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ABSIRACYT

Ixperinents were designed to find whether ascorbic acid
administration hacd ony cffect on the following parameters of
metabolic alteration in cold-oxposcd animels: oxygoen consumpt=
ion, thyroxine Socrctory ratc (TSR) and biosynthesis of ascorbic
acid,

"™he results obtoined may be summorized as follows

1. i'o effcet of ascorbic acid on the metabolic rate could
be detected, |

.

2. In untreated cnimels the 18R is

increased during the
first week of cold cxposurc, returns to normal in the following
weceks and rises agein ofter ten wecks, In the treated animals
the TSR is olso incrensed during the first week of cold exposure,
but significaontl; loss so thon in the untrected animels, !
offect of ascorbic acid is observoble ot room temperature,

3. The rate of biosynthosis of ascorbic ocid is not aliored
significantly during the first three trocks of cold cxposure,

neither in the treated nor in the wntrested animals. Tter six

N

weeks of continuous amosurc to cold, the ratc of biosynthesis

is significantly increosed in untreated animals; this increase

do

s prevented by the adninistration of ascorbic acid,
These results ore discusscd 2long with the current liter-
aturce and it is concluded thot the eoffect of ascorbic acid in

cold cxposed animnls could be parvly cyploined by 2 lowering
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of the requirements for thyroid hormones, Cellular mechanisms

of this acbion ar: briefly discussed ond avenucs of futurce

rescarcnh pointed out,



STATEZIUT OF THE PROBIE

The importence of the thyroid hormones in cnergy metabol-

1.

ism ond hence in cold acelimation is néw wall cstablished (Mart,
1958; Pottor, 1958; Ingle, 1958)., Also rccognizod is the fact
that ascorbic acid adninistration has beneficial offects in
animals comosed to cold (Dugel, 1952; Deskinrais, 1957 ).

Since ascorbic acid is knom to participote in the trans-
port of clcctrons (Hoijer, 1960) while thyroxine hns been shown
to offect ovidative phosphorylation (Smith, 1960z and bj 3Beyer,
1960), it appeors legitimote to assume that the beneficial
cffects of nscorbic ncid adninisvrcotion in cold-exposed animals
could be exerted through the thyroid hormones, Some evidence
supporting this hypothesis has been obtained by Desilorais ond
recently rovicwed (Desiinrois, 1960). In order to further ver-
ify this hypothesis, it wms decided to sce whether ascorbic
acid adninistrotion had ony coffcct on oxygen consumption, thyr-
oxing scerctory rate ~nd biosynthesis of ascorbic acid in

animals cither cxposcd to cold or kept at room temperature,
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RIVIET OF T30 LITERATURD

Ixposurc of o homcotherm to cola environment produces
a physiological stroin  throwing the homeostatic mechanisms
of the animal out of cquilibriwm, cspecinlly during the initial
period of cold exposurc, Readjustmonts of varions functions
ore brought into play for the meointcnance of thermal balance.
This brief review sholl be limited to the role of the thyroid

hormones n~nd ascorbic 2cid in zeclimotion to cold,

I, The thyroid hormoncs in cold ncclinntion.

The incroass in metnbolic rate leading to cold-acclimation
ias been observed in scvorcl cnimel specics, The various aspects

*

of this mctabolic adaptation have been extensively roviewed
(llart, 1955 and 1960).

The clevation of the BIR observed in cold-cxposed animals
may be regorded s onc aspect of this inersasc, and since one
of the fundomontnl nctions of the thyroid hormones is the
stimulation of the motabolic rate, it is not surprising that

ney have been so intimately linked to the process of cold
acclinntion,

Totol thyroidectony lovers the DIl by LO ¥ and conse-
quently reduces the body temperature (Spence, 1959). The intra-

venous injection of o single doso ol triiodothyronine incrcmgss
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he 3iR aftor o latent perlod of six to eight hours, which is
loss than thot observed for thyroxine (Thibeult, 1957). This
substﬁntiatcslthc cssumption thot the thyroid hormones regul-
~te the ZIR ~1lthough thoy connot be considered as the sole
sgonts of this regulation, since other substonces, like the
crtecholrnines, hove been shovm to inerensc the 3IR in the
presance of ~ fixed ~mount of thyroid hormones (Thibault, 1919),

¢ role of “he thyroid hormonos in the crira-heat nroduction

m

Vo

of cold-cxposed ~ninnls haos been reeontly reviewed (Carlson,
1960; Cottle, 1960). Thyroid hyperactivity appears to be oss-
cntial during the cstoblishment of cold ~cclimation and less

so afiter the now mehabolic state has been attnined vhen a normal
lovel of circulotory thyroid hormones scens to oxert 2 permis-
sive effcct on the cnlorigenic action of the catecholomines,

The mode of ochbion of the thyroid hormones on the rclease
of energy ot the celluler level hns been reviewed and is belicved
£o be reloted to its uncoupling cifect on oxidative phosphoryl-

ation (Smith, 19602 ond b), in nltarnote role of the thyroid
hormones has been sugrested: the symthesis of cnzymes activating

the TPill-reguloted calorigenic shunt (Potier, 1958),
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IT, Ascorbic acid in coWd acclimntion,

Adequete amounts of vitmmins wore found to be essential
for resistonce to cold, but cxcessive quantitics had no additional

cffects, oxcept for nscorbic ncid (Gliclmen, Keeton, iHtchell

ond Fahnestock, 19L6).

