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Simultaneous determination of five impurities in imiquimod
by self—contrast method with the correction factor

LLU Gui-hua, YANG Mei, HU Li-na

( Yangtze River Pharmaceutical Group Jiangsu HAI-CI Biological Pharmaceutical Co., Ltd, Taizhou 225321, China )

Abstract Objective: To establish an HPLC method with the correction factors for simultaneous quantification of
five impurities A, B, C, D, E in imiquimod. Methods: The HPLC determination was performed on Waters XBridge
C;s(4.6 mmx 250 mm, 5 wm ) column with a mobile phase consisted of 0. 02 mol + L™ dipotassium hydrogen
phosphate ( adjusted pH 8. 0 with phosphoric acid ) —acetonitrile ( 70 : 30 ). The detection wavelength was 238 nm
and the flow was 1. 0 mL * min~'. The column temperature was 25 °C and the injection volume was 10 uL. The
linear equation of imiquimod and impurities A, B, C, D, E were determined, slope radio was used to calculate the
correction factors of impurities to imiquimod. The relative retention time was used for identification of impurities.

The results obtained by the proposed method were compared with those by using external standards of the impurities
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reference substance to verify the accuracy of correction factor. Results: The relative retention time of impurities
A,B,C,D,E were 0.92,0.32,1.98,0.62 and 1. 37, respectively, and the relative correction factor were
0.86,1.60,0.95,0.95 and 2. 32, respectively compared with imiquimod. The limits of detection and
quantification were found to be 0. 02, 0. 02, 0. 05, 0.04,0. 11 ng and 0. 08, 0. 05, 0. 17, 0. 13, 0. 35 ng for

impurities A, B, C, D, E, respectively. There was no significant difference ( The deviation is within + 10% )

between the results by relative correction factors and by external standards. Conclusion: The validation test

showed that the proposed method met the requirements for the intended analytical applications. The method can

determine the content of impurities A, B, C, D and E in imiquimod.

Keywords: immune modulator; imiquimod ; impurity test; self—comparison; correction factor; HPLC
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Tab.1 The structure and chemical name of

imiquimod and five known impurities
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1 UHFE5KG
Agilent 1260 =5 2L AH L35 AL CLFER A F] ) 5
Mettler Toledo XS205 Z3#7 K- (M4 dh — FLH| £
Al )o A% A Waters XBridge C,( 4.6 mm x 250 mm,
5 wm, FORE: T/ \BESRERERE RS R, IRRFIE A F] ),
bk s B AR X IR 5 (4t 5 FOK063, USP 42 fit,
1 99.8% ), WK M 5 RE R 245 (dit 5 12091921,
12092121, 12092221, 3111245\ S AT 93 16 26 A= )
25l A BRA R ), %5 A X R (HiE45 FOKO091,
USP # fit, & 1 100.0% ), Z% i B Xt H8 & (41t =
FOK093, USP 42, & 99.0% ), 2% it C % B8 & (41t
5 FOK100, USP £ fit, & & 99.0% ), 2% Jit D X I& /i
(fit*5 FOK106, USP $& i, & & 97.0% ), 42 )it E X} i
il (45 FOK114, USP #2448, & 99.0% ).
2 HEE4&R
2.1 HAEECH
211 IRA N BT BRI SRR T A
B.C.D fl E X F& 4% 10 mg 43 5'E 100 mL E3HH,
IR BTN 0T 2 25 2B 20 B8, A A 45 2% O0) R i
U PR 2 e LA 2% O BB A i AV 1 ml EE[R]—
100 m S H IR BRI B 205, #257, BIAHR A % IR

AR o
2.1.2 B REAIRIR RS PR UK M SRR X
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IR 2 75 A, RIAS 4338 A
213 fELEER A H 10 me, K% FRE, B 100
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£ 8.0)- M (70:30) ;5 Fiik: 1.0 mL - min™"; H: i :
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Fig. 1 The chromatograms of resolution test
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Tab. 2 Results of limit of quantification

and limit of detection

ik SE kR AR

(limit of quantification ) (limit of detection )

( component )
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0.3 pg-mL™ RIIFW, 70 HIRH 2 #7245 ( 1
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(C) RHEA AR, TR (A ) AR ARIEA T A [ 1,
TR (WRIEEBERE ) 524 B A 5 B R 2 LU RIS A

/ng /ng
IEHET fo BRI 3,
Wk B (imiquimod ) 0.15 0.05 2.7 [l
e K 2% PR B[R] — b K v B4 R 25 (it 5
Z%J5t A (impurity A ) 0.08 0.02 .

