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NGHIEN CUU BAO CHE HE TIEU PHAN NANO RUTIN

BANG PHUONG PHAP NGHIEN BI
Hoang Thi Diéu Hang', Dao Anh Hoang"*, Nguyén Ngoc Chién?, Nguyén Thi Sen’, Lwong Thi Lan’,
Luyén Bich Phwong', Vii Truwong Duy', Trinh Thi Khdanh?
Vién Duoc liéu; *Truong Dai hoc Dugc Ha Noi; 3Truong Dai hoc Thanh Do, *Truong Dai hoc Pai Nam
*Email: hoangduocsu906(@gmail.com
31/7/2025 Chf'lp nhén dang: 30/9/2025
Tém tit

Rutin 1a mét flavonol glycosid tu nhién da dugc st dung dé phong va diéu tri cac bénh suy tinh mach, tuy nhién rutin hoa tan
kém trong nuéc va c6 sinh kha dung dudng ubng thip vi vay ching t6i di bao ché nano rutin bing phuong phap nghlen bi voi
muc tiéu lam gidm kich thudc tiéu phan cia nguyén liéu tir do gitip tang kha néng hoa tan cua rutin. Bot phun sdy chira tiéu phin
nano rutin dugc bao ché bang phuong phap nghién bi va phuong phap phun say. Mot sb dic tinh ctia bot phun sdy duge danh gia:
kich thuée tidu phan trung binh (KTTPTB), chi s6 da phan tan (PDI), nhidu xa tia X (XRD) va kha ning giai phong in vitro. Hon
dich chira tiéu phan nano rutin dugc bao ché vai ty 18 khdi lugng rutin: hydroxypropylcellulose SSL (HPC SSL): natri lauryl
sulfat (NaLS): nude la 20: 1,5: 0,1: 100 bing phwong phap nghién bi trong 2 gi¢ cho kich thude tidu phan bing 412,00 nm. Tién
hanh ran héa hdn dich nano rutin véi Avicel PH-101 (ty 1¢ 1:1 véi khéi luong rutin) thu dugc bot phun say chia tiu phan nano
rutin c6 KTTPTB bang 417,23 nm va chi s6 da phan tan bang 0,257. B6t phun say chira tiéu phan nano rutin gidi phong trén 85%
gidi phong sau 15 phit, cao hon ¢ ¥ nghia so v6i bot rutin nguyén liéu tho. Ph6 XRD cho thy rutin trong mau bt phun sdy ton
tai & trang thai két tinh khong thay ddi so voi mau rutin nguyén ligu tho.

Tir khéa: Rutin; Phwong phdp nghién bi; Bét phun sdy.

Summary
Formulation and Evaluation of Rutin Nanoparticles Using the Ball Milling Method

Rutin, a naturally occurring flavonol glycoside, has been widely employed in the prevention and treatment of chronic venous
insufficiency. However, its poor aqueous solubility and low oral bioavailability significantly limit its therapeutic potential. To
overcome these challenges, we developed a nanosized rutin formulation using a ball milling technique aimed at reducing the
particle size of raw rutin to enhance its dissolution profile. Spray-dried powders containing rutin nanoparticles were prepared by
combining the ball milling method and the spray drying method. The powders were characterized for mean particle size (Z-
average), polydispersity index (PDI), X-ray diffraction (XRD) patterns, and the in vitro dissolution behavior. A nanosuspension of
rutin was produced using rutin, hydroxypropylcellulose SSL (HPC SSL), sodium lauryl sulfate (NaLS), and water at a weight
ratio of 20:1.5:0.1:100, milled for 2 h to yield nanoparticles with a mean size of 412.00 nm. Solidification of the nanosuspension
with Avicel PH-101 (1:1 ratio to rutin) generated spray-dried powders with a mean particle size of 417.23 nm and a PDI of 0.257.
There are more than 85% of the rutin was released within 15 min, showing a significantly faster dissolution rate than raw rutin
powder. XRD analysis confirmed that rutin remained in its crystalline form after milling and spray drying, with no detectable
changes compared to the raw material.

Keywords: Rutin,; Ball milling method; Spray-dried powder.

Nhan bai:

1. it van dé

Rutin (C27H30016) 12 mét flavonol glycosid tu
nhién, c6 mot sb tac dung duoc 1y nhu chéng di
ung, chong viém, trong lam sang, rutin da dwoc sur
dung dé phong va diéu tri cac bénh suy tinh mach
[1],[2]. Tuy nhién, do kha nang tan trong nudc kem,
rutin ¢6 sinh kha dung duong uong thap (khoang
20%) [3]. Pé khic phuc nhuoc diém nay, ‘mot 6
nghién ciru trén thé giéi va Viét Nam da tién hanh
tao phuc hop véi cylcodextrin, phiic hop véi
phospholipid, nano polyme, nano lipid, nano tinh
thé...[4],[5],[6]. Cac nghién clru cho thdy, nano
rutin cai thién kha nang hoa tan va ting sinh kha
dung cua rutin so vai rutin nguyén li¢u. Trong do,
phuong phép nghién bi ¢6 nhing wu diém nhu don
gian, dé thuc hién, khong sir dung cac dung méi
hitu co ddc hai, c6 kha nang nang quy mo va dé
cong nghiép hoa [7]. Mic du rutin duoc xép vao

nhém IV theo Hé théng phan loai sinh dugc hoc
[8], 1a chat c6 do tan va tinh thdm kém, song do
rutin chii yéu bi vi khuan duong rudt thiy phan
thanh quercetin va cac chat chuyén héa phenolic
nén viéc danh gia va cai thién kha ning thdm can
tap trung vao cdc chét chuyén hoa ciing nhu co ché
chuyén hoa cua rutin [9]. Vi vay, nghién ctru hién
tai cht yéu hudng t6i cai thién sinh kha dung bang
cach tang d6 hoa tan thong qua giam kich thuée
tiéu phan. Do vdy, ching t6i da lya chon phuong
phép nghién bi dé bao ché nano rutin sau dé tién
hanh phun siy d rin hoéa hdn dich nghién tao
thanh bot chira tiéu phan nano rutin véi muc tiéu
lam giam kich thudc tiéu phan cua nguyén liéu tir
do giup tang kha néng hoa tan cta rutin.
2. P6i twong va phwong phap nghién ciru

2.1. Nguyén liéu
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bPéi tuong nghién ciru la bot rutin, Xuét xr tai
Viét Nam, la dang bot nguyén li€u c6 kich thudc
c0 micromet va ham luong rutin dang khan
(C27H30016) trong bot kho 1a 97,04% + 1,99%.

