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FREE DRUG MONITORING BY LIQUID 
CHROMATOGRAPHY AND IMPLICATIONS 
FOR THERAPEUTIC DRUG MONITORING 

E. Howard Taylor and Bruce H. Ackerman 
Departments of Pathology and Pharmacy &actice 

University of Arkansas for Medical Sciences 
Little Rock, Arkansas 72205 

ABSTRACT 

Free (non-protein bound) d r u g  m o n i t o r i n g  i s  v e r y  
complex b u t  new advances i n  separat ion o f  p r o t e i n  bound 
from f r e e  drug by u l  t r a f i l  t r a t i o n  can f a c i  1 i t a t e  f r e e  
c o n c e n t r a t i o n  t h e r a p e u t i c  d r u g  m o n i t o r i n g .  F r e e  d r u g  
can be s e p a r a t e d  from p r o t e i n - b o u n d  d rug  by means o f  
u l t r a f i l t r a t i o n  i n  which the f r e e  drug passes through 
t h e  membrane f i  1 t e r  wh i  l e  t h e  p r o t e i n  bound d r u g  i s  
r e t a i n e d ,  The u l  t r a f i  1 t r a t e  i s  t hen  s u b j e c t e d  t o  
chromatographic a n a l y s i s  (HPLC). L i m i t a t i o n s  i n c l u d e  a 
s u f f i c i e n t  sample f o r  these h i g h l y  p r o t e i n  bound drugs 
and  d e t e c t o r  s e n s i t i v i t y  a t  t h e  l o w  f r e e  d r u g  
c o n c e n t r a t i o n s .  F ree  d rug  f r a c t i o n s  t h a t  have been 
s u c c e s s f u l  ly a n a l y z e d  by HPLC i n c l u d e  d isopyramide,  
phenytoin, carbamazepine, and proprano lo l .  HPLC o f f e r s  
i m p o r t a n t  a d v a n t a g e s  o v e r  immunoassays ,  s f  n c e  
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324 TAYLOR AND ACKERMAN 

chromatographic methods can a1 so measure t h e  amount o f  
metabol  i t e  present. The d e t e c t i o n  o f  metabol  i t e s  can be 
i m p o r t a n t ,  e.g. N - d e s i s o p r o p y  1 d i s o p y r a m i d e  w h i c h  
d i s p l a c e s  disopyramide from i t s  b i n d i n g  s i t e s  on a1 pha- 
o n e  a c i d  g l y c o p r o t e i n .  The m a i n  c o n t r o v e r s i e s  
c o n c e r n i n g  f r e e  d r u g  c o n c e n t r a t i o n  m o n i t o r i n g  h a v e  
r e v o l v e d  around t h e  t ime expend i tu re  as w e l l  as c l i n i -  
c a l  s i g n i f i c a n c e  o f  changes i n  f r e e  f r a c t i o n .  Ob- 
t a i n i n g  f r e e  and t o t a l  drug concent ra t ions  o f  moni tored 
d r u g s  p e r m i t s  an assessment  o f  t h e  f r e e  f r a c t i o n  o f  
drug and p r o v i d e s  pharmacokinet ic  parameters f o r  more 
accura te  dose p r e d i c t i o n  and dose adjustment, i n  which 
HPLC can o f f e r  an a t t r a c t i v e  method o f  ana lys is .  

F r e e  d r u g  c o n c e n t r a t i o n  m o n i t o r i n g  i s  
c o n t r o v e r s i a l  and i s  n o t  i n d i c a t e d  f o r  a l l  h i g h l y  
p r o t e i n  b o u n d  d r u g s  (e.g., w a r f a r i n  a n d  t h e  
s u l  f o n y l  ureas). Candidates f o r  f r e e  drug m o n i t o r i n g  
must have a r e l a t i o n s h i p  between pharmacologic e f f e c t  
and d r u g  c o n c e n t r a t i o n s ,  o r  c o n s i d e r a b l e  v a r i a n c e  i n  
the f r e e  f r a c t i o n  o f  drug i n  serum. P o t e n t i a l l y  t o x i c  
d r u g s  d e m o n s t r a t i n g  p o o r  c o r r e l a t i o n s  by l i n e a r  and 
o r t h o g o n a l  r e g r e s s i o n  o f  t o t a l  d r u g  c o n c e n t r a t i o n s  
v e r s u s  f r e e  d r u g  c o n c e n t r a t i o n s  a r e  i d e a l  f o r  such 
m o n i t o r i n g .  F o r  such drugs,  nomograms d e v e l o p e d  to 
p r e d i c t  f r e e  drug concent ra t ions  a r e  o f t e n  u n h e l p f u l ,  
p a r t i c u l a r l y  w i t h  s e r i o u s l y  il 1 p a t i e n t s .  L i k e w i s e  
h i g h l y  p r o t e i n  bound drugs w i t h  m e t a b o l i t e s  capable o f  
d i s p l a c i n g  p a r e n t  drug may a1  so u n p r e d i c t a b l y  a f f e c t  
the  f r e e  drug concentrat ions.  

