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INTRODUCTION

The guinea plg has heen used as az laboratory animal since
the early part of the 20th Century, but without an adequate
knowledge of its nutritional requirements. This inadedquacy
hzg in turn limited the value of the guinea plg, so in splte
of its introduction by Holst and Frohlich in 1907 for their
studles of ship beri-beri and scurvy, the rat, whose qualita-
tive 2nd quantitative nutritionsal requirements have been more
satisfactorily determined, has become more popular as a lab-
oratory animal. During the yesrs since 1907, relatively few
attempts were made until recently to determine the nutritional
requirements of the guines pig. Hence limited information
has been availlable about the necessity of many vitamins, in-
cluding blotin, for growth and survival of the guines pig-

In his review of the nutritionzl requirements of the
guinea pig Mannering (1949) listed four qualities in the
guinea pig which have mede it less desirable than the rat as
a laboratory animal. First, the guinea pig is mere special-
ized in its dlietary requirements than the rat, hence the
development of a purified diet for the guines pig has been
more difficult than for the rat. Purlified diets, however,
are & prerequisite for many nutritional studlies. Second,
guinea pigs are extremely susceptible to infections. Infec-
tions cause welght loss, poor food consumption, and death, all

of which may be entirely unrelated to experimentzl diets.
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Third, the guinea pig is a notorious coprophagist. This be-
havior is most disturbing when attempts are made to assess its
gqualitative and quantitative needs of the B vitamins since
feces contain variable amounts of the B vitamins, but gen-
erally are a very rich source. Fourth, the guinea plg lacks
genetic uniformity with regard to both birth weight and growth
rate. These four qualities lead to difficulties in inter-
pretation of results and also may account for differences in
results between lazboratories.

In his review Mannering (1942) alsc stated that the 1lit-
erature revealed only meager.and often ineconclusive evidence
for the production of deficiencies of various members of the
vitamin B complex in guinea pigs. While prcduction of defi-
ciencies of most viteamins of the B complex had to await the
development of a purified diet, efforts to obtain a biotin
deficiency occurred much earlier. Lease et al. (1937)
attempted to produce a condition similar to the egg white
injury of rats in several other species. Only inconclusive
results were observed in the guinea pig. Changes included
rapid loss of weight, unkempt appeasrance, and loss of hair,
but such changes might well have been due to toxicity of egg
white since an extract of liver which cured the symptoms in
other specles failed to do so in the guinea pig.

Reid (1953, 1954) in a more recent study omitted biotin

from & purified diet and found no differences in growth and



survival between groups receiving biotin and those which did
not. She therefore concluded that a dietary source of biotin
was not necessary for the guinea pig.

Reid (1953, 1954), however, was concerned only with
whether or not a dietary source of biotin was needed under
normael conditions of growth when all other known requirements
were included in the diet and no attempt was made either to
suppress the synthesis of biotin by microorganisms in the
gastrointestinal tract or to prevent its absorption. Bictin
produced by microorganisms in the gastrointestinal tract and
available for absorption by the guinea pig may have masked
the need of the gulinea pigs for a preformed source of blotin.

Biotin is so widespread in nature that the development
of a deficliency using a2 diet composed of natural food stuffs
is most unlikely. As late as 1949 a satisfactory synthetic
diet was not available, but recent workers (Reid and Briggs,
1953) have develcped a reasonzbly satisfactery synthetic diet
which allowed an average dally weight gain of 7.1 grams.
Cannon et a2l. (1946) suggested that the normal weight gain
rate was 7-8 grams per day when the gulnea pig was between
the ages of 2 and 8 weeks and when the diet consisted of
natural food stuffs. The diet developed by Reid and Briggs
(1953) contained an excess of each of the known B vitamins
and, in thelir hands, was capable of maintaining the guinea

plgs in good health for 150 days. It allowed reproduction to



oceur, but was not as satisfactory for reproduction as 1%
was for growth.

The use of a satisfactory synthetic diet for guinea pigs
mzy lead to the finding of unidentified factors, to the clari-
fication of the status of known fectors, and to studies of
vitzmin interrelationships of interest to the whole field of
nutrition. The fact that the guinea plg is more speciallzed
in its dietary reguirements is, therefore, an asset rather
than 2 detriment. With the advent of =2 synthetic diet, iden-
tification of the anti-stiffness factor (Van Wagtendonk and
Wulzen, 1950) a2nd guinea pig factor three (Woolley and Sprince,
1945) may be simplified. Also the need of the guinea pig for
vitamin P, flavone glycoside, (Rusznysk and Szent-Gygrgyi,
1936) and strepogenin (Woolley, 1941) can be evaluated. Since
the guinea pilg is the only small laboratory animal requiring
ascorbic acid, studies of the biochemiczl role of ascorbic
acid and its relationships with other nutriénts may be aided
by an adequate knowledge of the guines vig's nutritionsl re-
dquirements.

The present study had two objectives. The first was
production of biotin deficiency in the guinea pig, the second,
the detection of metabolie changes occcurring as a result of
the deficiency. The most common method for developing biotin
deficiency in rats has been based on powdered egg albumin in

the diet. However, Lease et al. (1937) has suggested that egg



white is possibly toxic to the guinea pig. When fed powdered
egg albumin as 66 per cent of the diet (the same as that used
for rats in her study) guinea pigs declined steadily in weight
after the second day and died in 5 to 10 days. The response
was not quite as drastic if egg white was gradually increased
to 850 per cent of the diet. As this thesis was belng prepared
Coots et al. (1959) reported success in developing biotin
deficiency in adult guinea pigs on a diet containing 30 per
cent dried egg white. However, weanling animals failed to
adjust to the diet and died within 10 days. Other possible
methods than the use of egg white for producing the deficilency
include (1) the use of a bacteriostatic agent such as aureo-
mycin or a sulfonamide to prevent the synthesis of biotin by
microorganisms in the gastrointestinal tract, (2) the use of
an analog to act as a competitive inhibitor to biotin, and

(3) the use of isolated avidin to prevent azbsorption of
biotin.

Several metabolic processes requiring biotin have been
identified in microcrganisms, but studies of the role of
bilotin in higher animals have been concerned mostly with the
description of gross changes which occurred as a result of
biotin deficiency. 1In microorganisms blotin has been asso-~
ciated with csrbon dloxide fixation, decarboxylation, de-
amination of aspartic acid, threonine, and serine, synthesis

of aspartic acid, synthesis of oleic acid, and carbohydrate



oxidation.

This work was done then to determine the need for blotin
in the nutrition of the guinea pig witn the hope that the
findings would contribute to making the gulnea plg a more
satisfactory laboratory animal for the investigation of nutri?
tional problems and that the observations on metabolic changes
occurring during the deficieney would contribute to an under-

standing of the role of biotin in higher animels.



REVIEW OF LITERATURE
Biotin and Egg White Injury

"Egg white injury syndrcme" in rats was known before iso-
lation and identification of the vitamin, blotin. The syn-
drome was observed by Boas (1924a) during development of a
purified diet for calecium studies. Prior to this time Bate-
mann (1916) had reported the undesirsbility of egg white as
a source of protein for several speclies including rats and
dogs. He had attributed the undesirablility to the presence
of an antitryptic f=2etor.

Boas was interested in determining the nature of "egg
white injury" and succeeded in finding certain foods such &s
liver and kidney which protected the animal from the symptoms.
She cgllecd the substance found in these foods protective fac-
tor X (Boas, 1927).

A second group of workers (Lease and Parsons, 1934},
interested in the nature of "egg white injury", called a water
soluble factor which they obtained by extraction of z commer-
cial liver preparation "the factor protective against egg-
white injury®.

Gygrgy and coworkers (1940) who were also working on the
nature of "egg white injury" naomed a proteétive substance
vitamin H because of the protection it gave from skin (Hszut)

symp toms .



During this time a growth factor for microorganisms was
isolated from egg yolk in the form of 2 crystalline methyl
ester by Kogl and Tonnis (1936). They called the growth fac-
tor biotin. Biotin was later shown to be identical with
Coenzyme R (Allison et al., 1933) by West and Wilson (1932)
and with vitamin H by duVigneaud et sl. (1940) and Gyorey et
al. (1940).

Biotin Deficiency in Different Species

Boas (1927) was one of the first to describe "egg white
injury" syndrome in rats. Her classical description follows:

Rats grow well and are usually in good health for
from 2-3 weeks. Then red scaly patches appear at
the corners of the mouth, the coat becomes rough
and sticky and tne long hairs Tfall out. The fur

on the zbdomen shows at first a characteristic
rubbed appearance followed by development of bald
areas. Meanwhlle the red patches spread tc other
parts of the body and the picture is one of an
eczematous dermatitis. There are even skin
haemorrhsges in severe cases. The region round

the mouth is always the most seriously affected
though there 1s often such marked blepharitis

that the eyes are closed. The loss of hgir is
often extensive. In a few cases redness of the
feet has been seen but this does not usually

occur. The rats always have a distinctive somewhat
musty smell probably due to some constituent of

the urine. The body weight remains stationary for a
week or two, but falls slowly during the second
stage of the disease. This is reached gbout 2-3
weeks after the first signs of deficiency. To

the dermatitis, symptoms of nervous upset are now
added. There is a pronounced spasticity of the
limbs, particularly of the hind legs, and the back
is arched. The rat assumed in many cases a kangaroo
like posture. (Boas, 1927, pp. 712-713)



The animals eventually died, death being preceded by a
repid weight loss and cyanosis. Upon autopsy Boas (1927)
noted an absence of fat and that the skin was infiltrated and
vascularized. The other organs were seemingly normal.

In addition to the deficiency in rats, blotin deficiency
has been procduced in a number of other species. Wilson et
al. (1949) produced biotin deficiency in mice with diets con-
taining 20 per cent dried egg albumin, both with and without
sulfaguanidine included as 0.5 per cent of the diet. They
observed most of the symptoms described in the rat such as
cessation of growth and loss of hair, but did not obtain the
accumulation of the brownish seborrhal material on the skin.
When black mice of the Cgp strain were defliclent, thelr fur
became rusty or gray and areas of the skin became denuded.
After intramuscular injection of 2 meg. of biotin, while ani-
mals were still on the deficiency-producing diet, new hair
growth appeared on denuded spots. The hair in some cases was
gray at first, but it eventually assumed normal color. Niel-
sen and Black (1944) produced biotin deficiency in mice using
a synthetic diet ccntalining no egg white but containing G.5
per cent sulfasuxidine. The deficiency was characterized by
severe alopecia.

Emerson and Keresztesy (1942) noted depigmentation of
the fur of black rats fed a deficiency-producing diet. Also

present was exfollative dermatitis of the abdomen which
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developed into a general alopecia, "spectacle eye", and ab-
normal gait. When biotin was given, complete recovery from
all symptoms except "spectacle eye" and graying was accom-
plished.

Biotin deficiency was produced in plgs by feeding a
purified diet containing 30 per cent desiccated egg white
(Cunha et al., 1946). After receiving the diet for 2 1/2
weeks the plgs lost hair from their hind quarters and even-
tually from the back 2nd sides of their bodies. Dermatosis
developed over the entire body at the same time as halr loss.
During the fifth week cracks in the skin on the feet and
spasticity of the hind legs gppeared. None of these symptoms
appeared in control animals receiving the same dilet but glven
100 micrograms of crystalline biotin by intramuscular injec-
tion. The biotin-deficient pigs also grew more slowly than
their controls.

Lehrer et 2l1. (1952) obtained a somewhat different syn-
drome with 48 hours-old suckling pigs fed a biotin-deficient,
purified diet which did not contain egg white. A dermatitis
which first appeared on their ears, neck, shoulders, and tall
eventuelly covered the entire body. General alopecia develop-
ed and eventually ulcerated areas appeared on their hind
quarters znd belly. Severe cracks which developed in the

skin on their feet made walking difficult. An inflammation
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of the mucous membranes of their mouths was part of the syn-
drome, but the animals continued to eat normally and to welgh
approximately the -same as controls. Post mortem studies re-
vealed .no macroscopic zbnermalities other than the skin
changes.

Ansbacher and Landy (1941) were successful in producing
a biotin deficiency in another species, the chicken, with the
use of only a low biotin diet (0.1 meg. biotin per gram of
diet). Chicks developed dermatitis on their toes and feet,
at the corners of their beaks, on their combs, and occasion-
2lly on their eyelids. When 1.25 mcg. of either biotin or
biotin methyl ester were fed each day, mild skin symptoms
present in some chicks were cured, but larger amounts were
needed to effect cures of severe skin symptoms present in
other chicks.

Other workers (McElroy and Jukes, 1940) feeding egg white
to chickens obtained more acute symptoms then Ansbacher snd
Landy (1941). McElroy and Jukes noted that the most out-
standing symptoms of the deficiency produced with dried, un-
cooked egg white were keratinization and fissuring of the
feet. In addition to dermatitis, Jukes and Bird (1942) re-
ported that symptoms of perosis developed in 50 to 70 per
cent of the chicks. Perosis could be prevented by omitting
egg white, by substituting cooked egg white, or by intra-

muscular injection of 0.34 mcgz. biotin per bird per day.
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Birds receiving biotin also had superior feathering to those
not receiving biotin.

Waisman et 2l. (1945) reported & chronic biotin defi-
cliency in monkeys after they received 1.3 to 3.4 mecg. biotin
from dietary sources daily for 15 to 24 months. The defi-
ciency was characterized by loss of hair and loss of hair
color, both of which could be restored by supplementing the
diet daily with 20 meg. of crystalline biotin methyl ester.
These workers slso produced a chronic biotin deficiency in
monkeys by incorporating 10 per cent dried egg albumin into
their diet. The deficiency produced in monkeys by this diet
resulted in severe dermatitis sround their face, hands, and
feet. Thelr eyes watered, vecame red, and their eyelids
became encrusted. Some loss of hair color was notliced in
monkeys maintained on the egg white diet for 4 months. The
biotin-deficient monkeys also seemed more susceptible to in-
fections than their controls.

Lease et 21. (1937) reported bilotin deficiency in monkeys
fecd 20 per cent dried egg white in their diet for 2 months
followed by a diet containing 40 per cent dried egg white.

No changes were noted for 3 weeks after raising the egg white
to 40 per cent of the diet but thereafter a progressive
roughening and thinning of the hair occurred. Within 2 months

the monkeys had bald areas on their tazils and heads, had de-
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creased their activity and sat hunched in their cages with
their faces hidden. Their eyelids became red..

One attempt (Sydenstricker et zl., 1942a) has been made
to produce biotin deficlency in human subjects. Two men ané
two women were fed a diet containing 2 minimal amount of
blotin and egg white equal to 30 per cent of their calorie
intake. A fine scaly condition of the skin developed within
4 weeks, but did not persist. During the seventh week the
subjects began to show a grayish pallor of their skin and
mucous membranes. Dryness and scaliness of thelr skin re-
appeared at this time and the subjects developed muscle pains,
hyperaesthesia, lassitude, znd mental depression. These
symptoms disappeared when daily doses of 150 to 300 meg. of
bictin were given by injection. A continuation of the report
of this experiment appezsred later the same year (Synden-
stricker et al., 1942b). In addition to the zbove symptoms,
a definite decrease in hemoglovin concentration, volume of
packed red cells, and urinary biotin occurred. The urinary
blotin excreted in 24 hours decreased from 2C to 62 micro-
grams during the control perlod to 3.5 to 7.3 micrograms
daily.

Whereas Woolley and Sprince (1945) concluded that the
addition of Dbilotin and para-aminobenzoic acid to a semi-

synthetic diet for guinea pigs resulted in better survival,
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there have been no reports of avbiotin requirement by this
species until Coots et al. (1859) published results of ex~- °
periments establishing the need for biotin by the guinea plg.
Earlier, Lease et ai. (1937) attempted to produce a deficiency
using egg white. With 66 per cent egg white in the diet;
guinea plgs declined rapidly in weight, became prostrate, had
convulsions, and died in 5 to 10 days. If egg white was in-
troduced stepwise to 50 per cent, the gulnea pié appeared to
tolerate the egg white, but became inactive znd unkempt in
appearence. The latter was partly due to egg white sticking
to their fur. No baldness or sore areas were observed except
for transient loss of hair and slight increase in redness of
their lower 1lip and toes. The authors were uncertain whether
the transient loss of halr might not have been due to the
embedding of diet in the hair. Growth was slow, but other-
wise manifestations were vague. Since a potent extract pre-
pared from a commercial liver powder cured the egg white in-
Jury symptoms in other specles but 4id not improve growth
rate or the unkempt appearance of the gulnea pigs, the
authors felt there was some doubt whether tune symptoms were
due to biotin deficiency or to toxiecity of egg white. Desplte
the uncertainty, the experiment has often been cited zs indi-
cating a2 need for biotin by the guinea pig.

Reid (1954) found no difference in growth and survival
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when she compared guinea pigs < a synthetic diet, some with
and some without a dietary supply of biotin. In her mono-
graph, Reid (1958) reported that her findings did not exclude
a biotin reguirement for the guinea pig, since the need, if

any, was probably satisfied by intestinal synthesis.
Methods of Producing 2 Biotin Deficiency

The use of synthetic diets

While it has been possible in the case of the chicken
(Ansbacher and Landy, 1941), pig (Lehrer et al., 1952), and
monkey (Waisman et al., 1945) to produce a biotin deficiency
using a purified diet, 1ittle success has been obtained with
other specles unless diets contained uncooked egg white as =
source of protein. Wright and Welch (1944) were zble %o de-
press the amount of biotin in the liver, but found no other
evidence of a deficiency in rats after severzl months of feed-
ing a synthetic diet low in biotin. Casein was the source of
protein. Skegg and Wright (1948) confirmed these findings
and indicated that rats fed a purified diet containing no
biotin grew normslly. Reid (1953, 1954) using a purified
diet found no significant difference between weights ol guinea
pigs lacking a dietary supply of biotin and those receiving
biotin.

Cannon and Emerson (1232) reported one cf the first
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attempts to develop a purified diet for guinea pigs. They
took into consideration the differences of habit and anatomy
which makes the form and consistency of the diet more impor-
tant to guinea pigs than rats. In their diet yeast was the
source of B fitamins. Twoe of five guinea pigs receiving the
diet dled after a month and the remaining three were weak and
had poor muscle tone. Addition of 30 grams of fresh lettuce
daily to the diets of these three guineas pigs allowed them to
continue on experiment for 145 days, during which time they
gained zn average of 344 grams. The flrst use of crystalline
B vitamins in a purified diet resulted in poor growth and sur-

vival (VWoelley, 1942; Woolley and Sprince, 1945; and Cenncn

et al., 1946). Woolley (1942) postulated thet the guinea pig
needed three unknown factors. Two of these have been iden-
tified subsequently by Woolley and Sprince (1945). Guinea
pig factor 1 was 1dentified as folic acid and the redquirement
for guinea pig factor 2 was satisfied by raising dletary
casein from 18 to 30 per cent (or adding arginine, cystine,
and glycine to 18 per cent casein) plus cellulose. Guinea
pig factor 3 has not been identified. Although bilotin and
para-aminobenzoic acid increased survival time, nelther were
identical with guinea plg factor 3. On the other hand,
Woolley (1941) believed that guinea pig factor 3 resembled

strepogenin.
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Booth et al. (1949) made two contributions by recogniz-
ing the importance of bulk in synthetic diets and by improv-
ing their mineral content with the addition of ash from al-
falfa. When Roine et al. (1949) replaced 2lfslifs ash with
0.5 per cent magnesium oxide and 2.5 per cent potassium ace-
tate, successful growth, 7.2 grams daily, was observed for
five guinea pigs. Both groups of workers included biotin'in
their diets.

The most recent synthetic diet, published in 1953 by
Reid and Briggs, supported weight gains of 7.1 grams per day.
It contained large amounts of the known B vitamins including
biotin. Omission of a single vitamin from this diet resulted
in deficiencies of thiamine, riboflavin, foliec acid, choline,
pantothenic acid, pyridoxine, and niascin (Reld, 1953, 195;
Reid and Briggs, 1954). Vitemin Bjp, inositol, para-amino-
benzoic acid, and biotin were not essentisl for satisfacfory

growth.

The use of bacteriostatic zgents

Although feeding a purified diet low in biotin does not
result in a bilotin deficiency in some species, a preformed
source of the vitamin may still be necessary. Preformed
sources of biotin may be available as a result of synthesis

of biotin by mieroflora in the gut, the vitamin beling either
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absorbed directly or obtained through ingestion of feces.
Several groups (Nielson et al., 1942; Skegg and Wright,
1846; and Ham and Sectt, 1953) have reported that the amount
of biotin in feces was considerably higher than that in the
diet and the total amount of biotin excreted in feces and
urine was higher than the biotin consumed in the diet. For
instance, Nielson et 21. (1942) reported that rats fed a
purified diet excreted from six to 12 times as much biotin
as they obtained in their food. Steenbock et al. (1923)
noted poor growth in rats kept in tubular cages to prevent
coprophagy, and found that they needed much higher amounts
of B vitamins in their diet. Barki et al. (1948) produced a
growth response in rats kept in tubular cages by feeding them
edditional biotin. On a purified diet containing only small

quantities of bilotin, no symptoms of blotin deficiency other

than restricted growth were observed although amounts of
biotin in the liver were reduced.

When a synthetic diet containing no biotin was fed to
germ-free rats (Luckey et al., 1955), they gained weight for
4 months but during the fifth month began to lose weight and
developed alopecia, spectacle eyes, and open ulcers on their
shoulders, head, and ears. Biotin supplements were effective
in prevention of all of these symptoms.

Bacteriostatic agents have been used to suppress the
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growth of microflora in the gut. Mickelsen (1956) has sug-
gested that whether an antibiotic or some other antimicroblal
agent in the dlet stimulates, depresses, or has no effect on
the growth of an znimal depends %o a large extent upon the
kinds of microorganisms present in the intestinal tract.

Effects reported when aureomycin has been added to the
diet fed to guinea pigs have been variable. Roine and Ettala
(1952) 2nd Roine et gl. (1955) reported rapid loss of weight
followed by death of guinea pigs receiving aureomycin. Jukes
(1955) in reviewing the role of antibioties in nutrition
acknowledged Roine's findings, but also referred to a.pfivate
communication which concluded that the inclusion of aureomycin
in diets controlled infections ordinerily prevalent in col-
onies and allowed good results as far as growth and survival
were concerned. |

Limited information is available in the Ilterature as %o
whether inhibition of microorganisms by aureomycin affects
synthesis of~biotin in the gastrointestinal tract or not.
When Halevy et al. (1955) included aureomycin in the diet,
the amount of blotin in urine, cazecum contents, and liver was
not affected.

| Workers have reported less veriable findings with sulfa-

suxidine in the diet than with aureomycin. According to

Mickelsen (1956) contradictory results obtained with anti-
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bioticsrwere due to the wide spectrum of bacteria inhibited
by the antibiotics. Sulfonamides inhibit & more narrow spec-
trum of bacteria than zntibioties.

The use of sulfasuxidine, since it is so poorly absorbed
from the intestinal tract, has been an extremely popular
method for the production of biotin deficiency in rzts. Only
a limited number of the studies, representing experiments
using different amounts of sulfasuxidine in the diets fed o
rats, will be mentioned here. Barki et 2l. (1949) reported
that the conéentration of biotin was 0.82 meg. per gram of
fresh liver in a control group compared with 0.23 meg. in a
group receiving 0.5 per cent sulfasuxidine. They did not re-
port whether any deficliency symptoms were present. Daft gt
al. (1942) used 1 per cent sulfasuxidine in the diet and ob-
tzined a dermatitis which was very similar in appearance to
that produced by egg white and which could be prevented or
successfully treated with crystalline biotin. Other changes
not previously reported as characteristic of a2 biotin defi-
ciency also occurred, but no explanation for their occurrence
was given. By using 2 per cent sulfasuxidine Halevy et zal.
(1955) were able to depress growth and the amount of biotin
in the urine, czecum contents, and liver. Skegg and Wright
(1946) 2nd Wright and Welch (1944) also observed smeller

amounts of biotin in the livers of rats receiving sulfasuxi-
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dine than those which did not receive sulfasuxidine. Total
excretion of biotin in urine and feces was reduced 50 per
cent when rats were fed 2 per cent sulfasuxidine (Ham znd
Scott, 1953). External symptoms characteristic of a bilotin
deficiency were reported for each study in which 2 per cent

sulfasuxidine was z2dded.

The use of analogs

Several analogs of blotin are known which inhibit growth
of certain microorgznisms. The effect 1s usually competitive
and znalog activity is measured in terms of its moler inhibi-
tion ratio. The molar inhibition ratio zs defined by Ditimer
and duVigneaud (1944) is the number of molecules of the in-
hibitor necessary to prevent the biological sctivity of one
molecule of biotin.

An analog may be active for one organism but not for an-
cther and this is true for desthiobictin, the blotin analog
in which the sulfur atom 1s replaced by two hydrOgens. Mel~

vilie et 21. {1943) found that desthiobiotin ascted as a growth

stimulant for Saccharomyces cerevisiae. This was conflrmed

by Dittmer et al. (1944), who also found that desthiobiotin

acted as an anti-blotin for Lactobaecilliuvs casel. Rubin g

al. (1945) established that its molar inhibition ratio was
17,000 for L. casei. A summary of the effects of desthio-

biotin on various strains of microorganisms was compiled by
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Lilly and Leonian (1944), but molar inhibition ratios were
not presented. Another interesting finding was the fact that
S. cerevisigse converted desthiobiotin to biotin (Dittmer et

al., 1944).
Reports of the zctivity of desthiobliotin in higher azni-
mals are limited in number. Emerson in 1945 reported that
biotin-depleted rats receiving desthiobiotin showed no im-
provement, and Rubin et 21. (1945) found under similar condi-

tions that desthiobiotin had an z2ctivity equivalent to about

0.1 to 0.01 per cent that of biotin.

The use of uncooked egg white

The most widely uséd method of producing a biotin defi-
ciency has been the feeding of uncooked egg white in the dleft.
Hertz (1946) has written zan excellent review of many early
studies.

The nature of "egg white injury" was resolved by two
different approaches. The first was the discovery of the
protective factor biotin and the second was the identifica-
tion of the specific substance in egg white cepable of pro-
ducing the syndrome. Eakin et 2l. (1940s2) first suggested
that the injury was not due to e direct toxin, but due in-
directly to the action of the egg white in making bilotin un-
available. Their suggestion was based on thelr findings of

2 low blotin content of tissues of chicks with "egg white
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injury" despite large amounts of biotin in the diet and in
the feces. PFurther proof for this theory was provided by

Egkin et sl. (1940b) who demonstrated that in vitro =23dition

of egg white to a medium containing bilotin made blotin un-
available to yeast. One gram of egg white inactivated 2.2
meg. of pure biotin. Since egg white inactivated biotin and
since biotin concentration was low in the tissues of animals
suffering from "egg white injury" they concluded that the
constituent which rendered biotin unavallable was responsible
for the "egg white injury®. Eakin et al. (1940b, 1941) sep-
arated protein fractions of egg white and followed the con-
centration of the factor by yeast assay. The concentration
involved acetone precipitation of egg white, followed by
extraction of the curds with a solution of sodium chloride.
¥hen the extract was half-saturated with ammonium sulfate
and zcidified with acetic acid most proteins precipitated
but the active material remained in solution. Further addi-
tion of ammonlum sulfate precipitated the active material
which was then suspended in water and dialyied against'wateri'
By this procedure a concentration of the active compcund 500
fold that found in dried egg white was obtained by Egkin and
coworkers for which they proposed the name avidin. Woolley
and Longsworth (1942), using 2 similar method, succeeded in
pfeparing.a concentrate 15,000 times more active than egg

white. Other procedures for the isoletion of avidin have been
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developed by Pennington et 21. (1942) ard by Dhyse (1954).
Wkile there are many studles in which avidin was fed,
in only one study was avidin isolated from egg white prior
to feeding. GyOrgy et al. (1941) isolated 231 mg. of avid-
albumin concentrate from 100 grams of egg white and added
the avidalbumin concentrate to 100 grams of dried cooked
(inactivated) egg white. This dried cooked egg white and
avidalbumin concentrate was fed as 30 per cent of the diet
for a period of 2 weeks to rats suffering from egg white in-
jury, during which time the condltion of the rats continued
to deteriorate. Rats suffering from egg white injury and
recei%ing 30 per cent dried cooked-egg white in their diet

improved.
MorphOIOgical and Biochemical Changes

Follis, in his book The Psathology of Nutritional Disease

(1948), presented an excellent introduction to the study of
the morphological changes which have been observed during
deficiencies of essential nutrients. He pointed out that
virtually any dietary restrictioh led to some change in one
or more tissues, but the problem which arose was.whether the
changes were due to specific restriciions or to complicating
factors such as inenition. In simple caloric restriction,

for instance, fatty tissue decreased markedly, atrophy of
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lymphoid tissue reduced the size of lymph nodes and spleen,
alopeciz occurred and genital crgans atrophied and were no
longer capable of spermatogenesis and ovogenesis. Thus
faillure of the animal to eat or utilize its food efficiently
may lead to many changes. Further, morphclogical changes in
any acute nutritional deficiency were slight or sbsent in
comparisoh with changes which occurred when the deficiency
was chronie.

The manner in which individual organs were affected by
reduced food intake was discussed by Jackson in his book

Inanition and Malnutrition (1925) and by Keys et zl., in

their book The Biology of Human Starvaetiocn (1280)}. The pat-
tern of Wéight loss of an organ was not necessarily the same
as that of the body as a whole, but several generalizations
were possible. The brain and spinal cord lost very little
weight, but other soft tissues, particularly the liver and
intestines, showed large losses. Loss of weight by the
heart and kidneys was less proportionally than body weight
loss. No generalization was possible for endocrine glands
since their weight losses varied widely.

