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ABRSTRACT
The ohwlr of the retanhclism of ethvl alcohol in rate

cnpenec e on cold envirornme it wan investigated by meanc of

!

~

an fornl U=iabeled eohrl alcohol.

In ruts exposcd Lo oold for five days, the rate of
metaboelism 28 alecchol was accelerated, in contrast to theip
controle kept at room temperature. Yorcover, the rate of
abrorpticn of alcohol frorm the site of its administration and
the rate cof its removal from the blood was rreater in cold-
exrcosed animals than in rats maintained at room tempersature,
The chserved increase in the rate of metabolism of alecohol in
celd-exposed rats, however, was not proportional to the rate of
increase in the peneral me tabolism,

In cold-acclimated rats, whether or not pre-treated
with alcohol, cold exposure resulted in an increased rate of
alcohol metaholism. In cold-acclimated alcohol pre-treated
rats, the increase in the rate of alcohol metabolism was pro-
portional to the increase in overall me tabolism,

The data also indicate that the rate of alcchol metab-
olism is essentially independent when piQen in various dcses,
However, a dose dependence on the ratio of oxidation of
alcohol to the total foodstuff utilization was demonstrated,

lHo detectable chanpes in the alcohol oxidation raté
were caused by pértial hepatectomy.

A sinple dose of an adrenergic blocking agent,

phen0xybenzamine, immediately prior to the introduction of

St
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alechrnl, nroduced a decrease in the oxidation rate of alcohol

in rats exrosed to cold., This reduction was more pronounced

j
when colo-exposed rarvs wore pre-treated with phenoxybenzemine !
'rom o the onset of eold Gricsure, l.e. for five days prior to }

alcehel administration,

M™e rositive influence of the thyroid rland on the

setabolic vate of aleahol 4w anjmals exnosed e cold was

demonetrated by nlocking horrore production with notassium

rerchlorate during the onld conditioning period,

Ry
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Hx PROBLEN

~iile the main feacires of the metabolic pathways of
the treakdown of alecchol in e bedy have been known for some
time, the picture is by no means complete. The sequences of
its wetaboliss have Yecn the sabject of extensive investiga~

vicns not onl: for its inhevent interest to chysiolony and
i {6

clinical conzeguences of the widespread censumption of alco-
helice Leverares oy humans,

DJespite a considerable amoint of experimentation, in
which varlous aspects of al zohol metavolism have been exten-
sively described in the literature, few investigations have
bean made with resvect to alzohol netatolism in animals ex-
rosed to a colé enviroumen:. Information was, therefore,
sourht w2 tu the e’fect of short (5 days) and long (37-45 days)

eriods of cold exposure on the asletabolism of alcchol in rats.
P ¥

In additicn, insights were sought on the role of the catechola-

mines, the thyroid and the regenerating hepatic tissues (all
of whicn are Ynown to be involved.in alcohol metatolism as
well as in the overall metabolism of cold-exposed homeotherns)
in relation to correlative changes of alcohol metabolism in
rats exposed to cold, 1In this way it was hoped that informa-
tion might be obtained on the me tabolism of alcohol in the

Cold L]
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INTRODUCTTION

A-iInterucdiar: Fetabolism

Tince the internsdiary metabolism of ethyl alcohol
hag been extensively reviewed recently by desterfeld (1C3),
“ecterfeld and Schulman (10)), Lieber and Davidson (58), and
Kalant (h3), only a brief report on its breakdown will be
siven here. when administered orally to animals, most of the
alcohol is readily absorted from the stomach, the remainder
from the intestinal tract, When given by other routes, it is
absorbed rspidly from the site of administration. From two
to ten per cent of the atsorbed dose is eliminated by the
kidneys or lunrs, the remainder is oxidized in the body.
Alcobol is initially oxidized to acetaldehyde (&) by alcohol
dehydrogenase (92). This occurs almost entirely in the liver.
Hepatic cstalase, which is capable of taking part in the oxi-
dation system of alcohol in vitro is considered to be without
metabolic significance in the organism (4, L6, 47). Acetal~
dehyde is further metabolized in the liver or transported to
other tissnes where it is converted to a free acetate (£3) via
acetyl coenzyme A. The acetate moiety of the acetyl coenzyme
A is then either oxidized to carbon dioxide and water, converted
to fatty acids and ketone bodies, or incorporated into newly

synthesized proteins, carbohydrates, or other biolofically

important materials (104).

B-The Iffect of Temperature

It has Leen known for some time that environmental




T

temperature can influence the actions of drugs and chericals
in horectherms.  There have tecen, however, very few investipa-
tions concerrines the relationship between environmenial temp-

ersture ard alcohiol metsal elicm, and only a few rencrts have

v tetween the bod+ temperature and

e

been nace on the relations
the metsvteolicom of walecrel., icloux (71), Dybing (19) and
Puhrman (2?), experimenting with frops, rats, and rabbits
respectively, resorted an ineronce in the rate of metabolism
of alconel with an increase in body tempera‘ure. 1t would,
nowever, sapupear that the variatior in bedy termperature must
be quite marked to exert a noticeable effect, since Le Breton
(V%) with rats and swing (20) with dogs found no chanre over
a2l ¢ rise in bedy temperature. NMore recently, [orbes and
buncan (<£3) reported that the rate of alcohcl utilization, as

messured by its disappearance from the blood stream, was

reater in rats exposed to a temperature of 2°C to SOC, than

in rats kept at room temperature. Keplinger, et al (LS), exam-
! P P . y EL a4 ’

ining the effect of envirommental temperature on toxicity,
fecund 2 much hijher LDrO for alcchol in rats exposed to cold
0

than in these kept at room temperature.

C~Prolongred Intuke of Alcohol
Almost all the evidence obtained from earlier studies
indicated that prolonfged intake of alcohol does not lead to

anv adaptive increase in the rate at which alcohol can bhe

metabolized in the body (L3). Several workers (I, L6, 47, 104)

have continued to investigrate the pessibility that in norwal

humang, liver catalase mirsht serve as part of an auxiliary




enzyvme srstem “opr the oxidation of alcencl to acetaldeh:de,

guringe corbinucts aleohol consumption,  Lwvidence, howcver, wos

)

inconetiasive Jon Jartoury and {othlister-er

. eecent wor's of

G seepanted that catnlare may play o much ereater role in

o

the mefarolism o8 alcerol in alcorelics, The latter snuthors

otcepved that longr tern adrinisiration of alearol te rats re-

wmirted in dnepcaced liver catalagse acbivity, whereas hWenaric

aleohol debhivdrorensse was unalfected, Similar findinr-gs were

PO el ® Y . . . - . . ) .
reveorted Ly “rémolieres and Carré (£9) in humans with alccholic

His]

cirrhovis, !n vitre studies of liver hemogenstes and isclated

heratvic celils from ethancl-treated (24 weelis) and untrested
rats Dojfani, aud Opten (11) demonstrated thet ethanol is belter
untilized by trhe liver of the treated rats {han by the untrested
controls, (n the other hand, Seprovia-Riquelme, et al (£C, 1)

did not tind anyv gsipnificant difference in the rate of conver-
]

’) }
glon to ’4007 of ethanol Javeled in the {

iret or secord jpogi-

tion between rats of the "drinker" and "non-drinker" strains.

D=Doge-Response Helationshios

s

\ri irmportant aspect of alcohol metabolism related to

is rate of oxidation following various dose levels., In an
extensive review on alcohol metabolism, Jacobsen (L2) quoted
thirteen papers on this subject. In seven of these it was con-
clucec¢ that the rate of alcohol metabolism is essentially inde-
penoent of the dose of alcohol administered¢ six concluded that
the rates diminished with incrcased dose. 3ix species of ani=-
mels were utilized in these studies. ‘Tthe rate of alcchol met-

abolism was determined (a) by the shape of the curve of alco-
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holemia versun time af ter administering a single dose of

21, (b)) by the change in blood alceohol concentration dur-

vy the constsnt infusion of alcohol, and (c¢) by complete bodr

snalyasis for alcohol at various intervals fellowing alconol

wiministeavion,  Jacobsern (i), in spite of the cenflicting
aprees with the majority of invecstirators that the
rote off alcohol metabolism iz practically independent of the

amonnt ol aleohel administered, 1!

& stated: "The rate of oxi-

intiorn of wleolcel in the orypanism iz somewhat increassed with

-

increaszing concentrastion of alcoheol. Within the concentrntions
voszikhle in the living oresanism this increase is so smopll that

the elimination™ curve of alcohol renerally follows strairht

£

line and for all forensic rurposes nc error is made if we
nesume & rectilinear eliminabtion for alcohol.™

Yore recently, s nurber of studies conducted with radio-
active ethancl have provided evidence supporting the view that
dose and rate of metabolism are not independent. Vitale, et
al ( 6) found in rats that after a one hour lag an optimum

oxidation of alcohol was observed in the second and third hours

(8

with the rates of 330 to LOC mgm of alcohol per kegm of body

weirht per hour at doses of 2.0 to 2.5 gm of alcohol per lpm

of body weipht. Similar values were found by Segovia-Riquelme,
et al (£1), when 2 gm per kgm of body weight of slecohol were
ndministered. Conversely, Marshall and Owens (61) found thst
the rate o metarolism of ethanol in mice is anpreciably greater

in the Tirst bhour than durins subsequen® hourly intervals and

concluded that, "The rate of oxidation ¢f ethanol may be tuice

&
v

32

removal of alcchol from bhlood

ks
£
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as great in the first hour as in subsequent hours". The reaults
o Hinard, et al (46, §47) do not support Marshall and Ouens
findinre s’ nce they found no sirnificant acceleration of metab-
olism in the mouse during the {irst hour fellowing alcohol ad-
minfstratien. Mowever, oruev, et al (2L4) confirmed Farshail's

couclusions, vtu- in thelr s'ady the early rapid rate of metab-

Glism ecccurred during the {first 30 minutes af'ter injection of

Y

etianol.,.

s-Rele of the [iver
At present there can be little doubt that the liver is
the majcr site of ethyl alcohol metabolism, and Lhat the cther

tissues of the body playv only an insipgnificant role, hile

14

carly studies with C labeled alcohol had indicated that small
smounts of alvchol might he metabolized by slices of kidrev,
lung, and possibly other tissues in vitro (63), the bulk of evi-
decnce hias alwavs favored the view that the preatest proportion

of' alcohnl oxication occurs in the liver. Liver slices and

liver brei can oxidize alcohol in vitro (4L2)s TIsolated livers

of dogs (22), cats (59) or rabbits (33) perfused with blood
containing alcehol, remove the alcohol from the blood at a rate
ranFing from 1/2 to 5/6 of the rate expected in the whole organ-
ism. Accordinr to Clark, et al (G) eviscerated animals metabol-
ize alcohol very slowly. Leomis (57) observed in hepatectomized
dogs that very little alcohol had been metabolized. In partially
hepatectomized animals the rate of metabolism of ethanol decreas-

R

ed, as mere liver tissue was removed, to almost nil, when the

o

animals were totally hepatectomized (6l, 65). These and similar
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results explain the fact that when the liver is damared by
arsenic, chloroform, phosphorus or antimonv, the capacity of

the orpanism to cxidize alcohol is lowered (42).
veelinrais (1), Mannon (3l), Weiss and Moss (100=102Y,
You anda iellers (110) and several other workers have shown that
cold expesure in ravs ree:lted in an increased oxidative nctiv-
the liver, Jdeiss and Voss (102) rerorted that the liver,
an orpran wiich has cne of the lowest metabolic rates ameN; SovV-
eral tissues, showed the preatest metabolic increase in resgonce
to cold, e latter authors also have shown that the metahelic
rate of liver slices in partially hepatectorized rats incrensed
£0 rer cent when animals are zert at room terperaiture and
slirhtls over twice this arcunt when exposzed to a cocld envircon-
ment,
F=ole of Catecholamines

Tt seems well estsbilished that preduaction and secretion
of catecholamines are increased in animals exposed to cold, an
aspect of cold-acclimation which was extensively reviewed by
Ledue (56). e extent to which catecholamines are invelved in
the repulation of chemical hent production in animals exposed
to cold was reviewed by Hart (35).

