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INTRODUCTION

Limited information 1s avallable concerning the need
for pantothenic acid in the nutrition of the gulnea pig.
Morgan and Simms (1940) have described what may have been a
pantothenic acld deflciency in this species. The fur of
three animals fed a diet conslsting of casein, sucrose or
darnatarch, agar, salts, Crisco, extracted wheat germ with
dally supplements of wheat germ oil, ascorbic acid,
nicotinic acld and cod liver oll, became dull and metallic,
while that of a fourth animal turned completely gray.

A crude preparation of the vitamin, however, falled to
restore halr coloration or to 1mprove‘ﬁhe general condition
of the gray animal. The fur of the other three guinea pigs
remained dull and metallic but did not gray. Eventually
all four animals died.

Mannering, in his excellent presentation of the vitamin
requirements of the guinea pig as late as 1949, cited only
the Morgan and Simms study with respect to the possible
requirement of the guinea pig for pantothenic acid. This,
then, seemed to be a frultful field for experimentation.

In the Fall of 1952, the present investigation was planned.



The purpose of the present investigation was two-fold:
(1) to produce a pantothenic acid deficiency in the guinea
plg in two ways, namely, by feeding an antimetabollite and
by omitting the vitamin from the dlet, and (2) to determine
whether an interrelatlonship between pantothenic acid and
ascorble acld exists 1n this species similar to that re-
ported in the rat.

8ince pantothenic acid is widely distributed in food-
stuffs and 1s very reslstant to destruction by chemical,
thermal, or hydrolytic agents in neutral solution, 1t is
unlikely that either man or animal would develop a panto~
thenic acid deficiency. Hence, in order to study the
importance of this vitamin in metabolism, it has been
necessary elther to feed simplifled rations or to administer
analogues which antagonize the action of this vitamin,

Barly attempts to rear guinea pigs on simplified
rations were vary discouraging chiefly because of fallure
to attain satlsfactory rates of growth., After the present
investigation had been undertaken, Reid and Briggs (1953)
described a seml-synthetic diet which supported a réte of
growth in young guinea pigs equal to that obtained with
commercial pellets. By omitting pantothenic acid from
thelr dlet, they were able to produce the first clear-cut
symptoms of pantothenic acld deficilency to be reported in
thls specles. The chief gross symptoms of defieciency were
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a decrease in the rate of growth, loss of weight, roughen-
ing of the fur, dlarrhea, anorexia, weakness, inactivity,
and death. The conditions known as "spectacled eyes"” and
porphyrin staining, which occur in the rat, were abaent.
Black colored portions of the hair in the Beltsville strain
became dull in color but showed no signs of ioss of pilg~-
mentation. There was a reduction in the amount of fat
deposited around the kidneys in the deficient animals but
this was due to inanition since palr-fed controls showed a
similar reduction in fat. The adrenals of the deficient
animals were greatly enlarged and some became hyperemlc.
Several of the animals found dead had hemorrhagic adrenals,
however, the authors 4id not identify the immediate cause
of death (Reild and Briggs, 1954).

An investigation of pantothenic acid analogues revealed
that of the many compounds which have been prepared, only
bne, omega-methylpantothenic acid acts as an antimetabolite
in animals. It has been reported to have low acute
toxiclity in rats, mice, and chicks when given orally,
intraperitonsally or intravenously. The simultaneous
feeding of pantothenic acid during the administration of
the analogue reversed its effects (Schinazi et al., 1950).

In 1951, Daft reported that when weanling rats were fed
& pantothenlc acid-deficlent diet which was supplemented
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wlth 2 per cent ascorblc acid, they showed either no panto-
thenic acld deficlency symptoms, or the develcpment of the
syndrome was "at the least greatly delayed or modified".
Growth was better, porphyrin sccumulation on fur or whiskers
less, and length of life increased. The results of Daft's
study are startling because normally the rat is able to
synthesize as much ascorbic acid as it needs but requires
a dietary source of pantothenic acid. Would the gulnea pig,
8 specles requiring a dletary source of ascorbic acid, also
display a relationshlp between ascorble acid and pantothenic
acid when the intakes of these two vitamins were varled?
Recently Reid and Briggs (1954) have reported that
"the sparing effect of large amounts of dietary ascorbic
acid on pantbthanie acid deficlency in the rat could not
be duplicated in the guinea pig". However, Reid and Briggs
reported no record of food intake and used growth and
survival as their sole criteria. They conceded that
Further studles are required, however, before
drawing the conclusion that in diets containing
suboptimum smounts of pantothenic acld no benefit
is derived from the presence of dietary ascorbic

acid in excess of the amount necessary to prevent
seurvy. (p. 516.)



REVIEW OF LITERATURE

Omega-methylpantothenic Acid

Drell and Dunn syntheslzed omega-methylpantothenic acid
in 1946. This compound contains a methyl group in place of
a hydrogen atom on the terminal ~CH20H group of the pantolc
aclid molety of pantothenlc acid. The growth of lactic acid
bacteria was inhibited markedly by this antimetabolite and
the inhibition was reversed, competitively, by addition of
pantothenlic aclid over a wlde range of concentrations.

A large number of structural analogues of pantothenic
acid have been found to inhibit the growth of micro-
organisms. However, only omega-methylpantothenlc acid
caused the appearance of symptoms of pantothenic acid
deficiency in animals (Woolley, 1952, p. 45). Schinazi gg,gi.,
(1950) found that the effects produced by the administra-
tion of the analogue could be reversed by the simultaneous
feeding of pantothenic acid, and that, except for inter-
ference with the utilization of pantothenic acid, the
analogue showed no apparent physiological activity. These
toxiclty tests were made on chicks, rats, and mice.

Drell and Dunn (1951) studied in great detail the
effect of their antimetabolite on mice of the Bagg strain.



Weanling male mice were ralsed én a purified, pantothenic
acld~free diet which was supplemented with the vitamin and
the analogue in a variety of combinations. Survival time,
weight gain and food consumption of the mice on the panto-
thenic acid-free diet with analogue decreased in proportion
to the level of analogue fed, whereas animals on a diet
containing neither pantothenic acid nor analogue gained
some welght after weaning. The authors did not attribute
failure to gain weight to low food intake. They based
their assumption on the fact that when rats were pair-fed,
those on the pantothenic acld-~free dilet supplemented with
analogue lost about 25 per cent of their body weight, while
those getting both pantothenic acid and analogue made small
increases in body weight (2.5 per cent). When the
pantothenic acld~free diet with analogue was supplemented
with pantothenic acid, the survival time and weight gain
of the mice increased. The appearance of the mice, thelr
food consumption, body weight, and survival time depended
upon the ratio of inhibitor to pantothenic acid in the diet,
rather than upon the absolute amount of analogue.

At a ratio of 100:1 (analogue:pantothenic acid), two
groups of mice increased in survival time comparable to that
of the deficient group (0:0). At a ratio of less than 100:l
all of the animals survived and gained weight. The authors



labelled the ratio of 100:1 the critical or "interference
ratio". Attention was called to the fact that greater
weight increases occurred at the 100:1 ratio than at the
010 ratio which indicated that the vitamin was being
utilized in the presence of the analogue for moderate
growth although it exerted no effect on survival time.

The earliest deflclency symptoms observed on the dlet
with analogue were ruffling of the hair especially on the
head and neck. The pattern of halr ruffling was character-
istic but differed from that of mice whose dlets were
deflclent in pantothenic acid. The skin became scaly but
remained soft and pliable. During the final stages dlarrhea
developed, the animals became listless, and dled. Mice of
the CFW strain, deprived of pantothenic acid, developed
taut, cracked and bleeding skin, inflammation of the eye-~
1ids, closing of one eye, and other symptoms which were
completely reversed by the administration of pantothenic
acld. Mice of the Bagg strain on the pantothenic acld-free
dlet displayed the same symptoms as a group receiving the
analogue and in addition, exhibited alopecia to various
degrees. From these differences in symptoms one could
postulate that not all tissues are depleted to the same
degree in an analogue~induced deflciency as they are in a
dletary-induced deficiency.
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Drell and Dunn felt that omega-methylpantothenic acid
interfered with the utilization of pantothenic acid rather
than caused any inherent toxicity. They support this view
by calling attention to the following observationsi

(1) The interference index to the levels of inhibitor
held constant for levels as high as 0.6 per cent
at which level death followed in less than 16 days
if pantothenle acid was withheld.

(2) On diets at ratios b@law‘tha interference ratio,
there was & complete absence of all deficlency
symptoms.

(3) The syndrome produced by the analogue was reversed

| when pantothenle acid was glven.

Shils (1950) investigated the effect of omega-
methylpantothenic acid on the ability of rats to acetylate
sulfenilamide. He observed the same results with the
analogue that Riggs and Hegsted (1948) had observed in rats
with pantothenic acid &afi@&enmy'indﬁaad by removal of the
vitamin from the diet, namely, that acetylation was
decreased In the pantothenic aclid-deficlent animals. After
he withdrew the analogue and adminlstered the vitamin, the
animals showed a marked increase in acetylation.

Novelll and Lipmann (1948) found that omega-
methylpantothenic acid interfered with the conversion of
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pantothenic acid to Coenzyme A and with restoration of that
function of Coenzyme A which was concerned with utilization
of pyruvate. |

Bean and Hodges (1954) have reported the effects of
administration of omega-methylpantothenic acid to 4 human
subjects. They fed, by stomach tube, a synthetic diet
containing all known vitamins exclusive of pantothenic
acid along with 500 mg. of the analogue each day. By the
second week of analogue consumption, postural hypotension,
dizziness and rapid heart rate on exertion were observed.
The men became easily fatigued and slept in the daytime.
By the third week they complained of epigastric distress,
anorexia, and constipation. The fourth week found the sub~
Jects easlly upset, quarrelsome, and discontented. They
complained of numbness and tingling of the feet and hands.
The symptoms became more severe during the fifth week and
one subject experienced a constant burning of the feet
while another developed an abnormal gait. By this time
there was hyperactivity of the deep tendon reflexes, weak-
ness of the extensor muscles of the fingers and lmpaired
sense of balance. During the entire period of deficiency
the men had frequent upper respiratory infections and one
subject developed pneumonia.

Four grams of pantothenic acid fed along with the
analogue falled to bring about & recovery. Only the
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paresthesias improved, but the fatigue and malaise increassed.
One subject became somnolent and another vomited severely.
The analogue was discontinued and the subjects were given
cortisone along with‘a good general diet supplemented with
vitamins'iﬂelﬁaing pantothenic acid, the combination of
which brought about a complete and rapid recovery.
Blochemical changes observed during the period of defi-
clency included:
(1) an impaired ability to acetylate para-
aminobenzoic acild
(2) a decline in bloaé levels of cholesterol and
cholesterol eaters
{(3) adrenal cortical hypofunction as evidenced by
the eoainophll response to ACTH, an increased
sensitivity to the hypoglycemic effect of
insulin, decreased urinary excretion of 17
ketosteroids and defectlive diuresis after
water ingestion
(4) gastric hypochlorhydria

Use of Synthetic Diets for Guinea Pigs

One of the initlal attempts to rear guinea pigs on
purified diets included yeast as a source of the B-vitamins
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(Cannon and Emerson, 1939). later when crystalline vitaming
were used, very poor rates of growth occurred (Woolley,
1942, Woolley and Sprince, 1945, Cannon g&,g&,; 1946).

The importance of bulk in a synthetic diet for the
guinea pig was established in 1949 by Booth,Elvehjem, and
Hart. They tested 14 different substances as sources of
cellulose or hemicellulose and found that gum arablec gave
the best response consistently. By replacing 15 per cent
of the sucrose with gum arabic, the rate of growth over a
6~week period increased from 1.8 to 5.1 gm. per day.

When Booth et al., (1949) fed their synthetic ration
with gum arabic along with 25 per cent alfalfa ash, they
obtained growth éamparable to that which they were getting
with commerclal stock ration supplemented with ascorbic
acid. Purther work proved that the active ingredlents in
the alfalfa ash was megnesium and potassium (Roine et al.,
1949). Best growth was obtained when there was a total of
2.5 per cent potassium acetate and 0.5 per cent magnesium
oxide in the diet. During 6 weeks on this ration 5 animals
gained 7.2 gm. per day, which was the vate of welght gain
that Cannon et al., (1945) advocated as "normal”. They
postulated that gruwth of less than 7 to 8 gm. per day,
from the second to the eighth week of life, could not be
considered "normal" in the guinea pig, if growth on natural
foodstuffs was to be accepted as the standard.
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Recently Reid and Briggs (1953) developed a semi-
synthetic diet which promoted a rate of growth and over-all
‘devalapmant (of 2 to 4 day-old animals kept on it up to
150 days) which was comparable to that obtained with commer-
cial pellets, that is, 7.1 gm. per day. The basic
features of their diet were: 30 per cent vitamin-free
casein, 15 per cent cellophane spangles, 7.3 per cent corn
oll, 2.5 per cent potassium acetate and 0.5 per cent
magnesium oxide in addition to 6 per cent of a salt mixture,
3 sources of carbohydrate (cerelose, sucrose, and corn
starch), and large amounts of the vitamins.

Reid and Briggs (1954) used this diet in routine growth
experiments with reproducible results and are testing it
for adequacy in reproduction. They have produced defi-
clencies of thiamine, riboflavin, folic acid, choline,
pantothenic acid, pyridoxine, and nlacin. The requirement
of the guinea pig for pantothenic acld has been evaluated
with this diet and the quantitative need for other B vita-
mins 1s being studied. Omission of corn oll resulted in
symptoms characteristic of a deficiency of the essential
fatty acids (Reid, 1954).
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Pantothenic Acid Deficiency and the Adrenals

| One of the characteristics of pantothenle acid defl-
elency 1s a fatal necrosis and hemorrhage of the adrenal
gland (Daft and 8ebrell, 1939). Gross examination of the
adrenals reveals them to be hypertrophled and dark in
color. Microscopically, they have been described by
Ashburn (1940) as showing “"congestion, hemorrhage, atrophy,
necrosis, scarring, fibrosis, hemosiderin deposition and
cortical fat depletion”. Daft et al., (1940) have demon~
strated the ability of pantothenic acid to prevent or
correct adrenal necrosis, hemorrhage and other changes
which they have observed. These rﬁsult& have been con-
firmed by several workers (Mills et al., 1940, S8almon and
Engel, 1940, Unna, 1940).

Deane and McKibbin (1946) studied the sequence of
events in the &eva;apmanﬁ of adrenal lesions. The first
changes conslsated of a disappearance of ketosteroids from
the zona reticularis and zona fasciculata, accompanied
and followed by the progressive depletion of sudanophilic
droplets from the same area. Then, focl of necrosis and
hemorrhage appeared in these zones. In severe cases this
progressed until only a thin layer of intact cells remained
in the zona glomerulosa. |
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Because the lipoid materlal of the adrenal cortex was
depleted before necrosis and hemorrhage appeared, Ashburn
(1540) postulated that the adrenals in a pantothenic acid-
deficient rat might be insufficilent functionally. Gaunt
and coworkers (1946) supported this view because they were
able to show that thelr deficient animals were more sensi~
tive to water intoxication than the controls.

Deane and McKibbin (1946) took an opposing view. They
postulated that the ﬁartéx might be overstimulated as the
result of a stress reaction. This view has recelved con-
siderable support. Dumm et al., (1953) have shown that the
abllity of the pantothenic acid-deficlent rat to synthesize
adrenal cholestercl is daéraaa&d' Winters et al., (1952),
and Schultz et al., (1952) studled changes in the adrenals
of weanling rats which had suckled females fed & panto-
thenlc acid-deficlent diet. large doses of ACTH intensified
the adrenal lesion whereas cortisone protected the rats
completely from cortical neerosis and hemorrhage. The
adrenals of the pantothenic acid-deficient, cortisone-
treated animals could not be distinguished from those of
the control rats given the cortisone. These investigators
reasoned as follows: depletion of Coenzyme A in the
adrenal cortex caused an increased secretion of ACTH with
subsequent adrenal hypertrophys with the progressing
depletion of Coenzyme A, the cortex became increasingly
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unable to produce and secrete steroid hormones; the sustained
high level of circulating ACTH acting upon the glands,

which were more and more unable to respond, led to
"hemorrhagic necrosis” of the adrenal cortex. This was
accompanied with many of the symptoms of pantothenic acid
deficiency which were due to malfunction of the adrenal
glands, such as hunger for salt, muscular weakness, gastri-
tis, lowered liver glycogen, and hemorrhagic kidneys and
thymuses.

Although there was a depletion of cholesterol and other
steroids in the adrenal cortex of pantothenic acid-deflclent
rats, Guggenheim and Olson (1952) claimed that the
cholesterol concentrations of the liver, heart, and blood
serum in their deficlent animals were normal. Bean and
Hodges (1954) on the other hand reported a decrease in
blood cholesterol and cholesterol esters in human subjects
with pantothenic acld deficiency induced by an analogue in
the presence of no dietary pantothenic acid.

The adrenal gland is believed to be involved in pig~
mentatlon. A pantothenlc acld deflclency in black, hooded,
or brown rats may be accompanled by the appearance of
achromotrichia or graying of the halr. Some workers have
shown that this condition 1s prevented or corrected by
including caleium pantothenate in the diet (Unna, 1941,
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removal of the adrenals did not modify the proportion of

- administered pantothenic acid which was excreted in the
urine (Dumm and Ralli, 1949). What these findings signify
is not clear, but they do show that the adrenal cortex is
in some way concerned with either the vﬁanﬁa«»cw of melanin
or its deposition.

It 1s also recognized that dietary deficiencles in
addition to pantothenic acid may be involved in achromo-
trichia under appropriate experimental conditions. Richter
and Clisby (1941) found that phenylthiocarbamide, a sub-
stance xs»aw inhibits the actilon of copper-containing
oxidases, produces graying in rats. Therefore, in a
copper deficiency, a graying of the halr may be due to
decreased activity of tyrosinase or of dopa oxldase.
Sealock and Goodland (1951) demonstrated that ascorbic
acid also acted as & coenzyme in the oxidation of tyrosines
the velocity of the expgsameu depended upon the concentra-
tion of ascorbic acid which was present. However, gray
hair has not been reported in scurvy. Free (1540) and
Henderson et al., (1942) were unable to relieve the gray-
ing of copper deflcient rats with pantothenic acid, On
the other hand, Singer and Davis (1950) report that they
cured the graying of aewww%iaaawawasa rats by using addi-
tional calcium pantothenate. They suggested that copper
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and pantothenic acid may be metabolized together and that
during a copper deficiency the pantothenic acid requirement
may be accentuated.

Hundley and Ing (1951) did copper analyses on the skins
of pantothenic acid-deficlent rats, on litter mates recelv-
ing adequate pantothenic acid, and in similar rats on stock
diet and they found that the deficient animals had about &
times more copper in thelr skins than the other 2 groups.
When weanling rats were fed the pantothenic acid-deficient
dlet until graying wss well established and then treated
with pantothenlc acid for 2 weeks, the concentration of
copper in the skin dropped down to normal levels. The
authors interpreted thelr data as suggesting that panto-
thenic acid deficlency may produce gray halr by blocking
the utilization of copper in halr growth and melanin
formation.

Sodium, chloride, and potassium balances are known to
be upset by adrenal cortical hypofunction. Ralll et al.,
(1941) found that "filtrate factor” deficient rats showed
graying of the fur much earlier and more severely when
given a low salt intake than when given a normal or high
salt intake. A study by Gaunt et al., (1946) revealed a
fallure of water metabollsm in panﬁaﬁh@nxe acld deflclent

rats. The animals were unable to excrete water and to



resist water intoxication but administration of either
adrenal cortical extract or of pantothenic acid restored
this ability.



METHOD OF PROCEDURE
General Bxperimental Plan

Experiment A

An attempt was made to produce a pantothenic acid
deficiency in growing male guinea pigs by feeding the
analogue, omega-methylpantothenic acid, along with a com-
plete natural ration. For the first 15 days of the study
the antimetabollite was fed as 0.15 per cent of the intake,
then it was increased to 0,30 per cent for the next 18
days, and finally increased to 0.40 per cent for the remain-
ing 1% days of the study. BEach experimental animal had a
litter mate as its control., Three pairs of guinea pigs
were sacrificed after the first 15 days and the last of the
remeining 6 pairs of pigs were sacrificed on the 47th day
of the experiment. The two groups were compared on the
following bases:

(1) welght gain

(2) ration consumed and food efficiency

(3) red blood cell count

(4) red blood cell volume and hemoglobin concentration

(5) ascorbic acid concentration in blood serum
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(6) pyruvie acid level in the blood

(7) condition at autopsy

(8) hietological examination of testes and adrenal
glands of 2 animals from each group at the con-
clusion of the experiment

Experiment B

The possibility of an interrelationship between ascorbic
acid and pantothenic aawa.»ﬁ the guinea pilg was investigated
by feeding a complete semi-synthetic ration with 4 levels of
ascorbic acid and 4 levels of calcium pantothenate according
to the following plan:

Ascorbic acid levels

0 e d
Calecium Y
pantothenate |  / |
levels FFAF | “NM Control

# indicates minimal amounts
## indicates normal or average amounts

F#FA¥  indicates excess amounts

The experiment was replicated 3 times, S8tudy I, Study
II, and 8tudy III. In Study I, for the first 5 days, all
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(7) eamount of pantatﬁania acid excreted in the urine
during a 3-day collection period each week

{8) coneentration of pantothenic aecid in the blood
and liver at the conclusion of the study

{(9) condition at autopsy.