In ~nimals, the beneficicl offects of ascorbic acid admin-
istration hove been cstablished b Dugel and co-workers, The
scversl aspecets of these offccets hove been e:ctensix}ely revicwed
(Dugal, 19525 Deslinrnis, 1957) ond shell be briefly swmarized. :
buccessiul acclimntion to cold is accomponicd by increased tissue
levels of ascorbic ocid, in both the rat and the suinee pig.
Administration of this substonce to rats and guinea pigs enhonces
their acclimation (growth) and resistonce (survival) to cold.

In cold-cxposod cnimnls given ascorbic ncid, a large amount of
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this substone: is rotoined in md various signs of

H
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]

e sunpressed, lilie the hypoertrophy of the ndrencls in
ats and guineo nigs, “hile othors nre nmeliorated, like the

occurcinca of frost-bite in the monkoy. Thesc authors z2lso sug-
gest thot the synthesis of ascorbic 2cid is increased in cold-

o

suc levels of this substance are incrcased

e
163

appesed rats, cince ©
desnite ~ugnentation of the wrinory cizeretion,
The baneficinl offects of oscorbic ccid adninistration

have 21so been obgserved on saric pormicters of cold acclination

in man (Ledlane, Stornrt, Jarier ~nd “hillons, 197h).
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III, The mode of "ctLon of ascorbic ncid.

The immortonce of Dot nscorbic acid ond thrroid mormonecs

in cold neclimntion is suggestive of o rolatiohship between

those substonces, This nocsibility is crphasized by tho fach

that mony interactions beticen nscorbic acid and the thyroid
hormones have been observed,

; Thne administration of tixroid hommonoes or T results in

é o reduction of the ascorbic ncid content of the iver, adrenals,
] toymus and kidnoys (31in ceri-nond Yomanzoki, 19503 Sure ond
: ‘
I Theis, 1930). Converscly, o risc in adronnl ascorbic acid has
; been obsurved in thyroidectomized ~nimals (Zaal and Brecht, 1937).
it has also been found thaot the liver con store ascorbic acid
* when lorge doses of this substaonce ore adninistered along with

Stea w

thyrovine or T3 (Crabiree ond Trokojus, 1946). Since thyroxine
F administration prevents both the inacbivation of ascorbic acid

oxidasc and the destruction of ascordbic acid (Senhonu, iagee

and Dowson, 19593 Germill, 10913 Gomnill ~nd Flunkett, 1952),

adegqunte levels of thyroid hormoncs appecr important for the

nintenanoe of the active form of ascorbic ~cid, monodghydro=

ascorbic ~cid. Ascorbic acid i1s 2lso iLmportant in the metabolisn

of tyrosinc ~nd phenyl-aloninge, ~cbing os -~ co~enzime for their
NES E} S R
oxidation (Gormill, 1951), In the rot (Rengisker and Dugal, 1958),

blood nloonn lovels of thes: substonces were reduced -rhen the




onimals were subijected to cold or given ascordic acids however,
cold nlus ascorvic ncid loered tho 1”‘11 lovels below that

m

of cither condition olone, Tiis sujcests o nore rapid utilization ‘

these motabolites and might have some importance in cold
acclimation vhen one considers that tyrosine is the inmediate

precursor of the thyroid hormones thile both substonces are rel-

ated to the medullary cotecholonincs.

.4

Ta cold exmosed ~mninnls, ascorbic acid adwinigkration has

been shoim, through histologicnl ovidence, to reduce the activ-

~

ation of thi thvroid cad to cenhance the effects of low and
inefficicnt doscs of thyroine (Desinrois, 1960). These fin-
dings suzgest that the beneficial offects of ascorbic acid

in cold~-ermosed mnimals could ba nediated throush the thyroid
hormones, Othor aspects of the function of ascorbic acid in cold
acclination hinve beon roviered (Hoijer, 1960) ond shall be