2.2. Dung méi hod chit

Chat chuén rutin (CAS: 153-18-4, LOT: 104620)
dugc cung cdp boéi Phytolab GmbH & Co.KG;
methanol (Merck), tetrahydrofuran (SIGALD,
buc), acid phosphoric dac (Merck), natri hydroxyd
(Merck); 1-octanol (Trung Quéc), acid hydrocloric
(Merck), hydrogen peroxyd 30% (Merck), dinatri
hydrophosphat (Trung Qudc), acid citric (Trung
Qudc), hydroxypropyl methylcellulose E3 (HPMC
E3, An D6), hydroxypropylcellulose L; SL; SSL
(HPC L; SL; SSL, Nhat), natri docusat (DOSS,
Sigma), natri lauryl sulfat (NaLS, Sigma), Tween
80 (Trung Qudc), Poloxamer 407 (BASE, Pic),
lactose (Trung Qudc), manitol (Trung Qudc),
Avicel PH-101 (An D9).

2.3. Thiét bi, dung cu

May séc ky 16ng hiéu ning cao Shimadzu SPD-
M20A; ti lic diéu nhiét N-Biotek; ta séy Memmert,
ULM 500; can xé4c dinh d6 4m Sartorius, MA — 45;
méy nghién bi XQM 2A; thiét bi phun siy Buchi
Mini Spray Dryer; may quang ph6 photon anh sang
Zetasizer Nano ZS90; may ly tdm lanh siéu toc
Hermle 7Z326K; tu vi khi hdu Memmert model
ICHecoL va cac dung cu thong thuong ¢ phong thi
nghiém. May do kich thudc tiéu phan Mastersizer
3000, Han Qudc.

2.4. Phuong phap nghién ciru

2.2.1. Phuong phap dinh luong rutin:

Phuong phap dugc thuc hién tham khao dugc
dién Viét Nam V [10]. Pha dong: Hon hop
methanol - dung dich dém phosphat pH 3,0 -
tetrahydrofuran (10 : 70 : 20). Diéu kién sic ky:
cot kich thude (25 cm x 4,0 mm; 5 pm); budc song
254 nm; toc d6 dong: 1 mL/phut; thé tich tiém: 20
uwL. Dung dich chudn: Pha dung dich chuin rutin
c¢6 nong d6 khoang 1 mg/mL trong methanol. Pha
lodng 2,0 mL dung dich thu dugc thanh 20,0 mL
b::ing pha dong, tron déu. Loc mau qua mang lgc
PTFE 0,45 pm. Thu duoc dung dich chuin. Dung
dich thir: Can chinh xac 1 luong miu twong ng
v6i khoang 50 mg rutin vao trong binh dinh muc
50 mL, thém 35 mL methanol (77), lic siéu am 15
phut va thém methanol (77) dén dinh muc, tron
déu. Pha lodng 2,0 mL dung dich thu dugc thanh

20,0 mL bing pha dong, tron déu. Loc miu qua
mang loc PTFE 0,45 um. Thu dugc dung dich thi.

2.2.2. Phuong phap xac dinh do tan:

Tham khéo theo huéng dan ctia FDA [11]. Phan
tan khoang 50 mg rutin trong 10 mL nudc tinh
khiét va cac moéi truong pH khac nhau (pH 1,2; 4,5;
6,8) dé trong tu ldc diéu nhiét N-BIOTEK v&i nhiét
d6 37°C, tbc do lic 200 vong/phut trong 72 gio.

2.2.3. Phuong phéap xac dinh kha ning hut am:

Tham khao phwong phép xic dinh tinh hit am
ctia Visalakshi [12] dua trén chi s6 EMC va duoc
chat dwgc phan loai kha nang hut 4m theo phén loai
cua Callahan [13]. Cho chinh xac khoang 0,1 g
rutin vao 6ng nghiém 5 mL (dé ho) va dat trong
binh hit 4m. Thém dung dich mubi bdo hoa (cho
du lugng mudi) vao dy cta binh hut 4m dé duy tri
diéu kién méi trudng c6 dd am khong doi, nhiét do
duy tri 25 + 1°C. Sau 7 ngdy ldy mau va cin xéac
dinh lai khéi lwong. Khao sat voi 4 diéu kién do 4m
trong dbi trong cac méi truong mudi bio hoa bao
gom: Kali carbonat (43%); natri clorid (75%); kali
bromid (83%); kali nitrat (93%).

2.2.4. Phuong phéap phan tich ph6 nhiéu xa tia X:

Dan moéng 1 luong bot mau nghién ctu trén dia
do c6 dién tich 2 cm, st dung buic xa CuKa
(Copper K-alpha radiation, 1,54 A), do véi dong
dién 20 mA, dién ap 20 kV. Goc quét 26 tir 4,658°
dén 59,700° véi bude nhay 0,07°; nhiét 6 do 25°C.
Quan sat sy thay d6i cuong d6 cua cac pic dic
trung cho trang thai két tinh cua rutin.

2.2.5. Phuong phap xéac dinh hé sé phan bd dau
nudc:

Tham khao phuong phap dwgc dé cap cua tac
gia Sangster, J. M. [14], tron déu octanol va nudc:
ldy 50 mL nuéc va 50 mL octanol trén vao cbe co
mo 250 mL, dem khudy tir qua dém. Chuyén hdn
hop vao binh gan 250 mL, dé yén hdn hop qua dém
dé tach riéng 2 pha octanol va nudc. Gan tach riéng
pha octanol va pha nudc. Can khoang 15 mg rutin
cho vao 50 mL pha nudc thu dugc & trén; tién hanh
siéu 4m 60 pht, loc ldy dich trong. Sau d6 tron 5
mL nudc da bao hoa rutin va 5 mL octanol thu
dugc & trén trong lo thily tinh trung tinh t6i mau,
khudy tir qua dém. Tach riéng hai phan nudc va
octanol, loc qua mang PTFE 0,45 pm, pha lodng 2
1an pha nudc va pha octanol thu dugc v6i methanol,
dinh lwong rutin trong 2 pha thu dwoc bang phuong
phap HPLC ¢ muc 2.2.1.

2.2.6. Phuong phap xac dinh tuong hop giita
rutin va ta duoc:

Tap chi Dwoc liéu, tip 31, s6 4/2026
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Tham khéo theo hudng din cua FDA [11]. Tién
hanh tron rutin va ta dugc (khoang 50 mg rutin va
50 mg ta dugc, ty 1¢ 1:1) dung trong 6ng ly tim 5
mL nhya trong subt, mo nép. Cac mau dugc bao
quan & 40 + 2°C, d6 am 75 + 5%. Sau 1 thang liy
mau ra dinh lugng lai n6ng do rutin bé'lng phuong
phéap HPLC & muc 2.2.1.

