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Effect on the uptake kinetics of serotonin 
(5-hydroxytryptamine) in platelets from workers 
with longmterm exposure to organic solvents 
A pilot study 
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BEVING H, KRISTENSSON J, MALMGREN R, OLSSON P, UNGE G. Effect on the uptake kinetics 
of serotonin (5-hydroxytryptamine) in platelets from workers with long-term exposure to organic 
solvents. Scand J Work Environ Health 10 (1984) 229-234. Six workers from a paint industry were 
examined concerning the concentration of solvents in the breathing zone, the platelet count and kinetic 
uptake of serotonin [5-hydroxytryptamine (5-HT)], the serum concentration of calcium, potassium and 
sodium, and pH. The degree of exposure was found to be moderate. The results showed a decrease in 
platelet count in whole blood and platelet-rich plasma. The maximum uptake rate for serotonin in plate- 
lets (V,,,) was significantly increased compared to that of nonexposed subjects. No changes in the ionic 
concentration and pH of serum were observed. One worker was reexamined after a six-week period of 
nonexposure. Though the measured platelet variables were still aberrant, the values approached normal. 
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The platelet is accepted as an appropriate model cell 
for the presynaptic neuron (18, 26, 27). A technique 
for the kinetic determination of the uptake of 
serotonin [5-hydroxytryptamine (5-HT)] in human 
platelets has recently been developed (11). By this 
method the platelet 5-HT uptake is measured in fresh 
platelet-rich plasma, prepared from whole blood by 
low-speed centrifugation. Using this method, we 
have been able to  detect 5-HT uptake changes in 
platelets from patients with suspected 5-HT related 
maladies such as endogenous asthma, endogenous 
depression, and migraine headaches (12, 13, 14, 15). 

We have earlier demonstrated that the platelets of 
car spray painters, who had been exposed to a 
mixture of organic solvents and isocyanates in a work 
environment which was considered to be adequately 
ventilated, exhibited abnormal serotonin (5-HT) up- 
take kinetics (1). It is well known that organic sol- 
vents and their metabolites affect the neuronal 
membrane (17,22,23,24). A similar influence on the 
platelet membrane of solvents and/or their metabo- 
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lites might therefore be possible and might be one of 
the explanations for aberrant 5-HT uptake kinetics. 
The present investigation was designed to determine 
whether humans exposed mainly to  organic solvents 
also exhibit a decrease in platelet count and a rise in 
5-HT uptake capacity (V,,,) in platelets. 

Interactions of different metal ions with the 
serotonin uptake system in platelets have been 
reported (7). In an investigation of whether the ex- 
posed subjects had any detectable changes in their 
electrolyte composition in serum, measurements of 
calcium, potassium, and sodium were performed. 
Thus measurements of solvent exposure, platelet 
count, 5-HT uptake kinetics, and metal ion con- 
centration in serum were included. 

Subjects and methods 

Blood donors 
The test subjects were six men, ages between 34 and 
58 years, employed in a graphic paint manufacturing 
plant. All of them had been continuously exposed t o  
solvents for several years in their work environment. 
The reference material consisted of 32 women and 18 
men, age range 25 t o  56 years, both smokers and non- 
smokers, but not exposed to volatile solvents in their 
occupational environment. These volunteers partici- 
pated in a current investigation concerning the plate- 
let 5-HT uptake in a healthy population. No differ- 



ences between the sexes could be observed regarding 
platelet counts and kinetic parameters of the 5-HT 
transport (1 1). 

No intake of any kind of drug was permitted for 
10 d prior to the blood sampling, either for the test 
subjects or for the referents. 

Solvent exposure determination 
New methods for sampling solvent vapors from the 
breathing zone have been developed (8). In the 
method used in this study samples from the inhaled 
vapors were collected with the aid of portable dif- 
fusion samplers carried by the investigated subjects 
for 8 h. The solvent composition was then automati- 
cally analyzed by a gas chromatograph coupled to a 
thermal device, which was first connected to the 
sampler (9). 

Exposure measurements were made with the aid of 
the ATD-50 system (Automatic Thermal Desorption, 
Perkin-Elmer, Ltd, England). The diffusion sampler 
consists of a stainless steel tube (90 x 5 mm, inner 
diameter). A stainless steel gauze at one end limits the 
diffusion zone length to 15 mm. The sampler was 
packed with Tenax GG 80/60 mesh (21), which was 
fixed in the tube by gauze and a spring (figure 1). Ex- 
posure measurement during 8 h was made for each 
worker the day before the blood sampling and bio- 
logical examination. Collection of the air-solvent 
mixture was made in the breathing zone. On sam- 
pling, the storage cap was exchanged for the dif- 
fusion cap. After the sampling period, the samplers 
were loaded into the automatic desorption device 
connected to a gas chromatograph (Sigma 2B, 
Perkin-Elmer) equipped with a flame ionization 
detector and a peak area integrator. A fused silica 
capillary column (25 m x 0.3 mm) with a bonded 
phase of CPW Wax 57 (Chrompak, The Nether- 
lands) was used in the instrument as previously 
described (9). Calibration of the system was achieved 
by the injection of known concentrations of toluene 
and ethyl acetate (analytical grades) into fresh dif- 
fusion samplers. Unidentified compounds in the gas 
chromatograph and the sum of solvents in the gas 
mixture were calculated as parts per million of 
toluene. In one case additional calibration solvents 

