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TOM TAT

Trong nghién ciru nay, hé vi hat PLGA chita cao chiét tir ndp dm
hoa déi (Nepenthes mirabilis) (NM/PLGA-NPs) di duoc phat trién
thanh cong, voi hiéu sudt nap 12,37%, tai 70,73% va kich thuoc
trung binh 926 nm. Két qua phdn tich FT-IR va SEM cho thdy qud
trinh nap khong lam thay doi cdu triic chirc nang va duy tri hinh
théi hinh cau, dong déu. Hé vi hat thé hién kha nang gidi phéng
hoat chdt phy thuéc pH: giai phéng nhanh tai pH 1,2, chdm va 6n
dinh ¢ pH 6,8 va 7,4, phu hop véi cac dang bao ché theo duong
uong. Ngoai ra, h¢ NM/PLGA-NPs c6 kha nang trung hoa goc tu
do DPPH bén vitng trong 72 gio, diéu nay cho thdy hiéu qua khang
oxy héa kéo dai. Viéc danh gida doc tinh trén té bao RAW264.7 cho
thdy hé vi hat an toan, khéng gdy doc va c6 kha nang bao vé té bao
khoi ton thuwong stress oxy héa do H)Os. Nhitng két qua nay khdng
dinh tiém nang ciia hé vi hat NM/PLGA-NPs trong irng dung diéu
tri cdc bénh Iy lién quan dén stress oxy hoa.

Tir khéa: Nip am hoa déi, oxy héa, polyphenol, stress, vi hat
ABSTRACT

PLGA microparticle system loading Nepenthes mirabilis extract
(NM/PLGA-NPs) was successfully developed, exhibiting
encapsulation efficiency of 12.37%, 70.73% for drug loading, with
average particle size of 926 nm. FT-IR spectra and SEM analyses
confirmed that the encapsulation process preserved key functional
groups and yielded uniform spherical morphology. The system
exhibited pH-responsive drug release: rapid release at pH 1.2 and
sustained release at pH 6.8 and 7.4, aligning with gastrointestinal
transit. Moreover, NM/PLGA-NPs demonstrated prolonged (72-
hour) DPPH radical scavenging, indicating a sustained
antioxidant effect. Furthermore, cytotoxicity assays on RAW264.7
macrophages revealed biocompatibility and protective cells
against HO»-induced oxidative stress. These findings highlight the
therapeutic promise of NM/PLGA-NPs in managing oxidative
stress-related disorders.

Keywords:  Microparticle, mirabilis,  oxidation,

polyphenol, stress

nepenthes
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1. GIOI THIEU

Trong nhimg ndm gan day, stress oxy hoa 1a mot
yéu t6 nguy hai gop phan vao sy gia tang cla nhiéu
bénh ly man tinh, bao gom cdc roi loan tim mach,
tiéu duong, ung thu va cic bénh ly than kinh
(Sharifi- Rad et al., 2020). Qua trlnh nay xay ra khi
¢ sy mat can bang giita cac gbe tw do va cac chat
chbng oxy héa trong co thé, tir d6 lam gia ting sy
thodi hoa va suy gidm chirc ndng cta cac co quan
(Liguori et al. 2018; Jomova et al., 2025). Két qua
céc nghién ciru gan day da chimg minh rang, sy gia
tang 6 nhidm moi trudng, ché d6 dinh dudng thiéu
can ddi va cang thang tam 1y trong xa hoi hién dai
dang lam gia ting nguy co méc phai tinh trang stress
oxy hoda (Vincenzo et al., 2023; Goshtasbi et al.,
2025). Trudc thyc trang ndy, viée tim kiém cac
ngudn dugc liéu ty nhién c6 kha ning chdng oxy hoa
manh da trg thanh mot xu hudng dang chi y trong
nghién ctru va Gng dung y hoc (Kopustinskiene et
al., 2020; Jomova et al., 2025). Nhirng duoc liéu co
ngudn gdc tu nhién, dac biét la tir cc loai thyc vat,
khong chi mang lai nhitng loi ich vé mat duoc Iy ma
con pht hop véi xu huédng phat trién y hoc hién dai,
dé cao su an toan va hi€u qua trong diéu tri, d(“)ng
thoi giam thiéu tac dung phu so véi cac phuong phap
diéu tri héa hoc truyén théng (Aware et al., 2022).
Két qua cac nghién ciru di chi ra ring nhidu dwoc
liéu c6 kha nang hd trg diéu tri cac bénh nhu ung
thu, Alzheimer, tiéu duong, xo vira dong mach va
cac bénh tim mach, dong thoi co tac dung phu nhe,
cho phép sir dung lau dai véi liéu lugng hop 1y. Mic
du thao dugc thién nhién c6 nhiéu lgi ich, nhung van
ton tai mot s6 thach thirc 16n lién quan dén kha ning
hap thu qua duong tiéu hoa ciia cac hoat chat tu
nhién (Hassen et al., 2022). Hon nira, dac tinh ky
nudc ciia nhiéu hop chét ty nhién ciing gay khé khan
trong viéc cdi thién do tan va sinh kha dung trong co
thé (Carmona & Pereira, 2013; Jadhav et al., 2025).

Dé khic phuc nhitng han ché nay, cac cong nghé
din truyén thudc tién tién, dic biét 1a cong nghé vi
hat da duoc phat trién nham bao vé va nang cao hiéu
qua cua cac hoat chit sinh hoc tir duge liéu thién
nhién (Kaplan et al., 2023; Madani et al., 2023). Cac
hé dén truyén vi hat nhu hé vi hat poly(lactic-co-
glycolic acid) (PLGA), khong chi gitip bao v¢ hoat
chat khoi sy phan hity ma con cai thién do tan trong
nudc, tang tinh 6n dinh sinh hoc va kiém soat qua
trinh giai phong hoat chat. PLGA vdi kha ning
tuwong thich va phan huy sinh hoc cao, da dugc FDA
(The U.S. Food and Drug Administration - Cuc
Quén 1y Thyc phdm va Dugc phim Hoa Ky) phé
duyét va ung dung trong nhiéu ché phdm duogc
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pham, mang lai tiém ning 16n trong viéc phat trién
cac lidu phap diéu tri hiéu qua va an toan hon
(Alsaab et al., 2022; Chavan et al., 2022; Guo et al.,
2023). Nghién ciru nay tap trung vao viéc bao ché
hé vi hat PLGA chira cao chiét ethanol tir loai nép
4m hoa ddi (Nepenthes mirabilis) va kha nang chéng
stress oxy hoa ciing dd duoc danh gid. Nép 4m hoa
doi (NM) da dugc ghi nhan véi cac hoat tinh sinh
hoc dang chii y, bao gdm kha ning khang viém va
khang oxy héa manh (Thanh et al., 2015; Thao et
al., 2016). Mac du viéc thuc hién nhu’ng nghién ctu
vé nap 4m hoa ddi van con han ché, nhung nhing
hop chét c6 hoat tinh sinh hoc trong loai nay nhu
flavonoid, phenolic acid va alkaloid da dugc chung
minh 1 dem lai tiém ning d4ng mong doi trong diéu
tri cac bénh lién quan dén stress oxy hoa (Thanh va
ctv., 2025). Viéc ing dung cong ngh¢ vi hat PLGA
dé bao boc cac hop chét tir nip 4m ‘hoa d6i mé ra co
hoi moi trong viée cai thién tinh on dinh, sinh kha
dung va hi¢u qua didu tri ddi véi cac ché phim
du‘ong uong, g6p phan nang cao gia tri cua dugc ligu
truyén thong trong phat trién cic ché pham dugc
hién dai.

