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Abstract: The current study focuses on developing andvalidating a high-performance liquid chromatography
(HPLC) method for quantifying moxifloxacin HCL (MOX) and dexamethasone phosphate (DEX) in ophthalmic
solution. As a result, MOX and DEX in the eye drop form were determined simultaneously using a HPLC
technique with the reverse phase Luna® C18 (4.0 x 250 mm; 5 um) column. In the procedure, a gradient
program of acetonitrile (MeCN) and phosphate buffer pH 2.5 was used as the mobile phase. The developed
method yielded retention times of 11.651 minutes (min) for MOX and 18.657 min for DEX. The reliability
of the established technique was validated in compliance with the guidelines of the International Council
of Harmonization (ICH). In general, all of the metrics, including specificity, linearity, accuracy, range, and
precision, were found to be within the acceptable ranges. Consequently, the methodology was assessed to be
simple, precise, cost-effective, and replicable. Hence, the analysis of MOX and DEX in ophthalmic solution can
be regularly conducted utilizing this procedure specified for the purpose of quality control.
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Tom tit: Muc tiéu: Xay dung va tham dinh quy trinh dinh lwong dong thoi Moxifloxacin (MOX) va
Dexamethasone (DEX) trong thuéc nhé mdt bang sdc ky long hiéu ning cao HPLC. Phwong phdp nghién ciru:
Dinh luong Mox va DEX bang phirong phdp HPLC Vi ot sdc ky Luna® C I8 (4 x 250 mm, 5 um), toc dé dong
1,0 mL/phut, dau do UV tai budc song 240 nm, thé tich tiém 10 uL, pha dong gom acetonitril : dém phosphat pH
2,5 theo churong trinh gradient; tham dinh phirong phdp theo hwéng dan ciia ICH. Két qud: Thoi gian heu lan
lwot la 11,651 phit cho MOX va 18,657 phiit cho DEX. Phwong phdp dam bao tinh tiwong thich hé thong, tinh
déc hiéu, khoang tuyén tinh, @6 chinh xdc va dj ding theo quy dinh ciia ICH. Két lugn: Phirong phdp dinh lwong
dam bao cdc yéu cdau va cé thé sir dung dé dinh hrong dong thoi MOX va DEX trong thuoc nho mdt.

Tir khoa: Moxifloxacin, Dexamethasone; HPLC; T hube nhé mdt.
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1. PAT VAN PE

Moxifloxacin hydrochloride (MOX) (1-cyclopropyl-
7-[(S,S)-2,8-diazabicyclo (4.3.0) non-8-yl]-6-fluoro-
8-methoxy-1,4-dihydro-4-ox0-3-quinoline  carboxylic
acid) 13 khang sinh thugc nhom quinolon. Pay la loai
khang sinh phd rong, cong dung chinh l1a giup diét
khuan thong qua rc ché ADN gyrase va ngin can qué
trinh tong hop protein cta vi khuan, dugc sir dung trong
diéu tri viém két mac, viém phé quan man tinh va viém
phdi mic phai trong cong dong [1]. Dexamethasone
sodium phosphate (DEX) (disodium 9a-fluoro-11,17a-
dihydroxy-16a-methyl-3,20-dioxo-1,4-pregna-dien-
21-yl phosphate) 1a mdt corticosteroid manh, duoc st
dung dé diéu tri viém sau phiu thuat va bat ky tinh trang
viém mat nao khéc lién quan dén nhiém tring, viém mat
dap ung voi steroid [2].

Trén thi truong hién nay, thudc nho mat dang két hop
ctia moxifloxacin va dexamethasone (da s6 cac ché pham
¢6 ham lugng 5 mg/mL MOX va 1 mg/mL DEX) c6 tac
dung giam viém va pht né do cac bénh Iy nhu viém két
mac, viém gidc mac hodc sau phau thuat mét. Véi kha
nang lam diu nhanh chéng triéu chung kho chiu, day 1a
lua chon hiéu qua cho nhiing ai can diéu tri nhanh chong
cac van d& vé mit [3, 4].

