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CHARCOAL AS A PHASE SEPARATING AGENT I N  LIGAND ASSAYS: 
MECHANISM OF ACTION AND THE EFFECT OF DEXTRAN AND 

VARIOUS PROTEINS ON THE ADSORPTION OF SMALL MOLECULES. 

I Boxen and G J M Tevaarwerk 

Department of Nuclear Medicine, S t .  J o s e p h ' s  H o s p i t a l  
and t h e  U n i v e r s i t y  of  Western O n t a r i o ,  London, Canada 

Key words: c h a r c o a l  a d s o r p t i o n ,  phase s e p a r a t i o n ,  
p r o t e i n  c o a t i n g ,  d e x t r a n  c o a t i n g ,  l i g a n d  a s s a y .  

ABSTRACT 

I n  l i g a n d  a s s a y s ,  c h a r c o a l  mixed w i t h  d e x t r a n  i s  sometimes 
used t o  s e p a r a t e  f r e e  from bound l i g a n d .  This  i s  done w i t h  t h e  
view t h a t  d e x t r a n  "coa ts"  t h e  c h a r c o a l  and produces a s i e v e  
e f f e c t  on i t s  s u r f a c e .  To f u r t h e r  e l u c i d a t e  t h e  mechanism of  
d i f f e r e n t i a l  adsorp t ion  of small molecules  t o  c h a r c o a l ,  s t u d i e s  
were made on t h e  i n t e r a c t i o n  between a number of commonly meas- 
ured l i g a n d s  and c h a r c o a l ,  e i t h e r  unmixed o r  mixed w i t h  d e x t r a n ,  
albumin, immunoglobulin ( IgG) o r  i n s u l i n .  "Coating" w i t h  d e x t r a n  
was shown not  t o  have any e f f e c t  on subsequent  a d s o r p t i o n  of  t h e  
v a r i o u s  l i g a n d s .  However, c o a t i n g  c h a r c o a l  w i t h  albumin,  IgG 
or  insu l - in  d i d  have an e f f e c t  and even augmented subsequent  
a d s o r p t i o n  o f  small molecules  under c e r t a i n  c o n d i t i o n s .  It i s  
concluded t h a t  t h e  use of  "dextran c o a t i n g "  of c h a r c o a l  t o  g i v e  
a s i e v e  e f f e c t  f o r  t h e  s e p a r a t i o n  of s m a l l  molecules  from l a r g e  
ones i s  unnecessary and h a s  no b a s i s  i n  f a c t .  T h i s  i s  not  t h e  
case  f o r  c o a t i n g  charcoa l  w i t h  p r o t e i n s .  

INTRODUCTION 

The s e p a r a t i o n  of  f r e e  from bound l i g a n d  i s  an e s s e n t i a l  s t e p  

i n  assay  techniques  based on t h e  p r e f e r e n t i a l  b inding  of  an a n a l y t e  

t o  a s p e c i f i c  b inding  molecule .  Charcoal  h a s  been used e x t e n s i v e l y  
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54 BOXEN AND TEVAARWERK 

fo r  t h i s  purpose by v i r t u e  of i t s  a b i l i t y  t o  separa te  mixtures of 

small molecules i n  an aqueous medium (1, 2 ) .  

i t y  i s  due t o  t h e  d i f f e r e n t i a l  adsorption of small  molecules t o  

ac t iva t ed  charcoal p a r t i c l e s .  In  an attempt t o  improve t h e  a b i l -  

This separa t ing  a b i l -  

i t y  of  charcoal t o  separa te  molecular mixtures,  some authors have 

recommended t h e  mixing of charcoal with various agents ,  such as 

serum pro te ins  o r  dextran,  with t h e  a i m  of producing a s i eve  

e f f e c t  on t h e  sur face  of t h e  p a r t i c l e s  ( 2 ,  3 ,  4, 5 ) .  T o  f u r t h e r  

e luc ida te  t h e  mechanism of d i f f e r e n t i a l  molecular adsorption by 

charcoal and t h e  e f f e c t  of “coa t ing” ,  we s tudied  t h e  i n t e r a c t i o n  

between a number of commonly measured hormones and charcoa l ,  both 

without and i n  t h e  presence of dextran,  albumin, immunoglobulin 

(IgG) and a polypeptide ( i n s u l i n ) .  

MATERIALS 

Suspensions of ac t iva t ed  charcoal (Nor i t  A decolourizing car -  

bon, Baker Chemical Co. , Phi l l ipsburg ,  New Je r sey ,  USA) were 

f r e sh ly  prepared every day a t  a concentration of 0 .1  percent ( W / V ) .  

Dextran prepara t ions  of mean molecular weights 10,  20, 40,  7 0 ,  

3 110, 150, 250, 500 and 2000 x 10 da l tons  (Pharmacia Fine Chemi- 

c a l s ,  Uppsala, Sweden) were made up d a i l y  i n  concentrations 

spec i f ied  under methods. 

prepared as previously described by us ( 6 ) .  

A l l  o ther  reagents  were obtained and 

METHODS 

The experiments were modifications of commonly used l igand 

assay techniques ( 6 ) .  Throughout a l l  experiments t h e  assay medium 

used was 0.01 M sodium phosphate buffered s a l i n e  (PBS),  pH 7 .4 ,  
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EFFECT OF DEXTRAN AND PROTEINS 55 

unless  otherwise ind ica ted .  Suspensions of charcoal were f r e s h l y  

prepared each day and cons tan t ly  s t i r r e d  magnetically during use .  