2.2.7. Phuong phép bao ché hdn dich chira nano
rutin:

Chuén bi hdn dich nghién, hoa tan chét dién hoat
trong nude, sau d6 ngdm truong né polyme, khudy
ddng nhét thu dugc dung dich nghién. Tinh trén
mdi ¢bi, thém 6 g rutin, khoang 30 g dung dich thu
dugc & trén va 300 g bi zirconium (duong kinh 5
mm). Tién hanh nghién bi bang thiét bi nghién bi
XQM 2A véi toe do nghién 1a 350 vong trén phit.
Céc yéu tb khao sat bao gdbm: loai va ty 1& polyme;
loai chat dién hoat va thoi gian nghién. Mau hon
dich sau khi nghlen dugc dung trong lo thuy tinh
t6i mau, day nap kin va bao quan ¢ nhiét 46 5°C.

Bdo ché hon dich thé: Sau khi tim dugc cong
thirc va quy trinh nghién toi wu, dé danh gia vai tro

ciia qua trinh nghién thong qua kha ning giai
phong duogc chét, tién hanh bao ché hdn dich tho
theo cong thirc da lya chon. Hoa tan chét dién hoat
trong nudc, sau d6 ngdm truong nd polyme, khudy
dong nhat. B6 sung rutin vao dung dich. Tién hanh
khuay tao hdn dich sir dung méay khudy tir gia nhiét
T.ARE (Velp, Y), tbc @6 khuay 300 vong trén phut,
khuady & nhiét o 25°C véi thoi gian bang thoi gian
Iwa chon cho qua trinh nghién.

2.2.8. Phuong phéap bao ché bot chita nano rutin
bang phwong phap phun say:

Chuén bi hdn dich phun sdy: Hoa tan hodc phan
tan ddng nhat ta duoc vao nuéce, loc qua ray 180
um. Phdi hop ddng nhét phan dich chira ta dwgc
vao h6n dich nghlén chira nano rutin. Tlén hanh
phun sdy cac mau (chira khoang 5 g chét rén trong
hon dich phun) véi cac thong s0: Nhiét do cai dat
(150°C); nhiét do budng sy (79-83°C); luu lugng
khi vao (100%); téc d6 bom (30%, khoang 3
mL/phat). Cong thirc cac mau khao sit bao gom:

Bang 1. Loai va ty 1¢ cta ta dugc st dung trong céc mau phun siy

Miu H2PS1 | H2PS2 H2PS3 H2PS4 H2PSS = H2PS6  H2PS7  H2PS8 H2PS9
Ta dwoc - Manltol Lactose Maltodextrin Avicel PH-101
Ham luwgng so véi rutin trong
mAu hén dich nghién (%) - 50 100 50 100 50 100 50 100

2.2.9. Phuong phéap danh gia kich thudc tiéu phan
trung binh (KTTPTB) va phan b kich thudc tiéu
phén (PDI):

Mau duoc pha loang bang mot lugng nude thich
hop sao cho toc do dem tiéu phén nam trong khoang
200-400 kcps. Tién hanh do mau trén thiét bj
Zetasizer Nano ZS90 & nhiét do 25 + 2°C, tai goc do
90°. Ghi lai ket qua vé KTTPTB, PDI, chi so Diio;
Diso; Diso 1an luot 1a phan vi 10%; 50% va 90% cua
KTTP theo cuong do. Cac mau duoc danh gia bao
gom mau hdn dich sau khi nghlen mau hon dich
nghién sau khi bao quan 1 thang va mau phun say sau
khi phan tan lai trong méi truong nudc tinh khiét.

2.2.10. Phuong phap danh gia kha nang giai phong
rutin:

Tham khao danh gia mac d6 va toc do giai phong
cua rutin sit dung phuong phéap t 1ac diéu nhi€t, co
chinh sira vé thé tich moi truong va téc do khudy phu
hop va twong tmg voi lidu thir 50 mg rutin duong
udng trén 900 mL moi trudng [15], st dung phuong
phap v6i myc ti€u so sanh sy khac bi€t vé kha nang
giai phong rutin giita cic mau thir nghiém. Mau thir:
Luong mau chira khoang 7 mg rutin. Diéu kién thu:
Str dung tu lic diéu nhiét N-Biotek véi cac thong s6

nhu sau: 120 mL moéi truong thtr hoa tan dém
phosphat pH 6,3; nhiét do: 37 + 0,5°C; toe do lac: 150
vong trén phut; thoi diém 14y mau: 5, 10, 15, 30, 45,
60 phut. Sau mdi thoi diém, hat 1 mL mau, tién hanh
ly tim 3 phit véi tbe do 10000 vong trén phut loc
dich sau ly tim qua mang loc PTFE 0,22 pm va dinh
luong nong do rutin bang phuong phap HPLC ¢ muc
2.2.1.

3. Két qua va ban luin

3.1. Nghién citu tién cong thirc

3.1.1. Xac dinh kich thudc bot trung binh va phan
b6 kich thude tiéu phan ctia nguyén lidu rutin:

Xac dinh kich thudc cua rutin nguyen liéu str dung
thiét bi Mastersizer 3000, két qua cho thdy bot rutin
nguyén liéu c6 kich thudc trung binh dao dong tu
32,03 pm dén 34,6 um, v6i phan b kich thudc rong
(gia tri span bang 3,39 > 1). Nhan thay 90% bot co
kich thudc nho hon 77,20 pm va chi ¢c6 10% bt co
kich thuge nho hon 4,14 pm. Do do, bt rutin nguyén
liéu dang ton tai & kich thuéc micromet (32,88 um +
1,49 pum) voi phan b6 kich thudc rong.

3.1.2. Déanh gla d6 tan cua rutin:

Tién hanh xac dinh d6 tan theo phwong phap da mé
ta cho két qua nhu sau:
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Bang 2. Két qua do tan ciia rutin trong cac méi trudng

Mbi truomg Nuée pH 1,2 pH 4,5 pH 6,8
b6 tan trong 37+ 2°C (mg/mL)
(M £ SD, n=3) 0,094 + 0,002 0,068 0,003 | 0,066=+0,001 : 0,136 +0,001

- Nhédn xét: DO tan cua rutin trong mdi trudong
pH 6,8 1 cao nhét, khoang 0,136 mg/mL. Do do,
khi str dung khoang 7 mg rutin dé thir hoa tan trong
120 mL moi truong dém pH 6,8 trong nghién ctu
thir kha niing giai phong rutin in vitro van dam bao
danh gia duoc kha néng giai phong cua rutin ma

khong bi gidi han bdi do tan cla rutin trong moi

truong.

3.1.3. Panh gia vé kha nang hat 4m cua rutin:
Tién hanh xdc dinh kha nang hut am theo

phuong phap da mé ta cho két qua nhu sau:

Bang 3. Két qua gia trj can bang 4m ciia rutin nguyén liéu

Piéu kién (Ham 4m, 25°C)

93%

80%

75%

43%

Gia tri cAn bing 4m trung binh EMC (M + SD, n=3)

8,37+0,21 7,37+0,35 6,47 +0,49 6,37+0,18

- Nhdn xét: Gia tri can bang 4m trung binh
cua rutin nguyén liéu 1a 8,37 + 0,21 trong moi
truong c¢6 ham am trén 90% & 25°C, do do6
nguyén li€u rutin thudc nhom I, 1a nhém khong
hat 4m [10]. Vi vdy, khong can yéu cau bao

quan nguyén li¢u ¢ dicu kién dac bi¢t ve do am.

