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Foreword

One of the great economic developments in the
fleld of antibiotics is the use of these drugs in feeds for
the prometion of animal growth. During the past few

there has been a steady Increass in the amount
of antibiotics — largely penicillin, chlortetracycline
oxytetracycline, nmmdn—umdfmthhp
In 1854 alone, some 480000 pounds of thess g3
were incorporated Into feeds rendering the farmer
tremendous savings. Because antibiotics stimulate the
of swine, and poults, they cut down the
eed consum; ﬁmufthaemlmak,dnceth!:’i!mnbe
sent to :].augiter much sooner and in a healthier con
dition than they would have been prior to the use of
thess drugs.

A unique phenomenon — perhaps without prece
dent in the history of medicine —is indeed the present
use of the so-celled antiblotics as stimulants of
and nutrition in both human beings and

The opposite phenomenan has already been re-
corded in history namely the use of such nutritive
elements as vitamins, mineral salts, and amino acids
as therapeutic agens. Vitamins were known and de-
veloped primarily as a component of the normal diet
of human beings and nnimnﬂonon]y recently were they
Z:l&\mmd and developed ss powerful “therapeutic

5. But never before has a medicinal drug been
in animal feeding or in the diet of humans to
stimulate nutrition mdgpmmote the speed and extent
of growth,
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This new a cation for antfblotics will surely not
ouly greatly widen the harizon of their nsefalness, but
alto mar] affect the mutritional and economic

lems of the world probably so much a0 that antl-

ttumaylign tbethfutzna become a most valuable ele-
men salving the be-
b Incressing werld populaios and ad

The use of entiblotics in nutrition has also
up new avennes for research into such basio philo-
sophical problems of bfology as the mfluence of en-
vironmental bacteria on animal growth tho correlstion
between the biochemical action of antiblotics and the
anatomical changes in the hology of anlmals fed
with these substances the philosophical question of

free” animal Hfe versus the growth of animals
ose bodies, as well as their environment, ere liter-
ally scaked in bacteris, and finally the carreltion be-
tween the prolonged administration of antiblotles to
aalmals and their vitamin and mineral requirements

Thess and other vital problems will eventually be
talved thanks to the thtpm}cdednlymﬂ-
biotics and antiblotic resenmﬁupm the field of nutd-
Yon,

We were indeed fartunate that Dr Thomas H.
Jukes the monograph on “Antiblotics in Ne-
trition. is tha fourth io the monograph series de-
signed to embrace the principal antiblotics and their

lication, nat fn clinical medicine but fn other

od folds of a3 well. Doctor Jukes is 2
ploncer i this fleld. He, together with his colles
wmtheﬁrsttudemomtmtnthaeﬁediv;&muf
tatracycline m stimulating the growth of chickent.

In the preparation of this monograph, Dr Jukes has
m:gletn}ywvacdthodmlopmmtui\hewd
antblotics fn putrition. Fallowing  brief introduction
h:CthtcrLbndlmlnmedctaﬁtbemccb—
i\nlxmofﬂmnndhloﬂcgromheﬁact.ﬂocovanho
effect of feeding entibiotics on the t for
other nutrients fn Chapter TIL Chapters IV and V
uplafncbemofmﬂbiouammmni nction and
tho physfological and other effects of dietary ant-
biotics " A bib] phy of more than 400 references £
testimony to the thoroughness with which De Jukes
s covered the subject of antiblotics in animal nutrl-
ton, All of the es done to date concerning the
sntiblotlc effect on the growth of buman subjects, ars
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also included, and the public health aspects of feeding
antiblotice to animals lored.

Tho carrelation of this largo mass of data has been
a monumental task, but it is so well done that this

monograph will be of great value to public health and
research workers veterinarians, economic
and those interested in the Impact of tho cver widening
use of antibiotics in our daily life

Doctor Jukes has written his monograph in a clear
terse, casfly readable style We consider it a very
worthwhile and valuable addition to this series

HENRY \VILC5 PhO.
Fosd ord Adendnistredion;

EdBar. -A:'ﬂ:hfhl
Madicine

FELIX MARTI IBANEZ, D
Lnterrmational Fditer

piedSesin vl
Antiiiotic
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“QFrex in our laboratory discussions for the
last several years 1 have told the young research workers in my group
that there should be much interest in raising young animals such as
rabbits, guinea pigs, dogs and chicks from birth on pure food mate-
dals. By this latter expression I refer to food products which have
been freed completely from common microbes by Iaboratory methods.
Without wishing to speak positively I wish to state that I would
undectals this investigation if I had time with the expectation that
life under theso conditions would become impossible. By such an
approach one could perhaps attempt to study the digestive process
by the systematic addition of microbe-free nutritive materials or
single strains of microbes or mixed cultures of known micrabes. The
egg of the chiclen lends itself without serious difficulty to this type of
experiment. The outside of the shell could be kept free from bacteria
et the moment the chick hatched and then the chick could be placed
in & germ free environment ventilated by sterlle alr and sterflo food
(water milk and grains) could readily be introduced from the outside.

“Whether the result would be positive and would confirm the pre-
cancefved tdea which I have put forward or whether it would be
negative or oven reversed, that is to say thet lfe wnder these condt-
tions would be actually stimulated, It would be of great Interest to try
such an experiment.”

(Pastrur, L, as quoted by Duclaur, E.,

Comptes rendus Volume 100, page 63, 1885)
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CHAPTER | Introduction

‘The use of antibiotics in the contral of harmful bacteria is a culmination of
years of scarching for what has been aptly termed & magic bullet™? & sub-
stance that will Kill a parasite without barming its host. Antiblotics when added
to the food of animals are able to Improve their nutrition by producing changes
in the intestinal bactennn  This effect was discovered accidentally: the “magic
bullet” reached an unseen target. The growth rate of young chickens was found
to be increased by adding streptomyein,? chlortetracycline,? or chlortetracycline
fermentation residues® ® to their diet. The work with chlortetracydline residues
led promptly to studies with other species and it was found, perhaps not un
expectedly that the growth promoting effect was even more marked when
certain intestinal infections were present. It is now well established that the
growth rate of young animals is usually increased by adding relatively small
amounts of certnin antibioties to the diet. This effect on growth occurs in ap-
parently bealthy animals on diets that are adequate in all known nutritional
factars and the effect is also observed on certain deficlent diets.

Many antibiotics are toxdc to animals but there ars certain outttanding and
familiar exceptions, which include three antiblotics that are widely used in ani
mal feeds chlortetracycline  oxytetracycline,t and peniciilin® These three sub-
stances are well known for their effectiveness in anjmals against many disease-
producmng bacteria and for the absence of harmful effects produced by thetr
use fn therapeutic doses. They are commonly used In animal feeds, and bacitra
cin is used to some ertent. These four antibiotics together with streptomycin
have been used in many experimental nutritional studies since 1850 and this

The trade rame of Lederlo Lakb ries Divisdon, Amerk Cyu dd Co, for chlor
tetracycling fs Aureamyvin.

1 The trado name of Chas. Phzer & Co., for oxytetracyelise s Terwmycin,
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monograph will be largely concerned with a review of theso studics. The struo-
tural formulas of chlortetracyeling, oxytetracycline, streptomycin, and penicll-
lin are shown in figure 1 Thelr distinctive structural chemistry excites interest
in the blochemical mechanism by which such widely differing substances in
hibit bacterial growth while not infuring the host to which they are adminis-
tered. The other antibiotic that s used as a supplement to feeds, bacitracin 1s
u mixture of complex polypephdes. Bacitracin A has recently been reported
by Craig and co-workers to bave the structure

/S——CHJ
N

isoleucine

[
phenylalanine — histidine — aspartic  leucine

tsoleucine — omithine — lysine — isolencine

1t is nephrotoxic when infected” but appears to be absorhed very poorly from
the gastrofntestinal tract.

The antiblotics are a group of soluble arganio substances that are produced
by microorganisms and that are characterized by their property of inhibiting
at low concentrations the growth, activity or multiplication of other micro-
orgenisms  Antibfotic like substances aro also produced by the flowering plants
and by animals Such plants as garlic, hops, and tomatoes contain antbacterial
compounds termed respectively “alliime, “Tupulon, and “tomatine,” while lyso-
ryme, a protein with antibacterial properties, is present in egg white and in the
secretions of the eye These substances are not included among the antihiotics
because the definition of this term is restricted to compounds that are produced
by microorgantsms. However the extensive occurrence of antibacterfal sub-
stances in more complex organisms serves to emphastze their widespread
nature, This is 2 nseful reminder of the fact that the introduction of small quan-
tities of antiblotics into the diet of animals is not necessarily an entirely novel
procedure.,

The discovery and development of the usefal antiblotics have been based on
empirical screening procedures that were designed to find an antibacterial sub-
stance that was harmless to antmals It may be presumed that such & substance
must block certain essential enzyme systems in the bacterial cell without ap-
preclably affecting any of the essential systems in the cells of the host. The
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hanism of this biochemical selsctivity has been studied from
points * * There may bo dif o tho oo | -“ﬂf}nﬁ
as compared with animals so that it is possible to block the metaboliom of 3
pathogenie microorganism without harming the host, or thers may be differ
mmpﬂnnmbﬂﬁywthntmin}miummbﬁnmmmtzﬂ;ebwtaﬁ]an
but not the oells of the host.

Panidﬂmhubeunmporwdmanﬂbunioeﬂ‘maumﬁmargmimm}y
unducmnﬂﬁmwhmﬂ:drgmwﬂ]hpouﬂahucde'fumdthupaﬂdﬂm
inhibited the formation of combin d g n Staphyl aursus cells
while peptids glutamate accumulated in the mediom. Bacitracin was foaud to
behave stmilarly to penicillin! In contrast, chlortetracycline and chloram-
phenicol tended to inhibit the farmation of the peptide rather then the uptake
of glutamate.!* Penlcillin has also been found to produce changes in the me-
tabolixm of nuclelc acid.)? Streptomrycin appeers to inhibit the oxaloecetate-
pyruvate condensation in Escherichia coli and Umbreit et al'* have suggested
that animal cells are not similarly affectsd because they are less permeable to
the antiblotic. Other biochemical reactions in the bacterial cells were unaf
fected even by high concentrations of streptomyoin.

