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GELLER, 1., E. GAUSE, H. KAPLAN AND R. J. HARTMANN. Effects of acetone, methyl ethyl ketone and methyl!
isobutyl ketone on a match-to-sample task in the baboon. PHARMAC. BIOCHEM. BEHAV. 11(4) 401-406, 1979.—
Acetone, methyl ethyl ketone (MEK) and methyl isobutyl ketone (MIBK) were evaluated for effects on a delayed
match-to-sample discrimination task in the juvenile baboon. The animals were exposed to '/2 the threshold limit value
(TLV) of each gas for 24 hr per day during %7—day period. They were also exposed to a combination of MEK and MIBK at
the same exposure concentrations. Each exposure condition affected accuracy of performance minimally but resulted in
increased and decreased extra responses during the delay intervals. Response times were slowed under acetone, MEK or
MIBK. In contrast to the effects of the individual gases, exposure to a combination of the same doses of MEK and MIBK
produced a consistent increase in extra responses during delay and a concomitant decrease in response times. Changes in
tissue uptake and metabolism are suggested as possible mechanisms to explain this observation.
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INHALATION of high concentrations of organic solvent
vapors produces a state of euphoria. a property which has
led to the widespread, abusive inhalation of any mixture of
solvents easily available (glue-sniffing, paint-sniffing). This
practice frequently has tragic consequences for both the in-
dividuals involved and for society at large due to the mental
and emotional derangement produced.

Solvents abused through inhalation include acetone,
methyl ethyl ketone (MEK) and methyl isobutyl ketone
(MIBK), members of the ketone family. These vapors have
also been found to be contaminants of spacecraft atmos-
pheres {3]. Laboratory studies of such compounds have
generally been limited to traditional studies of extremes in
toxicity [2,11]. Zakhari et al. [15], in their review of the
MEK literature, suggested that values derived from animal
experiments might be too high to serve as estimates for ef-
fects in man since the doses required to produce effects in
animals were higher than those required for human studies.

The literature reviewed by these investigators did not in-
clude studies which employed operant technology. Operant
behavior techniques are extremely sensitive and in many
instances one may detect behavioral toxic effects that may
not be evident through gross observational methods. Oper-
ant discrimination tasks are useful in that they lend them-

selves to the simultaneous measurement of a number of CNS
mediated functions. For example, the delayed match-to-
sample discrimination task measures associative learning,
visual reproduction (short-term memory), similarities or
dissimilarities in stimuli, psychomotor function and response
or reaction time. In the present study a match-to-sample
operant discrimination task was used to compare the central
nervous system (CNS) effects of acetone, MEK and MIBK
when baboons were exposed to !/2 the threshold limit value
(TLV) [14]. Animals were also exposed to a combination of
two ketones (MEK and MIBK) at the same concentrations in
order to delineate possible additive, more than or less than
additive effects.

METHOD

Two large stainless steel chambers equipped with a walk-
in air lock were used to conduct the exposures. Four juvenile
male baboons, approximately 2 years old, were housed in
behavioral test chambers which were maintained in the large
exposure chambers. The behavioral test chambers were de-
signed so that an intelligence panel could be slipped down
between the outside wall of the cage and the baboon. The
intelligence panel was equipped with a row of three translu-
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TABLE 1

FIVE DAY AVERAGES OF PERCENT CORRECT RESPONSES OBTAINED PRIOR TO (C) AND
DURING (E) 7-DAY EXPOSURES

100 PPM MEK/

Ketones 100 PPM MEK 50 PPM MIBK 500 PPM Acetone 50 PPM MIBK
Baboon C E C E C E C E

529 100 96.0 100 98.5 99 98.4 100.0 99.5

382 100 99.0 100 100.0 100 96.0 100.0 99.5

380 100 99.0 100 96.5 100 97.5 99.0 97.5

531 100 98.5 100 94.0 100 98.0 99.5  100.0

cent discs which served as levers. Under the appropriate
experimental conditions, pressing either disc produced a
banana pellet reward. Experimental sessions of 2 hr duration
were conducted on Monday through Friday of each week.