2. PHUONG PHAP NGHIEN CUU
2.1. Hoa chit

Céc dung moi hiru co nhu methanol, ethanol va
dichloromethane (Chemsol, Viét Nam). Poly(lactic-
co-glycolic acid) (PLGA) véi ti 1¢ lactic:glycolic 1a
50:50 goém hai loai: P17A (kh6i lwong phan tir
7.000-17.000 g/mol) (Sigma-Aldrich, M¥).
Polyvinyl alcohol (PVA) véi khdi lugng phan tir
31.000 — 50.000 g/mol (Sigma-Aldrich, M¥). Thudc
thtt Griess (FUJIFILM Wako, Nhat Ban), 2,2-
diphenyl-1-picrylhydrazyl (DPPH) (Sigma-Aldrich,
My), Folin—Ciocalteu (Sigma-Aldrich, My) va mot
s6 hoa chét khac cua Xilong, Trung Quéc.

2.2. Thu hai va xir Iy miu

Nguyén li¢u twoi dugc thu hai vao thang 1 nam
2023 tai ddo Phii Qubc, An Giang, Viét Nam. Mau
thyc vat dugc dinh danh boi PGS.TS. Pang Minh
Quan (Truong Su pham) va mau duogc luu trit tai
Phong thi nghiém Hoéa dugc, Toa nha Cong nghé¢
cao (ATL), Pai hoc Can Tho. Nguyén li¢u sau khi
thu hai duoc xir 1y loai tap, sdy kho & nhiét d6 55°C,
sau d6 duoc nghién thanh bot véi d6 4m 8,08 +
0,39% theo phuong phap quy dinh trong Duoc dién
Viét Nam V (B9 Y té, 2017) va bao quan 0 nhiét do
dudi 4°C. Bot duoc liéu duoc ly trich cao chiét béng
ethanol 96% theo phwong phap chiét két hop voi
song siéu am c6 tan s6 50 kHz (Lab Companion,
UCP-10, 490W), sau d6 c6 quay dich chiét duéi ap
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sudt kém dé thu duoc cao chiét ethanol nip 4m
hoa doi.
2.3. Dinh luwgng polyphenol toan phin

Folin-Ciocalteu dugc dung dé xac dinh ham
luong polyphenol tong. Cu thé, 200 pL cao chiét
(hoic gallic acid) dugc hoa tan v6i 200 pL nudc cat
va 200 pL thudc thir Folin-Ciocalteu, lic déu, u
trong 5 phuat. Sau d6, 200 pL dung dich Na,CO;
10% dugc thém vao, lic déu va u & 40°C trong 30
phut. Mat d6 quang dugc tién hanh do & budc song
765 nm. Ham lugng polyphenol dugc tinh theo ham
luong tuong duong gallic acid (mgGAE/g)
(Chandra et al., 2014).

2.4. Bao ché h¢ vi hat PLGA chira cao chiét
nap am hoa déi

Hé vi hat PLGA mang cao chiét tir nip 4m hoa
d6i (NM/PLGA-NPs) dugc bao ché theo phuong
phép nhii hoa — bay hoi dung moéi. Pha hitu co dugc
chuén bi bang cach hoa tan 20 mg PLGA trong 10
mL dung méi dicloromethane (DCM) c6 bd sung

1% Tween-80. Song song dd, pha nudc chira 5 mL
dung dich cao chiét duoc chuan bi véi cac nong do
khac nhau trong methanol, dugc quy chuan vé khoi
luong polyphenol (TP). Dya trén cac két qua khao
sat so bo ti 1¢ khac nhau gitta TP:PLGA, ti ¢ 1:5
(w/w) dugc chon trinh bay trong nghién clru nay,
viéc bao ché va danh gia hiéu qua khang oxy hoa
cua dang ché phém duoc thyc hién. Pha nuée dugce
bom tir tir vao pha hitu co bang may bom nhu dong,
cung luc do6 duoc déng hoa co hoc & tde do 15.000
vong/phut trong 5 phit (& nhiét do 5°C) bang may
ddng hoa. Tiép theo, hdn hop lai dugc dong hoa
(15.000 vong/phut, 10 phut, 5°C) véi polyvinyl
alcohol (PVA) 3% (w/v). Nhii twong thu dugc tiép
tuc dugc xir Iy bang séng siéu am (42 kHz, 10 phut)
trong polyvinyl alcohol (PVA) 0,3%. H¢ vi hat thu
duoc duge khudy lién tuc trong 18 gio nham loai bo
hoan toan dung méi hitu co (Khiém va ctv., 2024).
Bén canh do, hé vi hat twong tu cling dugc diéu ché
ma khong cé sy hién dién cia NM nhdm so sanh ddi
chiu cac két qua (PLGA-NPs) (Pereira et al., 2018).

Hiéu suit tai (Encapsulation Efficiency — EE) va
hiéu suét nap (Drug Loading — DL) cta h¢ vi hat
dugc xac dinh gian tiép thong qua ham lwong
polyphenol ty do trong dich ndi sau ly tim (Todaro
et al., 2022; Zhang & Feng, 2006). EE va DL duogc
tinh theo cac cong thic sau:
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TPC truwéc — TPC sau
TPC téng

EE (%) = x 100

Khéi lwong TPC
Toéng khoi lwong Hat

DL (%) = x 100

2.5. Danh gia dac tinh ly héa cia hé vi hat
NM/PLGA-NPs

Kich thudc hat va phan bd kich thude cta hé vi
hat PLGA dugc do bang phuong phap tan xa anh
sang dong (Dynamic Light Scattering — DLS) va
thiét bi MicroTrac S3500 (Microtrac Inc., Hoa K¥)
da dugc su dung. Viéc phan tich déc trung lién két
hoa hoc va tuong tac giita cac thanh phan trong hé
vi hat duoc thuc hién bang phd hong ngoai bién doi
Fourier (FT-IR) trén thiét bi FT/IR-4600 (JASCO,
Nhat Ban), dai quét phd tir 4000 —dén 400 cm™.
Ngoai ra, hinh thai hat va d6 ddng déu ciing dugc
xac dinh béng phuong phép hién vi dién tir quét
(Scanning Electron Microscopy — SEM, Hitachi S-
4800, Horiba, Nhat Ban).

2.6. Kha ning giai phéng cao chiét cia

NM/PLGA-NPs

Hé vi hat chira cao chiét nip 4m hoa doi
(NM/PLGA-NPs) dugc phan tan vao 20 mL dung
dich dém tai ba diéu kién pH dac trung: 1,2 (dich vi
da day), pH 6,8 (dich rudt non), va pH 7,4 (truc trang
va moi trudng sinh 1y cua co thé), duy tri & 37°C
trong 72 gi¢. Tai cac thoi diém dinh sin, 1 mL dich
huyén phu duoc rit ra, ddng thoi thay thé bang 1 mL
dung dich dém tuong tng dé dam béao thé tich khong
dbi. Ty 18 giai phong tich lily (%) dugc tinh toan dwa
trén ham luong polyhenol toan phan (TPC) va biéu
dién theo thoi gian khao sat. Bén canh d6, hoat tinh
khang oxy hoa cia NM/PLGA-NPs sau gidi phong
duogc khao sat thong qua kha ning trung hoa gbc tur
do DPPH trong méi truong PBS pH 7,4 kéo dai 72
gid (Albisa et al., 2017).

