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Statistical evaluation of method validation for quantitative analysis of impurites
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Abstract Objective: To demonstrate the accuracy and rigor of the quantitative analysis method of the impurities

by using enalaprilat in the raw material of enalapril maleate, and to provide reference for future confirmation research.
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Methods: After optimizing the impurity limit analysis method of the drug substance enalapril maleate in

the European Pharmacopoeia, the test was carried out by factorial design, and based on the validation of
the performance parameters of the original method, more statistical parameter evaluation methods were
introduced to evaluate whether they met the intended use. Results: Specificity: The separation degree
of maleic acid and enalaprilat was 19.0>1.5, the separation of enalaprilat and enalapril was 30.9>4.0,
and the specificity met the requirements. Linearity: The concentration range of 0.5-12.0 wg* mL™
was linear, and the linear equation was ¥=139.86+38 982.17X ( r=0.999 8, r>0.999 ). LOD was 0.29
pg - mL ™5 LOQ was 0.76 pg -+ mL ™. Accuracy: The bias of each concentration level above 2.0 pg*mL™ was not
more than 2.0%, and the 95% confidence interval was less than 3.3%. Precision: The repeatability precision of
each concentration level above 2.0 pg*mL™" was not more than 1.03%; the intermediate precision was less than
2.5%, and the upper limit of the intermediate precision was not more than 5%. Method comprehensive ability
evaluation: The method had a concentration range of 2.0-9.0 pg*mL ™', and the maximum total variability value
of the method was not more than 2.65%; 95% prediction interval was in the range of 98.0%—-106.0% ; 95%/90%
tolerance range was in the range of 95.0%-108.0%; Relative to 0.3% quality standards of the impurity, the
method met its quantitative detection purposes. Conclusion: The newly established method has been validated
to be suitable for its intended use—it can meet the quantitative detection requirement of 0.3% of the enalaprilat
impurity of the raw material drug enalapril maleate. The new validation experimental design can obtain more
scientific and reliable statistical evaluation indicators, which make the conclusions of the method validation more
scientific, reliable and intuitive,, and can grasp the applicability of the method from the whole; the newly provided
method variability tolerance interval and prediction interval provide a basis for judging whether the evaluation
method verification and transfer are successful in the future; the experimental design and performance parameters
of the method validation used in this paper can provide reference for the scientific and rigorous validation of the
quantitative analysis method of impurities in the future.
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FAPOUER (25 1), o EEEIR 5 1. H T e
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PR C R A A B A ] D,
1.2 BURIANLZ

X HE 2 SR FR AR A (45 100705-201604,
T 99.9% ) AR IR A (A2 B 1) (445 2016
784, ik 88.1% ), BT 24 R e ST Bt o

FE i SR BRI A1) S5k} (445 5113-6-015,
WL ARG 20 B A R ) Do

A BEER (43 Hral, #iL5 20171026, KG9k
FIARRAF] ) 5 iR — 280 (4rHral, it5 20161208,
25 5 W2 X A RA R s O (A5 9L, it
= 171011, Cleman Chemical ) ; F¥ B ( {0 3% 2%, it =
163201, Fisher Chemical ).
2 REhIE R E At R A B
2.1 s R

27 0P PRI IR — =80 5.4 g, oK I 1 000
mL, FH#EER A Y pH 2 3.05 51 1: 2l - 20 -
FHE (122225 5500 2 4500 1- G2 b (8:92); Tl
A A EH) 1= i (1:9); WishAl B: 2.
2.2 AR

e 2B FR HE R R AR A S5k 1t , B 50 mL i
b I 10 mL, s R 2 B R 2 20 B i A 20
mg* mL " AR B AT
23 MRS

K 2% Bk B IR 35 1) B 6k BE A GE 1, B 20 mL
SRR, R R 2w, 0 R 2 B RE R AR
I mg- mL™" % S i AR

53 AR e OV R it 25U 1.2 F 3 mL &2 100
mL S AR 2 B R = 2, 20l il s o e v
10,20 F1 30 g+ mL ™ AYXT R VAT
2.4 IRAXNBSER

2R L R FR RS 3 A1) e Rty ARG 3t ) 7
XF RECEL 210 mL S, 0 2 mL, s R 2
BRZIE, KBS R mL % 100 mL G35, i
7 2 Fs B 2= 20, I 20 pg - mL B9 TR A X BE A
B
3 BIESERNEXR
31 s