Ledue (%6) used the adrenergic blocking agent, phenoxy-
benzamine, to demoustrate the importance of catecholamines in the
defense apainst cold. In his experiments cold-acclimated rats

could not withstand cold exposure after blockade of the phvsio-
P PNy

logical effects of catecholamines, however, rats kept at room




temperature did not become hypothermic and ¢id not show any
visible shiveringe sfter phenoxybenzamine administration. This
sugreats that e block was nob complete in warm-acclira bed
anirels anc that g safUicient amount of catecholamines can st3il]
reach- the receptors ant cxert their actiors tc maintain = wtormal
cody tesrersture under trhese conditions. Moreover, nccording ‘o
Shiinc o autheor, upon treatmont with phenoxybenzamine, ceold-nccl im-
ated ravs curvived cold exposure for a lonrer time than werm-
acclimated cnes. The lonprer survival-time of coldeasccel imated
rabts treated with phenoxybernzamine was related to the incrensed
seénsitivity of these rats to adrenaline and neracdrenaline,

rought about bv acclimantion to cold, According to Yolzbuuer

and Yort (LG}, the tissues become hypersensitive to catechola-
mines aflter phenovybenzamine administration. Moore (66) has
surrested thuat in rats the caloripenic effects of adrenaline

and noradrenalire were enhanced after pre-treatment with rhenoxy-
benzamine.

These experiments do not yield any information concern-
ing the respective role of adrenaline and neradrenal ine, since
the blockine effects of phenoxybenzamine are not srecific for
one or fthe other amine. 1t is also difficult to attribute the
effect of catecholamines specifically to their vasoconstriction
or metabtolic action because phenoxybenzamine inhibits the blood
pressure elcvation as well as the hyperglycemia induced by
adrenaline (36),

Hsjenh, et al (Li1) have shown that, in cold-scclimated
curarized rats, another adrenergic blocking arent, piperoxanec,

prevented the increase in oxygen consumption normally observed
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upon exposure to cold, thus suggesting that catecholamincs act

through their effects on metabolism.

OOy

Recent studies on the relationship between ethyl alco-
hol and varjous orgpans with an autonomic nerve supply nrovide
strong evidence that alcohol administration increases the secre-
tion of adrenaline and ncradrenaline from the adrenal medulla
in men and in animals. In d~rs with severe alcchol intoxication
af'ter doses of 6.4 to 12 gm/kem, the adrenal catecholamine con-
tent was reduced and the urinary excretion of adrenaline sand
noradrenaline increased (48, 50-52). In other reports (31, L9),
similar results were obtained when the doses of alcohol were
reduced to 3.2 gm/kgm. Perman (7)) demonstrated that, in cats
adrenaline and noradrenaline concentrations in blood were in-
creased after alcohol infusions., The effects of alcohol admin-
istration upon increesed urinary adrenaline exéretion in men
have alec been shown by Perman (73, 76). Klingman and Goodall
(F0) rerorted that alcohol similarly produced, in dogs, increased
urinary elimination of adrenaline and noradrenaline. In rats

b
dartburg, el al (98, 99) noted identical resulis following adrin-
istration of a single dose of alcochol. However, when rats were
kept on alcohcl for a long period of time. Perman (7%, 75)
reported a decrease in urinary catecholamines excretion. Gursey
and Olson (30} have reported that the level of noradrenal ine and
serotonine fell to about 50 per cent in the brain stem of rabbits
after intravenous administration of ethanol. These results are
at variance with those of Hapgendal and ILinquist (32), who showed

that intravenouns infusion of ethanol caused no sirnificant chanres

in levels of noradrenaline, dopamine, and serotconine in rabbit
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and mice rrains.

G-Role of the Thyroid

“vidence has accumilated over a number of vears concern-
ing, the role of the thyroid gland in the complex adaptive ‘res-
ponses of homeotherms t~ cold environment (€, 1L, 15, 82, &y,
In rats these responses are associated with morphological and
rhysiological changes in the thyroid gland. Most studies con-
cerning thyroid function, based either on morphological evidence
(3, 86, 68, 90, 91, 93) or on a variety of functionalrcriteria
(%, 10, 12, 54, 87, 106) show that at various periods of acute
or chronic exposure to cold, the thyroid gland releases supra-
normal amcunts of thyroid hormones intos the circulation,

Sevcral inorganic anions have been found to interfere
with the ncrmal function of the thyroid rrland (95, 107, 108),
the perchlorsie and thiocyanate ions being outstanding in this
group. The effect of perchlorate ions suppests a competition
for some site in the gland (108). This assumption is based on
the fact that perchlorate ions cencentrate in the gland (2).
The perchlorate ion is a competitive inhibitor of iodide for
the "trapping" sites within the thyroid gland., It was shown by
Anbar, et al (2) that perchlorate ions do not undergo metaboliza-
tion, thus excluding the possibility of their involvement in some
enzymatic redox system. According to Anbar, et al (1), the com-
petition between perchlorate and iodide ions may be dne to their
similar monovalency and size, Wyngaarden, et al (108) showed
that perchlorate proved to be a very effective goitrogen, lead-

ing to marked hypertrophia, to a great increase in vascularity .
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of thyroid tissue, and to protound reducticns of both soluble
and precipitable jodide. is reported by Anbar, et al (2), it

is apparent that rats tolerate large doses of perchlorate. Tn

both animals and humans perchlorate is remarlable nontoxic, and

inhibition of thyroid function can be achieved wijthout producing

the central nervous svstem cepression which is characteristic

of thiocyanste,

“everal eariisr worlers have attennied, unsuccessfully,

to Increase the rate of alcohol metabolism by the administra-

tion of thyroxine or other arents which raise the general meta-

oolic rate ({3)., Portet (77) in his recent work reported simi-
lar findings. Ye confirmed that pre-treatment of chick embrvos
with thyroxine failed to modify either the relative or absolute

rate of alcohol metabolism rer unit of body weirht. However,

£

REEs

Rawson, et al (78) claimed that a single dose of triiodothyron=

ine produces a rapid return to complete sobriety of human sube-

e

Jects ['rom alcoholic coma. Goldberg, et al (29) reported that
triiodotnvronine when given intravenously to an intoxicated
humen produces a hiphly sipnificant increase in the rate of dis-
appearance of alcohol from the blood, Tn contrast, Newman and
Smith (69, 70) could not find any effect of triiodothyronine
upon the rate of slcoho)l metabolism in dogs, and Kalant, et al
(L) reporred similar findings n humans.

Due to the numerous nublications describing various
face!s o” alcohol, particularly itg metabolism in the animal
'body, this review has been necessarily restricted to those

aspects pertinent to the present s tudy,
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EXPERIVENTAL PROCEDIRE COMMON TO ALL FXPERIMENTS

Tnless otherwise stnta2d, rale aldine rats of the ?
sprague-dawley strain we’ pine from 190 to 210 gm on dayv zero
were used. They were ‘ndividiallv housed in all wire cages,

N

ed Purina Laboratory “how ard water ad libitum, the food

T
being removed during the netabolic study of radioactive
alcohol,

Uniformly labeled l“c ethyl alcohol obtained from
Ferck, Sharp and Dcohme of Canada, Limited was diluted to 20
per cent v/v with inert alcchol so that 1 m¥ of alcohol contained
0.23 microcurie. Ffollowins radiocactive alcohol administration,
the animal was placed immediately in a metabolic chamber. The
expired COp was collected in 2N NaOH by means of the auparatus
described by Mackenzie, et al (60) and the radioactive carbon-
ate precipitated with barium chloride. The barium carbonate
wes collected on rilter paper according to the technique of
fenriques, et al (37), and its radioactivity measured with a
wuclear Chicapo Fodel C-110-3 counter, preset to 2560 counts
per sample. Duplicate szamples were analyzed. Correction {actors

determined witn the same instrument were.used to corrcct for self

absorption. TIn order to determine the th2HSOH activity as an

internal standard for the counter, the aqueous solution of radio=-
active alcohol was submitted to wet combustion by a slightly
modified method of Van slvke, et al (Ol), using Van Jlyke, ct al
(65) reagents and the borium MC-carbon:-e obtained measured for
its activity as above.

T™e intraperitoneal route of alcohol adminictration

and its concentrution were chosen to minimize tne irritation at
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the site of injection (38), and to obtain a more rapid and
un’fform absorptisn (6£),

Specific activity of l)'LCOO representing the ratio of

1i - . X . N
o activity per total amoant of exhaled respiratory QOP was

calenlated as the number of counts per minute per millimol of
C()Q.

Jrine samnles uere collected on a schedule based on the
duration of the exwverirent (stated for each experiment), and

the alcohol concentration determined by means of a RBeckman

ilodel GC=-2 pas-liquid chromatograph uging the technigue of

.- . - ‘o ; . 1
Cadman and Johns (7), as modified by Rokerbie (79). The uC
activity in uriae was measured by means of a beta-liquid
scintillation detector, Yuclear Chicapo Model 8401, using the

Gjone, et al (27) method.
Analysis of variance was performed by IBM comvuter,
Model 650, according to the "R x 2 Tables" of Yates' (109)

completed by the 3tudernt's t test and/or "The Multiple Range
T y .

Test" of Duncan (18) and Xramer (53).
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EXPERIMENT I

METABOLISM OF ALCOHOL IN RATS EXPOSED TO COLD

sNVIRONMENT FOR A SHORT PERIOD 0% TIME

INTRODUCTION

The following experiment was divided into two parts:

Part I was of a preliminary nature to determine the
effect, if any, of cold on the oxidation rate of alcohol by
measuring its rate of conversion into respiratory C02.~

Part TI is an extension of Part I, using additional
parameters to determine the ei'fect of cold on the metabolism
of alcohol. 1In addition to respiratory COZ’ blood, urine and

body fluid alcohol content were measured and their validity as

I}
a measure of the oxidation rate of alcohol compared to 14002.

