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INTRODUCTION

The effects of alcokol upon man have been studied and discussed
for many years during which time many facts have besn established.
The purpose of these experimenta was to find sumo of the factors in-
fluencing the raté of absorption of alcohol into the blood and
tissues of the rat and to study its influence upon some of the noxmal
blood constituonts. It seemed desirable to have such information,
using tho rat as an experimental aniral, inasmuch as the results so
obtained might be of value whon applied to man,

These oxperimonts werc started at about the time the use of
chemical analysis of blood was being suggested as an aid in the
diagnosis of intoxication in man. This means of diagnosis was sup-
ported by somo who believed it to be usoful as logal evidence, as woll
as of clinical importance. It was not praoctical to attompt to oo-
tablish a relationship between blood alcoholic concontration and ine-
toxication in the rat, since the symptoms of intoxication in tho rat
are less oasily observed than in man,

In order to study tho abgorption of alcohol into the blood, it
wvas necessary to develop a method of anslysis by which an accurate
eotimation of the aloohol could be made using a small sample of
blood. The mothod was then used to study algohol absorption and the
influence of mode of administration and the presenco of other sub-
stances upon the rate of absorption. The influence of ingested al-

cohol upon saume normal blood constituents was studied in order to de-
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termine if the apparent toxic effects of alcohol could be correla-~
ted with changes in the concentration of any such constituents of
the blood.

The distridbution of aleohol in the body tissues was investigated
in order to establish a relationship between the alcoholic concentra-
tion in various tissucs to that of the blood at certain interwvals of
time after the administration of mloohol. The tissues analyzed were
chosen to include as many types of tissucs as possibla.

Certain limitations arising fron the use of the rat as an expori-
montal anixal wera rocognizod in conneotion with this exporiment. In-
dividual variations were expected and found to exist as might be true
in the case of all living matter. iach individual rat was subjected to
as many different oxperiments as was practical in ordoxr to obtain as
couplote a piocture of the oonditions as possible. The possidbility wus
rocognized that certain expariments might render an individual rat
unsatisfactory for further experimentation; hence a sories of expori-
nents to be performed on a given rat waos selected so that no ono ex-
perizent would invalidate the others.

The albino rat, Hattus norvegicus, was uscd in all of these ox-
periments in which animal oxporimentation was nccessarye.

Thoe experimontal work of this thesis was planned to furnish some
inforation poertaining to the following praoblems:

1. The development of an sccurate method by which the alcoholic

concontration of the blood may be determined using a amall

sample,




2.

3.

4.

Be

6e

7.

8.

The determination of alcohol in tissues and its distribu-

tion in the different tissues.

‘To atudy the absorption of alcohol into the blood following

its oral administration using both fasted and unfasted rats.
The effccet of habituation upon the absorption of orally
adninistered alcohol.

The absorption of alochol into the blood following intra-
peritoneal injoction of various amounts of aloohol.

The offect of the orul administration of some substances along
with the alcohol upon the absorption of the latter into the
blood.

The effect of aleoohol upon growth and tho consumption of feed.
The effect of ingeoted alcoho; upon cortain normal blood con-

stituonts,

e <<




BISTORICAL

The literature dealing with the effects of etkyl alcohol on
the individual is vory voluninous. There seems to be no couplete
review of tho entire subject svailablo at the preseat tize, al-
though some aspacts of the subject huve becn reviewed in an able
mannor. Jellinekx and Jolliffe {(57) roviewed the litorature of 1839
with regard to tho effect of aloohol on the individusl, thus elimi-
nating the discussion of sogial and medico lognl aspects of the
prohlam, This roviocw citos 3272 references under tho dato line of
193te In order to ascertain the facts councorning the probleus of
alcohol and to presont theso facts in the most convenient munnher,
the fescarch Council on Problexs of Alcohol was organized in 1938,

Tho reports of this council aro now published quurterly (87).

oy e i e

These reports and papers citod should be invaluable in tho organi-

zation of research on alcokolic problens,

Tho Determination of ilcohol

In the past fow yoars, the quantitotive detorwmination of alcohol
in the body tiusues, fluids and oxpired air hos recoived the atten-
tion of many ianvestigators. uidmark (100), in 1922, reported a uiethod
for the deteiaumination of ethyl alcouol in tho bloods This method has

received the support of und haus been critictsed by wmany investigators.




fidmark's method, however, has been the basis for many of the dctermi-
nations reported since 1922, _

In 1931, Nioloux (84) reported a method differing in some
respocts from Widmark®se. Shortly aftsr that, Heise (48) proposed a
method for -use in connection with medico legal evidence in intoxioca~
tion. Two years later, in 1936, Abels (1) reported a micro modifica-
tion of Helse's method. In both of these mothods the alcahol was

oxidized in a mixture of excess potassium dichromato and sulfuric

acid. The color produced was compared with that produced by the oxida-

tion of definite amounts of alecohol undor the same conditiona. In
Heoise's method the alcohol wns removed from the sarmple by distilla-
tion from a mixture of piocric acid and tartaric acid.

Abeols' method differed from Heise's in the way the alcohol was
removed from the samplec. The sample was absorbed onto a roll of
filtor paper and susponded above the dlchromats-gsulfuric acid mixture
in a spocial flask, The flaskas containing the material were hvated
to vaporize the alecohol and cauee its oxidation by tho dichromate.
Shoftel (91) proposod a similar method, except the excoss dichromate
was detoermined using a colorimeter. A special blue filter (/654
NaoGregor Instruuent Co., Needham, Lass.) was used to correct for the
color of the roduced dichromate.

In noat of the methods which have beon reported for the estimn-
tion of alcohol in body fluids, the alcohol was recioved from the
sample by distillation in the presonce of some none-volatile depro-

toinizing agent or by desiccation. The aqueous solution of alcohol
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so obtained wus then treated with a potassiun dichromate-sulfuric
acid mixture and after the oxidation of the nleohol was completed,
the excoss botassium dlenrorate was ostinated.

Harger (42), in 1935, first reported a very convenient and
accurate method by which the excess dichromate could be determined.
The alcoholic content of the blood wus determined by the distilla-
tion of the alcolol from blood filtrate und oxidation of the alecohol
in an aliquot of the distiliate by a definite amount of dichromate in
sulfuric acid. The excess dichromate wes deternined by titration with
a solution of methyl orange and ferrous sulfate in B0 per cent (by
volume) sulfuric acids This means of the determination of excess
dichromete was used by Cavett (12), levine and Eodansky (66), Johnston

and Gibson (58) and Fish and Nelson (18) in thoir methods.

o e

Cavett used a modification of Abels' mothod to remove the alcohol
fron the sample. The sample was placed in a glass cup which was then
suspended in a glass-stoppered flask above a moasured amount of dichro=-
mate and sulfuric acide The alecohol was rasoved and tho oxidation

promoted by heat, Levine and Bodansky (68), in 1939, gave a roview
of the methods available at that time, which, according to them, wore
most useful in the clinical pathology laboratory becausec of their sim- 1
plicity and accuracy. The techniques of Heise, Abels, Sheftel, Nowman,
Hargor and Cavett werc reviewed.

In a number of available methods, the excess dichromate romaining

e

artor the alcohol from a sample had beon oxidized, was detormined by

iodine. The following roactions were the basis of these methods:

i S




KgOrgly o 6KI & 7HgS0g _, 4KpSO4 & CrplSOy)y  SIp o 7H0

thSzOs ) Ig — &33405 $ ZHal

These reactions wore utilized in the met.hoda of killer and
Getchell (73), Newuman (80}, Rapin (86), Winnick (104) and Jungmickel
(81), using an improvement in the methods of iidmark (100) and '
Stempel (93).

Other meons of measuring excess dichromate were used. Some
investipgators added an excess of forrous sulfate and then titrated
the excess ferrous sulfate with potassiun permangamnnte, Fleming and
Stotz (21) and Gibson and Blotnor (28) dotermined the emount of
dichromate reduced bf the alcohol by means of a photo electric
colorimeter and Goubau (30), in one of his methods, used a spectro-
photometric method, which depended upon the absorption of ultra
violet 1light of 350 millimicrons wave length by dichromate but not
by trivalent chrome salts.

Beeman (4), and Cettlor and Froiroich (26) removed the aloohol
from the swnple by at@ distillation. Theo alcohol was oxidized to
acetic aocid by un oxcess of dichromate and the acetic acid so pro-
duced was distilled undor diminished pressure and titrated with a
standard base, A large amount of sample was neoeamry in thie method.

A very accurato method was published in 1936 by B‘riedemann and
Kloas (24), In this method the sumple wan treated with sodium 5
tungstato and mercuric sulfate-sulfuric acid solutions. The alcohol

vas removed by distillation. A second distillation was used if tho




sample contained aldehydes or ketones. This second distillation was
made fron a mixture of caleium hydroxide and mercuric sulfate. The
aleohol go obtained was oxidized under carefully controlled conditions
by means of alkanline potasaiun permanganate. The excess permangannte
was determined by acidification with sulfuric acid and treatment with
excess potassium iodide. The liberated iodine was titrated with
ostandard sodium thiosulfate. This method was recormended by Hinsberg
(80) for its specifiocity.

A spoeific, but very tedious method, was reported by Kluge (82),
in 1939, In this method the nlcohol was isolated as ethyl 3,5-dinitro-
benzoate. The estor wns saponified and the aleohol so obtained wan
thon determinod, This mothod required a large sample and considerable
time, but was vory specific and wvaluablo for medico lepal work.

Dockor (15) nande use of the interferometer to dotemnine alcohol in blood.
An goromotric mothod has been devised by Harger, Bridwell and Kaney (44).
A vory good oritical reviow of the various chemical methods by

which alcohol may be detormined in body fluids and tissuen was given
by Jettor (84), published in 1941, The uso of chomical amalysis for
alcohol was revieowed by Selesnick (00), in 1938,

A number of mothods have been proposed for tho determination of
aloohol in ozﬁired air. The estimation of the alcoholic coatent of
oxpired air is employed as ovidence of intoxication. Only a few |

mothods will be montioned here since they wore not to bo used in this

investigation,
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Haggnrd and Greenberg (34) reported a method in 1934 which
was used to determine alcohol in air, blood and urine. The dasis of
this determination was the roaction of aloohol with lodine pentoxide.
The following reactions were involved:

5CoHgOH & 61505 ~—» 10C0, & 15H,0 & 6Ip

CollzOH ¢ Ip0g —» 200, # 2H;0 ¢ 2HI.

The iodine and hydriotic acid were determined separately.

Oreenborg and Xeator (31) reported a method in 1941 which was used
for the indirect determmination of bdblood alcohol. The alcohol in
oxpired air reacted with iodino pentoxide as shown above. There

is a constant ralationship detween tho fodine produced and the amount
of algohol in the sample. The fcdine was detemnzined photoelectrically
by means of the bluo color produced with starch. The rolationship
between tho alcoholic content of blood to that in expired air is

1300:1,

Jettor, Loore and Forrester (86) used magnesium perchlorate to
dotermine tho alcohol in expired air, Thess inventigators clained
that the per cent of alcohol in the blood could be caloulatod from

the ug. of alcohol and mge of 00y, in the same sample of expired air
asfollows (653):

0.2 x mp, alcohol = per cent alcohol in the blood.
mg. cOz

Harger, lamb and Hulpieu (47) reported a method by which the ale
coholic concentration of the blood could be dotermined indirectly by

ueasuring its concentration in expired air.




There has been a great deal of discussion of the individual
merits and disadvantages of the various methods and their spescificity.
Swim, NeCowley and Leake (94) clained that they found valuos up to
150 mg. per cent alcohol in nomal Llood by chemical mothods. This
claim has not been substantiated by most other investigators. 4n
editorial (96) published in 1940 rofuted these claima of un-
specificity. Meise (4¢), Bargor (43), Jetter (53} and Bavis (2)
slmost simultancously refutod the claims of Suim, et al.

Jellinek and Jolliffe (57) claimed that the awvailabdble methods
wore all satisfactory for the estimation of blood aleohol assoociated
with intoxication. They also comcluded that the most spocific mothods
must be used to determine the normal alcoholic concentration of blood.

It was well recognized that exporimental orrors may be encountored
in connection with taking samples and thoir treatmont. Schoen (89)
published in 1940 a reviow of the possibility of such erroras. Jeveral
invostigators have found the mothod of Yriedomann and Klans (24)
more specific than that of iidmark (100). Hinsberg and Breutel (51)
and lidnsberg (60) have pointed out this undvantage. Jetter (54), in
his review, pointed out that most of the recent mothods arc accurate
within & 3,0 por cent if carofully uced. He recommended Harger's
(48) method for the estimation of excess dichromato when the latter
is used to pzidizo the aloohol.

Since it is to be oxpeoted that tho effects of ulcohol upon an

individual will depend quite closely upon the conceatration of the
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alcohol in nervous tissue, especially the brain, there have been a
number of methods proposed for tho analysis of tissue foxr alcohol.
Harger (42) proposed a method for tisaue analysis involving the
removal of the alcohol by steam distillation. Jetter (54) modified
Haxger's method in such a wny that the steam distillaution has been
eliminated. Oettler and Freireich (26) removed the alcohol by steam
distillation fram the tissues or body fluids and determined the alco-
hol in the distillato by oxidation to acetic acid with excess dichromate.
The acotic acid so produced was distilled and titrated with standard
alkali, This method gives m low dogroo of accuracy. The method deg=
cribed in this thesis was published by Fish and liclson (19). This
method was a toohnical improvement of that described by Harger (43).

The Absorption and Diatribution of Alcohol

Kthyl alcohol is rapidly absorbed from tho digostive tract and
is distriduted quite rapidly in the wvarious tissues of the body. The
absorption and distribution of alcohol in the body has beon studied
by a largo number of investigntors and the literature dealing with
this subjoct is very oxtensive.

Mollanby (71), in 1919, reported a rather extensive study of the
absorption into and disappearance of alcohol from the blood. He
found that the maximum concentration in the blood wan reached in
fron 0.5 to 2 hours following the oral administration of aolcohol. He

also pointed out that fat decreased the absorption of strong, but




not weak alcohol solutions. He found that milk was the most effective
substance which he studied to delay the absorption of alcohol.
Kollanby concluded that the rate of oxidation of alcohol in the body
was constant regardless of the concentration’'present. He gave a
rate of 0,148 grama per kilo per hour. Several lator investigators
{35), (17), (83), (52), however, found that the rate of oxidation
of the alcohol diminished as the concentration of the alcohol de-
oroased, OCarponter (8), in 1940, reviewed the literaturo pertain-
ing to the metabolism of alcohol in a very useful menner. There are
166 references cited in this review, A more complete and detailed
roview of this topic was written by LeBroton (65), in 1936.

One of the earlier reports on the absorption of alcohol into
the bdlood from the digeative tract was written in 1899 by Grehant
(32). Thio investigator found that tho elcoholic concentration in
the blood, following tho oral administration of a cortain alcoholic
boverage (Abpinthe), reached a certain lovel at which it remained
conatant for some time, This so-called "Grehant Plateau" has been
mentioned by quite a numbor of investigators since 1899. Sowme of

Crohant's data are given in tablo 1.

