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3.1 INTRODUCTION 1A

In this chapter we outline the general requirements for analytical method validation for HPLC analysis of related substances in
pharmaceutical products. Most of the discussion is based on method validation for pharmaceutical products of synthetic origin.
Even though most of the requirements are similar for other types of pharmaceutical drug products (e.g., biopharmaceutical drug
products), detailed discussion of method validation for other types of pharmaceutical drug products is outside the scope of this
chapter. The discussion focuses on current regulatory requirements in the pharmaceutical industry. Since the expectations for
method validation are different at different stages of the product development process, the information given in this chapter is
most suitable for final method validation according to the ICH requirements to prepare for regulatory submissions (e.g., NDA).
Even though the method validation is related to HPLC analysis, most of the principles are also applicable to other analytical
techniques (e.g., TLC, UV).

EFREF , FNEENBARPERYEHPLCTERITRBNER, HEPR ARSI ITHERETEMAMAITERIE. REHEREEMm (HIunEYH
@) NAEWIEEREAREN , EAEARHTINE. BMNOTCEPESFHGTWAENER, BFEFRARESRES , FTRMBRYEIERIEN
HERR , 2AEFHNEELRES TRIBICHERES EMEMER (FIINDARIR ) RIFTHTISREZFERIE. REAEITSHNEHPLCHIANK
iE , (BESARSRUBERTFHESHEA (HIINTLCFIVY ) ,

3.2 BACKGROUND INFORMATION BHE=/MNA
3.2.1 Definitions X

Definitions for some of the commonly used terms in this chapter are given below.

FEFEAREEWT :

e Drug substance (active pharmaceutical ingredient): a pharmaceutical active ingredient. ¥R ( EHAYKS . FEE
7))  —FEREEERD
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e Related substances: impurities derived from the drug substance and therefore not including impurities from excipients.
Related substances include degradation products, synthetic impurities of drug substance, and manufacturing process
impurities from the drug product. BX#fE : NERATEHIZE | AEEHEPNRER. BXYRSEREY. RREE/K
ZR , ERRIEF SRR R ZRR

o Authentic sample: a purified and characterized sample of a related substance. IN\EJ# R : T HEHIFNREFANE NG F
FRAIEER.

Unlike reference standards, authentic samples may not be of high purity.
SYRREAR , @NTRHRUTREFEEIASNAE

However, the purity of an authentic sample has to be determined before use. Authentic samples are used in method development
to identify related substances in the analysis. In addition, they are used extensively to prepare the spiked samples in method
validation.
B2, @NTNERNEESREERRETIEN. INTRRTUBTIERANR  ELMIETBLURBIEXRME | E75 R 2R TH
BN,

Spiked sample: a sample added with a known amount of related substances, prepared from authentic samples during method
development or validation.

IR - IIANT EXEERRMEN—OHER , E5EFRSIEI R RAAAT RIS

Control sample: a representative batch of drug substance (or drug product).

R RS (EIR ) BERERRERRNR

Typically, control samples are tested in all analyses to ensure consistency in method performance across different runs.
Sometimes, they are used as part of the system suitability test to establish the run-to-run precision (e.g., intermediate precision,
reproducibility).

REMNHEERESRIEN RO RERIETINN | LURERMERNERRROENFEE RN, Bl , EfERbFARTERENN
N—#O AU ARG HIEEE (Fl , hEEEE  E81)

Response factor: the response of drug substance or related substances per unit weight. Typically, the response factor of drug
substance (or related substance) can be calculated by the following equation:

WA EF : REASEXMRERUSEEFMERNMNE, —/RFER , REE (SEXYE ) mEEFTURAUTAHTIHE
3.2.2 Different Types of Related Substance Analysis BX¥IR D ITHIARRESEE

Area Percent. In this approach, the level of an individual related substance is calculated by the following equation:

ERES (ERE—E)  REAHDEN , BN XMRIKEERUTAHITE

are subs
Gorelated substance = —olued sbetance 4600
total area

where the area related substance is the peak area of the individual related substance and the total area is the peak area (i.e.,
response) of the drug substance plus the peak areas of all related substances. This is one of the simplest approaches for related
substance analysis because there is no need for a reference standard.

