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Abstract 
Background: Paint thinner is a highly toxic chemical solvent, that when inhaled has many psychoactive properties. Chronic 

abuse of inhalants in humans leads to pronounced neurobiological and neuropsychological impairments; however, limited studies 

have demonstrated the cytotoxic effects of exposure to organic solvents in its complex mixture form. 

Objectives: Neuronal cells could be affected by exposure to thinner as it contains a vast mixture of volatile solvents that 

synergistically could have a direct effect on biology and viability of these cells. The present study aimed to test the toxicity of 

thinner on metabolic activities of neurons and astrocytes in primary cell culture. 

Methods: For the assessment of acute effects of thinner treatment on neuronal cells and the evaluation of the dose- and time-

response dependencies, cultured neurons and astrocytes were treated acutely by gradually increased concentrations of thinner 

during different time of incubation. The MTT assay was used to estimate the cytotoxicity of the solvent. 

Results: Our results demonstrate that the thinner has an important cytotoxic effect and induces concentration-dependent cell 

death in both cultured neurons and astrocytes. In addition, the fact that the viability of glial cells is the only dependent on the 

exposure time demonstrated that the toxic effect causes a stronger degeneration over neurons than glial cells. 

Conclusions: The thinner has a cytotoxic effect on neurons and glial cells. We suggest that the wide range of neurological 

symptoms produced by inhalant exposure can be correlated with the direct effect of the solvent on the biology of neuronal cells. 
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1. INTRODUCTION 

Paint thinners are chemical mixtures of organic solvents 

frequently utilized to dilute oil-based paints and as industrial 

cleaning agents [1,2]. In addition, because of their highly 

rewarding acute effect, they have been used as a drug of 

abuse by adolescents of low-income social class throughout 

the world [3,4,5,6]. 

 

Data on human consistently demonstrate that chronic 

exposure to inhalants is related to relevant toxic effects, 

including neuropsychological impairment, diffuse and subtle 

changes in white matter [7,8]. Though, a plethora of 

preclinical research has tended to focus on acute exposure 

without any assessment of the toxicological mechanisms 

underlying these effects [9]. In our laboratory, we have 

already assessed the effects of acute and chronic exposure to 

different concentrations of paint thinner on multiple 

behavioral functions in mice including anxiety, locomotors 

activity and working and long-term spatial memory [10]. 

We have demonstrated also that the acute behavioral effects 

of thinner inhalation were correlated with neuronal 

activation in multiple brain structures. Toluene, one of 

principal solvent components of paint thinner used [10,11], 

decreases neuronal activity in vitro and causes mental 

depression, loss of memory and cognitive impairments in 

vivo [12,13]. In humans, toluene inhalation produces mental 

confusion such as euphoria, hallucination and delusion, and 

disturbance in motor coordination [14,15]. In animals, 

toluene induces biphasic effect on locomotor activity, from 

motor excitation at low concentrations to sedation, motor 

impairment and anesthesia at higher concentrations 

[16,17,18,19,20]. In addition, animals exposed to low levels 

of toluene exhibit anticonvulsant [21,22,23] and anxiolytic-

like effects [24,25,26]. Beside the effect on myelin 

metabolism, the components of the paint thinner could have 

a direct effect on neural cells affecting their viability. 

Conversely, toxicology mechanism of thinner exposure as 

mix is not frequently studied. However, to our knowledge, 

the effect of thinner on the neurons and astrocytes viability 

has not been studied before. In this study, therefore, we 

aimed to determine the degree of the toxicity of different 

thinner doses on neurons and astrocytes in vitro at several 

exposure times. 

 

2. MATERIAL AND METHODS 

2.1 Animals 

Cortical neuronal and glial cells used in our culture study 

were obtained from E-14 and E-21 rat embryos from 

facilities care of the University of Valencia. All 
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experimental procedures were performed to minimize 

animal suffering and to reduce the number of animals used. 

Protocols used were approved by the Ethics Committee for 

Animal Research of the University of Valencia based on the 

local guidelines Spanish law 32/2007. 

