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Nguyén Hoang Hiép', Vii Binh Dwong’, Tran Ngoc Anh’, Trin Dirc Binh®
Nguyén Viin Nghi’, Nguyén Thi Thu*, Ha Bdio Xuyén®, Pham Viin Hién'"

Tom tat

Mouc tiéu: Bao ché tiéu phan nano polymer andrographolid (AG) bang phuong
phap nhii hoa béc hoi dung méi va danh gia mot sé dic tinh va chi tiéu chit luong
cta tiéu phan nano bao ché dugc. Phwong phdp nghién citu: Biao ché nano
polymer AG bang phuong phap nhii hoa bdc hoi dung méi. Hé tiéu phan nano
dugc tinh ché va ran hoa thanh dang bot, sau d6 dugc danh gid mdt s6 dic tinh va
chi tiéu chat luong. Két quda: Xay dung duoc cong thic bao ché nano polymer AG
v6i Eudragit RL PO, ty 1€ polymer/AG = 4:1; ty 1€ lecithin/AG = 1:1; Tween 80
c6 nong d6 0,7% trong nudc; thé tich pha ngoai 1a 150mL. Sau khi tai phan tan, hé
¢6 kich thudc tiéu phan (KTTP) 1a 203,2 + 7,8nm, PDI = 0,314 + 0,007, thé Zeta
= +53,2 + 0,6mV; tiéu phan co6 hinh ciu; do tan ting 4,51 1an so v6i AG nguyén
liéu; hiéu sudt nano hoa 1a 70,68%, ham luong AG dat 11,12%. H¢ nano polymer
ci thién giai phong, kéo dai va kiém soat qua trinh giai phong duoc chét; phd IR
va DSC cho thiy khong c6 tuong tac héa hoc, AG ton tai ¢ dang vo dinh hinh. Két lugin:
D3 bao ché va danh gia duoc mot s6 dic tinh ciia hé tiéu phan nano polymer AG.

Tir khéa: Andrographolid; Nano polymer; Nhii hoa bdc hoi dung mai.

PREPARATION OF ANDROGRAPHOLIDE-LOADED POLYMERIC
NANOPARTICLES USING EMULSIFICATION-EVAPORATION TECHNIQUE

Abstract

Objectives: To prepare andrographolide (AG) polymeric nanoparticles and
evaluate some properties and quality criteria of the prepared nanoparticles.
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Methods: The formulation of AG polymeric nanoparticles was prepared using the
emulsification-evaporation technique. Prepared AG polymeric nanoparticles were
purified and solidified, and then evaluated for their properties and quality criteria.
Results: The formulation of AG polymeric nanoparticles was chosen, including
Eudragit RL PO (eq. to a ratio of polymer/AG was 4:1, w/w); the ratio of lecithin
to AG was 1:1; Tween 80 in water at a concentration of 0.7% as a stabilizer;
dispersed-phase volume was 150mL. After redispersion in water, the nanoparticles
exhibited an average particle size of 203.2 + 7.8nm, a polydispersity index (PDI)
of 0.314 + 0.007, and a Zeta potential of +53.2 + 0.6mV. The particles had a
spherical morphology. The aqueous solubility of nanoparticles was enhanced by
4.51-fold compared to the raw material’s solubility. The encapsulation efficiency
reached 70.68%, with a drug loading content of 11.12%. The AG polymeric
nanoparticle system significantly improved the drug release profile, enabling
sustained and controlled release of AG in polymeric nanoparticles; FT-IR and DSC
spectra revealed no chemical interaction between AG and the excipients, and
confirmed the amorphous state of AG in the nanoparticles. Conclusion: The AG
polymeric nanoparticle system was prepared and evaluated for its properties and
quality criteria.

Keywords: Andrographolide; Polymeric nanoparticle; Emulsification-evaporation.