3.1.4. Panh gia phan bd dau nudc cua rutin:

Tién hanh xac dinh hé s6 phan bd diu nudc
theo phuong phap di mé ta cho két qua (M +
SD, n=3): Gia tri log P cua rutin 1a -0,100 +
0,004. Nhan théy, rutin ¢6 log P < 2 va néng
chay ¢ nhiét d§ 188,7°C [16] nén rutin cd thé
xép vao phan loai nhom c6 nhiét d6 néng chay
16n (trén 150°C — 200°C) va twong ddi it nhoém
chirc than dau véi log P thdp —vira [17],[18], do d6
kha nang hoa tan ctia duoc chét bi han ché do phﬁn
ning lugng cua mang tinh thé 1on [17]. Nhing chat
thugc nhom nay muén cai thién do hoa tan thi nén
lwa chon cac phuwong phap bao ché nhu chuyén
dang thu hinh ctia dugc chét, st dung hé phén tan
ran hodc bao ché dang nano tinh thé. Do d6 dinh
huéng sir dung phuong phap nghién bi dé lam giam
kich thudc tiéu phan cta rutin 1a phu hop véi dic
diém coa duoc chit, diéu nay ciing dong nhit véi
quan diém cua tic gia Marta Berga [19], khi d&
xuét sir dung bién phap giam kich thudc tiéu phan
cho rutin dé ting toc d6 hoa tan tir d6 ting sinh kha
dung.

3.1.8. Danh gid twong tdc giita rutin va ta duoc

Tién hanh xac dinh kha ning twong hop giita
rutin va mot sé t4 duoc theo phuong phap da mo ta
cho két qua:

Bing 4. Két qua danh gia twong thich rutin véi t4 dugc*

rutinsougi | Gt

STT Hon hgp nguyén lidu p

(Yo3;w/w) -

1 Rutin/Rutin (1:1) 100,00 -
2 Rutin/HPMC E3 (1:1) 99,64 + 0,43 0,53
3 Rutin/HPC L (1:1) 98,15+ 0,77 0,06
4 Rutin/HPC SL (1:1) 99,77 £ 1,43 0,84
5 Rutin/HPC SSL (1:1) 99,12+ 0,41 0,44
6 Rutin/Docusate (1:1) 101,22 + 1,01 0,22
7 Rutin/NaLS (1:1) 100,78 £ 0,51 0,24
8 Rutin/Tween 80 (1:1) 98,80 + 0,96 0,37
9 Rutln/Po(llo.)ia)lmer 407 99.39 + 0,51 0.59
10 Rutin/Lactose (1:1) 100,39 +2,16 0,82
11 Rutm/A\(/ic.T; PH-101 99.52 4 0,85 0,70
12 Rutin/Manitol (1:1) 99,80+ 2,15 0,92

*Diéu kién: 40°C/75%; mé ndp, 1 thang.

Nhéan xét: Nhan théy, ham lugng rutin trong
mau khac nhau khong c6 ¥ nghia théng ké so véi
mau chimg rutin nguyén liéu (p > 0,05). Do vay,
cac ta dugc trén déu c6 thé sir dung trong nghién
ctru tiép theo.

3.2. Bdo ché hé tiéu phin nano rutin

3.2.1. Két qua Iwa chon loai polyme:

Hdn dich nano rutin duoc bao ché bang phuong
phap nghién bi di méd ta & muc 2.2.7, cac polyme
va ndng do twong ung duoc khao sat bao gom:
HPMC KI15M (1%); HPMC K4M (2%); HPMC
E15 (2%); HPMC E6 (2%); HPMC E3 (2%); HPC
L (2%); HPC SL (2%); HPC SSL (2%). Két qua vé
KTTPTB va PDI thu duge nhu Hinh 1.A. V& kich
thudc tiéu phén trung binh (KTTPTB), dao dong tir
413,13 nm dén 694,93 nm. KTTPTB nho nhét nhan
thdy ¢ cong thic sir dung HPC SSL. Vé chi s6 da
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phan tan, PDI céc mau déu nho hon 0,3; do do6 cac
mau déu cé phan bd kich thuée hep. Khi sir dung
cac polyme c6 d6 nhét cao nhue HPMC K15M va
HPMC K4M (d6 nhét tuong tmg v6i ndng do 2% &
20°C 1a 15.000 va 4.000 mPa.s [20]) cho KTTPTB
cao hon so vdi nhom st dung polyme cé do nhot
thip hon. Diéu nay c6 thé do d6 nhdt cao cua mdi
trudng nghién s& anh hudng tryc tiép dén hiéu suit
truyén ning lugng, tdc d va cham gitta bi va tiéu
phan do d6 1am giam s 1an va cham giira bi va tiéu
phan, giam hiéu qua nghién, trong khi sir dung
nhiing polyme trong lwong phan tir thip nhu nhom
HPC gitip polyme linh hoat hon, bam dé dang trén
bé mat tiéu phan, do d6 gitp ngan chin su két tap.
Do muc tiéu giam KTTP dé ting kha ning hoa tan,

HPC SSL duoc lya chon lam polyme trong cac
khao sat tiép theo.
3.2.2. Két qua lya chon n(‘A)ng do HPC SSL:

Hdn dich nano rutin duoc bao ché bang phuong
phap nghién bi di mé ta & muc 2.2.7, st dung
polyme 1a HPC SSL va khéo sat & cac ndong do (%):
0,5; 1,0; 1,5; 2,0; 2,5. Két qua vé KTTPTB va PDI
thu dugc nhu Hinh 1.B. Nhan théy, tai néng do
1,5%, cho thiy kich thuéc trung binh thip nhit la
413,37 nm + 10,06 nm. O néng d6 1,5% ciing cho
thiy phan bd kich thudc tiéu phan trung binh nho
s0 v6i cac nong do khac, v6i 90% KTTP cia miu
nho hon 614,23 nm. Do do, lya chon stt dung HPC
SSL véi nong do 1,5% cho cac khao sat tiép theo.

nm

800,00 . 0,600 |:| Kich (hwoc tiéu phan trung binh ‘:‘ —
Sau nié
A nm
69403 i 5§ P =
0,500
603,23
600,00 600,00
nm
o400 600.00 0.600
500.00 41927 46373 m 500,00
373 44357 44900 44930
41313 500,00 0,500
400,00 0,300 P 400,00
4 3 = 4,9 387.9 .
%\ 400,00 Asyor 5793 | 6400
300,00 300,00
0200 300,00 0.300
200,00 20000 000 200,00
0,100
100,00 100,00 0,100 100,00
000 000 0,00 0,000 0,01

