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Development of an Alternative Analytical Method without Related Substance Reference
Standards for Fenofibrate in Korean Pharmacopoeia

Jung Hyun Kim*, Min Young Kim, Eun Kyung Kwon, Kwang Moon Lee and Don Woong Choi
Ministry of Food and Drug Safety, National Institute of Food and Drug Safety Evaluation, Drug Research Division, Cheongju 363-700, Korea

Abstract — Analytical method for related substances can be categorized into two methods depending on the necessity of
reference standard (RS). The analytical method of related substances with RS is fast and accurate, but it’s very expensive
and technically difficult to synthesize RS due to their complicated structure. Another method is using relative retention time
(RRT) and relative response factor (RRF) which are already validated with RS. Validation of this method is not easy and time
consuming, but once it has been developed, it can save cost and time. In this study, we developed the analytical method
for related substances of fenofibrate using RRT and RRE We validated the method by evaluating specificity, linearity, accu-
racy and precision according to the "Manual for Guideline Application for Validation of Analytical Procedures; of MFDS.
Also, we calculated RRT and RRF between fenofibrate and fenofibrate related substances. The results of this study showed
high specificity for fenofibrate and fenofibrate related substances. Correlation coefficient(r) of all substances were more than
0.99, and the recovery of fenofibrate, fenofibrate related substance I, IT and III were 99.44%, 100.84%, 99.14% and 101.58%,
respectively. Precision of fenofibrate and its related substances were ranged between RSD 0.29% and 0.93%. Quantification
limits of fenofibrate, fenofibrate related substance I, II and IIT were determined to be 0.03 pg/ml, 0.05 pg/ml, 0.04 pg/m/ and
0.02 pg/ml, respectively by confirming signal to noise ratio of each chromatogram. The RRT for fenofibrate related sub-
stance I, IT and III were determined to be 0.35, 0.41 and 1.34, respectively. Also, the RRF for fenofibrate related substance
I, IT and III were determined to be 1.28, 0.98 and 0.79, respectively. The developed method was applied to determine con-
tents for fenofibrate related substances in commercial fenofibrate (active pharmaceutical ingredient). As a result, developed
analytical methods of related substances will be used for revising the monograph of fenofibrate in Korean Pharmacopoeia
revision and contribute quality control of drugs by improving cost and time consuming problem of RS.
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Fig. 1 - Structures of fenofibrate (A), fenofibrate related substance I (B), II (C) and II (D).
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Table I - HPLC analytical condition of impurity test for fenofibrate

in KP 11
Detector UV 286 nm
Column C18 (4.0x250 mm, 5 um)
Temperature Room temperature

Acetonitrile : DW (Adjust pH 2.5 with
phosphoric acid) (70 : 30)

Injection volume 20 W

Flow rate 1.0 m//min

Mobile phase
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Fig. 2 — Chromatogram of specificity for blank (A), fenofibrate (B), fenofibrate related substance I (C), fenofibrate related substance II (D) and

fenofibrate related substance III (E).
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Table II - Results of linearity test of HPLC analytical condition for

Table IV — Results of linearity test of HPLC analytical condition for

fenofibrate fenofibrate related substance II
. Test Concentration . Test Concentration
Trials solution (ng/m)) Peak area Standard curve Trials solution (ng/ml) Peak area Standard curve
a 0.32 94.90015 a 0.32 96.18810
b 0.53 158.08537 b 0.53 157.47884
1 c 105 31646634 Y~208.86x-8.74 1 c 105 30879440 Y=303.89x-3.03
r>0.99 r>0.99
d 2.10 609.28192 d 1.58 475.30316
e 3.15 982.87286 e 2.10 638.21326
a 0.32 94.83382 a 0.32 96.28960
b 0.53 158.61273 b 0.53 157.53403
2 c 105 31890115 Y~ol1:25x-7.28 2 c 105  317.82654 YTO0354x-125
r>0.99 r>0.99
d 2.10 630.45050 d 1.58 471.30630
e 3.15 983.16150 e 2.10 640.01007
a 0.32 94.80821 a 0.32 96.33387
b 0.53 159.41679 b 0.53 158.46086
3 c 105 31904279 Y~313.18x-854 3 c 105 31808566 Y o03:54x-0.72
r>0.99 r>0.99
d 2.10 630.14716 d 1.58 472.81018
e 3.15 989.99286 e 2.10 639.89807
Mean of slope 311.10 y=311.10x-8.18 Mean of slope 303.66 y=303.66x-1.67
Mean of intercept -8.18 (y: peak area, x: concentration) Mean of intercept -1.67 (v: peak area, x: concentration)