Qua tham khdo cac cong trinh nghién cuu trong va
ngoai nudc, chiing t6i nhan thdy & Viét Nam chua nghién
ctru ndo cong bd quy trinh dinh lugng dong thoi MOX
va DEX trong thudc nhé mit, duge dién mot sd nudce
nhu USP, BP chi c6 chuyén ludn riéng vé thubc nho mit
ctia mdi hoat chat. Mot sb tac gia trén thé gidi ciing da
nghién ctru dinh lugng dong thoi 2 hoat chit [5 — 9] bang
HPLC, tuy nhién van con nhiing ton tai chua phu hop
véi diéu kién cua cac phong thi nghiém tai Viét Nam.
Vi vy, chiing t6i da tién hanh nghién cru nay nham xay
dung va thim dinh phuong phép dinh lwong dong thoi
Moxifloxacin HCI va Dexamethasone trong thudc nho
mit bang phuong phap HPLC.

2. THUC NGHIEM
2.1. Pbi twgng nghién ciru

Mau ché phiam thuéc nho mit dang két hop cua

moxifloxacin HCI va dexamethasone dang luu hanh trén

thi truong: TO, T1 va T2 déu c6 ham lugng MOX va DEX
lan lugt 12 5 mg/mL va 1 mg/mL.

2.2. Nguyén vit li¢u, thiét bi nghién ciru
2.2.1. Thiét bi, dung cu:

- Hé théng HPLC Alliance Waters 2695D; Cot séc ky
pha dao LunaR C ¢ (4 mm x 250 mm, 5 pm)
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- Can phan tich Mettler Toledo d6 chinh xac 0,01 mg;

- Céc thiét bi, dung cu khac: may si€éu am, micropipet,
dung cu thuy tinh can thiét (binh dinh muc, pipet, ong
dong, phéu loc...)

2.2.2. Héa chit va chit chudn:

- Dung mdi, hoa chat: Acetonitril, acid phosphoric
(HPLC, Merck — birc), kali dihydrophosphat KH,PO,,
nudc cat 2 lan dat tiéu chuan tinh khiét ding cho phan
tich sic ky.

-Chat chuan: Moxifloxacin hydroclorid (C,H,,FN,0,.
HCI), ham lugng: 98,8% (nguyén trang), SKS: 0118346.01
va Dexamethasone natri phosphat (C,,H,;FNa,O,P), ham
lugng: 95,0% (nguyén trang), SKS: C0423030 cua Vién
Kiém nghiém thudc Trung wong.

2.3. Pbi twong va phwong phap nghién ciru

* Phuong phap chun bj mau

- MAu tring: Dung dich dém phosphat pH 2,5 (pha
dung dich kali dihydrophosphat (KH,PO,) ndng do 0,02
M trong nude, dicu chinh pH 2,5 bang acid phosphoric
(H;PO,).

- Dung dich chuan gbc: Cac dung dich chuan gdc ciia
moxifloxacin HCI (5 mg/mL) va dexamethasone (1 mg/
mL) duoc chuén bj riéng ré trong dung dich dém phosphat
pH 2,5.

- Dung dich chuin hén hop: Hut chinh x4c 1,0 mL
dung dich chuin gbc moxifloxacin va 1,0 mL dung dich
chuan gdc dexamethasone vao binh dinh muc 10 mL.
Dinh mirc vira du d&én vach bang dung dich dém phosphat
pH 2,5 thu dwoc dung dich chuan hén hop S-1. Tiép tuc
pha lodng S-1 bang dung dich dém phosphat pH 2,5 dé thu
duoc dung dich chuan hdn hop lam viéc 6 néng do 1a 50
pg/mL MOX va 10 pg/mL DEX.

- Dung dich thir: Hut chinh xéc 1 mL thudc nho mét
TO (chira 5,0 mg/mL MOX va 1,0 mg/mL DEX) vao binh
dinh mirc 10 mL, pha lodng dén vach bang dung dich dém
phosphat pH 2,5 dugc dung dich thtr TO-1.Tiép tuc pha
lodng TO-1 bang dung dich dém phosphat pH 2,5 dé thu
duoc dung dich ¢6 nong d6 cudi cling 1a 50 ug/mL MOX
va 10 pg/mL DEX.

