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Xay dung quy trinh dinh tinh va dinh lugng dong thoi mot s6 hoat chat
thuoc thuong dung trong diéu tri viém loét da day bang phuong phap
sac ky 1ong hiéu ning cao (HPLC)
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Tém tat

Mét phuong phap HPLC duge phét trién va thim dinh dé dinh tinh, dinh lugng dong  Nhan 24/01/2026
thoi cac hoat chit didu tri viém loét da day, gdm metronidazol, cimetidin, tinidazol, buge duyét 03/02/2026
levofloxacin, esomeprazol, rabeprazol, pantoprazol va lansoprazol. Qua trinh tach thyuc Cong bd 28/09/2026
hién trén cdt C18 vdi pha dong gdbm dém phosphat 20 mM (A) va acetonitril (B) theo
chuong trinh rira giai gradient. Ty 1¢ acetonitril ting dan dén 28 % gitp rira gidi cac hop
chit c6 do phan cyc cao dén trung binh nhu metronidazol, cimetidin, tinidazol va
levofloxacin. O giai doan (46-54) phut, ty 18 acetonitril ting nhanh tir 34 % dén 80 %,
cho phép tach hoan toan cac hoat chit kém phéan cuc thudc nhém e ché bom proton
g0m esomeprazol, rabeprazol, pantoprazol va lansoprazol. Phuong phép cé tinh tuyén
tinh tot trong khoang (10-150) pg-mL ddi v6i metronidazol, tinidazol, levofloxacin va
lansoprazol, va (10-100) pug'mL™ d&i v6i cimetidin, esomeprazol, rabeprazol va
pantoprazol. P§ dung dat (98,98-100,7) %, dap ting céc ti€u chi cua ICH vé do dang,
d6 chinh xéc, do 1ap lai va do tuyén tinh. Phan tich théng ké cho thay khong ¢6 sw khac  HPLC; rira giai gradient;
biét ¢ y nghia so véi cac phuong phap da cong bd, khang dinh do tin ciy va kha ning  thude diéu tri viém loét
g dung ctia phuong phap HPLC dé xuét. da day;

® 2026 Journal of Science and Technology - NTTU  dinh lugng dong thoi.

Tu khoa

1 it van dé sinh két hop véi thude wre ché tiét acid, hoic hai khang
sinh cung mot thudc khang acid. Trong do,
metronidazol va tinidazol la cic khang sinh nhém
nitroimidazol, hoat dong bang cach trc ché tong hop
DNA vi khuéan. Levofloxacin 1a khang sinh ph rong
c6 tac dung trén ca vi khuan gram duong va gram am.
Cimetidin 14 thudc khang histamin Hz gitup giam tiét

Theo thdng ké méi nhit B6 Y té, khoang 90 % céac
treong hop viém loét da day — ta trang c6 li€én quan
dén vi khuan Helicobacter pylori (HP). Do d6, cac
phac d6 diéu tri déu hudng dén tiéu diét HP bang sy
két hop giita hai khang sinh va mot thudc e ché bom
proton (PPI) hodc thudc khang histamin H.. Su phdi
hop nay gitp tiéu diét vi khuan, kich thich qua trinh
lanh vét loét, trung hoa acid dich vi ma khong lam
tang tiét acid. Cac phac do diéu tri HP gém: hai khang

