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Biological Tests 
Validation and Controls 
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In-vitro	Test	
In-vivo	Test	
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Key Regulatory References 
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WHO and Biological Standards 
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Useful Regulatory References for Test Methods 
and Assay Calculation Examples 

§  WHO – Manual Lab. Methods for Testing Vaccines – WHO/
VSQ/97.04  

§  USP <111> Design and Analysis of Biological Assays 
§  USP <1033> Biological Assay Validation 
§  USP <1034> Analysis of Biological Assays 
§  European Pharmacopoeia Section VIII.13 Statistical Analysis 

of Results of  Biological Assays and Tests. 
§  British Pharmacopoeia (BP) 1993 Appendix XIV - Biological 

Assays and Tests 
§  Test Methods included in USP/BP/EP/WHO and US FDA 600 

series 
§  EDQM – PLA Database for standardized calculation of parallel 

line assays   

5 
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Analytical 
Performance 

Parameter 

Category I 
 

Active 

Category II 
 

Impurities and 
Degradation Products 

Category III 
 

Performance 

Category IV 
 

Identification 

 Quantitative Limit Tests Dissolution etc..  

Precision Yes Yes  Yes  

Accuracy Yes Yes * *  

Detection 
Limit   Yes *  

Quantitation 
Limit  Yes  *  

Specificity / 
Selectivity Yes Yes Yes Yes Yes 

Range Yes Yes * *  

Linearity Yes Yes  *  

Ruggedness Yes Yes Yes Yes  
 
 *	Maybe	required	depending	on	nature	of	specific	test	

Analytical Method Validation USP<1225> 
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Analytical Method Validation – WHO Draft  

© CBE Pty Ltd 

Why are biological assays different to 
chemical assays ? 

§  Bioassays are much more variable then chemistry 
§  Bioassays have multiple “factors” that impact the robustness 

of the method 
§  Generally the bioassay regression line is non-linear (lacks 

selectivity) compared to analytical regression  
§  Bioassays use multiple dilutions or “doses” to ensure the 

most sensitive range is used. 
§  Analytical assays usually done at one dilution 

§  Bioassays compare the test sample to a standard reference 
sample with known activity. 
§   assays are always comparative 

8 
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Types of Biological Assays 

Invivo - Animal Models 
§   drugs and biologicals in living systems 

 
Invitro - Biological Systems 

§   microbiological or tissue response 
§   drug in biological (serum, plasma, urine etc.) matrix 
§   biological in biological matrix 

 
Immunological (ELIZA) Assays 
Enzymatic Assays 
 
Microbiological Assays 

§  Quantitative (enumeration) 
§  Qualitative (presence / absence)  

é	Variability		é	Cost	

è	Variability		è		Cost	

ê	Variability		è	Cost	

ê	Variability	ê		Cost	
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Types of Bioassays 
§  Quantal Assays  

§  Elicits an ‘All or None’ response in different animals e.g   
§  Digitalis induced cardiac arrest in guinea pigs 
§  Insulin Assay - hypoglycaemic convulsions in mice.  
§  Antivenom assay - % dead vs. % survived 
§  Calculation of LD50 in mice or rats 

§  Graded Response Assays [mostly on tissues/cells/plates or in 
animals] 
§  Parallel Line Assays or Slope Ratio Assays 
§  Graded responses to varying doses e.g  

§  Antibiotic assay (relative zones of inhibition) 
§  Heparin (relative clotting time) 
§  Influenza Assay – Haemagglutination  
§  % transmission or absorbance   
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Bio-Assay Variability – Lack of Ruggedness 
(Variation Sources) 

§  In-vivo tests subject to animal variability: sex, health, weight, season 

§  Lots under test often biologically produced and variable 

§  Preparations can become unstable on the bench 

§  Analyst technique plays a part in control of variation   

§  Tests use multiple reagents, different cell/ tissue lots, variable biological 
and “living” cultures/animal models etc. 

§  “Inter-Lot” variation is a major influence on assay Precision and 
sometimes accuracy. 
§  Often forced to use different Lots of Reagents 
§  Try to minimise Lot to Lot changes if possible  

§  Assay variation (lack of robustness) due to multiple  factors plus the 
sample matrix (plasma, tissue etc.) 