dealt with in the conernl discussion of thesa ¢xnerinents,



Te Description’ of methodis
tronts

of ‘the Wistor strnin weighing botwoen

C‘,"Jd individunlly in wotal .cogos witt

: o, ——p i bR 2 fas! 3 .
serasn bottoms, Thoy wars fod Purina Iab Chow and tan

1o

‘"'*tor 22 Adbitun, The dmincls on r_scofbic‘ ocid-treatnont wera
‘vkgw“_ve:. ‘c’;o.il'-r' 150 rrg of sodiun ~ccorbota (Redoxon) through a-
focding tube dircctly introduccd into tho stomach; this troat-
rent vee climys started six doys before the beginning of the
crperinental weriod, thol is bufore the firsh day of woek zero.
iftor t‘_.g_oic».o‘ctomy, the oporated ~nimn

solution of calciwn lnctote in the drinlding unter

2, Temperaburcs of wmmosure,

The control animals were kept in the zeneral aninal
quarters abt 2 ure! vorying between 20 and 28° C.,

hile tho othors wrore exposed in o rofri gerated room to o temp-

The method of mwoswronent involves fho usa of tl-e

Fouling oxygon n'ﬂ yacr (1odel ¢ 2) in on open circuit (Depocas
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ond Hert, 1957). In this technique, oxygen consuription is meas-
ured through determination of pertial pressure cl anges in o
meteraed portion of the dry, COp-free oir leaving the animal
coge (gless jar), the volues obtnined being unslter d by the
respiratory quoticnt. The oxygen consurption measured was either
the BMR obtained ot 30° C. from rots fas’céd for 2L hours, or

the actual metobolic rate determined at 30° (';»‘3330) or at 2°
(1'{122) :zccordil;g to the temporature of the water bath in which
the zlass jar wos immersed, Quygen consumption is axpressed in

rnl., / ur. /B.*:‘.O'S .

li. Thyroxine sceretory rate.

The thyroxine scerctory rote (TS1) was obtained by thyrox-
Jr - VARTNEY

inc irhibition of $he thyroidal I rolsase (loincke and Singh,

1955), based on the asswption thot this inhibition is proport-
ionzl to the dosc of administored thyroxine (Perry, 1951).

Each rat was injected intraperitoncally with 10 microcuries
of carrier-Tree 113 1 (200 1 c/mg) and 72 hours were allowed for
fixation of the iodine by the thyroid ond urinary elenmination
of excess isotopc. Exbernal thyroid counts werc determined 2k,

U8 and 72 hours ~ftor iodine administrotion ond at appropriate
intervale thoreafter by the use of o scintillation detector

(tucloar Chicngo, liodel D35-1) with the flat field collimator

fitted with 2 half-inch thick lead nlate in which a central




hole of three~quartcr of on inch had been bored. Counts were
rcecorded on a count rote meter (Muclear Chicago, ijodel 181 A)
with o 2% error level,

During éou;ﬁ;ing, the animel was kept under light ether
anagsthesia and the thyroid region centercd over the opening
in the lead plote for two consccutive one-minute counts, the
average of which was used os the gross thyroid count, Counts
were then rccorded over the cpignstric region and fho gross
thyroid coun‘:s was corrected by substracting holf the body count
plus the room background (Wolf, 1951), readjusting for icotoric
decay. Thyroxine was injocted subcutoneously cvery day with
incroasc in dosage overy L8 hours starting from 0,5 microgram
per hundred grans of body weight, the thyroid counts being
determined before cach increoasc in doscge until the last count
was between 80 and 100 per cent of the preceding one., A regres—
sion line wns fitted by the nethod of least squares, resulting
in 2 prediction cauotion: ¥ = a + b where Y is the percentage
of the previous count ond X reproscnts the dosage of thyroxine
ot any interval. The fhyroxino dosage is extrapolated to Y =
100 per cont and the result cxpressed in micrograms of l-thyrox-

ine per day per 100 groms of body weight.

5. Biosymthesis of ascorbic ~cid.

The enzvric vthich converts l-gulonolactone to l-cscorbate

i
i
i
i
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(Enzyme ITI) was assayed by the method of Grollman and Lohninger
(1957) in the liver, which is the preforential site of ascorbic
acid synthesis in the rat (Burns, 1959), I~gulonolactons was
substituted for 1—gulon;te &5 used in the original method, since
it saves onc step in the synthesis of.ascorb:te (Chattorjes,
Chatterjeo, Ghosh, Ghosh and Guha, 1960).