MATERTALS AND METHODS

a-Part I

190-210 gm rats were divided into two groups of ten,
The first group was exposed to 2°C for five days and the sec-
ond croup kept at room temperature (20° + 2°C). On the sixth
day each animal was injected with 0.8 gm/kgm of radioactive
alcohol (0.23 pC/mM of alcohol). Respiratory 1b'COg was col-
lected at intervals of 1, 2, 3, L4, 6, 9 and 2L, hours following
alcohol administration, and its activity measured as previously
descrived (p. 11 ).

b-fart TT

Hats weighing 100 £ 5 gms were divided into two groups

of 30 and given 1.6 gm/kgm of radioactive alcohol (0.23 uC/mM

74
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aicohol). The first group was exposed to 29C for five days, the
second kept at room temperature. On the sixth day each animal
was infected with 1.0 rm/kim of radioactive alcehol (0,23 wC/mi

!

of aleshol). Hxpired 1‘002 was collected 1/L, 1/2, /4, 1, 1}1/2,

~

2, Y, W, 6, and © hours after iniection. Once the first urine

n

sample was obrtained (alier Luo hours in the control group and

UL

feur hours in the cold-cxpoessd rroun) samples were then talen at
the same time intervals as those for recspiratory lL‘COE. At each
time interval three rats were removed from the metabolic chamber
and bled by cardiac puncturce. The animal was then killed and
the abdominal organs washed thoroughly with 0.9 per cent 'iaCl
solution in order to remove non-absorbed alcohol that had dif=-

3

fused from the site of injection. &Yach animal was then homogen-
ized in a Warinpg Plendor containing 5 N KOH., The homorenate was
diluted to half a liter with the 5§ N KOH. Alcohol concentration
in the blood, urine and the homopenate of the whole a“imal were
determined by pas-liquid chromatography. Activity of the vari-
ous gamples was then determined as previously described (p. 11).
Jidmark's beta factor (105) which is defined as the rate of
decrease of total body alcohol from the rate of fall in the level

of blood alcohoel, after storage equilibrium had been reached, was

measured during the first three hours followinpg alcohol injection,
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RESULTS

I-Respiratory 1“002

A-Cinulative Recoveries

Part 1: In Table l-a (p. 19) and Figure 1-a (p. 20 )
the cumilative mean recoveries of expired carbon dioxide from
metabolized alcohol are ploited arainst the time elapsed after
alcohol injection for each group of rats. The differences in
the rates of conversion of alcohol into respiratory CO2 of the
two groups of animals due to temperature are evident, The diff-
erences between the groups were significant at the one per cent
level (P<0.01) at all times of sampling. gxamination of the
shapes of the curves showed that the preatest acceleration of
alcohol metabolism took place between O and 2 hours,

Part TI: Measurements of similar parameter in the rats
used in tart II of the experiment, Table l-c (p.23), confirmed
the above results, The data in Table 1l-c¢ are averages from
three different rats at cach collection period for each pgroup
as opposed to the results shown in Table 1-a and Fipure l-na
which were obtained from the same animals throughout. LZven
under these conditions, when preater variability might be antic-
ipated, the differences between the cumulétive luCO2 recoveries
in each group were highly significant (P<0.01) at each of the
ten collection periods,

B-Specific Activity

Part 1: In Table 1-b (p.21) and Figure 1-b (p. 22) the
specific activity of respiratory 1u002 at each collection reriod

after alcohol administration is plotted for each group of rats.
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It can be seen that rats exposed to cold for five days always
exinaled less radiocactive carbon dioxide in proportion to the
total quantity of expired carbon dioxide, following injection

of radioactive alcohol, than did their room temperature controls.
The differences in the lh(}o2 specific activities of the two
groups of animals were highly sipnificant (P<0.0l1) for every
collection period after the first hour.

IT-Absorption

The abdominal washings from rats kept at room tempera-
ture and sacrificed 15 minutes after alcohol administration
contained 7,6 per cent of the alcohol injected. Only a very
slirht trace was detectable in cold-exposed rats because of the
limitations of the method used. All subsequent samples gave
nepative results,

As indicated by the data in Table 1-d (p; 2l ), however,
the washings exhibited detectable radioactivity after alcohol
could no lonper be detected by chromatography. Thus, after the
injection of 1L"CZHSOH, radioactive carbon was present in the
peritoneal cavity for 30 minutes in rats exposed to cold and for
twice this time in rats kept at room temperature. After 30 min-
utes, the activity of the abdominal washings from rats kept at
room temwperature was significantly higher (P<0.0l) than the
activity in similar washings from cold-exposed rats,

Complete absorption of radiocactive carbon from the site
of injection occurred within ;5 minutes in the cold Froup as
compared to 90 minutes in the controls,

TIT-yWidmark's Beta Factor (105)

The rate of decrease in the blood alcohol concentrations
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(i.e. Widmark's beta factor) of rats kept at room temperature
and of these exposed to cold are shown below.
Rats exposed to cold.ssvee.eessle078 £ 0,032 mg of alcohol/
100 ml1 of blood/min.
Rats kept at room temperature..0.94l * 0.036 mg of alcohol/
100 ml of blood/min.
Beveerernneaala 79
Peverveesaaneac0.05
Alcohol was detected in blood by gas-liquid chromato-
sraphy for three hours following injection in rats exposed to
cold and feor feur hours in those kept at room temperature. ‘The
above results were calculated for a one to three hour time in-
terval fellowing injection. The rate of disappearance from the
blood was sifnificantly preater in the cold-exposed rats,

TV-Alcohol Concentration in Rat Bodies

T™e concentrations of alcohol and radioactive carbon
found in the alkaline homogenates of the bodies of the rats,
including the amounts in the blood but not in the urine or
abdominal washings, are shown in Table l-e (p. 25) and Figure
l-e (p. 26). Alcohol could not be detected in the bodies of
cold-ezposed rats after four hours, and in those kept at room
temperature after six hours. klimination of lL"C followed the
same trend but at different rates, being faster in cold-exposed
rats; Thowever, radioactive carbon was still detectable in the
bodies of both groups of animals nine hours after alcohol admin-
istration. The differences in the alcohol concentrations of the
two proups were significant (P<0,05) at 1/2, 1 and 3 houras, and

more so (P<0,01) at 11/2 and 2 hours. Similarly, the differences
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in the amounts of radioactive carbon were significant (P<0.05)
at 3/L and 6 hours and highly significant at (P<0.01) at 11/2,
2, %, 4L and ¢ hours. It shculd be noted that in both groups of
1L

animals, the elimination of alcohol and of C was rapid and
essentially linear durins the first three hours after adminis-
tration of 1uCOHqOH.

o .

V-Alcoecl in "Irine

The recovery of alcohol and 1“0 from the urine obtained
from rats used in Part II is summarized in Table 1-f (p.é; ).
Yo urine samples could be collected during the first th hours
following injection of alcohol from rats kept at room temperature
and for four hours in those exposed to cold. The latter excreted
sipnificantly less alcohol (P<0,01) in their urine, but the
recovery of luC was only slightly lower and not significently
different from the amount found in the urine of the rats kept

at room temperature.
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Table l-sa

The amounts of expired lhcoa following
1L

administration of CzHSOH to rats ex-

posed to cold and to rats kept at room
temperature. Results are expressed as
cumulative mean recoveries of millimols

of C02 from metaboclized alcohol.

Time of COp Animals kept Animals ex- t
collection at room temp- posed to
ature cold

1 hour 0.80 £ 0.06 1.38 # 0,10 5.092
2 cum. hours 2.64 + 0.18 4.00 + 0,16 5.609
3 cum, hours 3,72 ¥ 0,08 .96 # 0,10 9.670
I, cum. hours 4.18 + 0,10 5.26 + 0,06 9,611
6 cum, hours 4,60 + 0,10 .62 ¥ 0,06 8.324
9 cum. hours 4L.88 + 0.12 5.88 + 0,06 74383
2l, cum. hours 5.5 + 0.08  6.12 + 0..06 5.0112

*P<0.,01 in every instance.
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Table 1«b

R s 1h .
The specific activity of ucoq at different

o
. . . s . ~ 1l
intervals followings the injection of C?HqOH
to rats exposed to celd and to others kept at
room temperature, Hesults are expressed as
the number of counts per minute per millimol

of expired CO,.

Time of CO, Animals kent Animals ex- t P
collection at room temp- posed to
erature cold

1 hour 3641 + 213 3087 + 501 - 0.983 .S,
2 hours 7571 £ 227 4,190 + 318 8,607 <0,01
3 hcurs Lol + 592 2269 + 231 3.775 <0.01
4 hours 2149 £ 233 928 + 108 Lh.736 <0,01
6 hours 1194 + 114 LLho + 2 6.119 <0,01
9 nours 505 + L 156 + 8 79.372 <0.01
24 hours 181 + 10 b1 + 11.993 <0.01
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Table 1l-c¢

Cumulative recoveries of expired mM of

CO2 from metabolized alcohol.

Time from - Animals kept Animals ex- £

injection at room temp- posed to
(hr.) erature cold
1/l 0.18 * 0.02 0.38 * 0.0l 5.2
1/2 0.38 *+ 0.04 0.94 * 0.06 9.057
3/ 0.6l + 0.06 1.00 *+ 0.06 13.437
1 0.80 + 0.0 1.58 + 0.1l 5,61
11/, 1.94 + 0.04 2.72 + 2.08 8.851
2 2.66 + 0,02 4,00 + 0,08 16,031
3 3.6l * 0,16 5.1y + 0.08 8.58L
L L.30 + 0,12 S.18 + 0.06 7.069
6 4.88 + 0.12 5.78 * 0.06 6.881
9 5.42 + 0.12 6.08 + 0,08 L,.528

*P<0.0l in every instance.
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Tabls 1-d

{ Radioactivity in abdominal washings from
rats kept at room temperature and those

" exposed to cold, The results are the av=-
erage amounts of iuc recovered, expressed

as a percentage of the amount administered.

Time after Animals kebnt Animals ex- t P
injection at room temp- posed to
(hr.) erature cold
1/4 1.79 + 0,36 1.3h * 0.26 1.009 w.s¥
1/2 1,81 + 0.12 1.03 + 0.05 6.059 <0,01
3/L 1.6l + 0.18
1 1.03 + 0.08

* HoS., = not sipnificant
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DISCUISSICN

The rosuilis presented in Fart I (piven as cumulatlive
Tho ! .
0., recovery) clearly demonstrated that in cold-exposed rats
LN

—

there Is an inereased rate oY conversion of alcohol into resn-

iratory £C. os compared to wnimals kept at room tempaerature,

This enharcement was particatarly pronounced within the first
three hours tf'ecllowine alcorol administraticn, i.e. durine the
vericd when most of the alcehol was metabolized. Tre nealr of
aicohol oxidaticn was not arfected by environmental conditions
and occurred during the second hour. In Part I1, where smaller
animals were ntilized (since it was found that bicper than

100 pm anirals could net be homogenized in a Jaring Plendor)
ana where the dose of alconol administered was double (only for
the saxe of more accuracy during the chemical analydes of alco-

hiol) that used in rart I, an identical pattern of alcohol metab-
olism was observed, "or the measurement of this parameter, the
radioac:ivity of C02 was used as an index of the amount of alco-
hel metatolized,

Using the same index of measurement, Vitale, et al (96)
repcrted that in rats kept at room temperature, the maximal
recovery of expired luCOB from labeled alcohol occurred dauring
'he second and third hours.

In most previous studies (42, I}3) chanpes in blood
alcrhol concentration have been used as the measure of oxidation,
in which only the oxidation of alcohol to acetaldehvde would be
necessarvy to cause the disappearance of alcohcl from blood. Tt

seems unlikely, however, that the difference in extent of oxida-

tion have alfected the results obtained. The synthesis of other




29

metabolic products from alcchol or the accumulation of inter-
mediate products must be minimal. Since we have measured in
addition to 1h602 recovery, the disappearance of alcohol frem
vlood as well as from total body f'luids, we are in a position
to compare these parameters.

The picture of alcoholemia observed in Part TI followed
an identical pattern to the conversion rate of alcohol into 002
seen in the same animals, Thus, it would seem safe to assume
that for all practical purposes the method of measurement of
respiratory 1“00? yields essentially the same results as the
direct measurement of the disappearance of alcohol from the
blood or from the total body.