were applied. Only substances with boiling points 
below 200°C were detected. Full details of the assay 
system have been published elsewhere (5). 

Determination of platelet serotonin uptake kinetics 
The experiments were performed between 45 and 60 
min after the blood sampling, as previously described 
in detail (1 1). Platelet-rich plasma was prepared from 
the blood samples, mixed with one-tenth of an ACD 
solution (citric acid 1.37 g, sodium citrate 2.5 g, an- 
hydrous glucose 2.0 g/100 ml of water, pH 4.9,  and 
the uptake of I4C-labeled 5-HT creatinine sulfate 
(final concentration from 1.0 to 2.0 pM) was mea- 
sured during 60 s. The platelet count, in whole blood 
and platelet-rich plasma, was determined by elec- 
tronic cell counting (Linson 431A, LIC Instrument, 
Solna, Sweden). Hematocrit was determined by high- 
speed centrifugation (Wifug, Stockholm, Sweden). 

Ada~tation of the kinetic data to Michaelis- 
Menten's simple saturation kinetics was ascertained 
by linearization of the saturation curve according to 
Scatchard. Statistically significant linearity was pres- 
ent [correlation coefficient (r) 5 -0.64)]. In order 
to obtain a mathematical appraisal of the homoge- 
neity of the 5-HT uptake, the Sips' distribution equa- 
tion was applied to the Scatchard plot. The kinetic 
parameters K, (pmol/l) and V,,, (pmol.106 plate- 
1ets.min-') were calculated according to Lineweaver- 
Burk. The details of the mathematical processing of 
the data have been described previously (I 1, 20). 

Ninety-five percent tolerance intervals for the 
values of the Scatchard correlation coefficient [r(S)], 
the index of heterogeneity in the Sips analysis (a), 
and K, and V,,, were calculated for the 5-HT 
uptake in platelets from the 50 referents. Since the 
tolerance interval covers a certain section of a popu- 
lation (95 %), values falling outside the limits of the 
intervals were considered to be significantly abnormal. 

Ionic concentration and pH determination 
The ionic concentrations of potassium, sodium, and 
calcium in the test platelet-rich plasma and serum 
were determined with an ion selective analyzer 
(Microlyte, Kone Instruments, Espoo, Finland); pH 
in these media was determined with the aid of PHM 
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Figure 1. ATD 50 sampling tube, 
length 10 cm. 



82 pH-meter (Radiometer 143: 690 167, Denmark), 
furnished with a combined glass electrode, (Radio- 
meter, GK 2321, Denmark). 

Although the hematocrit values showed a normal 
variation for the test subjects and did not differ from 
those of the reference group, the platelet count was, 
both in whole blood and in platelet-rich plasma, on 
the average markedly lower than that in the reference 
material, and in 4 out of 12 determinations it was 
below the 95 % tolerance limit (table 2). 

Results 

Gas chromatography of the solvents desorbed from 
the samplers revealed that all of the exposed subjects 
had been exposed to ethyl acetate and toluene 
although in concentrations below the Swedish hygi- 
enic standards (figure 2). In all the samples, primarily 
unidentified substances were present in concentra- 
tions varying between 3 and 11 ppm (table 1). 

In the case of the sampler with the largest fraction 
of primarily unidentified substances, the solvent 
mixture was further analyzed and was found to con- 
sist of pseudocumene (1,2,4-trimethyl-benzene), cy- 
clohexanone, mesitylene (1,3,5-trimethyl-benzene), 
1,2,3-trimethyl-benzene, and n-propylbenzene. 

Table 1. Concentration of identified and unidentified orga- 
nic solvents in the breathing zone. 

Ethyl Unidentified 
Subject Toluene acetate substances Total 

(PPm) (ppm of exposure 
(ppm) toluene)a 

Hygienic 
standard (8 h) 80 200 

a The concentration of unidentified organic substances and I total exposure has been estimated as parts per million of 
toluene, ie, the adsorbtion and response for toluene have Figure 2. Example of chromatogram from diffusive sample 
been used. taken at a printing plant. 

