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ABSTRACT. The plasma p r o t e i n  binding p r o p e r t i e s  of  t h e  calcium 
channel b locker  d i l t i a zem were s t ud i ed  u s ing  a  three-chamber e q u i l -  
ibr ium d i a l y s i s  system. Dil t iazem i s  81% bound t o  human s e r a  wi th  
s i g n i f i c a n t  i n t e r - i n d i v i d u a l  v a r i a t i o n .  The r e l a t i v e  binding of 
d i l t i a zem by l i p o p r o t e i n s  and a l - ac id  g lycopro te in  was h ighe r  than  
by albumin. The b inding  t o  low d e n s i t y  l i p o p r o t e i n  was s t r ong  and 
appeared no t  t o  be a s soc i a t ed  wi th  t h e  s u r f a c e  apopro te in .  
O 1985 S o c i e t y  f o r  Experimental B i o l o g y  and Medicine. 

Many drugs c i r c u l a t e  h igh ly  bound 
t o  plasma p r o t e i n s  ( 1 ) .  I t  i s  gene ra l l y  
assumed t h a t  t h e  unbound o r  t he  f r e e  
drug f r a c t i o n  i s  t he  pharmacological ly 
a c t i v e  f r a c t i o n ,  and i n  s eve ra l  i n s t an -  
ces plasma f r e e  drug concent ra t ions  have 
been shown t o  r e f l e c t  drug e f f e c t s  be t -  
t e r  than plasma t o t a l  drug concentra-  
t i o n s  (2) . Thus, f o r  h igh ly  p r o t e i n -  
bound drugs,  a l t e r e d  p r o t e i n  binding can 
a f f e c t  t h e  e f f e c t i v e n e s s  of  d rug the r apy .  

The calcium channel b lockers  (CABs) 
verapamil ,  n i f e d i p i n e ,  and d i l t i a zem a r e  
h igh ly  p r o t e i n  bound (>80%) (3,4) . There 
i s  evidence t h a t  a -1-ac id  g lycopro te in  
(AAG) and l i p o p r o t e i n s  (LPs) bind vera-  
pamil and n i f e d i p i n e ,  r e s p e c t i v e l y ( 5 , 6 ) .  
The plasma p r o t e i n s  which bind d i l t i a -  
zem, however, have no t  been i d e n t i f i e d  
( 4 ) .  We a r e  i n t e r e s t e d  i n  t he  p r o t e i n  
b ind ing  p r o p e r t i e s  of t h e  CABs because 
t he se  drugs have assumed a  major t h e r a -  
p e u t i c  r o l e  i n  t he  management o f p a t i e n t s  
with card iovascular  d i s e a s e s .  Fur ther -  
more, t h i s  popula t ion  o f  p a t i e n t s  have 
an  increased  inc idence  of  hyperl ipopro-  
te inemias .  I f  CAB binding t o  l ipopro-  
t e i n s  i s  ex tens ive ,  then  t h e  f r e e  drug 
f r a c t i o n  w i l l  be h igh ly  v a r i a b l e  s i n c e  
t h e  degree o f  hyperl ipoproteinemia can 
change r a p i d l y  wi th  d i e t  and c l i n i c a l  
s t a t u s  of  t h e  p a t i e n t .  

We r e p o r t  he r e  t h e  plasma p r o t e i n  
binding p r o p e r t i e s  of  d i l t i a zem hydro- 
c h l o r i d e ,  (D-3-acetyoxy-cis-2,3-dihydro- 
5-(2-dimethylamino-ethyl)-2(p-methoxy- 
phenyl) -1,s-benzothiazepin-4-  (5H) -one 

hydrochlor ide) .  Our d a t a  show t h a t  t h e  
r e l a t i v e  b ind ing  of  d i l t i a z e m  t o  LPfrac-  
t i o n s  and AAG were h ighe r  than  t h a t  t o  
albumin. 
MATERIALS AND METHODS. a -1-ac id  glyco- 
p r o t e i n  (98% pure)  was purchased from 
Calbiochem-Behring. Human serum albumin 
(Cohn f r a c t i o n  V) was prepared by t h e  
Rochester Red Cross.  DiltTazem and 14c- 
d i l t i a z e m  were g i f t s  from Marion Labora- 
t o r i e s .  14c-d i l t i azem rad iopur i ty (>98%) 
was v e r i f i e d  by t h i n  l a y e r  chromatogra- 
phy with t h e  so lven t  system: ch loro-  
form-ethanol-n-butanol-water-formic a c i d :  
a c e t i c  a c i d  (100:50:10:5:5:3) .  The poly-  
c l ona l  and monoclonal immunoglobulins 
were g i f t s  from D r .  George Abraham, 
S t rong  Memorial Hosp i t a l .  Lipoprotein 
(LP) f r a c t i o n s  inc luding  very  low, low 
and high d e n s i t y  LPs (VLDL, LDL, and 
HDL, r e spec t i ve ly )  were i s o l a t e d  from 
human serum by t h e  s equen t i a l  d e n s i t y  
u l t r a c e n t r i f u g a t i o n  procedure of  Hatch 
and Lees ( 7 ) .  LP t o t a l  p r o t e i n  d e t e r -  
minat ion i n  t h e  presence  of  4% sodium 
dodecyl s u l f a t e  was a  modified Lowry 
procedure (8 ) .  