 

2.2 Primary Culture of Cortical Astrocytes 

They were prepared from the cerebral cortex of 21-day-old 

rat fetuses, as previously described [27]. Briefly, under 

toxin-free sterile conditions, the cerebral cortex was 

dissected and dissociated mechanically by pipetting 10 times 

with Dulbecco's modified Eagle's medium (DMEM, Gibco 

Invitrogen Corporation, Barcelona, Spain) (10 ml for the 

cortex obtained from 12-14 fetuses). Cell suspension was 

filtered through a nylon mesh with a pore size of 90 μm and 

plated (5x10
4
cells/cm

2
) in DMEM containing 20% fetal 

bovine serum (FBS) (Gibco Invitrogen Corporation, 

Barcelona, Spain), supplemented with L-glutamine (1%), 

HEPES (10 mM), fungizone (1%) and antibiotics (1%). 

Cultures were grown in a humidified atmosphere of 5% 

CO2/95% air at 37°C. After 1 week of culture, the FBS 

content was reduced to 10% and the medium was changed 

twice a week. 

 

2.3 Primary Culture of Cortical Neurons 

Cerebral cortexes were dissected from 14- or 15-day-old rat 

fetuses under sterile conditions [28]. Briefly, the isolated 

brain tissues were digested mechanically by pipetting 10 

times with 10 ml pipette in Neurobasal medium (Gibco 

Invitrogen Corporation, Barcelona, Spain). Dissociated cells 

were filtered (through a nylon mesh with a pore size of 90 

μm) and plated (5×10
4
cells/cm

2
) on poly-L-lysine-coated 

dishes. After attachment of the cells (1h), the plating 

medium was changed to Neurobasal containing 10% FBS 

supplemented with antibiotics (1%) and fungizone (1%). 

Cultures were grown in a humidified atmosphere of 5% 

CO2/95% air at 37°C for 3 days. Cells were then exposed to 

cytosine-β-D-arabino-furanoside (5 μM) for 24 h to inhibit 

proliferation of non-neuronal cells. The purity of cultures of 

astrocytes and neurons obtained by these methods has been 

previously shown [27,28]. 

 

2.4 Cell Treatment 

10 days after primary culture of neurons and astrocytes, the 

paint thinner was added to the suspension medium in the 

corresponding plates (n=3). Gas chromatography and single 

wavelength monitoring spectrometry (Chemistry Analysis 

and Characterization Centre, University Cadi Ayyad, 

Marrakech) was used to determine the relative concentration 

of each chemical component of the solvent. The paint 

thinner solution was comprised of Toluene (24.46%), 

Xylène (15.47%), Benzene (10.67%), Dichloromethylene 

(6.34%) and Acetone (5.55%). The remaining components 

were the minority with less than 2% each [10]. 

 

Thinner was previously dissolved in culture medium with 

fetal bovine serum (10%). We added the corresponding 

amount of thinner to plates containing 499, 498, and 496 µl 

of culture medium in order to get either 0.2%, 0.4% or 0.8% 

of thinner in the culture medium (either 1μl, 2 μl and 4 μl 

respectively). To evaluate the effect of the solvent in the 

course time, the cells were incubated during different time 

(1h, 6h and 24h). 

 

2.5 Determination of Cell Viability 

Cell viability was measured using the 3-(4,5-Dimethyl-2-

thiazolyl)-2,5-diphenyl-2H-tetrazolium (MTT) reduction 

assay. MTT bromide reduction assay was used to determine 

the cellular-reducing capacity through the extent of MTT 

reduction to the insoluble intracellular formazan [29], which 

depends on the activity of intracellular dehydrogenases, but 

not on the integrity of the plasma membrane. After 

treatments, medium was removed and the cortical neurons 

and astrocytes were incubated with MTT (0.5 mg/ml in 

PBS) for 4 h at 37 °C. The medium was aspirated and the 

formazan particle was dissolved in dimethyl sulphoxide. 

The relative amount of MTT reduction was determined 

based on the absorbance measured at 595 nm. The cell 

viability was normalized relative to control cells whose 

viability was taken as 100% and expressed as a percentage 

in each condition. Cell viability in controls, as measured by 

the release of lactate dehydrogenase activity to the 

extracellular medium, was always >90%. 

 

2.6 Statical Analysis 

Results were reported as mean±SEM. Data were analyzed 

by using one-way analysis of variance (ANOVA) (to 

evaluate the difference between treated groups and control 

group after each time of incubation) and two-way ANOVA 

(to analyze the effects of incubation time and dose of thinner 

on cell viability) followed by Bonferroni post hoc test. The 

results were analyzed by using the program GraphPad Prism 

and the differences were considered significant at p<0.05. 