It is evident from thess end other examples that differences batween the
antthiotics exist with respect to their antibacterial mechanisms a5 well as totheir
chemical stroctures. The only known biochemieal property commoe to the
antbiotics under consideration is their antfbacterial effect. They do not, for
example, all possess a single and distinctive chemical group, which might heve
# growth promoting effect on animals. The strong inference Js that any such
effect is secondary to the antfhacterlal action of antfbiotics on the microorgan-
isms in the digestive tract.  sntblotcs en gl

Before the discovery of the growth-promoting effect of aal on
mals, many investigations were made of the results produced by adding sul-
fonamides to purified diets It was found that under such conditlons deficlencies
of blotin, follc acid, and vitamin K were produced.’#1® However thess defi-
dmdmdidnatnppearwhenﬁ:esathreembdnncumnddcdtvpﬂﬂﬁcd
diets or when rats recefved dists of natural foods to which sulfonamides were
added. The results wero taken to indiceto that rats were abls to obtaln a supply
ofbiod.u,fo]:lcndd,nndwdtnminxfmmanmdidmymwhenthants

wuremah:tﬁuedounplu-lﬂcddjetthntwudeﬂdmtmthaedneevihmim
and that this nondietary sorres originated in & bacterial fermentation that took
place in the intestinal tract. It could be deduced that sulfonamides could de-
prmurdmngeﬂ:o!ntuﬁmlbachrhmnmnnnrthltmta{mdwﬂhtbe

praiucﬂouafthaovimmhu.whid:ueneodedhythohmtanhmle
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the sufonamides do not interfero with the assimilation of vitamins that are
added to the diet. The reason that deficlencies of biotin folic acid, and vitamin
K developed was because they were not added to punfied diets for rats, since
deficiencies of theso vitaming had not appeared before sulfonamides were
edded. In contrast, thiamine riboflavin, pyridodne and pantothenic acid were
added to the diets because if these additions were not made deficlencies
developed o e in the absence of sulfonamides.

The concept of a svmblotic relationship between animals and the bacterla
tn their gastrointestinal tract is an old one. The studies with rats en diets with
sulfonamides emphasized this relationship and expenments with ruminants
showed that these animals were even more versatile, for it was found that they
could Inrgely dispense with certaln water-soluble vitamins, which were shown
to be produced by fermentation in the rumen *® Furthermore simple nitroge-
nous compounds such as urca, can be transformed by the rumen microorgan-
bnns Into amino acids, which could replace part of the protein requirement of
ruminants,

In contrast with these benefictal activities of the microorganimms of the
digestive tract, there are many familiar examples of pathogenic bacteria and
protazoa that can invade the alimentary canal to produce clinical disease The
sulfonamides and antibiotics have made some of their greatest contributions
to medicine in controlling enteric diseases produced by organisms of this type

A few investigators in the 1840°s described experiments with rats and chicks
in which antibacterial substances produced increases in the growth rate of the
sninaly, Martin™ found that the mortality of young rats was prevented and
thewr growth rate was increased by fesding 1 mg of sulfantlamide dafly but
it was not clear whether an infection was present. Moore and co-worlen®
found that succinylsulfathiazole and streptormycin increased the growth of
chicls on & porified diet. Theso nuthors made the tmpartant suggestion that
the dietary supplements tnhibited intestinal bacteria that were producing toxic
materlals or wers rendering certaln dietary vitamine unavailable to the animal,
but that the possibility that the agents were acting systemically could not be
overlooked. Morehouso and Mayfleld™ found that 8-nitro-4-hydraxyphenylar
sonfe acld fncreased the growth of chicks and turkeys when added to natural
diets. This observation was made during studles of the coccidiostatlo effect of
this substance. A pharmacologic study of chlortetracycline by Harned and co-

workers® led to an observation that the addition of this antibiotle to the dlet
Increased the growth rate of chicks The effect veas attributed to the elimination
OfmmetnfecdmAﬂthmxtudlnanhichthegmwihrn'eufmlmnhwm
tmproved by antbacterisl substances appeared to indicate that the effect was
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due to suppression of barmful microorganisms, and indeed such an effect would
notbesm-pn:iuginﬁewufthuuwdaﬁonafweigbtlmwﬂhcﬂdcaldm
Nevertheless, the possibility had been smggested by Moore and co-workent
Lhntunldmﬁﬂedintabmlbadeﬂaumldhawmtnhﬂxﬂnryeﬁadupmgmmh
without causmg clinical disease.

Investigations in cor laboratory which were first reported fn 148 +* chowed
that a growth-promotmg effect was produced in chicks when crude prepars
tions of Streptomyces aurevfociens cultures were added to the diet. Thets ex-
periments were carried out with chicky that were being used to asmy the
vitamin By content of S gureofaciens fermentations. The chicks were appar
ently healthy and were kept in cages that were frequently cleaned. Further
more, the cages were sterihzed with steam at four week intervals. Even with
these precautions, the crude fermentation matertals contafning chlortetracyclne
preduced more rapid growth than could be obtaied with crystalline vitemin
B;2 or liver extract. Samples of the fermentation materials, which had been
examined in the chick growth test and had been found to contain the new
growth factor were sent early in 1849 to other fuvestigators inchading Catron,
Couch, Cunha, Krider McGinnis, and Stugzen, who confirmed the observations
duﬁngﬂmnnnmcrnflgwandwhoulmxhawedthatod:er:peda.mebu
turkeys and pigy, showed a marked growth responss to the fermentation ma
terials. The respense was then found to be dus to the presence of chlortetna
oycline in the fermentation materials.® Unexpectedly small emounts of chlortet
racycline and other antiblotics were found to produce en effect on growth.*="
These amounts were $o small, 5 to 10 parts per million of diet, that it was
eemomimﬂyfenﬂblatomeapmnmthaninmmmadaldkbfmhrmmhmh-

The nature and mechanitm of the growth-promoting effect produced in
ymmgunlmnlnbymtibloﬁuhuan:lted the interest and nttuntiu:x ahx;nny
vestigators and somo of their findings will be d d in ing chap
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CHAPTER It Mechanism of the Antibiotic
Growth Effect

The action of antiblotics fn Increasing the growth rate of young animals may
be termed for convenience the “antiblotic growth effect. The most obvious
explanation of the effect Is to postulate that it is due to the actlon of santibiotics
on the Intestinal bacteria. In support of this arc the following observations

L A number of different antibiotics will producs the effect on growth but
they have no special chemical properties in common Furthermore, their antl
bacterfa] effects are exerted through different mechanisms It is thereforo un
Iikely that these antiblotics would all have a stimulatory offect on animal cells
and ft s much more probable that the effect on growth is secondary to changes
1ntheintmﬂnﬂbactdn,theomnnyofthcscbﬂct=ﬂnmknuwnt0bom
ceptible to the common antibiotics.

2 There have been many observations that tho antiblotio growth effect
may diminish or disappear entirely when steps are taken to keop bacteria away
from the animals, Exceptions to thess findings have been noted. However if
the growth effect is due to the direct effect of the antibiotio upon the animals,
it should be consistently obtainable In clean surroundings which is not the case.

8. Very little is known of the normal effects of the Intestinal bacteria on
the nutrition of the host animal. For example, it has been shown that feeding
antibiotics brings about an tncrease in the storage of vitamin A in the liver™ ™
and that a stmfler increase takes place when the animals are placed in & highly
fnitary environment without antibiotics.¥ This may imply that the effect on

Vitsmin A is secondary to changes {n the gut wall, which the antiblotle has
produced by its action on the intestinal microflora, {ndeed, such findings may
bs & cluo to hitherto wnrecognized blochemical activities of the intestinal

4. The growth-promoting effects of certain antiblotics when injected may
be due to their excretion into the intestine This hos been shown to occur in
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calves mder condit,
of ctlotetmeetiesn o D ¥R lproved followng

5. The antiblotic growth effect can be ced by certeln an
do not readily enter the blmdmmmwhiofg:vmgyymm‘;
streptomycin'® and becitracin® It fs of fnterest that becitracin has
toproducangmwﬁlm:pumulndﬂcbwhmuddcdtnﬁmdm“b
l’mplmtedrubmh.neouﬂy” for hxjectadbtdhldnh:bemrcp
me&dinthnurlna"mtherthmdmbﬂomtbnt(thponﬂ:bﬁu
bauftmcénmnyuotmachdmhltaﬁna.lnmntrm.m:hmtﬂﬂaﬁ
teﬂwyclmeandpenicﬂ]m,whichhambemfnnndmpmduce
sponses when infected, - #7 # aro known to be axcreted into the |
the bile st »

8. A large number of lavestigntions have shown that antibiotic
requirement for certain B vitamins o eoimalt on disty defictent In
mins. The B vitamins differ from exch othar with respect to thelr cln
phyziology but they share the common property of beiag produ
ntestmal bacteris, and there are indications that sntibiotic-tolaran
thess bacteria will produce increased amounts of B vitmine.®

7 Antiblotics disappear rapidly from the tisues of nimals -
administeation i stopped.! However mder certaln experimental
the dietary effect of antibiotics In sparing vitamin By may persist !
after their withdrawal from the diet* thus suggesting that & frmly
change fn the intestinal flora has taken place.

8. mnxmvuﬁgnmhmmpoﬂodﬂm&'ﬂmdmﬁ
anfmels gradnally tends o fmprove fram experimant to experiment
wbuadhaammhmre«grv:gmﬁbbﬂmwﬁﬂ”g&”dﬁ“
certain harmful bacteria from the environment.

8 No growth effect was fonnd when antiblotics wers injected &
Ing chick czabryos® or wesp §6d to genm freo chida at lovels that
the growth mte of “contaminated” animals.

10 Thio benefical efec of antbictcs o ety iver e o
after several weeks of fording, suggesting
:u&mmangemmemtaﬁndﬂmwhid:htumw

antibiotic #o that the change was reversed.*

2l B i

a £ Byl

on:tho Gmmhoé Animuls "
Thot&”ectofmdl:ladmmlmp:vv!nggruwtbdmmhbdto



sion that bacteria that inhibited growth might be normally present in the
intestmal tract. If this assumpton were correct, the fnhibitory effect should be
absent in animals that arc free from bacteria, and such animals should not
show a growth response to antibiotics. Evidence to test tho assumption was
sought from several approaches from the concept of “discaso level” from
comparing anfmals in “clecan™ and heavily contaminated surroundings, from
measuring the growth of chick embryos, and from studying “germ free” chicks
and turkeys,

The Disease Leoel Coneept Experiments with § gurcofaciens fermentation
products in the diets of swine were carried ot in 1949 and 1850 by a number
of investigators including Cunha et al** Catron,t” Terrlll and Krider ¢ and
Carpenter *¥ Striking cffects were noted in the control of diarrhea and in the
improvement of growth In many herds, bloody disrthea was endemic and
yielded to treatment with the antibictic supplement so that the affiiction largely
disappeared and growth was markedly increased. These observations led to an
emphasis by varlous tnvestigators on the postulation that the antibiotio growth
effect in pigs varied with the discaso level T % ¥ g term that was finst fntro-
duced by Catron,*" which he has defined as the degree or amount of feed lot
contamination with bacterla or virus infestation that causes pigs to scour @
The defimition could probably be extended to include other specles of animals
in addition to pigs and other pathologic manifestations in addition to dlar
thea. This propesal is now well substantiated and {t is supported by observa
tons on other farm animals, such as turkeys, chickens, and calves It seems
evident that certain subacute infections can often occur in young animals and
that these fnfections are accompanied by slow growth and often by diarthea.
Certain antibloties will relleve these canditions when added to the dlet so that
2 marled {ncreate In growth rate is observed when antlblotics are administered.
However it is also evident that a somewhat less marked effect of sutibiotics on
growth can be produced in animals that appear to be healthy as judged by a
complets absence of external clinieal signs 1t is not clear whether the growth
promating effect of antibiotics on thess apparently healthy animals differs only
qualitatively from the effect of antibiotics on the growth of animaly that are
suffering from frank infections However tho preponderance of evidence is
that both phenomena are part of the samo picture and the effect of antibloties
m both cases Is to eliminate harmful bacteria.