Hep , BXYRERSZEXYRNEERR , RERERHDNLEAEEXYMRNERR (ABLAE ) . XEEXYESTHEERNEEZ—,
EAErFEYRm.

This is particularly important during the early phase of the project when a highly purified reference standard is not available. It is
the preferred approach as long as the method performance meets the criteria described below.

ERERE  TERESAENNBRE  ZAEAAEE. REDERIGSUTRE | XM7TEESET LU EIERR.

Linearity over a Wide Range of Concentration. Since the areas of the related substances (typically, less than 1%) and drug
substance (typically, more than 95%) are summed, it is important that the method is linear from the concentration of related
substances (e.g., 1%) to that of the drug substance (e.g., 95%). However, in some cases, the peak shape of the drug substance may
not be totally symmetrical at such a high concentration. Therefore, the response may not be linear in such a wide concentration
range, and the use of area percentage may not be appropriate. If the response of the analyte is nonlinear at higher concentrations,
the related substances would be overestimated. Although this is conservative from a safety perspective, it is inaccurate and
therefore unacceptable.

ERBIRETENES L. HTFEXYRENER (RENERERT1% ) FEAZNER ( BENERESTIS% ) BHTEM , BAEE
BXRYEGRE (HI1a01% ) ZRHZIRE (fl2095% ) SEER2LEMRER. BE  ALEAT  ERANBERERERSHAEH R Tex
R, XA, IAERREERBRIKREEERTEZREN | T AEaRBERAEDISE. URESTHRESRKENFTE2&M  BXYERER
RESES. RENZEAEREXHERT , BCERETERN  BILEREEEZN.
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Sample Concentration (Method Sensitivity). To maintain linearity at the concentration range of the drug substance, scientists may
try to lower the sample concentration to improve peak shape for the drug substance. However, if the sample concentration is too
low, it will affect the method sensitivity, and the ability to detect low levels of related substances may not be adequate.

FmRE (TERME ) . ATEERGRSESEREEER , IRARTUSHFEERRE | DSERHGHEY. B2  MRFERREX
|, SXNTENREEFEZE , NIHEKEOE RGN T REMRAE T .

Response Factor. The response factors of the related substances should be similar to that of the drug substance (i.e., relative

response factors close to unity).

MaRLEF. BRYERRINEAEF R SEMZSRIEE ( BRI REFEER—) .

Otherwise, a response factor correction must be used in the calculation.

WMERXAE , WETEPBREN B IERF.

High-Low. This approach can be used to overcome the limitation of linear range in the area percent method discussed above. In
this approach, samples are prepared at a concentration (i.e., high concentration) similar to that of the area percent method (Figure
3.2). In addition, the high concentration sample solutions are diluted further, to low concentrations (Figure 3.3). Samples from
both high and low-concentration solutions are injected for analysis. In the injections of the high concentration, the responses of
all related substances are determined as these small peaks are detectable. The high sample concentration is used to allow all
related substances to be detected and quantitated. In the injection of low-concentration sample, the response of the drug
substance is determined. Low concentration is used to ensure that the response of the drug substance is within the linearity range.
B-EREE (BERENRE) . - RREEZTLUARRR OAERES S EPEEEENRR. RAS-MKREEN , BRAREHRE (B
BRE ) SERESEEREL (LE3.2) Bl , SERENFRARH—SHEEMRE (E3.3) . SERENRIREFRIERDBIHE
KASKREEEPNEXMRMAE , FAXEAEXE/NEYT LRGN, B, RARKEFZEEPNRMGRAE. SREFRIERN
BNRERMEEXIRYTHIGHNER , MEREFRARBNSMRERHESHERELIEEER,

?0-
S 60- Peak area for
T 504 related substances
g«w- r <5 N
30 4
£
£ 5 'l I \
= 104
e
o o S e s S e S B N B B S e e m e e e e e e s e e e ¢
5 10 15 20 25
Time (min)

Figure 3.2. chromatogram from high concentration.
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Figure 3.3. chromatogram from low concentration.