For t h e  measurement of r a d i o a c t i v i t y  a t r i p l e  headed well  counter 

w a s  used. 

The f i r s t  set of experiments w a s  t o  determine t h e  e f f e c t  of 

t h e  amount of charcoal added, incubation t ime,  incubation tempera- 

t u r e  and medium used on t h e  adsorption of various r ad io l abe l l ed  

molecules t o  ac t iva t ed  charcoal.  Two hundred m i c r o l i t r e s  of a 

0.1 percent ( W / V )  charcoal suspension i n  PBS w a s  added t o  a 

s e r i e s  of s i x  1 2  x 75 m l  polystyrene assay tubes  with con ica l ly  

shaped bottoms. After incubation t h e  tubes  were cent r i fuged  a t  

2000 g f o r  t e n  minutes and t h e  supernatants decanted and discarded. 

Two nit of PBS buf fer  was then added t o  each of t h e  charcoal p e l l e t s  

i n  t h e  tubes and t h e  charcoal resuspended by vortexing. Then, 

while vortexing, 200 m i c r o l i t r e s  of a radiolabelled-hormone-con- 

t a i n i n g  so lu t ion  w a s  added rap id ly  t o  each tube.  The tubes  were 

then  incubated a t  e i t h e r  room temperature o r  4OC for  a varying 

period of t ime. They were then  again cent r i fuged  at 2000 g f o r  

t e n  minutes and t h e  supernatants discarded. The r a d i o a c t i v i t y  

adsorbed t o  t h e  charcoal i n  each tube ,  as well  as t h e  t o t a l  i n  

200 m i c r o l i t r e s  of t h e  radiolabelled-hormone-containing so lu t ion ,  

w a s  then measured i n  a gamma counter.  

The experiment was repeated using a d i f f e r e n t  incubation med- 

ium (normal s a l i n e ) ,  and varying incubation t i m e ,  temperature and 

volume of charcoal so lu t ion  added t o  each tube .  

The experiments designed t o  a s ses s  t h e  e f f e c t  of "coating" 

charcoal with dextran,  var ious  p ro te ins  o r  a polypeptide were done 
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56 BOXEN AND TEVAARWERK 

by p u t t i n g  two m l  of  s o l u t i o n s  of t h e  v a r i o u s  molecular  weight 

d e x t r a n s ,  immunoglobulin G ( I g G ) ,  bovine serum albumin (BSA) o r  

a polypept ide  ( i n s u l i n )  i n  a s s a y  t u b e s  i n  d u p l i c a t e .  Two hundred 

m i c r o l i t r e s  of  a 0 . 1  percent  c h a r c o a l  suspens ion  was t h e n  added t o  

each t u b e  and t h e  t u b e s  vor texed  t o  ensure  adequate  mixing. The 

mixtures  were t h e n  allowed t o  s t a n d  a t  room tempera ture  f o r  t h i r t y  

minutes  a f t e r  which t h e y  were c e n t r i f u g e d  a t  2000 g for t e n  minutes  

and t h e  superna tan t  d i scarded .  Two ml of PBS was t h e n  added t o  

each of t h e  t u b e s  c o n t a i n i n g  t h e  p e l l e t .  

t o  resuspend t h e  "coated" c h a r c o a l  mix ture  i n  t h e  p e l l e t .  

whi le  v o r t e x i n g ,  200 m i c r o l i t r e s  o f  t h e  radiolabelled-hormone-con- 

t a i n i n g  s o l u t i o n  was added t o  each t u b e .  A f t e r  i n c u b a t i o n  a t  room 

tempera ture  f o r  vary ing  p e r i o d s  o f  t i m e  (see below) t h e y  were 

a g a i n  c e n t r i f u g e d  f o r  t e n  minutes  a t  2000 g and t h e  s u p e r n a t a n t s  

d i scarded .  The r a d i o a c t i v i t y  i n  each t u b e  w a s  t h e n  counted as 

descr ibed  above. V a r i a t i o n s  i n  t h e  i n d i v i d u a l  experiments  are 

descr ibed  i n  t h e  r e s u l t s .  

They were t h e n  vor texed  

Then, 

I n  a l l  experiments  t h e  r a d i o a c t i v i t y  adher ing  t o  p l a i n  char -  

coa l  was expressed  as t h e  percent  p r e c i p i t a t e d  (B,) of t h e  t o t a l  

r a d i o a c t i v i t y  added ( T ) .  

charcoa l  i n  t h e  presence  of o t h e r  molecules  such as d e x t r a n ,  

p r o t e i n s  o r  i n s u l i n ,  w a s  expressed  as a r a t i o  (B/ ) o f  t h e  amount 

p r e c i p i t a t e d  (B) t o  t h e  amount p r e c i p i t a t e d  under i d e n t i c a l  condi- 

t i o n s  i n  t h e  presence  of c h a r c o a l  on ly  ( B  ) ,  

The r a d i o a c t i v i t y  p r e c i p i t a t e d  w i t h  t h e  

Bo 

RESULTS 

The adsorp t ion  of  v a r i o u s  s m a l l  molecules  t o  c h a r c o a l  w a s  

a f f e c t e d  by t h e  amount of c h a r c o a l ,  i n c u b a t i o n  t i m e ,  and t h e  med- 
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20 MINUTES 

0 8 ’  

0 6 .  