2.7. Kha ning chdng stress oxy hoa trén mo
hinh dai thuwe bao RAW264.7 ciia hé vi

hat NM/PLGA-NPs

Tru6e khi khao sat kha ning chdng stress oxy
hoéa, viéc danh gid doc tinh trén mo hinh dai thuc
bao RAW264.7 cua hé vi hat NM/PLGA-NPs da
duogc thyc hién trong nghién ctru. Cac té bao dai thuc
bao RAW264.7 dwoc nudi cdy trong Dulbecco’s
Modified Eagle’s Medium bé sung 10% huyét thanh
bo, 1% penicillin-streptomycin va 1% glutamine.
Céc té bao nay duoc duy tri trong ta 4m c6 do 4m
85%, & 37°C vdi 5% CO, dén khi dam bao mat do.
Sau d6, té bao dugc nudi cy trong dia 96 giéng voi
mat d6 2x105 té ba‘lo/giéng trong 24 gid trong cung
diéu kién nuéi cdy va xir Iy bang cao chiét (NM) va
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NM/PLGA-NPs ¢ cac nong d6 khéc nhau trong 24 vao ban dau. Trong khi d6, hiéu suit nap phan anh

gio tiép theo. Sau thoi gian nay, moi trudng nudi cy ty 1¢ phan trim hoat chit dwoc giit lai trong hé vi hat
dugc loai bo va céac té bao duge xir Iy voi 100 pL s0 v6i tong luong hoat chét 1y thuyét c6 kha ning
dung dich Cell Counting Kit-8 (CCK-8) trong 2 gid. dugc nap vao hé thong. Ca hai thong sé nay déu 1a
Kha ning séng sot cua té bao duge danh gia thong c4c chi tiéu thiét yéu trong qua trinh thiét ké, t&i vu
qua viéc do d6 hap thu tai budc song 450 nm bing ho4 va danh gia hiéu qua hé dan truyén duoc cht,
may doc vi thé Multiwell (Nguyen et al., 2024). dic biét trong linh vuc bao ché cac hé vi mang thude

(Zhang & Feng, 2006). Bén canh do, kich thudc va
hinh théi hat 1a cac yéu té then chdt anh hudng dén
kha nang ing dung cua hé vi hat, tac dong truc tiép
dén dién tich bé mit, kha ning twong tac véi té bao
va hidu qua van chuyén, giai phong hoat chat
(Oztiirk et al., 2024). Hiéu suat tai/nap va kich thude
vi hat trung binh cia PLGA-NPs va NM/PLGA-NPs
dugc danh gia va trinh bay két qua trong Bang 1.

Dé danh gia kha ning chdng stress oxy hoa clia
hé vi hat NM/PLGA-NPs, céac té bao dai thuc bao
RAW264.7 duoc dua vao cac giéng vol mat do
2x10° té bao/gléng Sau 24 gio nudi ciy, moi truong
trong cac giéng cua dia 96 giéng duoc thay moi.
Tlep theo, cac té bao dai thuc bao RAW264.7 duoc
tién xir 1y véi cac ndng 4o NM va NM/PLGA-NPs
khac nhau trong 2 va 4 gio. Sau do, cac té bao tiép

tuc duoc tiép xtc voi hydrogen peroxide ¢ nong do Hiéu suat tai va nap cia NM/PLGA-NPs lan lugt
2mM c6 su hién dién cua NM va NM/PLGA-NPs la 70,73% va 12,37% (Bang 1). Ca hai gia tri nay
cling trong 2 va 4 gio tiép theo. Tac dung bao v¢ té déu & murc cao, dic biét 1a trong qua trinh tai nap cao

bao khai stress oxy hoa cia NM va NM/PLGA-NPs chiét thue vat boi sy da dang vé thanh phan va murc
duoc danh gia bang phuong phap CCK-8 (Nabila et d6 on dinh kém. Két qua cta nghién clru nay tuong

al., 2023). ddng so voi mot nghién ciru trude ddy vé hé vi hat
2.8. Phan tich théng ké dit liéu PLGA chira cao chiét ngh¢ (Curcuma longa), hi¢u

, . suat tai & muc rat cao, khoang 72% (Gonzales et al.,

Tat ca cac thi nghiém dugce lap lai ba 1an. Phuong 2021). Bén canh do, kich thudc vi hat trung binh cua

phdp phén tich phuong sai mot va hai chicu NM/PLGA-NPs 16n hon so v6i PLGA-NPs, cu thé
(ANOVA) trong phan mém Prism phién ban 9.0 12926 va 650 nm (Hinh 1A va Hinh 1B). Su gia tang
duoc sir dung dé xir ly thong ké. kich thudc nay co thé giai thich do hoat chat chu yéu
3. KET QUA VA THAO LUAN tap trung trong 16i hat, trong kl}l mot phax} nhé bam
3.1. K&t qui bao ché hé vi hat NM/PLGA- V20 VO, 1am tang kich thute tong the. Ket qua cua
NPs nghién clru hién t,a.u cling cho thay kich thudc vi ha_}t
twong dong so voi hé vi hat PLGA mang cao chiét
Hiéu suét tai duge dinh nghia la ty 1& phén tram hoan ngoc dé (Strobilanthes schomburgkii), véi
giita khdi luong hoat chat duoc phéan bé thyc té vao kich thudc vi hat ¢ khoang 980 nm (Khiém va
bén trong hé vi hat so v6i tong lwong hoat chit dau ctv., 2024).

Bing 1. Hiéu suit tai/nap va kich thwéc vi hat trung binh ciia PLGA-NPs va NM/PLGA-NPs

H& vi hat EE (%) DL (%) Kich thwéc trung binh (nm)
NM/PLGA-NPs 70,73 + 0,36 12,37 + 0,06 926
PLGA-NPs - - 650

al., 2018). Két qua nay cho thay tinh kha thi va on
dinh cta k¥ thuét vi bao bang PLGA cho cac ung
dung trong nghién ctru va phat trién duoc pham cod
nguon gdc tir ty nhién, dic biét 1a ddi voi nap am

Hinh anh hién vi dién to quét (SEM) cia
NM/PLGA-NPs ciing duoc danh gia (Hinh 1C). Két
qua cho thiy cac vi hat dugc hinh thanh c6 hinh thai
gém nhu hinh ciu hoan chinh va bé mit c¢6 cac mang

san do cao chiét bam trén vo vi hat. Hinh thai nay 1a hoa doi.

