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Experiments were performed on Yistar male rats, startlng from the 28th 
month of age. The effect of dietary sorbent (non coated nitrogen- 
containing carbon administered as 10 day courses at 1 month intervals 
in dosage of 10 ml/kg) on lifespan and a numher of biological Indices 
were studied. Enterosorption resulted in the increase of  mean and 
maximal lifespan by 43 and 34% respecttvely. 4nalysls of the effect 
of enterosorptton on activity of mtcrosomat enzymes, intenstty of 
total RNA and protein biosynthesis, lipid metaholtsm, formatton of 
free radicals etc. showed that it produced a posttive tnfluence on 
the functtonal state of the studied systems and increased the 
organism's adaptive capacities. Enterosorption was found to delay the 
rate of onset of age-related structural changes in the organs and 
tissues. 

A n  increasing chemtzation of the envlronment and an expansion of the 
arsenal of synthetic medicamentous drugs have highlighted the role 
that xenobiottcs may play in the formation o f  age-related 
abnormaltties and in the development of age pathology. Apart from 
xenobtottcs, the autointoxicating factors play a definlte role l n  the 
complex of  stochastlc and genetically determined damaging agents. 
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342 FROLKIS ET AL. 

C u r r e n t  c o n c e p t i o n s  a b o u t  t h e i r  r o l e  i n  t h e  genesis o f  a g i n g  h a v e  
da ted  t o  the  c l a s s i c a l  l n v e s t i ~ a t i o n s  by 1.1. Yetchnlkov. The e f f e c t  
of t o x i c  subs tances  depends not o n l y  on  t h e t r  amounts and a c t t v i t y  o f  

d e t o x i c a t t n g  s y s t e m s ,  b u t  a l s o  on t t s s u e  s e n s t t i v i t y .  According t o  
o u r  d a t a ,  i n  r a t s  t h e  b a s a l  l e v e l  o f  one of t h e  most e s s e n t i a l  
d e t o x i c a t i o n  processes  - mlcrosomal o x i d a t l o n  - dec reases  i n  yourig aee  
and remains malnly unchanged t i l l  o l d  age ,  w h i l e  t h e  s e n s i t i v i t y  t o  
t h e  products  of p r o t e i n  metaboltsm t n c r e a s e s  (1,2). 

A l l  t h i s  has determined ou r  interest  i n  an expe r imen ta l  s e a r c h  
f o r  t h e  means o f  body d e t o x i c a t t o n  a imed a t  p r o l o n g t n g  t h e  l i f e s p a n  
and de lay ing  t h e  onse t  of age - re l a t ed  changes. En te roso rp t ion ,  which 
a p p e a r e d  t o  be  an  e f f e c t t v e  means t n  t h e  c a s e s  of p o t s o n f n g ,  
t m u n o l o g l c a l  d i s e a s e s ,  l i v e r  a i l m e n t s ,  a t h e r o s c l e r o s i s ,  e tc . ,  is a 

s u c c e s s f u l  method of body d e t o x i c a t i o n  (3). 