12091921 )9 #/34% 10 mg, & T 100 mL S, IMAS
< B (impurityB ) 0.05 0.02 Z Jo %F HR it 3 S ) R Y T vk R PR
e . oos 0.15% . 0.18% HYIR G VAW, AW BE AT T 3 1070
ZRIL impurity B . « . - N s T

Fie “2.17 TUT A5 A AR E 25 2 o 7 i, TR ]
&5 D CimpurityD ) 0.13 0.04 SR FN RSD, 5 WL 4, 245t A B.C.D F1 E ¥

] Wi 53 591 K 98.5% . 97.3% . 95.9% . 96.2% . 98.1%,
Z4 5 E (impurityE ) 0.35 0.11 X
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Tab. 3 Relative correction factors of imiquimod impurities
% IR RGE BIEp:F: P 7
( component ) ('system ) (linear equation ) '
bk B4 (imiquimod ) 1 A=120.2C-0.11 0.999 7 1.00
2 A=118.8C-0.15 0.999 7 1.00
7=t A (impurity A ) 1 A=145.4C+0.03 1.000 0.83 0.86
2 A=135.5C+0.03 0.999 8 0.88
Z&J% B (impurity B) 1 A=76.67C-0.03 0.999 8 1.57 1.6
2 A=72.91C+0.03 0.999 4 1.63
Z&J5 C Cimpurity C ) 1 A=130.2€-0.02 0.999 9 0.92 0.95
2 A=122.2€+0.33 0.999 7 0.97
245 D (impurity D) 1 A=126.9C-0.03 0.999 9 0.95 0.95
2 A=124.6C-0.06 0.999 8 0.95
Z&J% E (impurity E ) 1 A=50.47C-0.16 0.999 6 238 23
2 A=52.82C+0.03 0.999 4 2.25
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28 LEM BRI I B B2, 5250 AE N EAS T 240t

2.8.1 SREDGEIN  HUARS:, BOGRRT S 5d. Bk
ZET BOGIERLIIRE S 10.36 mg, & 100 mL &5, I
TR IR B 2 2 B 350 AR RRBR I W

2.8.2 HAMDGEEIR WU, EEIMT T E S do
TR IREE T BRI RE Y 10.17 mg, & 100 mL HHH 0

IRV

283 SIRMIR  BURM, B 105 CHUEFIE 4 d.
WA A o, BRI A i 9.99 mg, B 100 mL i il
IR RS A B R 20 B, 50 A Ry e TR
VSR

x4 ORHRRBER(n=9, %)

Tab.4 Results of the recovery test

(impurity A ) (impurity B) (impurity C ) (impurity D ) (impurity E )
LOQ 100.7 102.3 91.7 94.9 96.5
98.0 98.1 94.9 88.0 98.3
96.7 94.3 88.8 90.3 94.9
0.15% 98.2 96.6 97.9 98.5 96.9
97.7 96.0 96.8 97.7 99.0
97.6 96.2 97.5 97.5 97.6
0.18% 98.2 96.4 97.4 99.2 99.2
99.7 98.0 99.2 99.5 101.1
99.5 97.5 99.4 100.2 99.8
FHIA (average ) 98.5 97.3 95.9 96.2 98.1
RSD/% 1.3 2.3 3.7 4.5 1.9

2.84 SAALBEIR  BUA i 10.38 mg, K B R E, B
100 mL L, I 2 mL AR, I 10% 14 AL & 2
mL, $55), 90 CHF 1 h, BEIREE AT, InFe BRI A
IR 20 F25T NE AL TR

285 MRYEFEALBLIR  HUA L 10.33 mg, KRR E,
100 mL IR, 0 2 mL BB, N 10% 8L A
2 mL.6 mol * L' $RFRIA 2 mL, $E5], 90 CHN#k 3 h,
WEIRZE TS, 6 mol - L™ S8 AL ANIA K 2 mL P,
TR R A o A R 2R 20 B, B 50 A R S A
NS

2.8.6 TRELIR  HUAS 10.08 mg, K % FRE, & 100
mL B, AR R 2 mL A A, 6 mol - L7 £
FRIAWE 2 mL, $557, B 90 CAKIATHUE 12 h, BkIRg
FJG, 6 mol - L™ A AL ANIA T 2 mL HhRT, $25,
TR R 00 it R B 20 B8, 4 50, A sk IR 1 3R
W

hhiHE i

2.8.7 BRWEIR  BUA S 10.32 mg, W EFRE, B 100
mL B, AR B 2 mL A, I 6 mol - L7 &
AN 2 mL, #2257, 5 90 C/KIEHCE 13 h,
% 51 25 3005, 76 mol « L7 &k R ¥ Wi 2 mL, 4% 5,
TN R 005 i O B = 20 188, 4 50, A Sy nik el o IR
a8

