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of free-radical format ion in rabbit leukocytes was 
induced by BaSO 4 and registered in the presence of 
lumJnol as a chemiluminescent response [5]. We could 
reliably measure this reaction even though the amount 
of malonic d/aldehyde formed was at least 10 times 
less than  in previous experiments (Fig. 3). In these 
experiments camosine effectively suppressed the oxi- 
dizing response of leukocytes, the native preparation 
being even more effective than the synthetic one. 

The data presented show that the antioxidant 
activity of  camosine is governed by camosine itself, 
the result of this act ion being not  only local sup- 
pression of the chain LPO process, but also more  
intrinsic cell reactions, such as immunomodula t ing  
activity, stimulation of  wound healing, stress adapta- 
tion, etc., - effects recently described [9]. At the same 
time, it is necessary to reinvestigate some effects of  
camosine obtained with the use of commercial prepa- 
rations in order to elucidate the contribution of the 
contaminations to the phenomena  described. 
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Serotonin appears to play an important  role in 
the pathogenesis of  migraine. It has been established 
that during an attack of  migraine the secretion of 5- 
hydroxyindoleacetic acid (the main serotonin metabo- 
lite) rises [9], while the serotonin level falls in plate- 

Institute of Pharmacology,  Russian Academy of Medical  
Sciences, Moscow. {Presented by A. D, Ado, Member of the 
Russian Academy of Medical Sciences) 

lets [2,4]. It is significant that migraine attacks are 
most often preceded by states characterized by elevated 
blood levels of steroid hormones (stress, emotional 
tension, use of contraceptives, etc.). Normally, steroid 
hormones probably do not  participate in the regula- 
tion of serotonm transport in nerve endings or plate- 
lets [7,8]. Since increased levels of steroid hormones 
figure prominently among the factors triggering mi- 
graine attacks, the serotonin-transporting system of 
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TABLE t. Effect of Steroid 
Percentages  (Means- -SEM) 
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Hormones and  Drugs on 3H-Se ro ton in  Uptake by  Platelets from Heal thy Subjects .  The Values are 
of the Respect ive Control  Values 

Concentra t ion,  Cor t i co -  Hydro-  Estradiol  Testosterone Methyser-  Nicergolinel Tolfenamic Flunar iz ine  Cinnarizine 
ree l / l i t e r  sterone cortisone gide acid 

5x10 -9 
5x10  -a 
5x10 -7 
5x10  -~ 
5x10 -5 
5x10-4  

1 0 1 •  
9 9 •  
92-4-9.1 

1 0 2 •  
1 0 2 •  

N T  

1034-7.5 
9 8 •  

102•  
98--+-4.6 
93-*7.0 

N T  

9 5 •  
104 •  
99- -5 .6  
104 •  
534-2.7" 

N T  

1 0 7 - 8 , 8  
97•  
964-3.9 

101---3.8 
104---6.8 

NT 

100•  
103--8.1 
1064-8.9 

944-4,6 
93--3.4 

63--4,4" 

103---9.2 
914-7.1 

100•  
994-6,8 

100•  
47•  

102---4.3 
101 •  

934-4.0 
914-4.4 

1024-3.8 
1024-9.8 

8 8 •  
103---7.0 

95---9,1 
614-9.7  . 

8---1.4" 
0 

1064-7.9 
1074-7.9 

974-6.0 
934-8.8 
244-1,2" 

0 

Note.  Here  and  in tables  2 - 4 :  NT = not  tested; asterisk: p<0.05 by  S tuden t ' s  t test. 

migraine-sufferers may be presumed to have under- 
gone substantial structural changes resulting in a high 
affmity of this system for steroid hormones. If so, 
then steroid hormones in such individuals may be 
thought to interact with the serotonin-transporting 
systems of platelets and nerve endings, thereby stimu- 
lating serotonin release during a migraine attack. 

The purpose of this comparative study was to 
examine how steroid hormones affect serotonin up- 
take by and release from platelets in persons suffer- 
ing from migraine and in healthy subjects. Some 
anti-migraine drugs capable of inhibiting serotonin 
uptake were also used for comparative purposes. 

