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Tom tat

D¢ hoa tan trong miede thap la mot thach thire lom doi véi nhiéu hop chat tw nhién c6 hoat tinh
sinh hoc. Thuc té, ¢6 dén 40% cac dugc phdm hién hanh va voc tinh 90% cdc hop chdt tiéem nang
dang trong giai doan phat trién gap phai van de vé dé tan kém trong méi truong nude. Han ché nay
dan dén nhieu hé qua bat loi, bao gom viec can tang liéu heong thuoc dé dat hiéu qua diéu tri, kéo
theo sy gia tang chi phi san xuat va nguy co tac dung phu cho bénh nhan. Do do, viéc phat trién cdc
quy trinh céng nghé tién tién dé tao ra vt liéu co kich thuoc 161 wu, tir d6, ndng cao do hoa tan va
sinh kha dung ciia cac hop chdt kém tan la vé cing can thiét.

Trong nghién civu nay, chiing t6i tiép cdn van dé trén bang cdach vmg dung céng nghé laser dé
tqo ra cac hat curcumin co kich thudc nanomet. Myc tiéu chinh cua phwong phdp nay la tang cuong
dién tich bé mdt tiép xiic cia curcumin voi méi truong hoa tan, tiv dé, cdi thién ddng ké dg hoa tan
trong niede ciia hop chdt nay. Be danh gia hiéu qua cua phu"ong phap, san pham curcumin sau khi
xit Iy laser dd dwoe kiém dinh vé ¢ hoa tan va kha nang ik ché sw phdt trién cia cdc dong té bao
ung thw khac nhau.

Két qua phan tich cho thdy, kich thuée trung binh ciia cdc hat curcumin sau khi xir Iy bang
laser dat 167 nm, nam trong pham vi kich thuéc nanomet. Pang chit y, do hoa tan ciia curcumin da
tang lén gap 4,5 lan so véi mau curcumin khéng qua xie 1y laser. Vé tac dung sinh hoc, curcumin
sau xir 1y laser thé hién kha ndng trc ché manh mé dong té bao ung thu biéu mé gan HepG2 véi gid
tri IC50 la 19,81 ug/mL va dong té bao ung thw biéu mé dai tric trang HTC116 véi IC50 la 2,408
ug/mL. Tuy nhién, curcumin cho thdy téc dung ikc ché rat han ché trén dong té bao khéng ung thu
HDE, goi y vé tinh chon loc tiém nang trong tic dung chong ung thw ciia curcumin sau khi dwoc xir
Iy bang laser:
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Abstract

Poor water solubility is a major challenge for many natural bioactive compounds. In fact, up
to 40% of currently available pharmaceuticals and an estimated 90% of potential compounds under
development encounter issues with low solubility in aqueous environments. This limitation leads to
several adverse consequences, including the need for increased drug dosages to achieve therapeutic
efficacy, which in turn raises production costs and the risk of side effects for patients. Therefore,
developing advanced technological processes to create materials with optimal particle size, thereby
enhancing the solubility and bioavailability of poorly soluble compounds, is crucial.

In this study, we address this issue by applying laser technology to produce nanometer-sized
curcumin particles. The primary goal of this method is to enhance the surface area of curcumin
exposed to the dissolution medium, thereby significantly improving its water solubility. To evaluate
the effectiveness of this approach, the laser-treated curcumin product was assessed for solubility and
its ability to inhibit the growth of various cancer cell lines.

Analysis results showed that the average size of curcumin particles after laser treatment was
167 nm, falling within the nanometer-sized range. Notably, the solubility of curcumin increased
4.5 times compared to untreated curcumin. Regarding biological activity, laser-treated curcumin
exhibited strong inhibitory effects on hepatocellular carcinoma (HepG2) cells with an IC50 value of
19.81 ug/mL and colorectal carcinoma (HTC116) cells with an IC50 value of 2.408 ug/mL. However,
curcumin showed very limited inhibitory effects on non-cancerous human dermal fibroblast (HDF)

cells, suggesting potential selectivity in its anticancer effects after laser treatment.

Keyword: Lazer, nanocurcumin, anticancer.

