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Scand j work environ health 8 (1982) 121—128

Distribution and elimination of 2-["*C]-acetone
in mice after inhalation exposure

by Ewa Wigaeus, BSc, Agneta Lof, BSc, Marianne Nordqvist, PhD'

WIGAEUS E, LOF A, NORDQVIST M. Distribution and elimination of 2-[14C]-acetone
in mice after inhalation exposure. Scand j work environ health 8 (1982) 121—128. This
study was undertaken to determine the tissue distribution and elimination of acetone
and its metabolic radioactive fragments in mice after exposure to about 1,200 mg/m3
(500 ppm) of 2-[14C]-acetone vapor. The tissue concentrations of acetone seemed to
reach steady state plateaus within 6 h of exposure. In the adipose tissue the maximal
concentration was about one-third of that in the highly perfused nonadipose tissues,
in which acetone was rather evenly distributed. The contents of radioactivity also
reached a plateau within 6 h of exposure in all tissues except the liver and brown
adipose tissue. In these tissues the radioactivity increased during exposures up to 24 h.
Prolonging the exposure time from 6 h to 6 h/d for three and five consecutive days
gave no or only a small additional accumulation of radioactivity in all tissues except
adipose tissue. The half-times of acetone after 6 h of exposure were between 2 and
5 h in all tissues. Almost equal amounts of acetone were excreted via the lungs
unmetabolized or metabolized to carbon dioxide. In all tissues endogenous levels of
acetone were reached within 24 h after exposure. Thus, acetone did not accumulate

after prolonged or repeated exposure to concentrations of 1,200 mg/m3.

Key terms: acetone, expired air, metabolites, tissue concentration.

Acetone is a widely used industrial sol-
vent, and occupational human exposure
occurs with its use (18). About 45 %o of
the inhaled acetone vapor is taken up in
the human body (21), and most of it is ex-
creted via the lungs as unmetabolized
acetone and metabolically formed carbon
dioxide {3, 18).

Early tracer studies with animals have
indicated that acetone is metabolized to
acetate and formate and a 3-carbon inter-
mediate which can enter the glycolytic
cycle. Radiolabeled carbon from acetone
has been found in endogenous material
such as liver glycogen and various amino
acids (15, 16). More recent studies have
demonstrated that radioactivity from
14C-acetone is present in plasma glucose,
lipids, and proteins of fasting humans (17).

Acetone is often used in combination
with other solvents, especially styrene. In
our laboratory tissue distribution studies
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of styrene and other lipophilic organic
solvents have shown an accumulation of
the solvents in adipose tissue (4, 5, 6, 7).
The elimination of these solvents from
adipose tissue in man is relatively slow
(1, 8, 9, 10, 11, 12), a phenomenon in-
dicating a potential risk of prolonged ex-
posure to such lipophilic solvents.

In the present study mice were exposed
to acetone, as it is of interest to compare
the distribution and elimination pattern of
the highly water-soluble acetone (19) with
those of the earlier studied lipophilic or-
ganic solvents.

Material and methods

Radioactively labeled acetone (2-[14C])
(The Radiochemical Centre, Amersham,
England, radiochemical and chemical pu-
rity 99 %) with a specific activity of
2.18 M Bq/umol was diluted with regular
acetone {Merck, Darmstedt, Federal Re-
public of Germany, analytical purity) to a
mean specific activity of 403 Bq/umol. The
vapor of this solution was mixed with air
in a polyester-laminated aluminium-foiled
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bag to a concentration of 1,200 mg/m3.
Male mice (Naval Medical Research Insti-
tute, white, 25—30 g) were exposed to the
acetone vapor in a metabolism cage (2.8 1)
(4). The cage was placed in a cooled water
bath (15—17°C) to keep the absolute
humidity at a tolerable level (14). The
acetone concentration was controlled re-
gularly by gas chromatography (Porapak
Q, 1.0 m, 170°C, nitrogen flow 30 ml/min,
flame ionization detector, Antec 464 LP)
and adjusted when necessary. The time-
weighted average concentration was 1,239
(SD 54) mg/m3.

For the determination of the tissue dis-
tribution of acetone, groups of four mice
were exposed to acetone for 1, 3, 6, 12,
and 24 h or 6 h/d for 1, 3, and 5 con-
secutive days. The mice were killed by
luxation immediately after exposure. The
rate of elimination was determined from
groups of four mice killed 1, 3, 6, 12, or
24 h after a 6-h exposure period. Different
tissues were sampled for the determina-
tion of unchanged acetone by gas chro-
matographic analysis and for the analysis
of the total amount of radioactivity by
liquid scintillation counting.

