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HISTuRICAL SULVEY

The history of biotin and pantothenic acid will
be treated individually in thls synopsis. Parﬁ I will
consist of the history of biotin and Part Il of pan-
tothenic acid. o 4

FART I - BIOTIN

After Wildiera' discovery of 'bios!, a substance
which he found was indispensable for normal development
of yéast (1), work‘was continued along those lines. M.A.
Clark (2) measured the rate of reproduction of yeust

cells. Clark's work led to & convenient method of
determining guantitatively 'bilost,

Again G.H. Lucas (3) found that by a certain
treatment with baryta, Wilder's 'bios'! could be sepab-
ated into two constituents. The one precipitated down
by baryta he gave the name of Blos I, and that 1in the
'filSrata, the name Bios II. The isolation and crystal-
lization of Bios I was made by Edna Bastcott, University
of Toronto (4) and the identification of Bios I us
Inosite by F.5. Allan (ibid). It wasn't long before

the second factor, Bios II was identified as a mixture
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of pantothenic acid and biotin,

The first clue to the existence of & new
vitamin,'which was later to be called vitamin L, co-
enzyme R, came in 1927, when jiss Boas,of the Lister
Institute in London, found that rats became ill if
fed on a special diet containing much unceagulated
egg~white (5). The symptoms could be cured, if the
egZgs were cooked or if appropriate components such as
raw potato, potato starch, arrowroot, dried yeast,
caseinogen, epgg yolk, milk, cabbage and spinach leaves,
banana or dried horse serum were added to the diet.
Four years later, P. Gyorgy (6) found that a certain
factor which he called vitamin H, protected rats from
egg~-white injury and other animals from skin troubles,
especlally that of a certain scaly condition of the
skin, which was invariably found to occur when an ege-
white diet was fed to rats. It was soon realized that
the anti-egy white factor of Miss Boas was the same as
his own vitamin I (ll).

In 1935, F. Kogl (7) gave the offshoot name of
biotin to the Bios IIB designation., During that time,

Allison et al. (8) in 1933, had discovered a factor
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which they called co-enzyme R, and which,ﬁas'defined to
be a growth and respiratory substance for many strains
of the legume nodule organisms Rhizobium., Two years
prior to Gyorgy's paper on vitamin H, two differenn‘
groups of workers, Wilson and wWest (Y) and Nilsson and
co-workers in Sweden (10), proclaimed similarity in
properties between HBiotin and~co-eﬁzyme Re This facter
gave strong suspicions to Gyoengy that his vitamin H was
identical with the other twe. Further proof was brought
by Kogl and Tonnis (11).

The structure of‘biotin was socon investigated
and [inal proof was obtained by exhaustive methylation
studies on the diaminocarboxylie acid from biotin (12);
Finally, 5.A. Harris and his group ol workers syn-
thesized biotin in the Merck Laboratories, (13) (14)
(15) (16), and thus proved its structure to be

cO
/7 \
iiN CH
! {
HC - cH |
Héxs,éﬁ.cuz,CHz,GHZ,CHQ.GOOHf
.. Biotin
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The search for any role which biotin could play in
coenzyme and ensymatic compounds was undertaken without
delay. The first suggestion regarding the enzymatic
action of dbiotin related it to the synthesis of aspartic
acid (17) (18) (19) and also to the oxidation of
pyruvic acid (20). . A

Blotin participates alsc in many other enzymatic
reactiong such as the decarboxilation of oxaloacetate
and succinic acid (21) (22), in the deamination of
serine and threcnine (23) and in the dehydrogenation
of guccinic acid (24).

Biotin is a water soluble dialysable compound.
It appears that biotin in tissues,and in other metabolic
functions, ocours in a bound form that is linked to
proteins or to peptides or to other similar high
molecular compounds. However, the most interesting
bound form of biotin is its combination with a special
protein like constituent of epg-white called avidin.
Avidin is a toxic factor in raw egg-white responsible
for the preduction of egg-white injury. The avidin-
biotin complex is easily split by steaming for a short

time at 100°, Purified avidin produces effects in rats
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similar to those caused by dried unheated egg-white (25).

©* PART IX,~ PANTOTHEWIC ACID

' Phase I (1901-1935)

A8 soon as Funk in 1912 formulated his theory
that each of the then known deficiency diseases was
caused by the absence from the diet of a separate
definite substance, and gave the name of vitamine to
these specific chemical substances, McCollum and
associates approximately at the same tinme discovered
that certain fats such as butter and cod liver oil
contained a substance that in small amounts was
capable of promoting the growth of young rats and
preventing xerophthalmia, 3ince the beri-beri prevent-
ing factor was soluble in water, MeCollum concluded
that there were two accessory dietary factors notably,
a fat soluble factor and & water soluble factor. He
designated the fat soluble factor as 'A', and the
water soluble factor as 'B', Laver, Holst and Frolich

in Norway, showed that the anti-scurvy preventing
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factor was different from the antifberibari_facpor&
and was called water soluble C. |

| In 1920, when.it had become evident that
'there wers at least«three*facbors, two of which weré
not related to amines, Drummond suggested that the
terms of Casimir Fung and dMeCollum be combined, by
giving the term vitawine of Funk and adding the
letter proposed by McCollum to the factors, This
was how the name and lettering of the vitanming
originated. is new vitamins . have been discovered
they huve been designated by lettiers added to the
class name or by use of subscripts to the lestter,

In 1924, G.dW. Lucas (3), obsorved that 'bios'
was not compoused of a single factor but could be
treated with baryta, as described in the history of
Biotin, so as tc produce two distinct factors: one
present in the precipltate he designated as 'bios I!
and the one factor which was left in the filtrate as
'bios I1', OSoon 'blos II' was to be subdivided in
'bios IIA' and *bios IIB'. Bios IIA was then to be
identified as pantothenic acid.
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Numerous attempts were made to elucidate the
nature of 'bios IIA'. Finally Williams and his co-
workers isolated a crystalline product to which they
'éaﬁe the name pantothenic acid and later suggested
pantothen to indicate its universal distribution (26)
(27).

In the meantime other groups of workers were
interested in an extract prepared from liver variously
designated as flltrate factor, chick anti-dermatitis

factor or also referred to as YPactor II. This also

helped to stimulate progress towards the identification

of the unknown vitamin.

A third synonym 'filtrate factor', was given
to the unknown factor when dealing in a different
line of inquiry connected with nutritional research
on rats., AU this stage of research, more interest
was manifested for determining the nature, properties,
and value of pantotnenic acid in nutrition. Therefore
thig history of pantothenic acid is divided into a
second part, and a more detailed expose of the vitamin
will be given, laying stress on the effecns.of nut-
ritional deficlency of the 'filtrate factor'! in the

rat and other aninmals.
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Phase II (1935-1956)

" 'The following sketch illustrates how the B
group was divided at the time:

| L - Heat labile factar By.

{(nicotinamide
'Adsorbate~£riboflavin
| Evitamin By
B - Heat stable factor B,:
o | B (pantothenic ac#d
"Filtrate (and other
o (vitamins
" Iﬁ was not till 1940, that the Merck group (28)
»6f‘in§e§tigators erystallized pantothenic acid, found
1£é‘éﬁfu§ture and finally reported its synthesis, The
stfucture of paﬁtothenic acid was reported to be the
followingi |
o o |
HOQ&Q*'?/ -i CH . OO.NH.CH2.0H2-COOH v

CH3




Lepkovsky, Jukes and Krausge (29) were probably
the first to show the need in rats of a factor distinct
from thiamine, Bé and riboflavin. Since this factor
‘remained in the filtrate after the removal of riboflavin
and 86 by absorption, it was given the name ‘filtrate
factor'. They had noted that concentrates which ware
free from vitamin Bé (then}called factor I) were
active both for the prevention of deruatitis in chicks
and the growth in rats. The properties of the 'filtrate
factor! were studied further by Halliday and Evans (30),
Edgar and Kacrae (31) and by Schultz and Mattill (32).

Halliday and Evans stated that their experiments
confirmed the results obtained by Lepkovsky and Jukes
in regard to the growth Btiﬂulating actlon of the 'fil-
trate factor' Fractions prepared from ﬁhole wheat and
from liver stimulated growth without protecting the |
rats from dermatitis, Bdgar and Macrae investigated
physical and chemical properties of the 'filtrate
factor!, and an attenpt was made to purify it. 4 com-
parison was given of its properties with that found by
other workers, They suggested that their yeast extract

factor was distinct from vitamin Bg but perhaps idenﬁiéal
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with the *'filtrate factor' from the liver extract’
obtained by Lepkvosky.eb al;, Schultz and Mattill demons-
trated that 2 additional factors besides riboflavin and
‘thiamina are neceasary for the growth and well being in
the rat,

The first factor is vitamin By (factor I) of
Gyorgy (33) (34), and i3 necessary for growth and
prevention of dermatitis. The second is 'factor II!
which 1s probably the precipitate factor of Elvehjem,
Koehn and Oleson (35) and is essential for growth.
‘Vitamin B, (filtrate factor of Elvehjem and Koehn) is
‘not necessary for growth in the rat. A concentrate of
“tfactor Ii' probably contains it.

Widespread interest in the problem from a
nutritional peint of view, gained momentum when Morgan,
Cook and Davison (36), and Lunde and Krinstad (37), in
1938 reported graying in rats maintained on synthetic
diets deficient only in the 'filtrate factors!'! of the
‘Be-complex that is factors other than thiamin, riboflavin,
and pyridoxine not adsorbed on fullers earth. Syn- |
thetic diets which contalned casein, suerose, salts,

corn oil or other unsaturated fat with cod liver oil,
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thiamine, pyridoxina)and riboflavin, induced graying in
plebuld and black rats in approximately 6 toj? woeks,
All the animals showed various gross deficiency symptoms
which could be curcd by the addit;on of crude filtrate
fractions to the diets,

) OUleson, Bird, Blvehjem and Hart (38) indicated
that if thiamine, riboflavin, choline, nicotinic acid
were supplemented in their diabs st1ll four main symp-
toms were noted: acrodynia, hemorrhagic diseases,

pParalysis and the spectacled eye condition. They stated
| that their filtrate carried the factor necessary for the
prevention of the spectacled eye condition in this case,
whilst the filtrate fraction which had been obtained by
Lépkovsky and Jukes (39) and that of Edgar and iacrae
,(31) carry the growth promobting factors.

| Pantothenic acid was shown to be identical with
ﬁhé chick antidermatitis factor by Wooley et al. (40)

(41) and Jukes (42). Gyorgy, Poling and Subbarow (43)
observed that 3 different types of lesions occurred
when thelr rats had been fed a diet containing the anti-
dermatitis component of the filtrate factor.v The lesions
were described as beginning first with sores around the

mosth and a scaly dermatitis, followed by alopecia and
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finally by a generalized scaliness. The salt of Zinc
Pantochenate.was found to be active in the cure of the
above symptorms, Their diet had been supplemented with
nicotinic acid amide, uracil, unidentified organic acids,
vitamins 8, and Bgy and riboflavin, Gyorgy and Eckart
(44) in the same year were soon to relate vitamin Bg to
skin lesions. They indicated that BG alone did not
permit growth in rats. Symptoms previously noted by
Olson et al. (38) were also apparent. They concluded
therefore that both Bé and the filtrate factor were
necessary for normal zrowth and development in rats,
fitchings, Subbarow (45) in the same vear, fed
albino rats a basal diet essentially free from B-
vitamins but supplemented with pure thiamine, riboflavin
and by Fullers earth adsorbate from liver extracts,
Caselin, sucrose, salts, peanut oil and wood flour made
up the rewmainder of the bulk of the diet., They sugzested
that pantothenic acid was responsible for a part of the
growth promoting activity of liver extracts. This asser-
tion was confirmed by them (46) in the sanme year when
they found that the culcium salt of pantothenic acid

actively stimulated rat growth,
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- Lunde ani Kr ngstad (47) and Morgan and Simms
”(48) mada bhb Ppertinent obsarvabion that yeast and yeast
’extrdcta ledYb promoted growth, but did not alvays cure
;graylng, whilst rice bran and llver fiLtrate had less
effect on growth, Dupibrou&ht about a prompt darkening\_
:Qf the fur. Jleson, ilvehjem and Hart (49) confirmed
the results obtained by Lunde and Kringmtad. in the |
sg&e year, that the rdsting of fur qf albino rats in
:CQErelaLi§ﬁ‘with the growbhvof the’animals‘fed a diet,
;qqnsisting of cusein,Asucrose; salts, riboflavin,
pyridoxine thiamine cod livar oil and bubber fab,
could non be assuc;&ted with the ldtter und Lhdt thej
diubary facbor which prevents nutritional achromoLrichia
is distinct from all factors of the B- complex which
have thus far been idenﬁii&ed. The factor does not seem
to be involved in the growth of the rat.

Chick, Macray and Worden (50) studied the
relation of skin lesions in the rat to deficiency in
the d iet of different 82 vitamins, Their work pointed
out that if rats were deprived of the filtrate fraction
in their diets, the animuls showed slow subnornal grd&th

up to a maximum weight of about 100-130 gm. welight: they
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developed poor coats with matted and stringy fur which j
often became gray in the pigmented areas over the head
and shoulders and was frequently stained with a reddish
exudate containing protoporphyrin on the forearms and
the abdomen. Un the other hand if the rats were deprived
of vitamin Bé (eluate fraction), a characteristic dermat-
itis developed which was promptly cured when 86 was given.
Later in the same year, Lythgoe ot al, (51) showed that
the liver filtrate factor was identical with pantothenic
acid.

S50 many symptoms were recorded in this field that
we thought it proper to discuss each general symptom under
one heading.

A. Growth

- One ofvtha main topics of fesearch on‘péntcthanic
;diid deficiency diets was the effect which this vitamin
could have on the growth of the rat and otherﬁgn%?als.

- Subbarow and Hitchings (46) in 1939, indicabed
‘ﬁhat pantothenic acid was necessary for rat growth., After
feeding their rats with the calcium salt of pantothenic
écid, they found it actively stimulated growth in their

animals., They concluded ti.at pantothenic acid was
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necessary for the growth of the rat, Their diet had
been supplemented with thiamine and riboflavin., This
question was also answered by the work of Olson, Wooley
and Elvehjem (52). Their diet consisted of casein,
sucrose, corn oil, supplemented with choline, niacin,
riboflavin, pyridoxine, thiamine, cod liver oil and
salts.

When inactivated pantothenic acid prepared by
treating the concentrate with NaOH, and heating to 95!
on a steam bath for one hour and neutralizing, was fed
to the rats, the animals were found to fail to grow, and
their weights plateaued at 40-60 gm weight, Morgan and
S8imms (53), obtained subnormal growths after maintaining
their rsts on their pantothenic acid deficient diet
composed of an adequate amount of fat soluble vitamins,
fed as cod liver oil, crystalline By (Merck), B6’ and
riboflavin,

They indicated that the administration of panto-
thenic acid brought rapid healing to their animals,
Administration of vitamins Bl’ Bé, riboflavin, niacin
or minerals such as Cu, Fe or epinephrine, were all

ineffective in relieving the deficiency symptoms,
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| While studying the effects of synthetic pantothenic
acid on. adrenal hemorrhage, atrophy and necrosis in the
rét, Daft and Sebrell (54), noted thac rats on a pan-
tothenic acid deficient diet lost weight; other vitamins
such as riboflavin, thiamine HCl, choline, pyridoxine
and nicotinic acid were added. There was an imnediate
and rapid gain In weight which was sustained only for
2-3 weeks, Again the diet was supplemented with 8y~
thetic pantothenic acid and administered to a group of
their rats, The syrmptoms of nose bleeding, ocular
exudate and loss of weignt disappeared entirely or dec-
reased in severity. H.R., Williams (55) in his exper~
iments on graying of fur noted that growth was greatly
enhanced by giving pantothenic acid concentrates and
pure pantothenic acid to his animals,

Ashburn (56) stated that the effect of the adm-
inisbrabion of pantothenic acid to animals deficient in
the filtrate factor moiety indicated that the adrenal
lesiuns, auvnormal testicular function and cartilage
hypoplasia{occurring in the rats were arrested by the

supplementation of the vitamin in a daily dose of 100y,
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The effect of panbothenic é¢id-6n‘thé gfowﬁﬁ éhd re-
proguctioﬁ of raté placed on a synthetic diet waé studied
by Unna in 1940 (57). he diet consisted of casein, dex-
trose, crisco, salts, cod liver oll, supplemented with
thiamine, riboflavin, nicotinic acid, amide, choline
chloride and a-tocopherol, His results showed that the
incorporation of adequate amounts of thiamine, riboflavin,
nicotinic amide, By, pantothenic¢ acid, into a synthetic
diet free from water soluble vitamins assures continuous
growth until mavurity and reproduction. Unna again studied
the requirement of pantothenic acid by the rat. The rats
waintained on a pantothenic acid deficient diet ceased to
grow after 3-4 weeks (58). The diet in this case had
beenrsupplemented with thiaminenm riboflavin, Bé, choline
thoride and nicotinic acid amide, This was alsoc noted
by Morgan and Simms in the same year. (48). In this |
case the diet had been supplemented with thiamine chloride,
iriboflavin, wheat germ autolysate, The relationship
between cystine ~and pantothenic acid as concerned
with the growth of the rat was studied by Pavcek
and Baum (59). Response in growth were seen to be more

evident when both pantothenic acid and cystine were present
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than when only pantothenic acid had been supplemented,
T a. e, Supplee, R.C. Bender and C.J. Kahlenberg
(60):Studyihg the interrelated vitamin requirements,
‘noted tﬁat pantobhenié acid influences growth rate but
 scéemingly not in a dircet arithmetical relationship,
Twelve micrograms or less of calcium pantothenate per
rat per day retarded growth and led to numerous suddeh
deaths within 8-10 weeks., Twenty micrograms and above
‘permitted normal growth when fed in conjunction with
‘other qynthetic vitamin supplements, thlamine, riboflavin,
“and By, | |
| In 1945, Carter et al, (61) noted that on their
diet deficient in panbothenic acid, the growth response
<1n rats was much inferior and weight becams stabilized
at about 100g. Their deficient diet was not uni- deficient
thowever since folic acid biotin, inositol and Bl« vere
alsc absent, |