E x p e r l m e n t s  were  pe r fo rmed  on 120 m a l e  l i s t a r  r a t s .  The 
exper imerita 1 a n i  ma Is were adminls t e r ed  non-coa ten n i t rogen-conta tn ing 
SKN c a r b o n  (10  m l l k g  h.w.; f r a c t i o n  c o m p o s i t t o n  - 0.3-1.0 m m ,  p o r e  
volume measured  by h e n z o l  - 0.6-0.7 ml/cm3) s t a r t l n g  from t h e  2 8 t h  
month o f  age. The c o n t r o l  a n i m a l s  were r a t s  O F  t h e  same a f e  and o f  
t he  a d u l t  age (6-8 months) fed a s t anda rd  d i e t .  The b iochemica l  and 
m o r p h o l o g i c a l  s t u d i e s  w e r r  pe r fo rmed  i n  t h e  a n i m a l s  a d m i n i s t e r e d  
s o r b e n t  by a 20-day c o u r s e .  The s h l f t s  o f  l i f e s p a n  were  e s t i m a t e d  
b o t h  by t h e  mean and maximal l i f e s p a n ,  and  by t h e  c o r r e s p o n d i n g  
c o e f f i c i e n t s  o f  a g e - r e l a t e d  k i n e t i c s  of  m o r t a l i t y  i n  Comper t z '  
c o o r d i n a t e s  ( 4 ) .  The myocardium, L l v e r ,  k i d n e y ,  l u n g ,  b r a i n ,  
p a n c r e a s ,  a d r e n a l ¶ ,  s p l e e n  and  t n t e s t t n e s  were used  f o r  l i g h t  
mic roscop ica l  study. 4 1 1  m a t e r i a l  was f ixed  l n  10% fo rma l in ,  s e c t i o n s  
were s t a i n e d  w l t h  h e m a t o x y l l i n - e o s i n ,  p y c r o f u x i n .  I n  a d d t t t o n ,  
S c h i f f ' s  t e s t  as  w e l l  a s  l i p i d  and l t p o f u s c t n  t e s t s  were  pe r fo rmed .  
For  e l e c t r o n  m l c r o s c o p i c  a n a l y s i s ,  t h e  f r a g m e n t s  o f  myocardium and 
l i v e r  were  f i x e d  i n  3% g l u t a r a l d e h y d e  I n  p h o s p h a t e  b u f f e r  (pH 7 . 4 ) ,  
p o s t - f i x e d  i n  1% Osq4 and embedded i n  Epon 812. T h i n  s e c t i o n s  were 
made by  I K R  u l t r a m t c r o t o m e  and  examtned  i n  a JEIl-1 '309 e l e c t r o n  
microscope. 

The i n d i c e s  of t h e  s t a t e  of l i p l d  metabolism were s t u d i e d  i n  t h e  
blood serum, h e a r t  and brain.  E x t r a c t i o n  of l t p i d s  from t i s s u e s  was 
made by chloroform-methanol mixture  (5). T o t a l  l i p i d s  were determined 
a s  descr tbed  (6), t r i g l y c e r i d e s  and t o t a l  c h o l e s t e r o l  were measured as 
desc r ibed  (7,8), r e s p e c t t  ve ly .  C h o l e s t e r o l  was determined a f t e r  t h e  
sed tmenta t ton  of low and very  low d e n s i t y  l i p o p r o t e l n s  from t h e  serum 
hy '1ac12 i n  t h e  p r e s e n c e  of  h e p a r i n  (8).  The c o n t e n t  o f  l i v e r  
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EFFECTS OF ENTEROSORPTION 343 

c y t o c h r o m e s  P-450 and Bg were  d e t e r m f n e d  i n  p o s t - m i t o c h o n d r i a 1  
s u p e r n a t a n t  (9000 g)  a c c o r d i n g  t o  Omura and  S a t o  (9) .  Y y d r o x y l a s e  
a c t i v i t y  o f  t h e  s u p e r n a t a n t  was d e t e r m i n e d  i n  v i t r o  by a d d i t i o n  o f  
a m i n o p u r t n e  (10) and a n i L i n e  (11) s u h s t r a t e s .  P h e n o b a r b i t a l  ("Yerk" 
F i r m ,  FRG) was a d m i n i s t e r e d  in t h e  d o s e  of  8 0  mg/kg f o r  t h r e e  d a y s .  
The i n t e n s i t y  of i n  v i t r o  b t o s y n t h e s t s  of t o t a l  RNA and p r o t e i n  was 
determined in  t h e  f r o n t a l  c o r t e x  of l a r g e  hemispheres,  hypothalamus, 
p i t u i t a r y ,  s k e l e t a l  m u s c l e ,  l e f t  v e n t r i c l e  o f  t h e  myoca rd iun ,  
a d r e n a l s ,  kidney and l t v e r  by t h e  incuba t ion  of t h e i r  s e c t t o n s  i n  t h e  
serum of t h e  same antmal a t  37O and cons t an t  bubb l ing  wi th  a mixtiire 
o f  O2 ( 9 5 : 5 ) .  A f t e r  a b o u t  one-hour  of p r e t n c u b a t t o n ,  t h e  l a b e l e d  
p recu r so r s  of WA ( 1 4 ~ - o r o t a t e ~  and p r o t e i n  ( 3 ~ - l e u c i n e )  of 100 and ICI 
MRq/ml ( f i n a l  c o n c e n t r a t i o n ) ,  r e s p e c t i v e l y ,  were  added .  A f t e r  one  
h o u r  t h e  s e c t i o n s  were homogentzed  in 10% t r i c h l o r o a c e t t c  a c i d  and  
a c i d - i n s o l u b l e  m a t e r i a l  was s e p a r a t e d  f rom a c i d - s o l u b l e  one  by 
f i l t r a t i o n  t h r o u g h  n i t r o c e l l u l o s e  membrane C t l t e r s  (mesh 0.22 nm, 
M i l l i p o r e ,  USA). Sample r a d i o a c t i v i t y  was measured on s c i n t i l l a t i o n  
c o u n t e r  "Mark-TII" (USA). The i n t e n s i t y  o f  e l e c t r o n  m a g e n t i c  
r e s o n a n c e  (EMR) s i g n a l s  from c y l i n d r i c  l i v e r  t i s s u e  s a m p l e s  w a s  
r e g i s t e r d  on s p e c t r o m e t e r  E-109 ( " V e r t a n " ,  1J9A) a t  t e m p e r a t u r e  77O 
(12) .  n a t a  were  a n a l y z e d  by means o f  s e v e r a l  s t a t i s t i c a l  me thods  
(13). 