§  The dose response is not linear in many cases 

© CBE Pty Ltd 

 Recommended Specifications 
(ICH Q6B plus and specific monographs) 

Bulk Substance 
§  Identity 
§  Appearance and description 
§  Purity and impurities 

§  Process related 
§  Product related 

§  Potency 
§  Sterility (or bulk bioburden) 
§  Endotoxin 
§  Toxicity 
§  Protein Content Mass  

12 

Product 
§  Identity 
§  Appearance and description 
§  Purity and impurities 

§  Process related 
§  Product related 

§  Potency 
§  Quality (% protein in product) 
§  Sterility 
§  Endotoxin 
§  Container / closure integrity** 
§  Preservative content 
§  100% physical inspection container 
§  Content(weight/ volume) 
§  General tests. 

§  pH, osmolarity, specific gravity 

**	in	development	only	
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Testing of Vaccine Bulk vs Finished Dose 
(FDA Guidance – 1997) 

§  With CBER concurrence, testing of the final formulated 
bulk vaccine may be substituted for testing in the final 
container when additional processing has been shown to 
have no effect on the potency of the final product.  

§  However, in some cases such as a lyophilized product, 
demonstration of the potency of the product in the final 
container is necessary.  

§  Tests for potency should detect any component 
interactions that may have a potentiating or interfering 
effect on any other component. 

13 
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USPNF <1045> Biotechnology Products 
(Suggested Classes of Test)  

14 

Test	Classes	

Descrip9on	

Iden9fica9on	

Physicochemi
cal	

Characterisa9
on	

Func9onality	

Assay/
Potency	

Safety	

Inac9va9on	

Purity	

Sterility	/	
Bioburden	 Impuri9es	

Process	
Related	
Residues	

Product	
Related	

Impuri9es	
Endotoxin	

Product-related	impuriIes	
include	residual	proteins	or	DNA	
in	a	polysaccharide	vaccine		
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Flash Quiz 
Biological	Assays	 Your	Selec9on	

1	 Which	one	of	these	statements	is	true	
(a)  Biological	assays	(bioassays)	are	less	robust	than	equivalent	

chromatographic	methods.	
(b)  In-vivo	assays	are	higher	cost,	but	more	reliable	than	in-vitro	tests	
(c)  ELIZA	tests	are	high	cost	and	high	variability		
(d)  In-vivo	assays	should	be	repeated	3	Imes	

	 

2	 Which	of	these	can	contribute	to	bioassay	variability	(there	may	be	
more	than	one)	
(a)  Analyst	to	Analyst	
(b)  Change	of	reagent	lot	numbers	
(c)  Change	of	animal	(change	of	sex	or	weight	range)	
(d)  Change	of	suppliers	test	kits	

3	 We	are	expected	to	validate	bioassays	before	use	 TRUE/FALSE	

4	 We	are	not	required	to	validate	a	bioassay	if	we	use	a	control	
sample	in	the	test	

TRUE/FALSE	
	

15 
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Biological International Standards 
§  Various sources of reference standards (primary & working) for 

biological activity: eg. WHO, USP, EP, NIBSC 
§  Use of a particular standard may be specified in regulatory 

requirements, eg pharmacopeial monograph 
§  Various standards may be different materials 
 
§  International Standards (IS): assigned in international units (IU) 
§  IS are used to calibrate local (working) standards – NOT used as 

working standards themselves 
§  Supplies are limited, and replacement of IS risks causing discontinuity 

Refer to:  
www.who.int/biologicals/en/reference materials 
www.nibsc.ac.uk products biological reference materials 
https://www.edqm.eu/en/Biological-Standardisation-Programme-mission-60.html 
 

16 
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Biological Standards Management 
§  International/WHO 1o standards available  
§  Utilise 2o working (in-house) standards 

§  Cross standardisation program – must have an SOP 
§  Re-standardise against 1o standard annually  

§  Define storage conditions (Fluid, Frozen, Freeze Dried) 
§  Standards should have similar functional characteristics 

and matrix as the sample under test. 
§  Verify long term stability of the standard/sample/control 

§  Use freeze thaw cycles up to 5 cycles - sample between cycles 
§  Verify bench stability once reconstituted  

© CBE Pty Ltd 

Problem of Standard “Creep” 
(Sequential calibrations of successive standards) 

18 

Upper	Limit	

Lower	Limit	
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Comparing Functional Similarity of 
Standard and Sample Matrix 

19 

•  FuncIonal	Similarity	is	important	
•  Look	for	parallel	lines	(similar	dose	response	

curves	
•  Look	for	same	asymptoIc	values	–	top	and	

bo`om	
•  Look	for	same	transformaIon	of	response	
	

FuncIonal	similarity	of	the	
reference	standard	and	sample	in	
a	bioassay	is	a	fundamental	
condiIon	for	determinaIon	of	a	
valid	relaIve	potency	assay	

© CBE Pty Ltd 

Use of Controls 

§  Many bioassay designs use controls (of known potency) 
as well as reference standards. 