Forney, et al (24), employing a dose of ethanol of L gm/

kgm, found a rapid rate of removal of alcohol from blood 30 min-
utes after injection and thereafter a slower almdst constant
rate, On the other hand, Iazekas (21) reported that a maximum
peak was reached at 3 hours following administration of 2 gm/kgm
of' alcohol,

It is an established fact that exposure of homeotherms to
a cold environment results in elevation of energy metabolism which
leads to well-defined alterations in metabolic processes, the most
important of which is the development of an enhanced capability to
elevate metabolism and maintain it at a high level. The increased
metabolic energy resulting from exposure of animals to cold leads
cne to conclude that increased oxidation of the proteins, carbo-
hydrates or lipids present in the body must occur. Several

reports have appeared which indicate that the increase is propor-

tionately distributed over all metabolic processes (13). Dontcheff




and iortct (17) reported that in rats kept at room temperature,
administercd ateohel is utilized in definite preportion to the
o

foodsiult cxidized at the cawe time and that this nroportion is

indenencent of the dore ¢f' administered alenrol. In our gxrord -

@

rents where two diflerent vet relatively small doses of alcokol
(ot ana 1.6 m1./kem) were odministered, while the rate of slco-
ol oxidaiicn inereased in cold-exrnosed arnimals (Tables 1-a and

D-cr, Bhis irereare was no! nroportionasl to the increase in Fen~

1l
cral metsvolisw,  Loecific activity of respirarnory ©

oo, (Table
1-v and ®Irure 1-b), excert for the hour following alconol admin-
iatravicen, was sirnificantly (F<0,01) lower througreut the dura-
tion ol the emreriment in animals exposed to cold than in their
contreles kert nt room temyeraniure., In animals kept at room
temverature ethyl alcohol nrovokes cutaneous vasodilation and
sweating, leading to considerable increase in the rate of Yent
loss. In snimale exrosed to cold, this may not be entirels com-
nersated for by increased heat production, because of the in-
crenged cepressant or narcotic action of alcohol on the central

nervecus svstem,

¥ g




EXPERT¥ENT IT

P A s CLT SN Of ATO0T0T, T COLD-ACCLIVATED,

L e A o e
ALOTOYMOL -y 3 TREATID RATY

T

‘rothe orevicurs ovrerirent, it was observed that the
rave of merabelinm of alcrel is higher in rats exposed %o
colo for o oot cerieod of time, than in ra‘s “ept ab roon

m

tempereture. Tnis incrcase, however, did not coircide with a

Feneral ircraage in metzbolism due to cold exyosure. It was

N

A
thu

9]

lecided to investipate the extent tc which celd could
‘nfluence the metabolism of alcohel in ccld-acclimated ra-s
as well as In rscs which had received alcohol dailvy during

the process of cold-acclimation,

MATERTALS AND METHODS

Group 1 was exposed to 2°C for 37-4L5 days.

Group £ was exposed to 2°C for 37-45 days.

Half of the animals from each group received 0.8 gm/kgm
of a 20 pver cent v/v of non-radioactive alcohol dajly by intra-
peritoneal injection,

Groups 3 and l} served as room temperature controls for
the above proups receiving otherwise identical treatment.

Mollowing the exposure period, each animal received a

sincle injection (0.8 gm/kem) of radioactive alcohol. Expired
lLLCO2 was collected at intervals of 1, 2, 3, I, 6, 9 and 2} hours.
A total 2l hour urine collection was made following radiocactive

alcohel administration, The metabolism of alcohol was determined

by the previously'described methods (p, 11),
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meorarte of alcofs Dorowtaboliom, as meacured vy means of
b

!
-,

enr intive rocoveries of S0 at specific intervals, is shown
i Mabde en [, 1) ana litre U-a (p. 7). The resrirators
i ot rovicsetive cartorn dioxide in o la-nscelinmted rals,
wietrer or oot othe aniwale were csiven onlcobel danily, were sif-
witicantly different Iror their contrel groups kept at room
ernernture,  The slope of recovery of 1“002 was nearlyv linear
Ter the Tivot trpree hours in cold-acclimarted rats and for the
firet Your uvrr in those mainbtained at room temperature., ‘ow-
ever, the cold srours eliminated more 1u602 in three hours than
'neir countorm arts did in four hovrs. Alcohol pre-treatment

cid net omedIfy the rate o alcohel metabelism either in the cald
or ot reorm remperachure,

Feosvecific fActivity

—— ———— -

Tn Mable 2-b (p. 38) and Fipure Z-b (n. 1) the results
are riven in terris of *the specific activitr of respiratory thOP
at each collection period, Tt is evident, from a study of Fip-
nre Z-b, that the animals expocsed to cold'éxhaled less u“CO‘,D in
rrovortion to the total quantity of exhaled carbon dioxide, than
thése maintained at room temperature, confirming what was observed
in the first experiment. The alcohol pretreated, cold-scclimated
rats, however, have g pattern of excretion similar to that of the
control rroups for the first two hours, but therealter the rela-

tive curve of alcohol combustion was identical to the curve of

the other group of cold~acclimated, non-alcohol pretreated rats.
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L2
Table 2-¢

Recovery of alcohol and Lhg in the urine
collected for 2l hours and expressed as
the percentapges of 1u02HSOH or inert
alcohol administered.

Group of animals Alcohol 1uC
Rats kept at room T. 1,07 + 0,38 2.76
Rats kept at room T. and

pre-treated with alcohol 0.58 + 0,10 2.80
Rats exposed to cold 0.34
Rats exposed to cold and

pre-treated with alcohol 0.59

Student'!s t = 1,268 for alcohol data

F values from Yates' (109) Analysis of

Variance for g data

Source of variance F value . P
Effect of treatment 0.075 N.S.
Effect of temperature 19,461 >0,01

Intersction 0.039 N.S,




Table 2-¢ (continued)

l*C Means and Student's t value of combined
groups kept at room temperature and of
groups exposed to cold, without regard to

treatment

Room T.

Cold exposed Student's t

2.79

0.46 8.087

>0.,01

e e i e g = 8 S8 e R LS B o A AT O D
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Chothe rrevioan cvnerirent, cold ¢ irosure rasal ted
A e et et o alceral rorakolism, Clevertheleoss, it
R : i ot ool Totlon wrocens in o nob roaconcinie
T ©oer Testent s Porctarelise s since din rrevicoas
CopnraenUr w cte Pt te e cupeaed te ncde envipronnend Do
BIv onrert aorloas g sim i ey fnereace i oslect o) gorhastion we e
; yred, Lo thewn fnoo T ciee Jem, there i L1 Sle o one ef'lfeet
ofoathanen core-treatmert o the apparent ra‘e of ite metabelism.
bt cother hand, there anrears to he neme offect of
a.oc 2l rre-tpectment on the ratio of resciratory D0, dervaoed
[
Tromoctbaccl versan tolol resriratery COa. As oshown in Fipure

b, Dhirve TTer shoun that ghiis relative ratio is eleveted after

1SR,

a.cehal spoe-troaiment at the second hear gamnle (compare Charve

war cxrarivertal desto o gave a measure o the corhostlon

St et sl oaleoh 1, that

fte

‘he over-all conversion of alce: %ol

cartons to carbern dioxide as detected by the radioactivit: of
00, fermed,  This precedure produced evidence of the rate of its
;
oxidaticn bui pave no inforrmation about the intermediate reactions.,

Gy measuring the specific activity of 1u00?, however, the ratic
of alechel metsbolism to reneral metabolism was de termined,
Althiouph we have no way to explain why in "alcoholic
cold-ncclimated rats at the neak of alcohol metabolism the
reletive utilization of slconol is comparable with that of the
controls vept at rcom temperature (Mipure 2-b, Curves J-a and
I1-v), this ma; be due tc some change in the wetabolic rathwavs

of alenhol.




Mvers (67) observed that followinpg remeated intracranial

ndwinistrasion of alcohol, rats exhibited prenounced prefervences

for etharoel, e suprested that dntrecranial infusion acted as a
non-specific streasor, caasine the rats to 2rink etranol to re-

Tieve the atress and +the chronic or direct alteration of the

brain'e biochenieal "enviromment! can preduce significant changes

in later behavior, As discussed in the Tnbtroduction, Von darburg
and PEtrlincer (G99 ane Trémoliére and Carré (£9) surrested that
in ithe human slcepclic, liver catalase may play a much sreater
rele in the metabolism of alceohol., If it 15 sssumed that catal-
ase was involved in the incressed relative metabclism «f azlcohol
in cold-ucclimated "alcohclics", there should ve a similar effect
in warm-ncclimated "alcohclics", The latter group, however, has
1 metabolic pattern in all respects similar to that of the un-
treated contrels, On the other hand, it should Ee borne in mind
tihot cold-acclimnted, alcohol pretreated rats were subnitted to
two distinct stresses, i.e., the dailv administration of alcohol
and the cold environment. Considering those two factors, we are
inclined to assume that the relative increase in alcohol metab-
¢lism in alcohol-pretreated, cold-acclimated rats, in centract to
their untrested counterpsrts, was due to some enzymatic adaption
of an unknewn nature, Depression of basal metabolic raie as the

result of pre-trcatment would also produce the same effect.
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Rusumrs

I-idespiratory lu()()?

A-Cumulative Recovories

Table 3-a (p. 5)1) and Firpure 3-a (p. Gl4) illustrating
the cumulative recoveriecs of £0, derived from metabolized alco-
hol, clearly shcew the incependence of rate of conversion of
alcchol té carbon diecxide of the dose of alcohol adminstered,
although the initial metabelic rates of alcohol seemed +o be
screvhat lower at hifher deses of alcohel., Similarly, there
was no significant effcct of environmental temperature on the
rates of alcohol metabelism durinr the course of the experiment,
The recovered 1“002 was nlotted as an exponential function
arainst time (i"igure 3-a, n». G4) and gave nearly linear curves.
The point at which the curves levelled off asymptotically was
vroportional to the dose acuministered, as expected. Thus, with
the doses of alcochol of 0.8, 2.4 and i pm/kgm the curves were
linear for 2,.6 and ¢ hours, respectively. At 9 hours the dif-
ference between groups given 0.8 gm of alcohol per kgm and those
given 2.4 and L gm/kgm was significant at the 5 per cent level.
There was a hiphly significant difrerence (P<0.01) between all
fFroups when considered over the full 2l ﬁéurs period.

B-5Specific Activity

The ratio of luCGR derived from 1L‘C?HE;OH to the total
amount of CO, exhaled and oririnating from the total foodstuff
metabolized durinp the same neriod, does not show the same pat-
tern as above. The results are shown in Table 3-b (p, 55) and
Figure 3-b (p. 58). The difference between cold-exposcd groups

and the control group occurred at the 0.8 gm/kgm level and is




L9

similar to what was observed in the first e xperiment. The ccld-
exposed rats given 2.4 and li gm of alcohol per k%gm had specific
activity patterns practically identical to their control groups
kept at oom temperature for the first six hours, after which
the control groups exhibited significantly (P<0.0l1) higher values
of lLLCOE specific activits until the end of the exveriment. On
the other hand, when the values of the specific activity of 1b‘COe
were compared at various dose levels the dalta clearly show that
with the higher doses of alcohol a depression of general metab-
olism took place at both high and low temperature. Thus the
gpecific activity of lLL(302 obtained from 0.8 gm/kfgm groups was
smaller than that of 2.4 gm/kgm groups and the latter was smaller
than that of the groups given L gm of alcohol per igm of body
weight. These differences were highly significant (P<0.01)
throurhout the duration of the experiment. |

Rats receiving the 2.4 gm/kgm dose showed the evidence
of muscular incoordination within a few minutes of injection;
those given li gpm/kgm were in a state of near collapse for a per-
iod of four to six hours. The behavioural findings could explain
the above results. In animals given the 0.8 gm of alcohol per

ke no noticeable changes in behaviour were observed,

II-Urinary hkxcretion of Alcohol

The amount of unchanped alcohol eliminated via the urine
was higher in the control group than in animals exposed to cold,
at the 0.8 gm/kgm dose level. With the three and fivefold in-
crease in the dose of alcohol, the percentage of alcohol elimina-
ted via the urinary system was greater than at the 0.8 gm/kgm

level, At the hiprher dose levels, temperature had no noticeable
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effect (Table 3I-c,

p.