MATERIALS AN D M ETHODS 

To obtain platelets, venous blood was collected into 
a test tube containing a 3.8% sodium citrate solu- 
tion (1/10 of the blood volume) and centrifuged 
at 150 g for 15 min. The resultant platelet-en- 
riched plasma was again centrifuged at 650 g for 
10 min. The isolated platelets were washed in 
buffer A (which contained 150 retool/liter NaCI; 
2.7 retool/liter KC1; 0.37 mmol/li ter NaH2PO4; 
1.0 retool/liter MgC12; 5 mmol/liter glucose; 10 
retool/liter HEPES-NaOH,  pH 6.55; and 0.35% 
bovine serum albumin (BSA) fraction V and then 
resuspended in buffer B of the same composition 
as buffer A except that it contained 1.0 mmol/li- 
ter CaC12 and 10 retool/liter HEPES-NaOH, pH 
7.4. In each series of tests, pargyline was added to 
buffer B to a fmal concentration of 0.1 mmol/h- 

ter. To study platelets for their ability to take up 
3H-serotonin [3], 200 gl of a platelet suspension 
(1-2x108 platelets per ml) were incubated m the 
absence (control tests) and presence of the drug 
concerned and of 3H-serotonin (100 nmol/liter) for 
20 min at 37~ and 0*C. Thereafter, the platelet 
suspension was passed through 0.45 tx Millipore 
filters which were then washed twice with a co ld  
0.9% NaC1 solution. The content of radioactive 
material on the filters was measured by liquid ra- 
diometry. The specific uptake was determined as 
the difference between the uptake values obtained 
by incubating the platelet suspension at 37~ and 
0~ For the study of platelets for their ability to 
release serotonin [3], platelets were preincubated 
with 3H-serotonin as described above. Thereafter, 
200 gl of buffer B containing the drug concemed and 
20 IXl of preincubated platelets were incubated for 
15 man at 37~ after which the platelet suspen- 
sion was passed through 0.45 g Millipore filters 
which were then washed with a cold 0.9% NaC1 
solution. The content of radioactive material on 
the filters was also measured by liquid radiometry. 

The following drugs were used: methysergide 
(Sandoz, Switzerland); nicergoline, cinnarizine, and 
flunarizine (NIKhFI, Bulgaria); and tolfenamic acid 
(Leiras Medica, Finland). 

The patients were all males aged 30 to 45 years 
suffering from a simple form of migraine (migraine 
without aura). Blood samples were taken from them 
during periods when they were free of attacks. Healthy 
platelet donors aged 25 to 45 years were used as 

TABLE 2. Effect of Steroid Hormones and Drugs on the Ability of Platelets from Heal thy Subjects  to Release 3H-Se ro ton in .  
The Values are Percentages (Means-gEM} of the 3 H -  Serotonin Amount  Remaining in Preincubated Platelets after  Their Incubation 
in the Absence  of the Respect ive  Compound  

Concen t -  Hydro-  Testoste- Methyser-  Nicergo-  Tolfenamic 
ration, cortisone Estradiol rone gide line acid Flunarizine = Cinnarizine Unlabeledserotonin 

ree l / l i t e r  

5x10  -g 
5x10  -8 
5x10-7 
5x10-6  
5x10  -s  
5x10  -4 

Cortico- 
stcrone 

1044-1.4 
103•  
1014-3.8 
1054-3,1 
104•  

N T  

102--2.1 
1054-2.7 
99--3 .2  

1044-3.5 
1044-1.8 

N T  

101---2.2 
101•  
102---1.8 
100--1 .2  
984-1.2 

N T  

1044-2.0 
102•  
103•  
105-----2,4 
102---1,9 

N T  

N T  
103"4-1.5 
103 •  
104-4-2.2 
1014-2,0 
98--1 ,4  

N T  
99"4-2.8 
101"*'2.2 
101---2.4 
101--2.9 
934-4.5 

N T  
103•  
105• 
102--3,0 
102---3,1 
98--2,7 

N T  
98---2.4 
9 8 •  
99---2.8 
69--6.0" 
22--2.3" 

N T  
1024-1.8 
107-4-2,6 
1 0 3 •  
91-4-2.4 
27 •  

N T  
1054-2.3 
1054-1 .B 
1084-1.9 
914-0.79 . 
904-1.9 , 
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controls. The results were treated statistically by 
Student's t test. 

