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UTION OF METHANOL IN DOGS AFTER INHALATION

SUBCUTANEOUSLY*

W. P. YanTt AND H. H. ScHRENK}
From the Pittsburgh Experiment Station, U.S. Bureau of Mines, Pittsburgh, Pa.

STUDY of the distribution of
methanol in the body fluids and
tissues of dogs was made a part

of an extensive investigation of the
fundamentals of methanol poisoning
and the health hazards from breathing
methanol vapor. The primary inter-
est in this particular phase of the in-
vestigation was to obtain information
on the rapidity with which methanol
was distributed throughout the body;
the quantitative distribution among
the various tissues and fluids with spe-
cial consideration to selective absorp-
tion, accumulation, and predilection;
and selective retention during elimina-
tion. Most of the work dealt with

" inhalation of methanol vapor in air,

although for comparative purposes one
experiment was made with methanol
administered by stomach tube and an-
other by subcutaneous administration.

TesT PROCEDURE

The procedure - followed in experi-
ments with methanol vapor in air con-
sisted of exposing the dogs to known

* Received for publication March 22,
1937.

t Chief Chemist, Health Division, U. 8.
Bureau of Mines.

} Chemist-in-charge, Toxicological and
Biochemical Laboratory, Health Labora-
tory Section, Pittsburgh Experiment Sta-
tion, U, 8. Bureau of Mines, Pittsburgh, Pa.
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concentrations, dispatching them after ~

predetermined periods, and determin-

ing the methanol content of various

tissues and fluids. Previous experi-
ments had shown the rate of accu-
mulation and elimination of methanol
by the blood; and, also, that for a par-
ticular concentration of methanol in
the air there tended to be & maximum
or equilibrium value for the blood con-
centration. The results of these pre-
vious experiments were used as a basis
for choosing methanol-air concentra-
tions that would produce concentra-
tions in the blood that could be deter-
mined with satisfactory accuracy; also
for choosing durations of exposure that
would provide animals dispatched
during the period of accumulation of
methanol, after equilibrium had been
established and after the exposure had
been terminated and partial to prac-
tically complete elimination had taken
place. From 17 to 26 different speci-
mens were taken from each dog.

For comparison one dog each was
given methanol by stomach tube and
subcutaneously but only a few speci-
mens were taken. The dose given by
stomach tube was 2.5 gm. methanol
per .kgm. of body weight and was
diluted with an equal volume of water.
The subcutaneous dose was 5 gm. per
kgm. and was administered undiluted

in the flank region. Both administra- "
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tions were well tolerated by the
animals.

Immediately after the animals were
dispatched, weighed portions of the
tissues or fluids were transferred to
bottles that contained enough 5 per
cent sulfuric acid solution to cover the
specimen. Duplicate specimens of
most of the tissues and fluids were
taken except for dogs 234, 237 and 240.
The well-stoppered bottles were kept
in a refrigerator until the distillation
procedure was performed. Each
specimen was first steam-distilled until
& volume of 50 ml. (approximately
equal to original volume) had been
recovered; the distillate was made
alkaline with a drop or two of a con-
centrated solution of sodium carbonate
and then straight distilled, a-volume of
20 ml. being collected. This distillate
was then analyzed for methanol by the
method of Chapin* using a Schiffs
reagent prepared according to the
method of Elvove.}

REsvLTs oF TEsTs

Distribution of Methanol in  Dogs
Ezposed to Methanol Vapor in Air

Eight dogs were used in the study
with methanol vapor. Two dogs
(M269 and M272) were exposed con-
tinuously to about 4000 ppm. methanol
vapor in air by volume for 12 hours
and dispatched immediately after ter-
mination of exposure. This experi-
ment was planned to give information

* CaariN, R. M.: Improved Denige’s
test for the detection and determination of
methanol in the presence of ethyl aleohol.
Indust. and Eng. Chem., 18, 543 (1921).

t ELvove, E.: A note on the detection
and estimation of small amounts of methyl
alcohol. Indust. and Eng. Chem., 9, 205

