Khoa hoc Y - Dwore | Duroc hoc

Phat trién va thim dinh phwong phap sic ky 16ng hiéu ning cao
dé dinh lwgng nystatin trong hé tiéu phin nano lipid
Nguyén Ha Phic TAm" 2, Khuu My Lé2, Phan Lé Tam?,

Phan Thanh Diing" 3, Trin Vin Thanh"3
"Trwong Duoc, Pai hoc Y Duoc TP, Ho6 Chi Minh, 41 Pinh Tién Hoang,
phurong Sai Gon, TP. Ho Chi Minh, Viét Nam

2Khoa Duoc, Truong Pai hoc Y khoa Pham Ngoc Thach, 1 Duong Quang Trung,
phuong Hoa Hung, TP. Ho Chi Minh, Viét Nam

3Trung tam Khoa hoc Cong nghé UMP, Pai hoc Y Duoc TP, Ho6 Chi Minh,
41 Pinh Tién Hoang, phuong Sai Gon, TP, Hoé Chi Minh, Viet Nam

Ngay nhén bai 1/12/2025; ngay chuyén phan bién 4/12/2025; ngay nhan phan bién
17/12/2025; ngay chip nhan dang 23/12/2025

Tom tit:

Nghién ctru nay nhim thiét 1ap va thAm dinh mét quy trinh dinh lwong nystatin
(NYS) chinh xac trong hé thong chat mang lipid ciu triic nano (NLC), khic phuc
han ché vé dd tan va tinh tham thiap caa hoat chit nhém BCS IV
(Biopharmaceutics Classification System Class IV). Phuwong phap: Qua trinh phan
tich dwoe thwe hién trén hé thong sic ky léng hiéu ning cao (HPLC - High
Performance Liquid Chromatograph) Waters e2695 véi cft C18 (250x4,6 mm, 5
pm). Pha dong t6i wu bao gdbm: methanol - acetonitril - d&m amoni acetat 0,05 M
(55:15:30, tt/tt/tt) voi toc do dong 1 ml/phiit, phat hién tai bwéc séng 305 nm. Quy
trinh xir Iy mau st dung DMSO 5% lam dung mai trung gian dé pha v& ciu triic
lipid. Két qua: Phwong phap dat tinh twong thich h¢ thong cao véi RSD (Relative
Standard Deviation) ciia thoi gian lwu va dién tich pic <2%. Tinh tuyén tinh dwoc
thiét 1ap trong khoang 20-200 IU/ml véi hé sé twong quan R?=0,9996. Gi6i han
dinh lwong va phat hién cho thiay d nhay cao. P9 diing ciia phwong phap dat ty 18
thu hoi tir 98,18 dén 101,38%. P Lip lai va dd chinh xac trung gian déu dat yéu
ciu v6i RSD<2,0%. Dic biét, phwong phap chitng minh tinh dic hiéu tuyét doi,
khong chiu dnh hwéng béi nén miu lipid phire tap. Két luan: Quy trinh HPLC
dwge xay dung don gian, tin ciy va chinh xac, phut hgp dé kiém soat chat lwgng va
danh gia hiéu suit tai thudc ciia cac hé tiéu phan nano lipid chira nystatin.
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Abstract:

This study aims to establish and validate an accurate high-performance liquid
chromatography (HPLC) method for the quantification of nystatin (NYS) in
nanostructured lipid carrier (NLC) systems, thereby addressing the limitations
regarding the poor solubility and low permeability of this Biopharmaceutics
Classification System (BCS) class IV drug. Methods: The analysis was performed
using a Waters €2695 HPLC system equipped with a C18 column (250x4.6 mm, 5
pm). The optimised mobile phase consisted of methanol, acetonitrile, and 0.05 M
ammonium acetate buffer (55:15:30, v/v/v), delivered at a flow rate of 1.0 ml/min
with UV detection at 305 nm. The sample preparation protocol utilised 5% DMSO
(Dimethyl Sulfoxide) as an intermediate solvent to disrupt the lipid matrix. Results:
The method demonstrated high system suitability, with Relative Standard
Deviations (RSD) for retention time and peak area of less than 2%. Linearity was
established within the concentration range of 20-200 IU/ml, yielding a correlation
coefficient (R?) of 0.9996. The Limit of Detection (LOD) and Limit of
Quantification (LOQ) values indicated high sensitivity. The method’s accuracy
was confirmed with recovery rates ranging from 98.18 to 101.38%. Both
repeatability and intermediate precision met the acceptance criteria with RSD
values <2.0%. Notably, the method demonstrated absolute specificity with no
interference from the complex lipid matrix. Conclusion: The developed HPLC
procedure is simple, reliable, and accurate, making it suitable for quality control
and the evaluation of drug loading efficiency in nystatin-loaded lipid nanoparticle
systems.
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1. Pit van dé