PAT VAN PE

Andrographolid 1a hop chét diterpen
lacton dugc phan 1ap tir cdy Xuyén tam
lién (Andrographis paniculata) [1], co
nhiéu tac dung duoc Iy nhu chdng viém,
chdng oxy hoa, diéu hoa mién dich, bao
vé gan, tic dong 1én hé than kinh va tim
mach [1 - 3]. Tuy nhién, AG c6 d¢ tan
trong nudc kém, bi chuyén hoa va thai
trir nhanh, ddn dén sinh kha dung dudng
udng rét thap (2,67%) [4]. Mot s6 dang
bao ché hién dai nhu hé phan tan ran,
nano nhil twong, nano lipid ran, nano
polymer di duogc nghién ciru nham cai
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thién van dé nay [5]. Trong d6, hé tiéu
phan nano polymer cho thay kha ning
cai thién d6 tan, ting tinh thAm qua hang
rao sinh hoc, kiém soat giai phéng va
nang cao hiéu qua diéu trj [5, 6]. Trong
cac phuong phap bao ché hé nano
polymer, phuong phép nhii héa bdc hoi
dung méi dugc danh gia la don gian va
hiéu qua trong kiém soat kich thudc tiéu
phan [7]. Do dd, nghién ctru nay dugc
thue hién nham: Bdo ché nano polymer
AG bang phwong phdp nhii héa boc hoi
dung méi va danh gid mét sé ddc tinh
ciia hé tiéu phdn nano bao ché duoc.
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POI TUQNG VA PHUONG PHAP
NGHIEN CcUU

1. Poi twong nghién ciru

AG (ham luong 96,0%, Trung Qudc).
Chuan AG (s6 kiém soat EC0122007,
ham luong 97,8%) dugc cung cip boi
Vién Kiém nghiém thudc Trung wong.

* Nguyén liéu, hod chat: Eudragit
RS100, PEG 6000, PVP K30, Eudragit
RL PO, Ethyl cellulose (EC), Dicloromethan
(DCM), Methanol, Tween 80 dat tiéu
chuan duoc dung.

* Thiét bi, dung cy: Tui thAm tich
Spectra/Por 4 Dialysis Membrane
MWCO 12 - 14kD, may khudy tir IK
RW16 (Han Quéc), may dong nhét hoa
Primix (Nhat Ban), can phan tich
Sartorius CP224S (MJ), can ky thuat
(Sartorius - M¥), may do quang phd
UV-Vis UVD-2960 (M¥), may do kich
thudce tiéu phan (KTTP), thé zeta, chi sb
PDI Nanosizer SZ 100 (Nhat Ban), may
thr do hoa tan NE6-COPD Copley
(Anh) va cac dung cu thi nghiém khac.

2. Phuwong phap nghién ctru

* Phuong phap dinh luong:

St dung phuong phip quang pho
UV-Vis tai budc séng 546nm sau khi
phan ung véi thubc thir Kedde [8].
Dung dich chuan dugc pha trong EtOH
96% v&i cac ndong do tir 25 - 150 pg/mL.
Mau thir 12 hé tiéu phan nano AG dugc
bao ché bang phuong phap nhii héa boc
hoi dung moi. Hon dich nano AG sau

d6 duoc phan tng véi thude thir Kedde
va tién hanh do quang. Mau gia dugc
duoc chuan bi v6i quy trinh tuong tu
mau thir nhung khong chira dugc chat.
Mau trang 1a 2mL EtOH 96% va 1mL
thuc thor Kedde duoc thém vao ngay
trude khi do.

* Xdy dung céng thirc bao ché hé tiéu
phdn nano polymer AG:

Chuén bj pha noi: Can chinh xadc mot
luong AG (20mg), polymer va lecithin
theo khao sat, hoa tan trong 10mL hon
hop dung mé61i DCM/MeOH (9/1).

Chuan bi pha ngoai: Hoa tan hoan
toan lugng chét dién hoat (Tween 80)
theo khdo sat trong 150mL nudc. Nhii
hoa pha nodi vao pha ngoai véi tbc do
1.000 vong/phut, sau d6 dong nhat hoa
v6i toe do 6.000 vong/phut trong thoi
gian 10 phut. Duy tri nhiét do 10 + 2°C
trong sudt qua trinh nhii héa va dong
nhit. B¢ hoi dung mdi trong 3 gid &
nhiét do phong, thu dugc hon dich nano
polymer AG.