Dann and Darby (1945) suggested.the following stages
in the development of a deficiency disease. Decreased con-
centration of the vitamin in the blood 1s followed by dimin-
ished body stores and excretion, functional impairment,

microscopic changes and finally gross anatomical changes.
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The morphological changes which have occurred in biotin defi-
ciency can be summarized as follows: symptoms usually present
include exfoliative dermatitis, cessation of growth, =zlopecis,
spectacle eye, and kangaroo posture. In view of the se-
quence of events listed by Dann and Darby, metabolic changes
would have preceded development of these gross anatomical
changes.

Although the role of biotin in the mammalian organism
has not yet been elucidated, blotin has been found tc be in-
volved either directly or indirectly in several different
areas of microblal metabolism. One of the first areas to be
studied was the role of biotin in aspartic aeid synthesis.
Burk et al. (1941) =nd Koser et al. (1942) noted the sparing
effect of aspartic acid on bilotin requirement of yeast and
promotion of yeast growth by aspartic acid when it replaced
part of the biotin in the medium. Stokes et zl. (1947) showed
that certain lactic acid bacteriz also appeared to require
aspartic acid if the biotin supply was limited, but aspartic
acid was not required with increased amounts of biotin.

Lichstein and Umbreit (1947b) observed a decresse in
the deaminase activity for aspartic acid, serine, and threo-
nine in biotin-deficient microorganisms. The addition of
certain B vitamins (nicotinic acid, para-aminobenzoic zecid,

riboflavin, pantothenic acid, thiamine, folic acid, and
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pyridoxal) other than biotin during aging (incubation at

37° C. in a vitamin-free medium) did not restore the activity.
Biotin azlone was nearly as effective as the B vitamins plus
biotin in restoring deaminase activity.

The sparing zction of aSpartic acid caused workers to
lock for steps in the synthesis of aspartic acid for which
biotin might be necessary. One such possibility was carbon
dloxide fixation.

Lardy et al. (1947) in their study of the mechanisms by
which blotin affected the synthesls of aspartate found that
bicarbonate gave no growth response in yeast in a low biotin,
aSparﬁic acid-free medium, but did stimulate growth in the
presence of a blotin-containing, aspartic acideree medium.
The inability of biotin-deficient microorganisms to synthe-
size aspartate, therefore, might be due in part to their in-
gbility to condense pyruvate and carbon dioxlde producing
oxalacetate which would then be converted to aspartate.

Lichstein and Umbreit (1947) found that blotin-deficient
E. coli showed a reduced ability to produce carbon dioxide
from aspartic, malic, or oxalacetic acid. The rate of de-
carboxylation of these acids was restored by the addition of
biotin to the medium. Further, deficient E. coli, which
ordinarily were stimulated by biotin, exhibited no such re-

sponse when malate was oxidized if cyanide was present to



28

bind the oxalacetate formed. These observations would seem
to locate the site of zction of biotin at decarboxylaticn of
oxalsacetate.

Shive and Rogers (1947) found that o ~ketoglutaric acid
exerted a sparing effect on microbial requirement for biotin
and concluded that blotin-deficient microorganisms could not
form X -ketoglutaric aeid. They postulated that oxalsuccinic
acid was converted to oC-ketoglutaric acid by reversal of
the kind of carboxylation reaction whereby pyruvic acid 1is
converted to oxalacetic acid.

Another study of the role of biotin in carbon dioxide
fixation has recently been reported by Woessner et 21. (1958).
The action of biotin sppeared to be in cerboxyl transfer
rather than in carbon dioxide fixation. The workers studied
two enzymes which were required for the carboxylation of
A -hydroxyisovaleryl coenzyme A (formed during the degrada-
tion of leucine). The steps in the process were suggested
as follows:

1. COp + ATP & adenyl carbonate + pyrophosphate

2. Adenyl carbonzte + 4 -hydroxyisovaleryl coenzyme A

== @-hydroxy- g -methylglutaryl coenzyme A +
adenylic acid

3. [ -hydroxy-/ -methylglutaryl coenzyme A ——
acetoacetate + acetyl coenzyme A

In the liver extracts of a2 biotin-deficient rat the carbon

dioxide-activating enzyme needed for the first reaction was



present in the same concentration as in liver extracts of nor-
mal rats, but -hydroxyisovaleryl coenzyme A carboxylase need-
ed to complete step 2 was completely lacking in biotin-defi-
cient rats. A

Another arez of biotin activity is in synthesis of oleic
acid although the mechanism is unknown. Williams and Fieger

(1946) reported that Lactobacillus casei was maintained suc-

cessfully for over 4 months on an essentially biotin-free
medium containing oleic acid. No synthesis of biotin could
be demonstrated. No stimulation of growth with oleic acid
was obtained when riboflavin-free, pantothenic acid-free,
or nicotinic acid-free medium were used. Williams et zl.
(1947) confirmed the need for oleic acid by certain lacto-
bacilli in a biotin-free medium. Broguist and Snell (1951)
found L. zrabinosus, L. casei, and S. faeca2lis required both
aspartic acid and an unsaturated fatty acid (oleic acid) to
permit growth in the absence of biotin while L. fermenti
and C. butyricum required only the unsaturated fatty acid to
permit growth. Ravel and Shive (1955) found bilotin sulfone
inhibited competitively biosynthesis of aspartiec acid and
oleic acid in L. azrabinosus.

More recently Squires and Stumpf (1952) 2nd Wakil and
Ganguly (194¢) have presented data indicating that biotin

was present in isolated enzyme systems which converted ace-
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tate into palmitic and olelc acids in the presence of HCOz ,
ATP, TPNH, Mn++, and CoA. Squires and Stumpf found avidin
inhibited fatty acid synthesis, but inhibition could be
prevented by preincubation of avidin with stoichlometric
emounts of biotin in the enzyme system. Wakil and Ganguly
suggested that the biotin-contalning enzyme catalyzed the
reaction of bicarbonate and acetate to Torm malonyl coenzyme
A, an intermediate in fatty acid synthesis. The bicarbonate
was subsequently removed, however, since radiocactive ticar-
bonate was not incorporated into the fatty acids formed.
Biotin also has z role in carbohydrzte metabolism of
yeast. Moat and Lichstein (1954) reported that when biotin
was added to =z waéhed cell suspension of biotin-deficient
yeast the rate of fermentation and oiidation of glucose by
the cells was stimulated. Moat and Lichstein alsc found
that adsptation of biotin-deficient cells of S. gerevisiae
to sucrose fermentation was augmented in the presence of bio-
tin which suggested to them that biotin was concerned with
the synthesis of the adaptive enzyme. In 1958 Strauss and
Moat reported that biotin stimulsted glucose and fructose
fermentation by yeast and that the effect was upon hexokinase
activity since biotin stimulated fermentation of biotin-
deficient yeast with glucose and fructose as substrates, but

not with glucose-6-phosphate, fructose-6-phosphate, or
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fructose-1l,6-diphosphate. Alsc biotin did not stimulate
phosphoglucose isomerase and glucose~-6-phosphate dehydrogen-
ase. Further, biotin stimulation was found using either
dried cell suspensions or cell-free extracts although with
the use of dried cell suspensions, a preincubation of the
cells with tiotin for a period of 30 to 40 minutes was needed.
They attributed this delay to a permeability bsrrier which
was eliminated upon disruption of the cells since the delay
was not present in the cell free extracts. This also sug-
gested a direct action by biotin upon hexokinase rather than
upon synthesis of the enzyme.

Other workers have not been able to demonstrate a direct
action of biotin on enzyme systems. DBecause biotin was found
to be identical with Coenzyme R by West and Wilson (1839),
it was immediately assumed that biotin functioned as a co-
enzyme. Ochoa et al. (1947) found that decarboxylation of
oxalacetate was reduced in liver slices from biotin-deficient
turkeys. Although the enzyme could not be activated by biotin
in vitro, biotin given to the living animzl was effective.
Other workers (Olson et al., 1948) found a reduced incorpora-
tion into carboxy-labeled succinate of 01402 by cerdiac muscle
slices from biotin-deficient ducks. Again biotin added to the
~medium was without effect, but intraperitoneal injections of

biotin restored enzymic activity to nezr normsl values. It
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Thus appeared that biotin was involved in symthesis of the
enzyme or its prosthetic group, but biotin was demecnstrated
not to be a pert of the eﬁzyme molecule.

Chang and Peterson (1951) suggested that certain bound
forms of biotin, rather than the free acid, might be required
for in vitroc experiments. They were successful in concen-
trating soluble bound biotin in at least three components,
but did not identify any of the components nor use them in
any reactions. To follow the concentration of bound biotin
the workers used L. argbinosus, which presumably requires

free biotin, and L. casei whiech can utilize both free and

some bound forms. Wright et al. (1951) identified one bound
forn of biotin, bloeytin, as ¢ -N-blotinyl-L-lysine.

A recent report indicated a2 more direct relationship
than synthesis of the enzyme between biotin and an enzyme.
Lichstein (1957) has reported the presence of bound biotin
in an oxaloacetlc carboxylase preparation. A significant
correlation was found between degree of purity of the enzyme

and concentration of bound biotin present.
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PROCEDURE

A series of six experiments wes performed in the present

study which had as its purposes the production of biotin defi-

[¢]

iency in gulnea pigs and the study of chienges which occurred
gs a result of the deficiency. The first four experiments
were used essentizlly to establish performance records for
guineé pigs under conditions in this lazborstory and to estsb-
lish the method for producing the deficiency.

Different ways of comparing guinea pigs and groups of

gulnea pigs were used during the course of the study. A sum-

mary of kinds of comparisons is given below:

Weight gain Experiments I through VI
Food consumed Experiments I through VI
Food efficiency Experiments I through VI
Hemoglobin concentration Experiments I through VI
Red blood cell volume Experiments I through VI
Conditicn at autopsy Experirents I through VI
Blood ures Experiments II through VI
Blood nonprotein nitrogen  Experiments II through VI
Musele biotin Experiments II through IV
Hepatic biotin Experiments II through VI
Hepatic nitrogen Experiments II through VI
Hepatic molsture Experiments V and VI
Hepatic fat Experiments V and VI
Adrengl cholesterol Experiment VI

Renal fat Experiment VI

Crgan size or weight Variasbie

To 2id in identification of different experiments, diets,
and guinea pigs, these three varizbles héve been coded. A
Roman numerel has been used to designate each of the six dif-
ferent experiments. The numeral is followed by the letter S

if guinea pigs received a synthetlc diet or the letter C if
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gulnea pigs received commercial rabbit chow. Since three
different synthetic diets were used, the diets were designated
S, 8', and S"; S wasg the first, S', the second, and S", the
third diet used. Additions made to the synthetic diet or the
commercial ratbit chow were indicated by the first, or first
and second, letter of the added compound. For example, since
the synthetic diets did not contain biotin, the diets which
did contain biotin were designated as diets SB, S'B, or 3"B.
To avoid confusion between groups receiving aureomycin or
avidin, the group receiving aureomycin was identified by'the
letters Au and the groups receiving avidin were identified
with the letter A. Individual guinea vigs in an experiment
were 1ldentified by numter. A summary of the code identifica-

tion for the groups 1is given in Table 1.
Animels and Their Care
Animals

All guinea pigs used during the study were obtained from
Gopher State Caviary, St. Paul, Minnesotz. Guinea pigs were
placed on a train in Minneapolis a2t 4:00 P.M. and arrived at
the Railway Express office in Ames at 5:00 A.M. the following
morning. Only male animals were ordered.

The ages of the animals varied from one eXperiment to
anotner. At first older animals were thought more desirable

because they would adjust more easily to a synthetic diet;
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Tgble 1. Designation of experimental groups

Code
designation
Experiment Diet of group
I Synthetic diet 1 + biotin I SB
Synthetic diet 1 + biotin, lettuce I SBL
Synthetic diet 1 + biotin, minerals I SBM
Synthetic diet 1 + biotin,
minerals, sureomycin T SBMAu
11 Synthetic diet 2 II s!
Synthetic diet 2 + biotin II o'B
Synthetic diet 2 + desthiobiotin IT1 S'D
Synthetic diet 2 + sulfasuxidine IT s'S
I1I Synthetic diet 3 III s*
Synthetic diet 3 + biotin III S"B
Commercial rabblt chow IITI C
Iv Synthetic diet 3 IV gt
Synthetic diet 3 + avidin IV sha
Synthetic diet 3 + biotin IV s
Synthetic diet 3 + biotin, avidin IV S"BA
Commercial rabbit chow v ¢
Commercial rabbit chow + avidin IV CA
v Synthetic diet 3 + biotin V s'"B
, Synthetic diet 3 + avidin V StA
Commercisl rebbit chow Ve
Commercizl rebbit chow + avidin V CA
VI Synthetic diet 3 + biotin VI S'B
VI S"A

Synthetic diet 3 + avidin

younger guinea pigs were obtained for the third, fourth, and
sixth eXperiments becazuse of the better possibility of deplet-
ing their blotin stores, but in Experiment V, older guinesz
plgs were used 1n hopes that a chronic biotin deficienecy could

be produced. Estimations of the beginning zges of the animals
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for the experiments have been made and are summarized in Table
2. The estimetions were based on teginning weights and
- weights at the end of the first week when the animals should

have recovered from weight losses occurring during shipping-

Table 2. Estimations of group age a2t the beginning of

experiments
Average Average
beginning weight at end Estimated
Group weight of first week group age
(gm.) (gm.) (days)
1 SB 188 164
I SBL 185 217
I SBU 163 196 10 - 14
I SBMAu 162 183
II st - 184 206
I S'B 198 200
II S'D 173 204 12 -4
IT s'3 221 218
IIT 5"B 110 ' 150
IIT St 72 102 S - 6
IIT C 107 128
IV s» 20 102
IV sS"B 108 124 4
IV SYA 135 178 s
IV C 113 124
V S'B 182 214
V ShA 181 21¢
v C 190 234 12 - 15
V CA 204 243
VI S'B 146 179

VI SYA 148 158 6-8
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Housing and care

For the first two experiments guinea pigs were housed
individually in 8" x 10" x 8" cages with wire mesh bottoms
suspended in a roll-away rack over wood shavings. TFor the
last four eXperiments each guinea pig was housed in 18" x 12"
x 8" wire mesh cage which was placed over a tray of wood
shavings. The wood shavings were changed daily and the cages
were changed and sterilized once a week. Water botiles were
washed every two days, or oftener if necessary, and fresh
distilled water was given daily.

For the very young guinea pigs small food dishes, in
zddition to metzl ones aslready present, were placed in the
cages during the first week of the experiment. Small con-
tainers of distilled water were also provided in addition to
water bottles.

Food and water were supplied 2d libitum 2% 211 times.
Daily food intake records were kept for all animals. To pre-
vent undue vitamin losses by long exposure to room temperature
the approximate amount of food eaten within 24 hours, plus =
slight excess, was placed in each food cup- In many cases
this procedure made it necessary to ccllect scattered food
pellets three or four times daily. Even so, guinea pigs
sometimes would not have access to food when checked in the

morning.
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Guinez pizs removed from experiment
£

During the course of the experiments certain animals
were eliminated for reasons not necessarily related to the
dietary modificetions. In three czses guinea pigs refused to
eat the diet or ate éuch small quantities that they either
died or beczme so wezk they we.,e sacrificed. Colds occurred
and in five instances colds became so severe or lasted for
such a long period of time thst animels were removed from
experiment. Three znimals from control groups and one animal
from an experimentsl group died from unexrlained causes.

No guinea pigs were removed from the first experiment,
but two were removed from the second. Guinea pig II S5'D24
was 2 female 2znd guinea pig II S'S15 died after 7 days on the
experiment becsuse he refused to ezt.

Guinea pigs eliminated from the third experiment included
three (III S"B4, III C7, and III S"14) removed because of
colds, a fourth (III C6) which refused to eat, a fifth
(III C1l0) which behaved very peculiarly, perhaps due to @2
middle ear infection, and a sixth (III S"B3) which was trens-
ferred to the experiment of another worker.

In Experiment IV, date from three guinea pigs could not
be inecluded in the results. Animal IV S"2 died after 18 days
on the experiment, heving hed a cold most of that Time.
Guinea pig IV 5" died after 6 days due mainly to poor food

consumption, and guinea pig IV S"B6 died after 17 days on
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experiment. It had developed the same peculisr behavior as
guinea pig III Cl0.

Of 28 guinea pigs starting Experiment V, three were not
sultable experimentel animals. The first (V CA22) died 3
days after arrival; the second (V C18) died on the 11th dey
of the experiment after an illness of several days; the third
(V S"B2) was sacrificed on the 41st day because 2 cold con-
tracted during the second week of experiment hed beccme in-
creasingly severe.

Four guinea pigs were removed from the sixth experiment.
Guinea pig VI S"B5 was z female; guinea pig VI S"A22 died on
the fifth day due to a perforation of the lower bowel; gulinea
pig VI S"A19 was sacrificed after 15 days because it had had
a severe cold for a week; and although guinea pig S"A23 com-
rleted the experiment, its date were not used because it re-
fused to consume desired amounts of avidin.

All data from these guinea pigs have been eliminsted

from results discussed in this thesis.
Diets

Composition

Three synthetic diets were used in experiments reported
here. The first diet, 5, had been developed earlier by a

worker in this laboratory and based on a diet satisfactory
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for rats. Vitamins were included in amounts twice as large
as those used by Woolley (1942) and Woolley and Sprince
(1945).

After Reid snd Briggs (1953) putlished their synthetic
diet for guinea pigs, it was modified and used in the second
experiment. The major differences between diet S' snd the
diet proposed by Reid and Briggs were in the type of bulk and
in the carbohydrate source. Gum arabic was substituted for
cellophane spangles end two carbohydrates, dextrin and glu-
cose, were used instead of three, cornstarch, sucrose, zand
cerelose. The third synthetic diet, S", was fed in Experi-~
ments III through VI znd differed from the second, S', in that
cellophane spangles and three carbohydrztes, dextrin, sucrose,
and glucose, were used. The compositions of the three syn-
thetic diets zre given in Table 3.

Approximstely 0.25 mcg. of vitsmin Byo was fed per os
daily to each gulnea plg receiving a synthetic diet except
in the final experiment when it was included as 0.4 gram Bjs
with mannitol (0.l per cent trituration) per kilogram of
diet. When given orally Byo was contained in one drop of a
solution prepared by mixing 1 ml. of sterile saline contain-
ing So'mcg. Byjo per mi. with 5 ml. of distilled water.

Ten milligrams of ascorbic acid in 0.5 ml. of 2 40 per
cent solution of glucose were given from a pipette each day to

each gulnea pig.
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Tatle 3. Composition of the synthetic diets

. Diet
Ingredients S St St

(gm./kg.)
Vitamin-free casein 300 300 300
Gum arsbic 150 1850 -
Cellophane spangles - - 180
Salt mix® 50 50 50
Magnesium oxide - 5 LS}
Potassium acetate - 25 23
Swiftnin% 20 - -
Corn oil 1 80 73
Glucose 325 255 161
Sucrose - - 117
Dextrin 140 130 118
Choline chloride 2 2 2
Inositol 2 2 2

(mg./kg.)
Thiamine HC1 4.00 16.00 16.00
Rivoflavin ‘ 10.00 16.00 18.00
Pyridoxine HCL 4.00 16.00 15.00
Niacin 20.00 200.00 200.00
Celcium pantothenate 20.00 40.00 40.00
Folic acid 0.12 10.00 10.00
Pars-aminobenzoic zcid 2.00 - -
2-Methyl-1, 4-naphthoquinone 2.00 2.00 2.00
Oleum percomorphum® 300.00 600.00 300.00
Wheat germ oil 100.00 - -
Alphs~-tocopherol acetate - 20.00 20.00

2Phillips and Hart (1935)

PMazola

C300 mg. of oleum percomorphum cocntained approximately:

18,000 U.S5.P. units vitamin A
2,550 U.S.P. units vitamin D
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Guinea pigs which were fed commercizl rabbit pellets re-
ceived zpproximately 1250 U.S.P. units of vitamin A and 180
U.S.P. units of vitamin D cnce 2 week, provided bj one drorp

of oleum percomorphum administered per os.

Preparation of diets

Vitamins were added to the synthetic diets 2s 2 mix con-
sisting of thiamine, riboflavin, pyridoxine, calcium panto-
thenate, niacin, folic acid, pars-sminobenzoic a2cid, 2-methyl-
1,4-nsphthoquinone, inositol, choline chloride, and glucose.
The vitamins were ground together carefully with a mortar and
pestle. Sufficient glucose was then added so that the vitamin
mix could be incorporated as &5 per cent of the totzl diet.

The vitamin mix was stored in green jars at -4° F. 2nd used
2s needed in preparation of the diev.

Alpha-tocopherol acetate and oleum percomorphum were
added to the diet by diluting first with the corn oil to be
included in the diet.

Synthetic diet was prepared in a quantity sufficient for
about 3 weeks. After mixing, the diet was pelleted for ease
in keeping records of food inteke and beczuse it was believed
that a pelleted diet would be more acceptable to guinea pigs.
For the first two experiments the diet was mixed with dis-
tilled water (8 to 10 ml. per 100 grams of diet), rolled into

2 thin lazyer, cut into small pieces, and dried by air at 45° C.
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or by infra red lamps a2t temperatures below 55° C.

Drying of the pellets for the first experiment required
4 to 5 hours at 45° C. For the second experiment the drying
time was reduced to 2 t0 3 hours by using infra red lamps
under a hood. However, since this procedure required almost
constant attention air-drying at 25° C. wes adopted for the
remaining experiments. When dry, the pellets were coocled and

stored st -4° F. in tightly closed jars.

Isolation of avidin

Avidin wss isolated according to the method developed
by Dhyse (1984). Egg white, described as Egg-white Solid,
Spray Type 12 (F-12), was obtained from Dr. Richard Forsythe
of Henningsen, Inec.,; Springfield, Missouri.

Eight hundred grams of dried egg white were extracted at
2 time. This amount of dried egg white was dissolved in 8
liters of distilled water and the pH adjusted to 5.1 with 1 N
hydrochloric acid. Nine liters of acetone were added slowly
and the mixture stirred for 15 minutes. The mixture was fil-
tered through Whatman No. 52 paper in Buchner funnels (24 cm.
dismeter). The precipitated egg white was suspended in 4
liters of distilled water, stirred 15 minutes, refiltered,
suspended in 8 liters of 1 per cent socdium chloride, and

stored overnight at 5° C. The saline filtrate obtained from

this suspension was poured into lengths of cellophane tubing
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and dialyzed for 2 days at approximately 5° C, the distilled
water being changed three times daily. After the zctive
frection had precipitated, the tubes were emptied into large
bezkers, and rinsed with 1 per cent saline to dissolve the
precipitate which clung to the sides. The rinsings were
treated separately. Fifty grams of filter aid (Celite
anslytical filter aid, Johns-Mansville Co.) were added to the
beaker contzining the contents from the tubes minus sgline
rinsings. The Celite wzs filtered off, suspended in the
szline rinsings, stirred for 30 minutes, and again Tiltered.
When the saline solution was mixed with an equal volume of
cold ethyl alecohol (-4° F.), avidin orecipitated. The pre-
cipitate was centrifuged in 2 cold room (‘20O F.), washed with
50 per cent cold ethyl alcohol, recentrifuged, freeze-dried
to 2 powder and stored &t -4% F. The procedure was repeated
until sufficient avidin was isolated for an experiment.
Avidin was 1solated at three different times from three
batches of dried egg white, once each for Experiments IV,

V, and VI.

Dhyse repcrted the purity of avidin prepsred by this
method as 20 per cent. By definition "pure" avidin contains
8 units per mg., one unit of avidin combining with 1 meg. of
bietin. In calculating the amounts of avidin to be fed, 20

per cent purity was assumed.
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Experimental Plans

Experiments

Experiment I The first experiment wes conducted for

the purpose of testing a synthetic diet and the effect of
aureomycin on guinea pigs receiving this synthetic diet. If
aureomycin were non-toxie, it might be used as a bacterio-
static agent in subsequent experiments. Eight animals were
divided randomly into four groups. All guinea pigs received
biotin.at the rate of 0.20 mg. per kilogram of ration. Biotin
was the only addition to the first group, SB. In addition to
biotin, the second group, SBL, received 15 grams of head
lettuce daily; the third group, SBM, received 0.5 gram mag-
nesium oxide and 2.3 grams pctassium acetate per 100 grams
of diet; and the fourth group, SBMAu, received the minerals
and 11 mg. of aureomycin per 100 grams of diet.

Experiment II Three diets were used in Experiment II

in an attempt to produce biotin deficiency. They were diet
S', which contained no biotin and was a modification of that
developed by Reid and Briggs (1953), diet S'S, which included
the bacteriostatic agent, sulfasuxidine, and diet S'D, which
included the analog desthiobiotin. A ccntrol group received
diet S'B, which contained 0.80 mg. of biotin per kilogram cf
diet.
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Desthiobiotin was added to the diet in amounts 5000 times
that of the biotin fed to the control group, or 300 mg. 4l-
desthiobiotin per kilogrem of diet. Sulfasuxidine was added
as 1 per cent of the diet. The control group and the group
receiving only the synthetic diet consisted of four guinea
pigs each and the groups receiving the synthetic diet with
desthiobiotin or sulfasuxidine had five guinea pigs each.

Experiment III Diet S" was used in the third experi-

ment, a second attempt being made to produce a.deficienéy
with 2 purified diet, but with younger guinea pigs than in
Experiment II. "Performance of control guinea pigs recelving
synthetic diet plus biotin (S"B) was checked by a group fed
commercial rabbit pellets (Purina Complete Rabbit Chow). The
control group consisted of five animals receiving 0.60 mg.

of biotin per kilogram of synthetic diet, the experimental
group (8") consisted of four animals receiving only synthetic
diet, and the third group (C) consisted of six animals receiv-
ing commercial rabbit pellets.

Experiment IV In Experiment IV, very youhg guinea
39 ! g g

pigs were fed synthetic diet S", and a few guinea pigs served
in a pllot study for feeding avidin. Thirteen guinea pigs
were divided into three groups, the three lightest being
placed in the S" group. The beginning weights for the guinea
pigs were 82, 91, ©5, 109, ard 155 grams for the group receiv-

ing diet S*'; 102, 106, 106, and 102 grams for the group re-
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ceiving diet S"B, which contained 0.80 mg. of biotin per
kilogrem of diet; and 107, 102, 118, and 118 grems for the
group (C) receiving commercial rabbit pellets.

Avidin wes fed to one guinea pig in each of the three
diet groups. Guinea pigs receiving avidin were IV S"BA9,
IV CA13, and IV S"A5. Starting on the 14th day, 1.5 mg. of
the avidin preparation were given daily until the 35th day
when the amount was raised to 2.0 mg. Each morning avidin
was fed in 0.5 ml. of 0.1 per cent saline solution.

Experiment V The fifth experiment consisted of four

diet groups. The first group recelved synthetic dlet vlus
0.60 mg. biotin per kilogram of diet; the second group re-
ceived synthetic diet plus avidin; the third group received
commercial rabbit pellets; and the fourth group received com-
mercial rabbit pellets plus avidin. Avidin waes withheld for
the first 6 days of the experiment, then the S"A group recelv-
ed 1.5 mg. of the avidin preparation and the CA group received
3.0 mg. for 2 weeks. The amounts were doubled for both groups
from the 21st day on. Avidin was fed in 0.5 ml. saline for
the S"A group and 1.0 ml. for the CA group throughout the ex-
periment, the entire amount being given in one feeding each
morning.

Experiment VI The experiment consisted of two groups

of 15 guinea pigs each. The first, or control group received

synthetic diet with 0.60 mg. biotin added per kilogram of diet
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end the second group received synthetic diet plus avidin.
Avidin supplementation began»the dzy the guinea pigs arrived.
Six milligrams of the avidin preperation were given per day
for the first 2 weeks, then the smount was raised to 18 mg.
for the remsinder of the experiment. Avidin was fed three
times daily in a total of 1 ml. of 0.1 per cent saline solu-
tion. Guinea pigs received 0.3 ml. of the 2vidin sclution in
the morning and at noon and 0.4 ml. in late afternoon or early
evening. Contrcl guinea pigs received 1 ml. of saline each

day-
Szcrifice and Autopsy of the Animals

Since tissues samples Were required for analysis, gulnea
pigs were sacrificed when death seemed imminent and, 1f pos-
sible, a control guinea pig was sacrificed =2t the same time.
The experiment was termineted and the remainder of the guinea
plgs sacrificed after their period of rapld growth had passed.
Guinea pilgs which died were autopsied to ascertain possible
ceauses of deaths and to check for organ changes, but tTissues
were not saved.

Guinea pigs were anesthetized by injecting 0.75 to 1.5
ml. pentobarbitel sodium intraperitoneally. Each milliliter
contaeined 0.45 grains pentobarbitsl sodium.

Blood was obtzined by syringe from the portal vein or

heart and emptied into vials containing dried double oxalate
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(1.4 grams sodium oxzlate and 0.8 grams potassium oxalate in
100 ml. distilled water, 0.1 ml. used per milliliter of
blood). The contents of the vials were thoroughly mixed, the
vials’stoppered and refrigerated if the blood could not be
measured immediately for the various determinations. Within 2
to 3 hours, determinations of hemoglobin and packed red blood
cell volume were made and the protein-free filtrate of blood
for urea and nonprctein nitrogen determinations were prepared.
Animals were exsanguinated by cutting the portal vein
and organs removed for observation. Tissues to be analyzed
were weighed, wrapped in aluminum foll, frozen, and stored at
-4° F. Records were made of the gross sppearance of the
liver, kidneys, adrenal glands, spleen, reproductive organs,
lungs, gastrointestinal tract, end fat stores. The gastro-
intestinal tract from a point immediately below the diaphragm

to the anus was removed and weighed with contents.

Analyses
Hematology
Hemoglobin Hemoglobin as oxyhemoglobin was deter-

mined in triplicete by a modification of the procedure of Win-
trove (1946, p. 255). Twenty microliters of oxalated blood
were measured into 8.0 ml. of freshly prepared 0.5 per cent
ammonium hydroxide and the resulting color resd in thé Beck-

man DU quartz spectrophotometer a2t 540 mu
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Packed red blecod cell volume Packed red blood cell

volumes were measured in triplicate with Van Allen hematocrit
tubes. Blood was diluted with 1.5 per cent scdium oxalate
and thevfilled tubes were centrifuged at 2500 r.p.m. for 45
minutes.