E n t e r o s o r p t i o n  r e s u l t e d  in t h e  i n c r e a s e  of mean and  maximal  
l i f e s p a n  of r a t s  by 43.4% and 34.4%, r e s p e c t i v e l y  (Fig. 1). Age- 
r e l a t e d  dynamics  o f  m o r t a l i t y  f o r  c o n t r o l  (1) and  e x p e r i m e n t a l  ( 2 )  
an ima l s  expressed  i n  Gompertz' e q u a t i o n  c o o r d i n a t e s  a r e d e s c r i b e d  a s  
follows : 

I n  R t  = (-14.26 + - 1.75) + (0 ,0097 +_O,OOl8) t ;  rs0.94 (1) 
I n  R t  = (-13.08 2 1.70) i- (0 ,0078  +_ 0 , 0 0 1 6 ) t ;  r 4 . 9 4  ( 2 )  

where R,  - m o r t a l i t y  a t  time t (days 
t - a g e  ( d a y s )  
r - t he  c o e f f i c i e n t  of c o r r e l a t t o n  between LnRt and 

t (mean v a l u e s  and s t anda rd  d e v i a t i o n s  of t h e  c o e f f i c t e n t s  
of r eg res s ion  equa t ions  a r e  g i v e n  in  b racke t s ) .  

The c o n t e n t  of l i v e r  cy tochrome  P-450 and t h e  a c t t v i t y  o f  
a m i n o p u r i n e  d e m e t h y l a s e  (2 .17  n m o l l g  a n d  8.67 n m o l  I g l m i n ,  
r e s p e c t i v e l y )  were twice a s  lower in expe r imen ta l  o l d  ra ts  compared to  
i n t a c t  an ima l s  (4.81 nmol/g and 18.87 nmollg/rnin). I Jh i l e  t h e  con ten t  
o f l i v e r  c y t o c h r o n e  R 5  (12.23 nmol /g  and 11.40 n m o l / g  I n  c o n t r o l  and  
e x p e r l m e n t a l  r a t s ,  r e s p e c t i v e l y )  and  t h e  a c t i v i t y  o f  a n i l t n e  
h y d r o x y l a s e  (2.2 nmol /g /min  i n  c o n t r o l  and 2.67 n m o l l g l m t n  i n  
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3 4 4  FROLKIS ET AL. 

e x p e r i m e n t a l  a n i m a l s )  w e r e  a l m o s t  t h e  same. T h e  d u r a t l o n  o f  
p h e n o b a r b t t a l - i n d u c e d  n a r c o t i c  s l e e p  i n  e x p e r l m e n t a l  g r o u p  (50 min)  
w a s  37% s h o r t e r  a s  c o m p a r e d  w i t h  i n t a c t  a n i m a l s  (79 mtn) .  On 
a d m i n i s t e r i n g  p h e n o b a r b t t a l  t h e  i n d u c t i v e  s y n t h e s i s  of  cytochrome P- 
450 a n d  t h e  a c t i v i t y  o f  a n i l i n e  h y d r o x y l a s e  and a m t n o p i i r t n e  
d e m e t h y l a s e  were much lower i n  o l d  v e r s u s  a d u l t  rats.  h f t e r  
e n t e r o s o r p t i o n  t h e  i n d u c t l v e  e E f e c t  of  p h e n o b a r b i t a l  t n  o l d  a n i m a l s  
d i d  n o t  d i f E e r  s t a t i s t i c a l l y  s i g n i f i c a n t l y  from t h a t  o f  a d u l t  r a t s  
( F i g .  2) .  