* Cdc thong so khao sat: Loai polymer,
ty 1¢ polymer/AG, ty 1¢ chat on dinh pha
n6i (lecithin)/AG, nong d6 chat dién
hoat pha ngoai (Tween 80).

* Cdc thong s6 danh gia dé lira chon
céng thirc t0i weu:

Kha ning hinh thanh va d6 6n dinh
ctia hon dich nano trong 24 gio.

KTTP trung binh, chi s6 da phan tan
(PDI): X4c dinh bang phuong phap tan
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xa anh sang dong, tién hanh trén thiét bi
ZetaSizer.

Hiéu suit nano héa (EE%): Panh gia
theo phuong phép loc mang su dung
6ng ly tdm c6 mang siéu loc 10000
Dalton MWCO, Millipore. Tach céac
tiéu phan nano khoi méi truong phan
tan va dua trén viéc dinh luong phﬁn
dugc chat phan tir tw do dé xac dinh gian
tiép phan dugc chat dugc nano hoa [9].

* Pdnh gid mét sé ddc tinh ciia hé
tiéu phdn nano polymer AG:

Ly tam hdn dich chira tiéu phan nano
polymer AG bao ché dugc voi toc do
12.000 vong/phut trong 60 phut ¢ 4°C.
Loai bo phan dich trong, thu iy cin
du6i day éng ly tm, ria lai 3 1an voi
nude lanh, say dén kho, thu duoc tiéu
phan nano polymer AG ran.

Panh gid mot s6 dic tinh cua hé ticu
phan nano polymer AG bao ché duoc:

- Kha ning tai phan tan: Phan tan déu
mdt lwong tiéu phan nano polymer AG
thu duogc trong nudc, pha loang thich
hop sao cho s6 dém tiéu phan trong
khoang 200 - 400kcps. Xac dinh KTTP,
PDI va thé Zeta trén thiét bi ZetaSizer.

- Panh gia hinh thai tiéu phan bang
kinh hién vi dién tir truyén qua (TEM).

- Ham lugng AG: Dinh lugng AG
bang phuong phap quang phd UV-Vis.

- Hiéu suat nano hoa (EE%): Panh
gia tuong tu nhu trén.
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- Do tan: So sanh d6 tan cua tiéu phan
nano polymer AG va AG nguyén liéu
bang cach cho du lugng miu ran vao
10mL nuée cat, khudy tir trong 24 gio &
nhiét do phong. Ly tdm 9.000 vong/phut
trong 10 phut, loc qua mang 0,45um.
Pinh luwong AG bing phuong phéap
quang phd UV-Vis.

- Kha ning giai phong dugc chét in
vitro [10]: St dung phuong phap tai
tham tich (MWCO 12 - 14kDa) trong
moi truong dém phosphat pH 7.4
(100mL), & 37 £ 0,5°C, khudy tir 100
vong/phut. Mau thir (twong duong 2mg
AG) duoc cho vao tii thim tich, 14y
mau SmL tai cac thoi diém 0,5 - 12 gio,
d6ng thoi bo sung moi truong méi. Haim
luong AG giai phéng dugc xac dinh
bang phuong phap quang phd UV-Vis.
Mau d6i chiéu 14 AG nguyén liéu phan
tan trong nudc cé chira Tween 80.

- Xéc dinh tuong tac hoa hoc va danh
gia dic tinh nhiét, trang thai két tinh
hodc v6 dinh hinh ctia AG trong hé tiéu
phan nano bang phd hong ngoai FT-IR
va phan tich nhiét vi sai DSC.

