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a 01 ml aliquot of an aqueous solution of
each compound (50 pl/100 ml) was put in a
sample (containing test material) and a refer-
ence vessel (containing no test material). The
vessels (Perkin-Elmer, 22 ml head space
vials) were then allowed to stand in a ther-
moregulated water bath with a shaker at 370C
for not less than 30 minutes. After the equi-
librium was reached, 1 ml of the air in each
vessel was injected into a gas chromatograph
equipped with a hydrogen flame ionisation
detector (Hitachi 263). The operating condi-
tions of this were the same as already
described. The peak areas found from the
sample and reference vessels were used to cal-
culate the material/air partition coefficients
according to the equation reported
elsewhere. ",
The oil/water partition coefficient was cal-

culated as the ratio between oil/air and
water/air, and the tissue/blood as the ratio
between tissue/air and blood/air.

Results and discussion
PARTITION COEFFICIENTS OF ACETATE ESTERS
Acetate esters could be ranked by their
water/air partition coefficients as follows
(table 1): methyl > ethyl > n-propyl > iso-
propyl > n-butyl > iso-butyl > n-pentyl > iso-
pentyl. Thus the water/air partition
coefficients decreased as the number of alco-
holic carbon atoms increased. The values for
n-isomers were higher than values for the cor-

responding iso-isomers.

By contrast with water/air partition coeffi-
cients, the oil/air partition coefficients
increased with the number of alcoholic car-
bon atoms (table 1). When the oil/air parti-
tion coefficients were used to rank the eight
acetate esters, the results were: n-pentyl >
iso-pentyl > n-butyl > iso-butyl > n-propyl >
iso-propyl > ethyl > methyl. nIsomers were
more soluble in oil than the corresponding
iso-isomers. Comparing oil/water partition
coefficients among eight acetate esters,
methyl acetate (oil/water < 1) could be cate-
gorised as hydrophilic; n-pentyl and iso-pentyl
acetates (oil/water > 100) as lipophilic; and
ethyl, n-propyl, iso-propyl, n-butyl and iso-
butyl acetates (1 < oil/water < 100) as inter-
mediate compounds.
Body tissues, including blood, contain sev-

eral esterases, such as carboxylesterases,'8 19
which may hydrolyse acetate esters and
thereby affect the measurement of their tis-

sue/air partition coefficients. We found that
when ethyl acetate was incubated with intact
tissue homogenates, the gas chromatographic
peak area from the air in the incubation vessel
decreased during the incubation period (fig
1). We therefore concluded that inactivation
of esterases was needed to measure tissue/air
partition coefficients of acetate esters.
To inhibit the hydrolytic reaction, phenyl-

methylsulphonyl fluoride (PMSF, from Wako
Pure Chemicals, Tokyo), an inhibitor of
seine protease,20 was used. In pilot studies,
PMSF (20 mg/g tissue) was found to block
the hydrolysis completely (fig 1). The mean
(SD) esterase activities for ethyl acetate were
in the liver 18-1(1.4), kidney 17-9(1-2) and
blood 2- 11(0-21) ,umol/g/min of rats as deter-
mined from the rate of disappearance of sub-
strate measured in quintuplicate by the
method described by Sato and Nakajima.3
The activities in the liver and kidney were
eight to nine times higher than activity in the
blood. Esterase activity was found in every
tissue tested, with the lowest activity in the
brain. The activity in fresh human blood
(2 17 (0-23) pmol/ml/min, n = 5) was almost
the same as that in rat blood.

Partition coefficients in tissues were mea-
sured after 30 minutes preincubation of tissue
samples with PMSF at 370C. Human
blood/air partition coefficients remained in a
narrow range from 33-1 (iso-propyl acetate)
to 92-4 (n-pentyl acetate), a 2-8 fold differ-
ence (table 1). The solubility in rat blood was
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Figure 1 Hydrolysis ofethyl acetate in human blood and
rat liver. Peak areasfrom the air in the incubation vessels
where no esterase inhibitor (PMSF) was included were
plotted against incubation period. The peak areasfrom the
air in the vessels containingPMSF were counted as 100%.

Table I Partition coefficients of C,-C, acetate esters in water, olive oil, human blood, and rat blood
Acetate Waterlair* Olive odlair* Oillwatert Human bloodlair* Rat bloodlair*
Methyl 108 (5) 85-7 (11-2) 0 79 90 1 (3 7) 100 (4)
Ethyl 71-5 (2-1) 176 (15) 2-46 76-8 (3-4) 81-7 (4 8)
n-Propyl 53 0 (3 0) 503 (37) 9-49 73-5 (1-7) 76-2 (4 6)
is-Propyl 34-1 (2-5) 301 (30) 8-83 33-1 (1-8) 35-1 (3 0)
n-Butyl 32-7 (2 7) 1620 (90) 49-5 83-4 (2-9) 89-4 (5-5)
iso-Butyl 25-9 (2-1) 1280 (87) 49 4 45-1 (2 5) 52-0 (4-6)
n-Pentyl 24-0 (1-8) 3940 (480) 164 92-4 (8-4) 96-7 (8-1)
iso-Pentyl 22-6 (1-8) 2950 (280) 131 59-1 (3-0) 64-7 (4-4)