Blood was obtained by decapitation. The
mice were kept cold on ice until the other
tissue samples were taken and sealed in
preweighed cold glass vials. Samples of
about 100 mg for the determination of un-
changed acetone were stored at — 70°C
in sealed glass vials until the analysis. The
acetone was evaporated from all tissue
samples except blood with the use of a
continuous headspace technique (to be
published) that is a modified version of a
method previously used in our laboratory
for the analysis of organic solvents in

Table 1. Method error as the percentage of the
mean value of the radioactivity determinations.

Method error

Tissue (°/0 of mean value)
Blood 141
Lung 10.9
Liver 9.8
Kidney 6.6
Brain 8.3
Muscle 17.4
Intraperitoneal adipose tissue 20.1
Subcutaneous adipose tissue 26.0
Brown adipose tissue 74
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adipose tissue (11). The amount of acetone
was analyzed by gas chromatography
(0.4 % Carbowax 1500 on Carbopack A,
2 m, 70°C, nitrogen flow 25 ml/min, flame
ionization detector, Varian 3700 with a
rebuild double injection port). Blood
samples were analyzed by a previously
described headspace method (21). The in
vitro ratio of blood to air was determined
to be 248 at 37°C. The tissue samples
{about 100 mg) for the radioactivity deter-
mination were solubilized in Soluene 350%,
decolored when necessary, and mixed with
scintillation liquids (4). The radioactivity
was assayed in a Packard TriCarb model
3375 spectrometer with external standardi-
zation.  Whenever possible duplicate
samples were taken, and the error of the
method was calculated according to

SD = {[ZD2— (XD)%/n]/2(n — 1)}%,

where D is the difference in concentration
between duplicate samples.

During a 12-h elimination period after
6 h of exposure, expired air from four
mice was collected in different absorption
fluids and analyzed by scintillation count-
ing for its contents of radioactive acetone,
carbon dioxide, and carbon monoxide (2,
13). Hopcalite (40 °/o CuO + 60 ° MnyO)
was used as a catalyst for the oxidation of
carbon monoxide to carbon dioxide.

Resuits

The method error of the radioactivity de-
terminations is given in table 1.

The accumulation of unmetabolized ace-
tone and the total radioactivity in different
tissues {means and standard deviations of
the values of four mice) after up to 24 h
of exposure are given in fig 1. A general
feature was an increase in the tissue con-
centration of acetone and total radio-
activity during the first 6 h of exposure.
A prominent part of the total radioactivity
seemed to represent metabolic fragments.
Exposure times longer than 6 h gave no
further accumulation in any tissues ex-
cept the liver and brown adipose tissue.
In these tissues the concentration of radio-
activity increased during the exposures
up to 24 h. At that time the concentra-
tion of radioactivity in the liver was
4.8 (SD 0.6) umol/g, significantly higher
(p < 0.05, Mann-Whitney test) than in any



other tissue. Only about 10 %o of this
amount was unchanged acetone. The con-
centration of acetone in the adipose tissue
was very low compared with all the other
tissues studied. Intraperitoneal and sub-
cutaneous adipose tissues exhibited the
lowest levels (p < 0.01, Mann-Whitney
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test), about 0.2 umol after 24 h of expo-
sure.

When mice were exposed 6 h/d for 3
and 5 consecutive days, most tissues
showed no or only a small additional in-
crease in radioactivity after more than
1 d of exposure (fig 2). The concentration
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Fig 1. Tissue concentrations of acetone and its
radioactive metabolic fragments (0) and those
of unmetabolized acetone (®) after exposure to
a l4C-acetone concentration of about 1,200
mg/m3 for different time periods. The concen-
tration of radioactivity is expressed as micro-
moies of acetone equivalents per gram of wet
tissue based on the specific activity of the 14C-
labeled acetone used. The mean values and
standard deviations of four mice are given. The
background levels, mainly endogenously formed

acetone, were 0.02—0.10 umol/g of tissue.
(adip = adipose, ip = intraperitoneal, subc =
subcutaneous)
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in adipose tissue, however, increased sig-
nificantly with increased exposure time up
to 5 d. The concentration in brown adipose
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Fig 2. Tissue concentrations of acetone and its
radioactive metabolic fragments after exposure
for 6 h/d to a 14C-acetone concentration of about
1,200 mg/m3 for one, three, and five consecutive
days. The concentration of radioactivity is ex-
pressed as micromoles of acetone equivalents
per gram of wet tissue based on the specific
activity of the 14C-labeled acetone used. The
mean values and standard deviations of four
mice are given. (adip = adipose, ip = intraperi-
toneal, subc = subcutaneous)

tissue reached 5.5 (SD 0.4) umol/g, which
was about twice as high as after 24 h of
exposure and four times as high as after
6 h of exposure.