1
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TABLE 1

THE ALCOHOLIC CONCENTRATION OF BLOOD OF DOGS FOLLOWING THG
ORAL AILINISTRATION OF DEFINITE AMOUNTS OF ABSINTHE

lle per kilo  Concentration of alcohol grems per 100 ml. blood

adminiatered {Time in hours)
: 0.5 1.0 1.5 2.0 2.5 3.0

2 0.06 0.19 0.17 0.16 0.14 0.14
4 0.14 0.22 0.3 0,33 0.3 0.33
6 0.3 0.42 0.47 0.47 0.47 0.47

Miles (?8), Dybing and Rasmussen (16), Carpenter (8), and

Cori, Villiawuxe and Cori (14), pointed out the influence of tho con-

centration of the alcohol solution on its absorption from the di-

gostive tract., Cori, et.al.., concluded that the rato of absorption
was roughly parallel to the amount glven. 4lcohol up to 20 per cent

concentration had little effoct on the rate of its absorption. How=

ever, alcohol is absorbed more slowly from a 40 per cent solution
than from a 20 per cent solution. It was evident that the highor
concentration of alcohol decreased the rate of ovacuation of tho
stomach. |
Haggard, Groenberg and Lolli (38), in a recent publication,
have questioned the conclusions derived from many investigations.
They pointed out the fact that the concentration of alcohol in the
blood was the resultant of the following three factors: (a) the

rate at which alcohol enters the body by absorption from the

E——



alimentary tract; (b) the rate of diffusion of the alcohol between
bdlocd and tissues; and (¢) the rate at which alcohol is lost by
oxidation and elimination. They pointed out that on the basis of these
three factors the dlood alcoholic concentration can be used to study
one of the above factors only if the other two are known and con~
trolled. It is well known that abeoxpiion may dbe far from complete
even aftor thoe blood alooholic concentration is decrcesing. On this
basis, it is not possidle to determine the rate of oxidation f‘rom |
the decreasing alcoholic concentration in the blood. Thesec
authors gave very conclusive evidence that absoxrption is not complote
when the bloo(l alcoholic concentrution reaches a maximum, They
shoved that the amount of unabsorbed alcohol in both man and rats
depended upon the amount of alcohol administered and the concentra-

‘ﬂon of the solution used., In tadble 2 are given some of their data.

TABLE 2

TILE REQUIRED FOR COMPLETE ABSORPTION OF
ALCOHOL FROM THE DIGCESTIVE TRACT OF RATS

T

Alcohol administered Concentration Timo for complete
prons pexr kilo per cent absorption,( hours)

1,0 18 2

1,0 %0 3

1,0 50 3

3.0 15 4

3.0 30 5

3,0 50 6




In addition, fram this work end others reviewad by these
authors, the following conclusions wore deduced as to the absoxp-
tion of alcohol from the digestive tract: (a) the alcoheol is
absorbed rapidly from the stomach for a short time after which
absorption from the stomach is very slow; (b) furthor absorption
depends upon the rate of evacuation of tho stammch; (o) the absorption
from tho intestine is rapid and independent of the concentration of
alcohol, or the presence of food matorial; (4) tho presence of
food materinl has a marked influence upon the absorption from the
atomuoh; and (@) the rate of oxidation varies with tho woight of
the individual and thv amount of alcohol ingestaed.

Haggard, Greenberg and Rakioten (39) pointed out that differ-
ances nmay ocour in the shape of tho blood alcohol-time curve by
ionaon of the source of tho blood nample. Some of thoir data are
given in table 3 showing the concentration of alcohol in tho blood
of the same individual.The samples were taken from different
sources., FHRats were used in those expariments.

It 1s obvious that the socurce of the blood sarplc haa a
marked influence upon the apparent concentration of alcohol in the
bloods The fact that the venous blood givea a lovor value is due to
absorption of the alcohol by tho tissuos. The brain prodably
absorbs alcohol more slowly than some of the other tisscues; hence
the concentration of alcohol in jugular blood is not so much lower
than the arterial blood., The differences are so great that the source

prvoy
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TABIE 3

THE EFFECT OF THE SOURCE OF TN BLOOD SAMPLE ON THE
ALCOHOL CONCENTRATION-TIKE CURVE. TWWO GRAMS PER
KI10 “ERE AIMINISTERED TO RATS

Mg, per cent alcohol

Time Source of sample
Minutes Arterial Jugular Venous
10 116 60 3B
20 %0 13 75
30 175 168 116
40 18% 173 145
50 190 188 170
60 190 187 180
70 185 183 180
80 183 182 176

of the sample should be considored when comparing the data of
various investigators. Unfortunately, some of the earlier investi-
gators did not state the source of the blood used.

Aloohol may be absordbed into the blood in other ways than
through the digestive tract. Carpenter (8) reviowed tho absorption
of alcohol into the blood from the digestive traot, rectum, urinary
bladder, okin and by inhalation. He concluded that the alcohol was
rapidly absorbed in all cases except by way of the skin. A compre=
hensive study of the absorption of alcohol from the rectum of man
was reported by Carpenter (0) in 1925. He reported that 6L grams of

alcohol in a 10 per cent solution was coumpletely absorbed in 5.6

hours. If 25 graus or less wore aduinisterod, absorption was complete

in one hour,

—
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Absorption of alcohol by way of the lungs in fowls has been
atudied by Carpenter (10), in hens by Carpenter and Babcock (11),
Loewy and Von dexr Heide (69), and earlier by Grehant and wuinguaud
(33)e All of these investigators found that alcohol was absorbed
quite rapidly from the lungs. Carponter (8) concluded that "all
these investigations indicate that alcohol is rapidly absorbed
when introduced into the animsl body in various ways and that the
main limiting factor is the death of the animal.”

The effect of food and other material upon the absorption of
alcohol from tho digestive tract has been studicd by many invosti-
gatoras. Hanzlik and Collins (41), in 1913, studied the absorption
of alcohol from various parts of tho digestive tracts of dogs and
cats. They reported that the prescnce of such substances as bile
and bile salts, soap, cholesterin, lecithin and olive oil, inhibit
absorption as does injury to the intestinal mucosa. kellanby (71)
aloo studied tho influonce of some matorials upon absorption and
concludod that milk eithor administered with or bofore the alcohol,
inhibited its absorption from tho digestive tract.

Beazell and Ivy (3), in a roview of the effect of alcohol on
the digestive tract, concluded that milk is bettor than other food
to diminish absorption of aloohol from the digestive tract.

Haggard, Greenberg and Cohen (37), working om man, found that

it took nearly double the amount of alcohol givon after a meal to

give the same concentration of blood alcohol, as alcohol given before
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a meal. Haggard and Creemberg (36) found that glycine retards the
absorption of alcohol and keops the blood alcoholic level lomer.
Widmark (103) and Southgate (92), working with man and other animals,
found that protein and some amino acids slow the absorption of al-
cohol, iiidmark considered it probable that some kind of a reaction
takes plnce between the alcohol and the amino acids. Alanine in-
hibits the absorption of alcohol from the digestive tract, but
according to Westerfield, Stotz and Berg (99), it inoreases the mate
of oxidation of the aleohol.

Although no attempt was to do made in work reported in this
thesis to detormine the rate of oxidation of alcohol by the body, it
would be well to briefly mention somo of the work done on this
problom,

Some of the earllior investigators, by measuring the declino
of the alcoholic concentration of the blood, concluded that the
rate of oxidatlon of the alcohol waz constant and was independont
of tho concentration. iiidmark (101), (108), working with man,
ovolved a formula by which tho fate of the alcohol could be ex-
pressed mathematically. llo asouned that both the absorption and dis-
tribution of aleohol were always complete in a short time. Lellanby
(7)) made the same assumptions and reported tho rate of oxidation
as 0,148 grams per kilo body weight per hour. Other investigators
have made the same assumptions. Haggard, Oreenberg and Lolli (38),

working with man and rats, show very good evidence that abserption
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and distridution of alcohol are not complete in a short tine,

They point out that Fidmark's (102) equation is wrong, since the
rate of oxidation of alcohol £s not constant, dut is proportional
to the concontration of alcohol prosent. Their conclusions as to
the rate of oxidation and elimination of alcohol in man are shown

in tabdble 4.

TABLE 4
THE RATE OF CXIDATION OF STHYL ALCCHOL I MAN

Rato of oxidation and

ielght 4dlcohol adninistored elimination
{kiloa) {greams) (grams per hour)
47 - 84 22 4.2 = 5.1
65 - 79 22 8.2 - 83
80 -113 28 603 - 7.4
47 - 64 44 6.7 - 8.8
68 - 79 4 6.5 = 7.3
80 -112 44 6.9 - B.d

If tho olimination of alcohol ia quite constant, (which 1s
assuxed if the blood alcoholic concentration is determined indi-
rectly by memsuring the concentrution of alcobol in expired air and
urine), the rate of oxidation increases with the woight of the in=-
dividual and the amount of alcohol given. OCarpenter (8) concluded
that there is no way to predict tho rate of the metabolimm of
alcohol.

The influence of various substances upon the rate of metabolism
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of alcohol has besen studied by a large number of investigators. It
is probable that somo of these overlooked other factors which may
cause en apparent change in the rato of metadbolism such as absorp-
tion and distribution rates. Clark, Llorrissey, Fazekas and ielch
(13) recognized the controversy over the question of a constant
rate of nmetaboligm, but apparontly assuned it to de constant in
their study of the role of insulin and the liver in alcohol metabo-
lism., They concluded that the rate of oxidation of alcohal (or
rate of disappearance from the blood) is a constant in dogs and
ocatse. They found that glucose alone had no effaect upon the rate of
oxidation, but the rate was increased if insulin and glucose or
insulin, glucose and sodium bicarbonate were aduinistercd with the
alcohols This 1 not in agreement with lLirsky and Nolson (74),
(75), who concluded that the alcohol in oxidized mainly in the
liver and that the rate of oxidation does not depénd upon carbo-
hydrate metabolism, Mirsky and Nolson found that the oxidation of
alcohol is diminished by anything which iupairs the function of the
liver. The only point of disagrecment between Clark et. al and
Kirsky and Nolson is the rolo of increased carbohydrate metabolianm
(glucose and insulin).

The queation probasbly can be sottled only by further experi-
mentation, However, at the present time, a glucose~-insulin treat-
ment is uced in the treatment of intoxication. *Thie treatment was

questioned by lolli and Greenberg (70), since they have found that
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insulin increased the rate at which the stomach is evacuated

when insulin is adninistered following the oral administration

of 25 per cent alcohol solutions. Temment (95) roported that the
injection of 3 grams of ethyl alcohol per kilo body weight lowered
the liver glycogea and raised the blood sugar of unfasted rats.
Fasted anirals did not show these changes nor was 1l gram of alcohol
per kilo body weight sufficient to cause such changes in unfasted
rats,

Woaterfeld, Stotz and Berg (99) claimed the blood alcohol dis-
appeared at tho rate of 8 mg. por cont per hours They found that
the adrdnistration of pyruvates increased the rate to 21.1 mg. per
cont per hour. salanine had a similar effect but there was s one
hour lag in ite offocte.

The effect of habituation on the absorption and disappearance
of alcohol in the blood has boon studied by several investigators of
whom the majority found no difforonco. Thoso investigntors who were
unable to show a difforence hotweon habitunted and non-habituated
individuals were Levy (67), working with rats, Newman (81), Neowman
and Lehman (82), working with rats, and Mirsky, Piker, Rosenbaum
and loderer (76), working with man., The latter inveatigators be~
licved that the difference in beohavior, produced by a given amount
of alcohiol between hubituuted and non-habituanted individuals, was
dues to an acquired tolerance in the central norvous systam. Thoy

all agreed that the differences were due to a hyposonsitivity of the

b b 1M M b ot

o oo TN

A P

s s 1
Rttt




body cells in the hahitmtéd individuals. Opposed to this
view were Pringsheim (85), who used rats, and Gettler and
Freireich (25), who believed the habituated individual was
able to oxidize the aloohol more rapidly. Gettler and
Froircich belioved the tissue/blood ratio was lower in habitu-
ated individuals duse to a more efficient oxidation system in the
tissues. The evidonco supporting the views of Gettler and
Freircich is rather meager. It is, therefore, generally be-
lieved that the difference between the reactions of habituated
and non-habituated individuals is due to an acquired tissue
tolerance toward alcohol. The subjocot was reviewed in 1936 by
Bogen (8) and furthor discussed by Hewman (81), in 1941, who cone
cluded that differences wero duo to an acquired tissue tolerance.

The distribution of alecohol in the tissues following its
introduction into the body has been studied quite extensively. |
Alcohol has been found present in many of the tissues of various
animals even though no alcohol had been given to tho animal,
Gettler, Niederl and Bonedetti-Pichler (27) isolated pure anhy=
drous alcoﬁol from a numbexr of normmal tissues from man, dogs and
pigs. Some of their results are given in table 5.

Harger and Coss (45) found alcohol in the blood, urine, brain
and kidneys of dogs. Liljestrend (68) wrote a review of the
literature in 1938 dealing with the distribution of alcohol in the
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TABLE 5

THE AVERAGE ALCOHNOLIC CONTENT OF NON-ALCOHOLIC TISSU=S

Source of tiesue Tissue g, per cent alcohol
Human Brain 0.40
Human Liver 2.56
Human Blood 4.00
Dog Brain 3.00
Dog Liver 0.70
Dog Blood 1,30
Pig Brain 0.07?

tiszsues. Carpentor (8) concluded that the small amount of alcohol
present in noxrmal tissues is of no significance in the study of
alcohol metabolism. Such values are necessary only to ostablish a
zero point in studios on motabolism of alcohol.

Upon the administration of alcohol, tho tissues absord it from
the blood until oquilidrium is attained. This distribution in the
tissuos was roviewed by Carpenter (8). The distribution of alcohol
in a nunbor of animals has been reported. Carponter and Babeock (11)
showed that alcohol could be absorbed from the air into the tisaucs
of dead hens. Vollmoring (98), Hansen (40) and Harger, Hulpieu and
Lamb (46) studied tho distribution of alcohol in tho tiesucs of dogs.
In the expoeriments of IHarger et. al. the alecohol was givon by oral
administration and blood samples were taken from the saphenous voin.
In somec casos, the alcohol was injccted intravenously. These invos-

tigators concluded that there was no change in the distribution ratios




over a period of time from 4 to 12 hours. It vas pointed out that
thore was & lag in the case of muscle tissuc. From the conclusions
as to the distribution of alcohol, the walues found in table 6 were

caloulated.

TABLE 6

THE RATIOS OF THE CONCENTRATION OF ALCOHOL IN TISSUES OF DOGS
IN AG. PER CENT TO THE CONCENTRATION IN THE BLCOD
AFTER 2«3 HOURS

T{ssue Ratio
Brain 0.85
Liver 0.78
Musclo 0.78
Spinal Fluid 1.18

Newman and Lehman (82), who used rats, found that the ratio be-
tween the alcoholic concontration in thé brain to that in the bdlood
wao 0.73 and remained constant hetweeﬁ 0.5 to six houra, The alco~-
hol was administered by intravenous injection. Jettor (54) found a
similar ratio of 0.74. Eggleston (17) found tho ratios between the

concentration of alcohol in the tissues and the plaema to be quite

consistent for the brain, lung, heart, spleen and kidney, all betweon

0.7 and 0.8, Fatty tiosue has been shown by Vollmering (98) to ab-
sorb alcohol very slowly and to hold it tonaciously.
1iljestrand (68) stated in his review that if one takes into

account the degree of concentration of alcohol in the plasma and the
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water contcnt of the warious tissuea, the concentration of alcohol
in the tissues agrecs with the laws of diffusion. Kunkele (64)
and Harger, fiulpisu and Lamb (46) found that the alcoholic content
of tha tissues varioed directly with the amount of liquid in the
tissue.