* Khao sat, lya chon diéu kién sic ky

Duya trén cac tai liéu tham khao va céac trang thiét
bi, dung mdi c6 sin, chung toi da tién hanh khao sat
lua chon mot s6 thong sb cua diéu kién sic ky gém:
khao sat Iya chon budc song phat hién, khao sat pha
dong (thay doi thanh phan va ty 1& cac dung méi trong
pha dong).
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* Tham dinh phuong phap da lya chon

Phuong phéap phén tich phai dat yéu cau cua ICH
[10, 11] vé tham dinh phuong phép dinh lugng bao gom
chi tiéu vé& danh gia tinh tuong thich hé thong, do dac
hiéu, duong chuan va khoang tuyén tinh, d ding va do
chinh xac.

* X1r 1y 6 liéu

Céc két qua thyc nghiém duoc tinh toan va xur Iy
thong ké trén Microsoft Excel v6i cic ham thong ké
thong dung.

3.1.2. Lya chon pha dong

PAu tién, chung t6i khdo sat mét sb pha dong don
gian khong chira dung dich dém mudbi nhu MeOH —
H,0, MeOH - acid phosphoric 0,}%, ACN - H,0 va
ACN - acid phosphoric 0,1%. Két qua khao sat cho
thdy, cac hé pha dong co sir dung MeOH trong qué trinh
phan tich déu cho 4p suat cao trén 3000 psi, 4p suat on
dinh cot c6 thé 1én tdi 3500 — 4000 psi, khong phu hop
v6i hé thong HPLC hién c6.

Pha dong ACN — H,0 va ACN - acid phosphoric

3. KET QUA VA BAN LUAN
3.1. Khio st diéu ki¢n sic ky
3.1.1. Lwa chon budc song phdt hién

Két qua khao sat phd UV miu chuan don ciia 2 chit ¢
dai budc séng 200 — 400 nm (Hinh 1) cho thdy, budc song
hép thu cuc dai cua DEX 1a 239,4 nm, trong khi ctia MOX
1a 295,2 nm. Trong ché phdm, ham luong cua MOX (5
mg/mL) cao gap 5 lan so véi DEX (1 mg/mL). Dé thuan
loi trong qua trinh dinh lugng, budc séng duge chon la
240 nm, gan véi budc song hip thu cuc dai cia chat co
ham luong thap hon 1a DEX.

ph MOX chuin

Hinh 1 : Phé UV mau chuén don cia DEX va MOX

0,1% cho ap suét thap va 6n dinh hon tuy nhién kha
ning tach chua dat yéu cdu, pic cia MOX va DEX thu
dugc khong can ximg. Vi vay, chung toi tiép tuc khao
sat hé pha dong ACN — dém phosphat. Qua qué trinh
t6i wu hoa, chung t6i lya chon dugc hé pha dong gom
ACN — dém phosphat pH 2,5, tbc do dong 1,0 mL/
phut, chuong trinh pha dong theo Bang 1. Sic ky d6
thu dugce (Hinh 2) cho thiy MOX va DEX dugc rira
giai trong khoang 19 phut, pic cta 2 chit tach hoan
toan khoi nén mau, dat yéu clu vé hé sd bat ddi xung
va sb dia 1y thuyét.

Bdng 1. Chuong trinh pha dong

Thoi gian (phit) | Téc dp dong (mL/phit) - __ Phadong
% A (Acetonitril) % B (dém phosphat pH 2,5)
0 1,0 20 80
11 1,0 20 80
20 1,0 50 50
21 1,0 20 80
5 oor :
002 | Il |
W E— ey

T v T S e o ) e o T N B S o o o T o T e s T o i
0.00 200 400 6.00 8.00 10.00 12.00 14.00 16.00 1800 2000 2200 2400 2600 2800 3000

Minutes

Hinh 2. Sic ky @6 mau chudn phdn tich theo chwong trinh pha dong da lwa chon
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3.2. Thim dinh phwong phap

3.2.1. Tinh twong thich h¢ thong
Tién hanh phén tich 6 1an mau chuin hdn hop c6 nong 46 MOX va DEX tuong ing 50 pg/mL va 10 pg/mL. Két qua
dugc trinh bay trong Bang 2.
Bing 2. Tinh twong thich ciia hé thong sdc ky