5

9).
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nble 3-a (continued)

Kramer (1%, E3) test cf sipg-

to determine the effect of

v contining groups kewt under
evviranmental conditions but

various Lreatment.

Mean S.37 14.70 15.81

Group 0.8 gm 2.0

2l hrs.
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Alcohol

from

log mM of CO.,

5k

4 Room
/A am

B2.4gm Cold

—@ 0.3 gm Cold
— —=00.8 gm Room

—
— —
— —
— s

408 a4 [} [4 24 hrs

"Lvure S-n, Hates of ethanol oxidation as ﬂ_fun:tion

of dose versus rates expcnential as hrs™ ", iesults.
are c¢iven in terms of recovered mli of CO2 from met-

abolized alcohol., xpanded linear part is given on
the ripght side.
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Group 0.8 gm 2.1 gm L.0 gm
1 hr,

Mean 3306l 5587 8126

Sroun 0.8 gm 2.5 L.0 gm
2 hrs. —

ifean c880 13349 18206

Group 0.8 gm 2.4 gm Lhe0 gm
3 hrs.

Mean 31,82 16617 21439

Group 0.8 gm 2y gm LeO gm
L hrs, ~

Mean 1538 19365 26783

Group 0.8 gm 2.4 gm 4.0 gm
6 hrs, = mmmmemme eeemeecen adeeolo

Mean f17 23163 33562

Group 0.8 gm 2.4 gm 4.0 gm
9 hrs,

Mean 330 10924 L0800

Group 0.8 gm 2.4 gm L.0 gm
2l hrs.

Mean 111 3283 19865
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Table 3-b (continued)

buncan - Kramer (18, ©3) test of sig-
nificance to determine the effect of
treatment by combining groups kept

under different environmental condit-

lons but receiving different trcatment.
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dilution factor par mM of Uz plétted as an exyonen-
tial versus time in rats given variatle aosces ol ralco-
hol and exposed to cold or room tomperaturc,




Table 3-c

Recovery of inert alcohol and radiocactive

cerbon from urine ccllected for 2L hours

1

a1d expressed as the percentage of "CzHSOH

and of inert alcohol administered

Alcohol luc
Treatment
Room T. Cold Room T, Cold
1 ml l.h2 0.6L 2.27 1.04
3 ml 6,38 5.28 6.53 6.93
S ml 71l 5.70 6.76 6.78

F values calculated from Yates! (109) Analysis

of Variance Tor the above data

Source of variance

Alcohol luc
Effect of treatment 12,189 13,281
Effect of temperature 1.277 0.084L
Interaction 2,798 0,037

w P <0,01
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Table 3-c {continued)
Duncan - Framer (1£,53) test of signifi-

cance of combined proups receiving iden-

tical treatment but exposed to different

environmental temperatures (P = 0.01)
Grou
Alcohol in urine: P 0.8 pm 2.4 gm Iy gm
14 Group 0.8 gm 2.4 gm L em
* in urine:

Mean 1.65 6.73

6.77
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DISCUSSION

A survey of the data o the present experiment shows
that alcohol, when given in various coses, is metaholized at
similar rates Tor as long as six hours following its adminis-
fration. lidentical resul s were reported by Jacobsen (42) and
many octhers. Results conirary o ours were reported by Fazekas
(21). In kis work, rats were given 1, 1.5 and 2 pm of alcohol
per kilogram of bedy weirht. He found that the peak rate was
reached at 1, 2 and 3 hours respectively, following administra-
tion of each of these doses. The present results are also in
contradicticn with the findings of Vitale, et al (96) and with
the repcrt made by Sepcvia-Riquelme, et al (81).

According to Dontcheff and Forter (17), alcchol adminis-
tered to rats kept at room temperature is utilized in definite
proportion to the amount of foodstuff oxidized at the sare time
and is indenendent of the dose of alcohol. Thus, they infer
that the stability of the ratios demonstrate a direct relation-
ship between the velocity of alcohol utilization and the extent
of the resriratory exchanges of the organism, OQur results are
contradictory to the latter statement. We have clearly shown a
dose dependence of the ratio of oxidation ‘of alcohol to the total
foodstuff utilization at the same time. These ratios, which we
refer to as the sgpecific activity of thOB were different between
the proups cof animals given various doses of alcohol,

In humans, even moderate amounts of alcohel cause consid-
erable dilatation of the skin vessels, producing flushing and a
distinct sensation of warmth, This effect prevents the normal

cutaneous vasoconstriction of exposure to cold, so that intoxi-




cation hastens the ffatal on<tceme in "freezing to death". Central

vasorm~tor depressinon orobably nlava o ma jor role in the produc-

tion of this neripheral vaw “ilatationg, because 'he concentra-

it

tions of' aleohol found n the boo  fluids have livtle effect
direetly on blord verselas {(27),
"he centers conir Yl ins hear vrodactioan and heat conser-

vation, i.e., the mechani o vhereby an animal is enabled to maine-

ta'n a norwal bedy termoraare when exrosed e cold, are =ituated

1v. the hwpo*sularns,  The bwsothnalamic center anparentliy exerts
its coentrolling influence wron terrerature throuph the trans-
sigsion of symnathetic imrulaecs to the cartaneous vessels and
pilomotor miseles via the autonomic narvous syaster. The removal
of the smpnatretic nervous svstem renders an animal “1irhly suscep-
tible to cold, The depression of hyrothalamic cenfovs throd
hizh levels of alcehel might thus result not only-in the abolit-
ion of responses from the exvevoceptors but aiso in the depression
o autonomic and endocrine cowvonents. In animals given hirh
doses of alcohol and exnoned to cold, the decreass in body temp-
eracure could result from continucus vasodilatation. In addition
b0 this, there might he some central effect as well.

Additional information could be ohtained by concomitant
oxysen consumption rate, catecholamine determination and measuré-

ments of' temoerature in various parts of the body durins exposurs

to cold and alcohol,
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EXPERIMENT IV

METABOLISM O™ ALCOHOL IN PARTIALLY

HEFATECTOMIZED RATS EXPOSED TC CCLD

In order to investigate to what extent the liver is
responsible in cold-exposed animals for their increased
capacity to metabolize ethyl alcohel and to determine also if
a cold environment could affect the ability of the regenerat-
ing liver to metabolize alcohol, the following experiment was

undertaken.

MATERTALS AND METHODS

A-Preliminary Experiment

Before the main problem could be investigated it was
necessary to establish when,; following partial hepatectomy,
the rats could be exposed to cold with a minimum of mortal-
ity. According to Getachew-Bolodia (26) the resistance of
partially hepatectomized rats exposed to a temperature of
-5°C varies with the time lapse between surgical interven-
tion and exposure to cold., Thus, subtotally hepatectomized
rats, exposed L& hours after operation, hHad the remarkable
survival rate of 80 per cent at the end of 1l days in contrast
to 50 per cent of sham-operated, and in contrast to the groups
exposed to cold 3, 6, 12 and 72 hours after partial hepatec-
tomy .

l-Materials and Methods

Rats welghing between 280 and 320 grams were divided

into seven groups of eighteen animals each. The treatments




were as follows:
lst group:
2nd group:
after surgery;
3rd group:
after surgery;
Lth groups
after surgery;

Sth group:

cold 12 hours after

6th groups

cold 4€ hours after

7Tth group:

6l

non-operated control;

sham-cperated and exposed to

sham-operated and exposed to

sham-operated and exposed to

partially hepatectomized and
surgery;
partially hepatectomized and
surgery;

partially hepatectomized and

cold 5 days after surgery.

celd 12 hours

cold I8 hours

cold 5 days

exposed to

exposed to

exposed to

The sham~operation consisted of an incision of the

abdcminal wall along the linea-alba, the removal of the

xiphold process and the delivery of the median and lateral

lobes of the liver followed by their return Into the abdom-

inal cavity. Partial hepatectomy was performed basically

according to the method of Higgins and Anderson (39), except

that the xiphoid process was also removed.

The animals were kept at -SOC for 1l days, weighed

daily and their liver weight recorded at the moment of death

or at the end of the experiment.

2-Results

The data given in Table lL-p (p. 66) and Figure L-p

(p. 67) compare favorably with those reported by Getachew-

Bolodia (26) except for the non~operated control group where




&

a lower mortality rate was obtained in the current study.

F-Main Bxperiment

The animals used in the metabolic study of alcohol
were divided into six groups of ten rats per group. The first
three proups consisted of partially hepatectomized, sham-oper-
ated, and non-opernted control animals which were placed in a
cold room at a tenmperature of -SOC, L8 hours after surgical
intervention where they remained for a period of five days.
The other three groups, divided and operated upon as above
were rept at rocm temperature (20° * 2°C) for seven days.

(n the eighth post-operative day each animal was

3

injected with radioactive alcohol by intraperitoneal route,

1h
Aeanirntory  carbon dioxide was collected at intervals of

1, 3, &, 7 2and 9 hours following alcohol administration. The
dose of slcohicl administered and the method used for the dster-

mination of its metabolic rate were previously described (p. 11).
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RESULTS

. 1l
I-Respiratory CO

2

A-Cumulative Recoveries

Table lL-a (p. 70) and Pigure L-a (p. 72) represent
the cumulaitive averages of respiratory’lucoz production, fol-
lowing the administration of HJCZH5OH. The most striking dif-
ference in alcohol utilization rate was noted during the first
three hours. It took three hours for the animals exposed to
celd, regardless of the operation to which they had been sub-
jected, to burn an amount of alcohol equivalent to that oxi-
dized in nine hours by the rats kept at room temperature,

The total nine hour collection in cold-exposed animals was
significantly higher than that of their room temperature con-
trols. There was, however, no difference at any stage of the
experiment within the groups kept in the cold of at room temp-
erature, although both cold or room temperature groups includ-
ed a group of intact, sham-operated and partially hepatectomi-
zed rats,

No attempt was made to correlate the weight of the
livers at autopsy in hepatectomized rats with the correspond-
ing sham-operated or non-operated groups.with regard to meta-
bolic coefficient based on the difference of liver mass,.

B-3pecific Activity

Data on the specific activity of 1u002 are given in
Table L=b (p. 73) and Figure L-b (p. 7%). Results show a pat-
tern similar to that observed in previous experiments, There
was no difference between the cold-~ and warm-exposed rats

after the first hour, but significant differences occurred be-

TR TR
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tween them at subsequent periods. Thus, the rats kept at
room temperature oxidized more alcohol in proportion to
their general metabolism than their counterparts exposed to
cold. No difference in this set of analysis was observed
between different treatments at either temperature of
exposure,

II-Body YWeight

The changes in body weight are given in Table l~-c
(p. 76).