A number of invoatigators have detormined an average distribu-
tion ratio between the body tissues and the blood by which the tétal
alcoholic content can be calculuted provided absorption is complete.
Haggard, Grecnberg and Rakieten (39) found this ratio to be 0.62.
Carpenter (10) found the ratio to be 0,60, iidmark (101) found
that by the periodic determination of alcohol in the blood and tﬁe
weight of the individual, the totsl alcohol could be calculated
using the ratio of 0.68 for men and 0.55 for women. Bernbard and
Goldberg (5) found slightly different averages, for men 0,70 and
for women 0.59. Tho total alcohol may be calculoted as follows:

Total alcoliol = blood alcohol X ratio x body weight

Cottlor and Froireich (26) found very little agreement botween
the alcoholic concontrution in the brain and in tho blood of
autopsied pationts. They found ratios of alcohol in tissucs to
alcohol in the blood to be betwecn 1.51 and 0.22.

Most invoatigntors have found rather close agreemont in their
exporiments on the rutio botween tissue and blood alcohol. iHowever,
some may appear in disagrecmont espscially in the studies made during
the firat 1.5 hours, since during that time the sourco of the sample

of blood has a marked 1nr1uenc9 on the apparont amount of alcohol prosent
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in the blood. Hence, if the ratio botween the tissue and venous
blood is given, it will be much higher than the ratio between the

tissue and arterial bleod.

The Effect of Alcohol Upon Crowth

The effect of alcohol upon growth would be & reault of the
opposing reacctions produced by it in the body. Theie are scarcely
more than traces of alcohol found in the body and biitchell and
Curzon (78) have concluded that there i{s not enough direct evi-
dence to support the belief that alcohol is a normnl motabolite. v
As stated by Liltchell (77), in 1935, there is a great deal of con=-
fusion regarding the availability of the energy from ethyl alcohol,
Some investigntors have found an inocreased metabolic rute produced
by alcohol indicating that the enmergy liberatod by the oxidation of
alcohol 1is dissipated as hoat (specific dynamic action). However,
other inventigators found no offect produced by alcohol on the
basal motabolism, although there wus produced a lowering of the
rospiratory quotient resulting from tho oxidation of the alaechol.
The onorgy thus produced would be utilized in phyoiological processes.
Mitchell (77) found that tho energy of othyl alcohol was largely

’availablo for physiological purposes. He further demonstrated that
the enorgy of ethyl alcohol was about three-fourths as available as
that of sucroso; hence producing a greater speciflic dynamic effect

than sucrose.
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Mitchell also concluded that ethyl alcohol could promote
growth and the new tissucs &0 produced had @ higher than normal
fet content. Mitchell and Curzon {78) concluded that ethyl alco~
hol showed little spocific dynemic action in man; however, for un=
known reasons, its encrgy is not as well utilized as that of glucose.
The energy of ethyl alcohol will spare that of curbohydrates and
fats, but not proteins. It, however, may incroase the digestibility
of proteins. The limiting factor in the use of the onergy of ethyl
aleohol by the body meoms to bo the inability of tissues other than
the liver to oxidivzo it. The liver doos not respond to tho domands
of tho other tfismues for an increasod oupply of erorgy; hence
nuscular activity does not seen to increase the rate of alcohol
metaboliom. It appears, thoreforc, that ethyl alcohol will support
growth very offectively within limits.

Richter and Carpboll (88) recently investigated tho concentra=-
tion of aloohol solutions proferrod by rats. %hey found that rats
proferred 2.4 to 4.2 per cent by weight solutions of alcohol to dis-
tilled wuter. liater was preforrod to those solutions above 6 per

cent alcohol,

Some Pathological Conditions Associated Viith Alcoholiam

Although no extensive study of pathological devolopments was
to be mude, it seeus worth while to mention gomo of the more perti-

nent literature on tho subject.

i
¢
5
i
{
1
H
H
b
i
i
|




b e - - . —— o —

#Wright (105) published a review of the general pathology and

special complications associated with alcoholism, He concluded

that alcohol is definitely associated with cirrhosis of the liver

but no other nathological conditions aould be directly traced to

alcoholism. It is quite genorally agreed that the continued in-

gestion of alcohol leads to fatty infiltration of the liver repvlacing

considerable of the glycogon store. Even the injection of 3 grams

of alcohol pexr kilo body weight caused a decrease of liver glycogen

according to Tennent (95).
Burger (7) has revievwed the literature relative to the effeot

of alecohol on the kidney. He concluded that no kidney damage has

been reported which conclusively proves any direct damage to the

kidney resulting from tho ingostion of alcohol. The arteriosalerotic 3

kidnoy was a posasible oxcoption according to Burger.
It 1s now quite gonerally accepted that muny of the so-called

alcoholic disoases are developed from some or all of four effects

of alcohol upon tho individual: (1) the irritant action on theo

gnstrio mucosao, (2) the interference with the absorption and utili-

zation of the vitamins, (3) the substitution of vitemin-freo alco-

hol for vitamin containing food and (4) the increcnsed vitamin re-

quirement in conssquence of the calories furnished by the alcohol. ,

This subject was treatod in a thorough manner by Jolliffe (69), in 1940, :
Jolliffe and Vortis (60) reviewed the literature in 1941 in i

which discussion they concluded that the "toxic" effects of the con~

tinued use of alcohol were due to avitaminosis. z
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EXPiRIENTAL

Plan of Investigation

It seemed desirable to conduct a few experiments to determine ;

1
H
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the influence of ethyl alcohol upon the growth of rats and to find
the effect of different concentrations of alcohol upon food and
liquid conswmtion. this informuation being desirable before experi-
mentation on the influence of ethyl alecohol upon wvarious blood
conntituents.

A gearch of the literature for a method by which the alcoholic
concentration of ths blood could be determined revealed no method
which could easily be anpplied to the study of tho absorption of ale

cohol into the blood using rats as exporimental anirnls, sinco the

amount of sarnle required wus too lurge or the time for analyasis wus
too long. It was desirable to develop a method by which the concen-

tration of ethyl nlcohol could be deteruined using 0.1l ml. of blood

or less.

¥ith such a method available, the absorption of ethyl alcohol
into the blood wns to bo studiod in both habituated and non-habitu-
ated rats, There areo many factors whioan influonce tho absorption of
any substance into tho blood. The influonce of the mode ot adninis- i
tration vas to bo atudicd using both oral and intruperitoneal odminis-

tration of alcohol solutions. The absorption of alcohol from the
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digestive tract is influecnced by the prssence of material in 1t
when the alcohol is given. The influence of such substances as
whole milk, creen, skim milk and glucosc was to te studied by the
odministration of these wsubstances with the alecohol. 1The absoxp-
tion of alcohol from the digestive truct of fasted and unfasted
rats wus to be comparad in this conncetion. §
No mention was found in the literaturs of the effect of con~ ‘
tinuod ingostion of alcohol upon such noraul blood coastituents as
hezorlobin, fasting blood sugar level, non-protein nitrogsn =ad
uric acid. These uffects were to Yo studled and zowe rodifications
of the existing analytieal methods for tho deteruination of non-
protein nitrogen and uric acid in tho blood were to bo made.

The distribution of alecohol in the tissucs han been reported in

tha literature, It seemed dosirable to iuprove the methods by which
tho alaoholic content of tho tissues could be deteiwinud and to
obtain some more data as to tho diatribution of ulcohol at cexrtaln

tines after the oral udulnistration of a given amount of othyl alcohol.

Lethods and lateriuls %
Rations. ;

The basal ration fed to the rute used in this study vias cowposed

of the following In parts by volume: ground hulled otts 4 parts,

sk e e

ground yellow corn 4 parts, ground wheat 1 part, alfelfa mcal 1 part,




tankage 0.5 part, linsced meal 0.5 part, buttermilk powder 0.5
part. To each 100 pounds of the above mixture were added 0.35
pound of bone menl end 0.5 pound of sodium chloride. The in-
gredients were obtained from a dealer in Ames, Iowa.

The animals were given alcolhiol solutions or water ad 1ibitum.

Chemicals.

The C. P. othyl alcohol used wns cbtained from the U, S.
Induatrial Chemical Corporation, The alcohol solutions used for
consumption by the animnls were prepared from this commercial al-
eochol by mixing with distilled wmator. The concentrations of these
solutions were checked by chomical analysis, as well as by their
spocific gravity.

Standard alcohol solutions were prepared by dilution of puri-
fied comuorcial absolute alcohol.

The sodfum tungstate used in the ennlyticul work was obtained
from tho Linllinckrodt Chemiocml iiorks and was frce from molybdenum,.
Tho methyl orango was obtainod from the liartmen-leddon Company.

All other chomicals were the C. P. products of tho J:+ T. Baker

Chanical Company.

inalytical methods.

Alcohol in blood. The method used in this work has been reported

in the litersture by Fish and Helson (18) and was developed in order
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to make it possible to determine the alcoholic concentration of the
blood rapidly using a small sample, The method used was a modifica-
tion of the methods of Friedemann and Klaas (24) end of Harger (42).
The sample, 0.l ml, or 0.05 ml. of freely flowing or oxalated
blood, was diluted -and rinsed into a Kjeldahl type distilling flask
of about 50 ml. capacity, using 10 ml. of distilled water. To
this mixture 1 ml, of 10 per cent sodiuwm tungstate solution and
1 ml. of mercuric sulfate-sulfuric acid, containing 100 grams of
mercuric sulfate and 56 ml. of conceantrated sulfuric acid per liter,
wero added in ordor. Tho mixturc was choken and distilled at such
a rote that & ml. of distillate were collected in from 10-15 minutes.
The distillation apparatus was made entirely of glass. The Kjeldahl
type flask wns fitted to a vortical condensor by means of a ground
glaas joint. (A rubber stopper may be used instead of the ground
glass joint with no apparent effects on the aoourﬁoy ol tho detormi-
nation). Tho distillate was collectod in a hard glass (pyrox)
teat tube, 22 mm, x 176 mm., which was graduated to contain 5 ml,
Cne ml, of 0.0434 I potassiun dichromate aoluﬁon, equivalent
to 0.50 mg. of ethyl alcohol, was then added and mixed., Five ml.
of concentrated sulfuric acid was then added and the contents of tho
tube nixed carefully so as to avoid boiling. The heat of dilution
of the sulfuric acid was sufficient to cause the dichramate to con-
plotely oxidize the alcohol to acetic acid within 10 minutes. ifter

10 minutes or longer, the reaction mixture was cooled to room tem-
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perature and tho excess potassium dichromate was determined by
titration with the reducing solution deseridbed by Harger (42).

The reducing solution was prepared by adding 15 ml. of a 0.1 per

cent solution of methyl orange, dissolved in 0.025 N sodium hydroxide,
to 30 ml. of 60 per cent sulfuric acid. One ml. of a forrous sulfate
solution, containing 20 grams of salt and 12 ml. of concentrated
sulfuric acid per 100 ml. of solution, was then addede The titre of
this mixture remains constant for two to three days but should de
standardized at least every two days. The end point in this titra-
tion 1s the first permanent pink tinge.

The titrations were made using a 10 ml. miocro-burette graduated
to 0.02 ml. An air stirring device was used to facilitate titration.
The device consicted of a three~hole rubber stopper fitted on the
burette tip which should be long enough to oxtend at least 1 inch
through the stopper. A glass tube was inserted inr another hole, this
tube reaching nearly to the bottom of the reaction tube and the tip
wvas constricted to about 0.5 mm. inside dimmeter. The third carried
a tube which just extondod through the stopper and was attuched to a
water pump. Jhen a suction was applied the air drawm through the
mixture stirred it thoroughlﬁ. air had no effect upon the titra-
tion values., The burotte was connected with controllable air pressure
in order to force a fine stream of the reducing fluid into the solu-
tion boing titrated. See rige l.

Since the concentrated sulfuric acid contained a small acount

of reducing substances, it was necessary to make a determination using




5 ml. of distilled water instead of the sample distillate., The
procedure was the same as that used for the sample distillate. The
reducing solution was standardized by titrating a sample or the
water blank to the end point. Then 1 ml_. of the standard potassium
dichromate was added and the solution again titrated to the same end
point.

The calculation of the alooholic concentration of the blood was
as follows:

Ml. wmter blank - tit. of sample x 0.5 x 100 = Mg. per cent
Ml. reduoing sol. equiv. to 1 ml. 0.0434 N Kg0rg0, Ml, samp.  alcohol

In'ordar to check the accuracy of the method, a large sample of
blood was treated with 0.15 per cent of a 1l:l1 mixture of sodium fluoride
and potassium oxalate. This dlood was analyzed for alcohol and thgn
a series of samples containing known amounts of aleohol was prepared,
Those samples were analyzed by this method and by the Friodemann and
Klaan method. The resulta gre shown in table 7, and show good agreament
betweon the micro method and the actual amount present. ’

In order to test the preserving action of the sodium fluoride-
potassium oxalate anticoagulent, another series of blood samples was pre-
pared containing known amounts of alcohol. These mlea were stored
in a refrigerator at 19 and were analyzed for alcohol ‘at intervals
of one week for three weeks, using the micro method. The data are

shown in table 8.




TABLE 7

COLPARISON OF RECOVERY OF ADDED ALCOHOL USING LIICRO METHOD
AND METHOD OF FRIEDELANN AND KLAAS

Congcentration of alcohol in mg. per cent

Sanple Actual Kiero ¥riedezann and Klaas
1 Nornmal 5.0 4.5
2 47.5 48.5 44.5
3 129.0 128.8 130.4
4 171,7 172.3 166.5
5 258.0 256.5 240.0
e 308.0 307.0 307.8
TABLE 8

THi EFFECT OF TIME UPON ALCOHOLIC CONTENT OF BLCOD

Concentration of aleohol in mg, per cent

Time

Sample Actual 0 1 week 2 weoks 3 weoks
1 Normal 6.0 6.0 6.8 5.3
2 36.8 385.3 36.0 36.1 36.8
3 69.0 69.0 70.0 67.2 68.5
4 119.0 119.5 118.0 117.0 116.0
5 161.0 156.0 159.0 158.0 1456.0
6 228.5 228.0 224,0 228.0 218.0
7 299.0 300.0 202.0 292.0 292.0
8 338.0 336.0 336.0 335.0 333.0
9 375.0 376.0 308.0 368.0 363.0
10 404.0 403.0 400.0 400.0 396.0

The smmples were warmod to 20° C. before the samplos to be

analyzed were measured and then returned to the refrigerator.
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Preparation of standard alcohiol solutions. A procedure was

developed and reported in the literature (19) by which dilute solu-
tions of ethyl alcohol of known concentration could be prepared.