Nhiém ndm Candida 13 mot vin dé strc khoe toan cau véi ty 16 mic va tir vong
dang bao dong, dic biét & cac nudc dang phat trién va trén bénh nhan suy giam mién
dich. Nystatin, mot khang sinh chong nim nhom polyene macrolide duogc chiét xuat tir
Streptomyces noursei, 1a lua chon dau tay trong diéu tri nhim nim tai chd. Co ché tac
dung cta nystatin lién quan dén viéc lién két v6i ergosterol trén mang té bao nam, tao
ra cac 16 x6p 1am 10 ri cac thanh phan ndi bao va gy chét té bao [1].

Tuy nhién, thach thirc 16n nhit trong viéc tng dung nystatin nim & dic tinh 1y
hoa cua nd. Theo Hé théng phan loai sinh dugc hoc (BCS), nystatin thudc nhom IV, dac
trung boi do tan thap trong nudc va tinh thdm kém. Ngoai ra, hoat chit ndy rat nhay
cam vé6i anh sang, nhiét d6 va pH, dé bi phan huy dan dén mat hoat tinh. Dé khic phuc,
cac hé théng phan phdi thude hién dai nhu nano lipid ran (SLN) va chat mang lipid cdu
truc nano (NLC) da duoc phat trién nham tang do tan, bao vé dugc chat va cai thién
sinh kha dung [1].

Viéc phat trién cac hé théng nano lipid dit ra yéu cau cip thiét vé mot phuong
phap phan tich chinh x4c dé danh gia hiéu suat bao goi va tai lugng thude. Cac phuong
phap vi sinh truyén thdng tuy phan anh hoat lyc nhung ton thoi gian va do chinh xac
thap. Trong khi d6, viéc dinh lugng bang quang phd UV-Vis thuong gip tré ngai do do
duc ciia nén mau lipid gay nhiéu [1, 2].

Nghién ctru nay tap trung xdy dung va tham dinh quy trinh dinh luong nystatin
bang phuong phép sic ky 1ong hiéu ning cao (HPLC) theo hudng dan ciia ICH va Bo
Y té Viét Nam [2, 3]. Piém méi ciia nghién ciru ndm & quy trinh xtr Iy mau sir dung
DMSO dé pha v& hoan toan cAu tric nano lipid, ddm bao dinh lugng chinh xac toan bd
lwong thude duoc bao goi, tao tién dé viing chic cho viée toi wu hoa cong thirc bao ché
[1,4,5].

2. Pdi twong va phwong phap nghién ciru

2.1. Péi twong va héa chit

- Chét chuan: nystatin nguyén liéu dang bot dugc cung cip bai Cong ty C6 phan
Duogc liéu Pharmedic, v6i gidy chirg nhan phan tich (COA) duoc cap bai cong ty.

- Hoa chat tinh khiét phan tich va dung méi HPLC: methanol HPLC, acetonitrile
HPLC (Fisher - My), ammonium acetat (Merck - Puc) dung pha dém, dimethyl
sulfoxide (DMSO) dung lam dung méi hoa tan, acid acetic (Xilong - Trung Qudc).

- T4 duoc bao ché nano (cho mau placebo): Glyceryl monostearate (GMS) (Basf
- btrc), Acid oleic (Merck - Buc), Tween 80 (Merck - Duc).

- Thiét bi: hé théng HPLC Waters ¢2695 véi dau do PDA 2998 (Waters - My),
can phén tich Quintix (Satorius - Dtrc), bé siéu 4m Elma.
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2.2. Chudn bi méu

Quy trinh chuén bi miu déng vai trd quyét dinh d6 dang ctia phép phan tich, dic
biét voi mau dang hat nano lipid [1].