acid da day, con nhom PPIs nhu lansoprazol,
pantoprazol, rabeprazol, esomeprazol c6 tac dung tic
ché enzym H*/K*-ATPase, gitip giam acid va bao vé
niém mac da day [1-2].
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Trong nhimg nim gan day, nhiéu cong trinh nghién ctru
da tap trung phat trién cac phuong phap HPLC nhim
dinh luong dong thoi cac hoat chét trong phéac d6 didu tri
HP. Nam 2019, Smerikarova va cdng sy da xay dung
phuong phap HPLC dé xac dinh ddng thoi amoxicillin,
tinidazol, esomeprazol va lansoprazol trén cdt C18, pha
dong acetonitril — dém phosphat (pH = 7,6) theo ty 1€
40:60 (v/v). Két qua nghién ciru dat do ding va d6 chinh
xac, tuy nhién hinh dang nhu peak chua t6i wu, hé s kéo
dudi dao dong tir 1,35 dén 1,76 [3]. Gan day, nim 2024,
nhém tic gia di dinh lugng dong thoi sau hoat chat
(famotidin, metronidazol, levofloxacin, rabeprazol natri,
pantoprazol natri va lansoprazol) bang phuong phap
HPLC, véi khoang tuyén tinh (10-100) pg-mL" [4].
Tong hop cac két qua trén cho thay, cac nghién ciru da
cong bd trong va ngoai nude chi yéu tap trung phat trién
phuong phap HPLC d dinh luong riéng 1é hoic dong
thoi mot s6 hoat chit thuong ding trong phac do diéu tri
HP nhu amoxicillin, omeprazol, metronidazol hay
tinidazol. Tuy nhién, cic nghién ciru ndy van con han
ché vé sb luong hoat chét duoc phén tich dé)ng thoi,
hoic sir dung didu kién sic ky dang dong, dan dén kha
ning tach kém va hién tuong kéo dudi dang ké. Bén
canh d6, cac hoat chit nhu cimetidin, esomeprazol va
rabeprazol — nhimg thudc phd bién trong cic phic dd
diéu tri viém loét da day ta trang hién nay chua dugc
nghién ctru xéc dinh dong thoi trong ciing mot diéu kién
sic ky. Trén co s& do, nghién ctru nay duoc thuc hién
nhim xay dung va t6i vu mot phwong phap HPLC, ding
kiéu rira giai gradient c6 kha ning dinh tinh va dinh
luong ddng thoi cac hoat chat dung trong phac d6 diéu
tr1 HP gém metronidazol, tinidazol, levofloxacin,
cimetidin, esomeprazol va rabeprazol natri. Phuong
phép hudng dén nang cao do phan giai, rat ngan thoi
gian phan tich va dam bao céc tiéu chi tham dinh theo
huéng dan ICH, gop phan cung cdp cong cu kiém
nghiém chinh x4c va hiéu qua trong danh gi4 chat luong
thudc diéu tri HP.

2 Vat liéu va phuong phap nghién ctru

2.1 Nguyén vat li¢u
2.1.1 Hoa chat
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Dung méi triethylamin, acid photphoric (H3POs), kali
dihydrophosphat, acetonitril (tit ca déu cia Germany);
chit chudn ham luong nguyén trang metronidazol
(994 %), cimetidin (99,46 %), tinidazol (99,46 %),
levofloxacin (97 %), esomeprazol (99,46 %), rabeprazol
(96,4 %), pantoprazol (92,8 %), lansoprazol (99,79 %)
(Vién Kiém nghiém Thudc Trung wong).

2.1.2 Thiét bi

May sic ky long hiéu ning cao (Shimadzu), cin phan
tich Shimadzu (Japan), may do pH Metler Toledo S20
(USA).

2.2 Phuong phap nghién cuu

2.2.1 Khao sat diéu kién t6i wu cho quy trinh phan
tich

2.2.1.1 Khéo sat chuong trinh rira gidi gradient

Téi wu chuong trinh rira giai gradient HPLC dé tach
ddng thoi cac hoat chat trong phac dd diéu tri viém
loét da day. Tiém hdn hop chuén vao hé thong HPLC.
2.2.1.2 Khéo sat pH dém phosphat

Chuan bi cic dém phosphat pH = (3,0-7,5) bang cach
hoa tan 2,72 g KH2PO4 va 3 mL triethylamin, thém
nude vira di 1000 mL, sau d6 diéu chinh pH béng
H3PO, dén gid tri yéu cau.

