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Statistical evaluation of method validation for content determination’
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Abstract Objective: To demonstrate the scientificity and reliability of the method validation for major content
determination in bicyclol tablets as an example in order to provide a more rigorous template or example for future
validation of such methods. Methods: Through scientific experiment design and reasonable experimental scheme

to obtain performance parameters, such as specificity, linearity and range, accuracy and precision. Results: The
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main components in bicyclol tablets could be completely separated from the related substances. The linearity was
excellent in the range of 70% to 130% of labeling quantity ( R>0.999 9, RSME=0.299 6 ). All relative biases did
not exceed 0.78% at the five concentration points of 80%—-120%, and all 95% confidence limits did not exceed

+ 2%. All intermediate precisions were not more than 0.89% and all upper confidence limits of the intermediate
precision were not more than 1.43%. The maximum total variation of the method was 0.87% at the concentration
of 120% and the corresponding 90% tolerance interval with 95% confidence level was 98.11%-102.78%.The
prediction interval with 95% confidence level was 98.95%—-101.95%. For bicyclol tablets with the acceptable
criteria of 90.0%-110.0%, the method capability index was more than 2, which means the misjudgment rate of
this method was less than one millionth. Conclusion: The method has been validated to meet its intended use for
quantitation of bicyclol tablets. More scientific and reliable method performance indicators can be obtained through
the design of experiment, which make the conclusions of the method validation more reliable and intuitive,, and can
grasp the applicability of the method from the whole. The newly provided tolerance interval, prediction interval and
the method capability index, etc., provide a basis for judging the success of method verification and transfer in the
future.

Keywords: bicyclol ; method validation ; content determination ; method capability index ; confidence limit; HPLC
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MIRZ 1 %, FE A Ik AL - BIATE £
Geit o B, RO R BE A T IR AR, [ Ay
A T I A TR RIS S5 AR
1 UEBEkE
11 4R

2 B AN G5 U3000 =5 8308 AH 3542 (47 DAD
Kl % , Thermo 23 ) ) 3 XS 2015 + 1 70 2 —HL TR
( Mettler Toledo 2] ) ; Thermo #BZ17KHL ( Thermo 22 5] )3
KQ2200F = Ja veas (L A R A A o
1.2 BRAAZY

X R i A EE(HE S 101044-201001, 4
& 99.7% ), B 2K X (4t 5 100192-201504, 4fi J&
99.9% ). H ik A6 B IR it (4145 420032201501, H T

AL Ha i

SO ), ¥ p b A 24 R ISR e

FEG: BUOREL A (65 181104, HiA& 25 mg, Jb 5T
PVRIZ) ),

W ONE (TS, HES 178496, Fisher Chemical
INT) s OB (34 LS 20140307, KR R AL
AT ); AREAK gk,

2 ARNEE
2.1 A

BUAS S 10 F, FHFLER IR 2 T BURLIE, B2 145
mg ( ZIAH 24 F XAEE 25 mg ), FEHFRE , B 25 mL &
R M G R (D1R 100 W, 45 40 kHz ) 3%
fitt, NG FRBE R Z0 BE U8, RG2S 08 5 mL,
B 50 mL i, OB 2 205, #2250, il B
1 mL H 285 RO 100 wg VTR, BI7S.

22 FARENATR

BUAS R B R 29 120 mg, 4% “2.17 TR )7 B i
il BpAE
23 Pt R

1 2% AR OB B2 4 5 T 5% R CBCROBUTR ) 20
mg 5 BUCAEE A T 1T X8 R (CH kA DA ) 60 mg,
20 mL w T, NG R 2 20 52, RIAS 2 B fiff 4%
T A 5 o AR BT A VRN “2.17 TR Y SRR IR A
5mL, & 50 mL &), NG R 2205, BifS .
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T EEE 1 mL 25 BOREE 100 g FIVETR , BIAH
3 fiEEs

