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METABOLIC DISTURBANCES CAUSED 
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The q u e s t io n  o f  b io ch em ic a l  mechanism s l e a d in g  from the 
a pp ea ra nc e  o f  e x t ra n eo u s  chromosome G-21 to  profound 
ch anges a t  an o rg a n is m a l  l e v e l  known a s  Down’ s  syndrome i s  
i n t r i g u i n g  and im p ortan t i n  view o f  the s o o i a l  s i g n i f i c a n c e  
o f  t h i s  c o n g e n it a l  i l l n e s s .  In  t h i s  p a p e r ,  m eta b o l ic  a l t e r -
a t i o n s  found i n  th e c a s e  o f  Down's syndrome a r e  rev iew ed , 
em phasi s b e ing  p a id  to  ohanges i n  the blood plasm a and 
b lo od  o e l l s .  On the b a s i s  o f  l i t e r a t u r e  d a t a  and own s t u -
d i e s  a t e n t a t i v e  scheme o f  sequence o f  m etab o l io  d i s t u r b a n -
c e s  in  Down’ s  syndrome i s  put fo rw a rd .

Human b e in g s  a re  e x c e e d in g ly  d i v e r s e .  They d i f f e r  from  one 
an oth er  in  t h e i r  normal p h y s i c a l ,  p h y s i o l o g i c a l  and m ental  a t t r i -
b u t e s .  They a l s o  d i f f e r  in  whether they s u f f e r  from p a r t i c u l a r  
d i s e a s e s  or o th e r  a b n o r m a l i t ie s .  These v a r i a t i o n s  a r e  ca u se d  
in  p a r t  by d i f f e r e n c e s  in  env ironm en tal  c o n d i t i o n s  in  which 
they l i v e .  But they a l s o  depend on inb orn  d i f f e r e n c e s .  Ind e ed , 
i t  i s  very  p rob ab le  th a t  no two i n d i v i d u a l s  whit the exc ep -
t i o n  o f  m onozygotic  tw ins a re  e x a c t ly  a l i k e  in  t h e i r  i n h e r i t e d  
c o n s t i t u t i o n s .  A n a ly s i s  in  m olec u la r  te rm s o f  the n a tu re  and 
e f f e c t s  o f  such g e n e t i c a l l y  d eterm ined d i f f e r e n c e s  fo rm s the 
s u b je o t  m a t te r  o f  human b ioc h e m ica l  g e n e t i c s .

I t  i s  w e l l  known th a t  c l a s s i c a l  g e n e t i c s  l e d  to  the concep t 
o f  gene a s  the  fundam ental b i o l o g i c a l  u n i t  o f  h e re d i t y  and pos-
t u l a t e d  th a t  i t  must p o s s e s s  th r ee  b a s i c  p r o p e r t i e s .  I t  h as 
to  have a  s p e c i f i c  f u n c t i o n  in  the c e l l ,  and hence in  the
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organism  aa  a  whole. I t  h as  to  be c a p a b le  o f  e x a c t  s e l f r e p l i c a t i o n  
so  th a t  i t s  f u n c t i o n a l  s p e c i f i c i t y  would be p re se r ve d  from one 
c e l l  g e n e r a t io n  to  the n e x t .  F i n a l l y ,  a l th o u g h  an ext rem ely  s t a -
b le  e n t i t y ,  i t  has  to  be s u s c e p t i b l e  to o c c a s i o n a l  sudden ohange 
or m u tat ion  whioh oould r e s u l t  in  the  a p p eara n c e  o f  a  new u n i t  
or a l l e l e  d i f f e r i n g  f u n c t i o n a l ly  from the  o r i g i n a l  one but s e l f -  
r e p l i c a t i n g  i n  i t s  new form.

I t  ha s  been shown how such u n i t s  a re  a r r a n g e d  in  l i n e a r  o rd er  
in  ohromosomes, each gene h a v in g  i t s  own c h a r a c t e r i s t i c  p o s i t i o n  
or l o c u s ,  how they a r e  t r a n s m i t t e d  to  an in d i v i d u a l  from h i s  
p a re n t s  v i a  the  sperm and ovum so th a t  they a r e  u s u a l l y  p re se n t  
i n  p a i r s ,  one member o f  a  p a i r  b e ing  d e r iv e d  from one p a ren t 
and one from  th e o th e r ,  and how beoause  o f  m u t a t io n a l  chang es  
i n  p rev io u s  g e n e r a t io n s  m u l t ip l e  a l l e l i o  fo rm s  o f  a  gene can  
oocupy a  p a r t i c u l a r  gene l o c u s  so th a t  i n d i v i d u a l  members o f  
a n a t u r a l  p o p u la t io n  may d i f f e r  from one an oth er  in  t h e ir  ch a-
r a c t e r i s t i c s  a co or d in g  to  the  s p e c i f i c  n a tu r e  o f  the a l l e l e s  
th a t  they happened to  have r e c e i v e d  from t h e i r  p a r e n t s .

There were fo u r  m ajor s t e p s  whioh made i t  p o s s i b l e  to  b eg in  
to un d e rsta nd  the  n a tu re  o f  th e  g e n e t i c a l  d i v e r s i t y  in  m ole cu la r  
te rm s .  The f i r s t  was the d i so o ve r y  th a t  the p a r t i c u l a r  chem ical  
su b s ta n c e  which endows a  gene w ith  i t s  c h a r a c t e r i s t i c  p r o p e r t ie s  
i s  DNA. The second  was the e l u c i d a t i o n  o f  the m olec u la r  s t r u c t u r e  
o f  t h i s  s u b s ta n c e .  The t h i r d  was the r e c o g n i t i o n  th a t  the 
prim ary r o l e  o f  DJM in  c e l l s  i s  to  d i r e c t  the  s y n th e s i s  o f  enzy-
mes and o th er  p r o t e i n s .  The f o u r th  was the u n r a v e l l in g  o f  the 
g e n e t ic  code th a t  i s  the r e l a t i o n s h i p  between the  s t r u c t u r e  o f  
n u c l e ic  a c i d  and the s t r u c t u r e  o f  p r o te in .