Three aliquots of a ome-third liver homogenate in 0,15 Ii,
KC1l were used for cach determinntion, One was incubated for
two hours at 37° C. with the precursor, o sescond incubated for
the same bime without the precursor and the third, also without
precursor, was used for the determination of the zero time
level of ascorbic ncid in the liver being assayed, The amount
of ascorbate formed is cqual to the amount found in the first
aliquot mimus the amount fourd at zero time, while the amount
found in the sccond cliquot, incubated without precursor, serves
to determine the raote of destruction of ascorbate in the liver
by rolcrence to the zero time level, Wo correction is made
for destruction rate when evaluating the biosynthesis, since
the kinetics of these reactions has not been determined; one
28 to be satisfied if, under the conditions of measurenent,
the rate of destruction remains the sanes

In 2ll coses the !total ascorbic acid!?, that is diketo-

gulonate, ascorbate and dehydronscorbate, was determined by




N

R

the dinitrophenylhydrazine technique (Roe and Keuther, 1943),
using the Colemen Junior Spectrophotometer (ifodel 6A) and
freshly prepared standard solutions of 1-ascofbate at suitable
concentro.’bioﬁs. The results werc expressed in onmparable units
of enzyme activity, namcly micromoles of total ascorbic acid

formed per groam of wet liver per hour at 37° ¢,

6. Statistical annlysis.

Nost of the dato have been subjected to the analysis of
wriznce and whenever the F volue wes found to be significont,
the multiple range test (Duncan, 1955) was used to locate the
significant differcnces. This last test is also described and
cvaluated in tPrinciples ond Procedures of Stabtistics! (Steel
and Torrie, 1960). The t test was also used whenever suitable
to the experimental design, }

There was no published statistical method for assessing
the significance of the differcence between tiro axtrapolated
values as determined in the TSR measurements. A mothod was thus
devised by Dr, W.T. Gridgeman, stotistician at the Hotional
Research Council of Cancda. The method is based on the varionce
of both the observed and the coleulated Y values and permits to
calculate the standerd error of the difference between two
extrapolated X values, from which the significonce is determined

through the t test.
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II., Results and discussion

A. Oxygen consumption.

1. Protocol,

The animels of the various groups, cither treated or
untrezted with ascorbic oeid, had their initial oxygen con-
sumption measured at room temperature at week zero of the
experimental period, Following that, oxygen consumption was
measured weekly for five weeks either at roon temperature or
in the cold. The sixth weck wos used for determination of the
TSR, after which the rats were thyroidectomized, those previ-
ously exposed to cold being returned to the refrigerated room
2l hours ofter the operstion, They were then injccted with a
dosz of l~-thyroxine corresponding to the result of the TSR
measurement and administered subcutancously every day for
seven doys, it the end of this seventh week, oxygen consump-
tion was determined and thyroxine administration suppressed;
two more recdings of oxygen consumption were obtained at eight
and nine weeks of the experimental period,

In one particular experirent, the BIR of rats previously
exposed to cold for six wecks wes determined ore, two and five
hours after their return to roon termerature, The animals were
then returned to the cold room and their BSR was measured four

weeks later, that is after ten waecks of exposure to cold,
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2. Resuljgg_ .

a) Bffect of ascorbic acid on oxygen consumption,

The results of these cxperinents are showm in table 1,

page 13; the nunber of animals in each group is given in par-
enthesis ond each average is followed by its standard error,
The results of the Duncon's test arc shown in table 2, page 1k,

o effect of cscorbic acid administration was d:etectable

in cny of the evperiments, It con also be obserwd that only
the IR” did increase significantly in cold exposed cnimals,

b) Effect of thyroidectony,

Lfter thyroidectomy ard daily thyroxine administration
for one weck (weck 7, table 1), the oxve

xygen consumption is
generally e

il

inteined ot the previous level (weck 5), Suppres-
sion of thyroxine theropy is followed by various degrees of

diminution in oxygen consurmption, without any significant dif-

ference from previous levels,

It is interesting to notc, however, that at roon temp-
erature the fz11 in oxygen consumption is greater in untreated
cnimals, while in the cold the tre:;ted rats oxhibit the larger
decrease, Whether this reversal is nercly fortuitous as statis-

tical anolysis tends to show, or wvhether it represents a bio-
4

ogically significont phenonenon worthy of investigation could

only be determined by further experimentation,
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Table 2, Qxygen consumption - Duncan's test of significance

Room temperature,

BMR -AA Weeks: 9 8 2 3 5 0 L 7 1
Mocns: 16,59 20,87 23,57 23.93 2L.97 25,05 25,37 27.oé 28,70
+AA Weeks: 8 9 7 2 3 5 0 L 1
Means: 19,8l 21,05 22,03 2hsh7 25i36 2606 27:95 28,23 28,68
MR -AA Weeks: 9 8 1 0 7 2 b 5 3
| Means: 21,59 22,39 2L;63 26,09 27,02 28,69 29,03 30,k 32,22
Cold room,
BMR -AA Weeks: O "1 9 8 2 L 3 5 7
Means: 20,21 22,23 23,38 25,63 25,78 26,10 26,5k 27,51 29,95
+AL Weeks: O 9 1 8 3 I 5 2 7
 Means: 19570 21.,0h 23567 25,16 26,35 26,6L 27,10 28,L5 29493
R0 +AL Veeks: 9 8 0 7 L 2 5 3
licans: 2056  25.27 25,60 30425 30484 31';69 33.50 34420
IR® AL Weoks: O 1 b 2 5 3
Means: 22,61 L45;88 L8,00 LB,0L 1L9.65 51.3&
+AA Weeks: O 1 2 L 5 3
Heans: 23,89 LlL.96 1689 9,56 19,77 5083
¢) Effect of ascorbic acid on BMR.

