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REFERENCE STANDARDS:

inorganic ven

Quantitative work in  HPLC

certificate of analysis

« Standards Considerations |

* Integration events: Explained and demonstrated S S b et e e 05
* Running sets of samples YT i
— Blanks — Carry over and system peaks e e

— System Suitability

20 DESCRIPTION OF CRM Custom-Grade 10000 pg/imL Lead in 0.35% (abs) HNO3

— Calibration and Quantitation Catalog Number: CGPB10-1 and CGPB10-5
. L . ) Lot Number: T-PBO2113
» Parameters effecting quantitation and validation B e i e
» Requirements from chromatographic data systems SarkaMendallotto 2100 by s

3.0 CERTIFIED VALUES AND UNCERTAINTIES
Certified Concentration: 10,000 2 22 pgimL
Certified Density: 1.014 gimL (easured at22*C)

Standard Information Standards in the Industry

4.7.1 The working standard bottles contain the following details:

Reference

= Name Standards

+ Stock no.

+ Catalog no.
= Expiry date Primery Standards ‘
=  Purity % (as is)
= Water % T
=  Storage conditions (if special conditions are required) J, |
=  Special care before use (e.g. drying, water determination) Phanmacopeial standards .

Snur::é;;hu:u:;::npeia ‘ l;m :f;ﬁ:f:

* If the material is hygroscopic, extra precautions are required when drying the
sample prior to use. T l |

Working Standards ‘ Irnpurity Standards




Quantitative work in HPLC

Primary Standard

Primary Standard
Materials which are accepted without referenceto o ther standards.
If the materials have undergone complete analytical characterization, their identity
must be proven (elucidation of chemical structure) and their purity must be sufficiently
high and stated (>99.0%).

The characterization of primary standards generally involves the following:

« Elucidation of chemical structure by IR, UV, H-NMR, C-NMR, MS, CD etc.

« Purity determination by HPLC,TLC,GC,GPC,DSC,residu e of ignition, water content etc.
« Assay: Titration,DSC,Chromatography.

It is acceptable that the manufacturing process of primary references standards
differs from the final processing of the drug subst ance.

Pharmacopeial Standards

Commonly used for certain tests and assayed to achieve accuracy and precision of analytical results required in
compendia monographs. Pharmacopeial standards are basically regarded as primary standards.

Information Supporting The Integrity of The
Reference Standard
* Tests to characterize the reference standard are differ@mhaere

extensive than those used to control the new drug substance as
Identity, Strength, Quality, and Purity

« Physical description

< Physical constants (RI, pK, BP, MP, etc.)
e Chemical Attributes (Formula, weight)

« Appropriate analytical tests used to ID

< Data establishing purity

Working Standard

Working Standards

Materials are designed for daily use in instrumental analysis such
as routine quality control.

They are characterized by comparison with Primary or
Pharmacopoeia standards. Their purity corresponds to a "typical
batch".
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Integration

Measurement of Peak Area - Iriteggatadion

End

Area = Abs x dt
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Measurement of Area:

Peak Integration
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Peak Start
Peak Apex
Peak End

Peak Detection — IhéegedibonEresss
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{

Peak Height
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Measurement of Area:
Peak Integration: Data Bunching

15 = Minimum Number of points to define a peak

Bunching B = (WxS)/15

B = BUNCHING FACTOR
W=PEAK WIDTH
S = SAMPLING RATE

Data ’

points

Measurement of Area:
Peak Integration - Peak Start

Slope 2 =
(B3-B2)/(t3-12)
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(B2-B1)/(t2-t1)
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Measurement of Area:
Peak Integration - Peak Apex

Slope 1=
Slope 2 = (B2-B1)/(t2-t1)
(B3-B2)/(t3-t2)

Asymmetric factor or Tailing factor

Symmetric

Asymmetric

5 % of Peak Height

Proper Integration Events are Required
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Peak Threshold

Peak Threshold=300
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Integration of Small Peaks
PW=15 PW=60 AUFS =0.003
Area=23011 Area=25660
10%
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380 420 460

Minutes Minutes
Thresh.=300 Thresh.= 20
Area=23087 Area=25660
10%

3.80 4.20 4.60
Minutes

3.80 4.20 4.60
Minutes

Peak width changed

Threshold set at 30

AUFS =0.003

Peak width set at 30 sec

Threshold changed
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Quantitative work in

HPLC

Quantitative Set of Samples- Running Blanks

¢ Standards Considerations
« Integration events: Explained and demonstrated
¢ Running sets of samples
— Blanks — @argy coxezr s sspstam rsiiss
— System Suitability
— Calibration and Quantitation
« Parameters effecting quantitation and validation
* Requirements from chromatographic data systems
Sample vs. Blank (Diluent)
Unexpected peaks can appear in blanks and in all following inggions
In this case they are excluded from the processing of tharaple
50.00
40.00
Blank
30.00
%20.00 5 ) ” 2 2
10.00 .
000 PO N |
50.00
40.00 ‘
30.00 ‘ Sample
<D( 20.00
: \
10.00 ‘ \\ /
0.00 | ‘\\J‘_/‘ R o N | S
0.00 10.00 20.00 30.00 40.00 50.00

