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Qualitative and quantitative analysis of related substances
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Abstract: For qualitative and quantitative analysis of related substances in clotrimazole cream, HPLC-Q-TOF
spectrometer was used to analyze the fragmentation pathways and identify structures of the related substances.
Five related substances named by BP (2018) were identified as impurity A ((2-chlorophenyl)-diphenylmethanol),
impurity B (para-clotrimazole isomer), impurity E (2-chlorobenzophenone), impurity F (1-tritylimidazole) and
impurity 4 (9-(2-chlorophenyl)-fluorene), respectively, by using impurity references matching and comparison
with the literature data. Four related substances were detected in clotrimazole cream except impurity E, and
9-(2-chlorophenyl)-fluorene is the first identified impurity in this preparation. To establish an HPLC method
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for determination of the related substances in Clotrimazole Cream, the Agilent Poroshell Bonuns RP column was
used (100 mmx 4.6 mm, 2.7 um) with UV detection at 215 nm.  The mobile phase was acetonitrile-10 mmol -L™*
dipotassium phosphate buffer (adjusted with phosphoric acid to pH of 5.80) with a flow rate of 1.0 mL-min ™.
Gradient elution was used. The column temperature was maintained at 40 ‘C. A good linear behavior was
achieved between component’s concentrations and peak area for impurity A, B, E, F within the range of 0.20—
10.02 pg'mL ™, 0.20-10.00 pg-mL™, 0.20-10.10 ug-mL ", 0.10-5.01 ug-mL " with the correlation coefficients
were 0.9997, 1.000 0, 1.000 0, 0.999 9, respectively. The average recoveries were 94.3%, 95.0%, 100.0%,
99.6% with RSDs were 2.8%, 2.2%, 1.1%, 2.7%, respectively (n=9). LOQ were 200.4, 200.0, 202.0, 100.2
ng-mL "%, respectively. LOD were 57.25, 57.14, 57.71, 28.63 ng-mL ", respectively. The developed method
was simple, rapid, accurate and effective for testing related substances in clotrimazole cream to control its quality,

ensuring the safety of clinical medication.
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(PH 5.80), 7itshAH B: &Bif; BEFEVEMFET (0~10
min, 69% A; 15~25 min, 69%~55% A; 25~40 min,
55%~52% A; 40~60 min, 52%~40% A); Wii#: 1.0
mL-min % ZEFER: 10 pb; RsK: 215 nm; HE:
40 C.

BREE KA W ER AL E SR
(ZIAH S &M 20 mg), % FRE, B 25 mL g+,
TN Z B 10 mL, F3ERSFEmTEE 23R4, T 50 C
KGR, R E 25 mL BN, WAEEIR,
EERBLE, B BUERFERAEE L, W EE
Wi 0.22 pm JERK, BPASHTY4 T 53 B 800 pg-mL
e AR, ESR PRV R

THILBEE: BT ALE, B E ) %
TERIE 2 A ALB W

VBB 4 T RO VAT 43 ) B vd B A R R
A. B. E. F XHaIEE, FEWE, s e
500 pg-mbL ™ £ 24 J5xt E Sh A 4. o K s B U
KU RIS AL, B E&S2mL fIF1mL £
50 mL =, OISR BB LIE, B, A
TRV A 24 5 T i 4V K 5 B TR A 4 N R
fiti %W 2.5 mL % 50 mL &N 2GR e s E
ZIRE, 12251, 1HIRA J T IR W -

FRGUIE PR B A T I O B, RS R
SE, N 1 mg-mL ™ A 7 5 X T i 2
3 VRS 2 5 W w25 M 45T 4 miL TR 44 5 0T T
it &M 0.1 mL & 5mL &+, MOEwBEFERE
ZIFE, ¥51, (BN RGUE MR

SRHIPERRSCIS VEVRECH T IUN 7 vE %
Feah: © BREEIR: FLE RS 23— REF A
1 mol-L' k% 2 mL, /K% 50 CHCE 1 h, i
1 mol-L™t SN AL, @ BBEIR: FLERE S
ZEH—RESEIA 1 mol-L S EALEN 1 mL, K%
50 CitE 1 h, i1 1 mol-L &+, @ HALnih:
FUBE RIS 23— IREE AR E 5508 10% 11
ARSI 1 mL, JK¥ 50 CHCE 30 min, @ iR
BN ALERERE 110 CHAE N 4 h; ® =g
N LB R TE 25 CHIXTIEE 90%+5% %14 T i E

10 K; ® JeHEAEIR: ALFEFEAE (4500£500) Lx 2%
fFRRE 10 K. SBIRELIEERG, FEmdE “WH
BeHil” BUF H “50 CAKB” EHRAFE.

LeMEFNSERR 43 kG B B O A A4 5 I i
¥ 0.10. 0.25. 0.50. 1.00. 2.50 f1 5.00 mL, & 10 mL
B, INOKEER, ®E, 15 RYA TR U -

HEWE WSALEL 29, KERE, B 25 mL
i, 3k 9By, 2 RS I N TR A F 06T BE L i
7 1.00, 1.25. 1.50 mL, % “VRACH]” WR kA
AR PEAT % 3 3, MENAG. s & 3Rt
A -

BEE  URREEE, BUR S 48 5 SR,
HEWE 6, EEME, & “WWEH” T AR
il 6 B VAR, BERE AT

MM 2 BER®E (1.0+02) mL-mnt
J (40+5) °C; WzhHH pH (5.80+0.04) 41T, HLFR
G 3 F R S8 R A3 B, P 5RO e ] 1)
IR