Similar to most tissues depicted in fig 1
and 2 pancreas, spleen, thymus, heart,
testis, and vas deferens showed their max-
imal radioactive contents after 6 h of ex-
posure. The concentrations ranged be-
tween 2.1 (SD 0.7) umol/g (testis) and
3.6 (SD 0.7) umol/g (pancreas).

The ratio of the acetone concentration
in the sampled tissues to that in the blood
was less than one for all the sampled tis-
sues at all exposure times with the ex-
ception of the lungs, the site of adminis-
tration (fig 3). The lung : blood ratio was
almost 2 after 1 h of exposure. Sub-
cutaneous adipose tissue had the lowest
ratios, about 0.2 for all exposure periods.
When the ratios of acetone equivalents are
compared, the picture is quite different
(fig 4). After 1 and 3 h of exposure only
the lungs had a ratio higher than 1, where-
as also the ratios of the kidneys and liver
exceeded 1 after 6 h of exposure. After
24 h of exposure only the muscles and the
subcutaneous and intraperitoneal adipose
tissue had ratios of less than 1. The liver
and brown adipose tissue ratios rose con-
tinuously with increased exposure time
and were 2.4 and 1.4, respectively, after
24 h of exposure.

The elimination of radioactivity and un-
metabolized acetone following a 6-h ex-
posure period is shown in fig 5. The blood,
kidneys, lungs, brain, and muscles showed
the fastest elimination of acetone with
half-times of about 2—3 h during the first
6 h after exposure. The slowest elimi-

207 Distribution coefficient ACETONE nation was seen from subcutaneous adipose
tissue with a half-time slightly longer
18
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16
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sure the acetone concentration had reached
the endogenous levels (0.02—0.10 umol/g
tissue) in all tissues. There were, how-
ever, still detectable amounts of meta-
bolites left in all tissues except the blood
and muscles.

The tissue : blood ratio of acetone in-
creased with increased time of elimina-
tion. Immediately after 6 h of exposure the
acetone concentration of all the tissues was
lower than that of blood {fig 3 & 5), but
after 6 h of elimination most tissues had
about the same concentration as that of
blood, except the liver, which had a con-
centration about 3.5 times higher.

The tissue : blood ratio of radicactivity
also increased with prolonged elimination
time. Immediately and 1 h after exposure
the radioactive contents of all the tissues
except adipose tissue were about the same
as that of the blood (fig 4 & 5). There-
after the ratio rose with increased time of
elimination. Twelve hours after exposure
the liver had the highest concentration of
radioactivity, 10 times higher than the
blood concentration, while the muscles and
the subcutaneous and intraperitoneal
adipose tissue only had slightly higher
concentrations than that of the blood.

The cumulative excretion of radioactive
acetone and carbon dioxide in the expired
air up to 12 h after a 6-h exposure period
is shown in fig 6. No detectable amounts
of radioactive carbon monoxide was found
in the expired air. Forty-two micromoles
of radioactive acetone was eliminated from
a mouse via the expired air during 12 h
with 95 % of the amount recovered within
the first 6 h. The elimination of carbon

24T Distribution coefficient ACETONE AND METABOLITES

dioxide during 12 h corresponded to 37
umol of acetone; 85 % of the amount was
eliminated within the first 6 h.

Discussion

The present distribution study confirms
the hypothesis that acetone is not selec-
tively absorbed in any tissue but is more
evenly distributed in the body water. This
situation is quite different from that of
more lipophilic solvents, which according
to our earlier studies accumulate and reach
high concentrations in subcutaneous adi-
pose tissue (4, 5, 6, 7). In this study the
lowest solvent concentrations were found
in the adipose tissue, the very lowest
occurring in subcutaneous adipose tissue.
This phenomenon can, apart from the poor
perfusion in these tissues, be explained by
the hydrophilic character of acetone (19).
After 3—6 h of exposure the increase of
the acetone concentration in the tissues
studied leveled off to a steady state pla-
teau that indicated that equilibrium had
been obtained with the actual air concen-
tration (fig 1).