Minutes

VIAL|SAMPLE NAME| INJVOL | No of Inj Function Method Run Time| Sample | Dilution
\eight
| 1| Blank 20.0 1] Inject Samples LC Demo Method Set 10.00| 1.00000| 1.00000
2| system 20.0 1] Inject Samples SST Method Set 10.00| 1.00000 | 1.00000
Suitability
Clear LC Demo Method Set
Calibration
3| Std1 20.0 5 | Inject Standards LC Demo Method Set 10.00 1.00000 [ 1.00000
4| std2 20.0 1| Inject Standards | L.C Demo Method Set 10.00| 1.00000 | 1.00000
Report LC Calibration Report
Report Standard Comparison
Clear LC Demo Method Set
Calibration
1| Stdl 20.0 1| Inject Standards LC Demo Method Set 10.00 1.00000 | 1.00000
2| unk.1 20.0 2| Inject Samples LC Demo Method Set 10.00| 1.00000 | 1.00000
3| unk.2 20.0 2| Inject Samples LC Demo Method Set 10.00| 1.00000 | 1.00000
4] unk.3 20.0 2| Inject Samples LC Demo Method Set 10.00| 1.00000 | 1.00000
5| Unk.4 20.0 2| Inject Samples LC Demo Method Set 10.00 1.00000 | 1.00000
6| Unk.5 20.0 2| Inject Samples LC Demo Method Set 10.00 1.00000 | 1.00000
7| Unk.6 20.0 2| Inject Samples LC Demo Method Set 10.00 1.00000 | 1.00000
1| Std1 20.0 1] Inject Standards LC Demo Method Set 10.00 1.00000 [ 1.00000
Clear LC Demo Method Set
Calibration
Calibrate LC Demo Method Set
Why would there be peaks?
“ ”
- System Peak” ???
Injection

l

Carry over ??7?

Contamination ???
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System Peaks

“Legitmate” System Peaks
Originate from the Mobile Phase Components Going
Through Re-Equilibration

CONDITIONS FOR APPEARANCE OF REAL SYSTEM

PEAKS

* Mobile phase is multi-component (n=>2)

¢ Mobile phase contains adsorbable components

* Mobile phase’s components respond to the detector
(high background)
¢ Sample or sample-diluent is different from the
mobile phase, enough to create equilibrium perturba tion.

EXAMPLE:
Two additives in the mobile phase

Vacancy
\
090900
et BORRSRY | st
R™'0 Equilibrium:
= 000000 _1- -
to 000004 Co=t:Cm=1
000000  sep2
C 000000 Injection of Vacancy:
k._ff s DO0O0O0O Cs=1; Cm=0
Yo b |
Re-equilibration:
20330 | et
000000
000000
000000 CHROMATOGRAM
000000
000000

Example: kK'(2)=2
Step 1:
Equilibrium:
Cs=2;Cm=1

Step 2:
Injection of Vacancy:
Cs=2; Cm=0

Step 3:
Re-equilibration:
Cs=1.33; Cm=0.67

e\

k=1 k=2

ABS —

Il

Injection of free amino acids into mobile phase containg:
Ac buffer, CuAc, and Heptsulfonate.
Diluent: Water

C Table L. Species Corresponding to the System Peaks
peak A peak B peak C peak I
Na*, Cu[OAc);” HOAe —~ OAc™  Cu™, OAc  [Na¥, Cu™), C;S0;”

o]

s D
J

il
F’T' ‘ /M

time_ {min)

Levin and Grushka AMNALYTICAL CHEMISTRY, VOL. 58, NO. 8, JULY 1986 = 1803
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Contaminations Peaks NdboSystem Peaks!

Phosphate Buffer and Acetonitril Do Not Produce Sue System Peaks! Quantitative Work in HPLC

000 Mobile phase: ACN : Phosphate Buffer pH 9.5 1:1 * Standards Considerations
Wavelength: 280 nm  Integration events: Explained and demonstrated

* Running sets of samples
— Blanks — Carry over and system peaks
— System Suitability
— Calibration and Quantitation
« Parameters effecting quantitation and validation

a
g
;
3.404

1 Sample Name: Diluent » Requirements from chromatographic data systems
o " eo” e oo 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 000
Minutes

Quallty Control — Testing System Suitability o CEC BY ONE PEAK Application
VIAL SAMPLE NAME | INJVOL | No of Inj Function Method RyYnTi me| Sample | Dilution PERF RMAN E RITER IA
Weight
1| Blank 20.0 1| Inject Samples LC Demo Method Set 10.00 1.00000 | 1.00000
2| System 20.0 1| Inject Samples SST Method Set 10.00 1.00000 | 1.00000
Suitabilty RETENTION FACTOR or CAPACITY RATIO
Clear LC Demo Method Set ASYMMETRY FACTOR
Calibration -
3| std1 20.0 5 |Inject Standards | L.C Demo Method Set 10.00| 1.00000 | 1.00000 . tR t 0 K = ff Cs -
4| std2 20.0 1|Inject Standards LC Demo Method Set 10.00| 1.00000 | 1.00000 t Cm
Report LC Calibration Report
Report Standard Comparison
Clear LC Demo Method Set 0.020 TAILING FACTOR
Calibration . Area: 28501
1| std1 20.0 1]Inject Standards | Lc Demo Method Set 10.00| 1.00000| 1.00000 height USP Resolution:  4.48
USPTailng: 111
2| unk1 20.0 2] Inject Samples | Lc Demo Method Set 10.00 [ 1.00000| 1.00000 0.015 K Prime: 202
Retention Time:  0.74
3| Unk.2 20.0 2| Inject Samples LC Demo Method Set 10.00 1.00000 | 1.00000
4| Unk3 20.0 2| Inject Samples | LC Demo Method Set 10.00| 1.00000 | 1.00000 2 0010 4 e
5 20.0 2| Inject Sampl 10.00| 1.00000 | 1.00000
Unk riectSamples | LC Demo Method Set NUMBER OF THEORETICAL PLATES
6| Unk5 200 2| Inject Samples | LC Demo Method Set 10.00| 1.00000 | 1.00000 0005 10%h
7| Unk.6 20.0 2| Inject Samples LC Demo Method Set 1000 100000| 100000 | | 4 e
0.000 - iy —
1| Std1 20.0 1 |Inject Standards LC Demo Method Set 10.00 1.00000 | 1.00000 ‘ ~ . r _ Wldth{base) N
Clear LC Demo Method Set 0710 0720 0730 0740 0750 0.760 0.770
Calibration
Calibrate LC Demo Method Set Minutes
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Mixed-Mode Retention:

- -
‘\\7 O-Si AN \\—O- SiANAN
\—0-Si VAN \— O-Si ANANA
\—OH —0-
fo-siv v =0-8i AN AN
=0-Si v AN = + 1—0-Si AAAN
Mobile |~OH ) 7 0 (CHa)z -0- (cH), AN
Phase PH<3 oS = F0-SiAAAN
Si- OH OH L Le&s
| [ O-SinAAA J [—0-Si ~AAAA
L o-si ™~ 2 b | X
Cos boeed ;7O_S| AN AN
L on [~O-SiAAAA
Losi~e~n ~o-
/ L O S§j AAANA

/- 0-Si A .
/= 0-Si AAAN

;*,\JW

Mobile
Phase PH>3

Si—-0 ~

T
T b

PERFORMANCE BY TWO PEAKS

SELECTIVITY vs EFFICIENCY

| H . R@ TR
——— Same in both
12W 1+ W 9) cases

ANAN

SELECTIVITY FACTOR
a —
tra t
) R(2)
EXPERIMENTAL RESOLUTION
tO
t
T 7 T
Wy Wo

HIGH SELECTIVITY (a)

LOW SELECTIVITY (a)
LOW EFFICIENCY (N)

HIGH EFFICIENCY (N)




Quantitative work in HPLC

SELECTIVITY vs EFFICIENCY

_ "R@ TR
— Rs = same in both cases

1/2(w 1tw 2)

-

LOW SELECTIVITY (a)
HIGH EFFICIENCY (N)

HIGH SELECTIVITY (a)
LOW EFFICIENCY (N)

Recommendations Parameters:
System Suitability

Capacity factor » Tailing factor
- k>2 - T</=2
Precision/Injection repeatability =+ Theoretical Plates
— RSD</=1%,n>/=5 — In general N > 2000
Resolution
— Rs >/=2 (Major peak and

closest eluting)
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» Standards Considerations
« Integration events: Explained and demonstrated
¢ Running sets of samples

— Blanks — Carry over and system peaks

— System Suitability

— Calibration and Quantitation

« Parameters effecting quantitation and validation
* Requirements from chromatographic data systems

Qualitv Control — Test of Precision and Calibration

VIAL|SAMPLE NAME| INJVOL | No of Inj Function Method Run Time| Sample | Dilution
Weight
1| Blank 20.0 1| Inject Samples LC Demo Method Set 10.00| 1.00000 | 1.00000
2| system 20.0 1] Inject Samples SST Method Set 10.00| 1.00000 | 1.00000
Suitability
Clear LC Demo Method Set
Calbation
3| std1 20.0 5| Inject Standards | |c pemo Method Set 10.00| 1.00000 | 1.00000
4| std2 20.0 1| Inject Standards | | .c Demo Method Set 10.00| 1.00000 | 1.00000
Report LC Calibration Report
Report Standard Comparison
Clear LC Demo Method Set
Calibration
1| Std1 20.0 1| Inject Standards LC Demo Method Set 10.00 1.00000 | 1.00000
2| unk.1 20.0 2| Inject Samples LC Demo Method Set 10.00| 1.00000 | 1.00000
3| unk.2 20.0 2| Inject Samples LC Demo Method Set 10.00| 1.00000 | 1.00000
4] unk.3 20.0 2| Inject Samples LC Demo Method Set 10.00| 1.00000 | 1.00000
5| Unk.4 20.0 2| Inject Samples LC Demo Method Set 10.00 1.00000 [ 1.00000
6| Unk.5 20.0 2| Inject Samples LC Demo Method Set 10.00 1.00000 [ 1.00000
7| Unk.6 20.0 2| Inject Samples LC Demo Method Set 10.00 1.00000 | 1.00000
1| std1 20.0 1| Inject Standards | | Demo Method Set 10.00 | 1.00000 | 1.00000
Clear LC Demo Method Set
Calibration
Calibrate LC Demo Method Set
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Assay

Caffeine
st1

L L wougm Calbration curve
STD2 - (c1000)
ougm AU

ems (8 OR:
ougm
1

h sTD4
e 20 40 60 80 100

Time Concentration
10ugimi

ASpl x WStd x P
WSpl x AStd

= %

Legend:
ASpl:
AStd
WSpl
WStd

Calibration Plot
1080 g
© —
. %o? o 7 . =
- = Wstd/Astd
0. ////
of Impurity

Area of impurity in the sample
Area of standard peak

Weight of sample (mg/mL)
Weight of standard (mg/mL)

Related Compounds

% Known Impurity |=

Arca Spl x Purity Std. x 100
Concentration Spl x F Std

Legend:
Area Spl
F Std

Purity Std

- Area of known impurity in the sample.
= Known Impurity Standard Area / Known Standard
concentration.

= Purity of Known Standard.

The percentage of unknown impurities is calculated by the formula:

% Unknown Impurity| =

AreaSpl x Punty Std. x 100
Concentration Spl x F Std

Legend:

Area Spl = Area of unknown impurity in the sample.

F Std = main - Standard Area / MaIN Standard concentration.
Purity Std = Purity of MAIN Standard.

Working Curve

0 A plot of the analytical signal (the instrument or detecto r

response) as a function of analyte concentration, using a series

of standards of known concentration.

Caffeine
STD1

40 pg/ml

STD 2
60 pg/m

STD 3
B0 pg/ml

STD4
100 pgiml

-

The working curves are then

Calibration curve

(x 1000)
AU g
4
3
2
1

20 40 80 80 100

Concentration
10 pgimi

used to determine the concentrat ion of

an unknown sample or to calibrate the linearity of an analyti cal

instrument.