INTRODUCTION 

D r u g s  a r e  d i s t r i b u t e d  i n  t h e  b o d y  a s  f r e e  

m o l e c u l e s  d i s o l v e d  i n  body water  o r  as m o l e c u l e s  bound 

t o  v a r i o u s  t i s s u e  p r o t e i n s  i n c l u d i n g  plasma prote ins.  

The e x t e n t  o f  d r u g  b i n d i n g  t o  p r o t e i n s  i s  a f f e c t e d  b y  

the  a f f i n i t y  cons tan ts  t o  the  v a r i o u s  ti ssue p r o t e i n s  
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FREE DRUG MONITORING 325 

and t h e  concentrations of these drug b i n d i n g  proteins 

(1,Z). T h e  f r e e  f r a c t i o n  of d r u g  i n  serum represents 

t h e  p e r c e n t  unbound d r u g .  D r u g s  g r e a t e r  than e i g h t y  

p e r c e n t  bound t o  serum p r o t e i n s  may have s i g n i f i c a n t  

changes i n  the " f r e e  f r a c t i o n "  due t o  d i s e a s e ,  d r u g  

displdcement, o r  a1 tered serum protein concentrations 

( 3 , 4 ) .  D r u g  d isp lacement  from p r o t e i n  b i n d i n g  s i t e s  

resul ts from concomitant  d r u g  therapy or competative 

b i  ndi  ng by endogenous 1 i garrds (e.g., f r e e  f a t t y  acids)  

w i t h  higher b i n d i n g  a f f i n i t y  (1,5,6). I t  i s  general l y  

assumed t h a t  only f r e e  d r u g  i s  p h a r m a c o l o g i c a l l y  ac- 

t ive ,  capable of b i n d i n g  t o  affected t issues ,  and avai-  

l a b l e  f o r  biotransformation (metabol ism) and e l  imina- 

t i o n  (2,5). Though i t  may seem l o g i c a l  t h a t  t h e  f r e e  

d r u g  concentration should be dependen t  on both the f r e e  

f rac t ion  and t h e  t o t a l  d rug  concentration, this  i s  not 

so (1,2,7). The to ra l  serum drug concentration used i n  

t h e r a p e u t i c  d r u g  noni t o r i  n g  i s  actual  l y  dependent on 

the f r e e  d r u g  c o n c e n t r a t i o n  arid t h e  f r e e  drug concen- 

t r a  t i  on pharmacoki neti  c parameters  s h o u  1 d more ac- 

cura te ly  predict  actual  d rug  disposi t ion (7-9). 
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326 TAYLORANDACKERMAN 

AIiALYTICAL METHODS 

S e p a r a t i o n  of f r e e  d r u g  has proved e x t r e m e l y  

t e d i o u s  by methods such as equi 1 i b r i u n i  d i d l y s i s  i n  

which f r e e  d r u g  w i l l  d i f f u s e  i n t o  t h e  b u f f e r  

compartment ( d i a l y s a t e ) .  In a d d i t i o n  t o  b e i n g  time 

consuming, e q u i l i b r i u m  d i a l y s i s  poses o t h e r  problems 

such as: 1) var iab le  i n  v i t r o  experimental conditions 

(i.e.,  t e m p e r a t u r e ,  d i a l y s i s  time, and b u f f e r  

concentrations), 2 )  varying bound dnd unbound f rac t ions  

compared t o  pre-dialysis  equi 1 ibr ium,  3 )  adsorption of 

h i g h l y  i o n i z e d  d r u g s  t o  d i a l y s i s  membrane. An 

excel l e n t  review of these complications i s  presented by 

Kwong (5). 