mot yeu t6 quan trong trong viéc kiém soat kha nang Bén canh viéc phan tich hinh anh SEM, phd
phan b, giai phong hoat chat va tuong tac véi moi hdng ngoai bién d6i Fourier (FT-IR) cta cac hé vi
truong sinh hoc sau khi dura vao co thé. Pang chi ¥, hat NM/PLGA-NPs di cho thiy sy hién dién cac dai
két qua nay hoan toan twong dong véi cic nghién hap thu dic trung ng véi ca PLGA va cao chiét tir
ctru da duge cong b trude d6 cua hé vi hat PLGA nép 4m hoa d6i (NM), didu nay cho thdy viéc bao
chira cao chiét giau polyphenol tir qua Gabiroba ché hé vi hat PLGA chira NM (Hinh 1D) da duoc
(Campomanesia adamantium), trong d6 cac vi hat thue hién thanh coéng. Cu thé, van tin hiéu manh tai
cling thé hién ciu trac hinh cau rd rang (Pereira et vung khoang 1700 cm™! twong ing v6i dao dong cua
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nhom carbonyl (>C=0) va vung khoang 1200 cm!
1a dao dong cua lién két Csp-O, day la cac dic
trung ctia cu tric PLGA (Lu et al., 2019). Bén canh
do, van tin hiéu tu rong trong vung khoang 3400 cm"
!, ddc trung cho dao dong cua nhém hydroxyl (-
OH), duoc ghi nhan trong phd cua cac hé vi hat
NM/PLGA-NPs. Sy hién dién cua nhom —OH 1a
minh ching cho thy sy tn tai cta cac hop chat
polyphenol cé trong NM, ddng thoi cho thdy ring
qué trinh nap hoat chat vao hé vi hat khong lam bién

Tdp 62, S6 24 (2026): 75-85

dbi hay pha v& cac nhom chirc quan trong ciia cao
chiét, tir 46 dam bao duy tri dwoc hoat tinh sinh hoc
tiém ning ctia cac hop chit thién nhién sau khi dugc
nap vao vi hat. Két qua mot nghién ciru trude do trén
hé vi hat PLGA mang cao chiét hoan ngoc do
(Strobilanthes schomburgkii) ciing cho két qua
tuong ddng khi cac hop chit polyphenol duoc nap
vao hat va thé hién rd tin hiéu cia nhom hydroxyl
trong ph6 FT-IR ciia hé vi hat (Khiém va ctv., 2024).
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Hinh 1. Biéu d6 kich thwéc hat trung binh ciia PLGA-NPs (A) va NM/PLGA-NPs (B), hinh inh SEM
ciia NM/PLGA-NPs (C), phé FT-IR ciia PLGA, NM va NM/PLGA-NPs (D)

3.2. Két qua kha ning giai phéng hoat chit
trong cac méi truong khac nhau va kha
niing trung hoa cac gbe tw do DPPH theo
thoi gian cia NM/PLGA-NPs

Kha ning giai phong hoat chit tir hé vi hat
NM/PLGA-NPs da dugc nghién ciru trong ba moi
truong pH khac nhau 1a pH 1,2 (dich vi da day), pH
6,8 (dich ru¢t non), va pH 7,4 (m6i trudong sinh ly
ctia co thé), duy tri & 37°C trong 72 gid nham danh
gi4 anh huong cua pH dén qua trinh phong thich,

79

cling nhu kha nang diéu chinh tdc d6 giai phong cua
hé vi hat trong cac di€u kién moi truong khac nhau.

Trong moi truong axit manh moé phong dich da
day véi pH 1,2, hé vi hat NM/PLGA-NPs cho tha"iy
kha ning giai phong hoat chat nhanh va dat ty 1&
phéng thich cao nhét trong ba méi truong thir
nghiém. Két qua cho thdy, ngay sau 2 gio, ty 1&
phong thich dat 28,1 + 0,46% va tiép tuc gia ting
manh qua cic mdc thoi gian tiép theo, dat 36,85 +
1,11% tai 6 gio va 40,72 £ 1,06% tai 22 gio. Sau 72
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gi0, ty 1€ gidi phong tich lily dat cuc dai 48,96 +
0,56%. Diéu nay cho thay rang trong méi truong pH
thap, hé vi hat NM/PLGA-NPs c6 kha nang phan ra
hiéu qua va giai phong hoat chat mot cach nhanh
chong, dap g licu dicu tri yéu cau ma khong vuot
qua ngudng doc tinh, ddng thoi khic phyc tinh kém
tan clia cao chiét trong méi truong co thé. Didu nay
6 thé giai thich 1a do lién két ester trong cdu tric

A

07 ~pHI12
= ~pHS5.8 /
S 40| —pHTA ;
E.
5 307
)EE 207 /4’_—__.
=1
g
£ 0 L
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PLGA bi thiy phan manh m€& hon dudi xuc tac cua
ion H* & pH thap, dac biét tai pH 1,2. Qu4 trinh nay
thiic day sy phan ra vi hat va tang toc do giai phong
hoat chat (Musuc et al., 2024). Dic tinh nay rat thich
hop cho cac ing dung trong da day, noi yéu cau su
giai phong nhanh chong va hi¢u qua cta cac hoat
chat (Hua, 2020).

0 B
(=] (=
1 1

Phan tram tich [y (%) %
[y*)
(=)

2

0+—
0 2
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Thoi gian (gi0)
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Hinh 2. Kha niing giai phéng cao chiét cia NM/PLGA-NPs & cic méi trweong pH khac nhau (A) va
kha ning trung hoa goc tw do DPPH theo thdi gian gidi phéng (B)

Khi hé vi hat dugc thir nghiém trong moi truong
pH 6,8, mo phong dich rudt non, toc do giai phong
hoat chét cham hon so v6i moi truong axit, nhung
van duy tri 6n dinh qua thoi gian. Sau 1 gio, ty 1&
phong thich chi dat 14,1 + 0,08%, va sau 6 gio, ty 1&
nay dat 18,90 = 3,07%. Dén 22 gio, ty 1 giai phong
dat 21,51 + 0,25% va ty 1¢ phong thich tich liy dat
24,99 + 0,41% sau 72 gio. Két qua nay cho thay hé
vi hat NM/PLGA-NPs van duy tri kha ning giai
phong hoat chit mot cach 6n dinh trong moi trudng
pH gén trung tinh, phan 4nh dic tinh giai phong kéo
dai va 6n dinh lidu diéu tri, phu hop véi cac ung
dung trong rudt non, noi co yéu cau sy giai phong
bén viing va diéu tri kéo dai trong sudt qua trinh hap
thu cta hé tiéu hoa (Hua, 2020).