- Dung dich chuan gdc: Hoa tan 1 g nguyén liéu nystatin trong 2 ml DMSO va
siéu 4m cho tan hoan toan. Thém methanol vira da thé tich 100 ml dé duoc dung dich
chuan (theo COA - Certificate of Analysis) 1 mg nystatin nguyén liéu (twong duong
6478 IU). Tir dung dich nay, tién hanh pha lodng bing methanol dé duoc cac dung dich
lam viéc néng do 20, 50, 100, 150 va 200 IU/ml; loc qua mang PTFE
(Polytetrafluoroethylene) 0,45 um va st dung trong 24 gio.

- Dung dich mAu thir: Liy lugng ban thanh pham nano lipid (chtra trong dwong
0,01 g nystatin nguyén li€u) hoa tan trong 1 ml DMSO, thém methanol vira du trong
binh dinh mac 100 ml dé thu dugc dung dich A, ding dung dich A pha loing bang
methanol dé duoc dung dich thir co néng do 100 IU/ml; loc qua mang PTFE 0,45 pm
va su dung trong 24 gio.

- Du kién nystatin dugc nap vao hé nano véi céc ty 1€ lan luot 13: 0,125; 0,25;
0,5 va 1%.

- Mau tring: Chuan bj twong tu mau chuan gdc nhung khong c6 nystatin.
- Mau placebo: Chuén b twong tr mau thir nhung khong cé nystatin.

- MAu thtr thém chuan: Lay lugng ban thanh pham nano lipid (chira twong duong
0,01 g nystatin nguyén liéu) va 0,01 g nystatin nguyén li¢u hoa tan trong 1 ml DMSO,
thém methanol vira du trong binh dinh mic 100 ml dé thu duoc dung dich A, dung dung
dich A pha loing bang methanol dé duoc dung dich thir c6 nong d6 100 TU/ml; loc qua
mang PTFE 0,45 um va st dung trong 24 gio.

2.3. Phwong phdp sic ky

Qua trinh phan tich dugc thyc hién dua trén cac thong s6 tham khao tir nghién
ctru cua B.N.N. Quynh va cs (2019) [4].

Cot sic ky: C18 (250x4,6 mm, 5 um).
Nhiét d6 cot: 30°C.

Pha dong: Hon hop methanol - acetonitril - &m amoni acetat 0,05 M theo ty 1¢
55:15:30 (tt/tt/tt).

Téc d6 dong: 1 ml/phut.
Thé tich tiém: 10 pl.

Budc song phat hién: 305 nm (dua trén cuc dai hdp thy cia nystatin).
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2.4. Tham dinh quy trinh

Quy trinh dugc thim dinh theo hudng dan cua ICH Q2(R1) va S6 tay ding ky
thude (B Y t&) v6i cac chi tiéu: tinh phu hop hé thdng, d6 dic hiéu, tinh tuyén tinh, do
dang, d¢ 1ap lai va do chinh xac trung gian [2, 3].

3. Két qua va ban luan
3.1. Tinh phit hop hé thong

Trudc khi tién hanh phan tich mau, tinh pht hop cta hé théng sac ky duogc danh
gia qua 6 1an tiém lap lai dung dich chuén ndng d6 100 IU/ml.

Bang 1. Két qua tinh twong thich hé théng.

Lan tiém Thoi gian lvu  Dién tich pic  Hé so Hé s6 bat S6 dia
mAiu (phut) (nVxgiay) dung lwvong  ddi xirng 1y thuyét
1 9,8 405902 2,927 0,91 6022
2 9,8 410172 2,928 0,89 6004
3 9,8 406515 2,927 0,89 5937
4 9,8 408897 2,928 0,9 6005
5 9,8 408250 2,928 0,89 5986
6 9,8 408757 2,927 0,88 5989
Gié tri trung 9.3

binh ’ 408082

SD 1595,25

%RSD 0,39

Bang két qua tinh twong thich hé théng cho thay, gia tri RSD cua thoi gian luu
(tR), dién tich (S) ctia cac pic trong mau chuin déu <2,0% va cac thong s sic ky déu
nam trong khoang yéu cau.

Céc thong sb nay khang dinh hé thong sic ky hoat dong on dinh va chinh xéc,
du diéu kién cho phép phan tich dinh luong.

3.2. Tinh dac hiéu

Tinh dac hiéu dugc danh gia br:ing cach so sanh sic ky dd ciia mau tréng, mau
placebo (nano khong thudc), mau chuan va mau thi.

- MAu trang va miu placebo: Khong xuat hién bat ky pic nao tai thoi gian lyu 9,8
phut.