*Values are means (SD) of five measurements.
tCalculated as (oil/air)/(water/air).
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slightly higher than in human blood, ranging
from 35 1 (iso-propyl acetate) to 100 (methyl
acetate), a 2-8 fold difference. For human
blood, partition coefficients of acetate esters
were in the order: n-pentyl > methyl > n-

butyl > ethyl > n-propyl > iso-pentyl > iso-
butyl > iso-propyl. There was no simple
relation between the coefficient value and the
structure of acetate esters. It is of special
interest, however, that n-alkyl esters (methyl,
ethyl, n-propyl, n-butyl, and n-pentyl
acetates) were more soluble in blood than any

of the iso-alkyl esters (iso-propyl, iso-butyl,
and iso-pentyl acetates).

For every tissue tested, the tissue/air parti-
tion coefficient increased as the number of
alcoholic carbon atoms increased (table 2).
The eight acetate esters could be ranked by
tissue/air partition coefficients as follows: n-

pentyl > iso-pentyl > n-butyl > iso-butyl > n-

propyl > iso-propyl > ethyl > methyl.
n-Isomers had higher coefficients than the
corresponding iso-isomers. For muscle, brain,
kidney, and liver, the differences between the
highest (n-pentyl acetate) and lowest (methyl
acetate) partition coefficients were within a

narrow range from 3-4 fold (brain) to 4 9 fold
(liver), whereas the difference for fat tissue
was 38 fold.

Tissue/blood partition coefficients of
methyl acetate were less than unity for all the
tissues tested (table 2). The partition coeffi-
cients of ethyl acetate ranged from 0-86
(muscle/blood) to 1-87 (fat/blood). All the
other acetate esters had partition coefficients
larger than unity. Fat/blood partition coeffi-
cient of butyl acetate was almost 20 and
pentyl acetate almost 40, a finding which sug-
gests that these two acetate esters behave like
lipophilic compounds when inhaled into the
body.

PARTITION COEFFICIENTS OF ALCOHOLS

Water/air partition coefficients of eight alco-
hols decreased in the following order as the
number of carbon atoms increased (table 3):
methyl > ethyl > n-propyl > iso-propyl > n-

butyl > iso-butyl > n-pentyl > iso-pentyl. As
in the case of acetate esters, n-isomers were

more soluble in water than the corresponding
iso-isomers. By contrast with water/air parti-
tion coefficients, the oil/air partition coeffi-
cient increased with the number of carbon
atoms. Again, n-isomers had higher coeffi-
cients than the corresponding iso-isomers.
The highest oil/water partition coefficient

was 1-28 for n-pentyl alcohol, followed by
1-19 for iso-pentyl alcohol (table 3). The
coefficients for methyl, ethyl, n-propyl, iso-
propyl, n-butyl, and iso-butyl alcohols were

all less than unity. This indicates that alco-
hols are much more hydrophilic than acetate
esters when comparing oil/water partition
coefficients for the same number of alcoholic
carbon atoms.

All alcohols tested were more soluble in rat
blood than in human blood (table 3). Both
human and rat blood/air partition coefficients
were almost parallel to the water/air partition
coefficients (fig 2). The blood/air partition
coefficients decreased in the following order
as the number of carbon atoms increased:
methyl > ethyl > n-propyl > iso-propyl
> n-butyl > iso-butyl > n-pentyl > iso-pentyl.
The coefficients of n-isomers were higher
than the coefficients of the corresponding iso-
isomers.
The eight alcohols could be ranked by

muscle/air, brain/air, kidney/air, and liver/air
partition coefficients almost in the same order
as ranked by the blood/air partition coeffi-
cients, whereas the order of fat/air partition
coefficients was almost inversely related to

Table 2 Partition coefficients of C,-C, acetate esters in rat tissues

Muscle Brainl Kidneyl Liverl
Acetate Musclelair* Brainlair5 Kidneylair* Liverlair5 Fatlair5 blood blood blood blood FatIbloodt
Methyl 65-1 (14-2) 70-1 (6-7) 82-6 (6-2) 89-0 (9-8) 99-0 (7-3) 0-65 0-70 0-83 0-89 0-99
Ethyl 69-9 (7-6) 80-0 (8-4) 87-6 (12-1) 107 (17) 153 (8) 0-86 0-98 1-07 1-31 1-87
n-Propyl 84-7 (9-7) 99-9 (16-6) 197 (22) 230 (22) 514 (30) 1-11 1-31 2-59 3-02 6-75
iso-Propyl 70 9 (9-4) 88-9 (12-4) 142 (16) 148 (8) 303 (27) 2-02 2-53 4-05 4-22 8-63
n-Butyl 157 (15) 165 (21) 243 (26) 281 (19) 1520 (59) 1-76 1-85 2-72 3-14 17-0
iso-Butyl 110 (9) 138 (10) 212 (22) 263 (25) 1110 (78) 2-12 2-65 4-08 5-06 21-3
n-Pentyl 230 (31) 240 (12) 324 (30) 435 (16) 3730 (130) 2-38 2-48 3-35 4-50 38-6
iso-Pentyl 209 (17) 221 (13) 299 (10) 355 (25) 2750 (180) 3-23 3-42 4-62 5-49 42-5

*Values are means (SD) of five measurements.
tCalculated as (tissue/air)/(blood/air).

