
Scand j work environ health 9 (1983) 253-258 

Increased uptake of serotonin in platelets 
from car painters occupationally exposed to 
mixtures of solvents and organic isocyanates 
by Hgkan Beving, PhD,' Rigmor Malmgren, DrMedSc,' Per Olsson, MD,' 
Goran Tornling, MD,2 Gunnar Unge, MD2 

BEVING H, MALMGREN R, OLSSON P, TORNLING G, UNGE G. Increased uptake 
of serotonin in platelets from car painters occupationally exposed to mixtures of solvents 
and organic isocyanates. Scand j work environ health 9 (1983) 253-258. Twelve car paint- 
ers occupationally exposed to mixtures of solvents and organic isocyanates were investi- 
gated concerning serotonin uptake in platelets. The data from the exposed workers were 
compared to data from a reference group consisting of 50 nonexposed volunteers. The 
mean platelet count in whole blood of the exposed workers was markedly lower than the 
corresponding value of the reference group. Three workers had values below the lower 
limit of the 95 C/c tolerance interval of the referents. In both groups the serotonin transport 
strictly obeyed Michaelis-Menten's simple saturation kinetics. Nine of the twelve exposed 
workers had uptake rates which were significantly higher (p = 0.05) than those of the 
referents. The obtained data suggest that the present method may be used to reveal 
early organ damage, prior to the appearance of clinical symptoms, due to intermittent 
exposure to organic solvents and isocyanates. 
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Platelets have proved to be suitable model 
cells for presynaptic neurons (18, 26). 
Among the several striking resemblances 
are possession of an excitable cell mem- 
brane sensitive to environmental changes 
(1, 15, 18) and the specific uptake and stor- 
age of serotonin (10, 12, 27). 

We have recently developed a technique 
for making kinetic measurements of sero- 
tonin transport in human platelets. This 
method permitted characterization of a 
transport disorder in piatelets from pa- 
tients with endogenous asthma (14). 

organic solvents are known to exert 
toxic effects, particularly on the central 
nervous system and blood-forming organs 
(7, 20, 29). Car painters are exposed to a 
mixture of organic solvents and chemicals 
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(5). The garage routine involves, in addi- 
tion to color mixing and spray-painting, 
grease removal and grinding, filling with 
isocyanate-containing putty and harden- 
ers, and frequent cleaning of various tools 
and the worker's own hands. The main 
solvents used are, in order of use, methyl- 
n-butyl-ketone, white spirit (17-22 % aro- 
matics, methyl benzenes included), tolu- 
erle, methylene chloride, and sometimes 
trichloroethane and trichloroethylene (5). 

As mentioned, the workers are exposed 
to isocyanates, which are one of the com- 
ponents in hardeners. The isocyanates are 
toxic to mucosa membranes, especially 
conjunctiva and the respiratory tract (3, 
22, 28). Long-term exposure to low con- 
centrations of organic isocyanates may 
cause asthma-like reactions (3, 16, 17). The 
isocyanates react in vitro with free amino 
groups and other sites on protein mole- 
cules. The reaction products may be sirn- 
ilar to derivatives formed in vivo which 
cause immunogenic and/or allergenic 
symptoms in exposed workers (28). With 
hydrolysis hexamethylene diisocyanate, 



which was present in low amounts in the 
hardeners used by the workers in the pres- 
ent study, yields hexarnethylenediamine, 
a toxic substance, the fumes of which have 
been shown to cause respiratory difficul- 
ties in exposed rats (6). 

Since isocyanates occasionally lead to a 
specific form of severe asthma and pa- 
tients with endogenous asthma show sero- 
tonin uptake kinetics which do not adhere 
to Michaelis-Menten's saturation kinetics 
(14), we found it of interest to investigate 
whether concomitant exposure to solvents 
and organic isocyanates in any way in- 
fluences serotonin transport in platelets 
from occupationally exposed car painters. 

Material and methods 

Material 

The ACD solution used in the analyses was 
1.37 g of citric acid, 2.5 g of sodium citrate, 
and 2.0 g of anhydrous glucose per 100 ml 
of distilled water. The pH of the solution 
was 4.5 (Karolinska Pharmacy, Stock- 
holm). 5-Hydroxy-(2-14C)tryptamine cre- 
atinine sulfate (14C 5-HT), specific activity 
58 mCilmmol (2.15 GBqlmmol, Radio- 
chemical Centre, Amersham, United 
Kingdom) was used in the incubation of 
the platelet-rich plasma. The ethanol 
added by the manufacturer was removed 
by freezedrying, and the residue was 
dissolved in 0.9 % saline. Soluene 1OO@ 
(protein solubilizer) and Instagel I@ (scin- 
tillation liquid) (Packard Instrument, 
Co, Downers Grove, IL, United States) 
were also used in the analyses. 

For the platelet-rich plasma, blood sam- 
ples from a cubital vein were taken with 
a 1.4-mm wide stainless steel cannula 
and distributed into seven polystyrene 
centrifuge tubes containing citrate solu- 
tion (ACD 1 ml). Nine milliliters of blood 
was added to each tube. Immediate cen- 
trifugation at 190 x g for 15 min at room 
temperature and decanting of the plasma 
followed. 