Table III - Results of linearity test of HPLC analytical condition for
fenofibrate related substance I

Table V - Results of linearity test of HPLC analytical condition for
fenofibrate related substance IIT

. Test Concentration . Test Concentration
Trials solution (ng/m)) Peak area Standard curve Trials solution (ng/ml) Peak area Standard curve
a 0.30 124.78477 a 0.32 79.10341
b 0.51 205.64331 b 0.53 128.15445
1 c 101 397.99323 Y=40021x+065 1 c 106 260.78262 Y~ 24551x-0.19
r>0.99 r>0.99
d 1.52 602.33447 d 2.12 519.99847
e 2.02 814.84924 e 3.18 780.65979
a 0.30 124.09904 a 0.32 78.94013
b 0.51 205.51111 b 0.53 128.36328
2 c 101 41231836 Y~ 400-42x+365 2 c 106 26043100 Y=246:48x-0.53
r>0.99 r>0.99
d 1.52 605.78406 d 2.12 524.04736
e 2.02 813.95239 e 3.18 782.19855
a 0.30 124.13169 a 0.32 78.22675
b 0.51 204.82170 b 0.53 127.81853
3 c 101 41297772 Y7998.60x+4.49 3 c 106 25874506 Y~ 24381x+0.31
r>0.99 r>0.99
d 1.52 603.27197 d 2.12 520.45612
e 2.02 810.93481 e 3.18 773.69720
Mean of slope 399.74 y=399.74x+2.93 Mean of slope 24527 y=245.27x-0.13
Mean of intercept 2.93 (y: peak area, x: concentration) Mean of intercept -0.13 (y: peak area, x: concentration)
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Table VI - Accuracy of HPLC analytical condition for fenofibrate

Test solution Trials Concentration (ug/m/) Peak area Actual concentration (ug/ml) Recovery (%)
1 92.59816 0.32 102.84
a 2 0.32 93.37926 0.33 103.64
3 92.94566 0.33 103.20
1 311.02887 1.03 97.72
b 2 1.05 311.86710 1.03 97.98
3 311.07761 1.03 97.74
1 946.13605 3.07 97.38
c 2 3.15 945.65094 3.07 97.33
3 943.29901 3.06 97.09
Total mean value (%) 99.44
Total standard deviation (%) 2.86
Table VII - Accuracy of HPLC analytical condition for fenofibrate related substance I
Test solution Trials Concentration (ug/m/) Peak area Actual concentration (ug/mi/) Recovery (%)
1 122.43148 0.30 101.68
a 2 0.29 122.54807 0.30 101.78
3 122.76379 0.30 101.97
1 398.24283 0.99 100.91
b 2 0.98 398.41882 0.99 100.96
3 399.01279 0.99 101.11
1 783.11420 1.95 99.58
C 2 1.96 786.33392 1.96 99.99
3 782.88507 1.95 99.55
Total mean value (%) 100.84
Total standard deviation (%) 0.93
Table VIII - Accuracy of HPLC analytical condition for fenofibrate related substance IT
Test solution Trials Concentration (ug/ml) Peak area Actual concentration (ug/ml) Recovery (%)
1 97.01208 0.32 102.19
a 2 0.32 97.64320 0.33 102.85
3 97.89545 0.33 103.11
1 313.56448 1.04 97.94
b 2 1.06 313.53400 1.04 97.93
3 314.23633 1.04 98.14
1 618.15350 2.04 96.28
c 2 2.12 623.15070 2.06 97.06
3 621.06793 2.05 96.74
Total mean value (%) 99.14
Total standard deviation (%) 2.76
Table IX — Accuracy of HPLC analytical condition for fenofibrate related substance III
Test solution Trials Concentration (ug/m/) Peak area Actual concentration (ug/ml) Recovery (%)
1 76.84997 0.31 102.57
a 2 0.31 7717277 0.32 103.00
3 77.06406 0.31 102.86
1 251.57736 1.03 100.62
b 2 1.02 252.15489 1.03 100.85
3 252.33186 1.03 100.92
1 757.25403 3.09 100.92
c 2 3.06 759.57648 3.10 101.23
3 759.59104 3.10 101.23
Total mean value (%) 101.58
Total standard deviation (%) 0.95
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Table X — Precision of HPLC analytical condition for fenofibrate Table XII — Precision of HPLC analytical condition for fenofibrate
- related substance II
) Standard Relative ‘
Analyst Trials Peak area  Average deviation stal}dgrd Standard Relative
deviation Analyst Trials Peak area  Average deviati standard
EVIRHON  jeviation
1 641.21185
2 646.86371 1 309.99
#1 3 643.03821 644.08 248 0.38 2 311.31
4 642.33667 #1 3 310.39 31026 091 0.29
5 643.74799 4 309.95 ’ ’ ’
6 647.30853 5 308.82
1 1252074 6 3112
2 1244687 1 1324100
#2 3 1236210 1242101.67  6222.44 0.50 2 1348986
4 1236254 #2 3 1320955 1333594.00 12459.26 0.93
5 1238946 4 1325899 ’ ’ ’
6 1244239 5 1332876
6 1348748