O3EFE : Waters C g Symmetry (4.6 mm x 250 mm,
5 pm); HE 40 °C 5 W8 M &M - K - S IR
(55:45:0.01) ; i i#: 0.5 mL - min™'; K 9% K . 228
nm; PEEEAFL. 10 pl; 20#H7EFE] : 16 min,
4 St

ASCHT ST 4G TMP A CBRAE T i Ser e
SR (PCMV )

5 AERIERER
51 FRGuidHEmME RN

K “2” WUR AW 10 pL, DL A
10 L, FEAVRAH G35, /A5 ik & (& 1), XA
Pt (74 45 B I [R] R 29 7E 8 min, 206 5 R AR 2% o B 48 3L
Jig U6 ) 43 B T A 13.67>2 , FSEE B A XA TR
131 55, SRR IR R 100.6% ., 45 ] 25 H
R T FE LR B U B I 2 Y T4

3
2 000 -
1
2 A A
g 1 000+ |
g I 2 B
yimi A
T A= ¢
A Y B
0 7 A D
-500 -, T T T T T T T 1 E
0 2 4 6 8 10 12 14 16
t/min

1. XU bicyclol ) 2. BEARAUME ( bifendate ) 3. HHEAL XA methyl etherified bicyclol )
1 ZABHEEE(A)LRER (B ) WAENBRAE(C)LEERF (D) BEEHHIZE(E)WEIEZE

Fig. 1 HPLC chromatograms of blank excipient solution ( A ), sample solution ( B ), bicyclol reference solution ( C ), blank solvent ( D ) and

impurity sensitized sample solution ( E )

52 £k
521 Skt

XoF T R 24 s i R0 %) 7 B U E , USP<1225> M
ICH 5 Fg MR G M 1) S5/ N L A 4% 80%~120%
5 AN MR BE . 7 DE LAl I, 309 B 25 4K T 3 [
B2 e 2, B A I T 7 A R A, BRI T AR
7~ A 70% .80% .90% . 100% . 110% . 120% .
130%.,
522 HAELIR
Bk 8 DU BEXRT BB A 7 40y, 4% “2.17 TR
PLHC ], A5 3 BT ik B2 43504 70.80.90., 100, 110,
120, 130 g - mL™" A4 225106} A S A, AF S Thros i
1 70%~130%. B ik RPN R4S 10 pL, v
AVBAH TS, 0 sk G5 B (BT 2 WlllE ),
T Es R IR 1,
523 FdlEort

VeI B TR F W A VR BE T Y s 1
ST 25 55 B AT DLS , LAOBURR B X BR X
(mg-mL™") JEE AR bR, (kI A Y S Ak bR,
PR A A5 B2 AN 2 P . nnh 28
B4 BT 1 R
Y=2 050.868X+0.134 R*>0.9999 RSME=0.299 6

F1 &MERHRREE

Tab.1 Raw data for linear test

e ( concentration )/ TR ( peak area ) /mAU * min
(pg-mL™) 1 2
70.80 145.194 4 145.202 0
80.36 165.092 7 165.212 5
90.76 186.071 4 186.181 1
100.38 205.876 9 205.787 1
110.44 2272117 227.194 4
120.40 246.779 8 246.759 5
130.72 268.106 3 268.262 1
275+
— [B])5 (regression)
— — 95K EE X
2501 (95% confidence interval)
3
8 2251
5
2
~ 2201
B
=
B 175
150
0. 67 0. 68 0. b9 0. i() 0. il 0. iZ 0. i3
€/ (mgenL™")
B2 ZEHEER
Fig.2 Linear fitting result
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HRIE R 30 4 BREE 5 B MG T A
gE RN 2 iR, PEATEIE 5500 « IR ISR
P=0.749>0.05, IF A #EIE 5% S0 I & 22 5 #U0E