The ratio for acetone between sub-
cutaneous adipose tissue (umol/kg) and the
inspiratory air (umol/l) was about 5 after
1 h, and it rose to about 15 after 6 h of
exposure. More lipophilic solvents show
much higher ratios after comparable expo-
sures. When rats were exposed to 1,014
mg/m3? of styrene the fat:air ratio was
about 64 after 1 h and 197 after 4 h of
exposure (4). The corresponding ratios for
rats exposed to 1,117 mg/m?® of p-xylene

L& s Liver

[0X-]
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Fig 4. Tissue :blood concentra-
tion ratios of radioactivity after

© Subc adip tissue exposure to a 14C-acetone con-

04

0.2
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centration of about 1,200 mg/m3
for different periods of time.
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were 85 after 1 h, 204 after 4 h, and 526
after 8 h of exposure (5). The subcutaneous
adipose tissue : blood ratio (fig 3) stayed
fairly constant at about 0.2 throughout the
entire exposure period. In the styrene and
p-xylene study this ratio increased with
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Fig 5. Tissue concentrations of acetone and its
radioactive metabolic fragments (0) and of un-
metabolized acetone (®) at different times after
concluded exposure to a '“C-acetone concentra-
tion of about 1,200 mg/m® for 6 h. The concen-
tration of radioactivity is expressed as micro-
moles of acetone equivalents per gram of wet
tissue. It is calculated from the total radioactive
contents based on the specific activity of the
C-labeled acetone used. The mean values and
standard deviations of four mice are given. The
background levels, mainly endogenously formed
acetone, were 0.02—0.10 umol/g of tissue.

an increased exposure time and was 36
and 35, respectively, after 4 h of exposure.

The ratio for acetone between blood and
the inspiratory air was about 25 after 1 h
of exposure, and it rose to 60 after 3 h
and to about 70 after 6 h of exposure. The
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blood : inspiratory air ratio in our previous
study with man (mean values of arterial
and venous blood concentrations) was
about 6 after 1 h and 10 after 2 h of expo-
sure at rest (21). When light physical ac-
tivity (50 W on a bicycle ergometer) was
introduced, the ratio rose to about 11 after
1 h and 23 after 2 h of exposure. Thus, the
blood : air ratio of acetone after 1 h of ex-
posure was about two and four times
higher, respectively, for the mouse than
for man exposed to about the same acetone
concentration during light physical activity
or at rest.

The blood : air coefficient, determined in
vitro, was 248 in this study. Elsewhere it
has been reported to be in the range of
245 to 275 {19, 21). It is not very probable
that our relatively low in vivo blood : air
coefficient of about 70 can solely be ex-
plained by systemic uptake. A contribut-
ing factor could be the very high water
affinity of acetone, which results in the
dissolution of acetone in saliva and in the
mucous membranes in the respiratory
tract and leads to a lower acetone concen-
tration in the air reaching the alveoli.

The continued accumulation of radio-
activity in the liver and brown adipose
tissue in comparison with that of other
tissues could be due to high metabolic
turnover in these tissues and therefore to
high concentrations of !4C-labeled frag-
ments from acetone. In the liver the meta-
bolite fraction of the total radioactivity
increased from 44 o after 1 h to 56 %
after 6 h and 87 %o after 24 h of exposure.
In some tissues the concentration of ace-
tone and total radioactivity seems to be
lower at 12 and/or 24 h of exposure than at

6 h of exposure. The explanation for this
difference can be food deprivation and the
resulting reduced physical activity, which
leads to reduced acetone uptake (21).

Expiration is the major route of elimi-
nation for acetone (3, 18, 21). The fraction
of unmetabolized acetone recovered in the
breath is dose dependent. This phenome-
non was demonstrated in dogs as early as
1897 by Schwarz, who found that, when
doses of 300—600 mg/kg (5.16—10.33
mmol/kg) were given, about 55 %o was
exhaled, but only 18 % was exhaled when
the dose was 3.5 mg/kg {0.06 mmol/kg) (20).
Further investigations with rats have
shown that less than 10 %6 of the substance
is exhaled unchanged when small doses of
1—6 mg/kg (0.02—0.10 mmol/kg) are
given (16).

In our previous study on acetone in man
the uptake during 2 h of exposure was
8—16 mg/kg (0.14—0.28 mmol/kg) and the
amount exhaled 16—27 %o of the uptake
(21). In this present study with mice about
52 %0 of the expired radioactivity after
concluded exposure was unmetabolized
acetone, and the remaining part carbon
dioxide. Only traces of unmetabolized
acetone was exhaled 6 h after 6 h of ex-
posure (fig 6), and within 24 h after ex-
posure all tissue concentrations of acetone
were down to the endogenous levels (fig 5).
Thus, with this acetone concentration in
the inspiratory air, acetone is not likely
to accumulate in the body at repeated ex-
posures. This result was also demonstrated
when mice were exposed 6 h/d for 3 and
5 consecutive days. No, or only a small
further, increase in total radioactivity was
observed in most tissues in comparison
with the level at 6 h of exposure.