3. Dao dirc nghién ciru

Nghién ctru dugc thuc hién theo
ding quy dinh cua Trung tdm Nghién
cuu, Ung dung va San xuét Thude, Hoc
vién Quan y. S6 liéu duogc Trung tim
Nghién ctru, Ung dung va San xuét Thudc,
Hoc vién Quan y cho phép st dung va
cong bd. Nhom tac gia cam két khong
c6 xung dot loi ich trong nghién cuu.
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KET QUA NGHIEN CUU VA BAN LUAN

1. Két qua xay dung cong thirc bao ché tiéu phan nano polymer AG bing
phwong phap nhii héa béc hoi dung méi

* Két qua khdo sdt anh hwdng cia loai polymer:

Céc polymer khao sat gdbm EC, Eudragit RL PO, Eudragit RS 100, PEG 6000,
PVP K30 véi ty 1& polymer/AG 1a 3:1 (60mg), ty 1& chat 6n dinh pha noi (lecithin)
so v6i duoc chit 1a 1:1 (20mg), lwong Tween 80 st dung cho pha ngoai 14 0,6g,
thé tich pha ngoai 1a 15mL. Két qua dugc trinh bay trong bang 1.

Bang 1. Két qua khao sat anh huong cua loai polymer.

. Trang thai D¢ KTTP PDI EE
Loai polyme . 2
vat ly on dinh (nm) (%)
EC Dat bat 240,3+1,5 0411+0,007 22,21+0,36
Eud RL PO Dat bat 140,3+1,5 0,430+0,003 40,11+0,88
Eud RS 100 Dat bat 2953+5,1 0,710£0,011 37,09+ 1,36

PEG 6000 Khong dat - — — —

PVP K30 Dat Dat  396,6+4,8 0,914 +0,013 35,61 £0,91

Cong thire sir dung PEG 6000 gy két tap tiéu phan sau khi bdc hoi dung méi,
khong dat yéu cau. Eudragit RS 100 va PVP K30 tao hé nano c6 KTTP 10n,
PDI > 0,5, khong dam bao phan bd kich thudc dong nhat. EC va Eudragit RL PO
déu cho PDI < 0,5; trong do6, Eudragit RL PO cho KTTP nho nhat va hiéu suét
nano hoa cao nhat (40,11%). Do vay, Eudragit RL PO dugc lua chon cho cac khao
sat tiép theo.

* Két qua khdo sdt anh hwong cia ty 16 polymer/AG:

Thanh phan cac cong thic khao sat va quy trinh bao ché duoc thuc hién tuong
tu nhu khéo sat lya chon loai polymer, ta dugc polymer s dung la Eudragit RL
PO véi ty 1¢ polymer/AG thay d6i lan luot tir 1:1 dén 5:1. Két qua dugc trinh bay
o bang 2.
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Bang 2. Két qua khao sat anh hudng cua ty 16 polymer/AG.

Ty 1€ Trang thaii P on dinh  KTTP PDI EE
polymer/AG  vatly trong 24 gi» (nm) (%)
1:1 Dat Khong dat  703,1 £12,1 1,396 +0,049 30,82 £ 0,66
2:1 Dat Dat 400,6 £9,9 0,671 £0,015 34,12 +1,10
3:1 Dat Dat 140,3+1,5 0,430+0,003 40,11+ 0,88
4:1 Dat Dat 137,4+2,0 0,391 +0,008 57,69 + 1,06
5:1 Dat Dat 176,3+3,2 0,411 +£0,004 60,95+ 1,32

Ty 1& polymer/AG anh hudng rd dén KTTP, PDI va hiéu suit nano héa. Cong
thire v6i ty 16 1:1 gay két tp sau 3 gio. Khi tang ty 16 tir 1:1 dén 4:1, KTTP va PDI
giam, hi¢u sudt tang tur 30,82% 1én 60,12%. O ty I¢ 5:1, KTTP va PDI tang nhe do
16p vo day va do nhot cao, du hiéu suit van dat 60,95%. Su chénh léch hiéu suit
giita 4:1 va 5:1 khong dang ké, trong khi 4:1 cho KTTP, PDI thap hon, nén dugc
chon 14 ty 18 t6i uu.

* Két qua khao sdt 1y 1é lecithin/AG:

Tién hanh bao ché tiéu phan nano polymer AG véi cac thanh phan va ty 1¢ cac
thanh phan trong cong thirc twong ty nhu khao sat ty 1& polymer/AG véi ty 18
lecithin/AG thay ddi 1an luot tir 0:1 dén 2:1. Két qua duoc trinh bay & bang 3.