1. Dit van dé ‘

Theo Hé théng phan loai dugc phdm
sinh hoc (BCS), cac duogc chit duge phan
thanh bdn loai dua trén do hoa tan va tinh
thim ctia chiing: Loai I - tinh thdm cao, do
hoa tan cao; Loai II - d0 thAm thu cao,
do hoa tan thép; Loai III - d6 thAm thép,
d6 hoa tan cao va Loai IV - d6 thim thip,
do hoa tan thép. Curcumin duoc phéan loai
la phén tu loai IV dua trén kha ning hoa
tan trong nude kém (11 ng/ml trong dung
dich dém pH 5) va tinh tham qua céc té bao
biéu mé rudt thdp [Wahlang et al., 2011;
Tonnesen HH, 2002].

Curcumin 1a mot hop chét tu nhién da
dugc chimg minh c6 dic tinh chdng oxy
héa manh m& va hoat tinh trj liéu d6i véi
nhiéu bénh 1y khac nhau. Cac nghién ctru
khoa hoc [Cheng et al., 2012; Bar-Sela et
al., 2010; Sandhuli et al., 2021] da chi ra
tiém nang ctia curcumin trong viéc phong
ngira va diéu tri cac bénh nhu tiéu dudng,
ung thu, viém khép dang thap, da xo cimg,
Alzheimer va xo vira dong mach. Tuy
nhién, ung dung lam sang cua curcumin
con gap nhiéu han ché do do hoa tan trong
nude kém va sinh kha dung duong udng
thip, din dén khé hap thu va phat huy hiéu
qua tdi da trong co thé.

Pé khic phuc nhitng nhuoc diém
nay va nang cao hiéu qua cua curcumin,
chung t6i da phat trién mot phuong phap
méi dé tao ra nanocurcumin. Viéc tao ra
nanocurcumin giup ting cuong dang ké
d0 hoa tan cua curcumin, tu d6, mo ra
tiém ning tmg dung rong rii hon trong
cac san pham bao vé sirc khoe con nguoi.
Nghién ctu nay tip trung vao viéc tao
nanocurcumin bang phuong phap laser va
danh gia hi¢u qua cia no6 trén cac dong
té bao ung thu khic nhau, bao gdm ung
thu gan, ung thu dai truc trang va nguyén
bao soi.

2. Nguyén liéu va phuong phap
2.1. Nguyén liéu

Curcumin 98% (Sigma), nudc cét
2 1an, moi truong nudi cdy té bao dong
vat DMEM (Dulbecco’s Modified Eagle
Medium) (BimeTech); Dong té bao ung
thu biéu mo té bao gan ngudi (HepG2),
dong té bao ung thu dai tryc trang nguoi
(HTC116), dong té bao nguyén bao soi
ngudi (HDF) déu tir ATCC (American
Type Culture Collection).

Cac hoa chat dung trong xac dinh
kich thuéc va dd tan ctia curcumin nhu
Ethanol, nudc cat 2 1an; DMSO (Dimethyl
sulfoxide).
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2.2. Phuwong phap nghién ciru
Tao nanocurcumin bang céong nghé laser.

Trong nghién ctu nay, chiing t6i su
dung 50 mg curcumin véi do tinh khiét
98% hoa tan trong 10 mL nudc khu ion.
Thi nghiém duogc thuc hién bang chum tia
laze trén thiét bi Briliant-o (Vién Vat 1y,
Vién Khoa hoc va Céng nghé Viét Nam),
cung cap xung 120 fs c¢6 tim & budc song
800 nm véi toc do lap lai 1 kHz. Chum
sang hdi tu qua vat kinh c6 tiéu cu 7,5
cm. Céc thong sb khac nhau di duoc thir
nghiém: cong suit cit (250-400 mW), thoi
gian xtr 1y tir 40 dén 60 phiit.

Xdc dinh kich thwoc hat curcumin.

Kich thudc cia cac tinh thé nano
dugc xac dinh bang tan xa anh sang dong,
sir dung thiét bi Malvern Zetasizer (Vuong
qudc Anh). M&i phép do dugc thuc hién ba
lan trén huyén pht khong pha loang trong
cuvet dung mét 1an & 25¢C.

Xdc dinh dj tan ciia curcumin.

Theo dinh nghia, d§ tan (S) ciia mdt
chit trong nudc 1a s6 gam chat d6 hoa tan
trong 100 gam nu6c dé tao thanh dung
dich bao hoa ¢ nhi¢t do xac dinh. Trong
thi nghiém nay, dé xac dinh do tan cua
curcumin, chiing t6i dua vao phd hap thu
déac trung cua curcumin ¢ budc song 425
nm khi hoa tan trong ethanol.

Xdc dinh tac dung ciia curcumin.