RESULTS 
The results of tests to assess the effects of steroid 
hormones and drugs on 3H-serotonin uptake by 
and release from the platelets of healthy subjects 
(controls) are summarized in Tables 1 and 2, re- 
spectively. As shown in Table 1, hydrocortisone, 
corticosterone, and testosterone did not influence 
appreciably serotonin uptake in the concentrations 
used. Flunarizine and cinnarizine inhibited its up- 
take markedly in concentrat ions of  5• .6 and 
5• 104 mol/ l i ter ,  respectively, while methysergide 
and nicergol ine were markedly  inhibitory in a 
concentration of 5x10 -4 mol/liter. Estradiol inhib- 
ited serotomn uptake at 5x10 -5 mol/liter. Tolfe- 
namic acid did not  affect serotonin uptake by 
platelets of normal subjects. 

The results in Table 2 indicate that the com- 
pounds studied, with the exception of flunari~ne and 
cinnarizine, had no effect on 3H-serotonin release 
from the platelets of healthy subjects. Flunarizine and 
cinnarizine stimulated the release at 5• .5 and 5x10 -~ 
tool/liter, respectively. Unlabeled serotonin stimulated 
the release slightly: at 5• .5 and 5x10 -4 tool/liter 
it released not more than 10% of the labeled sero- 
tonin taken up by platelets. 

The effects of the steroid hormones and drugs on 
the uptake of 3H-serotonin by and its release from 
platelets of each patient are presented in Tables 3 and 

4, respectively. Because the sensitivity of platelets to 
some of the compounds was altered in all patients 
in an individual manner, the data obtained in these 
tests could not be subjected to statistical treatment. 
(The data for compounds whose effects on 3H-sero- 
tonin uptake by and release from patients' platelets 
did not differ from control values are omitted from 
these two tables.) As can be seen in Table 3, the 
serotonin-uptake system in four patients proved to be 
sensitive to tolfenamic acid: this inhibited consider- 
ably serotonin uptake by platelets from patients U and 
Kh. at 5x10 -s mol/liter and by those from patients 
P. and Sh. at 5• .4 mol/liter. The concentration of 
cirmarizine required to inhibit serotonin uptake by 
platelets from all the patients was by one order of 
magnitude lower than in the control tests. Platelets 
from patient  U. showed increased sensitivity to 
flunarizine: its concentration required to block sero- 
tonin uptake by his cells was one order of magni- 
tude lower than in the control. Platelets from patients 
P and Z. exhibited a similarly increased sensitivity 
to estradiol. Corticosterone inhibited serotonin uptake 
by platelets from patients P., V., and L. at 5• 
mol/liter. The effect of hydrocortisone on serotonin 
uptake by platelets from patient Sh. was surprising. 
It inhibited the uptake (by 76%) at 5• mol/liter 
but was not  inhibitory at higher concentrations. 

As shown in Table 4, cinnarizine stimulated se- 
rotonin release from platelets of patients U., Kh., Sh., 
and Z. in concentrations that were one order of 
magnitude lower than in the control tests. The 3H- 
serotonin-releasing effects of unlabeled serotonin were 

TABLE 3. Effect of Steroid Hormones  and Drugs on 3 H - S e r o t o n i n  Up take  By Platelets f rom Pat ients  with  Migraine .  The 
Values are Pe rcen tages  (Means-----SEM) of the Respective Cont ro l  Values 

P a t i e n t  U.  P a t i e n t  Kh .  P a t i e n t  P. 
Concent ra t ion ,  

tool / l i te r  Tolfenamic Flunarizine Cinnarizine Cinnarizine Cirmarizine estradiol cort ico-  
acid sterone 

5x10  -9 

5X10 -B 
5x10  -7 
5•  
5X10 -5 
5x10  -4 

103 
91 
88 
93 
43 
16 

101 
95 
70 
25 
0 
0 

107 
97 
91 
54 
0 
0 

Tolfenamic Flunarizine 
acid 

100 103 
97 109 
108 95 
90 31 
65 33 
40 32 

105 
93 
82 
36 
27 
21 

108 
82 
85 
42 
9 
6 

117 
115 
81 
64 
28 

N T  

107 
100 
91 
113 
49 

N T  

Cont inue  

P a t i e n t  V. P a t i e n t  Sh.  P a t i e n t  Z .  P a t i e n t  L. 