Changes in the endochondral ossification of the
:bibia abcompanying acute pantothenic acid deficiency in
young rats was studied by Ne lson et al. (62). Their ex-
perimental animals experienced decreased srowth of the
tibia by impairment 4in chondrogenesis, in osteogenesis
and hematopoiesis., They stated that pantothenic acid is

a vital factor for the stimulation and meintenance of
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normal chondrogenesis, osteogenesis and hematopoiesis in the
rat; their diet was incomplete however, It had only been
supplemented with thiamine, pyridoxine, riboflavin, PAB,
nicotinic acid, inositol and choline., The response to growth
hormone by the adult rat as related to pantothenic acid def-
iciency was closely investigated by Lotspeich (63), A high
fat diet and a high carbohydrate diet was fed to the rats,
Loss of weight and thé usual symptoms attributed to panto-
thenic acid deficiency were all noted, such as porphyrin
incrustration of whiskers and fur, red painful feet, matted
fur and loss of luster, In the following 16 days, anterior
pituitary growth hormone was administered. Both groups
showed a definite gain in weight in response to the hormone,
In the second week after the administration of the hormone,
loss of weight was noted in the pantothenic acid deficient
animals, The rats were then fed 1.0 mg. of calcium panto-
thenate. A dramatic increase in weight resulted, Their
conclusion was that adult female rats whose growth cruve has
plateaued, can be made to develop acute pantothenic acid
deficiency, when stimulated to grow rapidly by the combined
injection of anterior pituitary growth hormone and panto=-
thenic acid, This deficiency is more acute in high fat
deficiency diets,
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The effects of varying.the“intake of calcium
pantothenate during pregnancy was studied by Everson et
y (64), They found that if the maternal diet was
‘supplied no pantothenic acid from the initiation of
pregnancy, small litters of undersized young were
produced, pointing to a diminution of gfowth dn nanto-
thenic acid deficiency. |

Experiments described by Beare, Beaton and
McHenry (65) in 1954, in which the pituitary growth
hormone was administered to pantothenic acid deficient
rats, showed that rats not provided with either ribof-
la#in or pantothenic acid were not able to respond
anabolically to growth hormone as evidenced by the
failure to increase their body weight.,

0135310 signs of pantothenic acid defic1ency,
such as slow1ng in weight gain, alopecia and porphyrin
caked whiskers appeared on the animals of Smith and
Mefferd (66) when they were investigating the cholesterol
biosynthesis of rats fed a pantothenic acid deficient
diet, Thgir diet was incomplete in that it lacked

vitamin B12 and ascorbic acid,
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B« DERMATITIS

' Skin.lesioné/were known to occur when'some 6f

the B-Complex factors were absent from the diets long
‘before pantothenic acid had been identified., At the
time; the 'filtrate factor' was one of the main topics
of research, and, therefore was given close scrutiny
as to its effects on growth, achromotrichia and acrod-
ynia, \

| Paul Gyorgy in 1938 (67), after administering
cohcentrate of vitamin Bé to his rats, indicated that,
even then, skin lesions were not regularly made to
disappear unless a further supplement corresponding to
the filtrate factor was added. In 1939, Gyorgy et al, (68)
declared that a crude zinc salt of pantothenic acid proved
to be active in the cure of specific skin lesions in the
rat, |

| Morgan and Simms (48) fed their rats a diet con-

taining riboflavin, thiamine and B6 as water soluble
vitamins, A group of small lesions behind the shoulders
‘and extending partially down the sides of the animals
was noted. They found that yeast and rice bfan filtrates

cured all types of dermatitis produced by the deficiency,
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Soon pure pantothenic acid could be supplemented
in the diets of the rats and skin lesions could be more
closely associated with pantothenic acid deficient diets,

Curative concentrates for dermatitis were admin.
lstered to rats by Morgan and Simms (53) in 1939, They
studied the effects of filtrate factor deficient diets
and found that, after several months on the diet, a
peculiar sloughing of spots and patches of skin sometimes
with ulcers resulted when the animals were kept on the
diet and that the administration of concentrates of the
filtrate factor brought about rapid healing. On the
other hand, Richards and Hogan (69) reported that under
their experimental conditions both pantothenic acid and
vitamin B6 are required to cure the rat dermatitis which
they had obtained on their animals. Their diet consisted
of thiamine, riboflavin, cod liver oil, Bé, or a combin-
ation of pantothenic acid and Bé.

The effect of the filtrate fraction upon dermatitis
was also studied by Chick, Macrae and Worden (70) when
they fed rats having florid dermatitis, roughly symmetrical
with swellihg of the digits of the paws and of the ears,
spreading over the body with cracking and desquamation of

the skin., They indicated that complete cure occurred only
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if the eluate fraction was also supplemented,

Gyorgy, Poling and Subbarow (71) noted that when
pantothenic acid in amounts of 40-50 pug was supplemented
in their diet whicli contained vitzmin Bl, B6, the cutan-

~eous lesions produced by the deficient diet regressed,

On a diet consisting of casein, egg white, sucrose, melted
butter fat, cod liver oil and szlts, supplemented with
thiamine chloride, pyridoxine and riboflavin, the exper-
imental animals of Gyorgy and Péling (72) developed skin
lesions and despite the administration of 50-100 pg. of
calcium pantothenate, aftsr a period of 6 months, cutaneous
lesions still appeared in the rats, these lesions being a
predominantly scaly dermatitis and thinning of the pelt, |

The pantothenic acid requirement of the rat was
also determined by Unna (58), His diet had been supple-
mented with choline, niacin, riboflavin, pyridoxine,
thiamine. Rats maintained on this diet developed the
usual symptoms of pantothenic acid deficiency with hem-
orrhages in the skin and adrenals, Unna stated that
50 pg. daily of pantothenic acid fed to his animals
produced mérked weight response but the other deficiency
syndromes disappeared only after prolonged administration

of the vitamin,
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Dimick and Lepp (73) indicated that pantothenic
acid 1s an important part of the rat filtrate factor
(factor 2). It promotes growth of the animals, cures
the reddening and the swelling of the eyelids which
develops on a factor-2 deficient diet, improves the skin
condition and decreases the greying of the fur.' In the
chick they stated that synthetic pantothenic acid will
cure or prevent nutritional dermatitis. The diet had
been supplemented with thiamine, riboflavin, and pyrid-
oxine.

Unna and Sampson (74) found that if their rats
- were fed a diet supplemented with thiamine, riboflavin,
nicotinamide and Bé, the animals developed generalized
scaly dermatitis, inflammation of the nasal mucosa and
other syaptoms related to a pantothenic acid deficiency.
When, however, graded anounts of calclium pantothenate
were added to the dist in doses of from 80-100 ug calcium
pantothenate, this supplementation prevented all deficien-
CYy. symptoms,

Unna and Richards (75) in 1941, experimented with
rats fad a B-complex free diet supplemented with thiamine,

riboflavin, nicotinic acid pyridoxine and choline. The




‘usual symptoms of pantothenic acid deficiency developed
such as scant coarse .fur, inflammation of the nose, They
‘indicated that 100 pg. of calcium pantothenate prevented
the development of all daficiency lesions. The same
authors in 1942 indicated, when investigating the rela-
tionship between pantothenic acid requirements and age

in the rat, that the maintenance dose of pantothenic acid
for the prevention of deficiency lesions were of 100 ug.
per day at 3 weeks and 25 pg per day when the rats were
10 weeks old.,

Co ACHROMOTRICHIA

In the early work on the effect of pantochédiéi;“
acid deficiency on greying, different laboratories “
reported contradictory results.

lMorgan and co-workers (36) dnd Lunde and Krinstad
(37) had reported thas achromobrichia could be prevented
ar corrected by supplemenbing filtrate factor concentrates
in thelir diets, |

Concentrates of pantbthénic acid were soon to be
inveébiguted for their role in the curing of greying.
Oleson et al. (49) concluded that nutritional achromotri-
chia could not be prevented by the addition of panﬁo-

thenic acid concentrates, UChick et al (50) reported that
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some of their rats deprived of their pantothenic acid
concentrate, developed graying especially over their
heads and shoulders. Crude concentrates of pantothenic
~ acild were reported to have a definitely curative effect
on achromotrichia in rats by Gyorgy, Poling and Subbarow
(71). Their pantothenic acid concentrates had a degree
of purification varyiang up to 50%.

Incomplete prevention or cure of achromotrichia
was reported by many authors in 1940 and '41, by using
the pure coumpound.

Gyorgy and Poling (76), reported that with the
administration of 75-100 micrograms of pantothenic acid,
euring of graying,in the pantothenic acid deficient rats,
was practically complete. Their diet had been supplem-
ented with thianine, riboflavin and vitamin 86. Gyorgy
and Goldblat (77) stated that if the diet was devoid of
vitamin Bé, this syndrome is less frequently observed,
~owing probably to the phenomenon of competition of
- vitamin deficiency diseases, Later Gyorgy and Poling
(72) showed that Biotin had some effeet for curing
greying, but stated that even when pantothenic acid and
biotin had been added in their diets, pigmentation was

not restored entirely to normal,
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bimiqk and‘Lepp (73) stated that additional fac-
térs were required by the rat in rice bran ektract and
'thab péntothenic acid doss not completely restore hair
color nor does it completely prevent agreying.

The curative capacity of liver and yeast extracts
was shown not to be entirely due to their pantothenic
acid content by Frost, Dann and Hoore (78). They indic-
ated that certain samples such as liver fraction, brewers
yeast, had much higher anti-greying potency than the
relative pantothenic acid content warranted.

Ansbacker (79) pointed vut that para-amino-
benzoic-acid played a role in the greying of the rat and |
stated that this symptom appeared even if the diet con-
tained sufflcient pantothenic acid, Chicks were inves-
tigated by Groody and Groody (80) to determine whether
pantothenic acid had any effect on greying of the feathers.
They concluded that the depigmentation occurring could
be due entirely to pantothenic acid deficiency or that
some other factor could be involved,

Paveek and Baum (59) stated that the blackening
of fur of their rats began L-5 weeks after the adminis-

tration of 200 micrograms of calcium pantothenate per ‘day,
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and reached a maximum intensity only after 1l2-<1/ weeks.
The regeneratibn of the black fur waS‘incomplétc and a
stippling effect of the coat resulted. Enerson and Evans
(81) in compiling thoir results noted much the same
results,
The inerficacy of puntothenic aclid as a curing

ugent against greying of the rat was indicated by
William (55). His diet had been supplemented with By,
BZ’ Bé, nicotinic acid and choline. The diet differed
from that of Gyorgy and'Poling"(76) in that 8% butter fat
had been substituted for 2% corn oil. Uwens es al. (82)v‘v
stated that if choline was omitted from the diet, rus;inesé
developed in 6 weeks regardless of the high amount of
pantothenic acid added in the diet,

| Finally complete cure or prevention was reported
by Unna et al. (72) and Sampson (33) and by Henderson et
als (84). Unnh et al. stated that their black rats main-
tained on a B-complex free diet, supplemented with thiamine,
riboflavin, nicotinic acid, pyridoxine and choline, devel-
oped greying within 3-7 weeks., The addition of 100 ng., of
calcium pantothenate per day, prevented the dovelopment of
achromotrichia and restored the black pigmentation of the
fur in rats which had been fed the pantothenic acid defic-

lent diet. lHenderson et al. stated that rats fed a pan-




tothenic acid deficient diet became grey in L-6 weeks and
that if levels of 40 pg of calcium pantothenate were fed
‘the animals per day, it prévanued or cured this condition.
Their diet had been supplemented with thiamine, pPyridoxine,
riboflavin, nicotinic acid and choline.

Other factors concerned in the greying of the rats
wefe also investipated, Frce (85) demonstrated that the
factors of the B-complex were inefficient 4in curing achro-
‘motirichia due to copper deficiency. He also pointed out
that copper was inefficient in curing achromotrichia in-
duced by a dificiency of the B-complex. J.X. Hundley (86)
fed his rats a diet supplemented with thiamine, riboflavin,
pyridoxine, calcium pantothenate (2 mg), choline, inositol,
nicotinic acid, menadione, biotin and folic acid andg
different salts. He obsarved that black rats fed a
 purified diet containing l4.6 ng. of copper per gram, grew
‘well but developed marked achromotrichia. The achromo-
trichia could oniy be cured by the addition of copper sul-
fate to the diet in amounts of 20 ug of copper per gram,

Hundley and Ing (87) noted grey hair in their
rats maintained on a copper deficient diet, Adrenalec-
tomy or hypophysectomy caused partial or canplete rétﬁrn

of blackening in the coats of their animals. According
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to them, all necessary vitamins required by the rats had
been supplemented in their diets., The éame authors
reported that pantothenic acid deficiency may produce
grey hair by blockinglthe utilization of copper in hair
growth and melanin formation (28).

Other symptoms of greying have been reported bf-‘
folic acid deficiency produced by the administration of 
sulfonamides in the rat dist. (89) (90).

o Deficiency of cystine (59), biotin (72), sodium
chloride (91) and choline (92) have all been raported.as
having effects on rat greying.

| The relation of para-amino-benzoic acid‘with ban~.
tothenic acid in its role to greying was indicated by‘
Martin (93). He stated that the ratio of pantothenic acid
to that of para-amino-benzoic acid is the important factor
in rat greying. These results, however, were not confirmed
by Dann, Hoore and Frost (94). They concluded that PAB
had no effect on greying alone or slight if any with cal-

cium pantothenate.

D. ADHENALS

The effect of pantothenic acid deficiency on raﬁs,
in relation to the adrenals was also given prime consider-

ation in earlier years and a complete histological picture
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was depicted by many authors, [

In 1939, Daft and Sebrell (95) reported hemorrhagic
necrosis ol the adrenal glands on deficient diets which
they claimed was due to some unidentified dietary factor.
They also noted that if the rats received adequate amounts
of 86’ flavin, thiawmine, nicotinic acid, besides the basal
diet composed of leuched and alcohol extracted casein, cod
liver oll, wasson o0il, salts and sucrose without adding
the filtrate factor, adrenal necrosis was much more apparent,
If, however, the animals were given crude fullers earth
from liver or rice polishings, plus flavin, thiamine,
niecctinic acid and the basal diet, adrenal necrosis did
not appear. In the same year Morgan and 3imms (53) made
histological studies of the adrenals when their animals
had been fed filtrate factor deficient diets and noted
consistent atrophy of the adrenal glands, They stated
that the function of the adrenal cortex was apparently par-
ticularly affected in every case. Their curative concen-
trates had been made from yeast, rice bran and liver.

The effect'of synthetic pantothenic acid on adrenal hemor-
rhage, atrophy and necrosis in the rats was studied in
1940 by Daft et al. (54). Their animale had received a

basal diet supplemented with thiamine, flavin, pyridoxine,
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nicotinic acid and choline, Graded amounts of pantothenic
acid were administered., It was found that the rats which
were lacking pantothenic acid in their diets had hemorr-
hage, necrosis or atrophy of the adrenals or a combination
of these lesions, They concluded that for the repair or
the prevention of adrenal hemorrhage, necrosis and atrophy,
a daily dose of 100 micrograms of synthetic pantothenic
acid was required.

Ashburn (56) published a report on the effect of
the adminiétration of pantothenic acid on the histopathe
ology of the "filtrate factor" deficiency state in the rats,
This work was based largely on previous data obtained by
Daft et al, (54); Ashburn used undiscussed data from Daft
experiments, and confirmed them on other large seriee of
animals fed the same deficient diet, His report dealt only
with the pathologic aspects of the problem,

Complete investigation of the adrenals revealed
that congestion, hemorrhagic foci, atrophy, necrosis,
scarring, fibrosis; hemosiderin deposition and cortical fat
depletion, occurred as independent or combined lesions in
all of the‘deficient animals, Other organs such as the
spleen, testes, bone and pancreas, were all examined in

both the deficient and pantothenic acid treated animals,
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It was observed that the adrenal lesions, abnormal testi-
cular function and cartilage hypoplasla occurring in the
rats fed the diet deficient in the filtrate factor, were
markedly affected by the supplementation in the diet of
100 micrograms of pantothenic acid daily. He stated that
arrest and repalr of adrenal lesions occur, testicular
function is improved and skeletal growth is accelerated
with pantothenic acid supplementation.

Unna (58) also studied the effect of synthetic
pantothenic acid on rats whose diets had been supplemented
with choline, niacin, riboflavin, pyridoxine and thiamine.
Adrenal hemorrhages were found to be occurring in his
animals on his pantothenic acid deficient diet, He stated
that daily feeding of 50 micrograms of pantothenic acid
to his rats, brought about a relief of these symptoms,
only after prooonged administration,

Severe damage to the tissues of the adrenal glands
vwere noted by Morgan and Simms (48) when rats had been
subjected to their basal diet, composed of the following:
washed casein, salt mix, crisco and sucrose, and supplemente
ed with thiamine chloride, riboflavin, a wheat germ prepare

ation rich in Bb and cod liver oil,
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Filtrates from Fuller's sarth-treated extracts
of rice.bran; yeast, liver, crude cane molasses and
alfafa in every case cured the symptoms but restored nore
mal growth only in varying degrees,
| Supplee, Bender and Kahlenberg (60) studied the
effect of pantothenlc acid deficiency in correlation with
adreﬂal hemorrhage and other symptoms in pantothenic acid
deficient rats. Adrenal hemorrhage was noted with the
above deficient dist. Théy indicated that animals

deprived of pantothenic acid following a low intake of

pantothenic acid during developament, coasumed abcut twice -

as much Ka as NaGl whan allowed a free choice asz did
animals of the sameiﬁeigﬁt not daprived of pantocthenic
acid. They indicated that this evidence was indicative
of adrenal impairment resulting from pantothenic acid
impoverishment., The basal ration consisted of the
following: casein, sucrose, hydrogenated vegetable oil,
salts, powdersd agar-agar, and cod liver oil, The basal
diet was supplemented with thiamin, riboflavin and B6'
The variasts consisted of synthetic pantothenic acid and
"rice polish factor II", unheated or autoclaved.