Choice of Standardization:

External or Internal

External Standard

Amount Std —®= Response Std

Amount Unk — Response Unk

Amount Std
Amount Unk =—"—""—
Response Std X Response Unk
Z(x =X)(v,—V) Response
> (500~ Re
b= - %, -
()C( - X)
! Amount

Std
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Choice of Standardization

External or Internal

Simple formulations and sample
preparation: external standard

Gas chromatography, bio-studies
or complex medium and complex
sample preparation:

internal standard

Choice of Standardization:

External or Internal

Internal Standard

Internal Standard

12,000/6000 —= 100/10

11,000/5800 —== Amt B/10

C
Int. Std. D
Amount Std Response Std
Amount Istd B "Response Istd
Amount Unk » Response Unk
Amount Istd Response Istd
Standard Addition

o Due to matrix effects the analytical response for an
analyte in a complex sample may not be the same as

for the analyte in a simple standard.

Signal

4 | eeesam=- Conc
K 1

B
B G ©
nt Int.
Std. 100 St
s 6a 12,000 6,000
Unknown Standard
(11,000/5,800) x (100/10)
Xx10 = AmtB = 94.8

12,000/6000

I
C3= GaVa/ Vi

A ] 1 2 3 4

added concentration
inthe sample solution
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Basic Report

Reported by User:  System

Project Name:  Dissolution_Default

Sample Name:
Sample Type:
Vial:

Injection #:
Injection Volume:
Run Time:

Sample Set Name:

SAMPLE INFORMATION

Prednisone_Tab Acquired By: System
Uni Date Acquired: 27/10/199914:38:40
16 Acq.Method Set: ~ Prednisone Mth Set
1 Date Processed: 27/03/200114:17:26
20.00ul Processing Method: ~ Prednisone Proc Mth
4.0 Minutes Channel Name: 2487Channel 1

PrednisoneNoRecircNoRepl Proc. Chnl. Descr.: Single @ 242nm

Auto-Scaled Chromatogram

Standard Deviation

m A measure of the uncertainty due to random
error in a set of data (also: precision of a set of
measurements).

s = standard deviation,

N =the number of data points,

X i= each individual measurement,

x bar = the mean of all measurements.

The value x i-x bar is called the residual
for each measurement.

0187 é
0169 Tl
0149 %\
0.12- ‘3
5| 4
0.10 (& |
2 &
0.08 ||
o8] I
|
0.04- @ | “
& [
0.02-] o “ \
@ 4 J e
; T o T
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00
Minutes
Peak Resulf
Name | RT | Aea Height | Amount [ units |
[ | os7] 22575 822 | |
| 2| Prednisone | 1701 1188824 186546] 0024 moimi]
Sample Set: PrednisoneNoRecircNoRepl
General Information
Sample Set Name PrednisoneNoRecircNoRepl
Sample Set Method PrednisoneNoRecircNoRepl
Sample Set Start Date 27/10/199912:36:43
Sample Set Finish Date 27/10/199915:37:29
Sample Set Id 2090
Sample Set Altered No
Injection
Run Time Acquistion Sample
SampleName Sample Type Vil | Inj# (Minutes) vm(;:ge Mothod Sat Welgt Dilution Label
1| Prednisone_Tab Unknown 1 1 4.00 20.00 Prednisone Mih Set 1.00000 1.00000 AU0203
2| Prednisone_Tab Unknown 12 1 4.00 20.00 Prednisone Mih Set 1.00000 1.00000 AU0204
3 Prednisone_Tab Unknown 14 1 4.00 20.00 Prednisone Mth Set 1.00000 1.00000 AU0206
4| Preanisone_Tab Unknown | 1 400 | 20.00 Prednisone Mih Set 1.00000 100000 | Auo208

Calibration Plot

1.0x10

Area

500 5

°
°
I

Name:

0.002 0.004 0.006 0.008 0.010 0.012 0.014

— Order);

Amount
g Method: I Proc Mth;  Fit Type: Linear (1st

Cal Curve Id: 2973; A:0.000000e+000; B: 4.867524e+007; C:

0.000000e+000; D: 0.000000e+000; R*2:1.000000

—
0.016

T
0.018 0.020

Quality Control — Testof Accuracy

VIAL | SAMPLE NAME INJ VOL No of Inj Function Method HunTi me | Sample Dilution
Weight
1| Blank 20.0 1| Inject Samples LC Demo Method Set 10.00 1.00000 | 1.00000
2| system 20.0 1 Inject Samples SST Method Set 10.00| 1.00000 | 1.00000
Suitability
Clear LC Demo Method Set
Calibration
3| std1 20.0 5 |Inject Standards | Lc pemo Method Set 10.00| 1.00000 | 1.00000
I 4| Std2 20.0 1 |Inject Standards LC Demo Method Set 10.00 1.00000 [ 1.00000
Report LC Calibration Report
Report Standard Comparison
Clear LC Demo Method Set
Calibration
1] std1 20.0 1 [Inject Standards | Lc Demo Method Set 10.00| 1.00000 | 1.00000
2| Unk.1 20.0 2| Inject Samples LC Demo Method Set 10.00 1.00000
3| Unk.2 20.0 2| Inject Samples LC Demo Method Set 10.00 1.00000
4| Unk.3 20.0 2| Inject Samples LC Demo Method Set 10.00 | 1.00000
5| Unk.4 20.0 2| Inject Samples LC Demo Method Set 10.00 1.00000
6| Unk.5 20.0 2| Inject Samples LC Demo Method Set 10.00 1.00000
7| Unk.6 20.0 2| Inject Samples LC Demo Method Set 10.00 |  1.00000
1| std1 20.0 1 |Inject Standards | | Demo Method Set 10.00| 1.00000
Clear LC Demo Method Set
Calibration
Calibrate LC Demo Method Set
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Determination of a Control Standard:

Test of Accuracy

Amount Std —# Response Std

Amount Control — Response Unk

Amount Std
Amount Control =—————— X Response Unk
Response Std

Amount Control Determined

Accuracy: =0.99-1.01

Amount Control Prepared

Quantitative Results

Sum mary of Standards
ial: 2
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% Difference between Standards

Std1Ave 0.003425 Std2Ave 000371

Aue_Stds_Factor

Srd1Ave 0.003485 4 SdZAwe DO0ET1

Running the
Unknowns

= 042 - 0003478
A e_fm_Ar DO0EAEE
2
Quality Control - quantiication
VIAL SAMPLE NAME | INJVOL | No of Inj Function Method RYnTi me| Sample | Dilution
Weight
1| Blank 20.0 1| Inject Samples LC Demo Method Set 10.00 1.00000 | 1.00000
2| System 20.0 1| Inject Samples SST Method Set 10.00 1.00000 | 1.00000
Suitability
Clear LC Demo Method Set
Calibration
3| std1 20.0 5 |Inject Standards | Lc pemo Method Set 10.00 | 1.00000 | 1.00000
I 4| Std2 20.0 1 |Inject Standards LC Demo Method Set 10.00 1.00000 [ 1.00000
Report LC Calibration Report
Report Standard Comparison
Clear LC Demo Method Set
Calibration
2] unk.1 20.0 2| InjectSamples | LC bemo Method Set 10.00| 1.00000 | 1.00000
3| Unk.2 20.0 2| Inject Samples LC Demo Method Set 10.00 1.00000 | 1.00000
4| Unk.3 20.0 2| Inject Samples LC Demo Method Set 10.00 1.00000 | 1.00000
5| Unk.4 20.0 2| Inject Samples LC Demo Method Set 10.00 1.00000 [ 1.00000
6| Unk.5 20.0 2| Inject Samples LC Demo Method Set 10.00 1.00000 [ 1.00000
7| Unk.6 20.0 2| Inject Samples LC Demo Method Set 10.00 |  1.00000 | 1.00000
| 1| std1 20.0 1 |Inject Standards | | Demo Method Set 10.00 | 1.00000 | 1.00000
Clear LC Demo Method Set
Calibration
Calibrate LC Demo Method Set
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Calibration Procedures

(S:a“b(;a“:;” Ca|‘ijbffzili0n N Calibration Calibration Calibration Calibration

thla}: ards at Stan. & s at the Standards Standards Standards Standards

o?\lyegmmng beg‘ljnnlng and Bracketing Bracketting Bracketting Bracketting
en

Quantitative work in  HPLC

» Standards Considerations
 Integration events: Explained and demonstrated
* Running sets of samples
— Blanks — Carry over and system peaks
— System Suitability
— Calibration and Quantitation
» Parameters effecting quantitation and validation
« Requirements from chromatographic data systems

Parameters To Monitor - Validation

> Precision (Ruggedness)
> Accuracy

» Limit of detection

» Limit of quantitation

> Linearity (range)

> Selectivity

» Robustness

Example Method Validation Protocol

Lineari
Robustness vy LOQ LOD
‘ Day 1-3 ‘
Parameter 1 Level 1: 60% Level 1 Six Blanks
Min & Max Bulk & Formul. Bulk Drug Baseline Noise

Parameter 2

Level 2: 80%
Bulk& Formul.

Level 2

Min & Max Bulk Drug
Parameter 3 Level 3: 100% Level 3
Min & Max Bulk & rormul, Bulk Drug
Parameter 4 Level 4: 120% Level 4
Min & Max Bulk & Formul. Bulk Dru
|
Level 5: 140% Level 5
Bulk & Formul. Bulk Drug
Precision LOQ:
Day 1-3 Precision
1 [
Six Reps., 100% LOQ Level
Bulk Drug Bulk Drug
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Parameters To Monitor - Validation

> Precision (Ruggedness)

» Accuracy

» Limit of detection

> Limit of quantitation
» Linearity (range)

> Selectivity

» Robustness

CHARACTERISTICS OF AN ANALYTICAL METHODS

Precision: The reproducibility of results. The degree to which an
experimental result varies from one determination to the
next.

Precision is related to random error and Accuracy is related to systematic
error.

lllustrating the difference between “accuracy” and “pr ecision”

Low accuracy, low precision Low accuracy, high precision

High accuracy, low precision High accuracy, high precision

Example Precision Data

Injection

Response

125955

125651

126052

124855

126102

O[O IN|F

125899

Average

125752

Standard Deviation

466.93

Relative Standard Deviation

0.37%

Precision - Acuosptamoe Critknia

» Less than 2% relative standard deviation is often recommended.

« Less than 5% RSD can be acceptable for minor components.

« Upto 10% RSD may be acceptable near the limit of
quantitation.
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AU

Overlaid Chromatograms
Good Precision

Peakl

Peak2
Peak3
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Minutes

SampleName 2690_Eau40_60CH30H_2mm_D Vial 4 Injection 1

SampleName 2690_Eau40_60CH30H_2mm_D Vial 4 Injection 2
SampleName 2690_Eau40_60CH30H_2mm_D Vial 4 Injection 3

SampleName 2690_Eau40_60CH30H. me:D Vial 4 Injection 4

SampleName 2690_Eau40_60CH30H_2mm_D Vial 4 Injection 5

SampleName 2690_Eau40_60CH30H_2mm_D Vial 4 Injection 6

i

Method Transfer- 3 diiffieremt HPLC Systiems

Factors Affecting Precision
Area and Retention Time

* Integration parameters
* Injector performance
e Pump performance

0.050
0.040
0.030
0.020
0.010
0.000
3.0 4.0 5.0 7.0
Minutes
Injector Linearity
2,000
m o Different
& volumes of
2 the same
§ o0 L standard
o R2 = 0.9999 Methods
transfer
500 [~
0 | | | . | |
0 20 40
10 30 50

