INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UMI films
the text directly from the original or copy submitted. Thus, some thesis and
dissertation copies are in typewriter face, while others may be from any type of
computer printer.

The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality illustrations
and photographs, print bleedthrough, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand corner and continuing
from left to right in equal sections with small overlaps. :

ProQuest Information and Learning
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA
800-521-0600

®

UMI



N e e it ST TIE



ERRERIEE THRINR

T —— bt A s et o+

THE VITAMINS A AND C STATUS OF THE RAT AND GUINEA PIG,
AS INFLUENCED BY THE LEVEL OF VITAMINS A AND C INTAKE,

DIET COMPOSITION, CALORIE INTAKE AND EXPOSURE TO COLD,*

by

Paul A, Lachance

Submitted in partial fulfillment for the
degree of Doctor of Philosophy in Biology
University of Ottawa

June 30, 1960
&ﬁnéwo%

i
[f‘lr@ Candidate

N
S .
BIBLIOTHEQUES
¢ LIBRARIES 4\0

(Y 4
'ersity of o®

<" Supervisor

* This research was aided by a grant from the

National Research Council of Canada (MT 698)

() Paul 4. Lachance 1969

“




UMI Number: DC52537

INFORMATION TO USERS

The quality of this reproduction is dependent upon the quality of the copy
submitted. Broken or indistinct print, colored or poor quality illustrations and
photographs, print bleed-through, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

®

UMI

UMI Microform DC52537
Copyright 2007 by ProQuest LLC
All rights reserved. This microform edition is protected against
unauthorized copying under Title 17, United States Code.

ProQuest LLC
789 East Eisenhower Parkway
P.O. Box 1346
Ann Arbor, Ml 48106-1346



To my Wife,

Thérdse




ACKNOWLEDGEMENTS

Words of thanks are not sufficient to express my
gratitude for the quality of the immeasureable understanding
and scientific leadership given.to me by the 'patron' of this
thesis, Dr. André DesMarais.

A sincere thank you is extended to Dr. Louis-Paul
Dugal, Chairman of the Department of Biology, for his personal
interest and assistance,

Many thanks to Drs. Q.N. LaHam, C, Godin, E.O. Dodson,
Mr. J. Vaillancourt and other membérs of the departmental staff
for their suggestions and encouragement,.

Special acknowledgement is duéuMiss Louise Sheppard
whose technical assistance, executed with unselfish devotion
and complete thoroughness, allowed me to visualize the
completion of this thesis in a minimum of time.

A vote of gratitude is dueer. Jacques Hélie for his
expert preparation of the histological material, Mr. &.
Ben-Tchavtchavadze for the excellent photographs, and to
the members of the techmical and secretarial staff for their

cooperation,




ii
ABSTRACT

An enigma has existed since 1948 concerning the possible
interrelationship of vitamin A and vitamin C. We first examined
this possible relationship by taking advantage of the known
effects of’cold on tissue ascorbic acid. We found that
vitamin A deficient rats had a decreased resistance to cold
and that prior to beceming moribund, their vitamin C status
was unaffected by the deficiency. The administration of
vitamin C during the terminal stages of vitamin A deficiency
did not alleviate the signs of vitamin A deficiency nor prolong
survival in the cold.

The data of the above exper;ménts called our attention
to the importance ang necessity of utilizing the pair-feeding
technique and a vitamin A deficient test diet of a different
composition. We found that the onset of vitamin A deéiciency
at room temperature occurred ten days earlier on a yeast-free
vitamin A deficient test diet. 1In addition, the control aﬁimals
on the new diet had a distinct tendency for a better weight
gain, a smaller liver and an increased liver storage of
vitamin A, Exogenous vitamin C administered from the onset
of the experiment dfd not retard nor ameliorate the course
of the deficiency or the survival of rats fed either the

U.S.P. or a yeast-free vitamin A deficient test diet.
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Administered vitamin C was readily taken up by the liver
of rats on the yeast-free test diet but not by the liver of iats
on the.U.S.P. yeast~containing vitamin A deficient tesf diet.
We believe this difference in composition of the test diets
explains why a number of investigators were unable to find
modifications in the ascorbic acid status of their animals
after treatment with vitamin C,

Pair-feeding adequately accounted for the decrease in
liver reduced ascorbic acid which occurred in terminallvitamin
A deficiency. Evidently, no relatiqnship exists between the
rat's resources of vitamin A and its capacity to synthesize
ascorbic acid,

Reduced glutathione does nof seem to be the yeast
factor which p;events the liver uptake of exogenous vitamin C.
But, the administered reduced glutathione enhanﬁed liver.
storage of vitamin A in normal rats and hastened the onset of
the body weight gain plateau of vitamin A deficient rats by
approximately five days,

Guinea pig experiments demonstrated that treatment
with moderate amounts of vitamin A did not hasten nor retard
the development of scurvy. In addition, it was found that
the absence of liver vitamin A in the guinea pig had no

effect on the uptake and storage of supplemented vitamin C.
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Investigation into the beneficial effect of a high fat
diet in the cold and the role of vitamins A and C revealed
that increased fat in the diet exerts distinct beneficial
effects in the cold, which are not enhancec when the diet is
eaten in excess, We believe the mechanisms by which fat
becomes a superior dietary constituent, are probably brought
about by a conservation of energy resulting from a decrease
in active lipogenesis and a decreasec in specific dynamic action
of non-fat foodstuffs. Fat promotes these decreases directly
and also promotes an increased efficiency of the intestinal
tract. The resultant energy conserved becomes available for
heat production, |

In the cold, indicafions were found supporting the
hypothesis that ascorbic acid may be intimately associated
with some phase of fat metabolism. The requirement off
vitamin A in the cold was noticeably increased on the high

fat diet.
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A POSSIBLE INTERRELATIONSHIP BETWEEN VITAMIN A AND VITAMIN C.

Introduction:

The problem of a possible interrelationship between
vitamin A and vitamin C may be examined from two different
aspects:

I. The effect of (a) Ascorbic acid deficiency and (b)
exogenous ascorbic acid administration on the level and
function of vitamin A,

II. The effect of (a) vitamin A deficiency and (b) exogenous
vitamin A administration (in doses which may or may not
induce hypervitaminosis A), on the tissue content of Ascorbic
Acid,

This problem has been reviewed by Ratgimamanga (159),
Reid (161) and Terroine (212). All reached the conclusion
that there exists data for and against a possible interrela-
tionship and that it remained an unanswered hypotﬂeSis which
only further experimentation would decide, ‘

Ia, The effect of a vitamin C. deficiency on tissue vitamin A.:

The litergature pertaining to this approach to the
problem, is to our knowledge limited to that of Mitolo (131),
who reported that the vitamin A, and B-carotene content of
the livers of écorbutic guinea pigs averaged a little lower

than in hormal animals, Food intake was not controlled.




Ib. The effect of Ascorbic Acid administration on tissue

vitamin A,:.

’

Two clinicalzrep6rts which probably prompted the research
which followed are those of Stewart (202) and Ximble and Gordon
(109). The former reported that ascorbic acid in daily d§ses
of 150 mg.'produced as great an improvement in dark adaptation
of human subjects as did a daily dose of 24,000 I.U. of vitamin
A. The latterﬂg%served thét the administration of ascorbic
acid (dose not specified) caused an imprévement in night vision
which had not occurred with daily doses of vitamin A. (200,000
I.U.) alone,

Bassett et al. (9) found that the incorporation into the
diet of 4 mg. ascorbic acid per 100 gm. of diet increased the
plasma and tissue levels of vitamin A in foxes and mink, and
concluded that the synthesis of vitamin C is dependent upon
the supply of vitamin A, Mayer and Xrehl (127) claimgd that
the survival time of vitamin A deficient rats was proloﬁged
by the administration of aécorbic acid (100 mg./100 gm, diet).

On the contrary, Helmboldt et al. (95) administered
2.0 gm. of ascorbic acid subcutaneously for 14 days to six
vitamin A. deficient calves without observing evidence of an
amelioration of the deficiency signs. A lack of effect on
the survival and physical condition of rats made deficient on
the U.S.P. vitamin A. test diet supplemented with 5 gm. of

ascorbic acid per Kg. of diet was reported by Guerrant (87).




-3~

ITa., The effect of vitamin A deficiency on the tissue content

of Ascorbic acid:

‘Several investigators have shown a reduction in the
ascorbic acid content of the organs of vitamin A deficient
rats. Sure, Theis and Harrelson (206) using the pair-feeding
technique found the vitamin C tissue level (heart and kidney)
moderately (20%) decreased in vitamin A deficiency. Signifi-
cant decreases (40%) in other organs including the liver, were
found only after the rats were repeatedly depleted ( 2 or 3
times) over a period of 127 to 238 days. They also noted that
4 to 16 mg. of ascorbic acid given orally every day did not
result in an increase in the tissue concentration. Sangiorgi
(176) and Ghosh et al. (84) observed a decreased excretion
of ascorbic acid in rats made vitamin A deficient. Sutton
et al, (208) also observed that rats deficient in vitamin A
excrete less ascorbic acid than non-deficient animals:
Limiting the vitamin A intake (10,20,30 I.U. vitamin A/day/
Xg.b.wt.) resulted in corresponding decreases in the blood
plasma ascorbic acid. They also noticed that ascorbic acid
excretion was invariably higher on the stock diet (not
specified) than on the vitamin A supplemented U.S.P. test
diet. Sjoberg (1945 and Jonsson et al. (107) found decreases
in rat serum ascorbic acid which they correlated with the

clinical progress of vitamin A deficiency; and moreover,




correlated this with histological changes in the teeth and
muscle which they believed were due to scurvy. They also
noted that exogenous ascorbic acid did not benefit their
vitamin A deficient rats. 1In cattle suffgring from vitamin A
deficiency Boyer et al. (19) (154) reported that there occursed
a progressive decrease in plasma and cerebrospinal fluid
ascorbic acid and that this could be raised by the administra-
tion of vitamin A. Eaton (59) recently reported that in

such cattle, though they have a decreased plasma ascorbic

acid level,that vitamin C failedto relieve the deficiency
symptoms although the response to vitamin A is immediate.
Other investigators experimenting with vitamin A deficient
chickens (17) and horses (91) reported that plaéma ascorbic
acid levels were unaffected by the deficiency.

Irrespective of the previously mentioned works, this
aspect of the problem became decisively split into two
distinct "camps" with the publication in 1948 of tﬁe experi-
ments of Mayer and Krehl (127) (128) at Yale, and that of |
Mapson and Walker (121) at Cambridge. |

Mayer and Krehl:

They observed signs resembling scurvy in rats maintained
on a high protein (60% casein) vitamin A deficient test diet;
and also noted that a high protein intake made more acute

the decrease in the efficiency of food utilization of the
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deficient animals. Administration of ascorbic acid ( 50 mg.
I.P.) to these animals alleviated the " scorbutic symptoms"
but not the vitamin A deficiency symptoms. Rats fed *ad
1ibitum' for 37 days on a vitamin A deficient test diet
containing 25% casein had decreased liver, adrenal and
blood ascorbic acid levels, Administration of ascorbic
acid (100mg./100 gm.diet) at this time returned the liver
and adrenal vitamin C to values approaching that of the
controls. (No mention of survival studies are made in this
experiment). The fact that the exogenous ascorbic acid was
taken up is of considerable interest because as we have
previously noted, others (205) (107) had failed to observe
this. Reid (161) suggested that this failuré might be due
to the use of yeast as a source of the B vitamins. Mayer
and Krehl supplemented the B vitamins in crystalline form.
(Por a comparison of the diets of various investigaQofs

see table 23.)

The controversial experiment which provided the mést
emphatic data in favor of vitamin C, is the omne in which
rats of two different strains (Yale and repeated with Sprague-
Dawley) fed theig A,diet (25% casein), supplemented with
ascorbic acid (100mg./100gms) from the onset of the deficien-
cy, had alloo% survival at the 80th day of the deficiency,
whereas the unsupplemented vitamin A deficient animals had

all died within 40 days.




