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ZFFECT OF DIZTARY PHIICILLIN ON SOM'E
B VITAMIN REQUIRENENTS

IN THE CEICK

INTRCDUCTICN

The science of nutrition is a relatively new ore when compared
with the evolution of some of the other sciences sucnh as mathemetics,
astronomy, physics and chemistry. 1In its earliest phase, it was
generally believed that the nutritional requirerments of animals were
satisfied by three clasces of compounds, namely, carbohydrates, fats
and proteins, together with water ard necessary minerals. Eijkman
(1897) hovever, was one of the earlier investigators to report the
existence of an additionzl dietary principle. His work showed that
rice polishings cortained a nutrient which prevented a peculiar kind
of paralysis in chickens which was caused by feeding a diet of pol-
ished rice.

Hopkins (1906) extended this concept when he stated, "No animeol
con live on a mixture of pure protein, fat and carbohydrate, a2nd even
when the necessary inorgsnic minerals are carefully supplied, the
animel cennot flourish. The animal body is adjusted to live either
on plant tissues or other animals, and these contain countless sub-
stances other then protein, carbohydrate and fat".

It remained for Funk in 1911 to clarify further these substances
as essentlal factors in the diet of the animal. Funk chemically

analyzed the principle reported by Eijkman and located an "amine"



groun, and chose the name "vital-amine!, later shortened to "vitamine"
and now referred to as "vitamin".

Later workers discovered essential substances incornorated in the
lipid portions of plant and animal tissues indicating that two classes
of vitaminic factors were involved; one a fat-soluble principle, and
the other a water-soluble vrinciple.

Vithin the last two decades, progress was ravid in the isolation
and identification of most of the water-soluble vitamins. The latest
B vitoemin to be elucideted was vitamin By, in 1948. Extensive work
with the Animal Protein Factor, a complex of which vitamin By, has been
shown to be the most important member, disclosed complications indicat-
ing a multiple nature of this factor. 1In addition to vitamin By», sonme,
but not all animal protein factor supmlements were shown to possess
extra growth stimulating princivples. Independent work by several inves-
tigators however, soon showed that the presence of small amounts of
antibiotics which were present in certesin animal protein factor supnle-
ments were responsible for the hitherto unexnlained extra growth.

Antibiotics are products of living organisms which inhibit the
growth or destroy other living orgenisms. Examples are penicillin,
streptomycin, aureomycin and terramycin. Antibiotics have been shown
to increase the rate of growth of poultry and swine, 2nd to increase
the efficiency of feed utilization in these animels. Antiblotics will
decrease, but not eliminate the vitamin By, end other water-soluble
vitemin requirements, exert a "protein-sparing" effect, and increase
livability. The exact mode of action of antibiotics is unknowvm, but

it is generslly assumed at the present time that the growth stimulation



i1s an indirect effect, mediated in some manner through changes exerted
on the intestinal microflora. This moy result in a suppression of
"unfavoreble" tyves of bacteria which would compete with the host for
ingested nutrients, or may also aid in the establishment of "favorable"
types which would synthesize vitamins and other factors required for
the well being of the animal.

It has also been speculated that antibiotics might stimulate
growth as a result of their cleansing zction on the intestinal lumen,
thereby creating a grezter unobstructed surface area, resulting in
more efficient sbsorption of nutrients by the willi.

Regardless of the fact that the exact growth stimulating mech-
anism of antibiotics remsins unknown, antibiotics are playing an
inportant role in the feeding of livestock. It can safely be stafed
that practically all manufactured feeds vrenered for young growing
chickens and turkeys today contain one or more antibiotics.

Inasmuch as the ezxact mechanism of antibiotic growth stimulation
is unknown, it seemed desirable to obtzin some information which in-
directly, at least might lend supnort to one theory, nemely, that
entibiotics stimulate growth as a result of limiting the growth of
intestinal orgznisms which comnete with the host for ingested nutri-
ents. In such a situation the host animal should be favored because
a greater quantity of nutrients would be available for growth. Fur-
thermore, 1t would amrear that if this concept of host-microorgrnism
competition were true then the feeding of an antiblotic should show
a marked sparing action on selected vitamins which may be marginal

in the diet.



This study was initizted to determine the effect of penicillin
on the growth respoase of chicks to graded levels of calcium panto-
thenate, niacin, choline and riboflavin, and to determine the extent
to which penicillin might reduce the chicks! reouirements for these

vitamins.