Injection Volume mh
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Injector Precision Accuracy: Definition
Peak Area
0.5 .
e The closeness of test results obtained by the method to the true
N=6
o value. _ .
— Established across the concentrations range
X 0.3 — Peak 1
a — Peak 2
@) — Peak 3
0.2
N m
oL
5 10 20 50
Injection Volume
Documenting Accuracy
Example Accuracy Data )
with Control Charts
Target Concentration | Spiked Concentration Measured % Recovery
(mg/mL) Concentration Custom Report Control Chart for: ACE, Channel: 996
(mg/mL) Avg N=3 411879.87
50% 0.50 0.49 98.0 40187001
75% 0.75 0.74 98.7 0187003
100% 1.00 1.03 103 381879.8?
125% 1.25 1.24 99.2 . 371879_8‘;
150% 1.50 1.48 98.7 2 sereroc] UrelL
351879.8; - 5065 ©° = Target
Average Recovery: 99.52% 341879.8 LCL
Standard Deviation: 1.99 ]
Relative Standard Deviation: 2.00 331879'8§
321879.83
1 2 3 4 5) 6 7 8 9 10 11 12
Run Number
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Parameters To Monitor - Validation

(See Detection Qualification)

Limit of Detection:

Limit of Quantitation:

» Precision (Ruggedness)

» Accuracy

» Limit of detection

» Limit of quantitation

» Linearity (range)
» Selectivity

» Robustness

Detection Limit (DL/LOD): Determination

¢ Visual (Non-Instrumental Methods)
» Signal To Noise Ratio (3 or 2:1 Generally Accepted)

« Detection limit may be based on the standard deviation of the
response and slope:

DL = (3.3)STD/S

STD = standard deviation of the response

S =slope of the calibration curve

Quantitation Limit (QL/LOQ):
Determination

¢ Visual (Non-Instrumental Methods)
 Signal To Noise Ratio (10:1 is Typical)

» Quantitation limit may be based on the standard deviation of
the response and slope:

QL = (10)STD/S

STD = standard deviation of the response
S =slope of the calibration curve

Both DL and QL are validated by analyzing a suitable number
of samples. Method should be documented

Example LOQ/LOD Data and Calculations

Level 1 Responsg Level 2 Resporjse  Level 3 Resppnseel 4&kesponse  Level 5 Resporfse

1 2085 4105 6288 8333 10499
2 2106 4235 6103 8287 10305
3 1955 4188 6337 8399 10386
4 2199 4063 6129 8156 10355
5 2077 4005 6254 8247 10462
6 2155 4284 6301 8178 10219
Mean 2096 4147 6235 8267 10371
STDev. A\,.§.§;r:1l‘§ - iI(OG.Q el 9&:%5,_;’:Q 92.54 102.57

Slope:,of Calibration Curve: 9378

Limit of Detection 0.034 mg/mL

Limit of Quantitation: 0.103 mg/mL
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Parameters To Monitor - Validation

> Precision (Ruggedness)
> Accuracy

» Limit of detection

» Limit of quantitation

Cmangen " » Linearity (range)

> Selectivity

» Robustness

Linearity and Range: Definition

e Linearity
— The Ability of the Method to Elicit Test Results That Are
Directly Proportional to Concentration Within a Given
Range
— Expressed as the Variance of the Slope of the Regression
Line
* Range
— Interval between upper and lower levels of analyte
demonstrated by the method

— Precision and Accuracy Expressed in the same units as the
test results

Response

5,000,000

4,000,000

3,000,000

2,000,000

1,000,000

o E

Linearity (Calibration) Plot

Linearity (Calibration) Plot for TMT, Day 2

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0.11

Amount

R-square=1 #pts=5
y = -8.95e+005 + 5.4e+007x

Include correlation coefficient, y-intercept, slope, plot itself
Minimum of five concentrations, +/- 20% over specified range

Example for HPLC Method Precision

Repeatability: N =6 at 100%

Day %RSD-Time %RSD-Time | %RSD-Area | %RSD-Area
HCT TMT HCT TMT
1 0.00 0.00 0.05 0.06
2 0.05 0.00 0.16 0.07
3 0.00 0.00 0.18 0.05

Intermediate Precision:

N = 18 (6 inj./day, 3 days) at 100%

Compound | %RSD-Time | %RSD-Area
HCT 0.21 3.24
T™MT 0.56 3.97
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Parameters To Monitor - Validation

> Precision (Ruggedness)
> Accuracy

» Limit of detection

» Limit of quantitation
Photodiode Array Technology

Spectral Analyses > Linearity (range)
‘ Library Matching 0.q
= Compound dentification > Se|ect|v|ty
| ] Coelution detection
—— Peak Purity Analysis » Robustness

Peak purity/peak homogeneity
Coelution detection

Specificity: Determination

» Qualitative Identification Tests

— Demonstrate ability to select between compounds of closely
related structure

+ Assay

— Demonstrate that the results are unaffected by spiked impuritie
or excipients

* Impurities
— Spike the drug product/substance with impurities and
demonstrate appropriate accuracy and precision

S

Specificity: Definition

» Specificity (Selectivity)
— The ability to measure accurately and specifically the analyte

the presence of components that may be expected to be present
in the matrix

— The degree of interference
« Active Ingredients
¢ Excipients
¢ Impurities
« Degradation Products
Placebo Ingredients

PDA and MS Together

////-
2
[

PDA and MS together can
provide complimentary useful
information.

Hopefully can operate from the
Same Software Platform.
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Stability Indicating Method

Forced Degradation Studies

UVIVIS Mass Spectrometer
PDA at 238 nm - MBF SQTIC Plot
Simvastatin i Simvastatin

2 4— Simvastatin Std. —p .} J

‘ . I - J

i Slmvsg:t':’ ‘L Acid Hydrolysis 5 T S ‘ ‘
! = - P e

|- I Acid J u tl

88 8 8 8 8 6 88 § @ §f # @ §6 §§ 6 6§

T T

Lol L [ mmemem me
o d ememomn o Ly~
IR -
T = wm e
Ly e T

Figure 8. Overlay of chromatograms from degradation samples
visually demonstrates the different degradation product profiles
produced by the different methods of degradation.