Ascorbic acid administration is also without effect on

the decrease of the BMR which occurs when cold-zacclimated rats

are returned to room temper,ture (table 3), It is seen that

the BYR is back to room temperature level within five hours
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following the return of the animols to room temperature.

Table 3, Effect of ascorbic acid on ‘the BMR

Initial reading ‘Time after return to room temp, Analysis of
at - ' variance
room temperature 1st Hr. 2nd Hr, Sth Hr, F P

-M 19:21#1532 (6) 31,040423 24,1+0:31 20,7+l.5L 22;32 <0,01
+AA 2051+1.6L  (6) 32,1+1,99 27.2+2,16 21,6+1,68 9.h2 <0,01

Duncants test:

AL - 1952 20.7 2,1 31,0

+AL 20,1 21.6 2742 32,1

d) Seasonal changes in oxygen consumption.

It hoppened, for various reasons, that most of the exp-
eriments were performed during definite periods of the year:
in winter, from mid-jonuary to the end of march, ard in summer
from mid-june to the end of ougust, Qxygen consumptions of the
various groups hove thus been compared on this basis, using
the zero week determination of initiel oxygen consumption ab
room temperature, inclﬁding the MR2 groups which had their in-
itiel oxygon conswiption measured at 30°, The results of these
comparisons can be found i table L (page 16). No effect of
ascorbic acid treatment has been detected, /lthough the Duncan's
test did not show ony significent difference, it is nevertheless

striking to see that the difference between summer armd winter
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oxygen consumptions is greater for the BMR than for the IIR3 O.

Table L, Effect of scason on oxygen consumption

BIR 130

Summer - Winter Surmer Winter
-AL 20,2+1,29 (12) 25,0+#2,11 (6) 22,6:0,16 (15) 26,4:0,18 (11)
+A 19.7+1,L2 (10) 27,9:1.93 (6)  23.9:0.25 (15) 25,7+1.32 (11)
fnalysis of variance: F = 29,32 - P = 0,001 |
Duncan's test: ‘

27,9 26,5, 25,7 25.0 23.9 22,6 20i2 19:7

In parenthesis: number of animals,

3. Discussion and conclusions.

The resulbs obtained show that the BIR ard the MRS of
rats exposed to cold are raised by almost the same value when
the data are expressed as per cent increment over the initial
reading at room temperature (see Histogrem, page 17), Although
the increase in I\ERBO (average of all determinations in the cold)
is slightly greater than that observed by Héroux, Depocas and
Hart (1959), thot is 23,9 % as c.omp,:uc'ed to 17,1 %, it appears
surprising that the augmentation of the BMR be as great as
that of the }?RB O. The combined initial volues for the BIR and
MRBO of our rats subsequently exposed to cold were 19.9 and

26,2 respectively, as compared to 22,8 in the cxperiments re-
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ported by Héroux et al, These differences can be interpreted
on the basis of discrepancies in experimental conditions, Our
rats were mrintained at the fluctuating temperature of the
animols quarters and thus constantly submitted to mild thermal
stimulation, while those of Héroux et 2l. had been kept at a
constant temperature of 30° C,, in the zone. of thermal neutral-
ity, and consequently avoiding this stimulotion. This might
explain why thq MR3O obtained by these authors is closer to
the BMR than to the MRBO observed in our experiments; conse-
quently, our increase in MRSC upon cxposurc to cold is not
greater than that of the BMR becouse of the wider difference
at the start, Finally, since the temperature of acclimation
was 2° in our experiments as compared to 69 in those of Héroux
et al,, it is not surprising that the increase in MR which
we observed was greater than that found by these authors,

From the results obtcoined, it can be concluded that
ascorbic acid administration has no effect on the metabolic
rate of rots constantly exposed to low temperature, If, on the
other hand, one considers the fact that ascorbic nacid admin-
istration is without effect on the return of the BIR to room
temperature levels when cold-ccclimated onimals are removed
from the cold room, one must conclude that it does not affect

the basal heat production of acclimated animals, not more than

o
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it does affect the mechanisms responsible for extra-heat
production in cold~exposed rats.