The s t u d y  by means  o f  E M R  o f  l i v e r  enzyme s y s t e m s ,  c a t a l y z i n g  
r e d u c t i o n - o x i d a t i o n  r e a c t i o n s ,  s h o w e d  t h a t  I n  a d u l t  a n i m a l s  
e n t e r o s o r p t i o n  p r o d u c e d  a s i g n i E t c a n t  weakening oE t h e  t n t e n s f t y  of 
s i g n a l s  from cytochrome P-450 (gx2.251, i r o n - s u l p h u r  p r o t e t n s  of t h e  
m l t o c h o n d r i a l  r e s p i r a t o r y  c h a i n  (g=1.94), m i t o c h o n d r l a l  f l a v o p r o t e i n s  
i n  f r e e - r a d l c a l  f o r m  (g=2.00), Mn2+ c o n t a l n t n g  p r o t e i n s  of t h e  
e n d o p l a s m a t l c  r e t i c u l u m  (g-2.16 a n d  g=2.10), n i t r o s y l  c o m p l e x e s  o n  
non-heme i r o n  a n d  Cu2+ c o n t a i n i n g  p r o t e i n s  (g-2.035). w h i l e  t h e  
i n t e n s l t y  o f  s i g n a l s  f r o m  m i t o c h o n d r i a 1  s u l p h l  t o x i d a s e  (g=1.97) 
remained unchanged. In o l d  rats t h e r e  was a s l g n i f t c a n t  d e c r e a s e  i n  
t h e  i n t e n s i t y  o f  s i g n a l s  from cytochrome P-450 and a s h a r p  i n c r e a s e  fn  
t h a t  Erom s u l p h i t o x i d a s e  ( 'Cable  I). 

Rased on t h e  s h t f t s  of  r e l a t t v e  s p e c i f i c  r a d i o c t i v t t y  oE t o t a l  
RYA, w e  f o u n d  t h a t  t h e  i n t e n s i t y  of t r a n s c r i p t f o n  d e c r e a s e s  i n  a 1  1 
s t u d i e d  b r a i n  s t r u c t u r e s  a n d  i n c r e a s e s  i n  t h e  r e i n a t n i n g  t l s s r i e s .  
E n t e r o s o r p t t o n - t n d u c e d  c h a n g e s  I n  t h e  t n t e n s i t y  o f  p r o t e i n  
b t o s y n t h e s i s  were Ln many a s p e c t s  a n a l o g o u s  t o  t h e  s h i f t s  o f  R N A  
s y n t h e s i s ,  t.e. it was d e c r e a s e ( +  i n  h r a l n  s t r u c t u r e s  and i n c r e a s e d  l n  
o t h e r  o r g a n s  ( F i g .  3 ) .  

L t p i d  c o n t e n t s  u n d e r w e n t  o r g a n - s p e c t f l c  c h a n g e s  d u e  t o  
e n t e r o s o r p t i o n  ( T a b l e  11). The most marked  c h a n g e s  o c c u r r e d  i n  t h e  
l i v e r  w h e r e  t h e  c o n c e n t r a t i o n  o f  t o t a l  l i p i d s ,  t r l g l y c e r t d e s  a n d  
c h o l e s t e r o l  d e c r e a s e d  by 3 2 % ,  4 R X  and 29%, r e s p e c t t v e l y .  T h e r e  were 
a p p r o x i m a t e l y  t h e  same s h i f t s  In  t h e  myocardium and t h e  h r a i n .  ? r a i n  
serum t o t a l  l i p i d s  d e c r e a s e d  Cron 3.E0.1 t o  2.4t0.1 g/l. A d d t t i o n  of 
s o r b e n t  t o  t h e  d i e t  r e s u l t e d  i n  t h e  r e d t s t r t b u t i o n  of l i p i d s  I n  p lasma 
membrane. For i n s t a n c e ,  i n  h e p a t o c y t e  memhranes t h e r e  was a n  l n c r e a s e  
l n  l y s o p h o s p h a t t d y l  c h o l l n e  from 32 to  4.2% ( p  (0.05) and p h o s p h a t t d y l  
c h o l l n e  from 38 t o  45% ( p  c0.05), and i n  m y o c a r d i o c y t e  membranes t h e r e  
was o n l y  a s l i g h t  d e c r e a s e  t n  l y s o p h o s p h a t t d y l  c h o l l n e  - from 2.5 t o  
2.0% ( p  ~0.05). 