The supposition of Supplee et al {60) that sodium

depletion in rats fed a deficient pantothenic acid diet




«35-

was due to adrenal impairment was not confirmed by
‘cQueeney ot al {96). They stated that sodium metabolism
studied on pantothenic acid deficient diets on their rats
showed that no defect in the conservation of sodium
appesraed, seven when prominent histopathologic changes in
the adrenals had ocecurred on the deficient diet. Thelr
pantothenic acid deficient diet had been supplenented
with thiamine, pyridoxine, choline, folic acid, nicotinic
acid, biotin, inositol and riboflavin., The measurement
of the sodium was made with a flame photometer.

Hurley and Morgen (97) studied carbohydrate metabol-
ism and adrenal cortical function in pantothenic acid
deficiency on rats.  Their findings were interpreted as
demonstrating that pantothenic acid deficiency imposed a
stress on the adrenal cortex, resulting in the exhaustion
of the gland and adrenal hypofunction. Cholesterol netab-
olism in pantothenic acid deliciency was investigated by
Guering and Hurkey (y8) in 1952, They indicated that a
specific relationship existed between pantothenic acid and
the metabollism of cholesterol fats. Furthermore, they
stated that their findings could result from the role
which pantothenic acid plays in the CoA structure in-the

regulat ion of acetate metabolism and the synthesis of
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cholesterol'and its analogues.

Winters et al (99) studied the role of the adrenal
_cortex in pantothenic acid deficient rats as related to
thelr eovsinephile and lymphpeyte responses, To determine
this, they used epineﬁhrine,~ACTH, and cortisone. 'These
conpounds were administered to the rats. Counts were
made for eosinophile and lymphoeytes. The deficient
animals were scen to show practically no changes either
to epinephrine or to ACTH, but changes:bccurred in the
daficienb animals receiving cortisone. They, therafore,
stated thut their findings indicated that one site of
functional insufficiency of the pantothenic acid deficient
rats was the adrenal cortex. They suggested that pan-
tothenic acid being part of the CoA structure is important
for the blosynthesis of steroid hormones by the adrenals
probably by acting in some metabolic process involving the
utilization of active acetate. Following the same trend
of research these authors (L00) using again ACTH and cor-
tisone treatuent, stated that adrenal damage to pantothe-
nic acid deficient rats could be much magnirfied by the ad-
ministration of ACTH. Cortisone on the other hand pPra -

‘vented characteristic development of adrenal lesiona.
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Lipogenetic studies in certain B-vitamin
“deficiencies were undertaken by Gugrenheim and Olson
- {101). Their experimental animals were given radio active
carboxyl-labeled acetate in their food for a determined
period after the rats had been subJocted to the deficient
diets., The adrenals of pantothenic acid deficient
aninmals were analysed for cholesterol, The Clh in
cholesterol was determined. The specific activity of
adrenal cholesterol was found to be decreased in pan-
‘tothenic acid deticiency and the pair fed animals con-
iainai more cholesterol than those of the normal rats,
Adrenali function in pantothenic acid deficiency.
-was investipgated by Perry et al. (102) in 1953. These
authors correlated the adrenal cortex and pantothenic
acid using the adrenal cholesverol and ascorbic content as .
means of comparison. Their basal diet was supplémented
with nicotinamide, PAs, pyridoxine, thiamine, riboflavin,
biotin and folic weid. All of the above were injected
daily in the animals. They swanarized their findings by
indicating that the deficient puntothenic acid animals
as compiared to the controls, had a progressive decline in
adrenal cholesterol concentration: increase in succinic

dehydrogenase activity of the adrenal up to the 50th day
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with a decline ﬁhéréafﬁéflf“Fihali?‘ﬁ6 l6és2in t%a“aEiliby
to react Lo stress asfjudged:bylﬁhé°dischargo of ascorbic
acid. - | | | V
}é"Pituiﬁéf&iaaféﬁél°fuhbtibn was’ investigated by
Ershoff ot ﬁl.f(103).vyﬁftér using as index of activity
the measurement of the puriphebal lymphocyte count,
adrénal ascorbic acid depletion and reduction in choles-
téfcl, it wus concluded by cemparing both the deficient
and normal animals théu ne significant iupairment in
pituitary-adrenal function was observed in pantothenic
acid dapieted animals. The basal ration had been supple-
mented with thiaminé hydrochloride, riboflavin, pyridoxihe:
HCl, nicotinic acid, biotin, Z;mcbhyl~naphtoquinone, folic
acid,ia3corbic acid, PalB, inositol By,, ch.oline chloride.
“ The synthesis of adrenal cholesterol following
StréSS on animals deficient in pantothenic acld was
studied by Duam et al, (lO4). Their findings indicated
that thie adrenal cholesterol was significantly depressed
compared vo that of control animals. The normal animals ’
following stress regained thelr initial value of serunm
cholesterol in 24 heurs, &hilat that of the deficlent
animals was not brought back to normal up to 7 days after

the stress had oeen applied. The data was interpreted as
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evidence that the synthesis of adrenalvcholespero; is.
decreaséd in pantothenic acid deficiency. | -
Morgan aﬁd Lewis (105) fed three different diéts
’#arying in hypolipotropic guality to young rats, with
4cémplete,choline deficient, choline and pantothenic acid
deficient and pantothenic acid deficient vitawmin supple-
‘ments. In all cases it was noted that the pantothenic
aéid deficient animals failled to develop fatty livers.
They concluded that in pantothenic acid deficiency the
rat adrenal hormone production is depressed and fat
metabolism is seriously deranged. |
Hurley (106) studied levels of adrenal cholasterol
in pantothenic acid deficiency and compared them to nor-
mal rats. The levels were compared before fasting, after
24 hours of fasting, at atmospheric pressure and after
24 hours fuasting at 20,000 feet. Liver glycogen blood
sugar and adrenal ascorbic acid levels were determined.
It was found that the level of adrenal chulesterol before
fasting was lower in pantothenic acid deficiency than in
normal animals: after fasting the adrenal cholesterol
‘level rose to 3.9%. Mo rise had been shown by the normal

~animals. Following exposure to anoxic anoxia with fasting
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the adrenal gholesterol content fell in both normal and
deficient animals. it the same time, Hurley stated that
the normal animals exhibited a 20 fold increase in liver
glycogen while the deficient rats showed no changes in
this respect, |

These rasults were interpreted as to indicate that
the level of adrenal cholesterol itself is not an invar-
iable index of adrensl activation.

Hurley and MacKenzie (107) observed extreme
variability in the levels of adrenal cholestercl and ascor-
bic acid in both normal and deficient rats examined at
different seasons. Liver glycogen and blood sugar levels,
however, were fairly constant., The deficient, untreated
animals, were observed to have lower adrenal cholaesterol,
liver glycogen and blood sugar levels and high adrenal
weights and ascorbic acid levels than comparable normal
animals. OUn expusure to a stress period, the normal rats
showed an increase in liver glycogen and a significant
rise iIn blood sugar as compared to their fasted controls,
Pantothenic acid deficient animals showed no change in
these constituents. A decrease in adrenal cholestercl
levels following anoxia was observed in both normal ang

deficient rats,
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E. BLOODY WHISKLRS

o Hany thkeré had noted red staining of whiskefé of
tgéir‘ahimAls when working with filtrate factor deficient
dietb. In 1940, Chick et al. (50) identified the red
material as being protoporphyrin., They stated that this
pigment seemed to be characteristic of filtrate fraction
deprivation. Unna (58) working on the pantothenic acid
requirement of the rat noted also that his rats acquired
blood caked whiskers on his deficiency diet. His diet had
been supplemented wlth choline, niacin, riboflavin, pyrid-
oxine and thiamine. |

Figge and Atkinson (108) studied the relatioh of
water metabolism to porphyrin incrustrations in pantothenic
acid deficient rats. By limiting the amount of water given
to each rat, nis animals devcloped fluorescent porphyrin
around the nose, forepaws, or eyelids. If water was reins-
tabed in the diet to a normal measure, the symptom disap-
peared. He therefore concluded that pantothenic acid could
be involved in the regulation of water metabolism in the
répa. Carter et al (61) aléo noted a reddish brown staining
of the hair of the rats on the abdomen and nose, Thair diet

wag deficlent in ascorbic acid, inositol, menadione, PAB,
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niacin, biotin and folic aecid.

- Mogueeney et al, (96) observed porphyrin incrus-
.trations about the nostrils of their animals, when these
were fed a pantothenic acid deficient diet. The diet

was deficient in ascorbic acid, menadione, PAB, and B

o
McElroy et al., (l09), investigated the nature of fluoies-
cent porphyrin of the blood caked whiskers of pantothenic
acid deficient rats. They concluded that the red material
deposited around the nostrils was not blood but CoOpropor-

phyrin and that it was derived from the Harderian glands,

Fo OTHER PATHOLOGICAL CHANCES

Besides the avove symptoms most commonly found in
pantothenic acid deficiency, as described by different
workers, many described other pathological signs, Lesions
of the kidney and liver were reported by Nelson (110),
Dean and MeKibbin (111) and Supplee et al. (60). Signs
of abnormal testicular function were reported by Nelson
(110) and Ashburn (56).

Studiea were made on the effect of pantothenic
acid deficiency on inhlbition of skeletal growth and
changes in bone marrow of rats by Ashburn (56), Mcwueeney

et al. (96), Gyorgy et al. (112), Daft et al. (113) and




.. Carter et al, (61).

‘ Acetylation reactions in this vitamin deficienby'

‘were carried out by Riggs and Hegsted (114) who concluded
that rats on the deficient diet acetylated only 50% of
‘a1 mg. dose of PAB, whilst normal rats acetylated 70%.
Also they stated that if a simultaneous injection of 1 nmg.
Ca pantothenate was administered, the animals immediately
‘returned this acetylation to normal. The diet had been
- supplemented with thiamine, riboflavin, pyridoxine hydro-
chloride, nicotinic acid and choline. The same authors
reported in another paper (115) that weanling animals
- showed a decreased acetylation of PAB (1 mg. dose) aimost
immediately after the removal of pantothenic acid from the
; diet, whilst older animals continued to acetylate PAB to
a normal extent after 2 months or so. Further inves-
tigation of acetate metabolism was carried out by Smith
and Mefferd (116) using the Clh isotope, 002 expiration
and lipogenesils studies were carried out. Pantothenic
acid defigient rats were found to expire 002 following a
2single intraperitoneal injection of ncetate-l-clh, slight-
1y more rapidly than do pair fed controls not PA defipient.

They stated that maxima in specific activity are attained
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within 5-10 minutes after injection in the deficient, within
10-20 minutes in control animals, It was also observed

that maxima in "Relative Isotope Content" are attained after
5«10 minutes in deficient rats and after 10«20 minutes in
non-deficient animals. The total amount of 002 over the
first 90 minutes following injection is the same for both
groups, Finally maxima in specific activities of fatty
acids of pantothenic acid deficient rats and non-deficient
rats are reached about 30 minutes following injection of
acetate,

The blood sugar, the liver, heart and muscle glycogen
and the total lipids in the albino rats after the adminis- -
tration of pantothenic acid were given close scrutiny by |
Cascio et al, (1l17). The glycogen content of the muscles
decreased slightly after the injection of 1CO mg pantothenic
acid, that of the heart was unaffected and that of the liver
was considerably increased after 90 minutes and had fallen
again after 240 minutes, The total lipids in the liver
increased considerably and progressively.

The effect of the administration of calcium panto-
thenate, in'varying amounts during the pregnancy period

of pantothenic acid deficient rats, was investigated by




wly5m
Everson et al. (64). If no pantothenic acid was given to
_the rats from the initiation of pregnancy, small litters
. of undersized young rats were produced, pyruvic acid
. accumulation was encountered, blood concentrations for pan-
tothenic acid were reduced. The diet was deficlent in
ascorbic acid.

Another line of investigation was followed by
Zucker and 2ucker (118), who fed pantothenic acid
deficient diets to their rats and correlated this deficien-
¢y to a loss of natural resistance to bacterial infection
in the rat. They concluded that pantothenic acid deficient
rats may lose the innate species determined resistance to
infection with a type of corinebacterium so far known to
be pathogenic only to mice.

A relation tojphyroid control of lipid metabolism
~in pantothenic acid deficlency was investigated by Harold
et al. (119). It was observed that pantothenic acid
deficient rats fed a diet containing L% cholesterol did
not develop fatty liver or cholesterol rich livers but had
'slightly'increased blood cholesterol levels. If pantothe-
nic acid was added along with this same dlet, the animals
developed fatty livers in 3 weeks. It was noted also that

the deficient rats, after excision of their pituitary'or
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thyroid, showed a fat metamorphosis of the liver within -
21 days following the incision, The blood cholesterol
concentration was increased enormously and the increase
confined to the esterified fractic.-~. The administration
of 5-10 ug. of crystalline thyroxine/day resulted in a
decrease of liver lipid but not of liver cholesterol in
the hypophysectomized pantothenic acid deficient rats

and also a diminution of both liver lipid and cholesterol
in the thyroidectomized deficient rats. Blood cholesterol
concentration was decreased by thyroxine to the level of
that of intact deficient rats in both the hypophysectome
ized and thyroidectomized deficient rats. They stated _
therefore that the disturbance of lipid metabolism in PA
deficiency appears to be concerned principally with the
thyroid,

Axelrod and Pruzansky (120) noted a marked inhibi-
tion in the antibody response in rats fed a pantothenic
acid deficient diet, The diet in this case was not stated,

Another important aspect of pantothenic acid def-
iciency in the rat was investigated in 1939 by Nelson (110) .
He studied.various symptoms among which pathological
changes in the heart. He reported that of 54 hesrts exam-

ined, 3 showed myocardial lesions: one rat heart had a
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fatty change, another a focal polymorphonuclear infiltra-
tion, and the other a focal .coagulation necrosis. No
mention of controls was made however. Supplee et al. (60)
noted heart damage, characterized by enlargement and/or
extensive hemorrhage in the auricular region, which was
present among animals which had died suddenly on the low
pantothenic acid diets, and was frequently concurrent with
severe adrenal hemorrhage. The diet had only been sup-
piemented with thiamine, riboflavin and vitamin B6 and

was therefore multi-deficient,

A few years later, Olson and Kaplan.(1l2l) measured
the COA content in the heart of pantothenic acid deficiert
rats, Their results proved that the COA content of the |
rats was diminished,

Beznak and van Alphen (122) correlated cardiac *
automatism and cholinz acetylation with thiamine and panto-
thenic acid deficiency in rats, The results obtained were
not in agreement with most workers so far as the most
regularly appearing pantothenic acid symptoms were con-
cerned, They stated that the rats on their pantothenic
acid deficient diets grew as the normals did and e.c.g.'s
taken of the heart did not show any abnormalities, They
attributed the lack of symptoms to a difference in exper=

imental conditions of workers feeding a multi-deficient-
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diet to their animals whilst they had fed their rats a
uni~deficient diet,

G, IIFITI"“ *ELATIO‘: w’%IP OF )I} FERENT VITAL III‘% AnD

L SIENCY

The role played by different vitamins when sube
tracted from an already pantothenic acid deficient diet
was studied by many authors., Vitamin 86 was investigated
by Black et al. (123) for its relation with pantothenic
acid, to factor W. They reported that pantothenic acid
was coniaiﬁed in factor W and that significant growth res-
ponses were had when both B, and the factor had been added
ﬁo the diet,

In greying, different vitamins were administered
for its cure, 'such as nicotinic acid, and pyridoxine.
These two}vinaﬁins were found to be ineffective in curing
and preventing greyness by HMorgan and 3imms (42). On
the other hand liver filtrates, yeast extracts, rice hran
filtrate, all cured the symptoms.

- Cystine in pantothenic acid deficiency was inves-
tigated by Pavcek and Baum (59) who indicatéd that by the
supplementation of 75 mg. cystine in their basal diet con-
taining 18% casein in addition te 200 migrograms of pane

tothenic acid per rat per day, markedly decreased the time
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. required for the replacement Qg the grey Qair in achrom-
otrichia and produced better g;owtb results. These find-
ings confirmed results obtulned by Melford and Grirfith
(124) that 18% casein did not provide enough cystine for
maximum growth of the rat.

The effects of linoleic acid, pyridoxine and pane-
tothenic acid on rat dermatitis was studied by Quackenbush
et al. (125). It was found that if the three compounds
were added to the diet, the rat was relieved of acrodynia
however, a scaly condition still persisted on the tail and
hind paws. They stated that another factor was involved.
. for couplete cure.

Anemia and granulocytopenia in relation to pan-
‘tothenic acid and folic acid was investigated by Daft et
al. (126). They stated that anemia was not directly due
o a pantothenic acid deficiency but rather developed
indirectly due to the deficiency of an unknown factor which
‘became apparent in the absence of pantothenic acid. Folic
~acid did not have any effect alone either. The anemias
‘however réspondad well to both folic and pantothenic acids,

Water metabolism was inﬁescigated by Gaunt et al,

(127),who studied the effect of riboflavin and pantothenic
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acid for their role in the above, The basis of these tests
was the well-established finding that marked deficiencies in
water diuresis and in resistance to water intoxication,
resulted from hypofunction of the adrenal cortex in animals
and man. To gain evidence on this point, a study was made
of the response of animals on a pantothenic acid deficient
diet to water administered by stomach tube, It was observed
that rats on a deficient pentothenic acid diet showed a lethe
argic diuresis when the water was given by stomach tube and a
decreased resistance to water intoxication. Defects noted
were remedied by the administration of either calcium pantoa-
thenate or adrenal cortical hormone. The diet consisted of
gucrose, casein, salts, crisco and cod liver oil supplemenﬁed
with thiamine, pyridoxine, riboflavin, nicotinamide, choline
chloride and inositol, In riboflavin deficiency, effects on
water metabolism was produced only if the riboflavin sympe-
toms were at an advanced stage,

Corneal vascularization in pantothenic acid and
pyridoxine deficiency was studied by Bowles et al, (128),
Rats on this diet developed corneal vascularization; however,
corneal vascularization on only pyridoxine deficient diets
was not as extensive as vascularization observed in rats fed
on the pantothenic acid deficient diet. The diet was ine

complete in that it lacked folic acid, niacin and B12'
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Viteamin C as related to pantothenic acis in a
deficiency diet for rats was investigated for its effects
by Daft (129). He reported that if 2% ascorbic acid was
introduced in a pantothenic acid deficient diet, all the
usual symptoms attributed to pantothenic acid deficiency,
such as porphyrin staining of the fur and whiskers, growth
retardation and decreased life expectancy, were greatly
delayed or modified and the life of the animal was lengthe
ened. Vitamin C administration to pantothenic acid def-
icient rats during pregnancy revealed that where a definite
sign of pantothenic acid deficiency was established: lower
concentrations of blood pantothenic acid, low pantothenic .
acid content in the total fissues, including hepatic . |
tissue, such as smaller litters composed of lighter youngs,
ascorbic acid lessened the severity of the deficiency., In
several instances they noted that the protection afforded
by ascorbic acid was equal to that of 100 micrograms of
calcium pantothenate (130).