3.3.6 Range i [

ICH definition: The range of an analytical procedure is the interval between the upper and lower concentrations (amounts) of analytes in the sample
(including these concentrations) for which it has been demonstrated that the analytical procedure has a suitable level of precision, accuracy, and linearity
(Figure 3.13).

ICHE X: 4r 7L RVE LR AR FE i b (LR IX IR L) B W ot ) e v AR AGUR B (O R X T), IR W] 43 75 VA0 LB X R) B AT 3 247K T B4
WREL WERAVERLNE (313D .
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Figure 3.13. Range.
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Typically, linearity and accuracy determination covers a wide concentration range (e.g., 50% of the ICH reporting limit to 150% of specification).
However, the concentration range for precision will be limited by the availability of sample of different related substance levels. Therefore, to ensure an
appropriate method validation range with respect to precision, it is critical to use samples of low and high levels of related substance in precision

experiments (e.g., fresh and stressed samples).

P DL, RN A P B 5 — A BRI B (B ITICHAR 35 IR A 50% 2 BT FRAE R 150%) o ERERE 55 1 0 I P 11 22 52 B A [/ A 55
JRACTE BORE fl 2 15 7T DASRAF IO B DRI, S ORERS 5 BE 0 HA I8 2 K 7 i 0 R Y B, R B R 7 18 o i 5 5 5 A AR K (A R BT I
di C D, TR AT S B AR TR D

3.3.7 Robustness fif Fi ¥

ICH definition: The robustness of an analytical procedure is a measure of its capacity to remain unaffected by small but deliberate variations in method

parameters and provides an indication of its reliability during normal use.

ICHJE = 3 BTk R IR B R FF AN R ITEZS B BN AR M O E g, U W1 H op s LA P o A Pl SRR L

General Considerations. This is to verify that the method performance is not affected by typical changes in normal experiments. Therefore, the variation
in method conditions for robustness should be small and reflect typical day-today variation. Experimental design (e.g., Plackett-Burman screening,
factorial design) is very useful to investigate multiple parameters simultaneously. Critical parameters are identified during the method development

process. Only these critical method parameters should be investigated for robustness. Common critical method parameters can be divided into two

categories:

B & AR TN T LR IA 252 BRI h — S SR R A SE R . DG, i PR R SR AR B R AN, S R S AR R
Ay, gt (B, Plackett-Burman fi ik, BB X THE 2 HEEMAEE AR . 0 3EIFRI B, X0 S Bk A7 R0 . i i 1
BRI H XX L R S HEAT A . — O S B K.

1. HPLC conditions

HPLCH1F

a. HPLC column (lot, age, brand)

Tk (S ARG, mRED

b. Mobile-phase composition (pH + 0.05 unit, percent organic + 2%)

WEIM LG (pH + 0.05 unit, A HUHE 25 H £ 2%)

c. HPLC instrument (dwell volume, detection wavelength + 2 nm, column temperature + 5?C, flow rate)

HPLCAX &% BB, Krll# K 2 nm, A+ 52C, ¥iid)

2. Sample preparation #43 #] 4

a. Sample solvent (pH + 0.05 unit, percent organic + 2%)

5T (pH £ 0.05 54, A HLAH LB + 2%)

b. Sample preparation procedure (shaking time, different membrane filters)