Cinnarizine nydro-  Tolfenamic Cinnarizine cort ico- Tolfenamic cort ico- Cinnarizine cortisone acid sterone 
acid sterone 

104 107 
94 
96 
115 
113 
60 

100 
105 
96 
58 
0 
0 

93 
94 
98 
111 
65 

N T  

107 
97 
88 
49 
0 
0 

97 
24 
108 
112 
90 

N T  

99 
98 
98 
97 
100 
55 

Cirmarizine estradiol 

100 105 
98 111 
90 82 
46 54 
0 18 
0 N T  

109 
100 
51 
0 
0 

98 
92 
88 
82 
51 

N T  



682 Bultetfn o.f Experimextal Bfology and Medfcfne, N o- 6, 1993. BIOPHYSICS AND BIOCHE3'IISTRY 

TABLE 4. Effect of Steroid Hormones and Drugs on the Ability el Platelets from Patients with Migraine to Release 3H- 
Serotonin. The Values are Percentages (Means--SEM) of the 3H-Serotonin Amount Remaininq in Preincubated Platelets after 
Their Incubation in the Absence of the Respective Compound 

Pat ient  Patient Kh. 

Concentration, U. 
mol/liter Cirma- unlabeled methy- Nicer- Tolfena- Cinna- 

rizine serotonin sergine goline mic acid rizine 

5x10-9 . . . . . .  

5X10 -8 103 94 104 109 100 86 
5x10 -? 102 80 107 108 85 93 
5x10 -6 106 64 105 98 92 84 
5x 10-s 54 58 96 99 92 22 
5x10 -4 18 62 66 62 50 8 

Patient P. 

cortico- unlabeled I 
sterone serotonin 

102 
103 94 
95 95 
93 72 
70 80 
- -  7 9  

Pat ien t  Pat ient  Patient  
Sh. Z. L. 

Cinna- Cirma- cortico- 
rizine rizine sterone 

- -  - -  101 
102 92 104 
102 92 98 
108 96 90 
21 30 65 
10 8 -- 

more strongly marked in tests with platelets of pa- 
tients Kh. and P. Methysergide, tolfenamic acid, and 
nicergoline were capable of releasing considerable 
amounts of labeled serotonin from platelets of patient 
Kh. at 53104 reel/liter, while corticosterone showed 
a similarly high serotonin-releasing activity at 53105 
mol/liter with platelets of patients P. and L. 

In all patients, the systems mediating serotonin 
uptake and release displayed enhanced sensitivity to 
some of the compounds used. Since estradiol, 
methysergide, and nicergoline inhibit serotonin uptake 
by interacting with the binding site of serotonin 
translocase [1,7], the increased sensitivity of the se- 
rotonin uptake system in platelets of individuals suf- 
fering from migraine is likely to result from an in- 
creased affinity of that binding site for those three 
compounds. In several earlier studies, no substantial 
differences in the kinetics of serotonin uptake by 
platelets were noted between migraine sufferers and 
healthy controls [5,6], which suggests that the affin- 
ity of the serotonin translocase binding site for sero- 
tonin itself was not altered in the patients examined. 
One possible explanation for our present results, as 
well as those obtained previously, is that the struc- 
ture of the serotonin-uptake system in the platelets 
of those who suffer from migraine is so altered that 
serotonin binding to the accepter site of serotonin 
translocase remains normal and the uptake of sero- 
tonin itself is therefore not altered either. 

The present study appears to support the hypoth- 
esis that structural alterations exist in the serotonin- 
transporting system of platelets in persons suffering 
from migraine. We, have not, however, been able to 
confirm the hypothesis that steroid hormones can, in 
physiological concentrations, impair serotonin trans- 
port and trigger a migraine attack in such persons. 
The increased sensitivity of platelets for steroid hor- 
mones in some of our patients was not sufficient to 
enable these hormones to interact with the seroto- 
nin-transporfing system at physiological concentrations 
in those patients. Structural changes in the systems 

mediating serotonin uptake by and release from plate- 
lets may be one of the reasons for the involvement 
of platelets in the pathogenesis of migraine. Struc- 
tural changes in the serotonin-transporting system may 
account for the enhanced sensitivity of this system 
to certain exogenous and endogenous compounds, 
including those that normally do not participate in 
the regulation of serotonin transport in platelets. As 
a result, such compounds may exert pathological ef- 
fects on serotonin uptake by and release from plate- 
lets of individuals suffering from migraine and trig- 
ger serotonin release at the beginning of an attack. 
The fact that there is a similarity between the plate- 
let serotonin uptake system and the serotonin uptake 
system of nerve endings [10,11] suggests that the 
serotonin-transporting system of nerve endings in 
patients suffering from migraine undergoes structural 
changes similar to those occuri'i_ug in the serotonin- 
transporting system of their platelets. 
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