Relation of Clean and Dirty Envir ts to the Antibiotic Growth Effect
The finding that o high diseaso level magnified the antibiotio growth effect in
Plgs leads to the possibility that the effect may disappear in antmals If the
bacterial contamination of the environment is kept low A repart by Coates and

ANTIBIOTIES IN NUTHITION | 2]



to fnitiate the proliferation of a tiriving and abundant microflora. Taken as 2
whole, the findings demonstrate that under $0mo sanitary canditions, and per
bhaps by chance, it is possible to stop certain antibiotic-susceptible and growth-
depressing microargansms from becoming established in the intestinal tract
of experimentnl animals. This is shown by the fact that these animals may
grow as well without as with antiblotic supplementation until an cutalde source
of fufection is introduced. However the random tendency of natural contami-
nation can lead to a different result so that enimals that nre kept sorupulovly
clean may nevertheless acquire and harbor a microflora whose growth-depress-
ing action is eliminated by feeding an sutiblotic. The expertmental findingy tn
which antibiotics were fed to animals {n clean and dirty environments have
Ied to the conclusion that the antiblotic growth effect may be dus to the sp-
pression of a growth-depressing microflora that fs usually present in healthy
antmals but that may tometimes be absent under special sanitary couditions.

Antiblotics and the Growth of Chick Embryos The developing chick em-
bryo grows rapidly in the absence of an intestinal flora and its welght increases
tweaty-nx fold during the period betwsen the seventh and soventsenth days
of ncubation.® This is a greater rate of increase than takes place at any time
after hatching We concluded that e [iving organism whose tissues wero prollf

Table
Welght of Chick Embrycs ot 17 Days os Affected by
of Antiblotes

nfections
A lu
Amount rroge weig
Injected, Survival Whole egg, Embryo
Antblotic* mg ratio Gm. Gm.
Chlcrtetrocycline 12 19:30 543 120
Peniclllin 12 2030 57 126
60 22430 53.6 104
Streptontydin 12 20:30 546 125
6.0 23:30 542 122
Naone (distlilad water) 2636 57 133

Thamﬁbhﬂcwmdeadmoﬁn'.quddmm.de:mln}ododm
three succenstve days.
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erating 10 rapidly might be unusually sensitive to the cffects of a growth-stimu
lating substance. Accordingly chicken eggs contalning living embryos were
injected with sterilo solutiony of antibiotics and the Incubation period was
continued. The injections were started on the seventh day and on the seven

teenth day the embryos were scparated from tho membranes and weighed.®t
No growth-promoting effect of the antiblotics was found, and no evidence of
toxcity as judged by deformities or depression of growth was observed except
that the embryos on the higher level of penicillin were somewhat smaller than
the others (table 1II) The results indicated that the antibiotics tested did not
fnerease the growth rate of embryonic tissue and tho observation helps to
support the idea that the antibiotic growth cffect is exerted through the in-
testinal flora, since these are absent from the developing chick embryo Lepine
and co-workers*®® found that slight but consistent diminutions in the prolifera

tion of chick embryo heart and lung fibroblasts and epithelial cells in vitro
were caused b} chloramphenicol or chlortetracycline, 10 ag /ml of culture
medinm. Higher levels of the antibioties produced marked inhibitary effects
oa the growth of these tissuo cultures. In experiments with brain tssue, 10
ag./ml. of chloramphenicol and 100 pg /ml. of chloramphenicol or chlortetra

cycline inhibited cell migration whils 10 g /ml of chlortetracycline had ne
offect.

Morphologle Changes Produced by
ing Antiblotics

Gerdon® made a number of comparisons of the morphology of germ-free
chicks with chicks exposed to ordinary contamination, with and without ant-
biote feeding Penicillin and oxytetracycline were the antibiotics that were
vsed A marked reduction, 83 to 50 per cent, of the weights of the
small intestine was noted {n tho germ freo animals end in the antiblotic fed
conventional animals, by comparison with the canventlonal nonantibiotic-fed
anfmls, Simultanecusly there was a less marked increase {n the weight of the
thymus gland. No differenco between the antibiotio-fed and nonantibiotic-fed
germ-fres animals was observed with respect to the weights of these organs,
The author concluded that antiblotics created “germ-free-like conditions in the
conventional animals

It is indeed striking that without reducing the total bacterial count in the
Intestine of chicks the antiblotics will produce morphologic conditions simflar
fo thore in germ-free animals. This observation polnts strongly to the prob-
ability that antfblotic-sensitive bacterls, which produce a tssus reaction, are
normally present in the digestive tract.
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Table V

Summary of Results with Germfree Animoks In which the Waight at
4 wesia with and without Anttblotic Suppl ion Were Compared

qu"ﬂ et No. of experiments thawlng
Antlblofic mg Anlmals Increcsed wt  Decreased wi.
Streptontycin 45 Chicks 0 1
Straptomyein 70 Chids 1 )
Panicillin 1 Chicks 1 0
Peniciilln 1 Turkeys 1 0
Pentailfin 46 Chicks 1 1
Penidilin A8 Tuckeys 3 2
Oxytetracycline 25 Chicks 3 0
Oxytetracycline 25 Turkeys 0 1
Oxytetracycline 50 Chicks 1 3
Taken Luckey and co-workeeyt4 71

somewhat varizbls but the over-all experlence with thess two drugs hodicated
2 negative respanse. The levels of antibiotics n the diet ranged from 23 mg,
of chloramphenteol to 50 mg of axytetracycline per Kg. of diet and the number
of chicks per experimentn] group was necessarily small, ranglng from 2 to 6.
Stmilar resulty wero cbtatned with turkeys which received 50 mg, of peniclliin
per Kg. of dist so that the author concluded that “no stimulation js seen when
germ-free birds are fed antibiotcs.”

Mare recently Luckey™ found that in thres out of four experiments with
a Tower lovel of oxytetracycline, 25 mg./Kg. of diet, the birds receiving the
antiblotic grew mare rapidly than the unsupplemented birds and slight in-
creases in the growth rate, 8 to 7 per cent greater than the controls, were
mmoapamumwmchalmlmddpmﬂm,umg/xgddﬁ-
was fed whils in three experiments with tarkeys recetving 46 mg, of 7
per Kg of dlet, the welghts of the supplemented birds were mpccﬁ\'e}ydé
and 13 per cent higher than thoss of the cantrols. He inferred that the diier
enco between thess and the earler results was that the levels of axytetracyclive
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and penicillin used in 1852 were higher and thercfore growth-depressing How
ever the small number of birds involved and the great variability in the {ndi
vidual weights make it impossible to arrive at a definito conclusion that a
growth effect was observed at these lower lovels of antibloties It seems un
Hely that levels of 50 mg of oxytctracycline or penicillin would bave 2
specific depressing effect on the growth of germ free birds when much higher
levels of these antiblotics do not slow the growth of birds under ordinary
conditions. The variability encountered in theso experiments may bo seen in
table IV in which the welghts of all the germ-freo birds receiving oxytetracy
cline as described by Luckey are summarized.

A condensed summary of the results described in Luckey s two communi
cations on antibiotics and the growth of germ free birds is given In table V
Table V shows that the antiblotic-fed birds were heavier than the controls at
4 weeks in 11 of tho 19 experiments. This would seem to lead to the conclusion
that there was about an equal chance of the antibloties increasing or decreas-
tng growth, and the over-all result appears to confirm the conclusion reached
by Luckey in 1852

Effects on Intestinal Flora

Many studies have been made of the bacteriology of the intestinal contents
of animals fed antiblotics in effocts to throw some light upon tho antibiotic
growth effect. The results have varled greatly and Steburth and co-worken™
polnted out that variations may be due to different basal diets, different bao-
terlologic procedures, the age of the birds studied and the types and levels of
antibiotics used. Furthermore, their ivestigetions showed that extreme varia
tions fn the cecal and fecal microflora were found even from day to day

Exmples of the differences noted by various investigators may be seen in
table VL Thess differences aro o numerons that we hesitate to review the
Uteratare n detafl ar to attempt to draw generalizations with respect to the
various bacterfal types Thus kratzer and co-workers™ found a five- to ten fold
increass {n the number of yeasts In the excretn of chicks and turkey poults fed
streptamyein, while Willlams and co-workers™ found little or no change in
the yeast count of chicks fed chlortetracycline Sieburth and co-workers™ drew
ttention to the marked reductlon in Intestingl clostridia produced by feedmg
antibiotics and this was confirmed by Elam and co-workens™ and by Williams
nd co-werkers " However Willlams and co-workers found that feeding live
cultures of hemolytic toxin producing clostridia did not reduce the growth of
chicks that were not recetving sntiblotics, and no growth-depressing effect was
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found when cellfren clostridia toxins were fed to unsupplemented caxn
chicks fed antibiotics. Elam and co-warkers™ found ﬂutfwdmgfealdnﬂ{‘e
depressed tho growth of chicks in clsan quarters but not in old quarters hl:
later communication, Sieburth and co-workens™ concludsd that litle sigt-
cance could be attached to the obsarvation that the toxin-producing clori:
are greatly reduced by antiblotic supplementation, because the pcpuhhml
these organisms is small fn comparison with other types. Theso authoa
that & consistent reduction in the numbers of bactena was found ccly 8
materis) obtained in the small fntestine and not in other reglons of the &
gestive tract. They studled the orygen uptuke end carbon diande evohied
of tho Intestinal contents In vitro, and they found that thess values were vl
ered In the case of chicks fed a supplement of chlortetracycline, perhapt ®
dicating a decreased nse of nutrients by the microflors, which might pesst?
greater utllization of putrients from the diet by the host animal. The mewoitt
bloodve:s:alsal.ougt-.lu'azma.l.'lmte'timﬂw.wzz-enot:ndl‘.obemu:rld.ﬂ:lh:df"ﬂ’l
birds receiving the antibiotic supplemented diet.

