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GLOW A, J . R. Some effects of sub-acute exposure to toluene 011 scl1edu/e-co11trolled behavior. NEUROBEHA V. TO X­
I COL. TERATOL. 3(4) 463-465, 1981.-Behavioral effects of repeated exposure to toluene have been assessed on mice 
re ponding under an Fl 60-sec schedule of milk presentation in a hermetically ealed chamber. Sessions consisted of 
alternating 10 min periods where milk was available under the Fl schedule and 25 min periods where responding had no 
scheduled consequences. Mice were exposed to 500, 1000 or 2000 ppm toluene , for the last 4 hrs of five consecutive daily 
sessions. At concentrations of 500 ppm toluene had little effect on responding, on any of the 5 days of repeated exposure. 
Concentrations of 1000 ppm consistently increased rates of responding during each session and each day of repeated 
exposure. Concentrations of 2000 ppm consistently decreased responding after the first exposure series during daily 
exposures; increases in responding were seen at the beginning of sessions during the initial days of exposure. Consistent 
concentration-dependent effects of toluene were obtained over 4-hr exposure periods with schedule-controlled responding 
in mice . 

Toluene Sub-acute exposure Behavior Schedule-controlled responding Mice 

TOLUENE is a widely used indu trial solvent that ha also 
been recognized as having abuse potential [7]. For the e rea­
sons the biological effects of toluene have been intensively 
studied. Behavioral effects of toluene have also been investi­
gated , some of these studies have monitored schedule­
controlled responding immediately following exposure to 
that compound [9, 10). Studies of this type have shown that 
recovery from rate-decreasing effects of toluene is rapid and 
response rates often increase after exposure is terminated . 
Others have monitored behavior during acute exposure to 
toluene [3, 4, 5). These studies have confirmed that in­
creased response rates can result from exposure to toluene 
and have also shown a relationship between the behavioral 
effects o f toluene and exposure concentrations. The present 
study assessed some behavioral effects of different concen­
trat ions and durations of exposure in mice repeatedly expo­
sured to to luene. 

METHOD 

Subjects 

Adult male white mice, descended from Charles River 
CO- I strain , were maintained at 80% of their free-feeding 
weight (23.9-28.0 g) by controlled post-session feeding. 

Apparatus 

The exposure chamber was a 25-quart pressure cooker 
(Wisconsin Aluminum Foundry, Manitowic, WI.) A com­
plete description of the chamber and its operating charac­
teristics has been published [5]. The chamber, which was 

hermetically sealed when closed , had an injection port and a 
hot plate inside to vaporize the added solvent. A sampling 
port allowed the removal of air samples. Both ports were 
equipped with a teflon coated rubber septum. A magnetically 
coupled fan provided mixing. 

An aluminum inner chamber (9x 8x7 cm high) confined 
the mouse within the exposure chamber. A ho le, J cm in dia. 
and 2 cm above the floor was drilled in the center of the front 
wall of the mouse chamber. Immediately behind this hole a 
beam of light traversed its horizontal diameter, falling on a 
photocell . The beam was broken when the mouse inserted 
the tip of its nose into the hole. A small stainless steel cup 
(0.025 ml) was located below the hole at floor level. A pump 
located outside the exposure chamber filled the cup with milk 
through a teflon tube. Above the hole were three small lights 
which could serve as visual stimuli; the chamber was also 
equipped with a speaker and white noise. 

Procedures 

Each break of the light beam was counted as a response. 
Milk was delivered according to an FI 60-sec schedule; 
under that schedule, in the presence of flashing lights and no 
white noise the first response to occur after the elapse of a 
60-sec interval produced milk. After each milk presentation 
there was a 5-sec timeout (TO). Eight consecutive FI 60-
sec + TO 5-sec cycles constituted a series and series were 
separated by a 25 min inter-series TO. If8 milk presentations 
did not occur within ro min, the inter-series TO automati­
cally occurred. During TO, as well as before and after ses­
sions, the lights were off, white noise was on, and respond-
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ing had no cheduled con equence . A daily e ion con­
j ted of nine erie . Se ion were conducted 6 day a 

week. 
Total numbers of re pon e and time clap ed in each Fl 

erie were recorded and u ed to calculate rate of re pond­
ing for each erie of the day before expo ure (day 0) a well 
a each of the 5 day of expo ure. Rate of re ponding in the 
fir t erie of each e ion were not included in tabulation of 
re ult . Rate in the next two (2nd and 3rd) erie provided 
control value for daily e ion . Rate of re ponding during 
erie 4 through 9 de cribed the effect of toluene following 