 

3. RESULTS 

3.1 Pre-incubation with the Thinner Induces 

Neuronal Cell Death 

In cultured neurons, acute incubation with different doses of 

paint thinner showed a highly significant reduction of 

neuronal viability after 1 hour compared to control groups 

(F(3,8) = 15.11, P < 0.01) (Fig. 1.A). The number of viable 

neurons was reduced with 0.2, 0.4 and 0.8% of thinner 

respectively to 31.41 ± 10.81%, 30.73 ± 24.79% and to 

29.05 ± 15.21. However, the comparative analysis between 

treated groups remained non-significant (F(2,6) = 0.01, P = 

0.98). 

 

After 6 hours of incubation with thinner, a graded 

percentage of viability was observed at increased 

concentrations. Indeed, only 28.78 ± 17.56%, 26.96 ± 2.05% 

and 14.17 ± 2.56% of viable neurons were found when 

incubated respectively with 0.2%,  0.4% and 0.8% of thinner 

(Fig. 1B). Thus, we found a significant difference between 

the treated groups and the control group (F(3,8) = 56.90, P < 

0.001), but no significant difference between the treated 

groups (F(2,6) = 1.78, P = 0.24). 
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Fig -1: Percentages of neuronal (A, B and C) and glial (D, E and F) viability after 1h, 6h and 24h of incubation with 0.2%, 0.4% 

and 0.8% of paint thinner. Data are means±SEM of three experiments. 
**

P<0.01 and 
***

P<0.001 compared to control. 
≠
P<0.05 and 

≠≠
P<0.01 compared to treated group. 

 

The addition of 0.2%, 0.4% or 0.8% of thinner to the culture 

medium for 24 hours induced also a significant decreased in 

the neuronal viability to respectively 19.94 ± 7.56%, 12.81 ± 

1.11% and 7.38 ± 0.96% of viable cells (Fig. 1C). Thus, 

one-way ANOVA analysis revealed a significant difference 

between the treated groups and the control group (F(3,8) = 

385.05, P < 0.001), and between the three treated groups 

(F(2,6) = 6.02, P =0.03) after 24h thinner action. Post hoc 

Bonferroni test analysis between treated groups showed that 

only the percentage of viable neurons treated with 0.2% and 

0.8% of thinner were significantly different (t = 3.99, P < 

0.05). 

The statistical analysis with two-way ANOVA of all groups 

after three periods of incubation indicated that the dose used 

had a significant negative effect (F(3,24) = 111.7, P < 0.001) 

on the viability of neurons (Fig. 2A). However, no-

significant effect was observed for the incubation period, 

and the interaction of these two factors (respectively: F(3,24) 

= 1.64, P = 0.21 and F(6,24) = 0.37, P = 0.88). 
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Fig -2: Neuronal (A) and glial (B) viability determined by 

MTT assay in cells treated for 1h, 6h and 24h with 0.2%, 

0.4% and 0.8% of paint thinner. Data are means ± SEM of 

three experiments. 

 

3.2 Paint Thinner Treatment Reduces Viability of 

Cultured Astrocytes 

The incubation for one hour of cultured astrocytes with the 

paint thinner induced a reduction of percentage of viable 

cells (Fig. 1D). Indeed, we observed that in the treated 

groups, 65.35 ± 0.64%, 56.39 ± 10.22% and 36.99 ± 4.32% 

of astrocytes were viable after incubation respectively with 

0.2%, 0.4% and 0.8% of thinner. One-way ANOVA analysis 

showed that there was a significant difference between the 

treated groups and the control group (F(3,8) = 67.51, P < 

0.001), as well as between the treated groups (F(2,6) = 15.32, 

P < 0.05). Post hoc Bonferroni test analysis between treated 

groups demonstrated that the effect of thinner treatment on 

glial viability was doses dependent. In fact, the astrocytes 

viability with 0.2% and 0.8% of thinner treatment was 

significantly different (t = 6.25, P < 0.01). A significant 

difference was also observed treatment with 0.4% and 0.8% 

of thinner (t = 4.28, P < 0.05). 

 

The percentage of viability of astrocytes treated for 6 hours 

decreased to 42.10 ± 17.86%, 39.24 ± 2.96% and to 28.42 ± 

1.78%, respectively in 0.2%, 0.4% and 0.8% treated group 

(Fig. 1E). These percentage values were significantly 

different to the control group (F(3,8) = 37.71, P < 0.001). 

However, the difference between treated groups was not 

significant (F(2,6) = 1.41, P = 0.31). 