Tri iodothyronine 

INSULIN 
c _____ , --------o 3 - __________---------- 

____c- -- ___---- 
_/- 

,/-- 
CHORlONlC CONADOTROPHIN 

FIGURE 1. E f f e c t  of  vary ing  t h e  amount of  c h a r c o a l ,  i n c u b a t i o n  
t i m e ,  tempera ture ,  r e a c t i o n  medium or t y p e  of molecule  on t h e  
adsorp t ion  o f  v a r i o u s  small molecules  t o  c h a r c o a l .  The r e s u l t s  
a r e  expressed as t h e  f r a c t i o n  (B/T) o f  t h e  t o t a l  r a d i o l a b e l l e d  
hormone (T) added that  w a s  adsorbed t o  the c h a r c o a l  (B). It i s  
apparent  t h a t  f o r  a l l  hormones t e s t e d  a l a r g e r  f r a c t i o n  ( B / T )  
w a s  adsorbed as more of it was added. A r i se  i n  i n c u b a t i o n  
tempera ture  i n c r e a s e d  a d s o r p t i o n  w h i l e  f o r  i d e n t i c a l  amounts of 
charcoa l  added more r a d i o l a b e l l e d  t r i i o d o t h y r o n i n e  w a s  adsorbed 
i n  phosphate b u f f e r e d  s a l i n e  (PBS) t h a n  i n  normal s a l i n e  ( p a n e l  A ) .  
Increas ing  incubat ion  t i m e  had t h e  same e f f e c t  (pane l  B). Adsorp- 
t i o n  a l s o  v a r i e d  w i t h  t h e  t y p e  of molecular  s p e c i e s  added ( p a n e l  
C ) .  
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58 BOXEN AND TLWAARWERK 

I I I I 

102 10-1 100 10' 
0 4  ' 

o 10.3 
CONCENTRATION (% W/V) OF DEXTRAN Ti0 IN PBS ADDED TO CHARCOAL 

FIGURE 2. Adsorption of t r i iodothyronine  by a constant amount 
of charcoal "pre-coated" with increas ing  amounts of dextran T10. 
The r e s u l t s  a r e  expressed as t h e  r a t i o  (B/Bo) of t h e  amount of 
rad io labe l led  t r i iodothyronine  bound by charcoal "pre-coated" 
with dextran (B) t o  t h a t  bound when no dextran was added ( B o ) .  
"Pre-coating" of charcoal with dextran T i 0  had no e f f e c t  on t h e  
adsorption of t h e  hormone. 

rn rn 
rn 

B o  7:: 0 '' 10 20 40 110 150 250 500 - 2000 

M E A N  M O L E C U L A R  W E I G H T  ( X I O ~ D A L T O N S )  O F  D E X T R A N  

FIGURE 3. 
constant amount of charcoal "pre-coated" with a constant amount 
(1 percent w/v) of various dextrans of increas ing  mean molecular 
weights. 
adsorption of t h e  hormone t o  charcoal.  

Adsorption of rad io labe l led  t r i iodothyronine  by a 

"Pre-coating" wi th  t h e  dextrans had no e f f e c t  on t h e  

ium used (Figure 1). 

and the  amount of charcoal added w a s  kept constant while incuba- 

t i o n  time was var ied  depending on whether maximum adsorption of  

t h e  rad io labe l led  hormones w a s  des i red  o r  not ( s e e  d i scuss ion ) .  

For a l l  subsequent experiments PBS w a s  used 
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I I I 

1 0 - 2  1 0 - I  100 1 0 '  

CONCENTRATION OF BSA (% w/v IN PBS) 

O 1 .!J? 

FIGURE 4. 
constant amount of charcoal pre-coated with increasing amounts 
of bovine serum albumin (BSA). Adsorption was measured after 
30 minutes of incubation, A gradual decrease in the adsorp- 
tion of the hormone occurred when the BSA concentration exceeded 
0 . 1  percent (w/v). 

Adsorption of radiolabelled triiodothyronine by a 

Figure 1 also demonstrates that adsorption to charcoal varied 

among different hormones. All the remaining experiments were 

done to assess the effect of adding dextran, proteins or a poly- 

peptide to the charcoal on the adsorption of small molecules to 

charcoal ("pre-coating"). Figure 2 shows the effect of addicg 

increasing amounts of dextran with an average molecular weight 

of 10,000 daltons to the charcoal prior to the adsorption of tri- 

iodothyronine. Dextran had no effect on the adsorption of the 

hormone. Adding a constant amount (1 percent W/V) of dextrans 

of increasing molecular weight also had no effect on the adsorp- 

tion of radiolabelled triiodothyronine to charcoal (Figure 3 ) .  
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10.’ 10 -’ 10.’ 10 O 10’ 
0.2 1 -. 