25 min through 4 hr of expo ure, re pectively. Data are 
expre ed a a ratio of individual rate of re ponding during a 
particular erie to the rate of re ponding for that mou e 
during the control erie of the day before expo ure (day 0), 
averaged aero mice. Following the non-expo ure control 
day (day 0), mice were expo ed to toluene on day I through 
5. Toluene wa introduced into the chamber at the end of the 
3rd Fl erie (and hence 30 min before the 4th series), to 
obtain nominal concentration of 500, 1000 or 2000 ppm. A 
the chamber wa not opened during the remainder of the 
es ion chamber concentrations could be monitored . This 

wa done by withdrawing I ml gas amples between each 
serie and analyzing them by flame ionization in a Hewlett 
Packard 5830A Gas Chromatograph and 18850A tenninal. Six 
mice were studied at 500 ppm and 1000 ppm, 5 mice were 
tudied at 2000 ppm. 

Agent 

Toluol (Fluka AG, Switz.) of purity greater than 99.5% 
was u ed. 

RESULTS 

Control Performance 

During control experiments , the mean rate of re ponding 
over the 6 con ecutive series following the control series 
averaged 0.93 of that control and showed no consistent trend 
throughout the session; the mean coefficient of variation in 
the individual series was 15.1% of control. 

Effects of Toluene 

Toluene was added to the chamber at the end of the 3rd Fl 
series in amounts to give concentrations in the chamber of 
500, 1000, or 2000 ppm. Figure I compares the effects of 
toluene on responding in the 4th series (thus after 25 min of 
expo ure) through the 9th series (after approximately 4 hr of 
exposure) to control rates of responding on day O for each 
series during each day of exposure. Repeated daily exposure 
to 500 ppm toluene had little effect on rates of responding on 
any day. Initial exposure to 1000 ppm toluene (day I) in­
creased response rates to approximately twice those of initial 
control values throughout the session. Consistent increases 
in responding were observed during both control and expo­
sure series on all ubsequent days. With exposures to 2000 
ppm, toluene increased response rates following the first 25 
min of exposure (4th series) on the first two days, but de­
creased responding in subsequent series. By the 5th series 
responding was decreased more than 50% while in the 6th 
and sub equent series responding was typically decreased to 
less than 0.2. During the 3rd through 5th day of exposure no 
increases in responding were seen during early portions of 
the exposure sessions. Responding during daily control 
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FIG. I. Effects of repeated exposure to toluene on responding of 
mice maintained under an FI 60-sec schedule of milk presentation. 
Days are arranged venically, on day Ono expo ure occurred, on days 
1- 5 mice were exPosed to 500 ppm, 1000 ppm or 2000 ppm, for series 
4 through 9 of each daily session. Series 2 and 3 constituted daily 
controls, the effects are ex pre sed as a ratio o f the rate of resPonding 
during a serie to the rate of responding during the control series on 
day 0. Consecutive series are represented on the horizontal axis; the 
ratio of experimental to control (E/C) is represented on the venical 
axis . 

series was not greatly changed as a result of exposure to 2000 
ppm toluene on the day before. 

DISCUSSION 

The present experiments describe some behavioral ef­
fects of repeatedly exposing mice to toluene when respond­
ing was maintained under an FI-60 sec schedule of milk pre­
sentation. Repeated exposure to 500 ppm toluene for 4 hr 
daily for 5 days had little behavioral effect, whereas repeated 

 

 
 
 

 
 



TOLUENE AND BEHAVIOR 

exposure to twice that amount resulted in both a sustained 
increase in responding during exposures and also during con­
trol performances. The consistency of the behavioral effects 
obtained over 4 hr exposures to 500 and 1000 ppm was strik­
ing and confirms that stable behavioral effects can be ob­
tained with toluene under the present conditions. However, 
with higher concentrations slightly longer exposure dura­
tions were required to produce a consistent behavioral ef­
fect. At these concentrations responding essentially ceased 
following approximately 2 hrs of exposure. These results 
demonstrate that reliable behavioral effects of organic 
solvents can be obtained with relatively simple and inexpen­
sive means. 