SZIECTED REFIRENCIS O RECENT ANTIBICTIC STUDIES

IN YUTRITICN

Briges, Luckey Elvehjem end Hart (1944), in work with chicks on
purified dlets deficient in certain vitomins contained in liver pre-
parations, showed additional growth stimulztion due to the inclusion
of sulfasuxadine in the diet. Subseauently Moore and co-workers
(19L6), showed similar growth stimulation in chicks fed purified diets
where sulfasuxadine 2nd in addéition, streptomycin were fed.

Stokstad and co-workers (1949), reported the animal vrotein
factor to be multiple in nature, containing an unidentified chick
growth factor in addition to vitemin Bys. The unidentified chick
growth fzctor wos contrined in a fraction from Strentomyces aureo-
faciens cultures. In further work on this unidentified chick growth
factor, Stokstad and Jukes (1950), revorted it to be aureomycin,
which was found to increase the rate of growth of chiclss.

Groschlce and Evans (1950), in an independent study confirmed
the work of Stokstad and Julies (195C), by showing that the growth
effects resulting from feeding en animal protein factor sunrnlerment
could be duplicated by feeding suvrlements of a2ureomycin or
streptonycin.

Cleson and co-werkers (195C), showed aureomycin and vitemin 312
to have & sparing action on ezch other, while Stolistad snd Juikes
(1951), showed aureonycin to have a sparing effect on vitecmin Byo
in sone Instances.

The effects of antibiotics on sparing vitanins was further shown

by Linkswiler et al (1951). These workers showed aureomycin had a



sparing action on the requirement of the rat for pyridoxine.

Iih and Baumenn (1951), using rats, demcnstratcd that aureonycin,
renicillin and strevtomycin, tut not terremycin or chloromycetin would
spare the vitcmins thiamin, riboflavin 2nd pantothenic zcid. The anti-
biotics were most effective in the diets that contaired only enough
vitanin for helf meximun growth, end the growth responses due to the
antibiotics were aprroximately equal to those observed when the vitamin
content of the diet was considered adequate.

Piely and March (1951), using a practical type diei, indicated
that suwb-optimnl levels of folic zcid, riboflavin and nicotinic acid

may be adeauate for chicks when aureomcin is included in the diet.



Procedure

Four exveriments were conducted in this study. DIgy o0ld, straight-
run Rhode Island Red chiclks were used in each experiment. The maternal
diet consisted of a 20 percent protein, practical-type breeder mash
complete in a2ll known essential nutrients. A grzin mixture of corn and
wheat was fed with the mash in an amcunt to equal one-half of the totzl
daily feed irtake.

Twelve groups, of eight chicks, comprised each experiment. The
chicl:s were segregated at rendon, wingbanded and placed in electrically
heated battery brooders with raised wire floors, and fed the exveri-
mentzal diets for a four week period. Feed and water were kevt before
the chicks 2t 2ll times. The basal diet used in these experiments is
given in Table 1.

The batteries used in this study were equirred on each side with
2 bank of 40 wott bulbs, vertically suspended at mid-section. This
arrengerment allowed equel illumination of each deck level. Continuous
lighting was provided throughout each experiment. The room temmercture
wes meirntzined between £0° and 85° Fohrenleit. All chicks were weighed
at weekly intervels, kept under daily observation and examined closely
for the classical deficiency symptons.

At the end of the four week period, all chicks were sacrificed
by disloceting the neck. The heorts and livers were removed, the
livers weighed and both orgens were then frozen on dry ice. The frozen
tissues were stored in a deep freeze compertment to be assayed for B
vitznins at a later date. These asseys are part of another study and

are not reported in this dissertation. At the end of each experiment



Table 1

Composition of Basal Diet

Percent

Cerelose 61.0
Gelatin 10.0
Cosein (Vitanin Test) 18.0
*Mineral Mixture 6.0
Soy Bean 0il (Crude Degumnec) 3.0
Fish 0il (400D, 20004) 1.0
**Vitamin Mixture 0.4
Methionine 0.3
Choline Chloride 0.2
Inositol 0.1

* Mineral Mixture: (in grams) Ca003 1.2100, CaSPob 1.7000, KQHPQQ
1.0000, FaCl .2000, NaQHP04 .€000, MgSOu'7H20 .5000, FeSOu°7H20
.0570, MnSOu'HZO .0250, K1 .C050, Cu504'5320 .0020, Zn012 .0009,

CoSCy,*7H,0 .COO1.