Trong mdi truong pH 7,4, viéc md phong dich
dai trang va mdi trudng mau, hé vi hat NM/PLGA-
NPs thé hién kha ning giai phong hoat chit cham
nhit so v6i hai méi truong trude. Ty 1é phong thich
chi dat 4,78 + 0,35% sau 1 gio va ting dan 1én 6,65
+0,07% tai 6 gio, 7,45 £ 0,09% tai 22 gio va tdi da
8,07 £ 0,13% sau 72 gio. Mac du ty 1€ giai phong
trong méi truong pH 7,4 thap hon, nhung qua trinh
giai phong lai dién ra mot cach bén viing. Diéu nay
cho thiy hé vi hat NM/PLGA-NPs c6 d6 bén cao
trong moi truong sinh ly, dac biét trong cdc modi
truong c6 tinh kiém nhe nhu dai trang, noi thude &
lai co thé 1au nhat, yéu ciu sy giai phong dugc chat
phai chidm va kéo dai (Hua, 2020).
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Két qua giai phong trong ba méi truong pH cho
thidy hé vi hat NM/PLGA-NPs c¢6 kha ning diéu
chinh tc d6 giai phong hoat chat mot cach linh hoat
va hiéu qua theo tirng didu kién méi trudng. Dic tinh
nay mé ra tiém ning tng dung quan trong trong phat
trién cac hé dan thube kiém soat phong thich. Nho
vao kha nang giai phong kéo dai va kha nang nhim
dich, hé vi hat NM/PLGA-NPs c¢6 thé dong vai tro
quan trong trong céc lidu phéap diéu tri cac bénh Iy
man tinh, cai thi¢n hiéu qua diéu trj va giam thiéu
tac dung phu, dong thoi mé ra co hoi phat trién cac
dugc pham tién tién voi cong nghé din thude
hién dai.

Bén canh d6, kha ning trung hoa gbe tu do
DPPH cua hé vi hat NM/PLGA-NPs da duoc khao
sat tai ndng do twong duong ICsp ctia cao chiét Nip
4m hoa d6i dang tu do (21,66 + 1,47 pg/mL) trong
khoang thoi gian kéo dai 72 gio. D6 thi B trong Hinh
2 minh hoa sy thay d6i kha ning trung hoa gdc tu
do DPPH cua NM/PLGA-NPs tang 1én mot cach rd
rét theo thoi gian. Két qua nay phu hop véi cac
nghién ciru trude d6 vé cac giai doan giai phong
dugc chét cua vi hat (Khiém va ctv., 2024; Pereira
et al., 2018), cu thé, trong 10 phut dau, hiéu suét
trung hoa dat 4,38 + 0,39%, chi1 yéu do sy hién dién
cua mot lugng nho hoat chit con bam trén bé mat vi
hat, cung v&i mot phﬁn nho hoat chét duoc phong
thich nhanh chong tir 16p ngoai cta hé vi hat. Giai
doan tir 10 phut dén 480 phit (8 gid) chimg kién sy
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gia tang déu din trong kha ning trung hoa gbc tu do,
dat 27,02 + 0,37%, phan anh qua trinh phong thich
hoat chit 6n dinh va lién tuc tr 15i vi hat ra mdi
truong xung quanh. T sau 8 gio dén 72 gio, hé vi
hat tiép tuc phong thich hoat chit mot cach c6 kiém
soat, dan dén hiéu suit trung hoa DPPH tiép tuc
tang, dat gia tri cyc dai 36,99 + 1,48% sau 72 gio.

Két qua nay khong chi ching minh kha ning
khéng oxy hoa cia h¢ NM/PLGA-NPs, ma con chi
ra hiéu qua phong thich kéo dai, gitip duy tri tac
dung trung hoa gbc ty do trong sudt thoi gian khao
sat. Bay la mot uu diém vuot troi cia hé vi hat, gop
phan cai thién sinh kha dung va thoi gian tic dung
cua cac dugce chét co hoat tinh sinh hoc cao, nhu cao
chiét nip 4m hoa d6i. Vo&i dic diém nay,
NM/PLGA-NPs c6 tiém ning 16n trong cac chién
luoc didu tri cac bénh 1y lién quan dén stress oxy
hoa, mé ra trién vong tmg dung rong réi trong y hoc
hién dai

3.3. Két qua danh gia mirc dd an toan ddi voi

dai thuec bao RAW264.7 cia NM/PLGA-
NPs

Viéc danh gia do an toan trén té bao phu thudc
ndng d6 cua NM va hé vi hat NM/PLGA-NPs trén
dong té bao dai thuc bao RAW264.7 da duogc thuc
hién. Két qua cho thiy NM ¢ nong d6 100 pg/mL
gdy giam dang ké kha nang séng sot cua té bao, phan
anh doc tinh té bao rd rét & mirc néng d6 nay (Hinh
3). Nguoc lai, ciing ndng d6 NM khi dugc bao goi
trong h¢ vi hat PLGA (NM/PLGA-NPs) khong gay
doc dang ké, diéu nay cho thiy kha nang cai thién
d6 an toan sinh hoc ctiia hé mang. Hién tuwong nay c6
thé dugc 1y giai boi dac tinh giai phong duoc chat
c6 kiém soat ctia hé vi hat PLGA, gitip duy tri nong
d6 NM trong mdi trudng nudi cdy ¢ muic dudi
ngudng gy doc té bao. Két qua nay trong dong voi
cac nghién ctru trudce, khi vi hat PLGA c6 d6 an toan
cao ddi voi té bao va lam giam ddc tinh ctia cac dugc
chit nhu ciprofloxacin, doxorubicin,... (Paiva et al.,
2013; Watcharadulyarat et al., 2023; Drinkovié¢ et
al., 2024). Dya trén cac két qua thu dugc, cac ndng
d6 khong gay doc cia NM va NM/PLGA-NPs duogc
Iwa chon cho cac thi nghiém tiép theo. Két qua nay
khong chi hd tro tiém ning ung dung 1am sang cia
NM/PLGA-NPs ma con mé ra trién vong vé viée
phat trién cac phuong phap diéu tri nhim dich, giup
cai thién do an toan va hiéu qua trong diéu tri cac
bénh 1y co lién quan dén cac hop chat c6 doc
tinh cao.
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Hinh 3. P an toan cia NM va NM/PLGA-NPs
trén mo hinh dai thwe bao RAW264.7

Ghi chii: ns: khong c6 Y nghia théng ké so véi nghiém thire
nong do 0 ug/mL, **: p-value < 0,01 so vdi nghiém thirc
nong do 0 ug/mL.

3.4. Két qua kha ning chdng stress oxy héa
trén mo hinh dai thwc bao RAW264.7
cta hé vi hat NM/PLGA-NPs

Khé nidng bao vé té bao ciia MN va hé vi hat
NM/PLGA-NPs ddi véi stress oxy hoa do hydrogen
peroxide (H,O») gay ra da dugc danh gia thong qua
phuong phap CCK-8 trén dong té bao dai thuc bao
RAW264.7. Hinh 4 trinh bay két qua biéu din dudi
dang phén trim cua ti 1¢ té bao séng giira cac nghiém
thae didu trj v6i NM va NM/PLGA-NPs so véi
nhém gy stress oxy hoa bang H,O,. Sau khi tién xir
Iy t& bao trong khoang thoi gian 2 va 4 gio voi NM
va NM/PLGA-NPs ¢ cic ndng do 15, 30 va 45
pg/mL (véi ham luwong NM trong hé vi hat
NM/PLGA-NPs duoc tinh toan twong duong thong

qua hiéu suét nap), kha nang song ctia té bao tang o
rét so v6i nhom ddi chung diéu tri v6i Hy0, & nong
do6 2 mM. Piéu nay khang dinh hiéu qua bao vé té
bao ciia cac ché pham, gitip giam thiéu tén thuong
té bao do stress oxy hoa.

