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XAY DUNG VA TOI UU HOA QUY TRINH DINH LUONG PONG THOI IBUPROFEN,
METHYLPARABEN VA PROPYLPARABEN TRONG HON DICH UONG IBUPROFEN
BANG PHUGNG PHAP SAC KY LONG HIEU NANG CAO (HPLC)

Nguyén Xuan Diéu?, Nguyén Pao Nhat Linh®, Tran Hong Doan¢, Vuong Thi Thu Had,
Triéu Thi Thu Hang®, Ngé DPang Trudng Haif

Té6m tit:

Nghién ctru nay dugc thuc hién nham xay dung va t6i wu héa quy trinh dinh lugng
dong thoi ibuprofen (IBU), methylparaben (MP) va propylparaben (PP) trong hon
dich uéng ibuprofen bang phuong phép sic ky 16ng hiéu nang cao (HPLC). Cac diéu
kién sc ky duoc t6i uu bang phuong phéap dap tng bé mat (RSM) két hop véi thiét ke
Box-Behnken (BBD) va quy trinh dugc thdim dinh theo huéng dan ctia ICH. Mau phan
tich duoc xtt Iy bang phuong phép lac ¢6 hd trg séng siéu am v6i dung moi pha mau
la ethanol, sau do6 loc va phan tich béng HPLC trén c6t C18 (250 x 4,6 mm; Spm), voéi
dau do PDA ¢ budc song 214 nm va hé pha dong ACN-H;PO, 0,05 % (55:45, tt/tt).
Phuong phéap dat yéu cau vé d¢ dic hiéu va tuong thich hé thong; c6 tinh tuyén tinh
cao (R =0,9999); d6 chinh xéac phtt hgp (RSD % < 2,0 %); do thu héi (% REV) ndm trong
gidi han chap nhan (98,0 - 102,0 %). Khoang xac dinh cua MP, PP va IBU c6 gia tri 1an
luot 1a 0,016 - 0,024 mg/ml, 0,004 - 0,005 mg/ml va 0,16 - 0,24 mg/ml. Gidi han phat
hién (LOD) va gidi han dinh luong (LOQ) lan luot 1a IBU (0,04 pg/ml va 0,13 pg/ml),
MP (0,01 pg/ml va 0,03 pg/ml), PP (0,05 pg/ml va 0,17 pg/ml). Phuong phéap da duoc
tng dung dé phan tich moét s6 mau hén dich uéng ibuprofen trén thj truong.

Tt khéa: /buprofen, Methylparaben, Propylparaben, HPLC, RSM, Box-Behnken.

SIMULTANEOUS HPLC QUANTIFICATION OF IBUPROFEN, METHYLPARABEN, AND
PROPYLPARABEN IN ORAL SUSPENSION

Abstract:

This study developed an HPLC procedure for simultaneously quantifying ibuprofen
(IBU), methylparaben (MP) and propylparaben (PP) in an oral ibuprofen suspension.
Chromatographic conditions were optimized using response surface methodology
(RSM) with a Box-Behnken design (BBD), and validation was performed according to
ICH guidelines. Samples were processed by sonication in ethanol, filtered and
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analyzed on a C18 column (250 x 4,6 mm; 5pm) with PDA detection at 214 nm, using
an ACN-H;PO, 0,05 % (55:45, v/v) mobile phase. The approach demonstrated good
specificity, linearity (R = 0.9999), precision (RSD < 2.0 %), and accuracy (recovery 98.0-
102.0%). The working ranges for MP, PP, and IBU were 0.016-0.024 mg/mL, 0.004-
0.005 mg/mL, and 0.16-0.24 mg/mL, respectively. The limits of detection (LOD) and
quantification (LOQ) were 0.01/0.03 pg/mL (MP), 0.05/0.17 pg/mL (PP) and
0.04/0.13 pg/mL (IBU). The validated method was applied to the analysis of
commercial ibuprofen oral suspensions.

Keywords: /buprofen, Methylparaben, Propylparaben, HPLC, RSM, Box-Behnken.
Mé dau

Ibuprofen 1a mét hoat chat thuéc nhom thuéc NSAIDs (Jan-Roblero & Cruz-
Maya, 2023), c6 tac dung giam dau, khéang viém va ha s6t (Rainsford, 2009). Theo
WHO, ibuprofen la mét trong nhiing loai thudc khong ké don thiét yéu, dugc st dung
phd bién (WHO, 2021). Tai Viét Nam, ibuprofen duoc bao ché vé6i nhiéu dang khac
nhau nhu vién nén, vién nang, hén dich uéng, nhdm dap tng nhu cau st dung cho
nhiéu ddi tuong, dic biét 1a tré em va ngudi cao tudi gip kho khian khi dung thudc
dang rin (B0 Y T&, 2022; Nacéra et al., 2025). Trong d6, hon dich udng ibuprofen la
mot trong nhiing ché phdm dugc st dung phd bién nho uu diém dé udng, dé diéu
chinh liéu lugng va c6 hiéu qua diéu tri t6t (Martinelli et al., 2021).