Bang 3. Két qua khao sat anh hudng cua ty 1¢ lecithin/AG.

Ty 1€ Trang thai P9 6n dinh  KTTP PDI EE
lecithin/AG  vatly trong 24 gi¢ (nm) (%)
0:1 Khong dat - — — —
0,5:1 Dat bat 194,7+ 3,6 0,541 +0,004 51,17 +0,98
1:1 Dat Dat 137,4+2,0 0,391 £0,008 57,69 + 1,06
1,5:1 Dat Dat 129,2+ 1,6 0,389 +0,004 60,56 +0,39
2:1 Dat Dat 301,1 £2,8 0,748 0,012 63,46+ 1,20

Cong thirc khong dung lecithin gay két tap tiéu phan sau khi béc hoi dung méi.
Cac cong thiic ¢6 lecithin déu phan tan dong nhét va on dinh trong 24 gio. Khi
ting ty 16 lecithin/AG tir 0,5:1 dén 1,5:1, KTTP va PDI giam. Tuy nhién, ¢ ty 18
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2:1, KTTP va PDI tang (PDI > 0,5 khong dat yéu cau). Hiéu suat nano hoa ting tir
51,17% dén 63,46% theo su tang ty I¢ lecithin. Trong do, cac cong thuc ty 1¢ 1:1
va 1,5:1 ¢6 KTTP va PDI chénh I¢ch v61 nhau khong dang ké. Vi vay, chon ty 1€
lecithin/AG 14 1:1 cho cac khéo sét tiép theo.

* Két qua khdo sdt nong dé chat dién hoat pha ngoai:

Tién hanh bao ché tiéu phan nano polymer AG véi cac thanh phan va ty 1& cac
thanh phéan trong cong thirc tuong tu nhu khao sat ty 18 lecithin/AG véi ndong do
chat dién hoat pha ngoai (Tween 80) thay d6i 1an luot tir 0,1 - 1%. Két qua duoc
trinh bay trong bang 4.

Bang 4. Két qua khao sat anh hudng cta ndng do chat dién hoat pha ngoai.

Nong d6 Trangthai P 6ndinh  KTTP PDI EE

Tween 80 vatly trong 24 gio (nm) (%)
0,1% Pat Pat 281,2+3,5 0,529+0,007 54,87 +0,91
0,4% Pat Dat 1374+£2,0 0,391+0,008 57,69+ 1,06
0,7% Pat Pat 131,6 £2,5 0,263 +0,005 70,07 + 1,07
1,0% Pat Dat 128,7+2,3 0,249+0,007 40,96 + 0,77

Céc cong thire khao sat déu dat trang thai phan tan dong nhét va on dinh trong
24 gid sau bao ché. Khi ting ndng do chit dién hoat pha ngoai (Tween 80), KTTP
va PDI giam do giam stic cang bé mit phan cach pha, hd tro hinh thanh tiéu phan
nano déng déu. Tuy nhién, & néng do Tween 80 tir 0,7 - 1,0%, hi€u suét nano hoa
giam do hinh thanh ciu tric micell 1dm phén tan duoc chat vao pha micell.
Vi vay, cong thirc voi néng do Tween 80 1a 0,7% duoc lua chon cho cac khao sat
tiép theo.

2. Két qua danh gia mot s6 chi tiéu chat hrong ciia hé tiéu phan nano AG
bao ché dwoc

* Két qua danh gid kha ndng tdi phén tan:

Bot ran hoa ciia hé tiéu phan nano polymer AG sau khi tai phan tan trong nudc
c6 KTTP trung binh 13 203,2 + 7.8; chi s6 PDI 1a 0,314 + 0,007 va thé Zeta dat
+53,2+ 0,6mV.

13



TAP CHi Y DUQC HQC QUAN SU SO 7 - 2025

* Két qud danh gid hinh thdi tiéu phdn bang kinh hién vi dién tir truyén qua (TEM):

o - ea

Hinh 1. Hinh anh chup TEM tiéu phan nano polymer AG.