MOX DEX
STT t, (phit) | S . (uV.s) T, N [ te(hit) [S . (Vs [ T, N
1 11,59 633811 1,66 | 8590 18,54 146416 | 1,19 | 323764
2 11,71 637144 1,64 | 8818 18,64 145882 | 121 | 333486
3 11,76 638103 1,64 | 8803 18,6 146507 | 121 | 328322
4 11,69 644124 1,65 | 8823 | 18,692 147558 | 121 | 334619
5 11,61 639910 1,65 | 8829 18,70 147197 | 1,21 | 334776
6 11,56 640000 1,65 | 8868 18,71 146786 | 1,21 | 335152
TB 11,65 638849 1,64 | 8788 18,68 146724 | 121 | 331686
RSD (%) 0,66 0,54 0,34 0,41

Két qua cho thiy: P léch chuén tuong dbi RSD (%) cuia thoi gian Iuu, dién tich pic cia MOX va DEX trong 6 phép
thir déu trong khoang cho phép (< 2%), hé s6 bat dbi lan luot 1a 1,64 va 1,21 (ndm trong khoang 0,8 — 1,8 theo USP); s6
dia 1y thuyét cao. Nhu vy, hé thong phii hop va dam bao 6n dinh cho phép phén tich dinh luong.

3.2.2. D¢ dac hiéu

Tién hanh phan tich mau tring, dung dich chuan hdn hop va dung dich thir c6 ndng 46 MOX va DEX tuong tmg 50

pg/mL va 10 pg/mL thu duge sic ky db nhu Hinh 3.

0.08

DEX-18.728

 MOX - 11.445

o
=]

0 N — . — —

LI L e e e o B e B ey L S B L B S R B
0.00 200 4.00 68.00 8.00 1000 1200 1400 1600 1800 2000 2200 2400 2800 2800 30.(

Minutes
(a)
0,08
1 = e
] N 5
004
2 % T
002 I
0.00] A AN

(O T RO S A O L T o B B e B B B B B |
0.00 200 4.00 6.00 8.00 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000

Minutes
0.08
0.06
5 0.04
<
0.02]
0.00] : — T |

TR T T L e e L e D e T
0.00 2.00 4.00 6.00 8.00 10.00 1200 1400 1600 1800 2000 2200 2400 2600 2800 30.00
Minutes

(©)

Hinh 3. Sic ky d6 cdc mau: mau chuan (a), mau thir (b), mdu trang (c)
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Két qua cho thiy: trén sic ky do ciia mau tring (dém
phosphat pH 2,5) khéng xuét hién pic trong khoang thoi
gian twong tmg vai pic cia cac chat chuan. Sic ky do cia
mau chudn, mau thir ¢6 pic MOX va DEX & thoi gian luu
khoang 11,5 va 18,7 phut. Hinh dang phé cta pic MOX
va DEX trén sic ky d6 ciia dung dich thir va dung dich
chuan tai thoi gian luu trén ciing phit hop. Diéu nay chimng
to phuong phap c6 tinh déc hi¢u cao.

3.2.3. Puomg chudn va khodng tuyén tinh

Pha loéng dung dich chuan hdn hop cia MOX va DEX
béng dung dich dém phosphat pH 2,5 dé thu duoc day
dung dich chuin c6 ndng do turong tmg cia MOX 14 25 —
75 ng/mL va DEX 14 5 — 15 pg/mL. Tién hanh sic ky day
dung dich chuén theo quy trinh da Iya chon. Két qua dugc
néu ra & Bang 3 va Hinh 4.

Bing 3. Moi lién quan giita nong do MOX va DEX véi dién tich pic

MOX DEX
STT . .
Nong do (ug/mlL) S pic uVs) Nong do (ug/mL) S pic (uV.s)
1 24,45 296515 4,70 68833
2 36,68 474509 7,05 109149
3 48,91 636737 9,41 146041
4 61,13 811445 11,76 186433
5 73,36 975411 14,12 223409
KQ y =13861x - 38968, R?=0,9998 y =16435x - 7801,4, R> = 0,9998

Puwong chuan Moxifloxacin HCI

1200000
1000000 y = 13861x - 38968 ..
800000 R?=0.9998 B
600000 L
K3
400000 —
.