A serios of thin glaas vials was propared by drawing out a
pleco of glass tube to form & capillary of about 0.5 ma. insido
diometer. A thin bulb was blowm at one end of the capillary which
would contain from 0.1 to 1.5 grams of alcohol when nearly filled.
The capillary was then out about 6 ci. from the bulb, Tho vials
vore dried and weighed. The vinls woro filled with pure ethyl ale
. aohol by waming slightly, then placing tho capillary in pure al-
cohol und the vinls allowed to cool. To completely fill the vial,
the srall amount of alconhol in it was heated just to boiling and
the capiliary agnin inserted into the alcohol. Upon cooling, the
vials nearly filled with alcohol. Tho open tip of the capillary wua

then noaled and the vials wera sgain weighed. To prepare standard

solutions of alcohol, & vial waam broken under distilleod wator and di-

luted to volunme.

The puro othyl alcohol was prepared by treating some cormercial
absoluto alcohol with slightly move than enough sodiws necessary to
react with all the watoer whioch might bo present. After the reaction
with sodiun was complete, the alcohol was distilled using dry equip-

ment. Tho middle one-third of tho diatillate was collected in a

distillation flask fitted with a calcium chloride drying tubo attached

to the side am, Tho diatillato was preserved in a dry woighing

bottle over concentrated sulfuric acid.
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Alcohol in tissues. The method for the determination of alcohol

in tissucs, (19), was dovised in order to simplify the procsdures
roportod in the literatureo and at the same time minimize the chances
of arror.

The tissues were resioved from the animnl, which was killed by
chloroform, as ropidly as possible and placed in weighed extraction
flaosks of 150 ml. capacity. The flasks were coverod with small watch
glasses and were cooled dy amall pioses of solid carbon dioxide
placed in tho flasks. As aoon as the flasks were ai rovom tempera-
turo, thoy wero aguin weighod to obtain the weight of the tisaueas.
The tissues were then covered with a solution of 10 per cont tartario
acid in half saturnted pieric acid and were stored in o refrigerator
at 1° C. until the analysis could be finished.

The alcohol was removed from the tissue by meuns of a special
apparatus so constructed that the sample could be subjected to steam
distillation and hashed without being removed from the extruction
flask. This apparatus waas constructed in sucli a way that a throe-
hole rubbor stopper which would fit the 150 ml. extraction flasks,
carriod a steam inlet, an outlet fitted with a trap leading to a con-
donger and the hashing knifo, The stoam inlot reached well into
the flask so the steam was discharged below tho surface of the liquid
which covered the tissuo. Tho hashing knife was all metal and
consisted of a circular "saw-toothed" knife welded to the ond of a

solid rod. The construction was such that m mercury seal prevented

i i
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the loss of vapors even while running. The knife was turned by an
elcetric motor. Tho outlet which lod to the condenser was fitted
with a trap to provent matorial fram being carried into the distillate
mechanically. The details of the apparatus are chown in Fig. 2.

The steam distillate was collected in a volumotric flask of such
a size that suitable aliquots could be taken which would contain
less than 0.45 mg. of ethyl alcohol. If no riore than 0.45 ng. of
alcohol wors expected, 10 ml. of distillate were collocted dirsctly
in the distilling flask used for the analysis of blaod. The aliquot
used was diluted to 10 ml, with distilled muter and then treated
with 1 ml. each of 10 per cent sodiun tungatate solution and mercurie
sulfate-sulfuric acid solution added in order as in the analysis of
blood. Tho mixture was distilled and 5 ml. of distillate collected.
Thia second distillation was neceasary, since the first distillate
gave high values, probably due to the presence of steam volatile
lipoidal material, The ® ml. of distillate werc treated as in the

analysis of blood.

Caloulation.
Ml. water blank - ml, titration of sample x 0.5 = Mge elcohol
Ml. reducing sol. equiv. to 1 ml. 0.0434 N KgCry0q in aliquot

From this valuec the total alcoholic content and the concentration
of alcohol in mg. per cosnt were calculated.

Sevoral experiments wero perfomed: in order to check the accuracy
of this method, A series of experiments was made in order to determine

the recovery of alcohol added to the picric-tartaric acid solution.
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Both distillations were carried oﬁt. The results of this series of
experiments are given in table 9,
TABLE 9

TL: RECOVERY OF KNOWN AMOUNTS OF EVHYL ALCOHOL

Mg. per cont ethyl alecohol

Sample Actual Found <% Regovery
1l 3.06 3.10 101.3
2 3.06 3.08 100.5
3 1.83 1.85 101.1
4 1.83 l1.84 100.5
5 0.91 0.80 98.8
8 0.91 0.081 100.0

In anothor series of exporiments various tissuos were removed
and divided into two portions. One portion was analyzed as a blank
and the other portion vas treated with a definite amount of aloohol.
The rosults of these oxporimenta are shown in tuble 10,

Blood sugar determination. The Folin-Malmros (£3) mothod for
blood sugar was modified oo that 0.00 ml. of blood could bo used as
a sample iastead of the 0.1 ml. sample required in the original
nethod. The quantity of dilute tungstic acid, used to procipitate
blood proteins, wus reduced from 10 ml. to 5 ml. This vas measured
into dry centrifuge tubes, having & total capacity of about 7 ml.
and the deproteinization carried out as usual, Aftor centrifugation,

4 ml. of supernatant solution, repregenting 0.0396 ml. of blood, were
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TABLE 10
THE RECOVERY OF KIO#MN AMOUNTS OF XTHYL ALCODOL FROM TISSUES

Wt. of sample Lg. othanol Hg. Lge S
Tissue { grams) added theoretical found recovered
ILiver 6.224 4] - 0.03 -
Liver . 6,797 6.122 8.15 8.11 99.3
Spleen 0.502 o - 0.08 -
Spleon 0,550 3.061 3.08 3.05 99.1
Kidneya l.474 0 - 0.03 -
Kidneys 1.494 3.081 310 3.08 98.8
Kusocle 2,808 o - 0.04 -
mﬁclo . 1.8885 1.212 - 1.838 124 100.2
Testes 2,630 0 - 0.08 -
Teotos 3.271 1.212 1.286 1.27 99,2
Brain 0.6984 0 - 0.04 - .
Brain 0.681 . 1.818 . 1,858 1.846 99.4

pipetted out for analysis. The remainder of the analysis was the
some as the original method. |
Caloculation.’

Rooding of standard x (0.04) x 100 = ig. of glucose in
Reading of unknowm 0.,0396 100 ml. blood

The 0,04 reprosonts tho mg. of glucose in 4 ml. of the atu:ndurd
uoed for colorimgfric comparison.

Hemoglobin., The hemoglobin conceantration of the blood was
determined in these oxperiments by the Newe_onior method (79). In
this method the blood sample was messured by means of a special

dilution pipette and diluted to volume with 0.1 N hydrochloric acid.
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The browm color developed was conpured with a standard plate in the
Rewcomer haaoglobinozotere The instrumont wag graduated direetly in .
per cent ixeuoglo'uin. The blood samples were taken from the tail of
the animnl or fram the external saphenous wain. No differcnces could
be found due to the source of the sample from a glven animal,

The determination of uric acid in blood. The mothod used vas a
miero modificntion of folin's (22) isolation wmethod. Five nl. of
tnngatic acld solution were placed in a cleah dry centrifugo tubde.
The tuncstic acid was prepared by placing 20 ml., of 10 per cont
sodiun tungatute solution, free of molybdenun, in a §00 ml. volu-
motric flask and diluting to asbout 400 ml, with wator. Twenty nl. of
2/3 1 sulfuric acid wore thon added and the solution diluted to volume
with water. The sazple, 0.1 ml. of freely flowing blood, was roas-
ured with an acourate pipette and disoharged into tho tungstic acid.
The pipettc wus rinsud by drawing the umixture of blood and tungatie
aci< into it sovoral tmoa. The conteants of the contrifuge tube was
mixod thorouchly and contrifuged after about 15 minutos. This treat-
ment precipitated all of tho blood protoins and gave a cloar oupor-
natent solution, 4 ml. of which were neasured into a clean centrituge
tubo. To this solution was added 1 ml, of acid silver solution, pre-
pared according to Folin's directions, and the nixturo was centrifuged
at once. The supernetant solution waé decantcd without delsy and the
procipitate dissolved in 3 ml. of & urea~cyanide solution preparod
according to Folin's directions. 'The color was developod in the un-

knownt by the addition of 1 ml. of Folin's color reagent and 1 ml. of
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water. The standard was prepared by treating 1 ml. of standard
uric acid solution, containing 0.002 mg. of uric acid with 3 mil,

of urea-cyanide golution and 1 ml. of color reagent. The coloxr re-
agent was added to both the standard and the unknown at as noarly
the same time as possible and after 20 minutes thoy were compared in

8 micro colorimeter.

Calculation.
Roading of standard x 0.002 x 100 = mg. per cent uric
Reading of unknown 0.1 x4 acid o

5.l
Sevoral oxperimonts were performed in order to investigate some
factors which might influonce the wvalues obtained by this method.
The influence of alcohol in the blood was determined and no effects

wore shown. Come data are shown in table 11,

0 L prem— -

TABLE 11

THE EFFECT OF BLOOD ALCOHOL UPON APPARENT URIC ACID
COKCENTRATION AS DETERIINED BY THE LICRO METHOD

Sample Mg, per cent alcohol kg, per cent uric acid
1 5 1.88
2 ] 1.84
3 150 1.86
4 200 1.87
5 306 1.83
6 350 1.86

TR T WS AT DS

The effects of storage of tho blood in a refrigerator at 1°C.
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were studied. Lithium oxalate was used as an anti-coagulent in one
experiment and a mixture of lithium oxalate and lithium fluoride in

another. The results are shown in table 12.

TABLE 12

THE EFFECT OF PRESERVATION OF BLQOD SAKPLES UPON THE APPARENT
URIC ACID CONTELT USING THE MICRO LETHOD

Uge per cent uric zeid

Time Lithium Lithium oxalate plus
(hours) oxalate 1ithium fluoride
0 1.85 1.63
24 2.91 -
48 5,00 5.13
120 6.90 -

In somo instances in which lithium oxalate was used as an anti-
coagulent, very low normal uric acid values were obtained. It may
have been that an oxcess of lithium oxaslate was responsidble and

should be avoided.
Normal uric acid wvalues obtained by this method on 25 differcnt

samplen of rats' blood, using froely flowing blood, ranged from 1.2
to 2.1 mg. per cent with the average about 1.7 mg. per ceant,

A few studies were made on ths recovery of known amounta of urioc
acid added to a blood sample which had been analyzed for uric acid.

Table 13 shows the results of ono of these studies,
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TABLE 13

THz RECOVERY COF FIUWN ALOUNTS OF URIC ACID ADDED TO BLOOD
USING THE KICRO METHOD

Kl, Kg. Mg. poer cent lig. per cant
blood sample uric acid added theorctical found
001 0 - 1020
0.1 0 - 1.32
0.1 0,001 2.21 2.15
0.1 0,001 2.21 2.18
0.1 0,002 3.21 3.20
. 0 0.002 3.81 3.22
0.1 0.003 4.21 4.25
0.1 0:003 © 448 - - 4433

Detormination of non-protein nitrogen. The non=proteln nitré—
gen was dotermined in the pmtein free blood filtrate obtained
by adding 0.1 nl. of freely flowing blood to 5.ml. of tungstic
acid preparcd as described in the determination of uric acid on

page 43 of this thosis. Four ml. of the supermatant fluid was

measured into a pyrex digestion tube 200 mm, x 25 mm. which was gradu-~

ated to contain 35 ml., One ml. of ammonia-froe sulfuric acid,
diluted with an equal volume of water, was added. 7The mixture wus
heated, using a mioro~burner, until tho water was evaporated and
densne fumes of oculfuric acid filled the tubo. A glass bead was used
to prevent bumping during the heating, The mixture was allowed to
cool slightly and then one drop of 30 per cent hydrogon peroxide was

alloved to drop direotly into the solution. Boiling was thon con-
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tinued for five minutes. After this treatment a clear solution re-
sulted, except in some cases in which tungstic oxide was precipitated.
This precipitate dissolved upon the later sddition of Nessler's
solution. After the solution wes cool, 5 ml. of distilled wmtexr were
added and the solution again cooled. After the solution was cooled,
15 ml. of a modified Nessler's (97) solution were zdded and the
mixture diluted to 35 ml, with distilied water. The color produced
was compared in & colorimeter with that produced by the seme treat-
mont of a atanderd containing 0.03 mg. of nitrogen as nmmonium
sulfate dissolved in 1 ml, of water. The standerd used was prepared
by dissolving 0.1415 grams of purified ammonium sulfate in distilled
water and diluted to 1 1liter.

Oaloulation.

Reading of standard x 0.03 x 100 = Mg. of non-protein nitrogen
Reading of unknown 0.1 x 4/5.1 per 100 ml. of blood

This method wans cheocked egainst Koch's and MoMeekin's (63) method
and found to agree very well. It wns found necessary to run blank
detorminations on the reagents used in order to correct for the small

amounts of ammonia occasionally found.

Administration of substances by stomach tube.

The stomach tubes used in this study were made from size 8
French style rubber catheters. The catheters were cut at lengths of

about 5 inches which were more than long enough to reach the stomach




of the largest rats used. One end of the stoumch tube was securely
fastened to the hub of a large hypodermic needle from which the
needle had been removed.

The animals were subjected to a light chloroform anesthesia o
the atomach tudbe cculd be inserted without resistance from the
animal. The stomach tudbs was inserted into the esophagus and was
then pushed on to the stomach with a rotating motiom. The solu-
tion to be admixiistored vas rorcéd slowly into the stomach by means
of a 5 ml. Beoton-Dickinson syringe. The operation required about
one minute. The animals were recovering from the anesthesia defore

the stomach tube could bo removed.

Administration of subatances by intraperitoneel injection.

In the injection experiments a 5 ml, Becton-Dickinson syringe,
graduated to 0.1 ml, was usod with a 26 guago noedle. The solutions
used for this and for oral administration wero of such concentrations
that the desiroed amount ocould be obtained by tho use of 1 ml, per 100
grams body weight. The injections were mado into the peritoneal cavity
by holding the animnl on its back in the palm of the loft hand with
the fingers fimmly restraining the hind lega, The thumb of the left
hand hold the middle portion of the animal's body and the head was
held betweon the left arm and the body of the opeiator. The nocdle was
insorted into the lowor right side of the peritonesal cavity and the in-
jeotion made as quickly as possible., The instruments were as clean and
sterile as practical. HNo infections developed in the animals so treated.
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Techniques of taking blood samples.

Blood samples of 0.05 ml. and 0.10 ml. were taken from the ex-~
ternal saphenous vein, while larger samples were taken from the heart.
Yhen samples were taken from the external saphenous vein the animals
wore held, back down, between the left arm and the body of the opera-
tore The hind log was hold firmly between the thumb end index finger
of the left hand. The second and third fingers of the left hand
were used to support the leg of the animal from below, The hair was
oclipped from the inner surfaco of the hind leg exposing the skin
directly covering the external saphenous vein, the outline of which
was oagily visible. The vein was punctured by a lancet and the
sample measured with an accurate pipette. Care was taken not to =
sever the vein while puncturing it. The most satisfactory type of
lancet used was shaped at the tip similar to a nail. This con-
struction made it easier to puncture the skin and voin without ex-
tensive damage to the vein.