95% FAZ X [ K[ -0.761, 1.030 ], ;L IX [l 4245 T &
S PRI AT UG P A MR AR

F2 HENRKER
Tab.2 Intercept test results

SR it brifEiR2E

( parameter item ) (estimated value ) ( standard error )

M >1e
(‘probability>l£1) (95% lower confidence limit ) ( 95% upper confidence limit )

95% E15 FHR 95% v LR

I (intercept ) 0.134 0.411 0.33

FER (slope ) 2 050.868 4.010 511.40

<0.000 1

0.749 -0.761 1.030

2042.130 2 059.606

% 22 4 A BT A SR O R B B 25 43 A A L
K3 i IEASMEE BRikEa T IES,
& W AE 5 7 8 70%~130% B 36 Bl Y, 5% 22 10 20 A
N4 52 B Uk BE AR AR B R ) T A5 2 T B AE A R
it 70%-~130% I3 [ N, W BE 5 e TR AR 1) G M 6 &R

RAf
3 0.6 o .
g 0.5 ,
0.4 g -
By o5 L |
EQ 0.2 /
\%qs 0.1 /0
E'_' 0 /
ﬂ‘g_o'l - — * oo *
E_gg ‘/'!/‘/‘
— L]
(] - y
& -0 a1 :
©o (=23 < [N [T} 0 0 oo} o —
(=N =) — o o . © . e (o]
S S o S < S ° s S

EHS 8 (normal quantile)
B3 BEESHMEE

Fig. 3 Residual normal quantile map
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(1) WA G I &S HE AR
n" AT LB AR T AP RES R T S, Rk e T
B UF 0 1) SE A M AR B, AR TS IR O, 7E
IMP 1A iy A D73kt 0 (B CANE T 5% ),
[RGB orp (B (AT 2% ), o {H(0.05),1-B {4
( B=0.1),158 n=5,

(2) SZEGFEMR PR 2R« X 52 M i T Af 38 RO 2%
(14 6 R EAT KU 204710 Tt 2% 1 3] S 36 2 B
B &S NREKM, mA W E S RNINEG A A
GRLETT R

(3) REGERTE M g HE TaS3IHE?2

AL Ha i

| S |

IR 8 AR I, ULEE 3.

(4) e s I B : 454 USP<1225> J¢ ICH %
SR, — AT R A9 A 80%~120% FY 3 AN M BE 45, %
JEE IR 1 5 AT BE 2 5 BUIR VR B A, 10 80% 1)
SR IR AR R, S T R A b s AR T AR T
B A 5 MR % 5K 05 M 80% . 90% . 100% . 110%
120%.
532 #HAELIR
2R SR BEJRREZY 5 0y, 43 1 & 25 mL &
R H T 1] A5 O P 4 B A S R R 120 mg,
Fie “2.17 WUF J5 ik RAE, 45 2 s vk B 2958 80,90,
100,110,120 pg-ml™" B, BIAH S FA5rm = 10
80%~130% , A~ e FE M 7 il 4% 3 1o 4457 3 iF47 8
YIS, KNG R LR 3.
533 it
53300 fERRREE CTRIME - SEPRE” B9 AR 4
USP<1225> A4, 1T 38 5 Hb 4 700000 i 5 R0 52 B ik
JEE 122 SR VAL WA B ISR R 1 BB X
AL B 1o DR AS ) v 8 1% T 5 &2 — S B
i TR SR LA 4, THIZRME R
¥=0.999X+0.158

RYER 4, 8BRS 1R, AT mpE 5 11
P25 5 (P=0.894>0.05 ), I 45 1 T #H 10 95%
EAEXE[0.991, 1.008 |, 245 1,3 £ USP<1225> #f

% 5 SRR B TAG v SRS A A5 SR, T
SEEIRFRT A 0.59% , HASHE T R fa EA5 LR BRI
KEL +2%, A TEPR 7R i3 80%~120% WITE N,
J5 2 At B Y Re T 2 TR
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Tab.3 Recovery results of 8 groups of tests

tgpfat I 1Ctest 1) R85 2 (test2) 38 3 (test3) 1IN 4 (test4) I 5(test5) I 6 (test 6) 3 7 (test 7) 4% 8 (test 8)