§  Control is usually a batch of the same matrix as the 
product 

§  The purpose of a control is to verify that the assay is 
performing with expected parameters 

§  Control limits are often set at +/-2sd and +/-3sd from the 
mean 

§  Must also look for trends or drifts of controls up or down 
§  Can apply control chart rules (SPC) to manage trending 

and responses     

20 
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Binomial/Quantal (Pass/Fail) Tests 

21 

§  Binomial tests are common in biological systems e.g determine the LD50 of a substance or 
use in Quantal assays 

§  Convert % responders to a ‘Probit” value from Tables 
§  This normalises the data so straight lines can be drawn 
§  Can directly compare test and standard response curves 
§  Can compute the relative potency (M) and Confidence Interval 
§  Example use is in Insulin assays – response is % mice that are hypoglycemic or convulse in 

90 minutes when dosed with drug – use a 3 dose interval.   

© CBE Pty Ltd 

What do a Parallel Line Bioassay look like ? 

22 

Response curve 

Line of best fit 
- Sample Line of best fit 

- Standard 

Response 

Log dilutions of sample (dose) 

Statistically calculate the gap(s) 
= relative potency or activity 

Zones of low selectivity (low) 
Zones of interference (high) 
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Types of Graded Response Designs 

§  Standard Calibration Curve + single test point 
§  2 standard dose + single test point = 2+1 design 
§  2 standard + 2 test (2std+2test (T)+ 2test (U) ….) = 2+2+2+... 
§  3 standard + 3 test ((3std+3test (T)+ 3test (U) ….) = 3+3+3+... 
 
Selection is a balance between cost and quality of 
information. General rules: 
§  Standard curve and single point – not reliably quantitative  
§  2+1 designs are semi quantitative only – best for estimates 
§  2+2 designs are suitable for very reliable assays with little variation e.g 

heparin assays 
§  3+3 designs are used when the assay has variability or full quantiation is 

required e.g potency assays.     

 
23 
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Biological Assay Validation and 
Control 

§  Can be difficult to “validate” a biological assay 
§  Must show: 

§  significance of slope (regression) 
§  estimates of precision 
§  equivalent selectivity (standard and sample) 
§  linearity of responses over the dose range   

§  difficult to demonstrate ruggedness of bioassays 
 
§  alternative is assessment of each assay for “validity” on 

a case by case basis, using controls 
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Biological Assay Design 
(some basic considerations) 

1. Always include a standard or control - comparative assays 
2. There should be more than one dose level of standard and test 

preparations ie: 
§   3 levels standard + 3 levels of unknown (3 X 3) 
§   2 levels standard + 2 levels of unknown (2 X 2) 
  

3. Equal number replicates per dose & equal numbers of doses 
4. Dose “interval” of Standard & Test (sample) should be the same 
5. Always conduct at least duplicate assays to average variation 
6. Evaluate potential for response bias in the design of the assay 

§  Order of the “run” 
§  Make up of the doses (time / temperature/ bench stability) 
§  “Location” or position in the assay 
§  Method of reading results / human readers 

© CBE Pty Ltd 

Example Bio-assay Set Up 
Standard Preparation (100IU) 
Known potency 
Std High = 100 IU 
    1/10 dilute 
Std Mid = 10 IU 
  1/10 dilute 
Std Low = 1 IU 

26 

Sample Preparation (“X”) 
Dilute to assumed “100IU” 
Test High expect100 IU 
      1/10 dilute 
Test Mid expect 10IU 

     1/10 dilute 
Test Low expect 1IU 

 n = 5 

 n = 5 

 n = 5 

 n = 5 

 n = 5 

 n = 5 

Reagents  è Reaction è Response 

Measurement / Plate Reader 

Statistical Calculations / Assess Validity 
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Example Bioassay Plate Design 