Nhdm dadm bao do 6n dinh ctia cac ché phdm 1dng nhu hdn dich, cac chat bao
quan thuong dugc dua vao cong thuc bao ché. Trong d6, methylparaben va
propylparaben 1a hai chat bdo quan dugc st dung phé bién (Rowe et al., 2006). Diéu
dang cht y la viéc lam dung parabens v6i ham lugng vuot qua giodi han cho phép c6
thé gay ra r6i loan noi tiét, viem da va lam ting nguy co ung thu (Chatterjee et al.,
2024; Liao et al., 2025). Do d6, cac co quan quan ly duge phadm ludn yéu cau kiém soat
chit ché ham lugng parabens trong ché phdm duing duong udng (Dodge et al., 2015).

Hién nay, da c6 mot s6 cong trinh nghién ctru duoc cong bo vé phuong phéap
dinh lugng riéng biét ibuprofen, methylparaben hodc propylparaben (Kelani et al.,
2023; Wu et al., 2025). Tuy nhién, vi sy chénh léch vé ham luong st dung trong ché
phé{m va budc séng phét hién khi dinh luong, nén van con nhiéu kho khin, han ché
khi xdy dung phuong phap dinh lugng dong thoi ca ba chat nay trong cuing ché pham
hén dich uéng. Chinh vi 1& d6, hdu hét trong cac dugc dién thong dung nhu BP, USP
hay DDVN V hién hanh chi ¢6 nhing chuyén luén riéng vé phuong phép dinh luong
don chét, van chua c6 chuyén luan nao dé cap dén viéc dinh luong ddéng thoi
ibuprofen, methylparaben va propylparaben. Ngoai ra, so v6i nhiing phuong phép
dinh lugng hién nay, HPLC la phuong phap thuong dugc st dung phé bién va rong
rai nho do ddc hiéu, do¢ lap lai on dinh, d6 chinh xéc cao, kha ndang nhan dang va phan
tach dugc nhiéu chat t6t (Tran Tk An, 2021; V6 Thi Bach Hué & Vinh Dinh, 2019). Bén
canh d6, s6 luong nghién cau lién quan dén quy trinh dinh lugng cta ba chét nay trén
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nén ché pham hén dich udng con tuong ddi han ché. Pong thoi, viéc tmg dung phuong
phép dap tng bé mat (RSM) két hop voi thiét k& Box-Behnken (BBD) dé t6i wu hoa céac
diéu kién sic ky cling chua dugc khai thac rong rai trong cac nghién ctu da cong bo.

Chinh vi nhiing 1y do trén, nhém nghién ctru da quyét dinh thyc hién dé tai
“Xdy dung va to1 uu hoa quy trinh dinh luong dong thoi ibuprofen, methylparaben
va propylparaben trong hén dich uéng ibuproten bang phuong phap sic ky Iong hi¢u
nang cao (HPLC)” v6i cac muc tiéu nhu sau: Xay dung dugc quy trinh dinh luong
déng thoi ba chat nay trong hén dich uéng ibuprofen bang phuong phap HPLC; t6i
uu héa quy trinh dinh luong biang phuong phap RSM; thdm dinh quy trinh da xay
dung theo huéng dan ctia ICH va tmg dung quy trinh trén mot s6 ché pham hén dich
udng ibuprofen dang luu hanh trén thi truong.

b6i tugng nghién cttu

Mau hén dich udng ibuprofen tu tao (mau chtta 2,0 % IBU, 0,2 % MP va 0,05 %
PP va ta duoc gdbm: NaCMC, propylen glycol, carbomer, glycerin va menthol). Mau
gid duoc c6 thanh phan tuong ty mau hdn dich udng ibuprofen tu tao nhung khong
chtra ba chat nay.

Mau thi truong duoc lua chon 1a hon dich udng ibuprofen c6 st dung

methylparaben va propylparaben lam chét bao quan, con han dung, dang luu hanh
hop phap va c6 day da thong tin vé ngudn goc, xudt xtt va so 16.

Phuong phédp nghién ctru
Xdy dung quy trinh dinh Irong
Khéo sat dung moi pha mau

Khéo sat hai dung méi pha mau (DMPM) 1a methanol (MeOH) va ethanol
(EtOH) - dung moi thuong duoc st dung nhiéu trong qué trinh xtt ly mau chta IBU
va chat bdo quan nhom parabens (Ding-Zor & Aksu Dénmez, 2021; Pippalla et al.,
2024; Rebbeck et al., 2006). Mau chuan hén hop va mau gia dugce thém chuan (GDTC)
dugc st dung trong khao sat DMPM.