When the session timer was activated, a variable interval
(VI) programming tape was set in motion. The tape pro-
grammed the occurrence of a stimulus on the center lever on
the average of one every 3 min. The VI tape was inoperative
during each trial which began with the illumination of one of
the stimuli on the center lever or probe stimulus. This
stimulus was terminated at the end of a 30-sec period or by a
response on the lever. Termination of the stimulus activated
a timer for 2 min, called the delay interval. At the end of the
delay interval, stimuli appeared on both levers adjacent to
the center lever. The correct matching stimulus was varied
between these two levers in a mixed order. A response on
the correct lever, when the stimulus matched the center
lever stimulus, terminated the stimuli, activated the feeder
and produced a banana pellet reward. Responses on the in-
correct lever simply terminated the stimuli and again set the
VI tape in motion.

A record was kept of the number of probe stimuli pre-
sented during each 15-min segment of a 2-hr session, the
number of correct matching responses on the left and right
levers and the number of incorrect responses on these lev-
ers. A record was also kept of any extra responses that may
have occurred on the three levers when the stimuli were not
activated or during the delay interval. The time it took the
subject to respond with a lever press after a stimulus was
activated was also measured (response time). After the ba-
boons were trained to 90-100% efficiency on the discrimina-
tion task, they were exposed to acetone, methyl ethyl ketone
(MEK) or methyl isobutyl ketone (MIBK). Exposure was by
means of the vapor saturation technique [4]. For the vapor
saturation method, air is bubbled through a gas washing
bottle containing the liquid to be vaporized. In passing
through the liquid, the air becomes saturated with vapor
which is then directed to the air intake ducts of the exposure
chamber. Changing the flowrate with the fine metering valve
or changing the temperature of the constant temperature
bath allows one to produce a range of pollutant concentra-
tions in the exposure chamber. The technique is simple and
works well for substances that are liquids at room tempera-
ture. A Hewlett-Packard gas chromatograph, modified for
automatic sampling, was employed. This allowed for auto-
matic sampling, quantitation and recording of pollutant con-
centrations in the exposure chamber.

Exposures were of 7 days duration. Animals were ex-

posed to 100 ppm MEK, 50 ppm MIBK, 500 ppm acetone
and a combination of 100 ppm MEK and 50 ppm MIBK. At
least 1 month elapsed between each of the above exposures.
While two subjects in one of the chambers were being ex-
posed to a contaminant atmosphere, the animals in the other
chamber served as controls and were exposed to clean air
during the same period. Thus, not only did other animals
serve as controls, but each animal was able to serve as its
own control, in that exposure data could be compared with
data obtained from pre- and postexposure time. Behavioral
testing was conducted for a 2-hr period in the moring for
one animal and in the afternoon for one animal.

RESULTS

Table 1 shows average percent correct responses for 5
work days of each 7-day exposure (E) and for 5 work days of
the control week (C) prior to the 7-day exposure week. Prac-
tically no errors occurred during control sessions while at
most, only one or two errors occurred during gas exposures.
The ketones produced minimal effects on the accuracy of the
discrimination.

Figure 1 shows the number of extra responses made by
each animal during the delay intervals as a function of days
of exposure to ketone vapors. The data expressed as percent
of control (C) were derived by comparing daily averages dur-
ing exposure periods with a weekly average of five daily
sham-exposure (control) sessions conducted during the week
immediately preceding each ketone exposure. Exposures
were initiated on Wednesdays and were continuous through
the next Tuesday: behavioral test sessions were conducted
on Wednesday, Thursday and Friday and the following
Monday and Tuesday. During exposure to 500 ppm acetone,
two of the four baboons (529 and 380) showed marked
changes in the number of extra responses made during expo-
sure compared to their own baseline values; for baboon 380,
extra responses increased by some 200-300% on all five ex-
posure test sessions, while 529 showed an increase in extra
responses above control levels for the first 2 days of expo-
sure and a consistent decrease below control range for the
3rd, 6th and 7th days. For the other two animals, one (382)
exhibited a decrease below control ranges for three of the
five exposure test sessions, while for the other 2 days, extra
responses were within the low extremes of control ranges:
extra responses made by baboon 531 were outside control
ranges for only one test session, the 7th day of exposure.