(1917).
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on the distribution at a particular time
during accumulation. Previous ex-
perience indicated that the concentra-
tion of methanol in the blood at the
end of 12 hours would be approxi-
mately one-third the equilibrium
value. Two dogs (M234 and M237)
were exposed to 15,000 ppm. methanol
vapor for 22 to 23 hours and were dis-
patched immediately. These repre-
sent a condition during accumulation
but approaching equilibrium. Two
dogs (M270 and M271) were exposed
to about 4000 ppm. methanol vapor in
air continuously for 5 days and dis-
patched within an hour after termina-
tion of exposure. This group repre-
sents an equilibrium condition of the
blood. Dog M240 was exposed to
15,000 ppm. methanol for 24 hours and
was allowed to eliminate methanol for
the succeeding 48 hours which reduced
the concentration of methanol in the
blood to about one-third the amount
present at the end of the exposure, and
represents distribution conditions dur-
ing elimination. Dog M273 was ex-
posed to about 4000 ppm. methanol
vapor in air continuously for 5 days
and killed 120 hours later. This repre-
sents a condition of practlcally com-
plete elimination.

Table 1 gives the concentration of
methanol found in the various tissues
and fluids.

The amounts found for each group
of 2 animals subjected to the same
experimental conditions are, with few
exceptions, in good agreement for par-
ticular tissues and fluids, but there is
& distinct difference in the amounts
found in the various tissues and fluids.
The finding of practically the same
amount in the various organs of dog
M240 (which was exposed to 15,000
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p.p.m. for 24 hours and then allowed
to eliminate methanol for a 48-hour
period after exposure before being dis-
patched), as was found in M270 and
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found. However, the finding that the
variations among the tissues and fluids
of M240 at the particular stage in the
elimination process is very similar to

TABLE 1
Methanol in tissues and body fluids of doge exposed to methanol vapor in air
(Results given in milligrams of methanol in 100 grams of material a8 samw

CONCENTRATION . ....cvtvcnsesrssrsssssssssssssasssosses 4000 ppm. | | 15,000 ppm 4000 ppm.

CONTINUOUB EXPOBURE FOR. ..cccvuerrsrassrnsssnrsessse 12hours \| 22 hours 5 days

DIBPATCHED. .. eovevvececocscsssonsossssseasssassossonnes Immediately | Immediately |Within 1 hour|

DOGNUMBER ..o..ooviiveerasriarsotossnnsesssstosasssse M269 | M272 | M234 | M237 | M270 | Ma71

Tissue or fluid:
Cerebral hemispheres..................... 8 { 83 | 720 875| 360 | 205 | 295 0.0
Cerebellum...........covviviiiiien 80| 74| ° 5| 320 | 282 | 205 (0.0
Brainstem................coiiiiiianeaa, 64| 64| 100] 272 | 240 | 0.0
Spinaleord...........ooihiiiiiiiii 59| 69| ¢ 960] 265 | 245 0.0
Heart...oooovvviiieariiriiiniiennneenes 84 | 75 | 1200{1010) 332 | 293 {16/ | 0.0
Lungs....cooveninvneininiineiaanaenanss 81| 721 1120 745| 315 | 275 | 300 (0.0
b 2 71 | 61 | 1040| 1065/ 305 | 225 | 286 | 0.0
PANCIEAS. ...ovieveenrcneveneaniannonns 71| 61| 750 660} 270 | 250 | 280 |0.0
Bpleen.....cooveneiiiiiiiiiiiiiiirieeas 73| 69 | 850| 1000| 285 ; 245 | 280 | 0.0
Stomach wall............ooiiviiinnt 77 { 65 | 1080 880| 300 | 275 | 280 (0.0
Intestinal wall..............coovniininen, 73| 65| 800| 610 270 | 255 | 250 | 0.0
Kidneys. ....ocoovveruenneriinnneronnenns 95| 73] 1038 800| 335 | 325 | 240 | 0.0
Testicles.........ccovvvevnniiieiniranenns e e 850| 1065 < e |205| ¢
Musele.......ocovvniiiniineiiininennanns 78 | 76 | 1000{ 960] 315 } 275 | 240 {0.0
ThymUS. ...ovvvnvneneirenrarnenernennuas e s s 11240| o e L s
Eye minus aqueous and vitreous humor..| 63| 51} ¢ 590! 300 | 211 @ 0.0
Aqueous and vitreous humor............. 941100 ¢ 780( 413 | 418 | 450 | 0.0
Adipose tissue, intestinal................. 17 71 120 80 28] 45| 3510.0
Adrenal..........ccciviiviiiiiiiiiiienine, 40 2] ¢ o (246|166 | * (0.0
BONe MAITOW. . .covveecrecncsrrninennes 74 | 33| 490 400{ 161 | 103 | 155 {0.0
Blood. ..o veeiniienniiiieiiii e 100 | 84 { 1470( 1390| 348 | 317 { 335 | 0.0%
Urine from bladder....................... o 91 | 1025| 1365/ 478 | 390 | 305 (0.0
Spinal fluid...........coooiiiiina L s e 705( o 1403 | o
2 1 (U 96| 71| o | 1230{ 361 | 274 | 490 | 0.0
Stomach content...................c.00 103 | 102 | 750( 1260] 439 | 273 | 360 (0.0
Feces from large intestine................ 63| o 680{ 800| 200 | 200 | 240 |1.25

