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The effect  of  t ryptophan,  5-hydroxyt ryptophan,  se ro tonin ,  his t idine,  and h i s t amine  on p e r -  
oxidation of lipids in ra t  l i ve r  mi tochondr ia l  m e m b r a n e s  in the p r e s e n c e  of Fe ++ ions 
which induce this p r o c e s s  was studied by record ing  v e r y  weak chemi luminescence .  5- 
Hydroxytryptophan and serotonin in concentra t ions  of 10-5-10 -4 M (protein concentra t ion 
1.8 m g / m l  mi tochondr ia l  suspension) inhibit this p r o c e s s .  By studying the kinet ics  of 
the init ial  p a r t  of the ascending b ranch  of the "s low" b u r s t  constants  of antioxidative ac -  
t ivity were  calculated:  For  5--hydroxytryptophan and serotonin  these were  2.2 "103 and 
9.8 �9 103 M -1 r e spec t ive ly .  The antioxidant action is  linked with the p r e s e n c e  of a phenol 
group in the molecule  of the compound tes ted .  It  is  postula ted that the action of 5--hydroxy- 
t ryptophan and serotonin on peroxidat ion of l ipids in m e m b r a n e s ,  bes ides  the i r  effect  on 
other  m e m b r a n e  p r o c e s s e s ,  i s  a lso  an impor tan t  f ac to r  in the regulat ion of pe rmeab i l i t y  
of b iological  m e m b r a n e s .  
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The  peroxidat ion of lipids is  a un ive r sa l  f r e e - r a d i c a l  p r o c e s s  taking p lace  at  v e r y  slow veloci ty  in 
the lipid phase  of biological  m e m b r a n e s  [1]. Th i s  p r o c e s s  is  control led by s e v e r a l  enzyme s y s t e m s .  Dif-  
f e r en t  compounds can modify the peroxida t ion  of l ipids,  but they mainly  inhibit it. Fo r  ins tance ,  ~ - t o c o -  
phe ro l  [3] "is an inhibi tor  of this p r o c e s s .  Depending on the i r  chemica l  s t r u c t u r e s  s te ro id  ho rmones  also 
substant ia l ly  inhibit the peroxidat ion of m e m b r a n e  l ipids [2], and the phenol group is respons ib le  for  the 
antioxidative ac t iv i tyo f  the s te ro id  molecule  [5]. Catecholamines  also have antioxidative act ivi ty in re la t ion  
to lipid peroxidat ion [6]. 

The  object of this invest igat ion was  to study the effect  of  t ryptophan 5-hydroxytryptophan,  sero tonin ,  
hist idine,  and h i s tamine  o n  the peroxidat ion of Upids in a l i ve r  mi tochondr ia l  suspension in the p r e s e n c e  
of Fe ++ ions,  which ca ta lyze  this p r o c e s s .  

E X P E R I M E N T A L  M E T H O D  

Mitochondria were  isolated f r o m  ra t  l i ve r s  in medium containing 0.25 M suc rose  and 2.5 mM tryptophan,  
HCI, pH 7.4. P ro te in  was de te rmined  by Lowry ' s  method.  The  res idue  of mi tochondr ia  was diluted in the 
isola t ion med ium at the ra te  of 18 nag pro te in  to 1 ml  suspension.  Chemi luminescence  accompanying the 
p r o c e s s  of chain peroxidat ion of l ipids in the mi tochondr ia l  m e m b r a n e s  was measu red  on an appara tus  for  
record ing  ve ry  weak luminescence  [7]. The chemi luminescence  de tec to r  was a s e n s i t i v e  FEU-39A photo- 
mul t ip l ie r .  The  signal was led through an ADD-1 automat ic  d i f ferent ia l  d i s c r i m i n a t o r ,  amplif ied by a USh-1 
wide-band ampl i f i e r ,  in tegra ted ,  and recorded  on an EPP-09  e lec t ron ic  po ten t iomete r .  The  voltage on the 
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Fig. 1 Fig. 2 

Fig. 1. Effect of 5-hydroxytryptophan (A) and serotonin (B) on chemiluminescence of mi to-  
chondria in the p resence  of Fe ++ ions. Abscissa ,  t ime (t) af ter  addition of FeSO 4 (in min); 
ordinate,  intensity of chemiluminescence  (I, in relat ive units). Ar row indicates time of 
adding Fe ++. Numbers  by curves  show final concentrat ions of compounds (in #M). 