- MAu thir va miu chuin: Xuit hién pic nhon, can ddi tai thoi gian luu 9,8 phut.

- B¢ tinh khiét ctia pic (Peak Purity): Két qua phan tich PDA cho thay, goc tinh
khiét (Purity Angle) nho hon ngudng tinh khiét (Purity Threshold) (mu thu:
0,176<0,298), chung t6 pic thu duogc 1a tinh khiét, khong bi nhiéu bai cac thanh phén
khéc (hinh 1, 2, 3 va bang 2).

- Ph6 UV tai thoi gian luu 9,8 thé hién rd 14 nystatin voi hinh dang phd dic trung,
cac pho UV cua cac thoi gian luu khac khong ¢6 phd UV nay cho thay 1a tap.
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Diéu nay chirmg minh quy trinh xir Iy mau da loai bo hoan toan anh huéng cta
ta duoc lipid (GMS, Acid oleic) va chit dién hoat (Tween 80).
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Bang 2. Két qua tinh aic hiéu.
Goc tinh
N A s . iy Ngudng tinh
STT Miu (Tl;:" ts)glan luu ?‘f]“ tf;h)plc i‘;"ert. o khit (Purity
pau HYXg1ay Y Threshold)
angle)
1 Mau tring Khéng co pic
2 Mau placebo Khong c6 pic
3 Mau chuan 9,8 407344 0,168 0,294
4 Mau thir 9,8 403948 0,176 0,298
5 Mau thir thém chuan 9,8 800336 0,226 0,243

3.3. Tinh tuyén tinh

Khoang tuyén tinh dugc khao sat tir 20 dén 200 IU/ml. Két qua dién tich pic
tuong (mg v4i cac nong do cho thdy méi tuong quan chit ché. Phuong trinh hoi quy:
Mic di phuong trinh héi quy ban dau dugc xac dinh 13 y=4039,2x+1382,7 véi hé sb
trong quan R2=0,9996, tuy nhién, phan tich thong ké sdu hon cho thdy hé s chin (tung
do gbc B) co gia tri p=0,83 (>0,05), nghia 1a khong ¢ ¥ nghia thong ké. Trong khi do,
hé sd goc (d6 dbc) co ¥ nghia thong ké cao (p<0,05). Do dé, phuwong trinh hoi quy tdi
vu dugce xé4c dinh di qua gde toa do: $=4039,2x (bang 3).

Bang 3. Két qua tinh tuyén tinh.

STT Mikc nong d9 (IU/ml) Dién tich pic trung binh
1 20 80669

2 50 200702

3 100 407344

4 150 616468

5 200 802091

Phuong trinh hoi quy: §=4039,2x+1382,7, R>=0,9996
3.4. Dy dung

Do diing duoc danh gia thong qua phuong phap thém chuin vao nén méu placebo
tai 3 muc n6ng do: 80, 100 va 120% so véi n6ng do muc tiéu.
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Tt ca gi tri thu hoi déu nam trong khoang gidi han cho phép (98,0-102,0%) voi
RSD<2,0% (bang 4). Piéu nay dic biét quan trong vi nd xac nhan rang, dung moi
DMSO 5% di pha v& hoan toan cau trac hat nano lipid, giai phong toan bo nystatin dé

dinh lwong ma khong bi mat mat trong qua trinh xu 1y.

Bang 4. Két qua do dung.

o Nfzng do Hfll{} lu’(yPg Dién tich I-,Iz‘lm lwgng nystatin TV 18
Ty 1€ x mau chuan théem . ° tinh theo phwong A.
% Mau X pic s As thu hoi
chuan placebo vao (WVxgidy) trinh hoi quy (%)
(IU/ml) (IU/ml) HYXERY)  (qu/mI) o
1 0 80 324720 80,05 100,06%
80% 2 0 80 320117 78,91 98,64%
3 0 80 318631 78,54 98,18%
Trung binh 98,96%
SD 0,97
RSD (%) 0,99
1 0 100 407411 100,52 100,52%
100% 2 0 100 399889 98,66 98,66%
3 0 100 410866 101,38 101,38%
Trung binh 100,19%
SD 1,39
RSD (%) 1,39
1 0 120 488443 120,58 100,49%
120% 2 0 120 479060 118,26 98,55%
3 0 120 477198 117,80 98,17%
Trung binh 99,07%
SD 1,24
RSD (%) 1,26

3.5. D¢ chinh xdac

Do lap lai: Thuc hién 6 lan trén cung mot mau thir n6ng d6 100 TU/ml. Két qua
ham luong tinh toan dao dong tir 98,88% dén 99,56%. Gia tri trung binh dat 99,17%
v6i RSD=0,23%. Két qua do duogc thé hién tai bang 5.