R ap id  development o f  m ole c u la r  b io log y  and ad vances  in  r e -
se a r c h  i n  c e l l  s t r u c t u r e  and fu n c t io n  r e v e a l e d  an immense com-
p l e x i t y  o f  t h e s e  p r o c e s s e s .  Phenomena c r e a t i n g  phenotype a r e  even 
more complex and h ard  to  i n t e r p r e t  a s  they must be look ed  upon 
a s  a com b in ation  o f  a c t i o n  o f  genome and o f  a v a r i e t y  o f  e n v i-
ronm ental a g e n t s .  In  view o f  a  h ig h ly  c o m p l ic a ted  p a t t e r n  o f  
c o o p e r a t io n  o f  c e l l  o r g a n e l l e s  a n a l y s i s  o f  c e l l s  in  which th es e  
p r o c e s se s  a r e  f a i r l y  s im p le  seem s a t  p re s e n t  very p u r p o s e f u l .  
T his r e s e a r c h  l i n e  h as been f o l l o w e d , among o t h e r s ,  i n  s t u d i e s  
o f  Down's syndrome -  an u n f o r t u n a t e ly  fr e q u e n t  inb orn  anomaly 
c o n s t i t u t i n g  an im p ortan t s o c i a l  problem i n  modern s o c i e t i e s



where v a r i o u s  demographic r e a s o n s  promote a tendency f o r  l a t e r  
m etherhood.

I n v e s t i g a t i o n s  o f  b ioc h em ica l  d i s t u r b a n c e s  in  Down's syn -
drome were i n i t i a t e d  by J e r o m e  e t  a l .  [ 1 ]  who in  1960 
r e v e a l e d  f o r  the f i r s t  t ime a red uced  e x c re t io n  o f  some u r i n e  
components i n  p a t i e n t s  s u f f e r i n g  t h i s  d i s e a s e  (x an th u ren ic  a c i d ,  
in d o p h e n o la c e t ic  a c id  and i n d o l i c  a c i d ) .  T his o b s e r v a t io n  became 
a s t a r t i n g  p o in t i n  s t u d i e s  o f  f u r th e r  c o n n ec t io n s  between th e  
chromosomal anomaly ( tr i som y G-21) and m e ta b o l ic  a l t e r n a t i o n s .  
Most o f  su b seq uen t  i n v e s t i g a t i o n s  concerned d i f f e r e n c e s  in  l e v e l s  
o f  m e t a b o l i t e s  o f  main m e ta b o l ic  pathways and o f  a c t i v i t i e s  
o f  c e r t a i n  enzymes in  b lood  plasm a and m orphotic  e lem en ts .

Although th e re  i s  no c on se n su s  on t h i s  p o in t [ 2 ] we r e g a r d  
i t  w e l l  e s t a b l i s h e d  th at  th e re  i s  a  d e c r ea se  o f  ATP and 2 ,  3-DPG 
l e v e l s  down to  about h a l f  ' o f  th e r e s p e c t i v e  norm al v a l u e s  i n  
e r y th r o o y te s  o f  p a t i e n t s  with  Down's syndrom e; the same f i n -
d ing  co ncerns  the  ATP l e v e l  o f  b lood p l a t e l e t s  [ 3 ,  4 ] .  The 
d im in ish ed  l e v e l s  o f  e n e rg y - r ic h  compounds p o i n t s  to  complex 
enzym atic  d i s tu r b a n c e s  in  g l y c o l y s i s  and p e ntos e  sh u nt .  One 
can  s u sp e c t  th a t  a s  a con sequ enc e o f  t h i s  low ered ATP l e v e l ,  
g e n e r a t i o n  o f  g lu c o s e -6 - p h o sp h a te  in  the f i r s t  s t a g e  o f  g l y c o l y -
s i s  may be d im inish ed i n  s p i t e  o f  unchanged h ex ok in ase  a c t i v i t y  
in  blood c e l l s  b ecau se  ATP i s  a s u b s t r a t e  o f  t h i s  r e a c t i o n .  
However, a cc u m ula tion  o f  h exo se p h osp h a te s  and a t h r e e f o l d  i n -
c r e a s e  i n  the g lu c o s e- 6 -p h o sp h a te  d ehy drogen ase a c t i v i t y  accom-
pa nied  by an i n c r e a s e  i n  the  NADP l e v e l  c o n t r a d ic t s  such a 
p o s s i b i l i t y  [ 5 l .

I t  i s  g e n e r a l l y  known th a t  in  e r y t h r o c y te s ,  ATP i s  g en e ra te d  
m ain ly i n  two s t a g e s  o f  g l y c o l y s i s ,  namely i n  the  p ro c e s s  o f  pro-
d u c tio n  o f  3 -p h osp h o g ly c e r lc  a c i d  from 1, 3 -d ip h o sp h o g l y ee r ie  
a c i d  and i n  the p ro c e s s  o f  fo rm at ion  o f  p yru v ic  a c i d  from 
2 -p ho3p hoeno lp yruv ic  a c i d .  T h ere for e  the d i s t u r b a n c e s  l e a d in g  

M  to  the ob serv ed  low er in g o f  ATP l e v e l  may p o s s ib l y  in c l u d e  a 
p a r t i a l  i n a c t i v a t i o n  o f  g ly c e ra ld e h y d e -3 -p h o sp h a te  dehydrogenase 
or a d e f i c ie n c y  o f  pyruvate  k i n a s e ,  a  key g l y c o l y t i c  enzyme 
c a t a l y s i n g  the c o n v ers io n  o f  p hosphoeno lpyruvate  to p y r u v a te .  
The f i r s t  p o s s i b i l i t y  seems u n l ik e l y  ta k in g  i n to  account i n c r e a -
s e s  in  the a c t i v i t i e s  o f  phosphohexokinase and p h osph ofruc to-



k i n a s e ,  a cc um u la tion  o f  in o rg a n io  p h osp ha te ,  i n o r e a s e  in  h exose  
-diph osph ate  l e v e l s  and c o n s id e r a b le  d e c r ea se  in  the l e v e l  o f  
2 ,  3-DPG [ 6 - 8 ] ,  The l a t t e r  oompound p la y s  a  key r o l e  in  the 
g e n e r a l l y  known c y c le  o f  R ap o p or t -L u eb er in g  whioh h a s  s e l f -  
- r e g u l a t i o n  a b i l i t i e s  by means o f  a fe ed b ao k .

An i n c r e a s e  in  the ATPase a o t i v i t y  i n  e r y t h r o o y te s  [ 9 ] may 
a l s o  c o n tr ib u t e  to  the  low er ing  o f  the  ATP l e v e l  in  p a t i e n t s  with  
tr i som y G-21. However, the e x te n t  o f  t h i s  i n c r e a s e  i s  not . s u f f i -
c i e n t  to  account f o r  the whole o f  the d eo re ase  i n  ATP concen-
t r a t i o n .