** Vitemin Mizturel: (me./kilo) Riboflavin 8.0, Thiamin EC1 4.0, Cal-
cium Pantothenate 20.0, Pyridoxine HCl 6.0, Niacin 100.0, Biotin
«2, Folic Acid 1.0, Menadione 1.0, A-tocovheryl Acetate 5.0, 312
(2Cl triturete) 30.0, Para Amino Benzoic Acid 2.0.

1 The above vitanins were mixed thoroughly with enough cerelose
so as to malze up 0.4 percent of the diet.



feed consumption over the four week period was determined, from which

feed efficiency values were calculated.
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Zxperiment 1
TIEZ EFFECT OF DIETARY PENICILLIN ON THE RISPCHSE CF CHICKS

TO GRATED LEVELS CF CALCIUM PANTCTHINATE

Selected References of Pantotheric Acid

The irvortance of pantothenic acid in chick nutrition has been
well estzblished. Norris end Ringrose (1930), were the first to report
on a pellagra~like synérome in chicks. Ringrose, Norris and Heuser
(1931), further described this pellssra-like syndrome. Their work in-
dicated a requirement by the chick for a relatively heat-stable growth
promoting factor. Present doy lmowledge of vitemins however, indicates
that this ezrly work was comnlicated with a multiple vitzmin deficiency
involving pantothenic 2cid, biotin znd riboflavin.

Kline, Keenen, Elehjen and Hart (1932), produced a very severe
tyve of dernetosis by subjecting a purified diet, similar to that of
Ringrose and co-workers (1931), to heat in a dry atmosphere.

Ringrose and Norris (1936), working with a pork liver extract found
it to be effective in preventing the pellagra-like syndrome in chicks.
After various manipulations of the extract in an attempt to identify
the active substence, the activity was found to remain in the filtrate.
Hence the active principle was desingated the "filtrate factor".

The "filtrate factor" wzs identified by Jukes (1939) and Wooley
and co-workers (1939), as pantothenic acid, and the synthesis of pento-
thenic acid wes revorted by Villiams et al. (1940).

The menifestations of a pantothenic acid deficiency as described

by many workers are very similar in 211 cases. Ewing (1951) sums up
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the pentothenic acid deficlency symptoms as poor growth, loss of vital-
ity, poor feathering, inflamaticn of the skin, sores ané incrustations
at the corners of the mouth, on the eyelids and sometimes on the feet,
cracks on the feet, 2nd scales on the shonks become thickened. Jukes
(1943) observed parzlytic symptoms in addition to the sbove mentioned
syndrorne.

Bauernfiend, Norris and Heuser (1942), revorted that Single Comb
White Leghorn chicks require 5C0-550 micrograms percent of pantothenic
acid for the prevention of dermatosis, and 600 microgrzms percent for
maximum growth. In this work, Rhode Island Red chicks were found to
require 75 micrograms percent less than the Leghorn chicks.

Using a purified diet, Jukes, Stoksted and Frenklin (1943), re-
ported that the requirement of pantotkhenic acid for Few Homnshire
chicks amvrernred to be in excess of 1.0 milligram percent after a de-
pletion period of six deys. These results were confirmed in 2 later
stuéy by Jukes and McEloroy (1949), while Hegsted and Riges (1949),

renorted 900 micrograms percent of psntotheric eacid for maximum growuth.



Five levels of calcium pantothenate were fed with and without
penicillin. These levels ranged from 0.2 milligrems percent to 1.0
milligran percent. On the basis of values renorted in the literature,
it was believed that the hishest value used, ncmely 1.0 millicren per-
cent of calcium pantothenate would satisfy the chick's reacuirement
for thls vitonin.

The results pertaining to growth ere graphically presented in
Tigure 1. The data presented clearly shows that penicillin exerts a
snaring action on calcium pantothenate. This action is esnecially
evident in the grouns receiving 0.4 nilligrams percent pantothate,
the group receiving penicillin in eddition havins a final averace
body weight 48 percent greater thon the non-venicillin geroup.