Blood samples were taken from the heart while the animmls were une-
dex chloroform anesthiesia. The ancsthesia was very important in these
operations. It had to be deep enough to prevent any resistance on the
part of the animal, but not so profound as to cause death. 7hen
the animal was correctly anesthetizad, it was placed on its back and
held in position by the left hund. The needle was insertod horizontally 3

into tho heart with the right hand. The blood was withdrawn by means
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of a syringe and placed into an oxalated tube.

Care of animals.

Feedings The animals had fesed available at all times except in
those experimonts which involved fasting periods. The feed was aup=-
plied in metal cups placed inside a largexr container in order to pre-
vent scattering during foeding experiments.

Drink, In many of the experiments alcohol solutions were sup-
plied instead of water. The alcohol solutions were made available to
the rats in carefully constructed watering bottles so as to avoid
loss through leakage. Hats on fasting experiments received water to
drink.

Housing. The animals wore kopt in galvanized iron wire cagos
large onough to accowodate six adult rats. Tho rats were kept on
galvanized iron wire scrcens. Tho cages were cleaned thoroughly at
loast once oach wooke Tho rats roceived daily obsorvation and care

throughout the duration of the oxporimonts.

The Distribution of “thyl Alcohol in the Tissues

p urpose.

These experimonts were performed in order to obtain the concen-

trations of alcohol in warious tissues at different timos following

the oral administration of ethyl alcohol. It seemed desirable to compare
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the alcoholic concentration of each of tho tiasuos with that of the

blood.

Procedure.

The rats used in those oxperiments wore betwecen 150 and 200
days of age and varied In woight betwoen 250 and 400 grams. The
rats were fasted for 24 hours before the administration of alcohol solu-
tion. Some of the ruts recoived no alcohol and their tissues were
analyzed for the norual alcohol concontration of the tigsucs. The
distridbution of alcohol was detormined aftor the oral administration
of 8.5 grams of alcohol per kilo body waight. After a definite time
a blood sample was talken and the aniunl killed with chlorofom. The
tissues were removed and asnalyzed as deacribed oa page 38 of this
thosis. All of the rats used wero normmal animals in all respects and

had not beon subjocted to other experimonts.

Rosults and interpretations.

The normml alooholic concontration of warious tissucs were de-
termined in six normal rats. The results of thoso dotorminations are
shown in tadblo 14. All of thooce rats wore males wolghing betwoen 265
and 384 grams. The averago valuos of tho six normal rats are givon
and tho averago tissue/blood ratios aro also included. The alcoholic
concentration of the tissuos are exprosscd as mg. of alcohol por 100

grans of tissue,
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A geries of six rats wore given 2.5 grams of ethyl alcohol per
kilo body weight by stammch tube, after having fasted 24 hours,
These rats were killed 30 minutes after receiving the alcohol and
the blood and tissues were analyzed for alcohol. The results of
these experiments are shown in table 15.

The average alcohol concentration of the tissues and the average
tissue/blood concentration ratios are given. The tissue/blood ratios
prodably had the greatest meaning, since the ratios are less affected
by different absorption rates of the individual rats. z

In another series of similar exporiments, the fanted rats were
given 2.5 grams of alcohol per kilo body weight and killed two hours
after the oral administration of the alcohol. The results of these
experimonts aroc shown in table 16. Again the tissue/blood ratios of al-
coholic concentrations are given.

On the basis of exporiments reported in the literature (101), (46),

(82), i1t was oxpocted that the tissue/blood alcoholic concentration

ratios would remain quite constant until the alcohol had boen motabolized

or eliminated and only tho normal amounts romained, In order to in-

vestigate this matter furthexr, anothexr sorios of oxperiments was made

on rats fasted 24 hours. The rats were given 2.0 grams of ethyl alco=- :
hol per kilo body weight by means of a stomach tube. After & period i

of four hours, the tissues were rexved and analyzed as in the preceding

experiments, The results of these experiments are shown in table 17,
Table 18 shows tho average tissue/blood alcoholic concentration ratios at
various times studied,
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fat Liver Heart Brain
Conc, Conce : T/B :

2.3 051 240 063 430 096 4.80 1,00
120 084 195 035 5.0 0.68 5.0 1,20
0,70 0.4 2.0 0.3 190 0.39 4.00 0.82
0,80 0.1 3,30 0.3 8.00 0dd 440 088 2.20 0.9

0.70 0.13 3.90 0.76 3.20 0,63 8.60 0.51 1.00 ' 0.19

gﬂ = ‘3! .} g g

1.0 0418 2.40 0.0 1.70 0,88 4.10 0,08 2.65° 0,44
Mean (Normal) 1.0  0.28 8,7 0,69 2,8 0,86 4.3 0.88 1.6  g.a

*The ratio T/B is the mg. per cent aloohol in the tissue divided by the ng.m - gent
**The contents of the stomach and mmall intestine were washed out with ustnha p——
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g:‘f".
1t of the Tissues of Fasted Rats
. _ _ o

aleohol gt
%> S .

Muscle Bone Testes i:  Iungs _ Blood '
3 Cong, : T/B Como. : T/B _Cones o 1 T/B __Conecs
) 0,30 0,08 - - 0.80 0181480  0.37 4.50
) 040 0,08 1,50 0.30 0,50 . “50.10 = - 5.00

5 0,40 0,08 0.50 0,10 0.60 xo.uu..'ro 0.35  4.90
) 0.80 0,18 1,20 0.87 0.%0 o.ao 1,00 0.35 4.50
L 2,30 0,48 = - 1.40 o.g{éa.eo 0.61 5.0
) 2,60 0.43 1.00 0,17 1.20 - 0.30 1.80  0.32  6.00

50 1l 0.81 1.0 0.2l 0.9 ;0,18 1.8 0,36 5.00

,i .
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W's . 732 0.5 -48.5 0,50 154 010 76,7 0.80 60,0 0. gz

Table 15. The Concentration of Alecohol in the Tissues of Rats 30 Mimutes After ﬁc ooivi

oo e ]

i

Pat . liver . Heart Bran leon Kidneys |
~ Oono, : T/B* Cons, : T/B _Cono, 3 1/B _ Cono. : 1T/B_ Ooncs t 1/ B

By . 48,8 0.68 32.4 0,46 10,7 0.1 49.3 0.70 422 0. 60

Mgy . 1400 0.60 68.8 0.3 58.8 0.2 158.5 0.63 158.2 Qe 55

By, 102,56 0.75. 67,3 0.50 48,9 0,36 100.6 0.76 95,6 Oy yp
Foso 4.5 0,73 68,0 0,53 0.7 0.2 957 0.76 95.4 0. gq
Mean 89.8 0,70 51,56 0,42 35.2 0.2l 90.7 0.2 835 . 0w g

*The ratio T/B is the mg. per cent alcohol in the tissue divided by the mmplti ceat
**The contents of the stomach and small intestine were washed out with diltik@s i wate:
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- :f.é . __Pancreas washed) [
_I/B__GQouo. ¢ T/ B _ Cones ¢ T/B __ Oonc. .: T/B

T gent aloohol

Stomach® Small intest -

_(washed) Musel Bons

Conoe 3 T/B__Conce ¢ T/B__Conce 3 |

0.l 60 3.6 0.55 2,30 33.60 2330 3.30 284 040 151 O,

sa 88,8 0.36 1,050 7.00 B9.2 0436 838 0.88 42,2 O

ea 3.8 0,35 1,840 18.40 87.8 0.87 43.2 045 EE 0

168 469 0.9 1,828 10,00 1150 1.80 48,8 080 13 0

5 05 95.6 - Ouiysi 48.1 0.38 5,085 17.86 77.7 0.56 42,6 031 64 0

7 0.7 984 W« 74;3 46,8 0.37 2,204 17,20 810.6 1.65 - 46,7 0.36 ¥ 0

0,73 833 °-a £0.6 0.4l 2,004 1800 13,5 1.35 43.5 0,37 2.8 0

Hvided by the nge P 2| et mlcodol 1n the blood.
hed out with umm; *?” and the organs pressed dry in a olean towel.
;
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Weight. The Rats iiere Previously matot &t }heirs The Alcohol was Administered by Stomach Tube.

ent algohol
W

=

8

Bous

_Jiusol
Conge : T/B conc.

I 284
b 538
P 4348
) 4Be3
} 42,6
) - 4547
3 435

0,37

0.40 13.1
0,88 48,2
0.45 21,8
0450 11,3
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Taebdle 16. ‘The Concentration of Alcohol in the Tissues of Rats Two Hours Lrter“nocéiv ’mg 2

e mﬁ% T RIS m%““?n /B m%":"ﬁn""'rﬁ?ﬁ
Wg 3.4 0,80 241 0,61 811 0,63 38,1 0.96 32,4 oaz
B, 804 0,62 38,3 0.7 609 0,74 08,0 0,83 6L 0.75
We 277.0 0.88 158.0 0.50 835.0 0.75 239,0 0,76 241.0  0.76 -
WL ‘88,8 0.70 B7.5 0,46 8l.7 0.65 97.3 0,78 93.7  0.75
R, 168:0  0.75 1100 0,80 1540  0.70 184.5  0.84 169,58 0,97
Ba, 14.2 072 1035 0.2 156.4 0.08 146.0 0.73 8.2 004
Mean 1261 0.7 82.0 0,61 116,0 0,67 128,8 0,82 128.0 0.76

*mMe ratio T/B 1s the mg. per cent alcohol in the tissues divided by the mg. per .
*#The contents of the astomach and amnll intestine were washed out with distilled wa !
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fieights The Eats Worc Previously Fasted 24 Hou rse. The Alcohol Tas Adninistered by Stomach Tube.

Jer cent alcohol
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Table 17. The Concentrution of Alcohol in the Tissues of Ratas Four Hours Aftex Re
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Conc, ¢ T
", 86,28  0.77
Wt 56.8  0.60 B56.7 0.60 28.2
v, 95.7 0,89 118.3 0,73 87.3
L 92,7 - .63 103.0 0.70 88.3
B, 87.8 0,66 101.0 0.76 77.2
n"’"" 59.8 0.8l 65,6 0.67 55.0
lean 79.7 0.64 88.8 0.71 71.4

0.86
0.57

**The contents of the stomach and small intostine were washed out with dist

**2Pood moterial in stomach vwhen killed.
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1 Hours After Re} eefving 2.5 Grems of Ethyl Aleohol Per Kilo Body Weight. The Rate Were Previousl;

- ‘ — Mg, per cent algcohol
. s Stomach**  Small intestine®*

0.41 8928. 8.0 103.5 0.9¢4 61.3 0.68 3.2 0.28
0.52 780. 7.96. 163.0 1.78 67.6. 0.73 324 0.33
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ght. The Rate Were Previously Fasted £4 m. The Alcohol Was Administered by Stomach Tube.
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6. 0,70 25.6. 0.26 46.0. Q.47 @ed 0,82 . 980
w5, 0,08 3L0. 0.25 62.9. 0.0 O3 0.80 . 124.1

., A b vt s o ol L .







e

- 57 -

Table 18, The Avernge Tissue to Blood Aléohol Concentration
Ratios, at the Various Times Studied, Following the Oral
Administration of 2.5 Grams of Alcohol Per Kilo Body

veight to Fastod Rata.

T/B ratios at time in minutes

Tisgues 0 20 120 240
- Liver 0.22 0.70 0.74 0.04
- Heart 0.69 0.42 0.51 0.71
- Brain 0.86 0.21 0.87 0.57

Spleen 0.86 0.72 0.88 0.79

Kidnoys 0.31 0.05 0.76 0.75

Pancroas 0.34 0.41 0.54 0.43

Stomach (washed) 0.88 18,90 16.26 9.22"

Snall intestine 0,33 1,33 3,83 1.48

(washed)

Muscle 0.21 0,37 0.73 0.68

Bone 0.21 0.19 0.37 0.28

Testas 0.18 0.47 0.56 0.80

Lungs 0.30 0.58 0.91 0.80

S
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In figures 3 to 7 inclusive, the alcoholic concentration of the
tissues are plotted asainat time and the tissue/blood concentration
ratios are also plotted against time. The alccholie concentr#tion
of the blood is plottod agninst time for comparison,

From the results of these experimonts, it would scem that
following the oranl administration of 2.5 groms of ethyl alcohol por
kilo body weight, the alcoholic concentration of the blood and
tissuos reaches a maximum in about two hours. although the actual
concentration of the blood and tissue alcohol varied considerably
with the individual, there ia, however, quite a definite relation-
ship between tho concentration of the alcohol in the tissues to that
in the blood. This relationship is not constont in all tissues but
variecs with tho time which elapsod following the administration of the
alcohol.

In the caso of the liver, lungs, spleen and kidneys, the ratio
of tho tiassue alcoholic concentration to that of the blocd reached a
maximm in less than two hours and remained quite constant for at
leagt two more hours. As shown in Fig. 3, the alcoholic concentra=-
tion curves of the liver and blood are quite similar. The ratio
T/B for the liver is almost constant from 0.6 to four hours after the
administration of the aloohol., This value, 0.7, is in agreement
with those reported in the literature (46), (68). The alcoholic
concentration curves for the spleen and kidneys are similar to that
for the liver and are almost identical with each other. This ia
shown in Fig. 4. The normal T/B ratio for the spleen, stomach,

heart and brain are relntively higher than the ratios for the other
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Fig. 3. The Alcoholic Concentration of the Liver, Eeart and
Brain Compared with that of the Blood Following
the Oral Administration of Alcobol.
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Pancreas Compered with that of the Blood
Following the Oral Administration
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Fig. 4. The Alcoholic Concentration of the Spleen, Kidneys and
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Fig. 5. The Alcoholic Concentration of the Stomach (washed)
Compared with that of the Blood Following the
Oral Administration of Alcohol.
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The Alcobolic Concentration of the Muscle, Bomne and
Testes Compared with that of the Blood Following
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The Alcoholic Concentration of the Small Intestine (weshed)

and the Lungs Compared with that of the Blood Following
the Oral Administration of Alcohol.




tissues studied. %hen no alecohol was given the splesn had a normal
ratio of 0.86, When alcohol was absorbed into the dlood, its con-
centration in the spleen was such that a T/B ratio of about 0.8 was
maintained for the four-hour period. The kidney had a lower T/B
ratio when no alcohol was administered, but after the administration
of alcohol tho T/B ratio for the kidney soon reached and maintained
a T/B ratio of 0.75. The lungs show about the same T/B ratio as
the kidneys except the ratios for the lungs vary more with tinme,

The heart was the only organ studied which had not reached
a moximm T/B ratio by two hours. See Fig. 3. It would be reasonable
to expect the heart to behave in a manner similar to other musecle.
However, the amount of blood remaining in the heart is difficult to
control and although the blood was pressod from the organ, it is
possible thut the residual blood was responsidleo for its abnormal
behavior. The hoart did resemble thoe other muscle more closely
than it 414 any other tissuo.