R esearc h  i n t o  the s t r u c t u r e  and fu n o t io n  o f  the  r ed  blood 
c e l l  i n  v a r io u s  p a t h o l o g io a l  o a s e s  h a s  been a lw ays  o f  g r e a t  i n -
t e r e s t  fo r  many a u th o rs  [1 0 -1 4 ] .  When com paring e r y th r o o y te s  o f  
p a t i e n t s  with  Down's syndrome w ith  th o se  o f  norm al s u b j e c t s ,  
s i g n i f i c a n t  d i f f e r e n c e s  were found c on c ern in g , among o t h e r s ,  the 
oon ten t o f  hem oglobin and p h y s ic o ch e m ic al  p r o p e r t i e s  o f  the mem-
b ra n e . Osmotic r e s i s t a n c e  o f  e r y th r o c y t e s  from p a t i e n t s  w ith  
Down's syndrome i s  s h i f t e d  towards  s o l u t i o n s  o f  lower NaCl con-
c e n t r a t i o n s  a s  f a r  a s  the maximal r e s i s t a n c e  i s  c on c ern ed . S inoe  
th e  m in im al osm otic  r e s i s t a n c e  c o in o i d e s  fo r  p a t i e n t s  w ith  Down's 
syndromy and f o r  norm al s u b j e c t s ,  i t  means th a t  th e  am pl i tu d e  o f  
o sm ot io  r e s i s t a n c e  i s  g r e a t e r  f o r  e ry t h r o c y te s  o f  p a t i e n t s  w ith  
tr i som y  G-21. T his  i s  r e f l e o t e d  e s p e c i a l l y  i n  the shape  o f  osmo-
t i c  r e s i s t a n c e - f r a g i l i t y  c u rve s  [1 5 ] ( P ig .  1 ) .

Noteworthy a r e  changes  in  the l e v e l s  o f  e r y th r o c y t e  sodium 
and p o ta s s iu m . We ob serve d  an in c r e a s e d  l e v e l  o f  sodium  and a 
d e c re a s e d  l e v e l  o f  p o tas s iu m  i n  r e d  c e l l s  o f  t r i s o m i o s  G-21. 
These c e l l s  c o n ta in  ap p rox im a te ly  5 mmole Na+ more and 5 
mmole K+ more l e s s  per l i t r e  c e l l  w ater than norm al e ry th ro -
c y t e s  [1 5 ] .

S t u d i e s  on ATP l e v e l  in  b lood  p l a t e l e t s  o f  p a t i e n t s  with  
Down's syndrome r e v e a le d  a  d e or e a se  o f  t h i s  param eter p a r a l -
l e l l i n g  the s i t u a t i o n  in  the re d  c e l l .  Recent i n v e s t i g a t i o n s  
have shown th a t  b lo od  p l a t e l e t s ,  d e s p i t e  the l a c k  o f  n u cleu s  and 
th u s  t h e i r  i n a b i l i t y  do d i v i s i o n  p o s s e s s  a c t i v e  m etab o li sm  and 
s p e c i f i c  complex i n t e r n a l  s t r u c t u r e  connected  with  th e ir  fu n c t i o n  
i n  the  p r o c es s  o f  h e m o s ta s i s ,  v i z .  a g g r e g a t io n  and c o l t  r e t r a o -  
t i o n [ l 6 ] .  The e x a c t  mechanism o f  m o rp h o lo g ic a l ,  b ioc h em ic al  and 
p h y s i o l o g i c a l  ch anges o c c u r r in g  d ur in g  the p ro c e s s  o f  b lood



V. No Cl

F i g .  1 .  Osmotio f r a g i l i t y  o f  e ry t h r o c y te s  o f  normal 
s u b j e c t s  ( ------ ) and p a t i e n t s  w ith  Down's syndrome ( ------ • )

Oporność osm otyczna e r y t r ocytów osób normalnych ( ------- )
i  pac jen tów  z ze sp ołem  Downa ( ----- )

O C M O TH U eC KaH  p e 3 H C T e H T H 0 C T b  3 p U T p O i;H T O B  
HopMajibHbix noHopoB ( -----) h OojibHhix CHĤ poMOM ^ayHa ( -------)

c l o t t i n g  and t h e i r  con n ect ion  w ith  m etabo li sm  o f  b lood  c e l l s  
h a s  no t been f u l l y  e lu c id a te d  in  s p i t e  o f  e x t e n s i v e  r e s e a r c h .  
The d e c re a se d  l e v e l s  o f  ATP and ADP i n  blood p l a t e l e t s  o f  p a t -
i e n t s  with  t ri som y G-21 may be c a u s e d  by i n h i b i t i o n  o f  forma-
t i o n  o f  th e se  e n e r g y -r ic h  compounds o r  by a l t e r a t i o n s  o f  p l a -
t e l e t s  a b i l i t y  to s t o r e  th ese  compounds in  the  form o f  metabo- 
l i c a l l y  i n a c t i v e  " s t o r a g e  p oo l"  p a r t i c i p a t i n g  only in  the p ro c e ss  
o f  c l o t t i n g .  They may be c o n d i ti on ed  by i n h i b i t i o n  o f  g l y c o l y s i s  
which  i s  a b a s i s  p r o o e ss  p ro v id in g  energy f o r  b lo od  p l a t e l e t s  
[ 4 ,  1 7 - 2 1 ] .  A d e c r e a s e  o f  the NAD l e v e l  by about 51% w ith  r e s p e c t



t o  the  c o n t ro l  l e v e l  i s  in  l i n e  w ith  t h i s  h y p o t h e s i s .  However, 
D o e r  y e t a l .  [ 2 2 ]  d id  no t ob se rve  any ohanges  in  the 
a c t i v i t y  o f  p l a t e l e t  ph osphokinase  in  Down's syndrome though i t  
i s  known th a t  the a c t i v i t y  o f  t h i s  enzyme i s  th e  low est  from 
among a l l  g l y c o l y t i c  enzymes [2 3 ]«  P ar t  o f  ATP can  be d e r iv ed  
in  p l a t e l e t s  from the  Krebs c y o le  but t h i s  way seem s to be o f  
l e s s e r  im portanc e s i n o e ,  a c c o rd in g  to  W a l l e r  et  a l .  [ 2 4 ]  
i t s  r a t e  i s  t e n f o l d  lower than  th a t  o f  g l y c o l y s i s  in  th e se  
c e l l s .