A R0 T A W e 2.1 g A (e tk
FERE , %5 584 B IR0 25 1 R Mg 2% 5 5 2 N
J RS B A BT O, DLIE 2. R B JEOR] 25 2
TR Bk O BN TR I, A 0 O B ARk, 3
B b 7E R AR T E AR , DR R AE A b 2 1
TR AR T AFRE , FE & M 99.84% %
% 96.53%, DAD Kp il 25 S 2B, & B ff 20 T £
4li B IR T 990, H A% 4% ¥ RE-5 R s By 3206
KU 10 43 55, Y0 B 41 7F 98.31%~104.06% 2. [H],
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1. SR EIEER ( light damage ) 2. L hMIE R (UV damage ) 3. EIRBEIR (heat damage ) 4. TR IR Cacid damage ) 5. BEAE IR (base damage ) 6. A

LR (oxidative damage ) 7. IRPESAALEIR (acid oxidative damage )
B2 BREEEAFHIARI S RRE B E

Fig. 2 HPLC chromatograms of degradation tests of imiquimod

29 kR E Nk

F I 2.2.27 W B A S AT, 0 T E IR
JCE 0 h.6h, 10 h, 24 h 50 E B RRE T, T ALUA
— A Al 43 5 99.88% . 99.89% . 99.90% |
99.90%, 24 h N 4= & A K (AL OIS 6
h JG 28 AN B 6 NS 5 AN, o B B2 R 1Y)
B, WO TRV AE 6 h PIASEIN
2,10 HEMERE

WA — it 5 Rk g, $ | 2227 Fi12.2.37

90T A3 A TRR 6 R AR, R IR R (A
TS AT I, A5 R R 6 Atk fh P 4R T A
) 5 0.01%, RSD 24 0; 2% i CJ% 4 0.03%, RSD
J90; Z% DX K 0.01%, RSD 05 2% i B Fil 2%
T E ¥R K s H A B 2% 25 0 0.04%, RSD 4 0;
Ze o & 4y B R 0.12%.0.13% . 0.13% . 0.14% .
0.13%.0.14%, RSD N 5.7%, % W1 i% J7 ¥ & & 1k
R4t
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x5 EEMHKAEER(%)
Tab.5 The results of repeatability test
e &I A Z&J5i B P A4 D M E Hofhrp e Fivss s
(No.) impurity A)  (impurity B) ~ (impurity C)  (impurity D) (impurity E ) ('single largest impurity ) (total impurities )
1 0.01 ARkt 0.03 0.01 AA 0.04 0.12
( not detectd ) ( not detectd )
2 0.01 FA 0.03 0.01 A 0.04 0.13
( not detectd ) ( not detectd )
3 0.01 ER oAt 0.03 0.01 Rt 0.04 0.13
( not detectd ) ( not detectd )
4 0.01 E N 0.03 0.01 ER i 0.04 0.14
(not detectd ) (not detectd )
5 0.01 Rt 0.03 0.01 Rt 0.04 0.13
( not detectd ) ( not detectd )
6 0.01 A 0.03 0.01 AR 0.04 0.14
( not detectd ) ( not detectd )
RSD/% 0 0 0 0 0 0 5.7

211 AEARRI
SR T 2% B0t B it S bk S50 T PR 1) S
o3 F B IR IIE 3 Sttmkngs SRR IRUREZG Fh A 2R TG

B ARIER 60 TR IE I 7Y o3 A B4 IR
VLIS HR A MR IR 2% SRR I 45 SR IEA— 2, JCSei T
IS, R BAIE T RGE T TR 1

x6 HEMUNELER(%)

Tab. 6 The results of sample analysis

it Z=J50 A (impurity A ) Z=J50 B (impurity B) Z=J5 C (impurity C ) 225 D (impurity D ) 25 E (impurity E )
(Lot No. ) I il I I} I I I I I
1 0.16 0.14 0.15 0.14 0.21 0.20 0.18 0.18 0.16 0.15
2 0.16 0.15 0.15 0.14 0.21 0.21 0.18 0.18 0.15 0.15
3 0.15 0.15 0.15 0.15 0.22 0.22 0.18 0.18 0.15 0.15

1 (note ) : 4165 1 365 2 465 3 2001 94t S 12091921 5 12092121 5 12092221 fii—&

i s T R MIBEE R 759 F2 003 A Do Jidik o

2 X R A B Y 5 <17 Feo R 2R RS B Ah

(Lot No.1, Lot No.2, Lot No.3 were obtained by adding a certain amount of impurity reference substance with Lot 12091921, 12092121, 12092221

respectively; “I” indicates impurity reference external standard method; “II” indicates self-contrast method with the correction factor. )

