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The conven t iona l  method o f  determin ing t h e  l i n e  o f  bes t  f i t  f o r  a l i n e a r  c a l i b r a -  
t i o n  i s  t he  method o f  o r d i n a r y  l e a s t  squares (OLSI. F o r  t h i s  method t o  work 
e f f i c i e n t l y  t he  er ror  i n  t h e  data must be randomly and normal ly  d i s t r i b u t e d  about 
the  f i t t e d  l i n e  and the  e r ro r  va r iance  must be cons tan t  i . e .  independent o f  e i t h e r  
the  x o r  y v a r i a b l e ,  I f  t h e  va r iance  i s  n o t  un i fo rm then OLS w i l l  be i n e f f i c i e n t  
i n  t h a t  a l though the  asymptot ic  est imates o f  t h e  i n t e r c e p t  and s lope a r e  unbiased 
the  p r e c i s i o n  o f  these est imates w i l l  be poor. I n  t h e  s i t u a t i o n  where t h e  var iance 
i n  t h e  data i s  n o t  un i fo rm then weighted l e a s t  squares (WLS) should be used i n  
which t h e  squared d e v i a t i o n  o f  each data p o i n t  f rom t h e  f i t t e d  l i n e  i s  weighted by 
t h e  r e c i p r o c a l  o f  t h e  va r iance  o f  t h a t  data p o i n t .  The p r a c t i c a l  problem o f  us ing 
WLS i s  t h a t  i n  many ins tances  t h e  va r iance  i n  t h e  data i s  n o t  known. 

A more systemat ic  approach t o  t h e  problem i s  t o  use t h e  method o f  extended l e a s t  
squares (ELSI suggested by Sheiner  and Beal (1980). ELS i s  a maximum l i k e l i h o o d  
method which at tempts t o  determine b o t h  a s t r u c t u r a l  model and a va r iance  model. 
The o b j e c t i v e  f u n c t i o n  t h a t  i s  min imized i n  o r d e r  t o  o b t a i n  the  parameters, p, of 
t h e  c a l i b r a t i o n  i s  

where f ( p , x . I  i s  t he  s t r u c t u r a l  model - i n  t h i s  case a s t r a i g h t  l i n e  - and 
v(p. t .y .  I i& t h e  va r iance  model which con ta ins  a d d i t i o n a l  parameters,4 . 
The t h r e e  methods (OLS, WLS and ELSl were a p p l i e d  t o  i b u p r o f e n  c a l i b r a t i o n  data 
ob ta ined  f rom a reverse phase HPLC assay. C a l i b r a t i o n s  cons is ted  o f  a p l o t  o f  
peak h e i g h t  r a t i o  o f  i b u p r o f e n  t o  t h e  i n t e r n a l  s tandard-ygainst  i b u p r o f e n  concen- 
t r a t i o n .  A t  an i b u p r o f e n  c o n c e n t r a t i o n  o f  50 mg. l i t r e  the  va r iance  inlpeak 
h e i g h t  r a t i o  was 25 t imes g r e a t e r  t han  a t  a c o n c e n t r a t i o n  o f  5 mg. l i t r e  . The 
c a l i b r a t i o n  l i n e s  obta ined by each method were q u i t e  s i m i l a r  b u t  t h e  p r e c i s i o n  o f  
t h e  OLS c a l i b r a t i o n  was s i g n i f i c a n t l y  worse than  e i t h e r  t h e  WLS o r  ELS l i n e s .  

I n  o rde r  t o  determine the  p r e c i s i o n  o f  e s t i m a t i o n  o f  t h e  c a l i b r a t i o n  l i n e s  the  
assay s e n s i t i v i t y  was ca l cu la ted .  F o r  t h i s  purpose s e n s i t i v i t y  i s  d e f i n e d  as the  
i b u p r o f e n  concen t ra t i on  t h a t  g i v e s  r i s e  t o  a 20 p e r  cen t  c o e f f i c i e n t  o f  v a r i a t i o n  
i n  t h e  assay (Aarons 19811. Only OLS and ELS can be used t o  make t h i s  es t ima te  as 
i n  WLS t h e  va r iance  i s  o n l y  known a t  t h e  concen t ra t i ons  o f  t h e  standards used i n  
t h i s  assay. The va r iance  model used i n  t h e  ELS method was o f  t h e  form 

The s~ s i t i v i t i e s  c a l c u l a t e d  by t h e  OLS and ELS methods were 11.1 and 3.4 mg. 
l i t r e  r e s p e c t i v e l y .  As t h e  c o e f f i c i  n t  of v a r i a t i o n  o f  t h e  peak h e i g h t  r a t i o  of 
t h e  l owes t  s tandard used ( 5  mg. l i t r e  1 was 13.4 per cen t  t h e  OLS r e s u l t  i s  
c l e a r l y  f a r  t o o  h i g h  whereas t h e  ELS r e s u l t  i s  much more reasonable. 

Although ELS r e q u i r e s  a microcomputer i t  i s  more e f f i c i e n t  than t r a d i t i o n a l  OLS 
methods and more power fu l  t han  WLS methods which r e q u i r e  d e t a i l e d  p r i o r  knowledge 
o f  t h e  va r iance  model. 
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