phac dd cé thé bién né thanh mét cong cu
quan trong trong y hoc chinh xac cho u than
kinh gém.°
4. Thach thirc chuyén giao 1am sang

Pbc tinh dai han va an toan sinh hoc la
méi quan ngai hang dau, khi nhiéu hé théng
nano chira cac thanh phan kim loai nhw sét,

gadolinium hoac mangan c6 nguy co tich tu
trong co’ quan ndi tang.™ Nhiéu nghién ciru cho
thdy M-CDs c6 xu hwéng tich tu dang ké tai gan
va than sau khi tiém tinh mach, diéu nay phan
anh sy tham gia ctia hé théng lw&i ndi mo trong
qua trinh dao thai.” Bac biét, sw hién dién cua
cac thanh phan héa hoc khéng tinh khiét hodc
néng dd cao cla hat nano cé thé dan dén céac
dwt gay soi DNA va gay doéc tinh gen, nhw da
duwoc quan sat trong cac thir nghiém comet trén
té bao lympho."® Mac du cac I&p phia polyme
nhw PEG hay chitosan giup cai thién kha nang
twong thich sinh hoc, sw ro ri cac ion kim loai tw
18i tr tinh vao nhu mé ndo van la mot rdi ro tiém
tang ddi v&i an toan than kinh dai han.'

Sy khac biét sinh hoc clia BBB gilra cac
md hinh déng vat va co thé ngwoi clng la mot
thach thirc quan trong. DPa sb cac nghién ctwu
hién nay st¢r dung mé hinh chudt bi u nguyén
bao thadn kinh dém cay ghép, noi ciu truc
BBB thudng bi pha v& cuc bd hoac léng léo
hon so v&i thwe té & bénh nhan ngudi.'2 Cac
mé hinh nay thwdng cho két qua lac quan vé
hiéu rng tang cwdng tinh thdm va lwu gitr, cho
phép M-CDs xadm nhap vao khdi u mot cach thu
dong dwa trén kich thuwdc nhd.'2' Tuy nhién,
tinh toan ven cla BBB trong cac vung xam
I&n ngoai vi cGa u nguyén bao than kinh dém
& nguwdi thwdng van dwoc bdo ton, 1am gidm
dang ké kha nang dy doan hiéu qua thuc té cta
chién lwoc didu tri trang dich.” Ngoai ra, kich
thwée 16 mao mach trong khdi u than kinh dém
ngwdi nhd hon so v&i cac khdi u ngoai bién, doi
hdi cac hat nano phai cé kich thwéc cwe nhd va
4n dinh vé mat dong hoc dé khong bi dao thai
nhanh choéng qua than.'2"

Tinh khéng déng nhét sinh hoc va phan to
cla u nguyén bao than kinh dém ciing la mot
tré ngai l&n ddi véi cac chién lwoc diéu tri nano
tring dich. Khdi u khéng chi xam 1an manh mé
ma con cé kha ndng thich nghi cao, dan dén
tinh trang khang thubc va khang xa tri.” Viéc st
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dung cac phéi t&¢ nhw Angiopep-2 (nhdm muc
tiéu thu thé LRP-1) hodc Glucose (hhdm muc
tiéu GLUT-1) mac du tang cwong sw tich tu tai
khéi u trong cac mé hinh xenograft, nhung hiéu
qua c6 thé bi gi¢i han do sy biéu hién khéng
ddng déu cla céac thu thé nay trén bé mat té
bao u & cac giai doan bénh khac nhau.”® Cau
tric khdi u khéng ddng nhat lam giam kha nang
phan phdi M-CDs dén cac vung 18i thiéu oxy
ho&c céac té bao gbc ung thu nam sau trong nhu
mo ndo."