Preliminary Work

Confirmation of Daft's study

First, the author repeated the experiment which Daft
(1951) had published. Thirty, 28-day-old albino rats of
the Wistar strain were studied for a period of 12 weeks.
Fifteen male and 15 female rats were randomly distributed
into one of three groups. Group I received a semi-
synthetic diet with neither pantothenic acid nor ascorbic
acid, Group II, & semi-synthetic diet containing 2 per cent
ascorbic acid but with no pantothenic acid, and Group III,
a semi-synthetic diet with one mg. calcium pantothenate per
day but no ascorbilc acid.

The experiment confirmed the results of Dafi's study
with the following added observations:

(a) The differences in the rate of growth among the

3 groups of male rats were much more striking
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than among the 3 groups of more slowly growing
female rats.

(b} Ascorbic acid seemed to exert a beneficlal effect
on the pantothenic acid concentration in the blood
of both male and female animals receiving no
pantothenlc acid, thus emphasizing the possiblility
of an interrelationship between the two vitamins.

(¢) Blood serum ascorbic acid levels seemed unaffected
by either the presence or absence of 2 per cent
ascorbic acid in the diet of both male and female
rats.

Upon the completion of this experiment, plans were made

for a similar study using the guinea plg as the experimental
animal .

Guinea pig stock colony

In order to supply the very young guinea pigs which
would be required for a pantothenlc acld study, as well as
to supply animals whose nutritional backgrounds were known,
& guinea pig stock colony was started on November 18, 1952,
Ten male and 10 female animals of breeding stock were
obtained from the Gopher State Caviary in 8t. Paul, Minnesota.
The animals were housed in 18" x 12" x 8" wire cages

which were placed over wood shavingas. The shavings were



~25e

changed dally. The adult animals were weighed twice weekly,
the offspring dally. The steak*diat consisted of commercilal
rabbit pellets, 10 mg. ascorbic aaié per day, 10 to 15 gm.
lettuce three times per week, and one drop of oleunm
percomorphum per week. Salt licks were also provided.

From November until the following July, a total of 76
young pigs had been born. Of these, 21 pigs (28 per cent)
were either born dead or died soon after birth. Average
growth curves of 34 male and 13 female animals which were
maintained on stock diet from birth until 8 weeks of age
are plotted in Pigure 1. The young were generally weaned
at 23 days of age. Individual weights for each pig as well
as the average weight gain per animal per day during this
8-week period may be found in Appendix Table A.

Some of the new-born young were used for experimental
purposes such as testing synthetlic diets, trying out various
"harnesses”, and in urine collecting experiments. The
stock colony was discontinued in July, 1953, due to lack
of space and because of the inability of the animals to
withstand & hot lowa summer.

Froblem of coprophagy

Since the guinea pig is notorious for coprophagy, and
since this habit would be a detriment to an experiment in
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Figure 1.

Normal growth curve of stock colony
guinea pigs fed rabbit pellets, 10 mg.
ascorbic acid per day, and 1 drop
oleum percomorphum per weelk
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Pilot study using the analogue

In order to ascertain the most sultable levels at which
to feed the analogue, omega-methylpantothenic acid, a pre-
liminary study was made in which one, 12~day-old guilnea pig
was fed rabbit pellets into which the analogue had been
incorporated. The pellets were supplemented with 10 mg.
ascorbic acid per day and one drop of oleum percomorphum
per week. For the first 1% days the anslogue was fed at
0.15 per cent and for the following 19 days, it was in-
creased to 0.30 per cent of the intake. By the 33rd day
of analogue consumption, the guinea pilg was in such a state
of debility that it was necessary %o sacrifice it.

It was interesting to note that the animal had a good
appetite and continued to gain weight at approximately 4.5
gm. per day while ingesting the antimetabolite. Some of
the observations noted during the final three days of the
study included rapid respiration, lassitude, paleness of
the ears, eyelids, nose, and paws and & coldness of the
extremities. The fur of the animal showed a declded change
in texture. It became very soft and woolly and atood on
end. Lacrimation, which consisted of a thick viscid sub~
stance, also was observed. At autopsy, the adrenals were

found to be hemorrhagic and the liver showed evidence of
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fatty infiltration. The blood was pink in color and clotted
very slowly.

Equipment for balance st

Cages. Round rat metabolism cages were converted into
metabolism cages for the guinea pigs by the Instrument Shop
of the Physics Department. A portion of one side of the
cage was cut away and a rounded screen extension which
housed the feed cup was added., This extension was on hinges
and had a fastening, thus making the feed cup, which was
easily removed by sliding upward and out, conveniently
| accessible. By housing the feed cup, the extension also
gave the animal a little more space for movement. Three
metal strips which served as feet were soldered to the
bottom of the cage so that the cage would stand firmly
over a large collecting funnel. The animals were maintained
in metabolism cages and occupied the same relative position
on top of the metabolism tables during the entire course of
each metabolism study. Preliminary work had indicated a
decreased food consumption with a corresponding decrease in
weight when the pigs were changed from the more spacilous
guinea pig cages to the smaller metabolism cages.

Metabolism tables. A metabolism table was especially
constructed by the Physical Plant, according to specifica-
tions, and was made to accommodate 6 pigs at one time.
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It had 6 holes, about 10 inches in dlameter, conveniently
apaéed across the top of the table. About 20 inches below,
there was a shelf which held the collection bottles. This
table proved to be very satisfactory for our purposes.
A temporary metsbolism table, which was avallable in the
department, was used in making collections from the 3 pigs
in each metabolism study which received no ascorblc acid.
Thus, facilities were available for collections from 9 pigs
at one time.

Method of urine collection. At first, urine had been
- collected by placing & round rat metabolism cage over a
large Pyrex pie plate. The cage was held in place with
metal holders. To catch feces and spilled food, some
screening was cut the size and shape of the cage and large
tacks, about one inch long, were soldered to the screening
in several places, thereby supporting the screen over the
Pyrex plate. This method proved unsatisfactory for several
reasons. The relatively large amount of urine excreted
warranted the use of a preservative, which, because of its
- proximity to the enimal was irritating to it; also, guinea
pigs tended to play with their water bottles, and excessive
spillage could result in the loss of part of a collection.

A modification of the procedure used by Storvick (1933)
was adopted finally and a pilcture of the equipment can be
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seen in Plate 1. A large funnel was fitted into the opening
in the metabolism table. Into the funnel was placed a round
plece of fine screening to catch spilled food and feces.

The round metabolilism cage stood firmly on its three feet
over the funnel. The tip of the funnel touched the top of
a pear~shaped glass bubble which was supported by glass
hooks over the edge of a small funnel which in turn fitted
into the collectlion bottle. As a precautionary measure,

the collection flask was placed into a wide-mouthed glass
container (Heinz mayonnaise jar). The urine followed the
walls of the large funnel to the glass bubble, around which
it dripped into the collection flask. At the beginning of
each balance period, 100 ml., of distilled water and 5 ml.

of toluene were placed into each collection flask.

To test this method of collection a one-day sample of
urine was collected and an aliquot removed and frozen. The
remainder of the sample was allowed to stand at room tempera-
ture for 2 days before freezing. The aliquot which was
frozen immediately assayed 17.6 meg. of pantethan&alacid
per day, while that allowed to stand at room temperature
assayed 18.2 meg. per day. These results are within
experimental error and indicate no loss of the vitamin by
this method of collection.



Plate 1. EHquipment used in urine collections
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Animals Used and Their Care

Experiment A

Nine pairs of weanling male albino gulnea pigs were
obtained for the experiment from the Gopher State Caviary,
St. Paul, Minnesota. They weighed, on the average, 169 gm.
(range, 138 to 232 gm.) and were housed in individual cages
during the entire experiment. The pigs were weighed daily
and fed their ration and distilled water ad libitum. Three
peirs of pigs were sacrificed after the first 15 days of
the study.

Experiment B

Study I. Nine male guinea pigs were kindly supplied
for 8tudy I by Dr. Paul Bennett of the Veterinary Medicine
Division. The animals varled widely in welght, from 01
to 210 gms, Four of the animals had not been weaned. One
of these served as a control and the other 3 were placed
on the diet containing no pantothenle scid. The smallest
of these animals was 3 days old and welghed 91 gma. The
other 5 animals had been weaned and the 2 largest ones
were assigned to the scorbutic diet. The remaining 3 pigs
were assigned one of the remalning diets at random. 1In
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short, the plgs were dlstributed according to their body
weights after the following plans
Study I
Ascorbic mcid intalkte per day
O 2mg. YO mg. 10 mg.

1 E— LT . EL.

Calcium 0 146 150 91
pantothenate 0.06 mg. 207 179 171
intake per day 8 mg. 210 191

0.2 mg. 167

The animals were weighed dally and fed a semi-synthetic dilet
and distilled water ad libitum, |

Study II and Study III. Two to four-day-old male
guinea pigs were ordered from the Gopher State Caviary for

both studies. The animals were placed on a train in
Minneapolis at 4:00 P.M. one day and picked up at the
station in Ames the following morning at 5:00 A.M. For
Study II, 10 snimals ranging in weight from 84 to 116 gm.
were received, while for Study IIXI, 12 pigs whose weights
ranged from 68 to 110 gm. were received. The animals were
asslgned di@tﬁ according to thelr body weights alter the
following plan:
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Study II
Ascorbic acld intaske per day
© 2 mg, HOmp. 10 mg.
_gm, gm. gm. _gm.

Calcium 0 112 B84 85
pantothenate 0.06 mg. 103 98 109
intake per day 8 mg. 112 99

0.2 nmg. 101

Pellet control 116 gm,

Study 11X
Ascorbic acid intake per day
i’ e mg., 4O mg. 10 mg.
< T .1 gm. ___Bo.

Caleium 0 110 gg gg
pantothenate 0.06 mg. 85 95 107
intake per day 8 mg. 93 99

0.2 mg. 100

The pigs were weighed dailly and fed a semisynthetic diet
and distilled water ad libitum.
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The Ration

The guinea pigs were fed a basal dlet of Nutrena rabbit
pellets supplemented with 10 mg. of ascorbic acid per day
and one drop of oleum percomorphum per week, Both supple~
. ments were administered per os, the ascorbic acid as a solu-
tion in 70 per cent glucose. Approximately 1250 units of
vitamin A and 180 units of vitamin D were provided by one
drop of oleum percomorphum. Nine experimental animals were
fed this diet along with calcium omega-methylpantothenate
which was incorporated into the rabblt pellets.

The analogue was purchased from the H. M. Chemical Co.,
Ltd., 8Santa Monica, California in 3 lots, one of 8T per cent
purity and the other 2 of 83 per cent purity. Allowances
were made for the impurities. The analogue was incorporated
into the rabbit pellets after they had been ground in a
Wiley mill. The ration was then moistened with a small
amount of distilled water, re-pelleted?, and dried under
an infra red lamp for approximately 2 hours at a tempera-
ture under 55° C.

‘appreciation is expressed to the Mechanical Engineer-
ing Department for use of their plastic mold for pre-
pelleting the ration.



Experiment B

The semi-synthetic ration used in Experiment B was a
modification of that used by Reid and Briggs (1953). Its
composition l1s given in Table 1. The fact that this diet
is semi-synthetic is recognized, but for the sake of
convenience, it will be referred to hereafter as a synthetic
diet.

The ration was made up in ¥ kg. batches and kept frozen
at ~4° P. As needed, 400 gm. lots were mixed with 35 to 40
ml. of distilled water, rolled out, and cut into small bite
 size pleces. The ration was spread out on trays and dried,
with frequent turning, in an air oven for ap?rax&mately
3 hours at a temperature below 55° C. When thoroughly
dried, it was cooled, placed in tightly covered containers
in a freezer for storage.

Vitamin B;,, calcium pantothenate, and ascorbic acid
were fed to each pig per os dally while on experiment.

One ml. of a solutlon of vitamin B,,, contalning 30 meg.
per ml. of sterile saline (Eli Iilly), was diluted with

5 ml. of distilled water. One drop, which contained
approximately 0.25 mcg. of the vitamin, was given to each
animal per day while on experiment.

Ascorbic acid was weighed out each morning on the

Roller~Smith balance (accurate to 0.2 mg.) and dissolved
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Table 1. Composition of the synthetic ration

Ammﬁnt

| Amount
Ingredients (gm./kg.) Ingredients (mg./kg. )

Vitamin-free casein
Corn oll
Gum arable
8alts®
Magnesium oxide
Potassium acetate
Glucose
Sucrose
Dextrin
Choline chloride
Inositol

300
73
150

- 50

5
23
116
116
117
2

a "

Thiamine HCl 16.00
Ribvoflavin 16.00
Pyridoxine HCL 16.00
Riscin 200,00
Biotin 0.60
Folie acid 10.00
Alpha tocopherol

acetate 20.00
2-Methyl~-1,4-

naphthoquinone 2.00

Oleum parnamarphumb 300.00

8phillips and Hart (1935).

©18,000 U.S.P. units Vitamin A
2,550 U.8.P, unlts Vitamin D

in a TO per cent sclution of gluceose (20 mg./ml.). The
animals receiving the minimal amount, which was 2 mg. per

day, were given 0.1 ml. from & pipette; the control
received 10 mg. per day in one 0.5 ml. dose, and the ani-
mals receiving the excess amount were fed 40 mg. per day
Between feedings, the beaker

in four 0.5 ml. doses.
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contalning the ascorbic acid solution, was covered tightly
with aluminum foil and refrigerated.

Calcium pantothenate was also welghed out each morning
on the Roller-Smith balance. It was dissolved in dlstilled
water and fed in Study I and Study II according to the
following plant 20 mg. calcium pantothenate were dis-
solved In 5 ml. of distilled water. Animals receiving the
excess amount were given 0.5 ml. of this solution, 4 times
each day, or a total of 8 mg. per day. Of the above solu-
tion, 0.5 ml. was mixed with 9.5 ml. of water. The control
was glven two, 0.5 ml. doses each day of this solution, or
a total of 0.2 mg. per day. The animals scheduled for the
minimal amount were given 0.3 ml. of this second soluticn,
or 0.06 mg. per day.

In Study III, the pigs recelving the excess amount of
calcium pantothenate were given 1 mg. per day instead of
8 mg. which had been fed 4in Study I and Study II. The
dilution was made in this manner: 20 mg. calcium panto~
thenate were dissolved in 5 ml. of water. Of this solution,
0.5 ml, was further diluted with 4.5 ml. of water. The
2 animals getting the excess amount of calcium pantothenate
were each fed this solution in % doses of 0,5 ml. per Gay.



Sacrifice and Autopsy of the Animals

Experiment A

Three experimental and three control animals were
sacrificed on the lh4th day of the study, because preliminary
work had indicated this time as the probable mid-polnt of
the experiment. On the 35th day of the study one of the
six remaining experimental animals and its litter-mate
control were sacrificed. The animals were sacrificed (in
both Experiments A and B) when it was feared that they
might die before a blood sample could be obtalned. On the
45th day snother pair of litter-mates were sacrificed, and
on the 47th day of the experiment the study was terminated.

a&eam cbheservations of the physlcal condition of the
guinea plgs were made before they zga& injected intra-
peritoneally with maaga 1 ml, of w nembutal solution
(4-1/2 grains of nembutal in 10 ml. of water). Blood
samples were obtained from the portal vein. Aliquots of
the blood were measured immediately for pyruvic acid
aaﬁaaapgaaﬁeﬁu and the rest was mixed with an appropriate
amount of dried double oxalate, tightly stoppered, and
placed in the refrigerator. During autopsy, the condition
of the lungs, liver, kidneys, adrenal glands, intestinal
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tract, and visceral fat stores was observed and recorded.

The testes and adrenal glands of 2 experimental animals
and of their litter-mate controls, namely, guinea pigs 1E
and 1C, and 2E and 20, were removed and placed in Bouin's
fixative for histologlcal examination,

Experiment B

The anlmale were anesthesized with an intraperitoneal
Injection of a nembutal solution prepared as for Experiment
A. Blood was obtained from the portal vein. Part of the
blocd was measured immedlately for pyruvic acid determina-
tions and the rest was mixed with an appropriate amount of
dried double oxalate, tightly stoppered, and refrigerated.
Immediately after the plgs were bled the adrenal glands
were removed, weighed to the nearest 0.2 mg., covered with
a cold solution of 5 per cent metaphosphoric acid and
placed in the freezer. The liver was removed, blotted
with filter paper, welghed to the nearest ¢.1 gm., wrapped
in aluminum foil and frozen. The intestinal tract was
removed and weighed. Records were made of the condition
of the lungs, liver, kidneys, adrenal glands, intestinal
tract, and fat stores. All animals were carefully examined

for scorbutic symptoms.
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Methods and Procedures

Hematological

Red blood cell counts. Red blood cell counts were made
in Experiment A only. Oxalated blood was diluted 1:200 with
Hayem's diluting fluid using N.B.S. Trenner automatic

pipettes. Two complete dilutions were made with plpettes
which had been matched and duplicate counts from each dilu-
tion agreeing within 200,000 cells per mm.® were averaged.
The counts were made on a Bright-Line counting chamber,

Packed red blood cell volume. Determinations of packed

red blood cell volume were made, in duplicate, with the Van
Allen hematocrit tube. The blood was diluted with a 1.3
per cent solution of sodium oxalate.

Hemoglobin. Hemoglobin determinations were made by a
modification of the procedure of Wintrobe (1946, p. 255)

which measures oxyhemoglobin. Twenty mm.® of oxalated blood
were diluted with 8.0 ml. of a 0.5 per cent solution of ammon-
ium hydroxide and read in the Beckman spectrophotometer at a
wave length of 540 mu, When small amounts of blood were
obtained, 10 mm.® of oxalated blood were diluted with 4.0

ml. of the ammonium hydroxide solution. The Beckman

spectrophotometer was standardized by the oxygen capacity



method of Peters and Van Slyke (1932, p. 263). Since it has
been demonstrated that oxyhemoglobin from different sources
may differ iIn both spectroscopic characteristics and in

affinity for oxygen (Hawk, Oser, and Summerson, 1951, p. 424),
| iron determinations by the Wong procedure (Hawk et al., 1951,
p. 564) were also made. Thay substantiated the hemoglobin
values cobtained by measuring the oxyhemoglobin formed.

Chemical analyses

Blood serum or plasma ascorbic acild. Blood serum or
plasma ascorblc acld determinations were estimated by the
Lowry, Lopez, and Bessey (1945) microadaptation of the
dinitrophenylhydrazine method of Roe and Kuether (1943).

Ten mm.® of blood serum or plasma were deproteinized with
40 mm.® of 5 per cent trichlorcacetic acid. A 30 mm.®
aliquot of the clear supernatant solution was transferred
to another 6 x 50 mm. tube; the tubes were tightly
stoppered and stored immediately at ~4° F. Later 10 mm.®
of thiourea, copper sulfate-dinitrophenylhydrazine reagent
was added to each tube with tapping. This reagent was
also added to tubes which contained 30 mm.® aliquots of
trichloroacetic acid and of standard ascorbic acid solu-
tions. The tubes were capped and incubated in air for

4 hours at 37° C. They were then chilled in ice water and
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50 mm.? of ice cold 65 per cent sulfuric acld were added
slowly. The tubes wamé well shaken, cooled again, and re-
moved from the ice bath. After standing for 30 minutes to
3 hours at room temperature, they were again mixed by
tapping. The solution was transferred to cuvettes and the
light absorption measured at 520 mu in the Beckman
spectrophotometer. 8ix determlinations were made on each
blood sample.