Folic acid and biotin in the utilization of pantoe
thenic acid by the rat was investigated by Wright and
#elch (131) who fed their rats succinylesulfathiazole. It

was found that the utilization of pantothenic acid by the




rat appeargd to depend on the availability of follc acid
and blotin, Vitamin 812 and ascorbic acid were absent
from the diet. ;

The interrelationship between biotin and panto-
thenic acid in rats fed succinyl-sulfathiazole was inves-
tigated by Emerson (132). Ohe concluded that a biotin
deficlency induced in weanling rats by feeding the sulfa
drug may be aggravated by superimposing a deficiency of

pantothenic acid,

H. CORRZYME A.

- The identification of pantothenic acid as part of
“COA brought about many workers vo investigate the role
~played by the vitamin in the amount of the coenzyme which
was present in d;&ferent parés of the body.

Olson and Kaplan (121) studied the effect of pan-
tothenic acid deficlency upon the CUOA content and pyruvate
utilisation of the rat and duck. 7The rat livers showed
a decreased ability to utilize pyruvate. This was accom-
panied by a low COA content. The diet in this case,
however, was incomplete, lacking in many vitamins. These
were inositol, menadione, PAB, bilotin, folic acid, 312’

a-tocopherol, and ascorbic acid.
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All living material was found to contain the coen-

gyme in variable amounts (133) (134). The pantothenic

acid content in the tissues was found to be present

entirely in the form of coenzyme A (134) (135).

} Liver = coenzyme A was also determined in the rat
by Euyd (136) who stated that the liver CUA in the rat
on & pantotheaic acld deficient diet was reduced o 1/2.
His diet lacked ascorbic acid and Byoe

The relatiuvnship between coenzyme A and lipid syn-
thesis was also investigated by Klein and Lipmann (137).
The pantothenic acid deficient rat livers were analysed -
for their coenzyme A content, & parallel was found to |
exist between coenzyme A levels and the synthesis of
cholestercl as well as total lipids, This diet was also
incoumpleres,

The influence of dietary pantothenic acid and
methionine on rat liver Cui levels was investigated by
Dinning ev al, (138). Rsats receiving the deficient diet
in both the above exhibited a low level of coenzyme A.
Both were required to restore the coenzyme A to normal
values. They concluded that most probably, dietary
methionine served as a precursor to the thioathylamine

moisty of coenzyme.A., The diet in this case was not stated
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T MINCELLANEQUS

" As research work was progresging with diets
.deficient in panbochenic acid, other workers were inves-
tigating symptoms brought about under different condibidns,
symptoms which were described as being found in pantothe-
nic acid deficiency only, but which were unrelatsd to this
specific deficiency. |

Plateaulng of weight ﬁndJalopecia’wére noted in
the deficient riboflavig diet of Chick et al;'(70). Growth
symptoms and dermatitis were indicated by Gyorygy and
Eckardt (44) on rats deficient in B, The anti-dermatitis
effect of Bé was also studied by Unna (139) who indicated
that when 100 micrograms of the vitamin was administered
to his animals a 100% cure was observed,

‘Para-amino-benzolic acid was found to be a chrom-
6tfiéh1alf§%ent for #ﬁﬁs by ansbacker (79). Again this
specific vitamin was investigated for its role in rat
greviang by dartin (93). He stated that the ratio of cal-
cium pantothenato to that of PAB, was the important factor
COncernéd in achromotrichia.

Inositol was found to prevent the onset‘of alop-

ecia by iielsen and Black (140). Thoy stated that the
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animals receiving thié'vitamihagfew better and had a more
tidy appearénbe. R |

A Biotin deficiency was studied by Emerson and
Keresztesy (1l4l) for its role in rat alopecia, greying
and the spectacled sye condition, All of the above symp-
toms were observed,

812 was investigated for its roie in the building
up of the COi levels in rat liver. Higher levels of COA
were found to occur when this vitamin was made deficient
to rats (142).

Other nutritional components were studied for thelr
effects on greying and other related symptoms to a panto-
thenic acid deficiencye.

Potassium and Hagnesium (143), manganesé, iron
and copper (l44) were all given consideration., Hundley
(86) fed a dist deficient in copper to his animals.
Within 5«6 weeks most of his animals had developed a
marked degree|of greying,., Alopecila, dull halir and thin-
ning of the fur were all noted,quﬂitiona. He stated that
the diet had to contain 2.5 mic$5%rams of CuSDA per gra@ 
of basal diet, so as to prevent greying., His final con-

clusion was that the activity of liver, yeast, alfafa to

cure achromotrichia was due solely to thelir Cu content,
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His diet was deficlent” ir‘xias&bi"ﬁi‘&“acid, p-amino-benzoic
acid and Bi a° It had been supplemented with pantothenic
acid. |
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GENRRAL INTRODUCTION

A great number of contradictory reports were pube
lished éoncerning pantothanic acid deficiency in the rat
by workers using multi«deficient diets, semi-synthetic
diets and synthetic diets. The fact that wmost so-called
pantothenic acid deficient diets lacked one or many
vitamins led us to believe that the symptoms attributed
to pantothenic deficient diets noted in the past exper-
imental diets, could not be attributed to the absence
of pantothenic acid from the diet but ss alraady stated
by Beznfk and van Alphen (122), to a multi-deficiency in
dietary compcnents.,

Coenzyme A has bsen shown to be a paﬁtothenié
acid derivative by Lipmarm et al, (1i5). Thae noffect of
dletary components on the Cold concentration in liver and
heart of different experimental animals was studied hy
different authors,

Olson and Kaplan {121} stated that rats mzintained
on a pantothenic acid deficlent diet, for 2 period of 9 |
weeks, maintained normal levels of CoA in their tissues
for 2-3 weeks and then showed a zradual depletion to a

level 35-4L0% of normal, and that ducklings subjected Lo
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a somevhat similar diet, showed otill more rapid depletion
in their tissues to 405 of the normal animals. The rat
diet of thewse workers lacked benides pantothenic acid,

the following vitamins: inositol monadlone, PAb, biotin,

‘folic acid, a-tocorherol, ascorbic acid and vitanin Byo;

thg diet éf the dﬁckiiﬂgs lacked PAB Qla ascorbicvacid,
tnositol besides pant tothenic scld. Klein and Lipmann
(137), in invessi izating the rulahion%hin of ce@nﬂ?me A
to lipid syntHQSis; fed théir animals the dlet of Riggs
and Hegatod (llu); ﬁo'obtain péhtoﬁhepic écid'd@ficieﬁcy
ih their anihals. This diet wa s alsb multideficieﬁt since
iy lacked besides pantotheﬁic acid, the same vitamins as
did thevdiet'oh Olson and Kaplan (121)., Thase authors
observed a decrease Ln coenzyme A concentration of the
livcr arter uﬂalynlq was made uain“ the metuo& of I aplan
und Lipmann (133). o . |

ulson and Stare (146) studied the matﬂboliam in
vitro of cardiac muacle in n‘utotlgnic ac1d deflc*ency.

Tre animalq usad were dqcklin '3, «h‘ch wore fed the diet

of Olson and Kaplnn, laas pantotneni acid Coenzyme A

was analysed for its concentration in the cardiac auricle

and ventricle, and found to he reduced by 49 to 80%. They
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also pointed out that in both the normal and deficient

animals, the ventricle contained twice as much COA as

.d1d che auricle.

"Boyd (136) studied the possible role of coenzyme
A in the biosynthesis of cholesterol in the rat. His
bﬁéal diet was supplemented with thiamine hydrochlorids,
‘riboflavin, nicotinamide pyridoxine hydrochlorlide, biotin,
folic aecid, menadione, inositol, PAB and choline chloride:
his supplemented diet lacked ascorbic acid, and vitamin
By,. Their conclusions were that when their animals
were malntalned on a fat free diet, the liver ester
cholestervl concentration and the plasma ester cholesterQI
concentration appeared to be dependent on dietary pan-
tothenate and hence on the coenzyme A content of the
tissues., | |

The influance‘of4dietary pantothenic acid and

methionine on rat liver coenzyme A was studied by Dinning
et al, (138). These authors fed graded levels of meth-
ionine with and without pantothenic acid. Hats receiving
the'diet.deficient in both pantothenlec acid and methionine
exhibited very low levels of liver coenzyme A. Supplemen-
tation of the diet with either pantothenic acid or methe

ionine resulted in an increase. in coenzyme A, Both were
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required to restore the coenzyme A level to normal, In

this case no diet was stated. Their conclusions were that

it seemed probable that dietary methionine served as a

precursor of the thiocethylamine moiety of coensyme A.

It has been observed by R.E. Olson (147) that
dietary restriction of the sulfur amino acids may depress
hepatic coenzyme A levels in the rat as much as the
dietary restriction of pantothenic acid. The diet fed
animals was that of Himsworth and Glynn (Clinical Science
5 1944) (148), which was also multi-deficient.

Within 5-7 weeks, 75-90% of the rats fed the
basal diet developed typical hépatic lesions which could
be prevented by a-tocopherol, methionine, but not entirely
by cystine in the absence of vitamin E. Since coenzyme A
contains thiocethylawmine, they stased that according to
their results, a reduced sulphur amino acid intake may be
a limiving factor in coenzyme A synthesis.

Hoagland and Novelli (149) found that for the bio-
synthesis of coenzyme A, both pantothenate and cysteine
are required, but that cystine itself is inactive. The
following compounds failed to replace cysteine: homocys-
teina, thiocacetate thioglycolate, mercaptosuccinate,

b-mercaptoethylamine and st.
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" The effect of coenzyme A precursors, e.g. panthe-

theine, panﬁhetine,kN(d-pantothenyl-l~cysbeine), N{d=pan-

tothenyl-cystine), and pantothenate on hepatic COA levels . .

in pantothenic acid daficiency in organic sulfur deficlent
rats was studied recently by Ching-sing Yang et al. (150)
They indicated that dietary restriction of the sulfur-
amino-acids may depress the hepatic coenizyme A levels. The
pantothenic acid deficient animals responded to all com-
pounds with increases in hepatic coenzyme A\ although pan-
tothenate was the most effective. In the animals deprived
of organic sulfur, however, nons of the above compounds
wag effective., They, therefore indicéted that the synthe-
sis of hepatic coenzyme A occurs again from nutrients and
other small molecules and that the capacity for this syn-
thesis 1s impaired in sulfur amino acid deficiency in the
rat. |

Lipmannts coenzyme A plays an important role in
the acceptor system of choline acetylation (151); on“the
other hand cocarboxylase, a thiamine derivative is res-
ponsible for the donor system. This last factor was
studised by Bezndk and van Alphen (122), who had correlated
cardiac automatism and choline acetylation in rats on

thiamine and pantothenic acid diets, as well as on a diet
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deficient in both thiamine and pantothenic acid., Changes

in‘cardiac'automatism (e.c.g.) were found only when the

diet was deficient in thiamine either alone or in combina-

tion with pantothenic acid. On a uni-deficient pantothe-

nlc acid diet, no e.c.g. discrepancloes were observed. The

¢holine acetylation of the acetone powders of the hearts
did not change in any of the groups.

In 1939, Nelson (110) studied various symptomws
occurring in pantothenic acid deficiency including pathole
ogical changes in the heart. Myocardial lesions, focal
polymorphonuclear infiltration and focal coagulation nec-
rosis were all noted. In this case the diet fed the
animals was far from being complete, The basal diet con-
sisted of the following ingredients: casein, cod liverA
ci}, Wesson oil, salts and sucrose, and was supplemented
with riboflavin and thiamine chloride; nicotinic acid
was added in the above diet for another group of animals.
A few years later, Supplee et al., (60) described sudden
death and cardiac hypertrophy with auricular hemorrhage |
in the rat. Their basal diet had been supplemented with
thlamine, riboflavin and pyridoxine only. Schaefer ot al.
(153) experimenting with dogs fed a pantotheniec acid

deficient diet found that the hearts of their animals
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developed usually a rapid heart rate,-ﬁ@sides*bthnr symp~’
toms such as sudden prostration, convulsions and gastro-
intestinal injury. | ‘
' kgg white injury as a clinical mani festation of
biotin deficiency was produced in rats as early as 1927,-
when fiiss Boas of the Lister institute of London found that
rats fed a special diet containing much uncoagulated eng-
white developed peculiar and impressive skin changes,'thch
finally led to a fatal outcome. |

The most characteristic symptom, as already stated
in the history of biotin, seems to be a progréssive der-i
matitis. Emerson and Wurtz (132) indicated that symptoms
of biotin deficiency induced in young rats by the adminis-
tration of succinylsulfathiazole, may be aggravated by
simultaneous pantothenic acid deficiency. Symptoms
attributed to a pantothenic acid deficiency were reported,
by Wright and Welch (154), when rats were fed a highly
purified diet which included thismine, riboflavin and
pantothenic acid and was supnlemented with succinylfulfa-
thiazole., & marked reduction of pantothenic acid was ob-.
served in the liver of the above rats. Biotin and folic

acid relieved the symptoms,
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Heart changes in biotin deficiency were described
by Goddard and Ulson (155). Decreased oxygen uptake of
myocardial slices ffom biotin~deficient ducks in the
.presence of substrates such as succinate or pyruvate,
was reported by Olson et al. (156).

wong and Schwelger (142) recently stated that

when Bl was deficient in the diet, COA was found to be

2
2-3 folds more concentrated, That B., was left out of

12
most so-called pantothenic acid deficient diets is seen
by giving close srutiny to the past experimental diets.
The question as to whether the presence of 812 in a com=-
pletely uni-deficient pantothenic acid diet would change
the concentration of the latter in the liver is still
doubt ful,

The participation of biotin in coenzyme and en-
zymatic compounds was indicated by different workers
relating it to the synthesis of aspartic (17) (18) (13)
and also to the oxidation of pyruvic acid (20).

Survey of the lib&rgpgrg shows clearly that pane-
ﬂothenic acid deficiency sy@ﬁébhs, especially cardlac
ones and a diminution in CUA contunt of organs, were only

described on multi-deficlient diets. It remained still

to be determined whether or not a uni-deficient pantothenic
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acid diet would produce symptowms and lower coenzyms A level

in the rat'and heart and whether or not c.c.ge. patterns

would be affected by a singular pantothenic acid deficiency.

For at least two reasons it seemed interesting to
extend owr investipation on dblotin. In the earlier works
in which cardiac¢ involvements were mentioned, biotin and
pantothenic acid were both missing from the diet, thus the
cardiac involvements might be the consequence of the come
bined deficiencies only. And as there are no investigations

into the effects of a singular biotin deficiency on the

‘cardiac automatism i.e. on e@.c.ge., it is not known whether

a singular biotin deficiency would not have an effect. -

The other reason is a certain amount of similarity

between the molecules of biotin and pantothenic aclid. This

renders possible that the two compounds might mutually
provide a part of their molecules to one another. Thus
the thiosthyl moiety of panteothenic acld might be derived
from biotin and vice versa, thiis part of the pantothenic
acid molecule might provide groups to the sulphur con-
taining ring structure of biotin.

To obtain somé informution on these questions, the

following experiments were carried out:
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1, Olson and Kaplen?s experiments, with a multi-
deficient diet, were repaéted in order to see whether the

diminution in the COA’content of the liver and heart des-

‘cribed could be repeated in our strain of rats and exper-

imsntal conditions. E.c.g. records were also made in
order to see whether cardiac automatism was affected more
by this multli-deficient diet than by our singularly
deficient one.,

2, Growth rate, dermal symptoms and @.Cef. Were
recorded in 4 groups of rats and the COA content of their
liver and heart determined at different phases of'devél- ‘
opment,

The diet was completely synthetic in all the
groups which were as follows:

(a) normal

(b) no pantothenic acid (-PA)

(c) no biotin (-B)

(d) no biotin and no pantothenic acid (-PAB).
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EXPERIMENTAL

The following precautions were taken to prevent refection:

~a) The animals lived in single +" mesh wire bottomed
- metal cages.,
b) All food containers, water bottles, walls of cages
were checked and cleaned twice weekly,
c¢) The synthetic diet when containing pantotheniec
acid and biotin ensured good growth, freedom from

dermal symptoms and very few e.c.g. "abnormalities",
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 REPETITION OF PART OF OLSON AND KAPLAN'S
. EXPERIMENTAL

INTRODUCTION

As already indicated by Olson and Kaplan (121), one
of their prime objectives was to determine the effect of di-
etary restriction of pantothenic acid upon the coenzyme A
content of tissues from rats and ducks, ”Only"rats were used
in this experiment and analyses of the rat livers and hearts
were made for coenzyme A, besides studying e.c.g. patterns

of the rat hearts during the experimental period,

CARE AND MAINTENANCE OF ANIMALS

A group of 20 animals was used for this experiment:
all animals were of the Albino Wistar strain, male rats of an
average weight of about 60 gms. at start,

On arrival from the dealer the 20 rats were put into
a large cage,fed purina fox chow for 31 days.r There was
crowding in the cage and it is possible that the rats did not
have optimum feeding conditions.,

After this period the e.c.g.'s were recorded in each
rat, these data are referred to as O time in the graphs., The
normal 10 rats were placed in the same large cage and were
given our complete synthetic diet in 3 pots, The othér 10

rats were eaged individually and were given the Olson Kaplan
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PA multideficient diet, Three weanling rats were sacrificed
at the beginning of the experiment in order to determine the
normal e.c.g. and COA values of the heart and liver of the

animals,

DIET FED AND DURATION OF EXPERIMENT

The diet fed the control animals contained the fol=-

lowing ingredients:

Vitamin test casein - 18%
Sucrose - 68%
Vegetable oil - 10%

U.S.P. salt mix, No.,2 = 4%

grams/100 1lbs, diet

Vitamin A concentrate Leb

(200,000 units per gram)

Vitamin D concentrate 0,25
(400,000 units per gram)

Alpha Tocopherol 5.0

Ascorbic acid ‘ L5,0

Inositol g 5.0

Choline Chloride . 75.0

Menadione R 2,25
P-Aminobenzoic Acid 5.0

Niacin L.5

Riboflavin 1.0

Pyridoxine HCl 1.0
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Thiamine HCL 1,0
Caleium Pantothenate 3.0

ngns/100 lbs, diet

Biotin 20
Folic acid - 90
Vitamin;Blz S 1.35

The experimental group was fed the diet of OQlson and

Kaplan which was composed of the followlng Ingredientss

Casein - 18%
Glucose - 73%
Corn 011 - 3%
Cod liver oil = 2%
Saltal - L

B- complex factors in crystalline form were supplemented in

the following quantities:

Thiamine - 400 y per 100 gm.
’ Riboflavin - 800 y w on
B Pyridoxine . LoDy " oomom

Niacin “_zooo y = n o

chotrine Sl - 100 My © w oo

The duration of the experiment was of Y weeks, COA deter-

mihations ware made at 3, 5 and 9 weeks, All animals were

fasted 24 hours before the determination.