I n v e s t i g a t i o n s  o f  the l a s t  20 y e a r s  put s p e o i a l  em phasi s on 
h e r e d i t a r y  d i s t u r b a n c e s  o f  p r o t e in  and amino a c i d  m etab ol ism  
[ 2 5 - 2 8 ] .  The works p u b l ish ed  conoerned a lm ost e n t i r e l y  point de-
f e c t s  o f  amino a c i d  s u b s t i t u t i o n s  whereas only r e l a t i v e l y  few 
p a p er s  took up the  problem  o f  m e tab o l io  e r r o r s  i n v o l v in g  amino 
a c i d s  in  g e n e t i c a l l y  c o n d it io n ed  d is t u r b a n c e s  o f  m or p h o lo g ic a l-  
f u n c t i o n a l  and b i oc h em ic al  ty p e .  T h is  r e f e r s  to Down's syndrome 
t o o .  In  t h i s  c a s e  m etab o lio  d i s t u r b a n c e s  co nc ern ing  tryptophane  
were r e p o r te d  l e a d in g  to  a  d e c r e a s e d  co ntent  o f  s e r o to n in  and 
o th er  tryp toph an  m e t a b o l i t e s .  Our i n v e s t i g a t i o n s  in d i c a t e d  a 
c o n s id e r a b l e  d e c r e a se  o f  the  try ptoph an e  l e v e l  and an in c r e a s e  
o f  the  c o n c en tr a t io n  o f  b e ta -a m i n o i so b u ty r i c  a c i d  (BAIBA) in  
p lasm a o f  p a t i e n t s  w ith  tr isom y G-21 [29] BAIBA i s  a  c a t a b o l i t e  o f  
thymine and does  not ap pear  in  p lasm a under normal p h y s i o l o g i c a l  
c o n d it i o n s  or i s  p re s e n t  in  t r a c e  am ounts. D e sp i te  the i n c r e a s e  
in  the  c o n c en tr a t io n  o f  t h i s  compound in  blood  plasm a o f  t r i -  
som ics  G-21, i t  was no t found i n  t h e i r  e r y t h r o c y t e s .  The ab-
sen c e  o f  BAIBA in  the  e r y th r o c y t e s  may be due to  i t s  i n a b i l i -
ty to  p e n e tra te  the  e ry th r o c y te  membrane which in  tu rn  may be 
c o n d i t io n e d  by s p a c i a l  c o n f ig u r a t i o n  o f  t h i s  compound [3 0 - 3 1 ] .

Coming baok to  the  d i s c u s s i o n  on th e  try ptoph an e  d e f ic ie n c y  
in  b loo d  plasm a o f  p a t i e n t s  with  tr i som y G-21, i t  should  be 
em p hasized  th a t  try ptoph an e  b e lon g s  to  exogenic  amino a c i d s  and 
the  d e c r e a s e  i n  the c on ten t o f  t h i s  compound may be connected 
e i t h e r  with  i t s  i n s u f f i c i e n t  a b s o r p t i o n  from the d i g e s t i v e  t r a c t  
or w ith  i t s  in c r e a s e d  c a t a b o l i s m .  Tryprophane i s  s u b je c te d  to  
c o n v e r s io n s  l e a d i n g  towards 5-OH-tryptam ine and in d o lo a c e t i c  
a c id  or kynurenine [ 3 2 ] .  In  another m et ab o l ic  pathway i t  y i e l d s  
n i c o t i n i c  a c id  needed f o r  the s y n t h e s i s  o f  NAD ( th e  l e v e l  o f  
th e  l a t t e r  be ing  d im in ish e d  in  e r y th ro c y t e s  o f  p a t ie n t s  with



tr i so m y  G -21 ) .  On th e o th er  hand, a  low ered l e v e l  o f  5-OH-tryp- 
tamine was r e p o r te d  by many a u t h o rs  [ 33- 36 ] in  bloo d  plasm a. 
S e r o t o n in  d e f io ie n o y  may c a us e  a  d e c re a s e  in  ton us o f  smooth 
m u sc l e s ,  b lood  v e s s e l s ,  and r e s p i r a t o r y  t r a c t s  a s  w e l l  a s  
e x e r t  a d e p r e s s i v e  e f f e o t  upon the o e n tr a l  nervou s system  [3 3 ,
34,  3 7 ] .  Some a u th o r s  d e so r ib e d  c a s e s  in  which 5-OH -tryptam ine
[ 3 4 ]  a s  w e l l  a s  L -t ry p top h a ne  [3 3 ]  were a d m in is te r e d  to  newborn 
c h i l d r e n  with  t ri so m y 0-21 in  d i f f e r e n t  time i n t e r v a l s .  As a 
con seq uen ce ,  an i n c r e a s e  o f  m uscula r to nu s ,  o f  a o t i v i t y  and 
w eig h t a s  w e l l  a s  a  b e t t e r  m enta l development were ob served  in  
th e  c h i l d r e n .  These ch anges  were p a r t i c u l a r l y  e v id e n t  d uring  the 
f i r s t  s i x  months o f  l i f e ,  b e in g  l e s s  s i g n i f i c a n t  in  e ld e r  
c h i l d r e n .  A ccord ing  to  F e r n s t r o m  e t  a l .  [ 3 8 ] ,  the 
l e v e l  o f  5-O H-tryptam ine in  b lood  plasm a and i n  c e r e b r a l  t i s s u e  
i s  dependent on many hormones whose e f f e c t s  on c e l l s  sh ou ld ,  
among o t h e r s ,  be conneoted  with  genome d e r e p r e s s io n  and syn-
t h e s i s  o f  new k i n d s  o f  mRNA, which c ou ld  be an ev id enc e  o f  a 
c l o s e  in terdep end ency  between the genome and m eta b o l ism .

Within the human org anism  we d i s t i n g u i s h  a t  l e a s t  two b a s i c  
s c o p e s  o f  c e l l u l a r  r e g u l a t i o n  and the  scope  o f  t o t a l  r e g u l a t i o n .  
The above d i v i s i o n  i s  oau sed  by the f a c t  th a t  c e l l  c o n s t i t u t e s  
an elem en tary  l i f e  u n i t  and in  m u l t i c e l l u l a r  o rg an ism  th ere  must 
be a s u p e r i o r  c o n t r o l  mechanism a s s u r i n g  a  harm onious c ou rse  o f  
o rg a n ism a l  a c t i v i t i e s  [ 3 9 ] .  The complex mechanism o f  m etab o l ic  
r e g u l a t i o n  i s  s t r i c t l y  conneoted w ith  a  p e r i o d i c a l  a c t i v a t i o n  
o f  g en es  which e n a b le s  i n i t i a t i o n  o f  p r o c e ss e s  o f  p r o te in  
b i o s y n t h e s i s  [ 2 6 , 4 0 ,  41] and g e n e t i c  s u p p r e s s io n  mechanisms 
which might be e x e m p l i f ie d  by h e r e d i ta r y  d i f f e r e n c e s  in  the 
s y n t h e s i s  o f  b lood  plasm a c h o l i n e s t e r a s e  [4 4 - 5 1 ] .  Family s t u d i e s  
em ploying the tec h n iq u e  o f  d ib u c a in e  i n h i b i t i o n  i n d i c a t e d  the 
e x i s t e n c e  o f  th ree  c h o l i n e s t e r a s e  phenotypes which a re  under 
c o n tr o l  o f  two a l l e l i c  genes  [ 5 2 - 5 5 ] .  The d e c r e a s e  o f  c h o l i -
n e s t e r a s e  a c t i v i t y  ob se rve d  in  b loo d  plasm a o f  p a t i e n t s  with  t r i -
somy G-21, p a r a l l e l  to  changes o f  the  album in  l e v e l  d oes  not only 
s u b s t a n t i a t e  the h e p a t ic  o r i g i n  o f  the  enzyme but a l s o  i n d i c a t e  a 
s i m i l a r  r e g u l a t i o n  mechanism.