Cubi cung, viéc chuyén giao M-CDs bi kim
ham béi sy thiéu hut cac di liéu then chét vé
duwoc ddng hoc va quy trinh san xuét. Hién nay,
hau hét cac quy trinh tdng hop M-CDs kho tai
lap & quy md I&n véi do chinh xac cao vé kich
thwdc hat va thanh phan hoéa hoc.'® Ngay ca
mot bién ddi nhd & cip d6 nguyén t& cling c6
thé lam thay déi hoan toan con dwdng dao thai
va hiéu qua twong phan twr trwong." Cac div
liéu vé& lidu didu tri toi wu trén ngwdi va thoi gian
ban thai thyc té trong huyét twong van con rét
han ché, v&i cac nghién ctru chi yéu dirng lai
& mirc d6 phong thi nghiém hodc theo d&i ngan
han trén dong vat.®'® D& thyc sy tién téi rng
dung lam sang, cac nghién ciru twong lai can
tap trung vao viéc chuan héa quy trinh san xuét
dat chuan va thyc hién cac thér nghiém an toan
trén cac mé hinh linh trwdng cé hé thdng BBB
twong déng hon v&i con ngudi. "3

lIl. KET LUAN

M-CDs |a nén tang tri liéu nano cé tiém néng
I&n dé thwe hién chan trj tich hop cho u than
kinh dém. Nh¢& kich thwée siéu nhé va kha nang
chirc ndng héa bé mét linh hoat, hé vat liéu nay
cho phép chan doan hinh anh da phuong thic
két hop céc liéu phap diéu tri tring dich voi do
chinh xac cao. Van d& an toan sinh hoc dai han
va nguy co ro ri ion kim loai van can dwoc xac
nhan thém dé dam bao tinh an toan cho hé than
kinh va cac co quan ndi tang. Viéc chuan hoa

quy trinh san xuéat va kha nidng mé réng quy
mo déng nhét 1a hwdng nghién ciu can thiét.
E)&“)ng thoi, thwe hién nghién ctru thr nghiém
lam sang 1a quan trong nham danh gia va tién
t&éi 'ng dung M-CDs trén nguoi.

TAI LIEU THAM KHAO

1. Xiaoli Wu HY, Weitao Yang, Xingmeng
Chen, et al. Nanoparticle-based diagnostic and
therapeutic systems for brain tumors. Journal
of Materials Chemistry B. 2019; doi: 10.1039/
c9tb00860h

2. Sajini D. Hettiarachchi RMG, Keenan J.
Mintz, Yiqun Zhou, Steven Vanni, Zhilli Peng,
and Roger M. Leblanc. Triple conjugated
carbon dots as a nano-drug delivery model for
glioblastoma brain tumors. Nanoscale. 2019;
doi:10.1039/C8NR08970A

3. Shan Sun QC, Zhongdi Tang, Chuang
Liu, et al. Tumor Microenvironment Stimuli-
Responsive  Fluorescence Imaging and
Synergistic Cancer Therapy by Carbon-Dot—
Cu2+ Nanoassemblies. Angewandte Chemie.
2020; doi: 10.1002/anie.202007786

4. Adam Truskewycz HY, Nils Halberg, Daniel
TH Lai, etal. Carbon Dot Therapeutic Platforms:
Administration,  Distribution, = Metabolism,
Excretion, Toxicity, and Therapeutic Potential.
Small. 2022; doi: 10.1002/smll.202106342

5. Donghui Zhao YD, Xianmeng Jiang, Yang
Bai, Chen Qian, et al. Advances in Carbon Dot
Based Enhancement of Photodynamic Therapy
of Tumors. ACS Applied Bio Materials. 2024;
doi: 10.1021/acsabm.4c01349

6. Sonali MKV, Rahul Pratap Singh,
Poornima Agrawal, et al. Nanotheranostics:
Emerging Strategies for Early Diagnosis and
Therapy of Brain Cancer. Nanotheranostics.
2018; doi: 10.7150/ntno.21638

7. Pir Muhammada SH, Jingyun Lib, Anna
Guller, et al. Carbon dots supported single Fe
atom nanozyme for drug-resistant glioblastoma

TCNCYH 201 (04) - 2026

417



TAP CHI NGHIEN CU'U Y HOC

therapy by activating autophagy-lysosome
pathway. Nano Today. 2022; doi: 10.1016/].
nantod.2022.101530

8. Hui Wang JS, Yingyu Li, Zengyan Wei,
et al. Magnetic iron oxide—fluorescent carbon
dots integrated nanoparticles for dual-modal
imaging,near-infrared light-responsive drug
carrier and photothermal therapy. Biomaterials
Science. 2014; doi: 10.1039/c3bm60297d

