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The adsorptive proper t ies  of phenolformaldehyde-act ivated charcoal  with respec t  to physiologi- 
cally active substances were studied after static conditions (adsorption f rom physiological  
saline) and during autohemoperfusion of the limb vessels  at constant ra te  in experimental  ani- 
mals.  Phenolformaldehyde-act ivated charcoal  was found to adsorb serotonin, adrenalin,  nor -  
adrenalin actively and histamine to a lesser  degree from physiological  saline. Activated char -  
coal readily adsorbed serotonin,  adrenalin, noradrenalin,  and acetylcholine, histamine less 
readily,  and papaverine only ve ry  slightly f rom flowing blood. When the column of charcoal  
adsorbent  was connected to a main vesse l  of the animal no changes were observed in the sys -  
temic blood p ressu re ,  but in some cases  the perfusion p re s su re  fell on account of a decrease  
in the res is tance  of the vesse ls  studied. 
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Reports  of the use of activated charcoal  for the adsorption purification of blood in the t rea tment  of acute 
poisoning [1, 15], hepatic failure [6, 11, 14], and renal  failure [10, 12, 16] have recently been published. Hemo-  
perfusion through a column containing activated charcoal  was shown to change cer tain physiological pa ramete r s  : 
It reduced the ar te r ia l  and venous blood p r e s s u r e  and changed the respi ra t ion  and pulse rates  [1, 6, 14, 17]. 

These observat ions suggest that, besides removing toxins f rom the body, activated charcoal  also adsorbs 
endogenous physiologically active substances concerned with the maintenance of normal  homeostasis  f rom the 
blood s t ream.  

The object of this investigation was to verify this hypothesis and to study the adsorbent proper t ies  of 
phenolformaldehyde-act ivated charcoal  (PFAC) in relat ion to cer ta in  physiologically active substances.  

EXPERIMENTAL METHOD 

PFAC is a coarse-mesh charcoal with an ash content of under 0.05% and was synthesized by carbonization 

of phenolformatdehyde res in  and subsequent activation of the crude charcoal  at 950-t000~ in an a tmosphere  of 
carbon dioxide to 50% combustion loss.  The charcoal  was prepared as smooth, i r r egu la r ly  shaped granules 
measur ing 0.5-1.0 mm and possess ing high surface strengths.  

The experiments of ser ies  I to study adsorption of physiologically active substances under static conditions 
were car r ied  out at 20~ by the usual method [8]. The concentrations of the initial solutions of adrenalin, 
noradrenalin,  serotonin, and histamine in physiological saline varied f rom 1 - 10 -4 to 1 " 10 -3 M. The cor respond-  
ing solutions (20 ml) were poured on weighed samples (0.1 g) of charcoal .  After incubation for 3 h with constant 
s t i r r ing  the solutions were separated f rom the adsorbents and equilibrium concentrat ions of the dissolved sub- 
stances were determined on a spectrophotometer  (Specord VIS) at the following wavelengths (in nm) : serotonin 
275, histamine 212, adrenalin and noradrenal in 280. The degree of absorption was expressed in grams adsor -  
bate per  g ram adsorbents.  

The experiments of ser ies  II to study adsorption of physiologically active substances under dynamic con-  
ditions were car r ied  out on dogs anesthetized with morphine and chloralose,  and by the use of a technique of 
res i s tography [9] based on or thohemoperfusion of the blood vesse ls  to be studied (in the hind limb) by means of 
a constant delivery pump. 
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Fig. 1. Isotherms of adsorption of his ta-  
mine (1), adrenalin (2), noradrenal in (3), 
and serotonin (4) f rom physiological saline 
on phenolformaldehyde-act ivated charcoal  
at 20~ Abscissa ,  amount of adsorption 
(in g adsorbate/g adsorbent}; ordinate,  
equil ibrium concentrat ions of solutions of 
tes t  substances (in g / l i t e r  solution). 

TABLE 1. Magnitudes of Responses (in mm Hg) of Vessels  of  Dog Hind Limb to Vaso- 
active Substances when Injected into Regional Blood Flow through By-Passed  Vessel  (I) 
and through Column with Activated Charcoal  (II) 

Statistical index 

M 
P 

?$ 

Adrenalin " 

I II 

+29 I +3 
4-4,231 4-0,2 

<0,001 
37 

Nonadrenalin Acetylcholine 

I I I  I I I  

+241+3 - I-3 
-4-2,95 [ +0,731 -4-2,17] 4-t .05 

<0.001 I <o,ooi 
37 ] 29 

Histamine 

I I I  

Serotonin 

I I I  

--35 I --t0 I --32 ~3 
-I-3,98[ ___2,921 +3.74 [_____i, 19 

<0,001 I <0,001 
20 ] 14 

Papavenne 

t II 

--31 I --21 
__+4,341 +2,93 

<0,05 
22 

The column containing PFAC and, para l le l  with this, the by-passed main vesse l  (the volume of the shunt 
was equal to the volume of the in tergranular  space in the column containing the adsorbent) were ar ranged along 
the input line of the perfusion pump. Before operation, the column containing 70 ml of absorbent,  bounded on 
both sides by gauze f i l ters ,  was pr imed with physiological  saline containing heparin (500 i.u.). 