L (Hegsted, D.M,, ¥ills, R.C, and Elvehjem, C.A. ~-1941- J.
Biol. Chem. 138: 459.)
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METHOD USED FOR COBHZYME A DETERMINATION AHD E.CJ.G.

: M CORDING

The aéme method as previously employed by the above
au;hors, that of Kaplan and Lipmann (121), was used to
measure the ccenzyme A content of the heart and liver of
the rats., A Hilger-Spekker absorptiometer using a wave
length of 570 pp and 1/4 cm. cells were used.

The electrocardliograms were taken once & week as
described by Bezndk and van Alphen (122), R-R time, P-

wave, R-voltage and T-wave were studied.

RESULTS AND DISCUSSION

A. COA determinations.

Thé results obtailned from the above experiments
are shown in Figs. 1 and 2, Figure 1 shows the CUA con-
tent of the liver, Fipure 2 that of the heart of normal
and deficient animals. As can be seen from Figs. 1 and 2,
of both the liver and heart, the CUA content for the nor-
mal animals is iﬁcreased from the beginning of the exper-
iment to the third week to a plateau. After 3 wesks, the
COA content remains congtant to the 9th week. The station-
ary value of the liver is 135 L.U., the high asymptotic
220 L.U. In the heart less COA was found. At the begin-

ning of the experiment 30 L.U., after the third week, A0 L.U,
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In the case of the rats on the multi-deficiont
diet of Olson and Kaplan, a steady drop“in liver COA was
observed from the start of the experiment to the 9th week
reaching a minimum congentration of 40 L.U. The COA
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Figure l. Changes in the CUA content of the liver of normal

and Olson and Kaplan deficilent animals.
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and Olson and Kaplan deficient animals.
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concentration dropped to 4/5th of the nornal value. The
heart CUA did not drop from the beginning to the end of
the third week, rather it increased as the normal ones did,
nhough'perhaps gomowhat less. At the end of the 5th week
“and in the 9th week, however, significantly less COA was
found in the deficient hearts than in the normal ones,
instead of 60 L.U., only 30 L.U. were obscrved.

The growing heart,then in the early stages of the
deficiency, is capable of increasing its CUA content on a
pantothenic acid multi-deficient diet whereas the liver
is not. Also while in 8 weeks on a deficient diet the
liver COA content falls to 1/5th of the normal value, that
of the heart is only 1/2 of it.

The frequency distrivution histograms for the
liver and heart CUA co?tent are shown in figures 3 and
4 respectively. It w1l ve seen khat while there is no
overlap between the CUA content of the liver of normal
and deficient iy fed rats, the values of the heart COA
overlap considerably.

we have already seen that the heart COA in rats
on the deficient diet begins to diminish only after a
longer period than does that of the liver and that diminu-
tion reachees its asymptot sconer and is smaller than in

the liver. Added to these is the overlap between the\two
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populations. The conclusion then is warranted that the

- heart CUA is much more resistant to nutritional deficien-

cies than is liver COA. It may be that the liver is a
supply.sbore of pantdthenic acid or COA.

' The statistical significance of the difference
in the CUA content was tested with the 't - test'. In
this test all the normal rats (including the 3 weanling

ones) and all the deficient ones were included to form

their respective groups.

Tabls I. Liver CUA in rats 3 to g9 weeks on Lhe Olscn and

| Kaplan diet and in normal rats,

] De&rees
~Group . n = lKean Preedom ' P
N 13 195.7 S .
20 . 8,97 »< 0,001
Q=K. 9  70.0

Table II. Heart CUA in rats 3 to 9 weeks on the Olson-

Kaplan diet and in normal rats,

Degrees ‘
Group n liean Freedom = '¢!? P
ao 13 5743 |
20 les b4 £ 0,0001

OQ“KQ 9 l{loé
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A8 can be seen 1rom these Cables, the diminution
in nhe GOA content of both the liver and heart is st&tis-
tically highlv slgnificant. ‘

A number of symptoms were recorded in this exper—

iment and are as follows:

B. DERHMAL SYMPTOMS

a) Alépecia.- In all animals, mild alopecia

appeared between the end of the second and third weeks.
| | We observed that loss of fur was a general symp-
tom in all the deficiency groups, It followed a general
pattern., The alopecla started to appear on the hind legs,
proceeded to the front iimbs, then it affected the pos-
térior abdominal region spreading towards the aanterior
abdominal part of the animal, finaily reaching the neck
region., we measured the degree of alopecia on the basis
of the progressive pattern produced by the loss of fur
during the deficiency feeding pericd.(Plate I.).

j lst stage: loss of fur on hind limbs only.

éﬁq stage: loss of fur on all four limbs and slight
- spreadling on the posterior part of the abdomen.
- 3rd stage: loss of fur on all four limbs and complete

alopecia of abdominal region,
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Lth stage: Alopecia was observed on all four limbs,
. abdomen, neck region, and in come cases
on the rump of the animals,

In order to gain information about the behaviour
of alopecia during the experimental feeding the averages
of the stages were calculated each week and plotted
against time. (Fig, 5)

As will be seen in this figure the loss of hair
was vefy conspicuous from the beginning of the feeding of
the deficient diet and it developed very rapidly reaching
the 3rd stage after 3 weeks on the diet,

’b) Ruffled fur.- The ruffling of fur became

distinct at the end of the third week generally. Some

animals, however, were not affected by this symptom,

C. Porphyrin staining

b) Porphyrin staining had its start at the end
of the third week., The bloody whiskers, as often called
in the past, appeared first on both sides of the head in
the ear region, reaching the neck and other parts of the
body later,'indicating perhaps that the substance ejected

from the hardevian lachrymal glands was being secreted in
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Figure 5: Stages of alopecia in the U.-k. deficlentv rats

 plotted against time.
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greater ambunts and thus was more available for spreading.

D. WEIGHT,

In Figure 6 cén be seen the growth éurve obtained
for normal and deficient Kaplan and Olson animals. At the
start of the experiment the animals averaged 65 gms. &t
the end of vhe 9th week, the normal animals averaged 284
pms. and the deficlent rats 144 gms. From this figure it
is seen thgt deficient animals kept growing but at a very
reduced race‘as_compured to that of the normal ones.

The deficiency produced a stunting effect on growth,

E. B.C.C.

Bézn&k and van Alphen showed that the propertiés
of the e.é.g. may show considerable variations in a
population of normal rats., The question of e.c.gz, changes
on a diet must, therefore, be approached statistically.
R-R time, voltage of the P, R and T waves were measured in
the two groups of rats from the end of the lst week at
fortnightly intervals, till the ond of the 9th week in each
rat alive at the time.

The mean was calculated for each group and plotted

against tiwe (Fig. 7).
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In the normal animal during the. 9 weeks the R-R
~time increased steadily i.e. the heart-rate diminished,
To see whether this difference was due to the process of
aging,.'b' test was performed between the normal R-R time
‘data at the start of the experiment and at the end of the

Ach week, These results are given in Table III,

Table III. The differcnce between lst and 9th week R-Ii

times in normal rats

, Degrees - o
Group waeks n Mean Freedom  1t! P
N lot 10 2,7
212 174 < 0,001
N 9th 4 4.1 |

From the above data, we found that as thé animal
progreases in age the R-R time increases. In the éasa
‘of the normal animals a great significance was found to

:bewpreaent'between the lst and 9th weekas.

Since the diet fed the animals was complete, the
differcnce or acceleration in R-R time can only be due to
the process of aging in the normal 4roup.

A in the normal group, 80 in the deficioent group

the significance of the difference Letween the =R times
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at the beginning and at the end of the experiment was
‘tested. As 1t can be seen in Table IV. the small slowing
of the heart from 110 to 124 msec. has a P velue between

G, 02 and 0,010,

'Table IV. The dlfference in ReR time between uhe lab and

9th woeks in rats on ‘the Ulaon~Kaplan dieb.

uxuup weeks n  Mean gﬁﬁgﬁgﬁ e P
 0.~:. o lee 10 2.7 -

- 11 2.8 0.02%0.01
0.-k.  9th 3 2.9 |

Although there was a alowina of the heart rabe in
the rmts on the Ulson-xaplan diet, the slowing was much
less than that in the normal ratu.. I} thms latber group
thie R~ time was near to 170 meec. as against the 124 msec,
in the deficiency fed rats, The di fference has a very low

P, sge Table V,

Table V., The dif ference in R-R times between the normal

and Ulson-Kaplan animals at the end of'tha 9th

woek.
T . Deyress
Group weeks n Mean Freadom " P
H 9th 4 40
5 7.8 {0,001

)oK 9th 3 2.9




85

P, R and T voltages behaved principally the same
in the deficient group as they did in thé normals There
was, howaver, an apparent tendency in all the three waves
to a greater diminutioﬁ in the deficient animals than in
the normals. Also the incraése in the voltage during the
second phase tended to be smaller in the defiéient groups
but none of these apparent differencea received a statis-
tical support. At the point of maximum differences, 't!
test gave the following results: In the T-wave, the
maximum of the dif{ferences occurred on an averapge at‘the

5th week but.its P was greater than 0,1 (Table 6).

Table VI. 't' test on the difference in T-wave between

normal and O~K. groups at the 5th week,

Degrees
Group weeks n  Mean Foae dom gt P
N 5th 3 1.77
[ 1.73 >50.1
OO-KO Sbh 3 ' l.l ’

, The differeﬁce in Révvolbage waé greatest at the
end of the feeding period and its P value was also greater
than 0.1 ({Table VII). . |




Table VII. 't' test on the difference in R-voltage between

§ ' Group

N .

O . “'KC

normal and Olson-Kaplan grodps at the 9th week.

Jegrees
weeks n Mean Freedon ! p
5 1 [ ] 5 ) Oo 1

9th 3 4.6

Similarly the maximum difference in the P-wave at

the 5th week was proved to be due to chance (Table VIII).

Table VIII. 't' test on the difference in P-voltage between

Group

N

,OQ-KO

normal and Olson-Kaplan groups at the 5th week.

Degress
weeks n Mean Freedom "t P
5th 3 0.8 : , .
L } 0.&7‘ 0.1 .

5th 3 0.7

We conclude that e.c.g. changes take place in rats

on the Olson and Kaplan diet, The heart ratétdoes not show

the same slowing observed in normal rats with aging.

‘Figuratively speaking, the deficlent diet keeps the heart

young in this respect. Un the other hand as regards

voltages of the P, R and T waves, while they all diminish

in the normal rat with aging they apparently do more so
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in the deficient animals, but only with a P around O.1.
In this respect then the deficlency diet quickens

or accentuates the aging process,

IRREGULARITIWS OF E.C.G. PATTERHR

The e.c.g. often shows irregularities in its
pattern. Bezndk and van Alphen obtained a quantitative
comparison of the frequencies of these irregularities in
their different rat grouvs by ascribing different welghts
to the different irregularities. Then they calculated the
averages of the weights of irregularities for each group
at different prozressing times of the experimental period
and plotted the results against time. They found with thié
method that the frequency of e.c.g. pattern irregularities
increased in thiamine and thiamine plus pantothenic acid
deficient rats from the 36th day of feeding onw.rds, This
is the 91lst day of extra-uterine life and is in the 3b
phase of growth.* 1In their pantothenic acid deficient
group a small increase in the irregularities was found but
the difference between it and the normal group was statis-
tically not significant. |

We ascertained the frequencies of e.c.g. pattérn

irregularities with the method used by Bezndk and van
Alphen, ’

* For explanation of the term 3b phase of growth sce later
parts. '
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The arbitrary units assigned to the irregularities

in the pattern of the e.c.g. were as follows:

Normal pattern of the entire e.c.g. = l.

Uncertain pattern of the entire e.c.g. = 2.

P_- irregularities:

slightly wavy or absent .= 3,
wavy = 5,

very wavy = 7.

JRS -~ irregularities

RS deviations = 7 - 1l.

T« changes

absent or negative = 13.

in inspection of Fig. ¥ reveals the presence of
irregularities of pattern in the e.c.g.-s8 of N rats as
pointed out by Beznfk and van Alphen {(l.c.). The frequency
of irregularities increases till the end of the 5th weak
of exporimental feeding, therefrom it dimlnishes with great
oscillatlion till the end of the experimental period. In
the Olson Kaplan group it incresges from the lst to the last
day on the experimental diet, The increase takes place on

an exponential curve, at a fast rate up to the end of the




99

w| 7 N
. OK . __  __
<T
o
ml <«
J s
! 2l D y
3 p
T « ~
of T -
B 7 i
! / !
© (7] . .
= / i
- - i
z
ot 2
>
“T
<
7
'.—
st
T o
; @
! nt <«
I
:
.

Fig. § shows the frequencies of irregularities on
the e.c.g. pattern in rats on a complete synthetic diet

and on the Glson-Kaplan PA-multi deficient diet, in

progressing time,




91~

3rd week, therefrom at a reduced rate but showing no ten-
dency to reach an asymptote at the end of the experiment

in the %th week.
SUMMARY

l. On the Ulaon and Kaplan‘diét,'deficient’in pan-
tothenic acid, inositol menadione, p-amino-benzoic acid,

biotin, folic acid, B -tocopherol and ascorbic acid;

12°
the following deviations from the normal.devéiopment o%
rats were noted: | | |
a. Growth was stunted,
Q. Alopécia}i | | .
¢c. Porphyrin stdining of the fur deyeluped.
2. Glson and Kaplan's finding about the changesg in
‘the CUA content of the liver and the heart were confirmed
and extended. Liver CUA steadily diminished throughout
the feeding time of the delicient diet and it reached a
very low level, Heart CUi started to diminish later than
liver COA, the diminution reached an aaymptot and was
gmaller than that in the liver.
3. Chanpges took place in the e.c.g. in the course of'
the experimental feeding, these were:

a. An absence of the bradycardia which

developed with age in the normal ratsj
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~ b. P. R and T waves tended to become
 smaller with age then they did in
normal rats, but these latter éhénges

had a high 0.2 P 0.1 value,

~ ¢. The frequency of irregularities as
| “meésureﬁ by the standards used by
‘ﬁeznék and van Alphen increased in the
rats on the Ulson Kaplah diets from
the firsn;to the last day of experimental
»faeding. The raﬁe of increase was fast
up to the end of the Brd week, thence

somewhat slower.
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The e.C.Z. and the CoA content of the liver and heart

in rats on diets deficient only in pantothenigc

,acid; biotin and paﬁtothenic acid plus biotin,

1l.) Introduction:

| In the general introduction of this thesis, we
pointed out that in most previous expariménts on panbothenic
acid deficiency, other vitamins were also lacking. Olson
and Kaplan (121) described certain symptoms on such a diet
and showed that the CoA content of the liver and heart of
these rats is diminished. We could confirm the findings
of these authors and made additional observations, It was
found that heart CoA was more resistant than liver CoA, it'
was reduced to a smaller degree and more slowly. A cﬁange
in the e.c.g. was also observed. The slowing of the heart
rate present in normal rats was less pronounced in rats on
the Olson and Kaplan diet,

In the following part of this thesis, experimenﬁé
are described with diets from which pantothenic acid or
biotin or biotin and pantothenic acid alone were missing.
They answered the question whether these two uni-deficiencies
and their combined deficiency cause chenges in the growth,
pelt, porphyrin staining, @.c.g. and CoA content of the livér
and heart as do multi-deficient diets from which besldes pan-

tothenic acid, other factors are also missing.
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2.) Care and Maintenance of animals:

All animals used in this experiment were of albino
Wistar strain. Only male rats were used, which at the start
ware at a weanling stage. The total number of animals used
nunpered 40, and were divided in 4 groups of ten.

| The average weight of the rats was 50 gms. atkﬁhef

béginning of the experiment. All animals were placed in in-
dividual wire screen-bottom cages. The type of food coné
tainers were those designed by R.W. Franke. The same
precautions against refection were taken for these experi-
ments as were taken with the animals on the Olson-Kuplan diet

All the animals both normal and deficlent were
allowed to eat their food and drink distilled water ad

1ibitum throughout the experimental stage.

3.) Grouping of animals; Uiets:

The four groups of rats, 10 animals in each group
‘were fed the following normal and deficient diets:

a.) Normal Groups /i/.

This group of animals was used for control and were
fed a diet known to be aderuate for good normal growth, con-
taining all necessary ingredients. The diet had the follow=-

ing composition:




g5

Vitamin test casein .... 18%

Sucrosse : cene 6835
Vegetable oil L) 10%'

U.S.P. csalt mix. NO.2 sase b%

The basal diet was supplemented with the‘folldwing

ingrédients:
£ms./100 lbs, diet gns. /100
Vitanin A concentrate b.st p=-amino- 5.0
(200,000 units/gm.) benzoic
acid
Vitamin 1} concentrate 0.25  niacin | lb;5
(400,000 units/gram) ‘ |
-tocopherol ; 5.0 7 - Riboflavin 1.0
Ascorbic acid L5.0 Pyridoxine HC) 1.0
Inositol 5.0
Choline chloride 75.0
Menadione A S 2.25
Thiamine HCl B - 1.0
Calcium pantothenate 0 340

mzms. /100 1b diet
Biotin . ~ - 20,0
Folic acid » . 0.0
Vitamin B12 ' . 1.35
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b.) Pantothenic Acld Deficient Group: /Pa/.