Table 3 Partition coefficients of C,-C, alcohols in water, olive oil, human blood, and rat blood

Alcohol Waterlair5 Olive oillair5 Oil!Watert Human bloodlair5 Rat bloodlair5

Methyl 3330 (320) 82-5 (6-4) 0-025 2590 (270) 3440 (76)
Ethyl 2140 (200) 109 (10) 0-051 1440 (94) 2140 (180)
n-Propyl 1850 (170) 297 (38) 0-161 1120 (76) 1340 (54)
iso-Propyl 1500 (74) 154 (13) 0-103 848 (43) 1290 (46)
n-Butyl 1310 (220) 759 (87) 0-579 677 (79) 1160 (39)
iso-Butyl 1130 (37) 471 (55) 0-417 578 (75) 880 (37)
n-Pentyl 1080 (27) 1380 (130) 1-28 534 (23) 829 (56)
iso-Pentyl 850 (50) 1010 (100) 1-19 381 (16) 533 (42)

*Values are means (SD) of five measurements.
tCalculated as (oil/air)/(water/air).
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Table 4 Partition coefficients ofC,-C alcohols in rat tissues

Muscle Brainl Kidneyl Liverl
Alcohol Muscle/air* Brainlair* Kidneylair* Liverlair* Fatlair* blood blood blood bloodt Fat/bloodt
Methyl 3980 (180) 3470 (300) 3190 (170) 3090 (180) 193 (36) 1-16 1 01 0 93 0 90 0-06
Ethyl 1710 (230) 1870 (81) 2030 (120) 1730 (160) 226 (13) 0-80 0-87 0 95 0 81 0.11
n-Propyl 1140 (100) 1220 (71) 1240 (38) 1290 (51) 402 (34) 0-85 0 91 0 93 0-96 0 30
iso-Propyl 1100 (120)- 1130 (40) 1060 (23) 980 (120) 274 (26> 0-85 0-88 0-82 0-76 0-21
n-Butyl 900 (130) 1140 (38) 1160 (95) 1250 (44) 900 (49) 0-78 0-98 1 00 1-08 0-78
iso-Butyl 850 (66) 868 (22) 875 (42) 880 (100) 720 (52) 0-97 0 99 0 99 1 00 0-82
n-Pentyl 814 (85) 1080 (89) 1100 (120) 1750 (250) 2560 (190) 0-98 1-30 1-33 2-11 3 09
iso-Pentyl 788 (94) 614 (32) 717 (23) 940 (30) 1500 (130) 1-48 1-15 1-35 1-76 2-81

*Values are means (SD) vf live measurements.
tCalculated as (tissue/air)/(blood/air).

y = 0*90x - 461
r = 1.07
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the order of blood/air partition coefficients
(table 4). n-Isomers had higher partition val-
ues than the corresponding iso-isomers.
The tissue/blood partition coefficients of all

alcohols tested were in the vicinity of unity,
except for fat/blood partition coefficients
which ranged from 0-06 (methyl alcohol) to
3 09 (iso-pentyl alcohol) (table 4). The data
in table 4 suggest that methyl, ethyl, and
propyl alcohols may preferentially distribute
in the lean body tissues, whereas butyl and
pentyl alcohols may uniformly distribute
throughout the body.
The partition coefficients of some alcohols

(methyl, ethyl, n-propyl, iso-propyl, and iso-
butyl) between human blood and air reported
by Fiserova-Bergerova and Diaz16 were much
lower than the corresponding values in our

study. For example, the value of the blood/air
partition coefficient for methyl alcohol (2590)
in this study was l R6times higher-than the
value (1626) given by Fiserova-Bergerova and
Diaz. At present, no explanation is available
for this discrepancy, except that because they
used a gas standard, the air in the reference
vessel in their study must have been almost
dry (the vapour pressure was low) whereas
the sample vessel was saturated with water
vapour. This difference in the water vapour

pressure may affect partition coefficients of
such highly hydrophilic compounds as methyl
alcohol. In fact, when we measured blood/air
partition coefficient of methyl alcohol in
essentially the same way as described by
Fiserova-Bergerova and Diaz with a gas stan-
dard,'6 the resultant coefficient value was

1780- (180) (n = 5), which is significantly
lower than the value in the present study but
almost comparable with the one given by
Fiserova-Bergerova and Diaz. It should be
remembered that alveolar air is saturated with
water vapour.
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Figure 2 Relation
between human blood/air
partition coefficient and
waterlair partition
coefficient (alcohol data).
I = methyl alcohol; 2 =
ethyl alcohol; 3 = n-propyl
alcohol; 4 = iso-propyl
alcohol; 5 = n-butyl alco-
hol; 6 = iso-butyl alcohol;
7 = n-pentyl alcohol; 8=
iso-pentyl alcohol.
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