K H Shiseido C,g f3EFE (4.6 mm x 250 mm, 5 pm ),
FEIR 65 C, HEFERS IR E 4 C, JEAE R 20 plL, i 3h
A TR] “2.17 T, A RE e B, e Bl P UL 3R 1, I
1 mL * min™", &3 K 210 nm.,

®1 BERHERF

Tab.1 Gradient elution program

Fif ] B A WElH B
(solvent A ) /% ('solvent B ) /%

(time ) /min

0~16 90 10
16~17 90~80 10~20
17~40 80 20
40~41 80~90 20~10
41~45 10 90

S

32 Mk

6 5 I ofe R A IS 387 1) 3 i, i P B 2 L,
T 3R 2 R 2 20, AR 1 mL P25 2 mg 1Y
VSV, VB R S T TR, RS % B 20 L, T AV
A, 0 TSR 5 5y B TIR 1 ) P Xk B 6
Fa & PR, I BE 6 mL, IAR 2 #l %A 1 mL 297%
6 g+ mL™ T IR SR, R He A MR T
T RIRE AP EAKT 0.3%.
4 FtHWERY

ARG A IMP FERAL )5 Ik B0 IESE
A (PCMV ),
5 AEBWIERER
51 RGuE AR

B “2.47 TR IR A X B IA TR 0 R 317 1
RS IERE R I S LI 1, 5T o
TR MR IR RIS o AR A1 g P i 2 A
T 1.0<2.0, BRI 5 AR R P/ B 19.0>1.5,
A AHL 55 MR A 5325 2 30.9>4.0, HARE )
PSRBT 5 000,

15 000 1
10 000
2
~
S
5 000+ 9
ii 3
[
| "
| I
0 i AR
T T T
0 12.5 25 37.5

t/min

1. & 3k TR ( maleic acid ) 2. 4K HF 3% A $7 ( enalaprilat ) 3. 4K [ 3% 7|
(‘enalapril )
B 1 DkEkAREF EEE

Fig. 1 Enalapril maleate chromatogram
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52 LlgEik 500 000
B “2.47 WUT AR A R BRI TR, F IR 317 1Y =
EREANE IERE, A G 1 B, ok 5™
RASARISBIRE 19,0515 BABUABLSHAHR 5
SYESIE N 30.954.0, I GIRTER AT :
5.3 2tk AT PR E R FRFTE R 200 000 -
531 S E
EVRHEA 1 BT B (0.39% ) 1 8.0% 100 000
( 91 5 56 1 72 (19 LOD ) ~200.0% P4 5% & 9 A~ i o5,
0.5.1.0.2.0.3.0,.4.0.6.0.8.0.10.0,12.0 pg-mL™", e 3 1 & b 1 b u

BEANUR BT 4% 3 17 o
532 #HELIE

SR 237 WF 10 pg - mL™ AYR%FIE S A TR
0.5.1 A1 2mL,20 wg - mL™" FXF ISR 2.4.5 mL,
30 pg s mL EXFERERAR 1.2 Al 4 mL, 23 50E 10 mL
SO I R 2 A R 20 20 0.5.1.0.2.0,
3.0.4.0.6.0.8.0.10.0.12.0 pg- mL™" (1) X%} I8 5 VA W,
B EE AT 45 3 4, HEREDIE iR A R L 2,

*2 SMRBERGHIE

Tab.2 Raw data for linear tests

e ( concentration )/ TN ( peak area )/ wV + min

Cpgeml™) 1 2 3
0.508 8 20017 20 134 19660
1.018 39 588 40874 40828
2.035 78 874 80755 79338
3.053 117 199 118 559 117 949
4.070 158 621 158 865 158018
6.105 236090 237829 240 870
8.140 311048 313005 319856
10.18 390 147 397 490 401 424
1221 478 194 480 625 474252
5.3.3 SRR

MR DIVREE X A REA bR, TR Y Sl Ak
b, F v B — W TR A e /N R I [T, DL IR 2 4k
‘@jﬁfﬁ%:

Y=139.86+38 982.17X r=0.999 8

B A . #RHE N —139.86, AR IE A AR HEIR K
867.04, 1 LA —0.16, HEK >1¢ 1 {4 0.87>0.5,5¢11 I
WREIES 0 B BETE2ES, A & R b
Z= J0 A 38 3 AR Aff L