As exmected, the growth resronse of the non-nenicillin groups
increased as the level of pentothenate was increased, with maximum
growth aprmearing to be at the highest level used. The maximum growth
resnonse of the groups receiving penicillin was at the 0.8 milligroms
percent level, and additional sumnlements of pontothenate gave essen-
tially the seme growth. The grestest percentage increase in growth
from penicillin apneared in the groans receiving sub-morginal levels
of pantothenate. his confirms the works of Lih znd Daumsnn (1951),
end Beily and March (1951), whose work indicated that antibiotics
enneared to lower the reguirement of rats and chiclis for certain
vitremins.

Tigure 2 compares o normal chick with two chicks froam group 9

which exhibit poor growth ani symptoms of dermatosis. A close-up of
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the same two deficient chicks moy be seen in Figure 3 which cleerly
shows the encrustations at the corners of the mouth and the gronular
condition of the eyelids.

The dsta on feed utilization, morteslity and occurrence of defi-
clency symptoms together with averzge body weights are summariced in
Table 2.

It will be noted that feed efficiency values were improved by
penicillin in those grouns receiving the lower levels of vcntothenate
(compare groups 1, 2, 3, and 4 with groups 7, 8, 9, 2nd 10). Teed
efficiency velues were not moterislly affected by penicillin in those
groups receiving the higher levels of pantothenste (compere grouvs 5,
end 6 with groups 11, 2nd 12).

In the absence of supnlementzl pantothenzte, penicillin reduced
mortzlity slightly. However, in connection with the occurrence of
deficiency symptoms, penicillin tended to accentunte the expression
of typical pathologicel lesions z2bout the bezk, eyes, hocks, and feet,
especially iIn those grouns fed sub-merginal levels of pantothenate.
It is sugrested that thiis accentuation of the deficiency syndrome is
rrobobly due to the stress produced by the increased growth stimulat-
ing properties of penicillin. Thls increase is produced on a limited
supnly of pantothenate, and therefore, the pantothenic acid deficiency
symptons were enhanced.

It should be stated here that the observation of dermatosis in
the hock region is a new finding and has not been reported previously
in the literature in descrintions of pantothenic acid deficiency in

the chicl:. Moreover, the production of nerosis is a hitherto unreported
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observation which this stuady has associated with pontothenic acid
deficiency. The above mentioned, newly observed syndrones are showm
in Fisures 4 and 5.

This study confirms the earlier work of Jukes (1943), that some
chicks exhibit paralytic symmptoms as a result of pantothenic acid
deficiency. A greater number of chicks with parzlysis were observed,
however, in the groups receiving sub-narginal levels of pantothenate
and penicillin than in the comparable groups not receliving penicillin
(see groups 2 and &, 9 and 10). Again this shows the tendency of
penicillin to enhance the expression of deficiency when & sub-marginal
level of the vitamin is fed.

The first pantothenic acid deficlency symptom to apnear was
dierrhea oa the 6th dzy in grouns 1, 2, and 7. On the 10th doy,
perosis apreared, and by the 13th day the corners of the mouths wvere
inflemed, and on the 1l4%th doy, the typicel dermatosis anpeared. The
sceles and skin of the shanks 2nd feet beczme dry and thiclzened and
by the 16th day fissures and cracks apveared on the feet. The eyelids
beceone granular and tended to stick together, and on severzl occasions
it becane necessary to onen the eyes so that the chicks could see to
eat and drink. 3y the 24th doy nervous symptoms were evident, ex-
pressed by tremors and ataxia.

The foregolng results tend to supnort one theory of the growth
stimilating mechanism of antibiotics, snecificzlly the host-microor-
gonisn competition concent. The spering action of penicillin might
be explained by the limited growth of those intestinal organisms which

require pantothenic a2cid and other vitomins for growth, thereby
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reducing competition for the vitcnin in favor of the host animal.
Moreover, the possible establishment of a type of intestinal micro-
orrenisn which would synthesize vitamins or essential factors cezn
not be overlooked.

