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During t h e  summer of 1937 Torsten Teore l l  submitted two 
s c i e n t i f i c  papers (1,2) f o r  pub l i ca t ion  which appeared i n  
Archives In t e rna t iona le s  e t  Pharmacodynamie e t  de Therapie i n  
October i n  t h e  s a m e  year .  More than 30 years l a t e r  t hese  two 
a r t i c l e s  came t o  be considered a s  two of t h e  most important 
con t r ibu t ions  t o  drug research and l e d  t o  Teore l l  being 
cha rac t e r i zed  a s  t h e  f a t h e r  of pharmacokinetics. 
Both t h e s e  papers had t h e  same t i t l e ,  " K i n e t i c s  of d i s t r i b u t i o n  
of substances administered t o  t h e  body", and t h e  f i r s t  one d e a l t  
with ex t r avascu la r  modes of adminis t ra t ion (l), while t h e  second 
one discussed t h e  i n t r a v a s c u l a r  modes ( 2 ) .  I n  t h e  in t roduc t ion  
t o  t h e  f i r s t  paper Teore l l  pointed out t h a t  a t  t h a t  t i m e  t h e  
i n t e r e s t  of t h e  physician o r  t h e  phys io log i s t  was focused more 
on p r a c t i c a l  p o i n t s  such a s  t e s t i n g  t h e  proper dosage o r  
s u i t a b l e  ways of adminis t ra t ion,  o r  on t h e  f i n e r  mechanism 
involved i n  t h e  e f f e c t s  produced by t h e  drug, whereas very 
l i t t l e  work seemed t o  have been devoted t o . t h e  k ine t i c s ,  i . e .  
t h e  t i m e  r e l a t i o n s  of drug a c t i o n .  The o b j e c t i v e s  of t h e  two 
papers by Teore l l  were t o  der ive "general  mathematical r e l a t i o n s  
from which it i s  poss ib l e ,  a t  least f o r  p r a c t i c a l  purposes, t o  
desc r ibe  t h e  k i n e t i c s  of d i s t r i b u t i o n  of substances i n  t h e  body" 
and t o  p re sen t  t ime-concentration curves a s  i l l u s t r a t i o n s  of t h e  
r e l a t i o n s  der ived.  
To desc r ibe  what happens t o  a drug i n  t h e  body when it i s  
administered by an ex t r avascu la r  mode, e . g .  by t h e  subcutaneous 
rou te ,  Teore l l  made a s i m p l i f i e d  model of t h e  body a s  
i l l u s t r a t e d  i n  F ig .  1. 
Blood i s  c i r c u l a t e d  throughout t h e  body and can be i l l u s t r a t e d  

41 



by a c i r c l e  of a s  water p i p e l i n e  i n  contact  with t h e  t i s s u e s  of 
t h e  body. Each t i s s u e  has a c e r t a i n  volume, and as seen i n  t h e  
f i g u r e  a drug is  t r anspor t ed  by d i f f u s i o n  from t h e  subcutaneous 
t i s s u e  t o  t h e  blood (absorpt ion process  with t h e  r a t e  constant  
k, ) and t h e n  c i r c u l a t e d  throughout t h e  body. The processes  of 
t r a n s p o r t  from t h e  blood t o  t h e  d i f f e r e n t  t i s s u e s  a r e  descr ibed 
by t h e  r a t e  constant  i n t o  t h e  t i s s u e  and by another rate 
constant  out of i t .  Some organs, such a s  t h e  l i v e r  and t h e  
kidney, have t h e  capac i ty  t o  e l imina te  t h e  drug and they a r e  
i l l u s t r a t e d  by one r a t e  constant  out from t h e  blood (F ig .  1 ) .  

F ig .  1. From Torsten Teore l l  r e f .  1. 

Teore l l  then der ived t h e  d i f f e r e n t i a l  equat ions f o r  t h e s e  
processes  and presented t h e i r  s o l u t i o n s .  By  giving t h e  r a t e  
cons t an t s  and volumes c e r t a i n  poss ib l e  values,  he ca l cu la t ed  the  
t ime course of drug amounts i n  t h e  body, expressed a s  p e r  cent 
of t h e  dose, a s  i l l u s t r a t e d  i n  Fig.  2 .  