s Not determined.

b Concentration at end of exposure was §70 mgm. methanol in 100 gm. of blood.

M271 (exposed to approximately 4000
ppm. for 5 days) is only a coincidence
which resulted from a decrease by
elimination, from a value similar to
that of M234 and 237, to the amount

that for the other animals exposed to
different conditions and before elimina-
tion had begun, is significant.

Table 2 gives values which represent
the relative distribution of methanol

>
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TABLE 2

Relative distribution of methanol in tissues and fluids of dogs exposed to methanol vapor in air—
presented on the basis of 100 chosen to represent the amount Jound in the blood

CONCENTRATION .........eivvvinnnennnsinnnnnns 4000 ppm. 15,000 ppm. 4000 ppm. ngg;.o Aver-
CONTINUOUS EXPOSURE FOR.................... 13 hours 23 hours 8 days ho&n g?lgeg:f,.
. e
DISPATCRED .....ooviiniinnninanrnannnnnnen. Immediately | Immediately [Within one hour Ii:t‘::
DOGNUMBER. .......oovvveniiennnnnnnninnnnnn. M289 | M273 | M234 | M237 | M270 | Mo | M240
T'issue or fluid:
Blood, from heart................. 100.0 1100.0 | 100.0{200.0 | 100.0| 100.0(100.0 | 100.0
Aqueous and vitreous humor. . . . .. 93.9 [119.0 | - | 56.2Y 118.6] 132.0/134.2 | 119.5
Urine from bladder................ s |(108.2 | 69.7) 98.2 | 137.3
Bile.......c..ooooii i |96.0[84.4] - |88.4]103.8
Stomach content.................. 103.0 |121.3 | 51.0{ 90.6 | 126.0
Heart muscle..................... 84.0(89.2| 81.6/72.6 | 95.4
Cerebellum....................... 79.9 | 88.0 s 66.6 | 94.5
Cerebral hemispheres.............. 86.0 {98.8 | 49.0/ 63.0 | 103.4
Kidney........................ . 95.0 | 86.9| 70.6| 57.6 ( 96.2
Lungs...........ooooeii 80.9 (85.7| 76.2 53.6 | 90.5
Muscle, from the leg.............. 78.0 | 90.4( 68.0/ 69.1 | 90.5
Stomach wall..................... 76.9 | 77.3| 73.5/63.3]| 86.3
Liver.............oooiiii . 71.0 (72.6{ 70.8/76.6 | 87.6
Spleen............................ 72.9|82.0| 57.8/71.0| 81.9
Brainstem........................ 640(76.2] « |79.1 | 78.2
Testicles.......................... e o 57.876.6| =
Eye minus aqueous and vitreous
bumor.......................... 42.5 | 86.3
Pancreas.......................... 47.5) 77.6
Intestinal wall.................... 43.9| 77.6
Spinalcord....................... 69.1{ 76.1
Feces from large intestine. ........ 57.6| 83.3
Adrenal........................... e 70.7
Bone marrow.................... 28.8| 46.3
Adipose tissue, intestinal.......... 5.8 8.1

¢ No specimen taken for analysis.

