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Abstract: A high performance liquid chromatography (HPLC) method utilizing correction factors was
established for the quantitative detection of related substances in flumazenil. Separation was achieved using an
Agilent Pursuit XRs C18 column (250 mm X 4.6 mm, 5 pm) with an isocratic elution of dilute phosphoric acid,
methanol, and tetrahydrofuran as the mobile phases. Correction factors calculated from a standard curve method
were applied to determine the impurity content. The quantification of impurities in flumazenil was conducted using
both external standard and correction factor methods, followed by validation and comparison of the two. For the
identification of degradation products, a forced degradation approach was employed to prepare a flumazenil
degradation solution, and the resulting impurities were confirmed by LC-MS analysis. The separation of flumazenil
and its impurities was found to be efficient. The limits of quantification for impurities A, B, D, and E were
established at 0.169 9, 0.314 7, 0.143 9, and 0.270 8 ng, respectively, with the limits of detection at 0.055 8, 0.096 9,
0.048 8, and 0.089 0 ng. These impurities demonstrated a strong linear relationship across the concentration ranges
of 0.034 9-7.847 0, 0.038 7-8.710 7, 0.034 6-7.794 1, and 0.032 4-7.292 8 ug-mL", respectively (n = 7). The
method achieved average recoveries between 98.25% and 99.42%, with an RSD of less than 2.0% (n = 9),
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indicating high accuracy. The external standard and correction factor methods were used to determine the related

substances in flumazenil, and the results of the two methods were consistent. The established HPLC method is

characterized by its high accuracy, sensitivity, and repeatability, and is suitable for determining related substances

in flumazenil.
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Figure 1 HPLC chromatograms of flumazenil and degradation
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Figure 2 The DAD spectra of the related impurities. A: Impurity
2; B: Impurity 3; C: Impurity 4; D: Impurity 6
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Figure 3 Mass spectrograms of the related impurities. A: Impurity 2; B: Impurity 3; C: Impurity 4; D: Impurity 6
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Figure 4 The structures of flumazenil and impurities
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Figure 5 Fragmentation patterns of [M+H]" ion of impurity 4
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Table 1 Linear equation, limit of quantification (LOQ) and limit of detection (LOD)

Analyte Linear equation Linear range/ug-mL"' R’ LOQ/ng LOD/ng
Flumazenil Y=60.02C - 0.294 0.039 7-8.928 0 1.000 0 0.575 1 0.163 1
Impurity A Y=66.97C - 0.352 0.0349-7.847 0 0.9999 0.169 9 0.0558
Impurity B Y=66.30C+0.515 0.038 7-8.710 7 0.9999 0.3147 0.096 9
Impurity D Y=92.93C+0.951 0.034 6-7.794 1 0.9999 0.1439 0.048 8
Impurity E Y =74.09C + 0.028 0.032 4-7.292 8 0.999 9 0.270 8 0.089 0

Table 2 Results of durability test. /: The retention time of impurity A and impurity D was consistent

Resolution Relative retention time
Parameter Change  Impurity A Impurity D Impurity G Impurity E~ Impurity B Impurity Impurity Impurity Impurity Impurity
and D and G and E and B and flumazenil A D G E B
Wavelength/nm 230 3.15 9.20 2.12 3.15 10.00 0.40 0.45 0.60 0.65 0.72
228 3.15 9.20 2.12 3.15 10.01 0.40 0.45 0.60 0.65 0.72
232 3.15 9.20 2.12 3.16 10.00 0.40 0.45 0.60 0.65 0.72
Flow rate/mL-min” 0.8 3.08 8.85 2.03 2.99 9.46 0.40 0.44 0.60 0.65 0.72
1.2 2.80 8.38 1.98 2.70 9.10 0.40 0.44 0.60 0.65 0.72
Column temperature 33 2.94 8.51 1.95 3.06 8.88 0.40 0.44 0.60 0.64 0.72
/°C 37 2.88 8.54 2.01 2.51 9.28 0.40 0.45 0.60 0.65 0.71
Mobile phase ratio 82:11:7 3.81 10.61 2.30 3.86 11.17 0.39 0.44 0.60 0.64 0.72
78:15:7 1.64 16.91 6.18 1.95 12.45 0.32 0.33 0.55 0.66 0.70
8201315 2.47 15.20 5.01 2.64 12.24 0.33 0.36 0.56 0.65 0.70
78:13:9 3.46 10.42 2.35 3.38 11.16 0.40 0.44 0.60 0.65 0.72
Mobile phase pH 1.8 4.21 11.80 3.26 2.47 12.66 0.37 0.41 0.58 0.64 0.69
22 2.84 10.78 2.55 3.81 10.61 0.40 0.44 0.60 0.65 0.73
Column (250 mm x Amethyst 2.46 11.10 2.18 3.99 10.71 0.42 0.45 0.61 0.65 0.73
4.6 mm, 5 um, C18)  Hypersil 1.11 8.57 2.31 1.66 6.70 0.50 0.512 0.68 0.74 0.78
Develosil / 10.12 2.25 2.92 7.94 0.40 0.40 0.61 0.66 0.74