2.2.2 Tham dinh quy trinh phan tich

2.2.2.1 Tinh tuong thich hé théng

Chuén bi hdn hop chuan gom cimetidin (20 pg-mL™),
metronidazol, levofloxacin, tinidazol, lansoprazol (30
pug-mL™") va esomeprazol, rabeprazol, pantoprazol (40
pg mL™).

2.2.2.2 Tinh déc hi¢u

Chuan bi miu tréng, mau chudn, mau thtr, mau thir
thém chuan va mau thir phan huy trong cac diéu kién:
HCI 2 M, NaOH 2 M, H,0: 3 %, chiéu UV (254 nm)
trong 8 gio va gia nhiét 60 °C trong 3 gio.

2.2.2.3 Tinh tuyén tinh

Chuan bi céc dung dich chuin gém metronidazol,
tinidazol, levofloxacin va lansoprazol c6 nong d6 (10-
150) ug'mL™" va cimetidin, esomeprazol, rabeprazol
va pantoprazol (10-100) pg-mL™".

2.2.2.4 B ding

Do dung xac dinh bang cach thém & cac muc (80, 100
va 120) % so v6i ndng do 1i thuyét, chat chuan vao
mau thir da biét vé ham luong.
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2.2.2.5 B0 chinh xac

bo lap lai

Tién hanh phan tich mau theo quy trinh da xay dyng
va danh gia trén sdu mau thir doc lap.

Do chinh xéc trung gian

Tién hanh thi nghiém tuong ty d6 1ap lai, nhung thyc
hién trong hai ngay khéc nhau.

3 Két qua nghién ciru

3.1 Khao sat diéu kién t6i wu cho quy trinh phan tich
3.1.1 Khdo sét kiéu rira giai gradient

Thi nghiém tién hanh trén hé thong HPLC, dau do
PDA, cot C18, nhiét do cot 25 °C, tbc do dong 1,0
mL-phat™!. Budc séng phét hién lan luot 1a cimetidin
(215 nm),
pantoprazol, lansoprazol (284 nm), levofloxacin (290

esomeprazol (301 nm), rabeprazol,

nm), metronidazol va tinidazol (320 nm). Chuong
trinh rira giai gradient nhu sau [4].

Bang 1 Chuong trinh gradient 1

Ty 1€ dung méi
Thoi gian | Dung dich dém
(phut) phosphat 20 Acetonitril (B)
mM (A)
0,1 90 10
25 40 60
27 40 60
28 90 10
35 90 10
mAU
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Hinh 1 Séc ky dd cac hop chét phat hién tai 215 nm
theo chuong trinh gradient 1
O chuong trinh gradient 1 tai Hinh 1, cac hop chat

tach, tuy nhién esomeprazol va rabeprazol dong rira
giai. B¢ cai thién do phan gidi, nhém nghién ctu dieu

chinh téc d6 dong xubng 0,75 mL-phit™!, ting nhiét
d6 cot 1én 35 °C.
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Hinh 2 Sic ky dd cac hop chét phat hién tai 215 nm
theo chuong trinh gradient 2

Chuong trinh gradient 2 & Hinh 2 cho thay hai peak
esomeprazol va rabeprazol bat dau tach (Rs = 0,96)
nhung chua dat yéu ciu, trong khi levofloxacin va
tinidazol ¢6 xu huéng chong lan (Rs = 1,12). Do do,
can tiép tuc t6i vu ty 1& dung méi. O gradient 3, nhom
nghién ctru giam ty 18 ACN ban dau tir 10 % xudng
5 %, dong thoi kéo dai thoi gian dé ting kha ning
phan tach cac hop chat. Dic biét, tai ving thoi gian
(20-41) phat, ACN chi tdng 4 %, giup tang thoi gian
twong tac gitra cac hop chit PPIs v6i pha tinh.