In this procedure all of the ascorbic acld 1s oxidized
to dehydroascorbic acid in the presence of copper sulfate.
The resulting dehydroascorbic acid upon incubation with
2,4-dinitrophenylhydrazine produces a derivative which when
treated with 65 per cent sulfuric acid develops a red color,

Adrenal ascorbic acid. The method of Roe and Kuether
(1944) was also used to determine the ascorbic acid con-
centration of the adrenal glands. The adrenals were
weighed on a Roller-Smith balance to the nearest 0.2 ng.
and then ground in a cold mortar containing cold 5 per cent
metaphosphoric acid., The suspension was transferred to a
25 ml, volumetric flask, masde to volume and centrifuged at
3000 r.p.m. for 10 minutes, At this point the supernatant
was removed, placed in a small Erlenmeyer flask, tightly
stoppered and frozen. Then 5, 10, or 15 ml. aliquots of
the supernatant were transferred into a %5 ml. volumetric



flask and oxidized with bromine water dropwise until a
faint yellow color indicative of an excess persisted.
Thiourea was added to decclorize the bromine and the solu-
tion made to volume with 5 per cent metaphosphoric acild.
Then 4 ml. aliquots were removed and placed into 3 test
tubes. To 2 tubes, 1 ml. of 2,4-dinitrophenylhydrazine was
added and the mixture incubated for 3 hours in 3 water
bath at 37° ¢. The third tube was left at room temperature
and served as a blank. At the completion of the incubation
period, both tubes were immersed in an ice bath and to each
was added 5 ml. of 85 per cent sulfuric acid drop by drop
from a burette. To the blank tubes 1 ml. of
2,4-dinitrophenylhydrazine was added. Then both tubes
were removed from the ice bath and allowed to stand at
room temperature for 30 minutes. Solutions were read in
the Beckman spectrophotometer at 520 mu.

Ascorble acld standard was prepared by dissolving 25
mg. of pure crystalline ascorbic acid in approximately 200
ml. of 5 per cent metaphosphoric acid contained in a 250 ml.
volumetric flask. The m@wxawvn was treated with bromine
water until an excess was present, decolorized with
thicurea, and made to volume. From this solution con-
venient aliquots were diluted in order to prepare a gtand-
ard curve. From these dilutions, 4 ml. aliquots were
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Reagent blanks and standard pyruvic acid solutions, all in
triplicate, were treated in a similar manner.

Histological procedure

Experiment A. The testes and adrenal glands of guinea
pigs 1E, 1C, 2E and 2C were fixed in Bouin's fixative for
2k hours, washed in 70 per cent alcohol (24 hours) and
stored in 70 per cent alcohol., They were dehydrated in
3 changes of dioxane and then embedded in paraffin (Altman's
mixture) after 3 changes in melted paraffin (56 - 58“ c.).
Sections were made at 10 u thickness and stained with
Delafield's hematoxylin and eosin.

Balance procedure

Experiment B. A group of 3 animals was set up on
funnels for 3 successive days once each week. Except for
the first collection in Study I which lasted for 4 days,
all collections consisted of 3-day periods.

In Study I, feed cups were removed 5 to 6 hours before
the animals were placed on balance. Two to three hours
after removal of the feed cups blood samples from an ear
vein were collected for microascorbic acid determinations.
Since there was not enough fat on the blood plasma to

interfere with nmeasurement of plasma aliquots and since
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the pantothenic acid and ascorbic acid were omitted from
the ration, this procedure was not followed in Study II and
Study III.

On the first day of collection, the ascorbic acid and
calcium pantothenate were withheld until after the animals
had been set up on funnels. ILikewise, on the last day of
balance, the vitamins were withheld until after they came
off balance. Urine collection was completed by washing the
cage bottom, screening, funnel, and glass bubble with a
fine spray of warm distilled water. The urine and washings
were filtered through glass wool and made to known volume.
The pH was adjusted to 7 and the samples covered with a
thin layer of toluene and stored in a freezer until assays

were completed.

Microbiological assays

Pantothenlc acid assays of liver, blood, rabblt pellets,
and urine were made by microblological assay with

Lactobacillus arabinosus. Lactic acid produced by the

bacteria was titrated against 0.1 N NaOH with brom thymol
blue as the indicator.

Basal medium used was essentially that of the American
Association of Agricultural Chemlsts and United States
Pharmacopoeia (1945, p. 362) with the following modifications
per 100 ml. double strength media:
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Sodium acetate was increased from 2.0 to 4.0 gnm.

50 mg. of l-asparagine and 40 mg. of glutamic acid

were added.

Thiamine, riboflavin, niaein, and para-aminobenzoic

acid were doubled in amount.

Blotin was increased from 0.08 to 0.2 meg.,

pyridoxine was increased from 20 mg. to 100 mg. and

k meg. of folic acid were added.

Liver. Livers were homogenized with acetate buffer
(pH 4.6 to 4.8) in a Waring blendor, diluted to a known
- volume, covered with a thin layer of toluene and frozen.
The frozen tissues were thawed at room temperature. One
ml. aliquots were treated with 0.1 ml. of a freshly pre-
pared aaluti@n of intestinal phosphatase (containing 100
mg. dissolved in 10 ml. of &iatillad,watar), 0.05 ml. of
chicken liver enzyme preparation, and 0.1 ml. of sodium
bicarbonate (0.1M) according to the procedure of Novelli
et al., (1949). The samples were incubated in a water
bath at a pH of 8.5 for 4 hours at 37° C. AdJjustment of
pH to 6.6 to 6.8 and dilution to known volume completed
the treatment.

Blood. Duplicate one ml. aliquots of oxalated blood
were pipetted into 9 ml. of distilled water. Of this 1:10
dilution, 3 ml. aliquots were incubated at pH 8.5 with the
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same amounts of the enzymes in exactly the same manner as
the liver samples, except that the incubation period was
shortened to 3 hours. After incubation the samples were
diluted to approximately 10 ml., 4 to 5 drops of 0.1N
hydrochloric acid added and the samples autoclaved at 15
pounds for 10 minutes to coagulate the protein. Dilution
to 50 ml. followed by filtration completed the treatment
for the blood samples.

Rabbit pellets. The pellets were ground in a Wiley
mill, mixed with acetate buffer, and diluted to approxi-
mately 200 ml. The pH was adjusted to 6.6 to 6.8 and the
mixture autoclaved at 15 pounds for 10 minutes. After
cooling the volume was adjusted to 250 ml. and then the
samples were filltered through glass wool. Of the filtrate,
2 ml. aliquots were incubated with the 2 enzymes used for
liver and blood at a pH of 8.5 for 4 hours. After incuba-
tion the pH was adjusted to 6.6 to 6.8 and the samples
diluted to 250 ml.

The amount of pantothenlc acid present in the enzymes
used for liberation of bound pantothenic acid from the
liver, blood, and rabbit pellets was determined and the
appropriate corrections were applied.

Urine. Two ml. allquots of urine were incubated with
the 2 enzymes used for liver and blood at a pH of 8.5 for
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4 hours. The concentration of pantothenic acid after such
treatment was not increased above that obtained when no
enzyme treatment was used. For example, when the concentra-
tion without enzyme was 22.8 meg., that with enzyme was 21.7;
12.4 meg. without enzyme corresponded to 12.2 meg. with
enzyme. These values are within experimental error. There~
fore, aliquots of urine were pipetted into a volumetric
flask, the pH adjusted to 6.6 to 6.8, and when the samples
made to & known volume, free pantothenlc acid was

measured microblologically.
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RESULTS ARD DISCUSSION
Weight Gain, Ratlion Consumed, and Food Efficlency

Experiment A

Daily weight gain, food intake, and food efficiency
data of the experimental guinea pigs and of thelr litter
mate controls are summarized by the week in Table 2 and
Figure 2. During the first week of analogue (omega-
methylpentothenic acid) feeding, there was no difference
in average weight gain, food intake, or food efficiency
between the two groups. During the second and third weeks,
the experimental group was eating 2 gm. more of feed each
day but gaining 2 gm. less in welght each day than the con-
trol group, with a corresponding decrease in food efficiency.
During the fourth week, the pigs recelving the analogue were
eating 2 gm. less of' food each day than the controls while |
gaining 4 gm. less each day. In the fifth, sixth, and
seventh weeks of the experiment, the difference in food
intake between the two groups increased to 7, 12 and 11 gm.
respectively, while the difference in welght gain per day
remained constant at 6.6 or 6.7 gnm.
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Table 2, Summary of weekly weight galn, food intske,
and food effilciency of guinea pigs fed
omega-methylpantothenic aclid and of their
Ii?%er mate controls

Week
of study Control  Analogue
1 No. of animals 9 9
Ave. initial wt., (gm.) 169 164
Ave. wt. at end of week {(gnm.) 216 209
Ave. wt. gain (gm./day) 6.6 6.5
Ave. food intake (gm./day) 15 15
Ave, wt. gain per gram food
saten (gm./day) 0.4% 0.43
2 No. of animals 9 9
Ave. wt. at end of week (gm.) 264 243
Ave, wt. gain (gm./day) 6.8 y,
Ave. food intake (gm./day) 19 21
Ave. wt. gain per gram food
eaten (gm./day) 0.35 0.23
3  No. of animals | 6 6
Ave. wt. at end of week (gm.) 333 294
Ave. wt. gain (gm./day) 7.9 6.0
Ave. food intake (gnm./day) 26 28
Ave. wt. gain per gram food
eaten (gm./day) 0.31 0.22
i No. of animals 6 6
Ave, wt. at end of week (gm.) 398 332
Ave. wt. gain (gm./day) 9.3 5.4
Ave. food intake (gm./day) 31 29
Ave. wt. galin per gram food
eaten (gm./day) 0.30 0.19
5 No. of animals 6 6
Ave. wt. at end of week (gm.) YL 362
Ave. wt. gain (gnm./day 10.9 4.3
Ave. food intake (gm./day) 35 28
Ave. wt. gain per gram food
eaten {(gm./day) 0.31 0.15
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Table 2 (Cont'd)

Week
of study Control Analogue
6 No. of animals , g 85
Ave. wt, at end of week (gm.) 55 38
Ave. wt. gain (gnm,/day) 10.2 3.5
Ave. food intake (gm./day) b1 29
Ave. wt. gain per gram food ;
eaten (gm./day) 0.25% 0.12
7 No. of animals a 4a
Ave. wt. at end of expt. (gm.) 568 388
Ave. wt. gain (gm./day) 6. -0 b
Ave. food intake (gm./day) 36 25
Ave. wt. gain per gram food
eaten (gm./day) 0.18 -0 .02

%0n experiment for 5 days of Tth week.



Figure 2. Average weekly weight, food consumption and food
efficliency of guinea pigs recelving omega
methylpantothenic acid and of thelir liitte
controls
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The data for the individual snimals by pailrs (Pigure 3)
showed that the weight for 4 pairs of pigs ran parallel for
the first three weeks of the experiment with the difference
between the experimental pig and its litter mate control
gradually increasing after the third week of the experiment.
Between guinea pigs 2E and 2C and 3E and 3C, however, the
difference in weight began after the first week of the
experiment. This early difference probably indicates
poorer tissue saturation or a higher requirement in 2E and
3E than in the other experimental pigs.

An assay of the rabbit pellets indicated the concentra-
tion of pantothenic acid to be #7.2 meg./gm. When the
analogue was incorporated at 0.15, 0.30, and 0.40 per cent,
the ratio of analogue to pantothenic acid was 32:1, 64:1,
and 85:1, respectively.

When Drell and Dunn (1951) fed mice of the Bagg strain
a ratio of 33:1 (analogue to pantothenic acid), they found
that the mice galned almost the same amount of weight as
the controls, but had to eat one gram more each week in
oxrder to do so. The 9 guinea pigs in the present study
(Table 3, Pigure 2) gained one gram less in weight while
eating one gram more food per day than the controls, while
being fed the 32:1 ratio of analogue to pantothenic acid
(0.15 per cent level of intake). A correspondingly small



Figure 3. Average weekly weight and food consumption of individual
guinea pigs recelving gqg%@nmthylmwmnﬁg acid and
of their litter mate controls
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Tahle 3. ht gain, food consumption, and food
@fr clency of gulnea pigs fed omega ~
methylpantothenic acid and of litter
nate controls summarized by periods accord-
ing to the intake of analogue

Wt. gain&d
Initial ﬁa%ua& Ave. gain Ava; raad per gm.
Guinea wt. in wt. food eaten

pig (gm.) (m*) (gm. /ﬁw) (w./daw {gm./day)

108 191 263 4.8 19 0.26

2¢ lﬁg 273 8.0 -7 0.47
3C 14 310 10.9 21 0.53

C 196 285 3.9 19 0.31
5C 172 235 4.2 13 0.32
¢ 232 320 6.5 23 0.29
gg 149 2 6.1 15 - Q.40
d l&  3 E ﬁ»ﬁ. 35 0¢§3

g¢ 1 24 73 1l 0. 44
Averag@ 16 26 5.9 1 0.38
188 195 265 b7 16 0.29
28 139 242 6.9 18 0.38
i& i71 240 4,6 19 0.24
B 160 261 6.7 19 0.36
g 146 225 5.3 17 0.31
a@@ 266 5*2‘ 22 0.2F

gg 165 252 g,ﬁ 20 0.2
1#? 237  1§ QQ 9031
QK 14 222 5.1 19 0.28
Average 164 248 5.0 19 0.30

After 18 days on 0.30 per cent analogue

w& 191 399 7.6 25 0.31
gg 465 10.7 32 0.34

EB 1 3’ l2.2 38 0.32
196 L 7#6 27 Q 28

= B2 B 4 i
Avarmae %9 gg@ 9.3 30 0.31

2¢ designates control- E designates experimental
animal.
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Table 3 (Cont'd)

Wt. gained
Hsp«ﬂgp p@@ﬁsw Ave. gain Ave. food per gnm.
Guinea . in wt. intake food eaten
pig Am?v &s.v (gm \a&,v (gm. \%ﬁ {(gm./day)
152 195 369 5.8 27 0.21
2E 139 371 7.2 30 . 0.24
ww 171 331 5.1 28 0.18
E 160 370 6.1 29 0.21
58 146 313 4.9 26 - 0.9
6B 206 399 6.3 ww 0.20
Average 164 389 5.9 28 0.21
18 191 4140 7.5 28 0.27
2¢c wmw Q1 9.0 L Ts) 0.22
3¢ 146€ 8¢ 1l.5 39 0.23
¢ 196 K2l m.% 31 0.27
o 172 0T .6 344 0.2
6 232 gmw 9.7 4 0.2
Average 169 56 8.9 38 0.2
182 195 353°  -8.0 24 -0.33
2E 139 375 0.3 26 0.01
wm 171 379° 4,0 31 0.13
B 160 389 1.4 28 0.05
b4 146 388 5.4 28 0.19
6E 206 399 0 28 0
Average 164 388 1.8 27 0.06

Pgacrificed on 3rd day of 0,40 per cent analogue.

®sacrificed on 12th day of 0.40 per cent analogue.
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decrease in food efficiency occurred at the same time,
from 0.38 gm. gain per gram of food eaten per day for the
controls to 0.30 for the experdmental group. The analogue
intake was then increased from 0.15 per cent to 0.30 per
cent,

After 18 days on the 0.30 per cent level of analogue
(64:1), the difference in weight gain and food intake be~
tween the two groups of guinea pilgs increased so that the
experimental pigs ate two grams less food per day and
gained 3.n'gm¢ less weight than the controls. At a ratio
of 5031, the mice in Drell and Dunn's study ate 7 per cent
more food but gained 7 per cent less weight than thelr con-
trols, while at a ratio of T5:l, they ate only 3 per cent
more food and gained 40 per cent less weight. In the
present investigation, the 0.30 per cent level of analogue
{64:1) was succeeded by the 0.40 per cent level (85:1).

After 14 days on the 0,30 per cent level of analogue
(85:1), the difference between the two groups of pigs
increased in both food intake and welght gain. The controls
gained an average of 8.9 gm. per day while eating 38
grams of food, whereas the experimental group gained only
1.8 gm, per day while eating 27 grams of ration. This
difference amounted to 30 per cent less food per day and
a gain in weight which was 80 per cent less than that of
the controls. |



wGlhm

Drell and Dunn showed that at a ratio of 75:1, which
lies between two of the levels mentioned above, three mice
gained 40 per cent less welght while eating 3 per cent more
food than the controls. At a ratio of 100:l, the mice ate
considerably less food and gained 67 per cent less weight
than the controls. These data lead one to speculate that
& ratio of 100:1 in the Bagg mouse would probably be the
equivalent of a ratio between 64:1 and 85:1 in the male
albino guinea pigs of this study.

To summarize the above observations, as the analogue
to pantothenic acid ratio was increased from 32:1 to 64:1
to 85311, guinea pige ate less and less food, gained less
and less welght and became more and more inefficlent in
utilization of food. Only at the 32:1 ratio was the food
intake of experimental and control animals comparable.

On the other hand, mice of the Bagg strain ate more food
than the controls at ratios of 33:1, 5041, and 75:1 but
also gained less weight and also became less efficient in
food utilization,

It is interesting that Bean and Hodges (1954) found
no loss of welght in thelr four human aubdaata during the
period when omega-methylpantothenic acid was fed to then.
Their subjects were adult, whereas, the guinea pigs of
the present investigation, as well as the mice in Drell and
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Dunn's study, were growing animals. Although the caloric
intake of Bean's subjects was kept constant by tube feeding,
the men did complain of gnorexia during the third week of
analogue consumption. It is very likely that had they been
fed ad libltum, they would have consumed less food from the
third week untll the end of the study.

Experiment B

Study I. In Study I there was considerable varliation
in the age of the animals. Four of them had not been
weaned and five had been weaned a few days prior to the
beginning of the study. For five days before the experi-
mental feeding began, the animals were given synthetic diet
along with 10 mg. ascorbic acid and 0.3 mg. calcium
pantothenate each day. |

It was apparent from the data in Table 4 that the pigs
adjusted to a synthetic dlet with conslderable varlability
during the first week. The youngest animal (40 A.A., O P.A.)?
made the smallest welght gain and consumed the least food
each day. The least thrifty animal of the lot seemed to
be pig 3 (O A.A., 0.06 P.A,) which was the least efficient
in utilization of foodj it ga&naé'aniy 2.7 gm. per day

*A.A, and P.A. will be used as abbreviations for ascor-
bic acid and pantothenic acld, respectively., The number
preceding the abbreviation indicates the amount of the
supplement in milligrams.
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while consuming 12.7 gm. of food per day. The remainder of
the animals gained from 3.% to 6.6 gm. per day and consumed
from 10.9 to 15.7 gm. of food per day.

At the beginning of the second week, supplements of
ascorbic and pantothenic acids were fed according to the
experimental design described in the 8Section, Method of
Procedure. The two pigs (6 and 5) getting maximal amounts
of calcium pantothenate received by accident a total of 180
mg. of the vitamin during the first twe days of experimental
feeding. Beginning with the third day and continuing until
the termination of the study, they were given 8 mg. of
calcium pantothenate per day.

Welght galn as well as food intake improved considerably
“after the first week. Average weight gain per day ranged
from 4.6 (pig 3) to 8.6 grams. Food intake and efficlency
went up correspondingly. By the third week the three plgs
on diets deficient in ascorbic acid (pigs 8, 3 and 6) were
eating less food, losing weight and showing other symptoms
of scurvy. Guinea pig 3 (0 A.A., 0.06 P.A.) was sacrificed
on the 16th day after ascorbic acid withdrawal from the
diet. Pig 2 (2 A.A., 0,06 P,A.) was consuming about the
same amount of réad as during the previous week but gaining
only 2.3 gm. per day. In spite of the vitamin limitations
imposed on them, the rest of the animals gained from 4.6 to
7.7 gm. each day and food efficlency remained good.



During the fourth week the remaining two gulnea pigs
fed the ascorbic acld-defilcient diet were sacrificed, both
on the same day. One animal {pig 8) had been receiving a
diet also deficient in pantothenic acid for 20 days, while
the other (pilg 6) had been receiving 8 mg. of calcium
pantothenate each day. Both pigs 8 and 6 had dlarrhea (pig
8 had bloody diarrhea) and the teeth of both could be re-
moved very easily, indicating that thelr deficiency was more
chronic than that of guinea pig 3 (0 A.A., 0.06 P.A.),
whose teeth had been firm., Although 8 mg. of caleium
pantothenate (pig 6) falled to alleviate scorbutic symptoms,
a survival study might have furnished more information.
Guinea pig 6 was probably about one week older than pig 8.
It is known that the younger the animal, the more quickly
deficiency symptoms are produced. Therefore, if age were
a factor, one would have expected pig B to show evidences
of deficlency a little earlier than pig 6. During the
first two weeks both animals had been equally efficient in
utilization of food.