Urez 2nd nonprotein nitrogen The blood filtrate used

for urea determinations in Experiments II, III, and IV was
prepared by tungstic acid precipitation according to Folin
and Wu (1919). To 1 ml. of oxalzted blood 7 ml. of distilled
water were added, then 1 ml. of 10 per cent tungstate and 1
ml. of 2/3 N sulfuric acid. In the fifth and sixth experi-
ments when nonprotein nitrogen was also determined, modifica-
tions of this method were used. In the fifth experiment
Haden's modifieation (19?3) wes used. Distilled water and
2/3 N sulfuric acid were combined and added to the blood as
8 ml. of 1/12 N sulfuric z¢id, in order to prevent loss of
some nonprotein nitrogen precipiteted by the original method.
Van Slyke and Hawkin's modification (1828) was used in the
sixth experiment. For precipitation of protein, all three
reagents of the original procedure were mixed and added as a
single reagent. Filtrates ovtained by the gbove procedures
were covered with toluene and stored in tightly stoppered test
tubes at -4° F.

Colorimetric determinatlions of blood urea were made using

the method of Archibzld (1945). To 1 or 2 ml. of the 1:10
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protein-free filﬁrate were 2dded (1) water, (2) an scid mix-
ture consisting of 1 volume concentrated sulfuric seid, 3
volumes syrupy phospheric acid and 1 volume distilled water,
and (3) a color resgent, K-isonitrosopropiophenone. Color
was developed by boiling for 1 hour in a covered water bath
with marbles being used to cover the test tubes rather than
the cork-capillary stopper of the original method. Samples
were then cooled quickly in a covered water béth gt room
temperature in a darkened room. The color was read in a
Klett-Summerson vhotoelectric colorimeter using a No. 34 green
filter.

One-milliliter 2liquots of 1:10 protein-free blood fil-
trate were used Tor nonprotein-nitrogen determinations.
Digestion (Wong's procedure, 1923) was carried out in 25 by
200 mm. tubes msrked at 35 and 50 ml. with 1 ml. of 50 per
cent sulfuric acid. After z 4-minute digestion period, 2
drops of hydrogen peroxide completed the clesring and the
samples were digested for an additional minute, cooled, and
dlluted to 35 ml. with distilled water. Color was developed
with Nesslers' solution prepered sccording to Koch and
McMeekin (1924). Nessler's solution was a2dded 1 minute
before resding since cloudiness usually developed within 4 1o
5 minutes. A Klett-Summerson phctoelectric colorimeter with

2 No. 54 green filter was used for the resadings.



52

Adrensl cholesterol

For adrensl cholesterol determination the zuthor develop-
ed a modificastion of the serum method published by Abell et
al. (1952). The method published by Abell and coworkers re-
quired saponification of 0.5 ml. serum with 5 ml. alcoholic
KOH, but 0.5 ml. of agueous adrenal homogenate (total volume
25 ml.) contained too little cholesterol for color develop-
ment. The present zdeptation involved grinding adrenals in
2 ml. of absolute aleohol in a Potter-Elvehjem homogenizer,
transferring to a 25 ml. volumetric flask and making to volume
with absolute alcohol. Five milliliters of this homogensate
were treated in the same manner as standards in the method of
Abell and coworkers.

The procedure for determining cholesterol follows: & ml.
of adrenal homogenate or standard cholesterol in absolute
alcohol were measured into a 25 ml. glass-stoppered centri-
fuge tube, 0.3 ml. of 33 per cent acqueous KOH added, and the
mixtures shaken. Saponification was accomplished by incubst-
ing the samples for 55 minutes at 38° C. in a water bath.
After incubation, 10 ml. of petroleum ether were added to
each tube and the samples shzken. Then 5 ml. of water were
added, the samples again shaken, and centrifuged. An aliquot
of the petroleum ether layer, which was transferred to a test

tube, was evaporated in a water bath at 60° C. After the
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samples were dried thoroughly, color was developed with a
modified Liebermann-Burchard reagent (Abell et 2l., 1952)

by incubating for 30 minutes at room tempersture in a water
bath which excluded light. Color was read in a Beckman Model

B spectrophotometer at 620 mew

Anglyses of liver

Preparation of liver homogenate Livers were homogen-

ized with acetate buffer (pH 4.6 - 4.8) in a Waring blendor,
transferred quantitetively to & volumetric flask and made to
volume with distilled water. Since livers varied widely in
weight, final volume was chosen so that a somewhat uniform
concentration of tissue would be obtained. Buffer was used
at a rate of & ml. per 256 ml. of final volume. Homogenates
were covered with a2 layer of toluene and stored in dark
bottles at -4° F. until all determinations had been finished.
Wnen homogenates were tnawed for the various analyses they
were reblended before samples were withdrawn.

Hepatic nitrogen Hepatic nitrogen was analyzed by

the Kjeldahl-Gunning-Arnold procedure. Twenty milliliters of
homogenate were digested with 25 ml. concentrated HoSO4 and
a catalyst composed of 15 grams K550, and 0.7 gram mercuric
oxide. After reducing excess mercuric oxide with zinec dust
and neutralizing the HoSOs with saturated NaOH, ammonia was

distilled into 2 per cent boric acid solution (modified from
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Meeker and Wagner, 1933) and titrasted with standard C.1 N
HC1l using methylene blue-methyl red as an indicator.

Hepatic fat Hepatic fat was delermined using the

Soderhjelm and Soderhjelm (1948) method. Ten milliliters of
liver homogenate were extracted twice with ethyl alcohol,
ethyl ether, and petroleum ether. The first extraction was
made with 15 ml. ethyl aleohol, 20 ml. ethyl ether and 25 ml.
petroleum ether and the second with 5 ml., 15 ml.,'and 15 ml.,
respectively of the three solvents. The solvents were evap-
orated over a water bath and the fat dried for 14 hours at

o
50° C. in a vacuum oven.

Hepatic moisture Five milliliters of homogenate were
dried to constant weight in small weighed aluminum cups in
an air oven at 75° C.

Hepatic biotin Duplicate l1-ml. aliquots of liver

homogenates were assayed microbiologically for biotin. The
aliquots were autoclaved for 1 hour at 15 pounds pressure
with 15 ml. of 3 N HoSO0s4. After the samples were cooled,
they were transferred to volumetric flasks, diluted to
approximately 3/4ths of their final volume, and their pH
adjusted to 6.6 ~ 6.8 with 5 N NaOH using brom thymol blue
as an eXternal indicstor. Then the samples were diluted to
volume. \

To correct for inhibiting effects of the NaoSO4 in the

samples on growth of L. arabinosus, NaoS04 was added to the
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basal medium of the standard curve in amounts equivalent to
that obtained in a tube containing 3 ml. of the test mate-
rial.

The medium used for biotin assay was a modification of
that of the American Association of Agricultural Chemists
and United States Pharmacopeia (1945, p. 362) and the compo-

sition is given in Table 4.

Tsble 4. Composition of 100 ml. double strength medium

Hydrolyzed casein (vitamin-free) 10.0 ml.
Glucose 4.0 gm.
Sodium acetate 4.0 gm.
L-asparagine 50.0 mg.
L-cystine 40.0 mg.
Glutamic acid 40.0 mg.
DL-tryptophan 20.0 mg.
Xanthine 2.0 mg.
Adenine 2.0 mg-
Guanine 2.0 mg.
Uracil 2.0 mg.
Pantothenic acid 80.0 mcg.
Rivoflavin 80.0 mecg.
Thiamine 40.0 mecg.
Niaein 80.0 meg.
Pyridoxine 40.0 mcg.
Para-aminovenzolc acid 40.0 meg.
Folie acid 4.0 meg.
Salts A& 1.0 ml.
Salts B 1.0 ml.

Salts A 100 mg. KoHPO4/ml.
100 mg. KHoPOy/ml.

Salts B 40.0 mg. MgSO4- 7HoO/ml.

2.0 mg. NaCl/ml.
2.0 mg. FeSO04+ 7HoO/ml.
2.0 mg. MnSO4 - 4H20/ml.
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After incubation at 37° C. for 72 hours, the micro-
‘organisms were destroyed by autoclaving for 5 minutes and
lactic zcid was titrated with 0.1 N NaCH with brom taymol

tlue zs the indicator.

Musecle biotin

The gastrocnemius muscle tissue was homogenized in 5 mi.
of acetate buffer (pH 4.6 - 4.8) using a2 Potter-Elvehjem
homogenizer and diluted to 25 ml. One-milliliter zliquots
were assayed with L. arabinosus following the same procedure

as that used for hepatic tissue.
Renal fat

Kidneys were homogenized in distilled water using a
Waring blendor, transferred quantitatively to 2 80 ml. volu-
metric flessk and made to volume. Ten-milliliter aliquots

were extracted according to Soderhjelm and Soderhjelm (194%).
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RESULTS AND DISCUSSION
Evalustion of Physical Changes

Evaluation of changes during a deficiency are often based
in part on the appearance of the animal. GySrgy (1954) has
described varying degrees of biotin deficiency in the rat.

The ineipiently deficient rat exhibited cessation of growth,
spectacled eyes, and beginning alopecia. A slightly to
moderately deficient rat had a combinastion of the zbove symp-
toms coupled with more merked alopecila, closure of the eyes
by exuéate, and red, inflamed nose and snout. A moderately
to severely deficient animal had developed cracks and sores
on the skin along with encrustations, scab formation, znd
seborrhoic deposits. A severely deficient rat was zlmost
completely denuded, walked with the kangarco gseit, had sores
and cracking of the skin, particularly of the folds under
the legs, closure of the eyes, and marked weight loss.

Guinea pigs in the present experiment, however, defied
classification by this method because the gross manifestations
wvhich they developed were neither as severe nor as veried as
the symptoms described gbove. Symptoms such as spectacled
eye and kangaroo gait did not occur. The guinea pigs develop-
ed symptoms that were, in fact, very close to those described
by Lease et z1. (1937), namely, inactivity, a hunched posi-

tion, and dull, unkempt hzir. Lease and coworkers felt such
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nonspecific symptoms in the guinea pig were not due to biotin
deficiency but to toxicity of egg white in the diet.

In the present experiments, a slight scaliness of the
feet or ezrs sppeared occasionally in deficient guinea pigs,
but the condition never persisted or became severe. The hair
of ten seemed thinner on the deficient guinea pigs than on
their controls, but definite denuded areas were observed on
only two animals. DBoth of these guinea pigs were receiving
syathetic diet plus avidin in Experiment VI, and lost healr in
the ventral region. Bristly fur zlsc appesred on the outer
legs of one guinea pig and its hair lost some color. Since
a2 lerge number of the guinea pigs were albinos the possible
effect of biotin deficiency on hair color could not be eval-
uated.

The onset of deficiency was possibly too sudden for
characteristic symptoms to develop during the last experiment.
The majority of guilnea plgs were autopsied between the fourth
and fifth week, while the guinea pig exhibtiting loss of hailr
color d4id so only a2t the end of the sixth week. Generezlly
heir begen to fall out during the fourth week. Coots et zl.
(195¢) noted hair loss after zpproximately 4 weeks, but the
decoloration of the cocazt did not appesr until the eighth week.

Animals developed an emacisted appesrance which was
perticularly noticeable if they survived after weight loss
began. The term "unthriftiness" used by CGram 2nd Okey (1958)
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to describe thelr biotin-deficient rats was a good adjectlive
for the usuzl sppearance of deficient guinea pigs. Most
animels were sacrificed a2fter weight loss begsn because thelr
condition became precarious quickly. Of 10 guinea pigs re-
ceiving avidin in Experiment VI, two guinea pigs ccllapsed
and were sacrificed immediately and & third died. Of these
three, two had had only slight weight loses, 6 and ¢ grems,
and one hzd lost 36 grams. The only outward gross symptoms

for these three were cottony fur and retarded growih.
Effect of Diets on Hepatic Concentration of Biotin

Several groups of workers have mezsured hepatic stores of
biotin to evaluate the severity of the deficiency which they
had produced. Biotin was determined in the livers of guinea
pigs beginning with those of Experiment II. Values for indi-
vidusl animais are given in Teble 5 and average values for

groups in Tables 6 and 7.

Synthetic diet

When the results for all groups recelving synthetic diets
were compared with results for their control groups receiving
synthetic diet plus biotin, no consistent difference wes
apparent. Only in Experiment III were concentrations of
biotin lower in the group receiving the synthetic diet than

in their controls. Age at the beginning of the experiment did



Table 5. Concentration of bilotin in livers of guines pigs of Experiments II
through VI

Final No. of Liver Total _ ,
welght days on welght nitrogen Total bilotin
Animal (em.) expt. (gnm.) (mg. (mcg./1iver) (mcg./gm. liver) (meg./mg. N)

IT 8'Bl 496 81 16.3 532 12.0 0.74 0.023
I1 8'Bb 292 44 12.6 690 11.9 0.94 0.032
ITI 8'Bl4 320 8l 26.0 690 18.9 0.76 0.027
IT s'17 501 81 17.1 549 14 .0 0.82 0.026
IT st2 426 74 13.5 4'70 12.6 0.93 0.027
II 8'9 342 43 12.2 344 10.1 0.99 0.029
IT 5'18 806 74 20.0 602 21.5 1.07 0.035
IT 8'21 537 74 24.7 698 20.9 0.84 0.030
IT 8S'D3 562 62 18.2 660 14.3 0.78 0.022
IT 8'D6 292 41 - - - - ~

IT 8'D10 449 62 16.2 619 11.2 0.74 0.022
IT S'Dis6 486 62 14.1 494 14.7 1.04 0.030
I 5'34 400 67 12.3 439 9.3 0.76 0.021
IT 3'813 427 67 15.2 6517 11.8 0.78 0.023
IT 5'822 437 67 156.3 621 15.5 1.01 0.030

II 5'823 440 67 15.0 483 2.0 0.60 0.019

0%



Table 5. (Continued)

Finel No. of Liver Total
welght days on weight nitrogen Total bilotin
Animal (gm.) expt. (gm.) (mg.g {(mcg./1iver) (mcg./gm. liver) (mcg./mg. N)

ITI S"Bl1 3562 44 16.3 497 16.5 1.01 0.033

IIT S'"B2 423 44 16.5 545 15.8 0.96 0.029
III S"B5 297 37 11.8 380 11.9 1.01 0.031
III C8 352 33 16.1 513 14.7 0.992 0.029
III C9 330 37 14.8 475 12.4 0.84 0.026
TII C11 293 38 16.0 518 15.9 0.99 0.030
III S"12 407 44 22,9 640 17.6 0.79 0.0928
III 8"13 288 41 11.6 oY 6.5 0.66 0.024
III S"15 97 19 3.5 120 11.8 0.52 0.015
IV 81 335 55 15.3 461 12.1 0.79 0.026
IV sS4 110 30 4.2 139 3.9 0.76 0.023
IV s8"45° 206 32 8.2 ong 3.3 0.40 0.01%2
IV S"B7? 174 34 7.0 216 6.2 0.88 0.028
IV S"BA9P 280 60 8.5 344 7.0 0.82 0.020

8Fed avidin 18 days
bFed avidin 46 days

9



Teble 5. (Continued)

Final No. of Liver Total ,
welght days on welght nitrogen Totel bilotin
Animal (gm.) expt. (gm.) (mg.§ (meg./1iver) (meg./gm. liver) (mcg./mg. N)

IV C10 2566 34 8.1 263 6.

1 0.75 0.023
IV 11 444 59 24,0 700 03 .7 0.99 0.033
IV ¢12 093 34 12,5 309 10.1 0.81 0.026
IV GAL3P 371 60 15,2 501 10.2 0.67 0.020
Vv S¥B1 328 29 - - - - -

V S'B3 575 60 27.8 873 20.6 0.74 0.024
V S"B4 572 60 30.0 919 17.6 0.60 0.020
V SYB5 515 52 21.0 799 0.5 0.93 0.028
V SUB6 569 60 20.1 683 19.2 0.96 0.028
V §"B7 537 60 24.3 799 19.5 0.81 0.024
V SUA8 390 60 19.3 508 7.4 0.38 0.014
V SUAQ 471 60 20.8 678 13,9 0.67 0.021
V S"AL0 620 60 20 .2 916 18.6 0.64 0.020
vV SUA1] 642 60 04.9 804 16.6 0.63 0.020
vV S"Al2 584 52 23.8 7 19.6 0.82 0.025
V SUAL3 450 52 17.2 617 11.5 0.67 0.019
vV S"Al4 346 34 - - - - -

a9



Table 5. (Continued)

Final No. of Liver Total
welght days on welght nitrogen Total biotin
Animal (gm.) expt. (gm.) (mg. (mcg./1iver) (meg./gm. liver) (mcg./mg. N)

C15 615 61 21.0 697 256.9 1.2C 0.039

\

V Cle 636 61 25.9 713 12.5 0.74 0.027
V C17 500 50 16.5 532 11.9 Q.77 0.022
V C19 596 61 21.6 715 31.1 1.44 0.044
V C20 636 61 22.6 706 25.9 1.14 0.041
V C21 672 61 26 .8 841 17.7 0.66 0.021
V CA25 579 51 22.7 630 15.4 0.59 0.021
V CA24 628 ol P2.6 666 38.2 1.69 0.0857
V CA25 525 ol 20.0 672 18.9 0.94 0.028
V CA26 586 51 18.9 Loyald 18.6 0.74 0.032
V CA27 687 51 16.2 621 20.9 1.29 - 0.035
V CA28 515 51 17.6 5860 12.3 0.70 0.022
VI S"Bl 281 46 16.2 489 8.0 0.48 0.016
Vi 8"B2 245 35 14.1 433 9.7 0.69 0.022
VI S"B3 429 60 26.2 728 15.1. 0.60 0.021
VI S'"B4 2565 25 11.5 396 7.7 0.67 0.020
VI S"B6 374 47 15.8 467 9.2 0.67 0.020
Vi S"BY 246 23 10.0 347 7.5 0.75 0.022
Vi S5"B8 279 32 15.2 477 7.2 0.54 0.015
VI S"B¢ 3569 46 18.2 o977 10.8 .59 0.019
Vi 8'"BlO 240 33 11.6 413 6.4 0.56 0.018
VI S"Bll 582 35 15.8 510 7.9 0.50 0.0186
VI S"B1l2 2956 35 15.4 492 8.2 0.83 0.01%7
Vi 3"B1l3 316 47 16.56 483 7.4 0.456 0.0156

15



Table 5. (Continued)

Final No. of Liver Total
N welght days on weight nltrogen Total biotin
Animal (gm.) expt. (gm.) (mg.‘c)§ (mcg./1iver) (mecg./gm. liver) (mcg./mg. N)

1

VI S5"Al4 242 46 10.6 547 1.7 0.16 0.005
VI S"Al6 185 33 10.7 320 P.2 0.21 0.007
VI S"Ale 176 23 6.5 231 2.1 0.32 0.009
VI SU"A1%7 179 35 7.9 272 1.8 0.22 0.007
VI 8"Al18 281 42 11.5 389 2.5 0.22 , 0.006
VI S"A21 194 32 - - - - -
VI S"A22 169 31 5.4 200 0.7 0.14 0.004
VI S"A24 143 20 7.2 336 1.2 0.16 0.004
VI S"AZ5 200 33 8.3 245 1.4 0.16 0.006
VI B"A26 169 32 6.4 296 1.3

0.20 0.004
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Average hepatic concentrations of biotin (meg./gm.), and ranges,

Table 6.
diet groups of Experiments II through VI
Experi- Group
ment SB 8 C SBA SA CA
II
Average 0.81 0.96
Range 0.76 - 0.94 0.84 - 1.0
111
Aversge 0.99 0.83 0.92
Range 0.96 - 1.0 0.52 - 0.79 0.85 - 0.99
IV
Average 0.88 0.77 0.856 0.82 0.40 0.67
Range 0.76 - 0.79 0.756 - 0.99
\s
Average 0.81 0.99 0.83 0.99
Vi
Aversage 0.59 0.20
Range 0.45 - 0.72 0.16 - 0.32

G9



Table 7. Average hepatic concentrations of biotin (meg./mg. N), and ranges,
for diet groups of Experiments II through VI
Experi-
meny SB . 5 C SBA SA CA
IT
Average 0.027 0.030
Range 0.023-0.032 0.027 - 0.035
ITI
Average 0.031 0.022 0.028
Renge 0.029- 0.033 0.015- 0.024 0.026- 0.031
Iv
Average 0.028 0.025 0.027 0.020 0.012 0.020
Range 0.023 - 0.026 0.023- 0.033
v
Average 0.025 0.032 0.020 0.033
Range 0.020 -0.028 0.021 -0.044 0.014-0.025 0.021 -0.0567
VI
Average 0.018 0.006

Range

0.015- 0.022

0.0043 -0.0087

99
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not explain this finding since guinea pigs in Experiment III
were similar in age to guinea pigs in Experiment IV although
in both experiments the guinea pigs were younger than guinea
pigs of Experiment II.

Wright and Welech (1944) found that hepatic biotin of
rats fed a purified diet was lowered from 1.5 mcg. per grem
of liver of their control rats of the same age fed 2 stock
diet conteining biotin to 0.72 - 1.1 mcg. in 6 - 8 weeks and
to 0.31 - 0.44 mcg. at the end of 12 weeks. With this degree
of biotin depletion, no gross signs of biotin deficiency
appeared. In the groups receiving synthetic diet in Experi-
ments II, III, end IV only two guinea pigs, III S"15 and
IV S"4, developed symptoms which were observed later in cer-
tain guines pigs receiving avidin. 'Guinea pig III S"15 had»
tne lowest hepatic concentrstlion of biotin when compered with
others of the same experiment and had welghed less than the
other animals at the beginning of the experiment. Guinea
pig IV S"4 had a high concentrestion of hepatic biotin, 2nd
2lso had been small when placed on experiment. Both, however,
had low totzl amounts of biotin in the liver becsuse their

livers were smell in size.

Synthetic diet plus dl-desthiobiotin

Individual guinez pigs of the group receiving dl-desthio-

biotin ell had hepatic concentrations of biotin which could
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be considered normal. They averzged 0.85 meg. per grem of
liver, a concentration similar to 0.81 mcg. for the group re-
ceiving synthetic diet plus biotin and to 0.26 mcg. for the
group receiving synthetic diet with no added biotin.

Biotin concentrations in livers of guines pigs receiving
dl-desthiobiotin did not differ from those of guinea pigs
receiving synthetic diet with or without added biotin despite
the inclusion of 300 mg. dl-desthiobiotin per kilogram of
diet (5000 times the amount of biotin added to the contrcl
diet). Wnether biotin in the liver wazs solely from that
synthesized in the gut by microorgznisms or partially frcm
converted dl-desthiobiotin is not known. The value, 0.85
mcg. per grem of liver, reported for the group represented
biotin only since dl-desthiobiotin neither replaces biotin
nof acts as an anti-biotin in the presence of an exogenous

supply of biotin for Lactobacillus srabinosus, the ocrganism

used for assazy (Lilly and Leonian, 1944).

Synthetic diet plus sulfasuxidine

Guinea pigs recelving sulfasuxidine as 1.0 per cent of
2 synthetic diet had hepatic concentraztions of biotin equal
tc those of animels receiving synthetic diet plus biotin or
synthetic diet without added biotin. Guinea pig II 5'S523
hazd the lowest liver biotin of 211 znimals in Experiment II,

but it hed no symptoms of biotin deficiency other than an
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unkempt egppearaace.

While biotin deficiencies in rats have been reported
when sulfzsuxidine was fed as 0.5 or 1.0 per cent of the diet,
hepatic bictin values have been reported only for experiments
whicn included sulfasuxidine as 2.0 per cent of the diet.
Wright and Welch (1944) found that hepatic biotin in rats
fed 2 purified diet containing 2.0 per cent sulfasuxidine
was lowered from 0.70 - 1.1 meg. per gram of liver to 0.41 -
0.72 mcg. after 6 weeks, to 0.20 - 0.42 meg. after 8 weeks,
and to 0.18 - 0.32 after 12 weeks. On the basis ol gross
symptoms Wright and Welch concluded that deficiency became
evident when hepatic biotin concentrztion fell below 0.35
mcg. per gram of liver.

Skegg and Wright (1946) have reported thet inclusion of
2.0 per cent sulfasuxidine in highly purified diets produced
a combined folic acid =nd biotin deficiency in rats. Rats
developed alopecia, porphyrin-stained whiskers, sore eyes,
and rough coazts. When different carbohydrztes were included
in the diets the azuthors noted that 2.0 per cent sulfasuxidine
was equally effective in producing 2 deficiency. One group
of rats, that receiving dextrin and 2.0 per cent sulfasuxi-
dine, had symptoms of biotin deficiency with 0.64 meg. bilotin
per gram of liver. This concentratlion was consideresbly
higher than the value which Wright and Welch (1944) had con-

cluded was criticazl for rets, namely 0.35 mcg. per gram of
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liver.

Synthetiec diet plus avidin

When avidin was fed to guinea pigs receiving synthetic
diet, hepatic biectin was lowered in some guinea plgs. Guinea
pig IV S"A5 was fed a synthetic diet, S", for two weeks 2nd
then 1.5 mg. of avidin conceantrate per day was added. Two
and one-half weecks latgrwthe guinea pig was losing weight
and had an unkempt, emacizted azppesrance. Hepatic biotin 2%
the end of 2 1/2 weeks was 0.40 meg. per gram of liver, a
value considerably lower than that of animals not receiving
avidin in the same experiment.

In Experiment V, group V S"A (receiving 1.5 mg. avidin
concentrste per day for 2 weeks, S.O.mg. thereafter) had an
average hepatic concentration of biotin lower than that of
group V S"B, the values being 0.63 meg. and 0.81 mecg. of
biotin per gram of liver, respectively. However, the indi-
vidugl velues within the two groups overlapped considerably,
the range for the control group being 0.60 to 0.96 mecg. per
grem of liver and for the S"A group, 0.358 to 0.82 meg. Only
the guinea pig héving 0.58 mcg. biotin per gram of liver and
guinea pig S"Al4, which died, were retarded in growth; no
others in the group h2d observable symptoms of blotin defi-
ciency.

In Experiment VI, the average bilotin concentration in
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the liver for the group receiving avidin (6.0 mg. 2vidin con-
centrate per day for two weeks, 18.0 mg. thereafter) was
lower than that of the control group whether expressed as
concentration per gram of liver or per milligram of hepatic
nitrogen. &Lso, the range of biotin concentrations in the
VI SYA group was well below that of the contrcl group. Con-
trols averaged 0.58 meg. blotin per gram of liver with a
range of 0.44 to 0.72 meg. and experimental animals zveraged
0.20 mcg. with z range of 0.15 to 0.32 meg. Expressed as
micrograms of biotin per milligram of hepatic niftrogen, the
group receiving avidin averaged 0.006 compared with 0.018 for
their control group. All guinea pigs receiving avidin showed
signs of biotin deficiency such as welght loss and unkempt
appearance.

The differences in hepatic biotin concentrations between
the animels receiving avidin in Experiments V aznd VI might
be éue (1) to differences in body stores of biotin at the
beginning of the experiment since guinees pigs in Experiment
V were older than those in Experiment VI and (2) to variation
in the purity of the avidin preparation since it was 1solated

at different times for each exXperiment.

Diets containing both biotin and zvidin

Feeding svidin to guinea pigs receiving blotin either in

a synthetic diet (IV S"BA) or in commercial rabbit pellets
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(IV CA13 zand group V CA) was ineffective in lowering biotin
concentrations in the liver. The amount of biotin available
to guinea pigs from dietary sources and intestinal synthesis
was agpparently in'excess of that necessary %o bind the avidin
fed. The good performance of guinea pigs receiving both
biotin and avidin indicated that avidin was not toxic to
guinea pigs in these experiments.
Relationship of Hepatic Concentration
cf Biotin to Deficiency Symptoms

Although Wright and Welch (1944) had concluded that in
razts biotin concentration must fell below 0.35 meg. per gram
of liver before symptoms of a deficiency would appear, later,
Skegg and Wright (1946) associated a much higher value, 0.62,
with deficiency in rats receiving dextrin and sulfasuxidine.
Terroine (1956) found that severe biotin deficiencies lowered
hepatic concentrations of biotin, on the average, from 0.S3
meg. per gram in control rats to 0.18 mcg. However, sone
variation occurred in severely deficient rats, with concen-
trations ranging from 0.10 to 0.26 mcg. per gram of liver.

Guinea pig III S5"15 which exhibited gross symptoms of
biotin deficiency such as reduced weight gein and unkempt
appearance had a biotin concentration of 0.52 meg. per gram
of liver or 0.015 meg. per milligram of hepatic nitrogen.
These values are as high as those for several control guinea

plgs in Experiment VI. However, the guinea pig had grown
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very little and its liver was so small that it contained only
1.82 mcg. biotin. Guinea pig V S¥A8, whose only indications
of deficiency were slow growth and occasional weight loss,
hed 2 biotin eonceantration of 0.33 meg. per gram of liver or
0-014 mcg. per milligram of hepatic nitrogen. The first
‘guinea pig to receive avidin (IV S"A5) had a concentration of
0.40 mcg. biotin per gram of liver or 0.012 meg. per milligram
of nitrogen. Its total hepatic biotin was 3.30 mcg. This
guinea pig had lost considerable weight and was shabby and
unkempt in appearance. Guinea pigs receiving avidin in Ex-
periment VI hed very low concentrations of hepatic biotin,
ranging from 0.16 to 0.32 meg. per gram or from 0.0004 to
0.009 meg-. pér milligram nitrogen. Total hepatic biotin
renged from 0.73 to 2.52 meg. Although all guinea pigs re-
ceiving avidin in Experiment VI had symptoms of biotin defi-
ciency at zutopsy, they did not all have the same visible
degree of deficiency.