The complete zbsence of the dermatosis syndrome in the group
receiving 0.5 milligram perceant pantothenate and penicillin, end the
occurrence of dermatosis in its domparable non-penicillin group (see
groups 4 and 10), further demonstrates the pantothenate sparing action

of penicillin.
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Fig. 1. Response of Chicks To Grzded Levels of Calcium
Pantothate With and Without Penicillin
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Fig. 5 A typical case of perosis produced by pantothenic
acid deficiency.
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Experiment 2
TS EFFECT OF DIETARY PITICILLIY CY THE RESPONSE

OF CEICKS TO GRADED LEVELS OF NIACIN

Selected References on MNiccin

The vitcmin, now referred to as nicotinic acid or niacin was first
shovn to have nutriticnal significance by Elvehjenm (1937). This worker
reported the vrevention or cure of canine "black-tongue" through the
administration of niacin. Bethke (1942), revorted that voultry either
do not require niacin or that its needs are so low as to be of no sisgni-
ficant importance. Julkes and Alnmquist (1942) were unable to vroduce a
dictary deficiency in poultry. The failure of these early workers to
nroduce a niacin deficiency in poultry is now clear and can be explained
by the fact thot the diets employed were of a good amino acid pattern
nigh in tryptonhane.

Brigss, Mills, Elvehjem and Hart (1942), reported that chicks
require a minimum level of 1.8 milligsrams percent for moximum growth,
but 0.5 milligrams percent was sufficient to prevent chick "black-
tongue". Cccasional perosis was noted. Further work by 3Brigzs (19%6),
indicated that 3 to 5 milligrams percent niacin would prevent perosis
in turkey poults.

Krehl and co-workers (1948) renorted that tryptovhane or niacin
counteracts a growth retardation in rats caused by the addition of
cora grits to 2 low protein diet.

Brices (1945), produced typicol niacin deficiency symptonms by

feeding 10 percent of gelatin as a source of arginine end glycine, ond



the addition of 5.0 milligrams vercent niacin or 200 milligrams vercent
dl-tryptovhane counteracted the symntoms and growth denression. This
work indicated tryptophone to be a precursor of niacin.

Scott, Singsen and Motterson (1946) reported that niscin is re-
quired to prevent nerosis ian chicks on a diet high in corn and contain-
ing 5.0 percent gelatin. Sarma and Elvehjem (1948) confirmed this
revort by adding 40 percent corn grits to a purified rstion which pro-
duced a growth depression which nizcin counteracted.

Briszs and co-wvorlizers (1943) reported their observ-tions on a
niacin deficiency to include chick "black-tonsue", decreased feed con-
sunption, poor feather develonnent, occasional perosis and a lowering

of the niacin and coeanzyme 1 content of the breast muscle.



ROSULTS AND DISCUSSICH

Five levels of niacin were fed with and without penicillin. The
levels ranged from 1.25 milligrans percent to 10.00 milligrams percent
based on the values renorted in the literature. The highest value
used (10.00 milligrams percent) was believed to be more then sufficient
to satisfy the chicks' requiremeants for niacin.

The results vertzining to growth are presented grazphically in
Tigure €. It may be seen that penicillin produced additional growth
at 211 levels of niacin sunplementatlion. VWhen growth advantages are
considered in terms of percent increase, penicillin afforded the
greatest increases in growth in the grouvs receiving 1.25 milligranms
percent and 10.00 milligrams percent of niacin. It is doubtful
vwhether the growth advanteoses showvn in groups 11 and 12 represent real
differences wvhich can be attributed to penicillin. Rather, it is
believed thot these differences are fortuitous, =nd represent the
high degree of variability which is knovn to exist in the strain of
Rhocde Islend Reds used in these studies.

The results indicate that the growth response of the non-penicillin
groups reaches its maximun et the 3.75 milligrons vercent level of
niacin, with additionzl supnlements of the vitamin showing no material
adventage.

The data on feed utilization, mortality and the occurrence of de-
ficilency symptoms together with everage body weights are summarized in
Table 3.

The feed efficiency value for group 1 was not calculated due to
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the severe mortality (75 percent). ZExcent in grouns 3 and 9, penicillin
improved the feed efficiency values.

Penicillin exerted a protective action in the absence of supnle-
nental niacin, reducing the mortslity sisnificantly (compare group 1 -
75 percent mortality, with group 7 - 12.5 vercent mortality).

The nizcin deficiency symptoms apneared very early; the chiclk
"5lack~tongue", and canikters or lingual ulcers beinz noticed on the
fifth day. Chicks of group 1 which died ot cbout 2 weelis were ex-~
tremely dehydirated and the orzl cavities were severely inflomed. 3y
the 12th day, the chicks of grouns 1 and 7 (no supnlemental niacin)
were ragsy and wet in zvnearance caused by excessive salivation.