200000

0

0 20 40 60 80
(a)

Puwong chuan Dexamethasone

250000
K )
200000 y =16435x - 7801.4 .t
R?=0.9998 .
150000 .
100000 -
o
50000
0
0 5 10 15
(b)

Hinh 4. Puong chudn ciia Moxifloxacin HCI (a) va Dexamethasone (b)

Két qua cho thay co su twong quan tuyén tinh giira
dién tich pic va ndng d¢ chat phan tich trong khoang
ndng d6 khao sat véi hé s6 twong quan R? cia MOX va
DEX déu la 0,9998.

3.2.4. Dy chinh xdc

* Po chinh xac cua phuong phap: tiém lan luot

6 miu dung dich thir cing nong d6 vao hé théng
sac ky.

* Po chinh xéc trung gian: Tiém 6 mau dung dich thir
duogc chuan bi bdi 2 nguoi phan tich (NPT) khac nhau vao
cac ngay khac nhau.

Két qua duoc trinh bay & Bang 4.
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E=
Bing 4. Két qua khao sdt @ chinh xdc phiong phdp va dg chinh xdc trung gian
MOX DEX
NPT | STT | Nongdd | o Nongdd | HL% | Nongdd | o Nongdd | Lo
ly thuyeét (M&lg) thuc té | so \:0'1 ly thuyet (”‘l}.';) thuc te véi nhin
(ng/mL) (ng/mL) | nhdn | (pg/mL) (ng/mL)
1 643181 49,4 98,80 148398 9,56 95,57
2 642136 49,32 98,64 148188 9,54 95,43
3 50 643069 49,39 98,78 10 148954 9,59 95,93
4 643031 49,39 98,78 148490 9,56 95,63
NPT 5 645897 49,61 99,22 149324 9,62 96,16
6 643615 49,43 98,87 148472 9,56 95,62
TB 98,85 95,72
RSD (%) 0,20 0,28
1 641549 49,28 98,55 141971 9,14 91,43
2 640589 49,20 98,40 144023 9,28 92,75
NPT 2 3 50 644079 49,47 98,94 10 145626 9,38 93,78
4 642116 49,32 98,64 146106 9,41 94,09
5 641436 49,27 98,53 145075 9,34 93,43
6 641417 49,27 98,53 145689 9,38 93,82
TB 98,72 94,47
RSD (%) 0,23 1,57

Két qua cho thiy, RSD ham lugng % so véi nhin ¢ cic mau déu < 2%. Nhu véy, do chinh xac ctia phuong phép va
d6 chinh xac trung gian dat yéu cau cua ICH.

3.2.5. D) dung

Chuén bi cac mau thir thém chuén (80%, 100% va 120% nong d6 dung dich thir) theo bang 5.

Bdng 5. Chudn bi mau tham dinh do dung

MAu thir thém chuén Nong dd thir + chuin (pg/mL) V(t:‘;ITITJ‘)"l V chuin them s.1 (ML) (‘171(11%3

MOX 90

80% 0,8
DEX 18
MOX 100 Vira du

100% 1,0 1,0
DEX 20 10 mL
MOX 110

120% 12
DEX 22

Tién hanh pha lodng 2 1an va phan tich cac mau d chuan bi. Panh gia do thu hdi va RSD (%) ctia d6 thu hoi. Két

qua trinh bay ¢ Bang 6.
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==
Bing 6. Két qua khao sdt dp diing ciia phirong phdp
] MOX DEX
Mau
ND chuin SL"'C dfl ND chuiin ) ND chuin Spic ND chuiin .
thém vio | "™ M| gy g | DO ’(h/‘j thim vio | At | g hii g4 ;”/‘;
(ug/mL) wVs) (ug/mL) (ug/mL) | ‘”(Z ;sj"’” (ng/mL)

1 39,52 590871 40,66 102,65 7,6 133072 7,44 97,89
0% 2 39,52 591225 40,72 102,78 7,6 133295 7,47 98,27
3 39,52 590796 40,65 102,61 7,6 133354 7,48 98,37
TB 102,68 98,17

RSD (%) 0,09 0,26
49,4 653608 50,2 101,62 9,5 147643 9,32 98,07
49,4 654251 50,3 101,83 9,5 147826 9,34 98,31
100% | 3 49.4 653747 50,22 101,67 9,5 147255 9,27 97,54
TB 101,71 98,0

RSD (%) 0,1 0,4
59,28 719959 60,40 101,88 11,4 162990 1129 | 99,06
59,28 720357 60,46 101,08 11,4 163453 1135 | 99,58

120%| 3 | 5928 720366 60,46 101,08 11,4 163289 1133 99.4
TB 101,95 99,35

RSD (%) 0,06 0,27

Két qua cho thay: Ty 1¢ thu hdi & mdi mirc ndng d6 déu thoa méan diéu kién nam trong khoang tir 98,0 — 102% va
RSD < 2%. Chung t6 phuong phap da xay dung c6 d6 dung cao.