Mau chudn hén hop c6 néng do 1an lugt khoang 0,20 mg/ml (IBU), 0,020
mg/ml (MP) va 0,005 mg/ml (PP). Mau gid dugc thém chudn duoc chudn bi theo
[18],[19] bang cach can khoang 0,5 g mau, thém 20 ml dung moi pha mau, siéu 4m 10
phtt, dinh mtc dén 50 ml, b6 sung cac dung dich chuan IBU, MP va PP sao cho dat
néng do tuong duong mau chuan hén hep, sau d6 loc qua mang 0,45 pm.

Cac mau duoc phan tich b:?mg HPLC 6 nhiét do 30 °C trén cot C18 (250 x 4,6
mm; 5 pm) v6i pha dong ACN-H;PO, 0,1 % (60:40, tt/tt), toc d6 dong 1,0 ml/pht, thé
tich tiém 10 pl va phat hién bf?mg PDA tai 240 nm.
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Viéc lya chon dung moi dya trén céc chi tiéu: hinh dang pic, hé s6 bat doi xing
(As), do tinh khiét pic (Pur), dién tich pic (S) va ty 1é thu hoi (% REV).

Khao sat hé pha dong va buoc song phat hién

Nhoém nghién ctu khao sat ndm hé pha dong trén mau chuan hén hgp goém:
ACN - dém K,HPO, pH 5,0 (60:40, tt/tt) (Ding-Zor & Aksu Dénmez, 2021), ACN -
CH;COOH 0,1 % (50:50, tt/tt) (Srejomthong et al., 2025), ACN - H;PO, 0,1 % (60:40,
tt/tt) (Alsirawan et al., 2013), ACN - H,O (65:35, tt/tt) [22] va MeOH - H,O (60: 40,
tt/tt) (Javed et al., 2023). Qué trinh danh gia va lua chon hé pha dong dua trén cac chi
tiéu sau: hé s6 bat doi xung (As), do tinh khiét pic (Pur), dién tich pic (S), thoi gian luu
(Tr) va d¢ phan giai (Rs).

Sau khi lya chon pha dong, nhém nghién cttu khao sat budc séng phat hién
bang cach quét phd, nhdm ddm bao tin hiéu cta IBU, MP va PP ndm trong viing do
tin cay va khong qua khac biét vé cuong do.

T6i uu héa diéu kién séc ky

Nhém nghién ctru tién hanh khao sat cac diéu kién séc ky khac dé toi wu héa
quy trinh bing phuong phap RSM véi thiét ké BBD. Céc bién dau vao gom ty 1é pha
dong (TLPD), t6¢ do dong (TDD) va nong do acid H;PO, (ND H,PO,), mdi bién dau
vao gom 03 muc do: thap, trung binh, cao. Céc bién ddu ra gom Tk (IBU), As (MP), Rs
(MP-PP) va Rs (PP-IBU).

Hé pha dong ACN-H;PO, 0,1 % duoc lya chon, v6i ba yéu t6 khéo sat gom ty
1é ACN (TLPD), t6c do dong (TDD) va nong do H;PO, (ND H;PO,), mdi yéu t6 & ba
mic (bang 1.1). Thiét k& BBD gém 15 thi nghiém (03 diém trung tdm, mdi thi nghiém
1ap 2 lan). Céc bién dau ra du kién khao sat bao gom Tx (IBU), Rs (MP-PP), Rs (PP-
IBU), As cta ba chat.

Bang 1. Bang tong hop cac bién dau vao va khoang gidi han ctia bién

Bién dau vao Théip Trung binh Cao
TLPD (% ACN) 45 50 55
TDD (ml/ phut) 0,38 1,0 1,2
ND H,PO, (%) 0,05 0,1 0,15

Thdm dinh quy trinh dinh lugng theo huong dan cia ICH

Quy trinh dinh lugng duoc thdim dinh theo huéng dan ctia ICH, bao gdém céc
chi tiéu: o déc hiéu, tinh tuong thich hé thong, tinh tuyén tinh, d6 dung, do chinh xac
(d0 ldp lai va do chinh xac trung gian), khoang xac dinh, gi6i han phat hién (LOD) va
gioi han dinh luong (LOQ).
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Ung dung quy trinh dinh lirgng

Nhém nghién ctru tién hanh tng dung quy trinh phan tich da xay dung dé dinh
lugng trén mot s6 mau hon dich uéng ibuprofen trén thi truong.

Mau thi trudng dugc chuan bi bang cach can khoang 0,5 g mau, thém 20 ml dung
moi pha mau, siéu 4&m 10 phut, dinh mic dén 50 ml sau d6 loc qua mang 0,45 pm.

