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Simultaneous determination of 10 impurities in ibuprofen and its preparations
by UPLC method
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[Abstract] Objective To establish an ultra-performance liquid chromatography (UPLC)
method for the simultaneous determination of 10 impurities in ibuprofen and its preparations.
Methods An ACQUITY UPLC BEH C,; chromatographic column (100 mmx2.1 mm, 1.7 um) was
used, and gradient elution was performed with 0.05% phosphoric acid solution and acetonitrile as
mobile phases at a flow rate of 0.3 mL/min. The column temperature was 30 “C, and the detection
wavelength was 214 nm. Results Baseline separation (separation degree > 1.5) was achieved
between the main component of ibuprofen and each impurity peak. The linear relationship of each
impurity was good within the range of 1-50 ug/mL (r > 0.999 0). The average recovery rate ranged
from 97.96% to 106.01%, the precision RSD was less than 5%, the limit of detection was from 0.013
to 0.112 pg/mL, and the limit of quantification was from 0.043 to 0.375 pg/mL. The impurity
content in 20 batches of samples was less than 1.5%o. Conclusion The method is simple, accurate,

and sensitive, and can be used for quality control of 10 impurities in ibuprofen and its preparations.
[Keywords] Ibuprofen; Ultra-performance liquid chromatography; Impurities; Toxicity;

Quality control
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Table 1. Information of ibuprofen reference standard and 10 impurity reference standards

AT CAS ezt apfiE iR Ejin=2
A B TR I 15687-27-1 Cp5H,60, 99.90% 2 S E AT B 100179-202308
AT A 66622-47-7 C5H,50, 97.02% e AAAC IR A 7 52189
LB 3585-49-7 C5H,50, 0.6 mg/mL 2 R E AT B 101406-202303
A& D 938-94-3 CoH,,0, 98.35% JeEAAAC A T 40602
AT E 38861-78-8 CpH,0 99.70% 2 R E BT B 100722-202206
A1) 65813-55-0 C3H,,05 97.44% e A I 2w 52024
A4 K 43153-07-7 CyoH 005 100.00% r £ i 24 R E AT B 101544-202101
AL 53949-53-4 C5H 505 98.34% Jentdb Az ml 71491
&I N 3585-52-2 ¢, H,,0, 96.53% et Az U5 7 45451
IS 38861-88-0 G, H,,0, 100.00% B2 R E BT B 100721-201102
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CH3
H3C 0
oM
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CH3 0 ity
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Figure 1. Molecular structures of ibuprofen reference standard and 10 impurity reference standards
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R2 HBFHFEXES
Table 2. Information related to ibuprofen preparations

il I H#RS =2 FA%
I xRl 240802 0.1g
J 7 J K2 (221205 0.1g
J & 240804 0.1g
7 I %4 20240817 0.1g
J I K5 20240813 02¢g
il & 14X04061 02¢g
gl %6 2409372 02¢
il J &8 32240601 0.1g
gl ]9 20220926 0.1g
J J7% 10 240306 0.1g
J 7 xR 11 22121907 02¢g
Jling o %12 20240407 03¢
JREE T J %13 FM2C 03g
J a5 "% 14 K250202 03¢
iR k5] J"&K15 230727205 100mL : 2 g
PRI R "% 16 50323083 2%
RIS %17 4221133 60mlL:12g
IR 1) "% 18 50323044 25mL:05g
IR ) J %19 20230803 100mL : 2 g
F R IR J7%20 (2308021 2%

R3 BEERMER

Table 3. Gradient elution program

FffA] (min) WA (%) WBIHHB (%)
0~3 70—50 3050
3~25 50—30 50—70
25~26 30 70
26~34 3070 7030
34~35 70 30

ek iE i (29025 T 25 50 mg) , 50 mL

R T, AR A %R 30 mL, oK~
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PBRE “2.2.37 T,
225 BERBREXBER

WA % SR IR, RS ER % &
5mL, B 100 mL &% @8I, ARG F
50 mL, JRZLPRE “2.2.37 Wi,
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Figure 2. UPLC Chromatogram of system suitability test
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x4 REEAERRER
Table 4. Results of system suitability test
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x5 WIRMEREER
Table 5. The results of destructive test

WEYAFR R BEeARE  aRE HEHET
A=K 0.107 2731 1.699 0.783
AL 0.214 4205 9.494 0.858
ZFD 0.314 10 165 7.639 0.980
i) 0.366 12 027 3.949 0.959
&N 0.518 25 361 11.553 1.024
LS 0.784 48 076 20.069 1.180
Aot A 0.968 80003 13.594 1.040
A% 1.000 81592 2.359 1.016
A& B 10.040 90 764 2.900 1.050
FLFRE 1.078 72002 2.594 1.009
IV 1.231 95 976 9.557 1.014