Ml ZR I FRIER N 2 695.87,

AL Ha i

S

¢/ (ogenL™)
B2 RE - IEERNRN_FEEE

Fig. 2 Least squares regression of concentration—peak area
5.3.4 Kl R RS E R TR

T 45337 WA AT AR, SR A 95% BT
0 DX A 5k ARSI T R 5 R BR 3 5310h -

s, 1 X2
LOD=Ct oy p+t gy )= [I+—+—

bl N Y w2
i=1

=0.29

—2
LOQzlo% LI S

N Z(xi _2)2

ARG
A HT T HETE 0.5~12.0 pg - mL™ 19 3k 135 315 LN
I JE R TR
5.4 MER BRIV
541 S

(1) XF 5% WA e 5 v 04 DR 2R 2R A7 XU 0 B, A

ARITIEN EZSZ MR E AL 3 A5 DL A~ 53
ME BB ST BRE B CEFIR] ) 5( 2 ) 384 S48,
FENRIALIN 10%, 8 53290 5% ¥ o R 5%, 54058
BEH 90% I, i 3k IMP B AF SR A5 BT 75 B FE AR =, B
SEES AT 5 (3) DLk 2 A5 i Skt
B 3 A EERNZHEE 2 A KFE, R 3 IR 2
Bt i 8 AL 2 (UL 4), W I S EU T
FEAR TR 2R 5 (4) We FE VO [l BE 46 Lhhnbrvie B o FLT
R AR E (0.3% ) 1) 8.0% ( Tl 5L 564 72 /Y LOD ) ~
150.0% =%, BT PWE:05.1.2.4.6.8,

=0.76

5.3.5

9 pg-mL™",
542 PAELIE
W 237 TR 10 wg - mL™ AY X R 5%
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#0.5.1.2mL,20 pg-mL™" AUXTIESAIK 2.4 mL,  F) 2 B R 20, IR E 4 ] 05.1.2.4.6,
30 pg - mL " AOXTIRSAR 2.3 mL, 03 E 10 mL & 8.9 pg - mL ™ AR, BRI EE ST 45 3 1y IR
A, Bn <2.2” WUR A S TR 1 mL, IS 317 TR OGS SR . BRI R T R 4,

T4 SKRBHLERILE

Tab.4 Summary of results of 8 trials

R RIS 1 (test 1) 3RE 2 (test2) 55 3 (test 3) JRID 4 (test4) 5 5(test5) iR 6 (test 6) RIS 7 (test 7) 55 8 (test 8)

(test mode )

E1/A1/R1 E1/A1/R2 E1/A2/R1 E1/A2/R2 E2/A2/R1 E2/A2/R2 E2/A1/R1 E2/A1/R2
0.5 104.71 106.17 107.96 103.09 94.47 108.86 111.27 103.67
0.5 102.84 101.55 109.63 104.02 89.62 109.00 105.33 89.88
0.5 104.19 105.20 106.20 100.56 92.33 106.10 104.17 108.36
1.0 110.52 102.38 100.92 103.52 99.01 100.83 103.91 96.49
1.0 111.71 101.63 103.00 105.38 97.50 102.46 102.23 95.68
1.0 108.65 101.76 104.45 102.09 100.31 100.68 102.90 104.43
2.0 103.35 101.13 104.91 99.29 100.45 101.45 105.19 99.80
2.0 101.27 101.32 103.83 102.88 97.94 101.27 103.83 100.32
2.0 103.27 100.45 105.59 101.52 100.02 100.51 104.07 100.68
4.0 102.44 101.25 100.89 103.44 103.37 97.53 100.07 100.01
4.0 103.29 101.23 99.98 102.97 99.92 99.16 100.58 100.15
4.0 103.34 102.09 100.56 103.60 109.56 98.54 100.09 99.88
6.0 101.53 101.75 101.52 99.70 99.90 101.71 101.28 100.62
6.0 101.47 100.94 100.14 100.19 101.48 101.24 100.80 100.72
6.0 102.30 100.81 101.15 96.79 100.00 101.09 100.50 100.36
8.0 103.26 99.53 101.26 100.26 98.77 98.54 99.05 99.15
8.0 101.09 101.07 100.60 100.32 99.07 100.70 100.14 99.86
8.0 103.15 98.68 100.58 100.87 99.31 99.87 99.69 100.00
9.0 100.57 99.91 102.20 100.46 99.52 101.24 101.21 100.21
9.0 102.35 100.15 101.40 100.74 101.00 100.63 101.21 101.35
9.0 102.49 100.20 101.34 101.07 100.01 101.24 101.11 100.96