Két qua
X&y dung quy trinh dinh Iurong
Khéo sat dung moi pha mau

Két qua khao sat DMPM duoc tién hanh trén mau chuan hén hop va mau
GDTC, két qué khao sat trén mau chuan hén hop dugc trinh bay & bang 1, két qua ty
1é thu héi trén mau GDTC duogc trinh bay theo bang 2.

Bang 2. Bang két qua khao sat 02 dung mdi pha mau trén mau chuan

Chat phan tich | Dungmoi | Tk (phit) Rs As Pur
EtOH 3,687 - 0,925 1,000
MP MeOH 3,727 - 0,941 1,000
EtOH 5,287 6,233 1,117 1,000
PP MeOH 5,293 7,857 1,157 1,000
BU EtOH 9,327 14,343 1,152 1,000
MeOH 9,347 14,664 1,167 1,000

Dua vao bang 2, nhém nghién ctru nhan thay rang Tk va Rs ctia 03 chat phan
tich déu khong c6 su chénh léch dang ké khi duoc pha trong hai dung moéi EtOH va
MeOH. Gia tri As ctia 03 chat phan tich déu ndm trong gi6i han cho phép tir 0,8-1,5.
boi voi MP, gia tri As khi pha trong MeOH (0,941) t6t hon so v6i EtOH (0,925). Ngugc
lai, d6i voi PP va IBU, gia tri As khi pha trong EtOH (lan luotla 1,117 va 1,152) t6t hon
so v6i khi pha trong MeOH (lan luot 14 1,157 va 1,167).

Bang 3. Bang két qua ty lé thu hdi (% REV) cta 03 chat phéan tich trén mau GDTC

Chét phan tich MP PP IBU

EtOH MeOH EtOH MeOH | EtOH MeOH

% REV (n=2)

100,06 100,28 99,68 99,82 100,46 100,75

Mit khéc, dua vao bang 2, % REV cua MP, PP va IBU trong dung moi EtOH déu
ndm trong khoang 99,0 - 101,0 % va chénh léch khong dang ké v6i dung moi MeOH.
V6i cac phan tich trén, nhém nghién ctru uu tién lya chon dung moi c6 doc tinh thap
hon, an toan hon cho kiém nghiém vién va gidm thiéu rui ro trong qua trinh st dung
va xtr ly. Vi vay, EtOH duoc chon 1am dung moi pha mau cho quy trinh phan tich.
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Khao sat hé pha dong va buoc song phat hién

Khdo sat hé pha dong

ISBN: 978-604-45-3797-9

Két qua khao sat thanh phan pha dong duoc tong hop & bang 3 va hinh 1.

Bang 3. Bang két qua khao sat hé pha déng

He Thanh phan Chat | Tr(phat) | S (mAu.s) Rs As Pur
MP 3,800 5615959 - 1,247 | 1,000
Heéel MeOH - H.0 PP 6,947 1144983 12,473 | 1,109 | 0,886
¢ (60:40, tt/tt) ’ = ' '
IBU Khong phat hién
ACN - .0 MP 3,373 2773528 - 1,111 | 0,985
Hell s PP 4,580 568890 4,653 | 1,040 | 0,988
(65:35, tt/ tt)
IBU 7,387 1458264 11,258 | 1,114 | 1,000
ACN - CHLCOOH MP 4,587 3818901 - 1,115 | 1,000
Heé III i ° PP 7,807 758276 13,214 | 1,152 | 0,990
(50:50, tt/ tt)
IBU 17,920 20172503 22,521 | 1,156 | 1,000
ACN - HL.PO MP 3,673 3765696 - 0,998 | 1,000
He IV o PP 5,273 713906 | 6,574 | 1,127 | 1,000
(60:40, tt/ tt)
IBU 9,367 19847461 15,034 | 1,147 | 1,000
ACN - K.HPO MP 3,753 1807955 - 0,988 | 1,000
HéV o ! PP 5,473 351967 6,227 | 1,160 | 0,997
(60:40, tt/ tt)
IBU 8,987 18502900 10,901 | 0,715 | 1,000
m.ig mAn
200 MP ;zon |
| |
t MP ~
ol L i ] ) O pi
0 6 12 18 0 6 12 18
mAu - mAun
! Hg 11 ACN - CHC L | BU
400 Eu].[ilj :_r; CH;COOH 400 ;‘Ef}ﬁ_ﬁ'H‘Po‘l
IBU
200 | ] 200
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m 1
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mAun Y
400 | e v ACK - KHPO, E
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]

1

phit |
18

Hinh 1. Sac ky d6 cta 05 hé pha déng khao sat
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Két qua cho thay hé I (MeOH - H,O; 60:40, tt/tt) khong phat hién pic IBU. Hé
V (ACN - K,HPO,; 60:40, tt/tt) cho As (IBU) = 0,715, ndm ngoai gi¢i han chap nhan
(0,8-1,5), va c6 nguy co gay két tua, tac cot do st dung dém.