P ro t e in  b ind ing  was s t ud i ed  by eq- 
u i l i b r i um d i a l y s i s  a t  37OC i n s o r e n s o n ' s  
i s o t o n i c  phosphate b u f f e r  u s ing  three-  
chamber d i a l y s i s  c e l l s  (Technilab) .  Pro- 
t e i n s  i n  o u t s i d e  chambers A and C were 
separa ted  from d i l t i a zem i n  middle cham- 
be r  B (160-16,000 ng/ml, 15,000 cpm) by 
two Spectra-Por 2 d i a l y s i s  membranes 
(Spectrum) . A t  s p e c i f i e d  t imes ,  r ad io -  
a c t i v i t y  i n  each of  t h e  chambers was 
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determined by l i q u i d  s c i n t i l l a t i o n  coun- 
t i n g .  Quenching was c o r r e c t e d  by t h e  
c h a n n e l - r a t i o  method. The bound f r a c -  
t i o n  i s  c a l c u l a t e d  by t h e  r e l a t i o n s h i p :  

t o t a l  drug (A o r  C) - Free drug ( B ) ~  
t o t a l  drug (A o r  C) 

Dil t iazem b ind ing  t o  LDL was s t u d -  
i e d  by incuba t ing  d u p l i c a t e  t u b e s  o f  
LDL ( 1 . 5  mg/ml) wi th  14C-di l t iazem (800 
ng/ml, 30,000 cpm) i n  1 m l  f o r  v a r i o u s  
t imes  up t o  25 hours  a t  370C. A t  t h e  
end o f  each i n c u b a t i o n  p e r i o d ,  0 . 3  m l  
of 2% pronase and 5  u l  o f  CaC12(1M)were 
added t o  one tube  whereas on ly  b u f f e r  
and CaC12 were added t o  i t s  c o n t r o l  
t u b e .  A f t e r  incuba t ion  (37OC) f o r  one 
hour ,  0 .4  m l  o f  each tube  was withdrawn 
t o  mix wi th  0 . 1  m l  of 5% human serum 
albumin and 0 .5  m l  of co ld  2 0 % t r i c h l o r -  
o a c e t i c  a c i d  (TCA). A f t e r  s t a n d i n g  f o r  
one hour ,  TCA p r e c i p i t a b l e  m a t e r i a l  was 
p e l l e t e d  by c e n t r i f u g a t i o n  and t h e  sup- 
e r n a t a n t s  were decanted and pooled wi th  
TCA washings o f  t h e  p e l l e t s  f o r  r a d i o -  
a s s a y .  The TCA p e l l e t s  were e x t r a c t e d  
wi th  2.5 m l  o f  co ld  chloroform/methanol 
( 2 : 1 ,  V/V) and 0 . 5  m l  o f  buffer/O.lSM 
NaC1. A f t e r  c e n t r i f u g a t i o n ,  t h e  lower 
o r g a n i c  phase was removed f o r  r a d i o -  
a s  say .  

To t h e  remaining i n c u b a t i o n  s o l u -  
t i o n ,  co ld  NaBr ( d e n s i t y = l  .126 g/ml) was 
added t o  b r i n g  t h e  d e n s i t y  t o  1.063g/ml. 
The tubes  were c h i l l e d  i n  i c e  b e f o r e  
a p p l i c a t i o n  o f  an  o v e r l a y  of 2.0 m l  o f  
NaBr (d=1.063 g/ml) a t  room tempera ture .  
LDL was then  f l o a t e d  by u l t r a c e n t r i f u -  
g a t i o n  a t  ~ O C ,  50,000 rpm f o r  18 hours  
us ing  a  75Ti r o t o r  i n  a  Beckman L8-70 
model c e n t r i f u g e .  The t o p  2  m l  o f  t h e  
s u p e r n a t a n t s  ("LDL" f r a c t i o n s )  were r e -  
moved and rad ioassayed .  