Mapson and Walker:

They determined the level of ascorbic acid in the
liver,. adrenal and whole blood of vitamin A deficient rats
and compared these values to those of 'ad libitum' fed
controls and *pair-fed' controls., Moreover, they studied
the effect of administering chloretone to determine whether
the increased synthesis of ascorbic acid, which it is known
to induce (115) (196), occurred in rats deprived of vitamin
A, They confirmed the findings of previous investigators,
that the ascorbic acid content of the liver and blood was
diminished in vitamin A deficient male rats; and also that
this diminution was not due to increased urinary excretion
of ascorbic acid, However, they dgmdnstrated that the reduced
ascorbic acid values could be accounted for by the lowered
food intake of the deficient animals., Moreover, the rise in
urinary excretion of ascorbic acid in response to chloretone
was less in vitamin A deficient rats than in non-deprived
ones, but this difference was eliminated if the food intake
was restricted to that of the deficient animals. In addition,
they noted that vitamin A deficient female rats did not have
lowered tissue ascorbic acid concentrations. They concluded
that in their experiments no specific relationship was found
between the rat's resources of vitamin A and its capacity to

synthesize ascorbic acid.
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IIb. The effect of Vitamin A administration on tissue

ascorbic acid:

It is our contention that practically all the research
which has been done in this field is not directly applicable
to the problem, because it is primarily the study of excess
vitamin A (hypervitaminosis A) which in itself is a patholo-
gical condition. However mention of some of the more
significant contributions is made for the indirect insight
which they do convey to the problem.

In 1922, Mouriquand and Michel (140) reported that an
excess of cod liver oil interferes with the cure of scurvy
in guinea pigs. Collet and Erickson (25) confirmed this
finding but also observed that a more moderate (2,400 I.U./day)
excess of vitamin A did not interfere with the ascorbic nacid reqgmt.
Vedder and Rosenbery (224) reported that rats given large
doses of vitamin A (100,000 I.U. daily) as jewfish oil,
developed scurvy-~like symptoms with a significantly decreasged
excretion of ascorbic acid. Supplementation with 5 mg. oé
ascorbic acid per day gave almost complete protection.

Rodahl (169) confirmed this, and in further studies (168)
found that large doses of ascorbic acid (50 mg./day subcuta-
neously) administered to either rats or guinea pigs did not
afford protéction against massive doses (50,000 I.U.) of

vitamin A, But this quantity of vitamin C was beneficial
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in counteracting a moderate excess (25,000 I.U.) of vitamin
A. Morehouse (138) found that the concentration of ascorbic
acid became progressively lower as the daily dosage of
vitamin A was increased from 20,000 I,U. to 80,000 I.U.
But Eeg-Larsen and Pihl (61) reported that the fall in serum
ascorbic acid in rats treated daily with 20,000 I.U. to
40,000 I.U. of vitamin A was the same as that in rats showing
the same weight loss after pair-feeding.

Neiman and Obbink (142) have written an excellent

review on the biochemistry and pathology of hypervitaminosis A,

Concliuding remarks:

Since 1955, when this subject was last reviewed (212),
no data directly related to the solving of thié vitamin A-
vitamin C relationship debate have been published. We believe
our experiments confirm the work of Mapson and Walker that
decreased food consumption can account for the decrea;ed
level of liver ascorbic acid in vitamin A deficient male albin§

rats.
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VITAMIN A and the THYROID

Introduction and history:

‘There are numerous reports concerning an antagonism
between vitamin A and the thyroid (13) (135) (198). It was
first suggested in 1932 by von Euler and Klussman (225),
who found ;hat injected thyroxine induced vitamin A deficiency,
and that the loss of weight sustained by rats receiving
thyroxine was largely compensated for by the simultaneous
feeding of carotene. The fact that thyroxine hastened the
onset (xerophthalmia and vaginal keratinization) of vitamin
A deficiency in rats was confirmed by Greaves and Schmidt
(85) and Sure and Buchanan(204). Weise et al. (226) found
that surgical or chemical (thiouracil) thyroidectony
prolonged the lives of rats deprived of vitamin A. Moore
(136) points out that the presumed interaction can be explained
as effects on the metabolism of vitamin A which were due to
an increase or decrease of B,M.,R., resulting from an increase
or decrease in circulating thyroid hormones, However he
admits that the evidence that vitamin A can oppose the action
of thyroxine in its effect on the metabolic rate, advances a
stronger case for a specific antagonism, Logoras and
Drummond (114) reported that vitamin A (1,000 I.U. per day
orally) tended to protect rats against the loss of weight which

injected thyroxine (100 ugm./2 days) caused; but vitamin A
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did not protect against a similar increase in metabolic rate
induced by 2,4, dindatrophenol, Similarly, the side effects .
of injected thyroxine (llmg./day) given to cows to increase
lactation are reported to be ameliorated when vitamin A
(100,000 I.U./day) is also supplemented (147). Belasco and
Murlin (11) measured the B.M.R, of rats which had received
thyroxin (0.2mg./100gm.b.wt. for 6 days) with or without
vitamin A (2,000 I.U./day for 8 days). The administration
of vitamin A decreased the metabolic rate by 30%, Sheets
and Struck (192) observed a non-significant tendency for a
decrease in metabolic rats when 20,000 I.U.vit, A/day was
administered to raf@.

deficiency:

e - A — S——— o ——

I. _Thyroid histology and func

Assuming that an antagonism between vitamin A and
thyroxine does exist, one might expect that in the lack of
vitamin A, the thyroid activity would increase. '
Histology:

McCarrison (141) and Spence (199) noted hypertrophy.of
the thyroid gland and abnormal distention of the follicles in
vitamin A deficienf rats. Others (132) (220) reported that
not only where the_follicles filled with colloid but that the
epithelial cells were flattened., However, DeRuytter (38)
stated that'in severe avitaminosis A, the thyroid atrophied

and showed epithelial degeneration, Coplan and Sampson (29)
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noted that vitamin A deficiency produced definite hypertrophy
in the thyroid of the female rat but consistant atrophy in the
male.. Several authors (50) (174) including Sure (203) and
Remington et al, (163) stated that no significant changes in
thyroid weight were seen during vitamin A deficiency. Drennan
et al. (50) and Schulze et al, (182) reported "a tendency to
activation®,

The apparent lack of aggreement in many cases might be
attributed to the variable composition of the vitamin A
deficient test diet utilized. Some of the diets were probably
low in iodine content, and/or may have contained foods which
were capable of either inhibiting or stimulating the thyroid.
Moreover fhe lack of true controls and pair—fea controls
could have resulted in misinterpretation of the data. 1In
addition, there is no doubt that the sex of the animal alters
the response to vitamin A deficiency (134).,

Thyroid function studies: 1131:

Lipsett and Winzler (113) are the sole investigatofs
who have studied the effects of vitamin A deficiency on the
function of the thyroid with radiocactive iodine. On a U.S.P.
Vit. A deficient test diet which contained only 16-17 ugm./Kg.
of iodine, they obéerved that vitamin A deficient rats (on the
diet 2 dayé from date of weaning) had thyroid weights which

were almost twice that of the equi-weight but not simultaneous
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controls. The histology of these glands showed some area of
distended follicles with flattened epithelium, while other
areas showed degenerative changes. The control thyroias ha&
slightly enlarged follicles due to the low iodine in the
diet. The total 1131 taken up by the thyroids was notdiffe-
rent but because the thyroids from the vitamin A deficient
animals were larger, the uptake per mg. of thfyroid was
lower. Though the same percentage of injected 1131 yas
picked up by the thyroids of both groups, the quantity of
inorganic iodine found in the thyroids of the vitamin A
deficient animals was higher, and the amount of bound iodine
was lower. They believed their results indicated a decrease
rate of conversion of inorganic iodine to organic iodine in
the vitamin A deficient rat, |

Thyroid function studies: B.M.R.:

In 1934, Chevallier and Baert (24) reported tha:t the
energy requirement of vitamin A deficient rats was increased
by 13%. However, other workers (110) were unable to find-a
noticeable effect. According to Blaizot and Benac (16) they
were able to confirm Chevallier and Baert's observation,

The former authors (16) state that vitamin A deficiency
provoques an increcase of 10 to 25% in the oxygen consumption
which develops before weight gain stops and ocular signs

become noticeable. We question the reliability of these data
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because 1, the measurements were made on non-fasting animals,

2. the controls were not pair-fed, 3. the results were expressed
as a function of age rather than weight or surface area, 4,
thyroid weight and/or histology was not attempted. They claim
that fasting has little effect on the Q02 reading because the
rat eats often and little at a time. Our observations have

been that the rat is a night animal and that activity, food
consumption and excrement are increased during the night.

Their non-fasting results would probably have been more reliable
had their controls been pair-fed. They showed that with

normal rats, the oxygen consumption expressed as a function of
age was identical to that expressed as function of weight,.

We feel that this correlation would probably not exist in a
deficiency state,.

Also in 1955, in France, Olivereau and Serfaty (146)
reported that vitamin A deficient male rats had thyr&ids whic§
showed epithelial involution, but that the B.M.,R, remained
normal; but, there was an increase in the 'in vitro' oxygen
consumption of certain tissues,

II. Thyroid histology and function in hypervitaminosis A:

According to Drill (58) and Simkins (193), the consensus
of many workers, who reported on the weights and histologies
of the thyroid gland when excess vitamin A was administered,

is that a high intake of vitamin A causes a decrease in the
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weight of the gland, dim#nution of colloid and epithelial
hyperplasia, The mechanism by which this occurs has been .
postulated by Sadhu et al., Ray and Sadhu (160) have shown

that there is a decreased liver activity in hypervitaminosis
A and that therefore there is a decreased destruction of
thyroxine which leads to a hyperthyroxinemia (173) which
causes a decreased secretion of T.S.H., and small sized thyroids.
Direct opposition of large doses of vitamin A to the action
of T.S.H., was reported by Schneider (178) and Fellinger and
Hockstaid (71), Danowski et al, (31) reported that the
supplementation of 30,000 I.U. of Vitamin A per day to rats
for 12 weeks induced a slight but definite decrease in P.B.I..
No conclﬁsion can be drawn from this latter wérk because the
free thyroxine blood level and thyroid histology were not
considered.

Though'no mention has since been made, Belasc& and
Murlin (1940) (11) and Sadhu and Brody (1947) (172) suggested
that the double bond of vitamin A might be capable of taking
up one or both forms of circulating iodine and thus when
vitamin A was present in excess, somehow reduce the effecti-
veness of thyroxiqe.

III, Thyroxine therapy vs. hypervitaminosis A and vitamin A

therépy vs. thyrotoxicosis:

The use of thyroxine in the therapy of hypervitaminosis
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A, and the use of excess vitamin A in the therapy of experi-
mental and clinical thyrotoxicosis was first suggested by
Fasold and Peters (70). They claimed that in the rat,
thyroxine (0.5mg. s.c. 3Xweek) was effective 4n counter-
acting the effects of excess vitamin A (approx. 30,000
I1.U./day). Bauwmann and Moore (10) repeated the experiment
and found that rats suffered more from the combined excess
of vitamin A and thyroxine than from either alone. Fasold
and Peters (70) also asserted that vitamin A could prevent
the toxic effects of excess thyroxine, however, they admitted
that arachis oil, used as the solvent for their vitamin A,
could itself protect against excess thyroxine, Nevertheless,
confirmatéty evidence for the hypothesis was feported by
several workers (182) (1) (155), and in 1947 by Sadhu and
Brody (172). These latter investigators showed that 30,000
I.U./day/rat itself depressed the rate of oxygen con;umption
by 10%. The same dose of vitamin A depressed the increased
metabolism of thyroxine (lmg./kg./week) injected rats by.
20%. These animals (thyroxine plus vit.A) had an oxygen
consumption 30% greater than that of the untreated controls.
Completely oxidized vitamin A had no effect.