Fig. 2. 60/6 as a function of concentrat ion of 5-hydroxytryptophan (1) and serotonin (2). 

FEU-39A was obtained f rom a VSV-2S high-voltage s tabi l izer .  The cons tan t - t empera tu re  (37~ measur ing  
cell contained 8.6 ml incubation medium (20 mM phosphate buffer  in 0.105 M KC1, pH 7.4), 1 ml mitochon- 
drial  suspension containing 18 mg protein,  and 0.4 ml of an aqueous solution of the test compound. The dark 
cur ren t  and intr insic  luminescence of the mitochondria  were measured  4 min after equalization of the 
tempera ture  of the suspension and thermosta t ,  and 1 ml of a 10 mM solution of FeSO 4 was added to the 
suspension 2 rain la ter .  Control exper iments  showed that by this time vir tually all the test  compounds had 
been taken up by the mitochondrial  membranes .  The "fast" and "slow" burs t s  of chemiluminescence  were 
then recorded.  The experiment ended with a repeated measu remen t  of the dark cur rent .  

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

The experiments  showed that 5-hydroxytryptophan and serotonin,  within a concentration range of 10 -G- 
10 -~ M, increased  the latent period of chemiluminescence and reduced the amplitude of the "fast" and "slow" 
burs t s  (Fig. 1). These observat ions  indicate inhibition of lipid peroxidation in the mitochondrial  membranes .  

To es t imate  the antioxidant action of 5-hydroxytryptophan and serotonin quantitatively and to d i scover  
the mechanism of this effect, the kinetics of the p roces s  was studied [1]. The antioxidative activity (A) of 
antioxidants is descr ibed by the equation: 

6~ -~--- l = A [tnH], 

where InH is the antioxidant concentrat ion and 6 an index of the degree of the initial stage of the "slow" 
burs t .  

It will be c lear  f rom Fig. 2 that this equation also holds good for  biogenic amines.  Besides  the anti-  
oxidative activity A, the concentrat ion of the compound reducing the value of 6 by half also was found (Table 
1). 

The investigations show that 5-hydroxytryptophan and serotonin are antioxidants and that their anti- 
oxidative activity is based on a react ion between the inhibitor InH and free RO 2 radica ls  leading the oxida- 
tion chain [1]~ 

Comparison of the resul ts  shows that compounds with a free phenol group in their chemical  s t ruc ture  
possess  antioxidative action. For  instance, 5-hydroxytryptophan and serotonin inhibited peroxidation of 
lipids in the mitochondrial  m e m b r a n e s , w h e r e a s  tryptophan, histidine, and histamine,  with no OH group 
attached to their benzene ring, were  inactive. The phenomena observed are analogous to those taking 
place under the influence of antioxidants such as c~-tocopherol [3], synthetic antioxidants [4], s teroid hor -  
mones [5], and catecholamines [6]. Comparison of the indices of antioxidative activity of  the se r ies  of 
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TABLE 1. Antioxidative Activity of Bio- 
genie Amines Relative to Peroxidat ion 
of Lipids in Mitochondrial Membranes  

Compound 
Concentration 
reducing 6 by 
half (in M) A (in M "I) 

Tryptophan 
5- Hydroxytrypto_phan 
Serotonin 
Histidine 
Histamine 

1,02.10-~ 

Inactive 
2,210 ~ 
9,810 a 

Inactive 

compounds tes ted,  s teroid  hormones  [5], and catecholamines [6] showed that they are  of the same o r d e r  
of magnitude. 

The s t ruc tura l  bas i s  of all biological  membranes  is a b imoleeu la r  l ayer  of phospholipids.  Pe rox ida -  
tion of membrane  lipids is  a un iversa l  p r o c e s s  cha rac te r i s t i c  of membranes  in general  and it is one of the 
mechanisms  control l ing the i r  permeabi l i ty  [1]. That  is probably why biogenic amines,  by inhibiting perox i -  
dation in the lipid phase of the mitochondria l  membranes  used in the p re sen t  exper iments  as a general  
model of b iomembranes ,  could have a s imi la r  effect also in o ther  membranes ;  they could ul t imately 
modify thei r  permeabi l i ty~ If this is so, the antioxidative action of biogenie amines could be one aspect  
of thei r  broad spec t rum of biological  activity.  
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