1 2 3 4 5 6 7 8 9 10 11 12
A Chigh Chigh Chigh Cmid Cmid Cmid Clow Clow Clow  -
B  - Shigh Thigh Uhigh Smid Tmid Umid Slow Tlow Ulow P  -
C  - Shigh Thigh Uhigh Smid Tmid Umid Slow Tlow Ulow P  -
D + Shigh Thigh Uhigh Smid Tmid Umid Slow Tlow Ulow P +
E + P Ulow Tlow Slow Umid Tmid Smid Uhigh Thigh Shigh +
F  - P Ulow Tlow Slow Umid Tmid Smid Uhigh Thigh Shigh  -
G  - P Ulow Tlow Slow Umid Tmid Smid Uhigh Thigh Shigh  -
H Clow Clow Clow Cmid Cmid Cmid Chigh Chigh Chigh  -

Blank Well 
Std High Dose S = Standard 

T = Test Sample #1 
U = Test Sample #2 
C = Control (Known) 
+ = positive control 
- = blank 
P = placebo or matrix 

© CBE Pty Ltd 

Treatment of Data in Bioassays 

§  Pharmacopeias allow limited use of the outliers test to remove 
“aberrant” data points: 
§  USP <111> Design and Analysis of Biological Assays 
§  USP <1033> Biological Assay Validation 
§  USP <1034> Analysis of Biological Assays 

§  This acknowledges their inherent variability; 
§  Thee must be specific rules about removal of points – must be in an 

SOP or the test method; 
§  Removal is strictly limited with an explanation, approved by 

laboratory management;  
§  The primary use of the outlier test is to identify a discordant result from 

a homogeneous sample. If an outlier is tested and the outcome is 
statistical outlier it would be scientifically in error to average it in since 
by definition it was not part of the population.     

28 
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Treatment of Data in Bioassays 
The USP States: 

§  “For biological assays having a high variability, an outlier test may be an 
appropriate statistical analysis to identify those results that are 
statistically extreme observations.”  

§  The USP describes outlier tests in the general chapter on Design and 
Analysis of Biological Assays <111>.  

§  The USP also states that “arbitrary rejection or retention of an 
apparently aberrant response can be a serious source of bias… the 
rejection of observations solely on the basis of their relative magnitudes 
is a procedure to be used sparingly” (USP <111>).” 

§  “Occasionally, an outlier test may be of some value in estimating the 
probability that the OOS result is discordant from a data set, and this 
information can be used in an auxiliary fashion, along with all other data 
from the investigation, to evaluate the significance of the result.” 

29 
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Combining Replicate Bioassays 
USP <1034> 

§  “In order to mitigate the effects of variability, it is appropriate to 
replicate independent bioassays and combine their results to 
obtain a single reportable value. 

§  That single reportable value (and not the individual assay 
results) is then compared to any applicable acceptance 
criteria.”  

§  This statement acknowledges to possibility that, on infrequent 
occasions, a replicate bioassay result may fall outside a 
specification limit, based on inherent variability in the method, 
rather than a laboratory error or manufacturing error. Under 
these circumstances it is scientifically valid to combine the 
replicate with other estimates to determine a reportable result. 

30 
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How do I average (combine) 
Independent Biological Assays ? 

1. Unweighted Geometric Mean  
 
Potency 	Log	Potency	
1.	 	80	units	1.90308 		
2.	 	120	units 	2.07918	
Av.	log	potency	(M)		

	=		3.98226/2		
	=	1.99113		

anIlog	(M)	= 97.97	units	
 

2.	Weighted	Geometric	Mean	
	
Potency		 		Log	Potency	(R) 				Weight	(W)		
1.		80	units	 	1.90308 	 						100	
2.	120	units 	2.07918 	 						500	
		
Log	Potency	(M) 	=	Σ	(R	*	W)		

										Σ	(W)	 		
	=	190.3	+	1039.59	
												600	
	=	2.0498	

	

Potency	=	anIlog	(M)		=	112.2	units	
	

© CBE Pty Ltd 

What does assay “Weighting”mean ? 