In addition‘to the experiments mentioned, many confusing
and contraaictory clinical reports have been published. No

thorough re-investigation of this hypothesis has been made
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IV. Thyroxine and the conversion of carotene to vitamin A:

We have avoided the use of carotene as a dietary source
of vitamin A because one would then be obliged to consider
the influence of thyroxine on the conversion of carotene to
vitamin A, This subject has been reviewed by Moore (136) and
Lowe and M;rton (116).

V. Thyroxine and the storage and utilization of vitamin A:

Consideration of the consensus of recent investigators
concerning the influence of thyroxine on the storage and
utilization of vitamin A is necessary if a proper interpretation
of the possible effect of cold exposure on vitamin A expendi-~
ture is to be discussed,.

Storage:

There are indications that a short term increase in
metabolic rate may influence the storage of vitamin A, Logoras
and Drummond (114) found that in rats given daily doses .of
3,000 I.U, of vitamin A, treatment with either thyroxine or
dinitrophenol increased the average liver stores by 20%
However, when the metabolic rate is increased or decreased
for a longer duration due to a hyper- or hypo- thyroid state,
the liver storage of small daily doses (100-150 I.U,) of
vitamin A has been feported to be equal to that of control
animals (106) (139), although the liver size in the experimen-

tal groups is either enlarged or reduced.
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Expenditure:

In 1948, Johnson and Baumann (106) found that the
expenditure of vitamin A is significantly affected by the
rate of growth, Weise (226), Sobel et al. (94), Morgan and
White (139) and Arnrich (3) all agreed that the changes in
growth rate have a greater influence upon vitamin A utili-
zation than changes in metabolic rate., Recently, Frape et
al. (78) studied the relationship of vitamin A to the thyroid
function of young pigs. They state that dietary vitamin A
(0 to 64,000 I.U./1b, diet) had considerable influence on
the rate of thyroxine secretion. Insufficient and excessive
intakes of vitamin A lowered the rate of secretion., They
believe that vitamin A exerts a direct effectAon thyroid
function because they found a negligible relationship

between thyroid secretion rate and growth rate in the pig.
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VITAMIN A DEFICIENCY and the TESTIS

Introduction:

‘In our investigation into the effect of vitamin A
deficiency on the vitamin C status of the rat, we have taken
the wet weight of the testis, and in some experiments, the
histology of the gland and the wet weight of the seminal
vesicles, as a reliable relative index of the progress of
the deficiency.

Vitamin A deficiency:

Atrophy of the testis is a constant occurence in
vitamin A deficiency. In 1924, Gross (86) and in 1925,
Wolbach and Howe (228) found a reduction to about half the
usual size.in rats. Many investigators confirﬁed this finding
in rats (122) (69), mice (230) and guinea pigs (229). Mason
(123) reported that the germinal epithelium of the testis is
injured earlier and more severely than other epithelfal
structures. He noted, however, that the injuries cau sed
to the testis by deficiency of vitamin A, unlike those
caused by vitamin B deficiency can be cured by prolonged
treatment with the vitamin.

According to Moore (135) "the extent to which vitamin
A is concerned in fhe development and maintenance of the
epididymes,'seminal vesicles and prostate glands, has not been

completely elucidated™., Mayer and Goddard (126) believe the
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seminal vesicles fail to develop because of a deficiency in
the function of the testis which is a consequence of a
pituitary abnormality. On the other hand, Mason (123) and
Sutton and Brief (207) both concluded that the lesion in the
testicular epithelium is a primary effect of vitamin A

deficiency, and not a secondary effect of a pituitary lesion,
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RESPONSE TO COLD AS INFLUENCED BY DIETARY COMPOSITION.

Introduction:

Since 1950, there has appeared an increasing number
of publications concerning the response of animals maintained
at low environmental temperature to diet composition., A
number of observations and their underlying reason have
become established fact. With cold exposure there is an
increase in the caloriec requirement (217) due, at least
partially, to an increase in heat production. That is, the
resting metabolism (12) and the overall metabolic rate (189)

(92) are elevated during cold exposure, Associated with

this increased energy requirement is an increased requirement
for both specific and basic organic constituents.

I. Specific constituents:

The known specific constituents include vitamin A (67)
(158),, Riboflavin and Pyridoxine (65), Pantothenic Acid (66) .
and Ascorbic Acid.

Ascorbic acid:

Dugal et al, (56) (54), have shown that there exists not
only an increased requirement for vitamin C in the cold, but
also that: a. Barly during the exposure to cold, abdominal
organ levels of ascorbic acid increase and become re-established

at a higher level (56); b. Bxogenous ascorbic acid confers a
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definite protection to animals exposed to cold (54) (41),

This latter observation has been confirmed by several
investigators (125) (79) (17)., DesMarais (40) has since
shown, that the beneficial effects of ascorbate administration
are probably mediated though the thyroid hormones. It
increases the efficiency of low doses of thyroxine administer-
ed to cold exposed rats, preventing, at the same time, some

of the typical signs of an alarm reaction. He has since
demonstrated that this ascorbate effect is not mediated
through a direct effect on the thyroid-T.S.H. relation-

ship (42) and has thus postulated that it exerts its effect

at the peripheral site of action of the thyroid hormones.,

II. Basic Organic constituents:

The basic organic constituents are protein, carbohydrate
and fat. Mitichell and Edman (129) reviewed the literature
on this subject in 1950, and concluded that: a. A hiéh~
protein intake is not beneficial in cold tolerance; b, A
high carbohydrate diet is superior in this respect to one‘
in protein; and c. Dietary fat under some conditions improves
still further the beneficial effects of carbohydrate foods.
Fat:

Recent investigations have been focused on whether, in
the cold, fat is preferentially utilized and metabolized

for heat production and/or exerts its beneficial effect by
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supplying a larger number of calories per unit weight and
volume of diet.

.In 1937, Kayser (108) stated that fats were utilized
preferentially for heat production. Later, Dugal et al. (55)
repor ted on the beneficial effects of high fat diets on the
resistance to cold in rats; and Porbes et al (73), comparing
diets in r2sting animals at room temperature, reported that
high fat diets were more effdciently utilized. The latter
authors postulated that there was a higher energy expense
of food utilization with high carbohydrate diets which was
probably related to the cost of the synthesis of fat from
carbohydrates. Templeton and Ershoff (210) studying survival
on single food diets, suggested that’adaptatioﬁ to cold was
necessary for the efficient utilization of fat (margarine).
If rats were exposed to cold (2°C) for 12 days prior to the
start of margarine feeding, the time of survival in the cold,
on this food was increased. from 10 days for non-adapted rats
to 26 days for the pre-adapted animals, The survival time
of rats fed a sucrose diet under the same conditions was
increased from 17 days to 25 days. Moreover, sucrose was the
better diet for survival when animals were at room temperature
or exposed to coldlwithout prior adaptation,

A thorough investigation on the effects of diet and

cold on body composition has been published by Pagé and
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Babineau (150). Irrespective of environmental temperature,
rats on a high fat diet had greater body weight gains than
animals on a low fat-high carbohydrate diet. At room
temperature, increased fat deposition accounted for the
excess weigpt of the high fat group, whereas in the cold (3°¢)
no significant difference in fat content was found, Thus,
in the cold, the high fat diet had a beneficial effect
because growth was actually enhanced as opposed to a mere
increase in energy reserves, Contrary to Mitchell's
hypothesis (130) that the beneficial effects of high fat
diets in the cold might be due to increased insulation
(increased laying down of subcutaneous fat), Pagé and Babineau
(150) (148) demonstrated that the distribution of fat
(subcutaneous vs. adipose vs. skeletal) in rats exposed to
cold was not affected by the amount of fat in the diet.
R.Q. studies by Chénier (23) (151) support the idea that rats
exposed to cold oxidize fat preferentially, and that adapta-
tion to cold is characterized by an increased lipogenesis
from carbohydrate to fat. Because this latter phenomena
occurs only during and after adaptation to cold, Chénier states
that it probably explains why increased dietary fat cannot
pre-adapt an animal:to cold.

On thé other hand, Sellers et al, (188) (183) reported

observations which indicated that moderate variations in the
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fat content of the diet did not have any effect on the growth
rate or survival in the cold. They also observed that the
caloric intake was remarkably constant regardless of the
amount of lipid in the diet. The oxygen consumption (M.R.30C)
of their groups of rats fed high fat diets and low fat diets
respectively and in the cold for 3 months did not differ
significantly, Baker and Sellers (6) found that the glycogen
content of the heart, liver, diaphragm and the perirenal fat
of acclimatized rats was lower than that of room temperature
controls. Blood sugar levels and the glycogen of skeletal
muscle did not differ significantly. After insulin,
acclimatized rats in the cold showed a greater fall in
blood sugar‘than did normal controls ét room teﬁperature.
They (Sellers et al,) believe these results are evidence of
an increased utilization of carbohydrate in conditioned
animals,

Evidence that glucose-is'not used preferentially by
cold acclimated rats has been advanced by Pagé et al. (152)
and Depocas et al. (37). Both observed that, in cold
acclimated rats, more of a given dose of glucose is deposited
as liver glycogen and Depocas et al,. (37) found that over a
two and one-half hou¥ period at -59C, less of the cl4
glucose given intra peritoneally appeared as C1402 in cold

acclimated rats than in controls.
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Effect of cold on the fat content of the 1liver:

Cold has been reported to have a curative effect on
neutral fat fatty liver (16) (185) but not on a cholesterol
fatty liver (21). Recently, Treadwell et al, (215) confirmed
this and stated that the rat at 19C has an increased
capacity fo; metabolizing fat, even in the absence of an
adequate dietary supply of lipotropic factors.

Concluding remarks:

Further research is necessary. The recent reports:
1. of Hausberger and Milstein (93) on the superiority of
lipogenesis in adipose tissue over that found in hepatic
tissue, and the observation that fasting or feeding a high
fat diet abolished lipogenesis in adibose tissue; 2. of
Hill et al. (104) that hepatic lipogenesis is also depressed
by an increasing fat intake even when the carbohydrate
intake is adequate; 3. of Smith and PFairhurst (195) of  a
highly significant depression of the P/0 ratio in liver
mitochondria from cold adapted rats, which is not due to
an increased degradation of A,T.P.; and 4. of Felts and
Masoro (72) that cold acclimation modifies the hepatic respon-
se to fasting as evidenced by a maintenance of liver glycogen,
a lack of fatty acid infiltration and the observation that
liver slices-were better able to oxidize labelled acetate

and palmitate to labelled 002 as compared to fasted non-adapted
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animals; are indicative of a trend toward an understanding of
the process of acclimation to cold at the cellular level and
a realization of the interdependence of the liver and the
striated muscle mass for thermogenesis in the cold, which

in turn may be enhanced by specific dietary modifications,
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THE PROBABLE MECHANISM OF ADAPTATION TO COLD

Introduction:

Because we have utilized cold as a tool in attempting
to discover the site of action of Vitamin C and its possible
interrelationship with Vitamin A, and with diets of various
compositions; we submit a brief review of the literature
concerning the most probable mechanism by which homeotherms
(especially the rat) adapt to cold,

Adaptation, acclimation, acclimatization, or COﬂ%ion—
ing to cold are terms which are often used synonymously to
describe these phenomena . which can be defined as: the
physical and chemical responses of homeotherms when subjected
to temperatures below that which the animal is normally
accustomed to. The term acclimation has been popularized by
the Canadian National Research Council group with the
understanding that it wouldvapply to the changes, metabolic
and otheré, which are observed in animals exposed to cold
under artificial conditions. On the other hand, the term
acclimatization has been applied to the seasonal chamnges
which occur in animals exposed to cold in nature, while
adaptation to cold was to be used only to mean the genotypic
changes which are produced in species subjected to varia-

tions in climatic conditions. Since workers in the field




-28~

often use acclimation and acclimatization interchangeably,

it has been suggested that wconditioning to cold"™ be used
instead of "acclimation"”. It seems imperative that a uniform
terminology be adopted. For practical purposes we will use
the term of- the author being quoted.