The m o r p h o l o g i c a l  t n v e s t l g a t t o n s  a l s o  r e v e a l e d  the r e t a r d a t t o n  of 
t h e  r a t e  o f  a g i n g  d u e  t o  e n t e r o s o r p t t o n .  Tn t h e  e x p e r t m e n t a l  o l d  
rats,  using the l i g h t  m i c r o s c o p i c  e x a m t n a t t o n ,  w e  found a d e c r e a s e  in 
m y o f i b r o s l s  and myocard iodys t rophy o c c u r r t n g  a g a i n s t  t h e  hackground of 
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EFFECTS OF ENTEROSORPTION 345 

800 I000 I200 Age (days) 

Figure 1: The effect of enterosorption on the dynamics of 
survivorship (A) and mortality in Gompertz' co- 
ordinates (B) in rats. 
1- control 2- enterosorption 
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A B A B A B 

Figure 2: The effect of enterosorption on the contents of cytochrome 
P-450, aniline hydroxylase and aminopurine demethylase of 
the liver microsones following an administration of pheno- 
barbital in the adult (A) and old (B) rats. 
1- control, 2- phenobarbital, 3- enterosorption, 
4- enterosorption + phenobarbital 

TABU I 
Effect of enterosorption on the Intensity of EEt signals 

from the liver in rat8 o f  varlous ages (2 2 m) 

~~ 

mR sigpal Intensity (nominal units) 
(9 factor) A d u l t  O l d  

Control Control -me 
1-94 0.895 -02 0.72+0.06* 0.77+0.10 0.80+o.08 

2.00 0.52+0.04 O.42s.03, 0.43fl.04 O.rcOs.07 

2.25 1.105.20 0. go&. 100 0.70s. 10 o.60,+0.10* 

2.035 0*12+0.04 0.06+0.01* 0.05+0.01 o.05+0.02 

2.10 0 .lO+O. 01 o.oe+o.oi* 0.07fi.01 0.07fi.02 

2.16 0.20_+0.01 0.15+0 02 0 14s .  04 0 1 3 s  03 

7-97 0 -38s. 04 0.40*.04 0.30fi.09 0.49+0.04* 

- p<o.o5 
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R S R ' l d  

I 2 3 4  I 2 3 4  I 2 3 4  I 2 3 4  I 2 3 4  I 2 3 4  I 2 3 4  I 2 3 4  
Frontal mtha-Hypophj-  Muscle Uyocar- Adrenal Kidney Liver 
cortex l a w  sim dim 

Figure 3: The e f f e c t  of enterosorption on re lat ive  s p e c i f i c  radio- 
a c t i v i t y  (RSR) of t o t a l  RNA and p r o t e i n  in d i f f e r e n t  
organs of the rats .  
1 , 3  - protein and RNA RSR i n  control rats ;  
2 , 4  - protein and RNA RSR in experimental r a t s .  

T U L E  I1 

Effect of enteroeorption on indices of l ipid metabolism in organs of  o l d  rats ( m g / g )  

Liver Heart Brain 

Indices Control Experiment Control Experiment Control Jkperiment 

T o t a l  lipide 24.922-7 17.0+1.0' io.e+o.5 9.920.5 9*4+1*3 33.921.3 
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PigurC 4: The ultrastructure of hepatoctye (a) and cardiomyocyte (b) 
in the old rat (35 mo) after enterosorption. 
a- well developed granular endoplasmic reticulum whose 

cysterns contact mitochondria, 
b fine structure of the myofibrtls is preserved, mito- 

chondrial matrix is slightly clarified, x 19 600 

x 14 200; 
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l e s s  marked focal pertvascular changes. The animals showed no 
contractural o r  metabolic lestons of  the heart. In the brain there 
was a l e s s e r  degree of atrophic changes in neurons. In kidneys of 
the expertmental animals we failed to find sclerosed renal glomeruli. 
Hepatocytes had predominantly light cytoplasm and large nucleus with 
the fine network of chromatin and nucleolt. Electron microscoptc 
examlnation (Figure 4) revealed a decrease in the destructtve changes 
of organelles and mitochondria of the myocardlum, as well as 
disturbances of the contractile apparatus, myofibrils. Yepatocytes 
contained less lipid granules and secondary lysosomes and more 
channels of the granular endoplasmic reticulum and free polyribosomes. 
Yitochondrta had a preserved integrity of the ultrastructure of the 
inner membrane forming the crystae. 