Guinea pigs 7 and 5 (which were receiving 2 mg. ascorbic
acid and O and 8 mg. pantothenic acid, respectively) both
lost weight and consumed less food during the fourth week
than earlier. Plg 7 had diarrhea the entire week, while
plg 5 displayed signs of 1llness all week from unknown
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causes. QGuinea pig 2 (2 A.A., 0.06 P.A.) had continued from
the first week of the study to be a good @ater but poor
gainer. Its food affiaiancy record did show some improvement
in the fourth week over the previous week, however. The
other three pigs gained from 7.4 to 8.3 gm. per day and

were quite efficlient in utilization of food.

During the fifth week guinea pigs 7 and 5 improved
vastly over the pr@eaﬁihg week, while the other animals
remalned about the same.

During the sixth week, 5 of the animals increased their
food consumption and with the exception of pig 9 made con~
siderably greater welght gains. Pig 9 (40 A.A., 0.06 P.A.)
ate‘mere food but galned leas weight than the week before.

During the seventh week all 6 pigs increased their
food consumption over that of the previous week but they
all made smaller weight gains with the exception of pig 9.

During the eighth and ninth weeks, pig 7 (2 A.A.,

O P.A.) had a smaller food intake than earlier and increased
only slightly in weight. Again the animal had occasional
bouts of diarrhes during both weeks. The other five animals
continued to have good appetites and to meke fair to good
increases in weight. While on synthetic diet, the control
animal (10 A.A., 0,06 P.A.) gained an average of 7.4 gm.

per day, which compared favorably with the 7 to 8 gm. per
day growth rate advocated by Cannon et al., (1945).
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When the animals are grouped acecording to intake of
ascorbic acid (Figure ﬁ), the data on the group recelving
2 mg. ascorbic acid per day indicated that the animals grew
equally well on minimal and maximal amounts of calcium
pantothenate. No difference in food consumption was noted.

Data on the two pigs getting 40 mg. ascorbic acld per
day appear to indicate that guinea plgs do not require a
dietary source of pantothenic acid, for pig 1 (40 A.A.,

0 P.A.) had a growth rate superior to that of guinea pig 9
(40 A.A., 0.06 P.A.) and equal to that of the control

{10 A,A., 0.2 P.A.). 'This animal was, no doubt, very pro-
ficlent in intestinal synthesis of pantothenic acid. It
neither had diarrhea nor showed any signs of lassitude.

It was noted that when no ascorbic acid was fed and
when 2 mg. per day were fed, Aincreasing calcium pantothenate
from none to 0.06 mg. per day produced an increase in
weight gain, but, when 40 mg. ascorblc acid were fed, the
level of pantothenic acid had no effect on weight gain.

When the animals are grouped according to intake of
calcium pantothenate (Figure &), the animal getting 40 mg.
ascorblc acid per day had a welght record superlor to that
of the plg getting only 2 mg. per day when no calciun
pantothenate was included in the diet. Frequent bouts of
diarrhea in guinea pig 7 (2 A.A., O P.A.) were certainly



Figure 4. Growth curves of guinea pigs fed 4 levels of
ascorbic acid and 4 levels of calcium pantothenate
by levels of ascorbic acid fed
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detrimental to its growth and well<belng. Whether the
diarrhea was due to a deficiency of pantothenic acild or to
an infection in the gastrointestinal tract was not deter-
mined. The dlarrhea appeared not to be infectious since no
other animals contracted it. At any rate, increasing
ascorbic acid increased both weight gain and food efficiency
in this group of animals when no pantothenic acid was fed.

There was very little difference in food consumption
between two of the animals getting 0.06 mg. calcium
pantothenate (pigs 3 and 2) but the pig consuming the maxi-
mal amount of ascorbic acid (pig 9) grew slightly better
and utilized food better. The animal getting minimal
ascorbic acid, meximal calcium pantothenate (pig 5) had a
record practically equivalent to that of guinea pilg 2 which
was ingesting minimal amounts of both calcium pantothenate
and ascorblc acid. Thus, increasing ascorbic acid increased
the weight gain as well as food efficiency in this group
of guinea pigs, when 0.06 mg. calcium pantothenate were fed
per day.

To summarize the observations made on weight gain, food
intake and efficiency of the gulinea pigs in Study I (Table
5), 1t would appear that increasing the ascorbic acid level
increased weight gain and food efficiency when nc pantothenic
scld was fed as well as when 0.06 mg. were fed per day.
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Since the results obtained with 8 mg. calcium pantothenate
were almost identical with those obtained with 0.06 mg., one
could reason that the effect was derived either from intesti-
nal synthesis of pantothenic acid or from compensation by
the ascorbic acid. The former would be more likely.

Study II and Study III. For both Study II and Study
III, 2 to W-~day~-old animals were ordered and the pigs were

placed on the experimental diets with the various supplements
of ascorbic and pantothenic acids immediately after their
arrival. The only difference between these two studies

lies in the fact that the maximal amount of calcium
pantothenate in Study II was 8 mg. and in Study III, 1 mg.
per day.

Weight gain, food consumption, and food efficiency data
are presented in Table 6. When the animals were grouped
according to ascorbic acid intake (Figure 4), the 3 pigs
getting neither ascorbic ascid nor pantothenic acid (pigs 8,
8, and 8A) developed scorbutic symptoms earlier than those
animals receiving only pantothenic acid. The scorbutic
animals were sacrificed in order to obtain blood samples
when the symptoms of scurvy were so pronounced that it was
feared the animals might die within 12 hours. One of these
animals, guinea pig 8 in Study II, had caught its leg in
the cage and broken it on the 13th day, while the survival



Table 6. Weekly food consumption, gain in weight and food efficiency of
guinea pigs fed synthetlc dlet supplemented with four levels of
ascorbic acld and four levels of calcium pantothenate

Studlies II and IIX

Study Wt. at per gnm.
and Supplement Initial end of Ave. wt. Ave. food — £003.
Week of guinea Asc. A. Ca Panto. wt. week gain intake eaten
study plg no. (mg./day) (mg./dsy) (gm.) (gm.) (gm./day) (gm./day) (gm./day)
112*8 o G I}xg 136 ' 3 * ? 8 - 6 Q - %3
I1I-8a O 4] G99 113 2.0 6.4 0.12
1I-3 0 0.06 103 125 3.1 5.3 0.59
ITII~-3 ] 0.06 85 105 2.9 5.0 0.57
I1-6 ¢ 8 112 148 .7 T<9 0.60
II11I-6 O 1 93 120 3.9 | 6.9 0.56
II-7 2 0 84 113 3.1 5.6 0.74
I1I-7 2 o 83 g9 2.3 7.0 0.33
III-7A 2 0 85 132 6.7 g.1 0.73
I1I-2 2 0.06 ‘ 95 125 4,3 8.1 .53
II-5 2 8 99 115 2.3 3.7 0.62
I1I-5 2 1 99 120 3.0 5.9 0.51
Ir-1 0 4] 85 116 k.4 5.6 0.79
Irzi-1 4o 4] 68 85 2.4 5.1 0.47
ITI-14 40 ) 77 86 1.3 2.6 0.50

-18-
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Table 6 (Conttd)

Wt. géin
Study _ , Wt. at per gm.
and Supplement Initial end of Ave. wt. Ave. food food
Week of guinea Asc. A. Ca Panto, wt. week gain intake eaten
study pig vo. (mg./day) (mg./day) (gm.) (gm.) (gm./day) (gm./day) (gm./day)
 II-2 2 0.06 98  Diled® — - -
III-2 2 0.06 35 139 2.0 8.0 0.25
1I-5 2 8 99 145 4.3 9.7 0.44
III-5 2 1 99 157 5.3 9.0 0.59
II-1 4o o} 85 1199 0.6 7.0 0.09
I1I-1 40 o 68 10k 2.7 7.1 0.38
III-1A 40 0 77 114 k.0 5.7 0.70
III~98 40 0.06 107 192 6.7 9.1 0.73
ITI-4 10 0.20 100 171 5.1 8.3 0.61
II-Pellet 10 - 116 192 7.1 16.0 0.45
control

®Lung infection.

d?inal welght; on experiment 5 days during this week.

ngam



Table 6 (Conttd)

Wt. gain
Study ; Wt. at per gm,
and Supplement Initial end of Ave., wt. Ave. food food
Week of guinea Asc. A. Ca Panto. wt. week gain intake eaten
study pig no. (mg./day) (mg./day) (am.) (gm.) (gm /day) (gm./day) (gm./day)
3 111-8 0 o 110 139¢ -2.7 #,g =0,62
III-8A 0 0 99 137f -1.0 5. -0.17
II-3 0 0.06 103 141 0.71 7.9 0.09
I1II-3 0 0.06 85 127f 1.0 6.0 0.17
II-6 ) 8 112 179 0.57 9.3 0.06
III-6 0 1 93 1208 -0.3 7.3 -0.04
III-7 2 0 83 145 1.0 6.7 0.15
III-TA 2 ) 85 163 2.3 10.0 0.23
III-2 2 0.06 95 118 5.6 13.6 0.41
1I-5 2 8 99 183 5.4 12.3 O.44
III-5 2 1 99 186 §.1 11.6 0.36

©Final weight; on experiment 3 days during this week.
fFinal veight; on experiment 4 days during this week.

Epinal weight; on experiment 6 days during this week.

-«‘zgm



Table 6 (Conttd)

Wt. gain

Study ‘ Wt. at per gm.,

and Supplement Initial end of Ave. wt. Ave. faeﬁ food

Week of guinea Asc. A. Ca Panto. wt. week gain eaten
study pig no. (mg./day) (mg./day) (gm.) (gm.) (gm./day) (&m /dﬂw) (gm./day)

III-1 4o o 68 goe -4.0 2.7 -1.5
III-1A 4o 0 7 107% -2.3 3.7 -0.64
I1-9 o 0.06 109 198 6.1 11.1 0.55
III-9a 40 0.06 107 241 7.0 13.3 0.53
II-4 10 0.20 101 192 8.0 12.6 0.64
III-4 10 0.20 100 205 4.9 11.9 0.58
II-Pellet 10 - 116 251 8.4 22.3 0.38

control

4 II-6 0 8 112 1690 -5.0 7.0 -0.71

II-7 2 ) 84 229 3.9 14.0 0.28
III-7 2 0 83 1351 1.0 2.0 0.50
III-TA 2 0 85 1758 4.0 10.0 o.ko
III-2 2 0.06 95 209 L4 12.6 0.33
1I-5 2 8 99 201 2.6 10.0 0.26
I1II-5 2 1 99 233 6.7 14.6 0.58

hF:}.nal welght; on experiment 2 days during this week.

ipinal weight; on experiment 1 day during this week.



Table 6 (Cont'd)

Wt. gain
Study Wt. at per gm.
and Supplement Initial end of Ave. wt. Ave. foad food
Week of guinea Asc, A. Ca Panto. wt. week gain eaten
study pig no. (mg./day) (mg./day) (gm.) (gm.) (gm./day) (sm /ﬁay) (gm./day)
1I-9 40 0.06 109 2158 4.2 11.5 0.37
II-4 10 0.20 101 233 5.9 12.4 047
III-4 10 0.20 100 232 3.9 13.6 0.28
II-Pellet 10 - 116 317 9.4 25.6 0.37
control
5 II-7 2 0 84 2358 3,0 1%.0 0.21
III-2 2 0.06 95 2534 8.8 14,2 0.62
II1-5 2 8 99 211g 5.0 11.5 0.43
III-92 40 0.06 107 218 -13.5 2.5 -5.%0
II-4 10 0.20 101 2400 3.5 11.5 0.30
III-4 10 0.20 100 2484 3.2 10.8 0.30
II-Pellet 10 _— 116 3524 7.0 27.5 0.25

control
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time for the other two animals was 16 and 17 days. The two
animals getting 0.06 mg. calcium pantothenate per day

(pigs 3) survived 20 and 16 days. The pig getting 8 mg.
caleium pantothenate lived 22 days, while the one getting

1 mg. per day lived 19 days. In the latter two groups

(O A.A., 0,06 and 8 or 1 P.A.), the smaller animals had the
shorter survival times. In general, the data indicated

that pantothenic acid had a slight benefit over no pantothenic
acid in the diet, however, larger amounts of the vitamin did
not exhibit a beneficilal effect over and above that of a
minimal amount.

Of the three animals receiving 2 mg. ascorblc acid but
no calcium pantothenate (pigs 7, 7, and TA), one animal
(pig 7 in Study III) had severe diarrhea and had exhibited
signs of illness for 2 days before it was sacrificed on the
22nd day of the study. Guinea pig TA broke its leg and
was sacrificed on the 24th day of the study. The third
animal survived until the study was terminated. One of the
animals (pig 2 in Study II) getting the minimal amounts of
both ascorbic acld and calcium pantothenate was found dead
with a severe lung infection. In this minimal ascorbic
acid group (pigs 7, 2, and 5), the data indicated that
increasing the amount of calcium pantothenate in the diet
had no effect on weight gain or food intake.
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Of the three animals getting the maximal amount of
ascorbic acid but no calcium pantothenate (pigs 1, 1, and 1A),
one pig was sacrificed on the 12th day (pig 1 in Study II)
and the other two on the 17th day of the study. Of the two
animals with maximal amounts of ascorbic aclid and minimal
calcium pantothenate (pigs 9), one gained weight at the same
rate as the synthetic diet controls while the other (pig 9 in
Study III) grew as well as the pellet control for about the
first 3 weeks of the study. At autopsy a growth was found
between the heart and lungs in plg 9, 8tudy III. Undoubtedly,
this growth inhibited its swallowing causing it to eat less
food from the 25th day of the study, and finally to lose
considerable weight.

Guinea pigs 1 and 1A (40 A.A., O P.A.) in Study III
consumed food fairly well at the beginning but were unable
to continue. 3upplementation of the diet of one of these
animals with calcium pantothenate might have provided inter-
esting information. To be sure, 40 mg. of ascorbic acid
did not compensate for the omission of calcium pantothenate
from their diets.

The synthetic diet controls in Study II and Study III
gained an average of 4.6 gm. and 4.9 gm. per day during the
course of the study. Thelr rate of growth cdmparea favor-
ably with animals of simllar initial weights, on a similar
diet, reported by Reid and Briggs (1954). The pellet
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control was superior to the controls fed synthetlc diet in
both food consumption and growth, but the latter ranked some-
what higher in food efficlency. |

In summary one might conclude that in Studies II and
III (Table 7) large amounts of either ascorbic acid or
bantotheni& acld produced no benericial effects on growth
or food intake when the other was omitted. Comparisons
made between guinea pigs 8 (0 A.A., O P.A.) and 1 (40 A.A,,
0 P.A.) indicated that deficiency symptoms appeared at
approximately the same time in both groups of plgs, namely,
12 to 18 days. Increasing the amount of ascorbic acid in
the dlet produced no benefits on survival time when no
pantothenic acid was fed. No»tr@nds in growth, food con-
sumption, or food efficiency were observed with increasing

amounts of either of the two vitamins.

Hematology

Experiment A

After 15 days on a dlet of natural foods contalning
0.15 per cent omega-methylpantothenic acid, there was no
apprecliable difference in red blood cell counts, red blood
cell volumes or hemoglobin values between three experimental

pigs and their litter mate controls (Table 8). Litter



Table 7. Summary of weight gain, food intake and food efficiency of gulnea
plgs fed synthetic diet supplemented with four levels of ascorbic
acid and four levels of calcium pantothenate

Study II and Study III

Wt. galn
Study

per gm.
and §3£E£§§§§§ Initial No. of Final Ave. wt. Ave. food food

guinea Asc. A. Ca Panto. wt. days on wt. gain intake eaten

plg no. (mg./day) (mg./day) (gm.) expt. (gm.) {(gm./day) (gm./day) (gm./day)

11-8 0 o 112 14 153 2.9 5.9 0.50
III-8 o 0 110 17 139 1.7 8.0 0.21
III-8a 0 0 99 18 137 2.1 6.6 0.32

II-3 0 0.06 103 22 139 1.6 6.3 0.26
III-3 0 0.06 85 18 127 2.3 5.8 0.4%0

I1-6 0 8 112 23 169 2.5 8.7 0.28
III-6 0 1 93 20 129 1.8 7.1 0.25

I1I-7 2 0 84 30 235 5.0 10.1 0.50
III-7 2 0 83 22 139 2.5 7.0 0.36
III-TA 2 0 85 2l 175 3.8 8.9 0.%2

II-2 2 0.06 98 Died® - - = —
III-2 2 0.06 95 33 253 4.8 10.7 0.45

I1I-5 2 8 99 30 211 3.7 9.1 0.41
1II-5 2 1 99 33 261 L,9 10.5 0.47

aLung infection.



Table 7 (Cont'd)

Wt. gain
Study _ per gm.
and Supplement Initial No. of Final Ave. wt. Ave feed food

guinea Asc. A. ¢Ca Panto. wt. days on wt. eaten
pig no. (ms-/day) (mg./day) (gm.) expt. (gm.) (sm /day) (sm /day) (gm./day)
III-1 40 0 68 17 92 1.4 5.5 0.26
III-1A 40 ) 77 17 107 1.8 g1 0.43
II-9 40 0.06 109 25 215 4.2 8.0 0.53
II1I-9 40 0.06 107 32 218 3.5 9.3 0.37
II-4% 10 0.20 101 30 240 4.6 10.1 0.46
ITI-4% 10 0.20 100 33 248 4.5 10.3 0.44
II-pellet 10 - 116 33 352 7.2 18.4 0.39

control

m'[éin



Table 8. Hematological data at autopsy of guinea pigs fed omega-
rols

methylpantothenlic acid and their litter mate cont

29.3

Erythrocytes Hemoglobin Packed red cell
millions/mm,* gm./100 ml. volume
7 7 per cent
Guinea plgs Analogue Control Analogue Control Analogue Control
After 15 days
T -fays k.29 k.70 10.29 11.12 32.8 34.5
8 5.22 5.02 12.76 11.99 39.8 36.8
g 5.36 5.64 13.15 i2.12 40.8 38.8
Ave. k.96 5.12 12.07 11.74% 37.8 36.7
After 47 days
= — 5.0k 5.46 10.48 13.28 34.8 41,2
2 3.17 5.55 7.58 14.20 24,2 k2.8
3b k.03 5.77 9.63  13.76 29.0 42.5
4 - 5.74 - 13.83 - 43.0
5 k.77 5.88 11.1% 13.98 34,5 43.2
6 3.42 5.50 7.8% 14,02 24.2 43,0
Ave. k.09 5.65 9.33 13.84 k2.6

8sacrificed on 35th day of study.

b

Sacrificed on 45th day of study.

»86»
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mates TE and TC both were slightly anemic as evidenced by the
values for all three determinations. At the termination of
the study when analogue had been fed for 35 to 45 days,
large differences were observed between the experimental pigs
and their controls, with the experimental group showing signs
of anemlia. The red cell counts, hemoglobin concentrations,
and red cell volumes were all markedly decreased. When
hemoglobin concentrations were plotted against red blood
cell counts, a correlation of 0.96 was obtained with a
linear regression which was highly significant at the 1 per
cent level, indicating that as the red cell count changed
the hemoglobin concentration changed in the same direction.
Hemoglobin values of the six control pigs at the end of
the study compare favorably with the values reported by
Woodruff et al., (1953) for their controls fed Rockland
feed. For 27 animals an average of 13.95 4 O0.14 gm. per
100 ml. was obtained using the oxyhemoglcbin method. The
average for six pigs in this study was 13.84 gm. per 100 ml.
of blood. Weodruff reported an average red blood cell count
of 4.42 + 0.10 millions per mm.® which is considerably lower
than the average cell count of 5.65 in the present investi-
gation. Camnon et al., (1945) found an average hemoglobin
concentration of 14.00 gm./iao cc. of blood in thelr guines
pigs which had been malintained on a ration of crude natural
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foodstulfs. Unfortunately they did not cite thelr method
for hemoglobin determination, so it is difficult to make
comparisons with the data obtained In the present experiment.

Experiment B

Study I. The red cell volumes and hemoglobin values
of the animals increased with increased ascorbic acid intake
(Table 9). An exception to this generalization was guinea
plg 5, which was fed a minimal amount of ascorblc aclid and
8 mg. caleium pantothenate. 1Its hemoglobin concentration
and red cell volume were the highest in 8tudy I. When
comparisons were made within groups based on intake of cal-
cium pantothenate, hemoglobin concentration and packed red
cell volume increased with increases 1n ascorblc acid in
Studies I and III when no calcium pantothenate was fed. On
0.06 mg. per day of calcium pantothenate there were in-
creases in both hemoglobin concentration and in packed red
cell volume with increases in ascorbic acid in all three
studles.