U1 t r a f i  1 t r a t i o n  i s  becoming an i n c r e a s i n g l y  

popu 1 a r  method f o r  s e p a r a  t i  n g  p r o t e i  n bound from 

unbound drug concentrations due t o  i t s  ease of use and 

low cost.  V a r i a b l e s  such a s  tempera ture  ( i n c r e a s i n g  

temperature causes decreased protein b i n d i n g ) ,  centr i -  

fugal forces (1000 t o  2000 X g),  time of centr i fugat ion 

(approximately 10 minutes) need t o  be controlled.  Ad- 

sorption of d r u g  t o  the u l t r a f i l t r a t i o n  membrane m u s t  
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FREE DRUG MONITORING 327 

be  measured. I d e a l l y  t h i s  i s  done w i t h  r a d i o a c t i v e l y  

l a b e l e d  drug;  however ,  a more p r a c t i c a l  method i s  t o  

measure the concent ra t ion  of drug i n  an aqueous so lu -  

t i o n  b e f o r e  and a f t e r  ul t r a f i l  t r a t i o n .  We have  suc-  

c e s s f u l l y  used t h i s  method t o  v e r i f y  absence of u l t r a -  

f i l t r a t i o n  membrane binding w i t h  disopyramide (10). 

T h e  r a t e  of  f i l t r a t i o n  of  f ree  d r u g  decreases a s  

the serum v i s c o s i t y  i n c r e a s e s ,  t h u s  the  volume o f  

u l t r a f i l t r a t e  may be l i m i t e d  by c l o g g i n g  of  the 

membrane by s e r a  w i t h  h igh  p r o t e i n  c o n c e n t r a t i o n s .  

T h e  l i m i t a t i o n  of u l t r a f i l t r a t e  volume may be important  

f o r  h ighly  p ro te in  bound drugs in which a l a r g e  volume 

i s  necessary t o  provide  s u f f i c i e n t  d r u g  t o  be detected 

by HPLC. 

I n  our labora tory ,  we use t h e  Amicon C e n t r i f r e e  ( R )  

f i l t e r  (Amicon Corp., Darivers Ma. 01923) f o r  the ana ly-  

s i s  o f  f r e e  p h e n y t o i n  a n d  f r e e  d i sopyramide .  Neither 

o f  these d r u g s  is  a d s o r b e d  by the membrane f i  1 t e r  

( 1 0 , l l ) .  S e p a r a t i o n  i s  a c h i e v e d  by f i l t r a t i o n  o f  500 

U L  of  serum by c e n t r i f u g a t i o n  a t  2000 X g f o r  10  m i -  

nutes a t  25' C. For the a n a l y s i s  of free disopyramide, 
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328 TAYLOR AND ACKERMAN 

100 UL o f  f i l t r a t e  i s  combined w i t h  25 UL o f  40 ug/ml  

o f  i n t e r n a l  s tandard ,  p-chlorodisopyramide. I n t e r n a l  

s t a n d a r d  i s  added f o l  l o w i n g  f i l t r a t i o n  t o  a v o i d  any 

compet i t ion o f  i n t e r n a l  standard w i t h  disopyrarnide f o r  

b i n d i n g  s i t e s  on t h e  c a r r i e r  p r o t e i n  (most  commonly 

a1  pha-1 a c i d  y l y c o p r o t e i n )  t h e r e b y  f a c t i t i o u s l y  in- 

creas ing the  f r e e  f r a c t i o n  o f  drug. Disopyramide, i t s  

me tabo l  i t e  (N-desi  sopropy 1 disopyramide), and the  in-  

t e r n a l  standard can be separated w i t h  a mob i l e  phase (5 

mM Na2HP04 pH 7.9, acetoni  tri le ,  and methanol ,5:12:3 by 

v o l  ume) which we have successfu l  l y  used f o r  t r i c y c l  i c  

a n t i d e p r e s s a n t  d n a l y s i s  (12)  w i t h  a s h o r t  ( 5  m i n u t e )  

r u n  time. T h i s  a n a l y s i s  ( F i g u r e  1) was done on a 

Whters QA-1 ana lyzer  w i t h  a 10 urn cyanopropyl column, 

f l o w  r a t e  o f  3.0 ml /min ,  50 UL i n j e c t i o n  volume. De- 

t e c t i o n  i s  by absorbance a t  254 nm w i t h  a c h a r t  speed 

o f  0.5 cm/min. W i t h  t h i s  method t h e  c o e f f i c i e n t  o f  

v a r i a t i o n  was 4.5 % a t  0.67, 6.0 % a t  1.70, and 2.9% a t  

5.53 ug/ml  o f  f r e e  d isopyramide,  r e s p e c t i v e l y .  The 

minimum d e t e c t i o n  l i m i t s  o f  f r e e  d i sopy ramide  i s  0.2 

ug/mL (F igure 1 )  w i t h  t h i s  method. The c o e f f i c i e n t  o f  
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2 