Hé II (ACN - H,O; 65:35, tt/tt) ) cho Pur va Rs thap hon so v6i hé III (ACN -
CH3COOH; 50:50, tt/tt) va IV (ACN - H3PO,; 60:40, tt/tt), thé hién kha ndng phan
tach chua t6i uu.

So sanh gitra hé I1I va IV, hé IV cho As tiém can gia tri ly tudng hon va Pur dat
1,000 cho ca ba chét, ching to chat lugng pic va mtc do tach tot hon. Vi vay, hé IV
dugc lua chon cho phuong phép.

Buoc song phat hién

Duya trén két qua quét phd UV-Vis (tir 200 - 400 nm), IBU c6 cuc dai hap thu tai
220 nm, trong khi MP va PP tai 256 nm (hinh 2). Ttr d6, hai buéc séng nay duoc lua
chon khéo sat ban dau (hinh 3). Tai 220 nm, tin hiéu ctia PP rat thap so v6i IBU (chénh
léch gan 70 1an). Tai 256 nm, tin hiéu caa IBU thap nhat trong ba chat, khong tuong
xtmg v6i vai tro la hoat chat chinh trong ch& pham.

IEIT |

ann - .
mau - / |/.-“ i
- MP | |
200 - e | i
Z i
4
: PP A j {
a ez f
o e =
T g TS — il
6 e 250
e gt ey b
s fg T i 300
3 330 -
A0

Hinh 2. Phé budc séng hap thu cuc dai cia MP, PP va IBU

mAu mAu
= 106
400 220 nm IBlL 20,07=10% | 400 256 nm
200 ! 2
200 MP 5,57x10°
| “106 I'.
MP 1,62 1{2 . . | PP1,12x10° IBU 0,58x10°
o L___JL A FPo30ao \ pht 0 | ' J\ phut
0 4 8 12 0 4 8 12

Hinh 3. Sac ky dé cta IBU, MP va PP tai buéc séng 220 nm va 256 nm

Vi vay, nhém khdo sat b6 sung cac budc song khac ndm ngoai ving cyc dai.
Két qua cho thay tai budc séng 214 nm gitp cdi thién sy can bang tin hiéu gitta cac
chat (hinh 4); cuong d6 va dién tich pic 16n, ddm bao do nhay phan tich, dd nhiéu nén
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khong dang ké. DPong thoi, IBU ¢6 cuc dai tai 220 nm nhung vai ph6 rong nén tin hiéu
tai 214 nm gan nhu chénh léch khong giam dang ké. Véi MP va PP ngoai dinh 256 nm
con c6 dinh & viing buée soéng thap (210 nm). Vi vay, nhém chon 214 nm dé thu duoc

tin hiéu tdt cho ca ba chat.

mAu mAu
400 | 214 nm IBU ;'19’85”"6 400
I

200 (| 200
f| MP 3,76x10° ,
|| PPog1x10%) phut

0 Y | Y R J A 0
0 4 8 12

Hinh 4. Sac ky d6 mau chuan hén hgp tai budc séng 230 nm va 214 nm
T6i uu héa diéu kién sdc ky
Su phu hop gitta mo hinh - thuc nghiém

Két qua danh gid mo hinh (bang 4) cho thdy As (PP) va As (IBU) ¢6 d¢ phut hop
thap (R* < 85 %, R? hiéu chinh < 85 %, R*> du doan < 80 %) va chénh léch 16n gitta R
hiéu chinh va R? du doéan (> 20 %), ching t6 hai bién nay khong phu hop véi mo hinh.
Do d6, As (PP) va As (IBU) loai khéi qua trinh t6i uu.

Ngugc lai, cac biénTk (IBU), Rs (MP-PP), Rs (PP-IBU),va As (MP) cho thdy do
phut hop t6t (R? va R? hiéu chinh > 85 %, R*> du doan >80 %, chénh léch <20 %), chting
minh méi tuong quan dang tin cdy gitta cac diéu kién séc ki va thong sé pic. Vi vay,
bén bién nay duoc st dung cho qua trinh t6i vu.