L~

Parameters To Monitor - Validation

K' vs Buffer Concentration

» Precision (Ruggedness)

= snzaer > Accuracy
& HCT >

S o » Limit of detection

» Limit of quantitation

10 30 50 70 90
20 40 60 80 100

mM NaH2PO4 pH 5.5 > Selectivity

» Linearity (range)

» Robustness |

Robustness: Definition

* Robustness

— Measure of The Capacity to Remain Unaffected by Small
(Deliberate) Variations in Method Parameters

— Indication of Reliability During Normal Use

Robustness: Determination

e Consider during development of method
» Shows reliability of method with respect to deliberate cbang

« If measurements are susceptible to variations in analytical
procedures, these conditions should be controlled and a
precautionary statement included.

« Establish System Suitability parameters to ensure the vatifittye
method
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Robustness of the chromatographic
method

= Parameters Varied

= Solvent strength in the mobile phase,
= Temperature,

= Flow rate,

= pH of the mobile phase,

= |onic strength in the mobile phase,

= Sample diluent,

= |njection volume,

= \Wavelength of detection.

The parameter measured:
= Response (area/amount)
= Retention time,
= Selectivity and/or resolution.

Non-Robust Method

caffeing benzoic acid __aspartame caffaine aspartame benzoic acid

B
280,04
260,04

2a0.0d]

z
T
@

TEm:
berecic anid

cafleing

050 100 1.50 200 250 200 2.50 400 050 100 150 200 250 300 3.50 4.00
Minutes Minutes
caffeine benzoiciaspartame

Minor Changes in ™™
pH Effect Rs 2an0d
220.08 pH=47

214nm

TG T G oD
1O S ot M dietate "
Elaiee W Waeano
=
= .
0.0 =

0ED 100 180 200 250 300 350 400
Llinule

N=&

Method Change Versus
Adjustment Proposals

*Aqueous Buffer pH
*Analytes without ionizable groups: +/- 1 unit

*Analytes with basic or acidic groups and the buffer pH =
pKa +/- 2 units: +/- 0.2 unit

*Analytes with basic or acidic groups and the buffer pH <
or > pKa +/- 2 units: +/- 1 unit

¢ Column Dimensions

sLength: +/- 70%

sInner Diameter: +/- 25%, maintaining a constant lin  ear
velocity
*Flow Rate: up to 50%

Reference standards must be used to show that the
chromatography is improved by pH adjustment.

Quantitative work in  HPLC

» Standards Considerations
« Integration events: Explained and demonstrated
* Running sets of samples
— Blanks — Carry over and system peaks
— System Suitability
— Calibration and Quantitation
» Parameters effecting quantitation and validation
| » Requirements from chromatographic data systems
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Basic Sequence in HPLC

Login.

Instrument Method.
Sequence/Run Samples.
Process Data.
Review/Preview.
Result/Sign-Off.

ok ONE

Requirements from Chromatographic Data

System (CDS)

il

Create a Sequence or a Sample Set/List s Create Methods

Run Samples

> p 5
Fic Ede Yow lnject fclions Customize Hanage thlp
B[] BaJ] e |elo] X[ LBN] o el e * Method Set
1] Sample Set Method: PharmaceuticalSS
B 0 | 4 of e Run |4 — Instrumental parameters
ial SampleName Vol Ins Function Report Method (Mnm‘e;‘
ful) linute: .
I T L WG T e — Processing parameters
2 Clear Calibration —
= y q
| e e 2 — Reporting T
5|4 |4CompStandardo3 | 10.0 3 | Inject Standards 2.00 q = =
65 |ac 100 3 |inject Standards 200 = EXpOrtlng 5] i 5]
7 [6 |4CompStandarans | 10.0 3 |Inject Standards Pharmaceutical MS 2.00 T e v [Svuar 720025, Tt Zotem 50 =] MEE
8|7 ar 10,0 1|Inject Samples Pharmaceutical MS 200 £ Data Chonnels
9 [8 o 00| 1[inject Samples Pharmaceutical MS 200 i DSl Piccaserabatied |2 P2 J e |
E armas 0.0 1[Inject Samples Pharmaceutical MS 200]v Defouk Report Method |(ZHE E&
T :
4 . e harmeltome oo Teport et
i I If \
it i
bl 5 ]7 E e | I i
Loa
[} Fon | nnrn
W 8 4o " |\ i L ¢ .
1 Cysiom e b N el W N B =l
T T T T POAB BlkSubtocion [
%] J 000 a0 0do 060 an
e mnutes I~ S Evacied Channels
{For Help, press F1 ™ Delete 30 Channel Alter Extrachion

ety
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Instrumental Parameters -Collect N Process the Data to
Chromatographic Data

Run Samples

Create Results

¢ Method Set
Instrumental parameters S oo U Sytrin et et st~ Ut Ve e e o

[5=1E3]

2 k] # w| meEEE @l T 2 m
— Processing parameters INNER | | i o e pmon 7 a
— Reportmg Zoimy ertist - QuickSord - [Ron Somyles] e =l oo PN =
o G yon [t oo Qatoece lss t Jm]' g
. [Esis) 6] Wilele] X[[0]| Fow 7] [eommontan— ]| Clroal in (e ;
— Drowse Project [
Exporting 5 —— By
- g,
s
it 33 0do b0 080 100 140 140 160 150 200
o 4 N
e 2 | Snitrosotriaminopyrimidine 0.804 | 158563 | 28.91 | 43882 |BV 0.010 | mg/mL | Found
= n = n 55 Ae 5 An I pd 4 [triamtorene 1.183| 100368 | 19.94 | 27713 |vB 0.010 | mg/mL | Found
- | L]
TP R 30 Chimnels £ Chimncls ) Peaks I T =