F i g u r e  1: S e p a r a t i o n  by HPLC o f  n -Des isop ropy l  D i s o -  
pyramide (l), I n t e r n a l  Standard, p-Chl  o r o d i  sopyramide 
(21,  and D isopyramide (3). T o t a l  r u n  t imes  i s  5 m i -  
nutes. (A )  chromatogram f o r  t o t a l  drug assay (disopyra- 
mide concentrat ion i n  p a t i e n t  serum i s  1.30 ug/ml) and 
(B)  f r e e  drug assay showing minimum de tec t i on  l i m i t s  
w i thou t  e x t r a c t i o n  ( f r e e  disopyramide concentrat ion i s  
0.21 ug.ml) 

v a r i a t i o n  a t  t h i s  low f r e e  drug concentrat ion was 18.4% 

( n  = 4 )  wh ich  we f e l t  was a c c e p t i b l e  f o r  t h e  m a j o r i t y  

o f  app l i ca t ions .  Should lower l i m i t s  o f  de tec t i on  be 

necessary, e x t r a c t i o n  o f  the f i l t r a t e  w i t h  ch lo ro fo rm 

and concentrat ion can be employed (13). 

The HPLC method o f  Kabra (14) f o r  t o t a l  phenytoin 

u t i l i z i n g  a ch lo ro fo rm e x t r a c t i o n  i s  s u f f i c i e n t l y  sen- 
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330 TAYLOR AND ACKERMAN 

s i t i v e  t o  a n a l y z e  f r e e  f r e e  p h e n y t o i n  ( i f  a l l  o f  t h e  

r e c o n s t i t u t e d  sample i s  i n j e c t e d ) .  Due t o  t h e  h i g h  

p r o t e i n  b ind ing  (> 92%), any assay must be s u f f i c i e n t l y  

s e n s i t i v e  t o  de tec t  the smal 1 p ropor t ions  o f  f r e e  drug 

present  i n  the ul t r a f i l  t ra te .  Free carbamazepine has 

a1 so been successful l y  analyzed by HPLC (15); va lues  by 

an immunoassay method were cons1 s t e n t l y  g r e a t e r  f o r  

f r e e  carbamazepine due t o  in te r fe rences  w i t h  the 1 0 , l l  

epoxide metabol i te. 

The use o f  s a l  i v a  t o  measure f r e e  d rug  has been 

advocated f o r  carbamazepine, ethosuximide and phenytoin 

(16-23) and d i sopy ramide  (13) .  The r a t i o n a l e  f o r  

s a l i v a  as the  sampl ing method o f  choice i s  t h a t  s a l i v a  

has much lower  p r o t e i n  content  (as an u l t r a f i l t r a t e  o f  

b lood)  than serum and t h a t  there  e x i s t s  an e q u i l i b r i u m  

w i t h  serum f r e e  drug concentrations. S a l i v a  v a r i e s  as 

g r e a t l y  as t w o  pH u n i t s  and t h i s  may c o n t r i b u t e  t o  

v a r i a b l e  s a l i v a  p r o t e i n  b ind ing  and compartmental i z a -  

t i o n  i n t o  sa l i va .  Thus, the choice o f  s a l i v a  i ns tead  

o f  serum as a f r e e  drug mon i to r ing  sampling source i s  

n o t  r e l i a b l e  and i s  thus sub jec t  t o  er ror .  
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Proprano lo l  has a l s o  been measured by HPLC (24) as 

we1 1 as i t s  me tabo l  i t e  w i t h  f l  u o r o m e t r i c  d e t e c t i o n .  