0
HPMC HPMC HPMC HPMCEGHPMCE3 HPCL HPCSL HPC SSL
KISM  K4M E15
nm

nm
600,00 0,600 600,00
B
490,53

30000 1 ysyo7 4847 aago7 [ 0300 0000

435,57 426,93 o 43470

400,00 0,400 400,00

300,00 0,300 300,00

200,00

0,100 100,00

Nghién 2h Nghién 4h Nghién sh

406,97 42510 408,03

Poloxamer 407 Tween 0,1%  NaLS 0,25%

0,500 500,00 0,600

419,27

273 41207 -
38927 39773 37607 38680 4037 0,500

0400 400,00
0,400
0300 300,00
0,300
0200 200,00

0,200

0,100 100,00 0,100

0,000

0,000 0,00 +

HPC SSL. HPC SSL HPC SSL HPC SSL HPC SSL NaLs
o, 1,0% o 0 5%

0,1%

DoSS  Poloxamer Tween  NaLS
0,1% 0,1% 407 0,1%  025%

0,000 0,00 +
Doss m
0,25%

H2PS1 H2PS2 H2PS3 H2PS4 H2PSS H2PS6 H2PS7 H2PSS H2PSO

(chu thich: Mau hén dich nghién (H2); mau phun sdy khong c6 ta duge (H2PS1); mAu phun say v6i manitol ty 1¢ 1:0,5 (H2PS2);
mau phun say voi manltol ty 1¢ 1:1 (H2PS3); mau phun say voi lactose ty 1¢ 1:0,5 (H2PS4); mau phun sdy voi lactose ty 1¢ 1: 1
(H2PS5); miu phun siy v6i maltodextrin ty 1& 1:0,5 (H2PS6); mau phun sdy voi maltodextrin ty 1& 1:1 (H2PS7); mau phun siy

véi Avicel PH-101 ty 1€ 1:0,5 (H2PS8); mau phun say vdi Avicel PH-101 ty 1€ 1:1 (H2PS9).
Hinh 1. D6 thi biéu dién thay déi kich thudc tiéu phan va PDI cua cic mau khao sat

A. }{ét qua KTTPTB va PDI cac Inﬁu Iuva chon loai polyme; B. Két qud KTTPTB va PDI cac mau 1u~a chon n@)ng d6 HPC SSL; C.
Két quda KTTPTB va PDI cdc mau lya chon loai chat dién hoat; D. Két qua KTTPTB va PDI cdc mau lya chon thoi gian nghién;
E. Két qua KTTPTB va PDI cua cac mau lya chon loai ch~ﬁt dién hoat sau 1 thang; G. Két qua KTTPTB va PDI cic miu ctia cic

mau bt phun say

3.2.3. Két qua lya chon loai chét dién hoat:

Hon dich nano rutin dugc bao ché bang phuong
phap nghién bi da mo ta ¢ myc 2.2.7, sa dung 1,5%
HPC SSL, cac chat dién hoat va nong d¢ tuong ung
duoc khao sat bao gém. NaLS (0,1%; 0,25%); natri
docusat (DOSS) (0,1%; 0,25%); Tween 80 (0,1%);
Poloxamer 407 (0,1%). Két qua vé KTTPTB va
PDI thu duoc nhu Hinh 1.C. Tai néng do6 cao hon
n6ng dd micell téi han (voi NaLS 14 0,23 - 0,24%,
DOSS 1a 0,11%, Tween 80 la 0,0016% va

Poloxamer 407 la 0,00342% [21],[22]), cong thirc
st dung chat dién hoat khong ion héa nhu
Poloxamer 407 va Tween 80 cho hi¢u qua nghién
kém hon, trong d6 Tween 80 cho KTTP l6n hon
Poloxamer 407 (490,53 nm va 434,7 nm tuong
mg). Nguoc lai, nhom st dung chét dién hoat i ion
hoa nhu DOSS va NaLS cho hiéu qua nghién tot
hon. Piéu ndy ¢6 thé do nhém chét dién hoat khong
ion héa nhu Poloxamer va polysorbat 6n dinh hé
bang co ché can tr& khong gian nhung khong 6n
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dinh hé be"mg co ché tao 16p tinh di¢n nhu NaLS va
DOSS do d6 cac tiéu phan dé bi két ty boi luc hit
Van der Waal. V& két qua KTTPTB cia cic mau
sau 1 thang (Hinh 1.E) mAau nghién véi Tween 80
cho thay KTTPTB ciia hé ting dang ké sau 1 thang
bao quéan, do d6 khi sir dung & nong do trén nong
d6 micell t61 han, kha nang rutin da bi hoa tan 1
phan va xay ra hién tuwong Ostwald ripening nén
thiic day qué trinh tai két tinh lai, do d6 lam ting
kich thudc hat theo thoi gian. Nguoc lai, nhan thay
khi sir dung NaLS va DOSS tai néng do trén va
dudi néng d0 micell téi han, KTTPTB cila cac mau
thay d6i khong déng ké va déu on dinh sau 1 théng
bao quan (p > 0,05).

Xét dén véan dé ting kha nang thAm va do tan,
nhéan thay KTTPTB ctia mau NaLS 0,1% khac
nhau khéng c6 y nghia thong ké so voi mau DOSS
0,1% va NaLS 0,25% & ca thoi diém trudc va sau 1
thang bao quan (p > 0,05). Vi vay, uu tién lya chon
NaLS 0,1%, chat dién hoat c6 HLB cao (HLB = 40)
cho khao sat tiép theo.

3.2.4. Két qua lya chon thoi gian nghién:

Hdn dich nano rutin duoc bao ché bang phuong
phap nghién bi dd mé ta & muc 2.2.7, cong thic véi
ty 1& khéi luong rutin: HPC SSL : NaLS : nuéc 1a
20: 1,5: 0,1: 100, tién hanh khao sat thoi gian
nghién bi ¢ 2 gio, 4 gio va 8 gio. Két qua vé
KTTPTB va PDI thu duoc nhu Hinh 1.D. Két qua
cho thiy KTTPTB clia miu giam theo thoi gian
nghién. Sau 8 210, KTTPTB cua mau 1a 387,93 nm
+ 4,27 nm. Vé danh gia kha ning hoa tan cua mau
nghlen 2 gio va 8 gio (Hinh 2.A), két qua cho thay,
theo d0 thi, hai mau c6 kha niang hoa tan trén 85%
rutin sau 30 phit, va tinh toan hé s6 5 thu duoc h¢
s6 tuong dong 14 52,65; do 50 < f2< 100 nén hai a6
thi dugc coi 1a twong dong Do d6, dé tiét kiém thoi
gian bao ché, lya chon thoi gian nghién 1a 2 gio.