I. Adaptation:

The process of adaptation begins when a homeotherm
is placed in a moderate cold (usually 2 to 6°C.). In
general, the milder the temperature, the lower the mortality
and the longer the time necessary for adaptation to set in.
At 2°C a rat is considered adapted after approximately 4
weeks exposure. At this time the an;mal usually has regained
his initial body weight and is gaining., This Qnimal is now
able to withstand short periods of exposure to acute cold
(~59C to -20°C) which are usually lethal to room temperature
animals.

The development of the adaptation phenomenon has been
postulated as being mediated primarily through the agency‘
of the pituitary (219), adrenal (190), and the thyroid (39)
(112b) glands.

Adrenal Medulla:

Depocas (33) has shown that within three minutes after
rats are exposed to cold (6,0°C), the metabolic rate is

increased 2,5 to 3 times. Moreover, pre-adapted animals are
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not only better able to maintain this augmentation but can
accentuate it if the need arises. He (35) has also.shown

that this increase is due primarily to an increased release
(secretion) of nor-adrenaline. However, Thibault (214)

showed that the calorigenic action of adrenaline is reduced

by 90% in the absence of the thyroid. This has been confirmed

by Swanson (209).

Pituitary-Thyroid:

This initial increase of the metabolic rate promotes
a fall in the concentration of thyroid hormones in the
peripheral blood. Harris (89) states that this decrease in
the concentration of the peripheral and’blood thyroid
hormones serves as the stimulus to the thyroid gland,
However, he believes this stimulus is mediated through the
central nervous sytem by a nervous reflex rather than by the
classical feedback mechanism., He has shown that the éctual
stimulation of the thyroid gland by T.S.H. is mediated tﬂbugh
the hypothalamic control of the anterior pituitary secretion
of T.S.H. (90). Moreover, he has relegated the feedback
mechanism of target organ hormones "to maintaining an optimal
level of activity ip the pitui tary organ system under basal
conditions". 1In doing so he has explained how an increased
blood concegtration of thyroid hormones (such as during some

stages of cold exposure) can be maintained without eliciting
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a vigcious circle of events. Incidentally, Harris and co-

workers (89) have als; shown that cold is the only environmen-
tal stimulus which causes an excitation of tﬁe thyroid. All
other stresses, including those involving physical trauma,
cause an inhibition of the thyroid. The results of other
investigators (42) (189) (112) (200) has made it increasingly
evident that the pituitary-thyroid relad#tionship is necessary
for the establishment and the maintenance of adaptation to
cold,

Adrenal cortex:

The work of DesMarais (39) and Héroux and Hart (103)
demonstrates that adrenal hypertrophy is not necessary for
acclimatioﬂ and that adaptation can be acquired'with a
minimum of cortical hormones. Other workers (5) (143) (53)
have shown that adrenal function can be maintained in the
cold without a hypersecretion of ACTH, However, the éhermo-
regulatory efficiency of the thyroid hormones is considerably
decreased in the absence of adrenal cortical hormones (2005
(40). Thus the normal functioning of the thyroid in the cold,
is assured by a minimum quantity of cortical hormones and
adrenal hypertrophy is probably an index of non-adaptation (41).
Consequently, the aérenal can be considered a second lime
of defence, which is brought into play when the thyroid

fails to fully meet the challenge (41).
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II. The maintenance of body temperature in the cold:

The site or sites, in the rat, of heat production and/
or heat conservation in the cold has been postulated as being
a function of all or some of the following:

1. Insulation: a. thickness of fur and/or skin.
b. thickness of subcutaneous fat.

2. Changes in peripheral circulation,

3. Mechanical thermogenesis (shivering) of muscle.

4. Chemical thermogenesis of the viscera.

5. Chemical thermogenesis of muscle (striated).

Insulation:

It is difficult to ascribe inc;eased resistance to
cold to thé development of an increased amount Qf insulation,
Sellers (190) has shown that hair is nottNJ?gctor of great
importance, Moreover, Héroux (102) reported that a reduction
and not an increase in pelt weight occurs in the cold7(6.0°C.)
Pagé and Babineau (150) have shown that subdermal insulation
(subcutaenous fat) is relatively unchanged in the cold, ana

that feeding a high fat diet results in the deposition of

excess fat in adipose tissue rather than subcutaneously.

Circulatory changes:
The following is a modification of a recent evaluation
written by DesMarais (45). It is a matter of common experience

to observe circulatory changes in the skin of the rat exposed
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to cold. Ears and tail become pale and later extremely red
and then eventually succumb to cold injury. This indicates’
vasoconstriction followed by vasodilatation and finélly an
inability to surmount injury induced by cold: first, con-
servation of heat, second rewarming of tissues. The latter
probably occurs too late to reverse the existing cold injury
in these appendages which are wholly dependent on the circula-
tion for heat. (ie. have no underlying muscle with which there
is "direct vertical vascular convection (27)". Recent
observations by Héroux et al. (98) show that rats conditioned
to cold have a larger number of "opened" skin capillaries

with whichvis associated an increased skin temperature. Thus
the skin reaches a state of permanment hyperemia. This
phenomenon protects the skin from frostbite (if it has not
already occufed) but it is far from being economical as far

as heat conservation is concerned., Héroux has found fhét

rats acclimatized to cold as opposed to conditioned to cold
(ie, rats kept outdoors in winter and permitted to nest and
huddle as opposed to artificial cold room conditions) have

a similar increase in vascularization, but the skin temperature
is lowered rather than increased. Maintaining a lower skin
temperature decreases the thermal gradiemt between the body and
the environéent, thus decreasing the rate of heat 1loss.

Indications are that important differences must exist in the
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way homeotherms build up their resistance to cold in
nature, as compared with those exposed to cold under labo~-
ratory conditions, and these await further research.

Chemical thermogenesis Vvs. Mechanical thermogenesis (shivering):

Sellers and coworkers (184) demonstrated that cold
acclimated rats could increase heat production independently
of muscular tone and shivering. This evidence in conjunction

with that of Cottle and Carlson (30), Dohoffer et al (49)

and Davis and Mayer (32) implies that a well developed
chemical thermogenesis exists in cold adapted animals.

Chemical thermogenesis of muscle VS. that of viscera:

Depocas (34) has demonstrated that the presence of the
abdominal viscera is not essential for the manifestation of
chemical thermogenesis in the cold acclimated albino rat.

He stateé that "shivering is the process by which warm accli-
mated rats increase their heat production in the cold;"
however once rats have become adapted, "muscular chemical
thermogenesis is the main process". One cannot deny that the
abdominal viscera contribute to cold adaptation. The viscera
4% responsible for the higher metabolic rate (M.R.BOOC') of
cold acclimated rats. We believe these organs (especially
the liver) play a role which is not directly associated with
heat produétion, and that these organs undergo the observed
morphologic and metabolic modifications so as to support the

increased heat production (chemical thermogenesis) of the

striated muscle mass.
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ITI., Adaptation to artificial vs, natural cold:

Héroux et al. (97-101) have shown that "while the
metabolic ad justments such as increased peak metabolism
and decreased shivering were similar in outdoor rats (natu-
ral acclimatization to average -10°C. in period from
October to January) and indoor rats (thermal acclimation to
+6°C, cold room), the physiological adjustmentsS to attain
this end were different". Under the two types of cold
exposure, the rats were observed to have a reduced muscle
growth, However, the enlargement of the thyroids, pituitary,
heart, and digestive tract; and the reduction of the
mesenteric and subcutaneous fat; and of the pelt weight,
which have repeatedly been found in the "indoor"™ cold-
acclimated rats, did NOT take place in the "outdoor winter"
rats. Adrenal hypertrophy did not occur in the "outdoor win-
ter™ rats. As compared to their respective (outdoor suﬁmer
and room temperature) contfols, "in vitro" adrenal steroid
production was increased in the "outdoor winter"™ rats but
decreased in the “cold room”™ rats., Winter exposed rats did
not have a higher thermoneutral metabolic rate. Though
their thyroids showed evidence of increase activity, there
were no signs of cold injury such as occurs in "cold room"
rats, Details concerning these differences and others which

were observed will not be considered further in this review,
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It is clear that increased resistance to cold can be brought
about without some of the anatomical and physiological changes
characteristically associated with acclimation under rigorous
conditions to continous artificial cold exposure. The
importance and the implications of Héroux's work are self-
evident, It does not negate the postulated mechanism of
adaptation to cold which has been elucidated. However, these
experiments probably do approach more closely the process
of adaptation as it possibly occurs in man (180) (105).

It is our opinion that the biochemical mechanism of
adaptation to cold will become more difficult to determine
and evaluate if care is not taken to ;elate the findings to
the conditions under which adaptation was obtaiﬁed. Moreover,
such practices as the exciéion of the tail before exposure
to cold (22), the coating of metal cages with a polyethylene
film or other non-conducting material (215) might conc;iVably
introduce results which could not be compared to the existing
data (derived from experiments performed under rigorous |
conditions) without some hesitation. The effects of allowing
animals to nest and huddle in wooden or plastic cages in

continuous artificial cold has yet to be examined.
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EXPERIMENTAL: DESCRIPTION OF METHODS:

Introduction:

Even though the primary purpose of each experiment in
this thesis may be different, the methods utilized are the

same.

Vitamin C,:

The determination of reduced ascorbic acid was made
by the 2,6 dichlorophenolindophenol titration method of
Bessey and King (14). Tissues analyzed: 1. Liver (in all
experiments): approximately 500 mg. from the median lobe of
the liver. 2. Neutral Fat (experiment X only ): approxi-
mately 1000 mgs. of perirenmal fat. 3. Muscle (experiment
XI only ): approximately 5 gréms of abdominal muscle.

The liver and neutral fat were homogenized on a glass
tissue grinder (13mm.0.D. by 100mm. in length). Muscle was
homogenized in a semi-micro monel metal Waring blendor.

Vitamin A,:

The determination of liver vitamin A was made by the
method of Gade and Kadlec (80) (8l). The vitamin is solubi-
lized in the test material (in this case, liver) with a
surfactant and extracted with a mixed solvent (ethyl and
petroleum ether).

Weighed liver samples (approximately 5 gm.) may be

frozen (81) for the determination of vitamin A at a later date,
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however, this requires a rapid and thorough freezing of the
tissue and a reliable freezer, We preferred extracting the
vitamin A from fresh liver samples and storing it as described
below.

The fresh or frozen liver sample is blended with surfac-
tant in a semi-micro Waring blendor. This mixture is gently
agitated with mixed solvent in a 125 ml. glass stoppered
erlenmeyer which has been placed on a Magne-stirrer. Duplicate
aliquots (3 to 5 ml.) of the solvent layer are removed into
clean test tubes, and then evaporated to dryness under vacumn
while the tube is swirled in a +45°C. water bath. 1If the
aliquot is to be stored, the test tube with contents is
flushed with dry nitrogen, stoppered and placed in the refri-
gerator. These aliquots, unless accidentally unstoppered,
preserved the vitamin A for at least six weeks without a
noticeable decay. Later, (usually within two weeks) the
residue is dissolved in a known quantity of chloroform. The
vitamin A content of a 2ml. aliquot of the chloroform solu-
tion is determined by the Carr-~Price method (22), using a
Coleman Jr. Model 6 A Spetrophotometer.

Organ wet weight:

The following tissues were weighed on a Cent-0-Gram
triple beam scale to 0.01lgn,
1. Total liver and sample for Vit, A

determination,
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2. Kidneys.

3. Testes.

4. Perirenal fat of left side of rat (150).

The following were weighed on a Roller-Smith torsion

balance to- 0.1 mg,.