Blood donors 

Twelve men (age range 21-52 years), 
employed in the car painting industry and 
exposed daily to solvents and organic iso- 
cyanate~, were studied. The investigations 

were conducted on Tuesday and Wednes- 
day mornings. Fifty volunteers (32 women 
and 18 men, age range 25-51 years) from 
the staff of different wards of the Thoracic 
Clinics, Karoljnska Hospital, served as refer- 
ents and were examined during the same 
period as the car painters. The volunteers 
included in this study were participating in 
a current investigation concerning the 
platelet serotonin uptake kinetics of 
healthy people. In the reference data no 
differences in the kinetic parameters ofthe 
men and women have been observed. No 
intake of any drug was permitted for 10 d 
prior to the taking of the blood samples. 
The exposed workers were interviewed 
regarding abnormal fatigue, irritability, 
symptoms from the respiratory tract, or 
allergic manifestations. 

Experimental procedure 

The experiments were performed between 
45 and 60 min after the taking of the blood 
samples. Platelet-rich plasma (0.9 ml) was 
prewarmed for 5 min at 37°C and then in- 
cubated for 60 s at 37°C with 20 p1 of the 
14C 5-HT solution. The final result was five 
concentrations ranging from 0.1 to 2.0 
pmolll (15). Each concentration was run 
in triplicate. The reaction was interrupted 
with 0.1 ml of 15 % formaldehyde - 4.5 % 
disodium ethylenediarnine tetraacetic acid 
solution, and the samples were placed in 
an ice bath (4). An aliquot (0.2 ml) of each 
platelet-rich plasma sample was trans- 
ferred to a counting vial containing 1 ml 
of Soluene/isopropanol (1 +1) and left for 
digestion for 30 min at room temperature. 
Thereafter 15 ml of Instagel 110.5-moll1 
hydrochloric acid (9 + 1) was added, and 
the radioactivity was determined in a 
liquid scintillation spectrometer (Tricarb 
2425, Packard Instrument Co). The remain- 
ing platelet-rich plasma was centrifuged 
for 30 min at 20,000 x g at 4°C. An aliquot 
(0.2 ml) of the resulting platelet-free 
plasma (< 1 x l o Y  plateletsll) from each 
sample was transferred to a polyethylene 
counting vial. Fifteen milliliters of the 
scintillation liquid was added, and the 
radioactivity was determined. The platelet 
bound activity (v, pmolll) was calculated 
by the subtraction of the amount of 14C 
activity in platelet-free plasma from that in 
platelet-rich plasma, the latter of which 
represents the total activity (C, ymolll). 



Table 1. Age, platelet number in whole blood and platelet-rich plasma (PRP), 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 
(Km), and the maximum uptake rate when the carrier is saturated ('/ma,) for 12 solvent-exposed workers, 
as well as the 95 % tolerance interval for the 50 referents. 

Kinetic parameters 
Case Age Platelelets 
num ber (years) (x 10-g/l) r(S) a 'GE 

Km (pmol . lo6 
Blood PRP (pmol/l) platelets-' . min-l) 

Mean 
S D 

Mean (referents) 220 451 -0.910 0.966 1.20 1.47 
95 % tolerance 
intervals for 
referents (N = 50) 118& 206& -0.785 & 0.904 & 0.44 & 0.52 & 

332 696 -0.973 1.002 1.96 2.42 

a Values outside the 95 % tolerance interval. 

The platelet count in the whole blood and 
plasma samples was determined by elec- 
tronic cell counting (Linson 431 A, LIC 
Instrument, Sweden). 

Calculations 

The adherence of the experimental data to 
Michaelis-Menten's simple saturation ki- 
netics was ascertained by linearization 
methods according to Scatchard 8r Sips 
(23, 25). The kinetic parameters Vmax 
(pmol/106 plateletslmin), ie, the maximum 
uptake rate when the carrier is saturated, 
and K, (pmolll), ie, the concentration of 
serotonin needed to achieve half the maxi- 
mum uptake rate, were obtained according 
to Lineweaver 8r Burk (9). The combined 
use of these mathematical methods has 
earlier been described by us (11, 12). 
Ninety-five percent tolerance intervals 
(mean f 2.28 x SD) were calculated 
for the Scatchard correlation coefficient 
[r(S)], the index of heterogeneity (a) in the 
Sips analysis, and the K, and V,,,. Since 

a tolerance interval covers a certain part of 
a population (95 %) with a certain nominal 
probability, 5 % values falling outside the 
limits of the intervals were considered 
significantly abnormal. 

Results 

None of the exposed workers complained 
of irritability or exhibited symptoms that 
could be related to massive solvent ex- 
posure. They were therefore considered on 
par with the reference group in regard to 
general health. 

The 95 70 tolerance intervals for the 
platelet count in whole blood, the correla- 
tion coefficient in the Scatchard analysis, 
the index of heterogeneity according to 
Sips, the K,, and the V,, from the ref- 
erence group are presented in table 1. The 
first two mentioned parameters show that 
the platelets from the reference subjects 
always displayed a saturable serotonin 
transport mechanism (fig 1). 