100 mg, # 100 mLE)firh, ARG RE S, K
WA (PR, 250 W, #iR: 40 kHz) 5 min f#
i, HOEMBERZE, 74, G,

oo ol 28 AR 0« DR R PR IR I 28 IRk 2
445y, BARLI 100 mg, ArHVET/NEMA T, iR
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40 kHz) 5 min G, % NS00 20158
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SRR, FIREE 24 h; QBN A
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AR W53 01 pH 2= b i, 5 e iR R
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AR IR IR W T i 4 B i A TR E o 25
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PR A bR E U AT, FERR . . A
LS ] e e 0 TV e R
Rof itk 7= W Vg 22 TR %) 43 B BE R R T 1.5, 45 2%
FEREM =500 R . BRI AR B4 T A
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WA BGaEERER =Y, HEA AL E

o i (%) _
PR R {20027 N =0 ) 27 N = 31122 N

A5 99.006 101.345 99.233 73332
FIFK 0.011 - - 0.054
ZRIE L - 0.022 0.033 0.146
A& D - - 0.034 0.398
eIt - 0.023 0.020 0.055
AN - - - 0.039
HRIES 0.067 0.064 0.062 -
AT A 0.056 0.040 0.050 0.037
&5 B - - - -
HeIRE 0.049 0.061 0.028 0.108
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Figure 3. UPLC chromatogram of destructive test
E: ABRAUR; BB COAAEIR; D.&iRain.
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233 HMHFK

B “2.2.27 TR A4 O G SR, LS
ER BRI R EA A1, 2, 25, 5. 10, 20,
50 we/mL [ RIRA XTSI . # “2.17 T
RS IERE I E , eGSR DLS O
(X, pg/mL) MfEAsR, WEHIAL (V) WP\ AabRes
HIPRAERZE, T E R RS, g5 %6, 45
RERW], KZTRLE 1~ 50 pe/mLYREEL I,
B S A ARG R, r KT 0.999 0,
234 HERETER

K E L “2.2.27 TN 45 4% 6 BE O it A
W, BHRRE, IR 217 TR O3 SRR
A, ORI . DIMEME 205 3 X R AR
WRBEVE R R, DA M L 24 2 10 B 1o PR it
WFEAE e R . A2 B AG  BR 5 PR 2
ke,
2.3.5 MWEEIKE

B “2.2.27 WAL B0 G SR, LIS
i i B ) B B 24 A 10 g/mL B9 TR A %) IR LA
W, MR 217 WUN kSRS 6 IR, iT
EEGERE . HEAREK, L. D, J. N, S, A,
B. E. VI # 5 RSD 4 5l N 02%. 0.2%.
0.3%. 03%. 0.3%. 0.3%. 0.4%. 0.3%. 0.3%.
0.3% (n=6), Z5RFIIZIAHRGHIE R AT
2.3.6 #EEMIKE

HUOA FE 2400 10 pg/mL (IR G0 IR SR, 20
T 25 CHAMFCEO, 1, 2, 3. 4,5, 24h
Ja, HER U217 TR S AR, iR E
HEE ., HEERFEK, L. D, J. N, S, A, B,
E. VIS RSD 53510 3.5% . 0.7%. 1.1%.

809

3.6%. 0.8%. 4.6%. 0.7%. 0.7%. 2.6%. 1.5%
(n=7), 255 3% B0 HR 50 V4 A 24 h I RRUE P
[EY/To
237 WDKK ERXIE

s e L I o 1 e ) SRR 2 B 45 2 ookt R
ARG B, A HIECHI IR AR, Tl &
3R S ARE MR AR, B KT
AT 303, IR “2.17 T g S EREIE
TEREER], SR MRELUGEERU M HAARK, L,
D. J. N. S. A, B, E. V- FERENLRS R
105.74. 100.07%. 101.28%. 105.16%. 101.00% .
106.01% . 98.91%. 97.96% . 105.14%. 104.51%,
RSD 43 5 5 6.0%. 21%. 3.2%. 4.7%. 0.7%.
8.0%. 7.8%. 5.6%. 2.3%. 1.7% (n=12)., iZ%Z5H
T A K oM e e 2 At ) e Y
[ 80%~120% . RSD < 10% HYFREFE R, FH
2T DR R A
2.4 FEmEN

WA IR 5 A 7 i i B i ) 3 20 L IR A
REEA, Hp ARt s34t IREW
64t . BAEM I “2.27 WF )y AT R AL B,
SRIGHERR “2.17 T | gk R A e o b, SRS
Pk, DAGEMEBIHAE AR & & . &
MEETIL 47

RRMZE SR R, AR ) B4 & T
0.5% MIFRERRE, FRITHARALERER S, Britnl 4%,
FEF OGN 10Fh4RTr, BRIYTTN AAG R Ah, H
ROFEIARL, HARIFRIR B 2% FAh S JC I 8 22
5o BRI A 5 S oA H A s 24t
UL 2RI A5 0.15%, 2L URES 2R S 15

®6 Zit. WHRREERERER

Table 6. Results of linearity, detection limit and quantification limit investigation