Bang 4. Bang danh gia két qua thuc nghiém véi mé hinh

Rs Rs
Tk As As As
Heé s6 dénh gia (MP- | (PP-

IBU MP PP IB

@) | Go | 5y | MP | @B | @)
R* (%) 9991 | 9985 | 9990 | 97,71 | 74,10 | 71,11
R*hiéu chinh (%) 99,87 | 99,78 | 99,84 | 96,69 | 6245 | 58,11
R* du doan (%) 99,78 | 99,61 | 99,70 | 94,37 | 36,90 | 32,48
Chénh léch gitta R®> hiéu

' ' 0,09 0,17 0,14 2,32 | 2555 | 25,63

chinh va R* du doén (%)

Anh hudng cia yéu t6'khdo s4t lén bién ddu ra

Duya vao biéu d6 main effect, nhém nghién cru nhan thay xu huéng anh hudéng
chung cua cac bién dau vao 1én cac bién dau ra 1a xu huéng am (hinh 5). Cu thé, khi
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ting ty 1é bién dau vao thi cac thong s6 T (IBU), Rs (MP-PP), Rs (PP-IBU), As (MP)
thuong c6 xu hudng gidm va nguoc lai. Pac biét, d6i vai As (MP), TLPD c6 xu hudéng
anh hudng bac hai dang ké theo hinh d4 thi parabol.
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Hinh 5. Biéu d6 Main effect cia cac dau ra (a-Tg (IBU); b-Rs (MP-PP); c-Rs (PP-IBU); d-
As (MP))

Két qua ANOVA (bang 5) cho thay TLPD la bién c6 anh hudng dang ké nhat,
thé hién qua gia tri F-ratio cao nhat trong céc bién; TDD va ND H;PO, cting anh hudng
nhung ¢ mtc do thadp hon. TDD anh hudng c6 y nghia thong ké do6i voi tat ca cac bién
dap ung (p < 0,001), trong khi ND H;PO, chi anh hudng c6 y nghia dén Rs (MP-PP),
Rs (PP-IBU) va As (MP), nhung khong dnh hudng dang ké dén Ty (IBU) (p = 0,128 >
0,05).

Bang 5. Két qua phan tich ANOVA ctia cac bién dap (ing theo mé hinh BBD

Bién dau vao Sum of Df Mean F-ratio P-Value*
Squares Square

Tr (IBU)
A:TLPD 920,210 1 920,210 16791,86 < 0,001
B: TDD 265,040 1 265,040 4836,37 < 0,001
C: ND H,;PO, 0,138 1 0,138 2,52 0,128
Total error 1,096 20 0,055 - -
Total (corr.) 1251,3 29 - - -
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Bién dau vao Sum of Df Mean F-ratio P-Value*
Squares Square

Rs (MP-PP)
A: TLPD 141,40 1 141,400 12357,34 < 0,001
B: TDD 3,051 1 3,051 266,64 < 0,001
C: ND H,PO, 3,476 1 3,476 303,73 < 0,001
Total error 0,229 20 0,011 - -
Total (corr.) 151,74 29 - - -
Rs (PP-IBU)
A: TLPD 200,28 1 200,28 16112,87 < 0,001
B: TDD 7,342 1 7,342 590,70 < 0,001
C: ND H,PO, 9,195 1 9,195 739,76 < 0,001
Total error 0,236 19 0,012 - -
Total (corr.) 226,34 29 - - -
As (MP)
A: TLPD 0,270 1 0,270 530,28 <0,001
B: TDD 0,008 1 0,008 15,30 <0,001
C: ND H,PO, 0,038 1 0,038 74,27 <0,001
Total error 0,010 20 0,001 - -
Total (corr.) 0,445 29 - - -
* Significant factor at a = 0,05

Diéu ki¢n sdc ky t6i uu hoa

Két qua dy doan diéu kién sic ky t6i uu (bang 6) tuong tmg véi ty 1¢ pha dong
ACN-H;PO, 0,05 % (55:45, tt/tt) va toc do dong 1,2 ml/phat. Tai diéu kién nay, cac
gia tri T (IBU), Rs (MP-PP), Rs (PP-IBU) dat gia tri phtt hop, dong thoi As (MP) tiém
can 1,00.

Bang 6. Bang két qua du doan ctia mé hinh vé cac bién dau vao va bién daura

Bién diu vao Optimum
Ty 1¢ pha dong (% ACN) 55,0
To6c do dong (ml/ phut) 1,20
Néng do H,PO, (%) 0,05
Bién dau ra

Thoi gian luu IBU 10,87
Do phan giai MP-PP 8,62
D¢ phan giai PP-IBU 16,68
Heé s6 bat d6i xtng MP 0,97

Két qud dugc minh hoa trén biéu dé bé mit dap tmg (hinh 6), v6i gia tri
desirability dat 0,909.
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Estimated Response Surface
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Hinh 6. Biéu d6 dap tiing bé mat cia ham mong muédn theo téc d6é dong va néng dé
H3PO, tai ty Ié pha dong la 55 % ACN

Dé kiém chtmg du doén, thi nghiém duoc 14p lai 6 1an tai diéu kién sic ky toi
uu. Két qua (bang 7) cho thdy sai s6 tuong doi gitta gia tri thuc nghiém va du doan
cua céc bién Tg (IBU), Rs (MP-PP), Rs (PP-IBU) va As (MP) déu < 5%, chting t6 d¢ phut
hop t6t va kha ning du doén déng tin cdy cua mo hinh.