D a r l i n g t o n  and B e r n h a r d  f u s e d  mouse l i v e r  
(hepatom a) c e l l s  and human le u k o c y te s  i n t o  v i a b l e  h y b r i d s .  These 
h y b r i d s  had the a b i l i t y  to  produce album in and r e l e a s e  i t  in t o



c u l t u r e  medium whereas le u k o o y tes  la c k ed  t h i s  a b i l i t y .  The 
a u th o rs  concluded on t h i s  b a s i s  th a t  not only l i v e r  c e l l s  but 
a l s o  le u k o c y te s  p o s s e s s  in born  in f o r m a t io n  co n c ern in g  album in 
s y n t h e s i s  but the gene r e sp o n s i b l e  f o r  in d u c t io n  o f  t h i s  p roo ess  
i s  s u b j e c t e d  to  r e p r e s s i o n  or i n a c t i v a t i o n  i n  l e u k o c y t e s .  An 
a g en t  p re se n t  i n  the h y b r id s  o f  mouse hepatoma c e l l s  and human 
l e u k o c y t e s  i s  c a p a b le  o f  i t s  a c t i v a t i o n  [ 5 6 ] ,

The d i s c o v er y  o f  the  p o s s i b i l i t y  o f  o b t a i n i n g  c e l l  h y b r i d s  
was a fo reru n n er  o f  p r o g re s s  in  t h i s  f i e l d .  T a n  e t  a l .  [ 5 7 ]  
u s in g  mouse-human som a t ic  o e l l  h y b r id s  d em onst rated  th a t  p a r t i -
c u l a r  human g en es  a r e  s y n t e n ic  and l in k e d  some g en e s  to  ap-
p r o p r i a t e  chromosomes.

In  p a r t i c u l a r  they d i s c o v e r e d  th a t  the gene c o n t r o l l i n g  the 
s y n th e s i s  o f  in dopheno l o x i d a se  (IPO) A i s  l o c a l i s e d  on the human 
G-21 chromosome. F u r th e r  i n v e s t i g a t i o n s  showed a c h a r a c t e r i s t i c  
i n c r e a s e  in  the l e v e l  o f  Cu, Z n -su p erox id e  d i sm u tase  (SOD-1),  an 
enzyme i d e n t i f i e d  w ith  IPO-A both  in  e r y th r o c y te s  [4 3 ] and in  
b lo od  p l a t e l e t s  [ 5 8 ] o f  p a t ię n te  w ith  tri som y G-21 ( F i g .  2 ) .

S in c e  a c o n s id e ra b le  b ioc h em ic a l  ev id en ce  h a s  been accumu-
l a t e d  i n d i c a t i n g  the e x i s t e n c e  between phenotypes o f  sim p le  
t r iso m y  G-21 and un b alan ced  t r a n s l o c a t i o n s  o f  the 2 1 s t  chromosome 
in  s e v e r a l  a s p e c t s ,  we de term ined  the  SOD-1 a c t i v i t y  in  p a t ie n t s  
w ith  s im p le  t ri so m y G-21 and w ith  p a r t i a l  tr i som y G-21 due to 
un b a la n c ed  t r a n s l o c a t i o n s  G-21/22 and G -2 1 /1 4 .  In  p a t i e n t s  with  
s im p le  tri som y an i n c r e a s e  o f  SOD-1 a c t i v i t y  was ob served  with  
r e s p e o t  to  the norm al l e v e l .  However, t h i s  a c t i v i t y  was s l i g h t l y  
lower than  the c o n t r o l  v a lu e  in  e r y t h r o c y t e s  o f  p a t i e n t s  with  
t r a n s l o c a t i o n  G -21/22 a s  w e l l  a s  G -21/14 [ 5 9 ] .  T his  would i n d i -
c a t e  a  c l e a r - c u t  p o s i t i o n  e f f e c t  on gene a c t i v i t i e s .

By the way, we employed c om p ara t iv e  s t u d i e s  o f  e r y t h r o o y te s  
from  norm al p a t i e n t s  and from th o se  with  Down's syndrome (s im p le  
t r i s o m y )  a s  an a u x i l i a r y  t o o l  f o r  d i f f e r e n t i a t i n g  between su p e r-
ox id e-m ed ia ted  phenomena in  the  r e d  b loo d  c e l l  and th o se  which 
a r e  no t  m ed iated  by t h i s  f r e e  r a d i c a l  s p e c i e s  [ 6 0 ] .

G lu ta th io n e  p e ro x id a se  a c t i v i t y  was a l s o  m easured in  e ry -
th r o o y te s  o f  p a t ie n t s  with  tr i so m y  G-21 and r e p o r te d  to  be 
i n c r e a s e d  by 50% [ 5 8 ] .  However, s t u d i e s  on n u c le a te d  c e l l s ,  v i z .  
f i b r o b l a s t s  d id  no t  s u b s t a n t i a t e  th e  in c r e a s e d  l e v e l  o f  g l u t a -
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P i g .  2 .  SOD l e v e l  i n  e r y t h r o c y te s  from  normal d on or s ,  p a t i e n t s  
w ith  tr isom y G-21 and p a t i e n t s  w ith  un b ala nced  t r a n s l o c a t i o n s

Poziom SOD w e r y t r o c y ta c h  osób norm alnych, p ac jen tów  z t r i s o m ią  
G-21 i  pa c jentów  z niezrównoważonymi t r a n s l o k a c ja m i

C o n e p * a H n : e  C O ^  b  a p u T p o i j H T a x  H o p M a jib H u x  ą o H o p o B ,  C o j ib H t ix
c  TpHCO M HeB  Q - 2 1  H COJIbHUX C HeypaBHO BJIH eHH ŁJM H TpaHC JIO KaUH HM H

th ion e  p e ro x id a se  w h ile  c on firm in g  the  i n c r e a s e d  a c t i v i t y  o f  
SOD-1 [ 6 1 ] ,

An i n t e r e s t i n g  p o in t  co n cern in g  the  r e g u l a t i o n  o f  p ro t e in  
s y n t h e s i s  in  the  Down's syndrome i s  the  r e p o r te d  d e c re a s e  in  the 
mangano-SOD (SOD-2) l o c a l i s e d  in  m ito c h on d r ia  by o n e - t h i r d  [ 6 2 ].  
A cc ord ing  to  a  r e o e n t  f r e e - r a d i c a l  theory  o f  c a n c e r o g e n e s i s  
prop osed  by O b e r l e y  and B u e t t n e r  [ 6 3 ] t h i s  
would e x p la i n  the  i n c r e a s e d  p r o b a b i l i t y  o f  d ev e lo p in g  a c u te  l e u -
kem ia  in  t r i s o m i c s  G-21.