3 iFig
3.1 ARSI

USP39 Wiz 2k 1Y Wk W B 5 s o 0BT 24 5 1 b o
WS,— (X=125)-2005Z 3 & ¥ 52 J5 ¥ X E 71 4% it
() 3 85 B AFAE — 28 BBk B, H: h USP39 i 25 1 ik
W BER bR AR W T VA 2R R E S R A
Yo, AR L5844 85, U SN AH B g
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TR A0 R, A B S TAD A G BT 24 7 IE AR UE WS-
(X-125)-2005Z A &) 51 J7 15 WK W 5 R 55 4H < 4%
JBT 1) 4 B8 R TR AN 1) 43 8 LR, L e R s Ry b
JB A B4 B B LA 0.89, K M BEARE 5 4 TR E 5 Y
O3B HUA 136, 0B 25 5% 1 bR ifE WS- (X-125) -
2005Z-2010 WA W i 7 45 BRI AR B 2 W) K 5
F Ay Z A B BE 58 42 4 B, LU B AH 21 A A7 B, A
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Mt B 1) 5 5 [ 25 B 5 9 A oK s 5 R iR 24 A
X Wy 3 B WS- (X=125)-2005Z-2010 Y& #% 1
ke
3.2 RS RE

FH T DK s B R TR} 24 78 KR AL 7] s i
JiE 3R AL A R A R A R
TR0 TR R R M R, 7 R B 4 o ) U i e
$£0.02 mol - L BRI - Z M5 (70:30) 16 M
R
3.3 WishH B

WD N LU A A T4 R 42 0T B 5 AR HITAH 48 4k
BT 1) 43 B FE B AN S AR BT C S ARAB AR B 4
FEo ZREH5 B B 24T C 5 AHSRZA2 T 4 B
3 35 22 R T U SR A A BRI LU BB, e A4 E LA 0.02
mol - L™ B IR Sl — 80 2% vy (B IR A5 pH % 8.0)
- g (70:30) AL hAH, 2400 B 4% C S5 HHAR A%
Jo 53 8 B iR B def

3.4 (ORI
AL ER A Agilent XDB-C . Waters Sunfire
Cys. Waters XBridge C,g 55 €015 45 XT £5 4% Jot AH X BA
T 57388 BE 52, 45 SRR I (B AT i R 24 5
T2 g P U ] | 2R 2% SO R O B IR TR] L 3208 S5 A
B2 BT 1 43 S FE A S B S, R IR AR BT A A XS
PRE ], EE R g R BT A 5 32 53 S 0 1Y
ANTA], Waters XBridge Cq 18 £ DK 1 B84 A7 5G4 5T 1Y
DU D71 , AN TRIHE 0 8 5 AT 45 N 2% B A AR O O
BA S [] 5 4 125 P — 3, Jr ik T S
3.5 RHXHOR B A ) ¢

W “2.47 UR 43 B BE AR “2.17 (il skt
B 1 A ) I 1 o 3 N R e = DAY ]
T BIAH TR E MY pH AT HE O Z%
AFXS O B IS TR] (R 520, 25 R WL 7, B8 il AR i
TLAAR L At S A pH AN IR Y 3 AT, 2% 2 0
R TP X6 5 B s T s R 2

R7 BFENmEZEIT AR BB ( =10 )

Tab.7 Effects of various factors on the relative retention time

2[R Z (influence factor )

FHXF LR BFTE] ( the relative retention time )

5T A %)% B ZeJi C Z4J5 D AR E
(impurity A)  (impurity B) ~ (impurity C)  (impurity D) (impurity E )
IEH 44 (normal ) 0.92 0.31 1.98 0.62 1.37
Wi (flow rate ) /ml + min™ 0.9 0.92 0.31 1.98 0.62 1.37
1.1 0.92 0.31 1.98 0.62 1.37
i ( column temperature )/ °C 20 0.91 0.30 1.96 0.63 1.35
30 0.93 0.32 1.99 0.62 1.39
W sl HeA] ( mobile phase ratio ) 72:28 0.92 0.28 1.98 0.60 1.35
68:32 0.94 0.36 1.96 0.66 1.39
HislHl pH ( mobile phase pH ) 7.8 0.93 0.33 1.98 0.63 1.35
8.2 0.91 0.31 1.96 0.62 1.40
{358 (column ) LR 1 (serial number 1) 0.92 0.31 1.98 0.62 1.37
LYK 2 (serial number 2 ) 0.94 0.32 2.05 0.62 1.40
SHIE (average ) 0.92 0.32 1.98 0.62 1.37
RSD/% 1.16 6.57 1.32 2.41 1.46

1 (note ) : “HEVK 17 @74 Waters XBridge C,g SN: 01453131813805; “HEvk 27 N {04 Waters XBridge C,5 SN: 01523305913888 ( The “Serial
number 1” column was Waters XBridge C,s SN: 01453131813805; The “Serial number 1” column was Waters XBridge C,5 SN: 01523305913888. )
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