 

After 24 hours of incubation, we noted that 0.2%, 0.4% and 

0.8% of thinner induced a decrease in the glial viability 

respectively to 33.64 ± 6.98%, 22.94 ± 6.48% and 24.65 ± 

3.74% (Fig. 1F). The statistical analysis showed that the 

difference between control and treated cultures was highly 

significant (F(3,8) = 154.8, P < 0.001). However, no 

significant difference was revealed between treated groups 

(F(2,6) = 2.83, P = 0.13). Thus conversely to the neuronal 

survival, a doses dependent effect was only obtained at 

shorter incubation times over glial cultures. 

 

Moreover, the statistical analysis with two-way ANOVA of 

the glial viability for all groups indicated that the effects of 

incubation time and dose of thinner were highly significant 

(respectively, F(2,24) = 25.37, P < 0.01 and F(3,24) = 198.45, P 

< 0.001), as well as the interaction of these two factors 

(F(6,24) = 4.72, P < 0.001) (Fig. 2B). 

 

4. DISCUSSION 

In the present study, we tested the hypothesis that neuronal 

and glial cell viability could be affected by paint thinner 

exposure. The rationale behind using thinner as solvent 

mixture is based on the fact that inhalation of the volatile 

components of thinner has become a public health problem 

for working painters and also as a drug abused by 

adolescents of low income social class. Conversely, toxicity 

of solvent exposure as chemical mixtures has not been 

studied before. Herein, we report for the first time the 

toxicity action of thinner on metabolic activities of neurons 

and astrocytes in vitro; and also we highlight the different 

effect on these two cell lines. Our results reveal that thinner 

causes cell death in cultured neurons and astrocytes after 

short time of incubation from a minimum paint thinner 

concentration. 

 

The cytotoxicity of thinner compounds was estimated using 

the MTT assay. This technique evaluates cells’ metabolic 

activities by assessing succinate dehydrogenase activity 

which is mostly located in the mitochondria. This test is 

based on the principal that only viable cells (containing 

functional mitochondria) could convert significant amounts 

of water-soluble yellow MTT dye to an insoluble, violet 

MTT formazan metabolite, which can be measured 

colorimetrically. For the assessment of acute effects of 

thinner treatment on neuronal cells and the evaluation of the 

dose- and time-response dependencies, we added different 

concentration of thinner (0.0%, 0.2%, 0.4% and 0.8%) to the 

culture medium for different time of incubation (1h, 6h and 

24h). In order to improve the solubility of thinner 

compounds and therefore facilitate their absorption by the 

cells, the tested mixture was dissolved directly in culture 

medium with fetal bovine serum (10%) [30]. In fact, to 

dissolve thinner, we have avoided the use in our 

experiments DMSO or alcohol in order to prevent the 

cytotoxic action of these compounds [31,32,33]. It should be 

pointed out that during the current protocol we used a free 
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mineral oil medium, since it has been proven that this oil 

could dramatically affect neurons and astrocytes viability 

because of their intense metabolism [30]. Interestingly, 

cytotoxic potential of the tested solvent cannot be disrupted 

following the addition of fetal bovine serum to cell culture 

medium. However, this addition can enhance the dissolution 

of lipophil components of cell medium and could also be a 

source of growth factors and hormones, acting as a shield 

for isolated cells [30]. Several studies have shown that 

adding serum increases the survival rate of neuronal cells in 

long-term experiments and accelerates reconstruction of 

membrane receptors, neuronal attachment and neurite 

outgrowth which affects favorably the process of attaching 

neuronal cells to the bottom of microplate wells [34,35]. 

 