Béang 2 Chuong trinh gradient 3

.. Ty 1€ dung méi (v/v)
Thoi gian - - —
(phiit) Dung dich dém Acetonitril
phosphat 20 mM (A) (B)
0,1 95 5
2 95 5
6 85 15
12 78 22
20 74 26
30 72 28
37 70 30
41 70 30
46 66 34
50 45 55
54 20 80
55 20 80
56 95 5
62 95 5
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Hinh 3 Sic ky dd cac hop chét phat hién tai 215 nm
theo chuong trinh gradient 3

Véi chuong trinh gradient 3 ¢ Hinh 3, cac hop chat
tach hoan toan. P9 phan giai gilta esomeprazol va
rabeprazol natri dat 1,83, cao hon dang ké so voi
chuong trinh 2 (Rs 0,96), dong thoi levofloxacin va
tinidazol cé Rs 4,71, cai thi€n vuot tri so véi chuong
trinh trude. Do d6, chuong trinh gradient 3 dugc duoc
chon cho nghién ctru tiép theo.

3.1.2 Anh huéng cia pH pha dong dén qué trinh rira
giai

Khi khao sat pH pha dong tur 3,0 dén 7,5, su thay ddi
trang thai ion hoa anh hudng dén kha ning phan tach
cac hop chat. O pH = (3,0-4,5), nhiéu chit ton tai chu
yéu ¢ dang proton hoa (BH*), 1am giam tuong tic véi
pha tinh C18. Tho tg rua giai la cimetidin,
metronidazol, levofloxacin, tinidazol, esomeprazol/
rabeprazol (dong rtra giai), lansoprazol, pantoprazol.
Cimetidin (pK. = 6,8) bi proton héa manh nén rira giai
som, trong khi cac PPI c6 tinh ky nudc cao nén dugc
luu gitr 1au hon.
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Hinh 4 Sic ky dd khao sat dém phosphat tai pH = 4,5

Khi pH ting 1én 5,0-5,5, mirc d0 ion hoa cua
esomeprazol va rabeprazol giam, lam ting tuong tac
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véi C18 va cai thién do phan giai, muc do proton hoa
ctia esomeprazol giam tir 37,06 % xudng 15,69 % va
rabeprazol tir 14,80 % xudng 5,20 %, lam tang tinh ky
nude va do luu gitt. Do dd, Rs tang tir 1,73 1én 3,37.
Nguoc lai, Rs giira levofloxacin va tinidazol giam tir
4,85 xudng 1,29 do levofloxacin (pK, = 6,1 va pK, =
8,1) chuyén dan sang dang zwitterion, trong khi
tinidazol (pK. = 4,7) hiu nhu khéng ion hoa, lam
giam sy khac biét vé dd phan cyc va tuong tac vdi
pha tinh.
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Hinh 5 Sic ky dd khao sat dém phosphat
tai pH =15,5

Trong khoang pH = (6,0-7,5), cac PPI tiép tuc chuyén
dan sang dang trung hoa, lam ting tuong tac ky nudce
va kéo dai thoi gian luu. Trong khi d6, metronidazol
(pKa = 2,38) va tinidazol (pK, = 4,7) hau nhu khong
ion hoa nén thoi gian luu it thay d6i. Khi pH ting, thir
tir rira giai thay ddi: metronidazol rira trudc cimetidin
va tinidazol rira trudc levofloxacin. Piéu nay lién
quan dén su thay d6i trang thai dién tich cta cac chat:
levofloxacin chuyén dan sang dang zwitterion, con
cimetidin gidm muc do proton hoa tir 95,22 % & pH =
5,5 xudng 38,68 % ¢ pH = 7,0, lam ting tinh ky nudc.
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tai pH = 6,5
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O pH > 7.5, rabeprazol va pantoprazol c6 xu huéng
ddng rira giai do tuong dong vé trang thai ion héa va
d6 phan cuc. Nhin chung, pH tic dong dong thoi dén
trang thai ion hoa, do phan cuc va kha nang luu gitr,
tir d6 chi phdi do phén giai va tht ty rira giai. Vi vy,
pH = 6,5 dugc Iya chon 1a diéu kién t6i wu, dam bao
phan tach tdt cac hop chat.