Table 2. Platelet count in whole blood and platelet-rich plasma and the following kinetic parameters: the correlation 
coefficient in the Scatchard analysis [r(S)], the index of heterogeneity according to Sips (a), the concentration of serotonin 
needed to achieve half the maximum uptake rate [K, (mmolll)], and the maximum uptake rate when the carrier is saturated 
[V,,(pmol~lOG platelets.min-')I for six solvent-exposed workers, as well as the 95 % tolerance interval for the 50 referents. 

Case 
number 

Platelets x 10-911 Kinetic parameters 

Blood Platelet-rich 
plasma r(S) a Km vm, 

Mean (numbers 1-6) 
SD 

Mean 
95 % tolerance inter- 
val for the referents 
(N = 50) - lower 
and umer limits 

a Values outside the 95 % tolerance interval. 
Reexamination after a nonexposure time of six weeks. 



Discussion 
Two main requirements have to be fulfilled when the 

Table 3. Potassium (K+), sodium (Na+), and calcium (Ca+ +) 
ionic concentrations (mmolll) and pH values of serum from 
six solvent-exposed workers and six referents. 

Exposed Referents 

Mean SD Mean SD 

Table 4. Potassium (K+), sodium (Na+), and calcium (Ca+ +) 
ionic concentrations (mmolll) and pH values of platelet-rich 
plasma (PRP) (0.04 rnl of ACD solutionalml of blood) from six 
solvent-exposed workers and seven referents. 

Exposed Referents 

Mean SD Mean SD 

K + 4.0 0.3 3.8 0.2 
Na+ + 141.6 2.5 139.6 2.8 
Ca+ + 0.1 0 0.1 0 
PH 8.0 0.1 7.6 0.1 

a ACD = 1.37 g of citric acid, 2.5 g of sodium citrate, and 
2.0 g of anhydrous glucosellO0 ml of water, pH 4.5). 

The 5-HT uptake by the platelets from the exposed 
workers adhered in all respects to a saturable mode of 
transport, as can be expected from the high coef- 
ficients in the Scatchard and Sips analyses. These 
values always fell within the tolerance interval for 
normality (table 2). Since. the 5-HT transport obeyed 
Michaelis-Menten's kinetics, K, and V,,, could be 
derived. The K, value in all cases fell within the nor- 
mal tolerance interval, although on an average in the 
test group it seemed to be slightly lower than in the 
reference group. The V,, value was, however, 
above the normal 95 Vo tolerance limit for three of 
the six men in the exposed group, and the mean value 
of this group was close to double that of the reference 
value (table 2). V,,, was inversely proportional to 
the platelet count both in whole blood (r = -0.89) 
and in platelet-rich plasma (r = -0.71). 

According to our experience, 5-HT uptake kinetics 
in platelets are dependent on ionic concentration 
and pH in the test plasma. It was therefore deemed 
worthwhile to determine the pH and ionic concentra- 
tions of potassium, sodium, and calcium in the test 
plasma and serum from the exposed subjects and in 
six age-matched male nonexposed volunteers. For 
none of these parameters could any difference be 
found between the two groups (tables 3 & 4). 

One of the solvent-exposed subjects (number 3) 
who, due to a thumb fracture, had not been exposed 
(to his occupational environment) for six weeks, was 
reexamined before returning to work. After the non- 
exposed period, only minor changes had occurred in 
the previously measured parameters. However, the 
platelet count in whole blood and platelet-rich 
plasma showed a tendency to increase; the K, and 
V,, for the 5-HT uptake in the platelets increased 
and decreased, respectively (table 2). 

impact of environmental volatile substances on the 
human organism is to be studied. The first is that 
possible toxic agents in the breathing atmospfiere 
must be characterized and quantified. The second is 
that a sensitive biological test should be found that 
can reveal functional disturbances in the organism. 

The first requirement was accomplished in the 
present investigation with the aid of the ATD 50 sys- 
tem. This technique highly facilitates the sampling of 
the gas mixture in the breathing zone, since the 
organic solvent is transported into the absorbent of 
the sampler by diffusion according to Fick's first law 
of diffusion. Pumps for gas collection are not 
required. The system was designed for automatic 
thermal desorption of the absorbed solvents, and 
analyses of 50 samples at a time could be performed 
with high precision. 