(test mode ) Al/E1/R1 Al/E1/R2 Al/E2/R1 A1/E2/R2 A2/E1/R1 A2/E1/R2 A2/E2/R1 A2/E2/R2
80% 100.83 100.04 100.84 101.67 100.07 100.80 100.32 101.05
80% 101.16 100.64 101.06 101.08 101.13 100.90 100.72 101.13
80% 100.52 99.96 100.66 101.37 100.87 100.26 100.80 100.88
90% 100.27 100.04 100.52 100.43 100.59 100.74 100.54 101.07
90% 100.65 99.54 101.21 100.61 100.07 100.77 100.25 100.79
90% 100.68 100.07 101.12 100.63 100.49 99.88 100.50 101.66
100% 100.27 100.42 100.86 100.28 100.82 99.84 100.96 101.45
100% 100.30 100.33 101.12 101.82 99.98 99.62 100.98 100.69
100% 100.26 100.58 100.39 100.99 100.82 99.50 101.14 100.73
110% 100.71 100.11 100.68 101.30 100.74 100.04 100.94 101.45
110% 100.84 99.95 100.53 101.24 100.77 99.64 100.51 101.00
110% 100.47 100.25 100.59 101.42 101.03 99.68 99.05 100.85
120% 100.16 100.00 100.40 101.33 100.47 99.53 100.00 101.26
120% 100.49 100.40 100.62 101.34 100.87 99.96 100.37 101.32
120% 100.47 97.69 100.12 101.13 101.01 99.93 99.63 102.20

TE Cnote ) : 1. RSB AR R i%IR AR TAR7R B9 1 53 L 5 25 R FIR MR B 55 SEBRifk BE 7T 43 L ( The numbers in the first column of
the table are the percentages of the concentration relative to the labeled amount; the results are expressed as the percentage of the detected concentration to the
actual concentration ) ; 2. A &/R “AHT AR, EFR U087, R R “BRAE” 5 1.2 FRPIA KT (A represents “analyst”, E represents “instrument”, R

»
represents “run”; 1, 2 represents two levels )

[
n
h

5332 AEERE [RINEXTER 3 B TR A R OEA

Sl | i com , LSRR 6, T 5 TR 5 0.59% , FL 4% Ve
£ contidence intervel) U e R A B BRI AR 1.43% , PR B
i 80%-120% I3 1A 7 P K6 35 FE R W L TR
z 5333 Jrikie hvEM BRE T OrEMEERIE S
o B8 UL 0 T B 50 109% (1R g 7
& 22 il B4 T 32 52 AR v A 90.0%~110.0% ), Xt AR 7 1
0 & AT HEAT VA, S5 N 7 ML 5.6 . AT HITE
O e el e 80.0%~120.0% HATHE FEI P , J7 5 1 HE 3L 8 T —
H4 RBENS G, T I7 78 S s AR R T LA Z A I
Fig. 4 Accuracy curve D5 A N R A AR G b i A 5 oK
4 BENRIEER
Tab. 4 Slope test results
SH e hrifEiR2E R > 95% A FIR 95% Eifr LI
( parameter item ) ( estimated value ) ( standard error ) (‘probability>/#1)  (95% lower confidence limit ) (95% upper confidence limit )
HHE (intercept ) 0.158 0.105 1.50 0.136 -0.050 0.366
1K (slope ) 0.999 0.004 -0.13 0.894 0.991 1.008
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Tab.5 Accuracy analysis at different concentrations
WER B FA posia
TR R 80% 90% 100% 110% 120% Z
( accuracy ) ( sample size ) (total mean ) /%
HE ( mean ) /% / 100.78 100.55 100.59 100.57 100.45 100.59
it ( bias ) 1% / 0.78 0.55 0.59 0.57 0.45 0.59
P 1% X [ ( confidence interval 24 0.56~1.01 0.29~0.80 0.27~0.91 0.22~0.93  -0.05~0.95 /
for bias ) /%
*k6 BRETHREZEEDN
Tab. 6 Precision analysis at different concentrations
Jeks 3z iy N T
R RAR 80% 90% 100% 110% 120% e
('precision ) ('sample size ) (total mean ) /%
e 45 fH K % JE (reported value 8 0.34 0.39 0.47 0.53 0.75 0.49
precision ) /%
A5 (AR % B2 | BR Cupper limit 8 0.60 0.69 0.85 0.94 1.34 /
of reported value precision ) /%
FhEDR RE 24 0.43 0.47 0.57 0.61 0.89 0.59
(intermediate precision ) /%
o JE] R 2 1% B BR Cupper Limit of 24 0.67 0.75 0.91 1.00 1.43 /