Pé danh gia doc tinh cta curcumin
va curcumin sau xir 1y laser trén ca té bao
ung thu va té bao thudng, chung t6i da st
dung k¥ thuat MTT. Thi nghiém nay duoc
thuc hién theo hai nhém: mot nhom té bao

dugc diéu tri bang curcumin khong xtr 1y
laser (curcumin khong cit d6t bang laser)
va mdt nhom té bao duoc diéu tri bz"mg
curcumin sau xur 1y laser (curcumin cit dot
bang laser). Muc dich 1 so sanh tac dung
cta curcumin trong hai trang thai nay.

Ky thudt MTT [MTT hay
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide] 12 mot phuong phap
dinh lugong dya trén hoat dong ciia enzyme
dehydrogenase trong ty thé cua té bao
song. Enzyme nay c6 kha nang khir mudi
tetrazolium vong mau vang nhat (MTT)
thanh tinh thé formazan mau xanh tim.

Sau qua trinh phan ung, tinh thé
formazan tao thanh duoc hoa tan béng
dung dich Dimethyl sulfoxide (DMSO).
Luong formazan hoa tan, tuong tmg voi
sO lugng té bao sdng, duoc do bang may
doc ELISA (d4u doc ban vi ban BioTek
Synergy® HT, My) ¢ bude song 570 nm.
Két qua do quang phd nay cho phép danh
gia dinh luong vé ddc tinh cta curcumin
va curcumin sau xu ly laser trén cac dong
té bao.

3. Két qua va thao luan
Tao nanocurcumin bing cong nghé laser.

Curcumin 98% hoa tan trong dung
dich nudc khir ion véi nong do6 5 mg/mL.
Sau do, chiéu chum tia laze ¢o xung 120
fs (femto giay, 10e-15) c6 tam ¢ 800 nm
v6i toc do lap lai 1a 1 kHz. Chum sang
duoc hoi tu béi vat kinh ¢ tiéu cu 7,5 cm,
cong suét cit 350 mW, thoi gian xu 1y tir
40 phit. Két qua mau thu duge sau khi xir
1y dugc thé hién trong Hinh 1.

Hinh 1. Xir Iy mau curcumin bang laser.
(A) B phat tia laze; (B) mau curcumin sau khi xtr Iy bang laser
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Xdc dinh kich thwoc hat curcumin.

Thiét bi Malvern sir dung cong nghé
phan tich theo ddi hat dé phan tich cac hat
nano c6 kich thudc tr 10 nm - 2000 nm
trong dung dich. Viéc phan tich céac hat

riéng 1¢ dugc thyc hién dong thoi bang
cach st dung cong nghé do khuéch tan va
quan sat truc tiép. Két qua xac dinh kich
thudc hat curcumin sau khi cit d6t bang
laser dugc thé hién trong Hinh 2.

Hinh 2. Két qua xac dinh kich thudc hat curcumin sau khi ban laser

System
Temperature (°C): 25.0

Duration Used (s): 60

Count Rate (kcps): 256.6 Measurement Position (mm): 3.00
Cell Description: Disposable micro cuvette (40pl) Attenuator: 9
Results
Size (d.nm): % Intensity  Width (d.nm):
Z-Average (d.nm): 1258 Peak 1: 167.0 100.0 60.63
Pdi: 0.274 Peak 2: 0.000 0.0 0.000
Intercept: 0.920 Peak 3: 0.000 0.0 0.000
Result quality : Refer to quality report

Size Distribution by Intensity

Intensity (%)

1 1 10

Size (d.nm)

B Record 102: T2 1

100 1000 10000

Két qua cho thiy curcumin c6 kich
thudc trung binh 1a 167 nm sau khi xir ly
bang laser v6i xung 120 fs (femtosecond,
10e-15) tap trung & 800 nm voéi toe do lap
lai [a 1 kHz. Chum sang duoc hoi tu boi
vat kinh c6 tiéu cu 7,5 cm, cong sult cét
350 mW, thoi gian 40 phut.

Xdc dinh dj tan ciia curcumin.