Exposure to 100 ppm MEK had no effect on the number
of extra responses made by Baboon 531 on any of the 5 test
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FIG. 1. Extra responses during delay interval as a function of 7 days of exposure to ketone vapors.

Data are expressed as percent of control. [Control lines represent averages of 5 daily sham-exposure

(control) sessions conducted during the week immediately preceding the ketone exposure. Brackets
indicate = SE.|

days; Baboon 382, on the other hand, showed marked in-
creases in the number of extra responses on all 5 test days,
and Baboon 380 on 4 of 5 test days: in contrast, Baboon 529
showed significant decreases in number of extra responses
on 4 of the 5 test days. Under an atmosphere of 50 ppm
MIBK, one animal (531) made an increased number of extra
responses for the first 3 days of exposure and a decreased
number for the last 2 days: two animals (382 and 529) had a
decreased number of extra responses for all § test days,

while the other baboon (380) exhibited extra responses
within control range for the first 2 test days and a significant
decrease in number of extra responses for the last 3 test
days.

When the exposure atmosphere was MEK (100 ppm)
combined with MIBK (50 ppm), the numbers of extra re-
sponses for two animals (380 and 529) were significantly
different from control ranges on all five exposure test days,
being increased for all five sessions for 380 and increased for
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FIG. 2. Mean exposure times as a function of 7 days of exposure to ketone vapors. (Broken lines show
control response times in seconds obtained by averaging data of control sessions conducted one week
prior to each of 4 exposure sessions. Brackets indicate + SE.)

three and decreased for two sessions for Baboon 529. The
other two animals (531 and 382) had one test session each for
which the extra responses were within control limits, but
showed increased extra responses for the other four test
sessions. All four baboons showed a significant increase in
the number of extra responses for either all or the majority of
their test sessions when exposed to the mixture of the two
vapors.

Figure 2 shows the mean response time under each expo-
sure condition. The broken line represents average control
response time obtained by averaging the data of the control

sessions conducted 1 week prior to each of four exposure
sessions. The brackets represent standard errors. Each
single ketone exposure produced an increase in response
times. The maximal effect occurred for Baboon 529 on the
1st day of exposure to 500 ppm acetone and for Baboon 380
on the 3rd day of exposure to 100 ppm MEK. MIBK in-
creased response time on every behavioral test day for all
animals. MEK increased respone time on almost every ex-
posure day except Day 6 and 7 for Baboons 531 and 382 and,
except for Day 1, for Baboons 529 and 382.

Exposure to the combinations of 100 ppm MEK and 50
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ppm MIBK vyielded response times in control range on all but
Days 6 and 7 of exposure for Baboon 382. Thus, the com-
bined effects of MEK and MIBK were much less than addit-
ive.

DISCUSSION

Both MEK and MIBK have been considered to be rela-
tively safe, i.e., they do not produce peripheral neuropathy
as does methyl n-butyl ketone (MnBK) [13]. MEK is widely
used as an industrial solvent for which the TLV concentra-
tion is 200 ppm; primary effects in this concentration range
are considered to be irritation of nose, throat, and eyes and
an objectionable odor [8) although low-grade intoxication
has been reported to occur at concentrations of 300-600 ppm
{12]. MIBK is also employed as an industrial solvent: it too
has an objectionable odor even at its TLV concentration of
100 ppm, while twice the TLV, or 200 ppm, has been re-
ported to cause eye and nose irritation, headache, dizziness
and nausea [8]. Since both of these ketones are narcotic in
higher concentration, we have undertaken to determine if
exposure to atmospheric concentrations of one-half the TLV
might be associated with low-level effects upon CNS func-
tion. For detection of acute, functional CNS effects, we have
employed operant conditioning behavior in a primate (ba-
boon). The operant behavior selected was a match-to-sample
discrimination task and the experimental protocol allowed
the performance of each baboon during inhalation exposure
to be compared to his performances during a clean-air sham
exposure in the same chamber immediately prior to each
exposure.