Smyser and aseoclates’® found that dietary peniciliin produced during &
woebnﬂudymcrea}elnthenmnbenofcwﬂdlmnpafﬁnguuintbﬂﬂ’
of chucks. This observation seemed to rule out the possibility that the grov!
effect was related to & suppresslon of CL perfringens Chlartstracycline PP
duced anly slight changes in the count.

Another source of difficulty in carrylng out investigations of the effect ¢
diotmymtﬂﬂaﬁuonh:terﬂnnlbactuhhbmmtbepmmwﬂfﬁ”“ﬁ
biotic in intestinal coutents may prevent tho growth of the bacteris ¥
plated oat.2%

Effect on Rumen Microorganisms )
Anumberafmvetﬂgumhavumadoobsavnﬂumunthedfodd‘nt
biotelmtharmnmmiaoﬂmtlooﬂlandco—mimﬂl“dldndob’ﬂw”:
rmﬂdugdiﬁarmmtbeualbadmwmmtmmﬂ:ammphub#‘g;
bacteria present bassd on stalned slide examination fn studles with Hi -
calves fed chlortetracycline. In expertments with beef heifers, Nenmar® 51‘
eo-workm‘“:tatodﬂm:dmtype:ofurgminmfmmdmthemhmkwc‘!‘”
ﬂmmmmuchwwmommmemm\mi%;ﬁ
thatthonmmﬂhdﬂhlﬂomhﬂdbceﬂdkﬁnbﬂd.xulamdm iy
thatrumunumplmmkmﬁomm.lvufusdoxytah-acydhlethﬂwedCOUTI;::’:um

Iowered ability to digest cellulose in vitro as compared with the samp
mudmlmﬁmdﬁmwdhppa:edwbmﬂ:omdhbﬂcnww

32 | ANTIBIOTICS MONOGRAPHS



.

sf Indicator microorganisms In the rumen when chlortetracycline was fed to
daiy calves. The supplemented animals were superior to tho controls with
respect to gains in body weight, feed Intake, and efficiency of feed utilization
‘These investigators and kesler and Knodt reported that the antiblotic supple-
mentation had no significant effect on the thiamine and riboflavin levels of
the rumen contents although Chance and co-workers'®® found that the amount
of riboflavin in the rumen contents was lower when 0.5 Gm. of chlortetracycline
was fed dafly than when the antibiotic-free ration was fed. In another Investi
gation Chance and co-workers!!® reported that a definite ncrease occurred in
the total bacterial count of the rumen contents and feces when chlortetracy
dine was included in the mtion. The number of rumen streptococe! decreased
in the two fistulated onimals that were used in the study Horn and co-work

ery ™ in studies with yearling steers, reported that the rumen contents of ani

mals recehang chlortetracycline showed a decreased ability to digest fiber In
vitro and simflar observations were made by Radisson and co-workers 13 how
ever thess investigators noted that, when alfalfa hay was added to the culture
medium, no depressing effect of chlortetracycline on celluloso digestion oc

curred, indicating that alfalfa hay contained a factor that prevented chlortetra

cycline from depressing the digestion of cellulose in vitro by cultures of rumen
bacteria. It Is evident that studies of cellulose digestion in vitro do not neces-
sarly reflect the behavior of the rumen bacteria in the living animal. Rusoff
et al' did not find differcnces between coatrol calves, chlortetracycline in-
fected calves, and those fed chlortetracycle orally with respect to the rumen
cantents. Measurements were made of pH and the content of elght of tho B
vitamins tn the rumen fluid together with an examination of the rumen flora
15d the degree of fiber digestion In vitro Lodge and co-workers'!* found that
the digestion of cellulose in vitro by the rumen microorganisms was lower in
the cazo of cows that had recewved a daily supplement of 240 mg of chlar

tetracyeline from an early age The presence of chlortetracycline was demon-
strated in the rumen liquid. These authors also noted that the addition of
18 xg of chlortetracycline per ml of fermentation mixture soverely Inhibited
cellulose digestion in vitro by the mucreorganisms from the cantrol cows but
bad very littlo effect on the digestion of celluloss by the microorganiims ob-
talted from the antiblotic-fed cows perhaps indicating the establishment of

rcline-tolerant cellulolytic microorganisms in the antiblotic-fed ani

Hubtanen and co-workers'® have deseribed techniques for studying tho
dig"uﬂncfﬂbcrlnvitmbyrmm microorganisms Depressions of ths diges-
tation way discontmusd. Hibbs and co-workers'™ found changes in the ratings
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ﬂunufﬁberwemohervedwhenanﬁbioﬁuwmaddgd.ﬂmuadepru—
sion of the digestion of celluloss as present in afalfa whs ohserved! to resglt
from fesding chl
fro mg ortstracycline to sheep thus recalling the retults reported by
Studies of the effect of chlartetracycline on the rumen microorgantsms were
reported by Mann and co-workers.” The antibiotic was fed in doses of 40 to
60 mg to young calves for several woeks following which the animals wers
slaughtered and the of thetr paunches and sbe were Ined
The chlortetracycline-fed calves showsd no marked bacterologic differences
from the controls and the authors commented that there was little difference
between the supplemented and contral calves in the final development of a
typleal viable streptococeal population of the rumen The supplemented calves
had Jarger and less acid rumen contents than the controls and reached »
rumen pH that was considered to be suitabls for intensive romen bacteria)
and protoroan actfon at a much earler age

Antiblotle tal Intastinal Mi i
as a Sovrze of Unidentiflsd Growth Facto

Following the addition of an antibiotic to the diet, microorganisms that are
tolerant to the presence of the antibiotic fn culture media may be recovered
from the Intestival comtents 1'* One possible explanation of the antibiotic
growth effect in animals could be that these tolerant microorgsulsms produce
vitamin like growth factors that are net present in sufficlent quantities in the
diet to enable maxtmum growth of the host animal to take place and that are
ot produced by the Intestinal floa at & suffictent rate in the abscace of antl-
bioties in the dlet. Thers have been soveral investigations of this posibility
hratzer and co-workers™ found that the number of yeasts Increassd five- to
tenfold in the testing} tract of young hukeys that receaved streptomycin.
Theeo yeasts wero plited out and grown in large flasks following which they
were harvested and fed to chicks and turkeys There was no consistent growth
response and, although slight increases were found fn some experimenty, they
weze less than these cbtained with anthiotic supplements -

A fresh attack on this problem was made by Romoser and co-workesy
\vhonotbdthntE.wHandAembaderamgmLuuumdmnumbmhﬂ:‘
osca of pentcillin fed chicks. Thess penicillin reslstant organisms were lsolated,
gtowninmucultmuundnrvﬂﬂomexmdidum,nndfedtochldmlnm

the cultures were Iyophilized. The chicks received basl diets
that were considered suitable for obtaining respouses to unknown growth
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factors.” Little or no chick growth responso was cbtained when efther organism
was added to the diet in tho ahsonce of an antfblotic but a significant growth
response was obtained to penicillin alonc and & greater response to the com
bination of penidllin and cultures of the organisms as dietary supplements. Tt
was considered in view of the small amount ( 022 per cent) of the supplement
that the results wero due to cffects of the viable organisms rather than to
unidentified growth factors in the cultures, and the possibility was rised that
the organisms aided” the antibiotic in reducing the number of inhibitery in
testinal bacterla, However no experiments with heat inactivated cells were
incloded.

Along similar lines Anderson and co-warkens®! 1™ 11 isolated varlous
strafns of E. coli from pendelllin fed chicks and fed the cultures to other chick
ens. One strain of E coli produced a growth response in the presence of peni
cillin but not In its absence while a second strain somewhat fmproved growth
under both conditions. In ancther experiment enly one out of five supplements,
the culture filtrate, increased the growth rate of the chicks and then only in
the presence of penicillin Stmilar preparations were tested with turkey
poults’™ but no dgnificant weight increases were found except that responses
were obtained to penicillm itself In a further report'® the conclusion way
drawn that the growth response of chicks to antibiotlcs was associated with
an fncrease in intestinal coliforms beesuso the growth response and the increase
took place simultancously Roberts'® has reported that the growth of chicky
was increased by either E coll or fish solubles and Blaylock and co-workenstt
found that either of these supplements produced a growth increass of 11 per
cent in chicks during the first thres weeks. The control diet for such experl
ments ought to be supplemented with the unfermented culture medium, for
the medium may contain supplements that improve the dlet. The comparatively
small growth responses that are abtained with experimentnl animals when
sources of unknown factors ” such as bacterial snd yeast cultures, are added to
the diet present certain difficulties of tnterpretation Much depends on the basal
diet that Is used to evaluate “unknown growth factors in materials such es fish
solubles, liver yeast, and distillers solubles. The diet should be complete and
belanced with retpect to the known growth requirements of the snimal, in
cluding amino acids, vitamins, and minerals, Recently Scott et al'*® and Couch
and co-worhers 1™ have found that chicks will show a growth response to the
ash of certain sources of unknown growth factors and similar results have been
obteined in our Jaboratory There is no evidence that antiblotic-adapted forms
of E. coli or other intestinal bacteria are better sources of nutritional factors
than those bacterial forms that normally inhabit the intestinal tract.
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The results with E coll and other intestinal organtsms when fed to efther
antibiotic-supplemented ar unsupplemented animals indicate that cultures of
these arganisms will not consistently produce a growth response when added
to the diet. Furthermare, when feeding the culturs produces a growth responss
inﬂwabaenceufmﬁbiotialnthedict.therupomemaybe]cnthmtha
response to adding an antiblotic. It is possible that antibiotic-tolarent strams
of intestinal organisms may displace harmful bacterie from the digestive tract
The investigations just cited™ 1% probably indicate that beneficial nutritional
effects may be produced by antibiotic-tolerant intestinal organisms.

Growth of Animals Recslving Hydrotyzed Penldilia

The effect of penicillamine (8 S-dimethyloysteine) on rats fed a low-choline
diet was described by Wilson and duVigneaud.** They found that the L isomer
was toxio and its injurious effects were counteracted by choline and cthanol
amine, The p-Isomer which is a hydrolytic product of penicillin, was not toxic.
Experiments in our leboratories with chicks showed only a slight growth
response to an enzymatic hydrolyzate of penicillin (table VII) The responss
appeared to be not maro than 10 per cent of that given by the unhydrolyzed
antibiotic. L-penicillamine was found to depress growth markedly when added
at a level of 3 Gm./Kg. to a purifled diet contaming chaline.

Elam and co-warkers** reported that penlcillin, insctivated by sutoclaving,
produced a growth responso when injected into chicks but not when edded to

Table Vil

Effect of Procalne Penklllin and Penicllinass-Hydrolyzed Penidlin,
on the Growth of Chicka

plement Weights ot 25 days

Supuf diet 3: e " Gm.