R HIRE RS (IREEIC, ANFEFLAR I s

c. HPLC solution stability

HPLCV e 1k

Other Considerations. Typically, the variations in robustness results are compared to the intermediate precision results to demonstrate that robustness is

not affected significantly within normal day-to-day variation. When the related substance results are affected by some critical experimental parameters, a

https://mp.weixin.qg.com/s/hEWkiPQ5yVsWTeJ1vKnbhg 4/8
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precautionary statement needs to be included in the procedure to ensure that this parameter is tightly controlled between experiments. For example, if
percent organic of mobile phase affects the results significantly, the procedure should indicate the acceptable range for percent organic (e.g., 50%
organic = 2%)

HEHFE. —Bokyt, TR e b g 25 525 b DS 9 T A5 R BT HURL DAEIFE R B R Rkl o, i B AN 2 BRI R
Y g5 R B e IR S B W R, AR R IR T ik h S W R, DRIER B S HO R SRR E N . B, W SRR S A A LA B
il 08 65 RV R 2 S, A I8 T7 V5 s ZE A UM R T B2 36 (i, 50% A HLAH: 2%) .

Built-in Robustness in Method Procedure. The following are some suggestions to improve method robustness:

3R 758 S R . RAR R e S i R — e

? Weighing error. Weighing error is usually the main source of error. Analytical procedure should ask for a weighing sample or standard of more than 10
mg to minimize weighing error. In addition, use two to three independent weighings in the standard curve and verify the nominal responses of these
standard preparations to ensure that there is no significant weighing error. Alternatively, use area percent calculation to eliminate the need for weighing a

small quantity of reference standard.

PRERZE . R BORIRZER EEORIT. M 5 E T SR AOAREE R, SO IR AREE B SR 7710 mg AR D BR B R 22 . 5340, FERRTHE i 26 b i 1 2-
A FMBIPR R, BN S bR A A A4 SO RE,  DURIE A 2 R R BOR R PR e 22 . 0 n] DU AT T AR 1 20 BE T SR T Bond TR R B AR R 75 oK

? Dilution error. Pipette a volume of more than 5 mL, and avoid using volumetric flasks of less than 25 mL.

WRERZE . BRI R T-5Sml, 38 4648 F /> 125 ml ) 25 =

? Sonication. The efficiency of sonication is highly variable and depends on various factors (e.g., condition of the sonication bath, level of water, and

position of flask in the sonication bath). Mechanical shaking is recommended, instead, and is much more reproducible.

M. BAE MR AA S EATENE, OB T ARE R (Bl s & KAz, SRR SB P E NG E) o EFERANUREE, ®
NI EIE .

? Mobile phase as sample solvent. If possible, always use mobile phase as the sample solvent. This ensures the composition (e.g., percent organic, pH) of

sample solution matches that of mobile phase and reduces the chance of any problem due to incompatibility of sample solvent and mobile phase.
TRBIARE R SR o SR AT RE R IR BN AR PR R b i 7], IR GRAIERE AL VA WA L) (I WU b, pHAED SBIAI LGN Y, pdb i T4
st VA T L 0 AR AN R T 7 A T R W] BB A

Alternatively, always use sample solvent weaker than that of the mobile phase to ensure that the chromatography is not deteriorated. For example, in

reversed-phase HPLC, use less organic solvent in the sample solvent than in the mobile phase.

FTEL, SR LR B A SE 55 PR E R VAT, DAMRIE il AN A8 7. Bldn, AESAHHPLCHY, B i i 77 8 A WLV 70 L Sl AR SE 2

? Buffer. Ensure that the buffer (pKa) is appropriate for the pH of the solution.

SR PRIEZE M) (pKa) 5 R M pHAEAH 24

In general, to provide appropriate buffering capacity, the pH of the solution should be within £1 pH unit of the pKa value of the buffer.

O T RAOEE MR RE ), SR A pHAR RLAE 22 pD W5 ) pKaff =1 pH AL A

? Isocratic method. Whenever possible, use isocratic HPLC condition, as this is affected less by the variation in flow rate, temperature, and dwell volume.
SEEETT R REATRE, RAEAIHPLCAS A, RN LA 2 BRANEE . L. SEABIRR &b

If gradient HPLC conditions have to be used, a simple linear gradient is preferred over multistep gradients. Complicated gradient conditions are more

susceptible to differences between HPLC instruments (e.g., flow rate, dwell volume).