Tham dinh phwong phap phan tich

Bang 3 Két qua khao sét tinh twong thich hé thong

Quy trinh phan tich thdm dinh theo huéng din cua
ICH [5].

3.2.1 Tinh twong thich hé thdng

Tinh tuong thich hé thdng dugc danh gia bang cach
tiém 13p 6 lan hdn hop dung dich chuan vao hé thdng
HPLC, sau d6 ghi nhan sic ky d6. Cac thong sb dic
trung dugc trinh bay ¢ Bang 3.

. Thoi gian luwu (n = 6) Dién tich peak (m.Au) . X < i .
Tén ’ Trung binh Hg so So dia' li | Do phan
hoat chat (phiit) RSD (%) | Trungbinh |RSD (%)| kéo dudi thuyet gidi
Metronidazol 13,40 0,078 2.846.381,16 0,15 1,12 68.654
Cimetidin 15,44 0,092 3.185.950,83 0,10 1,13 87.301 12,94
Tinidazol 17,96 0,053 1.754.674,17 0,13 1,08 72.045 7,73
Levofloxacin 20,03 0,049 3.389.261,00 0,025 1,13 72.250 7,14
Esomeprazol 39,12 0,016 2.525.342,50 0,093 1,01 84.105 45,67
Rabeprazol 41,49 0,020 1.972.256,67 0,10 1,02 89.963 3,73
Pantoprazol 44,83 0,028 2.086.710,83 0,061 1,02 87.973 4,16
Lansoprazol 53,13 0,020 1.840.675,50 0,022 1,08 87.635 24,08

(*) n: s lan thi nghiém, RSD (%): % d6 1éch chuan tuong ddi
g g

Két qua khao sat cho thiy RSD thoi gian luu <
0,092 %, s6 dia ly thuyét > 3000 va d6 phan giai giita

3.2.2 Khoang tuyén tinh
Két qua danh gia do tuyén tinh phwong phap dugc

cac peak lién ké > 2,0, déu dap tng yéu ciu caa USP. trinh bay Bang 4.
Hé thong HPLC van hanh 6n dinh, dam bao d¢ tin cay
cua phép phan tich.
Bang 4 Két qua khao st tinh tuyén tinh
Chit chuin Khoang nﬁflg dd | Phuong trinh hdi quy R
(ng-mL™) S=aCx+b
Metronidazol 10-150 S =90.643-Cx + 792,51 0,9996
Cimetidin 10-100 S =149.325-Cx +1.038,6 | 0,9999
Tinidazol 10-150 S =59.201-Cx — 547,46 0,9996
Levofloxacin 10-150 S=117.631-Cx + 735,56 0,9992
Esomeprazol 10-100 S =61.230-Cx + 858,63 0,9998
Rabeprazol 10-100 S =24.636:Cx + 1.240,4 1,0000
Pantoprazol 10-100 S=51.835-Cx + 214,68 0,9996
Lansoprazol 10-150 S =60.637-Cx + 609,61 1,0000

Két qua khao sat cho thiy binh phuong hé sb twong
quan (R?) > 0,9992, ching t6 mbi quan hé tuyén tinh
chit ché giita nong d6 va dién tich peak trong khoang
nong do khao sat.

3.2.3 Tinh dac hiéu
Tién hanh chuin bi mau trz"lng, mau chuin, mau thi dé
danh gia tinh chon loc cta quy trinh.
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Hinh 8 Sic ky dd miu tring (a), chuan (b), thir (c)

Két qua cho thiy mau tring khong xuét hién peak tai
thoi gian luu cta cac hoat chat; cac peak trong mau
thir phtt hop v6i chudn ddi chiéu. O cac mau phan huy,
cac peak phan tich duogc tdch hoan toan khoi tap va
dat @0 tinh khiét peak. Nhu vay, quy trinh c6 tinh dac
hiéu, phu hop cho dinh tinh va dinh luong dong thoi
cac hoat cht.