Venous blood from p a t i e n t s  and 
h e a l t h y  v o l u n t e e r s  was c o l l e c t e d  i n t o  
"Vacutainer tubes" which do n o t  c o n t a i n  
t h e  p l a s t i c i z e r  t r i s -  (2-butoxyethyl)  - 
phosphate.  Serum c h o l e s t e r o l  and t r i -  
g l y c e r i d e  l e v e l s  were analyzed by t h e  
C l i n i c a l  Chemistry Laboratory.  
RESULTS 
V a l i d a t i o n  of equ i l ib r ium d i a l y s i s  s y s -  
tem. The time r e q u i r e d  t o  reach  e q u i l i -  - 
b r i m  was determined us ing  a  1 : 2  d i l u -  

i n  Chambers B and C .  I t  was s i g n i f i -  
c a n t l y  lower t h a n  t h a t  i n  Chamber A con- 
t a i n i n g  plasma, i n d i c a t i n g  s u b s t a n t i a l  
d i l t i a z e m  b ind ing  t o  plasma p r o t e i n s .  
The f r a c t i o n  of  d i l t i a z e m  bound t o  t h e  
1 : 2  d i l u t e d  plasma i s  0 .48 2 0.02 (SD) . 

Non-specif ic  a d s o r p t i o n  of  d i l t i a -  
zem t o  t h e  d i a l y s i s  membranes i n  9  ex- 
periments  was 3.1% + 0.32 (SE) and was 
independent  o f  d i l t i a z e m  c o n c e n t r a t i o n  
and t h e  p r o t e i n  c o n t e n t s  o f  chambers A 
and C .  

The Donnan e f f e c t  a t  high p r o t e i n  
c o n c e n t r a t i o n s  was a s s e s s e d  by measuring 
t h e  b ind ing  of d i l t i a z e m  t o  albumin(27.4 
mg/ml) wi th  c o n s t a n t  f r e e  d i l t i a z e m  con- 
c e n t r a t i o n  (3535 + 5 3  ng/ml) a n d i n c r e a s -  
ing c o n c e n t r a t i o n s  o f  NaCl (0 t o  O.5Mat 
0.1M increments ) .  I n c r e a s i n g  NaCl con- 
c e n t r a t i o n s  d i d  n o t  change t h e  bound 
f r a c t i o n  (25.4 + 1.27) (SD). Thus,under 
t h e  c o n d i t i o n s  used ,  t h e  Donnan e f f e c t  
on t h e  equ i l ib r ium d i s t r i b u t i o n  of  d i l -  
t i a  zem was neg l  i g i b  l e  . 
Dil t i azem b ind ing  t o  human s e r a .  Eight  
human s e r a  were d i a l y z e d  a g a i n s t  l a b e l -  - 
ed d i l t i a z e m  a t  a n  i n i t i a l  c o n c e n t r a t i o n  
of  100 ng/ml. Di l t i azem was h i g h l y  pro-  
t e i n  bound wi th  a  mean bound f r a c t i o n  of  
0.81.  There was s i g n i f i c a n t  i n t e r - i n d i -  
v i d u a l  v a r i a t i o n ,  w i t h  t h e  h i g h e s t  f r e e  
f r a c t i o n  of 0.24 being 1 .6  t imes  h igher  
than  t h e  lowest f r e e  f r a c t i o n  of 0.15.  
Di l t i azem b ind ing  t o  p u r i f i e d  p r o t e i n  
f r a c t i o n s .  A t  c o n c e n t r a t i o n s  o f m o t e i n  

L - -  - 

rang ing  from 0 . 2  t o  0 .9  mg/ml, t h e  r e l -  
a t i v e  b ind ing  of  d i l t i a z e m  t o  p r o t e i n ,  
d e f i n e d  a s  (bound/free)  f ( p r o t e i n  ,mg/ml) 
x100, was t h e  f o l l o w i n g :  LDL-129, HDL- 
102, AAG-53, VLDL-49, albumin-24,immuno- 
g l o b u l i n  (IgG) -22. LDL and HDL e x h i b i -  
t e d  twice  t h e  r e l a t i v e  b ind ing  of  AAG 
and VLDL,  and f i v e  t imes t h a t  o f  album- 
i n .  S t o i c h i o m e t r i c a l l y ,  b ind ing  t o  LDL 
i s  150 t imes g r e a t e r  than  t h a t  o f  a lbu-  
min when t h e  molecular  wei h t s  a r e  as -  
sumed t o  be 2 x 1 0 ~  amd 7x108, r e s p e c t i v e -  
l y  - 
Dil t i azem b ind ing  t o  LDL. Radiolabeled 
diltiazem-LDL complexes were t r e a t e d  
wi th  pronase t o  s e e  i f  s t r i p p i n  of  s u r -  
f a c e  apopro te ins  would r e l e a s e  q4C-di l- 
t iazem i n t o  t r i c h l o r o a c e t i c  a c i d  (TCA) 