7E (note ) : 1. 2f5 1 51 Sl e B2 1), B (i Sy ng mL™" ( The first column is the concentration column in e mL™ ) 20 A TR AR E FER
LR, R Fn BT 1.2 TR IKOE (A represents “analyst”, E represents “instrument”, R represents “run” ; 1, 2 represents two
P Y P P P

levels )

543 T K B T HAG 2 1 LR % o =0.05, 5 % i 4%
5431 MEEE  EXTENERIT I 22 BILE S,
M, A 3RABZ AT T e AN R e FE R EE 2k, thla] 5432 YEMREE  @at N R S (100% )
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Tab.5 Summary of repeatability, intermediate
precision, and confidence upper limits for

precision at different concentrations

o b DHPRERERE EAE
i) WA R S
. . . . I FR (intermediate
( concentration )/ (repeatability )/ (intermediate . )
a . precision confidence
(pg-mL™") % precision ) /% o
limit ) /%
0.5 4.01 6.15 9.97
1.0 2.10 3.97 6.68
2.0 1.03 2.08 3.53
4.0 1.78 2.47 3.90
6.0 0.82 1.09 1.70
8.0 0.79 1.25 2.05
9.0 0.56 0.77 1.21
Ly 1.58 2.54 4.15

(average ) /%

55 DR A R B 2E (B ARAR T AR %A L B it fR L,
PLRARTF B AR X, 1% 0 =0.05 B 45 51 43 A 4
HE%% 60

®6 ARIRETSHEREHEXNSEICE
Tab. 6 Summary of parameters related to

accuracy at different concentrations

{353 o i R 1) 455 X )
o ¥y i _ ;
( concentration )/ X (' biased confidence
o (average ) /% (‘bias ) /% .
(pg-mL™") interval ) /%
0.5 103.30 3.30 -0.19~6.79
1.0 102.60 2.60 0.20~5.00
2.0 101.85 1.85 0.57~3.12
4.0 101.41 1.41 0.08~2.75
6.0 100.75 0.75 0.17~1.33
8.0 100.20 0.20 -0.52~0.92
9.0 100.94 0.94 0.53~1.35

5433 JTERESMLEA TR AT UETRE 5K %
FERIIRA I, 5 ARG PN SH, IR 5 7
PAE SR B MCT ) 5 R AR 5344 X Ja]
FZE R0, fBE 2% 0T ) B s bR ifELE 90.0%~110.0%
Ao e 2 7 A I A R R, I AT s SR LR 7., B3
FE 4 S e AN [R) R BT 118 00 X i) 2 25 2 IX[R] 45 it
EhRENERE, WNER T B3 ME4TUER, 6
I3 MEITIEEAE 2.0~9.0 g+ mL™ I, 75 5 B AE R RS
% P B A oK o

®7T AEREKFETHHEENTNE

Tab.7 Method capability evaluation table at different concentration levels

il i R 95%190% 751X ] 95% T X il gy TIEBRFIR ;
- - o o o Jrik e IR ik
( concentration )/ ('method (95%/90% tolerance (95% prediction (' method
o Lo . . (MCI) . (‘method level )
(pg-mL™") variability ) /% interval ) /% interval ) /% misjudgment )

0.5 6.17 86.96~119.64 92.83~113.77 0.54 1.05e-01 \Y

1.0 4.43 91.36~113.84 95.40~109.80 0.75 2.40e-02 v

2.0 2.65 95.87~107.82 98.02~105.68 1.26 1.65e-04 I

4.0 2.44 95.17~107.66 97.41~105.42 1.36 4.23e-05 I

6.0 1.14 98.05~103.45 99.02~102.48 2.92 0.00e+00 1

8.0 1.10 96.82~103.58 98.04~102.36 3.04 0.00e+00 1

9.0 1.12 99.01~102.87 99.70~102.18 2.96 0.00e+00 1

5.5 JiEaE G

TEWERG B KGR LOQ AL vk e A
s BB 2.0~9.0 pg - ml',
5.6 R E ML

— R RETFIZ AT 45 min, AR TELE J5 50 TE 1
(i) , T B T R P R 1, 4% T K I FE 60 h
PRRE 1

AL Ha i

* % 1 B 217 I 5 A A 1 mL 2 10 mL
TR s R 2 M RE = Z0 B, £ 0.5.10,20., 30,
40,50, 60 h #2 i “37 T (A 3 S5 AF R AR ARASHOIR
FUFIARAR R F b7 i e T AL, R T LUE Y B 25
JIT T 1 25 RS S [ P S K, AR TR R R 1 22
TR F 2>, AE 40 h P, AR A B 06 1 ARG
RSD=0.72% , iR 4EFFFR A