In tho study of the stomach, it was dosiradle to know the cone
centration of alcohol in the tissue and not the unabsorbed alcohol;
hence the contents of the stomach were washdéd out beforo analysis
for alcohol. This procedure is certain to introduce some error,
since it would be impossible to prevent the loss of a certain por- '
tion of tho alcohol from the tissuc during the washing. The results
do show that a maximum amount of alcohol is absorbed into the stomach
tissue within 30 minutes and that the concentration diminishes following
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that time. The concentration of alcohol in the stomach tisasues
appoared to remain quite constant between two and four hours
following the administration of the alcohol.

The results obtained with the washed small intestine were also
quite variable, since it is probable that most of the alcohol was
present in the portion of the intestine immediately poaterior to
the stomach.

In tho other organs studied, the alcohol wans absorbed alower
and the maxirnm concentration obtained was lower than the above.
Contrary to the bdolief reported in some semi-socientific writings
(29) that alcohol was concentrated in the brain, from the rcsults ob-
tained, it seems that alcohol is absorbed slowly and reaches a maxi-
mum T/B ratio of about 0.7 in the brain. This ratio wan obtained in
two hours and had diminished by four hours to about 0.6, The
averagoe ratio at 30 minutes was only 0.21 with tho higheat indi-
vidual walue of 0.3% and the lowest wvalue of 0.l4, Of tho oix rats
studied 30 minutes after roceiving £.5 grams of ethyl alcohol per
kilo body woight, threo showed a T/B ratio for the braian of less
than 0.2, two showed 0.24 and only ono thé high value of C.38. The
maximum T/B. ratio obtained at two hours was 0,78, e minimum of 0,53
and an avorage, of 0,67 was found using six rats. Threo of these
gave T/B ratios for the brain between 0.65 and 0.70. At fowr hours
the ratios obtained variod more, one being 0.84 as the highost and a
low of 0.30, Four of the rats, however, gave T/B ratios in the range

between 0,54 and 0.60; hence the average ratio was lowor at four hours
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than at two hours. During that period the actual average concentra-

tion of alcohol in the drain fell from 115.0 mg. por cent to 71.4
mg. per cent. The absorption of alechol in the brain compares
best with the absorption by muscle tissue.

The absorption of alcohol by muscle is similar to the ab=-
sorption by the brain, being rather slow dut reaching a T/B ratio
of 0.73 in two hourss The declins of the T/B ratio in the period
between two and four hours is slower than that exhibited by the
brain. At four hours the ratio reaches 0.68.

The panoreas and testes show a similar rate of abdbsorption of
alcohol. Both reach o maximum T/B ratio after two hours and the
ratio falls slightly by four hours.

The absorption by bone is slow and the maximum T/B ratio is
only 0.37 at two hours.

On the basis of these results, it is possiblo to eatablish

tho concentration of alcohol in the various tissues if the concen-

tration of blood alcohol is known, If the period betwoen l.5 and

throe hours following the administration of alcohol is considored,

the tissues may be grouped and epproximate T/B ratios asaigned for

each grouwp. Thaese ga;xoralimtions are shown in table 19.
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TABLE 19

THE APPROXIMATE T/B RATIOS FOR GROUPS OF TISSULS FOR
THE PERIOD OF TI&E BETWERN 1.5 AND THREE HOURS
FOLIOWING THE ORAL ADINISTRATION
OF ETHYL ALCOHOL

Group Tissue 7/B
1l Lungs 0.80
Spleen 0.80
Kidneys 0.75
2 . Liver 0.70
Muaole 0.70
3 Brain 0.60
Heart 0.60
4 Taestes 0.55
Pancrsas 0.50
8 Bone 0.30

No attampt can be made, on the basis of these data, to predict
the alecoholic content of the stomach and amnll intestine tisoues,

since the rosults obtained showsd too much individual wariation.
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The Effect of Administerod alcohol Upon Its Concentration

In the Blood

The effect of orally-administered alcohol upon its concentration in

the blood of both fasted and unfasted rats.

Purpose. Those experiments were conducted in order to establish
blood alcohol-time curves for both fasted and unfasted rats, follow-
ing the oral administration of definite amounts of alcohol.

The exporiments using unfasted rats were made in order to show
the offect of food matorial In the stomach upon the absorption of al-
cohol into the blood. MNoat of thome experiments were conductod fox
four hours or more in order to include some data following the time
of moximum concentration of alcohol in the blood.

Procedure. The fasted rats were deprived of food foxr 24 houra
preceding the adninistration of the alcohol. All of the rats had
froe access to water during the fasting period. lo water was made
available during the experiment. Tho alcohol was administered in
tho form of a 28 per cent solution or less by moans of a stomach tube.
The rats werc lightly anesthotizod with chloroform while the ulcohol
was being administered. GCreat care was exorcised in administering
the anesthetic in order to prevent damage to the liver insofar as
possible,

Tho blood camples were all taken from the external saphenous

voin; hence the data so obtained were those of venous dlood.
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The method used to determine the concentration of alcohol in the
blood is described on page 31 of this thosis. All of the rats used
in these experiments wers normal animals, shich had not been subjected
to previous experimentation. Only rature rats were used, their ages
being from 160 to 200 days and weights from 250 to 400 grams.

Results and intexrpretations. The results obtained in these

experirianta were expected to show the noranl change in blood alcohol
following the ornl administration of wvarious amounts of alcohol to
rats. .

In one sories of experiments, eight fasteod rats wore given 2
grams of alcohol per kilo body weight. The alcohol wos in a 20
per ceat solution, that is, the solution contained 20 grams of al-
cohol por 100 ml, of solution. By une of this concentration 1l ml.
of solution per 100 grams body weight ave the desired amount of
alcohol., The individunl blood alcoholic concentration-time curves
werc in very close ogreement. Tho average results of those expori-

ments are givon in tabdle 20.




TABLE 20

THE AVZRAGE BLOOD ALCOHOL CONCENTRATION AT VARIOUS TINES
FOLLOWING Tit ORAL AIBINISTHATION OF TWC GRALS OF
ALCCHOL PER KILU BODY UBIGHT
TO EIGHT FALTEDR RATS

Tize (minutes) Blood aleohol (mg. por cent)

0 5.0
15 60.0
0 72.0
60 88.0
90 99.0

120 103.0
150 : 98.0
180 83.0
210 ' 70.0
240 53,0
3 40.0

Tho curve of these data is included in I?ig.’ 8.

Good agrecment was found in theso experiments betwcen individual
rats indicating that the alcohol is absorbed, motabolizod and elimi-
nated at a noarly ldentical rate by each individual. Thiso agreocmont
is not so easily obtained in experiumonts in which higher concentra-
tlons of aloohol arv given orally.

In another serios of experinonts, a large numbor of fastod rats
were givon 2,5 grams of ethyl alcoiol per kilo body weight. Tho
aleohol solutions administered contained R5.0 graums of alecohol por
100 ml, of solution, Thus 1 ml. vwas administered per 100 grams body
welghte llost of the rats showed similar blood ulcoholic concontration-
tie curves, but there wore a number of exceptions which oxhibited a

relatively slow absorption. This slow abaorption has boen reported by
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other investigators (39) and is due to thc induction of pylorospams
by alcohol solutions of 35 por cent concentration or more. <Some of
the data which were obtained in these experiments were reported by
Fish and lelson (20). Theso data excluded those rats which showed
pylorospasms as evidenced by an abnomally low blood alcohkolie
concentration. as much as two hours following the administration of

the aleohol. The data whioch were reported are shown in table 21,
TABLE 21

THE R¥FECT OF TS ORAL AIMINILUTRATION OF 2.8 GRAMS OF ALCONOL
TO FASTED RATS UPON THE ALCOHOLIC CONCENTRATION OF THE BLOOD.
THE RATS SOUING PYLOROSPASMS ERE EXOLUDED.

Time (minutos) Blood alcohol (mg. per cent)

0 5.0
15 94.0
30 134.0
] 170.0
90 198.0
120 206,0
180 204.0
180 198.0
210 192.0
240 182.0
270 174.0

The ocurve of these data is included in Fig. 8.




This curve gave a uigher maximm than that found in an
average curve iacludiug all of the fasted rais trvated with 2.5
grams of slcohol per kilo. The data obtained from 20 rats includ-

ing five wiich showed mmrked pylorospasms are shown in table 22,

TABLE 23

THE AVERAGE BLOOD ALCOHOL CONCLNTRATION AT VARIQUS TIMES
FOLIOGIRG THi ORAL ATLINISTRATION OF 25 GRAMS OF LTUYL
ALCOHOL PER KILO TO FASTED RATS INCLUDING THOSE
SHOAING PYLORCEPASE

Ti{me (minutes) Blood alecohol (mg. per cent)
Q 5.0
16 98,7
30 129.0
60 157.0
80 179.0
120 179.0
150 171.0
180 165,00
210 168,0
240 143,0
270 135.0

Tho curve of these data is shown in Fig. 8.

It 15 obvious that pylorospasus caused the blood alecohol to
remain at a lower lovel. ainimals which shovwed pylorospasms had large
amounts of alcohol in tho stomach at the end of the experiment.

It was desirable to construct the curve from vhich the rats
showing pylorospasms were eliminated, since such rats were not

considered in other absorption studies.
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2.0 grams of alcohol per kilo — -
2.5 grams of alcohol per kilo excluding rats

showing pylorospasms (O]
2.5 grams per kilo.everage of all rats used :---- R------
60 110 160 210 260

Time Minutes

Fig. 8. The Effect of Orelly Administered Alcohol Upon
the Alcoholic Concentration of the Venous Blood
of Fasted Rats.
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The oral a&zninistmtion of aleohol to unfasted rats gave
variable effects upbn the alcoholic content of the blood. The
variationa were pfobéb:b; due to the influcnce of tho food material
present in the stomach at tho time the alcohol was administered.
In some instances the rats probably exhibited pylorospasms. Some
of the typical results are shown in table 23.

TABLE 23

THE EFFECT OF THX CRil AIMINISTRATION OF 2.5 GRALS OF ,LCOIOL
PER KILO BODY +EIGHT UPON THL ALCOHOLIC CONTENT OF THE i
BLCOD OF UNFASTED RATS

Time Hg. per cent alcohol in venous blood
(minutes) Rat 1 BEat 2 Rat 3 Rat 4 ;
0 5 5 8 5 @
15 90 68 98 28 !
30 185 118 120 53 i
- 60 218 128 108 96
90 224 134 ‘90 162
120 - 208 147 78 180
150 190 170 52 163
180 170 200 - 140
210 : : 150 220 - 116
- - - 98

E:

" The éurVou of these data aro shown in Fig. 9.
From these experimenta it would appear that alcohol solutions
up to 20,0 per ceant or slightly more; do not cause pylorospasmas;
hence good agreement may be obtained between individual rats given

the same amount of alocohol per kilo body weight if tho rats have been




previously fasted. The maximum concentration of alcohol in venous
blood was attained at two hours, following the oral administration
of 2.0 or 2.5 grams of alcohol per kilo to fasted rats.

The unfasted rats attained a moximum concentration of alcoliol
in the venous blood at various times, depending upon the influence
of the food material present in the stomach when the aleohol was
given. Rat 3, Fig. 9, probadbly had a pronounced pylorospasm which
caused an early maximum in the curve. Rat 2 may have had a temporary
pylorospamm, tho effect of which was to delay the maximm. Food
mnterinl present in the stomach caused a further delay. Rat 4 roached
a rcaximum blood alcoholic concentration in two hours, but the rise
in concentration was slow at first, which was due to the influence of
food material in tho stomch. Rat 1 gave a curve quite similar
to that of a fasted rat given the same treatment. The stonach of
this mat contained vory littlo food material at the end of the ex-
periment.

No avorage curve could be given for the unfasted rats, since
the absorption was influonced not only by pylorospasms, but by the
nature and amount of food present in the stomach at' th: start of
the experiment.

Although no experiments were conducted in an attempt to de-
termine the rate of metabolism, some of tho rosults shown seem to
indicate a conatant rate of decrease in the alcoholie concentration

of venous blood. This cannot be interpreted as indicatinz a constant
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Fig. 9.

100 150 200 250

Time Minutes

The Effect of the Oral Administration of 2.5 Crams
of Alcohol per Kilo Body Weight, to Unfasted Rats,
Upon the Concentration of Alcohol in Venous Blood.
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rate of metabolism, howover. To do so, the following assumptions
would have to be made: (a) the rate of elimination is constant
and (b) absorption and distridution are completed by the time the
rate of decrease of blood alcohol bacomes constant. The decline
in the dlood alcoholic concontration is due to tho difference be-
tween amount of aloohol lost through metabolism and elimination
and gained by absorption. The oral administration of 2.5 grams of
aloohol per kilo to fasted rats gave a cuxrve which follows the
equation of a straight line 150 minutes aftor its adminissration.
Tho equation for that portion of the ourve is as followa:

¥ = =0.483x ¢ 171.4
whero:

y = concentration of aloochol in mg. per cent

x s time in minutes

The factor =~0.483 io the rate of decrease in the concentration
of the venous blood alcohol in mg. per cent per minute. It must be
emphasized that this equation is valid only after 150 minutes and
only if 2,0 grams of alcohol per kilo body weight are adminiotored to
fasted rats. The rats used were nearly all the samoe woight and age,
which may have been factors influencing tho rates of absorption,
elimination and metabolism of the alcohol.

It 18 not poosible to derivo a straight line equation for any
portion of the curves obtainod when 2,5 grums of alcohol per kilo are

administered orally to fasted rats, The administration of 2.5 grams
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of sloohol per kilo probably induces pylorospasas of warying do=
grees, hence interfering with absorption.

The influence of absorption upon the blood alcohol-time curve
ia cloarly demonstrated in the experiments, using unfasted rats.
The effects of the administration of 2.5 grams of alsohol per kilo
upon the alooholic concentration of the venous blood of four rats
are shom in Fig. 9. It is possidble to derive straight line equa-
tions for a portion of the curves obtained from rata 1, 3 and 4.
These equations are as follow:

Fat 1, y = -0.66x » 268

Fat 3, ¥ = ~0.61x ¢ 143

Rat 4, y = -0.80x « 283
vhere:

¥ = concentration of alcohol in mg. por cent

X = time in minutes

In the case of Mat 2, Fig. 9, a case of delayed absorption is
oloarly deamonstrated., Some food material was found in tho stommoch
after the experiment was terminated. In addition to the effect of
the food, thore may have been a temporary pylorospamm. The rat
waa obviously intoxiocated during the last 30 minutes of the experi-
ment, but no signs of intoxication could be observed early in the

experiment,
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The effect of habituation upon the absorption of orally sdministered
alcohol into the blood.

Purpose. These experiments were conducted in order to détermine
the influence of continued use of elcohol upon the blood elcohol-time
curve obtained following the oral administration of definite smounts
of nicohol to fasted rats. |

There is some diaagreament in the literature as to the reason
for the fact that & habituated individual can ingest relatively more
aloohol, without becoming intoxicated, than a non-habituated indi-
vidusl.

Some investigators reported that the alcohol was oxidized more

rapidly in the tissues of a habituated indvdual. Other nvesti-
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gators reported that the tissues of a habituated individusl nre less

sensitive to slcohol; hence it would requiré more alcohol to produce

R X N PRINCE ST

intoxiocation. If the latter reason is correct, the blood alcohol-~
timo curves should be approximately the same for habituasted and non-
hobituated lndviduals given a similar treatment. These experiments f
were conducted to determine if the blood slcohol-time curves were 3
changed by habituation.