100 4

—e—Nghién 2h

—O—Nghién 8h

LUQNG RUTIN GIAI PHONG (%)
3
LUQNG RUTIN GIAI PHONG (%)

0 5 10 15 20 25 30 35 40 45 50 55 60
THOT GIAN (PHUT)

Bio ché hdn dich chira tiéu phan nano rutin (H2)
theo cong thirc ¢ ty 1& theo khéi lwong 14 rutin:
HPC SSL: NaLS: nuéc twong tng 20: 1,5: 0,1: 100
va quy trinh da lya chon: Can nguyén li€u rutin va
ta duoc theo cong thirc. Hoa tan NaLS trong nudc,
sau do ngam truong né HPC SSL, khudy dong nhét.
B6 sung nguyén lidu rutin (6 g rutm/cm) va bi
zirconium 5 mm (300 g bi/cbi). Tién hanh nghién
theo thong sb: thoi gian nghién 2 gid; toe do nghién
350 vong trén phut; chu ki nghién 10 phut, nghi 30
gidy, sau khi nghién, thém 90 mL nuée/cdi dé trang
thu lay hon dich nghién. Tién hanh nghién 3 mé,
moi me 4 cbi.

Két lugn: Hon dich nano rutin thu duoc sau khi
nghién ¢ mot sb dic tinh sau: KTTPTB: 412,00
nm =+ 12,68 nm; PDI: 0,153 £+ 0,016; Dijo: 279,67
nm + 23,83 nm; Diso: 436,20 nm =+ 25,44 nm; Diogo:
696,77 nm + 102,51 nm; ham luong rutin trong
mau: 4 ,48% +0,02%.

Ve két qua thir giai phong dugc chit: So sanh
kha nang g1a1 phong rutin cia mau hdn dich nghién
(H2) so v6i mau hon dich thd (Hinh 2.B), nhan
thay sau 60 phut, phan trdm rutin hoa tan cua mau
hon dich thd dat gan 85%, trong khi d6 mau hon
dich nghién trong 5 phut hoa tan duoc khoang 85%
rutin. V&i hé s f> gitta hai d6 thi 1a 35,65, nhan
théy hén dich nghién 6 tde dd va mirc do hoa tan
cao hon so véi mau hdn dich tho, didu nay cho thdy
vai tro clia qua trinh nghién, lam giam kich thudc
tiéu phan trung binh cua rutin dan dén ting d6 hoa
tan cua dugc chét. Tuy nhién mau hon dich tho
ciing ddng thoi cho thay tang tbc do va muc do hoa
tan rutin so v&i miu rutin nguyén li¢u (hé sO /> 1a
32,69), do d6 sir dung chét dién hoat NaLS véi
néng do 0,1% trong cong thuc cling dong vai tro
cai thién kha ndng hoa tan cuda rutin.

—eo—H2
—&—H2PS9
—+—H2PS5
—=—H2PS1
H2PS3
—CF—Hdn dich tho
—%—H2PS7

—Oo—R nguyén liéu

5 10 15 20 25 30 35 40 45 50 55 60

THO’I GIAN (PHUT)

(chit thich: Mau hon dich nghzen (H2); méu phun say khéng cé td duoc (H2PS1), mau phun sdy véi manitol ty 1é 1:1 (H2PS3);
mau phun sdy véi lactose ty ¢ 1:1 (H2PS35); mau phun sdy véi maltodextrin 1y 16 1:1 (H2PS7);
mau phun sdy véi Avicel PH-101 ty ¢ 1:1 (H2PS9).
Hinh 2. D6 thi biéu dién luong rutin gidi phong theo thoi gian cia cac mAu khao sat (n=3)
A. Két qua danh gia kha nang giai phong rutin cua mAu nghién 2 gid va 8 gio; B. Két qua danh gia kha nang gidi phong rutin mau
hén dich nghién chira nano (H2) va cac miu phun siy.
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3.3. Bao ché bot chira nano rutin

Tién hanh rén hoa hdn dich tiéu phan nano rutin
(rnau H2) theo phuong phap da mé ta & myc 2.2.8.
Tong Iuong chat ran ban dau trong cac mau phun
sdy déu cd dinh 1a 5 g. Bt phun siy dugc danh gia
vé KTTPTB sau khi phan tan; kha niang thu hdi bot
va kha nang giai phong dugc chat

+ Vé KTTPTB ciia botphun sdy

- Nhgn xét: Két qua vé KTTPTB va PDI thu
dugc nhu hinh 1.G. KTTPTB dao dong tir 376,07
nm dén 419,27 nm. Trong d6 miu st dung Avicel
PH-101 dé phun sdy ty 1& 1:1 so véi rutin (H2PS9)
cho thdy KTTP 16n nhit (nghién ciru di x4c nhan
chép nhan sy c6 mat cua ta dugc Avicel PH-101
trong mau do sau khi phan tan va KTTPTB van thé
hién duoc két qua cua trén 50% luong rutin co
trong mau H2PS9 va Avicel PH-101 da lang xudng
hét day curvet sau 30 gidy dé mau can bang trong
thiét bi do) va mau st dung maltodextrin dé phun
sdy ty 18 0,5:1 so voi rutin (H2PS6) cho thdy KTTP
nho nhat. V& chi s6 da phén tan, cac mau déu cb
PDI nhé. So sanh v&i miu hdn dich nghién ban dau
(H2), nhan thiy KTTP cac mau déu thay doi khong
dang ké (p > 0,05), ngoai trir midu H2PS3 va
H2PS6 nhan thay sy giam dang ké vé KTTP vdi p
<0,05.

+ Vé lwong bét thu dwoc

Sau khi tién hanh phun sdy voi 5 g mdi mau ban
dau, nhan thay luong bot phun siy thu duoc & bd
thu mau dao dong tir 1,93 g t6i 3,22 g. Mau phun

sdy voi maltodextrin cho thdy luong bot bam trén
cyclon 16n, do dd, lugng bot thu dugc 1a thép nhét
trong nhom khdao sat (< 2 g), trong khi do, Avicel
PH-101 (H2PS9) nhan thdy thu duoc luong bot
nhiéu va khong cho hién tugng bam cyclon sau khi
hoan thién qua trinh phun.