Bang 7. Bang so sanh két qua thuc nghiém véi du doan cia mé hinh

Tk (IBU) (phat) | Rs (MP-PP) | Rs (PP-IBU) | As (MP)
Gia tri du doan 10,87 8,62 16,68 0,97
Gia tri thuc nghiém
R . 10,43 8,55 16,72 0,97
(trung binh 06 lan)
Sai s0 tuong doi (%) 416 0,78 0,27 0,42

Theo nguyén ly RP-HPLC, viéc tang ty 16 ACN trong pha dong lam giam thoi
gian luu do tdng kha ning rua giai, phtt hop v6i két qua biéu dé Main Effect cho thay
ACN c6 anh hudng am dén thoi gian luu cta ibuprofen. Tuy nhién, ¢ diéu kién t6i uu
chita 55 % ACN, ibuprofen van c6 thoi gian luu khoang 10,4 phut. Diéu nay c6 thé
duoc giai thich bdi moi truong acid do HzPO, tao ra, khién ibuprofen (pKa = 4,4) chu
yéu ton tai & dang khong ion hoa, 1am ting tuong téc véi pha tinh C18 va kéo dai thoi
gian luu. Bén canh do, cot C18 (250 x 4,6 mm; 5 pm) cling gop phan tdng kha nang luu
gitt. Méc du toc do dong 1,2 ml/phut cao hon gia tri thuong dung (1,0 ml/phat), ap
suat hé théng van nam trong gi6i han cho phép. Do diéu kién t6i uu duoc xéac dinh
dua trén ham mong mudn tdng hop nhiéu déap tng (thoi gian luu, d6 phan giai va hé
s6 bat déi), 55 % ACN la diéu kién dat su can bang t6i wu gitta cac chi tiéu sc ky thay
vi cho thoi gian luu ngdn nhat.
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Téng hop diéu ki¢n sdc ky

Sau qua trinh t6i uu héa, diéu kién sic ky duoc xac lap nhu sau: hé théng HPLC
voi cot C18 (250 x 4,6 mm; 5 um) duoc duy tri ¢ 30 °C, pha dong ACN-H;PO, 0,05 %
(55:45, tt/tt), toc do dong 1,2 ml/phdt, thé tich tiém 10 pl va budc song phat hién 214 nm.

Thim dinh quy trinh dinh lugng
Tinh ddc hiéu

Mau dung mo6i va mau gia dugc, khong c6 bat ky su xuat hién pic la nao. Trén
SKD mau thtr, Trcta ca 03 pic chat phan tich déu tuong tmg voi thoi gian luu cua cac
pic chinh trén SKD mau chuan hdn hgp va 03 chuan don IBU, MP va PP (hinh 7).

mAu mAu mAu
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I I
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Hinh 7. Sac ky d6 tham dinh tinh dac hiéu (a - Mau dung méi; b - Mau thi, ¢ - Mau
chuan hén hop)

Tinh tuong thich hé théng

Bang 8. Bang két qua danh gia tinh tuong thich hé théng

Chét phan % RSD % RSD % RSD Rs As
tich(n=6) (Tr) (S) N) (>1,5) (0,8-1,5)
MP 0,23 0,06 0,91 - 0,95
PP 0,22 0,87 0,82 8,54 1,19
IBU 0,22 0,10 0,57 16,63 1,19

Dua vao bang 8 ta thay, gid tri % RSD cua thoi gian luu, dién tich pic va s dia
ly thuyét biéu kién cta 03 pic IBU, MP va PP déu < 2,0 %. D6 phan giai ctia 03 pic déu
dat > 1,5. Hé s6 bat d6i xtmg ctia 03 pic déu ndm trong khoang 0,8 - 1,5. Hé théng phu
hop dé dinh lugng dong thoi IBU, MP va PP.

Tinh Tuyén tinh

Khéo sat tinh tuyén tinh trén day dung dich chudn hén hop tuong tng tir 20 %
dén 200 % so v6i néng do dinh luong. Két qua thu dugc thé hién & hinh 8. Hé s6 tuong
quan tuyén tinh gitta ndng do va dién tich pic cua IBU, MP va PP déu 1a 0,9999; déu >
0,999. Biéu nay cho thdy, c6 su tuong quan tuyén tinh gitta dién tich pic va nong do
03 chét phan tich trong khoang nong dé khao sat.
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Hinh 8. Do thi tuyén tinh cia MP, PP va IBU
A F -
Dp diing

Bang 9. Bang két qua danh gia dé dung cta phuong phap

Ch4t phan tich TB % REV % % RSD (n=9)
MP 99,54 + 0,96
PP 99,00 + 0,59
IBU 99,38 +1,23

Bang 9 cho thay, ty 1é thu hdi cia MP, PP va IBU déu nam trong khoang 98,0 -
102,0 % va gié tri % RSD cua ty 1é thu hoi < 2 %.