Rats exvosed to cold continously lost weight, where-
as the normal temperature groups all gained weight. 1lio stat-
istically significant differences were found between treat-
ment groups at either exposure temperature,

III-Liver Jeight

Table L~d (p. 77) are the values of livér welght at
autopsy, immediately after the metabolic study of alcohol.,
Although the liver weight of partially hepatectomized rats
exposed to cold appeared to be much iower than in the non-
treated controls or sham-operated group, the differences were

not statistically significant.
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Table L-a (contined)

F values calculated from Yates! (109)

Analysis of Variance for the above

data
Sou§ce Interval of COp, collection
Va:iance 1 hr. 3 hrs. 5 hrs. 7 hrs,. 9 hrs,
A 0.26l 0.532 0.554 0.858 | 1,02
B 31.979%% 39.372%% 35,094®® 31,089%% 28,,76%®
AB 0,118 0.113 0.007 0,010 0.011

A: Effect of treatment; B: Effect of temperaturej

AB: Interaction; 2% p <0,01

Averages and Student's t values of com-
bined groups kept at room temperature
and of groups exposed to cold, without

regard to treatment

Interval of GO, collection

1 hr, 3 hrs, 5 hrs. 7 hrs. 9 hrs.,.
Room To 0971 3.)."-/.3 uuu.l ho?O ll..86
Cold 1.33 79 5.33 5.50 5.59
Student's t 9.682%% 13,945%® 10,883%% g,072%%  g,1)3%®

BR p 0,01
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Table lL-b (continued)

F values calculated from Yates' (109)

Analysis of Variance for the above

data
So%ice Interval of CO, collection
Variance 1 hr. 3 hrs. S hrs. 7 hrs. 9 hrs.
A 2.771 0.879 0.341 0.626 0474
B 3.585  32,853%® 28,906®% 31,337%® 35,134%°
AB 1.645 0.203 0.26l 0.180 0.186

A: BEffect of treatment; B: Effect of temperature;

AB: Interaction; o P < 0,01

Averages and Student's t values of com-
bined groups kept at room temperature
and of groups exposed to cold, without

regard to treatment

Interval of CO. collection

2

1 hr. 3 hrs. S hrs. 7 hrs. 9 hrs.
Room T. 3858 7861 2639 851 1160
Cold 3900 5060 770 250 132
Student's t 1.770 10,8268%  8,932%® 9,6158® 11,370°%%

BE p «0,0L
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T o——PART.HEP.ROOM T.
i ~—PART.HEP.COLD
——o SHAM ROOM T.
~—— SHAM COLD

o- — —CONTROL ROOM T.
= — —=CONTROL COLD

C.pells X 103 per mM of COo

L4 v N Ll L

1 3 5 1 9
HOURS

¥igure 4 - b. The specific activity of l4gp, at Aaifferent intervals
following injection of radioa%tive alcohol to rats
exposed to cold and to others kept at room tempera-
ture. Results are expresss. 15 the number cf occunts
per minute per millimol of expired COg.
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Table lL-c

Mean values of the differences in body
weight (in grams) between the first
and the last day of cold exposure or an

equivalent time at room temperature

Treatment Kept at room Cold-exposed
temperature

Non-operated control 27.50 =22.50

Sham-~-operated 2l .60 ~2lL.33

Partial hepatectomy 20,33 -12.22

F values calculated from Yates! (109)

Analysis of Variance for the above

data
" Effect of treatment 0.104
Effect of temperature 38,233%¢8
Interaction 0.729

X® p <0,01

Mean values and Student's t of groups kept
at room temperature and of groups exposed

to cold, without regard to treatment

Room T 2L .27
C Old "20086
Student t 13,1828

BE p <0,01




7

Table l~d

Vean values of liver weight (in grams )

at autcpsy
Treatment Kept at room Cold-exposed
- temperature
lion-operated control 9.92 9,34
Sham-operated 8.58 9.31
Partial hepatectomy 7.85 6.70
F values calculated from Yates' (109)
Analysis of Varisnce for the above
data
Effect of treatment 9,178
Effect of temperaturs 0.368
Interaction 1.499
st P <0.,01
Duncan - Kramer (18, 53) test of signif-
jcance for the effect of treafment
Group Part. hep. Sham Control
lean 7.28 8.93 9.53
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Table l~d!

Removed liver weight (in grams) at

surgery

Animals kept at room temperature
Animals exposed to colc

Studentts t

6.12 *
0.481

0020 gm
0008 gm
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DISCUSSION

In recent years consideranle work has shown that the
increased capacity o the cold-exrosed rat to produce heat is
relflected in an elevated in vitro oxyren consumption of certain
tissues such as the liver (1}, 3L, 100). The temperature of
the liver 1s hirher than that of any other organ in the body
(97). It has been suprested by Weiss (100) that when a homeo-
therm is exposed to sufficient cold to produce adaptive changes,
the various tissues of the body do not acclimatize at fhe same
rate; indeed, the liver seems to be the first tissue to increase
its rate of oxygen consumpntion, although skeletal muscles also
increase their oxygen consumption through shivering. On the
other hand the bulk of evidence as to the preferential site of
alcohol metabolism indicates that it is the liver (L43).

It has been demonstrated in the present experiment
that exposure of rats to rather acute cold results in an
elevated metabolism of ethyl alcohol. This was particularly
pronounced during the first three hours, i.e. the period
when the preatest portion of alcohol was metabolized; but the
relative metabolism of alcohol, as measured by the specific
activity of lL"Coa, was depressed in all groups of animals ex-
posed to cold. Weiss and Moss (102) reported that cold envir-
onment does not interfére with the rat's ability to regensrate
the liver mass., Similar observations were made in the present
experiment. The latter workers also reported that the oxid-
ative activity of the liver was increased in partially hepatec-

tomized rats, and still more so if they were cold-exposed.
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They were, however, unable to find any significant difference
between the oxidative metaholism of liver slices taken from
cold-exposed-renatectomized rats and cold-exposed controls,

Tt was of considerable interest to rind in the fore-
fFoing experiment that *the woisht of the liver of partially
nepatectomized rats was obviously smaller at autopsy, than that
of the controls, Nevertheless, the rate of metabolism of alcohol
in those animals was similar to that observed in sham-operated
and controls. This was true for either cold-expoged or room
temperature maintained animals,

The increased metabolism of alcohol by the liver of
cold-exposed rats mipht be a measure 6f the increased over-all
metabolic rate of this organ; it metabolized all substrates
more rapidly, including alcohol. However, when the contribution
of alcohnl to the reneral metabolism of the whole animal is
determined (specific activity), it is decreased as compared to
room temperature controls. This would confirm the conclusion
of other workers, to the effect that tissues other than the

liver contribute little to the metabolism of alcohol,
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EXPERINSHT V

THE WRPECT OF THL ADRWNURGIC BLOCKING AGENT,
PHENOXYBINZANINE, O THE FETAROLISM OR

ALCCHOL T R&A'TS ZXPOSED TO COLD

The purpose of the following experiment was to estab-
lish to what extent the catecholamines were involved in
increased metabolism of ethyl alcohol as observed in cold-

exposed rats.,

MATZRIALS AND METHODS

Rats were divided into ten groups of at least six
animals each. The first five groups were exposed to 2°C
for 5 days prior tc metabolic studies of alcoholvand were
treated as follows:

Group 1l: non-treated control;

Group 2: received propylene glycol (a diluent of
phenoxybenzamine+*HCl) once only prior to alcohol administra-
tion;

Group 3: received propylene glycol daily;

Group lj: received phenoxybenzamine*HCl# once only
prior to alcohol administration;

Group 5: received phenoxybenzamine*HC1 daily.

Groups 6-10 were distributed and treated as those
above but were kept at room temperature for the duration of
the experiment,

#Phenoxybenzamine*HCl was generously supplied under the

trade marks of Dibenzyline*HCl by Smith, Kline and French
Interamerican Corporation, Montreal, Que.
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On the sixth day each animal was administered radio-
active alcohol. The dose of alcohol administered and the
methods of determination of its metabolic rate were as pre-
viously described (p. 11). Respiratory 1uC carbon dioxide
and urine were collected for nine hours following alcohol
administration,

Phenoxybenzamine HCl (prepared by dissolving 10 mgm
of phenoxybenzamine HC1l per ml of propylene glycol) was admin-

istered at a dose of 5 mgm per kgm of body woight.
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RESULTS
1
I-Respiratory uCO2

A-Cumulative Recoveries

As in previous experiments, the rate of alcohol
metabolism in animals exposed to cold and not submitted to
any treatment was different from their controls kept at room
temperature (Table 5-a, Figure 5-a). Combined cold exposure
and treatment with phenoxybenzamine, however, gave different
results. When the adrenergic blocking agent was given only
once prior to alcohol administration, the combustion rate of
alcohol waé‘loﬁer than in untreated cold-exposed animals but
slightly higher than those kept at room temperature; in rats
pretreated daily for one week with phenoxybenzamine, the rate
of alcohol metabolism was further depressed as compared to
their cold~sxposed untreated controls and was similar to that
of their room temperature controls.

The difference in alcohol metabolism was particularly
significant between groups of pretreated animals kept under
two different environmental conditions. No differences in
the rate of alcohol metabolism were observed, however, within
the groups kept at room temperature.

B-Specific Activity

In Table 5-b (p. 90) and Figure 5-b (p. 9lt) the
specific activity of respiratory 1”002 at each collection
period after alcohol administration is given for each group
of rats, It is clear from the data that in cold-exposed ani-
mals, whatever the treatment, the ratio of the total respira-

tory COp to lL‘C‘Oa‘ derived from alcohol was significantly lower




8l

throughout the duration of the experiment than their room
temperature controls, No discernible difference was noted
within the groups of cold-exposed rats. In animals kept at
room temperature and given phenoxybezamine once prior to
alcohol, however, a lower specific activity of 1“002 was
observed., This was especially noticeable during the first
three hours. This tendency was further accentuated in pre-
treated animals,

II-Urinary Excretion of Alcohol

1L

The recoveries of alcohol and C in urine are given
in Table S-c (p. 95).

Animals exposed to cold excreted significantly less
alcohol in their urine than did their controls at room temp=~
erature. Phenoxybenzamine treated rats eliminated signifi-
cantly more alcohol than did their non-treated counterparts.
The same is true for the room temperature group as well as
for cold-exposed rats.

Similar results to the above were observed for the

recovery of th in urine.,
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Table 5-c¢

Mean values of the recovery of

lhc and

of

inert alcohol in urine collected for 9

nours and exrressed as the percentage of

-

! . -~ s s
lu@pngﬂ?and o inert alcohol administered

1, . . .
Treatment C_in urine Alcohol in urine
Room T, Cold Room T, Cold
Control 2.27 1.09 1l.h42 .77
Solvent once 1.93 1.4l 1.55 0.9
Solvent daily 2el7 1.10 1.59 0.77
Drug once 3.07 2,66 2.143 1.76
Trug daily 3.72 2.82 3,03 1.62
F values calculated from Vates'! (109)

Analysis of Variance for the above data

Source of variance ! C in urine Alcohol in urine
nffect of treatment 70703 5o 7L 9s
Effect of temperature 9,552 15,052
Interaction 0.346 0.477

w3 P<0,01




1“0 in urine

96

Table 5-¢ (continued)

Duncan - Kramer (18, 53) test of signif-
icance of combined groups receiving
identical treatment but exposed to dif-
ferent environmental temperatures

Solvent Solvent Drug Drug
Group daily once Control once daily

Mean 1.6).]. 1.68 1.68 2.86 3.27

Solvent Solvent Drug Drug

Group Control daily orice once daily
Alcohol in
urine Mean 1,09 1,18 1.2, 2.09 2,32
(P=0.05)

Mean and Student's t values of.luC recov-
ery and of alcohol in urine of groups of
animals kept at room temperature and of
groups exposed to cold, without regard to

treatments

lué in urine - . Alcohol in urine
Kept at room T. 2.63 2,00
Exposed to cold 1.82 1.17
Student's t 3,701 Lo 998t

3= P<0,.01
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DISCUSSION

The importance of the role of catecholamines in increas-—
ing the rate of metabolism of alcohol in rats exposed to cold
was demonstrated in the present experiment with phenoxybenzamine.
It was found that a single dose of the adrenergic blocking agent,
prior to alcohol administration, decreased the alcohol metabolism;
vwhereas, dailv administration of phenoxybenzamine produced a
sharp reduction in alcohnl metabolism. This decrease in the alco~
hol combustion rate was pronounced at the second hour of 002 col~
lection in cold-exposed animals when they were subjectéd to one
week of daily treatment of phenoxybenzamine.