3.3. Ung dung xdc dinh ham lwong MOX va DEX trong ché phim
Ap dung phuong phap dinh lugng 2 ché pham thudc nhé mét duoc thu mua trén thi truong véi ty 16 két hop ciia MOX
HCI va DEX 14 5 mg/1 mg trong 1mL thudc nho mét. Két qua thé hién trong Bang 7.

Bing 7. Két qua dinh heong ché pham T1 va T2

MOX DEX
Mau S pic Ham lugng | Ham luong so vdi S pic Ham lugng | Ham luwong so véi
(uV.s) (mg/mL) nhéan (%) (uV.s) (mg/mL) nhan (%)
1 657541 5,04 100,85 148516 0,96 95,64
2 658895 5,05 101,05 150012 0,97 96,61
T1 650094 4,99 99,71 149725 0,96 96,42
TB 100,54 96,22
RSD (%) 0,72 0,53
1 655355 5,03 100,51 148919 0,96 95,9
2 658063 5,05 100,93 148023 0,95 95,33
T2 657386 5,04 100,83 149127 0,96 96,04
TB 100,76 95,76
RSD (%) 0,21 0,39
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Két qua cho thiy: Ham lwgng MOX va DEX trong céc
che phém déu dat tir 95,76 — 100,76% so voi ham luong
ghi trén nhan.

4. BAN LUAN

Trong nghién ciru nay, chiing t6i da Iya chon pha dong
gdm 2 thanh phin dé don gian héa quy trinh phan tich so
véi mot s6 cac cong bd quéc té khac [5, 6, 9] déu str dung
hé pha dong gém 3 dung méi. Tac gia Dhumal DM va
CS [8] su dung hé pha dong MeOH — HZQ (75 : 25, tt/tt)
don gian va thong dung, tuy nhién ap suat phan tich cao
s0 v6i giéi han ap suit ciia hé thong HPLC chung t6i dang
str dung (< 4000 psi) v& lau dai s& anh huong dén tudi tho
cua thiét bi.

Tac gia Katakam P va cs. [7] cling st dung h¢ ACN —
dém phosphat pH 6,0 (50 : 50, tt/tt) cho thoi gian Iuu cta
MOX va DEX tuong d6i ngén (< 4 phit), tuy nhién, khi ap
dung trén h¢ thong phan tich ctia ching t6i, két qua khong
dat yéu cau vé thong sd pic, pic bi kéo dudi va khong tach
hoan toan khoi nén mau. Do d6, chiing t6i di tiép tuc khao
sat, diéu chinh pH cta dung dich dém, sit dung chuong

trinh gradient dé rira giai dugc chat phén tich trong thoi
gian ngan nhit c6 thé ma van dam bao pic can ddi, tach
hoan toan khoi nén mau.

Phwong phap duoc xiy dung cho thudc nho mit dang
két hop voi ty 16 MOX (5 mg/mL) va DEX (1 mg/mL).
Tuy nhién, v6i cac ché pham c6 ty 1& két hop khac van co
thé ap dung duoc quy trinh dinh lugng nay sau khi diéu
chinh phuong phép chuan bj mau va xay dung lai duong
chuan.

5.KET LUAN

Qua khdo sat thuc nghiém, chung t6i da xay dung
va thim dinh phuong phap dinh lugng dong thoi
Moxifloxacin HCI va Dexamethasone trong thudc nho
mit bang HPLC véi didu kién sac ky don gian, dung moi
phé bién, d& chudn bi va than thién véi moi truong, co
thé ap dung duoc tai cac phong thi nghiém & Viét Nam.
Phuong phép da xay dung cé do chinh xac cao, do ding
tot, khoang tuyén tinh pht hop dé phan tich dong thoi
Moxifloxacin HCI va Dexamethasone trong céc ché phim
thudc nho mit dang luu hanh trén thi trudng.
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