* Values deviate markedly from the general findings and are not used in obtaining aver-

ages or ratios.

in tissues and fluids. For convenience
in presenting this relation the values
given in table 1 have been converted:

- concentration in
Value - <tissue or fluid x lOO)

given

concentration in
lood

to values which represent the relative
amounts of methanol in the tissues and
fluids on the basis that the concentra-
tion in the blood is 100. The tissues

and fluids are listed in decreasing order
in accordance with the average for all
dogs, as given in the eighth column of
data. Asthe methanol had been prac-
tically eliminated by dog M273, table 2
does not present data for this animal.

The values in table 2 show clearly a
variation in the relative amounts of
methanol for different tissues and
fluids from the individual animals and
that the aqueous fluids or semiaqueous
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materials have the highest, the tissues
lower, and the bone marrow and adi-
pose tissue the lowest concentrations.
There are some differences in the order
of the values for the various tissues and
fluids from the individual animals as
compared with the average group, but
with few exceptions the differences
which affect the change in order might
readily be incurred by errors in sam-
pling and analysis and/or differences
in water content of the material from
one dog as compared with another,
considering the edema that accom-
panies methanol poisoning and espe-
cially materials such as bile, stomach
content and feces. The significance of
water content will be discussed later.
The values for methanol in the urine
are in good agreement considering that
the urine in the bladder represents a
collection over a period when in some
experiments the concentration in the
animal was changing, as by absorption
during exposure or elimination follow-
ing exposure, and for these reasons
would not necessarily represent a con-
dition closely associated with the con-
centration in the blood or tissues at a
particular instant. The exceptional
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paratively slow accumulation (M234
and M237, a state of equilibrium be-
tween absorption and elimination
M270 and M271 or eliminating meth-
anol (M240) indicates that there is
apparently no particular selectivity of
methanol by any tissue or fluid either
during accumulation, a state of equi-
librium, or elimination except on the
basis of its water content.

It is regretted that determinations
of water content were not made on the .
same specimens that were used for
methanol determinations, but at the
time of performing this study the
interest was solely that of the methanol
content of the material examined. A
casual observation of the relative con-
centration values given in table 2 indi-

cates a relation betw n-

trations of methanol and the water
content of the substances, . In order to

variations that are believed to be unex-

plainable errors, are the values for

aqueous humor, dog M237; heart,

" dog M240; bone marrow, dog M269;
and adrenal, dog M272. These values

are not included in the average for all
dogs or in the calculation of methanol
concentration-water ratios.

The agreement between all the
values in table 2 for a particular tissue
or fluid regardless of whether the body
concentration was low or high, table 1,
or whether the animal was in a state
of comparatively rapid accumulation
of methanol (M269 and M272), com-

study this relation the values for the
water content of various kinds of tis-
sues and fluids were obtained from
several literature sources. If was not
possible to obtain a great deal of data
for dogs as the readily available litera-
ture dealt mainly with humans, mam-
malians, or the average for a group of
humans, monkeys, dogs and cats.
Also, it is obvious that the water con-
tent would vary somewhat for indi-
viduals, but in the main the data,
regardless of its source, were in good
agreement.

Table 3 gives the average water con-
tent of the tissues and fluids and the
relative methanol concentration-water
content ratio. The first numerical
column of table 3 gives the average
of the values found in the literature for
the water content of a considerable
number of the tissues and fluids ana-
lyzed for methanol content. The aver-

-
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age is for data found in the Literature
for humans (male and female), mam-
malians and humans, monkeys, dogs
and cats as a group. This procedure
was followed owing to a lack of specific
data for dogs in the literature available
to the writers, Unfortunately no reli-
able data could be obtained for bone
marrow and adipose tissue but, on the
other hand, it was stated that these

fluid. If a direct relation exists the
results for all tissues and fluids should
be constant. It will be noted in the
column that represents the ratios for
the average of all animals, that the
values obtained range from 0.95 to 1.25
and that the variations are without
definite trend over the range from high
to low methanol concentrations. In
calculating the averages the blood,

TABLE 3

Relation of methanol in tissues and body fluids lo water content as shown by relative methanol
concentration-water conient ratios