It is difficult to assert which one of the catecholamines
is responsible for this alteration in alcohol metabolism, since
phenoxybenzamine is specific neither for adrenaline nor for
noradrenaline.

It is not surprising to see a decreased alcohol metabol-
ism in rats exposed to cold and treated either once or daily
with phenoxybenzamine during this cold exposure., Phenoxybenza-
mine by virtue of its non-competitive bloclkade of the adrenergic
mediastor prevents access of the mediamtor to the receptor and
thus may inhibit an increased mobilization of energy substrates
normally occuring upon exposuré of homeotherms to cold. As a
consequence of this depression, the normally enhanced metabolic
rate may be lowered, Therefore, we may assume that the increased
me tabolism of alcohol in cold is not directly related to the
action of catecholamines, but may be associated with an increased
Feneral metabolism, in which the catecholamines play important

roles.




ZXPLRIMENT VI

THE EFFECT OF POTASSIUM PERCHLORATE ON THE
METABOLISH 0 ALCOYOL IN COLD-EXPOSED RATS

The purpose of the present experiment was to deter-
mine to what extent, il any, the thyroid gland contributed
to the increased metabolism of ethyl alcohol in cold-expos-~

ed rats,

MATERIALS AND MzTHODS

Rats weighing 190 to 210 gm were randomly divided
into six groups of six.

Group 1 was acclimatized at 2°C for 3C days and then
given a saturated aqueous solution of potassium perchlorate
as a drinking solution for five days;

Group 2 was treated as Group 1, but did not receive
any perchlorate;

Group 3 was reared for one month at room temperature
and then transferred to a ccld room at 2°C for five days.,
During these five days they received a potassium perchlorate
solution for drinking:

Group L was trcated as Group 3,'6ut did not receive
a potagsium perchlorate solution;

Group 5 was reared throughout the experiment at room
temperature and given potassium perchlorate during the last
five days;

Group 6 was a ncrmal control group reared at room

temperature and received no treatment of any kind,

‘
[E—
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At the ccnclusion of the treatment a metabolic study
ol alcohol was made. The dose of alcohol and the procedures
utilized in the neasurcment of its metabolism were as pre-
viously described (p. 11) with the difference that perchlor-
ate was administered during the period of alcohol nmetabolism

1 .
measuremecnts. uCO and urine were collected for 9 hours.

2

(=

At the conclusion of the experiment the body weight
gain of each animal was recorded and the rats sacrificed.
The thyroid glands were remcved and weighed and histological
sections prepared and studied according to the method of

DeslMarais and Lad¥am (16).
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RESULTS

I-Respiratory 1)"'COZ

A~-Cumulative Recoveries

In Table 6-a (p. 103) and Figure 6-a (p. 107) the data
are compiled as the cumulative averages of thOE in mM, follow-
ing administration of 1b’CZHSOH. As in the previous experiments
in untreated rats exposed to cold for a short period of time or
in cold~-acclimated ones, the metabolic rate of alcohol was accel-
erated in contrast to controls kept at room temperature. ‘hen
perchlorate-treated animals were taken into consideration, the
picture became more complex, F values for the effect of environ-
mental temperature were significant at least at the S per cent
level at every stage of 1L"C collection., When the latter data
were submitted to the Duncan - Kramer (18, 53) test for tempera-
ture effect only, irrespective of KCth treatment, except for
the first and ninth hours of 1 C measurement, the only difference
noted occurred between the groups exposed to cold for five days
and those rats kept at room temperature. By grouping the rats
into perchlorate~treated and non-treated groups, irrespective
of environmental conditions, the data clearly indicated a decreased
rate of alcohol metabolism in rats pretreéﬁéd with perchlorate at
1, 2 and 3 hours, following which both treated and non-~treated
groups had identical metabolic patterns of alcohol metabolism,

B-Specific Activity

The averape specific activities of 1,"’002 from radio-
active alcohol are given in Table 6-b (p., 108) and Figure 6-b

(ps 111). 1In this relative measurement of alcohol metabolism
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the results indicated a partial dependence of the combustion

rate of alcohol upon the environmental conditions inasmuch

as these affect the increased general metabolism and the metabol-
ic rate of the liver in particular. Rats exposed to cold for
five days and those acclimated to cold had a lower ratio or lucoe
to the total amount of carbon dioxide than those animals kept at
room temperature. The only exception was during the first hour.
Similar observations were made in Experiment I. No difference in
specific activity was observed at any time between the animals
with blocked thyroids and the untreated ones. |

II-Urinary Excretion of Alcohol

Perchlorate treated animals eliminated via the urine
significantly more lhc and more alcohol than the non-treated
rats. The results are given in Table b-c (p. 112).
JII-4eight of Thyroids

There was a slight increase in the weight of the thyroid
glands in rats exposed to cold for five days, while those acclim-
ated to cold had a substantial increase. Perchlorate treatment
produced a significant increase in the weight of the thyroids in
all groups in contrast to their non-treated controls (Table 6-d,
p. 11l ).

IV-Histological Examination of Thyroids

Histological sections of the thyroids of the cold-acclim-
ated, perchlorate~treated animals (Group 1) lack the typical fol=-
licular arrangement. There was hypertrophy of the glands and in-
creased vascularization, negligible colloid and increased epithel-
ial cell height, all of which indicated that a complete physio-

logical block had occurred. In rats exposed to cold for five
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days and given perchlorate (Group 3), the glandular hypertrophy
was less pronounced than in the above group but follicular
colloid was lacking. The histologrical picture of hypertrophy
was 8till less pronounced in animals kept at room temperature
and given perchlorate for five days; in this case hypofunction
was still evident but colloid was present in minute amounts.

A tyvpical picture of the hvpofunctional pgland is given in
Figure 6-c (p. 118).

V-Body Weight

Animals exposed to cold for a short period gaiﬁed less
weight than the cold-acclimated ones, and the latter showed
less gain than the controls kept at room temperature. Perchlor-
ate administration resulted in a substantial loss of weight of
the treated animals in contrast to their respective controls,

These results are illustrated in Table 6-e (p. 116).
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Table 6~a (continued)

Duncan - Kramer (1&, 53) test of signifi-
cance of combined groups receiving vari-
ous treatments but k“ept at the same

environnental temperature

Cold Cold
Group Room T, acclim, (5 days)
1 hour = e e lTo ot L
llean Q475 l.1lb 1422
Cold Cold
Group Room T, acclim, (5 days)
2 hours T T e e e e N e
Yean 2.3 3.3 3,66
Cold Cold
Groun Room T. acclim, (5 days)
3 hours
Mean 1.51 o218 he72
Cold Cold
Group Room T, acclim, (5 days)
4 hours Vesn o1l L5 5,11
Colad Cold
Group Room T, ... acelim, (5 days)
6 hours ittt dy
Meun .56 Lo 8l Selily
Cold Cold
Group Room T. acclim, (5 days)
9 hours e et e
Mean .89 5.06 5,67

When underlined with the full line, P<0.01

“/hen underlined with the broken line, P<0,05
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Flgure 8 - a. Cumulative recoveries of CO, from metabolized
alcohol, administered to rats exposed to cold
and to others kept at room temperature.
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Table 6<b (continued)

Duncan - Kramer (18, 53) test of signifi-
cance of combined groups receiving vari-
ous treatments but kenpt at the same envir-
onmental termnerature, Only those inter-
vals of CO2 collections are indicated which

have an ' value with P<0,05,

, Cold Cold .
Group (5 days) acclim. Roon T.
2 hours R
liean La2he L6672 7172
Cold Cold
Group acclime (5 days) Room T.
3 hours
Mean 2008 2437 5063
Cold Cold
Group acclim, (S days) Room T,
L hours =0 memmmemecmecmccdcmceen e e
Mean 6058 1051 H578
Cold Cold
Group acclim, (5 days) Room T,
6 hours
I'ean b3y hb2 1:h9
Cold Cold
Group acclim., (5 days) Room T,
9 hours
lean 170 227 560

When underlined with

the solid line, P<0.01

When underlined with the broken line, P<0.05
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1 2 3 4 6

The specific activity of l4go, at different intervals
following injectlon of radioactive alcohol to rats
exposed to cold and to others kept at room temperature.
Results are expressed as the number of counts peT
minute per millimol of expired COso.
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Table 6-¢

Mean values of the recovery of 1uC and
of inert alcohol from urine collected
for 9 hours and exprecssed as the per-

} .
centage of 14C§Jcﬁfand of inert alcohol

administered
luc in urine Alcohol in .urine
Treatment
o KClOu KClOu added No KClOu KClOu added
Room T, 2.59 .02 1.48 2.18
Cold aceclim. 0,76 3.69 0.59 2.57
Cold (5 days) 1.0 2.99 0.64 1,73

P values calculated from Yates! (109)

Analysis of Variance for the above data

Source of wvariance 1L"C in urine Alcohol in urine
Effect of temperature 1.8,8 : 0.990
Effect of ireatment 12,6382 11,0264
Interaction 0,557 1.01L

#3t P<O,

01
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Table 6-c (continued)

lean values and Student's t of groups
that received KClOu in their drinking
water and of rroups drinking tap-water
only, without regard to various environ-

rmental temperatures.

__"LL
1 ¢ in urine Alcohol in urine

Mo KClOu 1.6 0.90

KCth added 3.57 2.16

Student'!s t ly.975:=0 Lo Lyl Saese

= P<0,01




11

Table

Mean values of the

i

6-d

weight of the thyroid

glands (in mgm) removed at autopsy

Treatment o KCth KClOu acded
Room T. 13.57 2L .98
Cold acclimated 23,67 39.80
Cold (5 days) 15.90 26,78

F values calculated from Yates' (109)

Analysis of Varianc

e for the above data

Source of variance F value

Effect of temperature 5.2763%

Effect of treatment 1,569

Interaction 0.247
3+ P<0.05 -

=% P<0,01




Group

Mean

Table 6-d (continued)

Duncan < Kramer (18, 53) test of signifi-
cance to determine the effect of environ-
mental temperature by combining groups

receiving variois treatment but kept under

the same environmental conditions

Roonm T. Cold (5 days) Cold acclimated

19.27 21.34 31.74

Mean values and Student's t of groups
receiving KClOu in their drinking water
and of groups drinking tap-water only,

without regard to various environmental

conditions
KC10) added 30,52
Studentts t 566633

w3 Pe0,01
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Table 6-e

Mean velues of the body welght difference
(in grams) between the first and the last
day of KClGu administration and of an

equivalent time interval in the respective

control group

Treatment No KCth KCth added
Room T. 29.83 ~13,50C
Colé acclimated 14.83 10,00
Cold (5 days) 5.33 ~ 2.33

F values of Yates' (109) Analysis of

Variance for the above data

Source of variance P value
Effect of temperature 2.974
Effect of treatment ‘ 11,388
Interaction 2,183

Wt P<0,01
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Table 6-e (continued)

Mean values and Student's t of groups
receiving KClOu end of groups drinking

tap-water only

No KClOu 16,67
KClOu added - 8.9
Student's t l} c558:0¢

= P<0,01
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(¥

Figure 6-c., Histological section of a typical hypo-
functional thyroid gland., (From a group
of rats exposed to cold for a short period
of time and pretreated with I‘(ClO“_)

%

)
& "

3 a2
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DISCUSSTION

From the results obtained in the present experiment it
seems reasonably certain that the increased function of the
thyroid gland during cold cxiosure of rats contributes to the
increased metabolism of alrohol in these animals.