§  Biological assays, because of their design, can be statistically 
analysed for validity and “quality”.  
§  Not all assays have the same “quality” 

§  The quality of an assay is somewhat dependent on: 
§  The significance of the slope – how responsive is the assay system 

to the dose level. (Higher is better) 
§  The level of precision within replicates and between replicates 

(Lower is better) 
§  The ratio of slope / precision gives us “weight” factor 
§  The weight is used to: 

§   grade assays 
§  Calculate fiducial limits (confidence intervals) 
§  combine 2 or more assays (weighted geometric) 

32 
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Flash Quiz 
Biological	Assays	 Your	Selec9on	

1	 Which	of	these	one	statements	is	true:	
a)  Bioassays	are	best	conducted	by	one	expert	technician	
b)  The	robustness	of	bioassays	should	always	be	independent	of	the	

analyst	technique		
c)  Bioassays	should	only	be	“read”	or	assessed	by	one	technician	to	reduce	

bias	
d)  The	reliability	of	bioassays	generally	rely	upon	a	high	level	of	technician	

training		

	 

2	 Which	one	of	the	following	is	generally	considered	the	least	reliable	
biological	assay	
a)  Animal	(in	vivo)	model	
b)  Laboratory	(in	vitro)	model	
c)  ELIZA	(enzymaIc)	laboratory	test	
d)  IdenIty	test	

3	 Bioassay	monographs	allow	the	applicaIon	of	the	outliers	test	to	
remove	data	points			

TRUE/FALSE	

4	 The	monographs	for	bioassays	specifically	preclude	the	use	of	
outliers	tests	as	they	introduce	bias	into	the	method.	

TRUE/FALSE	
	 33 
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Features of a Valid Biological Assay 
(Demonstrate these features in development and validation)  

1.  Significant and consistent slope (dose response curve) 
2.  All assays pass all validity criteria 

§  parallelism of test and standard 
§  significant regression 
§  lack of curvature 

3.  Sufficient precision between replicates - Consistent 
"weight" and fiducial limits 

4.  Same transformations for response 
4.  Replicate assays pass X2 test – homogeneous replicates 
5.  Sufficient “weight” to satisfy limits for replicate assays    
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Validation of Bioassay Methods 
(some basic rules)  

Validation design should include the following: 
§  Establish a standard “calibration” curve across multiple dilutions – define expected 

slope (does response) 

§  the assay layout is “randomised” - see plate design 

§  the assay includes at least three different dilutions of the standard preparation and 
three dilutions of the sample preparation – to demonstrate linearity 

§  Include replicates at each dose level eg. triplicate - precision  

§  if the test sample is presented in serum or formulated with other components, the 
standard should be likewise prepared 

§  the test includes blanks 

§  Include a known control in the assay if possible 

§  the assay is performed at least in triplicate 

§  Perform over multiple days by at least 2 analysts 

§  Where possible introduce different lots of reagents to confirm robustness 

© CBE Pty Ltd 36 

Dose Response Curves - Regression 
Sigmoidal Calibration Curve 

Parallel	Line	ComparaIve	Assay	

Log
Response

Log Dose

"Linear"
Response 
Range 

Restriction on Dose 
Level Range

Sigmoidal 
Response 
Curve

Response

Log Dose

Restriction on Dose
Level Range

Parallel Line Assay

Standard Response Curve

Unknown Response Curve
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Biological Assay  
Sensitivity and 

Selectivity 

Response

Log Dose

Positive "significant" Slope  

Response

Log Dose

Probability of  "insignificant" Slope  

Insensitive Assay

Sensitive Assay

b ≤ 0

b +ve

b > 0

The	slope	or	dose	
response	line	is	an	
important	feature	of	a	
biological	assay.	The	
larger	the	slope	the	bePer	
the	assay.	

The	“within	dose”	
repeatability	or	precision	
has	a	direct	effect	on	the	
confidence	internal	for	the	
assay.	
If	the	replicaIon	is	too	
variable	then	the	
“significance”	of	the	slope	
is	poor	and	therefore	the	
reliability	of	the	test	is	
subsequently	poor.	

© CBE Pty Ltd 38 

Tests for Biological Assay Validity  
For a biological test to be “valid” it must: 

§  exhibit significant regression (slope) - sensitivity and precision 

§  the slopes of the standard/unknown must be "parallel” - selective 

§  the responses must be linear with respect to dose ie not curved - 
linearity, accuracy and range 

§  the random error (residual) must be more significant than the error 
associated with dose level or treatment - precision  

  

 These statistical tests should be assessed during validation of the 
method and applied to each assay performed to confirm validity - this 
approach is part of a combined strategy of validation and 
verification or control. 
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 Example (3 x 3 x 3)  
assay.     