IO-’ 10 

CONCENTRATION OF PROTEIN ( X V v  in PBSI 

FIGURE 5. The e f f e c t  of pre-coa t ing  c h a r c o a l  w i t h  v a r i o u s  pro-  
t e i n s  or a polypept ide  on t h e  a d s o r p t i o n  of v a r i o u s  r a d i o l a b e l l e d  
hormones. 
cons tan t  m o u n t  o f  c h a r c o a l  pre-coated w i t h  i n c r e a s i n g  m o u n t s  of 
immunoglobulin (I&) . Three i d e n t i c a l  experiments  were performed 
w i t h  t h e  except ion  of  t h e  i n c u b a t i o n  t i m e  which w a s  v a r i e d  from 
15 min ( ) and 30 min ( 0 ) t o  45 min ( A ) ,  The results show- 
ed i n c r e a s e d  a d s o r p t i o n  of t h e  hormone t o  c h a r c o a l  by i t s e l f  
(Bo/T) as t h e  incubat ion  t i m e  w a s  i n c r e a s e d .  
er incubat ion  t i m e s  ( ) and ( 0 ) pre-coa t ing  c h a r c o a l  w i t h  IgG 
caused an i n i t i a l  i n c r e a s e  i n  a d s o r p t i o n  o f  t h e  hormone. A s  t h e  
IgG concent ra t ion  w a s  i n c r e a s e d  f u r t h e r  it decreased  t h e  adsorp-  
t i o n  of t r i i o d o t h y r o n i n e .  Panel  B shows t h e  a d s o r p t i o n  o f  human 
chor ionic  gonadotrophin by a c o n s t a n t  amount o f  c h a r c o a l  pre-coat-  
ed wi th  i n m e a s i n &  amounts of  e i t h e r  BSA ( A ) o r  IgG ( ) .  
incubat ion  t i m e  w a s  reduced so as t o  o b t a i n  a low degree  o f  ad- 
s o r p t i o n  o f  t h e  hormone t o  c h a r c o a l  by i t s e l f  ( B o / T < l l % ) .  
c o a t i n g  w i t h  e i t h e r  p r o t e i n  caused an i n i t i a l  i n c r e a s e  i n  t h e  
adsorp t ion  of  t h e  hormone af ter  which it decreased  t o  l e v e l s  
below t h o s e  of  uncoated c h a r c o a l .  Pane l  C shows t h e  a d s o r p t i o n  
of r a d i o l a b e l l e d  i n s u l i n  by a c o n s t a n t  m o u n t  of  c h a r c o a l  pre-  
coated w i t h  i n c r e a s i n g  amounts o f  e i t h e r  IgG ( 0 ) o r  i n s u l i n  
( 0 ) .  Incubat ion  times were a d j u s t e d  t o  o b t a i n  submaximal 
a d s o r p t i o n  of  i n m l i n  t o  c h a r c o a l  by i t s e l f .  The pre-coa t ing  of  
c h a r c o a l  w i t h  e i t h e r  IgG o r  i n s u l i n  caused an i n i t i a l  i n c r e a s e  
i n  adsorp t ion  of tne r a d i p l a b e l l e d  i n s u l i n .  This  w a s  fol lowed 
by a decrease  i n  adsorp t ion .  

Panel  A shows t h e  a d s o r p t i o n  of  t r i i o d o t h y r o n i n e  by a 

However, w i t h  s h o r t -  

The 

Pre- 
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I I 1 1 

1 0 - 2  10-1 100 10 '  

CONCENTRATION OF BSA (% w/v in PBS) 

FIGURE 6. Adsorption of radiolabelled triiodothyronine to char- 
coal by itself (B,) and in the presence of increasing amounts of 
albumin. The latter was added either 30 min prior to the addi- 
tion of the hormone (pre-coating;) or at the same time ( 0 ) .  
Incubation time was 30 min to ensure that adsorption of the hor- 
mone would be maximal. The results show that simultaneous addi- 

in the adsorption of the hormone at a lower concentration of 
albumin. 

The mixing of bovine serum albumin with the charcoal (Figure 4 )  

before the radiolabelled triiodothyronine was added decreased 

adsorption of the hormone markedly when the concentration of the 

BSA exceeded 0.1 percent (W/V). 

coating charcoal with IgG, BSA or pork insulin on the adsorption 

of small molecules if the experiment was terminated before adsorp- 

tion of the radiolabelled hormone was complete. Under these con- 

ditions all three substances used to coat the charcoal caused an 

increase in the fraction (B/B~) at low adsorbate concentration 

Figure 5 shows the effect of pre- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
5
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



62 

1 

0 

0 

B - 
6 0  

0 

0 

BOXEN AND TEVAARWERK 

. ' l o  

I I I 

0 10-1  100 101 

C O N C E N T R A T I O N  O F  D E X T R A N  ( X  w / v  I N  P B S )  

FIGURE 7 .  Adsorption of r ad io l abe l l ed  i n s u l i n  t o  charcoal i n  
t h e  presence of increas ing  amounts of dextrans of varying mole- 
cu la r  weights. The experiment d i f f e r s  from t h a t  described i n  
f igu res  2 and 3 i n  t h a t  t h e  charcoal-dextran mixture w a s  not 
centrifuged p r i o r  t o  t h e  addi t ion  of t h e  rad io labe l led  hormone. 
The graphs show t h a t  as more dextran w a s  added t h e r e  w a s  a grad- 
u a l  decrease i n  t h e  adsorption of r ad io l abe l l ed  i n s u l i n  by t h e  
charcoal. It a l s o  shows t h a t  t h e  l a r g e r  molecular weight dex- 
t r a n s  (T250 and T2000) had a g r e a t e r  e f f e c t  on reducing i n s u l i n  
adsorption t o  charcoal.  

while a t  higher concentrations a decrease i n  adsorption occurred. 