1. Thyroids.

2. Adrenals,

3. Seminal vesicles,

Liver; dry weight, defatted dry weight:

A sliver of liver (approximately 100 mg.) is placed in
a pre-weighed 2 ml, fine porosity, bRlchner micro-funnel, and
immediately re-weighed to determine the exact wet weight.
The sample is then dried for 24 hours in a 90°C, ;ven and re-
weighed. PFrom the difference between the wet weight and
the dry weight, we calculate percent water or percent:dry
weight., The dry tissue is matted and washed three time§
with boiling absolute ethanbl and three times with boiling,
acetone and again dried for 24 hours before re~weighing.
From the dry weight data and the defatted dry weight data,
we calculate percént fat. PFrom the defatted dry weight
and fresh-weight data we calculate percent defatted dry wt.

Thyroid histology:

The thyroids were fixed in Bouin's fixative and process-

ed by the method of LaHam and DesMarais (45), They have
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shown that with their technique it is "histologically possible
to differentiate the follicles containing iodinated thyro-
globulin (stained blue) from those which do not (stained
yellow): and in the case of mixed follicles (blue and yellow)
to estimate with reasonable accuracy the proportion of

active colloidal substance".

Oxygen Consumptiong

Oxygen consumption measurements were made in rats at
thermal neutrality (£ 30°C.) in experiments No. 5, 10 and 11.
The method utilized is that of Depocas and Hart (36) and
involves the use of the Pauling oxygen analyzer in an open
circuit system. The Q02 is calculated from me;surements of
the partial pressure changes in a metered portion of the CO2
free air leaving the animal cage. The Q02 values obtained
are unaffected by the R.Q. (respiratory quotient) of the
animal (36). |

Statistical treatment:

The data have been tabulated and subjected to the
analysis of variance (197); and when according to the tables,
the F was significant, the Duncan test (57) was used to
locate the differences between the means which were significant.
Where unequal numbers of replications were encountered, the
extension oé the multiple range tests by Kramer (111) was
used to group the means. Linear correlations were tested

by the least square method (197).
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Meaning of Group Symbols:

"OA:

+A:

nA:

on a vitamin A deficient Test diet.

on test diet supplemented with 500-1,000 I.U.

‘vitamin A per week.

(Exp. I. only) on test diet supplemented with

56 I.U., vit, A/week,

(Bxp. I only) normal Purina Laboratory Chow Meal,
Exps. X and XI.) Purina Laboratory Chow Cubes.
(Exps. X and XI.) High Fat Diet (sce table 54).
(Exps. X and XI.) High Carbohydrate Diet (see
table 54).

This symbol prior to an& of the above group
symbols (eg. KF) means that the group was
exposed to cold (2.0°C.).

This symbol placed after any of the above group
symbols includiﬁg groups exposed to cold, (eg.
YAC or KFC) signifies that the group received
exogenous vitamin C. (*Redoxon' liquid, Hoffmann-

LaRoche).
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EXPBRIMENTAL: BXPERIMENTAL RBSULTS:

EXPERIMENT 1.

Introduction:

The main conclusion of our review of the literature
concetning'the possible interrelationship between vitamin A
and ascorbic acid was that, due to the contradictory results
obtained by different workers, this problem remained unsolved.
In our attempt to resolve this enigma, our first objective
was to determine whether a relationship could be found between
the two vitamins, It was decided to place rats on a vitamin
A deficient diet, wait for the deficiency signs to appear,
and then measure the level of ascorbic acid in ‘the liver.

This organ is the preferential site of ascorbic acid synthesis
in the rat (21). In addition and consequent to Dr., DesMarais's
previous experience, it was decided to expose some of the
animals to cold in order to bring out differences which might
not be observable at room temperature, since it is a

recognized fact that the needs for ascorbic acid are increased
in cold exposed animals (41).

EXPERIMENTAL PROTOCOL:

Sixty male albino rats of the Wistar strain, ranging in
weight between 55 and 68 grams, were divided into four groups

of 15 animals each and caged individually in metal cages with
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wire~-screen bottoms. Group N was placed on Purina Fox chow
meal, The remaining three groups were placed on a vitamin A
deficient test diet (*) without supplement (grcup OA) or
with either 280 (group +A) or 28 (group nA) I,U. of vitamin
A (**) twice weekly 'per os'. Both the weights of the animals
and the amount of diet consumed were recorded every other
day. Animals of group OA (vitamin A deficient) showed a
levelling off of weight gain and early clinical signs of
vitamin A deficiency 85 days after the beginning of the
experiment, At this time, five animals of each group were
killed and the following determinations were made: Liver
ascorbic acid and vitamin A; Wet weight of liver, testes,
adrenals and thyroids; and thyroid- histology. The remaining
animals were placed in a cold room, the temperature of which
varied from +1.,00 to +4,0°C.,, until half of any one group
were dead; this occured in the OA group after 55 dayslof
exposure to cold (total 140 deficiency days). From this day
on the remaining animals were killed at a rate of 3 to 6 per
day, The determinations previously mentioned were made. In

this experiment, weighed samples of the liver of each animal

were placed in aluminum dishes and frozen, These frozen
samples were later analyzed for vitamin A. This method of
freezing the'liver samples was not utilized in subsequent
experiements (see Description of Methods).

* U,8.P. XIV specifications - G.B.I. Inc. (see table 23)
** Vitamin A acetate (synthetic) - G.B.I., diluted in corn oil.
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RBSULTS and DISCUSSION:

Table 1 depicts which of the determinations have or
have ﬁot, according to the analysis of variance, revealed
differences between the groups at the 1% level of signifi-
cance.

1. Body Weight Gain and Survival (Fig. 1 and Table 2 and 3).

The weight gain in all groups prior to exposure to
cold (at 85th day) was not significantly different (table 2);
however, at this‘time one deficient animal (OA) had died
and several showed signs of the deficiency (anorexia, decrcased
weight gain, decreased activity, poor posture and the
pathognomopic xerophthalmia), Moreover, body weight gain
in the deficient group was beginning to level off (Fig., 1).

After 55 days of exposure to cold, only 50% of the
deficient animals (Group KOA) had survived; whereas survival
was 100% in the other groups. The KOA animals also héd.a
significantly greater weight loss as compared to the other
groups in the cold (table 3).

The time necessary for the deficiency to develop in
this experiment was rather long when compared to that reported
in the literature; however, these rats were not ordered
specifically for Vitamin A experimentation and the supplier
had probabl; supplemented the weanlings with cold liver oil

and therefore, a longer time was necessary to deplete the
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animals, In our subsequent experiments the time necessary
to render the animals deficient was shorter,.

lThe decreased survival and extensive weight loss of
the deficient animals in the cold (KOA) might well be an
indication ‘that vitamin A deficient animals have a decreased
resistance to cold (133) (64); however, because there were
no simultaneous room temperature deficient and control
animals, one cannot ascribe the effect to cold exposure 'per
se' or simply to the increasing severity of the deficiency.

2. Liver vitamin A,

No extensive data on this subject are presented in
this experiment because the number of reliable determinations
vere limited, Many liver samples were inadequately frozen
and/or were partially thawed due to mechanical failure of
thé refrigerator. In subsequent experiments the vitamin A
was immediately extracted and stored as described previously.
We are only able to sfate that in no case was vitamin
A present in the liver of deficient animals (groups OA and
KOA); whereas the liver of all other groups contained vitamin
A,

3. Liver ascorbic acid concentration (table 4),

There are no significant differences between the means
of all groups on the 85th day (room temp). At this time, the

vitamin A deficient animals {OA) had no detectable 1liver
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vitamin A and several showed clinical signs of the deficien-
€y, but no significant weight loss. Apparently ascorbic
acid Synthesis was not impaired,

Af ter exposure to cold, and as the deficiency progressed,
there was a tendency for a deerease in the ascorbic acid
concentration in the liver of the deficient (KOA) and purina
chow control (KN) animals. The suppleménted group (K+A) had
a tendency for an increased liver ascorbic acid concentration
from the value on the 85th day. Specifically, the KOA and
KN groups had a significantly lower liver ascorbic acid
concentration as compared to K+A, We hesitate to attribute
~‘;{"sgiven change to cold exposure amd¥or to the progressing

deficiency state,or both,

4, Liver weight (table 5).

Because we 1atef wish to introduce 'total liver.
ascorbic acid!, we believe total liver weight changes should
be considered now.

There are no significant differences between the weights
of the livers in those groups killed on the 85th day (prior
to the exposure of the remaining animals to cold). With
exposure to cold, a. slight increase in liver weight was
observed in groups KN, KnA and K+A, Group KOA liver weight
was significantly decreased when compared to the other cold

exposed groups. This latter observation may in some degree
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be attributed to the slight increase in live; weight in the
control groups, During the cold exposure, body weight Qid
not change considerably in the control groups ana thus the
tendéncy to gross hypertrophy of the liver is probably due
to cold (102). The deficient animals in the cold were not
able to maintain their body weight, nor augment their liver
weight. Statistical analysis for a linear correlation
between body weight and liver weight gave an r = 0,760
which we interpret as a lack of a correlation, in part due
to the decreased body weight gain and increased ;ivgr size
in the cold.

5. Total Liver Ascorbic Acid (Table 6).

These values were obtained from ascorbic acid concen-
tration multiplied by the weight of the liver. As mentioned
previously, the liver is the preferential site of ascgrbic
acid synthesis in the rat. We believe that 'total 1i§e£
ascorbic acid' is an imporfant index of the ascorbic acid.
status of the rat because it represents the total synthesi-
zing mass or potential of the animal. The synthesizing mass
may or may not have aacefs to a limited capacity for storage,

Sure et al., (206) noted that the ascorbic acid
concentration did not change in short term starvation and
in vitamin A deficiency. We starved six rats (approx. 250
gm. body weight) for seven days (at this time, perirenal

fat was not exhausted) and also found that as compared to
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control animals, the liver ascorbic acid concentration values
were not significantly different (t = 1.97; p = 0.1). Howe-
ver, liver weight was reduced by half (t =11.98;p = 0.001) and,
therefore 'total liver ascorbic acid' was also reduced by
approximately one half, (t = 12,74; p = 0.001). We believe
this latter expression of the data gives an authentic asses-
ment of the actual ascorbic acid status of the animal., If

we assume that the total liver cell number has not drastically
changed during this period of starvation, then the decrease

by one half of the total liver weight actually means that
there are twice as many cells per unit mass. Although the
concentration of ascorbic acid per gram of tissue has not
c¢hanged, it (the concentration) is more than likely decreased
by nearly half per unit cell. This same pattern was also
found to apply in the case of liver vitamin A; I.U. oﬂ
vitamin A per gram (t = 1.29; p = 0.3) as compared to toial
liver vitamin A in I.U. (t = 4.71; p = 0,001).

The expression of the results in this manner does not,
in this experiment, lead to observations which are substantial-
ly different from those given for the liver ascorbic acid
concentration data. . There are no significant differences
between groups killed at room temperature on the 85th day.

Af ter cold egposure, the deficient group (KOA) had =2

significantly lower total ascorbic acid status as compared to
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Groups KnA and K+A, but not as compared to Group iN. A
clear conclusion is not possible and one wonders whether
the vitamin C status of the animal would be significantly
lowered in vitamin A deficiency as compared to controls on
the same type of diet if cold had not been utilized.

6. Testes Weight (Table 7).

The results show that the cold exposed groups (KnA,
K+A and KOA) have smaller teéfes than did the same groups
killed on the 85th day at room temperature. Only the
vitamin A deficient'énimals (KOA) have testes significantly
smaller than those in all other groups. The weight of the
testes, in this experiment, was correlated to the body
weight with a coefficient r = 0.952. Thus, the testicular
weight changes may simply be secondary to body weight changes,
Héroux and Gridgeman (102) concluded that the genitals were
not directly affected by exposure (4 weeks at 6°C.) to
cold, On the other hand, bugal (51) and Perrault (153) have
observed, in different situations of cold exposure, a
definite decrease in the weight of the testes, which appears
to affect both the spermatogenic and endocrine functions of
the gland (51). These changes are probably secondary to
body weight changes during the initial exposure to cold,
however they become marked and unrelated to body weight as

the duration and degree of exposure is increased.
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It has been shown that vitamin A deficiency in the rat
is accompanied by a regression éf testicular weight (228)
(1235. In our experiment, it might be that either exposure
to cold exaggerated the effects of the deficiency, or that
conversely, the effects of cold were enhanced by the
deficiency; it might also be an interplay of the two separate
processes, A more enlightening interpretation awaits a more
thorough knowledge of the effects of cold and of vitamin A
deficiency on testicular morphology and function.