I n v e s t i g a t i o n s  o f  many a u th o rs  concerned  album in  and g l o b u l in



f r a o t i o n s  o f  the serum . E x cept  f o r  a lbum in , a l l  the g lo b u l in  
f r a o t i o n a  or blood  aerum a r e  g l y c o p r o t e i n s  o f  mucoid type  [6 4 -  
- 6 9 ] ,  D ete rm in at io n  o f  the g l y c o p r o t e i n  f r a o t i o n  o f  b lood plaama 
i n  p a t i e n t s  w ith  tri som y G-21 d id  not r e v e a l  any s i g n i f i c a n t  d i f -
f e r e n c e s  in  com p ari son  with  norm al c o n t r o l s  d e s p i t e  g r e a t  a l t e r -
a t i o n s  in  the ra ng e  o f  g lo b u l i n  f r a c t i o n s .  There was a  d e c re a s e  
o f  the a lpha^ f r a c t i o n  by a p p rox im ate ly  18% and o f  the a l p h a 2 
f r a o t i o n  by ab out 24% with  a  a im ulta n eou s  i n c r e a s e  o f  the b e t a  
f r a c t i o n  by c i r c a  17/4 and o f  th e gamma f r a c t i o n  by a p p rox im ate ly  
52% when e s t im a t e d  by paper e l e c t r o p h o r e s i s .  The c o n s id e r a b l e  
i n c r e a s e  o f  the c o nten t o f  g am m a-glob ulin  f r a c t i o n  which c o n ta in s  
c e r t a i n  amounts o f  hexoaea  and s i a l i c  a c id  com penaates f o r  the 
d e c re a s e  in  the c a rb oh y d ra te  c on ten t  due to  the  d im inu t io n  o f  the 
c o n te nt  o f  a lpha^ and a lph a^ g l o b u l i n s .  Hence the  only a l i g h t  
d i f f e r e n c e s  in  the t o t a l  g l y c o p r o t e i n  l e v e l  i n  blood  plasm a 
between t r ia o m i c s  G-21 and norm al o o n t r o l s  a r e  an e x p r e ss i o n  o f  
b a la n c in g  te n d e n c ie s  between d i f f e r e n t  p r o t e i n  f r a c t i o n s  [ 7 0 ]  

( P i g .  3 ) .
S tu d ie s  o f  p lasm a p r o t e in s  u s i n g  c r o s s  im m un oe leo trop horea ia  

( t o  be p u b l i sh e d )  r e v e a l e d  a d e c re a s e  in  the f r a c t i o n s  o f  p r e a l -
bum ins, and IgH w hi le  an i n c r e a s e  i n  the f r a o t i o n a  o f  hemopexin, 
G C -g lo b u l in ,  a l p h a g - m a c ro g lo b u l in  and IgA . The changea in  the 
l e v e l s  o f  im m unoglobulina a r e  o f  s p e o i a l  im p ortanc e  s in c e  they 
may be r e s p o n s ib l e  f o r  the im m unodefic iency  o b ser ved  i n  Down s 
syndrome [ 7 1 ] •

The serum beta^ g lo b u l i n  f r a c t i o n  c o n t a in s ,  among o t h e ra ,  the 
i r o n  t r a n a p o r t  p r o t e i n ,  t r a n a f e r r i n  (T f )  [ 7 2 ,  7 3 ] .  The a y n th e s i s  
o f  t r a n s f e r r i n  i s  r e g u la t e d  by a number o f  a l l e l i c  g enea .  Most 
o f  humans have genotype  T fc /T fc  [ 7 4 ] .  The l a c k  o f  t r a n s f e r r i n  in  
b loo d  plasma i s  a r a r e  g e n e t i c  d i s tu r b a n c e  d e s c r i b e d  only i n  
i n d i v i d u a l  c a s e s  [ 7 5 - 7 7 ] .  In  p a t i e n t s  with  Down'a syndrome 
a  c o n s id e r a b l e  d ec r ea a e  o f  i r o n  was o b serv ed  both  in  whole 
b loo d  and i n  b lood  plaama ( i n  c a a ea  w ith  t ri som y G-21 a s  
w e l l  a a  i n  c a s e s  o f  t r a n s l o c a t i o n s  G -21/22 and G -2 1/14 )
[ 7 8 ] .

In  a l l  th e se  c a s e s  the l e v e l  o f  t r a n s f e r r i n  was s tu d i e d  
and was found to  be d e c re a s e d ,  to o ,  i n  p a t i e n t s  w ith  tr i som y 
G -21; in  p a t i e n t s  w ith  t r a n s l o c a t i o n s  G -21/22 and G -21/14
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P i g .  3 .  The l e v e l s  o f :  ( a )  a i a l i c  a c i d ,  (b )  t o t a l  p ro tein-bo und  
h ex o s es  and ( c )  se rom ucoid  h e x o ses  in  serum o f  normal donora ,  
p a t i e n t s  with  tr i som y  G-21 and p a t i e n t s  w ith  un b ala nced  t r a n s -

l o c a t i o n s
Poziomy: ( a )  kwasu s ia lo w e g o ,  ( b )  c a łk ow ity ch  hek soz związanych z 
b ia łk ie m  i  ( c )  h ek soz seromukoidu w aurowicy dawców norm alnych, 
pac jen tów  z t r ia o m ią  G-21 i  pa c jentów  z niezrównoważonymi t r a n s -

lo k a c ja m i
C o a e p * a H n e :  (a) c n a n o B a n  K H C J io T a ,  (b) nojimie Ó e j i o K - c B a s a H H u e  ren- 
C O Sb l, ( c )  reKC03U c e p O M y K O m a  B C M pO B O T K e H O pM a^b H h lX  flO H O p O B , 
CoJIbHhlX  C T p H C O M eił Q - 2 1  H 6 OJIbHhlX C H e yp aB H O B e ffle H H U M H  T p a H C JI O K a -

UHHMH

p a r t i c u l a r l y  low l e v e l a  o f  t r a n s f e r r i n  were ob served  [ 7 9 ]  
( P i g .  4 ) .