The rzte with which deficiency symptoms appeared was
not associated with the degree of depletion of hepatic blotin.
Within the deficient group, guinea pig S"Al6, which had the
highest concentration of blotin in the liver was autopsied
on the 23rd day of the experiment because its condition
seemed precarious due to weight loss. The only changes in
its appezrance were ruffled fur and a general unthrifty

appearance. Guinea pig S"A24, which was zuftopsied only 2 days
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later because of 2 prolapsed anus, had a hepatic biotin con-
centration that was only one-half thet of S"Al6. Again the
'.only change noted was in hair texture. The guinea pig with
the lowest concentration of hepatic biotin (S"A22) collapsed
during the 3lst day, but other deficient guinea pigs (S"Al5,
17, 25, and 26) autopsied within the next few days had values
which were nearly average for this experimental'group. A11
had the same gross symptoms of weight loss and cottony fur.
Guinee pig S"Al4, which was on experiment for 46 deys, had
one of the lowest concentrations, but guinea pig S"Al8, which
was on experiment for 4C days, had one of the highest con-
centrations. Hence, lower hepatic biotin concentrations in
Experiment VI were not necessarily associated with lecnger
times on experiment.

Since variations of concentrations within the S"A group
were small and since, in many cases, the length of time on
experiment was not very different, =z closer relationship be-
tween these factors may exist than the results of this ex-
periment have indicated. Such small variztions made it dif-
ficult to relate biotin concentration to severity of the
gross symptoms which zlso varied only slightly.

| All>guinea‘pigs with the characteristic symptoms of re-
tarded growth, welght loss, low food efficiency and cottony
fur had total liver values of 3.30 mcg. or less. The concen-

tration of hepatic biotin associated with development of
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moderate to severe biotin deficiencies in guinez pigs of

Experiment VI was 0.32 meg. per gram of liver.

Biotin concentration in muscle

Gastrocnemius muscles obtained from guinsa pigs of Ex-
periments II, III, and IV were analyzed for biotin. The re-
sults are recorded in Table 8. No relationship between the
concentration of biotin in the muscle and the concentration
of bilotin in the liver waé observed. In Experiment IV guinea
pig S"A5, which had the lowest hepatic biotin concentration,
0.4C meg. per gram of liver, had an average biotin concen-
trztion for muscle of 0.048 mcg. per gram while S"B7, which
hed one of the highest hepatic tiotin concentrations, 0.88
meg. per grem of liver, had the lowest muscle biotin con-
centration, 0.02S mcg. per gram.

Terroine (1956) found that the concentration of muscle
biotin in rats receiving egg white was reduced to approxi-
mately one-fifth that of controls. The controls aversged
0.047 mecg. biotin per gram of muscle, the biotin-deficient
guinea pigs, 0.01.

Unfortunstely muscle biotin determinations were not con-
tinued after the fourth experiment and biotin deficiencies
were produced only in the sixth experiment. Terroine's find-

ings might have been confirmed in this final experiment.
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Table 8. Concentration of biotin in gastrocnemius muscle
of guines pigs of Experiments II, III, and IV

Wt. of muscle Totel Wt. biotin
removed biotin per gm. muscle

Animal (gm.) (meg.) meg. )
I1 S'Bl 2.1 0.136 0.085
1T S'B5 - - -

IT S'Bl4 1.3 0.062 0.045
II S'B17 1.9 0.088 0.C52
ITI St2 1.8 0.058 0.038
IT s'9 - - -

II 5'is8 2.4 0.139 0.058
IT s'21 2.2 0.12° 0.C59
II 8'D2 2.7 0.144 0.053
II S'De - - -

IT S'Dlo 2.2 0.134 0.061
II St'Dls 2.1 0.146 0.070
II S's4 1.8 0.107 0.081
I1 513813 2.0 0.129 0.065
I1 s's22 1.7 0.100 0.059
IT 3'523 2.1 c.11¢ C.Q87
IIT s"Bl1 1.25 0.080 0.04¢
III sS"B2 2.31 0.110 0.048
III S"B5 1.28 0.060 0.046
III C8 1.20 0.103 0.054
III C° - - -

III C11 1.21 0.061 0.0580
III s"12 1.82 0.090 0.047
III S"13 1.01 0.048 0.048
IITI S"15 0.17 0.067 . 0.040
IV sl 1.13 0.048 0.043
IV s"4 0.33 C.014 0.044
IV S"A5 0.50 0.024 0.048
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Table 8. (Continued)

Wt. of muscle Total Wt. biotin
removed biotin per %m. muscle

Animal (gm.) (meg.) meg- )
IV S'"B7 0.4% 0.014 0.022
IV S"B8 - ' - -

IV S"BAS. 1.48 0.C70 0.047
IV Ci0 0.89 0.048 0.054
IV Cl1 1.82 0.02¢9 0.084
IV C12 1.00 0.04¢C 0.041
IV CAl3 1.82 0.103 0.056

Weight Gain, Food Intake, Food Efficiency

The essentiality of a vitamin is often assessed by the
effect of its absence on growth znd survivel. Failure to
grow may result from either reduced food intake or reduced
ability to utilize food. The latter may be indicated by a
recuced food efficiency if food intzke remesins relatively
high.

Daily weight and food intake records were kept for each
guinea pig. From these records, weight change, food consump-
tion and food efficiency (welght gasined per gram of food
eaten) were calculated for each week of each experiment and
for the entire experiment. Only dzta for znimals completing
the entire week were used in tables that were compiled on

the weekly basis.
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Experiment I

The first experiment was a preliminary investigation of
the effect of aureomycin on the growth of gulnes plgs receiv-
ing a synthetic diet containing biotin. Roine (1952) had
noted unexpected effects of zureomycin when he was investi-
geting synthesis of vitemins in the intestine of the guinea
pig. After 2 days on a diet containing aureomycin, guinesa
pigs began to lose welght. BSix out of nine guinez plgs were
dead within 10 days. The remaining animals gained weight
after a pericd of time, but two of them had died by the end
of the sixth week. In 1955 Roine prcposed zn "infection |
theory" to explain these results. This theory suggested that
the effect was due to suppression of the flore ordinszsrily
found in the gut, hence allowing other microorganisms un-
heélthful to the animal to fluorish. In his review of anti-
bioties in nutrition, Jukes (1955) referred to a private com-
munication from Hogan stating that he had included aureomycin
in guinea pig feed since 1852, and that he credited this
antibiotic for his colony's ability to resist infectious
enteritis.

Toxic effects of z2ureomycin were not observed in two
guinea pigs in Experiment I. The guinea pigs were receiving
2 slightly higher level of aureomycin, 110 mg. per kilngam
of diet, than that used by Roine, 100 mg. per kilogram of
diet (1252).
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The twe animals receiving aureomycin responded quite
differently to this entibiotic. Guinea pig I SBMAu7 fre-
guently ste small zmounts of food but never éppeared 111 21—
Tthough it lost weight for the first 2 weeks, while guinea
pig I SBMAu8 ate well and grew well. As a result, wide dif-
ferences in weight gains, food intakes, and fcod efficlencies
were observed (Teble 9). GCuinea pig I SBMAu8 had an aversge
daily weight gain of 5.1 grams per day while guinea pig
I SBMAu7 aversged 2.0 grams. These gains were the highest
and lowest gsins during the experiment. Hence, it can be
concluded thaet aureomycin added to the diet did not affect
growth.

Both guinez pigs receiving aureomycin had frequent
periods of diarrhea and their general appearsnce suggested
that if the aureomycin were to be used as g tacteriostatic
agent for prevention of bilotin synthesis, all symptoms could
not be sttributed to biotin deficiency. CGuinea pigs receiving
either synthetic diet plus biotin or synthetic diet plus
biotin and lettuce or synthetic diet plus biotin and minerals
had similar gains and food efficiencies.

Although the guinea pigs receiving diets with and without
aureomycin survived and grew fzirly well, the synthetic dlet
used in Experiment I was abandoned in fevor of the diet
developed by Reid and Briggs (1953), who had reported an

aversge daily weight gain of 6.1 grams for 6 weeks; & value



Table 9. Bummary of weight gain, food intske, and food efficiency for gulnea
plgs during Experiment I

Beginning Final No. of Final wt. Av. wt. Av. food Food

welight welght days on 1lncrease gain intake efficiency
Animal (gm.) (gm.) expt. (gm.) (gm./day) (gm./day) (gm.)
I SBl1 207 315 42 118 2.8 10.5 0.2%
I SB2 164 330 42 161 3.8 11.7 0.32
I SBL3 214 420 42 206 4.9 13.6 0.36
I SBl4 156 508 42 162 3.6 8.5 0.44
I SBMbS 163 307 45 154 3.6 11.5 0.31
I SBM6 173 377 43 204 4,7 13.¢ 0.34
I SBMAuv7 157 241 43 84 2.0 7.8 0.25
I SBMAuB 168 382 42 214 5.1 12.86 0.40

08
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considerably higher than that obtained here for the same

period of time.

Experiment II

In the second experiment an attempt was made to produce
a blotin deficiency with a synthetic diet, with the same diet
plus dl-desthiobiotin or plus sulfesuxidine.

During the first week weight gains varied widely within
all groups except the II S'D group (Table 10). Wide varie-
tions were also noted in food scceptance. In the S$'S group
three of four guinea pigs lost weight during the first week
and one continued to lose weight during the second week.

From the third week on, however, growth was fairly regular
in each group with occasional variation within the groups due
to infections or temporary reductions in food intake.

The S'D group grew more rapidly froﬁ the first week on
than the S'B a2nd S' groups, while the S'S group grew less
rapidly. By the end of 8 weeks, the weight of the S'D group
averaged 91 grems heavier than that of the S'5S group and 45
grems heavier than thet of the $'B and S' groups. The weight
of the S'D group had averaged from 11 to 48 grams lower than
the other groups at the beginning of the experiment.

Diarrhea znd respiratory infections, which resulted in
weight losses for two guinea pigs (S'Bl, S$'Bl4), affect not

only their individusl growth and food efficiency records



Téble 10.

gulnea pilgs of Experiment II

Summary of weekly welght gain, food intake, and food efficlency of

Week of
s tudy IT 8'B IT s! IT S'D IT s's
1 No. of animals 4 4 4 4
Av. initial wt. (gm.) 184 198 173 221
Range 152 - 218 161 - 242 140 -~ 201 196 - 260
Av. wt. at end
of week (gm.) 206 200 204 217
Range 198 - 212 184 - 218 168 ~ 234 194 - 234
Av. wt. gein
(gm./day) 4.7 0.2 4,5 -0.4
Range -0.2 ~ 8.6 -5.6 - 4.9 2.6 - 5.7 ~4.3 - 5.4
Av. food intake
(gm./day) 7.5 8.4 2.2 6.4
Range 5.4 ~ 10.8 3.7 - 11.1 7.6 - 9.7 3.9 - 10.1
Av. wt. gsin per gram
food eaten (gm. _ 0.3% 0.12 0.48 -0.22
Range -0.16 - 0.80 -0.15 - 0.49 0.%4 - 0.59 -0.75 - 0,54
2 No. of animals 4 4 4 4
Av. wt. at end
of week (gm.) 263 2386 247 236
Range 232 - 264 228 -~ 2560 209 - 276 199 - 263
Av. wt. gain
(gm./day) 6.7 5.6 6.0 3.0
Range 4.3 - 7.4 2.1 - 7,9 3.6 - 7.3 -0.6 - 7.1
Av. food intake
(gm./day) 13.3 10.9 11.7 9.1
Ral’lge 1106 hend 15.4 800 hd 1207 10'5 - 1?,‘9 604 - 1101
Av. wt. gain per gram
food eaten gm.% 0.45 0.48 0.52 0.25
Range 0.22 - 0.68 0,32 - 0.67 0.31 - 0.59 -0.07 - 0.64

a8



Table 10.

(Continued)

Week of
study

IT 8!

IT 8'D

II 8'Ss

S

No. of animals
Av. wt. at end
of week (gm.)

Range

Av. wt. gain
(gm./day)
Range

Av. food 1ntake

%er gram
gm.

No. of animals
Av. wt. at end
of week (gm.)

(gm./day)
Range
Av, wt. gain
food eaten
Range

Range

Av. wt. gein
(gm./day)
Range

Av. food intake

(gm./day)
Range
Av, wt. gain
food eaten
Range

286
266 -~ 308

4.6
5-4 haad '7'4:

14.2
11.7 - 16.0

0.32
0-21 ha 0050

4

306
287 ~ 330

3.0
1.4 - 4.4

12.8
10.0 - 16.1

0.23
0.14 - 0.31

4

268
245 - 285

12.0
11.7 - 12.4

0.36
0016 - 0045

4

284
267 - 298

2.4
100 - 406

13,2
12.8 - 13.6

0.17
0.08 - 0.34

4

272
248 -~ 201

5.6
1.0 - 6.6

12.2
18.6 - 14.0

0.28
-0.12 - 0.43

4

299
281 - 334

5.9
-151 - ?-5

14.9
2.6 - 18.1

0.22
"0012 - 004:0

4

2176
242 - 311

5'6
5-6 - 6.7

11.4
6.0 - 156.5

0.62
0.40 - 0.63

4

302
261 - 330

3.7
2'4 - 5.5

11.6 - 13.9

0.29
0-18 - 004‘.0

€8



Table 10. (Continued)

Week of
study

I1 s'B

I1 s

IT 8'D

IT 8'S

5 No. of animals
Av., wt. at end
of week (gm.)
Range
Av. wt. gain
(gm./day)
Range
Av. food intske
(gm./day)
Range
Av. wt. gain per §ram
food eaten (gm.
Range

6 No., of animals
Av. wt. at end
of week (gm.)
Range
Av. wt. gain
(gm./day)
Range
Av. food intske
(gm./day)
Range
Av. wt. gain per gram
food esten gm.g
Range

4

3156
239 - 340

1.2
0.3 - 2.9

156.9
12.4 - 18.9

0.05
0.01 - 0.16

4

334
292 - 363

2.8
004: - 6-4:

19.8
1506 bl ?304

0.14
0.07 - 0.28

4

318
296 -~ 334

4.8
590 - 8-1

13.86
12.9 - 14.0

0.356
0.21 - 0.58

4

354
3356 ~ 379

5.1 .
355 haad 604:

17.6
16.6 - 12.1

0.29
0.20 - 0.37

4

338
292 -~ 410

_ 4.8
1.5 - 10.9

156.4
13.3 ~ 18.9

0.28
0.10 - 0.58

3

386
368 - 447

5.2
206 - 609

20.3
18.3 - 22.6

0.30
0.23 - 0.54

4

312
286 -~ 340

1.5
-0.7 - 3.6

12.86
9.5 - 15.0

0.10
-0.08 -~ 0.24

4

356
313 - 367

5.4
1.1 - 6.4

16.6
15.1 - 19.6

0.21
0.06 - 0.36

8



Table 10. (Continued)

Week of
study

IT 8'B

IT S!

IT 8'D

IT 8'8

7 No. of animals
Av. wt. at end
of week (gm.)
Range
Av. wt. gain
(gm./day)
Range
Av, food intsake
(gm./day)
Range
Av. wt. gain per gram
food eaten gm.?
Range

8 No. of animals
Av. wt. at end
of week (gm.)
Range
Av. wt. galn
(gm./day)
Range
Av. food intake
(gm./day)
Range
Av., wt. gain per gram
food eaten gm.s
Range

3

393
362 - 424

6,3
2.9 - 8.7

18.4
13.7 -~ 23.3

0.33
0'21 bl 004:1

5]

432
367 ~ 471

3.7
1'8 - 607

21.0
12.9 - 22.9

0.17
0009 - 0129

3

406
393 - 432

6.6
4.9 - 8.9

22.8
19.9 - 27.6

0.31
0.24 - 0.40

3

432
414 - 442

3.6
1.1 - 7.0

19.5
14.4 - 24.1

0.18
0006 - 0029

3

418
377 - 487

4.3
2-6 - 50’?

2002
17-1 - 2201

0.21
0015 - 0026

3

477
429 - b46

8.2
704 - 904:

24.8
24.6 hnd 2503

0.33
"0.30 -~ 0.37

4

369
344 - 420

4.7
~0.6 - 7.6

1'7.6
1509 bl 2206

0.26
"0004: - 0041

4

386
379 - 391

2.4
~-5.9 -~ 6.6

19.7

4.1 - 21,7

0.08
~0.41 - 0.30

G8



Table 10. (Continued)

Week of
study

IT 5'B

IT 8¢

IT 8'D IT S'S

9 No. of animals
Av. wt, at end
of week (gnm.)
Range
Av. wt. gain
(gm./day)
Range
Av, food intake
(gm./day)
Range
Av. wt. galn per gram
food eaten gm.?
Range

10 No. of animals
Av. wt. at end of
week (gm.)
Range
Av. wt. gain
(gm./day)
Range
Av. food intake
(gm./day)
Range
Av. wt. galn per gram
food eaten gm.%
Range

3

438
368 - 493

2.9
Oel - 4:06

21.0
156.5 - 26.0

0.11
0.01 ~ 0.18

3

456
378 - 512

2.5
1.4 - 3.4

22.7
2204:—' ?4:'4

0.11
0.06 - 0.16

3

441
397 - 491

1.3
"204 - ’700

18.4
14.5 - 24.7

0.02
-0.17 - 0.28

3

483
423 - 537

6.1
507 - 7.9

2.3
- 26.3

R IAY]

18.

0.27
O.?,O - 0036

3

400
391 -~ 412

2.0
Ool - 4101

18.1
13.4 - 22.7

0.09
0.0l - 0.256

98



Table 10. (Continued)

Week of
study IT 8'B ir s ITI S'D I1 8'S
11 No. of sanimals 3
Av. wt. at end
of week (gm.) 449
Range 368 - 490
Av. wt. gain
(gm./day) -0.9
Range -3.1 - 1.7
Av. food intske
(gm./day) 19.8
Range 13.4 ~ 25.4

Av. wt. gain per %ram

food eaten (gm. -0.22

L8
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(Table 11), but alsc the record of group S'B for the 1l0th
and 11th weeks (Table 10). Guinea pig S'Bl lost 84 grams
during its last 10 days.

Comparison of the weight gains of groups 5'B and S' indi-
ceted that a dietary source of bilotin was not needed for
growth by guinea pigs. Food intakes and food efficiencies
were unaffected z2lso by the absence of dietéry tiotin. These
results confirmed Reid's findings (1954) that young guinea
plgs grew well without a2 dietary supply of biotin.

The S'D group grew well with the exception of guinez pig
S'D3, which was zutepsied on the 41lst day because of 2 pro-
lapsed anus. Thus dl;desthiobiotin 4id not affect growth in
guinea pigs during 8 weeks in which it wes fed in amounts
5000 times that of biotin in the control diet. This, plus
unchanged concentrations of hepatic bilotin indicated that
dl-desthioblotin was not escting as an analog.

Emerson (1945) and Rubin et 2l. (1945) reported that
dl-desthiobiotin had low zctivity for rats previously made
biotin-deficient by consuming diets conteining egg 2lbumin.
The latter workers estimeted that the sctivity was 0.1 to
0.01 per cent that of biotin for rets.

Dittmer et 21. (1844) observed that dl-desthiobiotin
diszppeered Irom the medium in which yezst was incubated.
Since it was replzced by an equivalent amount of a'substance

possessing growth promoting powers for Lactobacillus caseil,




Teble 11. Summary of welght gain, food inteke, and food efflelency for gulnea

pigse during Experiment II

Beginning Final No. of Final wt. Av. wt. Av. food Food

weilght welght days on 1ncrease galn intake efficiency
Animal (gm.) (gm.) expt. (gm.) (gm./dey) (gm./day) (gm.)
II 8'Bl 197 496 81 249 5.0% 17.3 0.18
II 5'Bb 1562 292 44 140 3.2 12.2 0.286
II S'Bl4 218 320 81 102 1.3P 15.4 0.08
11 S8'B17 169 501 8l 332 4.1 17.8 0.23
II s'2 188 428 74 237 5.2 4.7 0.22
II 8'9 161 342 43¢ 181 4.2 13.0 0.32
I1 S5'18 202 506 74 304 4.1 16.7 0.256
ITI st'21 242 537 74 295 4.0 17.2 0.23
II 8'D3 201 562 62d 361 5.8 17.7 0.33
II S'D6 186 292 41 106 2.6 13.0 0.20
IT 8'D10 140 449 62 309 5.0 16.0 0.31
II 5'D1s6 1656 486 62 321 5.2 17.2 0.30
ITI 8'S4 196 400 6" 204 3.0 15.1 0.20
II 5'815 208 427 67 219 3.3 4.7 0.22
I1 8'822 219 437 67 218 3.2 13.8 0.24
II 8'323 206 440 67 234 3.5 12.7 0.28

8D3iarrhea and respiratory infection during last 8 days of experiment
bDiarrhea ond resplratory infection during last 10 days of experiment
CAutopsied on the 43rd day because of an undetermined 1llness

dAutopsied on the 4lst day because of a prolapsed anus

68
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they concluded that dl-desthioblotin was transformed to biotin
by yeast cells. Microflora preseht in the gut of the guinea
pig may 2lsc be capable of performing this transformation.
Although concentrstions of biotin in the liver and muscle
indicated that dl-desthiobiotin was not converted to biotin
and stored, this does not rule out the possibility that some
dl-desthiobiotin might have been converted to biotin either

by microflora or by tissues of the guinea pig since the

origin of biotin present in these tissues was not lidentified.

The emount of desthiobiotin fed might have been too low
to act competitively with the biotin availsble to the guinez
pig. For L. casei Rubin et 21. (1945) determined that the
molar inhibition ratio of Gl-desthioblotin was 17,000. In
this experiment, 300 mg. dl-desthioblotin was added per kilo-
grem of diet, but since the amount of biotin synthesized in
the gut and zbsorbed by the guines pig was not known, the
biotin-dl-desthiobiotin ratio could not be calculated.

The possibility that the experiment was not carried on
for a sufficient length of time for dl-desthiobiotin to es-
tablish anti-biotin activity wes unlikely since biotin stores
in the liver were not diminished after 8 weeks.

Other than a2 slow initial adjustment to the diet and a
lower food inteke during the experiment, the group receiving
sulfesuxidine did not vary greatly from the control group

with respect to growth or food efficiency. On the basis of
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biotin céncentration of the liver, appearasnce, and growth,
guinea pigs receiving the syﬁthetic diet ccnteining 1 per
cent sulfasuxidine were not deficient. This finding is in
contrzst to the numerous reports that sulfasuxidine 1is esffec-
tive in producihg biotin deficiency in rats (Wright and
Welch, 1944; Skegg and Wright, 1946; Daft et 2l., 1942; and
Halevy et al., 19855).

Guinea pigs in the S5'S group did gain most slowly 1in
this experiment, but their lower food intakes may account for
this result. These guinea pigs zlso were unkempt in appear-
ance during the middle part of the experiment, suggesting
biotin deficiency, but their zppezrance lmproved zs the ex-
periment progressed and their hepatic biotin concentrations
were essentislly unaffected.

The reports of rééults when diets contzining sulfasuxi-
dine were fed to rets do not usuzally include datz on food
consumption. Welch and Wright (1943) concluded that inelusion
of sulfasuxidine in amounts up to 10 per cent of the ration
had no known deletericus effects on rsts when the remsinder
of the diet was 2 stock ration composed of relatively crude
ingredients. Skegg and Wright (1946) did report that rsts
consumed less food when fed a diet containing 2.0 per cent
sulfasuxidine, some rats refusing 211 focd. When Woodruff
et al. (1853) incorporsted 1.0 per cent sulfasuxidine in the

diet fed to guinea pigs symptoms resulted which responded,
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in part, to folic escid. However zcceptance cf the diet was

not discussed.

Experiment IIT

Guinea pigs, 2 to 4 days old, were chosen for Experiment
III because they would have had less chance to store biotin
then older animals. Such young animals might develop biotin
deficiency on & purified diet which did not ineclude chemicals
to reduce microfloral growth in their intestines. Okey et 2l.
(1251) had observed that a typical deficlency in rats was more
difficult to produce if they were placed on diets when they
weighed 55 grams instead of 45 grams.

Since the average growth rste in the two previous ex-
periments had not approached 7 to 8 grams per day, the rate
Cannon et gl. (1248) considered normal for gulnea pigs receiv-
ing~a diet of naturel foodstuffs, one groupr was fed commercisl
rebbit pellets to messure meximum weight gain in the laborstory
environment. The commercizl diet was readily avzilsble, con-
sisted of natural foodstuffs, and was uniform enough in com-
position to serve for comparison of growth from one experiment
to the next.

The weekly weight gains of the group receiving synthetic
diet plus biotin equalled those of the group recelving com-
mercial rabbit chow (Table 12). Variztions within the two

groups were also similar. Nelther group gained 7 to 8 grams



Table 12. Summary of wéekly welght gain, food intske, and food efflclency of
guinea plgs of Experiment III

Week of
s tudy II1I S"B 11T 9" IIT ©
1 No. of animals 3 3 ]
Av. initial wt. (gm.) 110 75 107
Range 99 - 119 60 - 86 91 - 116
Av. wt. at end of week (gm.) 150 102 128
Range 132 - 168 70 - 1286 114 - 142
Av. wt. gain (gm./dsy) 5.8 3.9 3.0
Range 4,7 - 7.0 1.4 - 5.6 2.1 - 3.7
Av. food intake (gm./day) 8.0 5,7 7.2
Range 6.9 - 8.9 3.9 - 7.1 5.7 - 8.6
Av. wt. gain per grem food
eaten (gm.) 0.74 0.64 0.42
Range 0-65 - 0084: 0.37 - 0.78 0.38 - 0. 50
2 No. of animals ) 3 3
Av. wt. at end of week (gm.) 187 141 173
Range 165 - 210 106 - 165 149 - 192
Av. wt. gain (gnm./day) 5.3 5.6 6.4
Range 4.7 - 6.0 5.0 - 6.0 5.0 - 7.3
Av. food intake (gm./day) 10.1 9.2 13.9
Range 9.3 - 11.3 8.7 - 10.0 11.6 - 16.0
Av, wt. gain per gram food
eaten (gm.) 0.53 0.60 0.46

Range 0.51 -~ 0.54 0.57 - 0.67 0.43 - 0.48



Table 12. (Continued)
Week of
study ITT 8"B ITT St I1T C
3 No. of enimals S 2 3
Av. wt. at end of week (gm.) 024 2086 221
Range 208 - 250 206 - 207 192 - 261
Av. wt. gain (gm./day) 5.2 6.8 6.7
Range 3.7 -~ 6.1 6.0 - 7.6 5.7 - 8.4
Av. food intake (gm./dzy) 12.9 14.0 21.0
Range 12.4 - 14.4 13.9 - 14.1 20.3 - 22.3
Av. wt. gain per gram food
eaten (gm.) 0.39 0.48 0.32
Range 0.30 - 0.48 0.43 - 0.583 0.28 ~-0.38
4 No. of animals 3 2 3
Av. wt. at end of week (gm.) 270 256 270
Range 245 - 311 242 - 269 233 - 317
Av. wt. gain (gm./day) 6.6 7.0 7.0
Range 4.8 - 8.7 5.0 - 9.0 5.6 - 9.4
Av. food intake (gm./day) 16.0 - 17.8 20.1
Range 14.4 -~ 17.7 16.6 - 19.0 17,7 - 26.6
Av. wt. gain per gram food
eaten (gm.) 0.40 0.39 0.34
Range 0.31L ~ 0.47 0.30 - 0.47 0.32 - 0.37

i4S]



Table 12. (Continued)

Week of
study ITIT S"B ITIT 8" ITI C
5 No. of animals 3 2 2
Av. wt. at end of week (gm.) 317 287 278
Range 296 - 358 261 - 323 261 - 296
Av. wt. gein (gm./day) 6.8 4.5 4.6
Range 6.3 - 73 1.5 - 7.8 4.0 - 53.
Av. food intake (gm./day) 18.5 17.0 24.4
Range 16.9 - 20.0 13.3 - 20.7 23.0 - 26.7
Av. wt. gain per gram food .
eaten (gm.) 0.37 0.23 0.19
Range 0.34 - 0.43 -0.10 - 0.37 0.17 - 0.21
6 No. of animals 2 1
Av, wt. at end of week (gm.) 372 386
Range 338 - 406
Av. wt. gain (gm./day) 6.2 9.0
Range 5.7 - 8.7
Av. food intake (gm./day) 18.0 22.9
Range 17.7 -~ 18.3
Av. wt. gain per gram food
eaten (gm.) 0.34 0.39

15}
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per day although one gulnea pig on commercial ratbit pellets
did average 7.2 grams (Table 13). Since guinea pigs were
obtained from a supply house their growth potential was not
known, and since gulnea pigs vary genetically, a gain of 7 to
8 grams per day might not te achieved by 2ll gulinea pigs in
any experiment. '

The performance of guinea pigs in the S" group was quite
varigble. Cuinea pig S"15 collapsed on the 18th day. It had
been very small at the beginning of the experiment, but had
gained welght and accepted the diet. Its low food efficiency,
0.28, and low average daily weight gain, 2.0 grams, for the
experiment {Table 13) resulted from az decreasing food intake
plus weight loss as the experiment progressed. Its hepatic
biotin was lower than that of other guinea pigs -in this ex-
periment and its appearance was similar to those with biotin
deficliencies in later experiments. Guinea pig S"13 2lso had
a lower food efficiency and average dally weight gain for the
experiment than any guinea pig receiving synthetic diet plus
biotin. Its food efficiency and rete of weight gsin dimin-
ished gradueslly as the experiment progressed, and it wes
sacrificed on the 42nd day after 2 weeks of fluctuating
weight and inactivity. The third guinea pig in this group,
S"12, had the best weight gain and food efficlency of all
animals in the experiment.

