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The antioxidant  activity of  carnosine and related compounds (5 and 10 raM) is as- 
sessed f rom the c h e m i l u m i n e s c e n c e  curve using a model  o f  Fe - in i t i a t ed  lipid 
peroxidation of  human serum apoB-lipoproteins. These agents lower to different de- 
grees the amplitudes of  "fast" and "slow" bursts, the reaction rate, and the chemilu- 
minescence  light sum; the la tency is prolonged, which may occur  upon reduct ion of  
lipid hydroperoxides and /or  inactivation of  free radicals. 
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For a long time a high pH-buffer  capacity was the 
only known function o f  the hist idine-containing 
dipept ide  ca rnos ine  ( [3-alanyl-L-his t idine)  [1]. 
Since the discovery o f  the antioxidant activity o f  
carnosine [3], this compound  has been studied in 
models revealing different  reactive oxygen species 
such as peroxyl and hydroxyl radicals [1,10,14], 
singlet oxygen [8], or the total cellular response of  
activated leukocytes [4]. On the other  hand, the 
antioxidant activity o f  naturally occurring deriva- 
tives of  carnosine has hardly been studied, even 
though it has interesting medical applications [13]. 

Recently,  it was demonst ra ted  that carnosine 
(0.1-2.5 mM)  reduces the Cu-catalyzed oxidation 
of  low density lipoproteins without affecting latency 
and m a x i m u m  oxidat ion  [12]. In a mono laye r  
membrane model,  carnosine shortened the latency 
o f  the slow burst o f  chemi luminescence  (CL) o f  
Fe- induced lipid peroxidation (LPO) [5]. 

It thus makes sense to investigate the in vitro 
afltioxidant activity of  carnosine-related compounds 
in a model o f  FC+-activated LPO in apoB-contain- 
ing lipoproteins isolated from human serum. 

L a b o r a t o r y  of  N e u r o c h e m i s t r y ,  I n s t i t u t e  of N e u r o l o g y ,  
Russian Academy of Medica l  Sciences, Moscow. (Presented 
b y  I. P. Ashmar in ,  M e m b e r  of  the  Russ ian  A c a d e m y  of 
Medica l  Sciences)  

MATERIALS AND METHODS 

Blood was taken from the cubital vein o f  patients 
with cerebrovascular diseases during the rehabilita- 
tion period. After spontaneous sedimentat ion of  
blood cells, the sera were pooled, and the total li- 
poprotein fraction o f  low densi ty and very low 
density lipoproteins was isolated [7]. The FC+-ini - 
tiated CL in the lipoprotein fraction was recorded 
using a Luminometer-1251 apparatus (LKB) [9]. 
The following parameters of  the CL curve were 
analyzed (Fig. 1): 
�9 the amlplitude of  the fast CL burst appearing 

immediately after the addition o f  Fe 2+ and last- 
ing several seconds, being proport ional  to the 
baseline hydroperoxide content  in the sample; 

�9 the amlplitude o f  the slow burst, which gradu- 
ally increases, reaches the maximum, and slowly 
decreases to a steady-state level after a certain 
time (it reflects the maximum possible intensity 
of  LPO in the examined sample); 

�9 the latency between the fast and slow bursts, the 
duration of  which depends on the ratio between 
anti- and pro-oxidants in the system; 

�9 the time from the moment  when the slow burst 
starts to increase to the moment  when it reaches 
the maximum; 
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Fig. I.  Kine t i cs  of  l i popro te in  CL dur ing  Fe 2+ - i n i t i a t e d  LPO. 
h and  H are  t he  a m p l i t u d e s  of  fas t  and  s low burs t ;  x is the  
s low burs t  latency,  T is the  t ime t aken  for the  s low burs t  to reach 
the  m a x i m u m ;  tg ct is the  a n g l e  d e t e r m i n i n g  the  r eac t ion  rate. 

�9 the t angen t  o f  the s lope angle dur ing the t ime 
that  the amlp l i tude  o f  the slow burst  cha rac te r -  
izing the L P O  rate increases;  

�9 the  l ight  sum:  the a rea  u n d e r  the C L  cu rve  
f rom the m o m e n t  w h e n  the amlp l i tude  o f  the  
slow burst starts rising till the m o m e n t  it reaches 
the  m a x i m u m  (ca l cu l a t ed  f r o m  the fo l lowing  
formula:  amlp l i t ude  o f  the  slow burs tx t ime  pe-  
r iod/2) .  I t  ref lects  the n u m b e r  o f  peroxide  radi-  
cals per  F e  ion [6]. 

The following c o m p o u n d s  were  studied: imida-  
zole ,  l~-alanine,  h i s t id ine ,  c a rnos ine ,  a c e t y l c a r -  
nos ine ,  anse r ine ,  ace ty lanse r ine ,  h o m o c a r n o s i n e ,  
and  of idine .  The  solut ions  were  di luted to a final 
concen t ra t ion  o f  5 and 10 m M  and added toge ther  
with compensa t ing  vo lumes  o f  phospha te  buf fer  to 
the s tudied sample  30 sec p r io r  to the addi t ion  o f  

T A B L E  1. A l t e r a t i o n s  in  the  CL C u r v e  C a u s e d  by  the  T e s t e d  
V a l u e s  

Fe. Alterat ions in tile studied pa rame te r s  were ex- 
pressed as percentages related to the control  values 
for  the samples to which the c o r r e s p o n d i n g  vol-  
umes o f  buffer  were added.  