The three pilgs in Study I recelving no ascorbic acid
showed an increase in hemoglobin values and packed red cell
volume with an increase in calclum pantothenate. This
trend was not confirmed in Studies II and III,

Studies II and III. In these studlies the animals were

considerably younger than in Study I. When the blood data



Table 9. Hematologlcal data of guinea pigs fed synthetic diet supplemented
with four levels of ascorblc acid and four levels of calcium

pantothenate
Study I Study II Study III
Guinea  Supplement Hb  Red blood Hb  Red blood Hb  Red blood

plg Asc. A. Ca Panto. {gm./100 cell vol. (gm./100 cell vol. (gm./100 cell vol.

no. (mg .J/day) (mg./day) ml.) (per cent) ml.) (per cent) ml.) (per cent)

8 0 0 9.7k 29.9 12.00 34.0 10.06 30.0
8a 0 0 - - - ~ 11.37 -

3 0 0.06 10.06 31.5 10,41 31.6 10.71 -

6 ) 8 or 12 11.48 34,6 10.40 32.5 11.02 35.0
7 2 0 12.43 37.3 11.67 32.0 12.54 41.2
7A 2 0 - - - .- 10.52 34.6
2 2 0.06  12.91 39.5 DieaP - 11.02 34.1
5 2 8 or 18 14.57 44.3 12.09 34.1 12.22 k0.6
1 40 .. 0 13.10 39.0 11.72 33,2 10.37 32.6
1A 40 0 - -— - - 17.73 -—

9 4o 0.06 13.44 40.0 11.04 31.8 13.3% 43,5
4 10 0.20 13.28 40.0 12.14 33.8 13.03 42,0
Pellet

control 10 - - - 10.98 32.0 - -

48 mg. in Studies I and II and 1 mg. in Study III.

bLung infection.
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of the animals were compared, there was a tendency for
hemoglobin concentration and red cell volume to increase
with ascorbic acid intake in Study III but not In Study II.
In Study II, thavhematological'valuea of the entire group of
pigs were relatively low, including those of the pellet
control. In Study III, the values tended to run a little
higher. Guinea pig 1A was observed to consume only small
amounts of water, hence its hemoglobin concentration of
17.73 gm. per 100 ml. may be the result of hemoconcentration.
Although anemia was characteristic of animals fed the
analogue dilet, 1t was not found in animals whose diets
lacked pantothenic acild. This may indicate that anemia was
produced only when the pantothenic acid deficiency was
developed over a longer period of time.

Reid and Briggs (1953) reported an average hemoglobin
concentration of 14.7 + 0.20 gm. per 100 ml. of blood, and
packed red cell volume of 43.4% + 0.37 per cent for guinea
pigs maintained on their semi-synthetic diet for 62 days.
In Experiment B of the present 1n§eatigation only the con-
trol animal of Study I (10 A.A., 0.2 P.A.) 1s sultable for
comparison with their animals on the basis of age and diet.
The control animal (pig 4) had a hemoglobin value of 13.28
gm. per 100 ml. of blood and a packed red cell volume of
40.0 per cent. Reld and Briggs did not state theilr methods
for hemoglobin and hematocrlt determinations, therefore 1t
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is difficult to determine the signifilcance of the difference
between their value and that of the present investigation.

| When blood serum or plasma ascorbic acld was plotted
against hemoglobin concentration, a correlation of 0.42 was
obtained with a regression which was highly significant at
the 1 per cent level (Figure 6). Changes in the quantity
of formed elements in the blood are bellieved to begin in
the guinea plg deprived of ascorblc acld before any of the
usual gross symptoms of scurvy appear. Presnell (1934)
reported that the blood of scorbutic gulnea plgs had a
longer coagulation time, a lower hemoglobin concentration
and red cell volume, and fewer red blood cells than the
blood from a healthy gulnea pig.

An interesting study showing the relationship between
aaccrbic acid intake and erythrocyte count and hemoglobin
values in human subjects has been reported in the Chinese
Journal of Nutrition. Mei and Shen (1947) administered
500 mg. of ascorbic acid to 9 male subjects for a period
of 20 days and found that the erythrocyte count and hemo-
globin increased significantly by 6.3 per cent and 4.8
per cent over initial values during the first 10 days of
saturation, These values dropped gradually in the next 10

days.



Figure 6. Regressions of:
Blood plasma ascorbic acld on total adrenal ascorbic acid,
Blood plasma or serum ascorbic acid on hemoglobin,
Total adrenal ascorbic acid on total llver pantothenic acid,
Final urine pantothenic acid on blocd pantothenlc acid



Ascorbic Acid - mg./lOO mi. blood plasma

Total Adrenal Ascorbic Acid - mg.

0.80

0.60

0.20

- Regression: Y= 0.09+.001522x

400

300

200

100

(]

Lol B L [ S T L

I 1 i 1 1 i |
40 80 120 160 200 240 280 320
Total Adrenal Ascorbic Acid - mg.
Regression: ¥=-6.21+.0624x R
-
1 e O I T .S S | L 1 L : 1 5 " J
0.40 0.80 1.20 160 2.00 240 280 3.20

Total Panto. A. in liver- mg.

o
@
[e]

o
o
(o]

0.20

Ascorbic Acid - mg./lOO ml. blood plasma
3
Q (o]

»
o

ted body wt./ day
o -
[e]

Fina! Urine Panto. A.
[y
o

mcg./IOO gm. eviscera
=

(o)

] L1 fee 0 ° 1

Regression: ¥=-0.34 +.0498x

8.0 100 120 20 160
Hemoglobin -gm./loo ml. blood

. Regression:
Y= ~13.16 + 0.847Ix

! L ) 1 1 1 1 L
80

20 40 60 'I60
Blood Panto. A. - meg./100 mi. blood

-56=



-100~

A few laboratories (Daft et al., 1945, Ashburn et al.,
1947, and Carter et al., 1945) have reported a fatal
aplasia of the bone marrow with anemia, leucopenia, and
granulocytopenia in pantothenic acid-deficient rats. Daft
et al. reported that the adminlstration of pantothenic acid
was usually unsuccessful therapy unless folic acld was
administered also. However, only adequate amounts of
pantothenic acid, not folic acid, could prevent the blood
disorder. Carter gg'gg. reported that pantothenile acid
therapy was successful in only 25 per cent of their rats.
It 1s interesting that the anemia in scurvy responds to
folic acid therapy.

Ascorbic Acid Findings

Blood serum or plasma ascorbic acid concentration

‘.

Experiment A. After 15 days of 0.15 per cent intake
of omega-methylpantothenic acid, the serum of three experi-
mental animals aversge 0.19 mg. of ascorbic acid per 100 ml.
while that of their litter mates averaged 0.38 mg. per cent.
At the termination of the study, the serum of the experi-
mental group averaged 0.23 mg. and of the controls Q.51 mg.
per cent. ‘Tha values for the two groups did not overlap at

either time (Table 10).
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Table 10. Concentration of ascorbic acld, pyruvic
acid and pantothenic acid in the blood of
guinea pigs fed omega-methylpantothenic
acid and their lltter mate controls

Pantothenic
Ascorble acid Pyruvlc acid acid
mg./100 ml. mg./100 ml. meg./100 ml.
Guinea serum _...blood blood
pigs  Anslogue Control Analogue Control Control
After 15 days
g 0.11 0.52 2.01 1.56
0.23 0.26 0.86 1.65
9 0.22 0.37 1.57 1.30
Ave, 0.19 0.38 1.48 1.50
After 47 days
18 0.43 0.46 4.93 1.55 -
2 0.22 0.51 1.73 1.53 45
3b 0.19 0.52 4,36 2.00 58
b 0.12 0.64 8.14 - 25
g 0.29 0‘20 3‘43 2.71 35
0.11 0.45 2.7 2.26 30
Ave. 0.23 0.51 §,23 2.01 39

8sacrificed on 35th day of study.

Psacrificed on 45th day of study.
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Vestling and Rebstock (1945) gave the normal range of
ascorbic acid in guinea pig blood as 0.19 to 0.31 mg. per
cent; during scurvy, 0.02 to 0.09 mg. per cent. Within the
normal range, as defined by these two workers, falls the
concentration which Penny and Zilva (1946) report as repre-
sentative of the "saturated state" in the guinea pig,
namely, 0.25 mg. per cent. Todhunter and Brewer (1940) gave
0.54 mg. per 100 ml. of plasma as the normal amount, while
Munsell et al., (1944) gave 0.56 mg. per cent. Very large
variations may be found in the literature as to what
constitutes the normal range of ascorbic acid in the blood
or plasma of the guinea pig.

Karel and Chapman (1944) showed that in addition to
wide varlation among animals, large variations occurred due
to the time elapsing between the last intake of the vitamin
and the withdrawal of the blood sample. They obtalned the
highest concentration (0.72 mg. per cent) 4 to 6 hours
after feeding. From 15 to 44 hours after feeding, the
concentration remained constant at about 0.16 mg. per cent.
They gave a mean value of 0.30 mg. per 100 ml. of plasma as
the normal concentration for the guinea pig.

- In Experiment A, all pigs were fed ascorblc acid at
the same time, usually about the middle of the morning.
Fortunately the two animals displaying the deficiency
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syndrome did so early in the morning, so the ascorbic acid
for that day was withheld for both palirs of litter mates.
All animals were given 10 mg. of the vitamin once each day
throughout the entire study. This amount was more than
sufficlent throughout the study in terms of the 0.7 mg. per
100 gm. of body weight, which Pfander and Mitchell (1952)
consider the minimum requirement for male guinea pigs,
welghing 200 to 300 grams.

Guinea pig 1E was the first animal to show symptoms of
a deficlency. When it was sacrificed on the 35th day of the
study, it had a serum ascorbic acid concentration of 0.43
mg. while its litter mate control had 0.46 mg. per cent.
The next highest serum concentration in the experimental
group was 0.29 mg. per cent for pig 5E which, from outward
appearances, seemed to be in the best physical condition,
in comparison with the other experimental animals which also
survived until the study was terminated.

In the study of pantothenic acid deficiency, very few
investigators have made determinations for serum ascorbic
acid at the same time. Ralll (1952), in studying the
importance of pant@thenic acid in stress conditlons imposed
on young men, found, among other changes observed after
the stress, a significant elevation of ascorbic acid in
whole blood. What the significance of this finding may be
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in 1light of the present investigation, it is difficult to
say. |

Experiment B. In Experiment'ﬁ, blood plasma ascorbic
acid determinations were made once each week immedlately
before the animals were set up on funnels for weekly urine
collections. The blood sample was obtained from an ear veln.
Plasma concentrations seemed to be related to the intake of
the vitamin in all three studies (Tables 11 and 12). Some
of the animals getting 2 mg. ascorbic acld per day had
plasma values which bordered on scurvy. Large amounts of
calcium pantothenate in the diet did not have any effect

upon the blood plasma concentration of ascorblc acid.

Weight of the adrenal glands

Experiment B. When the weights of the adrenal glands
(Table 13) were compared for the animals within each study,
no trend in size 1s evident with either increaslng or
decreasing amounts of elther of the two vitamins. Since the
animals}varied considerably in age and size when placed on
experiment, and since they were sacrificed at different
times during the course of the experiment, 1t seemed advis-
able, for the sake of comparison, to calculate the welghts
of the adrenals with respect to bpdy size. When comparisons

of welght of adrenals per 100 gm. of body weilght were made,



Table 11. Ascorbic acid concentration in blood plasma of guinea pigs fed
synthetic diet supplemented with four levels of ascorbic acid
and four levels of calcium pantothenate

Study 1

Ascorbic acid in mg./100 ml. plasma

Ascorbic

Guinea acid Ca panto. Week of study

pig (mg./day) (mg./day) 1 2 3 b 5 6 7 8 9 10
8 0 0 -~ 0.12 0.06, 0.022
3 ) 0.06 .- == 0,02P
6 70 8 - 0,19 --  0.038
T 2 0 -- 0,11 0.13 0.08 0.10 0.16 0.19 0.10 0.20 0.178
2 2 0.06 -- 0.12 0.18 0.09 0.20 0.2 0.13 0.05 0.17 0.09%
5 2 8 - 6.1& - 0.15 == 0.10 0.16 0.13 0.2% 0.08%
9 }*0 0006 hahend 012 - aa3? - 0‘&6 696}* 6058 0-35 0.3§'a
l" 10 6’2 - 0-16 - 0023 - - 0.19 9-31 - 3118 0-193

8pinal values, blood obtained from portal vein; all other determinations made
on blood from ear vein.

byalue obtained 5 days previously was 0.03 mg.

~GOT~



Table 12, Ascorbic acid concentration in blood plasma of gulnea plgs fed
synthetic diet supplemented with four levels of ascorbic acid
and four levels of calcium pantothenate

Studies II and III

Ascorbic acid values 1& mg./100 ml. plasma

Supplement | Study IT Study III
Guinea Asc. A. Ca Panto. Week of study Week of study
plg  (mg./day) (mg./day) 1 2 3 4 5 1 2 3 b 5
8 0 0 - 0,048 - — -- == 0.1% 0. 058 - -
8a 0 0 - - - — - m= == 0, as - —
3 0 0.06 b 0.26 ~- 0.072 -- = a= -= 0,052
6 0 8 or 1 - 0,06 0.10 0.102 - «= <= 0,058 -- -
7 2 0 -- 0.08 0.09 0.05 0.09%-- . -  0.09% -
74 2 0 - _— - ~— == 0,11 0.29 0.16% --
2 2 0.06 0.26 Bzeac - - -~ 0,12 0.15 0.24 0.082
5 2 8'or 10 <= 0.12 0.25 0.12 0.13%- 0.15 --  0.20 0.178
1 40 0 - 0423 v e ee e e 0.69% o= -
1a 40 0 P - . - . - - -
9 40 0.06 0.29 O. hz 0.71 0.673 T T—— -- 0.35 0.438
3 10 0.20 0.41 0.42 0.19 0.26 0.228-- 0.15 -- -- 0.182
Pellet
control 10 - - -~ 0.26 0.36 0.268-~ - - s —-—

2Final values {blood obtained from portal vein; all other determinations made
on blood from ear vein).

b8 mg. in Study II; 1 mg. in Study III.
CLung infection.

uggtn



Table 13. Adrenal weights and ascorbic acid concentrations of adrenal glands
of gulnea pigs fed synthetic diet supplemented with four levels of
ascorbic acid and four levels of calcium pantothenate

Wt. cf’ Wt. of
Study adrenals adrenals per Asc. A. per Total

and Supplement Wt. of per 100 0 gn. 100 gm. evis. 100 gm. Asc. A. in
guinea Asc. A. Ca Panto. adrenals body wt. body wt. adrenals adrenals

pig no. (mg./day) (mg./day) (mg.) (mg.) (mg. ) (mg. ) (meg. )

I-8 0 0 158 6 101.7 133.3 — -—

11-88 0 0 56.6 81.9 9,08 7.81
I1I-8 0 o} 87 8 63.2 82.8 18.51 16.25
III-8A 0 0 76.1 55.5 4.6 13.75 10.46

I-3 0 0.06 141.6 6k . 4 89.1 8.09  11.46

I1-3 0 ©.06 30.2 64 .4 g94.0 6.58 5.94 -

III-3 0 0.06 74%.0 58.3 84.1 13.09 3.69 {3
1”6 Q 8 290:2} 8‘600 98:2 6:86 1%4 75

II""S Q 8 95;7 56:6 68&& 8*82 ,4&

ITI-6 0 1 80.1 62.1 83.0 11.86 9.50
I-7 2 0 240.0 50,2 62.2 31.26 75.02

II-7 2 0 99.6 o 4 56.6 30.96 30.84
III-7 2 0 121.8 88.9 148.5 13.80 16.81
III~7A 2 0 135.2 77.3 104.8 49,16 66,46

I1-2 2 0.06 Died - - - -

ITI~2 2 0.06 104.0 41.1 56.2 36.05 37.49

aproke leg before end of study.
brung infection.



Table 13 (Cont'd)

Wt, of Wt, of
Study adrenals adrenals per Asc. A, per Total
and Supplement Wt. of per 100 gm. 100 gm. evis. 100 gm. Asc. A. in
guinea Asc. A. Ca Panto. adrenals body wt. body wt. adrenals adrenals
pig no. (mg./day) (mg./day) (mg.) (mg.) (mg. ) (mg. ) (meg. )
1I-5 2 8 98.0 36.4 62.8 - 45,66 84,75
XII"5 2 1 9&’:3 36;0 48-0 #8:76 ’%‘5&83
I-1 4] 0 154.8 28.7 3.2 135.25 209.37
I1I-1 40 0 106.3 115.5 158.7 80.56 85.64
III-lA 40 4] 70.0 65.4 109.4 84.38 59.07
II-9 Lo 0.06 94.0 43,7 58.0 132,92 143,74
I1I-9 40 0.06 129.1 59.2 70.9 5.93 110.9%
I-4 10 0.20 228.0 35.3 40.8 54,00 123.12
II-4 10 0.20 107.0 44,6 67.7 78.08 83.55
III~-4 10 0.20 94.1 37.9 52.0 83.02 78.12
II-PelletlO - 116.3 33.0 33.8 132.57 154,18

control

~QOT~
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it was evident that in Study I the three scorbutic animals
had the largest glands, the adrenals of the two pigs with
chronic scurvy being considerably larger than those of the
animal with acute scurvy. In Study II, the three scorbutic
animals also had the largest adrenals, however, those of
guinea pig 1 (40 A.A., O P.A,) were equally large. The size
of the adrenals from animals receiving 2 mg. of ascorbilc acid
were the same size as those from animals receiving 40 mg.

of ascorbic acid.

In Study III, a large range of adrenal welghts was found
within each group. The four animals getting no calcium
pantothenate had the largest adrenals, some of which were
considerably larger than those of the scorbutic animals.

The adrenals of young animals are known to be larger than
those of older animals, but certainly a factor or factors
other than age must have been responsible for the consider-
able difference in size between the adrenals of guinea pigs
1 and 1A (115.5 versus 65.4 mg.). Both pigs were sacrificed
on the same day and differed only slightly in body welght.
When the adrenal welghts were calculated per 100 gm.
eviscerated body welght, they were found to be related to
intake of calcium pantothenate, so long as there was some
ascorbic acid in the dlet.

To summarize the above findings, it appeared that there

was an Increase in size of the adrenal glands in scurvy,
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the glands becoming particularly large when the condition
was chronlc. On a pantothenic acid-deficlent diet, the
adrenals also became enlarged, especlally if symptoms of
pantothenic acid deflclency were also observed. It 1s diffi-
cult to say whether the increase in size 1s due to an out-
right deficlency of the two vitamins involved, or whether
it ls more directly assoclated with the inanition of rela-
tively short duration which accompanled these deflciencles.
Guinea pigs, deficient in ascorbic acid, are known to
show a marked loss in fat and cholesterol from the adrenal
gland (Bessey et al., 1934). There is a similar loss in
rats deficient in pantothenic acid (Deane and McKibbin,
1946). The roles played by these 2 vitamins in the function~
ing af'tha adrenal gland is a very popular topic for
research at the present time. Unfortunately there is a
great deal of conflicting information in the literature
prdbably due to differences in experimental conditions.
Certainly the primary function of ascorbic acid in the
adrenal gland has not been elucldated as yet. There seems
to be general agreement, however, that a pantothenic acid
deficiency produces an impairment in the function of the
adrenal gland. This can probably be explained by the
depletion of Coenzyme A in the gland (McHenry, 195%).
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Ascorbic acid concentration in the adrenals

All three studies show that as dletary ascorblc acid
was Increased, the concentration of ascorbic acld per 100
gm. of adrenal was also Increased. When total ascorblc acld
for the adrenals was calculated, several interesting obser-
vations were made. In Study II, both animals getting no
calcium pantothenate showed very small but similar amounts
of ascorbic acld regardless of the fact that guinea pig 1
received a large amount of ascorbic acid with its diet.
This animal (pig 1) had convulsions shortly before it was
sacrificed and when its adrenal glands were examined 1t was
difficult to distinguish between the cortex and the medulla.

In Study III, guinea pig 7 (2 A.A., O P.A,) developed
woolly fur, diarrhea, and hemorrhagic adrenals and had almost
a scorbutic concentration of ascorbic acid in 1ts adrenals.
Guinea pig 1 (40 A.A., O P.A.) with much enlarged adrenals
had a higher concentration of total ascorblc acid in the
adrenals than guinea pig 1A (40 A.A,, O P.A.) with adrenals
of normal size. Hence, considerable individual variation
was apparent.

Th@ amount of calcium pantothenate in the diet was
reflected in the liver. When total adrenal ascorbic acid
was plotted against total liver pantothenic acid (Figure 6),

a correlation of 0.54 was obtained. The linear regression
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was highly significant at the 1 per cent level, suggesting
that a change in the amount of one vitamin in one organ was
accompanied by a change in the amount of the other vitamin
in the other organ.