9. Mehrab  Pourmadadi ARH, Roya
Yaghoobi, Aynaz Rahmaninodeh, et al. pH-

responsive Gelatin/Agarose/Magnesium-
doped carbon quantum dot hydrogel
nanocomposite  for  targeted  curcumin

delivery in brain cancer therapy. Reactive and
Functional Polymers. 2025; doi: 10.1016/].
reactfunctpolym.2025.106403

10. Zhang SCaM. Microwave-Assisted
Synthesis of Carbon Dot - Iron Oxide
Nanoparticles for Fluorescence Imaging
and Therapy. Frontiers in Bioengineering
and Biotechnology 2021;9 doi: 10.3389/
fbioce.2021.711534

11. Zahida Yaqoob SAB, Muhammad
Abdul Basit, Kiran Konain, et al. Hydrothermal
synthesis of carbon dots incorporated in
magnetite iron oxide nanoparticles for potential
targeted brain cancer therapy: In-Vitro study.
Materials Chemistry and Physics. 2024; doi:
10.1016/j.matchemphys.2024.129698

12. Yang Liu JL, Jiayi Zhang, Xiucun Li,
et al. Noninvasive Brain Tumor Imaging Using
Red Emissive Carbonized Polymer Dots across

the Blood—-Brain Barrier. American Chemical
Society.2018; doi: 10.1021/acsomega.8b01169

13. Yilin Du MQ, Chengyi Li, Huiling Jiang,
et al. Facile marriage of Gd3+ to polymer-coated
carbon nanodots with enhanced biocompatibility
for targeted MR/fluorescence imaging of glioma.
International Journal of Pharmaceutics. 2018;
doi: 10.1016/j.ijpharm.2018.09.010

14. Evgeniia A Stepanidenko AAV, Zilya F
Badrieva, Ekaterina A Brui, et al. Manganese-
Doped Carbon Dots as a Promising Nanoprobe
for Luminescent and Magnetic Resonance
Imaging. Photonics. 2023; doi: 10.3390/
photonics10070757

15. Jia Zhang YY, Minling Gao, Zheng
Han, et al. Carbon Dots as a New Class of
Diamagnetic Chemical Exchange Saturation
Transfer (diaCEST) MRI Contrast Agents.
Angew Chem Int Ed Engl. 2019; doi: 10.1002/
anie.201904722

16. Ayesha Bibi AA, Salman
Green-synthesized cyclophosphamide-loaded
magnetite nanocomposites for in vitro anti-
cancer activity against U-87 glioblastoma cells.
Results in Chemistry. 2025; doi: 10.1016/].
rechem.2025.102513

17. Zhe Ji PA, Chen Shao, Tingjian
Wang, et al. Manganese-doped carbon dots

Zafar.

for magnetic resonance/ optical dual-modal
imaging of tiny brain glioma. ACS Biomaterials
Science & Engineering. 2018; doi: 10.1021/
acsbiomaterials.7b01008

418

TCNCYH 201 (04) - 2026



TAP CHI NGHIEN ClPU Y HOC

Summary

APPLICATION OF MAGNETIC CARBON DOTS IN THE DIAGNOSIS
AND TREATMENT OF GLIOMAS

Brain cancers, including gliomas, progress rapidly with low recovery rates due to tumor
invasion and recurrence. Radiotherapy, chemotherapy, and surgery face limitations such as
toxicity, poor drug penetration, multidrug resistance, and incomplete tumor resection. Magnetic
carbon dots (M-CDs) provide a flexible theranostic platform owing to their effective penetration
of the blood-brain barrier, targeted drug delivery, and real-time imaging capability. Preclinical
studies have employed M-CDs as enzyme-mimicking agents inducing cytotoxicity, MRI/
fluorescence probes for real-time image-guided surgery, or controlled drug carriers. Challenges
remain, including long-term safety, tumor heterogeneity, standardization, and regulatory
approval for clinical ftrial transfer. M-CDs act as promising nanotherapeutic approaches
for gliomas, with an emphasis on integrated diagnostics, targeted therapy, and support for
personalized medicine strategies; however, current evidence still needs further consolidation.

Keywords: M-CDs, enzyme mimic, brain tumor, therapy, diagnostic, theranostic.
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