3.2.3 b dung

Két qua khao sat do dung & ba mirc ndng do cho thiy
do thu hoi coa 8 hoat chit nam trong khoang (98,98-
100,96) %, voi RSD = (0,70-0,99) %. Cac két qua déu
dap tmg yéu cau, ching t6 phuong phap c6 d6 dung tét.
3.2.4 B0 chinh xac

Phén tich trén sau miu doc lap cho thdy ham luong
cac hoat chat dat (99,76-100,94) % trong ngay va

(99,01-101,00) % giita cac ngay, voi RSD (%) lan
luot (0,33-0,84) % va (0,11-0,89) %. Cac két qua déu
dap tmg gidi han (90-110) % va RSD (%) < 2,0 %
theo ICH, chiing té phuong phap dat d6 chinh xac va
do 6n dinh.

3.3 Panh gia két qua phan tich

Do ding va do chinh xac ctia phuong phap dé xuat duoc
so sanh v6i phuong phap tham chiéu bang kiém dinh #
Student va F-test & mirc tin ciy 95 %. Két qua cho thiy
cac gia tri ¢ va F' tinh déu nho hon gid tri té1 han, chung to
khong co sy khac biét co ¥ nghia théng ké giita hai
phuong phap. Nhu vy, phuong phap HPLC dé xuét co
d6 ding va do chinh x4c phi hop, dap tmg yéu cau dinh
lwong céc hoat chat trong ché phim thudc.

Bang 5 Phan tich thong ké két qua thu dugc bang phuong phap dé xuét so voi phuong phap tham chiéu

Metronidazol Cimetidin Tinidazol Levofloxacin
Théng sé Phu’o’ng Phuwong pl}ép Phu’o’ng Phuwong pl}zip Phu'o'ng Phuwong pl}ép Phu’o*ng Phwong pl}&ip
phap dé | tham chiéu | phap dé | tham chiéu | phap dé | tham chiéu | phap dé | tham chiéu
xuit [6] xuét (71 Xuét (8] xuét [9]
n 6 3 6 3 6 3 6 3
%TB 100,44 100,08 100,47 101,00 99,59 99,31 100,58 101,02
SD 0,48 0,57 0,72 1,35 0,49 0,19 0,66 0,30
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t-Student | #r~n=0,93 <fo957=2,36 | tr~n=0,63 < fo957=2,36 trn = 1,23 <t9,957= 2,36 trn= 1,39 <tp057=2,36
F-test |Frn=10,72 <Fo9552=19,3|Fr~n=3,49 < F9552=5,79] Frn=6,76 < F0,9552=9,3 | Fin=4,92 < Fy9552=19,3

Esomeprazol Rabeprazol Pantoprazol Lansoprazol
Théng s6 | Phuwong | Phwong phap | Phuong |Phuwong phap| Phwong |Phuwong phiap| Phwong |[Phwong phap
phap dé | tham chiéu | phap dé | tham chiéu | phap dé | tham chiéu | phap deé | tham chiéu
xuit [10] xuit 4] xuit 4] xuit [8]
n 6 3 6 6 6 6 6 6
%TB 100,41 100,46 99,88 99,60 100,19 99,90 99,66 99,80
SD 0,41 0,19 0,45 0,33 0,49 0,28 0,51 0,36

t-Student | #rn= 0,26 <10957=2,36 [ttn= 1,26 <t09510=2,23| ttn= 1,28 <t095,10=2,23) | tr~n= 0,55 <1t0.95,10= 2,23
F-test Fin=4,68 <Fo,9552,=19,3 | Fin= 1,82 <F09552=5,05 | Frn=3,06 < Fo9555= 15,05 |[Fin=2,01 <Foo9s555= 15,05