BRRREM BRI, 20 CHEELTIUE 0.
3. 6. 8. 10 12 1 24 h, 43 I HUE B (i) 2SR 5

&R

1 REMABPEXMRNSTHRRIEEE

11 ZEMABERNEXRMER & OR
NG A S 5N 1~6. X 7o B L E
BEAT HPLC 430 #r, 53R, wi L g h iz 4
MNE YR, NS 2. 4. 5. 6 TI&, g5 158N
FIE, AR R ARAS IR SIG T PR A, 3
Wy F 2 e E e (K 1),

12 REMIABINEXRYREE KAWHAEE-

mAU

0 5 10 15 20 25 30 35 40 45
e / min

Figure 1 The HPLC chromatograms of test sample of the
mixed reference substances (@) and compound clotrimazole
cream (b). 1. Impurity E; 2: Impurity F; 3: Clotrimazole; 4:
9-(2-Chlorophenyl)-fluorene; 5: Impurity B; 6: Impurity A
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Figure 2 Product ion MS/MS spectrum of clotrimazole (a),
impurity A (b), impurity B (c), impurity F (d) and 9-(2-chloro-
phenyl)-fluorene (€) and impurity E (2-chlorobenzophenone, f)

Identification of chemical constituents of preparations by HPLC-QTOF-MS

Peak ) lon
No. tr/min Compound adduction

Formula

Theoretical
m/z/ Da

Measured Error

m/z/ Da pom Fragment ions

3 49.09  Clotrimazole [M+H]*

6 58.11  Impurity A [M+NH4*

5 56.17  Impurity B [M+H]*

1 4115  Impurity E [M+H]*

2 4631  Impurity F [M+H]*

4 50.80  9-(2-Chlorophenyl)-fluorene ~ [M+H]* CigH13Cl

C22H17C| N2

Ci9H15CIO

C22H17C| N2

Ci3HsCIO

C22H1sN2

345.108 0 345.1153 1.2 165.0711
199.032 2
241.1035
277.0801
165.0711
199.032 2
241.1035
277.080 1
165.069 8
199.030 9
241.1012
277.0778
105.033 4
110.999 6
138.994 5
217.0414
165.069 8
233.107 3
243.116 8
199.031 8
165.0711
241.1021

[CisHe]"
[CisHsCI]"
[CioH14]*
[CigH14CIT*
[CisHg]*
[CisHsCI]"
[CioH14]*
[CioH14CI]"
[CisHe]"
[CisHgCIT"
[CioH1a]*
[CioH14CI]"
[C7HsO]"
[CeH4CI]"
[C/H4CIO)"
[C13H 10Cl O] *
[CisHg]*
[CieH1aNo]*
[CioH1g]*
[CisHsCI]"
[CisHe]"
[CroH14]*

312.0811 312.1150 1.4

345.108 0 345.1153 0.9

217.034 2 217.0414 1.2

311.1470 311.154 2 0.5

277.080 0 277.079 3 1.3
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Clotrimazole impurity A Clotrimazole impurity B

o O

Clotrimazole impurity E  Clotrimazole impurity F - 9-(2-Chloro-phenyl)-fluorene

Figure3 The structure of impurities
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FUBER. B, S T ARRE, &6 XMmES
R MEIESS A Ry &, BIRPER L.

23 %M53EE &F A. B. E. F4r3l{E 0.20~
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ug-mL~t (r=0.9999) SN FIETHRIL ML R RIT.
24 KMRSESER & AL B, E. F €&ER5
%124 200.4. 200.0. 202.0 1 100.2 ng-mL*, #&IFR
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108.0% N, RSD% ) <3.0%, J7 i i B 1f .
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Table 2 Results of different batches of samples (n=5). “-”
not detected

Analytes Im:/t:;l)ty Imé)/lizty Imé)/l:/r‘:ty Im'f/L;/rolty Imzt:/:ty
20171101 0.06 0.01 - 0.02 0.04
2017081 0.13 0.02 - 0.01 0.05
2016022 0.22 0.02 - 0.02 0.05
2015062 0.53 0.03 - 0.02 0.05
2015012 0.36 0.02 - 0.03 0.06

Wit

(T EZ5 80 ) (2015) % b # MEFLE A KA
RTINS, IR AR A R, Ak 215 nm. T
PR 1B Ko 210 nm, 2 ALK 190 nm H
SVl A K 5/ L GV = IS R R 1= R i U - S
AN e SEURE I (it A X59E C18 #E Agilent zorbax
SB C18 (150 mm x 4.6 mm, 5 pm). M} 100% 7K #H
HJ C18 # Agela Venusil MP C18 (150 mmx 4.6 mm,
5 pm). i 100% 7K AH = 3 3 4x 2 FL IR € 1% A
Agilent zorbax Bonuns RP (250 mm x4.6 mm, 5 pm).
fif 100% 7K AH = Hf ui #% 7 2L =i AkE Agilent poroshell
Bonuns RP (100 mm x 4.6 mm, 2.7 um), MXSFRE T
SYMTEEIE] o 0 B 5 O TN o B L L EAT 4R A T
#r, B 2% $ Agilent poroshell Bonuns RP & il 4, 1
Xf o 2 e B R T BAE BUIGAE T e SE IR
B

MR SCHR RS, He 20005 o7 2 e B 3 A A 1 44
Jit AL B E M F AR BEEAT T g, HIHR A
TR, T AR SC R A 5L I HPLC VK F W R 28
ZZ iR RALREA RO E 7> B4 BT AL BL EL R, H
b s R 7wl e o 1 TR SN SR 2 s P B
i SR A

ARGy B AE VG ALk A7 T 12,24 7136 S 11
FEA AT KW o b, g Rnsn, Bl e s i E
A R, AT A & B aZTg i, ARA I F] 2%
Jit E, M2 4. By F & EARA LA, BRI A
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