DISCUSSIOA 

As is seen from Figure 1, enterosorption results in a noticeable 
increase of the ltfespan and a decrease of the age related dynamics of 
mortality. Comparison of the constants of equations (1) and ( 2 )  has 
shown that in experimental animals the intersect is somewhat tncreased 
but the regression coefficient is decreased. According to the 
existing conceptions ( 4 ) ,  such shifts of the constants are rather a 
consequence of the retardation of aging processes than an improvement 
of the maintenance condittons. Setardation of the rate of aging in 
sorbent treated animals can be accounted for by the "additional" 
detoxicatton of the organism. Since tn conditions of a whole organism 
this function is mainly performed by microsomal oxidases of the mixed 
liver function, the decrease, due to sorbent leads to the decreased 
content and activity of microsomal enzymes. In old animals the 
enterosorption increases an adaptive capacity of microsomal 
detoxication system. That is the Lnductive synthesis of cytochrome F- 
450 and the hydroxylase activity of microsomes in old rats against the 
background of phenobarbital approaches the level of adult animals. 
Shortening of the narcottc sleep, an integral index of the activity of 
rnicrosomal monooxygenases may suggest that by influencing the rate of 
aging the enterosorption decelerates the age related rise of brain 
senstttvtty to barbituates. 

The decrease of cytochrome P-450 was also confirmed by the 
decreased intensity of its signals as revealed by the YXR method. 
This decrease is probably related to the enterosorption-induced 
elimination of toxic metabolites, circulating in the blood, which are 
the substrates and endogenous inductors of cytochrome P-450. It is 
noteworthy that the occasional malfunctioning of enzymes, catalyzing 
the reductlon oxidation reactions in a cell, including iron-sulfur 
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3 50 FROLKIS ET AL. 

proteins, flavorproteids and cytochrome P-450, might lead to the one 
electron oxygen reduction and the formation of free radicals. The 
enterosorption induced decrease in the activity of electron transport 
enzyme systems results in the decrease of the concentratton of the 
metabolites of the free radical nature, which, apparently, along with 
the decrease of other toxic agents, underlies the geroprotective 
action of the enterosorption. 

The mechanism of enterosorption action in an old organism is 
linked with its altering effect on the contents of total lipids, 
cholesterol and trlglycerides in organs and tissues. The age related 
changes of lipid metabolism are known to create predispositions for 
the development of the atherosclerotic process. Therefore. the 
positive effect of enterosorption on the age related changes of lipid 
metabolism can be used in the prevention of the development of 
atherosclerosis. 

The data on retardation of the rate of onset of the age realted 
structural changes observed in the myocardial cells hepatocytes and 
neurons are an objective evidence for the effect that enterosorption 
may produce on the aging process. 

In conclusion, the data presented suggest that enterosorption is 
an effective means of lifespan prolongation. Rased on the findings of 
the complex of biochemical, morphological and physiological analyses, 
the increase of lifespan is accompanied with the delay of onset of age 
related changes and the enhancement of functional possibilities of a 
number of systems. In real fact, on entering the body the sorbent 
performs the role of an additional “organ” whose function lies in body 
detoxication, hemeostasis stabilization and prevention of free radical 
generation. Uhile considering the attractiveness of the use of 
enterosorption with the aim of prolonging the life, a note should be 
made of its harmlessness that has been sufficiently checked in 
clinical practice at various pathological condttions. Moreover, the 
obvious advantage of this method is its effectiveness in late 
ontogenesis, when most geroprotectors become less effective. This 
work substantiates large perspectives for the use of enterosorption as 
the means of prolonging the human life. 

The authors are indebted to Maya Tourta for translating and typing the 
article. 
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