Figure 6 shows t h e  e f f e c t  of adding BSA and l a b e l l e d  t r i i odo thy-  

ronine simultaneously upon adsorption of t h e  l a t te r .  A t  low 

concentrations of BSA t h e r e  was no d i f f e rence  from pre-coating 

on t h e  adsorption of t h e  hormone. A s  t h e  concentration of t h e  

BSA increased, adsorption decreased more with simultaneous ex- 

posure. Figure 7 shows t h e  e f f e c t  of much higher concentrations 

of dextran than  a re  normally used f o r  phase separa t ion  on adsorp- 
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EFFECT OF DEXTRAN AND PROTEINS 63 

t i o n  of l a b e l l e d  i n s u l i n  t o  charcoa l .  This experiment d i f f e r s  

from t h a t  described above (F igures  2 Fi 3 )  i n  t h a t  t h e  dextran- 

charcoal mixture was not cen t r i fuged  p r i o r  t o  t h e  add i t ion  of 

r ad io l abe l l ed  i n s u l i n .  A decrease i n  adsorption of i n s u l i n  t o  

charcoal occurred a t  dext ran  concent ra t ions  exceeding 0 . 1  percent  

( W / V ) .  For t h e  same percent W/V concent ra t ion  of  dext ran  t h e  

l a r g e r  molecular weight v a r i e t i e s  had a g r e a t e r  e f f e c t  on de- 

c reas ing  adsorption of t h e  r ad io l abe l l ed  hormone. 

I n  summary, "pre-coating'' wi th  dextran had no e f f e c t  while 

p ro te in  pre-coating genera l ly  caused a decrease i n  t h e  adsorp- 

t i o n  of hormones t o  charcoa l .  However, coa t ing  t h e  charcoal very 

l i g h t l y  wi th  p ro te ins  and using a sho r t  incubation t ime caused 

a paradoxica l  increase  i n  adsorp t ion  of t h e  hormones. 

DISCUSSION 

The e f f e c t  of v a r i a t i o n s  i n  temperature,  t i m e ,  incubat ion  

medium, molecular spec ies  t o  be adsorbed and amount of charcoa l  

added (F igure  1) a r e  s i m i l a r  t o  t hose  repor ted  by o the r s  and were 

used by us  pr imar i ly  t o  chose optimum condi t ions  f o r  t h e  "coating" 

experiments (4, 5 ,  7 ,  8 ,  9 ,  1 0 ) .  The "pre-coating" of dext ran  on 

charcoal had no e f f e c t  on t h e  adsorp t ion  of hormones. However, 

dextran present  i n  high concent ra t ion  simultaneously wi th  t h e  

l a b e l l e d  hormones decreased adsorp t ion  of hormones t o  charcoa l  

(Figure 7). This e f f e c t  was g r e a t e r  wi th  t h e  l a r g e r  molecular 

weight dext rans  suggesting t h e  decrease i n  adsorp t ion  w a s  due t o  

an inc rease  i n  v i s c o s i t y  of t h e  medium. A t  h igh  concent ra t ions  

BSA had t h e  same e f f e c t  with simultaneous exposure (F igure  6 ) .  
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64 BOXEN AND TEVAARWERK 

I n t e r e s t i n g l y ,  t h e  d e c r e a s e  i n  a d s o r p t i o n  w a s  g r e a t e r  when t h e  

BSA w a s  added a t  t h e  same t i m e  as t h e  hormone t h a n  when added 30 

minutes e a r l i e r  (pre-coa ted)  and l e f t  i n  s o l u t i o n .  Presumably 

impairment of a d s o r p t i o n  of t h e  r a d i o l a b e l l e d  hormone t o  c h a r c o a l  

was l e s s  as v i s c o s i t y ,  and hence impedance t o  molecular  movement, 

decreased due t o  t h e  g r e a t e r  a d s o r p t i o n  of t h e  albumin molecules  

themselves  i f  added b e f o r e  t h e  hormone. A t  lower c o n c e n t r a t i o n s  

of c o a t i n g  p r o t e i n s  t h e  a d s o r p t i o n  of hormones t o  c h a r c o a l  w a s  

found t o  be i n c r e a s e d  i f  t h e  c h a r c o a l  was pre-coated w i t h  BSA, 

I& or i n s u l i n  ( F i g u r e  5) and i f  i n c u b a t i o n  of  t h e  r a d i o l a b e l l e d  

hormone wi th  t h e  pro te in-coa ted  c h a r c o a l  w a s  s topped b e f o r e  t h e  

hormone could be  completely adsorbed.  No such behaviour  was 

observed i f  c h a r c o a l  w a s  "pre-coated" w i t h  d e x t r a n .  The r e s u l t s  

ob ta ined  by us cannot  be expla ined  on t h e  b a s i s  of t h e  t h e o r y  pos- 

t u l a t e d  by Herbert  e t  a1 ( 3 )  t h a t  p r o t e i n s  o r  d e x t r a n  are adsorbed 

t o  t h e  s u r f a c e  of c h a r c o a l ,  t h e r e b y  forming a "molecular  s i e v e "  

al lowing only  s m a l l  molecules ,  such as f r e e  b u t  n o t  bound l i g a n d ,  

t o  be  adsorbed.  