Tt Y ; LT (pgfml) ffj{fi fiff)
FeFK Y=21 517X-174.97 0.999 9 1.015~50.750 0.019 0.065
LR L Y=14 858X-1 208.4 0.999 9 1.003~50.153 0.046 0.152
& D Y=18 566X-2 637.6 0.999 9 0.980~49.003 0.035 0.117
=it ) Y=14 516X-491.3 0.999 9 0.983~49.158 0.046 0.154
ZRIN Y=17 701X-1 785.7 0.999 9 0.916~45.803 0.038 0.127
S Y=6 928.3X-2 035.1 0.999 9 1.124~56.225 0.112 0.375
L A Y=16 812X-729.41 0.999 9 0.986~49.275 0.042 0.139
%)% B Y=15 572X-1795.5 0.999 9 0.923~46.154 0.046 0.154
ZRIRE Y=24 465X-2 260.7 0.999 9 0.958~47.881 0.033 0.110
AV Y=62 051X-3 568.9 0.999 9 1.156~57.825 0.013 0.043
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R7 HRPERREE (%, n=3)
Table 7. Content of each impurity in the sample (%o, n=3)
FE AR K L D J N S A B E \
(7K D) - 0.12 - - - 0.63 0.45 0.30 - 0.15
R U7%2) 0.13 0.36 0.28 0.65 - 0.51 0.33 - 0.45 -
Rl U7%3) - 0.20 0.19 - - 1.28 1.46 0.53 0.25 -
Rl (J7%4) 0.15 - 0.69 - - 0.46 0.32 - 0.11 -
Rl U7%5) 0.12 0.33 - 0.66 - 0.45 0.22 - 0.78 -
KRl (7%6) - - - - - 0.57 0.61 0.14 - -
Rl (%K) - 0.12 - - - 0.51 0.23 - 0.11 0.46
Fl (J7%8) - - - - - 0.49 0.30 - - -
Rl (U7%9) 0.16 0.14 - - - 0.58 0.37 - 0.16 0.14
A (75 10) - 0.13 - - - 0.48 034 - - -
KAl (7% 11) - - - - - 0.52 0.33 0.26 - -
edes) () 5 12) - 0.21 - - - 1.28 1.42 0.54 0.27 -
e () 5K 13) 0.13 0.13 0.17 - - 0.51 0.29 - 0.18 -
JiedEml () % 14) - 0.13 0.18 0.43 - 0.96 0.79 0.47 0.18 0.16
REA (415) - - - - - 0.50 0.57 0.24 0.21 -
HEF (J7K16) - 0.10 - 0.13 - 0.45 0.19 - - -
RAEF (7% 17) - - - 0.22 - 0.48 0.19 - - -
& (J7K18) - - - 0.13 - 0.33 0.14 - - -
HEF (J7%19) - 0.13 - - - 0.57 0.63 - - -
THEF (J7%20) - - - - - - 0.47 0.24 - -

TE: =" FORTEAHRLOR R IR OR L BL A e, sl 5 10T 0.109% W] AN T

0.12%, 145 FEAR 7N T TIN5 XoF 13K 19 o S48 i 4 It ) 4
fillo BEAR, RS IAXT AR 0152, 0.442
0.777 ¢ 1.294 4 B IAR e, R E RS H B
Xf B B — I 2Rk Y b, s EEET
0.01%, 0] Z0

A M Ak 2% R E 7E 50% ROtk (104t
W) kR . SRS, (U 30% Atk (64t
W) KK AR EEAEE AR (D, ],
V. E), HA70% MR AL 2 /0 1 Fp 2 2
JB, TR I S A S T ARSI ik B
Bk,
2.5 ZERBFHRRMIH

KR GEAVAG AT IR S5 2 T A T A B AU, AR
I K Toxtree FA4: (http: /ltoxtree.sf.net) Xt H
PRk A T I AL TR SR T 3T . 7E Toxtree B
U ARG 25 2% 51 E 1) CAS 5 38861-78-8, Al
A TS BT 4R o Ho, 48 Cramer JESRARS
VAN (class D, HE5H 5 Hr 45 1 oK,
A (R L5 R AT B HLAT B A Cirritating
to skin), HAFEZE/D 13 DNA 58 A B4 G456

A XS24 (Alert for Michael Acceptor)
3 ik

3.1 ®BiGEEHmREL

AT 5% 78 N AN ERAT HPLC A 7 3% 1Y 6 A
b, Gl REEE, BT T RS SRR, Tl
ABJT T, BEFH 0.05% WEFR 1A W5 NG HEA T BE R
B, G TEORIE e S B R YRS T, AL
T IR IR R RENE R T, DL H A R
SIS Ut 2h 5 m A R . YRRy T
SR VA J3E R O 1 D i e 1 452 J3E O MOt I e It 4 2
FE SRR B MERT, B0 DR AT U S A AR TR
PRI ] N SRR 8 Ry TH, 4 TR
214, 254, 263 nm )5, Hi5E 214 nm AR K,
BUR 32 Bl o0 5 A 4 A R B RS S i i
P g R WoR, IS Wy AR AR IR ARk
+5 °C. WMHEZAEL+0.1 mL/min A 554 F ¥R H
RAFIERENE.
3.2 ZERHH

PR 7R T 20 tH 22 60 AR BB A,
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BB 2 A 0 B LS PR A% O A A T R
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