Our results demonstrate that this mixture of organic solvents 

components is cytotoxic and induces cell death at a high rate 

in cultured neurons and astrocytes. In addition, the toxic 

effect is more relevant on neurons (reduction of cell viability 

by approximately 70%) than on glial cells (reduction of cell 

viability by about 40%), and the viability of glial cells is the 

only dependent on the exposure time. This finding of 

reduced cell viability from increased exposure to solvent is 

supported by other organic solvents studies such as toluene, 

xylene or hexane [36,37,38]. In a similar study, Zapór et al 

[30] indicated that ethylbenzene, tetrachloroethylene and n-

hexane induced cytotoxic action on cultured hepatocytes by 

inhibiting metabolic activity, using the MTT assay as a 

method. Al-Ghamdi et al [36,39,40] demonstrated also that 

exposed renal proximal tubular cell to toluene and xylene  

reduced cell viability and increased caspase-3 and caspase-9 

activation. These authors indicated that the toxicity of 

toluene and xylene acute exposure involves cytochrome 

P4502E1 activation, which participates in oxidative stress as 

a mediator of necrotic cell death [39]. Finally, Wichmann et 

al [41] observed by using the same MTT test that continuous 

exposure to volatile solvents resulted in decreased cell 

viability together with inhibition of secretion of interferon-

gamma, interleukin-4 and intereleukin-13. This effect was 

parallel with increased production of tumor-necrosis-factor-

alpha. Thus, through these observations, we can suggest that 

the paint thinner compounds induce membrane damage and 

cause apoptotic or necrotic responses from the minimum 

paint thinner concentration. 

Toluene, one of principal solvent components of paint 

thinner used, is the well-known neurotoxic agent. Although 

the neuropsychological effect of the acute and chronic 

exposure to toluene have been well documented 

[42,43,44,45]. From neurological studies, there is a 

substantial body of evidence on the effect of solvents on 

anatomical structures highly myelinated. Autopsies from 

long term toluene abusers reveal degeneration and gliosis of 

long tracks and demyelization of white matter especially in 

the periventricular regions, suggesting that the toluene 

induces metabolic changes in myelin [7,8,46]. It has been 

also reported that decrease in myelin of the corpus callosum 

in cases of toluene abusers could be secondary to neuronal 

loss in the cerebral cortex [47]. 

 

Thus, the neurotoxic effects of inhalants such as thinner are 
explained on the basis of an action over membrane. 

According to this view, the solvent-induced changes of the 
lipid bilayer could impact membrane proteins function. The 
lipophilic properties of solvents permit them to penetrate 
easily with high concentrations to the CNS [48]. It is known 
that organic solvents induce stabilization and/or 
destabilization of membrane proteins structure driving to 
unstable cell membrane conformation [49]. Studies of the 
effects of toluene on membrane fluidity in vivo suggested a 
specific toluene-phospholipid interaction in synaptosomes 
which could induce changes in membrane composition and 
fluidity [50]. It also increases phospholipid methylation and 
stimulates Na+/K+ adenosine triphosphatase (ATPase) 
activity in synaptosomes both “in vivo” and “in vitro” [51]. 
Moreover, it has been shown that the exposure to toluene “in 
vitro” inhibits the integral enzymes acetylcholinesterase and 
ATPase of rat synaptosomal membrane, suggesting that 
solvents disrupt lipid–protein interactions as a mechanism of 
inhibition [52]. 
 
Another possible hypothesis is that oxidative stress could a 
key mechanism explaining the inhalants-induced toxicity. In 
rodents, several studies associated the cognitive deficits 
reported in thinner exposed rats with high levels of reactive 
oxygen species (ROS) following thinner exposure [53]. In 
another interesting report, the same authors have 
demonstrated that this increased ROS levels is mediated by 
an increase of lipid peroxidation in different brain regions 
[54]. In vitro, the study of Mattia et al [55] has clearly 
shown that toluene exposure, leads to an exaggerated 
increase of ROS rate in brain tissues. Furthermore, the 
increased formation of ROS has been also demonstrated in 
cultured rat cerebellar granule cells exposed to t-
butylcyclohexane, n-decane, and n-butylbenzene [56]. 
Finally, in Human, the study of Halifeoglu et al [57] showed 
an elevation of malondialdehyde levels in serum of daily 
exposed workers to paint thinner. They suggested that 
malondialdehyde mediated homeostasis imbalance between 
oxidant molecules and antioxidant organism defense may be 
a possible cause for the reported alterations. Thus, if thinner 
produces reactive oxygen species, the incapacity of the brain 
to metabolize them may explain its neurotoxic effect. 
Additional expertise is required to explore the relationship 
between oxidative stress and pathological mechanisms 
(apoptosis or necrosis) under thinner exposure. 
 

5. CONCLUSION 

The exposure to the complex mixture of the thinner has a 

direct effect on viability of neurons and astrocytes in 

culture. Our study clearly shows that there is a doses 

dependent effect of thinner on viability of neurons and glial 

cells. The effect is more relevant on neurons than on glial 

cells and the viability of glial cells is the only dependent on 

the exposure time. Finally, the MTT method has been 

proven to be useful as to assess the toxic effect of a 

combination of volatiles on neural cells. 
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