DY chinh x4c

Bang 10. Bang két qua danh gia dé chinh xac ctia phuong phap

Chat Ngay 1 (n=6) Ngay 2 (n=6) 2 ngay (n=12) F
phéan tich % RSD
MP 99,54 + 0,96 0,27 0,28 1,06
PP 99,00 + 0,59 0,88 0,93 0,34
IBU 99,38 +1,23 0,39 0,29 0,04

Két qua ANOVA, su sai khac gitta hai tap s6 liéu thuc nghiém d6 13p lai va do

chinh xac trung gian dugc danh gia va trinh bay theo bang 10. Gia tri F ctia 03 chat
phén tich déu < Ferit (5,32); gia tri P-value cta 03 chat phan tich déu > 0,05, diéu nay
chting minh rang hai gia tri ham lugng trung binh cta 03 chat phan tich MP, PP va
IBU gitta 02 tap s0 liéu thuc nghiém khong khac nhau c6 y nghia thong keé.

Khoang xac dinh

Khoang xéc dinh caa MP, PP va IBU c6 gid tri 1an lugt la 0,016 - 0,024 mg/ml;
0,004 - 0,005 mg/ml va 0,16 - 0,24 mg/ml (tuong tng voi nong dod dinh lugng tir 80 %
dén 120 %).

Gioi han phat hién va gioi han dinh luong

Gia tri LOD ctia MP MP va IBU lan luot 1a 0,01 ng/ml; 0,05 pg/ml; va 0,04
pg/ml; LOQ 1an luot 1a 0,03 pg/ml; 0,17 pg/ml va 0,13 pg/ml.
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Ung dung quy trinh dinh lugng

Nhom nghién ctru da tmg dung quy trinh dinh luong trén moét s6 mau hdn dich
udng ibuprofen trén thi truong. Két qua duoc trinh bay theo bang 11.

Bang 11. Két qua ing dung quy trinh dinh luong

Ch4t phan tich MAu Trung binh + RSD (%) (n=2)
MP -
MO1 0,04 £0,13
M02 0,05+0,11
PP
MO3 0,02+0,03
M04 0,04 £ 0,04
MO1 95,95 £ 0,16
MO02 94,35 £ 0,05
IBU
MO3 97,36 £ 0,12
MO04 102,51 £ 0,22

Két qua tng dung dinh lugng cho thay, phuong phép cho kha ndng tach tot PP
va IBU v6i hé s6 phan giai Rs > 15. Ham lugng PP (0,02 - 0,05 % kl/kl) phut hgp voi
gioi han cuaa hiép dinh m§ phdm ASEAN. Ham luong IBU (94,35 - 102,51 % so vo6i
nhan) ndm trong giéi han cho phép theo dugc dién USP.

Két luan

Nghién ctru da xay dung va t6i uu hda thanh cong phuong phap dinh luong
déng thoi ibuprofen (IBU), methylparaben (MP) va propylparaben (PP) trong ché pham
hén dich uéng bang HPLC két hop v6i RSM va BBD. Diéu kién sic ky t3i wru gdm: cot
C18 (250 x 4,6 mm; 5 pm), nhiét do 30 °C, pha dong ACN - H;PO, 0,05 % (55:45, tt/tt),
toc d6 dong 1,2 ml/phut, thé tich tiém 10 pl va budc séng phét hién 214 nm.

Phuong phap da duoc tham dinh theo céc tiéu chi: tinh dic hiéu, tinh tuong
thich hé théng, tuyén tinh, d6 dtng va do chinh xac (46 1&p lai va d¢ chinh xéc trung
gian), déu dat yéu cau. Khoang xac dinh caa MP, PP va IBU lan lugt 1a 0,016 - 0,024
mg/ml; 0,004 - 0,005 mg/ml va 0,16 - 0,24 mg/ml. Gi6i han phét hién (LOD) tuong
tng la 0,01; 0,05 va 0,04 ng/ml; giéi han dinh luong (LOQ) la 0,03; 0,17 va 0,13 pug/ml.

Quy trinh da duoc ap dung dé dinh lugng cdc mau hén dich udng ibuprofen
trén thi truong, cho thdy tinh kha thi va do tin cay trong kiém nghiém thyc t&.
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