Finolly, the observation that the difference betweecn
sunimer and winter values are greater for the BIR than for
the MRBO, although not significantly so, would tend to show
that the basal heat production mey be modified by the season.
Such differences, despite their lack of statistical signifi-
cance, might affect the magnitude of the changes in metabolic
rate upon exposure to cold since the starting point would not

be the same; their existence should thercfore be recognized,

B. Thyroxine secretory rate.

1, Protocol,

In both room tempercture and cold exposed rats, the TSR
was determined in the sixth weck of +the expcriméntal period
on the same anincls which had been used to follow the changes
in metabolic rate, The TSR after ten weeks of exposure to cold
was obtained from the rats utilized for the study of the re-
turn of the BMR to room temperaturc lovel, Lastly, separate
groups of animols were used for the determination of the TSR
after one, two and three weeks of cold exposure,

2, Results.
The data obtained have been grouped in table 5, page 20,

Since the indivi-‘ual regression curves for TSR are not essential

SO OSUOU Z5= ot S oay ooty |
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to the discussion, they have been grouped at the end of this

section from page 27 to page 3k.

Table 5, Effects of cold exposure ond ascorbic acid (ii) adm-
inistration on the thyroxine secretory rate,

Weeks in - Differonce
- LA + LA t D Fig.
the cold + S, E.
Nore 1.7k (5) 2.26 (5) 0.52 % 0.39 1i33 N.5, 1
None 1,96 (6) 2,25 (6) 0.29 + 0,27 1,07 N.S, . 2
1 788 (6) L9 (6) 3:09 £ 0,33 9iLS <.o1 3
2 377 (9)F 2,10 (9) 1:37 + 1.5L 0.89 W.S. L
3 2,18 (6) 3:06 (6) 0,88 = 1;79 0.9 W,s, 5
6 2:,49 (9) 2,13 (9) 0;36 + 1,02 0,35 W.S; 6
6 2,37 (5) 1.85 (5) 0.52 + 0,83 0,63 WH.s, 7
10 3066 (5) 2,70 (5) 0.bS : 1.18 081 .S, 8

In parenthesis: nmuaber of animals
% Significantly different (P 0,01) from combined TSR values at
room temperature,

In the untreated onimcls, the TSR is significontly increased
over the room temperature level during the first and second
weeks in the cold; it‘then returns to control levels to rise
agoin significantly after ten weeks of cold exposure. In the
treated animals, the TSR is increased curing only the first
week, but this augmentation is significontly lesser than that

observed in the untreated animals for the same period.
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3. Discussion and conclusion,

The significance of these results connot be properly
evaluated unless the technique used is entirely relicble,
Since its original description (Reineke and Singh, 195;5,
it has been usel by different investigators in a variety of
experimental conditions (Henneman, Reinekeland Griffin, 1955;
Lodge, ILewis and Reineke, 1957; Wada, Berswordi-Wallrabe and
Turner, 1959; Pipes, Grossic and Turner, 1960; Premachandra
and Turner, 1960; /ndcrson, Grossic and Turner, 1961; Himeno,
Tanabe and Xomiyamz, 1961; Van Heyningen, 1961), They all
seem to accept the validity of the technique, although Henne-
man et al, and Lodge et al, observed that an incresed release
of thyroidal iodine is obtained when doses of thyroxine larger
than the calculated TSR value are administered, which they
discard as indifferent to the velidity of the ﬁechnique. We
also have obscrved this phenomenon, & likely explonation of
this occurence would be that the increased relezse is caused
by the return of labelled thyroxine from the intra- and extra-
vascular spaces of the thyroid into the general circulotion
to equilibrate with the excess of exogenous thyroxine introd-
uced, This suggestion is supported by the finding that the
specific activity of thyroxine in the plasma is increased
following the administration of a load of non-labelled thyr-

oxine in rats previously injected with radioiodine (Ingbar




AR s e s et

- 22 -

and Freinkel, 1960). A more serious criticism may be voiced
against the TSR tochnique following the observation by Héroux
(personal communication) that comparable groups of.similarly
treated rats were found to have different TSR values according
to the starting dosage level of thyroxine injected for the
determination, the TSR being lower when the dose of thyroxine
was lesser., This finding casts serious doubt on the very basic
assumption of the technique: the proportional inhibition of
icdine release by the administrotion of progressively increas-
ing doses of thyroxine (Perry, 1951). We have undertaken Yo
verify Héroux's observation; if it was confirmed, the validity
of the technique would hove to be reassessed, and it would
show that, despite the cnormous volune of publications on the
internzl physiology of the thyroid, it is far from being well
unierstood,

In this perspective, our conclusions can only be accepted
with prudent reserve. In untreated rats, the increase in thyroid
function upon aexposure to cold appears to bz o biphasic phenom-
enon, How long is o higher secretory rate maintained after the
tenth week has not been determined, but Héroux (personal come
munication) has found sceretory rotes of 6O—acclhnated rots
to be higher thon those of 30%-acclimated ones three months
after exposure to cold; however thesc findings can hardly be

comparel to ours, since rats ccclimated to 30°, in the zone

e s s kR
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of thermal neutrality, arc dikely to have a decrease thyroid
function as compared to our controls kept at room tempercture,
In the treated animals, the TSR values observed apﬁear to show
that ascorbic acid administration decreascs the need for thyroid
hormones in cold-exposed animnls, since the TSR is increased
only during the first week and less so then in the untreatod

animals,

C. Biosynthesis of rrcorbic acid.

1., Protocol.