Bang 5. Két qua khao sat dd lip lai ciia quy trinh dinh lwgng nystatin.

Mau

Ham lugng nystatin

Dién tich pic

Ham lwgng nystatin tinh theo

1y thuyét (IU/ml) (nVxgidy) phwong trinh héi quy (IU/ml)
1 100 401883 99,15%
2 100 402079 99,20%
3 100 403540 99,56%
4 100 402158 99,22%
5 100 400797 98,88%
6 100 401315 99,01%
Trung binh 401962 99,17%
SD 929,97 0,23
RSD (%) 0,23 0,23
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Do chinh xac trung gian: Pugc thuc hién boi hai kiém nghiém vién khac nhau
trén hai hé théng hodc thoi diém khac nhau.

- Kiém nghi¢m vién 1: Trung binh 99,17%, RSD 0,23%.

- Kiém nghiém vién 2: Trung binh 100,27%, RSD 0,66%.

Do sai khac giita hai kiém nghiém vién 1a 0,78% (<2,0%), va RSD gdp cua ca
12 mau 13 0,73%. Két qua do duogc thé hién trong bang 6.

Két qua nay khang dinh phuong phap c6 do tin ciy cao, it bi anh hudng boi cac
yéu t6 ngau nhién tir con ngudi hay thoi diém phan tich.
Bang 6. Két qua khao siat d9 chinh xdc trung gian ciia quy trinh dinh hrong
nystatin.

Nguwoi phan tich 1, ngay 1 Nguwoi phan tich 2, ngay 2
Hé théng HPLC: Waters 2695, Hé thong HPLC: Waters €2695,
STT ](\\:at:;s, My) (Waters, My)
P85 Digntich pic , Nongdpdinh  Digniich pic :
dnhliogng ey R R I %% Ham begreg
(IU/mi)
1 100 401883 99,15 100 406502 100,30
2 100 402079 99,20 100 401216 98,99
3 100 403540 99,56 100 407385 100,52
4 100 402158 99,22 100 406377 100,27
5 100 400797 98,88 100 408336 100,75
6 100 401315 99,01 100 408461 100,78
Trung binh: 99,17%; SD: 0,23; RSD: 0,23% Trung binh: 100,27%; SD: 0,66; RSD: 0,66%

Két qua phan tich cua ca 2 nguwoi phan tich: Trung binh: 99,97%; RSD: 0,73%

D6 sai khdc két qua dinh lwong trung binh:

Gitra hai nguoi phan tich: 0,78%

Giita cac ngudi phan tich v6i két qua trung binh cua ca hai ngudi phan tich:
+ Nguoi phan tich 1: 0,55% + Nguoi phan tich 2: 0,55%

4. Két luan

Nghién ciru di xay dung va tham dinh thanh coéng quy trinh dinh lugng nystatin
trong hé théng nano lipid bang phuong phap HPLC. Céac diéu kién sic ky t6i uu (cot
C18, pha dong methanol:acetonitril:dém amoniacetat 55:15:30, bude song 305 nm) cho
phép tach va dinh lugng hoat chat mot cach nhanh chéng (thoi gian luu <10 phit) va
chinh x4c.

Quy trinh da dap ung day du cac yéu cau thim dinh khét khe theo tiéu chuan
quéc té:

Tinh ddc hiéu cao: Phan biét rd rang thude khoi nén mau lipid phirc tap.

P6 chinh xdc va dé ding phit hop: Ty 18 thu hdi khoang 100% va sai s6 RSD<1%,
chirmg minh hiéu qua cta quy trinh xt Iy mau diung DMSO.

9
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Khodng tuyén tinh réng: 20-200 IU/ml, phi hop cho nhiéu giai doan kiém
nghiém tir ban thanh pham dén thanh pham.

Phuong phap nay 1a cong cu phan tich déc lyc dé phuc vu cac budc tiép theo cua
qua trinh phat trién thudc, cu thé 1a danh gia hiéu suat bao goi, tai lugng thude va do 6n
dinh cua h¢ NLC nystatin.
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