Unbound p r o p r a n o l o l  and i t s  m e t a b o l i t e  had t o  be 

assayed on two separa te  r u n s  due t o  t h e  v a r i a t i o n  i n  

e x c i t a t i o n  and emiss ion  c h a r a c t e r i s t i c s  o f  the  parent  

d rug  and i t s  m e t a b o l i t e .  The d e t e c t i o n  o f  unbound 

metabo l  i t e  may become i m p o r t a n t ,  s i n c e  i t  shares 

b i n d i n g  s i t e s  w i t h  t h e  p a r e n t  drug, e.g. d isopy ramide  

(25)  and i t s  metabo l  i t e  N-desi sopropy 1 d isopyramide,  

which a1 so possesses some a n t i a r r h y t h m i c  a c t i o n .  The 

ana lys i s  o f  both unbound parent  drug and me tabo l i t e  may 

o f f e r  a d i s t i n c t  advantage o f  HPLC o v e r  immunodssays 

which do n o t  de tec t  metaboli tes. Other candidates fo r  

Table 1 

Drugs With Var iab le  P r o t e i n  B ind ing  

Drug Percent Bound 

Phenytoin 
Va lpro ic  Ac id 
Carbamazepi ne 
Q u i  n i  d i  ne 
Encai n i  de 
L i docai ne 
Disopyramide 

75 t o  93 
70 t o  90 
70 t o  80 
50 t o  95 
70 t o  78 
45 t o  80 
35 t o  95 
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332 TAYLORANDACKERMAN 

f r e e  drug mon i to r ing  i n c l u d e  qu in id ine  which i s  80 - 90 

% p r o t e i n  bound (see T a b l e  1). The m e t a b o l i t e  3-OH 

q u i n i d i n e  has been proposed t o  have a n t i a r r h y t h m i c  

a c t i v i t y  i n  man and the 2' oxoquin id ine and 0-desmethyl 

qu in id ine  me tabo l i t es  possess a n t i a r r h y t h m i c  a c t i v i t y  

i n  animals, b u t  t h e i r  a c t i v i t y  i n  man has no t  y e t  been 

determined (26). 

CHANGES I N  SERUM P R O T E I N  CONCENTRATIONS -- 

Age, sex, and disease s ta tes  a l t e r  serum p r o t e i n s  

and drug d f f i r l i t y .  Serum albumin from e l d e r l y  p a t i e n t s  

b i n d s  a c i d i c  drugs l i k e  p h e n y t o i n  l e s s  a v i d l y  and 

e l d e r l y  p a t i e n t s  have h igher  concentrat ions o f  a1 pha- 

one a c i d  g lycopro te in ,  a serum p r o t e i n  b ind ing  (bas ic)  

c a t i o n i c  drugs (e.g., antidepressants, qu in id ine,  d iso-  

pyramide, and l idocaine) .  Males have s l i g h t l y  h igher  

concentrat ions o f  a1 pha-one a c i d  y l  ycopro te i  n than do 

females, b u t  these mean d i f f e rences  may r e s u l t  from the 

use by females o f  o r a l  con t racept ives  (5,271. 

Other diseases causing alpha-one a c i d  g l y c o p r o t e i n  

r i s e s  i n c l u d e  m y o c a r d i a l  i n f a r c t i o n  (6), c h r o n i c  
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i n f l a m m a t o r y  d isease,  p h y s i c a l  s t r e s s ,  burns,  and 

malignancy (1). Many o f  these p a t i e n t s  w i l l  have hypo- 

albuminemia as w e l l .  The l i p o p r o t e i n s  i n  hyper l ip idemia  

i n c r e a s e  t h e  t o t a  1 b l  ood c o n c e n t r a t i o n s  o f  c a t 1  o n i  c 

drugs. Apparent increases i n  t o t a l  drug concentrat ions 

must be eva lua ted  fo r  f ree concentrat ions and signs o f  

d r u g  t o x i c i t y  (2,5,28). P a t i e n t s  w i t h  d i s e a s e s  

augment ing d rug  p r o t e i n  b i n d i n g  demonst ra te  poo r  

c o r r e l a t i o n s  between t h e r a p e u t i c  response and t o t a l  

b 1 ood drug concen t r a  ti ons. 

P a t i e n t s  w i t h  t h e r m a l  i n j u r i e s  ( b u r n s ) ,  

ma1 n u t r i t i o n ,  t h e  n e p h r o t i c  syndrome, and r a p i d l y  

progress i  ve chronic  1 i vet- d i  sease are  hypoa 1 bumi nemic. 