A s  seen i n  t h i s  f i g u r e ,  t h e  rapid absorpt ion a f t e r  a 
subcutaneous dose produces a peak concentrat ion i n  t h e  blood 
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t h a t  d e c l i n e s  e x p o n e n t i a l l y  ove r  t i m e ,  w h i l e  t h e  c o n c e n t r a t i o n  
i n  t h e  t i s s u e ,  which most probably  i n c l u d e s  t h e  s i t e  of a c t i o n ,  
peaks  l a t e r  t h a n  t h a t  i n  t h e  blood b u t  t hen  d e c l i n e s  i n  p a r a l l e l  
w i th  t h e  c o n c e n t r a t i o n  i n  t h e  b lood .  The e l i m i n a t i o n  curve  and 
t h e  amount of drug  i n  t h e  subcutaneous depot  a r e  a l s o  
i l l u s t r a t e d  i n  F i g .  2 .  

F I G .  3 
Typical Case of Extravascular Adtrii- 

ttistratiotr in the absence of tissue in- 
activation. 

(k, = 0.2; k2 = 0.01; k, = 0.005; 

i.e. " blood " volume/" tissue " volume 
is I : 2; k, = 0 . 0 0 5 ;  k, = 0).  

F i g .  2 .  From Tors ten  T e o r e l l  r e f .  1. 

Furthermore,  by performing s e v e r a l  numerical  c a l c u l a t i o n s ,  
T e o r e l l  emphasized t h a t  a marked change i n  t h e  a b s o r p t i o n  
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p r o p e r t i e s  may b r i n g  about  a marked change i n  t h e  magnitude and 
d u r a t i o n  of  t h e  b lood  and t i s s u e  c o n c e n t r a t i o n  cu rves ,  and 
s t a t e s  t h a t  " t h e s e  and o t h e r  conc lus ions  may have b e a r i n g s  upon 
p r a c t i c a l  pharmacology and t h e r a p e u t i c s " .  
These conc lus ions  may today  seem s e l f - e v i d e n t ,  b u t  one has  t o  
recall  t h a t  a t  t h a t  t i m e  nobody had r e a l l y  thought  t h a t  w e  cou ld  
t r e a t  t h e  d i s t r i b u t i o n  of  drugs i n  t h e  body i n  such a s i m p l i s t i c  
and c lear  way. A l l  t h e  conclus ions  p r e s e n t e d  by T e o r e l l  a r e  
c e r t a i n l y  s t i l l  v a l i d  and a t  t h a t  t i m e  t h e y  should  have been an 
eye-opener t o  t h o s e  who w e r e  u s i n g  d rugs  b u t  who c l e a r l y  w e r e  
unaware of  what can happen t o  a drug  i n  t h e  body. 
However, t h e s e  t w o  pape r s  of T e o r e l l  produced t h e  o p p o s i t e  
e f f e c t  and t h e  rev iewers  of t h e  a p p l i c a t i o n s  f o r  t h e  c h a i r  i n  
phys io logy ,  which T e o r e l l  ob ta ined  i n  1940, r a t h e r  cons ide red  
t h e s e  two pape r s  more a s  a burden t h a n  a m e r i t .  Consequent ly ,  
t h e y  w e r e  f o r g o t t e n  and no th ing  r e a l l y  happened f o r  more t h a n  2 5  
y e a r s ,  when German and e s p e c i a l l y  U.S. s c i e n t i s t s  r ed i scove red  
T e o r e l l  ' s  work. 