Procedure. One group of rats wes habiiuated by being given a 10
per cent alcohol solution to drink instead of water from the weaning
age of 28 days untl the rats were 120 doys of ago. These rats were
then fasted 24 hours end given water to drink during the fasting

period. Two levels of alcohol were administered oraslly to the fasted




rats; some were given 2.0 grams per kilo of body weight and the others
2.5 grams per kilo of body weight.

Another group of eight normal rats was selected which were 165
days of age. These rats were given 2.5 grams of alcohol per kilo of
body weight after fasting 24 hours. The blood alcohol-time curves
were obtained and served as the normsl for comparison. The rats were
then given a 10 per cent alcohol solution instead of water to drink
for 120 days, Following this habituation period, the rats were
fasted 24 hours and then given 2.5 grams of anlcohol ver kilo of body
welght.

Results and interpretations. The average results obtained by

¢iving 2.0 grams of alcofxol per kilo of body weight to six fasted rats
from thoe group which were habituated during the growing period of from
28 to 120 doys of asge are shown in table 24.
TABLE 24
THE XFFECT OF THE ORAL AIMINISTRATION OF 2.0 GRAMS OF ALCOHOL

PER KILO OF BODY WEIGHT TO FASTED RATS, WHICH HAD BEXN HABITV-
ATED TO ALCOHOL, UPON THE ALCOHOLIC CONCENTRATION OF VINOUS

BLOOD
B e R T e e e e e e ey,
Time (minutes) Blood alcohol (mg. per cent)
0 5.0
15 62.0
30 73.0
60 90.0
90 100.0
120 105.0
180 101.0
180 85.0
210 72.0
240 55.0

270 41.0




The curves of these data and the data which were obtained in
similar experiments on non-habituated rats are shown in Fig. 10,

Bight rats of the same group of habituntod rats were given
2.5 grams of alcohol per kilo after fasting 24 hours. Onc of the
rats develoned a pronounced pylorospasa and therefore was excluded

from the results which are shovm in table 25.

TABLE 85

WE EFFRCT OF TiE ORAL ADMINISTRATION OF 2,5 GRAMS OF ALCOIIOL
PER KILO T0 FASTED RATG SC{ICH HAD BERN HABITUATED TO ALCOHOL,
TON TIN ALCOHOLIC CONCENTRATION OF VINNOUS BLOOD,

Time (minutes) Blood elcohol (mg. per cont)

0 5.0
15 80.0
0 130.0
60 168.0
90 1985.0
120 203.0
150 201.0
180 196.0
210 190.0.
240 181.0
270 176.0

The ourves of thoso data and tho data which were obtained in
simzilar experiments on non~habituated rats are shown in Fige. 1ll.

The group of eight rats which were hubituated after reaching

the age of 165 days were given 2.5 grams of alcahol per kilo, after

fasting 24 hours, both before and after a habituation period of

et i o g B
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120 days. The average data are shown in table 26. Cne rat de-
voloped a pylorospast in the experiment before habituation and is

excluded from the normal average.

TABLE 26

THE EFFECT OF THE ORAL ADMINISTRALION OF 2.5 GRAiiS OF ALOOHOL
PER KILO 10 FASTLD HaTS, BOTH BEFOii AND AFTER HABITUATION,
UPON Tits ALCOHOLIC CONCENTRATION OF VENOUS BLCOD.

Time Blood alcohol (mg. per cent)
(minutes) Beforo habituation __After habituation
0 5.0 5.0
15 906.0 98,0
30 130.0 132,0
80 168.0 170.0
90 192.0 192.0
120 £03.0 204.0
150 200.0 199.0
180 195.0 193.0
210 185.0 186.0
240 178.0 179.0
270 163.0 166.0

The curves of these data are shown in i‘;c. 13,

From the results found in these experiments, it seoms that habitu-

ation had no influence upon the effect of orally administorod alcohol

to Mmasted raty on the concentration of alcohol appearing in vonous
blood, These results lend support to the belief that habituation to
alcohol dovelops a tissue tolerance, rather than a change in the rate

of oxidation, absorption or elimination of the alcohol.




Mg. % Blood Alcohol

Before Habituation
After Habituation R e

0 : )
0 50 100 150 260 1)
Time Minutes
Fig. 12. Tho Effect of the Oral Administration of 2.5 Grams
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The effect of the intraperitoneal injection of alcohol upon the
concentration of alcohol in the wvenous blood of rats.

Purpose. These experiments were porformed in order to show
the change in concentration of alcohol in venous blood following
the intraperitoneal injeotion of various emounts of alcohol.

Procedure. Deofinite amounts of alecohol were injected into the
cbdominnl cavity about 1 inch posterior to the liver and slightly
to the right of the median line. The concentration of alcohol in
the venous blood was determined at wvnrioua times until the concen=-
tration had dropped consideorably. Normal rats which had not pro-

viously roceivod alcohol wore used in these experiments. Alcohol

solutions wero injoccted co that 1.25, l.41, 1.86 and 2.50 grous of alcohol

poxr kilo body woight were administered.

Results and interpretations. Tho average data obtained at
oach level used in those oxperiments are shown in table 27, The
curves of these data arc shown in Fig. 13.

Cood agroement was obtained dbetween the individunl rnts regoiving
sinilar amounts of alcohol. This is probably duo to tho rapid ostab-
lighnent of equilibrium betwoen the blood and the contents of the
peritoneal cavity. The absorption is not complicatod by differonces
in the time of evacuation of the stomnch es it is vith orally ad-
ministored alcohol.

From these results it would appear that alcohol is very rapidly
ebsorbed from the peritoneal cavity, since a maxirmum concentration

18 reached in tho blood within 15 to 20 minutes.

TS I SO
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TABLE 27

THE EFFECT OF TF INTRPERITONEAL IRJECTION OF ALCOHOL UPON THE
ALCOHOLIC CONCENTRATION IN VENQUS BLCOD

hipe por cent alcohol

Time Ailcohol adzuinistorod in grams por kilo
(minutes) 1,25 1.41 1.86 2.50
* 0 5.0 5.0 500 5.0
15 132.0 168.0 2688.0 288.0
30 148.0 158.0 266.0 206.0
60 100.0 143.0 240.0 278.0
80 80.0 124.0 220.0 26460
120 50.0 107.0 208.0 240.0
150 20.0 88.0 196.0 220.0
180 845 76.0 180.0 202.0
210 - 52,0 165.0 186.0
?40 - 30.0 15200 178.0

The curvos shown in Fige 13 indicate that the declining portion
of oach curve is nearly a atxruight line. ith the exception of
the curve obtained from rato receiving l.85 grams of alaeochol per
kilo, the slopes of the linos aro noarly tho came.

The oquation for the declining portion of the averago curve
for the rats receiving l.41 granms per kilo ic as followo:

¥y = =0,6lx ¢ 180
whore: A

¥y = concentration of blood alecohol in mge. per cent

x = time in minutes

The rate of decrease of the blood alcohol in this casc vas 0.6l
mg. por cont per minute. MNearly the some rate of docrease was found

for the rets roceiving 1,86 and 2,50 grams per kilo. Thias rate of

< e
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decrease of blood clcohol is probably more nearly related to the rate
of metabolism than the rates of decrease in blood elcohol found after
the oral administration of alcohol.

This closer relationship is possible since absorption from the
peritoneel cavity is much more rapid than from the digeative traot.

This fact would permit a faster distribution in the tissues then is

the case in oral administration.

It is difficult to study the effect of the injection of 2.5 grems
of alcohol per kilo of body weight or more, since the higher concentra-
tions of alcohol cause & rapid development of a comatose state and a

lovwered bdlood pressure which makes it difficult to obtain dlood samples.

The effect of the oral administration of some substances nlong with
the aloohol upon its absorption into the blood.

Purpose. It has been reported in the literature that milkin-
hibits the absorption of anlcohol from the digestive tract. These
experiments were conducted in order to investigate the influence of
milk, skim milk, oream and glucose upon the absorption of aloohol
from the digeative tract,

Procedure. Normal rats wore fasted 24 hours and were then given
2.5 grams of alcohol per ki}o of body weight which was dissolved in a
solution of the substance under investigation. The venous blood was
' aﬁalyzed for alcohol at the usual intervals of time. The average blood-

time curves so obtained were compared with the normal curve.
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Results and interpretations. A group of eight normal rats was

selected and,after fasting i4 hours, each rat was given 2.5 grams
of alcohol and 5.2 ml, of whole milk per kilo body weight. The
alocholic concentration of the venous blood was determined at

various times. The average results ars shown in table 28.

TABLE 28

THE EFFSCT OF #HOLE MIIK UPON THE ABSORPTION OF ORALLY
ADUINISTZRED ALCOHOL INTO THL BLOOD

Time (minutos) Mg. por cent alcohol
0 5.0
15 80.0
30 107.0
60 116.0
90 123.0
120 123.0
150 124.0
180 118.0
210 114.0
240 102.0
270 89.0

The ourve of these data 1s included in Fig. l4.

Two groups of normal rmts, six in each group, were selected and,
arter being faated 24 hours,woro treated as follows: Group 1l Ye-
coived 2,5 grams of alcohol and 5.2 ml. of skim milk per kilo body
woicht, and group 2 recoivod 2.5 grams of alcohol and 5.2 ml, of creanm,
60 per cent butter fat, por kilo body weight. The alcoholic concentra-

tion of the venous blood was determined as usunl, The results of these
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experiments are shown in table 29.

TABLE 29

THE EFFECT OF SKIM MILK AND CREAK UPON THE ABSORPTION OF ORALLY
ADNMINISTERED ALCOHOL INTO THE BLOOD

el

Time Mg, per cent alcohol
(minutes) Skim milk Croam
0 5.0 8.0
15 119.0 61.0
30 120.0 70.0
60 143.0 75.0
90 156.0 92,0
150 l62.0 115.0
180 158.0 117.0
210 150.0 115.0
240 141.0 107.0
270 131..0 99.0

The curvon of thoso data are included in Fig. ld.

In order to determine the influence of gluooso upon tho absorp-
tion of alcohol from tho digestive tract, a group of four normal
rats was treated as follows: Inch rat was fasted 24 hours and then
givon 2,5 grams of alcoliol and 1 gram of glucose per kilo body woight,

The alcoholic consentration of the venous bloocd was dotermined

at variocus intorvals of time., The results are shown in table X.
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TABLE 30

THE INFLUENCE OF GLUCOSE UPON THE AB:-ORPTION OF ORALLY
ADMINISTERED ~LCOiOL INTO 1Tiiz BLOOD

Time (minutes) Xg. por cent alcohol
0 5.0
16 : 90.0
30 . 136.0
60 187.0
90 176.0

120 ‘ 181.0
150 182,0
180 ‘ 181,0
210 166.0
240 148.0
270 ‘ 124,0

The curve of these data is shown in Fig. 15.

From these results it scems that glucose does not inhidit the:
absorption of alcohol from the digestive tract. Etkixn milk has a
slight inhibitory action upon tho absorption of aleohol. ihole milk
has a definite inhibitory action upon abgorption and cream contain-
ing $0 per cent butter fat has a very pronounced inhidbitory action
during the first two hours. Aftor that time, however, the cream and
whole milk have about the same influeonce upon the absorption of alco-
hol. The inhibitory action of vhole milk depends largely upon its
fat content, since tho fat-free milk has almost no influence. The
slight inhibitory action of skim milk is probably due to its protein

content.
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The Effect of Alcohol Upon Growth and Feed Consumption

gmose.

These exporiments were conducted in order to odbtain some in-
formation regarding the influence of alcohol upon the growth of
ratas. It was desirable to have somo information as to the amount
of alcohol which could be ingested without seriously influencing

nomal growth.
Procedure.

Young normel ratas wero selected weighing about $0 grams. Those
rats were divided into groups consisting of an equal number of
males and ferales in cach group. Ten were seleoted for each group.
In ono experiment four groups were used consisting of fivo males
and five fomales in each. ZIach group was given all of the atock
ration they would eat. A record was kept of the weight of each in-
dividual rat and the amount of foed and drink consumcd by cach group.
Croup 1 was given. distilled wator to drink; group & was given 1 por
cent alcohol instead of water; group 3 vms given 5 per cent alcohol
instead bt water and group 4 was given 10 per cont alcohol instead
of water to drink. |

Another grouwp of 10 rats, group 5, was selected consisting of
five nales and five females, the males and females being kept
separated in oxrder to avoid the influence of pregnancy upon the

welghts of the femnles. These rats averaged about 50 grams in weight

R SR P
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at the start of the experiment. They were given stock ration to
eat and alcohol solutions to drink as follows: one per cent alcohol
for the first month, 5 per cent the second and 10 per cent alcohol
the third month and thereafter. Records were kept of weight, food
consumption and alcohol consumption, In addition to growth studies
thene rats were to be used to study the effect of alcohol upon

certain normal blood constituents.

Results and interpretations.

The growth curves obtoined in these experiments are shorm in
figures 16, 17 and 18,

A Trecord of food and lgquid consumption was made over a period
of 91 days. These data are shown in table 31.

From these results it would seem that alcohol solutions up to
10 per cent could be substituted for drinking water for most of the
rats without causing any marked inhibition of growth. The female
rats grew at & subnormal rate and some died. The 10 per cent alco-
bol solution caused the greatest inhibition of growth during the
first month of the experimental period. When the concentration of
alcohol was increased graduslly es it wao in group 5, the réts
gained as well as those receiving no alcohol. The use of 10 per
cent alcohol solutions insotead of water resulted in a poor nutri-
tional state among the female rats if used over a period of from

five to six months.




TABLE 31

FOOD AND LI(UID CONSIRPTIGR AND GRO4TH OF RATS RECEIVING VARIOUS CONCENTRATIONS OF
ALCOBOL INSTEAD OF “ATER TO DRINK OVER A 91-DAY PERIOD

% alcohol Ml. 1iquid Grams of alcohol Grams of food averege gain in

solutions consumed ingested per consumed per welght per No. of
Group consumed per rat rat rat rat deaths
keles Femnles

1 0,0 2042 0.0 036.5 179 132 1l
2 1.0 1600 18.0 ©48.5 183 120 0
3 5.0 1382 69.1 765.7 165 109 0
4 10.0 liz2 112,2 737.0 163 113 2¢
5 1.0 to 10,0 1668 93,7 1169.0 203 138 0

* The two rats mhich died in grouwp & were females. Iwo of the three which lived had shown
a growth rate much above tho average of the group of five femnles, @3}@ all were alive,

IA
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Since the rats receiving alcohol inatead of water grew nearly
es well as those receiving water, and at the same time showed a lower
fecd intake, it would seem that alcohol will take the place of food
in the diet to a limited extent.

The use of 1.0 per cent alcohol dfd not decrease food intake
but at the same time the rats showed a faster growth rate than normal,
The rats receiving 5.0 per cent alcohol showed a diminished food in-
take but showad a greater gain per unit of food consumed, which is
at least partially due to the food value of the alcohol.