The difference between the findings in this experiment



Table 13. Summary of weilght gain, food intake, end food efficiency for guinea
plgs during Experiment III

Beginning Final No. of PFinal wt. Av. wt. Av. food Food
: weight welght days on increase galn Intake efficlency
Animal (gm.) (gm.)} expt. (gm.) (gm./day) (gm./day) (gm.)
ITI S"Bl 99 352 44 263 5.8 13.7 0.42
IIT S"B2 119 423 44 304 6.9 15.4 0.45
ITI 8'"BS 112 297 37 1856 5.0 12.6 0.40
ITT C8 116 3562 33 R36 7.2 18.4 0.39
IIT C9 114 330 37 216 5.8 17.0 0.34
IIT C11 21 293 38 202 6.5 16.5 0.52
III s"i2 78 407 44 329 75 15.8 0.48
IT1 S"13 86 258 41 172 4.2 12.5 0.34
IITI 8415 60 97 19 3% 2.0 7.2 0.28

46
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and Experiment IT may be due to the difference in initial
weight of the animals since the rate of growth was the same
in both experiments. The initiasl weight of the S' group in
Experiment II averaged 198 grams compared with 75 grams for
the S" group in Experiment III. Reid (1954) used guinea
pigs with beginning weights ranging from 25 to 115 grams in
the experiment from which she concluded that a‘die:ary source
of biotin was not necessary for guinea pigs. In Experiment
111, weight gains and food efficlencies of three gulnea pigs
fed a synthetic diet lacking in blotin indicated that 2 diet-

ary source of btiotin mey have Leen fequired bty some of them.

Experiment IV

In the fourth experiment z second attempt was made to
produce a biotin deficiency in young guinea pigs. In addi-
tion, an avidin preparation was given to three guinea pigs.
Of these three, one received synthetic diet, one synthetic
diet plus biotin, and one commercial rabbit pellets.

Many guinea pigs started poorly, with small food intakes
and weight gains. Weekly weight gains, food intakes, and
food efficiencies (Table 14) illustrate clearly the erratic
behavior of all groups. Neither weight gains nor food effi-
ciencies (Table 15) of control guinez pigs in the S"B and C
groups were as good as in Experiment III. The last guines

plg remaining in the S"B group was autopsied during the fifth



Table 14. Summary of weekly welght gain, food intake, and food efficlency of

guinea pigs during Experiment IV

Wt. gain
Initial Wt. at end Food per gm.
Week of welght of week inteake food eaten
study  Group (gm.) (gm.) (gm./day) (gm./day) (gm.)
1 IV suB (2)® 108 104 0.4 5.8 0.30
Range, 106 - 109 106 - 142 - 3.6 - 7.1 =0.12 - 0.72
IV 8"BA 102 135 1.1 5.0 0.23
IV s (2) 90 102 1.6 6.8 0.23
Range 89 - 91 96 -~ 107 0.7 - 2.6 3.6 - 9.9 0.20 - 0.26
IV SWAb 135 166 4.4 9.0 0.49
IV ¢ (3) 111 124 . 4.5 7.2 0.54
Han%e 107 - 118 110 - 1137 2.1 - 7.6 4.9 - 10.3 0.34 - 0.74
IV CA 118 173 7.9 12.0 0.66
2 IV s"B (2) 149 3.6 6.8 0.50
Range 120 - 178 - 6.9 = 11.0 0.42 - 0.58
IV guBAb 152 6.0 8.1 0.74
IV sv (2) 134 4.6 6.8 0.73
Range 133 - 135 5.6 - 7.9 0.51 - 0.95
IV SUAD 217 7.3 9.6 0.76
IVGC (3) 184 6.2 13.0 0.47
Ran%e 154 - 211 - 10.6 - 14.7 0.40 - 0.54
IV CA 207 5.0 12.5 0.38

8Number of guinea pigs represented in average

DAvidin not fed at this time
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Teble 14. (Continued)

. Wt. gein

Initial Wt. at end Weight Food per gm.

Week of welght of week gain intake food eaten
study  Group (gm.) (gm.) (gm./day) (gm./day) (gm.)
3 IV S4B (2) 166 3.2 9.0 0.37
IV S'BA 178 3.7 11.7 0.32
IV s (2) 162 4,0 8.0 0.48

Range 154 - 169 3.0 - 4.9 7.4 - 8.7 0+40 - 0.56
IV S¥48 265 6.9 14.0 0.49
IVGSC (3) 007 6.2 19.8 0.31

Range 200 -~ 9246 3.4 - 8,6 19.1 - 20.7 0.18 -~ 0.41
IV CA 235 3.9 16.3 0.24
4 IV S"B (2) 181 1.4 11.2 0.11

Range 140 - 222 0.1 - 2,6 10.3 - 12.0 0.01 - 0.21
IV S"BA 217 5.6 12.0 0.46
IV g" (2) 168 0.8 9.2 -0.22

Range 132 -~ 203 -5.3 - 7,0 5.4 - 13.1 -0.97 - 0.53
IV 8u4a 251 ~-2.0 9.4 -0.21

IVGE (3) 276 6.9 03,7 ‘0.29 .

Range 254 - 300 B.d - 7,7 922.7 - 24,9 0.23 - 0.34
IV CA 238 0.4 19.1 0.02
5 IV S"BA 217 4,6 8.6 0.53
IV g 247 6.3 13.9 0.45
IV ¢ 309 5.1 23.9 0.£2
IV CA 244 0.9 16.0 0.05

00T



Table 14. (Continued)

Wt. gain
Initial Wt. at end Weight Food per gm.

Week of welght of week galn inteake food eaten
study  Group (gm.) (gm.) (gm./day) (gm./day) (gm.)
6 IV 8"BA 217 4.6 8.6 0.53
IV s" 275 4.0 14.1 0.28
IV C 547 5.4 31.C 0.18
IV CA 290 6.6 17.4 0.38
7 IV S"BA 250 4,7 9.0 0.52
IV gt 317 6.0 15.0 0.40
iV ¢ 390 6.1 39.0 0.19
IV CA 324 4.9 20,4 0.24
8 IV S"BA 268 2.3 13.3 0.19
IV ¢ 454 6.3 31.7 0.20
IV CA 353 4.1 20.9 0.20

10T




Table i5. Summary of welght gain, food intake, and food efficlency for gulnea
plgs durling Experiment IV

Beginning Final No. of Final wt. Av. wt. Av. food Food

welght weilght days on 1increase gain intake efficiency
Animal (gm.) (gm.) expt. (gm.) (gm./day) (gm./day) (gm.)
IV sy 91 3356 55 244 4.4 10.7 0.41
IV sh4 89 110 30 21 N 7.6 0.09
IV S"A5 1356 206 32 71 2.2 10.0 0.22
IV s"B7 109 174 34 65 1.9 6.6 0.29
IV S"Bg 106 218 29 112 3.9 9.7 0.40
IV S"BAQ 102 280 60 178 3.0 9.3 0.32
IV Cl1o 118 266 34 138 4.1 16.2 0.27
IV C11 107 444 59 337 5,7 24 .8 0.23
IV C12 109 293 34 184 5.4 16.5 0.33
IV CAL3 118 371 60 2563 4.2 16.9 0.25

a0t
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week as the control for guinea pig S"A5, thus the weekly
records for this group, Table 14 and Figure 1, are for 4
weeks only.

Guinea pigs 5"l and 5"4 both had weight gains similar
to those of guinez pigs in the S"B group for the first S
weeks. Guinea pig S"1l continued to grow fairly well through-
out the experiment but the condition of S"4 deteriorsted
during the fourth week, when it lost an average of 5.5 grams
per day. Although 100 mcg. of biotin was given on the 25th
day and 50 mcg. the following day, guinea pig S"4 continued
to fail. The biotin msy have been zdministered after irre-
versible changes had occurred or weight loss might have been
due to scmething other than bilotin deficiency. This znimal
did have a high hepatic biotin, 0.76 meg. per gram, perhaps
due to the large doses of blotin sdministered on the 2 days
prior to autopsy.

Of the three guinez pigé fed avidin, only the guinea pilg
receiving the synthetic diet without biotin showed definite
changes. The guinea pigs were not fed avidin during the first
2 weeks of the experiment. During these 2 weekxs, their weight
gains, food intekes and food efficiencies were comparable %o
other guinea pigs in the experiment. During the first week
that guinea pig IV S"A5 received avidin it maintzined a good
food inteke, weight gein and food efficiency record, but

during the second week began to lose weight with only a small



Figure 1. Average dally welght galns and food intskes of
diet groups of Experiment IV
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reduction in food intake. Weight loss continued until it
was sacrificed on the 19th day after avidin feeding began.
Guines pigs IV S"BA and IV CA both had periods of reduced
growth (Tables 14 2nd 15 and Figure 1) during the time avidin
was fed and by the end of the 8th week their weights were
considerably smaller than the remgining control guinea pig-.

Guinez pig IV CA ate less food than guinez pigs receiv-
ing only commercial rabbit pellets. Its food intzke decreas-
ed after 1 week of avidin feeﬁing. Guinea pig IV S'BA 2lso
reduced its food inteke, beginning sbout 2 weeks after avidin
feeding was initiated.

Of the three guinea pigs receiving avidin, only guinea
pig S¥AS5 exhibited a reduction in hepatic biotin. It had
the lowest hepatic viotin concentration, 0.40 mcg. per gram,
of 211 animals in Experiments II, III, gnd IV. The biotin
concentrations in the livers of guinea pigs IV S"BA 2nd IV CA
were similar to their controls.

The use of an avidin preparation eppeered to be a satis-
factory means for producing biotin deficiency in one gulnea
pig. By using lsolsted avidin raother than dried egg white,
toxiec reactions réported by Lease et z21. (1837) were avoided.
Further, rzpid weight loss had not occurred when avidin was

fed, so adjustment to its intake was not a2 problem.
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Experiment V

Avidin was given to two groups of guinez pigs in this
experiment. One group was receiving synthetic diet, the
other, commercizl rabbit chow. Somewhat larger and older
guinea pigs, 140 to 234 grams, were used than in the two pre-
ceding experiments.

By studying the weekly summary table (Teble 16), it was
apparent that the aversge weight of the V S"A group fell
progressively below the average weight of the V S"B group, the
difference being 50 grams after 8 weeks. More important per-
haps were the ranges of these two groups. Whereas the range
of welights within the S"B group remained at approximately 60
grams, in the S"A group the range increased from 38 to 160
grems z2s the experiment progressed. Differences within the
experimentzl group can be seen in the grephs of their indi-
vidual average daily weight gains and food intakes (Pigure 2).
The amount of avidin preparztion fed, 1.5 mg. daily for the
first 2 weeks and 3.0 mg. daily for the remsinder of the ex-
periment, appeared to be producing a2 mild deficiency in some
guinea pigs, but not in others.

Guinea pigs in Experiment V were older and iarger than
guinea pig IV S"A5, which developed a pronounced deficiency.
Okey et 21. (1951) found that it was more difficult to pro-
duce typlcal biotin deficiency syndromes in rets started ot

45 grams compared to 55 grams. Many reports have stated that



Table 16.

Summary of weekly weight gain, food intske, and food efficlency of
guinea plgs during Experiment V

Week of
study V 8"B V SYA VC "V CA
1 No. of animals 6 7 6 6
Av. initial wt. (gm.) 182 181 190 204
Range 140 - 205 154 - 192 167 - 219 176 - 2564
Av. wt. st end
of week (gm.) 214 219 234 243
Range 177 - 235 170 - 261 195 - 276 211 .- 270
Av. wt. gain
(gm./dsy) 4.6 5.5 6.4 5.6
Range 1.4 - 6.9 1.6 - 7.4 5.3 - 8.4 1.9 - 8.3
Av. food intake
(gm./day) 11.5 11.8 19 .4 19.1
Range 9.9 - 12.4 8.6 - 16.7 11.9 - 256.4 17.0 -~ 24.3
Av. wt. galn per gram
food eaten gm.§ 0.40 0.46 0,34 0.29
Range 0.12 - 0.566 0.18 - 0.61 0.26 -« 0.46 0.11 - 0.42
2 No. of animals -6 7 6 6
Av. wt, at end
of week (gm.) 2563 259 279 202
Range 220 ~ 2958 194 - 307 249 - 345 212 - 3256
Av. wt. gain
(gm./day) 5.6 5.9 6.4 8.0
Range -2.1 - 9.6 3.4 - 11.3 4.4 ~ 9.8 6.0 - 10.1
Av. food intake
(gm./day) 13.0 13,4 22.9 23.6
Range 6.6 - 15.9 9.3 - 17.1 19.8 - 29.3 2L.5 - 27.1
Av. wt. gain per gram
food eaten gm.% 0.36 0.41 0.28 0.34
Range -0.33 0.60 0.26 - 0.66 0.22 - 0.36 0.27 - 0,48

80T



Table 16. (Continued)

Week of
study

vV 8B

V g'A

Ve

V CA

3 No. of animals
Av. wt. at end
of week (gm.)
Range
Av. wt. gain
(gm./day)
Range
Av. food intake
Range
Av. wt. gain ?er §ram
food eaten (gm.
Range

4 No. of animals
Av. wt., at end
of week {gm.)
Range
Av. wt. geain
{gm./day)
Range
Av. food intske
(gn./day)
Range
Av. wt. gain per
food eaten {gm.
Range

ryam

6

305
261 - 3456

7.4
5.9 - 8.9

15.6
13.3 - 17.1

0.48
0'59 -~ 0054

6

349
311 ~ 379

6.2
2.1 - 8.0

18.4

11703 - 2100

0.54
0.12 - 0.46

7

299
229 - 363

5.6
1.9 - 8.1

15.8
10.7 - 19.4

0.37

Ocl4‘ - 0050

7

543
282 - 424

6.3
206 bl 8.7

16.9
13.4 -~ 20.9

0.356
0.28 - 0.950

6

327
300 - 387

6.8
600 - 709

24.0
20.1 - 26.9

0.29
0.24 - 0.32

6

361
238 - 430

7.3
6.1 - 8.6

28.6
24,7 - 31.3

0.26
0.20 - 0.30

6

349
504 - 380

7.1
301. - 9-6

24:09
21 OO - 2'? -O

0.28
0014.' - 0056

6

598
332 - 421

7.1
400 - 904

27.9
2209 - 3104

0.26
0.14 -~ 0.35

60T



Table 16. (Continued)

Week of
study

vV S"B

Vv ShA

Ve

V CA

5 No. of animals
Av. wt. at end
of week (gm.)
Renge
Av, wt. gain
(gm./day)
Range
Av. food intake
(gm./day)
Range
Av. wt. gailn per gram
good esten gm.g
Range

6 No. of animals
Av. wt. at end
of week (gm.)
Range
Av. wt. gain
(gm./day)
Range
Av. food intake
(gm./day)
Range
Av. wt. geln per gram
food eaten gm.§
Range

5

409 |
372 - 436

'?o'?
6.0 - 9.7

19.0
16'9 - 20.4‘

0.40
0.35 - 0.48

5

450
405 - .484

5.9
4.1 - 8,00

20.6
18.9 - 22.0

0.29
0.10 - 0.42

6

384
204 - 4756

6.6
-0.6 - 9.3

17.6
16.1 - 20.6

0 .30
"O -04: - 004:5

6

430
329 - 524

6.6
409 el 10-0

2l.4
1607 - 25.4

0.31
0.24 - 0.45

6

438
420 - 507

8.6
5.9 - 11.0

31.5
25,3 - 37.1

0.27
0-3.9 e Oc52

6

489
445 - 536

7.8
7.0 - 8.7

33.3
30.1 - 48.4

0.24
0.18 - 0.29

6

459
404 - 493

8.7
5.6 - 10.3

32.0
27.7 - 26.1

0‘052
0.24 - 0.50

6

514
460 ~ 547

7.9
6.4 - 9.7

36'00
31.7 - 44.6

C.16
0.16 - 0.28

01T



Table 16. (Continued)

Week of
study

V 5"B

V S"A

Ve

V CA

7 No. of animals
Av. wt. at end of
week (gm.)
Range
Av. wt. gain
(gm./day)
Range
Av. food inteke
(gm./day)
Range
Av. wt. gain per gram
food eaten gm.?
Range

8 No. of enimsls
Av. wt. at end
of week (gm.)
Range
Av. wt. gain
(gm./day)
Range
Av. food intake
(gmo/day)
Range
Av. wt. gain per gram
food eaten gm.%
Range

5

501
475 - 530

'7.5
500 - 10-0

22.4
21.0 - 25.1

0.33
O.?B - 0-43

4

-5639
502 -~ 558

5.7
3.0 - 8.0

23.4

21.3 - 24 .4

0.26
0.12 - 0.34

6

477
340 - 686

6.7
1.6 - 8.9

22.9
20.1 - 26.4

0.29
0.07 -~ 0.40

4

490
342 - 610

S.'?
0.3 - 7.9

24.8
24.6 - 26.1

0.14
0.00 - 0.28

6

538
501 -~ 613

6.5
4:00 - 8vl

36.6
33.7 - 43.7

A 0.1%7
Oc12 - 0124:

)

- 563
566 - 610

4.4:
004.: - 8'6

37.1
31.0 - 42.6

0.12
0.00 - 0.22

6

556
507 - 8594

5.9
500 - 8'4

37.7
36.0 - 43.3

0.16
0.07 - 0.23

TIT



Figure 2.

Average dally weight gains and food intakes of
individual gulnea pigse in the S"B and 8"A groups
and of these two groups of Experiment V
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some rats were particularly resistant to blotin deficiency
and even recovered spontaneously. Boas (1224b) retrazcted
her original statement (Boas, 19242) that dried egg white was
harmful to rats when rats in the lzter experiment 4id not
develop the symptoms observed earlier. Still later, Boas
(1927) noted that rats were able to store the protective
factor (biotin), and that the degree of this reserve in young
rzts depended not only on their own body weights, but alsc on
the amount of the factor (biotin) in their previous diets

and in the diets of the mothers.

Guines plgs S"Al0, 11, and 12 grew excellently and
equaled the control group in every way (Tables 16 and 17 and .
Figure 2). Guinez pigs S"A9 and 13 grew somewhat more slowly
during the experiment than S"Al0, 11, snd 12, while guinea
pigs SY"A8 and 14 both grew consideratly more slowly and
utilized their food less efficiently fér growth then SM"AlO0,
11, and 12. Guinea pig S"A8 lost 4 grams during the 5th week
after 4 weeks of progressively smaller weight gelns. Sutse-
guently, it gained weight zgain, 4.9 grams per day in the 6th
week, 1.8 grams per dey in the 7th and 0.3 grams per day in
the final week of the experiment. Its hepatic biotin concen-
tration, 0.38 meg. per gram, was the lowest blotin concen-
tration observed up to this time. Guinez pig S"Al4 died
during the 6th week following 4 weeks of small weight gains

and weight losses.



Table 17. Summery of welght gain, food intake, snd focd efficlency for gulnea
plgs during Experiment V

Beginning Final No. of Final wt. Av. wt. Av. food Food

welght weight days on 1increase galn intske efficiency
Animal (gm.) (gm.) expt. (gm.) (gm./day) (gm./day) (gm.)
vV S"Bl 140 328 29 188 6.5 13.4 0.48
V S"B3 182 575 60 383 6.6 18.0 0 .37
V S'"B4 167 572 60 405 6.8 18.1 Q.37
V 5'"B5 193 515 52 322 6.2 18.8 0.33
V 8"B6 205 569 60 364 6.1 18.8 0.32
Vv 8iB7 207 537 60 330 5.5 17.8 0.31
V stA8 154 390 60 256 3.9 17.6 0.22
V 3"AQ 169 471 60 312 5.2 14.9 0.35
V S"Al0 166 620 60 454 7.8 17.5 0.43
vV S"All 191 642 60 451 7.5 19.9 0.38
Vv 3"Al2 187 584 52 327 7.6 20.4 0.38
V S"A13 192 450 52 258 5.0 16.9 0.29
V 5"al14 216 346 34 130 3.8 14.8 0.26
vV C15 157 615 61 458 7.5 29.1 0.26
V Cl6 180 636 61 456 7.5 28.0 0.27
vV C17 160 6500 50 340 6.8 26.7 0.27
V ¢ci9o 207 606 6L 389 6.4 28.5 0.22
Vv C20 219 636 61 417 6.8 31.9 0.21
V c21 217 672 61 455 7.5 33.6 0.22
V CA23 184 579 o1 3956 7.8 20.2 0.27
V CAZ4 176 628 o1 452 8.9 32.6 0.26
V CA256 198 525 51 527 6.4 27.1 0.22
V CAZ26 208 586 51 378 7.4 29.1 0.25
V CAR7? 225 587 51 362 7.1 30.5 0.22
V CA28 2564 5156 51 281 5.5 26.2 0.21

GTT
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Total weight gains of guinea pigs of the S"B group were
slightly lower than those of the C group (Tzble 17). There
were severzl weeks when individual guinea pigs of the S"B
group had low average daily gains (Figure 2). Guinea pig
S"B4 had & cold during the 4th week which affected its rate
of weight gain and food efficiency. Guinea pig S"B7 was
nervous, frequently remaining huddled in a corner of 1its
cage, and had periods of poor food and water consumpiion.
Guinea pig S"Bl died during the 5th week of the experiment.
While cause of death was not determined, weight gains and
general gppearance up Tto the time of death indicated that the‘
diet was adequate.

The avidin preparation fed to gulnea pigs recteiving com-
mercial rabbit pellets (3.0 mg. daily for the first 2 weeks,
6.0 mg. daily for the remainder of the experiment) did not
affect their weight gains, food intakes, and food efficiencies
(Tables 16 end 17).

Expveriment VI

In Experiment VI, young guines pigs, weighing 118 to
186 grams, received either synthetic dlet plus biotin or
synthetic diet plus avidin. Six milligrams of evidin preparsz-
tion per day was fed for the first 10 days and 18 mg. per day
for the remainder of the experiment.

Gains in weight by guinea pigs in the control group were
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not as large as those of either the S"B or C groups.in Ex-
periment V, but were similar to those of the C group in Ex-
periment IV. Comparing weilght gsins of the control and ex-
perimental groups in this experiment; differences between the
two groups increased as the experiment progressed (Table 18).
Initially guines pigs in the avidin-fed group averaged 2
grams hezvier than those receiving only the synthetic diet,
but by the end of the first week the lztter group averaged

2] grems heavier than the former. This difference reflected
the everage weight gains per day which were 4.7 and 1.4 grams
for control (S"B) and experimental (S"A} groups, respectively.
Food efficiencies during the first week were lower for the
S"A group than for the S"B group. In addition to this lower
food efficiency the daily food inteke of the control and ex-
perimental groups differed by an average of 2.2 grams.

During the second week the two groups behaved more nearly
alike and only one animal in the experimental group lost
weight. The difference in average weight of the two groups
increased slightly to 28 grams. Perhaps slow adjustment to
diet plus weight losses occurring during shipping accounted
for the variation within the two groups in the first week,
rathér than dietary modificetions. ‘

Weight losses (Figure 3) of control guinea pigs occurred
infrequently and could be related to temporery illness.

Guinea pig S5"B6 and S"B1O had colds at the time they were
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Teble 18. Summary of weekly weight gain, food intake, and
food efficiency of guinea pigs of Experiment VI
Week of
study VI S"B VI S"A
1 No. of animals 12 10
Av. initial wt. (gm.) 146 148
Range 118 - 163 122 - 186
Av. wt. at end of week (gm.) 179 158
Range 121 - 210 126 - 1e¢
Av. wt. gain (gm./day) 4.7 1.4
Renge 0.4 - 7.4 -1.4 - 3.8
Av. Tood intake (gm./day) 10.1 7.9
Range 6.7 - 12.1 3.4 - S.1
Av. wt. gain per gram
food eaten (gm.) 0.45 0.13
Range 0.07 - 0.68 -0.41 - 0.40
2 No. of animals 12 10
Av. wt. at end of week (gm.) 206 178
Range 156 - 243 147 - 230
Av. wt. gain (gm./day) 5.9 2.9
Range -2.6 - 8.3 -0.1 - 5.9
Av. food intake {gm./day) 11.5 2.9
Range 7.0 - 14.3 8.4 - 12.0
Av. wt. gain per gram
food eaten § 0.32 0.30
Range -0.57 - 0.4 -0.02 - 0.53
3 No. of animals 12 9
Av. wt. at end of weekx (gm.) 236 191
Range 177 - 286 150 - 263
Av. wt. gain (gm./day) 4.3 1.3
: ?ange -5.4 - 8. -1.0 - 2.4
Av. food intske (gm./day) 13.3 10.7
Range 6.2 - 14.5 8.6 - 13.1
Av, wt. gzin per gram
food eaten (gm. 0.28 0.11
Range -0.75 - 0.687 ~0.04 -~ 0.40
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Table 18. (Continued)
Week of
study VI S'B VI S"A
4 No. of animals 10 8
Av. wt. at end of week (gm.) 256 191
Range 227 - 323 150 - 283
Av. wt. gain (gn./day) 4.2 0.5
Range -0.4 - 8.5 -8.1 - 5.0
Av, food intske (gm./dav) 15.7 10.6
Range 13.5 - 17.4 8.3 - 11.¢
Av. wt. gain Der ram
good eaten (gm. § 0.27 -0.02
Range -0.01 - 0.42 -0.42 - 0.3¢
5 No. of animals 8 3
Av. wt. at end of week (gm.) 297 217
Range 245 - 350 17¢ - 281
Av. wt. gain (gm./day) 3.8 1.8
Range 1.6 - 10.4 -3.1 - 4.9
Av. food intzke (gm./day) 16.8 13.0
Range 4.3 - 20 11.7 - 14.0
Av. wt. gain per grem
food eaten ng.§ 0.24 | 0.08
Range 0.10 - 0.64 -0.2¢ - 0.35
6 No. of animels 5 2
Av. wt. at end of week {(gm.) 351 240
Range 268 - 376 230 - 251
Av. wt. gain (gm./day) 2.8 0.6
Range 0.1 - 8.0 0.0 - 0.3
Av. food intzke (gm./day) 15.7 13.3
Range 14.¢ - 17.4 11.9 - 14.7
Av. wt, gain per gram
food eaten gm-% 0.17 0.04
Range 0.01 - 0.29 0.00 - 0.09.
7 No. of animals 1 1
Av. wt. at end of week (gm.) 405 281
Av. wt. gain (gm./day) 4.1 4.3
Av. food inteke (gm./day) 20.7 12.4
Av. wt. gain per gram
food eaten gm.? 0.20 .34




Figure 3. Average dally welght gains and food intekes of
individual guinea pigs and of groups of Experiment VI



AT

§"B2 $"BIO

$"B9 s"B!1

S'BI2

$"813

‘,41

TS

123

N

3 233567 T MRV

T

23567 12345 T23ase T N

GROUP S"B  GROUP S"A
]

S"AIS

S"Ai6  S"Al7 s"az2 S"A24 S"A25 S"A26

12" 3a's

V)

75T

VNN

FOQD
EATEN
WEIGH
GAIN

AVIDIN LEVEL RAISED
FROM 6.0 mg. to 18.0mg
PER DAY

|2]
107
8]
[7p]
S 6
< 4
x ]
07 Ditference in Difference in
-2 4 averoge daily average daily
food intake weight goin
-4 5°B-S"A 5°8-5°A
-6
N1'2'3'4'5'6°7 "1'2'74'5" 11234 12345 1234567 12345 12345 123 12346 12345 1234567 1234567 1234567 1234567

WEEKS ON EXPERIMENT



122

losing weight and S"B8 appeared frightened a2t the time it
was losing weight. Two other guinea pigs had periods of ‘
small weight gains during the time they were on experiment.
S"Bl had a cold during thé 5th and 6th weeks and S"B1l3 had 2
sore eye during the 6th week.

In the experimental éroup, weight losses were more fre-
quent and weight gains were smeller than those of the con-
trol group. Guinea pig S"Al4 gradually reduced its weight
gain as the experiment progressed, but actual weight loss
cccurred only during the first week. All others had weeks
with either weight losses or no net gains. S“Alé had in-
creasing welght losses for the 2 weeks prior to autopsy.
Cyclic patterns of weight gesin and losses were noticed in
guinea pigs S"Al18, 17, 18, 22, and 26 during the experiment.
(Figure 3) Guinea pigs S"A24 and 25 lost weight only in the
last week prior to autopsy; S"A24 had gzined weight moderately
well and S"A25 very well before weight loss began.

Six out of 10 animals receiving avidin achieved their
maximum weights between the 18th and 23rd day (Table 12). In
addition, guineg pig SUAl5, which achieved maximum weight on
the 32nd day,.was within 5 grems of its maximum weight about
the 20th day. Its weight fluctuated but remained essentially
constént from the 20th to the 32nd day.

Only guinea pigs S"Al6 and 22 reduced their food intekes

during the experiment; the remainder increased their average



Table 19. Summary of maximum weights and welght decreases of gulnes pigs of
Experiment VI

Beginning Maximum Weight Days on expt. Final Welght Total no.
welght welght increase at time of welght decrease days on
Animal (gm.) (gm.) (gm.) highest wt. (gm.) (gm.) expt .
VI S'"Bl 138 281 143 46 281 - 46
VI g"Bo 118 045 107 35 245 - 35
VI S'"B3 150 429 279 50 499 - 50
VI $"B4 156 265 109 o3 253 12 (4.7)2 o5
VI S"B6 163 374 211 47 374 - 47
VI S"B7 135 246 111 23 246 - .03
VI S"B8 155 279 194 32 279 - 32
VI 8S"B9 146 359 213 46 359 - 46
VI S"B1O 129 243 114 32 240 3 (1.2) 33
VI S"Bll 141 282 141 35 282 - 35
VI S"B12 162 295 133 35 205 - 35
VI S"B13 163 316 153 47 316 - 47
VI S"Al4 136 240 104 45 234 -6 (2.5) 46
VI S"A156 133 187 54 32 185 2 (1.1) 33
VI S"A16 173 196 23 19 176 20 (14.2) 23
VI S"A17 165 205 50 18 179 26 (12.7) 35
VI S"A18 1580 283 123 48 281 2 (o.7g 49
VI S"A21 136 194 55 31 185 9 (4.6 392
VI SYA22 122 205 83 21, 169 36 (17.6) 31
VI S"AD4 125 162 37 18 143 19 (11.7) 20
VI S"A25 186 266 80 23 209 5% (21.4) 33
VI S"A26 158 181 23 19 159 22 (12.2) 32

8Per cent welght loss
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daily food consumptions in the later weeks of the experiment.
Wnen the food consumption of a biotin deficient guinea pig
was eompafed with its food consumption earlier in the experi-
ment, but at the seame weight, it was always higher 2t the
later tiﬁe. Food intgkes also nearly ecqualed those of con-
trol guinea pigs of similar weight. For example, during the
5th week, experimental znimals ranged in weight from 179 to
251 grems and in food intszke from 11.7 to 14.0 grams (Table
18). Control animasls during the 3rd week ranged in weight
from 177 to 286 grams and in food intske from £.2 to 14.5
grams. The inecreasing difference between food intakes of
control and experimental groups resulted from a slower rate
of increase rather than z decrease in food consumption as

the deficiency developed.