The present results are consistent with previous reports 
of the acute effects of exposure to toluene. Responding is 
often increased either during or following acute exposure to 
moderate concentrations (3 , 4, 5, 9, 10]. In one previous 
report [5] responding of mice maintained under schedule 
conditions similar to those presently reported was maximally 
increased following acute exposure to 700-1000 ppm. 
Somewhat larger increases in responding were obtained dur­
ing exposure to 1000 ppm in the present study. In that earlier 
study responding of mice was decreased approximately 50% 
by. depending upon the duration of the exposure, 1700-2400 
ppm (5]. In the present study approximately I hr of exposure 
to 2000 ppm decreased responding 50%. The behavioral ef­
fects of many compounds change following repeated admin-
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istration . Comparisons between acute and sub-acute expo­
sures and the consistency of effect across sub-acute expo­
sure days suggest that if the behavioral effects of toluene 
change with repeated exposure, exposure periods longer 
than those presently studied are required. 

Near asymptotic blood levels are reached within 15-30 
min of initial exposure to low (200 ppm or less) concentra­
tions of toluene f I, 2, 8]. The behavioral effects presently 
obtained for exposure to 500 ppm and 1000 ppm are consis­
tent with a fairly rapid initial rise to asymptotic blood levels 
of toluene within 25 min. When higher (2000 ppm) concen­
trations of toluene have been studied blood levels have con­
tinued to rise for as long as 3 hr [6]. The present behavioral 
effects of 2000 ppm exposures are consistent with an in­
crease in blood levels of toluene over the first 2 hr of expo­
sure. However, although consistent behavioral effects were 
obtained with 4-hr exposures to 500 ppm and 1000 ppm, the 
possibility that longer exposures might eventually result in a 
decrease in responding is not excluded. Studies of behavior 
quring exposure to organic solvents are important not only in 
their own right, but also because they can effectively relate 
neurobehavioral toxicity to a variety of exposure param­
eters. 

ACKNOWLEDGEMENTS 

This research was supported in part by U .S. Public Health Serv­
ice Grants OH00706, MH07658, MH 14275, DA02658 and RROOl 68. 

REFERENCES 

I. Astrand . I.. H. Ehmer-Samuel, A. Kilborn and P. Ovrum. Tolu­
ene exposure I. Concentration in aveolar air and blood at rest 
and during exercise. Work £n vir. Hltlr . 9: 119-218, 1972. 

2. Carlsson. A. and T. Linquist. Exposure of animals and man to 
toluene. Scand. J . Wor.l. £nvir. Hltlr . 3: 135-143, 1977. 

3. Colotla . A . • S. Bautista, M . Lorenzana-Jimenez and R. Rod­
riguez. Effects of solvents on schedule-controlled behavior. 
Neurobelrav. Toxicol. I: Suppl. I, 11 3-118, 1979. 

4. Geller, I. , R. J . Hartmen, S. R. Randle and E. M. Gause. Ef­
fects of acetone and toluene vapors on multiple schedule per­
formance of rats . Pharma,·. Biochem. Behav. I I: 395-399, 1979. 

5. Glowa, J . R., J . DeWesse, M. E. Nata le, J . J. Holland and P. 8 . 
Dews. Behavioral tox icology of volatile organic solvents. I. 
Methods: acute effects of toluene. J . £nvir. Path . Toxic .. 1982, 
in press. 

6. Peterson, R. G. and J. V. Bruckner. A rapid analytical method 
for measuring toluene in biological specimens. J . Chromatogr. 
152: 69-78, 1978. 

7. Press , E. and A. K. Done. Solve nt sniffing. Physiologic effects 
a nd community control measures fo r intoxication from the in­
tentional inhaltion of organic solvents. Pediatrics 39: 451-461 , 
1967. 

8. Pyyko, K., H. Tahti and H. Vapaetalo. Toluene concentrations 
in various tissues of rats after inhalation and oral administration. 
Archs Toxic. 38: 169-176, 1977. 

9. Shigeta , S., T. Misawa a nd H. Aikawa. Effects of concentration 
a nd duration of toluene exposure on Sidman avoidance in rats. 
Neurobehav. Toxicol. 2: 85-88, 1980. 

IO. Weiss , 8 ., R. Wood and D. Macys. Behavioral toxicology of 
carbon disulfide and to luene. Envir. Hlth . Perspect . 30: 39-45, 
1979. 