Chronic therapy w i t h  h i g h l y  p r o t e i n  bound drugs, would 

be expected t o  increase serum f r e e  drug concentrat ions 

i n  hypoa lbuminemic  p a t i e n t s .  T h i s  r i s e  i n  f r e e  d r u g  

c o n c e n t r a t i o n s  i s  t r a n s i e n t  because h e p a t i c  d rug  

c l e a r a n c e  is i n c r e a s e d  (2,281. The f r e e  d r u g  concen- 

t r a t i o n  i s  dependent o n l y  on t h e  dose, t h e  d o s i n g  

i n t e r v a l ,  and the  c learance o f  t l le  drug. U l t i m a t e l y  i t  

i s  the t o t a l  drug concentrat ion which i s  dependent on 
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334 TAYLOR AND ACKERMAN 

t h e  f r e e  d r u g  c o n c e n t r a t i o n  (7). Thus, w i t h  hypo- 

a1 buminemia hepat ic  c learance i s  increased. 

CHANGES I N  P R O T E I N  BINDING AND FREE DRUG CLEARANCE - -- - 

Changes i n  Serum p r o t e i n  c o n c e n t r a t i o n s  o f  

a1 bumin, a1 pha-one a c i d  g lycoprote in ,  and 1 ipop ro te ins  

a1 t e r  t h e  f r e e  f r a c t i o n  o f  drugs, t h e i r  d i s p o s i t i o n ,  

and t h e i r  pharmacologic ef fects.  Uremia decreases drug 

b i n d i n g  t o  a l b u m i n  and l i k e w i s e  a s p i r i n  exposure  

decreases  a l b u m i n  b i n d i n g  (1,2,4,6,29-32). E l e v a t e d  

f r e e  f a t t y  ac ids  decrease va lp roa te  and phenytoin pro- 

t e i n  b i n d i n g  (5) and  h e p a r i n  e x p o s u r e  has  b e e n  

i m p l i c a t e d  t o  e l e v a t e  f r e e  f a t t y  ac ids  through l i p o p r o -  

t e i n  l i p a s e  a c t i v a t i o n  (1,6). For others, the  pharma- 

c o l o g i c  e f f e c t s  may f a i l  t o  c o r r e l a t e  w e l l  w i t h  t o t a l  

serum concentrat ions perhaps due t o  d i f f e rences  i n  f r e e  

d r u g  c o n c e n t r a t i o n s  (1,2,33,34). T h i s  i s  a p p a r e n t l y  

the case w i t h  the newer ant idysrhythmic agents (34,35). 

Free drug concentrat ions,  as w e l l  as being pharma- 

c o l o g i c a l  l y  act ive ,  a re  a v a i l a b l e  for metabol ism and 

exc re t i on  from the body. The b io t rans format ion  (rneta- 
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b o l i s m )  o f  d rugs  i s  a complex p rocess  d e s c r i b e d  by 

s i m p l i f i e d  pharmacokinetic models which permi t  changes 

i n  p r o t e i n  b ind ing .  HPLC o f f e r s  d i s t i n c t  advan tages  

over  immunological methods due t o  the a b i l i t y  o f  IiPLC 

t o  s i m u l t a n e o u s l y  m e a s u r e  p a r e n t  compound a n d  

riiletabol i tes .  Displacement o f  paren t  drug from b ind ing  

s i t e s  by  m e t a b o l i t e s  t h e r e b y  a f f e c t s  f r e e  d r u g  

clearance. Changes i n  hepat ic  c learance are  p a r t i a l  l y  

dependent on the l i v e r ' s  capaci ty  t o  e x t r a c t  f ree drug 

f rom b l o o d  ( t h e  e x t r a c t i o n  r a t i o ) .  H i g h  e x t r a c t i o n  

r a t i o  d rugs  do n o t  f i t  these  mode ls  w e l l ,  b u t  most  

c l i n i c a l l y  used d rugs  rnay be r e f e r r e d  t u  a s  l o w  

e x t r a c t i o n  drugs which f i t  these pharmacokinetic models 

w e l l  (36). 

D r u g  d i s p l a c e m e n t  f r o m  b i n d i n g  p r o t e i n s  

p o t e n t i a l l y  can a f f e c t  t he  f ree drug concentrat ions and 

u l t i m a t e l y  t h e  t o t a l  serum c o n c e n t r a t i o n s  b e i n g  

mon i to red .  Drugs d i s p l a c e d  f r o m  a l b u m i n  may b i n d  t o  

a l p h a - o n e  a c i d  g l y c o p r o t e i n  or v i s e  v e r s a  (37). 