When serum or plasma ascorbic acld concentrations at
the end of the experiment were plotted against total adrenal
ascorbic acid, the fairly high correlation of 0.60 was
obtained. The linear regression (Flgure 6) was highly
significant at the 1 per cent level, indicating that as the
amount of ascorbic acid in the adrenal gland changed there
was a corresponding change in the concentration of this vita-
min in the blood plasma or serum.

To summarize these observations, it has been shown that
as dletary ascorbic acild was increased, the ascorbic acid
per 100 grams of adrenals was also increased. There was
considerable variation with respect to both the size of the
adrenals and the concentration of ascorbic acld in the
adrenals of the animals within each group, suggesting that
factors other than ascorbic acid were involved. A highly
significant relationship was observed between the total
amount of ascorblc acid in the adrenals and the total

amount of pantothenic acid in the liver.
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Pantothenic Acid Findings

Blood pantothenic and pyruvic acids

Experiment A. Blood pantothenic acld levels for five
control animals at the conclusion of the experiment ranged
from 25 to 58 meg. per 100 ml. of blood (Table 10). Higher
blood pantothenic acid values corresponded with lower
pyruvic acid levels and vice versa 1ndiaat1ng an inverse
relationship.

Blood pyruvic acid values were essentlally the same for
both experimental and control animals after the initial 15
days of the experiment. By the end of the study, the group
recelving omega-methylpantothenic acid had a mean value twice
as high as the control group, indicating some accumulation
of pyruvic acid in the blood. The range of values for five
control animals was 1.53 to 2.71 mg., while that for six
experimental pigs was 1.73 to 8.14 mg. per 100 ml. of blood.

it has been shown that the pyruvic acid content of the
blood is increased following exercise (Friedemann and
Barborka, 1941), the ingestion of sugar (Bueding et al.,
1941) and during infections (Davis and Bauer, 1944). Some
workers have fasted their animals overnight and restricted

their movements for several hours béfore sacrificing them.
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In neither Experiment A nor B was this possible because of
the suddenness of the onset of symptoms. In Experiment A,
the litter mate control was sacrificed at the same time as
the experimental animal so the pyruvic acid values have a
comparable basis.

Experiment B. Blood pantothenic acld values ranged from
13 to 50 meg. per 100 ml. of blood and the level in the blood
reflecbed the dietary intake of the vitamin (Table 14%).
Guinea pig 1 of Study I (40 A.A., O P.A.), with the high
blood concentration of 46 meg. per cent, surely was very
proficlent in intestinal synthesis of the vitamin. The
guinea pigs numbered 7 in all three studies (2 A.A., O P.A.)
had extremely low blood concentrations of pantothenic acid,
ranging from 13 to 18 mecg. per cent. When the blood levels
of the guinea pigs which showed symptoms assoclated with a
pantothenic acid deficiency were examined, guinea pig 7
(2 A.A., O P.A.) of Study I (diarrhea) had a blood value
of 14 meg. per cent, pig 1 (40 A.A., O P.A.) of Study II
(convulsions) had a value of 25 meg. per cent, and guinea
pig 7 of Study III (woolly fur, diarrhea, and hemorrhagic
adrenals) had a value of 18 meg. per cent. Unfortunately
data for guinea pigs 1 and 1A (both 40 A.A., O P.A.) of
Study III are missing. When blood pantothenic acld was
plotted against plasma ascorbic acid or adrenal ascorbic

acid, no relationshlp was observed.
i



Table 14. Pantothenic acid in blood and liver and pyruvie acld in blood
' of guilnea pigs fed synthetic diet supplemented with four levels
of ascorbic acid and four levels of calcium pantothenate

Blood Liver

Panto A. Panto A.

Study Pyruvic Panto A. per 100 per 100 Total

and - Supplement Panto A. acld per gm. gm. body gm. evis. panto A,
gulnea Asc. A. Ca Panto. (meg./100 (mg./100 wet wt. wt. body wt. 4in liver
pig no. (mg./day) (mg./day) ml.) ml.) (meg.) (meg.) (meg.) (meg.)

I-8 0 0 30 1.39 128.1 571.3 748.1 890.3

I1-88 0 0 28 3.22 84,1 3044 440.7 462.6
I11-8 O 0 20 1.86 100.6 7.0 664.0 704.2
III-8A 0 G - 3.57 106.4 42 .6 504.8 606.5

II-3 0 0.06 48 3.24 127.0 481.3 T701.0 673’1
III-3 0 0.06 - 2.26 103.6 423.7 612.3 538.7

I-6 0 8 4o 1.75 145.8 581.7 664.8 1355.9

II-6 o 8 50 2.87 124.6 619. TH7.6 1046.6

III“'é O 1 afad 3 -11 1% 00 639; 918‘1; 82600
I-7 2 C 14 2.77 96.7 382.0 473.8 1827.6

II-7 2 O 18 2.51 89.0 435.2 581.2 1023.5
ITI-7 2 0O 13 2.24 111.7 §20.0 701.5 575.3
III-7A% 2 0 17 2.68 89.1 448.2 607.7 78%.1

I-2 2 0.06 35 4.78 96.0 350.4 k15.7 1852.8

1I-2 2 0.06 DiedP - - - — -

I1I-2 2 0.06 20 2.10 91.5 409.0 559.1 1034.0

8Broke leg before end of study.
bLung infection.

-GTT~



Table 14 (Cont'd)

Blood

Liver
Fyruvie Panto A Pantggé. Panto A. Total
Study , rruvic Panto A, per per 100 ota
Supplement Panto A. acid per gm. gm. body gm. evis. panto A.
guinea Asc. A. Ca Panto., (meg./100 (mg./100 wet wt. wt. body wt. in liver
pig no. (mg./day) (mg./day) ml.) ml.) (meg.) {mcg.) (meg.) (meg. )
I-5 2 8 - 2.40 111.2 427.0 507 1 2335.2
11I-5 2 1 39 3.18 122.7 484 .7 645 4 1263.8
I-1 40 0 46 1.82 85.9 42,7 %96.3 1846.8
I1-1 4o ¢} 25 2.09 117. 6 316.3 32.8 376.3
I1I-1 40 0 - 2.52 112.8 490.7 673.4 451.2
III-1A 40 4] - - 113.9 426.0 711.9 455.6
II-9 4o 0.06 26 2.43 149.0 588.6 782.2 1266.5
III-9 40 0.06 - 4 .54 138.8 T13.% 853.6 1554%.6
I-4 10 0.2 30 2.19 109.9 401.1 463.8 2593.6
IIXI~-4 10 0.2 36 3.12 119.0 79.6 656.9 1190.0
II-

control

w‘g‘{'[n
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As far as 1s known, no data for the concentration of
pantothenic acid in the blood of the gulnea plg has been
reported. However, in the chick (Snell et al., 1940), in
the duck (Trager, 1943), in the dog (Silber, 1944), and in
swine (Luecke et al., 1949) a lowered pantothenic acid con-
tent of the blood and tissues has been reported when
pantothenlc acid is removed from the diet.

Blood pyruvic acid in Studles I, II and III ranged from
1.39 to 4.78 mg. per 100 ml. and showed no correlation with
the concentration of pantothenic acid in the blood. 1In
Studies I and III there seemed to be some tendency for high
blood pyruvic acid values to be assoclated with high total
pantothenic acid in the liver. Pyruvic acld in Study I
ranged from 1.39 to 4.78 mg. per 100 ml. of blood, in Study
II, from 2.09 to 3.24, and in Study III from 1.86 to 4.54
mg. per cent. It is difficult to explain the occurrence
of some of these high values, In Study I, guinea pig 2
(2 A.A., 0,06 P,A.) with the highest pyruvic acid level of
4,78 mg. per cent, had an average concentration of
pantothenic acid in the blood (35 meg. per 100 ml.), a
relatively high amount of total pantothenic acid in the
liver (1853 meg.), no signs of an infection, but quite a
few small white areas on the liver. An investigation into
a possible relationship between the condition of the liver
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at autopsy and the blood pyruvic acild concentration failed
to show that a definite relationship existed. For example,
in Study I, guinea pig 5 (2 A.A., 8 P.A.), which had
necrosis in one entire lobe of the liver, had 2.40 mg. of
pyruvic acid per 100 ml, of blood. In Study III, pig 9

(40 A.A., 0.06 P.A.) with a blood pyruvic acid of 4.54 mg.
per cent, had a severe lung infection, a fatty liver, and
a growth in the heart-lung area which was probably responsible
for the animal's drastic decrease in food intake. It is
possible that a failure to remove feed cups a few hours
before sacrificing the animals may be partially responsible
for some of the high blood pyruvic acid values. The
synthetic diet contained a high concentration of both

sucrose and dextrose.

Pantothenic acid in the liver

Experiment B. Because of variations in the age of the
animals in Study I compared with Studies II and III, compari-
sons must be made by studies (Table 14). With only one or
two exceptions total pantothenic acid in the liver reflected
intake of the vitamin. Those animals which displayed
symptome associated with pantothenic acld deficiency,
namely, pig 7 (2 A.A., O P.A.) in Study I, pig 1 (40 A.A.,

O P.A.) in Study II, and pigs 7, 1, and 1A in Study III,
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all had decreased amounts of pantothenic acid in the liver.
Pigs 1 and 1A of Study III had almost ldentical amounts of
pantothenic acid in the liver and yet showed considerable
variation in the size of the adrenals and concentration of
ascorbic acld in the adrenals. Large amounts of ascorbic
acld did not compensate for sub-optimal amounts of panto-
thenic acid in the diet insofar as pantothenic acid in the

liver is concerned.

Pantothenic acid in the urine

Experiment B. The excretion of pantothenic acid in
the urine was influenced by the intake of the vitamin in all
three studles, and the amount of aacarbi¢ acld in the diet
had no influence on the amount of pantothenic acid excreted.
When the excretion of the vitamin was calculated per 100
gm. body weight, the data once again reflected intake of
calcium pantothenate (Tables 15 and 16).

In Study I, when eight collections were made from each
of 8ix animals, it was noted that the two animals getting
no calcium pantothenate excreted an average of 19 and 20
meg. per day, whille the control pig getting 0.2 mg. excreted
an average of 22 mecg. per day.

When the pantothenic acid excreted in the final urine

collection was calculated per 100 gram eviscerated body



Table 15. Pantothenlc acid in urine of gulnea pigs fed synthetic dilet
supplemented with four levels of ascorblc acid and four
levels of calclum pantothenate

Study I

Pantothenlc acid in
urinﬁ per day

Pig 8 {0 A.A., O P.A.)
meg .
meg./100 gm. body wt.
meg./100 gm. evis. body wt.

Pig 3 (O A.A., 0.06 P.A.)
meg .
meg./100 gm. body wt.
meg./100 gm. evis. body wt.

Pig 6 (O A.A., 8 P.A.)
meg .
meg./100 gm. body wt.
meg./100 gm. evis. body wt.

Pig 7 (2 A.A., O P.A.)
mneg.
mcg./100 gm. body wt.
mcg./100 gm. evis. body wt.

Pig 2 (2 A.A., 0.06 P.A.)
meg .
meg./100 gm. body wt.
meg./100 gm. evis. body wt.

£
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Table 15 (Cont'd)

Pantothenic acid in Wesic 4
urine per day 1 2 3 4 5 6 7 8
Pig 5 (2 A.A., 8 P.A.)
meg. ’ 341.2 113.0 ~-- 86.7 55.7 36.0 34.0 53,6
meg./100 gm. body wt. 14%9.,0 40.8 -~ 26.7 1ik.k 8,1 7.1 10.0
mcg./100 gm, evis. body wt. 11.6
Pig 1 (40 A.A., O P.A.)
meg . ’ 9.4 22.2 12.4 11.2 7.0 11.4% 15.0 25.5
meg./100 gm. body wt. 6.7 12.9 5.5 4.1 2.1 2.8 3.4 5.0
meg./100 gm. evis. body wt. .
Pig 9 (40 A.A., 0.06 P.A.)
neg. 42.8 4.1 22.8 21.6 8.9 9.4 6.4 11.1
meg./100 gm. body wt. 18.1 14,3 7.0 5.8 2.1 1.9 1,2 1.9
meg./100 gm. evis. body wt. 2.1
Pig 4 (10 A.A., 0.2 P.A.)
neg . 43.4 25.6 35.2 21.6 9.3 10.4 11,5 16,0
meg./100 gm. body wt. 17.2 8.2 10.1 5.3 2.0 2.0 2.0 2.5

meg./100 gm.

evis. body wt.

-121~



Table 16. Pantothenic acid in urine of guinea pigs fed synthetic diet
supplemented with four levels of ascorbic acid and four
levels of calcium pantothenate

Studies II and III

Study II Study III
Pantothenic acid in Week Week
urine per day 1 2 3 % 1l 2 3
Pig 8 (O A.A., O P.A.)
meg . g.2 16.2 == - 6.5 5.8 --
mﬂg‘/iﬂc gm. body wt. T2 10.6 - - 4.7 3.7 -
meg./100 gm. evis. body wt. 15.4 5.5
Pig 3 (O A.A., 0.06 P.A.)
meg. 16..2 3308 2108 - 6«6 2*8 -
mgo/}uw gm: bady wt‘ 8n6 26:2 15t? —— 6»8 08 sl
meg./100 gm. evis. body wt. 22.7 6.6
Pig 6 (O A.A., O P,A.; 8 mg. 4in
in Study II, 1 in Study III)
meg. 116.0 1162.8 283.2 -~ 28.6 31.5 34.1
meg./100 gm. body wt. 82.3 688.0 167.5 =-- 24,9 24.2 26.4
meg./100 gm. evis. body wt. 202.3 37.8
Pig 7 (2 A.A., O P.A.)
meg . ’ 7.8 8.2 10.0 10.% 6.7 4.8 7.
meg./100 gm. body wt. 6.9 5.7 5.0 #.7 5.1 3.3 &4,
meg./100 gm. evis. body wt. 5.9 5.
Pig 2 (2 A.A., 0.06 P.A.)
meg. 13.6 ~-- - - 8.0 5.8 T.
meg./100 gm. body wt. 11.6  -- -- -~ 6.4 ko2 &,

meg./100 gm. evis. body wt. Died -- - -

“SCT~



Table 16 (Cont'd)

Study II Study III
Pantothenic acid in Week ; Week
“urine per day 1 2 3 L 1 2 3 y
Pig 5 (2 A.A., P.A.; 8 mg. in
Study II, 1 in Study III
meg . 211.4 123.9 79. 43.5 44.8 27.5 26.8
meg./100 gm. body wt. 85.4 4 21.2 ’ 11.5
meg./100 gm. evis. body wt. 27.9 13.7
Pig 1 (Q'Q gu&a, 0 P‘At)
meg . - - 3.7 -
meg./100 gm. body wt. - i~ i,3 -
meg./100 gm. evis. body wt.
Pig 9 (}%‘Q At&., GQG& PtA.)
meg . 7.2 12.0 3.0 82.8
mcg./lﬁ@ gm. body wt. 5.5 5.0 2.0 30.4
meg./100 gm. evis. body wt. 7.4 k5.5
Pig 4 (10 A.A., 2 P.A.)
meg . 13.6 19.0 13.2
meg./100 gm. body wt. 9.6 8.4 5.7
meg./100 gm. evis. body wt. 12.0 7.3
Pellet control
meg . k6.2
meg./100 gm. body wt. 15.2
meg./100 gm. evis. body wt. 15.8

A
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welght and plotted against the concentratlion of pantothenic
acid in the blood, a correlation of 0.54 was obtained and the
linear regression (Figure 6) was significant at the 1 per
cent level.

When the pantothenic acid excreted was calculated as per
cent of dletary intake (Tablesl7 and 18), the results varied
for individual animals from week to week as well as among
the animals on the various intakes of the vitamin. Those
animals getting no calcium pantothenate excreted relatively
large amounts of the vitamin, and showed considerable
fluctuation from week to week.

Guinea pig 9 in Study III (%0 A.A., 0,06 P,A.) had an
interesting and unusual record. This animal excreted 5 per
cent‘or its calcium pantothenate intake the first week, 42
per cent the second week, 93 per cent the third week, and
96 per cent the fourth week. When the animal was placed on
experiment, it had an excellent appetite and a very good
growth rate, then for no apparent reason the anlmal ate only
small amounts of the ration and lost considerable weight.

At autopsy a growth which probably inhibited swallowing

was discovered between the heart and lungs. A lung infection
was also found. The infection may have been responsible

for the increased excretion of pantothenic acid. However,
there was & very hilgh concentration of pantothenlc acid in

the liver.



Table 17. Intake and excretion of pantothenic acid of guinea pigs fed
synthetic dlet supplemented with four levels of ascorbic acid
and four levels of calcium pantothenate

Study I
Guinea | Week |
pig 1 2 3 L 5 6 7 8
8 Intake® 0 o 0 —
Excretion® 118.8  139.8 39.0P
Per cent
excreted
3  Intake® 240 180 - -—
Excretion® 168.0 30.6 - -—
Per cent , ,
excreted 70.0 17.0 - -
6 Intake® 32000 24000 18000 -
Excretion® 11683.2 k78,0 162.0¢ -—
Per cent
7 Intake® 4] ] 0 0 0 0 0 0
Excretion? 86.4 30.0 51.6 65.4% 38.4 27.6 23.1 63.3
Per cent
excreted

2In micrograms.
bk6~3/¥ hr. sample.

C47-1/2 hr. sample.

-Ge1-



Table 17 (Cont'd)

Guinea Week
pig 1 2 3 4 5 6 T 8
2 Intaked 240 180 180 180 180 180 180 180
Excretiong 81.6 58.5 78.0 55.2 108.0 28.2 30.0 33.0
Per cent ‘
excreted 34.0 32.5 43.3 30.7 60.0 15.7 16.7 18.3
5 Intake® 32000 24000 - 24000 24000 24000 24000 24000
Excretion® 1364.8 339.0 - 260.1 167.1 108.0 102.0 160.8
Per cent
excmt&d 2‘03 }-ol} bt 1-1 007 Gaq‘ 0‘2}' 017
1 Intake® 0 0 © 0 0 0 4] 4]
Excretion® 37.6 66.6 37.2 33.6 21.0 34,2 45.0 76.5
Per cent
excreted
g  Intake® 240 180 180 180 180 180 180 180
Excretion® 171.2 120.3 68.4 64.8 26.7 28.2 19.2 33.3
Per cent
excreted T1.3 66.8 38.0 36.0 14.8 15.7 10.7 18.5
) Intake? 800 600 600 600 600 600 600 600
Excretion® 173.6 76.8 105.6 64.8 27.9 31.2 34.5 48.0
Per cent
excreted 21.7 12.8 17.6 10.8 4.6 5.8 8.0

5.2

ngg'{m



Table 18.

Intake and excretion of pantothenic acid of gulnea ngs fed

synthetic diet supplemented with four levels of ascorbic acid
and four levels of calcium pantothenate

Studies II and III

&In micrograms.
Y51 hr. sample (broke leg).

€27 nr. samples.

Study II Study III
-Guinea Week ' Week
pig 1 2 3 4 1 2 3 b
8 Intake® 0 0 - -— o o — _—
Excretion®  27.6 34,30 . - 19.5 17.4 - -
Per cent
excreted
Excretion® 30.6 101.4 65.4 - 19.8 17.4 - -
Per cent
6 Intake? 3000 3000 1000 3000 3000 1000
Excretion® 348.0 3488.4 318.0¢ - 85.8 gh.5 38.3° -
Per cent
excreted 11.6 116.3 31.8 2.9 3.2 3.8
7  Intake® 0 o 0 0 o 0 0 -
Excretion® 23.4 24.6 30.0 31.2 20.1 14,4 21.0 -
Per cent
excreted

-l21~



Table 18 (Cont'd)

Study II ; Study III
Guinea YWeek ) Week ;
pig 1 2 3 i 1 2 | 3 4
2  Intake® 180 - - - 180 180 180 180
Excretiond 40.8 Died —~— - 2.0 17.4 23.7 21.6
Per cent
excreted . 22.7 - - - 13.3 9.7 13.2 12.0
5 Intake® 3000 3000 3000 3000 3000 3000 3000 3000
Eéﬁcretiena 634.2 371.7 237.6 130.5 134.4 - 82.5 50.1 80.4
r cent
excreted 21.1 12.4 7.9 4.4 4.5 2.8 1.7 2.7
1 Intake® 0 -— - - 0 0 - -
Excretion® 19.2 - - - 11.1 18.9 - -
Per cent
excreted
9  Intake? 180 180 180 180 180 180 180 260
Excretion? 27.6 21.6 §1.% 36.0 9.0 T4.7 167.7 248 .4
Per cent
excreted 15.3 12.0 23.0 1 20.0 5.0 1.5 g93.2 95.5
y Intake® 600 600 600 600 600 600 600 600
Excretion® 43.2 40.8 72.6 57.0 18.9 21.3 50.7 39.6
Per cent
excreted T.2 6.8 12.1 9.5 3.2 3.6 8.4 6.6
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Silber (1944) found that the amount of pantothenic acid
which dogs excreted in the urine was proportional to the
amount in the diet. The fecal excretion remained fairly
constant but only a small fraction of the intake appeared
in the urine (Silber, 1945).