Table XI - Precision of HPLC analytical condition for fenofibrate

related substance I Table XIII — Precision of HPLC analytical condition for fenofibrate

related substance III

Standard Relative -
Analyst ‘Trials Peak area  Average  J ... standard ) Standard ~ Relative
deviation Analyst Trials Peak area  Average deviation standard
deviation
1 416.27
2o e 2 io6as00
3 419.12 .
#1 417.48 1.90 0.46
4 41839 w8 TY a0 275 056
5 414.39 g
6 417.34 5 491.76282
6 496.81909
1 1919862
2 1912087 ; }gggggg
w2 S 1928872 451000083 873108 0.6 3 1868830
4 1903327 #2 4 1836829 1854300.00 15889.28 0.86
5 1917670
6 1921561 5 1867878
6 1845930
A) J . (B)
2
— DAl 14-1209 1! — DAD! 141209 %
© g (D)
: 8 :

4 e ] 0 12 " 1 " | 2 4 e s ] 2 1" " " .

Fig. 3 — Chromatogram of quantification limits for fenofibrate (A), fenofibrate related substance I (B), I (C) and III (D).
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Table XIV - Validation results of analytical method for impurity test of fenofibrate

Results
Parameter Fenofibrate Fenofibrate related Fenofibrate related Fenofibrate related
substance I substance II substance III
Limit 100.0% 0.10% 0.10% 0.20%
(1000 pg/mi) (1.00 pug/mi) (1.00 pg/mi) (2.00 pg/mi)
Range 0.05~0.24% 0.05~0.12% 0.05~0.12 % 0.05~0.24%
Specificity The analyt chromatographic peak is not attributable to more than one components
Linearity r>0.99 r>0.99 r>0.99 r>0.99
Afﬁfg)cy 99.44=2.66% 100.84=0.93% 99.14:2.76% 101.58+0.95%
Precision RSD #1: 0.38% RSD #1: 0.46% RSD #1: 0.29% RSD #1: 0.56%
(n=6) #2: 0.50% #2: 0.46% #2: 0.93% #2: 0.86%
Limits of 0.03 ng/ml 0.05 pg/ml 0.04 ng/ml 0.02 pg/ml
quantification (0.003%) (0.005%) (0.004%) (0.002%)

Table XV - Relative retention time and relative response factor for fenofibrate, fenofibrate related substance I, II and IIT

Fenofibrate Fenofibrate related Fenofibrate related Fenofibrate related
substance I substance II substance III
Relative retention time 1.00 0.35 0.41 1.34
Relative response factor 1.00 1.28 0.98 0.79
2 0.50%30tt. Hwv|Beo|E Fa=d I 49 Aldeds 7 olE fIE4 1T 0.02 pg/mielr] 98 F=rETH 4 21 o

N
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Table XVI — Impurity test resluts of KP method and developed method for fenofibrate

Standard solution

Sample solution

Limit  Retention Relative Retention Relative Content (%) Content(%) of
time retention time time retention time of KP method developed method
Fenofibrate 100.0% 12.121 1.00 12.090 1.00 - -
Fenofibrate related substance I  0.10% 4.031 0.33 4.034 0.33 ND. ND.
Fenofibrate related substance II 0.10% 4.692 0.39 N.D. N.D. N.D. N.D.
Fenofibrate related substance III 0.20% 16.431 1.36 16.421 1.36 0.07 0.07
Unknown impurity I 0.10% - - 7.921 0.66 0.02 0.02
Unknown impurity II 0.10% - - 9.733 0.81 0.03 0.03
Total 0.50% - - - 0.12 0.12
*Excluding the peak area according to the KP (less than 0.01%).
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