None 26, 19

2 mg. procalne penkdllin 329 324

5 mg procalne penidlin 306, 325

5 mg hydrolyzed penidilin 77 282
278, 294

10 mg hydrolyzed penkillin

There wore 10 chicks In each of duplicate grovps.
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Table Vill
Microblologk and Chick Assays of Penkeillin in Feed

Per cent of penldiiin semalning

Microblologie Chick
Treatment of feed auays oSy’
Steamed 5 minutes* A3 64 48
Steamed 15 minutes 21 28 56, 50 14
Steamed 30 minutes 18 20 20 32 30
Stored 2 wesks at 34 C. 23 2%
Stored 4 weeks ot 34 C. 12 19
Stored 4 weeks ot 34 C. 4 &7
Stored 4 weeks at 34 C.t 7 40
Dibenrylethylensdiomine penicilin.

{Procoine panidilin two diffarent samples.

the diet. An examination of their results shows that the response with the in-
fected hydrolyzate was obtained in one experiment but not in a second experi-
ment. Fell and Stephensan'® reported that ve-penieillamine produced a growth
response when nfected but not when added to the diet however in their ex
periments pentefllin did not produce & growth response when added to the
diet. Taylor and Gordon'™ carried out 3 experiments with pigs {n which pent
cillin insctivated by three different methods was compared with active peni
cillin for fts growth-promoting effect on pigs. The pigs recefving penicillin
grew at & rute of 14.3 per cent greater than the controls and with inactive
peniclllin the growth rate was 94 per cent mare than the controls Na penicil-
In was detected in tho gut, serum, or urine of the experimental animals.
Williams and eo-workers®® found that {nactivated penicillin retatned not more
thmnrmnllpartofthenbﬂjtyofthnorlgmnlanliblodctopmmntathagmwth
of chicks 1t was found possible to plot a dosage responss curve to levels of
pmidﬂinmnpm{ﬂcdwmxdndjetmthltfccdscontﬂnlngpmlcﬂﬁn
could be assayed with chicks Chick diets containing 25 or 50 mg./Kg of penl
cllin were stored under varous conditions or steamed and were assayed
microbiologically and with chicks. The rates of nactivation of penicillin were
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very similar when megsured by either procedure as shown fn tabls VIIL The
chiek assays gave slightly higher values but thers were rather wide variations
in the chick assays. The conclusion from the results in table VIII is that the
hydmlyzatedidnothavemurethmn:mn]]porﬂmofthnacﬁvﬂyofthe
orlginal penieillin when tested with chicks. It is possible that hydralyzed pent
cillin, even though fnactive for the test organism Micrococcus pyogenss var
aureus, might retain soms slight activity against some of the intestinal bacterfa.
Recently we have compared the growth response to penicillin and D-penicilk-
mine with chicks on the sucrose-casain diet and D-penicillamine was foumd
to produce a growth response correspanding to about 3 per cent of that pro-
duced by procaine penicillin.

Effects of Prolonged Usage of Dietary Antibletes

Reduction of the Antiblotic Growth Effect Following the Prolonged Use of
Antibiotics in Diets When antibiotics are routinely used fn the diets of anfmaly,
one can speculate that prolonged use, year after year might produce selective
hanges in the envir tal bacteria so that antiblotio-resistant forms would
gradually becorne more common. If some of these resistant bacteria were path-
ogenic or harmful, then one would expect that the entiblotic growth effect
would disappear and that animals would grow et a rate carresponding to the
rate seen fn gimilar enimals before the introduction of antiblotio feeding

Actually the recarded obsarvations have been In the opposits direction ad
the prolonged use of antiblotics has often resulted in & gradoal
in the growth rate of unsupplemented animals in quarters where antiblotics
have been routinely used for several years. Perhaps certain
bnctainlfmmtmdtodhappearﬁ-mnﬂmmvimnmtwthltﬂxinﬂ’mmd
growth rato of animals is eventuslly seen in both the supplemented and un-
supplemented groups. It is also possible that antiblotio-resistant bacterla my
pmducemuwodquanﬂﬂmofmmumdmﬁﬁodgmwﬂnfmmpa"
sibility of an enviranmental clean-up due to antibietic feeding came to our
attentlon fn 1849 end 1850 when the response to antibiotics in chicks in our
hhnntorylppeﬂ:cdtudlmhhhuvcrllunglﬂﬂduf&lpﬂﬁmmmmg
the chicks recelving antiblotic supplements continued to reach a welght
300 Gm. or more at 25 da

Waﬂ)e!nndco-wuﬂccn}‘:campamdlhewdghbofdﬂcbntsmhdlge
with the percentage grmvthrapomcofc.hlmfetncycﬂneorpenldmﬂi;;
series of experiments Iasting from August, 1850 mydylmmw”“w
rupmsotnmﬂbiodutmdedtomthnndywﬂhthegxwthofﬁmm
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groups and the average weight of the control groups in the third year of the
study was greater than during the first two years. A wide variety of diets was
used. A scatter diagram of these results is in figure 2.

Libby and Schafhle!®* summarized their findings with 3900 chicks in 146
comparisons between groups of birds that were fed antibiotics or arsonic acids
and groups that recelved the msupplemented control diets. The results are
shown fn table IX. A steady increase in growth rate and a decrease in mortality
of the imsupplemented birds were noted. The authors polnted out that the
results do not support a concept that the continued use of antiblotics in feeds
can lead to the proliferation of resistant strains of organisms that can cause
antibiotics to become ineffective Instead, the suthors state, the continuous use
of antibiotics aver  long peried produces an environment with o lowered
germ load or disease potential. After long time usage these growth promotants
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Table IX

Growth R to Dietary Anttblobes and Arsenic Acids | Succenive
Years CompancrvdthCnmrolerp In E:pedmanhvhhchlch"m

Increase In welght of

supplemented birds by Increass n

comparkon with control weight of con-

Blrds, % trol birds with  Maortabty

—_—  respoct 1o 1950~ to 6 whe.

Period Antbletis  Anonk aclds 1951 controk, % cfoge %

19581951 190 @5 160 () 0 85
19511952 12.8 (32) 74 B2
19521923 100 ( 4 3.8 (5) 153 45
19531954 33 (19 32 (9) 191 28

Taken from Libby and Schatble ™
{Number of comporisons In parentheses.

are still capable of suppresting the germ load, but less of & challenge it pro-
sented. Thus, birds that are grown on the premises whers birds have ot have
had antibioties or arsonio acids in their feeds benefit to some extent from the
improvement {n environment.

“The reduction in the mertality of chicks that we have observed during the
lost 4 yr adds suppart to the postulatian that a reduced germ load develops. As
can be seen in calumn 5, prior to the inclusion of antibiotics and arsenicaly fn
chick rations, the martality of battery-ralsed chicks up to 6 wk of age was about
8.5 percent, whereas the mortality of birds in thess same batterfes fn recent
years has declined to less than 8 percent. In addition, feser cull chicks and less
variability In growth rate within pens are now being noted.

“From the practical polat of view this study Indicates that antibfotics and
arsonic acids would be of greatest value in pramoting growth (f) when first
used in a poultry-feeding enterpriss and () under the envirommental coadi-
tons usually sarrounding farm feeding € oace used and then discontinued,
feeding perfarmance may still be somewhat {mproved, because the contamina
tian level has been lowered.”

Experiments with pigs have slso shown that the growth of unsupplemented
controls may tend to {mprove from year to year in surroundings whero antl
biatics are fed, thus Catron has found fn an unpublished summary of & five
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year study (1948 to 1853) involving €90 pigs that the average daily gains of
antiblotic-fed pigs in successive years were 1.04, 160 160 1.67 and 1.57 Ib,
while the corresponding fignres for imsupplemented pigs were 133, 1.44, 158,
157 and 1.57 }b Hanson and Ferrin'®* obtained the following results In sue-
cessive years with proweaning pigs kept from weaning to 200 Ib in the dry lot.
The basal diet wos changed somewhat between 1851 and 1853 so that the
results from one year to the next were not directly comparable however the
results indicated that the general use of antibiotics for thres years had con-
trolled certain intestinal infections so well that these infections were not a prob-
lem in 1853. A similar trend is indicated in a report by Richardson!*® who used
individually fed Lttermate pigs in four successive experments each of which
lasted between 14 and 21 weeks. The average dafly gain in pounds of the un
supplemented controls rose from 1.38 in 1852 and 1653 to 1.61 in 1834 while the
corresponding groups that received chlortetracycline gained respectively 16,
20 9 and 4 per cent more than the controls in successive experiments thus
showing o decrease in the antibiotic growth respanse due to improvement by
the unsupplemented controls. No response was obtsined to oxytetracyclme,
These experiments with chickens and pigs In which the antibiotc growth
effect was shown to diminish in a series of experiments in the same renring
quarters while the growth of the unsupplemented cantrols fmproved are of
great interest. The results indicats that the antibiotic growth effect &5 not due
to a direct action on the animal but is due to a suppression of harmnful bacteria
and that the antibiotics or their effects may become “spread around the
animal quarters so that the suppression may gradnally extend throughout the

Table X

Resutts 1In S Years with P, i Kapt from W,
10200 [b b the dry lot!3 9 Pias Kept eaning

Averags daily goin |b

3 to 8 weeks Weaning to 200 [b,

Whhout With Without With

Year b, tiblofl: oot 41
1951 037 0.64 140 1.43
1952 oL (1Al 145 1.63
1953 0.63 073 174 79
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premises. An additional possibility is that certain antiblotio-tolerant bacterts,
which become established through the use of diets conteining entibiotics, may
have a beneficial effect an nutntion. Clearly it is time to question the soundren
of the dire prediction that the prolonged feeding of antibiotics would en-
courage the widespread development of resistant strains of dangerous bac
terla'® in the pouliry rearing industry From the practical standpoint, the
effects of feeding antibiotics to growing farm animals for prolonged periods
bave led to unexpected benefits in the elimination of certain endemic types of
undiagnosed morbidity Slinger and Pepper'® noted that syndrome invalving
poor growth, high mortality dermatitls, and diarrhea in young turkeys was
overcome by the use of antbiotics and, furthermare, that this syndrome, which
was one of the major problems involved in rearing poults in Ontarlo, has
largely disappeared following the inclusian of antibiotics in commercial diets.