Findings at Autapay

Experiment A

Observations made during autopsy may be found in Tables
19 and 20. The appearance of the animals immediately before
autopsy was also noted and recorded. The anlmals were rated
as good in appearance if they were active, had pink color
of ears, nose, and paws, and smooth, unruffled fur. The
three experimental and three control animals, which were
sacrificed after 15 days of 0.15 per cent omega~-
methylpantothenic acid consumption, were all rated good.
The only abnormallity recorded during autopsy for these
animals was the presence of atelectasis in guinea pig 7C.
One~half of one lobe was involved.

By the time Experiment A was terminated, all six control
plgs were rated good in appearance. 8ince the control
animals in this experiment had an excellent rate of growth



Table 19. Observations made immediately before and at autopsy of guinea
pigs fed omega-methylpantothenlc acld and thelr litfer mate

controls
Guinea Autopsy findings
pig Appearance before sutopsy Adrenals Liver Kidngys
1%  Good Gray Dark brown Red~brown
12 Salivaticn, watering eyes, Pink Light with Look fatty,
lying on side, immobile lighter streaks, cortex seems
hind legs, seemed paralyzed looks fatty spongy
2C®  Good Cream-colored Dark brown with Red-brown
several white
areas
2E2  vVery soft fur, pale, list- Tan Light brown Light in color
less, hunched; had looked
_ 1ll for past week
3C Good Gray Dark brown Red-brown
3E Head retraction, convul- Pink Light brown Very light
sions, pale, salivation, in color
unable to right 1tself
4c Good Cream-colored Dark brown with Red-brown
small white areas
45 Watering eyes, pale, Right 1s red, Mottled Cortex looks
hunched position, hind legs 1left is brown hemorrhagic

seem to go out

8Histological examination of testes and adrenals made.



Table 19 {(Cont'd)

Autopay findings

Guinea
pig Appearance before autopsy Adrenals L;ver, Kidneys
5C Good Cream~-colored Dark brown with Red-brown
white areas
5E Pale but wiry and active, Tan Brown left is light
soft fur brown, right
is red-brown

ﬁ 6C Good Cream-colored Dark brown with Red-brown
| white area on
; one lobe
6E  Pale, acts sick Tan Light brown Light in color,
| with white cortex looks
: areas hemorrhagic

-1€1~



Table 20.

Observations made lmmediately before and at autopsy of guinea

pigs fed omega-methylpantothenic acid and their litter mate

controls

Autopsy findings

Guinea Visceral
pig Appearance before autopsy fat Spleen G. I. tract
1¢&8 Good Large amount 2.8 x 1.6 mm. Cecum-full, intestines
not dlstended as in lE
1E2  Salivation, watering eyes, Some - Cecum~empty, intestines
lying on side, immobile full of fluid and
hund legs, seemed paralyzed distended, air in
stomach
2¢%  Good Large 3.2 x 1.5 mm. Some air in stomach '
amount o
o
2E2  Very soft fur, pale, list- Some L,0 x 2.4 Cecum and stomach '
less, hunched; had looked empty, some air in
111 for past week intestines
3C Good Very large 3.0 x 1.6 Some air in stomach
amount
3E Head retraction, convul- Some 3.1 x 1.6 Cecum and stomach
sions, pale, salivation, empty, yellow fluid
unable to right itself in intestines
k¢ Good Large 2.4 x 1.1 mm. Cecum and stomach
amount look good

34istological examination of testes and adrenals made.



Table 20 (Cont'd)

Autopsy findings

Guinea Visceral
pig Appearance before autopsy fat Spleen G. I. tract
LB Watering eyes, pale, hunched Some 2.4 x 1.8 Cecum empty,
position, hind legs seem to intestines collapsed
go out
5C Good Large 2.6 x 1.3 Some air in stomach
amount
) Pale but wiry and active, Some 2.4 x 1.35 Stomach and cecum
soft fur empty, intestines
collapsed
6c Good Very large 2.6 x 1.3 Cecum and stomach
amount lock good
6E Pale, acts sick Some 3.2x 1.9 Liquid and air in

stomach

-£€1-
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and gave the appearance both externally and internally of a
normal healthy guinea pilg, the condition of the various
organs at autopsy was consldered a standard which the other
animals, in both Experiments A and B, must attain in order
to be considered healthy guinea pigs. For example, the
adrenals of the controls were consistently either gray or
cream-colored. Any color other than thils was interpreted
as showing varlous degrees of abnormallty, the tan color
observed in several animals being considered a borderline
color, while pink, red or brown adrenals were considered to
be hemorrhagic. The same procedure pertained to the liver.
The controls consistently had dark brown livers. Four of
the six controls exhibited small white areas on the surface
of the liver. Since these areas occurred only on the very
surface and did not penetrate to the interilor, they were not
considered serious abnormalities. Livers which were a
lighter color than dark brown were regarded as showing a
possibllity of fatty infiltration. Those which were
mottled and streaked with still lighter colors of brown were
interpreted as belng fatty. The kidneys of the control
animals were a red~brown color and the cortex and medulla
were clearly differentiated. Kidneys which did not meet
these qualifications were considered to be abnormal. The

experimental anlmals showed various abnormalities.
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" Guinea pig 1lE was found lying on its side and completely
immobile early on the morning of the 35th day of the study.
When placed on the balance, the pig lay motionless on its
silde as if 1In coma. About one hour later, it was able to
get up and move about, but the hind legs seemed stiff and
useless. After another hour, watery eyes and excessive
salivation were observed. The animal dragged itself to the
feed cup as if hungry, but seemed to lack the energy to eat.
At autopsy, a careful examination for signs of infections
revealed that none were present.

Guinea pilg 3E, very suddenly, had convulslons with head
retraction one morning on the 45th day of the study. After
a convulsive attack the animal would lie flat on its back
with all four legs extended very rigidly. The attacks with
intermittent rest periods occurred for about 1 to 1-1/2
hours. Muscular weakness was apparent in the hind legs.
Flnally the animal sat hunched in a corner of the cage.

A small amount of salivation was noticed.

By the last day of the study, three of the remaining
four animals were in very poor physical condition. They
were pale and listless and sat hunched in a corner of the
cage. One had soft woolly fur while another had watering
eyes which were partially closed. Only guinea pig 5E re-

mained active, but even i1t was pale and had soft woolly fur.
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The adrenal glands displayed a large varlety of colors.
Those of the control animals were either gray or cream- |
colored. The adrenals of three of the experimental animals
were tan, those of gulnea pigs lE and 3E were pink, and pig
4E had one red gland and one brown one.

There was considerable difference between the two groups
of litter mates in the color of their livers. All six of
the controls had dark brown livers. PFour of these animals
had a few white areas about the size of pinpoints on the
surface., All of the experimental pigs had livers which were
light brown in color. The liver of guinea pig U4E was
mottled, that of 1lE had lighter colored streaks coursing
through the organ. Plg 6E had small white areas on the
surface similar to those found in some of the control pigs.
The color of the llver of gulnea pig 5E was intermediate,
it was not as dark as that of the controls but darker than
that of the other experimental animals.

The contrast in the color of the kidneys in the two
groups of animals was striking also. The kidneys of the
control pigs were without exception a red-brown colori those
of the experimental animals were a much lighter brown color.
The kidneys of pig 1lE actually looked fatty and the cortex
seemed spongy and swollen. The cortex of the kidney of
guinea pigs 4E and 6E had hemorrhagic areas. Strangely,
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guinea pig 5E had one kidney which was a red-brown color and
one that was lighter brown.

The largest dimensions lengthwise and crosswise of the
spleens were measured with a ruler and recorded in milli-
meters. In the three palrs of plgs sacrificed after the
first 15 days of the study, the spleens of the two groups
were practically the same size. When the study was ter-
minated, the experimental animals (with the exception of
guinea pig 5) had the larger spleens. Those of pigs 2E,
48, and 6E were considerably larger than the spleens of
their litter mates. The spleens of these animals were no
doubt hypertrophied in an effort to produce more blood.
Pigs 2E and 6E were extremely anemic, while blood data for
pig 4E are missing. Carter et al., (1945) reported that
splenomegaly occurred along with a severe anemia in about
60 per cent of their pantothenic acid-deficient rats.

Large stores of visceral fat were found in both groups
of animals, however, those found in the controls were more
abundant. The gastro-intestinal tracts of the experimental
animals showed intestines which were either distended,
collapsed, or filled with fluid, while their cecums were
relatively empty. The cecums of the controls were fuller
because of their larger food intake. No sizes of an out-
right infection were observed in either group of animals.
Atelectasis was observed in the lungs of guinea pig 4E.
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Many of the symptoms observed in the guinea pigs of the
present investigation have been reported in pantothenic acid-
deficient dogs: lowered growth rate, decreased appetite,
sudden prostration or coma, convulsions and gastrointestinal
symptoms. Spasticity of the hind quarters occurred 1in some
dogs during the last week of deficlency. Excesslve sallva-
tion was also noted. Gross examination of tissues showed
fatty livers and signs of hemorrhagic degeneration in the
cortex and medulla of the kidneys (Schaefer et al., 1942 and
S8ilber, 1944). Hemorrhagic adrenals were not reported in
dogs by these workers, but have been found in the rat (Daft
and Sebrell, 1939). Excessive lacrimation, diarrhea and
incoordinated movements of the hind legs have been reported
in young swine (Luecke gg,éi‘, 1949).

Experiment B

The various symptoms which may be found in a scorbutic
guinea plg were carefully evaluated and a quantitative
system of scoring adopted in presenting the data (Table 21).
The method of scoring was a modification of that used by
Sherman et al., (1922), If the animal had severe
hemorrhages, very fragile bones and loose teeth, its rating
was +++. The presence of severe hemorrhages, less fraglility

of bones and less looseness of teeth was rated ++. The



Table 21, Findings at autopsy of guinea pigs fed synthetic diet with four
levels of ascorbic acid and four levels of calcium pantcthenate

| o No. of Scor-
Supplement days on butic
Guinea Asc. A. Ca Panto. expt'l. symp~-

pig (mg./day)(mg./day) diet toms Liver Kidneys Pat Adrenals
Study I
8 0 0 19 +++ Light brown Light areas on No subcuta- No abnormal-

3 Q 0.06 15 ++
6 0 8 19 4+
T 2 0 58 +
2 2 0.06 58 +

surface con-
tinuous t¢ in-

terior, in-
terior very
pale

Light brown -

Dark brown Very pale
with several

white areas

on surface

Medium Light brown
brown with

several

white areas

on surface

Medlum Light brown
brown with

several

white areas

neous fat ities noted

-6ET~

- No abnormal-
ities noted

Some suh» No abnormal-
cutaneous itles noted
fat

Some sub- No abnormal-

cutaneous  jities noted
fat, quite

a lot
visceral fat

More sub- No abnormal-
cutaneous and ities

visceral fat noted
than pig 7



Table 21 (Cont'd)

No. of Scor-

Supplement days on butic
Gulnea Asc. A. Ca Panto. expt'l. symp-
pig (mg./day)(mg./day) diet toms Liver Kidneys Fat Adrenals
5 2 8 57 tr? One large  Red~brown More vis- No abnormal=-

lobe cergl fat 1ties noted
necrotic than pigs
2o0or 7,
some sub-
- cutaneous
fat
1 40 0 Medium Light brown Abundance No abnormal-
brown, with of visceral itles noted ¥
fairly large fat, small <
white area to fair
penetrating amount
surface and subcutaneous
several pin-
point areas
] 40 0.06 Medium to Red-brown Very large No abnormal-
dark brown amount itlies noted
with more visceral fat,
white areas fair amount
than pig 1 subcutaneocus
fat
k 10 0.2 Light and - Visceral No abnormal-

dark areas,
several small
white areas

fat abun- ities noted
dant, most

subcutaneous

fat



Table 21 (Cont'd)

‘ No. of Scor-
Supplement days on butic
Guinea Asc. A. Ca Panto. expt'l. symp~-

rig (mg./day)(mg./day) diet toms Liver Kidneys Fat Adrenals
Study II
g2 0 0 13 ++ Brown Light brown No sub- No abnormal-
cutaneous itles noted
fat
3 0 0.06 21 ++ Brown Light brown - No abnormal-
; ities noted
6 0 8 22 ++ Brown with Mottled, look Some of No abnormal-
yellow tinge fatty each ities noted
(fatty)
T 2 0 30 -=  Red~brown Brown Small No abnormal-
: : emount of 1ties noted
each
2 2 0.06 12--Died
of lung
infection
5 2 8 30 -~ Brown with Brown Some of No abnormal-
yellow color each ities noted

8Broke leg.

throughout
liver (fatty)

ut«ktn



Table 21 (Cont'd)

Supplement

No. of Scor-
days on butic
Guinea Asc. A. Ca Panto, expt'l. symp~
plg (mg./day)(mg./day)

Liver Kidneys

1 40 0

9 40 C.06
¥ 10 0.2
PC 10 -

bLung infection.

Red~brown  Seem light

Red-brown Red~brown

Red~brown Red~brown
with a

small area

near edge

showing

calcification

Dark brown Brown

Fat Adrenals
None of Very soft,
each cortex and

medulla not
distinct

More vis- No abnormal-
ceral fat ities noted

amount of
subcutaneous

Very 1little No abnormal-
giacer&l ities noted
at

lots of No abnormal-
visceral ities noted
fat, some

subcutaneous

fat



Table 21 {(Contt'd)

No. of Scor-

Supplement days on butic
Guinea Asc. A. Ca Panto. expt'l. symp~
pig (mg./day)(mg./day) diet toms Liver Kidneys Fat Adrenals
Study IIT
8 0 0 16 +++ Light brown Very light brown None White
~ mottled with color
yellow areas
8A o 4] 17 ++ Red-brown Red-brown None Tan
3 o} 0.06 17 +++ Red~-brown Red-brown None Lighter tan
with deep than pig 8a L
yellow &
fringe t
6 e} 1 19 +++ Red-brown Red-brown None Gray-cream
T 2 0 22 ~- Red~brown Brown - Hemorrhagic
7AC 2 0 24 -~  Two largest Brown - Gray-cream
lobes had
several
small tan
areas
2 2 0.06 33 tr Red-brown Considerable Some vis- Gray-cream
with some  fatty infil- ceral fat

mottling tration ex-

tending through

cortex

CBroke leg.



Table 21 (Cont'd)

No. of Scor-
Supplement days on butilc

Guinea Asc. A. Ca Panto, expt'l. symp~-

pig {(mg./day){mg./day) diet toms Liver Kidneys Fat Adrenals
5§ 2 1l 33 + Red-brown Brown with Some vis-  Gray-cream
with mot~ some mottling ceral fat color
tling, seems
fatty
19 k0 0 17 -- Red-brown Light brown  No vis~- Hemorrhagic
ceral fat
1A 40 0 17 ~=- Red-brown Red~brown No vis- Hemorrhagic
ceral fat
gt 0.06 32 -= Light brown Cortex and - Gray-cream
with 111« medulla not
defined clearly
yvellow differentlated,
areas, secems some fatty
fatty infiltration
noted
by 10 0.2 33 tr Red-brown No right Some vis- Right
kidney, left ceral fat adrenal is
kidney large round

dLung infection.

€Growth 1n heart-lung area.

n-n-ﬁ’[q



presence of less severe hemorrhages, with teeth and bones
normal, was rated +. If an occcasional small hemorrhage was
noted, tr, designating trace was used. The symbol, tr?,
designated doubt as to whether or not the condition observed
was hemorrhagic, while a dash, «-, indicated no difference
from the normal.

Study I. In considering the scorbutic group of animals,
it 1s noted that the earlliest pig to be sacrificed showed
the least severe symptoms of scurvy. This seems entirely
reasonable. The group of three animals recelving 2 mg. of
ascorbic acid dailly exhibited borderline scurvy. Beginning
with the fourth week, pigs 2 and 5 were getting less
ascorbic acld than 0.7 mg. per 100 gm. body welght, while
pilg 7 was getting less than this amount beginning with the
sixth week of the study. It may be possible that the large
amount of calcium pantothenate protected pig 5 against
scurvy to some extent. For the group of three animals
receiving 40 mg. of ascorbic acid daily it is difficult to
find an explanation for their scorbutic ratings. It may be
that the area recorded as possibly hemorrhagic may have been
Just a tiny vein in pigs 1 and 4. Guinea pig 9 had two
small hemorrhages over the right knee. There was no apparent

explanation for this.
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The livers of all nine animals varied in color and
appearance but all nine had a light fringe which may have
been due to the lessened thilckness of the organ around the
periphery. In the group of three scorbutic animals, pigs 8
(0 ALA., O P.A,) and 3 (0 A.A., 0,06 P.A.) had fatty livers,
while pig 6 (0 A.A., 8 P.A,) had small white areas on the
surface of a dark brown liver. Of the group getting 2 mg.
ascorbic acid pigs 7 (0 P.A.) and 2 (0.06 P.A.) had livers
which were medium brown in color with some white areas on the
surface. One entire lobe of the liver of guinea pig 5
(8 P.A.) was almost completely necrotic with scarcely any
hepatic tissue left. The third group of three animals
displayed the small white areas on the surface of the organ
which have been mentioned previously. The liver of pig 1
(40 A.A., O P.A.) was a medium brown color, that of pilg 9
(%0 A.A., 0.06 P.A.) medium to dark brown, while that of the
control (10 A.A., 0.2 P.A.) had light and dark areas which
were interpreted as being fatty.

Considering the animals in groups, according to their
ascorbic acid intake, it was noted that pigs 8 (0 A.A.,

O P.A.) and 6 (0 A.A.,, 0.06 P.A.) both had fatty kidneys,
pig 8 having fatter kidneys than pig 6. In the group
receiving 2 mg. of ascorbic acid, the kidneys of pig 5
(8 P.A.) were considered normal while those of pigs 7



(O P.A.) and 2 (0.06 P.A.) were lighter than normal. Un-
fortunately, the condition of the kidneys of the control |
animal was not recorded. Guinea pig 9 (40 A.A., 0.06 P.A.)
had normal appearing kidneys while those of pig 1 (40 A.A.,
0 P.A.) were lighter than normal in color.

All animals except those exhlbiting scurvy had large
stores of visceral fat; the amount in the group of three
animala recelving 2 mg. of ascorblc acid increased with
increasing amounts of calclum pantothenate intake. No
abnormalities were observed in the adrenal glands of these
animals.

Studies II and IIX. Approximately 2 to 4-day-old

animals were used in these studies. The scorbutic group
displayed symptoms which were rated either ++ or +++. In
Study 1I, the group receiving 2 mg. of ascorbic acid had no
signs of scurvy while in Study III, guinea pig 2 (0.06 P.A.)
showed & trace and pig 5 (1 P.A.) exhibited a borderline case
of scurvy. The latter animal had a lung infection which
probably increased 1ts requirement for the vitamin. Evi-
dently a large amount of calcium pantothenate did not
compensate for the lnsufficlent amount of ascorblc acid.

In the third group (40 mg. or 10 mg. ascorbic acid), the
control pilg had a rating of tr because of the presence of
one small hemorrhage in the cecum. This animal had a
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lung infection. In Study III, the control pig waé also
rated tr because of a few tiny hemorrhsges in the cecum.
The other animals in this group of both studies were
rated ~~, indicating no difference from the normal animal.

In Experiment B, the livers were weighed at autopsy and
the weights ranged from 3.2 to 24.2 grams (Table 22). When
they were calculated per 100 gm. body welight, these organs
showed a striking similarity in size. All ranged between
approximately 4 and 5.5 grams. Only the liver of pig 1 of
Study II deviated from this range. Its weight (2.7 gm. per
100 gm. body weight) can be explained, in part, by the fact
that this liver was partially dehydrated before it was
weighed.

With some exceptions, the livers of the animals in Study
II and Study III were rated as normal 1in appearance by gross
inspection. In Study II the livers of pigs 6 ard 5 (both
getting maximal amounts of calcium pantothenate) were fatty.
One small area near the edge of the liver of the control
pig had some calcification. In Study III, pigs 8 (0O A.A.,

O P.A.), 2 (2 A.A., 0.06 P.A.), 5 (2 A.A., 1 P.A.) and 9
(40 A.A., 0.06 P.A.) all had fatty livers.