The animals in this group were fed a uni-deficienb,

laéking in only pantothenic acid. All other‘ingredients

found inm the normal control diet were present.

¢.) Biotin Deficient Group: /B/.

This group was fed a uni-deficient diet, deficlent

infbiotin. The animals were fed this diet at the start of

the experiment and 30 days before the end of the experiment,
eigy white flakes containing avidin were added in a ratio of
15 gms./100 gms, basal diet.

d.) Pantothenic Acid and Biotin Deficient Group:

7Pab/.

This diet lacked two vitamins, pantothenic acid and

blotin, All other necessary ingredients found in the normal
diet were present.

L} Duration of Experiment:

- The experiment lasted 13 weeks. Liver and heart CoA
detérminations ware carried out in small groups of animals at
the following intervals: 8th, 1lth and 13th week respectively

5.) Method used for CoA determinations and e.c.f.
recoriings.

The coenzyme A content of the liver and heart of the
animals was determined by the procedure of haplan and Lipmann
(123), based on the enzymutic acetvlation of sulfonamide by
aged extracts of pigeon liver. Aging destroys the CoA of the

pigeon liver extract, but leavas the apo-enzyme active,
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Acetylation by the pigeon:liver eXtracﬁ will then be{the
function of thé CoA conteant of the unknown tissue extract
added to it. " The activivy of the unknown extract is mat ched
agalnst that of a standard CoA solution,

A number of pigeons were decavxtated and bled as
cbmpletely as possible, the livers quickly removed and
chilled until used. A volume of acetone dried with Cac12;
20 times the weight of the pijgeon liver, was used for
hbmogenizabion in a Waring mixer., Three quick washings
Qere made on the acetune powder residue with anhydrous
Herck ether, |

Tha acetone powder was dried over phosphorous pen-
tox1de and paraffin oll in a vaccum esiccator and kspb in
the refrigerator.

'The preparation and aging of extracts was prepared
strictly accoerding to the method of haplan and Lipmann. A
Hilger-Spekker Absorptiometer with a set wave length of
570 pp and 1/4 cm. glass cells; was used for all determina-
tions, |

The electrocardiograms were taken once a Week,'as
described-by Bezndk and van Alphen (122). &=H time, P~ané,

K-vultage and T-wave were studied,
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6H,) Results.

a.) Body weirht changes:

Flgure 1 shows the average growth curves of the 4
groups of rats. The vertical lines are twice the standard
deviatibn of the average at different periods of the exper=-
imental stage. It will be seen from the figzure that all
the 4 groups, normally and deficiently fed run at the sane
‘rate till the 15th day of experimental feeding, or 65th to
70th day of life. ¥rom this day on the N rats grew faster
while ﬁhe 3 deficient groups grew at the same slower rate
t11l the 35th day. At this time the biotin uni-doficient
group leaves the other 2 deficient grouns, its growth igs
sbeeded‘up, henceforward grows as fast, later slightly
faster, than the H does and finally reaches the normal asym-
ptote. It is to be noted that feeding of egs white flakes
from the 65th day on dld not have an effect on the growth
of these rats, At the 35th day, the growth of hoth the uni-
deficient pantothenic acid group and of the combined par-
tothenie acid and biotin deficient group come to a stand
sUil) and remain éo till the 84th day of the experiment.
From bhen_on a slight increase in growth resulted till the’
end of the feeding period,

Bezndk, Beznfdk and Gaspir-R&dy (157) divided

the life cycle Of tl’!el . L] [ ] * " L4 [ ] L 2 . * ’ - .®
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" Figure 1l: Growth curves for normal, pantothenic acid
' de:ficient,‘, biotin deficient and pantothenic
acid-biotin deficient animals. Body weight in
gms, is plotted against time. :
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rat into 5 phases using different characteristics of the
biology of grqwth. During the lst phase of extrauterine
life, which lasts from .birth to the 30th day (b.w. 28 gnm.),
the growth velocity of Sachs is increasing; during the 2nd
phase the increment of growth velocity rapidly diminishes, it
reaches a plateau, then the growth velocity itself diminishes,
30-40th days (b.w., 28 to 38 gm.); during the 3rd phase which
is divided into 2 phases (a) in which the diminution of
growth velocity is great and (b) during which the diminution
slows down and gradually reaches its lowest asymptote, 3a
from 4LOth to 70th day (b.w. 38 to 110 gm.), 3b to the 160th
day (b.w. to 240 gm.).

The weanling time falls into the beginning of the
3a phase, Most of the feeding experiments (ourown equally)

are generally conducted during the 3a and 3b phases,

b.) Other symptoms:

I, Alopecia developed in the same stages as dese

cribed in the Olson Kaplan diet., Its development was
measured in the same way with results as follows:

From the 2nd week on up to the 4th week a small but’
distinct loss of hair took place in all the deficiency
groups. (Fig. 2). This was most marked in the biotin

deficient rats, From this time on the PA and PAB curvés
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Figure 2: Alopecia stages in the pantothenic acid deficient,
biotin deficient and pantothenic acid-biotin

deficient groups plotted against time.
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parted from the B curve. The former 2 rose sharply till
~the 6th week, whereas the latter one droﬁped to nothing.
From the 5th to the #dth week the 2 Pi curves rose slowly,
the B curve remained ldw. From the 8th to the 13th week
the PA curve fell, the PAB curve remained at the level it
‘had already attained while the B curve rose very sharply
£411 the llth week then slowly.

The fall in the average of the alopecia curve of
the PA rats was not due to a regrowth of hair but to the
mode by which rats were killed. Tho selection of rats for
killing at a given time was made according to the severity
of the alopacia symptoms. A8 at the 8th week, when the
lot killing took place, and also at subsequent killings,
the rats with alopecia stages 4§ ware eliginated and those
with stages 1, 2, or 3 waere allowed to survive, the
average fell, The drcp in the curve therefore means that
the individual sensitivity of the fur to PA deifiiciency is
very greal in the rats.

In the PAB ratg this drop in the severity of the
symptoms from the 9th week did not take place. The explan-
ation of this, bearing in mind what was said in the preced-
ing paragrapus, is tbat the individual resistance of the
hair to PA plus B deficiency is ruch smaller than to PA

deficiency alone.
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In the B group the stoppage of hair loss at the 4th
week coincide with the resumption‘of groﬁth, it ls then
mosy likgly due to a supply of biotin by bacterial synthesis,
It is interesting to noﬁe'that the resumption of hair loss
aﬁd.its rapid increase took place when egg white was also
fed, although the growth of the rats was not affected. It
will be seen below that the frequency of abnormalities in
the pattern of e.c.g. and the irritability of the rats also
increased in this phase., It is justified to conclude that
these life processes are more sensitive to blotin deficiency
than growth.

TI. Pantothenic acid deficient zroup.

a.) Edema - Various degrees of sdema resulted from .
the beginning of the appearance of'
alopecia to the 4th stage of the symptom,
The edema encountersd however never
reached severe proportions and was
usually of a more or less mild nature.

8 ) Ruffling of fur - Ruffled fur appeared usually

l * pefore any signs of alopecia. The back
igf the neck and top of head of the animal

wero usually affected.

Y.) Ceneral weakness: AS the animals progressed on

the deficiency diet they became more slow
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to react if stimulated and were weaker
in general.

III. Biotin deficiant group:

During the first stage of the feeding period, no
egg white flakes had been added to the dist. After 4 weeks

on the deficient diet, a slight ruffling of fur did appear,

but disappeared in a weak's time.

After the incorporation of egg white flakes in the
biotin deficlent diet, 30 days before the termination of
the feeding period, certain changes did occur in the
deficient animalas.

a.) Alopecia - A week after adding the egg white
flakes, to the basal diet, tle trays
below the wire screen bottom cages
became covered with & thin layer of fur.

~ As the animals progressed on the
deficient diet, more hair accumulated
in the pans. HNot patching or complete
- loss of fur occurred however.

B.) Edema did develop in tle nose region of some
animals but never attained serious
propcrtlon

Y.) Irritation - Towards the end of the feeding

period, the biotin deficient animals
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became very irritative and hard to

manipulate.

IV. FénfdtheniC'Acid Biotin Deficient Group:

In general it m&y be said that the sfmptoms en-
countered in this deficiency'group followed much the same
péctefn as did those of the pantothenic acid deficient rats,

a.) Alopecia.- The loss of fur in this case appeared
to be more severe than in the pane
tothenic acid deficient animals since
alopecia was not confined generally

- %0 the abdomen as was the case in the
former group, but appeared fraquently
in patcheg on tne flanks and back of .
the rats as well at the end of the 3rd
stage and during the Lth stage.

Be) Egggg.-. Cdema was of a mild nature in all animals,

during‘the entire deficiency period.

Y.);ﬁuffled fur.- As in the casc of the pantothenic -
o acid deficient rats ruffleness
appeared usually before any alopecia N
‘was observed.

§.) General weakness.~- As the anlmals progressed on

the deficlent pantothenic acid-biotin
diet, they became less active in res-

ponse to stimuli, and showed a general
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._weakness.‘

V. Normal group:

No symptoms were ever noticed during the experimental
stage in the normal animals. All animals grew well and re-

mained healthy.

Ca) Electrocardiogr&phic.Obsarvationa:

Sineé considerable variations in a population of
normal rats do occur in e.c¢.g. patterns (122), statistical
analyses of the d-i time, P-wave, l=voltage, and T-wave
were made in all four groups

In figure 3, the mean of each groups was calcul&tad

and plotted against time.

lol R"R tima.

I. Variabilityin K-R time was measured at the begin-

ning and end of the experimentsto see whether differences
existed between the normal and deficient groups,

Table I: Analysis of variance of H-R time in the 4

groups of rats for the lst week of the feed-
ing period.

Group Source of variance Degrees Mean Variance
: Freedom Squares ratio F
N Between groups 3 1130.6 . ,
PA ‘- 1.09 >0.20
PAB  Within groups 36 942.0

B
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Table II: Analysis of variance for the four groups

~of rats at the end of the feeding period.

a1 Qs ‘ . Degreas  Mean Variance
Group  Source of variance freedom  squares ratio g
¥ . Between groups 3 25.95  »0.d1
, , £0-95
Within groups 12 - 6.71
PAB
B

Frdm the above data, it is seen that at the beginfk‘
ning of the experiment, when all the animals were still
normal no statistical sipgnificance was found, between the ‘
variability of normal and deficient R-R tihes. The indivi-
dual variability was randemly distributed in the 4 groups.
At the end of the experimental period, the F value fell
betweeri 0.05° and 0,01, indicating a significant statisbical
difference in the variability between the normal and
deficient groups,

Il. Aging.

It wvas showh in Part I that the R-d time is prolonged
during agiagz and sthat the aging prolongation is much smaller
in rats on che Olson~Kaplan multi-deficient Jdiet. 't! tests
were performed for the three deficlent groups of animals

between the beginning and end of the experimental period.
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as) Table T shows that the difference in B=R time
in the biotin deficient group between the lat and last week,

has a P value greater than 0,02 but less than 0.0i.,

Table IEI; The differerice between the R-H times in

Biotin deficient rats at the lst and last

weeks of the experiment,

\ - Degrees tet
Grqup_ n Maean Froeedom t P
B (lst)»} 10 2.9
- | 12 2,7 0,02 > »0.01

B(lith) & 3.3

Here again we find that for the biotin deficient
rats the difference in R-R time from the beginning of i the
experiment to the last wesk is statistically significant,
and compares well with the results obtained with the normal
animala,

Table IV: The difference between R-R times in pan-
tothenic acid-biotin deficient rats at the

15t and last weeks of the experiment.

o y Degrees
Group N faan reedom Tyt P
"PAB (1st) 10 2.8

| 12 3+3 0,01%P>0:00i
~ PAB(13th) & 3.4 | ‘ :




- =110-

The difference between R-R times in pan-

. Table Vis
- tothenic acid deficient animals at the lst
| and last weeks of the experiment.
~ Group n Mean gggggzg g0 P
‘PA (1st) L0 2.8 , o ,
10 3,5 0,000,084

PA (last) 2 3.6

Here again we found that the analue'for‘bdth PAB
and PA [-R times was greatar than 0.01 which is statis-
cally significant.

All animals both deficient and normal experienced
a slowing of the heart throughbut the experiment., The
three deficient groups had a P between 0,001-0.02 as com-
pared to that of 0,05 for the normal ones, A test of sig-
nificance of the differences between the variances was::made,

pooling the three variances of the deficient groups together

to form one population and co

mparing these against the vapr-

lance of the normal group.

No significant statistical

difference exists between the two Zroups,

Inspection of the curves of R-R time reveals that

both the PA and PAB curves run

the expsriment,

deficient curves follow niuch the same path.

closely parallel throughout

On the other hand the normal and biotin

Two grouﬁs'
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were formed, PA and PAB as one and ¥ and B as the other.,
Averaging the results of the R-R times 6btained for the two
dif'ferent groups, we found that at the 2nd and 9th weeks, a
difference existed between'tha two groups,.{llg. 4) 't! tests
were done at the 2nd and Yth weeks and P was found to be
between 0,02 and 0.05, for the 2nd week and 0.0l and 0,001
at the 9th week. It can be concluded that in pantothenic
acid deficiency (whetner singular or combined with biotin
deficlency) the R-il time increases with apge, on this
general trend cyclic variations are superimposed, the in-
craasing cycles start early and are greater in these

animals than in normal or biotin deficient rats.

2. The T wave.

I.) Variability.- An analyeils of variance in the

L groups of rats 5 days on the experimental diets showed

TABLE WI.: Analysis of variance of the T voltage of
the 4 groups of animals at the lst week

of the experimsnt,
}

Group  Source of variance pRfPQSR dean o Vardince

N S |
PA Between groups 3 3.5 a3 0.01
PAB within groups .34 0.8
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Figure 4: R-R time of the averages of the PA and PAB
' ~deficient groups as compared to that of the
-averages of the normal and Bilotin deficient
groups plotted against time.
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that grouping by the different diets already unrandomized
the total population of rats because thé between group

variance was significantly greater than the within group.
variance. | | | ,

, An analysis of variance on the values 13 weeks on
the experimental diets'still showed a significant difference
of the between group variations over the within group
variance indicating that dietary composition affects T
voltage. (Table YVII .)

Table VII : Analysis of variance of the T voltage on

the 4 groups of animals at the 13th week
of the experiment,

Group Source of variance 3352332 ggsgres«viziigcé F
N
PA  Between groups 3 © Rk 0 5.4 .005>0,01
“PAB < L, .
Within groups 1l Ocbity5
B

II. The effect of the diets on T voltage.

The 1st e.c.g. records were taken on the 5th day
of experimental feeding. At that time the 4 groups of
-rats formed two groups, in one the average T voltage was

‘low in the other one it was high., The former group was
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made up by the N and B, the latter by the PA and PA plus

B rats. (Fig. 5). While there wés no significant difference
between the aQarages of the N and B rats, or PA and PA plus
B rats the difference between the averages of the low vol-
tage and high voltapge groups was highly significant

0,001 P 0.,0001. 7The conclusion fros this is that PA
deficiency (uni or combined with biotin) in the young rat
iccereasss T voltage even after 5 days on the diet,

The T wave voltage curves continue to retain their
combination, PA and PA + B on the one hand and N and B on
the other, in the type of their behaviours during the sube-
sequent phases of the experimental feeding. There is one
common feature in all the 4 dietary groups i.e. the
presence of very great and small waves. T wvoltage rose
in the N and B groups till the 4th week to a high level, it
remained there for 2 -« 3 weeks, thence it gradually des-
cended to the original low value. To decide the guestion
whether this rise was due to chance t tests were made on
the differences between the averages of the lst week and
5th week (i.e. the maximum peint of the elevation). In the
N group 0,2 P 0,1, in the B group 0.02 P 0,01, and
in the pooled N + B group 0,02 P 0.01 were obtained.

In the B deficient pgroup then this was a real rise wiile

in the H pgroup there was a tendency only to a rise, In
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the PAB group but for a sharp and deep fall in the 2nd week

(0.017 P VO.OOI) it remained high through the experiment.
Iﬁ the PA rats it remained high during the lst 6 wecks
thence it Qhowed great oscillations around a diminishing
trend. |

The mechaniém by which the great oscillations in
the averages in T voltage were caused during the late parts
of the experimental feeding,(when at intervals a fraction
of the rats was killed) was analysed as follows: It may be
produced either by all individual rats, making up the
averages at the several times showing simultaneously troughs
or crestsj or by killing those animale before a trough wiiich
have had high T voltages. To decide this queztion the T
voltages agéinat time curves for each rat in the PA group
were plotted. (Fig. 6). A study of this graph shows that
a combination of both factors brings about the great oscil-
lations. At the 8th week 5 rats were killed 4 of them had
T voltages above 150 mV, 1 rat had 100 mV. The surviving 4
rats had relatively low T voltagaes 3 of them below 150 and
one 165 mV. The voltages then gradually, with individually
varying phases, rose, so that when they were killed at the
11th and 13th week they all had voltages above 150 mV.

It is noteworthy that the selection of the animals
for killing was made by the severity of the dermal (ihciud-

ing alopescia), growtl and general debility symptoms and not
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by the e.c.g. chang‘ﬂ, winco in bcth‘bhcse animals which
d@vplop»a L?e aymptons aa”iy and in Eho"@JWhiéh deﬁaiﬂpeﬂ |
them 1atar a rUldLIVQly high T voltAge wag present the cen—
cluszcn is Justified Lhah the,el&vaugon of T volta e is a
consequence of PA deficiency. | |

ITT. Aging.

As rogards a:lnﬂ f T VOlud"B the ¥ and D groups
diipered from the PA and PAB "rQquo T voltage in the H |
and_ﬂ.grpgps tended Lo be smaller &b the 13th week than was
at the}end of the 1=zt weak. The difference of the puoled

results is small and its P 1s betweon O.) > P > J.g.