Concerning the question of whether the 5-HT 
transport in the platelet is a relevant biological para- 
meter for detecting the influence of inhaled organic 
solvents on the organism, it can first be stated that 
the assay used in the present investigation is per- 
formed on living cells in an almost native environ- 
ment. The assay also discriminates to what extent the 
5-HT is taken up by the platelet by passive diffusion 
and by a saturable transport mechanism. ,Provided 
the latter mechanism is dominant, the uptake capacity 
can be quantified (I 1) from the derived K, and V,, 
values. Furthermore, the platelet is generally ac- 
cepted as a model cell for the serotonergic presynap- 
tic neuron (18, 26, 27), the function of which is in- 
accessible for direct studies in humans. Distinct ab- 
normalities of the 5-HT transport in platelets from 
patients with endogenous depression have according- 
ly been demonstrated (12). Another kind of specific 
platelet 5-HT transport aberration occurs in patients 
having migraine headaches and endogenous asthma 
(13, 14, 15). Characterization and quantification of 
the 5-HT transport in platelets thus seem to provide 
possibilities to describe a biological event, the altered 
function of which might be connected with disease. 

The workers in this particular plant were expected 
to be exposed to toluene and ethyl acetate, solvents 
which were thus the reference substances of first 
choice. The breathing air for all the workers was also 
shown to contain toluene and ethyl acetate, although 
in concentrations below accepted limits (16). The 
concentration of other solvents was low, and the ex- 
tended analysis in one case revealed that this fraction 
could consist of a variety of organic compounds. We 
consider the total exposure to identified and un- 
identified solvents to be moderate with regard to the 
work environment in question. 

It is quite clear that the platelets of the workers 
were affected as compared to those of the large num- 
ber of reference subjects, although no correlation 
between the concentration of the inhaled solvents and 



degree of platelet alterations was obvious (see tables 
1 & 2). The platelet count was equally reduced by 
almost 50 % in whole blood and in the platelet-rich 
plasma derived from the whole blood. The fact that 
two out of six determinations resulted in significantly 
lowered platelet counts indicates that the platelet 
distribution of the platelet counts in the solvent- 
exposed group was shifted towards lower values. The 
mode of the 5-HT transport by the platelets in the test 
group was similar to  that of the reference material, 
ie, a saturable uptake mechanism was working 
without a measurable addition of passive 5-HT dif- 
fusion through the platelet membrane (11). The re- 
sults are in accordance with those data obtained in 
our previous investigation on car spray painters, who 
were exposed to both organic solvents and isocya- 
nates. V,,, and platelet count are negatively cor- 
related in healthy nonexposed volunteers (Malmgren 
et al, unpublished results). An increase in V,, could 
be the result of a compensation for a reduction in 
circulating platelets. The latter might in turn indicate 
an increased peripheral destruction of platelets. 

The cause of the lowered number of circulating 
platelets in the solvent-exposed workers and the 
mechanism behind the altered 5-HT transport capaci- 
ty are far from clear. The reduced platelet count may 
on one hand be due to  an impact of the organic sol- 
vents on platelet generating cells in the bone marrow 
(2, 3, 4, 10, 19, 22, 23). It is, however, difficult to  
conceive that the platelets from an impaired generat- 
ing mechanism should have an increased, energy- 
requiring 5-HT transport capacity. An increased 
ratio of Na+-K+ and/or a slight decrease in the pH 
of the test platelet-rich plasma induce an enhance- 
ment of V,,,. In these workers, however, there were 
no changes in these electrolytes o r  C a + + ,  and no 
signs of acidosis in the platelet-rich plasma (25). On  
the other hand, the reduced platelet count in the 
blood could have been due to an abnormal destruc- 
tion of platelets, ie, the survival time of the platelet 
is shortened. Newly released platelets are heavier and 
larger than older ones, and they have a higher meta- 
bolic activity and an increased capacity to  take up 
5-HT (2,6). Thus, provided organic solvents enhance 
platelet turnover by some mechanism, both the 
decrease in the number and in the elevated transport 
capacity might be explained. The fact that V,, in 
the present investigation increased with decreasing 
platelet counts supports this latter explanation for the 
observed changes. 

The increased V,,, implies that platelets from 
solvent-exposed workers have an increased capacity 
to take up 5-HT. However, the pathophysiological 
implication of this phenomenon is obscure. Changes 
in the platelet 5-HT uptake might mirror similar 
changes in the central nervous system. 

The results from the reexamination of the worker 
who had been unexposed to solvents for six weeks, 
during which period at  least five new platelet genera- 

tions would have passed (2), may be of some signifi- 
cance. The measured platelet variables were still aber- 
rent and the breathing capacity still impaired. All 
values, approached normal however. The small but 
consistent tendency towards normalization during 
the unexposed period indicates that the abnormalities 
observed in the present investigation are related to  ex- 
posure to  organic solvents but also that these sub- 
stances have more than an acute impact on the 
human organism. 

Whether platelets from exposed subjects (i) are 
affected by the inhaled solvents directly in the lung, 
(ii) have a changed regeneration time, or (iii) have a n  
altered size and thus changed metabolic activity (due 
to  an increased release from the bone marrow) is still 
unclear. 
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