AR THPLCBRBE S, IR MERR LI SE T 2 0B L . SR IOBE BE SR P AE AN HPLC A s BB 2 2 (B, Jad. LA .

3.4 COMMON PROBLEMS AND SOLUTIONS 7 I, ] F 0 fi# g J5 ¥

1. Presentation of method validation data. Table 3.2 provides a quick overview of the validation data.

TSR 14 . 2232090 51 g e A

2. System suitability. During the robustness testing of method validation, critical method parameters such as mobile phase composition and column
temperature are varied to mimic the day-to-day variability. Therefore, the system suitability results from these robustness experiments should reflect the
expected range for the system suitability results. As a result, system suitability results in these method validation experiments are very useful in
determining the system suitability acceptance criteria. This is a very effective approach since the required system suitability results can be generated
during method validation and no other special study is required. However, these results reflect the expected performance of the system, but not
necessarily the minimum performance standard for acceptable results. For example, the minimum resolution of the critical pair from method validation
may be 3.5; however, a resolution of 2.0 may still be acceptable as long as they are baseline resolved and all other chromatographic parameters remain
acceptable.

RGN R AR, SRS Bl RS AR LG ATEE IR BEAT T AR, DA R RARAG . XN, X S R I R G i
PESE BT R GG RV P OVE B o 0 UE I T AR B 2R Gl A PR R T o8 RGE M bR E SR A B . XF AR R ARG BN
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FITEER 10 22 Gt IR 45 R T AR5 VB P 2, ARG BT U R BRI BT T (ERE X SEAE U RS X R GER DL S, T AN A ) B2

57 o
B

R

RAGRIbRAE . I, TPk UE T S AR e e/ B E 3.5, (H R BRI 0, I e Gl S 8T BL sz, 2B B N2, 0l 1 m] LA 32

Table 3.2. Summary of Validation Results

ICH Validation
Characteristic Analysis

Validation Results

Specificity Representative chromatograms
to demonstrate specificity.

Linearity Data from regression analysis
{correlation coefficient,
v-intercept, slope. residual
sum of squares) and plot.
Linearity is evaluated for A
from 0.05 to 1.0% and for B
from 0.05 to 2.0% of the
nominal sample
concentration.

Range The procedure provides an
acceptable degree of
linearity, accuracy, and
precision when applied to
samples containing analytes
within or at the extremes of
the specified range of

All drug substances and major
related substances (A and B) are
resolved from cach other, There
is no significant interference from
excipients.

Data from regression analysis:

Compound A B
Correlation 1.000  1.000
coefficient

y-intercept (% 0.022 —0.013
rel. sub.)

Slope (area 87.2 2753
units/% rel.
sub.)

Residual sum 1778 1290.7
of squares

The validated range for A is 0.1 to
0.4%, and B is 0.05 to L.0%.

procedure.

Accuracy Assessed using nine Compound % Accuracy
determinations over three A 90-100%
concentration levels covering B 92-105%
the range from 0.1 to 0.4%
for A and 0.05 to 1.0%
for B.

Precision The average and standard deviation for the individual and total

related substances (TRSs) for each drug substance are reported for
each type of precision investigated. The overall method precision
was evaluated using a combined variance component analysis.

Repeatability

Average Std. Dev.
(n=16) (%) (%)

A 0.11 0.001
B 0.08 0.002
TRSs 0.18 0.013

https://mp.weixin.qg.com/s/hEWkiPQ5yVsWTeJ1vKnbhg
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Table 3.2. (confinued)

ICH Validation

Characteristic Analysis Validation Results
Intermediate Average Sid. Dev.
precision (n = 16) (%) (%)