In evaluating autopsy findings and composition of dif-
ferent tissues, an effort haes been made to distinguish direct
effects of biotin deficiency from indirect effects of reduced
food intzke and weight loss. The extent of inanition observed
in biotin-deficient guinea pigs of Experiment VI was diffi-
cult to assess since they gained and lost weight irregularly,
and biotin-deficient guinea pigs perhaps were not utilizing
ingested food efficiently, hence starving their tissues. 1In
Experiment VI, the weight loss of guinea pigs in the S"A
group varied from 0.7 to 21.4 per cent of maximum body welght

(Table 19).
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Dzta for individual guineg plgs are presented in Table
20. Both weight gain and food efficiency were reduced in the
experimental group when compsred with the control group. The
latter averaged 4.0 grams weight gain per day over the entire
experimental period while the former averzged 1.2 grams. The
extreme values for the two groups were 5.1 and 5.6 grams per
day in controls snd 0.0 and 2.5 grams per day in the experi-
mental group. Food efficiencies ranged from 0.22 to 0.46 for
the controi group and 0.00 to 0.22 for the experimental
group .

Retarded growth or weight loss invarisbly accompanied
by reduced food intake hzs been reported for biotin-deficient
rats (Boas, 1927; Parsons and Lease, 1934; and Katsh et al.,
1955). Weight loss has been attributed partly to inanition
and partly to blotin deficiency sincé rats reéeiving egg white
in their dilet had lesser weight increases than rats pzir-fed
the same amount of egg white diet plus biotin (Katsh et z1.,
1955). Coots et 21. (1959) noted failure to grow and weight
loss in young adult guinea plgs and weight loss in adult
guinesa pigs, but no information was given on food intekes.

In summary, in the sixth experiment the feeding of avidin
as a crude extract produced a marked effect on growth of
guinea pigs. This reduced rate of growth compared to controls
fed the same diet without avidin, but with biotin, was the

first effect observed as a result of the dietary modification.



Table 20.

Summary of weight gain, food 1ntake, and food efficlency for gulnea
pigs during Experiment VI

Beginning Final No. of Flnal wt. Av. wt. Av. food Food

welght welght days on 1increase gain intake efficiency
Animal (gm.) (gm.) expt. (gm.) (gm./day) (gm./day) (gm.)
VI S"Bl 138 281 46 143 3.1 15.1 0.24
VI 8"B2 118 246 . 35 127 3.6 12.0 0.30
VI S"B3 160 429 50 279 5.6 16.6 0.34
VI S"B4 156 2563 25 97 3.9 15.1 0.30
VI S"B6 163 374 47 211 4.5 4.1 0.32
VI S"B7 135 246 23 111 4.8 10.4 0.46
VI 5"Bg 1565 279 32 ¢4 3.9 12.6 0.31
VI S'"B9 146 369 46 213 4.6 15.5 0.30
VI S"B1O 129 240 33 111 3.4 13.1 0.26
VI $"Bll 141 382 35 141 4.0 13.3 0.30
VI S"B12 162 295 35 133 3.8 13.2 0.29
VI S"B13 163 316 47 153 3.3 14.6 0.22
Vi S"Al4 136 242 46 98 2.1 11.6 0.18
VI S"A15 133 185 33 62 1.6 10.9 0.14
Vi S"Al6 173 176 23 ] .1 8.1 0.02
VI S"AL7 166 179 35 24 7 10.2 0.07
VI S"Al8 160 281 59 121 2.5 11.2 0.22
VI S"Agl 136 185 32 49 1.5 8.4 0.18
VI SYA22 i22 169 31 47 1.5 9.7 0.186
VI S"A24 126 143 20 18 .9 8.7 0.10
VI S"A2b 186 209 33 23 17 10.9 0.06
VI S"A26 158 159 32 1 .0 9.2 0.00

93T
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Growth ceased in most instances, maximal weight teing reached
for the majority of the experimental guinea pigs between the
18th and 23rd day. Weight loss of varying severity Tollowed
2s the experiment was continﬁed.

Food efficiences and weight gains
for Experiments I through VI

An overall evaluastion of the effect of blotin deficiency
on food efficiency wses more mesningful when groups from the
six different experiments were compared by their eprroximate
ages as well as by length of time on experiment since animals
varied in their initisl weight and sge (Table 21 and Figure
4). A grzduel decrease in food efficiency as animals became
older and grew more slowly was evident in all groups.

During the first week of each experiment food efficiency
figures tended to be very irregulsr and dQuring the second week
were frequently higher than during the first. Some znimels
accepted the diet slowly resulting in weight losses, while
others gained weight rapidly for the first 2 or 5 days prob-
ebly because they were dehydrated during shipping. Only in
group II S'S did the guinea pigs as a group give any indica-
tion of difficulty in adjJusting to the diet.

In Experiment III food efficiencies for groups receiving
the synthetic diet either with or without biotin were very
similer. UFood efficiencies for the III C group were somewhat

lower then the group receiving the synthetic diet, but this



Teble 21. Average food efficiencies (grams gained per gram of food eaten) of
groups of gulnea plgs of Experiments I through VI
Apce 1n weeks
Group 1 2 3 4 5] 6 7 8 o) 10 11 12
I SB 0.13 0.54 0.55 0.17 0.18 0.21
I SBL 0.44 0.43 0.62 0.5 0.18 0.30
I 8SBM 0.56 0.53 0.31 0.21 0.32 0.26
I SBNMAu 0.34 0.25 0.31 0.54 0.30 0.20
II S8'B 0.37 0.45 0.32 0.23 0.05 0.14 0.3%3 0.17 0.11 0.1l
11 g 0.12 0.48 0.35 0.17 0.35 0.29 0.31 0.18 0.02 0.27
II S'D 0.48 0.52 0.28 0.22 0.28 0.30 0.21 0.33 0.16
II1 8"B 0.74 0.53 0.39 0.40 0.37 0.54
II1I st 0.64 0.60 0.48 0.29 0.23 0.39
III C 0.42 0.46 0.32 0.34 0.19
IV gnB 0.30 0.50 0.37 0.11
IV S'™BA 0.23 0.73 0.322 0.46 -1.14 0.53 0.52 0.19 0.27
iv g* 0.23 0.73 0.48 <0.22 0.45
IV SVA 0.49 0.76 0.4982 0.21 -~0.16
IV C 0.54 0.47 0.31 0.29 0.22 0.18 0.12 0.20
IV CA 0.66 0.44 0.248 0.02 0.05 0.38 0.24 0.20
V S'B 0.402% 0,36 0.48 0.34 0,40 0.22 0.33 0.25
V g"a 0.468 0,41 0.37 0.36 0.30 0.31 0.29 0.14
vV e_ 0.34 0.28 0.29 0.26 0.27 0.24 0.18 0.12
V CA 0.29 0.34 0.28 0.26 0.32 0.22 0.16
VI 8'"B 0.456 0.31 0.28 0.27 0.24 0.17 0.20
VI s"A 0.13% 0.30 0.11 -0.02 0.09 0.04 0.34

8Avidin feeding begun

831



Figure 4. Average weekly food efficiencies (weight gein
in grams per gram of food esten) of groups of
guinea pigs in Experiments I through VI
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can be explained by‘the lower caloric density of the commer-
cizl rabbit chow than the synthetic diet.

In Experiment IV there were wide variations in food effi-
ciencies of groups. Since few or single animals made up the
groups, weight loss znd low food intake of a single animal
affected the average of the group and explained in part the

reat irregularity. This combination of weight loss and poor
food intzke resulted in a food efficiency of -1.14 during the
5th week for the only guinea pig in group IV S"BA. Weight
losses during the 4th and 5th weeks for the only guinea pig
in the IV S"A group also resulted in negative food effi-
ciencies. The third guines pig receiving ovidin, IV CA, had
low food efficiencies for the 4th and 5th weeks. Gulnez pig
IV S"A did have a low concentration of biotin in its liver,
while IV S"BA and IV CA d4id not. However, it was poscsible
thet a2 bilotin deficiency was beginning in the latter two
guinea pilgs at the time that low food efficiencies were ob-
tained. These two guinea pigs were autopsied several weeks
later and concentrztions of biotin in the liver could have
increased during the intervening weeks when their food con-
sumption had increased.

The S"B and S"A groups in Experiment V had very similar
food efficiencies as did groups C aznd CA. ,Thus avicdin did
not affect the average food efficiency of fhe groups in this

experiment. Although low food efficiencies were found in two
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guinea pigs in the S"A group, there were also high food effi-
ciencies in others. |

In Experiment VI a difference in food efficiency between
the control and avidin-fed groups began during the third week
of the experiment. Many avidin-Ted guinea pigs lost weight
and were autopsied during the 4th and 5th weeks and since
weekly sverages were calculated only for animals completing
each week, the last days on experiment usually were not in-
cluded. Data for the 7th week of the experiment were obtained
from one guinea pig in each group. Cyclic weight losses and
gains produced alternately high and .low food efficiency values
for the guinea pig in the S"A group and it happened to have 2
higher food efficiency in the 7th week than the remaining
guinea pig in the S"B group. |

A weekly summsry of the averége weights for all groups
in 211 experiments is presented in Figure 5. Reduction in
rate of weight gain during biotin deficiency is clearly shown
for the two guinea pigs IV S"A and IV S"BA and for the VI S"A
group. Weights of groups receiving the synthetic diet, syn-
thetic diet plus desthiobiotin, or synthetic diet plus sulfa-
suxidine were unaffected by these dietary modifications. Al-
though individual guinea pigs in the synthetic diet groups of
Experiments III and IV and the S"A group of Experiment V had
reduced weight gains, this behzavior did not affect the average

of the group.



Figure 6. Average weekly welghts of groups of puines pigs in
Experiments I through VI



700¢ 7007 700p
EXPERIMENT I EXPERIMENT II EXPERIMENT M
600 600} 600}
[¥7]
= 500 500 500}
<
400 400
300 300
20057 200
100 100~
é [0} é ot
€A
) s
700r 760 700,
EXPERIMENT I¥ EXPERIMENT ¥ EXPERIMENT ¥1
600 600 600}
500 500
400 400
300 300
20047 200
100 100 — 88
----- S“A
i 1 1 v i i i i 1 1 1 i 1 1 4 1 1 i —
2 3 4 5 6 7 8 9 12 I 2 4 5 6 7 8 9
WEEKS ON EXPERIMENT WEEKS ON EXPERIMENT




135
Findings of Autopsies and Analyses

Many guinea pigs being fed synthetic diet developed en-
larged abdeomens during the experiments. _At autopsy an accumu-
lation of food in the gastrointestinal tracf, particularly in
the cecum of these animals was observed. Enlarged abdomens
also have been observed by Reid and Briggs (1953). Because
accumulation of food within the gastroihtestinal tract was
variable, comparisons of organ weight-body weight ratios based
on the finzl live weight of the animsls did not reflect the
relationship of organs to active tissues. Hence, the gastro-
intestinal tract,beginning with the esophagus at 2 point
immediately below the dizphragm, was rémoved and weighed and
its weight subtracted from the weight of the intact animel.
The value for bocly weight minus gastrointestinal tract, there-
fore, included such tissues as lung, liver, kidney, heart,
blood, and yeproductive organs.

‘The per cent of body weight due to the gastrointestinal
trect was calculated for Experiments II through VI; it varied
within groups and between similsr diet groups in different
experiments, and accounted for from 1/8 to 1/3 of the intact

body weight. OSee Appendix Table 36.

Hematological studies

Concentrations of hemoglobin and volume of red blood

cells did not decrease consistently in biotin-deficient guinea
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pigs (Tebles 22 and 23). This might be due in part to the
decreased demand for new circulating red blood cells due to
diminished volume of blood required in tiotin-deficient guinez
pigs which were losing weight, while control guineaz pigs hed
greater demands because of their increasing size.

Guineaz pigs in Experiment V which exhibited lower biotin
concentrations in thelir livers or slower growth rates, did
not differ from controls in hemoglobin concentrztions and
vecked red blood cells volume. Guinea pig S"A8, which had
the lowest concentration of biotin in its liver and the small-
est weight increase for this experiment, had normal values for
hemoglobin and pecked red blood cell volume. Guinea pigs S"AS
and 13, which hed slightly reduced biotin concentrations in
the liver, hed relatively high values for hemoglobin and red
blood cell volume.

Hemoglobin concentrations and red blood cell volumes of
2ll guines pigs in Experiment V were slightly higher than
those found in control guinea pigs in Experiments I through
IV. In the first four experiments, hemoglobin concentration
renged from about 11.00 to 13.25 grams per 100 ml. of blood
and the packed red blood cell volumes ranged from 32.0 to
40.0 per cent. These values were lower than those reported
for guinea pigs by other workers. Cannon (1954) had found
an average hemoglobin concentration of 14.00 grams per 100

ml. of blood for guinez pigs fed a diet of crude natural mate-
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Table 22. Packed red blood cell volume, and concentration of
hemoglobtin, urea nitrogen, and nonprotein nitrogen
in the blood of guinea pigs of Experiment V

Urea Non-
Packed red Hemo- nitro- protein
blood cell lobin gen nitrogen
volume %gm./ (mg./ (mg . Orea N 4 100

Animal (per cent) 100 ml.) 100 ml.) 106G ml.) NPXN

V S"Bl - - - - -

V S"B3 37.6 12.62 26.5 40.2 64.9
V S'"B4 45.8 12.89 26.0 42.5 61.2
V S"B5 42.3 11.87 25.2 40.2 82.8
V 5"B& S7.7 12.60 26.8 3C.2 88.2
V S"B7 38.4 12.23 25.8 34.2 62.6
Average 40.0 12.48 25.7 39.4 5.4
V SHUAS 35.4 11.82 25.8 30.8 77.2
V S"AS 40.4 14.28 27.5 35.6 77.2
V S"Al10 35.2 11.15 21.1 34.3 61.5
V S"A1L 40.4 12.87 26.8 34.8 77.0
V S"A1R 3.7 12.81 32.2 38.6 85.4
V S"Al3 38.8 13.05 27.8 33.0 84.1
V S"Al4 - - - - -

Average 38.3 12.81 26.6 34 .8 76.8
Vv C15 40.6 12.4¢ 21.0 38.4 54.8
V C16 32.1 11.53 1.6 38.6 58.0
V C17 36.3 12.14 17.8 36.2 42.3
VvV C19 43.6 15.94 20.2 38.4 52.7
V €20 40.8 13.86 23.2 41.8 556.9
V ca1 41.2 15.28 22.8 38.0 60.

Averzge 3¢.1 12.8% 20.8 38.0 54.6
V CA23 42.6 12.58 10.2 36.8 27.8
V CA24 3S.5 13.10 10.1 30.2 23.6
V CA25 40.2 12.96 2.2 37.0 26.8
V CA26 41.5 12.8¢ 18.¢ 35.0 52 .4
V CA27 - 536.5 11.76 17.0 33.2 51.1
V Ca28 34.5 11.8¢ 10.4 29.2 3E.5
Average 39.2 12.51 12.8 335.8 58.¢
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Table 23. Packed red blood cell volume, and concentration of
hemoglobin, urea nitrogen, and nonprotein nitrogen
in the blood of guinea pigs of Experiment VI

Urea Non-~
Packed red  Hemo- nitro- protein
blood cell lobin gen nitrogen
volume gn./ (mg./ (mg.§ Urea N . 100

Arimal (per cent) 100 ml.) 100 ml.) 100 ml.) NPXN

Vi S"Bl 35.4 11.3¢ 15.6 32.1 32.8
VI S"B2 34.6 11.42 30.8 4¢.5 62.2
VI S"B3 34.0 11 .46 4.1 36 .4 38.7
Vi S'B4 36.4 11.58¢ 19.6 42.8 45.7
VI S"B6 35.2 21.00 i1c.8 33.56 58.3
VI S"B7 36 .5 11.44 18.8 33.2 56.8
Vi S5'"B8 32.1 10.82 20.7 37.6 55.0
VI S"BS 35.2 11.68 1.8 33.3 59.8
VI S"B1O 35.5 10.86 20.5 38.6 53.1
VI S'"Bll 35.3 11.43 156.8 37.7 44.6
VI S"B12 33.3 10.88 17.8 35.4 50.2
VI SY"B13 35.4 11.76 23.1 54.2 67.4
Averzge 35.0 11.5¢ 1.8 37.6 52.6
+1.262 + 0.36 +4.23 +4.71 +8.99
VI S"Al4 34.6 11.37 20.6 32.4 63.5
VI SU"Al5 42.1 12.41 23.4 35.1 68.5
VI S"Ale 35.1 11.42 16.8 42.9 38 .2
VI S"Al7  2C.7 9.97 17.0 38.0 44.9
VI S"Al8 35.4 11.8%7 12.8 42.2 40.3
VI S"A21 - - - - -
VI S"A22 42.9 14.45 i1e.8 46.3 42.6
VI S"AR4 34.3 11 .44 23.5 61l.2 38.4
VI S"A25 28.4 8.78 20.0 32.0 51.2
VI SY"A25 35.5 11.02 27.4 43.8 g2.4
Average 386.0 11.42 20.9 43.1 42.9
+6.46 +1.57 +3.356 +8.85 +11.38

85tandard devisation
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rials. Woodruff (1953) obtained a similar aversge, 13.95
grams per 100 ml., for guinea pigs receiving a commercial
diet, and Reid and Briggs (1853) observed an aversge hemo-
globin céncentration of 14.7 greams per ldO ml. of blood for
62-day-01d guinea pigs fed a synthetic diet. Neither Cannon
(1945) nor Reid and Briggs (1953) reported their methods for
hemoglobin determinations. Woodruff (1953) used the same
oxyhemoglobin method which was used in the present study.

In the sixth experiment, hemoglobin concentretions and
red blood cell volumes observed in both control and experi-
mental groups were not only lower than in Experiment V, but
also lower than in the Experiments I through IV. Although
averages for the two groups in Experiment VI were very simi-
lar, a2 wider range of values was found in tiotin-deficlent
animals than in controls. Guinea pigs S"Al7 and 25 both had
very low hemoglobin concentretions, ©.97 grams per cent and
8.78 grems per cent, respectively, and red blood cell volunmes,
22.7 per cent and 28.4 per ceht, respectively, suggestive of
anemia. The high concentrations of hemoglobin, 14.48 grems
per cent, and red blood cell volume, 42.C pef cent, in S"A22
perhaps may te attributed to hemoconcentration because it
drank little water prior to its collapse. Hemoconcentrztion
has vpeen observed in animzls subjected to severe stress
(Selye, 1937). |

Anemia has been reported in biotin-deficient humens by
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Sydenstricker et al. (1942s) who observed a definite diminu-
tion in hemoglobin content and volume of packed red cells in
four human subjects. Only a few workers have measured hemo-
globin concentrations in biotin-deficient rats. Parsons and
Lease (1934) noted that rats suffering from dermatitis due
to egg white ingestion showed noc decrease either in total
solids or in the hemoglobin content of the blocd while Salmon
and Goodmsn (1934) stated that in advanced cases some anemia
was found. |

Nonprotein nitrogen concentrations in whole blood of
guinea pigs of Experiments V and VI varied considersbly, but
with the exception of VI S"A24 were within 30 to 51 mg. per

cent nitrogen, the range given in The Handbook of Biological

Data (Spector, 1256) as normal for plssma of guinez pigs.
Since present determinations were made on protein-free fil-
trates of whole blood, somewhat higher values than those mede
on pieasma might be exXpected; higher concentrations of non-
protein nitrogen are found in corpuscles than in plasma.
Although the feeding of =zvidin in Experiment V appezred
to reduce slightly nonprotein nitrogen in the blood, findings
in Experiment VI did not confirm this observation. The blocd
of guinez pig VI S"A24 contained 61.2 mg. of nonprotein nitro-
gen per 100 ml. while the blood of others ccntained the same
emount of nonprotein nitrogen as their controls. Guinea pig

VI S"A24 was also one of three guinea pigs in the avidin-~fed
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group that appeared to have areas of fatty infiltration pene-
trating the kidney cortex. Since the other two guinea pigs,
S"A18 =znd 18, hed normal nonprotein nitrogen values this kid-
ney change did not necessarily cause the one instance of in-
crezased nonprotein nitrogen concentration.

Urea concentrastions in whole blood of guinea pigs ofv
Experiments V and VI, with the exception of guines pig
V S"Al3, were within 8 to 28 mg. per cent nitrogen, the

normal range in serum of guinea pigs cited by Spector (1956)

in The Handbook of Biological Dgta. Since urez is freely
diffusable through ceil membranes, concentrations within the
corpusculsr and serum frections of blood are similar. The
rabbit pellets produced significently lower urea nitrogen
than synthetic diet in Experiment V, but the S'B and S'"A
groups of Experiment VI both had average concentrations sim-
1ler to that of the pellet control group of Experiment V.
Although in Experiment V, the avidin seemed to lower the ure
nitrogen in the group receiving rabbit pellets, 1t did not
in the groups receiving synthetic diet in elther Experiments
Vor VI. Thus, even when severe deficiencies developed, uresz
nitrogen concentrations indicated neither alterations in pre-
tein metabolism nor impairment of kidney function.

The urea content of blood varies in proporticn to the
rzte 2t which 1t 1s formed as a result of protein catabolism,

and inversely, within certain limitations, to urine volume.
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Since similar factors affect urea and nonprotein nitrogen
concentrations, under most conditions the two are parallel.
The per cent of nonprotein nitrogen due to urea nitrogen
varied considerably between groups in Experiment V and within
groups in Experiment VI, but it was not relsted to biotin de-
ficiency.

On the basis of our present knowledge of the biochemical
role of biotin in mamﬁalian protein metebolism, only indirect
changes would have been expected in bictin deficiency. An in-
crease in nonprotein nitrogen could result if degenerative
changes were present in the kidney. Urea and nonproteiln
nitrogen concentrztions might 2lso increasse during severe
weight loss, but in Experiment VI weight losses of guinea
pigs of the S"A group were not associzted with increases in
nonprotein nitrogen concentrations in the blood. Increased
activity of the adrenal glands in response to the stress of
biotin deficiency might result in increased glucocorticoid
secretion which would cause more repid than normal dezmina-
tion of amino zcids in the body and, therefore, increased
concentrations of blood urea. Although adrenal changes were
observed in biotin deficient guinea pigs, these changes did

not influence blood nonprotein nitrogen concentrations.



Liver size znd composition

Amounts of fat, nitrogen, and moisture in the liver have
been measured frequently as 2 means of observing gross altera-
tions in metabolism due 1o dietary inadeguaciles.

Size Livers of biotin-deficient guinea pigs were
smaller than those of their controls. Not only was the abso-
lute size smaller, which was expected because of the smaller
body size of the deficient guinea pig, but the liver weight
to body weight ratios were smaller in the deficient gulnea
pigs than in the controls (Table 24). This rstio for the
VI S"A group averaged 0.0422 for intact body weight, or
0.0572 for body weight minus gestrcintestinal tract, while
their controls averaged 0.05805, or 0.0680.

Reducation in liver size maey have been due to reduced
food inteke rather than to biotin deficiency. Keys et al.
(18950) and Jackson (1925) have reported that inanition mark-
edly refuced the weight of the liver, butl variability in
individuel dzsta made interpretation difficult. Liver weight-
 body welght ratios differed due to age and other physiological
conditions as well as to type and degree of inanition (Jackson,
1225) . Loss of hepatic tissue usually was relatively greater
than that of the body as a whole, especially in mature ani-
mals, but in the young,.hepatic tissue was often lost to a

lesser degree, the persistent growth impulse of the liver



Table 24. Liver weights and liver welght-body welght ratios for guinea plgs of
Experiment VI

Final weight minue Weight

- Final gastrointestinal of Ratio of Ratio of liver welght
welght tract liver liver weight to body weight minus
Animal (gm.) (gm.) (gm.) to body welght gastrointestinal tract
VI SHBL 281 200 16.156 0.0678% 0.0808
VI S'B2 245 182 4.1 0.0676 0.0775
VI 8"B3 429 368 26.25 0.0612 0.0733
VI 5'B4 2863 189 11.60 0.0455 0.0608
VI S5"Bé& 374 262 13.8 0.0369 0.0548
Vi s'B%? 246 155 10.0 0.0406 0.0645
VI S"B8 279 195 13.2 0.0473 0.0684
VI 8'"B9 569 243 18.25 0.0508 0.0645
VI 8"B10 240 179 11.6 0.0483 0.0648
VI 8"Bl1l 282 213 15.86 0.05662 0.0744
VI S"B12 296 213 15.45 0.0524 0.0725
Vi 5"B13 316 238 16.56 0.0622 0.0693
Average 0.0505+0.00722 0.0680+0.0072
VI 8"Al4 234 188 10.0 0.0427 0.05632
VI SY"Al5 185 143 10.7 0.0578 0.0748
VI 5"Ale 176 111 6.5 0.0369 0.0464
VI SUAL7 179 110 7.0 0.0441 0.0726
VI S1A18 281 224 11.5 0.0420 0.0507
VI g"A21 185 - - - -
VI S"A22 169 118 5.35 0.0317 0.0453
VI S"A24 1453 111 7.2 0.0803 0.0649
VI S"A25 209 152 Bed 0.0397 0.0546
Vi S"A26 159 110 6.45 0.0406 0.0586
Average 0.0429+0.00'76 0.0579+0.010%7

83tandard deviation

7yT
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perhaps preventing weight loss from occurring.

In his book, Jackson (1925) reviewed several studies on
effects of Tasting on the livers of guinea pigs. When livers
lost 52 per cent in weight along with an average loss of about
40 per cent in body weight, they appeared anemic and reddish
yellow in color. The rate of liver weight losses was greatest
during the earliest stages of inanition but varied at differ-
ent'stages of inanition. Loss of hepatic tissue was relative-
ly less than that of the entire body in the later stzges of
inanition. Sequential changes in liver weight and body weight
are summarized in Table 25.

Pecora and Highman (1953) observed that the liver weight-
body weight ratios of thiamine-deficient rats were smaller than
the ratios of their zd 1ibitum-fed controls, but similar to
those of pair-fed controls. Hence, as in thiamine deficiency,
the low liver-body weight ratios found in biotin;deficient

guinea plgs may have been the result of reduced food inteke.

Table 25. Relationship of liver weight losses to body
weight losses

Per cent body Liver
weight loss Soay * 190
0.00 3.38
5.53 3.03
16.18 3.36
25.17 3.25
34 .46 3.54
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Fat At autopsy, a dull brown or chocolate brown
liver was considered normel and a lighter brown liver with a
yellow cast wes considered perheps to indicate faity infil-
tration. However, the liver of guinea pig V S"A8 which had
the lowest concentration of fat, wag described as being brown
with a yellow cast and yellow fringe while the liver of guinez
pig VI S"B4, which had the highest concentration of fat was
described as being reddish brown. The amounts of fat and the
differences in concentrztions of fat in the two livers were
small; guinea plg V SY"A8 had 2.12 per cent fat in its liver
and guinea pig VI S"B4 had 4.72 per cent. Whereas hepztic
color might be useful when concentrations cf fat are more
variable, the low concentrations and slight variations found
in the present experiments precluded much change in the liver
due to fat. The recorded colors were more likely to be
associated with the completeness of bleeding and the asctivity
of the liver insofar as bile producfion was concerned.

Except for small white spots observed on the surfzce of
the liver of guinea pig V S"BS, a control animal, no gross
sbnormalities were seen.