Table VIII: ?t'.tee; on the difference in T-wave betwgen
the & groups ol rats at the lst and lith

weak respectivaely.

. ; b Degrees
- Group. -n - fean Frecedom e P
“lst week 38 2,03
5L l.lh 20,100
- dhth week 15 - 1.9 |

In rhﬂ Pn and PAB Froups T voltar ’ oomwarvd to groups k and
B, is elevated alre dy at the and of the lst week and
remained (with considerabls oscillations in bhe cage of the

PaB group) high thrcughout.
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From these results one can cohclude~that aging has
a much smaller effect on T voltage than it has on the other
3 parameters,.R-R time, R and P voltages, Aging does not

alter the T voltage increasing effect of PA deficiency.

3,) R voltage,

o I. In Fig. 4 R voltage was proved by an analysis
of variance to have a variability unaffected by the differ-
ent diets, ,

II. As regards the effect of aging on it and the
effect of the different diets on the aging of R voltage
it will be seen in Fig, 3.that R voltage diminishes with
age in all the 4 groups., A series of t tests was carried
out on the differencses between the first and 12th week
averages, In the N and PAB groups P was between 0.0l and
0.001, in the B and PA groups between 0,05 and 0,1. We
may conclude justifiably that with progressing age R volte-
age diminishes, Pa, B and PA + B deficiencies did not
modify in any way the effect of aging.

4,) Similar calculations were carried out on P wave
voltage. The results of bheée‘%ere identical with that |
obtained for R voltage. P wave diminished with age and
PA, B and PA + B deficiencies have no effect on the aging

prOCQSSo
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IV, Irrepularities in the pattern of the e,.c.g.

These were measured with the Bezndk van.Alphen
scale and plotted against time as was done in the
repetition of the Olson Kaplan diet, (Fig. 7.)

The frequency of irragularities was found somewhat
elevated in the normal rats at the end of the 2nd week; it
showed a downward trend with great oscillations till the
and of the experimeant.

The phase of increase in the frequency coincides
with the beginning of the 3a phase of growth, The gradual
diminution of the frequency runs roughly parg}lel with the
diminution in the growth velocity during ﬁhe later phase
of 3a and phase 3b., The biochemical basis of the greater |
frequency of irregularities is probably the degree of
metabolic activity. l '

The graph also clearly shows that the frequency
of irregularities is much greater in the 3 deficlency fed
groups than is in the normal one., In all the 3 groups it
rises from the 2nd week on, reaching its maximum at about
the 4th week. From this time on the 3 deficiencies behave
dif ferently. | |

In the B deficient group the freqguency of irrégul-
arities drops down to the normal level by the 9th week,

therefrom it rises somewhat above the normal level till the
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end of the experiment. It 1s significant that the fall in
the frequency of lrregularities coincides with the resumpe-
tion of growth il this group. It is legitimate to assume
that bocﬁ have similar'biochemical bases, The likeliest is
a supply of biotin by bacteriai synthesis, UHow the increase
at tge last phass of the experiment coincidaes again with the
feading of egy white. Though this did not cause a retar-
dation of growth, it caused falling out of halr and a
"nervousness" of the rats., It is reasonable to assume that
all these symptoms were caused by the reduction in the
biotin supply and that growth at this late phase of the
growth cyecle is less sensitive to biotin deficiency than

are the other observed life functions.

d.) An inspection of the time-e,C.£., changes curves

8hows that all the éurves fall into 2 phases: the great

change phase from the baginping of the experiment to the end
of the 2nd - 3rd week, the simail change phase from that

time to the end of the experimental period.

e.) A comparison of the growth curveg and the €eCofle

chanj’e curves

This shows that till the end of the 2nd and 3rd
weeks growth rates were the same in the 4 groups, It was

from this time on that N animals continued to grow with the
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normal rate while the 3 deficiently fed groups grew more
slowly. '

The phase of great e.c.g. changes coincides with
the phasé of growth in which these dietary deficiencies.
have had no effect. |

Both those e.c.g. changes which were aifected by
the diet (H-it time and T voltage) as well as those which
were not (R and P voltage) showed the greatest changes in
this phase (2nd tv 3rd weeks). In this phase of davelop-
mental growth the physioclogical changes of cardiac autom-
atism are'the greatest and they are most sensitivas to
dietary deficliencies,

The rate of increase of the R-R time and of the
T-voltage, and the rate of decrease in the i and P voltages
in the ¥ and B groups run closely parallel with the rate of
decrease in the veloclity of body growth throughout the 3a
and 3b phases. (Beznfk et al.l55). It'is likely that the
5 phenomena have the same metabolic cause i.a. a slowing
of the cata-ana-bqlic activity. And it is noteworthy that
the sensitlivity to PA deficiency of the 2 affected e.c.ge.
parameters R-H time and T voltage is the greatest just
during the first part of the 3a phase when the decrease in
growth velocity is the greatest. The daevelopment of the

blochemical basis of cardiac automatism seems to be more
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debendcnt on an abundant supply of PA at this phase than
in later. cnes, |

The effect of PA deficiency on growth becomes
apparent.only during the later part of the 3a and during
the 3b phase i.e. when the cata-anabolic activity is slow-
ing down more rapidly. Perhaps the cause of this phenome
enon would be just the cilrcumstance that the slowing of the
anabolic activity begins not to supply enough PA for the
requirenent of mass growth and as it 8 not supplemented
from the diet growth velocity diminishes more rapidly.

The curve of the PA uni-deficient ravs is similar
to that of the B rats, though the frequency of irregulari-
ties remains woll above the normal level even after a
reduction took place after the 7th week. A48 the freqhency
of irrepularities diminishes also in the normal during this
phage of life and as we assumcd that this was the consequen-
ce of a reduction in the metabolic activity, a character-
istic of this life phase, we can Jjustifiably assume that
the same cause was operating hera.

In the Pa + B deficient group the frequency of
irregularivies increases rapidly till the 6th week there-
from it increases at a wuch slower rate. It may be assumed
that the absence of the drop in the frequency of irtegul-

arities (seen in the uni-deficient PA and B groups) was due
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to the dual deficiency, and the slowing in the increase in
frequencies again to a diminution in the metabo1ic activity
of the rat.

To sum up the résults of e.c.g. observations, it
can be stated that:

1.) A singelar PArdeficient and PA plus B deficient
diet cause an increase in the R-R time and T voltage during
the first 2-3 weeks of feeding.

2.) The gging of k-R time (a prolongation), of P
and R voltages (a diminution) is not altered by these .
diets,

3.) The T wave voltage is affected by the P4 and
PAB deficient diets but not to a smaller degree and less
- lastingly by the B deficient ration. On the former diéts
T voltage increases. There appeared to be a certain
parallelism between dermal and growth symptoms and increase
in T voltage on thase 2 diets,

Le) The frequency of irregularities of the e.c.g.
increased in all the 3 deficlently fed groups. In the B
group the frequency dropped fran the 4th week on the
deficient diet. This drop was parallel to the resumption
of growth. The frequency of irregularities increased
rapidly during the 3 weeks thence slowly in the PA + B
groups., In the PA deficient group it dropped somewhat
after the 7th week.
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5.) There are 2 phases in e.c.g. changes. The 1lst
phase lasts till the 2-3rd week of feeding; This phase is
the 40 to 60-70 days of the extra-uterine life cycle of the
rat. In this phase growth velocity (Sachs) diminishes
rapidly (3a phase of lifc cyéle), the aging of the e.c.g.
takes place at a fast rate., Although growth is the same in
the normal and deficiently fad groups and no dermal symptoms
appear, nor are the aging processus of P and R changed, the
Increase in R-R time and T wave is already prasent in the
PA and PA + B dietvs. In the 2nd phase growth in the PA and
PA + B deficlent groups slows down, dermal syuaptoms appear,
likewlse to a swaller extent in the B group; the e.c.g.
aiging processes take place more slowly, T wave remain high.-
or starts to increaaé in rats in which it did not previouﬂy.
The frequency of irregularities of e.c.g. pattern in the PA
and PA + B deficient groups increases rapidly during both
tie Ja phase as well as during the first part of 3b phasc,

of the rat's life cycle.

f.) The CoA content of the liver and heart.

l.) Normal diet.

As geen from figures & and 9 the CoA content of the
liver and heart of the normal animals increases from the
weanling stage to the 8th week where a plateau is reached.

From the 8th week onwards the CoA content of both liver and
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~129-

heart remains fairly constant. In the liver (Fig.8) the
weanling value is 135 L.U., the high asympﬁote, reached by
the 8th week 15 225 L.U., The heart contuined less CoA, 35
L.U, at weanling and 55 L.U. after the 8th week (fig. 9) of
the éxperiment.

~2.) Biotin deficiont dist.

The animals deficient in biotin only increased their
liver CoA from a weanling value of 135 L.U., to an average of
185 L.U. at the end of the 1lth week. From the 12th week
on till the 13th and a half week the averaze of CoA content
of the liver decrsased to a minimum value of 124 L.,U. In
the heart the CoA contant reachied a high asymptote of 55 L.U
at the end of the llth week and a slight decreasc was noted~'
in CoA content at the l3th and a half week, |

3.) Pantothenic acid deficient diet.

In the case of the rats on tho uni-deficient pan-
tothenic acid diet liver CoA dropped up to the lBtH week
to 110 L.U., then to the 1l3th week more rapidly to 85 L.U,
In the heart a slipght drop of CoAd, not statistically sigé’

'nificant, was observed only at the 13.5 waek.

L,) Pantothenic acid and Pantothenie acid plus
biotin deficient diets. |

The liver CoA of the pantothenic acid and biotiq

deficient animals was about 100 L.U. at the 8th week., At -
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At the 1llth and 13.5 weeks the liver CoA concentration was
125 L,U, TIn the heart as in the liver, the CoA concentration
remained at the weanling value through the 13,5 week of the
experiment; A

From both figures 8 and 9 it is seen that both liver
and heart CoA are increased at the llth week on a biotin
deficient diet though to & lower value than in the normal
animals, 't!' test was applied between the 1llth week and
13,5 week of deficiency to see whether or not the effect of
egg-white flakes affected the CoA content in the livers, No
significance was found to exist between the two groups.

Frequency distribution histograms were made for both
the liver and heart CoA and are shown in figures 10 and 11,

From figure 10 it is seen that the liver CoA content
in all the groups is greatly scattered. There is an overlap
in all curves most pronounced between the normal and Biotin
group.

From the abbve it is concluded that in all three
deficient groups, the liver CoA is more sensitive to nutri.
tional deficiencies.than is the heart CoA.

To answer the question whether the apparent differ-
ences between the averages of the liver CoA in the different
groups is due to the differences in the diets or to chance
sampling, 't' tests were made as shown in the subsequent

tables,
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Table I! Liver CoA in rats 8 to 13 weeks on the
' three deficient diets.

Group n Mean g?g:ggg g S
PA 9  105.5 PA- PAB : 0.61 0.0

16  PA=- B : 1,9 0.I0»P»0.05
PAB 9 - 120.0 | ~ PAB= B i 1.3 0,300P50.10
B 9 151,0 ~’

AB can be seen from this table, the difference in
liver CoA between the two PA deficient groups is not sig-"
nificant. The difference between the PA and B group ia
barely significant. Therefore it was decided to treat the
three deficient groups as one population and to compare
them with the normal group. To compare the variabilities
of the two groups, an analysis of variance was done. The
data is seen in Table II.

Table II: Analysis of variance for the normal and three

deficient groups taken as one population
during the experimental period.

Group Source of Variance Degrees ygap Variance
Freedom 3Squares Ratio F
i Between groups 1 49,630 40,001
20.06
Defi- iithin groups 36 24.73.8
clent

groups
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From the above table, it is aéen‘that the differ-
ence in the variances of CoA content of the liver of the
3 deficient groups (treated as one population) as compared
. to the normal liver CoA, 1s statistically highly sig-
nificant,

To see if any statistlcally significant differ-
ence existed between the normal and individual deficient
groups, a 't! test was done, from the llsh and 13th

’weeks. The data are given in table lefxv and V for all

deficlent groups.

Table I1I: Liver CoA in rats 11~13 weeks on the normal

and pantothenic acld-biotin deficient diet,

Group n Hean  Degrees g P
Frecdom ~
8 218.7
12 Lo2 .00 0,00140,01
PAB 6 130

Table IV: Liver Cod in rats 11 té 13 wegks on the nor-
mal and pantothenic acid deficient dist.

Group n Mean Degrees A P
Freedzm

&  218.7 |
11 7.1 € 0,001
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Table V: Liver CoA in rats 12-14 weeks on the normal
and biotin deficient diet,

' Sy - Degrees :
Group n Mean Proodon 14 P
15 3.6 0.001 <€0,01
B 9 151.1 |

The order of significance in the above 't' tests,
indicate that the animals which were subjected to a pan-
tothenic acid deficient diet, had a P value much greater
than 0,001 and 0.01 and therafore proved to be highly
statistically sigulficant. The pantothenic acid-biotin
deficient group had a P value less than 0.001 but greater
than 0.0l, which made it therefore statistically significant.
Finally the bilotin deficient group had a P value slightly
lower than that of the PAB group but significant at 0.01,

Before any final conclusion as to whether the
lowering of CoA in the liver of the deficient animalsz was
really due to the diets in question, the process of aging
must be given consideration. Whether or not the liver
reduces its CoA content on maturation was investigated in
all groups.

The statistical significance of the difference -in
CoA content between the normal and deficient groups,at the

start and end of the feeding period, was tested with the 't!
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test. These results are found in Table VI, VII, VIII and
IX. _

Table VI: 't' test on the difference in liver Coa in
the lst and 13th week in the normal group,

Group n ¥ean gggggg: ft' ' P
N 3 135.0

7 H.9 <0.,001
N 6  216.5

.‘Table~VIl: ?u' test on the difference in liver CoA bet-

ween 1lst week win normal and 13th week PA

deficient group,

Group  m Mean  Dogrees ey P
R 3 135.0

& ) 3.2 0,053 0,02
PA_ 3 8.33

Table VIII: 't' test on the difference in liver CoA bet-
ween the lst week normal and 13th week PAB
deficient group.

' : Degrees ‘
Group n Mean Fresdomn A A | | P
N -3 135.0
5 0.16 >0.10

PAB 4 128.7
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Table IX: 't' test on the difference in liver GoA bat-
woen the lst week normal and 13th week

deficient B group,

ST Degrees | e |

A g et .
Group n Mean Fresdo e P
N 3 135.0 7

0.0 50.10

From the above data we conclude that 45 the aninal
progresses in age nhe concentration of the liver CohA in-
creases ln normal animals fed our complete diet. all
other deficient groups did show & reduced liver Cok stor-
age in the liver, PA deficient animals having been mostly
affected, No changes between the lst week and 13th week
of liver CoA were moted in elther the pantothenic acide-
biotin or biotin groups, indicating thus a stationary liver
CoA content through the experimental period, or incapabi-
lity of the liver to synthesize the coenzyme, at a greater
rate than at the weanling stage.

Fhgure 2 illustrates the results obtained on
analysis of the heurt Cod. In this case there was less
gcatter in individual CoA determinalions., To see whether
the variablility differed in the 4 groups, an analysis of
variance was performed. All determinations were pooled

together to form one population.
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Table X: Analysis of variance on-heart Cod, all groups |

treated as one population,

. e : Degrees ,, . I *
Group 3ource of Variance | 2 Mean Variance
Freedom oo are ratio ~F
N | L e

Between groups 3 339.07
PA 0.1  50.20
PAB -

Within groups 36 1990.60 EEeIReL:
- |

No statistically significant difference in heart
CoA could be found between all 4 groups, Furthermore & 't'
test proved that no sifnigicant difference exists between h
the normal and the 3 deficient groups taken as one popula-
tion to the end of the feeding period. The P in this case
was less than 0,001,

Table XI: "t" test on the difference in heart Cod between
the normal and 3 deficient zroups treated as

one population.

Group - n Mean gﬁﬁﬁﬁiﬁ A P
N 13 45 |

38 7 1.81 0.1 0,05
Deficient '

groups 27 38.7
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~As can be sesn from this table, the heart CoA con-
tent of both the normal and deficient groups treated as 1 ,
population is not statistically significant. The conclusion.
is warranted therefore that the heart CoA rises in a n»an-
tothenic acld uni-deficient diet, pantothenic acid-biotin
deficient diet and a biotin uni-deficient diet, to the same
level as it does in normal rats. Heart CoA then is more
resistant to CoA depletion than is liver Coi under the same
experimental conditions,

We conclude that liver CoA differs in biotin defi-
cient rats from the normal rats in showing a smaller in-
crecase to the 1llth week and therefrom to the 13.5 week an
appreciable reduction. |

The CoA content of the pantothenic acld and pan-
tothenic acid-biotin deficient animals 1s not able to in-
crease from the weanling stage to the 18th wsek., From then
on there is a drop in CoA to the end of the experiment.

At the end of thel3.5 week on both theose deficient
diets the rat liver CoA is only 1/5th of the normal in the
pantothenic aclid deficilent animals, and 1/3rd of the normal
in the panbbbhenic acid-blotin deficlent rats;

The growing hearts of rats on a pantothenic acid,
pantothenic acid and biotin, and biotin deficient diets, do

not differ appreciably from that of the normwal animals in
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their CoA content, All the deficient hearts are able to
increase their CoA cutent from a weanling value of 35 L.U.
%o 55 LeUs at the 1lth week of deficieney. From then on

only alight reductions are observed.

£e A comparison of the effects of the (lson Kaplan

diet and the PA, PA plus B und B deficlent diets.,

we) Body woisht inersased in the multi-deficient and |

in the uni« and PA plus B deficlent diets at similar rates.
~Up to about the 15th day growth rate was the same in all
the 5 groups (including the normal groupj, though thers was
a suggestion that growth rate on the 0., & K. diet was bolow.
all other groups., From about the 15th day on growth rate -
on the 4 doficient diets was much less than on the normal
diet and the multi-deficient group lagpged behind from now
on in a more prono wmced degree. In unideficlency on biotin
growth was retarded between the 15th to 35th days of feed-
ing. After this day growth rave beoame equal to that of
normal rats., The difference in weighb;dua Lo the delayed
resumption ol normal growth rate was eliminated only by the
95th day of experimental feeding. Adding egg white to the
diet during the lust 30 days did not influence growth,

B.) Alopocia as moasured by our standards developed

in a greater number uf animals, faster and to a nore severe

}
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degree Iin the multideflicient rats than in the uni- and bi-
deficient cones. GLdema, ruffled fur and general weakness
behavad sinllarly to alopecla.