Pé chuan bi mau phan tich, 30 mg
bot curcumin khong xur 1y laser (ky hi¢u
C1) va 30 mg bt curcumin xu ly laser (ky
hi¢u C2) duoc can chinh xac va hoa tan
riéng ré trong 1 mL ny:c’rc cét (HZO)' Hon
hop dugc lac manh bang may lac Vortex
trong 10 phuat. Sau do, dung dich dugc ly
tam & 2000 vong/phiit trong 5 phut dé loai
b6 phan khong tan. Phan dich ndi phia trén

dugc tach riéng va tién hanh dong kho dé
thu duoc mau curcumin dang bot. Mau
curcumin dong kho thu dugc, sau do, dugc
hoa tan trong ethanol dé tao thanh cac
dung dich c6 ndng d6 khac nhau. Pho hap
thu cua cac dung dich curcumin-ethanol
nay duoc x4c dinh bang may do quang phd
NanoDrop-1000 (My) trong khoang budc
song tir 220 nm dén 750 nm. Budc séng
hép thu cuc dai cua curcumin trong ethanol
duoc xac dinh 1a 425 nm, phu hop véi dac
tinh hap thu da duoc cong bo.

Nong d6 curcumin trong cic mau
phan tich, sau do, dugc xac dinh béng
phuong phap dudng chuin. Puong chuén
nong d curcumin duoc xay dung dua trén
phd hap thu do dwoc. Ham luong curcumin
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trong mau do cudi cung (Final Dilution
Sample), tirc 13, mau di pha lodng dé do
trén may, dugc xac dinh truc tiép tr duong
chuan. D¢ tinh toan ham lugng curcumin
trong mau so cip ban dau (mau dong kho
chwa pha loang), gia tri nong do do dugc tir
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mau pha lodng s& duoc nhan v6i hé sé pha
loding tuong tmg, hé s6 ndy duoc ghi nhan
trong Bang 1.

Két qua xac dinh d¢ tan cua curcumin
cho thay do6 tan cuia mau sau xir 1y laser
tang 4,5 1an so voi mau khong xt 1y laser.

Bang 1. Xac dinh do hoa tan ctia curcumin xtr ly laser va khong xtr 1y laser

Nong do Nong dd
M D6 hoa | Gia tri OD & | Gia tri trung | curcumin sau | curcumin
u tan 425 nm binh khi pha loing | ban dau (ng/
(ng/mL) mL)
Curumin khong 0,801
xu ly laser (C1) 50x 0,823 0,812 137,52976 4851,0714
0,811
Curcumin sau khi 0,353
xu ly laser (C2) 100x 0,376 0,351 59,43452 21830,3571
0,394

Tic dung trén cdc dong té bao ciia
curcumin sau khi xw ly laser.

Hoa tan curcumin khoéng xu 1y
laser (ky hiéu C1) va curcumin sau khi
xu ly laser (ky hiéu C2) trong dung dich
0,3% DMSO (Dimethyl sulfoxide). Sau
do, cac dong té bao dugc thém vao moi
truong nu01 cdy. Két qua gy doc té bao
cua cac mau curcumin ddi véi bénh bach
cau, ung thu dai tryc trang va cac dong té
bao nguyén bao s¢i dugc trinh bay trong

Hinh 3, Hinh 4, Hinh 5.

Hoa tan curcumin khong xu 1y laser
(ky hi€u C1) va curcumin sau khi xu
ly laser (ky hiéu C2) trong dung dich
0,3% DMSO (Dimethyl sulfoxide). Sau
do, cac dong té bao dugc thém vao moi
truong nu01 cly. Két qua giy doc té bao
cua cic mau curcumin ddi véi bénh bach
cau, ung thu dai tryc trang va cac dong té
bao nguyén bao so¢i dugc trinh bay trong
Hinh 3, Hinh 4, Hinh 5.

Hinh 3. Két qua xac dinh hpat tinh gay doc té bao cua Curcumin
trén HepG2 bang phuong phap MTT.
[C1] c6 IC, =46 ng/mL, [C2] c6 IC, = 19,81 ug/mL.

DPéc tinh curcumin 1én HepG2
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Hinh 4. Két qua x4c dinh hoat tinh gay doc t& bao cta Curcumin
trén HCT116 bang phuong phap MTT.

[C1] ¢6 IC, = 4,413 pg/mL, [C2] 6 IC, = 2,408 pg/mL.
Déc tinh curcumin Ién té bao HCT116 CI/HCT116 VY j&t;iﬁ';g‘)u; ;:izg
120 « Chuin 150
i ¥ Nong do C1 100 1'.
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Hinh 5. Két qua x4c dinh hoat tinh gay doc t& bao cia Curcumin
trén HDF bang phuong phap MTT
Doc tinh curcumin lén té bao HDF
* Chuan,
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Ban luin

Cong nghé laser da tro thanh mot
cong cu da nang, tham nhap sau rong
vao nhiéu linh vuc khoa hoc, y hoc va k¥
thuat hién dai. Trong do, su két hop gitia

cong nghé nano va laser da tao ra nhiing
tién bo dang ké trong diéu tri ung thu, dac
biét trong nhirng nam gan day. Ung dung
cua laser trong y té rat da dang, bao gom
cic quy trinh 1am sang nhu phiu thuat
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da liéu va tham my, hd trg chita lanh vét
thuong, kich thich than kinh, nha khoa,
diéu tri ung thu va phiu thut nhan khoa.