intermediate precision ) /%

£7 REREKETFHHEENEN

Tab.7 The evaluation of method capability at different concentrations

EXT R 3 AR , I 10%RSP* 1y 10%RSP* i} 10%RSP* i} ()
R TRt s o0m s o5 BMKE i Z.,ﬁ - N
( relative (' method o LREJIHR AL TR R Trikg
. o (95%/90% tolerance  ( 95% prediction o
concentration )/ variability )/ . . ( MCI under ( method misjudgment (' method level under
interval ) /% interval ) /%

% % 10%RSP ) rate under 10%RSP ) 10%RSP )
80 0.85 99.73~101.84 100.11~101.46 391 0.00E+00 1
90 0.67 99.34~101.76 99.77~101.32 4.98 0.00E+00 1
100 0.76 99.11~102.67 99.64~101.54 441 0.00E+00 1
110 0.78 98.93~102.22 99.52~101.63 4.28 0.00E+00 I
120 0.87 98.11~102.78 98.95~101.95 3.83 0.00E+00 I

11 (note ): * F/RAHXT FTEARUE (relative specification, RSP )

6 Tit5R%E
6.1 FlEM SRR UE T R RES BT SR
FAith

DAAE: £ ) 2 4 5 2 B 2, 20 5% Y B 52 06
BT B AR A 0 B OS2 1 120y SN 88 T ik e
ZHRUNHIE R, TS B T a2 2
USP<1210>"" BRI Se 305 BART I A T 2 K4
BB (3 KBS, BRI £ 3 D kE i A3
O YRSEEGEE I ), (HiX A i t— B Bk B A A

AL Ha i

Y B (A SRS R 2 AR AT RE B
D7 EIE P B AR B REEIE 5 TR, RSV A5
FRREAS ek o/ AL TG B A T S (R IR 5

v IR LR SR R, A S SRR vk
TR i, 6 5 N [ Ok 5 S L, SRS TE T84 %5 )8
REACHE DR b XU B R 3 & 2 KB
fSE MR (2 A8 2 A BRI 2 IS8T IR ) 2E
7 8 URSEHy, AR A4 VR BE S5 T3R5 T M RE S
FOELSEAT S
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tau*
98
95

90

FAXS R R BR

(relative acceptance limit/range)/%

80

e
Ho
e

I
80 90

100 110 120

MXTHFRKE (relative label concentration)/%

* FHHRME (target value )
Bl5 95%/90% & RXIE
Fig.5 95%/90% tolerance interval

110

105
102

1.1 J

tau®
98
95

90

HAXT R R

(relative acceptance limit/range)/%

)