+ Vé két qua danh gid khd niing gidi phéng rutin

- Nhén xét: Vé danh gia kha ning giai phong
rutin ctia mau hdn dich nghién chtra nano (H2) va
cac mau phun siy (Hinh 2.B), nhan thiy cac miu
phun say c6 kha ning giai phong rutin thap hon so
v6i mau H2 sau 5 dén 10 phat dau khao sat. Mau
H2PS9 c¢6 kha nang giai phong rutin trén 85% sau
15 phiit va c6 do thi twong ddng véi mau H2 (hé sb
/> 1a 78,64). Do d6, mau phun siy hdn dich nghién
voi ta duge la Avicel PH-101 cho kha néng giai
phong rutin tot hon nhém ta dugce khao sat, kha
nang giai phong duoc chat twong dwong so voi mau
hdn dich nghién (H2). Két qua nay c6 thé giai thich
do Avicel PH-101 khong tan trong nude, do d6 khi
phun sdy, céc tiéu phin nano rutin c6 thé bam trén
bé mit cua Avicel PH-101, tao diéu kién thuan loi
cho qué trinh phan tan va hoa tan. Nguoc lai voi
cac ta dugc tan trong méi truong trude khi phun
sdy nhu manitol hay maltodextrin, viéc phun siy c6
thé 1am thay dbi dang thu hinh cua ta duoc, lam ta
duoc xen k& va dé che phu 1én bé mit cac phan tir
rutin, do d6 can tr¢ qua trinh phan tan va hoa tan
rutin.
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chil thich: Mdu phun say hén dich nghién H2 véi Avicel PH-101 ty ¢ 1:1 (H2PS9)
Hinh 3. Két qui do nhidu xa tia X

Tién hanh do nhiu xa tia X ddi voi cac miu bot
két qua thu dugc thé hién & Hinh 3. MAu phun siy

(H2PS9) biéu hién duoc cac dinh nhidu xa dic
trung cua rutin nguyén li¢u (goc 26 = 14,8°; 16,6°
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26,1° va 26,6°). Do do, sau qua trinh phun séy,
rutin khong bi thay d6i vé& dang thu hinh va van t6n
tai v6i cdu trac két tinh nhu bot nguyén liéu ban
dau. Tuy nhién, do anh hudng cta dinh nhiéu xa la
ta duoc Avicel PH-101, mau phun sdy ciing xuat
hién thém dinh nhiéu xa cua Avicel PH-101 tai
22,4°va 22,5°,

Do d6, Avicel PH-101 14 ta duoc phu hop dé Iya
chon trong qué trinh phun sdy hdn dich chtra nano
rutin do lwong bot thu hdi sau qua trinh phun sy
cao, bot thu duoc c6 KTTPTB thay d6i khong dang
ké (419,27 nm + 10,34 nm). Nhan thdy cac mau
chira hé tiéu phan nano rutin c6 kha ning giai
phéng rutin cao hon so v§i mau rutin nguyén liéu.
Mau H2 va H2PS9 c6 kha ning giai phong rutin
trén 85% sau 15 phut trong khi miu rutin nguyén
liéu giai phong dudi 70% rutin sau 60 phuit. DS thi
giai phong rutin ciia mau rutin nguyén liéu c6 hé s6
>< 50 so voi d6 thi cia mau H2 (hé s f>1a 19,21)
va H2PS9 (hé¢ sb f> 1a 20,22), do d6 miu H2 va
H2PS9 cho thiy kha ning giai phong rutin tot hon
khac biét so voi mau rutin nguyén liéu. Do do, lua
chon cong thire phun sy H2PS9 dé tién hanh phun
sdy tao bot chira tiéu phén nano rutin.

Bao ché bot chira tiéu phan nano rutin theo cong
thirc ¢6 ty 1& theo khdi lwong 13 hdn dich nghién:
Avicel PH-101 tuong tmg 1200 : 55 va quy trinh da
lua chon: Céan Avicel PH-101 va hon dich nghién
theo cong thic. Phan tin Avicel PH-101 vao hon
dich nghién dyng trong cdc c6 mé 2000 mL, khudy
tir trong 10 phat dé phan tan hét Avicel PH-101
vao hdn dich nghién. Sau d6 tién hanh rin hoa hdn
dich thu dugc bang phuong phap phun sdy trén
thiét bi phun sdy Buchi Mini véi cac thong sb:
Nhiét d6 cai dat (150°C); nhiét d6 budng sy (79-
83°C); luu lugng khi vao (100%); toc do bom (30%,
khoang 3 mL/phut).

Két lugn: Bot chira tiéu phan nano rutin thu
dugc sau khi phun siy c6 mot s6 dic tinh sau:
KTTPTB la 417,23 nm £ 9,70 nm; PDI 1a 0,257 +
0,041; Dijola 248,13 nm + 9,46 nm; Diso 1a 396,87
nm * 9,67 nm; Digo 1a 653,37 nm + 87,70 nm; thé
zeta 1a -18,77 £ 0,95 mV; ham lugng rutin trong
mau bang 44,40% + 0,79%.

Két qua nghién ctru cho thiy qua trinh nghién da
giup kich thude tiéu phan nguyén li€u rutin giam
80 lan (tir 32,88 um xudng 412,00 nm) va giam 79
lan (tir 32,88 um xudng 417,23 nm) sau qua trinh
phun sdy. C6 thé thiy, viéc giam KTTP di lam
tang tdc d6 va mirc d6 hoa tan cta rutin so v&i bot
nguyén liéu tho, thong qua két qua vé thir kha ning

gidi phoéng rutin. Trong nghién cuou nay,
hydroxypropyl cellulose (HPC) duge st dung nhu
td dugc On dinh trong qua trinh nghlen Két qua
cho thay viéc bd sung HPC, cu thé HPC SSL, giup
giam dang ké kich thudc tiéu phan (KTTP) cua
rutin so v6i miu str dung cac polyme 6n dinh khac.
Hé hon dich thu dugc co KTTPTB nho, phén bé
KTTP hep va sau qué trinh phun say, bot chira tiéu
phan nano rutin ¢6 KTTPTB thay dbi khong dang
ké so véi mau hon dich nano rutin ban dau, nén khi
so sanh vo1 nghién clru trong nudc trudc day [23],
nghién ctru sit dung HPMC E6 1am t4 dugc on dinh
trong qua trinh nghién rutin, ¢ thé nhén‘théy su
khac biét rd rét vé& d6 6n dinh kich thude tiéu phan.
Cu thé, hdn dich chira nano rutin cho théy KTTP
tang dang ké sau qué trinh ran hoa (tir 371,0 nm 1én
406,8 nm), kém theo phan bd kich thuéc rong (PDI
= 0,467), cho thiy HPMC E6 st dung & nong do
cta nghién cuu chua du kha ning duy tri trang thai
6n dinh cta hé hat nano khi chuyén tir dang hon
dich sang dang bot phun séy. Mic du HPC da duoc
sit dung trong nghién ciru vé bao ché nano rutin,
song tai cong bd nay HPC chi str dung trong giai
doan tao gel, giup On dinh h¢ sau khi nghién [24],
chir chua dugc tng dung truc t1ep lam ta dugc On
dinh ngay trong qua trinh nghién bi. Do d6, nghién
ctru nay la bao cao dau tién ghi nhan viéc st dung
HPC lam ta dugc on dinh trong qué trinh nghién bi
rutin nhim giam kich thudc tiéu phan st dung
duong ubng, mé ra hudng ung dung méi cho
polyme nay trong bao ché hé nano dugc chat kém
tan tuong ty nhu rutin.