Tuy curcumin di duoc biét dén véi
nhiéu dic tinh tri liéu tiém nang, nhung
viéc tng dung hiéu qua trong diéu tri
ung thu gap phai thach thitc do d6 hoa
tan kém trong nudc, sinh kha dung thap
va kha ning duy tri nong d6 thudc trong
co thé han ché. Nham khic phuc nhiing
nhuoc diém nay, Al-Kinany va cong su
(2021) da nghién ctu su dung ky thuat
laser xung dé tao phtrc hop “FA-CU-CS-
Fe@Au” (Folate-Curcumin-Chitosan-
Iron-Gold) va thir nghiém trén té bao
ung thu tuyén tién liét. Nghién ctru cua
ho da ching minh ring phtrc hop dugc
tao ra bang laser xung c6 hiu qua trc
ché ting sinh té bao ung thu cao hon so
voi curcumin thong thuong. Tuy nhién,
quy trinh tao phtrc hop nay doi héi nhiéu
budc phuc tap dé két hop curcumin véi
cdc thanh phin nhu ion kim loai (sit,
vang), chitosan va axit folic.

Nghién cuu hién tai tdp trung vao
viéc tng dung cong nghé laser dé cai
thién do hoa tan cuia curcumin mot cach
truc tiép va don gian hon. Két qua cho
théy, xur ly laser gitp tao ra cac hat
curcumin kich thuéc nano véi kich thudc
trung binh khoang 167 nm va d¢ hoa tan
tang 1én 4,5 lan so v6i curcumin khong
xu ly laser. Pang cht y, khi thir nghiém
doc tinh té bao trén dong té bao ung thu
biéu mé gan ngudi (HepG2) va té bao ung
thu dai tryc trang (HCT116), curcumin
sau xu ly laser thé hién doc tinh té bao
cao hon dang ké so v&i curcumin khong

Tai liéu tham Khao

DUGC HOC

xu ly laser, voi su khac biét c6 y nghia
thong ké. Gia tri IC,, cua curcumin sau
xu ly laser trén té bao HepG2 la 19,81
pg/mL va trén té bao HCT116 1a 2,408
ng/mL, cho thiy kha nang giy chét té
bao ung thu dugc cai thién rd rét. biéu
quan trong 13, trén té bao thuong HDF
(té bao khong ung thu), curcumin khong
gdy doc ngay ca sau khi xir 1y laser dé
ting do hoa tan. Két qua nay tuong
dong va&i nghién ctru cia Hanna va Saad
(2020), nanocurcumin c6 tac dung chon
loc trong viéc trc ché su phat trién cua té
bao Hep-2 theo cach phu thudc vao lidu
lugng Yé thoi gian, véi gia tri IC ) hi¢u
qua nhat (17 £ 0,31 pg/ml) dat dugc sau
48 gid 1 ma khong gay doc té bao dbi véi
té bao binh thuong khong ung thu.

Tom lai, nghién ctru nay da ching
minh rang cong nghé laser 1a mot phuong
phép hiéu qua dé cai thién d6 hoa tan va
kha niang giy doc té bao ung thu cua
curcumin, md ra tiém ning ung dung
rong rii hon cta curcumin trong diéu tri
ung thu mot cach an toan va hiéu qua.
Két luan

Curcumin sau khi xir 1y bang laser
trong thi nghiém nay cd kich thudc trung
binh 165 nm va d¢ tan ting 4,5 1an so véi
trude khi xu 1y. Curcumin sau khi xu 1y
bang laser c¢6 tac dung lam chét té bao
ung thu V’(’)'i gia tri IC, 1a 719,81 ug/mL
do6i voi té bao ung thu biéu md té bao
gan (HepG2) va té bao ung thu dai truc
trang ¢ nguoi (HCT116) 1a 2.408 pg/mL
va khong gy doc dang ké d6i vai té bao
khong ung thu HDF.
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