BRLATIVE METEANOL CONCENTRATION-WATER
CONTENS BRATIO
WATER
o udeh M maluena) Pox | AT
M272 M237 M271 animala
%
Tissues or fluid:
Blood, from heart.................cc.c.t. 80.0]1.2 §125]11.25 ]| 125|125
Aqueous and vitreous humor............ 98.7 | 1.08 - 127 1 1.3 | 1.21
Urine from bladder...................... 95.0 | 1.14 | 0.88 | 1.87 | 0.98 [ 1.10
Bile....ooooviiiii i e 8.0 | 1.05 | 1.03 | 1.11 | 1.70 | 1.17
Heart muscle...........c.ocovevenennn.. 748 | 1.16 | 1.03 | 1.26 @ 1.16
Cerebellum.............ccovvieiien.. 79.6 | 1.05 | 0.85 | 1.10 ; 1.04
Cerebral hemispheres.................... 779 1119 1072 1.26 | 1.13 | 1.07
Kidney........oooviiivieiviieiiiennen 76.8 | 1,18 | 0.83 | 1.20 | 0.93 | 1.08
Lungs. ...t 808 1103 |08 | 1101111 1.00
Muscle, from theleg.................... 740 | 1.21 1093 | 1.20 | 0.97 | 1.07
Liver. ... i it 709 | 101 {1.04 { 1.12 | 1.25 | 1.08
Bpleen...........oooviiiiiiiiiiiaen 76.1 | 1.03 1 0.86 | 1.06 | 1.10 | 1.00
Brainstem.................covevvninn... 73.3 1 0.96 | 1.08 | 1.05 @P 10.98
Pancress............cooovviinnnnnnenen.s 72.2 1101 | 0.68 [ 1.08 | T 0.95
Mean ratio exclusive of results for

blood, bile, and urine............... — 108 108 | 1.17 | 1.14 | 1.06

S pine)  Cor d ,7
tissues contained about 80 to 95 per-
cent fat. By difference these tissues
would contain a relatively small
amount of water, which is in general
agreement with the relation of meth-
anol concentration to water content.

The succeeding columns of table 3
give the methanol-water ratio as ob-
tained by dividing the relative meth-
anol concentrations as given in table 2
by the water content of the tissue or

urine and bile were excluded for the
reasons that the blood is the basis of
calculation for the values, and the con-
centrations in the urine and bile do
not necessarily have a direct relation
to the blood concentration. Owing to
lack of data of sufficient accuracy for
bone marrow and adipose tissue, the
ratio cannot be obtained for one ex-
treme of the table. The previously
mentioned estimations by difference

~
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cannot be used because an error of but
a few percent when dealing with the
gmall amount of water would markedly
alter the ratio, whereas the same error
would not be of great significance when
_ dealing with an organ that contained
70 percent.

The ratios obtained for the dogs
exposed under a particular condition
also have an apparent significance.
Those obtained for dogs exposed for
12 hours to 4000 p.p.m. methanol are
in general slightly lower than those
obtained for two dogs that were ex-
posed to this same concentration for
5days. This indicates a small though
rather insignificant lag of the tissues
and fluids when compared to blood
concentrations. The lowest ratios ob-
tained are for animals that were ex-
posed to 15,000 ppm. methanol for 22
to 23 hours and dispatched immedi-
ately. The approximately 16-percent
lag as compared with dogs (M269 and
M272) that were also in a state of
accumulating methanol, is believed to
be due to impaired circulation, as they
were in a moribund condition at the
termination of exposure. The ratios
for the animal that was allowed to
eliminate 60 to 70 percent of the pre-
viously acquired methanol are in gen-
eral agreement with the animals ex-
posed for 12 hours and those exposed
for 5 days to 4,000 ppm. methanol.
There are wider variations from the
mean for this animal (dog M240), but
the results for this dog represent only
single specimens whereas for the other

ratios the average of the results of at ;

least single specimens taken from two
dogs were used, and in some cases the
average of duplicate specimens from
each of two dogs was used.