The liveré were removed at autopsy, immediately frozen
on Jry ice and kept in a decp~freeze refrigerator. Tests have
snown that the enzyme activiity survived storage of the whole
tissue, homogenotes or fractions in the frozen staie (Grollnn
and Lehninger, 1957),

The animols used for the Jeterminations were sampled ot
random from the groups used for MRS (six weeks of cold exposurc)
and from those used for TSR measurcment after one, two ond three
weeks in the cold, The animnls kept at room temperature were
separate groups, and the treated ones had received ascorbic
acid for six weeks before removal of the liver.

2. Results.,
The results appear in %able 6, page 2L.
Although the chonge is not significant. both the treated

)

and untreated rats showed o decrease in liver biosyniicsis of
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Table 6. Effects of cold exposure and ascorbic acid (\4) admin-
istration on the biosynthesis of ascorbic acid,

Wecks in
-~ Al + AL

the cold

None  13,18£0,73 (6) 12,78:0;63 (6)

Difference
+ S, E.
0,40+0,96 O.li2

1 5.97+0,11(10)  6,93:0,68(13) 0,96:0.69 1,25
2 10,31£2,02 (7)  9.37+1.L8 (7) 0.9ht2,50 0,38
3 10,8L4+0,98 (5) 12,70:0.33 (Lh) 1,86+1,03 1.50
6 20.53:2,59 (6) 13.56:0.77 (6) 6.97x2,70 2,58
fnalysis of variance: F P
- L 13.55 < 0.01
* LA 9,29 <0,01

Duncant!s test:

- 4L 5,97 10,31 10,84

13,18 20,53

+ 4L 6,93 9.37 12470

12,78 13,56

NoS,
HeSs
N.S,
.S,

<0,05

In parcnthesis: number of onimals.,

ascorbic acid after one week of cxposurc to cold, .fter six

weeks of cold exposure, the untreated animals exhibited a signi-

ficant increase of Engyme IIT activity, while it stayed at roon

temperature level in the treated ones exposed to cold for the

same time, [t roon temperature, the animals treated for six

weeks with ascorbic acid did not show any change in the bio~-

synthesis of this substance.
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3. Discussion and conclusion,

Before procecding with the discussion, it is essential
to remind the reader thet the results obtained do‘not neces-
sarily reflect actucl reaction rates in the intact organ, but
merely permit an appraisal of what should be expected in vivo.

It has been obscrved that tissue levels of ascorbic acid
are increased in the organs of cold-arposed rats (Dugal and
Thérien, 19L47a) and guinea pigs (Dugal and Thérien, 1947a and
b; Thérien and Dugal, 1947), while the urinory excretion of
ascorbic acid is increased in the rat and decreased in the
guinea pig (Thérien ond Dugal, 1949). These observations sug-
gest that exposure of rats to cold induces an increase in asc-
orbic acid synthesis with o consequent elevation of tissue
levels despite the increascd excretion, while the guinen pig
increcses its tissuc levels by reducing the urinary loss of
this substance.

These authors have observed that the increase in urinc-
ry excretion of ascorbic acid is izmeliate following exposure
of rats to cold; since we have observed that, at this time,
the rate of biosynthesis of this substance is not increassd,
some of it rmust be lost by the tissues, Later, that is some
time between the third and the sixth weck of cold-exposure,
and certainly at the sixth week, the rate of bilosynthesis 1s

increased; this would account for the elevation of tissue
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levels at that tinme.
Our results show that the daily administratipn of ascor-
bic acid does not modify the rote of its syithesis during the
first threec weeks of exposurc to cold, It thus seems that the
extra-vitanin given during this period provides the animal with
an anount of this substance eXceeding its cabacity to obtain
it from endogenous source. Since ascorbic acid has beneficial
effects in thesq animals, it follows that it rust be used soric-
how by the organism, thus emphosizing the physiological impor-
tance of early administration of this substance to cold-exposed
animals,
The chronic administration of ascorbic acid has been
Tound to provent‘the increase in its biosynthesis after six
wacks of exposure to cold. Since it has no such effect at room
temperature, it would seenm that, in cold~exposed animals, it
either inhibits the mechanism activating the biosynthesis or
suppresscs the stimulus for its activation. The increased rate
of biosynthesis in rats which have reached the state of accli-
mation could also mean that, at this stage, they would be less

dependent upon an exogenous supply of this vitamin,
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ART  THREE