The sys temic  a r te r ia l  p r e s s u r e  and the perfusion p r e s s u r e  in the limb vesse ls  were recorded by e lec t ro -  
manometers  as blood flowed through the bypass and through the adsorbent.  In both cases the responses  of the 
limb vesse ls  were recorded  during injection of vasoactive substances into the perfusion sys tem (adrenalin 
0.001-0.004 mg, noradrenalin 0.001-0.004 mg, serotonin 0.2-1.0 mg, histamine 0.01-0.02 rag, aeetylcholine 
0.05-0.20 mg, and papaverine 0.4-0.8 mg). The recordings were made on the USCh-8 automatic ink recorder .  

The adsorption proper t ies  of PFAC Were judged by comparing the magnitudes of the vascular  responses  
to injection of equal doses of the vasoactive substances into the by-passed vesse l  and into the vesse l  connected 
to the adsorbent.  

EXPERIMENTAL RESULTS AND DISCUSSION 

The resul ts  of the study of adsorption of the substances f rom physiological  saline are  given in Fig. 1. 
They show that, within the region of equilibrium concentrat ions tested, charcoal  has high adsorbent affinity for 
compounds of this type. The cha rac te r  of the adsorption isotherms for serotonin,  adrenalin, and noradrenal in 
(a r i se  of the i so therm in the region of fair ly high equilibrium concentrations and the absence of a plateau) 
suggests that these substances ought to be adsorbed by charcoal  in large quantities also when present  in solu- 
tion in higher concentrat ion,  for the shape of the i so therm of adsorption of histamine f rom physiological saline 
points to the more  rapid saturat ion of the adsorbent  by this substance. 

1685 



l~-15o ram Hg .. 

Jsnmm__ Hg k q 
a b 

I50 mm Hg 

mm Hg I I 
a b 

aZamm Hg A , ~n~ . . . .  

aa ab ~a ~b 

150 

100 sec 
i ~ 

5a Sb 

]]0 mm Hg. 

~ 1t00 sec 
5a 6b 

F ig .  2. V a s c u l a r  r e s p o n s e s  to  i n j e c t i o n  of a c e t y l c h o l i n e  
(1), p a p a v e r i n e  (2), a d r e n a l i n  (3), n o r a d r e n a l i n  (4), 
h i s t a m i n e  (5), and s e r o t o n i n  (6) into b y - p a s s i n g  m a i n  v e s -  
s e l  (a) and into v e s s e l  b e f o r e  c o l u m n  with a c t i v a t e d  
c h a r c o a l  (b). A r r o w s  be low c u r v e  of  p e r f u s i o n  p r e s -  
s u r e  denote  t i m e s  of i n j e c t i o n  of v a s o a c t i v e  s u b s t a n c e s .  

In 30 e x p e r i m e n t s  with a u t o h e m o p e r f u s i o n  the  a d s o r b e n t  was in con tac t  with blood on a v e r a g e  for  1.5 h. 
When h e m o p e r f u s i o n  was c a r r i e d  out t h rough  a c t i v a t e d  c h a r c o a l ,  no changes  in the  s y s t e m i c  a r t e r i a l  p r e s s u r e  
w e r e  o b s e r v e d  in r e s p o n s e  to i n c l u s i o n  of the  a d s o r b e n t  in the  blood flow. The  l e v e l  of  the  p e r f u s i o n  p r e s s u r e  
in the  l imb  v e s s e l s  when the c o l u m n  with a d s o r b e n t  was  inc luded  in the p e r f u s i o n  s y s t e m  was unchanged  in 40% 
of the  e x p e r i m e n t s ,  and r e d u c e d  in the  r e s t ,  down to a m e a n  v a l u e  of 79% of the  i n i t i a l  l e v e l  (P < 0.001). In 
t h e s e  c a s e s  b e f o r e  the  v a s c u l a r  r e s p o n s e s  w e r e  r e p r o d u c e d  the  p e r f u s i o n  p r e s s u r e  was a r t i f i c i a l l y  s t a b i l i z e d  
by  i n c r e a s i n g  the  output  of the  pump.  The  r e s u l t s  (Tab le  1) a r e  e v i d e n c e  of  the  high a d s o r b e n t  p r o p e r t i e s  of  
P F A C  and they  c o r r e l a t e  c l o s e l y  with the  r e s u l t s  of a d s o r p t i o n  f r o m  p h y s i o l o g i c a l  s a l i n e .  F o r  i n s t a n c e ,  the  
r e s p o n s e s  to a d r e n a l i n ,  n o r a d r e n a l i n ,  a c e t y l c h o l i n e ,  and s e r o t o n i n  v i r t u a l l y  d i s a p p e a r e d  when t h e s e  s u b s t a n c e s  
w e r e  i n j e c t e d  at  the  e n t r y  to the  c o l u m n  con ta in ing  the a d s o r b e n t ,  the  r e s p o n s e  to h i s t a m i n e  was r e d u c e d  on 
a v e r a g e  by 26% (P < 0.001),  w h e r e a s  the  r e s p o n s e  of  the p e r f u s e d  v e s s e l s  to p a p a v e r i n e  was r e d u c e d  by 8.5%. 