t i o n  of plasma (33 mg/ml) i n  chamber A,  s u p e r n a t a n t .  A f t e r  pronase d i g e s t i o n ,  
l 4 ~ - d i l t i a z e m  (100 ng, 17 DPM/ng) i n  d i l t i a z e m  bound t o  s u r f a c e  apopro te ins  
b u f f e r  i n  B and b u f f e r  a l o n e  i n  C .  The would become a s s o c i a t e d  wi th  TCA s o l u -  
r a d i o a c t i v i t y  i n  each chamber was d e t e r -  b l e  m a t e r i a l s  whereas d i l t i a z e m  bound 
mined a t  s p e c i f i e d  t imes .  As expected,  t o  phosphol ip ids  o r  t h e  n e u t r a l  l i p i d  
a t  equ i l ib r ium which occur red  a f t e r  s i x  c o r e  would remain TCA p r e c i p i t a b l e .  The 
hours ,  t h e  amount o f  drug was t h e  same d a t a  i n  Table I show t h a t  t h e  mean TCA 
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TABLE I. DISTRIBUI'ION OF 1 4 ~ - ~ ~ ~ ~ I A Z ~  EDILLWING 
PFXNGE DIGESTICN QF 1 4 ~ - ~ ~ ~ ~ I A Z ~ L D ~  CI=EIPLEXES 

TCA TCA ULTRA- 
INCUBATICN PRECIPITABLE SOLUBLE C'ENIWrmT;ATIaJ 

HOURS RADICNXMTY, % RADICNXIVITY, % "LDL" FFtACTICN 

With 1 

Pronase 3 

Digest ion 5 

7 

25 

Without 1 

Pronase 3 

Digestion 5 

7 

25 

p r e c i p i t a b l e  r a d i o a c t i v i t y  (43.4% 2 5.0) 
a f t e r  pronase d ige s t i on  was no t  s i g n i -  
f i c a n t l y  d i f f e r e n t  from t h e  mean (48.2% 
+ 1.6)  without  pronase d i g e s t i o n .  Simi- - 
l a r l y ,  t h e  mean TCA so lub l e  r a d i o a c t i v -  
i t y  was no t  a f f e c t e d  by pronase a c t i o n  
on LDL (55.0 2 4.5 v s .  50.4 1 .8 ) .  Pro- 
nase d i g e s t i o n  a l s o  d i d  no t  have any 
e f f e c t  on t h e  d i s t r i b u t i o n  of rad ioac-  
t i v i t y  i n  t h e  IILDL f r a c t i o n t 1  ob ta ined  
by u l t r a c e n t r i f u g a t i o n  (47.2% + 4 . 5  v s .  
46.2% 2 6 . 1 ) .  These da t a  sugges t  t h a t  
d i l t i a zem binding  t o  LDL i s  a s s c c i a t e d  
no t  wi th  su r f ace  apopro te ins  bu t  wi th  
e i t h e r  t h e  phospholipids o r  t he  n e u t r a l  
l i p i d  core ,  and t h a t  t h e  b ind ing  i s  n o t  
f r e e l y  r e v e r s i b l e .  Furthermore, b ind ing  
r a p i d l y  reached equi l ib r ium a s  t h e r e  
was no change i n  percent  r a d i o a c t i v i t y  
beyond one hour of i ncuba t i on .  

c i e n t l y  s t r ong  t o  su rv ive  u l t r a c e n t r i f u -  
ga t i on  i n  high s a l t  medium a s  we l l  a s  
TCA t rea tment .  There was n e g l i g i b l e  
demonstrable b ind ing  t o  whole r ed  c e l l s  
bu t  b ind ing  t o  r e d  c e l l  hemolysate was 
s i g n i f i c a n t  (15%) (unpublished d a t a ) .  