General discussion and conclusions

The results obtained in thesc erperinents provide cvide-
ence that ascorbic ccid ~dministration does not affect the
changes in metabolic rote induced by exposure of the rot to
cold., The incrense in metabolic rate being the most imw_:;ortant
feature of cold acclimation (Hart, 1958 on? 1960), one of the
possible explonations for the beneficial effects of ascorbic

acid administration to cold-exposel snimnls wns a direct in~

fluence on the level of heat production. Since the energr riet-
gy

cbolism was the same in both trezted and untreated ~nimals,
the effects of ascorbic acid must be sought at the level of
the mechanisms responsible for increased heat production,
Such effects could be exerted indircctly through the thyroid
hormones or dircctly by some vicorious action, In either case
the need for thyroid hormoncs would be reduced,
Ldministration of ascorbic acid hos been shown to de-
crease the stimulation of the thyroild gleond in both the rat
(Desliarais, 1955) on? the guinea pig (Desiiarnis and Gagnon,
1955) exposcs to cold, Since the administration of ascorbic
acid was without cffect on the sensitivity of the thyroid

gland to thyrotrophic hormonec (Desliarais, 1958), its influ-
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ence on the thyroid gland was belicved to be exerted through
the fead-back mechanism or the blood level of thyroid hormones.
This was indirectly supported by the finding thot tﬁc need! for
thyroid hormones was decreosed in thyroidectomized animels
given ascorbic ncid, ot least during the first week of cold
exposurc (Desilorais, 1956). With 2ll due reserve as to the
validity of the technigue use, it is comforting to nofe that

h

this observation of Desilarais is confirmed by our fining that

the increascel in TSR observed during the first weck is signif-

icantly lesscnel by ascorbic acid ciministration., Thus the
previous assumption that the inhibiting action of ascorbic
acil on the stirmlation of the thyroid by cold exposursc was
duec to a docroaséi level of circuloting thyroi? hornones ap-
pears to be correct, .scorbic ccid would thus act at the pe-
ripheral level either through enhoncement of the activity of
the thyroid hormonecs on the release of encrgy or by o direct
nction on o cormpetitive process of energy liberation. Zvidence
ecxists for the two moles of action,

Thyroxine an? its onaloguss have been shovm to uncouple
oxidative phosphorylation (Solomon and Dowling, 1960), pro-
ducing this effect by altering the permeability of the mito-
chondrial membranc (Dickens and Solmony, 1956; Haruyama and
Koboyashi, 1956). The uncoupling of oxidative phosphorylation

by the thyroid hormones Jecreasecs the efficiency of the syn-
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thesis of .TP with o conscquent loss of energy as heot, cnergy
which woull otherwisc have been stored by the organism, The
role and importance of this mechonism in cold acclimation hos
; been emphasized by Smith (1960 ~ and b)., On the other hand,
monodchy roascorbic acid, the active form of ascorbic acic,
favors the transport of clectrons through the cytochrome sys-
tom without increocsing phosphorylation (Cooperstein, 1959;
Xiclly and Dronk, 1957). It would be of interest to see‘vfrhether
or not this effec’é, of ascorbic a2c¢il is exertel through the
thyroid hormones, If such, it woull explain vhy less thyroid
hormones are nected by coll-exposel rats given ascorbic acid
to produce the some amount of heat as the untreater ones.

The possibility of ascorbic acid hoving o direct effect
on oxygen activation ond hence on cnergy release has also been
demonstroted, Recent studics (Staudinger, Krisch and Leonhauser,
1961; Strittmatter onl Velick, 1956) have actually demonstrated
a flavoprotein-cobalyzed electron traonsport from DRH to oxygen
only in the prescnce of catalytic amounts of oscorbic acid.
Avidence for this mcchanisﬁ, suzgested by Kern in 195L, has
been confirmed by direct measurenent using olectron resonancs

oo

..

spectroscopy (Yomanzaki, linson ~nl Pitte, 1959 ), Dehy’roascor-
bic acid was showm to act as the intermediate hydrogen acceptor
in the system, since it is impossible for ascorbic acid to

accept hydrogen in its retuece’ form,

e
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These two mechanisms of ascorbic neid activity at the
level of encrgy rélense, either ldirect or through the thyroil
hormones, ore not rwtuslly exclusive: they wouldlnot appear
to be alditive either, since the total energy release (metab-
olic rote) is the same with an without ascorbic acid admin-
istration., It thus remains thet they would ba corppetitive,
other factors being theoritically capble of fnvoriﬁg one or
the other.

This disgussion clearly outlines the direction of future
research on the mole of action of ascorbic ceid in cold-exposed
oninals, Scveral avenues ore open to research and should re—
quire the 2iligence of nany workers in various disciplinés,

In conclusion, our ocxperiments have proviled svidence
of a relotionship, dircct or indircet, botieen ascorbic acil

and the thyroid hormones in coll-expose’ animals,
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