The results of these studies have indicated that while
one-half the TLV concentration of MEK or MIBK produced
no significant effect upon accuracy of performance of the
task, these low concentrations did produce consistent effects
upon two other behavioral parameters: mean response time
and response during delay. Both MEK (100 ppm) and MIBK
(50 ppm) when given singly caused a slowing of response
times for all four baboons on most or all of their exposure
test sessions. This effect could be an early manifestation of
the incoordination and narcosis which are observed at much
higher concentrations [10]. This effect could also be related
to the deficiencies in perception of time duration as a conse-
quence of exposure to 90-270 ppm MEK for 4 hr [9]. In
the experiments described herein, the effect upon response
time occurred during the Ist day of exposure for all four
animals exposed to MIBK (although one animal, Baboon
529, exhibited a value barely outside control range), but the
slowing of response time was not observed until the second
day of continuous exposure to MEK. This immediate effect
of MIBK and the delay in effect of MEK could be associated
with the differences in solubility of the two ketones: MEK is
apparently soluble in water in all proportions while MIBK
has limited solubility in water (1.91%) [15]. This difference in
properties suggests that MIBK would reach a steady-state
level in the blood rapidly and begin to accumulate in tissues
while MEK concentrations in blood and other tissues would
attain maximal steady-state levels much more slowly (1]

Of particular interest is the observation that although
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MEK or MIBK alone consistently produced a slowing of
response time, when the same concentrations of the two
vapors are combined, there was no effect upon response
time (except for the last 2 days of exposure for one animal,
Baboon 382). In fact, there is a suggestion of a negative
effect or a shortening of response time. This combination of
the two vapors also caused a consistent increase in the extra
responses during delay for all four animals, although there
was not a clear-cut pattern of effects upon this parameter
produced by the single vapors. The increase in extra re-
sponses during the delay periods might be indicative of an
activation effect which is compatible with the observed de-
crease in response times even beyond control levels. In-
creased responses during the delay periods probably reflect
an alerting response. (The animals are getting ready for the
matching stimuli and respond more rapidly when the stimuli
are activated.) The mechanism for the disappearance of ef-
fect upon response time when the two vapors were combined
is not known at this time; possible mechanisms include alt-
erations in tissue uptake and in metabolism. For example,
tissue uptake of either single agent may be markedly affected
by one compound acting as a co-solvent for the other so that
partition between hydrophilic and lipophilic compartments is
altered: or the binding of either compound to specific recep-
tor sites in vivo may be inhibited by the presence of the other
compound. A special case of competition for receptor sites
could involve the active site of drug-metabolizing enzymes
such as microsomal monooxygenases or associated enzym-
es, leading to significant effects upon the character and
quantity of metabolites produced. a related mechanism
would involve induction, or de novo enzyme synthesis, by
one compound. This last mechanism, alteration of
metabolism to produce greater quantities of a neurotoxic
metabolite, appears to be involved in the potentiation of
MnBK peripheral neurotoxicity by simultaneous inhalation
of MEK. Couri ¢t al. [5] found that MEK caused increased
metabolism of hexobarbital in rats (measured as sleep times),
whether given alone or in combination with MnBK, but that
MnBK itself did not affect barbiturate metabolism. The ac-
tivities of certain hepatic drug-metabolizing enzymes, includ-
ing aniline hydroxylase, aminopyrine demethylase, neopron-
tosil reductase and p-nitrobenzoate reductase, were also
found to be elevated 2- to 3-fold by inhalation of MnBK-
MEK mixtures. MnBK is metabolized to three compounds,
one of which (2,5-hexanedione) is the neurotoxic species:
and another of which (2-hexanol) is metabolically recycled to
MnBK to be metabolized to more 2,5-hexanedione;
enhanced metabolism in this case probably results in the
production of more of the neuroactive 2,5-hexanedione be-
fore clearance through excretion {6,7].