Increased f r e e  concentrat ions due t o  drug displacement 

w i l  1 r e f l e c t  t h e  i n t r i n s i c  d i s t r i b u t i o n  vo lume and 
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smal l e r  d i s t r i b u t i o n  volumes w i  11 have more s i g n i f i c a n t  

changes. When p r o t e i n  bound d rug  i s  d i s p l a c e d ,  d r u g  

m e t a b o l i s m  i s  i n c r e a s e d  and l i t t l e  change i n  t h e  

pharmacol o g i c  response occurs. Displacement o f  drug 

f rom serum p r o t e i n s  o f t e n  l e n g t h e n s  t h e  h a l f - l i f e  i n  

serum, whi 1 e d isp  1 acement from t i ssue  p ro te ins  shortens 

t h e  serum h a l f - l i f e  ( d u e  t o  a d e c r e a s e d  f r e e  

concentrat ion d i s t r i b u t i o n  v o l  ume). 

A s i g n i f i c a n t  drug i n t e r a c t i o n  between p h e n y t o i n  

and v a l p r o i c  a c i d  r e s u l t s  i n  a decrease i n  t h e  t o t a l  

phenytoin concentrat ion and changes i n  t i ssue  binding. 

The f r e e  f r a c t i o n  o f  0.5 t o  1 2  p e r c e n t  f o r  p h e n y t o i n  

a l o n e  i s  i n c r e a s e d  t o  12 t o  23 p e r c e n t  w i t h  t h i s  

comb ina t ion  (38,391. 

p a t i e n t s  t r e a t e d  w i t h  d i s o p y r a m i d e  where  h i g h  

p r o d u c t i o n  o f  t he  mono-a1 ky  1 a t e d  metabo l  i t e  w i  1 1 

d i  sp 1 ace the pareri t  compound and f u r t h e r  comp 1 i cate the 

pharmacokinetics o f  disopyramide (40). 

A s i m i l a r  p rob lem occu rs  w i t h  

CONCENTRATION DEPENDENT B I N D I N G  AND FREE DRUG CLEARANCE --- 
Disopyramide and V a l  p r o i c  ac id  demonstrate serum 

concentrat ion dependent s a t u r a b l e  p r o t e i n  b i n d i n g  i n  
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which increased doses r e s u l t  i n  non-proportional t o t a l  

serum concentrations (F igure  2). Because the i n t r i n s i c  

d i s t r i b u t i o n  vol  ume more a c c u r a t e l y  p r e d i c t s  needed  

dose adjustments ,  some have advocated f r e e  serum 

c o n c e n t r a t i o n  monitor ing of p a t i e n t s  (41). Over the 

norma 1 therapeuti  c range of d i  sopyrami de the f r e e  f rac- 

t ion ranges from 22 to 54 percent o f  t o t a l  disopyramide 

(42).  C o r r e l a t i o n s  o f  f ree  t o  t o t a l  d r u g  concentra-  

t ions a r e  complicated by normal variance in alpha-one 

a c i d  g l y c o p r o t e i n  which a l m o s t  e x c l u s i v e l y  b i n d s  
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338 TAYLOR AND ACKERMAN 

disopyramide (43). Changes i n  pH and the  degree of 

congestive hear t  f a i l u r e  a l s o  d i d  no t  c o r r e l a t e  w i t h  

changes i n  disopyramide disposi t ion (44,45) and this i s  

r e a s o n a b l e  s i n c e  t h e  f r e e  d r u g  d i s t r i b u t i o n  volume 

remains unchanged (45). Because the f r e e  f r a c t i o n  of 

d r u g  changes o v e r  the dosing i n t e r v a l  f o r  t h e s e  two 

drugs,  clearance i s  non-linear arid tbus the el iminat ion 

r a t e  c o n s t a n t  i s  serum c o n c e n t r a t i o n  d e p e n d e n t .  An 

apparent disappearance constant can be determined from 

f r e e  phenytoin concentrations and may be appl icable  t o  

disopyramide dosing as we1 1 (46). T h e  ult imate goal of 

f r e e  d rug  monitoring i s  t o  u t i l i z e  pharmacokinetic data 

based on f r e e  d r u g  c o n c e n t r a t i o n s  t o  a d j u s t  p a t i e n t  

doses. 
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