Nhin chung, ¢ céc nghiém thuc diéu tri béng
NM, khong 6 su khac biét dang ké vé ty 1¢ & bao
séng & hai mdc thoi gian 2 gio va 4 gio, cu thé &
nong d6 45 pg/mL lan luot 1a 25,57% va 27,52%.
Dicu nay la do ham luong cao chiét trong moi
truong té bao 1a gan nhu dong nhat nén tac dung
bao v¢ cling tuong dong nhau ¢ 2 méc thoi gian diéu
tri. Két qua nay t6t hon so v&i nghién ciru trén
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polydeoxyribonucleotide chiét xuét tr Hai sam
(Apostichopus japonicus) khi & ndng d6 100 pg/mL
khi kha ning sdng ciia té bao tang 1én khoang 20%
(Shu et al., 2024).

Tuong tu, trong nhom tién xir Iy voi NM/PLGA-
NPs, hiéu qua bao vé t& bao thé hién rd theo chiéu
nong do, dic biét 14 khi té bao dugc diéu tri trong 4
gio. Tuy nhién, két qua cho thay tylé té bao séng
sOt sau 4 gio diéu tri tang dang ké so véi nhém chi
diéu tri 2 gio ¢ cung nong do. Cu thé, & nong d¢ 45

pg/mL ty 1€ té bao song sot sau 2 va 4 gio diéu tri
lan luot 14 11,00% va 26,19%. Nhin chung, sy khac
biét trong ty 1¢ sdng sot giita hai mdc thoi gian diéu
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trj ching minh kha niang giai phong hoat chat tir hé
vi hat NM/PLGA-NPs 1a lién tyc va bén viing, véi
ham lugng cao chiét duoc giai phong nhiéu hon & 4
gior so v6i 2 gid diéu tri. Pidu nay cho thdy co ché
giai phong kéo dai cua hé vi hat khong chi gitip ting
sinh kha dung cuia NM ma con duy tri tac dung bao
vé té bao khoi stress oxy hoa trong subt thoi gian
diéu tri (Khiém va ctv., 2024). Nhimng két qua trén
cho thdy tiém ning dot pha cia hé¢ vi hat
NM/PLGA-NPs trong viéc phat trién mot nén tang
phan phdi thudc hiéu qua trong diéu tri cac bénh 1y
khoi phat hodc tién trién dudi tic dong cia stress
oxy hoa.

NM-2 gios

g, NM-4 gi 25,57 27,52 26,1
‘é’o 307 mm NM/PLGA-NPs-2 giv T L
@ mm NM/PLGA-NPs-4 gio 13.06 14,39
2 201 1,07 5
b 7.93 T T 11,00
W
2 104 346 T - 5,93
= T 1,69 2

oL e i | |

15 30 45
Noéng do ( pg/mL)

Hinh 4. Ty 1¢ phén trim té bao song khi dwgc diéu tri véi NM va NM/PLGA-NPs so v6i nghiém thirc
chi dwgc dieu tri voi hydrogen peroxide

4. KET LUAN

Trong nghién ciru nay, vi¢c phat trién hé vi hat
PLGA chira cao chiét tir niip 4m hoa d6i (Nepenthes
mirabilis) (NM/PLGA-NPs) da duoc thuc hién
thanh cong véi higu suét nap dat 12,37%, tai 70,73%
va kich thudce trung binh 1a 926 nm. Viéc phan tich
FT-IR va SEM di chimng minh rang qua trinh nap
khong lam thay di c4u triic chirc ning cta hoat cht
va hé vi hat duy tri hinh thai hinh cau dong déu. Pic
biét, hé vi hat thé hién kha nang giai phong hoat chat
tuy thudc vao pH, voi su giai phong nhanh ¢ pH 1,2
va cham, on dinh & pH 6,8 va 7,4, phu hgp vdi cac
yéu cau vé bao ché cho duong udng. Hé NM/PLGA-
NPs ciing thé hién kha ning trung hoa gbc tu do
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DPPH bén viing trong sudt 72 gio, chimg to hiéu
qua khang oxy héa kéo dai ctua hé vi hat. Két qua
danh gia doc tinh trén té bao RAW264.7 chi ra rang
hé vi hat ndy an toan, khong gay doc va c6 kha nang
bao vé té bao khoi ton thuong do stress oxy hoa gay
ra boi H,0». Nhiing két qua nay mo ra trién vong
ung dung rong rai cia hé vi hat NM/PLGA-NPs
trong diéu tri cac bénh 1y lién quan dén stress oxy
hoa, ddng thoi cung cép nén tang cho cac nghién ctru
tiép theo vé& viéc phat trién cac liéu phap diéu tri
an toan.
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) bé tai nay dugc tai trg bdi Pai hoc Can Tho, ma
s0: CTCS2024-01-03.



Tap chi Khoa hoc Dai hoc Can Tho

TAI LIEU THAM KHAO

Albisa, A., Piacentini, E., Sebastian, V., Arruebo,
M., Santamaria, J., & Giorno, L. (2017).
Preparation of Drug-Loaded PLGA-PEG
Nanoparticles by Membrane-Assisted
Nanoprecipitation. Pharmaceutical Research,
34(6), 1296-1308.
https://doi.org/10.1007/S11095-017-2146-Y

Alsaab, H. O., Alharbi, F. D., Alhibs, A. S., Alanazi,
N. B., Alshehri, B. Y., Saleh, M. A., Alshehri, F.
S., Algarni, M. A., Almugaiteeb, T., Uddin, M.
N., & Alzhrani, R. M. (2022). PLGA-Based
Nanomedicine: History of Advancement and
Development in Clinical Applications of
Multiple Diseases. Pharmaceutics, 14(12), 2728.
https://doi.org/10.3390/PHARMACEUTICS 141
22728

Aware, C. B., Patil, D. N., Suryawanshi, S. S., Mali,
P.R,, Rane, M. R., Gurav, R. G., & Jadhav, J. P.
(2022). Natural bioactive products as promising
therapeutics: A review of natural product-based
drug development. South African Journal of
Botany, 151, 512-528.
https://doi.org/10.1016/J.SAJB.2022.05.028

Carmona, F., & Pereira, A. M. S. (2013). Herbal
medicines: Old and new concepts, truths and
misunderstandings. Revista Brasileira de
Farmacognosia, 23(2), 379-385.
https://doi.org/10.1590/S0102-
695X2013005000018

B6 Y Té. (2017). Duoc dién Viét Nam V. (Sb
5358/Qb-BYT). https://dav.gov.vn/quyet-dinh-
ban-hanh-duoc-dien-viet-nam-v-n1696.html

Chandra, S., Khan, S., Avula, B., Lata, H., Yang, M.
H., Elsohly, M. A., & Khan, I. A. (2014).
Assessment of Total Phenolic and Flavonoid
Content, Antioxidant Properties, and Yield of
Aeroponically and Conventionally Grown Leafy
Vegetables and Fruit Crops: A Comparative
Study. Evidence-Based Complementary and
Alternative Medicine, 2014(1), 253875.
https://doi.org/10.1155/2014/253875

Chavan, Y. R., Tambe, S. M., Jain, D. D., Khairnar,
S. V., & Amin, P. D. (2022). Redefining the
importance of polylactide-co-glycolide acid
(PLGA) in drug delivery. Annales
Pharmaceutiques Frangaises, 80(5), 603—616.
https://doi.org/10.1016/J. PHARMA.2021.11.009