Anh chyp TEM ctia tiéu phan nano polymer AG cho thay céc tiéu phan nano c6
dang hinh cu, kich thudc tiéu phan dong déu khoang 130 - 140nm. Két qua nay
phu hop véi két qua vé KTTP va PDI do duoc trén may ZetaSizer.

* Kt qua danh gia ham lwong dwoc chdt, hiéu sudt nano héa va dé tan cia
hé tiéu phan nano polymer AG:

Ham luong AG dat 11,12% =+ 0,17. Hiéu sudt nano héa 1a 70,68%. Nong do bao
hoa cta tiéu phan nano polymer AG trong nudc dat 182,89 + 3,36 pg/mL, cao gap
4,51 1an ndng d6 bio hoa cia AG nguyén liéu (40,55 + 0,83 pg/mL).

* Két qua ddanh gid kha néng gidi phong in vitro:

Két qua danh gia kha nang giai phong in vitro cta tiéu phan nano polymer AG
va AG nguyén liéu dugc thé hién ¢ hinh 2.

S —9—AG nguyén liéu  —#—Nano polymer AG
\% 70
==} 60
= 50
T 40
% 30
= 20
= 10
= 0
0 2 4 6 8 10 12 14

THOI GIAN (GIO)
Hinh 2. Kha nang giai phong in vitro
clia tiéu phan nano polymer AG so vdi bot NL.

Két qua cho thiy hé nano polymer AG thé hién d6 hoa tan va kha ning giai
phong duge chit tot hon so véi AG nguyén liéu, dong thoi kiém soat tot qué trinh
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giai phong, ching to bao ché AG dudi dang tiéu phan nano polymer gitip cai thién
dd hoa tan va kha nang giai phong cua AG.

* Két qua phdn tich phé hong ngoai FT-IR va phan tich nhiét quét vi sai DSC:

Két qua danh gia tuong tic hoa hoc va dic tinh vat Iy cta tiéu phan nano
polymer AG bang pho hong ngoai FT-IR va phd DSC duogc thé hién & hinh 3.

Nano AG
et

R PPV T i | hkaan
—r W

HHVL E'

AG

Eud RL PO

Hinh 3. Ph6 FT-IR va DSC cua cac thanh phan
trong tiéu phan nano polymer AG.

Ph6 IR ctia hdn hop vat Iy va hé nano AG déu thé hién day du cac peak dic
trung ciia AG va Eudragit RL PO, cho thiy khong c6 tuong tac hoa hoc gitta duoc
chat va ta duoc. Phan tich DSC cho thiy AG trong hdn hop vat 1y van & dang tinh
thé, trong khi trong hé nano, peak nong chay ctua AG bién mat, chimg t6 AG ton
tai & dang vo dinh hinh trong tiéu phan nano polymer.

KET LUAN

Pa bao ché duoc tiéu phan nano
polymer AG quy mo phong thi nghiém
bing phuwong phap nhii héa bdc hoi
dung moi. Cong thuc tdi wu sir dung
polymer Eudragit RL PO, ty I¢
polymer/AG 4:1 va lecithin/AG 1:1
(kl/kl), pha noi phan tan trong hén hop
DCM/MeOH (9:1), pha ngoai la Tween
80 (0,7%) trong nudc. Qua trinh dong
nhat hoa thuc hién ¢ 6.000 vong/phut
trong 10 phut, boc hoi dung méi trong 3

gid. Tiéu phan duoc tinh ché va rin hoa
bang ly tAm va sdy tinh. Sau khi tai phan
tan trong nudc, hé co6 KTTP Ia
203,2+7,8nm, PDI = 0,314 £ 0,007, thé
Zeta = +53,2 £ 0,6mV, tiéu phan cé
hinh ciu, do tan ting 4,51 1an so v6i AG
nguyén liéu, hiéu sudt nano hoa la
70,68%, ham lugng AG dat 11,12%. Hé
nano polymer cai thién giai phong, kéo
dai va kiém soat qua trinh giai phong
AG, pho IR va DSC xac nhan khong ¢
tuong tac hoa hoc, AG tdn tai & dang vo
dinh hinh.
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