Results of fat determinations for Experiments V end VI,
which sre given in Tables 25 and 27, indicated no alteration
from control values in the concentration of fet in the liver
of biotin-deficient guinea pigs. Only one guinea pig recelv-

ing avidin, V S"A8, had a fat concentration lower than the
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Table 26. Concentrstion of moisture, nitrogen, and fat in
livers of guinea pigs of Experiment V

Liver Moisture Nitrogen Fat

weight Total Cone. Total Conc. Totzl Conec.
Animal (gm.) (gm.) % (mg.) % (mg.) 4
vV S"B1 - - - - - - -
V S'B3 27.8 12.82 71.29 873 3.14 1073 3.86
V S¥B4 30.0 21.42 ° 71.40 212 53.06 922  3.07
¥V S"B 21.0 14.85 71.18 729 3.47 720 3.76
V S"B6 20.1 14.40 71.64 683 3.40 Sitatd 3.37
Vv S4B7 24.3 17.16 70.82 799 3.29 1045 4.30
Average - - 71.23 - 3.27 - 3.57
V SU"A8 12.3 15.78 71.40 508 2.65 402 2.12
V SHAC 20.8 14.86 71.44 879 3.26 845 4.Q7
V S"A10 22.2 21.36 73.15 el1é 5.14 1175 4.02
V SM"All 24.9 18.04 72.45 824 3.31 852 3.42
V SYAl2 25.8 17.54¢ 73.70 T 3.26 980 4.12
V S"Al1S 17.2 12.28 71.40 617 3 .58 5S8 S.47
V Stal4 - - - - - - -
Average - - 72.26 - 3.20 ~ 3.54
vV C15 21.5 15.68 72.93 657 3.06 720 3.35
V Cl8 25.9 17.8C 88.75 715 2.28 720 3.01
vV C17 15.5 11.16 72.00 8532 3.43 614 5.26
Vv C1° 21.6 15.56 72.04 715 S5.31 S50 4,40
Vv C20 22.6 16.32 72.21 706 3.12 805 4.00
V C21 26.8 18.54 72.21 841 3.14 1083 4.04
Average - - 71.81 - 3.17 - 3.72
V CAZS 22.7 16.50 72.71 630 2.78 828 3.65
V Caz4 22.6 15.20 70,55 666 2.95 686 5.04
V CA25 20.0 14.32 71.60 673 3.36 7L 3.85
V CA26 18.3 15.08 71.48 577 3.15 385 3.57
V CAZ27 16.2 11.34 70.00 521 3.68 &8¢ 4.25
V CAZ8 17.6 12.73 72.33 580 3.12 541 3.07
Average - - 71.41 - 3.17 - 5.87
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Table 27. Concentration of moisture, nitrogen, and fat in

livers of guinea pigs of Experiment VI

Liver Moisture Ni trogen Fat
welght Total Cone. Total Cone. Total Conc.
Animzl (gm.) (gm.) (mg.) % (mg.)
VI S"Bl 16.15 11.38 70.50 4839 3.03 584 3.62
VI S'B2 14.1 .91 70.27 433 3.07 548 3.87
VI 8"B3 26.25 18.36 82.25 728 3.77 1088 4.15
VI S'B4 11.50 8.08 69 .63 326 3.44 542 4,72
VI S'B6 13.8 9.72 70.46 457 3.31 523 3.7
VI s"B7 10.0 6.96 62 .62 347 3.47 363 3.83
VI S'B8 13.2 2.15 62 .35 477 3.61 528 3.98
VI S'Be 18.25 12.93 ?70.85 577 3.16 728 3.99
VI S"Bio 11.86 8.04 62 .33 413 3.56 465 4.01
VI S'Bll 15.85 11.34 71.53 510 3.22 530 3,34
VI S'Bl2 15.45 10.85 70.24 422 3.18 603 3.20
VI 5"B13 16.50 11.6¢ 70.886 483 2.92 572 3.48
Average - - 70 .26 - 3.31 - 3.87
+0.6742 +0.260 +0.35
Vi S"Al4 10.0 6.82 68.24 347 3.47 423 4.23
VI S%Al15 10.7 7.53 70.40 320 2.99 373 3.48
VI S"Al186 6.5 4.58 69.83 231 3.55 223 3.43
VI SYA17 7.9 5.51 62.71 272 3.44 250 3.17
VI S"Al18 11.3 8.01 70.87 388 3.44 474 4,12
VI S"A21 - - ~ - - - -
VI S%A22 5.35 3.78 70.36 200 3.74 167 3.12
VI StAg4 7.2 4.94 68 .64 338 4.866 278 3.6
VI S"Ag25 8.3 5.65 68.04 245 2.95 334 4.03
VI S"A28 6.45 4.38 87.83 206 4,58 279 4.33
Average - -~ 62.10 - 3.62 - 3.73
+1.088 +0.618 +0.47

8S8tandard devistion

contrcls and none of the guinea pigs receiving avidin had con-

centrations which were higher than the controls.

The average

fat concentrations for the groups receiving avidin were in

each case similar to their control groups, the averages in
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Experiment V being 3.67, 3.854, 3.72, and 3.57 for groups S"B,
S"A, C, and CA, respectively, and in Experiment VI, 3.87 2znd
3.73 for groups 5"B and S"A.

During the ezrly evaluation of the role of biotin in
nutrition, some fatty livers were attributed to biotin excess.
Gevin and McHenry (1941) had reported thet biotin produced
fatty livers when fed to rats previously depleted of the B
complex vitamins. Best et z1. (1948) disputed these findings
and attributed such fatty livers to a lzck of lzbile methyl
groups because_their"work indicated thet fzt accumulation
could be prevented by 2ddition of choline.

Because of the ezrly implications of a relationship be-
tween biotin and oleic zcid in bacteris (Williems and Fieger,
1946, and Willizms et al., 1947), the question as to whether
or not biotin is concerned with fat synthesis in higher sni-
mals has been investigzted recently. At the present time
limited information is availeble and different conclusions
heve been arawn; whether biotin is necessary for synthesis

of fat in higher enimsls es it is for olelc acid synthesis

}.h

n bacteria (Ravel and Shive, 1955) still remesins to be deter-
mined. Okey et 21. (1951) reported that incipient or border-
line biotin deficiency in cholesterol-fed rats resulted in
decreased accumulation of fat and cholesterol in their

livers. Guggenheim and Olson (1952) found no difference in

4
the rete of incorporstion of Cl‘ into hepatic fatty acids of



150

pair-fed and biotin-deficient rsts. Earlier, Curran (1950)
hed reported a slight increase in the synthesis of hepatie
fat during biotin deficiency on the basis of the amount of
deuterium found in fat after deuterium oxide was given orally.
Although the ratio of hepatic fatty acid to body weight weas
smaller in deficient rats, the concentration of deuterium in
the fat isolated was higher than in control animels, suggest-
ing that the rste of synthesis was increased. Currsn attri-
buted the increased rate of synthesis to inanition rather
than to bilotin deficiency, however, since earlier workers
(Bernherd snd Steinhsuser, 1943) had found an increased rate
of fat synthesis during inanition. Curran's findings do not
agree with those of Gram and Okey (1©58). They concluded that
in biotin-deficient rats glyceride, phospholipid, and choles-
trol synthesis in the liver was inhibited and Clé—labeled ace-
tate was used preferentizlly for glycogen synthesis. Their
conclusions were based on total hepatic fat and its specific
activity rather than on‘the concentration of fat. Concentra-
Tions of fat in the livers cf rats were 4.46, 5.30 and 4.75
per cent for biotin-deficient rat, pair-weighed, and ad
livitum-fed, rats respectively, the totzl amounts of fat in
the livers of these groups being 250, 333, and 415 mg. re-
spectively with specific zctivities of 164, 653, and 159
counts per minute per milligram. The low specific activity

for the a2d libitum-fed group was considered to ve due to the
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resdily available supply of acetate from food and endogenous
sources.

Total amounts of fat, and concentrations, were determined
in this study. As in CGram and Okey's study the concentra-
tions of fat in the livers of biotin-dericient guinea pigs
were similar to the concentrations of fat found in the livers
of control guinea pigs, bul the total amounts of fat were
lower.

In insnition the amount of fzt in the liver generally
increases as long &s there are endogenous stores of fat availl-
sble to be mobilized to take care of energy needs (Peters zand
Van Slyke, 1948). Despite verying degrees of weight losses,
0.7 to 21.4 per cent of maximum body weights, there was no
parallel increzse in concentration of fat in biotin-deficient
guinez pigs although at autopsy visible fat deposits were
present.

Nitrogen Significsnt changes in hepatic nitrogen
concentrations were not found in the present study (Tzables 26
and 27). Also when hepatic nitrogen was calculated on a body
welght basis for the guinea pigs of Experiment VI (Table 28)
the averages for the two groups were similar.

Knowledge of the biochemical role of bilotin in protein
metabolism is limited to synthesis of aspartic acid (Stokes

t al., 1947) and the Geaminetion of sspartic scid, serine,

and threonine (Lichstein znd Umbreit, 1947a) in bacteris.



152

Table 28. Relation of hepatic nitrogen to body weight for
guinea pigs of Experiment VI

Final body Total hepatic Hepatic nitrogen
weight nitrogen per 100 gm. body wt.
Animal (gm.) (mg. (ng.)
VI S"B1l 281 489 174
VI s"B2 245 433 177
VI S"B3 429 728 170
VI S"B4 263 396 157
VI S"B6 374 457 122
VI S"B7 246 ‘ 347 141
VI S"B8 27¢ 477 171
VI S"B9 352 - 577 160
VI S'B10O 240 413 172
VI S'Bll 282 510 181
VI S¥Bl2 295 492 167
VI S'"B13 316 483 1583
Average - - 162+16.92%
VI S"Al4 234 347 148
VI S"AlS 185 320 173
VI S"Al6 178 231 129
VI S"Al7 17¢ 272 153
VI S"Al8 281 382 138
VI S"A21 185 - -
VI S"A22 169 200 118
VI S"A24 143 336 235
VI S"A25 209 245 117
VI S"A26 189 296 182
Average - - 155+42.10

85tandard deviation

Limited data héve prevented any conclusions zbout the rela-
tionship of biotin to protein metabolism in higher animals.
Kritsman et al. (1953) reported that biotin-deficient rats
recelving methionine-535 incorporated the label into proteins

of different organs at a decreased rate. Administration of
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10 mg. of biotin per day for 2 successive days prior to injec-

555 resulted in 2 normel rate of inclusion.

tion of methionine-
Biotin-deficient young rats incorporated less label then defi-
cient adults. When tissues from biotin-deficient rsts were
studied in witro addition of biotin to the substrate increased
the uptake of labeled methionine.

Poznansksys (1857) found that serum albumin synthesis
by liver slices and amylase synthesis by pencreatlc slices
were reduced in hiotin-deficient chicks. Both reductions
could be prevented by a single intrsperitoneal injection of

100 mg. of biotin into the biotin-deficient chicks 24 hours

rior to in vitro experiments. Synthesis of pancresatic

o]

amylase could also be ralsed to a value comparable to that
found in the control chicks by the addition of X -ketoglu-
tarate; some stimulation a2lso was produced by fumerate. The
addition of either «-ketoglutarate or fumerate to slices
obteined from control chicks did not affect synthesis of pan-
creatic amylase. Glutemine, but not «-ketoglutarate, in-
creased albumin synthesis to 70-80 per cent thet occurring
in liver slices of control animals. The «K-ketoglutzrete
presumebly was not effective because it could not pass through
the cell membrane. Poznansksys concluded thet viotin did not
participste directly in protein synthesis, btut in the syn-
thesls of dicarboxylic zeids of the citric acid cycle which

were essential for oxidative phosphoryletion which, in turn,
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provided energy for protein synthesis.

Summary While biotin-deficient guinea pigs had lower
liver weight-body weight rstios than their controls, thelr
hepatic composition with respect to nitrogen, fat, and mois-
ture remeined similar to those of control guinez pigs in both
Experiments V and VI. The effect of biotin deficiency, either
directly or indirectly, as through inznition, was on the liver
as a whole father than on any of the major components, al-
though biotin concentrztion itself was reduced in the biotin-

deficient guinea pigs.

Kidney findings

The kidneys of the guinez pigs were exXamined in each ex-
periment at autopsy for evidence of damage such as pitting,
scarring, or hemorrhage. They were also weighed during the
final experiment.

The gross appearance of kidneys changed only in the final
experiment. When guinea pigs S"A16 and 24 were sacrificed
early in Experiment VI, the cortices of tTheir kidneys were
not uniformly colored, but instead, lighter zreas penetrzted
below the surface and appeared to be caused by infiltration
of fat. Originelly kidneys had been evaluszted only by autopsy
findings, but in view of the gross changes in the kidneys of
S"Al6 and SU"A24, fat wes determined in the kidneys of the

remaining guinea pigs. Subsequently, renal cortical changes
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were noted in two other guinesz pigs, S"Al8 and S"A21, but the
kidneys of S"A21 were not saved for anzlysis beczuse death
had occurred several hours before autopsy. Thus, of these
four guinea pigs, only the kidneys of guinea pig S"Al8 were
eanzlyzed for fat.

While guines pig S"A18 did have the highest concentration
of renzl fat of the experimental znimals, higher values occur-
red in their controls (Table 22). The fet concentrations in
the kidneys of the two groups were similar; averages for tae
biotin-deficient group =nd the ccntrol group were 3.71 and
4.04 per cent, respectively, medizns were 4.08 znd 3.78 per
cent, and ranges were 2.67 - 4£.40 2nd 3.31 - 5.48 per cent.

The kidney weight-body weight ratios were czlculated in
Experiment VI (Table 22). An aversge ratio of 0.0085 was
found in the control group compared with 0.0118 for the
biotin-deficient group. Reid and Briggs (1953) revorted 2z
value of 0.0090 grems for the kidney-body weight ratios of
normelly growing, 60-day old guinez pigs fed a synthetic
diet, & velue similer to the control value obtained here.
When the two groups of Experiment VI were compered, calculat-
ing ratios on the basis of'body welght minus gestrointestinal
tract, the ratio for the control group was 0.011° and for the
experimental group, 0.015%.

According to Keys et 21. (1950), the kidney undergoes

atrophy in both acute and chronic starvation but the degree



Table 29. Welght of kidneys and concentration of fat in the kidneys of guinea
pigs of Experiment V

Wt. of Ratio of kidney Renal fsat
kidneys Ration of kldney wt. to body wt. Total Concentration
Animal (gm. wt. to body wt. minus GI tract (mg.) (per cent)
VI S"B1l 1.8 0.0064 0.0090 89 4.93
VI S"B2 2.7 0.0110 0.0148 95 3.61
VI S"B3 3.3 0.0077 0.0092 123 3.73
VI S'"B4 2.5 0.0099 0.0132 - -
VI S"Bé 2.8 0.0075 0.0111 109 3.82
VI S"BY 2.2 0.0089 0.0142 - -
VI SYB8 2.4 0.0086 0.0124 76 3.09
VI S"B9 2.4 0.0067 0.0084 1392 5.48
VI S"B1l0 2.5 0.0104 0.0140 o8 3.89
VI 8"B1l 2.3 0.0082 0.0108 114 4,98
VI S"B12 2.6 0.0088 0.0122 88 3.31
VI S"B13 2,6 0.0082 0.0109 o7 3.73
Average - 0.0085 0.0119 - 4.04+0.72%
VI S"Al4 2.2 0.0094 (0.0092)% 0.0117 94 4.29
VI S"Al5 2.3 0.0124 (0.0123) 0.0161 94 4.08
VI SYAl6 2.7 0.0153 (0.0138) 0.0193 - -
VI SH“AL? 1.4 0.0078 (0.0068) 0.0128 48 3,44
VI S"Al8 2.5 0.0089 (0.0088) 0.0112 110 4 .40
VI S"A21 - - - - - -
VI S"A22 2.0 0.0118 (0.0098) 0.0169 52 2.867
VI S"A24 2.5 0.0174 (0.0154) 0.0225 - -
VI S"A25 2.2 0.0105 (0.0083) 0.0145 03 4.24
VI SYA26 2.0 0.0125 (0.0110) 0.0182 57 2.84
Average - 0.0118 (0.0106) 0.0159 - 3.71+0.85

83tandard deviation

bKidney welght-body welght ratio based on maximum body welght

96T
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of renal loss is generally less than that of the body weight
as a whole. When, in Experiment VI, the kidney-body weight
ratlios of the experimental group were recalculated on the
besis of meximum body welight, an average value of 0.0106 was
obtained. This ratio was still higher than that of the con-
trol group, C.0085. However, this calculation lowered the
hign ratios found in the biotin-deficient group somewhes
since some of the guines pigs having the highest retios zlso
had the greatest weight losses; nevertheless, the ratios for
guinea pigs S"Al6 and 24 remained higher then any for the
controls.

No values for kidney-body weight ratios during biotin
deficiency in any species were found. Katsh et 2l. (1935),
who studied orgen-body weight changes in tiotin-deficient
rats, did not include observetions of the kidney. Pecora sznd
Highman {1953) fcund increased kidney-body weight restios in
thiamine-deficient rats and to a lesser degree in their pair-
fed controls. The authors concluded, therefore, that in thi-
amine deficiency tThere was an increased kidney-body weight
ratio which was in part due to the effect of inaznition znd in
part due to a2 direct effect of thiamine deficiency. Pecorae
and Highmsn suggested that since kidney weight is determined
mainly by the amount of work done by the kidney (Wzlter znd
Addis, 1939) the incresse in kidney-body weight retio occur-

ring during thiamine deficiency must be explained in terms of
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additional work being déne by thevkidney. They ressoned that
the increase in kidney-body weight ratio observed in inanition
was caused by increased work by the kidney of en animal losing
weight and thus having a proportionally larger body surface
area than its controls. McIntosh (1928) reported that urea
clearance values, used in measuring renal function, were pro-
portional to body surface area; hence, he concluded that the
amount of work done by the kidney was also proportional to the
surface area. Pecora and Highman suggested that the enlarge-
ment not caused by inanition in the thiamine—deficient rat
might have been caused by the increased work performed by the
kidney as 1t attempted to maintein ionic ecuilibrium while
sodium was increasing and potassium decreasing in the tissues
of thismine-deficient rats.

The increased kidney-body weight ratios in the biotin-
deficient guinea pigs might, in part, have been due to their
proporticnally larger body surface than the controls and the
correspondingly inecreased kidney function, but it seemed un-
likely that 1t could account entirely for the large kidney-
body weight ratios of guinea pigs S"Al5, 16, and 24. The ex-
tent of the effects of inanition could not be estimated since
there were no pair-fed controls. Although tissue analysis
for sodium and.potassium changes were not made in the present
study, such changes might have occurred in biotin-deficlient

gulnea pigs since their adrenals were reacting to stress.
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In summary, bictin-deficient guinea pigs had increased
kidney-body weight ratios which might have been caused by in-
snition and by other changes resulting in increased work for
the kidney. Four biotin-deficient guinea pigs appeared to
have an infiltration of fat and/or possibly the beginning of

degenerative changes in the cortex of their kidneys.

Spleen findings

Spleens were weighed in Experiments V and VI. In Experi-
ment V average spleen weight-body weight ratios of the groups
receiving the synthetic diet, groups S"B and S"A, and the
groups receiving the commercial ration, groups C and C4, were
similar to those given by Reid and Briggs (1953) for groups
receiving a synthetic diet and a commercial pelleted ration,
their ratios being 0.00137 and 0.00113, respectively. The
averege ratios in Experiment V were 0.0013, 0.C016, 0.0010,
end 0.0012 for the S"B, S"A, C, and CA groups (Table 30). In
Experiment VI the values for groups S"B and S"A were somewhat
higher than those for similar groups in Experiment V and than
those reported by Reid and Briggs; this difTerence might be
due to the fact that guinea pigs in Experiment VI were younger
at sutopsy than either those of Experiment V or those studied
by Reid and Briggs. Ezston (1931) had reported previously that
the spleen-bedy welght ratios decreased with sge in growing

guinea pigs. The ratio for the VI S"B group averaged 0.0012
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Teble 30. Weight of spleens of guines ovigs in
Experiments V and VI

Wt. of Ratio of Wt., of Ratio of
spleen spleen wt, spleen spleen wt.

Animal gm.) to body wt. Animal gm.) to body wt.

vV S"Bl - - VI 3"B1 0.52 0.0018

V S"B2 - - VI S'"B2 0.48 0.0020

V S"B3 0.8¢ C.0015 VI 3"B3 0.83 0.0020

V StB4 0.28 0.0017 VI S"B4 0.32 0.0013

V S"B5 0.86 0.C017 Vi S"B8 0.22 0.0014

V S'Bs 0.84 0.0015 VI S"B%7 0.35 0.0014

V suB7 0.83 0.0015 VI S"BS8 .62 0.0022
VI S"BG 0.72 0.0022

Aversge 0.0016 Vi S"B1O 0.38 0.0024
VI 5"B1l1 0.72 0.0026
VI S'g12 0.42 0.0014

V S"A8 0.7Q 0.0018 VI S"Bls 0.62 0.0020

V SYAS 0.89 0.001¢

V s"410 1.21 0.0020 Average 0.001¢

V StA1l 0.83 C.00153

V S"Al12 0.83 0.0011

V S¥Al3 C.68 0.0018 VI Sh"Al4 0.38C 0.0025

V S“Al4 - - VI SHALS 0.45 0.0024
VI S"Al8  0.35 0.0020

Average 0.0016 VI SUAl7  0.22 0.0012
VI SYA18 0.38 0.0013
VI S"A2] - -

V C15 C.83 0.0010 VI SHA22 0.15 0.000¢

V Cle 0.74 C.0012 VI S"A24 Q.17 0.0012

V C17 0.50 0.0010 VI S"A25 0.80 0.0024

V Cl¢ 0.61 0.0010 VI S"A28 0.24 ¢.0015

V €20 0.73 0.0011

V21 0.64 C.0010 Average 0.0017

Average 0.0010

V CA23 0.686 0.0011

V CA24 0.72 0.0011

V CA25 0.52 0.0012

V CA26 0.0 0.0014

V CAZ7 c.82 0.0014

V Cags 0.48 0.0009

Averszge Cc.0012
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and the VI S"& group, 0.0017.

Both groups in Experiment VI had 2 wide range of spleen-
body welght retios, from C.0013 to 0.0026 for the S"B group,
and from 0.0002 to 0.0025 for the S"A group. These wide
ranges were not due to different lengths of time on experi-
ment; the smaller ratios were not found in guinez pigs on
experiment longer nor the larger ratios in guinea pigs on
experiment a2 shorter period of time. Alsc the varliation in
the ratios of the S"A group wes not related to weight loss.
Jackson (1925) hsd reported thet the spleens of meture guines
pigs generally atrophied during conditions of inanition and
malnutrition znd when splenie enlargement was found it weas
mostly due to complications such as infections. Further,
Jackson had reported that the relative lcss in spleen weight
was usually greater than loss in body welght, although the
spleen lost weight slowly in ezrly stesges of inznition. In
young guinea pigs results were even more varisble than with
mature guinea pigs; in some csses the welght of the spleen
decreased while in others the inherent growth impulse sppeared
to overcome the tendency to atrophy during inanition. Similsar
spleen changes during inenition have been cited by Xeys et sl1.
{1950) .

For biotin-deficient rats, Katsh et al. (1955) reported
a2 spleen-body weight ratio of 0.0017 znd for psir-fed control

rats, 0.0015. Pecora and Highmen (1953) found lower spleen-
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body weight restios in thiemine-deficient rsts than in con-
trols of the same age or in younger razts with similar body
weights, tut the ratics were the szme 2s those of pair-fed
controls.  Pecors and Highmen felt that pert of the differ-
ence between spleen-body weight rstios of deficlient and con-
trol rats might te attributed to decreased hematopoesis
occurring in the spleen of the deficient rsts which needed
less blood beczuse they were losing weight.

Besides changes due to age and weight loss, spleen size
might slsc change ss part of z general adzptation syndrome.
The spleen weight could decrease for two reasons; firstly,
the volume of red blood cells 1is increased during shock pre-
sumebly as a result of hemoconcentrstion and discharge into
the circulation of red cells stored in the spleen and bone
marrow, and secondly, the svleen may undergo involution zlong
with other lymphatic tissues (Selye, 1947). The only guines
pig evidencing hemoconcentration snd hemorrhsgic a2drenals was
VI S"A22. It 2lso had the lowest spleen-boly weight retio,
0.0009 .

Adrenzl findings

The size, sppesrance end cholesterol content of adrenal
glends have been evaluated in these experiments because
adrenal cortical zctivity is related to stress. Later dif-

ferent stages in the development of the adaptation syndrome
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were related to adrenal changes (Selye and Stone, 1950).
Sayers et al. (1944) have alsc related different types of
stress to adrenal changes. Deficiencigs of pantothenic zcid
and aséorbic acid have been intimately associated with changes
in adrenal glands, the former possibly through the coenzyme A
molecule necessary for cholesterocl formation {McHenry, 1955)
and the latter in some unknown way.

No changes in adrenal glands have béen reported in most
descriptions of biotin deficiency in other species. Terroine
(1956) observed no changes in the histology or size of the
adrenal gland in biotin-deficient rats, while Katsh gt zl.
(1955) found increased adrenzal size but no histological
changes in both biotin-deficient rats and thelr pair-fed

contrcls. Hartman and Brownell in their book The Adrenal

Gland (1949) stated that every type of stress, if of suffi-
cient megnitude or duration, could be shown to affect the
adrenzl cortex. Stresses of various kinds have increased the
size of adrenals and dietary changes assoclated with such
changes include inanition and deficiencies of vitamin A,
thiamine, riboflavin, ascorbic acid, vitamin D, vitamin E,
pantothenic acid, and nicotinic acid. With most of these
deficiencies, whether the change is a primary one due to the
deficiency or secondary due to generalized stress caused by

- the deficiency is not known.

Gross changes in adrenal glands d4id not occur, except in
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one case, until the synthetic diet plus avidin was used to
develop a deficiency. Of gll znimsls fed the basal synthetic
diet;'only guinea pig III S"15 had hemorrhagic adrenal glands
2t autopsy. Thils guinea pig was very small at the beginning
of the experiment; its weight pattern and hepstic biotin con-
centration were similar to the weight patterns znd hepatic
tictin concentrations of deficient guinea pigs in Experiment
VI. The one gulnez pig (S"A5) receiving synthetic diet plus
gvidin in Experiment IV had slightly hemorrhagic adrenal
glands and four (S"A21, 22, 25, z2nd 28) of 10 guinea vpigs re-
ceiving synthetic diet plus avidin in Experiment VI had
hemorrhagic adrenal glands. In eazch instance wnen adrenal
hemorrhages occurréd, indications of biotin deficiency such
as lowered hepatic biotin, unthrifty appesrance and slow
growth or welght loss were present, but severe external symp-
toms such as those reported in biotin-deficient rsts never
developed. Gulnea pigs ¥ S"A5, VI S"a25, and VI S"A26 were
autopsied when their physicezl conditions indicsted they were
unlikely to live much longer; guinea pig VI S"A22 became pros-
trate on the 32nd day of the experiment znd was autopsied
immediately; and VI S"AZ21 was found desd the morning of the
23rd day.

In the first three experiments only an estimstion of the
relative size of the adrenal glands was mede while in the

three subsequent experiments they were weighed. The weights
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of the adrenzl gland were calculated as milligrams per 100
grams body weight and milligrams per 100 grams body weight
minus gastrointestinsl tract {Tables 31, 32, and 33). Weights
were compared in this manner because of the wide variastion in
age snd weight of the guinea pigs when they were sacrificed.

A comparison made in this manner might err slightly because

Table 31. Weight of adrenal glands of gulnea pigs,
Experiment IV

Adrenal weight

Mg. per Mg. per 100 gm.
100 gm. body weight

Animal Mg. body weight minus GIL tract

IV s#1 172.0 48,4 a 60.1

IV sS4 156.0 141.8 (78.3) 175.3

IV SUAS 196.0°  95.1 (72.8)2 -

IV S"B? 0.5 52.0 79.4

IV s"Bg - - -

IV SYBAQ 111.0 32.6 56.6

iV €10 116.7 45.6 63.2

IV C11 166.0 37.4 44.7

IV C12 30.6 27.5 35.5

IV CAl3 136.0 36.7 43.9

2Based cn maximum body weight

bHemorrhagic
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Table 32. Weight of adrenzl glands of guinea pigs,
Experiment V

Adrenzl welght

Mg. per fg. per 100 gm.
100 gm. tody weight

Animal Mg. tody weight minus GI tract
V S"B1 - - -

V 8"B3 306 .4 55.3 64.0
V 3"B4 302 .6 52.¢ 62.3
V 3"B5 248.6 48.3 57.2
V 5"B6 341.0 80.0 70.0
Vv S'B7 272.0 50.8 62.7
Lversge - 53.0 83.2
V 3"A8 156.5 40.1 54.7
V S"AQ 181.7 40.7 47.8
vV S"Al0 275.8 44.2 51.¢
V 3"Al]1 269 .4 42.0 50.0
V S"Al2 262.8 46.2 55.2
V S"Al3 140.4 31.2 40.3
V SY"Al4 221.0 63.9% -
Averzge - 44.0 4¢.9
V Cl5 245.9 40.0 42.0
vV C15 175.0 275 33.0
V c1v 211.2 42.2 52.2
V €18 227.4 38.2 45.8
V C20 280.0 44..0 52.7
V C21 101.7 28.5 33.2
Aversge - 36.7 44 .6
V CA23 145.8 25.2 30.5
V Ca24 191.6 30.5 38.3
V CA25 1ec.0 37.2 43.9
V CA26 198.0 33.8 3S.9
V CA27 258.8 40.5 48.3
V CA28 106.4 20.7 24.7
Average - 31.4 38.1

2Removed after death, not included in average
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Table 33. Weight of adrenal glands of guinea pigs,
Experiment VI

Adrenal weight

Mg. per Mg. per 100 gm.
100 gm. body weight

Animal Mg. body weight minus GI tract
VI S"B1l 183.8 58.3 81.5

VI S"B2 147 .4 60.2 81.1

VI S"B3 156.0 - 36.4 43.6

VI S%B4 110.8 44.8 58.6

VI S"B6 146 .4 39.1 58.1

Vi S"B? 113.5 45.1 n3.2

VI SYBS 99.7 = 35.7 51.6

VI S"B9O 157.8 44 .0 55.8

VI S"B1lO 135.8 55.6 75.8

VI S'Bll 139.8 49.6 65.6

VI S"B12 146.0 49.5 68.5

VI S"B13 - 164.8 52.1 6S.2
Average - 47.7+8.2% £65.2

VI SUAl4 131.2 57 .4 (55.9)b 71.4

VI S"Al15 137.8 74.5 (73.7) 96.4

VI S"A186 121.5 69.0 (62.0) 86.4

VI S"A1l7 162.1 90.8 (72.6) 148.7

VI S"Al8 152.2 54.2 (53.8) 68.3

VI S"A21 - ¢ - -

VI S"A22 204.0° 120.7 (99.5) 172.8

VI S"A24 120.0 83.9 (74.1) 108.1

VI S"A25 176.2C 84.3 (66.2) 115.9

VI S"A26 132.8° 79.5 (70.9) 120.7
Average - 79.5 (70.9) 10¢.8

+19.8

25tandard deviation
bPBased on maximum body weight

CHemorrhagic
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Bessesen and Carlson (1923) found that up to a body weight

of sbout 400 grams the curve for the sdrenal gland-body weight
retio wes sliightly convex upward. They reported, however,
that the adrenal glands were equivalent %o approximately

0.05 per cent of the tody weight of the gﬁinea pig under 500
grams and there was an increase in the ratio in guinea pigs
with weights over 500 grems.