S
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AE R ELFR B

(relative acceptance limit/range)/%
2
e

80

* HERMHE (target value )
E3 FmXiE

Fig.3 Prediction interval map

i

AT R PR
(relative acceptance limit/range)/%

0.5 1.0 20 40 60 80 9.0
¢/(ug+nl™)

* HARMEA (target value )
B4 FBXEE
Fig.4 Tolerance interval map
6 ititFnggit
6.1 THORFRAII L ) S5O 24 Hh AR IR K ) 417 2% o
N5 R ASHI 7 ks

2015 4 i € b 24 38 ) rpoxk B R IRAR IR 3 ) 5t
2 RIS ) 7 2% AT B 2 BR B ARG A, %007 1%
(1 28 48 3 FH P a0 7E 35 B 1 24 S5t 20 3 35 0 20.0
pg - mL U AR 2 R (ELAE RS T SRR A
iF, i TR i 5 2.0 mg - mLT R BEHEEE (BT R 40
T PR 100 1% ), 5 20ED e PR e 5 I 8 ] i 0
R EES (K 5), & SRR A Y

XU o
‘ ‘
0. 04 w |
|
0. 02 "gj%] & J \
S :
Y I 15 N B
I
-0. 021
-0. 04
0 2 4 6 8 10 12 14
t/min

B 5 RKERETREESS

Fig.5 Peak distribution at the test concentration

S |

A TR R S5 M R BE 8 443 T, ARIE
RE RS R S RIS ) 0, VE 25 LA TR 245 i 8 o
JEARk 245 AR AR 114 % B A A 7 PR B0 2 1k 1) € 3%
KA R IEREIEATRAL , 275 5 RIETE | Eh ok IR I S5 K
TSt U F14) 4 5 18 D R A T [ A DR 3R e A e 1Y
[ENT S Lo

2T R B ps J TERAG I 3) 2 SR BRAR IR A Hh Ay
A SRS AR OU , (H AR ST 38 FH TR B 1
MR ERES BN TR  BORSZ M B A
6.2 LOD HI LOQ H#isE

Hii ICH Q2 (R1) #5 B FI& 245 A #fi 2 LOD
5 LOQ W5k wl LLE Sy 4 25 1) o WAk 19 PFAh
2) T HA A 3) T LM 4) T ik m
K . R PN g i P B R 3 T A A A P [
Fei ok i LOD 5 LOQ. ASSCHT I LOD 175 1k
JE LT USP<1210> ) 5 Y A 42 1 959% 1 T 0] IX 7]
KM, T IEAEE T 1 2855105 1 28451R,
[vi] FPRE S 3600 R (78 S (R I ) % B AE Y,
LG TN B AT AR AR 2 iR <1210> A A, %
BT A5 LOD A AE Ay fe /) LOQ i L {0 R #431E LOQ
TN AT HE, A S2E K LOQ FH 10 BACHH A AR TRy
(t1q 2t Limain2 )o
6.3 JENA VR L () AR BURIH A

H A1 FE A 55 2 B0 E A SO o i iR
B0 B PO PPN A A g R B 15 DX ), TE i B Ak
B IERAR S o R GORG 5 A S P R S, 38 A X
S PR SRR BGE LEVERE 6 BT R B B A RS R s
[] — R S BOTATH4 6 Iyl ek i B A
AT WA A (P R BRERS IE 3 R A 5 A A
IR EE R AR Stk . SO 8 AN SR A, RN 5K
5 25 AF T X AU B ST A% 3 TR, ad Ty 22
A3 53 AT T LA TR] s A e v R 2 S A (R
X E A PR RS AG 8 BE AT LA e A S A
SEN ARSCHR T R e TR YR R %07
RIS S, AR ik () 38 P S HGE IV L
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