The Effeot of Ingested Alcohol Upon Certain Normal

Blood Constituents

PEEOBQ.

Since the uso of alcohol has boen reported to be directly or
indirectly roaponsible for certain pathological chungos in the liver,
digestive tract and possibly the kidnoys, it secmed desirablo to f£ind
whother or not such changos would affoot certain normal blcod con-
otituents., Those blood constituents to be studied were selected which
could bq deteinined quantitatively ueing a amall blood sample. In
this way it was possible to study the same rat at various timeo,

thereby following any chunges which might occur,
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Procedure.

Two groups of nonml adult ;mts. 5.5 months of age, werse
selected consisting of four males in one group and four females in
the ’other. The following blood constituents were determined before
any alcohol was e;iven: henoglobin, uric acid, non-protein nitrogen
and the blood ocugar level following a fasting poriod of 36 hours.
These same blood constituents were determined 30, 60 and 90 days
following tho substitution of 10 per cent alcohol for water to
drink. 7he rats were given water to drink only during the 386-hour
fasting period,

Two other groups of rats were selected at the apge of one month,
One group consisted of five males and the other of five fannles,
These rats were given alcohol solutions instead of water to drink.
During the first month these rats received 1.0 per cent alcohol, 5.0
per cent the second month and 10 per cont from thon on until thoy
reached the age of 0.5 months, At that age the same blood constitu-

ento were dotermined as woro previously atated.

Rosults and interprotations.

In roporting the results, the males and femalos in the groups
recoiving 10 per cent alcohol after 6.5 months of age will be desig-
nated as group A, while the groups receiving increasingly concene
trated alcohol solutions following the age of ono month will be dosig-

nated as group B, The concentrations of hemoglobin, uric acid, non-
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protein nitrogen and glucose in the blood of group B rats were de-
terminod when these rats reached the age of 5.5 months, in order that
they could be compared with the oonceﬁtrationa of the aame substances
as detemiped for group A bdefore alcohol was given them,

The results of the experiments on the concentration of hemoglobin

are given in table 32,

TABLE 32

THE AVERAGE EFFECT OF AICOSUL UrON THE CONCENTRATION
OF HEXCCLOBIN IN RATS' BLOOD

Group Kumber of days alcohol was given .
0 30 60 80 165

A malos .9 15.8 15.1 14.8 -

A females 14.5 13.4 14.7 14.6 -

B mnles - - - - l6.7

B femalos - - - - 16.0

Average of both sexes 14.7 14.6 14.9 14.7 16.3

Tho rosults of the experimsnts on the effect of alecohol upon

the concentration of uric acid in the blood of rata are shown in

table 33,

ORI



TABLE 33

TiE AVERACE EFFECT OF ALCOHOL UPCN THE CONCINTRATION
CF URIC ACID IN RATS' BLGOD

Numbexr of days alcohol was given

Group 0 20 ) 90 166
A males . 1.68 2.01 1.64 1.68 -

A females 1.43 1.32 1.46 1.70 -

B males - - - - 1.43
B females - - - - 1.37

Average of both sexes 1.55 1.67 1.6 1.79 1.40

The average results of the experiments on the offoct of alcohol

upon the non-protein nitrogon of the blood aro given in table 34.

TABLE 34

THE AVERAGE EFFECT OF ALCOHOL UPON THE CONGENTRATICI OF
NON-PROTEIN NITROCEN IN RATS' BLOOD

Number of days alcohol was given

Croup 0 %0 60 %0 166

A males 4.8 40.8 40.% 46.2 -
A femnlos 44.8 46,0 40,1 421 - §
B males - - - - 48.0 i
B fanalos - - - - 44,5

Avorage of both sexes  43.3 46.4 40.3 44.2 46.2 i
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The results obtained in the experiments on the effect of alco-
hol upon the fasting blood sugar lovel following a festing period

of 38 hours are given in table 35.

TABLE 35

THE AVERAGE EFFECT OF ALCOHOL UPOI TIE CONCENTRATION OF GLUCOSE
IN THL BLOOD OF RATS FOLLOWING A 38-HOUR FASTING PERIOD

Rumber of days alcohol was given
Group 0 20 €0 90 166
A males 105.0 5.1 98,5 8943 -
A fomles 06.4 87.9 82,8 89.8 -
B malos - - - - 856.9
B fmlea - -, - - 89.7

Average of both nexes 100,7 91.6 90.2 92.0 87.8

Tho only apparont change in tho concentrution of the normal

blood constituents cauzod by the ingestion of alcohol in these ox-

i AL b Bt

porincnts was a slight decroase in tho blood sugnr fasting level.
Sinco thereo were no changes in the concentrution of uric acid or non-
protein nitrogon, it seems cortain that no extensivo damage was done
to the kidnoy by alcohol undor these conditions.

Any change in tho hamoglobin content of the blood mixht have
beon a result of nutritional anemia. lio such changes were caused by

aloohol in the amounts given.
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DISCUSSION

The methods used in this investigntion were developed largely
from those reported in the literature. They were, in general, de-
veloped in such a way that they could be used in connection with
studies involving rats as experimental animals. In the analysis
of the blood of rats, it was nocessary to use a amall sample of
0.1 ml, or less in most instances. By the use of such samples the
same individunl could be used in several related experiments or
a nuaber of successive sawples could be taken from the same individ-
ual, It was thus possidble to obtain very sutisfuotory blood aleohol
curves without removing an excessive amount of blood from the rat.

The only blood vessels which aro easily accessible 1n,the rat
are the external saphenous veins or the peripheral vessels of the
tail. The blood from the external saphonous voin was used most
often in those experiments, hence the data apply to venous bdblood.
When arterial blood was dosirable in single samples, it vas removed
trom the heart by means of a hypodermic needle. HNo more than two
sanmples could be taken from the samoc individual in this way. A more
satisfactory invostigation of the absorption, distridution and metabo-
l1iam of alcohol would have been possible if a satisfactory source of
arterial blood had becn available.

All of the uethods uged in this investigation were satisfactory
ond simple., However, the method used for the dotermination of urie

acid in blood could not be made to check the standard methods. Good
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agreament was obtained between check somples of the same blood; hence
the method was satisfaotory for this work in which any changes in the
concentration of uric acid in the dlood were to be detected. This
method cannot be recormended for use 1£ the determination of the ab-
solute concentration of urie acid in the blood of rats. In the
development of the method, it seemed that thor; was some relation-
apip betwoen the vulﬁes obtained and the pH of the p;otein-rree
filtrate. A great deal of core ';s used to insure that the pH of
all samplos were the same. All of the mothods of blood analysis
useq in this investigation could bo used as reported for work on man
unless the absoluto uric acid value s desired.

This investigation was not planned to determine the rate of
metabolism of alcohol; howovoer, it did disclose a few facts which
ahou;d be recognized in any investigation of metabolism of alcohol.
If aloohol is administored orally, solutions should be used which are
dilute emough so as not to’cnuao pylorospasns. It scomed that pylo;o-
epaams had a variable influence upon the absorption of alcohol and
that would seriously interfere with atudies on'mntabolium. The
intraperitoneal injection of alcohol would seem %o be more satis-
factory since absorption is much more rapid And is probadbly more con-
sistent.

On the basis of this work it seemed that the distribution of

alcohol in the tissues is not completo until about two hours following




the oral administration of alcohol. If alcohol is administered in-
traperitonecally the distridbution in the tissues should be more rapidly
completed. The results obtained regarding the distribution of alco-
hol in the tissues are sumarized in table 19.

The elimination of alcohol from the body was not atudied in
this investigntion, since there scemed to be good agrsement in the
literature as to the amount lost from the body in this way. In
fact, thare is belioved to be such a direot relationship between the
alcoholic content of expired air and the blood that it is possible
to detexrmine the blood alcohol indirectly from the concentration of
alcohol in expired air.

Ko direct reports dealing with the effact of ingested alcohol
upon the normal blood constituents other than alcohol were found
in the literature, From the results of tho experimeonts dealing with
this subject, it was found that alcohol in the amounts given caused
no definite changes in such constituents as were studied. The only
posaible exception was the blood sugar lovel following a fasting
poriod of 38 hours. This change may be explainud as being a result
of a loss of glycogen from the liver vhich results in a diminished
carbohydrate atore in the body. Even this effect is not very pro=-
nounced undor the conditions used.

The study regarding the normal blood constituents was limited
to those constituenta which could be determined in a very small

sample of blood and therefore is far from complete. Some work was
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done on a method by which blood urea could be determined in O.l1 ml.
of blood. No such method was found, however, that was satisfactory.
It was not desirable to devote & groat deal of time to the develop-
ment of such a method, since any marked changes in blaod urea would
have been ovidenced dy changes in the non=protein nitrogen concentra-
tion.

Some of the methods used in this work may be valuable to other
fields of study. The method by whioh very dilute standard solu-
tions of ethyl alcohol were prepared might be applied, with certain
variations, to the preparation of dilute solutions of other volatile
substancas.

It is also possible that the titration method developed by
Harger (42) and uscd in this work for the determination of potassium
diochromate might be appliocd to the determination of chromium and
vanadiun in gteel and othoer samples., Tho end point in tho titration

is vory sharp and tho reagents used are oasfily prepared and standardized.
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COKECLUSIONS

As a result of the present investigations of the determination of

ethyl alcohol in the blood and tissues, its absorption and distribdu-

tion and its effect upon some of the dlood constituents of the rat,

the following conclusions have been derived:

l. A satisfactory method by which the alcoholie concentration

2.

of blood may be determined using 0.l or 0.05 ml. of sample
has baeﬁ doeveloped and its acouracy proven. The method is
also simple and rapid and may be used on oither freely-
flowing or oxalated blood.

A method has been developed by which the alcoholic concentra-
tion of tho tissues may be determined. The method was de- 5
signod to prevent the loas of alcohol during manipulation.
The distribution of aleochol in 12 different tissues has been

kel s e

studiod and tho rolationship between tho concentration of
alcohol in the tiosues and tho concentration in tho blood
has been eastablished. These distribution ratios were do-
termnined under conditions in which no aleohol had beon ad-
ministered and 30 minutes, two hours and four hours followWe
ing the oral administration of 2.6 grams of ethyl alcohol
per kilo body weight.

Blood alcohol concentration ocurves have been established
using venous blood following the oral administration of

definite amounts of alcohol to hoth fasted and unfasted




4.

5.

6.

7.

rats. It was found that 2.5 grams of alcohol per kilo

body weight caused pylorospasms in several instances.

The oral administration of 2.0 zrams of alcohol per kilo

body weight did not induce pylorospasms. If pylorospasms

did not result, quite consistent results were obtained

using fasted rats. The results using unfasted rats were

inconsistent due to the influence of food material in the

stomach.

Habituation to alcohol had no influence upon the blood

alocohol-time curves obtained following the oral administra-

tion of elcobol solutions.

The absorption of alcohol from the peritoneal cavity is i
very rapid and high blood sloohol levels are reached with- }
in 15 minutes. The rate of decrease in blood alcohol is é
quite consistent at levels of injected alcohol of 1l.41, |
1,86 and 2,50 groma per kilo body weight.

¥hole milk and oream inhibit the absorption of alcohol from

the digestive tract. OClucose et a level of 1.0 gram per

kilo body weight has no inhiditory action on the absorp-

of alcohol from the digestive tract and skim milk has only

a slight effect.

The use of 5.0 and 10 per cent alcohol solutions instead of

water decreased the amount of food consumed hy rats. Male rats




8.

showed better growth than fexnle rats while receiving al-
cohol solutions to drink instead of water. All of the

rats which died while receiving 10 per cent alcohol wero
fomales.

The subatitution of 10 por cent aleohol for drinking water
had no effect upon the homoglobin, uric acid and non-protein
nitrogen concentration of the blo?d. The fasting blood
sugar lovel was slightly decreased by tho use of 10 per cent

alcohol.
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SUMARY

A micro method was developed and used in these experiments by
which the alcoholfc concentration of blood could be determined. The
method proved to be rapid, simple and accurate.

The addition of 0.15 per cent of a mixture of equal parts by
weight of sodium fluoride and potassium oxalate will prevent
coagulation and act as a preservative for blood samples to be used
in alcohol determinations.

A method has been developed dy which the alcoholic concentra-
tion of tisoues may bo determined. The chances for loss of alcohol
during manipulation have been minimized by means of an apparatus doe
veloped for this investigation.

The distridution of alcohol in the tissuecs has been investi-
gated. The relationship betweon the concentration of alcohol in the
tissues to that in the blood has been established., It was not con-
stant but changed with time following tho oral administration of al-
cohol. The ratios found for tho period betwoen 1.5 and three hours
aro quite constznt. The muscles, brain and fatty tissue attain
equilibrium with the blood rather more slowly than other tissues.

The effoot of orally administered alcohol upon its concentrution
in the venous blood of rats has boen studied using fasted and unfusted
rats. with fasted rats, the maximum concentration of alcohol in

venous blood was reached in about two hours,
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The orsnl administration of 2.5 grams of alcohol per kilo of
body weight, using a 25 ver cent solution, caused pylorospasms in
seversl rats. The administration of 2.0 grams per kilo body welight,
using a 20 per cent solution, did not cause pylorospasms. The
average ourve for all rats studied, using 2.0 grams of alcohol per
kilo body weight, showed a constant rate of decrease in the blood
alcohol nfter 150 minutes.

The orel administration of alcohol golutions to unfasted rats
gnve variable results. Food materisl in the atomach inhibited the
absorption of alcohol.

Habituation of rats to slecohol had no effect upon the blood
aloohol ourves obtained followving the oral adainistration of alco-
hol solutions.

Alcohol was very rapidly absorbed into the blood from the
peritoneal cavity. The resulting blood nlcohol curves showed about
the same rate of deorease, This would be a good means of administra-
tion of nlcohol in metaboliam studies since absorption is more uni-
form. Since the absorption of alcohol waz go rapid from the peri-
toneal onvity, a maximum concentration was reached in 15 minutes
following its adminstration. The intraperitoneal injection of 2.5
grams of alcohol caused the development of coma and a rapid fall in
blood pressure. For this reason it was difficult to obtain satis-
factory blood saﬁplea from the external saphenous vein. Injection

levels of 1.86 or less grams of alcohol per kilo of body weight were




easily studied.

Of the substances studied whole milk and cream had the greatest
inhibitory sction upon the absorption of slcohol from the digestive
tract. Skim milk had & slight inhibitory action while glucose in
the smount of 1.0 gram per kilo body weight had no effect. HMost
of the inhibitory influence of milk was due to its fat content while
the protein fraction probsbly had & slight influence.

The substitution of 1.0, S5.0 and 10 per cent slcohol solutions
for drinking water did not decrease the growth rate of male rats to
any marked degree. The use of 10 por cent alcohol solution did
cause the death or retard the grovwth of femele rats. A rather poor
nutritional state was quite noticeable among the femsle rats nfter
receiving 10 per cent alcohol for a period of six months,

The use of 5.0 or 10 per cent aloohol resulted in a diminished
food consumption by the rats.

The continued ingestion of 10 per cent alcohol solutions for as
long as 165 days had no effect upon the concentration of hemoglobin,
uric scid end non-protein nitrogen in the blood of rata. The raéting

blood sugar level wes slightly diminished.
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