The continuous administration of streptomycin and axytrtracycline at high
levels (0.02 and 0 04 per cent) m the diet of aged rats, beginning at the age of 11
months, was ot found to be beneflcial as regards longevity fn studfes by French
et al1* The average life span of the supplemented antmals of both sexes was
decreased by about 10 per cent. It was thought that, by analogy with their
results on a high fat diet, an Increased efficiency of food ntilization might have
been responsiblo for the deleterious effect. However an examination of the
results indicates that tho difference in the life span between treated and cantrol
animals did not reach significance at the 5 per cent level. No benefichl or
deleterious effects of the antiblotic supplementation were shown by gross and
histologic exnmination,
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Effect of Feeding Antibrotics
CHAPTER Il On the Requirement for Nutrients

Improvements in the utilization of protein and of certain vitamins and
minerals have been noted to be assoclated with the feeding of antiblotics in
some experiments. These improvements are separate from the antibiotc growth
effect, which has been obtalned on diets that were adequately furnished with
the known requirements for growth and in some cases also with additional
amounts of certatn vitamins and sources of growth facton™ such as liver ®

Antiblotics have been shown in many investigations to enhance the utilizm
tion of certain nutrients, shown by a lower requirement for the nutrient for the
production of maximum growth in the presence of the antibiotic, by a greater
growth response to the antibiotic at suboptimal levels of the nutrent than
when an optimal level of the nutrient is supplied, by & greater growth response
to & small increment of the nutrlent in the presence of the antibloto than in
its absence, by increases in the tiztue lavels of the nutrient, or by its increased
urinary excretion or deposition In the egg when the antiblotic was fed. 1t ap-
pears in the case of some of the vitamins that antiblotics improve their uptake
from the gut or their synthesis by the intestinal bacteria, or both. 1t also op-
pears that the uptake of calcium and manganess may be improved by antl
bloties.

In the case of the proteln requirement, the situation is more obscure- in
some investigntions it has appeared that the protein requirement or tho require-
ment for a specific amino acld for maximum growth was lowered by adding
antibloties and in others no protein sparing effect was noted. These differences
may reflect variations in the intestinal bacterla of the animals in the various
experiments.

There is 2 large amount of experimental evidence that establishes an effect
of antiblotics in Improving the eficiency with which food is converted to an
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Incrense in body weight in growing anfmals. This effect may be an indicati
of an Improvement of the uptake of various natrients from the intestinal toa
and this in turn can lead to measursbls effects of dietary antiblotics oa th
requirement for protein, vitamins, and energy depending upon the mam:
1 which the postabsorptive utilization of the nutrients takes place.

Effects on Vitomin ond Minero] Requirements

B Complex Vitomins Emerson and Smith'® produced a blotin deficiency ¢
rats by adding streptomycin to a purified diet. This deflciency can also be pre
duced by adding sulfonamides to purified diets for rats. Streptomycin appear
to differ from some of the other antibiotics in this effect. In 1648 we made a
unsnceessful attempt to produce folic acdd deficiency in rats on a purified dis
by adding a high level of chlortetracycline.

The first preparations of antiblotics that wers widely used in animal feed
contained chlortetracycline and vitamin By and the response that this combina
tion produced In animals on “all vegotable™ diets led to the wide impressior
that there way some interrelation betveen the antibioto and vitamin By In the
growth response In some investigations it was shown that an antiblotic supple
ment had a sparing effect upon the vitamin By requirements of chicks ar pigs
but in other experiments the growth response to the antiblotc snd the vitamin
appeared to be independent af each other Sparing effacts on other vitamins
were many investigntors,

CammmPQ::da.nZyco-wgrkm““ iund that blood Iovels of riboflavin and cal-
clum in chicks were increated when chlortstracycline was fod, perhaps indieat-
Ing that the sbsarption of these substances from the intestine was fmproved by
ths antfbiotic. Blely and March'! reported that chlortetracycline had & sparing
effect an dboflavin, ntacin, and falic acld In the growth of chicks Same evi-
dence for a sparing effect of chlartetracycline on the riboflavin requirements
of chicks on purified dicts wns noted In onr laboratory # Oleson and o
wwkm‘“fcundn:paﬂngcﬁedofdnlurtahnuynhneonthavihmk\hrﬂ'
quirements of chicks while Stokstad and Jukes'® found that chlortetracycline
reduced the vitamin Byy requirement of chicks in some ubutﬂ:f
muthmﬂmhlghmarulltyafyomgchhhmodatedwiﬂlnd:ﬁdmcyu
vitamin B,» was reduced by feeding chlortetraoycline. Watbel mdco-wm'lﬂt'd
found that penlcillin or chlortetracycne markedly increased the g'mwﬂlth
dxidufeddlebcouhiuingmbopﬁmalamounhufthlnmine,but.w‘heﬂ °
luvelofthhminahzthodlctwuadequnm,thggmwthraponuwum
slight, thus fndicating a sparing effect on the thiamme requirement.

44 | ANTIBIOTICS MONOOGRAPHS



authors suggested that synthesis of thiamino by the intestinal flors might have
been tmproved by the antiblotic. In another publication Waibel and co-
workers!s observed that the addition of pencilin to tho diet of laying hens
resulted fn Increased deposition of blotin and follc acid in the egg yolh.
Linkswiler et al'** noted that rots on Inadequate levels of pyridozine
showed a somesvhat greater growth response to chlortetracycline then rats on
adequate levels of the vitamin, thus Indicating a sparing effect of the antibfotic
on the requirement of vitamin Be. Theso Investigations were extended con
siderably by Lib and Baumann!*? who compared the growth-promoting offects
of varions antibioties for rats on diets deficient in B vitamins The experimental
data were not conclusive becauss the growth-promoting effects of the ant-
biotics were in most cases measured only at suboptimal levels of the vitamins
however in the case of pantothenio acid there was soms evidence of a sparing
action Chlortetracycline was formd by McDanfel and Daft!** to accentuate
the signs of vitamin By deficiency in rats while penicillin had a beneflclal effect
on growth and survival and in reducing the severity of dermatitis This is in
contrast with the fndings for chlortstracycline reported by Linkswiler ot ali+
Coates and co-workers'*? studied the vitamin requirements of chicks on
purified diets deficient in the various members of the vitamin B complex as
influenced by the addition of pencillin to the diets No sparing effect was
found far thiamine, riboflavin, pyridoxine, or pantothenic acid but the require-
ments for biotin and folic aeld were reduced. In the case of niacin, the require-
ment appeared to bs incrensed. Nelson and Scott!™ found no effect of chlor
tetracycline or penicillin on the niacin requirement of chicks on & purified
diet. They noted that the antibiotic growth effect disappeared when the diet
was severely deficlent in niacin, which was In contrast with our findings,*
although we noted that the antibjotic growth effect disappeared or was greatly
diminished when chicks were severely deficient In riboflavin, pantothenic actd,
or folic acid. The food intake is extremely low under highly deflcient conditions
30 that very little growth tales place Sarett!™ found that the oral administra
ton of 4 to 6 Gm. of streptomyvin daily was followed by a marked decreass in
the urinary excretion of biotn in human subjects The effects on the excrotion
of other B vitamins were variable and not marked. The quantitative urinary
excretion of certaln products of tryptophano metabollsm was not changed by
the administration of streptomycin. In studies with rats, Halevy and co-
worken'® found that streptomyein reduced the urinary excretion of folic acid
and blotin. The folic acid content of the liver and the ammmt of biotin in the
contents of the cecum were reduced. Varying effects were produced by the
other antibiotics: chlortetracycline had a slight sparing effect on niach, folle
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aczd, and biotin, oxytetracycline, on niacin and folle acid, but no effects o
therequirﬂnwtformwmmimwamfmdfmpenldmn,lnanmvaﬁg:
tion by Sauberlich!™ on the requirement of weanling rats for certain B vita
mins, spanng effects on the requirement for thiamine and pantothento acd
were obtained with chlortetracyeline and penicillin and the requirement for
pyﬂdaxinewmxparodbypm!d]linuhdgedbythehctﬂntmbdgmwth
responses were obtained fo the antibfotes on the deficdent diets while their
inclusion in the completely vitamin supplemented diet had no effect upon
growth of the animale. In contrast, sulfamernzine depressed growth on both
the suppl d and deficient purified diets. Schendel and Johnson'™ studied
the effects of penicllin and chlortetracycline on Tats recelving suboptimmm
levels of thiamine and pantothenic acld administered both crally and sub-
cutancously Marked fncreases in growth were produced by tho antibiotics
and the growth responses were absent when the diets were adequately sup-
plemented with thiamine and pantothenic acid. The results were not affected
by the mode of administration of the vitamins. The amount of pantothenis
acid in the Intestinal contents of rats on the deficlent diet was increased when
chlartetracycline was glven Along similar lines, Chow and co-workezs!® foand
that the aral administrution of any of several antfbiotics increased the apparent
formation of vitamin By, by the intestinal bacteria as indiceted by a rise in the
butenal-soluble radicactive fraction following the administration of cobalt*

The effects of antiblotics on the requirement of animals for vitamin By, bave
been studied with varylng results. Several reports have shown definite {m-
provements produced by feeding antiblotics on the hatchabflity of hens ey
or an growth of raty, chicks, or pigs when the animals were fod Byy deficient
diets while in other investigations no changes were produced.

Johansson and co-workers®™ 1% found that growth responses were produeed
in rats by adding chlortetracycline and vitamin By singly ar in comhination
to a diet deficient fn vitamin B;x The responses appeared to bo independent of
each other and no Increass In the apparent vitamin Byy content of the kdney
and liver tissue was produced by feading chlortetracycline, but fncreases were
found, not tnexpectedly when 25 xg /Kg. of diet of Brs wero sdded. Of
interest was the observation that chlortetracycline produced increases in the
vitamin By activity as determined with E coli 1138 in the supernatant liquid
obtained by suspending the contents of the colen and cecum in water sod
centrifuging off the solids. However E coll 113-3, responds to cobalt-coataln-
tng Burlike substances that will not alleviate vitamin Bys deficdency {a animals

Cruvioto-Munoz et al'* found that chlartetracycline producod » marked
gmwt:hruponmlnntsonaBzrdcﬁdenf,pﬂrlﬁed diet to an extent that led
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these authors to state that chlortetracyeling could replace vitamin By in the
diet of the rat. Autoclaved chlortetracycline was ineffective No unsupple
mented group was included.

The effect of antibiotics on the vitamin By, requirements of pigs has varled
in different experiments. For example Catron and co-workers™ found that
chlortetracyeline and vitamin Bis both increased the growth rate of pigs on a
corn-soybenn diet and that the growth response to the vitamin was the same
in the presence or absenco of the antibiotlc, while in ancther investigation’®®
vitumin Bys produced e 14 per cent growth increase in the absence of chlor
tetracycline and no increase in its presence, Shefly and co-workers,** in a
study with baby pigs on a semisynthetic milk, recorded the following daily
gains no supplement, 0.26 b vitamin Bys 038 Ib chlortetracycline 040 1b
By plus chlortetracycline, 047 Ib These results indicated a sparing effect of
chlortetracycline on the vitamin B,; requirement. On the other hand, baby
pigs that were highly deficient in vitamin Bi» did not show a growth response
to chlortetracycline in a study by Wahlstrom and Johnson.!® Monson et al®®
made an interesting study with chicks that recedved diets containing insuficient
amounts of folic acid, which were supplemented with antiblotics They found
that coliform organi which produced increased ts of celluler fohe
acid in vitro appeared in the duodenum and ileun following the administra
tion of antibiotics. Simultanecusly the folic acid content of the liver of the
chicks was increated. This may be a further indication that antiblotic-resistant
intestinal bacteria are in part responsible for the beneficial nutritional effects
of dietary antibiotics.