In the rats on & biotin unidaficlent diet alopecia
and the other dermal symptoms appeared in 2 phases, The
lst phase coincided with the first 15 to 35 days slow growth
tha 2nd with the feeding of egg-white., Durinpg this latter
phase the rats were aggressive and excitable,

A Y.) Porphygin staining of the {ur wes seen only in

the multideficient dlets.

8.) The following effects were noted in the e.c.g.
R=-R time is increasing in rats on a complete diet due to
aging. In the P uni-~ and PA + B deficient diets there was
& sudden and preat increase in LE-R time during the {irst
2-3 weeks wherefrom with ocscillations the K-R time increased
with aging. Ir the multideficlent rats R-R time increaaed;
during the lst 2«3 weaeks at the same rate as it did in normal
rats (porhaps slizhtly faster) but from that timo on the
increaso was much balow the normal rate. The B unideficient
R« curve was ¢lose to the % curve,

T voibage was most responsive to differences in the
composition of the diet and the responsivity is greater
during the early phase of life straight after weaning than

later, Pantothenic acid, PA + B deficiency, food restriction
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multideficlency (as in the normal controls of the U.-K.group
at the start) a;l cause in this life phase a subatantial

and statisticslly highly significant rise in T voltage. Rats
on PA uni- or PAB bideficient diets maintain the high vole
tage with a tendency to diminution in the later phases., Rats
which had an originally high T voltage value on & multie-
deficient diet lose this high voltage gradually and they do
it somewhat faster than do rats cn a complete, synthetic
diet, which had originally also a high T value, Biotin
unideficient rats fall between the N and PA deficient ones
but closer to the NI

- R and P vultagee behaved similsrly in the

normal, PA and PAB groups. They diminished rapidly during
the first 2-3 weeks thence more slowly. This is an aging
process which is not affected by anyone of these diets. 'he
The PA multideficient diet seems to accelerate this aging
process,

Irrerularities Iin the pattoern of the e.c.jf. as

meagsurad by our arbitrary units increesed up to the 5th
week in all the five grouns, but in the normal the highest
level was much below of all the deficiently fed groups.
The level was highest in the multideficient group. From
the 5th week on e.c.s. abnormalities became much lass -

frequent in the N and B rats, somewhat less frequent in the
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PA rats, slowly on the PA plus B deficient dlets and rapidly
on the multideflcient diet. N

o) GoA.content of the liver increases from the
weanling phase to the adult phase in normal rats, It in-
creasas to a small degree or perhaps not at all in the uni-
B deficient rats, it does not increase in the uni- P and
bi~ PA plus B deficient rats, it diminishes rapidly and to
a low value in the multideficient rats,

.) CoA content of the hearts is only about 1/4th
of that of the liver. It increases {rom weanling to adult
atage in N, P, B, and P + B deficient rats though perhaps
somewhat less than it does in N rats, in the multideficient
rats it increases somewhat in the first 3 weeks but thence
falls back to the weanling low level,

«) An inverse correlation was established between
liver CoA content and severity of alopscia, and e.c.g.
pattern irreszularitlies, and a direct correlation between
growth and liver COA content,

.) Heart CoA and frequency of irregularities in
the e.c.g. patternir = «0,14, P 0.1) or aging symptoms of

the R-R time are not correlated.
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DISCUSS ION.

- A.unidéficient panbotﬁenic acid diet causés stunﬁed
growth, alopecia, accelerated increase in K-R time and
irfegularicies in e.c.g. pattern,

One of the questiahs we had gought an anéwer to was
whecher omission of PA alone frou a complete, synthetic,
well balanced diet will bring about changes in the growing
rat, in particular in its e.c.g. This quastion was of ime
portance because most of the diets used in previous
researches on PA deficiency were either deficient in othef
dietary constituents as well or they did not deal with the
question of cardiac automatism. Two corrective additions
must be made to this statement, Some of the earlier works
dealy with the heart but {n lose terms only., Bezndk and van
Alphen attempted to answer this same question in apparently
the same way we approached it but they obtainad negative
results, They found on an average a sliphtly stunted
growth, a small increase in the frequency of irresularitiss,
but none of the differences were statistically significant,
These authors kept their rats in a single large cage. Under
this condition refection is not prevented satisfactorily,
The assumption - also made by these authors - is Justified
that thneir rays were supplied with enough PA by bacterial

synthesis to maintain' a close to normal level in the life
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processes observed by them,

Ph synthesis was probadly also going on in our PA
unideficient rats as {ollows from the following considera-
tions:

%The weight of the liver waa found to be 4% of the
body weipght. At the ﬁeginning of the experiment a normal
rat had a liver of 2.6 gm. with a CoA concentration of
135 L.U. The total Coi content of the liver was 350 L.U,
AU the end of the experiment liver weight averaged 12.0 gm.,
CoA concentraiion 215 L.U., total liver CoA 2580 L.U. The
newly accumulated CoA amounted to 2230 L.U. In the PA
deficient rat at the end of the experiment liver welight
averaged 7.2 gm., liver CoA concentration 80 L.U., total
Coa 576 L.U, The difference between the value at the start
and at the end is 220 L.U. Considering the great scatter
of the determinations and the turnover rate of CoiA we can
only conclude that some small synthesis of Cod and presum-
ably PA did take place in the PA unideficient rat. Whether
this newly formed CoA was synthesized by the rat cells or
by intestinal bacteria can not be decided,

AS & positive correlation was established between
liver CoA and body weight and an inverse one between
irregulurities of the e.c.g. pattern and liver CoA it is

Justified to assume that in the experiments of Bezndk and
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van Alphen the statistically not sivnificant slowing in
growth and the.increase in irregularities of e.c.g. pattern
were due to PA synthesis (probably by the intestinal flora)
falling somewhat short of the optimum requirement,

The concentration of heart Cod reached on matura-
tion in the PA uni-deficient hearts the same level as it did
in tihe normal ones. Jiace, however, heart weight was
smaller by about 1/3 of the normal, the total CoA content
present in the heart was also less.

Abnormalities of the e.c.g. pattern developed in
the PA unideficient rat in spite of the unchanged CoA cone-
centration of the heart. The frequency of ¢.CsZe abnor-
malities was correlated invergely to liver CoA concen-
Lration when all the groups ware treated as one pepulation,

A8 regacds the mode of production of these 8eCefle
abanormalitics there is only one information given by the
above data:! an insufficient CoA level leads to such changes
in the complex nervous and ciewical processes of the organ-
ism which lead to chese changes in a.c.g.

vur otber guestion was whether a cumbined dietary
deficiency in biotin and pantothonic acid leuds to more
severe syamptonsg than does a unideflciency on wither of the
< subgtances. Biotin was selected because ¢f its partial

structural similarity to pantothenic acid.
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We obtained only a suggestive reply to this question.é
Biotin unideficiency did cause similar abnormalities in
growth, alopecia, e@.c.g. and CoA content as did PA deficien-
¢y. The changes, however, were stutistically barely sig-
nificant and they were transient. These facts suggest
that the biotin renuirement may be sstisiied more easily by
intestinal synthesis than that of PA. The symptoms of the
rats on a pantothenic acid and biotin deficient diet were
gualitatively the same as those on the PA unideficlent diet
and thsy were not mors gsvere. This again suggests that
the biotin reguiremant was met: by bacterial synthesis,

It is noteworthy that a satisfactory synuhasis'
(probably by the bacterial flora) of biotin took place
even in the absence of pantothenic acid from the diet. The
sulphur and other atomic requirements of biotin synthesis
can therefore be met without recourse to dietary panto-
thenic acid.

It is to be noted that the B deflcient gzroup
developed savere alopecia and irritability when during the
last 3 woeks they were fed egg-white flakes. 48 these
symptoms were not present in the pantothenic acid plus
biotin deficient rats they are to be atoributed to the com-
bined effect of biotin deficiency (owing to avidin binding

of biotin) and perhaps to a direct poisonous effect of the
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egg~-white flakes. | , G
~ Beznék and van Alphen (l.c.) recorded the effects
on growth and e.c.g. of a pantithenic acid plus thiamine
deficient diet. They found tnat the symploms developed on
this bldeficiency were those of thiamine deficiency - byt
somewhat attenuated. The thiamine and pantothenic acid
geficient rats also lived in one large cage, supply of the
2 omitted vitamines by bacterial synthesis and refection
was the sama for these rata as for their pantothenie acid
unideficient group. In this latter group PA synthesis did
‘take place as wltnessed by the almost normal state of the
ratg. Thismine deficlency symptoms, however, developed both
in the thiamine unideficient as well as in the thiamine plus
pantothenic acid deficient groups. Bezndk and van Alphen
concluded that thianine 1s synthesized by the intestinal
flora and/or rat cells to a much smaller extent than is
pantothenic aeid, We found that biotin is synthesized more
readily than pantothenic acid., The ease with which lack of
these 3 vitamins 18 made up can be urranged in the follow-
ing increasling order! thiamlne --- pantothenic acld e==
biotin, 4
Ag regards the syupton . complexes produced by C¢m~
‘bined bideficiencies of these 3 vitamins one may arrive at

a generalization: In combined dietary deficiencies of 2
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of the vitamins thiamine, pantothenic acid and biotin, the

syuptoms of that missinz substance will dominate the pleture

the synthesis of which by the bacterial flora and/or the

cells of the organism is the slowest. The effadt of the

other constituents will be a modification of the basic symp-

tom ¢ouplex,

This generalization is born out by our experiments
with Olson Kaplan pantothenic acid multideficient, unbalanced
diet. ‘There again the symptous were clearly those of panto-
thenlc acid unideficiency but they were somewhat modified,
(irowth was retartded more, alopscia was more savers and
developed faster, tha abnormalitics of the e,c.g. pattern
woere more ({requent, the diminution in Coid content of the
liver was greater and faster. While in these symptoms the
absence of other factors only accentuated those seen in PA
unldeficlencles, sonme changes in the BeCoite Were different in
the PA unideflicient than in the PA multideficient diets. Thus
on a PA uni- and PA + B deficlent diet Rel time increased
rapldly during the 1st days of feoding, whereas on the PA
multideficient diet this ineresse did not take place, This
dlet preventéd the development of agzing bradycardia,

A comparison of the e.c.z. chany;es ssen in thiamine
deficiency (aingle or combined with pantothonic acid) with

those seen in pantothealc aaid deficiency (single or coubined
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or mulviple with biotin) reveals that the former ones are
huch more ée#ere; The thiamine deficient fat dies in heart
stoppage., The pantothenic acid deficiént rat ddes not die
in the same time as do thiamine deficlent ones and thelr
e;c.g. abnormalicies do not suggest lethal change in car- |
diac automatism, ’It is auggestad that the heart failures
described by earlier authors and atiributed to pantothenic
acid deficlency were actuully due to some combined deficien-
¢y,
The bilochemical cause of thls difference seems to be

thé difference in the ability of the heart td maintain on a
deficlent diet its'cocarboiylasa content on the one hand and
its Coi content on the other., While cardiac cocarboxylasé
conteni diminishes (ef. lﬁB), parailel with the severity of
the o.é.g. gsympbomns in thiéﬁine deficiency {(122), cardiac
CoA content remains on a high level in dietary PA deficiency,
yet the e.c.e changes appear. un the Olson Kaplan FA m@lti-
deficiént diet the CoA content was lower than on the PA uni-
or PA + B bideficient diets., It seems, therefore, likely
that dnly a PA mulvideficient diet fed for & long time might
cause such & depletion of cardiac Coa which could have a
lethal effect on cardisc automatisw. | B

o While the heart is relativelyvresistant to dieta?y

PA deficiency the hair seems to be rather sensitive to &b.
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The same sensitivity was seen in biotin deficiency, and a
lack of thiamine (159). It follows from these that it is not
the specific property of anyone of these substances to prevent
aldpécia but rather it is the consequence of the great sens-
itivity of the hair roots to any dietary deficiency.

R.J. Williams (160) presented evidence that living
organisms possess individually differing patterns of metab-
olic traits which are genetically controlled, There is no
doubt that from the biochemical point of view the different
organs have different patterns of metabolic tralts genetic-
ally controlled, The pattern of metabolic traits of hair
production then is such that it makes it extremely sensitive.
to many dietary deficiencies, The fact that the number‘of
genes controlling hair growth is rather great bears out this
assumption,

We found that the maturation of e.c.g., i.e. prolong-
ation of R-R time, and diminution of the P, R and T voltages,
takes place at a greater rate during the early phase of life,
The same applied to the rate of development of the deficien-
Ccy symptoms,.

Beznak, Beznak and Gaspar-Rady (157) divided the life
cycle of the rat into 5 phases. This division was based

on simultaneous, consecutive changes in the absolute
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grovth velocity (3acha), in food, salt solution and water
congumption, Placing wur findingse on t'.is 5 phaze curve
we found that the graatest rate of c.core (maturation) and
development of deficlency symptons falls into the 3a phase.
In this phase the aboolute growth velocity 1s still very
highkthaugh rapidly decreasing. Maturation of the e.c.g.
and tlie deficlency symptoms are almost fﬁlly develoned by
the 3b phase L,2. when the absolute ;rawih velocity iz very
siall, In phaze 3a the volums of total metabolic activity
is still Increasing and a large part (though steadily
diminisking) of it is taken up by the building up of new
tlssueas. In'phasn 3b the amount oFf newly producéd tlssue.
aa a fraction of the old tissuo is very saanll, whileAthe.
total volume of metabolic activivy M nearly reached its
maxirum value but most of ﬁhe encryy 1s dlssipated and

most of the materlfal taken in with the food is uded only
for replacoment of old material., It is understandable

that cénéeqﬁencea of dletary deficleneciss will be mbst
pronounced in that phase of metabolic activity in whieh
rost of the new matarial is belng built up., This concluge-
ion is fully born out by the experiment of earlier workers
that the earlier after birth a deficiency diet is fad the
greater ls thae regularliy, strength and rate of develénment

of the deficiency symptons,




~153-
- SUMMARY.

1. Changes in body weight, in alopecia, edema,
ﬁérphyrin staining, e.c.f., CoA content of the liver and
- heart were recorded in rats on & canmplete synthetic well
balanced diet, on a pantothenic acid unideficient, biotin
unideficlent, pantothanic acid plus biotin bideficient
and pantothenic acid plus multideficient , fat poor diet
(Ulson Kaplan).

2. The changes observed were essentially the
same in all the 3 pantothenic acid deficient diets. These
were retardation of growth, alopecia developing on a
regular pattern, Faciul and naw edema. These symptomrs
were the same in the PA uni- and PA plus B bideflicient
diets but they were more pronounced and developed more
rapidly on the PA multideficient Olson Kaplan diet., Por-
phyrin staining was only seen on the Olson Kaplan dict.

The e.c.z., changes were different on the PA uni
and PA plus B deficient dlets than on the Olson Kaplan
- diet. On the former diets the R-R time increased in the
lst 5 days of feeding as compared to normal and remained
highe The normal fh-H time resshed this high level at.the
end of the experiment by a steady increase (maturation or

aging of the e.c.ge)s T voltage also rose quickly on these .
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two diets and remained (with ogcillations) high, P and R
voltages @iminish\during the ﬁaturation in normal rats, and
this process was not influenced vy these diets. Irrepular-
ities in the pattern of the @svefe increased in frequency
on this diet, Un the Ulson Raplun diet the increase in -k
time with maturation did not take place. 7T voltage was
high in these rats (owing to previcus underfeeding) and it
dropped during the early part of feeding somewhat faster
than in the normal rats. P‘and i voltapes baecame smaller
as in normal rats, though there was a tendency to a faster
aging., Frequency of irregularities in the pattern of the
@,C,4, increased more and more rapidly on the Olson Kaplan
diet than on the other 2 PA deficient diets,

3.) Ruts fed a biotin unideficiunt dlet grew nore
slowly during the lot 1/3 of the feeding period and there
wags alopecia developing, Growth was then resumed at normal
rate and alopecia developusnt stopped, Uuring the last 3
weeks of feeding egg white flakes were fed to these rats,
growth was not altered, but alupecia develoned strongly and
the rats became very excitable, and aggressive, The B.Cofe
alterations were similar to those seen in PA déficiency but
the degrea and frequency of the changes were not great

enough to make the average of the differences between normal
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and biotin unideficlent groups statlstically significant.

:a;) The CoA content of the heart in normal rats
was found to be about 1/5th of that of the liver. It in-
creasces in boch orpans from the weanling to the mature
phase of the extrauterine life cycle. Liver CoA changes
differaently from heart Cos on the 4 deficient diets. Liver
CoA diminishes on the 3 1A deflclent diets below the wean-
ling level, whereas heart CoA - affected only by the multi-
deficisnt diet - does not rise above the weanling level.
The changes are greubest on the PA multideficient diect.
The effect of Pd uni- and PA pluas B bideficlent diets is
about the same, |

5.) Siotin unideflliciency also tends to diminish

iiver CoA and reduces somewhat the maturation rise o

=y

Heart Coa.

6.) A statistically sipgnificant positive correla-
tion w&g found be%wéen body welght (growth) and liver CoA.
A stabistically significant inversa.correlation wag found
between degrees ofbalopecia,'frequeﬁey of irregularities
of e.c.ge pattern and liver CoA. ' |

7.)'ﬂo correlation was found between heart CéA‘and

frequency of irragularivios of e,c. . pattern.
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8.,) By way of discusaion it is poiutud out that
the denmxtlvity to dietary uu1101ancies is igreatest in
the early phases of Lo exura-uterine life cycle. In
these phases (denoted by Bezndk st al. i, z, 3a) the
‘absoluté growth velocity of Saechs is still great, syne
thesising activity of the genes is high;‘ It is also
pointed out that the life processes of Lair rrOwth‘are
specially sensitive to dietary deficiencies because their
pattern of metabolic traits controlled by genes is very

cunplex.,
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