Unlike the effects on vantothenzte deficiency symptoms, penicillin

had no material effects on the incidence or severity of the chick
"olacl-toncue" or cankers. After the third weelr, the deficiency syn-
drome tended to lessen in severity, the chiclz "plack-tonue" and cankers
completely disamnearing in many cases, znd the chicks epneared to malke
a noticable recovery.

The perosis resulting from this diet was not severe and only ten
nild cases in 211 were noted. This confirms the observations of Brigss
and co-workers (1943) who reported "occasional verosis" in their de-
scription of the nlacin deficiency syndrome. Penlcillin exerted no
anrarent effect on the perosis encountered in this experiment. Two
end one-half milligrems percent niacin seemed marginal for the comnlete
prevention of the deficiency syndrome with and without penicillin,
while the 2.75 millicrems vercent nizcin sunnlenent cormmletely prevent-

fs
N

ed the smpearance of any symntoms.



In this study, penicillin exhibited its beneficial effects on
vyoung growing chicks by increasing the growth rate and by reducing
mortslity. These effects were esnecially noted in chicks fed diets
totally deficient or sub-marginal in their niacin content. These
results definitely show a sparing action of penicillin on niacin in

the chiclk.
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Ixperiment 3
TC EFF=CTS OF TIEZTARY PIIICILLIT CI TS REUSPOIISE

OF CHICXS TO GRADZD LIVZLS CF CHCLINZ=

jas ]

Selected References on Cholire

e elucidation of choline was unique when commared to the dis-
covery ond isolation of other viteomins. The bilochemical importance
of choline wes !movmn for a number of yeors before its nutritionnl
sirnificonce was disclosed.

Best and Huntsman (1932) revnorted the occurrence of fatty livers
in rats fed a high fzt low choline ration, and tlie prevention of the
deposition of excess liver lipid by dletery surplements of chnoline.

Tlvehjem (1937) sucgested that choline be considered a member of
the vitomin B comrnlex since it definitely had been shicown to plzy a
significant role in the nutrition of severzl anirels.

Jukes (1936), revorted 2 high incidence of wmerosis on a simpli-

fied ration for turkey poults in spite of the addition of as hich as
0. percent of mengonese sulrhate. Continuing the work on perosis,
Jukes {(1940) presented evidence sinowing choline to prevent a tyve of
perosis often encountered in poults. Ee also observed choline to te
growth-v»romoting in this woriz. In further work on perosis Jukes (1940z2)
found that choline prevented perosis znd promoted growth in chicks fed
a purified ration. Choline at a level of 0.1 percent was found to be
effective for promoting growth and the prevention of perosis in chicks.

Hegsted ond co-workers (19%1) also revorted 0.1 percent cholinre

to be effective in the prevention of perosis snd for growth promotion.



Zerry and co-woriers (19%3) reported that the cholire recuirenent
for the preveantican of percsis is less then the requirement for growth
in chickens. COCne hundred end fifty milligrams percent was sufficient
for meximun growih in chiclis, while consicderably less prevented the
occurrence of perosis.

A grect deal of work has been corried on to determine the inter-
relationship of choline, methionine, betaine and vitanin By, dut the
work is so voluminous, znd since this relztionshir was not to be
studied ir this exreriment, 1t was deciced not to repcrt on this cther-

wise interecting prenomen of choline.
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Resultis cnd Tiscussion

FTive levels of choline were used with and without penicillin.
Taese levels renged from 40 millicrams percent to 200 milligrems per-
cent. On the basis of values revorted in the literature, it was
tellieved thot the hichest level used in this experiment, nomely 200
nilligrans percent, supplied enough choline to satisfy the requirements
of the chick for this vitomin.

The results representing the growth resvonses are presented
gravhically in Figure 7. It will be noted that penicillin exerted =
growvth adventzge in each of the six groups where it was fed. The
sparing action of penicillin on choline is most evicent in those groups
receiving €0 and 120 nilligrems percent cholire.

Moximum growth arong the non-penicillin groups was rezched at the
160 milligrans percent level of choline. Maximum growth among the
penicillin supplemented grouns was sttained st 80 milligrams percent
choline and the adcitionzl supmlements of choline did not materially
increcse growth in the presence of penicillin.

Figure € compares two nornmal chicks with two chicks from group 1
which exhibit the pocr growth and feathering resulting from the choline
deficiency. The ungainly position of the two deficient chicks is the
result of the perosis brought ebout by the choline deficiency. (See
close-up, Figure 9).