It {s evident from various {nvestigations already deserdbed, which may be
token as representative of the large volume of work in this field, that dietnry
antibiotics {n many cases improve the nutrition of animals with respect to the
B vitamins, but in other cases the antibiotics are without any effect on the
B vitamin requirement. A few exceptions have been noted, especially the case
of streptomycin which sppears to reduce the synthesis of biotin in the in
testine. Antibiotics improve the production of B vitamins by the intestinal
bacteria or the absorption of B vitamins into the blood stream.

Some effects of dietary antiblotics ln modifying the requirernents for animals
for B complex vitamins were expected In view of the well known relationship
of the intestinal and rumen microflora to synthesis of these vitemins, There
was less baslt for expecting an effect on the utilization of minerals and fat

saluble vitamins However experimental work soon uncovered such relation
H

Vitamin A ond Carotene Burgess and co-workers™ found that dietan
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pmjcminhnpmvadtheutﬂindunufvimmtnAnndmmtmehdﬁch.Slg
nificant increases were found in the vitamin A content per Gm. of liver and
in the blood level of carotenolds when penicillin was fed and the chicks wers
compared with cantrol birds at 28 days of age. Along stmilar lines, Coates and
co-warkers® noted that the Hver storage of vitumin A was improved by feeding
ponicillin to chicks and that the convermon of S-carotene to vitamin A in the
intestina] wall was increased. The same effects were produced by placing the
chicks in {solation units, which prevented contact with “infections Further -
vestigations in this fleld were made by Almquist and Maurer® who employed
a diet containing only vegetable sources of vitamin A activity in coatrast to
the diet used by Burgess and co-workers, which contatned both carotenoids
and fish off sources of vitamm A activity The findmgs are shown in table XI,
liver vitamin A was increased shghtly by the lowest level of antibiotio fed and

Table X1

Vitamin A and Carotens In Chick Livers as Related to Fesding of
antiblotics®

Liver vilamin A  Liver carotene  Averoge
Supplomant per (U /Gm.) (xg./Gm.) body wt Gm.

Kg of dlet

¢ Bwk 10wk 8wk 10wk 8wk 0wk
None 45 a 24 5.6 980 1383
4.5 mg ontiblotic mixturet 55 94 31 7.6 989 1389
55mg chlortetracycline - 1s - s 1070 1387
110 mg chlortetracydine 113 115 48 72 1076 1446

*Pradical diet contalning only plant sources of vitamin A acthvity
approximately 111 U /Gm.
{Chlortstraeydine plus penidlin.

highurlﬂvnlsledtoﬂmhm'dcvnﬂmninbodllivuvitxmlnAnndmotmamh
was cancluded that maintenance of a healthier intestinal condition in the
presence of an antiblotic was responsible fa:hnprovedconvuﬁwurahd}:
ﬂmufcarotmemboth.lthofmtuuttuwmpnmd:oeﬂ'ectofmﬁhlﬂﬂf‘v{m
pmvmﬁng]lverncc’uﬂx,“ancﬁectthathahopmdnwdbyvihmluﬁ.

thetr effect on vitamin A metabolism. Vitamin F has been reparted in samo
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{nvestigations to improve the utilization of vitamin A, possibly by protecting
it against oxidation.

No sparing effect of chlortetracycline on vitamin A was found in experl
ments with rats by Hartsool et al'*? and chlortetracycline appeared to enhance
the vitamin A deficiency syndromo when added to & dlet freo from the vitamin,
as judged by earlier appearance of the signs of the deficlency and & shorter
time of survival.

In contrast Murray and Campbell'® found that the addition of chlortetra
cycline to a vitamin A free diet for rats increased thelr respomss to graded
doses of vitamin A acetate, The mean increase of many tests was 24 per cent.
The effect was also observed when chlortetracycline supplementation was
begun 24 hours after the last dose of vitamin A, which made it appear that
the improved utilization was not due to an increass in absorption of vitamin A
from the intestine. The time required for depletion of the liver stores of vitamin
A was lengthened by dietary chlortetracyeline.

The storage of vitamin A in the livers of pigs fed varous supplements was
measured by Barber and co-workers.!®™ They found that on the basal diet the
livers contained 12.8 units/Gm. of vitamm A, with chlortetracycline added,
19.3 and 19 6 units/Gm. with penicillin, 131 units/Gm. and with a mixture
of penicillln and streptomycin residue 182 units/Gm. Chlortetracycline hut
not penicillin increased the liver storage of vitamin A.

Penicillin was found to produce increases in the vitamin A content of the
liver of chicks on a normal diet and to increase the levels of carotenoids,
ascarbie acid, and phospholipid phosphorus in their blood plasma.1%

High'® found that chlortetracycline, 50 mg /Kg. of diet, increased the
deposition of vitamin A from caroteno In the liver and kidneys. Rats receiving
80 pg. carotene as the sole source of vitamin A deposited 50 ag. of vitamin A
in the liver and kidneys while chlortetracycline-fed rats deposited 63 ag The
storage of preformed vitamin A was not affected by the antiblotle. Penicillin
had no effect on storage of vitamin A from carotene-fed rats. ‘These results
are similar to those reported by Barber and co-workers with pigs'™ In that
chlartetracycline but not penicillin increased liver vitamin A storage on a diet
contalning carotene The results with chicks differ for both Coates and Burgess
reported increases in the liver vitamin A of chicks following the additlon of
penicillin to a diet containing carotene.

Vitamin D Calcium and Phosphorus Investipations by Ross and Yaco-
witz'* indicated that penicillin appeared to decrenss the vitamin D require
ment for normal bone calcification. An increase in bone ash of chicks at three
waehwuubsmedmbopmdncedbylddlngpcnidmntondlctcunmlning
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puﬂc[[!inhnprovedthouﬂllmﬁunufvihmtnAandmmtmemdﬁcb.Slg-
nificant increases wers found in the vitamin A content per Gm. of liver axd
In the blood level of carotenolds when penicfllin was fed and the chicks were
compared with cantrol birds at 28 days of age. Along simflar lines, Coates and
co-workers® noted that the liver storage of vitamin A was improved by feeding
penicillin to chicks and that the converslon of S-carotens to vitamin A in the
wntestinal wall was increased. The same effects were produced by placing the
chicks in isolation umnits, which prevented contact with infections.” Further fo-
vestigations in this fleld were made by Almquist end Maurer™ who employed
a diet containing only vegetable sources of vitamin A activity in contrast to
the dist used by Burgess and co-workers, which contuined both carotenoids
and fish ofl sources of vitamin A activity The findings are shown n table XI
liver vitamin A was increased slightly by the lowest level of antibiotio fed and

Table X1

Vitamin A ond Carotene In Chick Livers as Related to Feeding of
antiblotia®

Liver vitamin A Liver carotene  Average
Supplement por 0y /Gm.) (59./Gm.) body Wi, Gm-

Kg of diet
¢ Bwk. 10wk Bwk 10wk Bwk 10wk
None 45 a3 26 56 980 138
4.5 mg antiblotic mixturet 55 94 3.1 76 989 1389
55 mg. chiortetracyxiine - 115 - g8 w70 13%
T10mg chlortwtracyciine 113 115 48 7.2 1076 1446

*Proctical dlet contalning enly plant sources of vitamin A octivity
appraximately 111 U /Gm.
{Chlortatracycline plus panlcillin.

highalmhledmﬁmbcrelcvnﬁmlinbod:uvavimmmAmdme:
wns concloded that maintenancs of a healthler intestinal condition i
prucnceufmmdbioﬂcwusrupmdblnforhnpmvedconmdma'lhﬂg
ﬁmufcnmtenemboﬂ:.lthufiumuttommpamthediwtdmﬂbbﬁ:m
pmvmdngﬂvuneu’oﬂx,“meﬁedthﬂthalnpmducedbyvihmh:-m
their effect ca vitamin A metabolism. Vitamin E has been reparted
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investigations to Improve the utllization of vitamin A, possibly by protecting
it against oxidation

No sparing effect of chlortetracycline on vitamin A was found in experi
ments with rats by Hertsook et al'*! and chlortetracycline appeared to enhance
the vitamin A deSclency syndrome when added to & dict freo from the vitamin,
a3 judged by earlier appearance of the signs of the deficlency and a shorter
time of survival,

In contrast Murray and Campbell!#? found that the addition of chlortetra
cycline to a vitamin A free dict for rats increased thedr response to graded
doses of vitamin A acetate. The mean Increase of many tests was 24 per cent.
The effect was also obsenned when chlortetracycline supplementation was
begun 24 hours after the last doso of vitamin A, which made it appear that
the {mproved utilization was not dus to an tncrease in absorption of vitamin A
from the Intestine The time required far depletion of the liver stures of vitamin
A was lenpthened by dietary chlortetracyeline.

The storage of vitamin A in the livers of pigs fed varous supplements was
measured by Barber and co-workers 1 They found that on the basal diet the
Hvers contained 128 units/Gm. of vitamin A with chlartetracycline added,
193 and 10 6 units/Gm. with penicillin, 181 units/Gm., and with a mixture
of pentelllin end streptomycin residue, 132 units/Gm. Chlortetracycline but
not penicillin increased the liver storage of vitammn A

Penicillin was found to produce increases in the vitamin A content of the
Iver of chicks on a normal diet and to increase the levels of carotenoids,
ascorbie acid, and phospholipld phosphorus in their blood plasma.i®

High'*® found that chlortetracycline 50 mg /Kg. of diet, increased the
deposition of vitamin A fram carotene In the liver and kidneys. Rats receiving
80 pg. carotene as the sole sourcs of vitamin A deposited 50 ug of vitamin A
fn the liver and kidneys while chlartetracycline-fed rats deposited 63 ag Ths
storage of preformed vitamin A was not affected by the antibiotic. Penicillin
had no effect on storage of vitamin A from carotene-fed rats. These results
are similar to those reported by Barber and co-workers with pigs'® in that
chlortetracycline but not penicillin increased liver vitamin A storage on a diet
contaluing carotene. The results with chicks differ for both Coates and Burgess
reported fncreases in the liver vitamin A of chicks following the additon of

penicillin to a diet containing carotene.