4. Két luan

‘Nghién ctru déa bao ché duoc bot phun sdy chira
tidu phan nano rutin bang phuong phap nghién bi
va ran hoa bang phuong phap phun siy. Cong thirc
nghién voi rutinnHPC SSL:NaLS:nu6e ty 18
20:1,5:0,1:100 thu dugc hdn dich nano rutin cé
kich thuéc tiéu phan trung binh va chi s6 da phan
tan 1an luot 1a 412,00 nm va 0,153. Bot chua tiéu
phan nano rutin dugc phun sy véi cong thic sir
dung hdn dich nghién va Avicel PH-101 (ty 1& 1:1
so voi khdi lwong rutin), thu dugc bot c6 KTTPTB
va chi sb da phan tan 1an lugt 1a 417,23 nm va
0,257, ham lugng rutin trong mau bot 44,40%. Bot
phun siy chita nano rutin giai phong trén 85%
dugc chat sau 15 phat, cao hon ¢ ¥ nghia so voi
b6t rutin nguyén liéu thé. Phd XRD cho thiy rutin
trong mau bot phun sy ton tai & trang thai két tinh
khong thay ddi so voi mau rutin nguyén liéu tho.

Tap chi Dwoc liéu, tip 31, s6 4/2026

349



Tai liéu tham khao
1. DrugBank, Rutin (2019), Cuc Quan Iy Dugc - Bo Y té: Ngéan hang dit liéu nganh Dugc.
2. Kabeer Farha A., Gan R. Y., Li H. B.,, Wu D. T., Atanasov A. G., Gul K., Zhang J. R., Yang Q. Q., Corke H. (2022), The
anticancer potential of the dietary polyphenol rutin: Current status, challenges, and perspectives. Critical Reviews in Food Science
and Nutrition, 62(3), 832-859.
3. Kamalakkannan N., Prince P. S. M. (2006), Rutin improves the antioxidant status in streptozotocin-induced diabetic rat tissues.
Molecular and Cellular Biochemistry, 293(1-2), 211-219.
4. Gullon B., Lu-Chau T. A., Moreira M. T., Lema J. M., Eibes G. (2017), Rutin: A review on extraction, identification and
purification methods, biological activities and approaches to enhance its bioavailability. Trends in Food Science & Technology,
67,220-235.
5. Pham Long Khanh (2020), Nghién citu tao phirc hop bao ciia p-cyclodextrin véi mt s6 polyphenol dinh huéng irng dung trong
y sinh. Hoc vién Khoa hoc va Cong ngh¢, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.
6. Nguyén Vin Khanh (2018), Nghién ciru bao ché phytosome rutin. Tap chi Khoa hoc PHOGHN: Khoa hoc Y Duoc, 34(2), 51-
59.
7. Pao Anh Hoang (2024), Nghién ciru bao ché va ddanh gid sinh kha dung ciia vién nén chira tiéu phdn nano fenofibrat. Thu vién
Pai hoc Dugc, Pai hoc Duge Ha Noi.
8. Dominguez Moré G. P., Feltrin C., Brambila P. F., Cardona M. 1., Echeverry S. M., Simdes C. M. O., Aragon D. M. (2020),
Matrix effects of the hydroethanolic extract and the butanol fraction of calyces from Physalis peruviana L. on the
biopharmaceutics classification of rutin. Journal of Pharmacy and Pharmacology, 72(5), 738-747.
9. Braune A., Blaut M. (2016), Bacterial species involved in the conversion of dietary flavonoids in the human gut. Gut Microbes,
7(3), 216-234.
10. Hoi dong Duoc dién Viét Nam, Trung tim Dugc dién - Dugc thu Viét Nam (2017), Dugc dién Viét Nam V. Vol. 1, Ha Noi,
Viét Nam, Nha xuét ban Y hoc, 498.
11. Food and Drug Administration (2012), Quality by design for ANDAs: An example for immediate-release dosage forms. US
Department of Health and Human Services, Food and Drug Administration, Center for Drug Evaluation and Research (CDER).
12. Visalakshi N. A., Mariappan T. T., Bhutani H., Singh S. (2005), Behavior of moisture gain and equilibrium moisture contents
(EMC) of various drug substances and correlation with compendial information on hygroscopicity and loss on drying.
Pharmaceutical Development and Technology, 10(4), 489-497.
13. Callahan J. C., Cleary G. W., Elefant M., Kaplan G., Kensler T., Nash R. A. (1982), Equilibrium moisture content of
pharmaceutical excipients. Drug Development and Industrial Pharmacy, 8(3), 355-369.
14. Sangster J. (1989), Octanol-water partition coefficients of simple organic compounds. Journal of Physical and Chemical
Reference Data, 18(3), 1111-1229.
15. Conti B., Genta I., Giunchedi P., Modena T. (1995), Testing of “in vitro” dissolution behaviour of microparticulate drug
delivery systems. Drug Development and Industrial Pharmacy, 21(10), 1223-1233.
16. da Costa E. M., Barbosa-Filho J. M., do Nascimento T. G., Macédo R. O. (2002), Thermal characterization of the quercetin
and rutin flavonoids. Thermochimica Acta, 392-393, 79-84.
17. Bergstrom C. A. S., Larsson P. (2018), Computational prediction of drug solubility in water-based systems: Qualitative and
quantitative approaches used in the current drug discovery and development setting. International Journal of Pharmaceutics,
540(1-2), 185-193.
18. Koehl N. J., Holm R., Kuentz M., Griffin B. T. (2019), new insights into using lipid based suspensions for ‘Brick Dust’
molecules: Case study of nilotinib. Pharmaceutical Research, 36(4), 56.
19. Berga M., Logviss K., Lauberte L., Paulausks A., Mohylyuk V. (2023), Flavonoids in the spotlight: Bridging the Gap between
physicochemical properties and formulation strategies. Pharmaceuticals, 16(10), 1407.
20. Oh C. M., Heng P. W. S., Chan L. W. (2015), A study on the impact of hydroxypropyl methylcellulose on the viscosity of
PEG melt suspensions using surface plots and principal component analysis. A4PS PharmSciTech, 16(2), 466-477.
21. Bock N. C., Sundermann J., Koziolek M., Keller B. L., Méder K. (2025), Impact of stabilizers on particle size and dispersion
behavior in biorelevant media in solid nanocrystal formulations. European Journal of Pharmaceutics and Biopharmaceutics, 208,
114651.
22. BASF (2020), Technical information: Kolliphor® P 407 Geismar — Poloxamer for pharmaceutical use.
23. Mai Thi Thao (2019), Nghién curu bao ché nano rutin bdng ky thudt nghién bi. Khoa Y Dugc, Pai hoc Quéc gia Ha No6i.
24. Pyo S. M., Meinke M., Keck C. M., Miiller R. H. (2016), Rutin—increased antioxidant activity and skin penetration by
nanocrystal technology (smartCrystals). Cosmetics, 3(1), 9.

350 Tap chi Dwoc ligu, tip 31, s6 4/2026