Process Data Process Data

Processing Method Processing Method

M Component Editor BEX

¢ Method Set « Method Set i cn et
Instrumental parameters
Processing parameters
Reporting

Instrumental parameters For2t Vel 2 lew: 2 Te: Stondud
ProceSSing parameters &
Reporting e 5000000 5000 cioear

[orvoc cvis) | A2 cvieny ~
Companent Vel ik |(1testmprogrzy | SernaFuncion  |unks

Fropiophencne 5 000000 0,000 | Linear

0,000 [Linear

— Exporting T ——r—_ ] — Exporting S snusTamsnsi crom £ 78 S T T

File View Help Fie View Help. Prev. Newt 0K Cancel
O @{uibe| D S| feo v, e
(D] tearstion | Deteut amounts | Named Groups | Timed Groups | Pattern Mstch | Sutabity | Limts | Noise anet ori | (D] rtegraton T Detout Amounts | Nemed Groups | Tied Groups | Peftern Match | Suabity | Limts | Notse sn brit |

Average By [Lovel =~ Updaie AT [Never - Average By [Level - Update AT [Never =l

AT Window (%) [5.00 CCalRef! X RT Window (%) [5.00 CCalRef! =]

I o St ot i ¥ s
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Process the Data to
Create Results

Keview Data Main Win dow]

:
Bl
LA prnnnn poosoo LA Ji=g

uuuuuuuu

hycoshiorthiezis -

0 200
MMMMMM
Retention Time | Area Height
"  Area Int lype | Amount | Units | Peak I
(min) @Vseq) “) v Vi
072 | 179690 | 3276 | 40093 |DD 0.010 | mg/mL | Found
0.804 | 158563 | 28.91| 43882 BV 0.010 | mg/mL | T ound
1.000| 100827 | 18.38| 26188 | W 0.100 | mg/mL | Found
1183 | 100368 19.94] 27713 |vB 0.010 | mg/mL | Found
KN} T
Fleth set: Untitled Proc Meth: Pharm Pracess MEh

Batch Process

e Sample Set + Processing Method = Results Set

Print Out Results

Report Method

* Method Set
— Instrumental parameters
— Processing parameters
— Reporting
— Exporting
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Basic Report

Reported by User:  System Project Name:  Dissolution_Default
SAMPLE INFORMATION

Sample Name: Prednisone_Tab Acquired By: ystem
Sample Type: Unknown Date Acquired: 27/10/199914:38:40
Vial: 16 Acq. Method Set: Prednisone Mth Set
Injection #: 1 Date Processed: 27/03/200114:17:26
Injection Volume:  20.00 ul Processing Method: ~ Prednisone Proc Mth
Run Time: 4.0 Minutes Channel Name: 2487Channel 1
Sample Set Name:  PrednisoneNoRecircNoRep! Proc. Chnl. Descr.: Single @ 242nm

Auto-Scaled Chromatogram

0.16+ e
014 8|
2
0.12+ lg‘
5 010 \g“
0.08 ||
0,06
0,04 o
I
0.02 i)
o. -+ ~
0‘50 1{00‘ ‘ 1{50‘ o 200‘ ‘ ‘2‘50 o 3‘00‘ o 3{50‘ o 4.00
Minutes
Peak Resullt:
[T Name | RT | Awea Height | Amount [ units |
[ | os7] 22575 822 | |
| 2| Prednisone | 1701 1188824 186546] 0024]  mgml|

Summary Report

Sample Set: PrednisoneNoRecircNoRepl

General Information

Quantitative Results

Sample Set Name PrednisoneNoRecircNoRepl
Sample Set Method PrednisoneNoRecircNoRepl
Sample Set Start Date 27/10/1999 12:36:43
Sample Set Finish Date 27/10/199915:37:29
Sample Set Id 2090
Sample Set Altered No
Injection
Ti
‘SampleName Sample Type vl | inj# mz‘m‘;‘f) Vul(l:‘r‘r)\e n:;‘:‘z'j‘;‘:: ‘ ?;:::‘:‘ ‘ Dilution Label
1| Prednisone_Tab Unknown 1 1 4.00 20.00 Prednisone Mth Set 1.00000 1.00000 AU0203
2| Prednisone_Tab Unknown 12 1 4.00 20.00 Prednisone Mth Set 1.00000 1.00000 AU0204
3| Prednisone_Tab Unknown 14 1 4.00 20.00 Prednisone Mth Set 1.00000 1.00000 AU0206
4| Prednisone_Tab Unknown 16 1 4.00 20.00 Prednisone Mth Set 100000 | 1.00000 AU0208
Calibration Plot
10x0 © E
g 5
£ soa
00 -
T T P A AU st e
0.000 0.002 0.004 0.006 0.008 0.010 0012 0.014 0016 0.018 0020
Amount
Name: I 4 g Method: I Proc Mth; Fit Type: Linear (1st
- - Order); Cal Curve Id: 2973; A:0.000000e+000; B: 4.867524e+007; C:
0.000000e+000; D: 0.000000e+000; R"2:1.000000
.
140000
LT
120000
100000
oo
2 @
a0000] B §
2oy 3
Boar £
20000 K €
RS N
oo £z )
020 130 15 zbo | 2m M0 a0 a0 00
winutes
Bassine End | Bazeine Start AR
PeakName RT i) iy Area |%Area| Hawnt |Manual
1| Psaudoephedrine | 3366 3727 3207 | 727945 147 18551 |No
2 Acetaminoghen  |4.0¢6 4.987 3.727 |E598844 | 98.53 | 1206363 [No
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The Automated Process The Automated Process
Chromatography to Calculations Chromatography to Calculations