I
80 90

100 110 120

HXFRRWE (relative label concentration)/%

* HFRMHE (target value )
El6 95% Tl g
Fig. 6 95% prediction interval

LB BR RAT BEARAT A W B R P 52 D7 iA R i
ZHCA T A W 5 vk 1E N LA, i A R T
MIGIEIRIG LR Fpi 3 A R AR S0, TR
A 25 R WA (1) i@l Jr 22508 ml
KB G AL Fisfr ] fiix 3 4~ EZ N R, AR
(&Y DS TN ) TN By L1 I
AR B M2 5 1 0 E R AR g — XA AT
BRI 22500, R IUNER 2 RIS SR AR 1 7=
SR Bl ey , D8 XUPR R e B 5 B T, AR
1 AR DM RE AR TALAR 20 (2) MU AREE AU Y
SER M ATRUEL, AT LA R G S 0 o s A
6.2 & RN S BT VA R E AR v AR 3 ] A

FUAT, (b e N R SR 25 ) (fif AR (b 1
2 0)) "7 R — e Sk O o B i I R 26 T 1k SR A

Horwitz J7 R4 i AR Ay 0 0 6 A2 000 FH e 1)
PR BRUNE T 25 s E 92962 ( Official Medicines
Control Laboratories, OMCL ) PY#E % H T ik 68 1 48 £
1975 2EA T, (EHA RS 8 B R AU T ik i A2
5t (variability )o Rzl 75 22 0 2 24 i JoT it 1Y) o 22 o
H, TR B 5 SR 3 e It TR , A
BEAE A ARG I 7 32 e ofe

AR AR CE BB ST 28 5 i 2
T T2 B bR e R 1) ) — SCHR R B D7 ik BE D 4
KO USP<1210> 75 23 DX [ Rt I ] (1 75 =X EA 7 )
Wro 7718 48 B AR 00 T35 Sl g 285
SEITE T E H BRI 7 it (8 B AR oI, A AT
R J7 vk DR R W 5 2 2 A5 mT T, D R P %
TIERI BRI o AR S HG 48 SRR B, X7 it Y [ o
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FRUEN 90%~110% I, J7 15 RE 71 46 A1 80%~120%
()3 B PN 3 AE 2 Db, R D 5 v R A R AT 220
it

ARSI TR A 3 A S ) S0 X i) A 2 X
(A1, ] A 7 v T I T 3 s A T
BRE TR B A, X 2 DR BUN IR LA fe 22
J7 I E B I W PR AR A | BRI EA T 5 Ak
R bt , AR 45 T 95% (AR 1 % 78 HL 1
DX B P, BT A A 45 SR B 90% A5 95% HIMER 2374
TER XA .
6.3 (i EZGHL ) HOSUEREE B (A0 A vk e 4 e
T s

AR AL T [ 24 8 ) PO ) SO B
) B0 22 9 (B HPLC 35 ) 84T 17 41 R A
(9 56 IE « 76 BR s B 18 70%~130% 3 Bl Y, 280 7 A
} ¥Y=2050.868X+0.134 ( R*>0.999 9 ), [1] 7 £& ¥ #i
% (RSME ) 7£ 0.30 £ 47, fF & 43K, fEfr s i 1Y
80%~120% i [l PN, 0 J32 v 118 S5 RAH XoF O oy ¢ A=
TE 80% Fr7n 2 1, (0.78% ) 5 A % i v 11 fi 22 MR % 15
K AR 120% b i 5 (R TE)RS 25 (0 0.89% )o
U E ST TR AR AL T 0.67%~0.87% i il Y,
95%/90% %% 2. IX [8] {37 F* 98.11%~102.78% 5 [Fl !,
95% T X ] f37 T 98.95%~101.95% Ll N, XF T
0 5 e B B AR VE S 98.0%~102.0% 1 JEURFZY , HiJ5
PAESHRBUE 0.8 LI (VR ), ik iR HI R AR i i
0.8% 5 XF TA I o 121 PR EE AR 1A 90.0%~110.0% HYZ%
FE, P BE IR B TE 2.0 DL C T 420), ik
TR 20 o 25 BRI UL i vk T R SO R R
2L ) B A

S 3K
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