It is believed that the data obtained
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substantiate very well the relation of
water content of the tissue or body
fluid to the methanol concentration;
also that a knowledge of the concentra-
tion in the blood will permit a compu-
tation within practical limits of the
amount in various organs. It is, of
course, not intended to state that no
constituents in the tissues and fluids
except water influence the amount of
methanol found, but from a practical
viewpoint the influence of the other
constituents is not significant except
perhaps in the case of such tissue as
bone marrow and adipose tissue.

In commenting on the lower meth-
anol content of the bone marrow and
adipose tissue and the probable solu-
bility of methanol in the fat content,
it is believed that water content is
again the most important influence.
The partition of methanol between
water and fats is greatly in favor of
water.

It is interesting to note (table 1)
that the amount of methanol found in
the stomach content of dogs exposed

" to methanol vapor and deprived of

‘means of injestion of methanol except
swallowing sgliva is practically the
same and in some instances even ex-

ceeds_the concentration in the blood.

This is good evidence that methanol is
secreted into the stomach. The meth-
anol found in the feces may have its
origin in the stomach or be secreted
into the intestines. The bile also con-

tains practically the same amount of
‘methanol as the blood.

The methano! content of the urine
is practically the same as that found in
the blood, bile and stomach content
and confirms the findings of other work
with animals and in man for both
methanol and ethyl alcohol.
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Distribution of Methanol Administered
by Stomach Tube and
Subcutaneously

In order to study briefly the effect
of different modes of entrance of meth-
anol into the blood, two additional
experiments were conducted. One dog
was given 2.5 gm. of methanol per
kgm. as a 50-percent aqueous solution
by stomach tube, and the other was
given 5 gm. of methanol per kgm. sub-
cutaneously in the flank region. The
dogs were dispatched 5 hours after
administration of the methanol, and
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tained by inhalation, and indicate
further the significance of the water
content of the tissues and fluids in rela-
tion to the distribution of methanol.

- SUMMARY

The rapidity with which methanol
is distributed throughout the body, the
quantitative distribution of methanol
among the various kinds of tissues and
body fluids and the possibility of selec-
tive retention during elimination of
methanol was studied in experiments
with dogs. Methanol was adminis-

TABLE 4
Methanol in body tissues and blood after administration by stomach tube and subcutaneously
RELATIVE METHANOL RELATIVE METHANOL
METHANOL MGM./100 GM. CONCENTRATION CONCENTRATION-W ATER
BLOOD = 100 CONTENT RATIO
M283% Masgb Mass M284 M288 Ma2s4
Tissue or fluid:
Blood.......cooviviieinn.... 365 390 100 100 1.25 1.25
Musele........ooovevenennnn. 340 373 93.1 95.6 1.26 1.29
Liver.....oovvivieniananenn. 310 357 849 | 915 1.20 1.29
Brain.............ocovennn. 351 383 96.2 98.2 1.22 1.25

o Administered by stomach tube.
% Administered subcutaneously.

duplicate samples of blood, muscle,
liver and brain were analyzed for their
methanol content. The results are
given in table 4 as well as the relative
methanol content on the basis of blood
being 100. The relative methanol
concentration-water content ratio, ob-
tained by dividing the relative meth-
anol value by the water content, is
also given.

The results show a very close agree-
ment between the relative methanol
concentration-water content ratio for
all tissues and the blood. These find-
ings are in agreement with those ob-
tained when the methanol was ob-

tered by inhalation, by mouth or
stomach tube, or by subcutaneous
injection. A maximum of 26 kinds of
tissue was examined. The results
show that regardless of mode of ad-
ministration the methanol is distrib-
uted very rapidly to all tissues and
fluids and the amount found in any
particular tissue or fluid is closely
related to the amount of water in the
tissue or fluid. There is practically no
lag in the methanol-water concentra-
tion of the blood behind that found in
any tissue at a particular instant
regardless of whether the animal was
accumulating methanol, was in a
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steady state or was eliminating meth-
anol following exposure. Conse-
quently all kinds of tissue or body cells
are exposed to practically the same
methanol-water concentration, there
being no selective accumulation, reten-
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tion or predilections. The results also
show that the amount of methanol in
the body or in any particular tissue
can be estimated from a determination
of the methanol in any tissue or fluid,

_preferably the blood.