The m etab o li sm  o f  i r o n ,  i t s  t r a n s p o r t  and i t s  in c o r p o r a t io n  
i n t o  the porph yr in  s t r u c t u r e  o f  hem oglobin and o th er  hem opro tein s 
i s  a l s o  i n f lu e n c e d  by c op p e r .  In  serum the l a t t e r  i s  a lm ost t o -
t a l l y  bound to  c e r u lo p la sm in  [ 8 0 ,  8 1 ] .  The copp er  co nten t o f  
aerum ahows a l s o  a  s i g n i f i c a n t  d e c r e a s e  in  the g roup  o f  p a t i e n t s  
w ith  tri som y G -21. The i r o n / c o p p e r  r a t i o  i n  p a t i e n t a  with  Down "a 
syndrome l i e s  c o n s i d e r a b l y  below the b o r d e r l in e  o f  normal v a l u e s  
a s  f a r  a s  the b lood  plasm a l e v e l s  a re  concerned [ 7 8 ] ,

I t  i s  no teworthy  th a t  d e s p i t e  the  low copper l e v e l  in  p lasm a
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F i g .  4 . T r a n s f e r r i n  l e v e l  in  b lo o d  serum o f  normal s u b j e c t s ,  
p a t i e n t s  w ith  tr i som y G-21 and p a t i e n t s  w ith  unb alanc ed

t r a n s l o o a t i o n s
Poziom t ra n s fe r y n y  w surowicy krwi osób norm alnych, pac jentów 
z t r i s o m i ą  G-21 i  pac jentów z niezrównoważonymi t ra n s lo k a c ja m i
yp oBeHb TpaHC<J>epnHa b cupoBOTKe kpobh Hop MansHux hohopob, 6 ojibHŁix 

c cuH^poMOM AayHa u OojibHux c HeypaBHOBemeHHbiMH TpaHCJioitauHHMH

o f  p a t i e n t s  w ith  Down's syndrome, the l e v e l  o f  Cu, Zn-SOD in  
t h e i r  e ry t h r o c y t e s  was about 50% h ig h er  i n  com pa rison  w ith  
c o n t r o l  g rou p [ 8 2 ] .  T his i n d i c a t e s  th a t  th e copper l e v e l  i n  
p lasm a h as  no i n f l u e n c e  upon th e  S0D-1 c on ten t [ 8 2 ,  8 3 ] ,

From th e i n v e s t i g a t i o n s  o f  v a r i o u s  a u th o r s  and th ose  perform -
ed by u s  we can  conc lud e  th a t  th e  p resenc e  o f  a d d i t i o n a l  ac roc en - .  
t r i e  chromosome i n  tr i som y G-21 r e s u l t s  not only i n  an i n c r e a s e d  
a c t i v i t y  o f  g e n es  l o o a te d  i n  t h i s  chromosome but a l s o  d i s t u r b s  
the c o o p e r a t io n  o f  g enes  l o c a t e d  e l sew h ere .  The o v erd o s in g  e f f e c t  
o f  S0D-1 coded by a gene a s c r i b e d  to chromosome G-21 i s  q u i te  
u n d e r s ta n d a b le  but the c a u se  o f  a th r e e f o ld  i n c r e a s e  o f  the 
a c t i v i t y  o f  g l u c o s e - 6-p h osp h ate  dehyd rogenase or an i n o r e a s e  i n



th e  l e v e l  o f  g lu t a t h io n e  p e r o x i d a s e  i s  more d i f f i c u l t  to  e x p la i n  
a s  th e se  enzymes a r e  coded by g en e s  l in k e d  to o th er  chromoso-
mes .

.An a d d i t i o n a l  d i f f i c u l t y  in  u n d e rs ta n d in g  o f  the  mechanism 
o f  m etab o l io  d i s tu r b a n c e s  in  Down's syndrome comes from the 
d i v e r s i t y  o f  s t i m u l i  oau aing  s im u ltan eo u s  qhanges in  c e l l u l a r  me-
t a b o l i s m .  They in c lu d e  not only the  s t i m u l i  due to  a l t e r e d  genome 
bu t a l s o  changed r e s p o n s e s  to env ironm ental  f a o t o B S .

C u rren t ly  the sequenoe  o f  e v en t s  induced  by e x t e r n a l  s t i m u l i  
and le a d in g  to  m eta b o l io  r e s p o n s e s  i s  e lu c id a t e d  f o r  a  broad  
ra n g e  o f  phenomena. I t  i s  g e n e r a l l y  known th a t  when d e a l in g  with  
the  con n ect ion  between a  s t im u l u s  and the c e l l u l a r  r e g u la t o r y  
mechanism one must t ak e  i n t o  c o n s i d e r a t i o n  th e f o l l o w in g  p a t t -
ern« s t i m u l u s --*� h o rm on e-- *-a d en y la te  c y o la s e - - « - c A M P - - * - s p e c i f i c  
p r o t e i n  k i n a s e t r a n s p o r t  or r e g u la t o r y  p r o t e i n  [8 4,  8 5 ] .

The broad sc op e  o f  changes i n  p ro te in  m etab o l i sm  ob served  i n  
Down's syndrome s u g g e s t s  th a t  the g e n e t ic  d i s tu r b a n c e  must i n -
f l u e n c e  the p r o c e s s e s  o f  t r a n s c r i p t i o n  and t r a n s l a t i o n  o f  g e -
n e t i c  in f o rm a t io n .  The e f f e c t  o f  aneu ploid y  on the m-RNA syn -
t h e s i s  would p a r t i a l l y  e x p la i n  the d y sp r o te in e m ia  t y p i c a l  f o r  
t h i s  syndrome [ 8 6 - 8 8 ]  and would be i n  l i n e  w ith  the r e p o r t  o f  
I n g é n i t o  who found an a d d i t i o n a l  p r o t e i n  f r a o t i o n  de-
s ig n a t e d  a s  X 1 i n  th e blood plasm a o f  p a t i e n t s  w ith  Down's synd- 
'rome [ 8 9 ] .  The ob serve d  form  o f  d y sp ro te in e m ia  may depend not on-
ly  on a l t e r a t i o n s  a t  the l e v e l  o f  t r a n s c r i p t i o n  but a l s o  on th o se  
a t  the l e v e l  o f  t r a n s l a t i o n .  The a o t i v a t i o n  o f  the mRNA-ribosome 
complex depends on many f a c t o r s ,  among them on the pool o f  
e n e rg y -r i c h  oompounds, e . g .  ATP. The r e v e a l e d  d e c r e a s e  i n  th e 
l e v e l  o f  ATP i n  b lo od  c e l l s  o f  p a t i e n t s  w ith  Down's syndrome 
oo uld  i n f l u e n c e  t h i s  p r o c e s s .