Fig 1. Scatchard plot of the serotonin (5-HT) 
uptake in platelet-rich plasma from one referent. 

Fig 2. Michaelis-Menten's plot of the serotonin 
(5-HT) uptake in platelet-rich plasma from one 
referent (336 platelets x lO9Il) (-0) and case 
6 (331 platelets x 109/1) (0-0). 

The mean value of the platelet count in 
whole blood from the solvent-exposed 
workers was markedly lower than the cor- 
responding value of the reference group, 
and three workers had values outside the 
lower limit of the tolerance interval of the 
referents (table 1). 

The serotonin uptake by platelets from 
the subjects exposed to solvents adhered 
also in all respects to a saturable mode of 
serotonin transport, ie, both the correlation 
coefficient in the Scatchard analysis and 

the index of heterogeniety according to 
Sips were within the tolerance intervals of 
the referents (table 1, fig 1). Nine of the 
twelve exposed workers had V,,, values 
that were however outside the upper limit 
of the tolerance interval of the referents; 
this phenomenon is dipicted by an ele- 
vated Michaelis-Menten's hyperbola in 
fig 2. The K, values were all within the 
normal range. 

Discussion 

The results of the present investigation 
show that workers exposed to solvents and 
organic isocyanates differ as a group from 
nonexposed referents with regard to the 
transport of serotonin in platelets. Al- 
though the serotonin transport strictly 
obeyed Michaelis-Menten's simple satura- 
tion kinetics, the V,,, values of the ma- 
jority of the workers were significantly 
higher than those of the referents. The 
platelet count was below the lower limit of 
the tolerance interval in three of the twelve 
subjects, and on the average the platelet 
numbers were lower in the exposed group 
than in the reference group. 

Solvents such as toluene, xylene, and 
white spirit are present in many paint mix- 
tures. In addition organic isocyanates are 
often one of the components in the fre- 
quently used hardeners. The total daily 
exposure may consist of synergistic and/or 
cumulative effects from inhalation and 
skin adsorption of the different agents (11, 
19). It is therefore difficult to discriminate 
between the impact of the different 
solvents and isocyanates on the organism. 

Humans with evident symptoms of in- 
toxication from benzene, toluene, or 
xylene show a decreased number of leu- 
cocytes and platelets. The reduction is con- 
sidered to be due to an impaired cell 
regeneration function of the bone marrow 
(20, 29). The platelet count of the exposed 
subjects in the present investigation was 
lowered as compared to that of the ref- 
erents. The workers did not, however, 
complain of the symptoms, like fatigue or 
headaches, usually related to exposure to 
organic solvents. We find it unlikely that 
the subjects, in their modern and well- 
ventilated environment, should suffer 
damage to the bone marrow. 



The intrinsic metabolic activity of the 
platelet and the composition of the plasma 
environment influence the serotonin 
uptake both in quality and in quantity (8, 
15). The normal platelet population shows 
heterogeneity in both cell size and density. 
Platelets newly released from the bone 
marrow are heavy and large, while older 
platelets are lighter and smaller. The heavy 
and large cells have a higher metabolic 
activity and have been shown to have an 
increased serotonin uptake rate (8). An in- 
creased platelet turnover and a subsequent 
shift towards a younger platelet population 
should thus result in an increase in V,,. 
a phenomenon which we found in nine of 
our solvent-exposed subjects. In case of a 
normal platelet turnover in the solvent- 
exposed individuals, the rise in V,m,, would 
imply that the number of membrane- 
bound serotonin carrier molecules per 
platelet have been increased. 

It is well known that organic solvents 
and their metabolites affect the neuronal 
membrane (22,241. The platelet is accepted 
as an appropriate model cell for a pre- 
synpatic neuron. A similar influence on the 
platelet membrane of solvent metabolites 
might therefore be possible and may be an 
alternative explanation for the aberrent 
serotonin transport. 

Organic isocyanates in the work environ- 
ment may induce marked irritation in the 
respiratory tract and on mucous mem- 
branes, but the mechanism behind their 
toxicity is not clear. The investigated 
workers neither exhibited asthmatic 
symptoms nor the aberrant serotonin ki- 
netic characteristics for endogenous 
asthma. Organic isocyanates react in vitro 
with free amino groups and other sites in 
proteins (6, 28). Hexarnethylenediisocya- 
nate was present in the hardeners used by 
our workers. In preliminary in vitro experi- 
ments we have not found that hexa- 
methylenediamine, a hydrolysis product 
from hexomethylenediisocyanate in final 
plasma concentrations of 10-8, and 
10-4 molll, alters the serotonin uptake in 
platelets from healthy volunteers. 

Although the mechanisms behind the 
aberrent serotonin transport in platelets 
from the investigated workers remain ob- 
scure, we are inclined to believe that the 
solvents play a major role. The present 
method for determining serotonin trans- 
port may indicate very slight and initial 

organ damage caused by solvents and 
solvent metabolites prior to the appear- 
ance of clinical symptoms. 
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