Drinkovié, N., Beus, M., Barbir, R., Debeljak, Z.,
Tariba, L. B., Kal¢ec, N., Curlin, M., Bekavac,
A., Gorup, D., Mami¢, 1., Mandi¢, D., Micek, V.,
Turéi¢, P., Giinday-Tireli, N., Tireli, E., &
Vinkovi¢, V. 1. (2024). Novel PLGA-based
nanoformulation decreases doxorubicin-induced
cardiotoxicity. Nanoscale, 16(19), 9412-9425.
https://doi.org/10.1039/D3NR06269D

83

Tdp 62, S6 24 (2026): 75-85

Gonzales, C. M., Dalmolin, L. F., da Silva, K. A.,
Slade, N. B. L., Lopez, R. F. V., Moreto, J. A., &
Schwarz, K. (2021). New Insights of Turmeric
Extract-Loaded PLGA Nanoparticles:
Development, Characterization and In Vitro
Evaluation of Antioxidant Activity. Plant Foods
Jfor Human Nutrition, 76(4), 507-515.
https://doi.org/10.1007/S11130-021-00929-
0/METRICS

Goshtasbi, H., Hashemzadeh, N., Fathi, M.,
Movafeghi, A., Barar, J., & Omidi, Y. (2025).
Mitigating oxidative stress toxicities of
environmental pollutants by antioxidant
nanoformulations. Nano TransMed, 4, 100087.
https://doi.org/10.1016/J.NTM.2025.100087

Guo, X., Zuo, X., Zhou, Z., Gu, Y., Zheng, H.,
Wang, X., Wang, G., Xu, C., & Wang, F. (2023).
PLGA-Based Micro/Nanoparticles: An
Overview of Their Applications in Respiratory
Diseases. International Journal of Molecular
Sciences, 24(5), 4333.
https://doi.org/10.3390/1JMS24054333

Hassen, G., Belete, G., Carrera, K. G., Iriowen, R.
0., Araya, H., Alemu, T., Solomon, N., Bam, D.
S., Nicola, S. M., Araya, M. E., Debele, T.,
Zouetr, M., & Jain, N. (2022). Clinical
Implications of Herbal Supplements in
Conventional Medical Practice: A US
Perspective. Cureus, 14(7), €26893.
https://doi.org/10.7759/CUREUS.26893

Hua, S. (2020). Advances in Oral Drug Delivery for
Regional Targeting in the Gastrointestinal Tract -
Influence of Physiological, Pathophysiological
and Pharmaceutical Factors. Frontiers in
Pharmacology, 11, 524.
https://doi.org/10.3389/FPHAR.2020.00524

Jadhav, R., Das, J., Rajyaguru, S., Kyada, S.,
Vaibhav, K.P., Teja, K. D., Bhutia, O. S., &
Chauthe, K. (2025). Regulations, current
development, and future prospects of
phytopharmaceuticals, a new class of herbal
medicines in India. Discover Pharmaceutical
Sciences, 1(1), 1-31.
https://doi.org/10.1007/S44395-025-00006-4

Jomova, K., Alomar, S. Y., Valko, R., Liska, J.,
Nepovimova, E., Kuca, K., & Valko, M. (2025).
Flavonoids and their role in oxidative stress,
inflammation, and human diseases. Chemico-
Biological Interactions, 413, 111489.
https://doi.org/10.1016/J.CBI.2025.111489

Kaplan, M., Oztiirk, K., Oztiirk, S. C., Tavuk¢uoglu,
E., Esendagli, G., & Calis, S. (2023). Effects of
Particle Geometry for PLGA-Based
Nanoparticles: Preparation and In Vitro/In Vivo
Evaluation. Pharmaceutics, 15(1), 175.


https://doi.org/10.1007/S11095-017-2146-Y
https://doi.org/10.3390/PHARMACEUTICS14122728
https://doi.org/10.3390/PHARMACEUTICS14122728
https://doi.org/10.1016/J.SAJB.2022.05.028
https://doi.org/10.1590/S0102-695X2013005000018
https://doi.org/10.1590/S0102-695X2013005000018
https://dav.gov.vn/quyet-dinh-ban-hanh-duoc-dien-viet-nam-v-n1696.html
https://dav.gov.vn/quyet-dinh-ban-hanh-duoc-dien-viet-nam-v-n1696.html
https://doi.org/10.1155/2014/253875
https://doi.org/10.1016/J.PHARMA.2021.11.009
https://doi.org/10.1039/D3NR06269D
https://doi.org/10.1007/S11130-021-00929-0/METRICS
https://doi.org/10.1007/S11130-021-00929-0/METRICS
https://doi.org/10.1016/J.NTM.2025.100087
https://doi.org/10.3390/IJMS24054333
https://doi.org/10.7759/CUREUS.26893
https://doi.org/10.3389/FPHAR.2020.00524
https://doi.org/10.1007/S44395-025-00006-4
https://doi.org/10.1016/J.CBI.2025.111489

Tap chi Khoa hoc Dai hoc Can Tho

https://doi.org/10.3390/PHARMACEUTICS 150
10175

Khiém, N. H., Khang, V. T., Tuan, N. T., & Thanh,
N. Q. C. (2024). Bao ché va danh gia hoat tinh
sinh hoc ctia hé vi hat PLGA chira cao chiét 14
Hoan ngoc do (Strobilanthes schomburgkii). Tap
chi Khoa hoc Pai hoc Can Tho, 60(3), 105-110.
https://doi.org/10.22144/CTUJOS.2024.301

Kopustinskiene, D. M., Jakstas, V., Savickas, A., &
Bernatoniene, J. (2020). Flavonoids as
Anticancer Agents. Nutrients, 12(2), 457.
https://doi.org/10.3390/NU12020457

Liguori, I., Russo, G., Curcio, F., Bulli, G., Aran, L.,
Della-Morte, D., Gargiulo, G., Testa, G.,
Cacciatore, F., Bonaduce, D., & Abete, P.
(2018). Oxidative stress, aging, and diseases.
Clinical Interventions in Aging, 13, 757.
https://doi.org/10.2147/CIA.S158513

Lu, B, Lv, X, & Le, Y. (2019). Chitosan-Modified
PLGA Nanoparticles for Control-Released Drug
Delivery. Polymers, 11(2), 304.
https://doi.org/10.3390/POLYM11020304

Madani, F., Khosravani, M., & Adabi, M. (2023).
PLGA Nanoparticles Loaded with Cinnamon
Extract and Coated with PVA/Poloxamer188.
Medical Sciences Forum, 20(1), 8.
https://doi.org/10.3390/IECC2023-14262

Musuc, A. M., Mititelu, M., Chelu, M., Rossi, F.,
Visan, A. 1., & Negut, I. (2024). Development
and Applications of PLGA Hydrogels for
Sustained Delivery of Therapeutic Agents. Gels,
10(8), 497.
https://doi.org/10.3390/GELS 10080497

Nabila, A., Roof, M., James, R. J., Ramli, S.,
Sritularak, B., Rojsitthisak, P., & Halim, H.
(2023). Protection of Fargesin against Hydrogen
Peroxide-induced Cell Death in RAW 264.7
Cells. International Journal of Pharmaceutical
Investigation, 14(1), 55-61.
https://doi.org/10.5530/1JP1.14.1.8