R e s i s t o g r a m s  i l l u s t r a t i n g  the  above  f indings  a r e  g iven  in Fig .  2. One p o s s i b l e  e x p l a n a t i o n  of the  o b s e r v e d  
fa l l  in the  l e v e l  of the  p e r i p h e r a l  v a s c u l a r  r e s i s t a n c e  du r ing  p e r f u s i o n  th rough  a c t i v a t e d  c h a r c o a l  m a y  be  tha t  
p r e s s o r  a m i n e s ,  which in s o m e  c a s e s  m a y  p a r t i c i p a t e  in the  f o r m a t i o n  of  the  i n i t i a l  v a s c u l a r  tone ,  a r e  a d s o r b e d  
f r o m  the c i r c u l a t i n g  b lood.  T h e r e  a r e  no da ta  in the  l i t e r a t u r e  to c o n f i r m  tha t  p h y s i o l o g i c a l  b lood c o n c e n t r a -  

t i ons  of  c a t e c h o l a m i n e s  in the  r e s t i n g  s t a t e  m a y  e x e r t  a c o n s t a n t  p r e s s o r  e f f ec t  on the  s m o o t h  m u s c l e  of the  
v e s s e l s  [3, 13]. H o w e v e r ,  in s t r e s s  s i t u a t i o n s  the  blood c o n c e n t r a t i o n  of the  h o r m o n a l  c o m p o n e n t s  of  the  s y m -  
p a t h i c o - a d r e n a l  s y s t e m  m a y  e x e r t  t h e i r  a c t i on  on the  h e a r t  and v e s s e l s  [2, 4, 13]. P r o b a b l y  d i f f e r e n c e s  in the  
depth of a n e s t h e s i a  and s e v e r i t y  of  the  o p e r a t i v e  t r a u m a  in s o m e  e x p e r i m e n t s  c a u s e d  an i n c r e a s e  in t he  b lood 
c o n c e n t r a t i o n  of c a t e c h o l a m i n e s ,  wi th  the  r e s u l t  tha t  t hey  p a r t i c i p a t e d  in the f o r m a t i o n  of the  i n i t i a l  l eve l  of 
r e s i s t a n c e  to the  blood flow. It is  in t h e s e  c a s e s  tha t  a d s o r p t i o n  of a d r e n a l i n  and n o r a d r e n a l i n  f r o m  the  f lowing 
blood could  c a u s e  a d e c r e a s e  in the  r e s i s t a n c e  of  the p e r f u s e d  l i m b  v e s s e l s .  Th is  s u g g e s t i o n  is in  a g r e e m e n t  
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with the view of Levtov and Parol la  [5] that the role of the blood catecholamines in the maintenance of vascular  
tone in the limb is inconstant. 

The data on the adsorbent  proper t ies  of activated charcoal  relat ive to the physiologically active sub- 
stances of the blood thus obtained can be used to study the causes of changes in cer tain physiological p a r a m -  
eters  during hemoperfusion through activated charcoal .  

F rom the technical  point of view it is important  to note that connecting a column with charcoal  hemadsor -  
bent to the main a r t e ry  leads to par t ia l  humoral  isolation of the test  organ. If blood flowing along the main 
vein is also passed through a column with hemadsorbent ,  it becomes possible to study the per iphera l  and 
central  components of the response of the card iovascular  sys tem to injection of physiologically active sub- 
stances separately.  This considerably broadens the experimental  field in this region, more  especially because,  
instead of activated charcoal ,  select ive adsorbents synthesized special ly for the removal  of a par t icular  com-  
pound f rom the blood s t r eam can be used. 
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