The f i n d i n g  t h a t  pronase d ige s t i on  
of LDL su r f ace  apopro te ins  d i d  no t  r e -  
l e a s e  bound d i l t i a zem sugges ts  t h a t  d i l -  
t iazem i s  n o t  bound t o  t h e  su r f ace  apo- 
p r o t e i n s .  Whether d i l t i a z e m  binds t o  
t h e  phosphol ip ids  o r  t o  t he  n e u t r a l  l i p -  
i d  co r e  i s  no t  c l e a r .  Although s eve ra l  
drugs have been shown t o  bind t o  LPs(2), 
l i t t l e  i s  known about  which component of  
LP i s  t h e  b ind ing  s i t e .  Propranolol  and 
t e t r a c y c l i n e  have been shown t o  bind t o  
LPs i n  a  way which sugges ts  d i s t r i b u t i o n  
t o  t h e  l i p i d  phase (9 , lO) .  Kr i s tensen  
showed a  p o s i t i v e  c o r r e l a t i o n  between 
imipramine b inding  and plasma apo B l ev-  
e l s ,  a l though a c t u a l  drug binding t o  apo 
B was no t  demonstrated (11 ) .  Drug bind- 
ing  t o  phospholipids would be novel and 
i t  w i l l  b e  i n t e r e s t i n g  t o  s ee  i f  d i l t i a -  
zem b inds  t o  t h e  phospholipids o f  LDL.  

DISCUSSION. Using a  c a r e f u l l y  v a l i d a t e d  
three-chamber equi l ib r ium d i a l y s i s  sys-  
tem, we have confirmed t h a t  d i l t i a z e m  
a t  a  t he r apeu t i c  serum concen t r a t i on  of  
100 ng/ml (3) i s  h igh ly  p r o t e i n  bound. 
We have extended t h e  i n v e s t i g a t i o n  t o  
show t h a t  d i l t i a zem binds no t  on ly  t o  
albumin, bu t  a l s o  t o  LPs and AAG . In  
f a c t ,  the  r e l a t i v e  b ind ings  o f  AAG and 
LP f r a c t i o n s  a r e  h igher  than t h a t  o f a l -  
bumin. The b inding  t o  LDL was s u f f i -  

Experiments us ing  phospholipase C t o  
c l a r i f y  t h i s  a r e  i n  progress .  

In t h e  small  group of  p a t i e n t s  t e s t -  
ed f o r  p r o t e i n  binding of  d i l t i a zem,  
t h e r e  were l a r g e  i n t e r - i n d i v i d u a l  v a r i a -  
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t i o n s  i n  t h e  e x t e n t  o f  p r o t e i n  b ind ing .  
The 1.6 f o l d  v a r i a t i o n  i n  the  f r e e  f r a c -  
t i o n  (0.15-0.24) may be due t o  t h e  high-  
l y  v a r i a b l e  plasma l e v e l s  of t h e  major 
d i l t i a zem b inde r s ,  LPs and AAG. Such 
v a r i a b i l i t y  has  important  t he r apeu t i c  
imp l i ca t i ons  a s  hyperl ipoproteinemia i s  
common among p a t i e n t s  on d i l t i a zem t h e r -  
apy. P a t i e n t s  who a r e  recover ing  from 
t i s s u e  i n j u r y  such a s  myocardial i n f a r c -  
t i o n  o r  coronary bypass surgery  a l s o  can 
have markedly abnormal plasma AAG o r  LP 
l e v e l s  because t he se  p r o t e i n s  a r e  a cu t e  
phase r e a c t a n t s .  A s tandard  d i l t i a zem 
regimen can lead  t o  ve ry  d i f f e r e n t  f r e e  
drug l e v e l s  and t h e r a p e u t i c  e f f e c t s .  
Thus, dosage adjustments  t o  con t ro l  drug 
l e v e l s  w i th in  t h e r a p e u t i c  concent ra t ions  
w i l l  have t o  take  i n t o  cons ide r a t i on  t h e  
importance of d i l t i a zem binding  t o  AAG 
and LP. 

The s t r ong  b indings  o f  d i l t i a z e m  t o  
LP sugges ts  t h a t  t h e  concept of  LP a s  
t r a n s p o r t  molecules of l i p i d s  may need 
t o  be expanded t o  i nc lude  t h e  d e l i v e r y  
o f  drug molecules from s i t e s  of  absorp-  
t i o n  t o  s i t e s  of  drug a c t i o n ,  b i o t r a n s -  
formation and e l im ina t i on .  A t  t h e  lev-  
e l  of mechanism of  d rug -ce l l  i n t e r a c t i o n  
and i n t e r n a l i z a t i o n  of C A B s ,  it i s  temp- 
t i n g  t o  specu l a t e  t h a t ,  given t he  s t r ong  
b inding  t o  LDL, a  mechanism of  c e l l u l a r  
uptake of  some of t h e  CABs may be medi- 
a t e d  through c e l l u l a r  r e cep to r s  f o r  LPs, 
such a s  those  f o r  LDL. 
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