The co-solvency mechanism mentioned above could be
particularly significant for nervous system tissue where the
barriers between nerve cells and the circulation—i.e., myelin
and the blood-brain barrier—are highly lipophilic, causing
preferential uptake of hydrophobic molecules, whereas
penetration into the cytoplasm of nerve cell bodies would be
facilitated by greater hydrophilic character of the molecule,
or in the case of co-solvents, two different molecules forming
a single phase.

REFERENCES

1. Astrand, I. Uptake of solvents in the blood and tissues of man.
Scand. J. Work Envir. Hith 1: 199-218, 1975.

2. Bass, M. Sudden sniffing death. J. Am. med. Ass. 212: 2075
2079, 1970.



406

. Bertsch, W., A. Zlatkis, H. M. Liebich and H. J. Schneider.

Concentration and analysis of organic volatiles in Skylab 4. J.
Chromatog. 99: 673-687, 1974.

. Cotabish, H. N., P. W. McConnaughey and H. C. Messer. Mak-

ing known concentrations for instrument calibration. Am. ind.
Hyg. Ass. J. 22: 392-402, 1961.

. Couri, D., L. B. Hetland, M. S. Abdel-Rahman and H. Weiss.

The influence of inhaled ketone solvent vapors on hepatic mic-
rosomal biotransformation activities. Toxic. appl. Pharmac. 41:
285-289, 1977.

. DiVincenzo, G. D., M. L. Hamilton, C. J. Kaplan and J. Dedi-

nas. Metabolic fate and disposition of '“C-labelled methyl
n-butyl ketone in the rat. Toxic. appl. Pharmac. 41: 547-560,
1977.

. DiVincenzo, G. D., C. J. Kaplan and J. Dedinas. Characteriza-

tion of the metabolites of methyl n-butyl ketone, methyl iso-
butyl ketone, and methyl ethyl ketone in guinea pig serum and
their clearance. Toxic. appl. Pharmac. 36: 511-522, 1976.

. Documentation of the Threshold Limit Values for Substances in

Workroom Air. Am. Conf. Gov. Ind. Hyg. 1976, pp. 28-29.

. Nakaaki, K. Effect of exposure to organic solvent vapor in

human subjects. Rodo Kagaku 50: 89-96, 1974.

10.

13.

14.

. Shirabe, T., T.

GELLER ET AL.

Patty, F. A., H. H. Schrenk and W. P. Yant. Acute response of
guinea pigs to vapors of some new commercial organic com-
pounds. VIII. Butanone. U.S. publ. Hith Rep. 50: 1217-1218,
1935.

Tsuda, A. Terao and S. Araki. Toxic
polyneuropathy due to glue sniffing. J. Newrol. Sci. 21: 101-113.
1974.

. Smith, A. R. and M. R. Mayers. Industrial Bulletin. /nd. Bull.

(N.Y. State Dept. Labor) 23: 174-176, 1944.

Spencer, P. S. and H. H. Schaumburg. Feline nervous system
response to chronic intoxication with commercial grades of
methyl n-butyl ketone, methyl iso-butyl ketone and methyl ethyl
ketone. Toxic. appl. Pharmac. 37: 301-311, 1976.

TLV's Threshold Limit Values for Chemical Substances and
Physical Agents in the Workroom Environment with Intended
Changes for 1977. Am. Conf. Gov. Ind. Hvg., 1977.

. Zakhan, S., M. Leibowitz, P. Levy and D. M. Aviado. /sop-

ropanol and Ketones in the Environmeni. Cleveland, OH: CRC
Press, 1977, 147 pp.