Treatment of tle ra's with perchlorate produced a
marked hypertronhy and hypernlasia, an increased vascularity
and a profound reduction in the amount of follicular cnlloid
of the thyroid gland. ynpaarden, et al (108) noted that
treatment with perchlorate for 17 days resulted in hyperplastic,
colloid-depleted, low iodinc goiters. In the present experiment
the thyroids were clearlv hyperplastic and celloid-depleted,
indicating hypo function alter five davs of treatment., This
was particularly pronounced in cold-acclimated animals. Alcohol
metabolism in the latter rroup was, however, similar to that in
the non-treated controls, although the thyroid block seemed
efficient. This might be interpreted as a confirmation of other
observations concerning the relative dispensability of thyroid
hormones in cold-acclimated animals. On the other hand when
the rats were exposed to cold for five day¥s only and their
thyroid function blocked by perchlorate, the rate of alcohol
oxidation was substantially reduced as compared to the untreated
cold-exposed controls. It would appear, therefore, that a de-
crease in thyroid function of animals constantly exposed to cold
could lower the overall metabolic activity of the liver, as
determined by its capacity to oxidize alcohol. This wonld .also
be consistent with the increased requirements of thyroid hormones

in rats constantly exposed to cold. Perchlorate treatment was




120

also responsible for a depression of the alcohol metabolism in
rats kept at room temneratnre, In these animals, as well as in
cold-exposed ones, the rcduction was significant only for the
first three hour period. Tt is also known that hypothyroidy of
warm-acclimated rats is accompanied by decreased basal metabolic
rate, following which the rate of metabolism of alconol would

be decreased as well as that of other substrates,

Thesge results are in apgreement with the more recent
interpretations of the role of thyroid hormones in energy met-
abolism, according to which the level of thyroid funcﬁion would
exert a regulatory effect on energy metabolism within the zone
of thermal neutrality or of comfort, increased levels of thyroid
function would be necessary in the progressive establisment of
non-shivering thermorenesis in animals exposed to cold, and
would be relativelv dispensable in cold-acclimated animals where
they would exert only a supporting or "permissive" role or where
their role in repulating the basal metabolism is exerted on an
only insignigicant porticn of the total metabolism.

In short, the effect of thyroid hormones on the metabol -~
ism of alcohol would be an indirect one, consecutive to their

effect on the general metabolic rate.




121
GENZRAL DISCUSSION AND CONICLUSION

The study of the metabolism of ethyl alcohol in rats
exposcd to cold environment was investipated by means of
uniforml; i _1abel1ed ethyl alcohol,

It is evident from the present study that in rats
exposed to ccld for a short period of time (five days), the
rate of netabolism of alcohol was accelerated in contrast to
their controls kept at room temperature. This increased met-
abolism was particularly pronounced during the first three
hours following its administration, i.e. the period when most
of the alcohol was oxidized. Furthermore, the rate of sbsorp-
tion of alcohol from the site of its administration and the
rate of its removal from the blood was greater in cold-exnosed
animals than in rats maintained at room temperature; orbes
and Duncan (23) also reported an increase in the rate of alco-
hol removal from the blood of rats exposed to cold, In the
present work, however, it has been shown that the observed
increase in the rate of metnbolism of alcohol in cold-exposed
rats was not proportional to the rate of increase in general
metabolism. The specific activity of respiratory 1u002 was
lower throughout the duration of the experiment in animals
exposed to cold than in their controls kept at room temperature.

In cold=ncclimated rats, whether or not pretreated
with alcohol, cold exposure also resulted in an increased rate
of alcohol metabolism. ievertheless, it would appear that the
acclimation process is not responsible for the enhancement of

alcohol metabolism,since a similar increase in alcohol metab-

} bt s ]
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olism was observed in rats exposed to cold for only a short
period of time.

In cold-acclimated rats, alcohol pretreatment was
accompanied by an enhanced rate of alcohol metgbolism which
was proportional to the increase in over=-all metabolism. This
was not observed in cold-acclimated rats or in rats exposed to
cold for a short period of time when neither had been pretreated
with alcohol,

In our experimental procedure we have measured combus-
tion of ethyl alcohol - that is the over-all conversibn of
JMCZHBOH to lL*coz.( This procedure enables one to determine
the rate of its oxidation but tells nothing of the intermedi-
ate reactions. 3ince we have no direct evidence to explain
why the relative metabolism of alcohol in alcohol pretreated

cold-acclimated rats at the peal: of alcohol metabolism come

pared favorably with that of the controls kept at room temp-
erature, we can only assume that this phenomenon may be due
to some modification of the metabolic pathways of alcohol.
It is of interest to note that the luCOZ elimination
curve In the present study formed a straight line during the
reriod when alcohol was being rapidly metabolized, followed
by a hyperbolic curve when the amount of élcohol remaining in
the body has dropped sharply. The length of the linear part
of the elimination curve was conditioned by environmental
conditions and by the dose of alcohol, being shorter in rats
kept at room temperature than in cold-acclimated rats or in
rats exposed to cold for a short period. It was increased

in length by the larger doses of alcohol. It was reported

i ek St e
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by farshall and COwens (61) thai the rate of metabolism of
alcohol in mice is appreciably pgreater in the first hour

than derine subsequent honrly intervals. Forney, et al (2)

confirmed rarshall and Cuens (61) hypothesis, but found the
early rapid rate of mectavelism to occur durins the first 30
minutez after administra-i-rn. Hinard, et al (L6, L7), how-

ever, cculd find no sisrnificant acceleration of metabolism in
the mouse dvring the Tirst hour fellowine alcohol administra-
tion. At a very low lesvel of blood alcohol, when alcohol de-
hydrogenase is not saturated, the alcohol concentratioﬁ and
the rate of utilization does not follow a straight-line rela-
tionship but an exponentional one, typical of first-order
iwinetics, as shown by Marshall and Fritz (62).

In the present study it has been shown that alcohol,
when given in various doses, is metabolized at similar rates
for as long as six hours following its administration. Identi-
cal results were reported by Jacobsen (42) and many others,
Results contrary to ours were reported by Fazekas (21). The
present results are also in contradiction with the reports by
Vitale, et al (96) and Segovia-Riquelme, et al (8l). oOur
results do not apree with thcse of Dontcheff and Porter (17),
where alcohol administered to rats kept at room temperature
only, was reported to be utilized in proportion to the amount
of foodstuff oxidized at the same time, independent of the dose
of alcohol administered. Our results are contradictory to the
latter statement. We have demonstrated a dose dependence of
the ratio of oxidation of alcohol to the total foodstuff utili-

zation at the same time, These ratios, which we refer to as
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trhe speciflic activity of luCOg were different between the
gsrouns of animals given various doses of alcohol,

Even moderate dcses nf alcohol cause considerable cut-
aneous vasodilatation, thus preventing the normal cutaneous
vagoconstriction upon exposure to cold., Central vasomotor de-
preasion vrobably plavs a maior role in the production of this
peripheral vasodilatation, b ecause the concentrations of alco-
hol found in the body fluids have little effect directly con
blood vessels (21). ‘‘he hynothalamic centers controllinn heat
production and heat conservation apparently exert their contrcl-
ling influence unon temperature through the transmission of
sympathetic impulses to the cutaneous vessels and pilomotor
muscles via the autonomic nervous system, The depression of
hypothalamic centers throurh hiph levels of alcohol mipght thus
result not only in the abolition of responses fromithe extero-
ceptors but also in the depression of autonomlc and endocrine
components., In animals piven high doses of alcohol and exposed
to cold, the decrease in body temperature could result from
continuous vasodilatastion. Additionelly there might be some
central effect. These processes, if operating in the rat, may
explain the practically unchanpged specific activities of 1)"’CO
during the {irst six hours-period when most of the alcohol was
present in the body -~ following administration of high doses
of alcohnl to cold-exposed rats.

Although the Q0p, of liver is substantially increased in
partially hepatectomized, cold~-exposed rats compared to their
room temperature controls (102), we were unable to notice any

detectable changes in alcohol oxidation rate in cold-exposed

|
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rats whether or not submitted to partial hepatectomv.

vidence has been given that the thyroids (8, 1L, 15,
82, 8L) and catecholamines (%$6) play an important role in cold-
thermorenesis of homeotherns. Since both of these hormones are
affected-by alcohol administration, we investirated their possi-
ble role in affectinem the rate of alcchol metabolism in animals
exposed to cecld and found thet a single administration of an
adrenergic blocking arent, phenoxybenzamine, immediatelwv prior
to the study of alcohol metabolism, produced a noticeable de-—
creagse in the oxidation rate of alcohol in rats exposed to cold,
This reduction was even more pronounced when cold-exposed rats
were pretreatbed with phenoxybvenzamine from the onset of cold
exposure, i.,e. for f'ive days prior to alcohecl administration,

It is no%t possible to assert which one of the catecholamines is
responsible for the increased metabolism of alcohol in cold-ex—
posed rats, since phenoxybenzamine is not specific for either
adrenaline or noradrenaline.

It is not surprising to see a decreased alcohol metab-
olism in rats exposed to cold and treated either once or daily
with phenoxybenzamine during this cold evposure, Phenoxybenza-
mine by virtue of its non-competitive blockade of the adrenergic
mediator prevents access of the mediator to the receptor and
thus may inhibit an increased mobilization of energy substrates
normally occurring upon exposure of homeotherms to cold., As a
consequence of this depression, the normally enhanced metabolic
rate may be lowered, Therefore, we may assume that the increased
metabolism of alcohol in cold is not directly related to the

action of catecholamines, but may be associated with an increased
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ceneral wetabelism, in which the catecholamines play impor-

tant roles.
From the paramcters of he exyeriment dealinpg with the
thzreid blocikkade 1t szens reaconably certain that thvroids
contribute toward the incresced metabolic rate o alcohol in
an‘mgls e xposea te cold, "his was especially visivle in rats

[l

exposed to cold and pretrested with perchlorate rom the bepin-

3

ning of cold exposure, rld~acolimates

rats, oretrcated with

perchlorate for simiia

-

lenfrth of time, howevar, had alcohol

me tatolic rates similar te the non-treated, cold-acclimated
rats., This discrepancy in the thyroid block betwesen cold-
acclimated rats and those exnosed tec cold for a short period

of time conld be accountec for by several ohservations concern-
ing the relative dispensability of the thyroid hormenes in cold-
acclimated animals.

Tt is evident from the present study that neither of
these factors can be considered wholly responsible for the
observed increase in alcohol metabolism in rats exposed to
cold. W%We are inclined %o believe that a complex of physio-
lorical and biochemical fachtors probably contribute to this
increase in metabolism of alcohol. The metabolism of alcohol
is a complex phenomenon, thus it is not surprising to find
that we arc able to pinpoint only a few factors involved in

its metabolism by rats exposed to cold,
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