Nguyen, T. Q. C., Hong, T. T., Khang, V. T., Ho Thi
Nhu, Y., Pham, D. T., Giao, D. H., Tran, T. T.
T., & Kamei, K. (2024). Anti-inflammatory
Constituents Isolated From Launaea sarmentosa
Against Infection by LPS-stimulated
Macrophages. Records of Natural Products,
18(6), 663—673.
https://doi.org/10.25135/RNP.487.2410.3343

Oztiirk, K., Kaplan, M., & Calis, S. (2024). Effects of
nanoparticle size, shape, and zeta potential on
drug delivery. International Journal of
Pharmaceutics, 666, 124799.
https://doi.org/10.1016/J.1IJPHARM.2024.124799

Paiva, A. M., Pinto, R. A., Teixeira, M., Barbosa, C.
M., Lima, R. T., Vasconcelos, M. H., Sousa, E.,
& Pinto, M. (2013). Development of
noncytotoxic PLGA nanoparticles to improve the

84

Tdp 62, S6 24 (2026): 75-85

effect of a new inhibitor of p53-MDM2
interaction. International Journal of
Pharmaceutics, 454(1), 394-402.
https://doi.org/10.1016/J.IJPHARM.2013.07.017

Pereira, M. C., Oliveira, D. A., Hill, L. E., Zambiazi,
R. C., Borges, C. D., Vizzotto, M., Mertens-
Talcott, S., Talcott, S., & Gomes, C. L. (2018).
Effect of nanoencapsulation using PLGA on
antioxidant and antimicrobial activities of
guabiroba fruit phenolic extract. Food
Chemistry, 240, 396—404.
https://doi.org/10.1016/J.FOODCHEM.2017.07.
144

Sharifi-Rad, M., Anil, K. N. V., Zucca, P., Varoni, E.
M., Dini, L., Panzarini, E., Rajkovic, J., Tsouh,
F.P. V., Azzini, E., Peluso, 1., Prakash, M. A.,
Nigam, M., Rayess, Y. E., Beyrouthy, M. E.,
Polito, L., Iriti, M., Martins, N., Martorell, M., &
Docea, A. (2020). Lifestyle, Oxidative Stress,
and Antioxidants: Back and Forth in the
Pathophysiology of Chronic Diseases. Frontiers
in Physiology, 11, 552535.
https://doi.org/10.3389/fphys.2020.00694

Shu, Z., Ji, Y., Liu, F., Jing, Y., Jiao, C., Li, Y.,
Zhao, Y., Wang, G., & Zhang, J. (2024).
Proteomics Analysis of the Protective Effect of
Polydeoxyribonucleotide Extracted from Sea
Cucumber (Apostichopus japonicus) Sperm in a
Hydrogen Peroxide-Induced RAW264.7 Cell
Injury Model. Marine Drugs, 22(7), 325.
https://doi.org/10.3390/MD22070325

Thanh, N. Q. C, Tug, T. G., Huynh, T. T. D., Thanh,
V. N., Khiém, N. H., Khang, V. T., & Héng, T.
T. (2025). Nghién ciru tiém nang khang ung thu
ctia cao chiét ndp 4m hoa déi (Nepenthes
mirabilis). Tap chi Khoa hoc Dai hoc Can Tho,
61(3),99-107.
https://doi.org/10.22144/CTUJOS.2025.083

Thanh, N. V., Thao, N. P, Dat, L. D., Huong, P. T.
T., Lee, S. H., Jang, H. D., Cuong, N. X., Nam,
N. H,, Kiem, P. V., Minh, C. V., & Kim, Y. H.
(2015). Two new naphthalene glucosides and
other bioactive compounds from the carnivorous
plant Nepenthes mirabilis. Archives of
Pharmacal Research, 38(10), 1774—-1782.
https://doi.org/10.1007/s12272-015-0576-9

Thao, N. P., Luyen, B. T. T, Koo, J. E., Kim, S.,
Koh, Y. S., Thanh, N. V., Cuong, N. X., Kiem,
P. V., Minh, C. V., & Kim, Y. H. (2016). In vitro
anti-inflammatory components isolated from the
carnivorous plant Nepenthes mirabilis (Lour.)
Rafarin. Pharmaceutical Biology, 54(4), 588—
594.
https://doi.org/10.3109/13880209.2015.1067234

Todaro, B., Moscardini, A., & Luin, S. (2022).
Pioglitazone-Loaded PLGA Nanoparticles:
Towards the Most Reliable Synthesis Method.
International Journal of Molecular Sciences,


https://doi.org/10.3390/PHARMACEUTICS15010175
https://doi.org/10.3390/PHARMACEUTICS15010175
https://doi.org/10.22144/CTUJOS.2024.301
https://doi.org/10.3390/NU12020457
https://doi.org/10.2147/CIA.S158513
https://doi.org/10.3390/POLYM11020304
https://doi.org/10.3390/IECC2023-14262
https://doi.org/10.3390/GELS10080497
https://doi.org/10.5530/IJPI.14.1.8
https://doi.org/10.25135/RNP.487.2410.3343
https://doi.org/10.1016/J.IJPHARM.2024.124799
https://doi.org/10.1016/J.IJPHARM.2013.07.017
https://doi.org/10.1016/J.FOODCHEM.2017.07.144
https://doi.org/10.1016/J.FOODCHEM.2017.07.144
https://doi.org/10.3389/fphys.2020.00694
https://doi.org/10.3390/MD22070325
https://doi.org/10.22144/CTUJOS.2025.083
https://doi.org/10.1007/s12272-015-0576-9

Tap chi Khoa hoc Pai hoc Can Tho Tdp 62, S6 24 (2026): 75-85

23(5), 2522. encapsulating ciprofloxacin. Scientific Reports,

https://doi.org/10.3390/1IMS23052522 13(1), 1-11. https://doi.org/10.1038/s41598-023-
Vincenzo, S. Di, Ferrante, G., Ferraro, M., Cascio, 27500-y

C., Malizia, V., Licari, A., La Grutta, S., & Pace, Zhang, Z., & Feng, S. S. (2006). The drug

E. (2023). Oxidative Stress, Environmental encapsulation efficiency, in vitro drug release,

Pollution, and Lifestyle as Determinants of cellular uptake and cytotoxicity of paclitaxel-

Asthma in Children. Biology, 12(1), 133. loaded poly(lactide)-tocopheryl polyethylene

https://doi.org/10.3390/BIOLOGY 12010133 glycol succinate nanoparticles. Biomaterials,

Watcharadulyarat, N., Rattanatayarom, M., 27(21), 4925‘4033'
Ruangsawasdi, N., & Patikarnmonthon, N. https://doi.org/10.1016/J.BIOMATERIALS.2006

(2023). PEG-PLGA nanoparticles for .03.006

&5


https://doi.org/10.3390/IJMS23052522
https://doi.org/10.3390/BIOLOGY12010133
https://doi.org/10.1038/s41598-023-27500-y
https://doi.org/10.1038/s41598-023-27500-y
https://doi.org/10.1016/J.BIOMATERIALS.2006.03.006
https://doi.org/10.1016/J.BIOMATERIALS.2006.03.006