Act iva ted  c h a r c o a l  i s  used widely throughout  i n d u s t r y  t o  

s e p a r a t e  components from mixtures .  I ts  mechanism of a c t i o n  has  

been e x t e n s i v e l y  i n v e s t i g a t e d  and has been shown t o  be  p r i m a r i l y  

a volume e f f e c t  (11). 

r a w  m a t e r i a l  i s  f i r s t  carbonized and t h e n  " a c t i v a t e d " .  This  re- 

s u l t s  i n  t h e  development of a pore  system ( F i g u r e  8 ) .  Micropore 

widths  a r e  t y p i c a l l y  0 .5  t o  0 .8  nanometers (nm) b u t  can be s e l e c t -  

ed t o  be no more than  0 .5  nm. I n  s t r o n g l y  a c t i v a t e d  carbons ,  t h e  

I n  t h e  manufacture  of a c t i v a t e d  carbon,  t h e  
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EFFECT OF DEXTRAN AND PROTEINS 65 

FIGURE 8. The structure of an activated charcoal particle. The 
enlarged section shows a vast network of micropores which vary 
widely in diameter. The size of the micropores and their fre- 
quency distribution determine the adsorption characteristics of 
that particular charcoal particle - see text. 

distribution of pore size shifts towards larger micropores. The 

adsorption and separating properties of charcoal are directly re- 

lated to its micropore structure. Important factors affecting 

adsorption are micropore size, shape, distribution and accessibility. 

Equally important are ligand geometry, distribution, polarity and 

availability. Environmental factors affecting adsorption are 

concentration, electrical charge, temperature, solvent choice, pH, 

thermal conductivity of the system as a whole, and the presence 

of other competing molecules (11). The small molecules in a 

mixture readily enter the micropores while larger ones are excluded. 

Because of their random movement, the molecules then either escape 

from the pores or penetrate further into the interior of the char- 

coal into micropores of decreasing diameter. In these they bounce 
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off t h e  walls of t h e  pores lo s ing  k i n e t i c  energy and hence t h e i r  

a b i l i t y  t o  escape from t h e  micropores. 

molecules i n  t h e  i n t e r i o r  of t h e  charcoal p a r t i c l e s  expla ins  both 

t h e  e s s e n t i a l l y  i r r e v e r s i b l e  na ture  of adsorption of small mole- 

cu les  t o  charcoal a s  well  a s  t h e  hea t  produced i n  t h e  process (11). 

Large pores p lay  a key r o l e  i n  adsorption by small pores i n  

The "trapping" of small 

t h a t  molecules a re  t ranspor ted  through t h e  l a r g e r  i n t o  t h e  small 

ones. Obstruction of  passage through a l a r g e  pore then impedes 

adsorption by small pores beyond and forms t h e  b a s i s  f o r  t h e  use  

of "coated" charcoal.  

but i n t e rac t ion  energies a r e  about 1 .7  times l a r g e r  i n  micropores 

than on a s ing le  f l a t  sur face  of t h e  same chemical na tu re  (11). 

Small molecules r ead i ly  e n t e r  t h e  micropores and a r e  a l s o  ab le  t o  

egress .  

function of t h e i r  s i z e  and shape a s  well  as t h e  s i z e  of t h e  micro- 

pores. 

s i ze s  g rea t ly  a f f e c t s  t h e  a b i l i t y  of a p a r t i c u l a r  batch of char- 

coal t o  d i f f e r e n t i a l l y  adsorb molecules from a mixture. Using a 

formula developed by Dubinin and Radushkevich (11) it i s  poss ib l e  

t o  accura te ly  p red ic t  t h e  t o t a l  volume of adsorbate f o r  micropores 

i f  t h e i r  s i z e  d i s t r i b u t i o n  i s  known. 

There i s  some adsorption on exposed sur faces  

The a b i l i t y  of molecules t o  pene t r a t e  t h e  pores i n  a 

Accordingly t h e  frequency d i s t r i b u t i o n  of var ious  pore 

The r e s u l t s  we obtained a r e  r ead i ly  explained using t h e  

above mechanism of charcoal ac t ion  on small  molecules. Once 

charcoal i s  ac t iva t ed ,  t h e  d i s t r i b u t i o n  of micropore width and 

shape can be a l t e r e d  by adsorption of various molecules. Subse- 

quent adsorption of more of t h a t  o r  another molecular spec ies  i s  
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EFFECT OF DEXTRAN AND PROTEINS 67 

then determined by t h e  new d i s t r i b u t i o n .  In t h i s  way l a r g e  pores 

can be made smaller with t h e  r e s u l t  t h a t ,  under t h e  r i g h t  circum- 

s tances ,  adsorption of small molecules can be increased by v i r t u e  

of t h e  increased t o t a l  number of small  pores (F igure  5 ) .  This i s  

contrary t o  what i s  expected t o  happen with sur face  adsorption and 

i s  due t o  t h e  f a c t  t h a t  charcoal adsorption i s  predominantly a 

volume phenomenon. With adsorption of l a r g e  amounts of one type  

of molecule the  t o t a l  volume ava i l ab le  f o r  subsequent adsorp t ion  

of another i s  decreased. Thus, i n  order  t o  see  t h e  anomalous 

increase  i n  adsorption by pre-coated charcoa l ,  t h e  pre-coating 

must be of t h e  appropr ia te  amount and i n  appropr ia te  d i s t r i b u t i o n .  