7. Thyroid and Adrenal Weight (Table 8 and 9),.

The thyroid weights of all groups killed on the 85th
day are not significantly different. The thyroid weight in
the groups exposed to cold is nct significantly different but
tends to be greater than that oﬁ the room temperature groups.
The supplemented groups KnA and K+A have significantly heavier
thyroids as compared to the room temp. groups N, +A4A, ;nd 0A, .
The thyroid weight of groﬁps KnA, KN and KOA are not signi-
ficantly different from their weight on the 85th day (nA,

N, and OA), but are on the heavier side., Increased thyroid
weight and/or function is expected in cold exposure (39)
and the vitamin A deficient animals did not appear to lose
this tendepcy. Nonsignificant changes in thyroid weight
do not mean that the gland has not undergone a substantial

increase in follicular activity when exposed to cold. We
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simply state that the thyroids of the deficient animals
appeared capable of increasing their activity in the cold{
a discussion of thyroid histology in vitamin A deficiency
is undertaken in experiment V.

Adrenal weight: The only groups in the cold which
showed an increase in adrenal weight over their initial
controls killed before exposure to cold are groups KN and
KOA, respectively significant at the 1% and 5% levels.
Curiously enough these two groups had the greatest dietary
difficulties in the cold. The deficient group's diet lack
is self explanatory. The laboratory chow (meal) diet fed
the control group in the cold contains roughage and therefore
a larger amount of diet needs to be caten to extract the
necessary calories. The semi-synthetic diet is apparently a
more adequate diet in the cold. Little significance:can be
attached to adrenal weight changes in the absence of av
thorough morphologic and métabolic study. We have bothered
to record the data in hopes that a definite trend may
evolve which could probably be utilized as a guide in further
specific experimentation.

CONCLUSIONS:

Vitamin A deficiency is accompanied by metabolic changes

reflected in body and organ weight changes. This deficiency
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state impairs resistance and adaptation to cold. Before
anorexia and resulting weight loss occurf, but after the
livef vitamin A stores of the rat are depleted, the vitamin

C status is not affected. As the deficiency state progresses
further and is hastened by exposure to ccld to the point where
the animals are moribund and in a state of protein deteria-
tion, the liver ascorbic acid status tends to be adversely
affected. Questions arise as to whether 1. +the ascorbic
acid status would be as drastically reduced in the terminal
stages of the deficiency when not in the cold, where the
requirement for ascorbic acid is greater, 2. Would the
exogenous administration of ascorbate ameliorate the defi-
ciency and/or the response of deficient animals to cold
exposure? These qQuestions are not only prompted by the evi-
dence for the increased protection afforded by vitamin'C in
the cold (56) (41); but also Mayer and Krehl (127) have
reported that vitamin A deficient rats develop scurvy-like
symptoms which were cured with the administration of ascorbic
acid and which, in one of their experiments, prolonged the

survival of such vitamin A deficient rats.
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EXPERIMENTS I1, III, and Iv.

Introduction:

" The purpose of these experiments was primarily to
determine whether ascorbate administration could ameliorate
vitamin A deficiency in the rat.

EXPERIMENTAL PROTOCOL:

In 211 three experiments, Vitamin C was administered
to both vitamin A deficient and control animals for 10 days
prior to sacrifice, This was donezgé room temperature
enty in Experiment II, and simultaneously at room temperature
and in the cold in Experiments III and IV, Both, the
treatment and exposure to cold were commenced on the same
day. This day is the 48th deficiency day in Experiment II1;
the 38th deficiency day in Experiment III; and the 32nd
deficiency day in Experiment IV,

Grouping: In each of the experiments, male albiné
rats of the Wistar strain,.ranging in weight between 37 and
57 grams (mean 45 grams), were caged individually and
divided into four room temperature groups in Experiment II,
and into four room temperature and four cold room groups in
both Experiments III and IV. Experiment II: Each control
group (N and NC) had 10 animals. Each experimental group
(0A and OAC)'had 15 animals. Five rats of each of these

latter experimental groups (total 10 rats) were sacrificed
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as initial controls (0Aic) on the day of onset of the 10
day treatment period (day 48). Experiments III and IV:
Each foom temp. control group (+A and +AC) had 5 rats and
each cold room control group (K+A and X+AC) had 7 animals.
Each room temp. experimental group (OA and OAC) had 8
animals, and in the cold consisted of 12 rats (KOA and KOAC).

Diet: All groups were fed 'ad libitum'. All experi-
mental groups were on the U,S.P. vitamin A deficient test
diet. The control animals in Experiment II were on Purina
Fox Chow meal. The control animals in Experiments III and
IV were on the U.S.P, test diet supplemented with 250 .U,
of vitamin A twice weekly 'per os'.

Cold room and treatment: The cold room temperature

fluctuated between + 1.,0°C, and + 4.,0°C. (mean % 2.0°9C.).

In all three experiments, Ascorbic acid**, 150 mg. in. two
divided doses was injected intraperitonealy morning and
evening during the last 10.days prior to sacrifice. When .the
vitamin A deficient animals of Exp. III were placed in the
cold (on the 38th day of the deficiency), survival was poor
and therefore all the remaining animals were sacrjficed

after only 4 days of exposure and treatment. Experiment IV
is a repetition of the Exp. III protocol. 1In Exp. 1V, the

treatment and exposure to cold was instituted 6 days earlier

** Redoxon (Ascorbic Acid U.S.P.) Hoffmann-LaRoche.
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(on the 32md day of the deficiency), and the shock of cold
exposure ameliorated by gradually lowering the cold room
temperature from + 10.0°C, to + 2.0°C. during the first five
days of the ten day exposure period. The onset and duration
of the treatment and exposure to cold for a given experiment
is recorded on the body weight graphs (Figs. 2, 3, and 4).
At autopsy: At autopsy, the following determinations
were carried out: Liver ascorbic acid and vitamin A; wet
weight of liver, testes, adrenals and thyroids. In Exp. III
the wet weight of the seminal vesicles was also recorded as
an index of testicular endocrine function (218). The thyroids

were processed for histological examination.
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RESULTS AND DISCUSSION:

1. Survival and Body Weight Gain (table 10).

" BXP. II (Fig. 2): Survival in the experimental (QA)
groups was as follows; Group OA: 13/14(93%) and in Group
OAC: 10/14(74%).

On the 48th day (on which administration of vitamin C
began), the body weight gain of both vitamin A deficient
groups (OA and OAC) had already become significantly inferior
to that of the control groups (N and NC) (t = 12,01; p =
0.001). Treatment of the deficient animals with exogenous
vitamin C did not ameliorate their weight losing status
and actually tended to promote decreased survival. Treatment
with ascorbate had no significant effect on the controls.

EXP. III (Fig. 3 and Table 11): This experiment was
terminated after four days of exposure to cold and treaﬁment
with vitamin C because survival in the cold of the vitamin A
deficient animals was extrémely poor (6/11(55%) in group KOA
and 4/10(45%) in group KOAC). At this time, survival at
room temperature in the vitamin A deficient groups was 5/6(84%)
in group OA and 6/6(100%) in group OAC.

These data indicate that rats deficient in vitamin A
are less resistant to a cold stress and are a confrizmaition :of
our observations in EXP, I. It is evident that if the

protocol of this experiment is to be successfully completed,
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the vitamin A deficient animals must be entered into the
cold at an earlier stage in the deficiency.

The weight gain data reflect the survival results in
that the weight change was most acute in those groups with
the lowest survival (KOA and KOAC). Weight gain but not
survival was better in group KOAC. It is possible that the
short term administration of vitamin C exerted the observed
beneficial effect on weight gain., The administration of
vitamin C to normal animals (+A's) at room temperature tends
to produce a lag in weight gain which usually does not occur
in the cold (K+AC vs, K+A), This phenomenon is not statis-
tically significant but is often observed and has not been
critically examined.

EXP, IV (Fig. 4 and Table 12): Because the ten day
exposure to cold and treatment with vitamin C was ingugurated
earlier (on the 32nd day), the survival in this experiﬁent
was only slightly affected in one group (KOA, 10/11(91%).
In general, weight gain was retarded in the cold.

Group KOAC had a significantly lower weight gain as
compared to the room temperature deficient and +A groupsitbut
not as compared to the cold room groups.

2. Yitamin A:
A) 1I.U, vitamin A per gram of liver (Table 13): 1In

all three experiments, irrespective of whether the deficient
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animals received vitamin C or were exposed to cold, vitamin A
was never detectable in the liver. It is obvious that, as
compafed to all the control animals, which always had unques-
tionable quantities of liver vitamin A, the deficient

animals were significantly depleted of all liver stores.
Treatment with vitamin C could not exert a beneficial effect
by sparing vitamin A stores because these deficient animals
were completely depleted prior to the onset of the treatment.
However, the vitamin C had an opportunity to possibly 'replace'
for the vitamin A and favorably modify the deficiency state
and/or survival, but this did not seem to occur.

Short term exposure to cold and/or treatment with
vitamin C had no significant effect on the liver vitamin A
concentration of the control animals. If no effect occurs
in normal animals, one hesitates to believe that it would have
an effect in deficient animals, however this does not nullify
the possibility.

B) Total liver FF—==F vitamin A (table 14): We have
already mentioned the absence of liver vitamin A in all the
deficient animals, The data of Experiments II and III are not
significant,

EXP, IV (Table 15): These data are significant at

p = 0.05, We attribute the observed difference between group
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K+AC amd +AC to the considerably lower total liver vitamin A
of group +AC. These animals received their supplement of
vitamin A at the same time as the other groups and would be
expected to have a comparable status. The mean liver weight
in this group (EXP. IV Table 18) is significantly less than
that of the comparable room temperature +A group; and it is
probably related to the decrease in body weight which we
have associated with a lag in weight gain during the initial
vitamin C treatment days,

3. Liver ascorbic acid concentration (Table 16),

No statistically significant differences were found
in experiments II and III. However, in experiment II we do
observe that the deficient animals (OA) potentiaily tend to
have lower concentration vaiues when compared to the control
(N) and deficient animals which received vitamin C (OAC).
Apparently the administration of exogenous vitamin C td
control animals (XC) on a fox chow diet did not cause, as
compared to group N, a noticeable change in the liver concen-
tration., 1In experiment III, both the room temperature and
cold room deficient animals which received vitamin C (OAC
and KOAC) potentially tend to have a greater concentration
value than their defiéient controls (OA and KOA), Both control
groups which received vitamin C (+AC and K+AC) potentially

tend to have lower concentration values than their controls
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(+A and K+A). These potential tendencies are not significant
and are mentioned only as indexes of the probable direction
the results might take under other experimental conditions.

EXP. IV: Although the administration of vitamin C
and exposure-to cold were initiated before weight gain
plateaued, the treatment with ascorbate did not benefit the
deficient animals.

As in the previous experiments, the liver ascorbic acid
concentration of the deficient groups (OA and KOA) was not
significantly different from that of the normal controls
(+A and K+A).

The administration of vitamin C to normal rats (+AC
as compared to +A) significantly lowefed the liver ascorbic
acid concentration., A tendéncy to this response was noted
in experiment III.