I t  i s  w e l l  known th a t  GTP i s  one o f  the r e g u l a t o r s  o f  t r a n s -
l a t i o n  [ 9 0 ] ,  T his  compound i s  p r e se n t  in  i n c r e a s e d  amounts in  
e r y th r o c y t e s  o f  p a t i e n t s  with  Down's syndrome. T his m ight i n -
f l u e n c e  the p r o te in  b i o s y n t h e s i s  p r io r  to e r y th ro o y te  m atu ra t ion  
and may c o n tr i b u te  to  s h i f t s  o b ser ve d  i n  the r a t i o s  o f  d i f f e r e n t  

haemoglobin f r a c t i o n s  [ 9 1 ] .
D is tu rb a n c es  i n  p ro t e in  s y n t h e s i s  in  t ri so m y G-21 a r e  o f  mul-

t i d i r e c t i o n a l  n a tu re  with  s im u lta n e o u s  i n c r e a s e s  i n  the l e v e l s  o f  
some p r o t e in s  ( e . g .  g lu c o se -6 -p h o s p h a te  d e hy d rog ena se ) and de-



c r e a s e s  i n  the l e v e l s  o f  o th e r  ones ( e . g .  a c e t y l c h o l i n e s t e r a s e  
i n  e r y th r o c y te s  and c h o l i n e s t e r a s e  i n  blood p la sm a ) .

On the b a s i s  o f  the  above c o n s id e r a t io n s  a g r e a t l y  s i m p l i f i e d  
scheme o f  m et ab o l io  d i s tu r b a n c e s  in  Down's syndrome i s  b e in g  pro-
posed ( P i g .  5 ) . '

The a d d i t i o n a l  in fo r m a t io n  in t ro d u c ed  i n t o  genome i n  the o as e  
o f  Down's syndrome le a d s  to  a h ig h ly  c o m p l ic a te d  p a t h o l o g ic a l  
phenomenon. Of c o u r s e ,  i t  i s  n o t easy  to  d i s t i n g u i s h  between 
th o se  ev en t s  which a r e  due d i r e c t l y  to  an i n c r e a s e d  amount o f  
g e n es  l o c a l i s e d  i n  a d d i t i o n a l  chromosome and v a r i o u s  com pensatory 
i n d i r e c t  e f f e c t s .  The m eta b o l io  h om e os ta s i s  which i s  a t t a i n e d  
i n  t h i s  syndrome i s  s h i f t e d  w ith  r e s p e o t  to  the normal p o in t 
i n  the b ioc h em ioal  phase s p ac e  and i s  much l e s s  a d van tag eo us  to 
the o rga n ism . T his  i s  ev id enc ed  a lr e a d y  a t  the c e l l u l a r  l e v e l  a s  
an i n c r e a s e d  r a t e  o f  a g in g  was ob serv ed  i n  o u l t u r e d  f i b r o b l a s t s  
d e r iv e d  from t r i s o m i c s  G-21 [ 9 2 ] .  At the o rg a n is m a l  l e v e l ,  a known 
syndrome o f  p a th o l o g i o a l  ch an ges  d e v e lo p s .

However, we hope th a t  a  d eep er  u n d er s ta n d in g  o f  the o rd e r in g  
o f  m eta b o l ic  ch ang es  ob served  in  t h i s  d i s e a s e  w i l l  e n ab le  to  i n -
t rod u ce  new, more e f f e c t i v e  means o f  c o r r e c t i o n  o f  th e s e  d i s t u r -
b an ces  and w i l l  be a s i g n i f i c a n t  s t e p  in  the developm ent o f  mole-
c u l a r  m ed i cin e .  We have t h i s  g o a l  in  mind when p erform ing  f u r th er  
b io c h e m ic a l  and b i o p h y s i c a l  s t u d i e s  o f  m oleoular  meohanisms un-
d e r l y i n g  t h i s  syndrom e.
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• ZABURZENIA METABOLICZNE 
SPOWODOWANE PRZEZ NADMIAROWY AKROCENTRYCZNY CHROMOSOM G-21

Z a g ad n ie n ie  biochem icznych mechanizmów p o śred n ic z ą c y c h  pomię-
dzy o b e cn oś cią  nadmiarowego chromosomu G—21 a ia to tn y m i  zmianami 
na poziomie organizm alnym , ok reś la ny m i mianem z e s p o łu  Downa, j e s t  
i n t e r e s u j ą c e  i  ważne ze względu na z n ac zen ie  sp o łeo z n e  teg o  wro-
dzonego s c h o r z e n i a .  A r tyk uł d a je  p r z e g lą d  zmian m etab o l icz n y c h , 
s tw ierd zon ych  w przypadku z e s p o łu  Downa, z w r a c a ją c  s z c z e g ó ln ą  u- 
wagę na zmiany zaohodząoe w p laz m ie  krwi i  w k rw inkach. Na pod-
s ta w i e  danyoh l i t e r a t u ro w y c h  i  wyników własnych badań zapropono-
wano achemat a ek w encj i zmian m etab o lic z ny c h  w z e s p o l e  Downa.

I 0 s e $  K e H f l 3 ä p a ,  P a t e r o *  E a p T o m

HAPyillEHHH METAE0JIH3MA, 
BU3BAHHHE flOEABCWHOfi XPOWDCOMOfi C-21

Bonpoc ÖHOxHMHqecKHX MexaHH3MOB, Benymnx ot npHcyTctbhh «oöa - 
BO^HO« XPOMOCOMH C-21 AO TJiyÖOKHX H3MeHeHH» Ha OpraHH3MajIBHOM y- 
poBHe, H3BecTHux no:; 3BaHHeM CHHUpoMa .flayHa, HBJineTCH HHTepecHUM 
H Ba*HUM H3—3a  o6qeCTBeHHoro 3HatieHHH 3T0H Bpo*,neHHoa ÖOJie3HH. B 
CTaTte ocMOTpejiH MeTaßojiH'iecKHe HapymeHHH, oÖHapyTiceHHHe b CHHupoue 
.flayna, oöpaman ocoßeHHoe BHHMaHHe Ha H3BieHeHHH b njia3Me kpobh h b 
KJieTKax KPOBH. Ha ocHose jihtepaTypHtix flaHHUx n peą jiarae ic a  cxeMa 
noojieflOBaTejibHOCTH MeTaÖojiHnecKHx H3MeHeHH»i b cHHJipoMe flayHa.