Allowing pre-coating with too  high a concentration of coa t ing  

mater ia l ,  o r  allowing t o o  long a contac t  time wi th  t h i s  coa t ing  

mater ia l ,  decreases t o t a l  ava i l ab le  pores.  

We f a i l e d  t o  see any e f f e c t  on adsorption wi th  dextran "pre- 

coating" as we saw with p ro te ins .  

not e f f e c t i v e l y  adsorb t o  t h e  charcoal whereas t h e  p ro te ins  d id .  

In  Norit A decolourizing carbon approximately 40% by volume of 

t h e  pores a r e  l e s s  than 1 0  A i n  diameter (micropores),  20% a r e  

between 10  - 1000 A ( t r a n s i t i o n a l  po res )  and 40% a r e  g r e a t e r  than  

1000 A (macropores) (11). We suggest t h a t  dextran does not a l t e r  

pore s i z e  d i s t r i b u t i o n  because of i t s  i n a b i l i t y  t o  e n t e r  even t h e  

l a r g e r  pores.  Dextran i s  a l i n e a r  polymer of isomaltose with 

some branching ( 1 2 ) .  Unlike dextran,  albumin and IgG a r e  r e l a t i v e -  

l y  g lobular .  For  small molecules shape i s  l e s s  important.  Dextran 

of molecular weight 10,000 - 2,000,000 da l tons  i s  a very long 

This suggests t h a t  dextran d id  
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68 BOXEN AND TEVAARWERK 

molecule and would be expected t o  have t r o u b l e  "weaving" i t s  way 

i n t o  t h e  pores  of  Norit A c h a r c o a l  whereas smaller molecules  would 

not .  The f a c t  t h a t ,  even at very  h i g h  d e x t r a n  c o n c e n t r a t i o n s  and 

prolonged exposure o f  t h e  c h a r c o a l  t o  t h e  d e x t r a n ,  no e f f e c t  on 

subsequent uptake o f  t h e  o t h e r  molecules  w a s  seen  i m p l i e s  t h a t  t h e  

d e x t r a n  used was n o t  e f f e c t i v e l y  adsorbed t o  t h e  c h a r c o a l  t o  b lock  

e n t r y  by o t h e r  molecules .  

It should be  poin ted  out  t h a t  i n  p u b l i c a t i o n s  (1, 4 ,  5 ,  6 ,  7 )  

r e p o r t i n g  experiments  t h a t  show a "dextran-coat ing" s i e v e  e f f e c t  

on charcoa l  a d s o r p t i o n ,  t h e  charcoa l -dext ran  p r e p a r a t i o n s  used 

were a c t u a l l y  suspensions of  c h a r c o a l  i n  d e x t r a n  s o l u t i o n s .  The 

only dext ran  e f f e c t s  r e a l l y  t e s t e d  were t h o s e  t h a t  impeded i n t i m a t e  

c o n t a c t  of  molecules  wi th  c h a r c o a l  by mass a c t i o n  o r  p h y s i c a l  

hinderance t o  movement i n  s o l u t i o n .  The "coated" c h a r c o a l  was not  

separa ted  from d e x t r a n  s o l u t i o n  p r i o r  t o  adding compounds f o r  

adsorp t ion  t o  e l i m i n a t e  t h e  e f f e c t s  of t h e  d e x t r a n  s o l u t i o n  i t s e l f .  

In  a d d i t i o n  t h e  amounts of  d e x t r a n  used i n  a l l  these r e p o r t s  was 

10% o f  t h e  amount o f  c h a r c o a l  used ( t h e  c o n c e n t r a t i o n  o f  c h a r c o a l  

used ranged from 3 t o  5 p e r c e n t  W/V). The r a t i o  o f  d e x t r a n  t o  

c h a r c o a l  used i n  t h e  experiments  r e p o r t e d  h e r e  a t t a i n s  much h i g h e r  

v a l u e s  so t h a t  more d e x t r a n  c o a t i n g  should have o c c u r r e d ,  y e t  no 

evidence f o r  c o a t i n g  i s  seen .  

The experiments  done showed marked dependency of  c h a r c o a l  

adsorp t ion  on medium, tempera ture ,  exposure t i m e ,  and even on t h e  

age o f  t h e  p r e p a r a t i o n s  used.  R e p e t i t i o n  of an experiment under  

t h e  supposed same c o n d i t i o n s  gave q u a n t i t a t i v e  r e s u l t s  vary ing  by 
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EFFECT OF DEXTRAN AND PROTEINS 6 9  

as much as 20% from one day t o  t h e  next  i n  some c a s e s .  

found t o  happen when t h e  room tempera ture  of t h e  l a b o r a t o r y  v a r i e d  

g r e a t l y  ana exposure t i m e s  were kept  down t o  o n l y  a few minutes .  