The mean liver ascorbic acid concentrations of tﬁe~
deficient groups (QOAC and KOAC) which received vitamin C is
significantly lower than that in group +A but not from that
in groups +AC, 0OA and KOA,

OQur observations in these three-é¢xperiments point out
the need for a study of the responses of animals on various
diets and expetimentél conditions to doses of vitamin C,

It is baffling that the administration of vitamin C did not
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alter the liver concentration values of the animals on Fox
Chow in experiment II but actually diminished, to the point
of statistical significance, the liver concentration of
ascorbic acid in the control animals in experiment III
(compare +A with +AC). No studies, to our knowlege, have been
made on the effect of exogenous vitamin C on the total body
ascorbic acid status of the rat., Thus we have no indication
as to whether the observed response is to be expected.

Dugal (52) has suggested that, as in many endocrine glands,
the rate of synthesis may be diminished when an exogenous
source of the particular chemical substance is administered.
This is plausible and must be considered. It is also
possible to expect that some part oé the administered ascor-
bic acid might be capable of being stored, as in the case with
viiamin A, Of course vitamin C is synthesized by the rat
and is not a true vitamin.' We wonder whether our dafa and
the conflicting results of other investigators could somehow
be linked to the differences in the composition of the diets
utilized to produce vitamin A deficiency in the rat. Both
Sure et al., (206) and Jonsson et al., (107), utilizing yeast
containing vitamin A deficient test diets, reported that
administered vitamin C was not apparently available to their

animals. Whereas Mayer and Krehl (127), utilizing a vitamin
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A deficient test diet in which the crystalline B vitamins
were incorporated in the place of yeast, observed that
ascorbic acid administered to deficient animals restored the
tissue ascorbic acid levels to normal., We designed our next
experiment (V) so as to test this possibility.

4, Total liver ascorbic acid (Table 17):

EXP. II: The total liver ascorbic acid of the
deficient group (OA) is significantly less than that of
the control group (N). This difference is primarily a
consequence of the significantly different liver weights
between these two groups. This is discussed further below.
The administration of exogenous vitamin C had no significant
effect on either the control (N vs NC) or deficiént (0A vs
QAC) animals,

EXP. III: Group +A (room temp. control) has a signifi-
cantly greater mean total liver ascorbic acid than all'gther
groups except group +AC (r.t. contrdl + vit, C.) and group
OAC (r.t. deficient + vit. C.). As in the previous experi—l
ment the higher total liver ascorbic acid value of the
control groups (+A and +AC) is most likely due to heavier
liver weights., The total liver ascorbic acid data of the
room temperature deficient group which received vit. C. (OQAC)

are not statistically different from either group +A nor the
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untreated room temp. deficient group (0A)., Within the
control groups (all groups with +A in symbol), those which
received vitamin C (+AC and K+AC) potentially tend to have
lower total values, when compared to their respective un-
treated control (+A and K+A), Within all the deficient
groups, those which received vitamin C (OAC and KOAC) poten-
tially tend to have ﬁigher total values when compared to the
respective untreated deficient groups (OA and KOA).

EXP. IV: Group +A has a significantly greater mean
total liver ascorbic acid than all other groups including
group +AC, The significantly greater value in group +A is
probably the resultant of a high live; ascorbic acid
concentration and a heavy liver; whereas in comp#rison,
group +AC had a significantiy lower liver ascorbic acid
concentration and a significantly lower liver weight. This
effect of exogenous vitamin C on control animals does ;of
visibly affect the well being of the animals. It may be that

me ghven
when a normal rat is not under physical stress owadeficiencystate,
or both, it does not need the administered vitamin C and
therefore cannot tolerate the excess., This is questionable
because one would expect excess water soluble vitamin to be
excreted without a noficeable effect on body weight; however,
it is our expérience, that normal animals tend to show a lag

in body weight gain during the initial week or so of vitamin C




-63-~

administration. Matsko et al. (124) has shown that when
ascorbic acid, in excess of six times the M.,D,R., is administer-
ed to guinea pigs, their weight gain is retarded; To our
knowledge research concerning this problem has not been done.
It is a basic problem and should not be avoided simply
because the rat synthesizes its own ascorbic acid,

< Though the liver ascorbic acid concentration data of
deficient animals, as compared to conﬁbls, have often been
nonsignificant, we note thaé expression of the results as
total liver vitamin C often gives significant results which
are for the most part attributable to liver weight changes.
One cannot deny that to some extent liver weight is related
to body weight; and we question whether the differences
observed could have been a‘function of the increaied caloric
consumption and therefore increased body and organ weights
in the control animals. Mapson and Walker (121) attriéuted
the decrease in tissue ascorbic acid during vitamin A
deficiency to the reduction in food intake which apcompaniés
deficiency., Our next experiment was designed so as to
control this factor by utilizing the pair-feéﬁng technique,

5. Liver weight (table 18):

EXP, II: There exists a linear correlation between
the liver weight and body weight (r = 0.9620), The control

animals (N and NC) have significantly larger liver weights as
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compared to the deficient animals (OA and OAC). The decreased
body weight and liver weigh£ of the deficient animals is
probably a consequence of the anorexia which accompanies
terminal vitamin A deficiency, The administration of exogenous
vitamin C has no significant effect.

EXP, II1: A processing of these data for linear
correlation was not undertaken. The liver weight of group
+A (r.t. control) is significantly greater than all cther
groups except its' room temperature counterpart which received
vitamin C (+AC)., These heavier liver weights are probably
related to the increased body weight in these groups.

The deficient cold room groups (KOA and KOAC) have
significantly smaller liver weights. when comparéd to the
room temperature controls é+A and +AC), but not when compared
to the cold room controls K+A and K+AC,

No definite effects are attributable to vitamin A
deficiency or the short tern treatment with vitamin C,

EXP, IV: A linear correlation study was negative
(r = 0.6904), It is evident that though the liver weight
was linearly correlated to body weight in experiment II, this
correlation is apparently lost when some of the animals are
exposecd to cold, In~the cold there occurs a liver weight

gain retardation, especially during the initial days of cold
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exposure; and with ‘'conditioning', liver hypertrophy develops.
This phenomenon coupled with the rapidity with which morbidity
in vitamin A deficiency accelerates when animals are exposed
to cold, perhaps partially accounts for the lost of linear
correlation. Actually, no data are available on what type

of correlation, if any, exists between body and organ weights
during various lengths of exposure to nonfreezing cold.

As in experiment III, the room temperature control
group (+A) has a significantly heavier liver weight than most
other groups. Though the mean body weight gain of the +A
group was approximately 20 grams greater (N.Sf) than that
of the room temp. deficient groups OA and OAC, the mean liver
weight of group OA, but not group OAC, is significantly less
than that of group +A, This apparent beneficial effect of
vitamin C administration on the liver weight of deficient
animals was not observed in the cold. The added streég of
cold may be too great for vitamin C to exert such an effect,
The mechanism whereby vitamin C becomes beneficial to '
deficient animals at room temperature might conceivably be a
transient stimulating effect of the vitamin on food consump-
tion or utilization, or a direct metabolic effect conse-
quent to the lack, due to anorexia, of a dietary substance(s)
which previoﬁsly hindered the absorption or utilization of

the vitamin, This latter hypothesis would be in agreement with

¥ see Pape +9
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the observed higher ascorbic acid concentration values in

group OAC in experiment II And III, It also would be in
agreement with the observed effect on the +AC groups in these
experiments. This emphasizes the importance of an experiment
utilizing pair-feeding and test diets of different compositions,

6. Testes weight (Table 19):

EXP. II: As in experiment I, there exists a linear
correlation between the wet weight of the testes and body
weight (r = 0,930). The control groups N and NC have signifi-
cantly greater testes weights as compared to all the deficient
animals. As the deficiency progressed (OAic. vs OA and OAC),
testicular weight decreased as did body weight and other
organ weights, Treatment with vitamin C had no éffect on the
testicular weight of eithef the normal or deficient animals.

EXP. III: No significant changes occurred.

EXP, IV: The linear correlation between the tesées
weight and body weight is very poor (r = 0.4278), The body
weight changes due to the short exposure to cold were greatér
than the changes in testicular weight during this period.
Testicular weight changes occur slowly and apparently when
body weight is slowly changing testicular weight also changes
accordingly (Exp. I ;nd II). However, when body weight changes

occur rapidly; testicular weight is not as labile (Exp. 1IV).
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The testicular weight of the deficient group in the
cold which received vitamin C (KOAC) is not significantly
different from any other group in the cold. This group is
significantly different from the room temp. groups OA and +A,.
Both exposure to cold and the administration of vitaminC
seem to have‘contributed to the intensification of the defici-
ency state and/or the effects of the lack of vitamin A at
this particular site. The data on the wet weights of the
seminal vesicles (Table 20) closely mimic the testicular
weight changes. Vitamin C has no significant effect.

Testicular weight and function are apparently not
adversely affected until very late in vitamin A deficiency.
Perhaps the observed changes in testes weight and function
are merely the result of the lack of dietary nutrients
other than vitamin A and especially the lack of proteins,

The effect on the testes is reversed without visible lésions
remaining when vitamin A is administered to deficient rats,
even very late in the deficiency (134). This does not
necessarily mean that vitamin A directly cures the testicular
condition. It may simply be consequent tc the return to
normal feeding. Experimentation on the effect of vitamin A
deficiency on the gonads should be undertaken in animals after
they have reached sexual maturity. Weanling rats on a test
diet have no detectable liver vitamin A at the time they
reach sexual maturity, approximately three weeks after being

placed on the diet,.
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7. Thyroid weight (Table 21):

BXP. II: No significant differences exist between the
thyroid weights of the deficient animals (on the 58th
deficiency day) and those of the fox chow controls,

EXP. III: The room temperature deficient groups
(0OA and OAC) have significantly heavier thyroids as compared
to all animals exposed to cold and as compared to the room
temperature group +AC, but not group +A, This response
(increased thyroid weight) is probably a transient one,
because it is not seen in the presumably later stage of the
deficiency in which the deficient animals in the cold (KOA
and KQAC) are assumed to be. Of course, the exposure to cold
may be the modifying factor. Moreqvef, this pafticular
response was not seen in the other experiments, It does
indicate the importance of a serial study in thyroid histology
and function during vitamin A deficiency.

The administration of vitamin C had no effect on thyroid
weight,.

EXP. IV: No significant difference were found. A ten
day exposure to cold and/or treatment with vitamin C does
not cause a significant change in the thyroid weight of either
deficient or controllanimals.

A consideraticn of the effect of vitamin A deficiency on
thyroid weight and histology is given with the thyroid data

of experiment V.,
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8. Adrenal weight (Table 22):

As pointed out in experiment I, the significance of the

wet weight of the adrenal without a consideration of the

histology and hormonal physiology has a very limted importance.

All data in these experiments are expressed at p = 0,05.

EXP, II:

Deficient groups (OAic. OA and OAC) have

significantly smaller adrenal weights as compared to the

controls (N and

NC). The adrenal weight of the deficient

animals at the term of the experiment (OA and OAC) potential-

ly tend to : be

increased atrenat—weiphts as compared to

the initial control group (OAic) sacrificed ten days earlier,

EXP. IIXI:
this experiment
exposed to cold

animals tend to

Bven though the period of cold exposure in
was short, the adrenal weights of the controls
tend to be the heaviest. The deficient
have smaller adrenals,

The effect of cold on adrenal weight is

reflected in the significant increase of the adrenal weights

in the control groups exposed to cold (K+AC and K+A) as compared

to their room temperature counterparts (+AC and +A). The

deficient animals were unable to respond to the stress.

Treatment with vitamin C caused a significant increase in

the adrenal weight of the control exposed to cold (E+AC as

compared to K+A). Treatment with vitamin C had no remarkable

effect on the other groups. Thérien (213) reported that the




-70~

administration of vitamin C to normal animals exposed to
cold prevented 8n . &ncrease in adrenal weight. Her treat-
ments lasted over a considerably longer time and the animals
were not on a semi-synthetic diet as in this experiment,

OQur data are much too limited to allow for any definite
conclusions,

CONCLUSIONS:

1, No consistent significant changes in the ascorbic acid
status of the rat could directly be associated with vitamin
A deficiency.