Many of the animals wlth fatty livers also had fatty
kidneys. These included in Study II, pig 6 (0 A.A., 8 P.A,);
in Study III, pigs 8 (0 A.A., O P.A.), 2 (2 A.A., 0.06 P.A.),
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Table 22. Weight of livers of gulnea pigs fed
synthetic diet supplemented with four
levels of ascorblc acid and four levels
of calcium pantothenate

Study Wt. per Wt. per

and Supplement Wt. of 100 gm. 100 gm. evis.
guinea Asc. A. Ca Panto, liver body wt.  body wt,
pig no. (mg./day) (mg./day) (egm.) (gm.) (gm.)
11-88 0 0 5.5 3.62 5.24
IT1I-8A 0 0 5.7 4,16 5.50
I.I*B 0 0006 5»3 3.79 5.52
I-6 0 8 9,3 3.99 4.56
I1-6 0 8 853 4,97 6.00
I11-6 e} 1 5.9 .57 6.56
I-7 2 0 18.9 2.95 4.90
II-7 2 0 11.15 4.89 6.53
11«7 2 0 5.15 3.76 6.28
III-TAB 2 0 8.8 5.03 6.82
I-2 2 0.06 19.3 3.65 .33
1I-2 2 0.06 Died® - -
I-5 2 8 21.0 3.84 4,56
I1-5 2 8 11.5 5.45 7.37

8proke leg before end of study.

bnung Infection.
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Table 22 (Cont'd)

Study Wt., per wt. per

and Supplement Wt. of 100 gm. 100 gm. evis.
gulnea Asc. A. Ca Panto, 1liver Dbody wt. body wt.
pig no. (mg./day) (mg./day) (gm.) (gm. ) (gm. )
I-1 4o 0 21.5 3.99 4,61
I1-1 Lo 0 .2¢ 2.69 3.68
III-1 40 0 .0 4,35 5.97
I1-9 40 0.06 8.5 3.95 5.25
I-l 10 0.20 23.6 3.65 4,22
IXII~4 10 0.20 10.0 k.03 5.52
I~
control

CNot weighed immediately, partially dehydrated.

5 (2 ALA., 1 P,A.) and 9 (40 A.A., 0.06 P,A.). Pig 1 (%0
A.A., O P.A.) showed fatty infiltration probably to a lesser
degree than the animals Just listed. The occurrence of
fatty livers and kidneys seemed to be unrelated to either
of the two vitamins being studiled.

In Study II, the adrenals of only guinea pig 1 (40 A.A.,
O P.A.) appeared sbnormal. The cortex and medulla were not
distinct. In Study III, there were many abnormalities noted
in the adrenal glands., Pigs 8A (O A.A., O P.A.) and
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3 (0 A.A., 0.06 P.A.) had tan-colored glands while those of
pigs 7 (2 A.A., O P.A.), 1 (40 AA., O P.A.), and 1A

(40 A.A., O P.A.) were hemorrhagic. 8ince it is possible to
produce hemorrhagic adrenals in young animals by inanition,
this fact must not be overlooked In the case of the last two
animals mentioned.

| An unusual phenomenon was observed in the control pig
of Study III. It had only one very large kidney which was
situated on the left side, but there were two adrenal glands.
The adrenal which ordinarily would have occupled the posi-
tion above the kidney on the right was firmly attached to
the middle of the back and was round in shape.

In Study II, the scorbutic animal getting maximal
amounts of calcium pantothenate seemed to have larger fat
stores than pig 8 (O A.A., O P.A.). This may be accounted
for by the fact that pig 6 (0 A.A., 8 P.A.) lived nine days
longer. In the next group, pig 5 (2 A.A., 8 P.A.) had a
little more visceral fat than pig 7 (2 A.A., O P.A.). In
the third group of animals in Study II, the pellet control
had the most abundant fat stores while the synthetic dlet
control, which had a lung infection, had only very little
visceral fat. Pig 1 (40 A.A., O P,A.) had neilther visceral
nor subcutaneous fat. In Study III, all four scorbutic

pigs, as well as pigs 1 and 1A (40 A.A., O P.A.), were



lacking 1in visceral fat. The amount of visceral fat may
possibly be related to the intake of calcium pantothenate.
Loss of subcutaneous and internal fat has been reported in
swine as the result of a pantothenic acid deficlency
(Wlese et al., 1951).

Histological Examination of Testes and Adrenals

Experiment A

The testes and adrenals of gulnea pigs 1lE and 1C and
2E and 2C were examined hilstologically. Guinea pig 1E had
developed an acute deficlency syndrome while gulnea plg 2E
had a chronic deficiency which was evident for more than a
week before the animal was sacrificed. No spermatogenesis
was noted in the testes of either the experimental or the
control animals. The adrenal glands of both experimental
animals showed changes in the medulla, which was lacking
contrast cells, making it difficult to distinguish the
medulla from the cortex. Grossly, the adrenals of guinea
pig 1E were observed to be hemorrhagic while those of guilnea
plg 2E were a tan color which was interpreted as possibly
showing a border line condition of the adrenals, being

nelther normal nor definitely abnormal. Morespecimens



~153~

prepared with different staining techniques are needed in
order to either substantiate or nullify the observations

made on the adrenal glands in this investigation,
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SUMMARY AND CONCLUSIONS

Two obJectives were proposed for the present investiga~
tion regarding the need for pantothenic¢ acid and its relation
to ascorbic aaid in the nutrition of the gulnea pig. The
obaaétivea were (1) to produce a pantothenic acid deficilency
in the gulnea pig in two ways, namely, by feeding an anti-~
metabolite, omega-methylpantothenlc acid, and by omitting the
vitamin from the diet, and (2) to determine whether an inter-
relationship between pantothenlc acid and ascorbic acid
existed in this specles similar to that reported in the rat.
Daft reported that when weanling rats were fed a pantothenic
acld-deficlent diet supplemented with 2 per cent ascorbic
aclid, they showed elther no pantothenic acid deficlency
symptoms, or the symptoms were greatly modified. Growth was
better, porphyrin accumulation on fur and whiskers less, and
length of life increased.

In Experiment A, nine pairs of weanling male guinea pigs
- were fed a complete basal diet consisting of rabbit pellets,
supplemented with 10 mg. ascorbilc acid per day and one drop
of oleum percomorphum per week. One pig of each palir was fed
the eamplete basal diet with supplements and designated the
control. The other pig of each pailr was fed the basal dlet
and supplements with the addition of the antimetabolite,



-] 55

omega-methylpantothenic acid, as 0.15 per cent of the dlet for
15 days, followed by 0.30 per cent for 18 days, and then 0.40
per cent for the remaining 14 days of the study.

After 15 days on 0.15 per cent analogue, three experi-
mental animals and thelr litter mate cahtrols were sacrificed.
Up to this time, the experimental group was eating an average
of one gram more food per day but gaining 0.0 gram less
welght each day than the controls. No differences were ob-
served between the two groupe in red blood cell counts,
packed red cell volumes, hemoglobin levels or blood pyruvic
acid levels. However, the concentration of ascorbic acid in
the blood serum of the experimental pigs was only one-half
that of the controls.

When the experiment was terminated, after 47 days, the
experimental animals were anemic, had serum ascorbic acid
levels averaging one~half that of the controls, and showed
an accumulation of pyruvic acid in the blood. As the level
of analogue was increased, the difference in food intake,
welight galn, and food efficiency between the two groups
increased also. After 18 days on 0.30 per cent intake of
analogue, the experimental pigs were galning 3.4 gram per
day less weight, eating two gram per day less food and
utilizing their food less efficiently than the control group.
After 14 days on 0.40 per cent intake of analogue, the dif-

ference between the two groups increased to 7.1 gram per day



in weight gain and 1l gram per day in food intake.

Except for the decreased concentrations of ascorblc acid
in the blood serum, the symptoms which were produced by feed-
ing the analogue in this study, have been reported for one
species or another as pantothenic acid deficlency. FPhysical
symptoms observed in thils experiment included soft woolly
fur, pallor, lassitude, salivation, watering of the eyes,
muscular weakness of the hind lega, convulsions, and coma.
Blochemical changes were characterized by anemlia, accumila~-
tion of pyruvic acid in the blood, and lowered serum ascorbic
acld levels, Fatty llvers and kidneys, hemorrhagic adrenals,
and splenomegaly were observed upon autopsy.

In Experiment B, young male guinea pigs were fed a
complete semi-synthetic ration along with four levels of
ascorbic acid (0, 2, 10, and 40 mg. per day) and four levels
of calcium pantothenate (0, 0.06, 0.2, and 8 or 1 mg. per
day) in order to produce a pantothenic acid deficiency and
to find whether or not an interrelationship existed between
the two vitamins in the guilnea pig.

The experiment was carried out in three separate studies.
In Study I the animals ranged in weight from 91 to 210 grams
and were maintained on the experim@ntal regimen for eight
weeks; in Studies II and III, two to four-day-cld guinea
plgs, ranging in weight from 68 to 112 grams, were maintained

for four weeks.
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The concentration of ascorbic acid in both the blood
plasma and the adrenal glands reflected the dletary intake
of the vitamin. Hypertrophy of the adrenal glands occurred
in guinea plgs with scurvy, especilally when the condition
was chronic, and in pigs fed the pantothenic acid deficient
diet especially when symptoms of pantothenic acid deficiency
also were observed., levels of pantothenic acid in the blood,
in the liver, and in the urine seemed to reflect the dietary
intake of calcium pantothenate. However, relatively large
amounts of pantothenic acid were excreted in the urine of
eanimals getting no dietary calclum pantothenate. The vitamin
undoubtedly became available to the pigs through intestinal
synthesls and coprophagy. Blood pyruvic acid levels showed
no correlation with concentration of pantothenic acid in
the blood.

It 18 belleved that an acute deficlency of pantothenic
acld was produced in two animals, while inanition probably
complicated the symptoms suggestive of a pantothenic acid
deficliency which were observed in two others. Symptoms
included a soft woolly fur, lassitude, diarrhea, convulsions,
and hemorrhagic adrenals. Anemia and a decrease in plasma
ascorblc acid level were not found. Patty livers occurred
in pigs fed excessive amounts of calcium pantothenate.

Large amounts of calcium pantothenate falled to
alleviate the symptoms of scurvy and large amounts of
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ascorbic acid did not prove beneficial in pantothenic acid
deficiency; neither did large amounts of either of the two
vitamins have any effect on weight gain, food intake, or
food efficiency.

In conclusion, a pantothenic acid deficiency was produced
in gulnea pigs by feeding an antimetabolite with a natural
ration, and by omitting pantothenic acid from a semi~
synthetic diet. The deficiency, in the first case, was
belleved to have been chronic, in the latter case, acute.

No clear-~cut interrelationships between ascorbic acid and

pantothenic acid were observed.
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Table A.

Welghts of stock colony males during first eight weeks

of life
Week
Guinea  Birth wt. 1 2 3 4 5 6 8
pig no (gm.) (gm.) (em.) (egm.) (gm.) (gm.) (gm.) (gm.) (gm.)
111 138 161 233 308 352 hok 477 553 610
113 100 130 175 246 287 340 408 466 512
142 107 139 165 204 275 319 376 387 L3
143 121 156 190 245 302 350 4o2 430 Lol
144 93 125 1ig 182 237 284 322 348 Loy
201 120 156 219 287 353 421 510 548 594
32 118 139 198 266 332 397 ks 514 B66
32 Gk 117 174 231 278 336 38 438 487
423 6l 105 164 231 286 340 460 524
424 &9 115 177 246 298 360 %8 - 488 550
57ak 97 155 185 231 290 335 3 413 471
631 100 166 255 317 3g? k72 gg 616 680
6 4 61 73 g8 143 i81 238 322 375
65 74 98 132 171 227 287 345 375 -
701 116 161 212 278 332 376 443 522 564
741 10 133 197 268 338 378 4y :3;23 582
The 11 146 206 267 301 354 41 68 539
T4 92 130 189 2h9 319 365 428 4g5 549
Y 82 115 174 231 288 336 395 455 528
1 120 154 228 319 400 466 534 604 658
821 75 119 188 250 295 338 382 405 412
822 gg 112 174 247 265 307 3? 383 o7
901 93 133 195 251 315 383 450 520
902 g2 101 139 191 238 296 347 400 456
903 93 108 154 209 268 316 391 hp 487
904 80 95 132 188 248 308 377 436 598
943 85 113 159 221 274 353 41y 489 549

1Lt



Table A {(Cont'd)

; Week o
Guinea Birth wt. 1 2 3 4 5 6 7 8
pig no.  (gm.) (gm.) (gm.) (gm.) (gm.) (gm.) (gm.) (gm.) (gm.)
ohs 117 161 — - - - - — —
946 116 152 - - - o bkt i - -
1001 70 9 121 180 239 290 339 382 461
1002 80 1 113 168 228 282 337 388 Le7
1004 84 87 116 166 225 273 324 367 438
104 126 141 200 266 332 394 461 527 592
1042 133 143 211 279 338 379 458 525 595
Ave. wt. 97 125 174 234 289 4k 4os 457 516
Ave. wt.
gain per
.1 7.2 8.6 7.9 7.8 8.7 7.4 8.1

pig per
day

-2L1~



Table B. Welghts of stock colony females during first elght weeks

of life
Week ’

Guinea Birth wt. 1 2 3 L 5 6 T 8
pig no. (gm.) (gm-‘) (gm.) (egm.) (gm.) (gm.) (gm.) (gm.) (gm.)
112 114 143 199 260 296 332 375 413 432
202 110 145 206 266 307 356 4126 § 10
211 100 116 166  22% 273 306 339 388 21
321 102 104 145 211 260 314 355 406 439
322 86 113 167 228 282 338 381 L8y 515
6 3 72 88 112 161 205 275 317 333 335
702 106 161 222 283 333 373 421 468 524
842 118 153 220 293 362 420 472 543 591
g41 86 104 145 201 239 283 314 375 12
942 81 104 146 200 245 304 342 413 hhg
oil 100 131 18% 247 296 352 401 480 19

1003 TO 79 120 177 250 302 359 15 79
1043 121 181 272 321 355 401 4el 495 550
Ave. wt. 97 125 177 236 284 335 381 436 475
Ave. wt.

gain per 3.9 7.5 8.4 6.8 7.3 6.6 7.9 5.5

plg per day

~-€L1-
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Table C. Weight gain, food consumption, and food
efficlency of gulnea pigs fed omega-
methylpantothenic acid and of Eﬁeir
litter mate controls

Wt. at Wt. galn per
Week Initial end of Ave. wt. Ave. food gm. food
of Guinea wt. week galn intake eaten
study pig (gm.) (gm.) (gm./day) (gm./day) (gm./day)

1 1c 191 238 6.7 19 0.25
1E 195 240 6.4 13 0.49

2¢ 153 213 8.6 14 0.62

2B 139 199 8.6 14 0.61

3C 146 224 11.1 16 0.69

3E 171 214 6.1 17 0.37

ke 196 234 5.4 17 0.32

4E 160 214 7.7 13 0.59

&C 172 210 5.4 14 0.40

BE 146 190 6.3 14 0.45

6C 232 271 5.6 19 0.29

6E 206 248 6.0 19 O.ia

TC 149 190 5.9 13 0.45

7E 165 208 6.1 16 0.39

8c 148 181 k.7 10 0.48

8e 14 187 2.7 17 0.34%

9C 13 181 1 12 0.50

9E 145 183 5.4 14 0.38

2 1¢ 191 264 3.7 18 0.21
1E 195 260 2.9 18 0.16

20 153 267 T.7 19 0.41

2E 139 241 6.0 21 0.29

3¢ 146 302 11.1 24 0.46

gg 171 236 3.1 21 0.15

; 196 2%8 6.3 21 0.30

LE 160 264 T:1 23 0.30

5C 172 235 3.6 14 0.26

) 146 222 4.6 19 0.24

6¢C 232 321 7.1 24 0.29

6E 206 285 5.3 24 0.22

7C 149 233 6.1 16 0.38

TE 165 247 5,6 23 0.25

8¢ 148 230 7.0 19 0.37

8E 147 223 5.l 21 0.24
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Table C (Cont'd)

Wt. at Wt. gain per
Week Initial end of Ave. wt. Ave. food gm. food
of Gulnea wt. week galn intalke eaten
study pig  (em.) (gm.) (gm./day) (gm./day) (gm./day)
9C 138 242 8.7 20 0.h44
O 145 208 3.6 21 0.17
3 1c 191 315 7.3 22 0.3
1E 195 308 6.9 28 0.23
2¢ 153 327 8.6 2 0.32
2E 1%9 282 5.9 2 Q.21
3C 146 397 13.6 33 0.42
%g i?% §§5 4.1 25 8.16
9 5 +3 3 .23
4E 160 306 gﬁﬂ 28 0.21
5C 172 275 5.7 21 0.27
5E 146 259 5.3 2 0.20
6C 232 369 6.9 2 0,24
6E 206 342 8.1 31 0.26
7€ 149 2408
'gg 16 2528
14 2328
8E l%g 2378
9C 13 2h78
9B 145 - pe2d
4 1C 1ol 363 6.9 25 0.28
iE 195 333 3.6 26 0.14
5o oE o %
3C 136 3?8 11.6 38 0.30
2% 171 301 g.l 30 0.17
196 375 .6 28 0.30
LR 160 347 5.9 31 0.19
5C 172 333 8.3 28 0.29
BB 146 206 5.3 28 0.19
6c 232 148 11.3 33 0.34
6B 206 379 5.3 30 0.18

80n experiment first day of week only.
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Table C {Conttd)

Wt. at Wt. gain per
Week Initial end of Ave, wt. Ave. food gm. food
of QGuinea wt. week gain intake eaten
study pig (gm.) (gm.) (gm./day) (gm./day) (gm./day)
5 10 191 uzng 7.3 27 0.27
1E 195 353 2.9 26 0.11
2¢ 153 493 14.3 38 0.38
2E 132 379 6.6 30 0.22
3C 1 564 12.3 b2 0.29
3E 171 330 4,1 29 0.14
ie 196 hip 9.6 30 0.32
4g 160 237 4,3 29 0.15
50 172 2 9.9 31 0.32
5K 146 321 3.6 23 0.16
6¢ 232 31 11.9 39 0.31
6E 206 11 4,6 32 0.14
6 2C 153 583 12.9 43 0.30
2B 139 367 1.7 25 -0.07
30 146 642 11.1 kg 0.23
E 171 382 7.4 32 0.23
c 196 495 7.6 35 0.21
Ly 160 409 4.6 29 0.16
5C 172 461 8.4 34 0.25
&E 146 371 7.1 29 0.25
6C 232 607 10.9 45 0.24
6E 206 433 0.3 30 0.01
7 2¢ 153 591¢ 1.6 37 0.04
2E 139 3733 1.6 2} .07
3¢ 146 66 8.7 54 0.16
EE 171 3799 -1.0 28 -0.0b
C 196 521¢ E.e 25 0.20
4E 160 380¢ 4,0 23 ~0.17
50C 172 50 9.2 36 0.26
5E 146 388°¢ 3.4 27 0.12
6C 232 653¢ 9.2 46 0.20
6B 206 399¢ -2.8 24 -0,12

PFinal weights.
CFive days on experiment this week.
drhree days on experiment this week.



Table D, Final body weights and eviscerated body weights of gulnea pigs fed
synthetic dlet supplemented with four levels of ascorble acid
and four levels of calclium pantothenate

Study I Study II Study III
Supplement Final  Evis. Final Evis.  Final Evis.
Guinea Asc. A. Ca Panto. body wt. body wt. body wt. body wt. Dbody wt. body wt.
plg (mg./day) (mg./day) (sm.) (gm.) (gm.) (gm.) (gm.) (gm.)
8 0 0 156 119 152 105 139 106
8A 0 0 —— -— - - 137 102
3 o 0.06 220 159 140 96 127 88
6 0 8 or 12 233 204 169 140 129 90
7 2 0 478 386 235 176 137 82 ;
TA 2 o - — -\ - 175 129 [
2 2 0.06 529 hy6 Died - 253 185 |
5 2 8 or 1% 547 L 211 156 261 - 196 '
1 4o 0 539 466 119 87 g2 67
1A ko 0 - - - - 107 64
9 40 0.06 612 529 215 162 218 182
4 10 0.20 646 559 240 158 248 181
Pellet ‘
control 10 - 352 202

28 mg. in Study II; 1 mg. in Study III.

bLang infection.
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