The data on feed utilization, mortality and occurrence of deficiency
syuptoms together with average body welghts are summarized in Teble 4.

The efficiency of feed utilization values were improved as the

supvlenentation of choline was increased, and the addition of penicillin
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further improved these values at 211 supnlemented levels of cholire.
This improvement was not noticed in the grouns not receiving a sapvyle-
ment of choline (compare group 1 with group 7).

The mortelity which occurred in this experiment was slight and
scattered. Althouch the basal diet emnlored is deficient in choline,
it would appecar that sufficient amountis of precursors are available to
allow the chick to synthesize enouch of this vitenin compmatable with
naintenance needs.

me incidence of perosis in this trial wes one hundred vercent in
the deficient and sub-morginal grouvs (1, 2 a2nd 7 2nd €). Penicillin
did not aprvear to have any effect on the incicdence or severity of
perosis while on the other hand, it did show a smaring action on the
requirement of choline for growth.

Inasauch as it has been establislhied in the literature that the
requirenent of choline feor the prevention of verosis is much less than
the requiremeat for growth, the fzilure of venicillin to sharply affect
the incidence of merosis in this stuly might be explzined bty reasoning
that the levels of choline emnloyed were too wide to 2llow the snaring

action of penicillin to be observed in regnrd to the vperosis mnzttern.
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Experiment 4
TEE ETTZCTS OF DIZTARY P=TICILLIN O THI RESPCHISE

OF CHICKS TC GRADZD LEVZL3 CF RIEBOFLAVIN

Selected References on Rihoflavin

Houge and Carrick (1928) renorted results vwhich indicated that
the chick required a growth-promoting factor for the maintenance of
life and growth. This factor, althnough unnamed at the time, was
probably riboflavin.

These results were confirmed by a number c¢f workers in the follow-
ing years, and Norris and co-workers (1936) concluied that this growth-
promoting factor was flavin or vitcnin G.

Heuser end co-workers (193%) further nointed out that the chick!s
requirenent for riboflavin is not constant, but varies for different
eges. Lvidence was elso presented to show that the amount of riboflavin
required by the chick is correlcoted with the rate of growth.

Yorris and co-worizers (1928) renorted thet chicks need 290 micro-
grams percent of riboflavin to attain normal weight at eight weels of
age; 300 microgrezms vercent at six weelts and 325 micrograms percent at
four weelks.

Stokstad and Manning (1932) prevented curled-toe varslysis (a
specific ribvoflavin deficiency synirome) at six weeks of age in chicks
that had been depleted for two weeks by additions of about 275-300
micrograns percent riboflavin to their diet.

Culton and Bird (17%0) reported that 300 mierosrams percent of

crystalline riboflavin added to a ration containing aporoximately 175
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micrograms percent riboflavin was not sufficient to prevent curled-toe
paralysis. Likewlse, annroxinately 415 micrograms percent riboflavin
in dried skimmilk or dried whey did not fully prevent curled-toe
paralysis.

Bethle and Record (1942) found thot synthetic and naturelly
occurring riboflavia were equally effective in vreventing curled-toe
paralysis and in promoting growth in chicks. They further stated that
chicks require grecter amounts of riboflavin ner unit of feed for the
prevention of curled-toe parclysis thon for promoting maximun growth,
vhile Bird and associates (1946) stated that less riboflavin was re-
quired for the prevention of curled-toe parsclysis than was required for
optimwa growth. They reported that between 275-325 micrograns mnercent

riboflavin was reaquired for optimun growth to four weeks.
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Five levels of riboflavin were fed with znd without penicillin.
Taese levels rcnged from 100 micrograms percent to €00 micrograms ver-
cent. Bersed on the vzlues revorted in the literature the hichest levels
used in this expcriment, nnmely 800 microsrams nercent riboflavin, wes
believed to be nmore then sufficient to satisfy the chick's requirement
for growth and the prevention of curled-toe paralysis.

The results pertcining to growth are graphicelly vresented in
Figure 10. These results definitely show that venicillin exerts a svar-
ing action on riboflavin. This action is most evident in the lowest
riboflavin supnlemented groups, (compare groups 1, 2, 3 znd 4 with groups
7, 8, 9 and 10) with penicillin showing vercernt adventaces between 29
and 39 percent.