The  results were  p roces sed  wi th  the  use o f  
Statgraph IMB PC software.  

RESULTS 

T h e  s tudied c o m p o u n d s  had no e f f ec t  on  the in-  
tens i ty  o f  spon taneous  C L  of  the  samples .  H o w -  
ever,  a lmos t  all the p a r am e te r s  d e t e r m i n e d  f rom 
the curve o f  Fe- in i t i a t ed  C L  were  a l te red  in the i r  
p resence  (Table 1). 

According to the effect  p ro d u ced  on  the given 
pa rame te r s ,  the c o m p o u n d s  were  assigned to the  
following groups: 

1) [3-alanine - induces  a small  b u t  s ignif icant  
change  o n ly  in the amlp l i t ude  o f  the  fast burs t  
that  reflects the baseline con ten t  o f  hydroperoxides;  

2) i m i d a z o l e  a n d  a c e t y l c a r n o s i n e  - have  a 
cons ide rab le  ef fec t  on  the am lp l i t u d e  o f  the fast 
burs t  and  o n  the la tency .  A r e d u c t i o n  in l a t ency  
m ay  indicate  che la t ion  o f  Fe ions [5], bu t  imida-  
zole exhibits no complexing activity. Consequent ly ,  
i m i d a z o l e  a c c e l e r a t e s  the  r e a c t i o n  via  a n o t h e r  
mechanism,  though Fe complexa t ion  m ay  cause the 
effect  o f  acetylcarnosine;  

3) c a r n o s i n e ,  h o m o c a r n o s i n e ,  o f i d ine ,  a n d  
ace ty lcarnos ine  - reduce  the ampl i tudes  o f  the fast 
an d  slow bursts  4- a n d  2-fo ld ,  respect ively .  T h e  
first two compounds  also lower  the react ion rate 3- 
fold,  judging f rom the  t an g en t  o f  the  slope angle;  

4) anser ine  and  his t id ine  - a re  the  most  p o -  
t en t  inhibi tors  o f  l ipopro te in  ox ida t ion .  Moreove r ,  
his t idine inhibits the initial fast C L  burs t  10-fold.  

At a concen t ra t ion  o f  5 m M  these  c o m p o u n d s  
had  less p r o n o u n c e d  effects .  T h e i r  e f fec t  on  the  

C o m p o u n d s  (10 raM) E x p r e s s e d  as  a P e r c e n t a g e  of  the  Co n t ro l  

Compound h, ~V 1"1, gV % sec T, sec tg et S, gV• 

b - -  A l a n i n e  72" 92 142 112 83 103 

~imid~Zole ..: : : '  ~:::22~:: : .  80 :i.t ~: :~i::46~: i ~ 7 8 :  102 �9 61 

Ac;tyicarnosine :' : ~ 22 ~ ~ / : 84" / I  . . . . . .  i20  - " 1 7 1 1 0 0 9 ~  
. . . .  , 

Homocarnosine 24" 78" I :~:~~:167 167" 1 '" 34* 84 

o ~ i a i n e  . :: " : 2 ~  " 53-  1. :::~: : i ~  : l o 7  ~ 51" 6 1 "  

Acetylanserine ! 24" [ 78" 167 107 73 84 

Anserine " . :68: : t6" 250 1 : " 72 7 .. .: �9 �9 " : : : t .I .- 21" 11"  .... -. 
Histidine 11 ~ , I 1" 183 211 I 7" } 28" 

Note. h and H are the amplitudes of fast and slow bursts; x is the latency of the slow burst; T is the time taken for the slow 
burst to reach the maximum; tg a is the angle determining the reaction rate; S is the light sum. Here and in Table 2: an asterisk 
indicates values different from the control at p<0.05. 
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slow CL burst was analyzed in a separate set o f  
experinlents (Table 2). 

Taken together, these findings indicate that 13- 
a lanine is pract ical ly  ineffective in the chosen 
model.  Imidazole and acetylcarnosine change the 
reaction kinetics, diminishing latency and amlpli- 
tude. The light sum and the reaction rate remain 
virtually unchanged.  The other  compounds reduce 
(or tend to reduce) the amplitudes of  the fast and 
slow bursts, the reaction rate and the light sum, 
and prolong the t ime parameters of  the react ion 
kinetics, which hinders the formation of  the lu- 
minescent  products  and causes LPO inhibition. 

These alterations in kinetics are characteristic 
of  inhibitors of  free-radical reactions and reducers 
of  hydroperoxides which prevent branching of  the 
reaction chain after the insertion of an initiator in 
the model, thereby inhibiting LPO. 

Consequent ly ,  naturally occurring carnosine 
derivatives, like carnosine itself, possess an antioxi- 
dant  activity, which in the case of histidine and 
anserine is h igher  than that of  homocarnos ine ,  
ofidine, and acetylanserine. Presumably, the differ- 
ences in the efficiency of  these compounds are as- 
sociated with their  different  reducing activities, 
which in turn depend  on the ability of  the imi- 
dazole ring to donate  a hydrogen atom. 

The ability o f  these compounds to inhibit the 
development o f  the fast CL burst seems to be their 
most important  property, which may indicate that 
they interact with hydroperoxides preexisting in the 
model system and may have a certain significance 
for the use o f  naturally occurring derivatives o f  
carnosine in medicine.  
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