The word pharmacokine t ics  was in t roduced  by t h e  German p r o f e s s o r  
F . H .  Dost i n  1953 and i n  a review a r t i c l e  (3 )  by John G. Wagner 
(1981) on t h e  h i s t o r y  of pharmacokine t ics  w e  can read t h e  
fo l lowing :  "In 1937, T e o r e l l ,  a Swedish p h y s i o l o g i s t  and 
b i o p h y s i c i s t ,  pub l i shed  two remarkable  a r t i c l e s  which many now 
a t t r i b u t e  a s  be ing  t h e  founda t ions  of modern pharmacokine t ics" .  
Thanks t o  t h e  work of v a r i o u s  groups,  f o r  example Sidney 
Riegelman, Bernard B .  Brodie ,  Eino Nelson, Gerhard Levy, John 
Wagner and o t h e r s  i n  t h e  U.S.A., and by Europeans such a s  
Ekkehard Xruger-Thiemer, E . J .  Ar iens  and Jacques van Rossum, 
pharmacokine t ics  q u i c k l y  developed d u r i n g  t h e  1960 ' s .  One 
impor tan t  c o n t r i b u t o r y  f a c t o r  was t h e  r a p i d  advances i n  
b i o a n a l y t i c a l  t echn iques ,  which made it p o s s i b l e  t o  a n a l y s e  
minute  drug  c o n c e n t r a t i o n s  i n  plasma, u r i n e  and o t h e r  t i s s u e s .  
During t h i s  p e r i o d  t h e  so -ca l l ed  compartmental  models were used 
f o r  t h e  mathematical  i n t e r p r e t a t i o n  o f  d a t a .  The main drawback 
of  t h i s  approach w a s  appa ren t  a t  l e a s t  t o  t h o s e  who were going 
t o  u t i l i z e  t h e  f i n d i n g s ,  i . e .  t h e  phys icans ,  who had 
d i f f i c u l t i e s  i n  unders tanding  t h e  meaning of  t h e  in fo rma t ion  
produced.  
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I n  t h e  beginning of t h e  1 9 7 0 ' s  a new e r a  of pharmacokinetics 
began when t h e  research became more o r i en ted  towards a 
phys io log ica l  approach. With t h e  in t roduc t ion  of t h e  clearance 
concept by Rowland e t  a l .  (1973) ,  a b e t t e r  understanding of 
phys io log ica l  f a c t o r s  such a s  blood flow, h e p a t i c  metabolic 
capac i ty  and plasma p r o t e i n  binding was achieved ( 4 ) .  

During about t h e  same time per iod,  another t ype  of 
pharmacokinetic model appeared i n  t h e  l i t e r a t u r e .  Bischoff and 
Dedrick (1968)  descr ibed what they c a l l e d  a phys io log ica l  flow 
model, which took i n t o  account t h e  inf luence of t h e  blood flow 
and binding of drugs i n  d i f f e r e n t  t i s s u e s  of t h e  body ( 5 ) .  The 
e l egan t  t h i n g  about t hese  models was t h a t  it was poss ib l e  t o  
s c a l e  them up from animals t o  humans by changing, f o r  example, 
t h e  magnitude of animal t i s s u e  blood flows and t h e  e l imina t ion  
capac i ty  t o  t h a t  found i n  man. By t h i s  way t h e  human s i t u a t i o n  
could be p red ic t ed  from t h e  outcome of a n  animal experiment. 
Once again Torsten T e o r e l l ' s  work was rediscovered, s ince  it was 
obvious t h a t  t h e  model Teore l l  had used w a s  a l s o  t h e  f i r s t  
phys io log ica l  model, and i n  h i s  honour a conference was arranged 
i n  1972  a t  t h e  Fogerty I n t e r n a t i o n a l  Center a t  N I H  i n  Bethesda, 
which he at tended and where h i s  achievements were recognized 

( 6 ) .  

During t h e  l a s t  two decades pharmacokinetics has advanced 
exp los ive ly  and today it i s  one of t h e  most quickly developing 
branches of science,  e s p e c i a l l y  of t h e  pharmaceutical sciences ,  
and it provides u s  with a fundamental knowledge upon which 
modern drug therapy rests.  

Personal ly ,  I know t h a t  Teore l l  was pleased with t h e  f a c t  t h a t  
Uppsala Universi ty  became t h e  f i r s t  u n i v e r s i t y  i n  t h e  Nordic 
coun t r i e s  t h a t  e s t a b l i s h e d  a c h a i r  i n  pharmacokinetics.  I t  has 
always been a p r i v i l e g e  and an honour f o r  m e  t o  hold t h i s  
p o s i t i o n  a t  a u n i v e r s i t y  t h a t  i s  known a l l  over t h e  world a s  t h e  
p l ace  a t  which Torsten Teore l l ,  t h e  f a t h e r  of pharmacokinetics, 
was working. There i s  no r i s k  t h a t  h i s  name w i l l  be fo rgo t t en .  
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