Wnen adrenzl weights, expressed in milligrsms per 100
grams of tody weight or milligrams per 100 grams of body
weight minus gastrointestinal treact, were compered, high
velues were found for two guinea pigs in Experiment IV (Tgble
31). The guinea pigs were IV S"4, which lost weight for
ebout a week prior to its collspse and autopsy and IV SYA5,
which was unkempt in sppeerance and lost weight prior to
autopsy. Guinea pig IV S"4 did not have z reduced concentra-
tion of hepatic biotin, tut guinea pig IV S"5 did. The
weights of adrenal glands per 100 grams of.body weight of
guinea pig IV 5" gznd IV S"A5 were similar to those of the
VI S"A group when calculzted on the beeis of maeximum weight.
The values so calculzted were 78.3 2nd 72.6 for guinea pigs
IV 5"4 znd IV SY"A5, respectively, and the aversge for the
VI S"A group was 70.C.

In Experiments IV and V, the sdrenel glands of guines
pigs receiving commercial rzbbit pellets were smaller in pro-

portion to body weight than those receiving synthetic diet
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(Tables 31 and 32). Weights of sdrenal glands per 100 grams
of body weight were slightly higher but not significantly
different for guinea pigs receiving synthetic diet plus
biotin in Experiments IV, V, snd VI (Tables 31, 32, =and 33)
than those reported by Reid .end Briggs (1853) for guinea pigs
receiving a complete synthetic diet, while values for guinea
pigs in Experiments IV and V receiving pellets were lower
tnzn those reported by Reid and Briggs for guines pigs re-
celving a similar ration. Reld and Briggs observed that
adrenal glands weighed 46+2 mg. per 100 grems of body welght
irrespective of diet, whereas in this study the value for
guinea pig IV S"B7 was 52.0 mg. and the aversges for the S"B
groups were 53.0 mg. for EZxperiment V and 47.7 mg. for Experi-
ment VI. The average adrenzl weights per 100 grams of body
weight for groups receiving commercial rabbit pellets were
36.8 and 36.7 mg. for Experiments IV and V, respectively.

Possible biotin deficiencies were detected in only two
guinea pigs, S"A8 and S"Al4, in Experiment V. The adrenal
weight of S"A8 was below the aversge of the S"A group when
calculated per 100 grams of body welght, while the adrenal
weight of S"Al4 calculafed in this manner was highest 1n the
S"A group and in Experiment V.

In Experiment VI the adrenal weights were much higher
in the btiotin-deficient group than in the controls whether

they were calculated per 100 grams of final body or meximum
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body weight (Table 33). The average adrenal weight per 100
grams of fingl body weight for the control group wss 47.7
milligrams and 72.8 for the biotin-deficient group. On the
basis of meximum weight the latter figure was 70.¢ mg. The:-
difference between groups was similar when adrenal weight wars
calculated per 100 grams body weight minus gestrcintestingl
tract, the average values being 65.2 mg. for the S"B group
and 109.8 mg. for the S"A group.

Since the sbsolute weights of adrenzl glands of the two
groups in Experiment VI were essentizlly the seme with the
exception of guinea pig S"AZ2, it was interesting to specu-
late on the relationship between adrenal weight and body
weight during a deficiency when growth is retarded or weight
lost. Oleson and Bloor (1941) reported that absolute weights
of adrenal glands in meture guinea pigs did not change although
considerable body weilght was lost when food wes withheld for
either 3 to 7 dsys or for 10 to 14 days, at which time they
were on the verge of desth. However, both free and esterified
cholesterol in the adrenal glands decreased. Oleson and Bloor
interpreted this findlng zs an indication that the glands were
probesbly protected from emazeiztion owing tvo their activity as
vital organs. Blumenthal and Loeb (1242} found increased
mitotic activity and increased cell size in the adrensl cor-
tex of guinez pigs during moderate inanition, but if inanition

was elther severe or slight, mitotic activity was suppressed.
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Whereas size may te an indication of activity of adrenal
glands an increase in size may also be caused by congestion
or edema (Hartmen and Brownell, 1848). Adrenzl cholesterol
determinations have been made z2s 2 means of assessing the
activity of the gland since Haines et al. (1851) demonstrated
that cholesterol wes an intermediate in hormone synthesis in
the adrenzl glend. The determinations have been limited in
their usefulness since they indiczted the status of the
adrenal glands only at the time animals were sacrificed and
gave no indication whetner their cholesterol content was in-
creasing, decreasing, or being maintained.

Sayers et al. (1944) have formulated five %types of re-
sponse of the adrenazl cortex to alterztions in externszl or
internal environment and have related these responses to
alterations in size and cholesterocl content. The type of
response is determined to a lerge degree by the severity and
durstion of the stress. The first three types are of inter-
est in interpreting adrenal cholesterol and a2drenal weight
changes in the present experiments. Type I is caused by
moderzte stress applied to the aznimal for a relatively short
period of time. It is charazcterized by reduced concentra-
tions of edrenal cholestercl and sudanophilic meterial within
" a few hours after epplication of stress. ¥When the stress is
removed the concentrations of adrenal choiesterol and sudano-

philic msterial slowly return to their initisl values. Under
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these conditions there may be slight or no hypertrophy of the
gland.

The Type II responsge is obtained when stress caused by
external or internal environment proceeds at a slow rate.
Since there is z gradual increase in the demand for corticel
hormones, the concentration of adrenal cholesterol remains
practically normel, but the sctuzal mess of glandulaf tissue
increases so that the increessed demand for the hormone 1is
met, not by 2 sudden depletion as in Type I, but by an in-
crease in the number of functionesl units. Moderste fasting
(calories reduced to one-hslf of zd libitum inteke), unless
it is extended to the point of collepse of the animal, gives
a Type II response. Although Sayers and coworkers (1944) did
not mention cnronic vitamin deficiencies, their similarity
to restricted food intzke leads one to expect a Type II re-
sponse.

The Type III response develops when an snimel 1s sub-
jected to severe or sudden stress that is beyond its ultimate
capacity to meet. The demand for the cortical hormone is
not only excessive but it is continuous until dezth. During
the period of survival, adrenal cholesterol and sudasnophilic
meterial ere rapldly and merkedly depleted. The zdrenzl
gland mey also hypertrophy, but the degree is determined by

the interval between the time of the first eppearance of the

stress z2nd the desth. The znimals freguently have enlerged
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adrenal cortices which esre devoid of cholesterol and lipids.
Type III is produced by starvation and by severe vitamin
deficiencies. In vitamin C deficiency in guinea pigs,
chclesterol concentrations of the a2drenal glands decreased
from 5.1 per cent on a complete synthetic diet to 2.8 per

| cent after 26 to 32 days on a diet deficient in vitamin C.
Decreases in sdrenzl cholesterol concentrations in other
vitamin deficlencies were zlso cited by Sayers and ccworkers
(1944).

Responses of Types IV and V do not result as z conse-
guence of the demand for an increased secretion of adrenzl
corticeal hormone, but are associzted with alterations in
anterior lobe function.

The general adaptation syndrome as described by Selye
(1937) is divided into three stages. The changes which occur
during the first stesge, or stage of zlarm, appesr & to 48
hours after the initiel injury. During this stage there is
e repid aecrease in the size of the thymus, spleen, lymph
glands, and liver; fat tissue dissppesrs; edema forms,
especielly in the thymus and loose retroperitoneal connec-
Tive tissue; pleural znd peritonesl transudates acecumulete;
muscle tone is lost; b5dy tempereture falls; zcute erosions
form in the digestive tract; cortical lipoids and chromaffin
substance are lost from the adrenals; snd sometimes hyperemia

of the skin, exophthzlmos, increased lachyrmation, and saliva-
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tion occur. If the injury or stimulation is continued for a
period of hours or longer and the stress is not too severe,

the organs return to a more normsl condition, and the znimal
is in the second or resistant stege. During this time there
is 2 resppearance of corticel lipolds. If the injury is con-

- tinued still longer the animals csn no longer respond- and in

the third stage, or stage of exhaustion, .the :animsl dres with

organ changes similar to those seen in the Tirst stage. Selye
and Stone (1950) have related these stages of the adaptatioﬁ
syndrome to changes which occur in the adrenal gland. During
the alarm reaction the demand for corticsl hormones is exces-

m

sive. The adrenzl cortex undergoes hypertrophy and hyper-
plasia; it increases in size, while discharging lipid stores
into the blood. In the resistant stege the adrenal cortex
is enlarged and its cells store numerous sudanophilic lipid
granules, while in the stage of exhaustion there 1s a deple-
.tion of lipids.

Responses of Types I, II, and III 2s proposed by Sayer
are not the same as the stages of alarm, resistance and ex-
haustion as proposed by Selye although certain features are
similar. The stages succeed each other in response to one
stress while the various types are based upon changes prcduced
in the gland by different stresses. Both concepts, however,

were useful in evaluating adrenal glands in Experiment VI.

Of guinea pigs in the experimental group, VI S5"Al4 znd
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18 could be classified as having only slight changes in
their adrenzl glands although low hepatic biotin concentra-
tions and an unthrifty appeszrance plus loss of hair snd hair
color of guinea pigs SYAl8 indicated that deficiencies ex-
isted. Their adrenal weights when calculated per 100 grams
of bOdY.W?ig?FVWEnQASiQi}&?1§Q those in the'upber range of.;f-'f
niﬁﬁéiﬁé;'éﬁgérVéd in c§ntrdl‘animéls;.'VI‘SWAléban&[le'apﬁééred
to have 2 Type I response, or in terms of Selye's general
sdaptation syndrome, to be in the resistznt stzge. Their
cyclic weight gains and losses indiceated thét although the
deficiency was producing 2 stress the guinea pigs were adjust-
ing to smezller amounts of biotin. On the basis of adrenal
cholesterol concentrations (Table 34) znd adrenal weights
when calculated per 100 grams (Table 33), guinea pigs
VI S"Al4 end 18 were considered to have a moderate chronic
deficiency.

On the basis of per cent adrenal cholesterol (Table 34)
and adrenal gland-body welght ratios (Table 33) guinea pigs
VI S"Al5, 18, and 17 could be classified as having a Type II
response, increased functioning tissue. Their adrenzl weights
when calculated per 100 grams of body welght were 74.5, 69.0,
and 20.6, mg., considerzsbly higher then the average for the
controls, 47.7 mg. In terms of Selye's adaptation syndrome
these three guines pigs were in thé stage of resistance 2znd

VI S"Al7 was approaching the stege of exhzustion.



Table 34. Adrenal cholesterol concentrations of guinea plgs of Ekperiment VI

Wt. of “'Wt. of adrenal
Total Per cent adrenal . cholesgterol.
: adrenal adrenal Body wt. cholesterol. per 100 gm.
Adrenal choles-~ choles- Final minus GI per 100 gm. . body wt. minus
welght terol terol welght tract body wt. _ GI tract

Animal (mg.) (mg.) (%) (gm.) (gm.) (mg.) : (mg.)
VI S"Bl 163.8 7,442 4.54 281 (46)% 201 2.65 B 3.70
VI S"B2 147.4 8.874 6.02 245 (35) 183 3.62 ce 4.85
VI S"B3 156 .0 8.841 5.6% 4929 (50) 358 2.06 o o.47
VI S"B4 110.8 7 .084 6 .57 263 (25) 189 2.88 o 3.85
Vi S"B6 146 .4 6.742 4.60 374 (47) 252 1.80 . 2.68
VI SuB7 113.5 5.078 4.47 246 (23) 155 2.06 L 3.28
VI S'B8 99.7 8.225 8.25 279 (32) 193 2.95 X 4.26
VI S"Bo 157.8  10.773 8.83 359 (46) 283 3.00 e 3.81
V1l S"B10 135.8 7.251 5,34 240 (33) 179 3.02 s 4.05
VI 8'B1l  139.8 9.008 G.44 282 (356) 213 5.19 o 4,23
VI 5"B12  146.0 7.043 4.82 205 (35) 213 2.38 - 2.31
V1 S"B13 164.6 10.514 6.39 316 (47) 238 3.35 o 4.42
VI SVAl4  134.2 8.417 6,27 234 (46) 188 3 .60 i 4.48
VI S"Al5  137.8 8.009 5.81 185 (33) 143 4.33 o 5.60
VI S"Al6  121.5 8.317 6.90 176 (23) 140 4.72 M 5.94
VI SYAl7? 163.1 5.611 3.46 179 (35) 109 3.14 g 5.15
VI 5"A18  152.2 9.216 6.06 281 (49) 223 3.28 e 4.13
VI S"A21 - b - - - - g -

VI S"A22 204.0P  1.898 0.93 169 (31) 118 1.12 1.681
VI S"A24  120.0 = - 143 (20) 111 - » -

VI s"A25 176.2P 10.919 6 .20 209 (33) 152 5.00 T 7,18
VI S"A26  132.8P  5.205 3,99 159 (32) 110 3.33 ¢ 4.81

8Days on experiment

PHemorrhagic adrenals

94T
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Two limitations sre important in interpretstion of
cholesterol data; first, cholesterol can be rapidly depleted
or repleted, and second, any enlergement of the gland to

meet incressed needs must be considered when concentrstions

o

If total adrensl cholesterol 1% considdmed TASLEELIVE bF

the_hormpne aVailaEie to the body (Sayers et g;;;‘i9445 aﬁd
is caleuvlated on a body weight besis, the ameount avéilable
to the tissues was higher in the experimental group than in
the control group while the averazge concentretions in the
glands were 4.95 per cent and 5.85 per cent, respectively
(Teble 34). The biotin-deficient group sveraged 3.52 and 4.86
mg. adrenal cholesterocl per 100 grams body weight and 100
grams body weight minus gestrointestinal tract, respectively,
compared with 2.75 znd 3.68 mg. for the control group. Table
34 shows the wide variestion found in the weight of adrenal
cholesterocl per 100 grams of body welght due to different
steges of stress produced in biotin-deficient guinea pigs.
‘Four guinea pigs in*fhé*exﬁerimeﬁfél'group hzd hemor-
rhagic adrenzls. Guinea pig VI S"A24 died during the nignt
so no cholesterol analysis was mede since only tissues tzken
from live snimals were used. GCuinez pig VI SUAS2 had the
lowest adrenzl cholesterol concentration, 0.83 per cent, znd
the lowest weight of adrenal cholesterol per 100 grams of -

vody weight, 1.12 mg. Guinea vigs VI S"AZ25 and 26, autopsied
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when collepse seemed imminent, slsoc had hemorrhagic adrenzls.
Their adrenel cholesterol concentrations were 6.20 znd 35.99
per cent. Although the adrenal glands were not severely de-

pleted, this perhaps would have occurred if the guinea pigs

_H*fﬁééfﬁééﬁgailowehxto colTzpse before autopsy. The adrenal
glandé bf.Bdﬁﬁfaﬁiﬁélﬁﬁﬁéréﬁmgﬁggmineproportion to- their
vody weight.‘ These four guihéa §igéfwéiéﬁébﬁéi&éféaﬁtbﬂﬂéﬁéf5‘
a Type III respcnse, or be in the stage of exhaustion.

Chenges in adrenal glands may account for certsin other
changes observed in blotin-deficient gulnea pigs. Adrenal
changes mey have caused changes ih the kidneys ané spleen,
renal changes as a'result of its zttempt to maintain ionic
equilibrium in the body and splenic chenges as a result of
atropny of lymphoid ﬁissue end hemoconcentrztion. Selye
(1937) mentioned that small livers were part of the adsptation
syndrome znd smeller livers, in terms of ebsolute weights or
per cents of vody weight, were found in the blotin-deficient
guinea pigs than in the controls. Two other responses men-—
tioned bty Selye were noted at autopsy of deficient guinea
pigs, fluid accumulation in the peritoneal cavity end small
fat stores. It was impossible in Experiment VI to distinguish
tetween adrenal'changes due to inanition and due to response
‘to stress of biotin deficiency since insnition itself cean be

considered & stresec.



Organ weight-body weight changes

In the previous sections in which liver, spleen, kidneys,
end zdrenzal glands of the biotin-deficient guinea pigs were
compared with their controls, certain changes in the orgen
welght-body weight ratios were noted. Teble 35 gives 2 sum-

ary.. of the averrge oréan weight per 100 grems-of body melght

for the tWo groups in Experiment VI. The average hebatlc R

weight wes smaller in the biotin-deficient group than in the
control groups znd the sverage renal and adrenal weights were
lerger in the biotin-deficient group then in the control
group. The average spleen weight in relation to body weight
wes not sffected by biotin deficiency. Pecoras znd Highman
(1953) found thest livers and spleens were smaller in propor-
tion to body weight whereazs kidneys and adrenzl glands were
larger in proportion to body weight in thiamine-deficient
animsls than in their contrels.  Similar changes in orgen
weights have been observed as z result of reduced caloric
intaxe (Jackson, 1925). Thus this pattern of organ weight
changes found in the biotin-deficient group resembles those
otserved in thiamine and caloric deficiencies znd is not

specific for blotin deficlency-
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Table 35. Aversge welght of orgens per 10C grams finsl body
weight 2nd per 100 grams final body weight minus
gastrointestinal tract for two groups of guinea
pigs in Experiment VI

Liver Adrenal
Minus Minus
gastro- gastro-
Final intestinal Final intestinal
welght tract weight trect
Group (gm.) (em.) (mg.) (mg.)
S VIS"B 5.0510' 723 6.8040. 72 *. 4A7.7+8.2 65.2¢11.9
VI S"A 4.20+0.76  5.70x1.07  79.5£19:&  909.8:54.6
Kiéney . _* Soleen: .
© Minus | Minuss
gastro- geslros: - .
Final intestinal Final intestingl . -u-
weight tract weight .+ tract
Grou (gm.) (gm.) (me.) (mg.)
VI S"B 0.85+0.14 1.19+0.22 0.19+0.04 0.28+0.02
VI s"A ©  1.18+0.31 1.59+0.38 0.17+0.07 0.26+0.02

€3tandard deviation
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SUMMARY AND CONCLUSIONS

Six experiments have been performed with two proposed
objectives: to prcduce biotin deficiency in guinea pigs
without using egg white in the ration and to detecﬁ metabollic
changes occurring as a result of the deficiency.

The first four experiments established performance

records for guinea plgs under conditiocns in this lsboratory .

and eliminated some of the possible methods for produeing::». .

biotin deficiency. The use of aureomycin as-a bacterio- -

_static agent to prevent- intestinal synthesis ‘of biotin was

“.;;unsatisfactory since guinea pigs develOped diarrhea and be-

“’7fffcame shabby i appearance although their diet contained

“'-,.>:bfgot_il{1- Addition of etther sulfasuxidine er dl-desthiobiotin
”Teﬁefaiezgthe$4e:dret:&id:npi.affect growth rate or produee
—other evidence of“biotinrdeficieney- -Guinea~ﬁige‘receiviﬁg
a synthetic diet lacking in biotin did net develop any signs
of deficiency when 12 to 14 day-eld guinea pigs were used,
but when 3 to 7 day-old animals were used, two of six zanimals
receiving the diet became unthrifty in appearance, gained
welght slowly and decreased the efficiency with which they
utilized food for growth. However, only one of these guinea
plgs had a reduced concentration of hepatic biotin. One 3 to
7 day-cld guinea pig recelved synthetic:diet plus an avidin

concentrate. It also had an unthrifty appearance, poor food
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efficlency, slow weight gain, reduced hepatic biotin concen-
tration, and in addition hemorrhagic adrenal glands. Guilnea
Digs recelving avidin as well as a dietary supply of biotin
gained weight more slowly than their controls, but otherwise
gppeared to be hezlthy. From these results, biotin defi-
ciency appeared to be produced most satisfactorily by feeding

an avidin concenirate to guinea plgs consuming-a’synthesic..... -

“f[ﬁgdiet which contained no biotin.%

- In tne fifth exneriment anm aviain eoncentrate was fed
either with 2 synthetic diet or with commercial raboit pellets
to guinea pigs 12 to 15 days old. From the;group receiving
synthetie d&et gnd avidin concentrate, one guinea pig died
after a period of reduced welght gain and another had a re-
duced rateeof_grewth;_unkempt‘appearance, and a reduced con-
eeﬁtrationiof:hepatie'bietin,».bthen.guinea eigs in this group
_ and guinea pigs receiving commercial rabbit”pellets and avidin
concentrate were unaffected by the dietary modificstions. -
Their growth rates, hemoglobin concentrations, red blood cell
volumes, and hepatic biotin concentrations were similer to
their controls.

In the sixth experiment, when larger amounts of avidin
concentrate were fed to younger guinea pigs (3 to 7 days 01d)
than those used in Experiment V, biotin deficiency of varying
severity was produced in 2ll guinea pigs. The first symptoms

were reduced welght gains and reduced food efficlencies.
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Average dally weight gains ranged from 3.1 to 5.6 grems for
the control guines pigs and from 0.0 to 2.5 for the blotin-
deficient guinea pigs; food efficiencies ranged from 0.22 to
0.46 grams of weight galned per gram of fcod eaten for the
control guines pigs and from 0.00 to 0.22 for the biotin-
deficlent guinea pigs. ©Six of the 10 bilotin-deficient guinea
pigs achieved maximum weight from 18 to 23 days after the

experiment began thereafter their weights declined. At 18

aiy“to 23 aays the average weight-of control guinea pigs was 10

"-;fftohsotgnemgahigher thanmweigh%shoﬁ?bxojineﬁeﬁicipnxagnlnea;f”

As the sixth eXperiment progressed the guinea pigs
fjdevelOped an unthrifty anpearance which was a combination~of
- gauntness and cottony fur. The gross’ mani;estat ons of biotini:
deficiency were not as severe or as varied'as. gross symptoms
reported for biotin-deficient rats.' Symptoms such gs~ Spec-; 
tacled eye and kangaroo gait 4id not occur. Dermatitis
appeared in several lnstances, but was slight and did not
persist. Blotin-deficient guinea pigs had thinner hair than
their controls, but only two guinea pigs had definite nude
reglons. One gulnea pig lost some of its halr color, but
since a large number of the guinea pigs were albinos, pos-
sible effects of biotin deficiency on hair color eould not be

evaluated. As deficiencles became severe, guines pigs fre-

quently collapsed and died. Animals which collapsed prior to
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autopsy did not differ in gross appearance from those sacri-
ficed before collapse.

Biotin-deficieht guinea pigs had reduced concentrations
of biotin in their livers. The concentration of hepatic
biotin associated with the symptoms of moderate to severe
biotin defieciency in guinea pligs was 0.32 meg. per gram of

liver; livers of control'guinea pige averaged 0.52 meg. biotin

_ per gram.

~ Hemoglobin concentrations and red blood cell volumes of

. biotin-deficierit animais were similar to their controls, sl-

j1;ﬁ33ﬁfﬁéﬁgh”tﬁo gﬁinéﬁﬁpigs;of the deficlent group had very low

- 'hemoglobin concentrations and red blood cell volumes. A
L t-i;-—_i%,ci'pigtinga-_e;ﬁi;czi:enfc-' guinea pig had 2 high hemoglobin con-
gehtfation'whlgh_mayahave-been~hemoconcentration ‘ag & result
of adrénélféhanges.

Coheentrations of nonprotein nitrogen in the blood of
~ bilotin-deficient gulnea plgs varied widely as 4id concentra-
tions of their controls, but with one exception all were
within the normal range compiled by Spector (1956). Although
concentrations of blood ureu in both the control and the
biotin-deficient groups zlso varied widely, they toc were
within the normal range.

The guinea pig which had a high nonprotein nitrogen con-
centration in its blood was one of three guinea pigs in the

avidin-fed group that appeared to have an infiltration of
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fat and/or degenerative changes in the renal cortex. How-
ever, since two other guinea pigs having similar changes in
the kidneys had mormel monprotein nitrogen values, this renal
change was not necessarily related to the instance of in-
creased nonprotein nitrogen concentration. Renal fat concen-
trations in the bictin-deficient guinea plgs were not ele-
vated above the concentrations of their controls.

Although concentrations of hepati§ nitrogen, fat, and
moisture were unaffected by biotin deficieney, liver size was
reduced both in sgbsolute weight and in proportion to body
welght.

Four of 10 biotin-deficient guinea pigs of Experiment
VI had hemorrhagic adrenal glands. The adrenzl glands of
biotin-deficient guinea pigs were larger than those of their
controls whether expressed in terms of final body weight or
meximum body welght. These changes in size plus variable
changes in adrenal cholesterol concentrations of bictin-
deficient guinea plgs indicated that gulnea pigs were in
different stages of the adaptative syndrome as & result of
the stress of the deflciency.

Certain symptoms observed in biotin-deficlent guinea
plgs might have been secondary to adrenal changes, and
failure to obtain symptoms observed in other speclies may be
due to the relatively acute condition which developed in a

short time in the experiments reported here and which leed
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to death as & result of adrenal failure. Secondary changes
included an increase in the renal weight-body weight ratio
and a decrezse in hepatic welght-body weight ratic. One
guinea pig, which hed hemorrhagic adrenals and hemoconcen-
tration, also had a small spleen weight-body weight ratio,
but other bilotin-deficient guinea pigs showed no decrease in
the spleen weight-body weight ratio.

Changes in the adrenazl, hepatic, and renal weight-Dbody
weight ratios observed in the biotin-deficient guinea pigs
may have resulted from caloric insufficiency. Similar changes
have been reported for other deficiencies and hence are not
specific for biotin deficiency.

In conclusion, blotin deflclency was produced in gulnes
pigs. 1t was obtalined either by feeding a biotin-deficient
synthetic diet to guinea pigs 3 to 7 days old or by feeding an
avidin concentrate to guinea pigs receiving a bilotin-deficlent
synthetic diet. Their growth rate was reduced, food efficiency
impaired, and hepatic biotin lowered by the deficiency.

Changes assoclated with biotin deficiency which were
ncted at autopsy included hemorrhagic zdrensls, smaller fat
deposits than their contrcls, and certain differences in
organ weight-body weight ratios. Organ weight-body weight
changes noted may have been due to caloric lnsufficiency
and/or adrenal changes, however, and azre not specific for

biotin deficiency.
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Results of blood urea and nonprotein nitrogen analyses
and of hepatic fat, nitrogen, and moisture analyses fziled to
indicate metabolic changes which might have affected their
concentrations. Hemoglobin concentrations and red blood cell
volumes of the blotin-deficient guinea pig also were not
changed. Changes in intermediary metabolism of carbohydrates
might have accounted for some of the symptoms observed, but
no attempt was made to assess possible alterations of the

various pathways for utilizing this source of energy.
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Table 36. Per cent of intact body weight contributed by
gastrointestinal tract
Weight of Weight due to

FPinal gastrointestinal gastrointestinal

weight trect tract
Animal (gm.) (gm.) ()
IT s'Bl 464 58.0 13.0
ITI 8'B5 298 82.9 27.8
IT S'Ble 320 55.1 17.2
IT 5'B17 501 129.1 25.8
IT S5'2 425 1186.5 27 .4
IT s'9 304 €4.5 21.2
IT 8'18 506 e7.3 1c.2
II g'21 537 101.0 12.8
IT 8'D3 582 112.7 20.0
II S'Dl1o 449 5.4 17.5
IT S'Cis 486 88.1 18.1
IT 5's4 400 63.3 15.8
II s'813 427 8C. 8.8
IT St3s22 437 113.5 30.0
II S'823 440 £65.3 14.8
IIT S"Bl 352 68 .4 12.4
ITIT S"B2 423 71.1 1e.8
IIT S"BS 2¢7 7¢.0 26.6
III Cs8 582 52.5 18.¢
IITI C¢© 330 84.5 25.6
III C11 203 11.1 20.8
ITI s"z2 407 60.0 14.7
ITT 5"13 288 62.9 24 .4
IIT s"1s5 e 36.5 37.6
IV s"1 335 68.6 0.5
IV sS4 110 21.4 1¢.4
IV g"5 206 - -
IV 3"B7 174 60.0 34.5
IV S“BS 218 - -
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Teble 36. {(Continued)

Weight of Weight due tc

Final gestrointestinal gastrointestinal

weight tract tract
Animsl (gm.) (gm.) (%)
IV S"BAC 280 84.4 30.1
IV C10 256 71.1 27.8
IV Cc11 444 72.9 16.4
IV Ccl12 293 85.7 22.4
IV CAl3 371 81.2 16.8
V S"B3 575 c6 16.7
V s"Bs 572 86 15.0
V 2"B5 515 80 15.5
V SYBB 55¢ 82 14.1
vV S"B7 537 103 1.2
V S"A8 390 104 26.7
V STAQ 471 70 4.2
V S"Al0 620 o2 14.8
V S"All 642 104 16.2
V S"Al12 534 25} 18.3
V SU"A13 450 102 22.7
V Shal4 346 - -
Vv C15 615 115 18.4
vV Cl6 638 1086 16.7
vV 017 500 25 19.0
V €20 638 10 16.5
vV Cc21 572 108 15.8
V CA23 572 101 17.4
V CAZ4 628 128 20.4
V CA25 528 101 1e.2
V CA26 586 20 15.3
V CA27 e8%7 e3 15.8
vV CAZ8 515 85 16.5
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Teble 36. (Continued)

Weight of Weight due to
Final gastrointestinal gestreointestinal
welght tract tract

Animal (gm.) (gm.) (%)
VI S'"Bl 281 80.5 28.86
VI 5"B2 245 62.5 25.95
VI S"B3 429 71.0 16.6
VI 5'"B4 253 83.8 25.1
VI 5"B6 374 122.0 32.8
VI S"B7 246 ¢l.0 37.0
Vi S"B8 279 86.0 30.8
VI S'"Bg 382 76.0 21.2
VI S"B1O 240 61.0 25.4
VI S"Bll 282 62.0 24.5
VI S'Blg2 285 82.0 27.8
VI SYB13 316 78.8 24.8
VI S"Al4 254 45.5 1e.2
VI S"Al5 185 42.0 22.7
VI 5"A16 176 65.0 36.9

I S"AL7 179 68.5 38.8
VI S"A18 28l 57.5 20.5
VI S"AlS 187 - -
VI S"A22 169 51.0 30.2
Vi S"A24 143 31.8 22.1
VI S"AR5 209 57.0 27.5
VI SY"AZ6 189 4¢.0 30.8
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