A 0.11 0.005
B 0.08 0.020
TRS 0.15 0.030
Detection Based on the peak area from DL and QL were determined to be
limit (DL) the diluted solution of 0.004 and 0.02%. respectively.
and related substances in the The QL (0.029%) is lower than
quantitation sample matrix, the detection the corresponding ICH reporting
limit (QL) and guantitation limit are threshold (0.195).
calculated from the
following equations:
DL (as % of nominal sample
(3 x std. dev.)
cong.) = —————
slope
QL (as % of nominal sample
(10 x sid. dev.)
cong.) = ————
slope
Robustness Typical variations in mobile Results from robustness

phase: pH, organic
composition, SDS* and
EDTA® concentrations.
Typical variations in sample
preparation: pH, organic
composition, SDS
concentration, sample size,
sample treatment, and EDTA
concentration.

Solution stability of standards
and samples were assessed
at 5°C and at room
temperature.

experiments were analyzed by
statistical analyses. Variations of
all experimental paramelers have
no significant effect on the
procedure based on analysis of
the main effects of the factors
evaluated for mobile phase and
sample preparation.

The sample solutions are stable for
4.5 hours at room temperature and
50 hours (approximately 2 days)
at 5°C. The standard solutions are
stable for 24 hours at room
temperature and 7 days at 5°C.

it

RN 1k % T

“8DS, sodium dodecyl sulfate; EDTA, ethylenediaminetetracetic acid.

https://mp.weixin.qg.com/s/hEWkiPQ5yVsWTeJ1vKnbhg

ICHEE T H i IO UESS R
LJE A P E WA i BT SR R A IR CARIB) BRI B o S Rh X A U G W S F 40
2k [51 J4 43 #7254 [543 7 2504 -
CERPEMSC R B YRR, RER . FRZEP 5 AD R A B
FUEH MR R H 1.000 1.000
LRVEXT ATE & SURE HRFE0.05-1.0% G B IPA, BYE | YHh#EEE 0.022 -0.013
44 SURE R BE0.05%-2.0% 18 [ VT4l CH R %)
R (EHA 872 2753
UL/ R R %)
Wk 2P S A0 177.8  1290.7
i [ R et e, RS T 52 I 2 T ) | SRk i
e [ A 0.1-0.4%
B 0.05%-1.0%
R SRHA10.1-0.4% 2 17, BIf0.05%-1.0%Z [AI[1I34 | 5 TR %
A FEE O VRS U 2R VA A 90-100%
B 92-105%
i & JEURHZG A R SR (TRSs) [9-F 3418
R s 22 40 55 D % RS B o T T AR R
4 I 5 DR 3% 43T 5 VAT VA
FEE TIMH il g 2
(n=16) (%) (%)
A 0.11 0.001+
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B 0.08 0.002
TRSs 0.18 0.013
1] 4 B S RSk Pt fi 22
(n=16) (%) (%)
A 0.11 0.005
B 0.08 0.020
TRSs 0.15 0.030

AR (DL T T AR TACLRE S P EORREIA I, 4% BT At

o 0 B AT 72 2 BRAAS- 730 9 0.004£110.02%

AWRE
FEAECH AR B pHAE . A AU L], SDSK
FE. BEdhE. BEMALIE. EDTAWKEE

ERR QL) RGN PR A s PR R (0.02%) KT X0 HFICHIR G FRE (0.1%)
DL (BL#A RS IRFEI% 1) = xArififii2) /4
DL (BL#4 URESIRFZ %11 = CLoxbrifEfRZD /
EIES

ik PP 1 VAL A i pHA . A HUAIELE] . SDSFIEDT | b I PER I 45 LR A Ge it £ 47 40 H7 -

T I AR i T A1) At D81 3R Bk 2, A R 5 ) A P X A 56 T 9 T R R

SPCHN U T AR k3 R S T RRE B v R e

FER R AEA-5 /N N SR R R e,
CTF7TRMEE.

52C RSO (Z2K) WAE . dRdEEwR iR N 24/ ke e,

5?

SDS: Tk IEEIER AN

EDTA: Z Z D 2.8
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