% R IE PR 7 B RSDAE 3 /N T 2.0% . R B AN [A] 9 1=
RICHR AR €03 (SCRN €2 T A o A% 1 R -0 I 35 5 T,
TEPR 0] H T 2% S5 5E o
4 ZREIEENEN

TE AN [R) 1 OUAH (v AR A 25 11 R, 24 A
& B 4% 5T D 2% 5T E A T G AR O R B BN TE] 45 S
49 0.41.0.72.0.44.0.66.0.61, RSD /M T 3.0% (% 4).
45 SRR, RO B B ) W] T 2 o 8 1 0 S AV

e

5 FEmNE

53 ) LA BRIVEFA 2 5oy IR 1E A 72 vk SR
T B, 3 LSS PH B FE i A A H AR 5 DR
G, 1R K24 (CSU967) £ th 4 53 A, FF i 1 35 AR A
Z I B A28 S5 E, AN 2% 5 R 2 3 R R I 0.2%, S
KT 0.5%. PRI VETHE R —8 (RS), R
TE BRI FE 2 vTAT (1, &5 SR 0 e ff

Table 3 The correction factor of different instruments and chromatographic columns

Correction factor

Instrument Column A B D E
Agilent1260 Agilent Pursuit XRs C18 0.896 1 0.905 3 0.645 8 0.810 1
Amethyst C18 0.899 5 09137 0.661 2 0.8213
Waters €2695 CAPCELL PAK C18 0.902 2 0.904 5 0.6479 0.8113
Vanquish Inertsil ODS-3 0.879 1 0.899 4 0.634 7 0.789 7
Average 0.894 2 0.905 7 0.647 4 0.808 1
RSD/% 1.2 0.7 1.7 1.6

Table 4 Relative retention time of 5 impurities

Relative retention time

Instrument Column A B D E G
Agilent1260 Agilent Pursuit XRs C18 0.40 0.72 0.45 0.65 0.60
Amethyst C18 0.42 0.73 0.45 0.65 0.61
Waters €2695 CAPCELL PAK C18 0.41 0.69 0.43 0.66 0.61
Vanquish Inertsil ODS-3 0.40 0.72 0.44 0.67 0.61
Average 0.41 0.72 0.44 0.66 0.61
RSD/% 2.3 2.4 2.2 1.5 0.8




BT V9 EA RS W E <177

Table 5 Results of impurities content determination of samples (z = 3)./ means no detected; *Calculate the content by using the impurity

as the reference substance; *Calculate the content by using the flumazenil as the reference substance and adding a correction factor

Sample No. Impurity/%
A* A* B* B* D* D* E* E* G* G* Total
CSU967 0.002 0.002 / / 0.007 0.007 / / 0.013 0.013 0.022
EXL5K-BM / / / / 0.005 0.005 / / 0.006 0.006 0.011
F1617092 / / / / 0.014 0.014 / / 0.032 0.032 0.046
it SVE SZIG RN RE S DU 3R AT IR E, R A 32 R IR 1E A

KRS T E-0.1% R LG
0.1% Fr A TR AW~ FHBE -5 0.1% VKBS R (1) 20 mmol-L™!
LR (pH 4.7)~ H B — VKBS BR V6 T (pH 3.0) A%
TR BR VAW (pH 2.0)— P I — U S0k MR 34 20 A 0T 4 55 7 8
T 5 Bh 2% I 1 43 B3 15 L, e 2% AR o B 75V (pH 2.0)—
FH B - DU SR I (801 13:7) 1 9 HPLC s AH, & U 4)
B AR AU A SRR R TR, B8 AN
JEL ) T b, B 2% 0% F Agilent Pursuit XRs C18 (01 44:
BEAT A W7 I 5E « LC-MS SZ86 v, Ayt (i
FHANE I P (R T, e 26 DL H R — DK R VA W (pH 3.0,
60:40) A sl .

F A AT B2 DRI 2% B E N 2L AN 4%, (HOR
G 3 X U JE EAT SR PR ARSI, O AR B
S AL A FH 35 R LA 95 D G e R AR P AR A T
A, FCH R A ABIA T o 240 G IERRABAE R
BG4 BT D AN 5 B AE A BRI b H B, O
JRE AW AR A 2R BT G 7E B B il 52 56 Al 5
73, MR IR, R PG e PR, S mL AR 1 e i
F VI, NN 1 mol- L & A AL #1IA W 0.5 mL, 5 min
S5 G JE 1 B AR PR T T 50% . DR AR 3K 15 3
VAR R 22 G008 T VA T, 3 49008 IRV b 2k i
AV GRS VE 8 7 3 R AT (B 1a). 4% 0 HH 6O
IR D)0 s 51 36 v, % 0 R0 2% ORI B A A (K 2% i G
T T 2 0 DA A [ (S8 RN S () € 3 A L 0 I
T8, & % TR X T UG 2 PR A X OR B I (] {2
AR — B, T AR AR AR X CR B B T A 2 5
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