5 Két luan trong d6 pH = 6,5 dugc xac dinh 1a diéu kién tdi uu
cho qua trinh phan tich. Két qua kiém dinh thong ké

Phuong phap HPLC da dugc xdy dung va thim dinh : :
& phap a croe xay dung va tham i bang #-Student va Fisher cho thay khong c6 su sai

dé dinh tinh, dinh lugng dong thoi 8 hoat chét diéu tri

: : . . khac c6 ¥ nghia thong ké 5 ph hap th
HP gom metronidazol, tinidazol, levofloxacin, ac co y nghia thong K¢ 50 Vol phuong phap tham

o . chiéu, khing dinh tinh chinh xé4c, d6 l3p lai va do tin
cimetidin, esomeprazol, rabeprazol, lansoprazol va . . . T
cay cua phuong phap. Do d6, phuong phap c6 thé

pantoprazol. Céc chit thé hién tuyén tinh tét v6i R2 > , N ) 2 o P
duoc ung dung hi€u qud trong kiém nghiém chat

0,999 trong khoang (10-150) pg-mL™" (metronidazol,

iy : I jc thudc diéu tri HP.
tinidazol, levofloxacin, lansoprazol) va (10-100) Hong cac tuoe dieu t

ug-mL™ (cac chét con lai). Phuong phap cho d ding Loi cam on q
(98,98-100,74) %, peak dbi xting (As ~ 1,0) va do Nghién ctru duoc tai trg béi Quy Phat trién Khoa hoc
phan giai Rs > 1,5. Nghién ctru pH pha dong trong v Cong ngh¢ Truong Pai hoc Nguyen Tat Thanh, ma

khoang pH = (3,0-7,5), anh hudong dén kha ning tach, 50 dé tai 2026.01.36/HD-KHCN.
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Development of a Simultaneous Qualitative and Quantitative Analytical Method for Selected
Active Pharmaceutical Ingredients Commonly used in the Treatment of Gastric Ulcer by High
Performance Liquid Chromatography (HPLC)

Mai Thanh Nhan'>*, Nguyen Thi Thu Thao', Tran Nguyen Y Nhi!

"Faculty of Pharmacy, Nguyen Tat Thanh University, Ho Chi Minh City, Viet Nam
2Graduate University of Science and Technology (VAST), Vietnam Academy of Science and Technology, Ha Noi
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Abstract A new gradient HPLC method was developed and validated for the simultaneous qualitative and
quantitative analysis of active pharmaceutical ingredients commonly used in the treatment of peptic ulcer disease,
including metronidazole, cimetidine, tinidazole, levofloxacin, esomeprazole, rabeprazole, pantoprazole, and
lansoprazole. Chromatographic separation was achieved on a reversed-phase C18 column using a gradient elution
program with a mobile phase consisting of 20 mM phosphate buffer (A) and acetonitrile (B). The acetonitrile
content was gradually increased to 28%, allowing efficient elution of moderately to highly polar compounds such
as metronidazole, cimetidine, tinidazole, and levofloxacin. In the later stage (46-54) min, the acetonitrile ratio
was rapidly increased from 34% to 80%, enabling complete separation of less polar compounds belonging to the
proton pump inhibitor (PPI) group, including esomeprazole, rabeprazole, pantoprazole, and lansoprazole. The
method demonstrated excellent linearity over the concentration ranges of (10-150) ug-mL™" for metronidazole,
tinidazole, levofloxacin, and lansoprazole, and (10-100) ug-mL"" for cimetidine, esomeprazole, rabeprazole, and
pantoprazole, with correlation coefficients (R?) > 0.999. The accuracy ranged from 98.98% to 100.74%, meeting
the ICH guideline requirements for accuracy, precision, repeatability, and linearity. Statistical evaluation revealed
no significant difference compared with previously reported methods, confirming the robustness, reliability, and
high practical applicability of the proposed gradient HPLC method for the simultaneous determination of anti-
ulcer drugs.

Keywords HPLC; gradient elution; anti—ulcer drugs; simultaneous quantification.
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