127



Acknowledgment

The authors are very grateful to Ms S
Holm and Ms E Lundgren for their skill-

ful

technical assistance.

References

10.

128

Astrand I. Physiological factors: Effect of
physical exercise on uptake, distribution
and elimination of vapors in man. In:
Fiserova-Bergerova V, ed. Modeling the
uptake, metabolism and elimination of
some inhaled vapors and gases. CRC
Press, Inc, Boca Raton, FL (in press).

. Bergman K. Whole-body autoradiography

and allied tracer techniques in distribution
and elimination studies of some organic
solvents: Benzene, toluene, xylene, styrene,
methylene chloride, chloroform, carbon
tetrachloride and trichloroethylene. Scand
j work environ health 5 (1979): suppl 1,
263 p.

. Browning E. Toxicity and metabolism of

industrial solvents.
NY 1965.

Carlsson A. Distribution and elimination of
14C-styrene in rat. Scand j work environ
health 7 (1981) 45—50.

Carlsson A. Distribution and elimination of
14C-xylene in rat. Scand j work environ
health 7 (1981) 51—55.

Carlsson A, Hultengren M. Exposure to
methylene chloride: III Metabolism of 14C-
labeled methylene chloride in rat. Scand
j work environ health 1 (1975) 104—108.
Carlsson A, Lindqvist T. Exposure of ani-
mals and man to toluene. Scand j work
environ health 3 (1977) 135—143.

Carlsson A, Ljungquist E. Exposure to
toluene: Concentration in subcutaneous
adipose tissue. Scand j work environ
health 8 (1982) 56—#62.

Engstrém J, Astrand I, Wigaeus E. Expo-
sure to styrene in a polymerization plant:
Uptake in the organism and concentration
in subcutaneous adipose tissue. Scand j
work environ health 4 (1978) 324—329.
Engstrom J, Bjurstrom R. Exposure to

Elsevier, New York,

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

methylene chloride: Content in sub-
cutaneous adipose tissue. Scand j work en-
viron health 3 (1977) 215—224.

. Engstrom J, Bjurstrom R. Exposure to

xylene and ethylbenzene: II Concentration
in subcutaneous adipose tissue. Scand j
work environ health 4 (1978) 195—203.
Engstrém J, Bjurstrom R, Astrand I, Ov-
rum P. Uptake, distribution and elimina-
tion of styrene in man: Concentration in
subcutaneous adipose tissue. Scand j work
environ health 4 (1978) 315—323.

Kasprzak KS, Sundeman FW Jr. The me-
tabolism of nickel carbonyl-14C. Toxicol
appl pharmacol 15 (1969) 295—303.

Lutz WK, Schlatter C. A closed inhalation
system for pharmacokinetic and metab-
olism studies of volatile compounds with
small laboratory animals: Toxicological
aspects of food safety. Arch toxicol (1978):
suppl 1, 373—3%75.

Mourkides GA, Hobbs DC, Koeppe RE. The
metabolism of acetone-2-Cl14 by intact rats.
J biol chem 234 (1959) 27—30.

Price TD, Rittenberg D. The metabolism
of acetone: I Gross aspects of catabolism
and excretion. J biol chem 185 (1950) 445—
459.

Reichard GA Jr, Haff AC, Skutches CL,
Paul P, Holroyde CP, Owen OE. Plasma
acetone metabolism in the fasting human.
J clin invest 63 (1979): 4, 619—626.

Rowe VK, Wolf MA. Ketones. In: Patty
FA, ed. Industrial hygiene and toxicology.
Volume 2. Third edition. Interscience, New
York, NY 1963, pp 1726—1731.

Sato A, Nakajima T. Partition coefficients
of some aromatic hydrocarbons and ke-
tones in water, blood and oil. Br j ind med
36 (1979) 231—234.

Schwartz L. Uber die Oxydation des Ace-
tons und homologer Ketone der Fettsdure-
reihe. Arch exp pathol pharmakol 40
(1898) 168.

Wigaeus E, Holm S, Astrand I. Exposure
to acetone: Uptake and elimination in
man. Scand j work environ health 7 (1981)
84—94.

Received for publication: 23 November 1981