The most d i f f i c u l t  q u a n t i t a t i v e  r e s u l t s  t o  reproduce were t h e  

augmented a d s o r p t i o n s  by pre-coated c h a r c o a l .  This  i s  understand-  

a b l e  s i n c e  two a d s o r p t i o n  st,eps were involved ,  each of which c r i t i -  

c a l l y  depended upon c o n d i t i o n s  used.  

This  w a s  

The amount adsorbed i n  a g iven  ( s m a l l )  i n t e r v a l  of  t ime i s  

a l s o  d i r e c t l y  dependent on t h e  rate o f  a d s o r p t i o n  which i n  t u r n  i s  

d i r e c t l y  dependent on t h e  a v a i l a b i l i t y  of adequate  pores  f o r  t h e  

molecule be ing  adsorbed.  Only a s i g n i f i c a n t  i n c r e a s e  o f  a v a i l a -  

b i l i t y  of  such pores  can  r e s u l t  i n  a s i g n i f i c a n t  i n c r e a s e  i n  t h e  

r a t e  of  a d s o r p t i o n  and t h e r e b y  an i n c r e a s e  i n  a d s o r p t i o n  i n  a given 

t i m e .  It w a s  t h e n  e s s e n t i a l ,  i n  o r d e r  t o  demonstrate  a s i g n i f i c a n t  

adsorp t ion  augmentation by pre-coated c h a r c o a l ,  t h a t  exposure t imes 

and amounts of charcoa l  used be s m a l l  - p r e c i s e l y  t h o s e  c o n d i t i o n s  

(a long  wi th  o t h e r  f a c t o r s  such as t e m p e r a t u r e )  s m a l l  changes i n  

which produce s i g n i f i c a n t  changes i n  a d s o r p t i o n  and t h e r e f o r e  

make r e p r o d u c i b i l i t y  e r r o r s  l a r g e .  The s m a l l  amounts of  c h a r c o a l  

used meant t h a t  more t h a n  u s u a l  c a r e  had t o  be e x e r c i s e d  i n  c a r r y -  

ing  out  t h e s e  experiments .  Condi t ions  which al lowed near  maximum 

adsorp t ion  by uncoated c h a r c o a l  cannot  a l low more a d s o r p t i o n  by 

pre-coated c h a r c o a l  s i n c e  t h e r e  i s  l i t t l e  more compound l e f t  t o  

be adsorbed or t h e r e  i s  l i t t l e  room l e f t  i n  t h e  c h a r c o a l  f o r  

f u r t h e r  a d s o r p t i o n .  

Our o b s e r v a t i o n s  are not  c o n s i s t e n t  w i t h  the  c r e a t i o n  o f  a 

s i e v e  mechanism on t h e  s u r f a c e  of c h a r c o a l  as proposed by Herbert  
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e t  a1 ( 3 ) .  However, t h e  mechanism of ac t ion  of ac t iva t ed  charcoal 

as  de t a i l ed  above not only explains t h e  r e s u l t s  obtained by us but  

a l s o  those  of o ther  workers. Ekins (lo), Pa l imie r i  e t  a1 (1) 

and Binoux and Ode11 ( 7 )  f a i l e d  t o  f ind  t h a t  dextran conferred 

addi t iona l  s e l e c t i v i t y  on charcoa l ' s  a b i l i t y  t o  separa te  molecu- 

l a r  mixtures. These authors suggested t h a t  t h e  pre-coating of 

charcoal with plasma pro te ins  has t h e  e f f e c t  of reducing t h e  

t o t a l  number of ava i l ab le  adsorption s i t e s  and has t h e  same 

a f f ec t  as reducing t h e  t o t a l  amount of charcoal present .  We sug- 

ges t  t h a t  t h e  known s t r u c t u r e  and c h a r a c t e r i s t i c s  of ac t iva t ed  

charcoal provide an a l t e r n a t e  explanation of i t s  mechanism of 

separa t ing  molecular mixtures. Unlike t h e  above t h e o r i e s  it 

explains not only a l l  our observations but a l s o  those  reported 

by t h e  authors quoted above. 

We conclude t h a t  t h e  d i f f e r e n t i a l  adsorption of various 

hormones t o  charcoal i s  not a f f ec t ed  by "pre-coating'' t h e  char- 

coal with dextran.  A t  high concentrations of  dextran i n  t h e  

medium the re  i s  in te r fe rence  with t h e  adsorption of t h e  hormones 

which i s  l i k e l y  due t o  t h e  increased v i s c o s i t y  of t h e  medium 

produced by t h e  dextran.  Pro te ins  do have an e f f e c t  and a t  high 

concentrations decrease t h e  adsorption of hormones t o  charcoal.  

However, a t  low concentrations of p ro te in ,  provided incubation 

time i s  kept shor t  so as t o  prevent maximal adsorption of hor- 

mones, t he re  i s  an increase  i n  t h e  adsorption of t h e  hormones t o  

charcoal.  These r e s u l t s  can be explained on t h e  basis of t h e  

known mechanism of ac t ion  of ac t iva t ed  charcoal on small molecules 
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As dextran does not appear to affect that action it is probably 

unnecessary to add it to the charcoal when using it to separate 

molecular mixtures. 
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