2., Vitamin A deficient animals have a decreased resistance
to cold,.

3. The administration of vitamin C_dﬁring the terminal
stages of vitamin A deficiéncy (after the liver is known to
be depleted of vitamin A), does not alleviate the deficiency
nor does it tend to prolong the survival., Vitamin C ié

not able, under these conditions, to 'replace' vitamin A,
This does not exclude the possibility that, if vitamin C
was administered daily from the onset of the deficiency, it
might be able to conserve the vitamin A stores from as rapid
a depletion,

4, The data has calied to our attention the importance and

necessity of utilizing the pair-feeding technique and a

vitamin A deficient test diet which does not contain yeast

as the source of the B vitamins.
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EXPERIMENT V:

Introduction:

We designed this experiment to determine if the effect
of vitamin A deficiency on the liver ascorbic acid status
would be significantly different in male rats, simultaneously
fed two different vitamin A deficient test dieSit, The diets
are practically identical in all respects except that one
(U.S.P. XIV) contains 8.0% yeft and the other diet contains
the B vitamins in crystalline ffigm (L.D. DIET). Onpe half of
the animals in each group were pair-fed and the remaminder fed
ad libitum, In addition we studied the effect of the
administration of ascorbic acid to an;mals on both diets,

EXPERIMENTAL PROTOCOL:

This experiment has fwo identical ‘groupings' of rats;
both of which were assembled on the same day from the same
shipment of animals. Each 'grouping' was fed a different
vitamin A deficient test diet. One diet was the usual
U.S.P. XIV test diet and the other was a diet prepared to
our specifications (G.B.I.) and referred to in this text as
the L.D., (Lachance-DesMarais) test diet. Table 23 gives the
composition of these diets and compares them to the diets
utilized by three otﬁer research teams., For further compari-
sons with other vitamin A deficient test diets the reader

is referred to GyBrgy (88),
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Each 'grouping' consists of four groups of indivicdually
caged, male albino rats of the Wistar strain, ranging in
weight between 32 and 50 grams (mean of each individual
group was 40.3 * 0.5 grams). The two deficient groups
(OA and OAC) had 15 animals in each group; whereas, the two
control groups (+A and +AC) each had 12 animals.,

The groups labelled OAC and +AC received 75mg. of
ascorbic acid (Redoxon), administered orally every two days,
All contrel animals ('+A' in their group symbol) received
an.oral supplement of 500 I.U, of vitamin A in corn oil twice
weekly.

Pair-feeding (205): The food consumption of seven
individual animals in each deficient group (OA and OAC) was
measured every two days. The exact quantity of diet eaten
by a given deficient animal was allowed for the next two
days to a correspondingly matec control animal in groub 4Apf
and +ACpf. All other animals were fed ad libitum,

When the deficient (OA and/or OAC) group of a particu-
lar 'grouping® showed clinical signs of the deficiency and
their weight gain plateaued, the experiment for this 'grouping'
was terminated, This first occurred on the L.,D, vitamin A
deficient test diet (terminated on the 44th deficiency day).
The same event occurred 10 days later for the animals on

the U.S.P. XIV vitamin A deficient test diet. When sacrificed
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the following determinations were made: Liver ascorbic acid
and vitamin A; wet weight of liver, testes, seminal vesicles,
adrenals and thyroids, The thyroids were processed for
histolcgical examination,

For three weeks during the experiment, that is from
the 14th deficiency day to the 38th deficiency day, the oxygen
consumption (36) of five animals from each of the four pair-
fed and the four deficient groups was measured twice. A
total of 124 separate measurements were made at the rate of

six per working day.
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RESULTS* AND DISCUSSION:

1. Survival:
"Survival in the deficient groups on the U.S.P. diet

was as follows: Group OA 13/15(87%) and Group OAC 14/15(93%),.

Survival in the deficient groups on the L.D, diet was as

follows: Group 0OA 14/15(93%) and Group OAC 15/15(100%).

These data establish the fact that the animals were probably

suffering from the deficiency state but had not reached the

terminal stage of rapid mortality.

2. Body Weight Gain (Figs, 5, 6 and 7; Table 26);

From the overall growth response (Fig. 5), we note
that the time necessary for the development of vitamin A
deficiency on the L.D, diet, is shorter by approximately 8-10
days. The slope of the growth curve is more acute for the
control animals on the L.D, diet. This observation is
confirmed by the fact that the total weight gain (Table 26)
reached by the control (+A) animals on the U.S.P, diet, was
attained 10 days earlier on the L.,D, diet. Though not
significantly different, the body weight gain of the control
(+A) rats on the L.D., diet is 5.8 grams/day whereas, it is
5.3 grams/day on the U.S.P. diet. Over a longer duration
it is highly probable that the difference would become

significant. Except for the source from which the vitamins

* A tabulation of the significance of the results is given
in Tables 24 and 25.




are derived, the diets are very similar in composition, Thus

the observed improvement in the body weight gain of the controls
on the L,D, diet could possibly be attributed to a greater
availability of the vitamins when added in crystalline form to
the diet, 2s compared to their availability from dried yeastj or
to the supplementation of a ratio of crystalline 'B' vitamins
which is superior to that naturally occuring in dried yeast, The
added cystine in the L.D, diet may possibly be responsible for
the earlier onset of the deficiency signs, This latter problem
is further discussed in experiment VI,

Body weight gain on the U.S.P, diet (Table 26): The weight
gain of both pair-fed groups (+Apf and +ACpf) wes not signific-
antly different from that qf the deficient animals (OA z2nd OAC),
This means that the pair-feeding was adequate, The 'ad libitum?'
fed controls (+A and +AC) had significantly greater weight gains
than did both the pair-fed and deficient animals, Treétﬁent with
ascorbate nad no apparent effect,

Weight gain on the L.D, diet (Table 26): The weight gain
of a given pair-fed group (+Apf or +ACpf) was not significantly
different from its respective vitamin A deficient reference group
(0OA and OAC respectively), This is apparently due to the fact
that the deficient group which received vitamin C (OAC) had a
better, but nét significantly better, weight gain than the untrea=-

ted deficient animals (OA),
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The ad libitum fed controls (+A and +AC) had a significantly
greater weight gain than both deficient groups, The adminis-
tration of vitamin C tended to retard the growth of the ad
libitum fed controls (+AC) and for this reason the weight
gain of th%s group is not significantly greater than that of
the pair-fed animals,

3. Liver vitamin A:

At autopsy, none of the deficient animals on either
diet had detectable liver vitamin A. The administration of
vitamin C from the onset of the experiment (prior to the
depletion of liver stores) did not 'conserve' the liver
vitamin A, No significant differences in liver vitamin A
concentration or in total liver vit. A were fouhd between the
control groups cn a particular diet. Exogenous ascorbate
had no apparent effect,

The control animals on the L.D. dict received a'tdtal
of 7,500 I.U, of vitamin A from the onset of the experiment
to its termination (44-48 days); whereas, the control animéls
on the U.S,P. diet received a total of 10,000 I.U. of vitamin
A from the onset of the experiment to its termination (55-58
days). The mean concentration and total liver vitamin A in
the ccntrols on the:U.S.P. diet was 28,7 I.U./gm. of liver
and 269,0 I,U./whole liver respectively; whereas, the mean

concentration and total liver vitamin A in the control animals
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on the L.D. diet (which received less vitamin A due to the
shorter experimental time) was 52.5 I.U./gm. of liver and
424.7 .1.U,/whole liver respectively, It is probable that

the L.D. diet promoted a better absofpticn and storage of
vitamin A.' However, even though the liver is usually consi-
dered as containing 95% of the bedy reserve of vitamin A (63)
it remains possible that the rato of utilization on the L.D,.
diet was decreased because of some other dietary factor

being present or absent; or the kidneys comtaininga greater
percentage of the vitamin A administered to the animals on

the U.S.P, diet., Of interest, in connection with cur observa-
tion, is the report of Braude et al._(20) describing increased
liver weights and decreased vitamin A storage iﬁ large white
pigs placed on a diet containing 14% dried yeast and 2%
minerals in lieu of 10% fish meal and 6% barley meal, We

also observed an effect on liver weight due to diet. vWe'have
pointed this out in the section on liver weight.

4, Liver ascorbic acid status:

U.S.P, diet: Ascorbic acid concentration (Table 28):
No significant differences between the grcups was found. As
in the previous experiments, the control groups (+AC and
+ACpf) which receivea vitamin C potentially tend to have
lower mean concentration values.

U.S.P. diet: Total liver ascorbic acid (Table 29):
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We observe that there is a significant decrease in the total
ascorbic acid in groups OA and OAC as compared to the ad 1libitum
fed controls but not as compared to the pair-fed controls.
The higher value in the ad libitum fed animals is due to the
heavier liyer weight of these animals. Pair-feeding as
compared to ad libitum feeding Qas able to account for a 50%
reduction in the total ascorbic acid status, The value found
in the deficient group (OA) is 38% (N.SY) lower than that of
the pair-fed controls (+Apf). This latter difference is
substantial but leaves some doubt. The results on the L,D,
diet are less dubious.

L.D. diet: Ascorbic acid concentration (Table 28):
The administration of vitgmin C to animals on this diet
resulted in increased liver ascorbic acid concentrations., The
composition of the diet is therefore an important factor as
to whether exogenous ascorbic acid will be taken up by fhe
liver. This is discussed further below. The mean liver
ascorbic acid concentration of the deficient animals (04)
is significantly lower than that of all the treated groups,
irrespective of whether they were vitamin A deficient (0AC),
pair-fed (+ACpf) or ad libitum fed (+AC) controls. The
group OA value is not significantly different from that of
the control éroups +A and +Apf. Comparison of the group +Apf

mean to that of the ad libitum fed +A group demonstrates

*N.S.: not a .significant difference
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that pair-feeding (a form of fasting) does-not alter the liver
concentration of ascorbic acid. As pointed out in Experiment
I, this does not mean that the actual concentration per cell
is not decreased,

The yptake of exogenous vitamin C by vitamin A deficient
animals fulfills the prerequisite cf it being present if it
is to be able to ameliorate vitamin A deficiency; moreover, it
signifies that vitamin A is not necessary for the uptake of
vitamin C. (Tﬁbfe l?)

L.D. diet: Total liver ascorbic acid: , The total liver
ascorbic acid status of the deficient animals (OA) is not
significantly lower than that of the pair-fed controls (+Apf).
Pair-feeding reascnably accounts for the decreased ascorbic
acid status of vitamin A deficient rats. This is also
discussed further below. Group OAC tends (p = 0.05) ?o have
a greater total liver ascorbic acid status as compared to
group OA, The mean value in group OAC is not significantly
different from that of the ad libitum fed control group (+A4)
and the remaining groups which received vitamin C. One
would believe that these animals (QAC) have an unquestionably
better ascorbic acic status than the deficient (OA) animals
and are therefore in a position to benefit therefrom.

The présence or absence of some agent(s) in the U,S.P.

diet, somehow prevents the absorption and/cr utilization and
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storage of ascorbic acid. Although no vitamin E has been
added to the U,S.P, diet, the quantity present in cottonseed
oil is probably sufficient (60). Vitamin K has also not been
supplemented; however, the intestinal synthesis of vitamin K
is considered an adequate source in the normal rat (47).
Vitamin B;, is definitely lacking in the U.S.P, diet and is

present in the L.D. diet; but, was lacking in the Mayer

312
and Krehl diet and they observed increased tissue levels
with the administration of vitamin C. Choline and cystine
have not been added to the U.S.P. diet; however, yeast
contains substantial amounts of choline and although the cys-
tine content of yeast is low, it is not the limiting amino
acid in casein. |

We believe that it is the presence of at least 8% dried
yeast that is responsible for the observed phenomena. It
has been reported that active yeast absorbs ascorbic 