 
 

Randomised Block  

Design  

Source of
Variation

Degrees
of

Freedom

Sum of
Squares

Mean
Squares

F P

Preparations 2 176.26 88.13

Regression 1 30976.0 30976 25770 <0.01

Parallelism 2 7.17 3.59 2.99 >0.05

Quadratic 1 2.37 2.37 1.97 >0.05

Difference of
Quadratic

2 1.91 0.96 0.8 >0.05

Treatments 8 31163.5 3895.5

Blocks 5 127.4 25.48 21.2 <0.01

Errors 40 48.1 1.202

Total 53 31339.2

Analysis of Variance
(Assessment of Validity - reference BP/EP Monograph

Analysis	of	Validity	of	the	Assay**	
•  significant	regression	(p	<	0.01)	
•  no	significant	departure	from	

parallelism	(p>	0.05)	
•  no	significant	departure	-	non	opposed	

curvature 		(p>0.05)	
•  no	significant	departure	-	opposed	

curvature	(p>0.05)	

**	Consider	EDQM	PLA	Solware		

© CBE Pty Ltd 40 

Single Test Point Assays 
(some precautions) 

§  Best used as "Limit of Detection" tests only  
§  Assume linearity (parallelism) of control and test - major assumption 

§  same selectivity profile  
§  same matrix  

§  Assume there is no non-opposed curvature 
§  Cannot obtain measures of precision 

Standard Calibration Curve

Dose

Test
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Flash Quiz 
Biological	Assays	 Your	Selec9on	

1	 Regarding	the	validaIon	of	biological	test	methods	which	ONE	
statement	is	most	TRUE		
a)  Companies	should	strictly	follow	USP	<1225>	requirements	
b)  Companies	should	strictly	follow	ICH	Q2	requirements	
c)  Bioassays	do	not	need	to	be	validated	as	they	have	in-built	controls	
d)  ValidaIon	of	biological	assays	requires	assessment	of	the	consistency	of	

the	dose	response	curve	

	 

2	 Choose	the	one	True	statement	from	the	following:	
a)  If	a	biological	assay	fails	by	junior	analyst	(A)	due	to	not	meeIng	

acceptance	criteria	but	passes	by	senior	analyst	(B)	the	reason	must	be	
analyst	error	or	training	

b)  When	conducIng	repeat	tesIng	overwhelm	the	OOS	result	i.e.	conduct	5	
repeats	and	average	all	results	including	the	original	OOS	

c)  If	a	biological	assay	fails,	but	also	fails	the	test	acceptance	criteria	i.e.	%CV	
<20%	for	Endotoxin	test	fails,	then	it	is	not	an	OOS	but	an	invalid	test 		

d)  Using	the	Dixons	outlier	test	is	the	1st	step	in	invesIgaIng	a	biological	OOS	

3	 Generally	at	least	2	replicate	bioassays	are	conducted	 TRUE/FALSE	

41 
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Switch from In-
Vivo to 

Alternative Test 
Methods 

http://3rs.ccac.ca/en/testing-and-production/alternative-test-methods/vaccines/vaccine-potency-human-use/ 

42 

•  AlternaIve	Tests	must	be	
validated	

•  Cell	based	or	ELIZA	tests	

•  Some	referenced	in	EP	
and	US	CFR610	Series	

•  Must	refer	to	NaIonal	
Regulatory	Authority	
(NRA)		
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ELIZA Tests 
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h`ps://www.thermofisher.com/au/en/home/life-science/protein-biology/protein-
biology-learning-center/protein-biology-resource-library/pierce-protein-methods/
overview-elisa.html	
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Advantages of Biological Assays 

Advantages 
§  Can grade (weight) assay quality - relatively 
§  Can assess "validity" assay by assay - control 

Disadvantages 
§  Expensive to perform 
§  Subject to Bias (Conscious/Unconscious) 
§  Lack accuracy and precision (relatively) 
§  Difficult to Control  
§  Lack Ruggedness (day to day, lab to lab)  
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Example 3x3x3x3 Parallel Line Assay 
(Design and Raw Data) 
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Example 3x3x3x3 Parallel Line Assay 
(ANOVA) 

46 

** convert Fratio to p values @0.05 or 0.01 level  

go to the following web site: 

http://www.graphpad.com/quickcalcs/index.cfm 
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Example 3x3x3x3 Parallel Line Assay 
(Potency Estimates and CIs) 
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