As expected the growth resmonses of the non-penicillin grouvs were
correlated with the increased sumnlementatiorn of riboflavin the data
indicates however, that the strzin of Rhode Island Reds used hes a high
requirement for riboflevin, needing more then 400 microsrams percent for
naxinum growth.

With the pericillin sﬁpplement, mneximum growth wes achieved with
300 microgrems vpercent of riboflavin. In terms of vercent advantage,
penicillin showed its greatest growth stimulating effect vhen fed to
chicks receiving 100 micrograms percent of riboflavin. The nmzzirmum
growth response due to the penicillin supvlement occurred at the 300 mi-
crograms vercent level of riboflavin, and considering that additional

suprlements of riboflavin resulted in lesser growta responses, this
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growth advantaze is believed to be due to the previously mentioned
variability in this strain of Rhode Island Reds rather than attributed
to the growta stimulation produced by peaicillina.

The data on feed utilization, mortality, and the occurrence of
deficiency symptoms, together with the avercge body welshts are sum-
marized in Table 5. It will be noted that penicillin iproved the feed
efficlency values over ell non-venicillin groups. The improved values
were very marked at the 100 micrograms vercent level of riboflavia, in
waich cese penicillin reduced by almost one-third the amount of feed
required per unit-gain.

Severe mortality was experienced among the chicks of grouv 1 receilv-
ing no supplenental riboflavin, 75 percent of the chicks having died
before the 4 weelr period was comnleted. The vrotective oction of pen-
1cillin, noted vreviously (see exveriment 2) increased the livebility
of the chicizs on the riboflavin deficient diet and allowed 10D percent
survivsal.

The incldence and severity of curled-toe parzlysis was slight,
nalking its aprnearance about the end of the fourth weelt. The curled-toe
peralysis did not spnecr in the deficient or sub-marginal levels of
rivtoflavin. This confirms the work of Stokstad and Manning (1932) that
in general, if no riboflavin wns added to the basal diet, curled-toe

cralysis did not aprear, but small supnlements of the vitemin increased
the incidence and large amcunts of riboflavin completely prevented it.

Curled-toe paralysis apneared =t the 200 microsrams percent level
of riboflavin both with and without penicillin and these results agree

with the observations of Bird and associates (1946) that less riboflavin
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is required for the prevention of curled-toe pzralysis than is reauired
for the optimun growth.

Penicillin hed but slicht effect on the incidence (compare grouns
3 2nd 9) and no effect on the severity of curled-toe poralysis in this

exnerinment.
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SULTARY

A series of four experiments were carried out to determine the
effects of dietary penicillin on the biologicel resroase of chicizs fed
graded levels of calcium pantothenate, nizacin, choline, and riboflavin.
These exmeriments were undertcken to obtain informztion of a vositive
nature which indirectly might lend supnert to the theory that anti-
biotics stimulate growth, in part at least, by altering the intestinal
microflora in a menner that would be adventageous to the host.

This speculative aporoach embraces the concent that the normal
animal herbors a countless number of intestinal microorgenisms, of
various tyves and species, which compete with the host for ingested
nutrients. Should this be true, then it is conceivable that anti-
biotics might stimulate growth indirectly by limiting the growth of
taese bacteria with the consegquence that competition for food, from
the animnl's point of view, is reduced and =z greater quantity of nutri-
ents 1s made available to the host. lloreover, it would seenm that the
amount of any given nutrient that might be spared by an antibiotic
would represent a more critical part of the total quantity of that
autrient in diets that were sub-marginel for it as compmared with diets
that contzined an optimum level. Therefore, the feeding of an anti-
biotic should lead to greater percentace growth increases in chicics
fed sub-marginal diets as compared with an adequate diet.

The procedure of feeding graded levels of micro-nutrients (caleium
pantothenate, niacin, choline, 2nd riboflavin) with and without penicil-

lin yielded data which noy be interpreted as sunvorting the host-bacteria



competition theory. These data, in general, showed thet penicillin
exerted a greater growth stimulating effect (percent increase in growth)
on chicks receiving very low or sub-margianl levels of vitamins than it
did on chiclss fed merginal or ontimum levels of vitenins., It was also
observed that feed efficiency values were improved to a grenter extent
by penicillin in the grouns of chicks fed sub-marginal levels of
vitomins as comnared with those fed ontimum levels. Under conditions

of extreme vitamin deficiency penicillin improved the livability of

chicks to four weelts of age.
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