Vitamin D Caleium and Phosphorus Investigations by Ross and Yaco-
witz'® idicated that penicillin appeared to decrease the vitamin D require
ment for normal bone calcification. An increase in bone ash of chicks at three
wecks was observed to be produced by adding penicilln to a diet containing
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suboptimal levels of vitamin D These results ma: be compared

ohservations by Migleovsky and co-workers'®' wlfo found that p:lu;]]:ﬂl:
u‘easedthouptnlaofcaldnm“whenfedtoehlehonn]owmldumdkt
Gabuten and Shaffner'® found ﬁmtdietxxypa:.ldﬂtntnamwddwbrmﬁng
rtmngthofogg:andd:abloodmldumlavelinhumnndBogdmoﬂmd
Shaffner'® reported that chlortetracycline, axytetracycline penicillin, and
bacitracin increased the plasma calctum level of male chicks when added to
a diet containing 26 per cent caldum. Penlcillin was also fed with lower levels
of calcium and was found to Increase the plasma calcium Jevel.

Lindbled and co-workers'™ found that the growth response of chicks and
turkey poults to chlortetracycline was greater oa higher than on lower levels
of caletum and phosphorus.

Manganese Metabolism. Manganese s needed for growth and the preven-
tion of a bane deformity termed “perosis in chicks and poults. An effect of
chlartetracycline on the utilization of manganess was described by Pepper and
co-workers.'™ They fornd that the amount of manganess requirement to pre-
vent perosis in chicks was lowered by adding chlortetracycline at a level of
10 mg /Kg of diet.

Effect on Proteln Requirement

A large number of experiments have been carried out to investigate the
effect of dietary antiblotics on the level of protein required by poultry and
swine for maximum growth. The economic fmportance of this question s ob-
vious, for the supply of proteins of high biologic value may Iimit the mumbers
of poultry and plgs that can be produced on & nationwide basis. In some ex
periments it was found possible to produce maxtmum growth with slightly
lower lovels of proteln In the presence of dietary antibiotics than in thefr
ahsence. Other Investigations bave indicated that no difference in the protein
requirement wus produced by feeding antibiotlcs.

Thepmminrequimnmtformuimmngmw!hufchichwufmndby
Machlin and co-workers!™ to bs 19 per cent with a dlet containing chlartetra
cyoline and 21 per cent if the antlbiotic was omitted. Weakloy and co-
workers'™ concluded that bacitracin, chlortetrucyeline, and penicillin all had
» sparing effect on the protein requirement of chicks. Chlortetracycllne and

1cllin wers found to improve the growth of chickens at four different levels
ofpmtuln,mdthemwucv‘ldmcetbatthou afbothpm@nmd
energy was improved by the antiblotics, bat todical™ the
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protein level for maximum growth was lowered.!™ Scott and co-workers'™
concluded that in their cxperiments the protein requirement of chicks was not
changed by adding 15 mg. of chlortotracycline per Kg of diet. Growth and
nitrogen retention were measured in chicks on various lovels of protein with
and without pentcillin by Saxenz and co-workers.'"™® The increase in weight
that accompanied penicillin feeding was the same at all levels ymall but not
significant increases in nitrogen retention were found in the birds receiving
the penieillin supplement at the lowest lovel of protein (15 per cent) Turkeys
showed an fmproved response to penicillin as the level of fishmeal tn the diet
was fncreased,™ and the greatest feed efBclency was obtained with peniciliin
and the highest level of fishmenl. Slinger and co-workers'™ deduced that the
requirement for lysine was increased, simultanecusly with the growth rate, by
adding antibiotics to a diet containing 20 per cent protein. The lysine def

clency which manifests itself in young turkeys by the appearance of white
feathers wus not seen when the antibioticsupplemented diet contained 28
per cent protein. Biely et aI'™ found that chlartetracycline and peniciliin did
not affect the protein requirement of chicks or their requirement for Iysine or
tryptophane but did reduce the martality on the tryptophane-deficient diet.
Matterson and co-workers'® found that chicks fed a ration containing chiar

tetracycline required at least 21 per cent of protein for best results as measured
by growth and feed efficlency There was no indication that the antbiotic
reduced the protein requirement. Whits-Stevens and Zefbel'! approached the
problem from the standpoint of the levels of both protein and antibiotic. Their
results with chicks showed that 10 parts per million of chlortetracycline was
more effective as judged by growth on the low than on the high proteln diet,
while higher levels of chlortetracycline were most effective at the higher pro-
tewn levels, the optimum being 22 per cent protein with 100 parts per million
of chlartetracycline.

Studies with plgs have led to results very similar to those reported for
chicks. There is some evidence for a slight lowering of the protein requirements
for maxdmum growth, but in many experiments the antiblotic growth effect has
been ohserved at varying protein levels without evidenco of interaction. It has
also been noted that feeding an antiblotlc may improve nitrogen retention.

It s customary {n feeding pigs to reduce the protein content of their diets
stepwise during the growing period and this practice complicates an evaluation
of the effect of antibiotic supplementation on protein requirement, Catron and
co-workens'® investigated the effects of chlortetracycline on the growth of
pigs recefving various levels of protein from weaning to 200 th The results
arc summarized in table X1I Each proteln level was reduced by a step of 8
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Table X1

Relatlon of Chlortstracycline 10 mg /1b. of Diet Averoge
Galn and Food Utillzation In Growing Figs* - Delly

Inttial-200
Chlortat Av Feed
racycline Average dally wi galn, b, dally per100h

Protein levels  Indiet Initlal{—75 75150 150—200 gain  of galn

20to17t0 14 - 121 1.53 1.81 1.51 3%0
+ 131 179 194 148 354
1810 1510 12 - 129 1.58 1.81 1.5 383
-+ 128 173 2.03 1.66 340
1615 13 t0 10 - 126 1.67 2.02 1.63 372
+ 134 1.83 1.80 1.67 385
T4to 1110 8 —_ 1.23 1.64 154 1.50 374
+ 126 1.84 188 1.66 359

'Thpmfuhlcnhofﬂndhhwnbwcndw*nnﬂnp{gmdndamlg}ﬁ
of 75 b and ogaln when the welghis reached 150 b !
{Sixteen pigs per group Inttial weight 299 10 37.5 Ib

per cent when ths pigt reached 75 b and again at 150 Ib In the absence of
chlortetracyeline, the rate of gain far the entire feeding period varled signifi-
contly among the soveral groups of protein levels, and the results indicated
that tn tho presence of the antiblotic the protein requirement was lowered %
ﬁntﬂmpig:medvingmmnva}evehafliledBpercmtafpmtelnin
the presence of the antibiotic gained as well as those recelving higher levels o
pmtcinﬁ:dmnbsmcoufﬂmmﬁblodcﬂwupﬂimmuwemmnhdmtwiﬂl
Duroc pigs on & diet consistmg predominantly of com and soybean meal
Jensen and assoclates™ fed protein levels of 10 12, 14, 16, 18, and 20 per cent,
with and without 5 mg of chlortetracycline or axytetracycline per Ib. of dict,
topigswejghh:galtofiﬂlhuntﬂthopfgxmchedawe!gbtumeIb.'Ibe
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Table XIII

Increased Growth Rate In Rots Fed Chlortetrocyeline with Soybean Dists

Average dolly gain (Gm.)
Raw soybean Heated soybean
meal

meal
Supplemant/100 G, diet Males  Females  Males Females

None 0.42 078 236 185
Chlortetrocycline 20 mg 1.50 129 2.60 233
Dl-methionine 0.5 Gm. 233 197 336 2.58
Chlortetracycline phis methlonine 3.02 201 402 2.40

average daily gains of the plgs appeared to reach a maximum at between 18
and 18 per cent protein without antibiotics and at 14 per cent protein with ant-
biotics, but the effect was not statistically eignificant.

Effscts on Nitrogen Metabaolism

Streptomycin was found to have no effect on the utilization of food protein
i ratt by Black and Brutzler '™ An all-vegetable diet supplemented with
vitamin By, was used. In another study'® a supplement of antfbiotics was used
at & lower level, 10 per cont, of dietary protein, and aggin no effect was foumd
an the nitrogen retention of paired fed rats dus to the supplement. The utiliza
Hon of energy was improved by the antiblotics.

Carroll and co-workers'®™ 17 ivestigated the cffects of chlortetracycline
and methlonine cn the utilization of nitrogen in diets containing either raw ar
heated soybeans when fed to rats. The amount of nitrogen absorbed from the
diet during passage through the small intestine was increased by chlartetra
cyclms but not by methionine The antiblotic also improved ths absorption of
lysine leucine, methionine and cystine. A marked Increass in growth rate
accompanied the feeding of chlortetracychine as shown in table XIIL!$T The
lower availability of methionine {n raw as compared with heated soybeans s
well established. The authors concluded that & sparing action of chlortetracy
cline for dietary methionine was suggested by these results, either due to an
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CHAPTER (v Antlbiotics in Animal Production

The theoretical and experimental examinations of the mode of action of
antibiotics give way to practical considerations when the effect of these sub-
stances In the dict is measured in terms of animal production, and it is in this
field that antibiotics have made one of thefr greatest contributions The steady
increase of the human population makes it incumbent on chemical technology
to furnish menns of increasing the supply of food. The use of antiblotics has
Increased the supply of meat by lowering the death losses of young farm ant-
mals and by improving the efficlency of conversion of feed into meat. Las-
slter’®® giated that the feeding of entibiotics to farm animals has brought
about 2 new era in Iiv estock production. The following appraisal of the effects
of antibiotics on swine production is summarized from an article by Catron.1%?
The practical effective feeding level of suitable antibiotics for swine Is ap-
proximately 5 mg./Tb of feed and therapeutic levels commonly used in treating
disease aro 30 to 100 times a3 high. Antibiotics are effective in ejther dry lot
or pasture feeding Their use increases growth rate by 10 to 20 per cent from
weaning to 200 Ib under average feed lot conditions with an Increase in feed
consumption of 5 to 10 per cent and a saving of about 5 per cent of feed
required per unit of gain in growing and fattening plgs Antiblotics produce
the maximum growth response when fed to young pigs and the increaso in
gulos in pige weighing from 100 to 200 Th is less When antibiotio feeding is
discomtinued after pigs reach 75to 125 b cessation of accelerated growth rate
occurs and the growth rate tends to follow that of the control animals however
the pigx previously fed antfbiotics maintain their early growth advantage The
number of numts is reduced and the unifarmity of pigs receiving antiblobics fs
several times greater than that of unsupplemented controls. The response to
antibiotic feeding appears to be In proportion to the disease level the practice
oontrols a high percentage of nonspedific enteritls (seours) in swine but com-
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Table XV

Effect of Chlortetr ine In the Presence of Chronk
Resplratory Diseass in Chica

Pleuropneumonia-fike Ay wi, Gm, at 4 wk. when
inoculum appled chlortetracycline odded, Gm./ton
o ] 100
Nane (contrel) kr2g up 338
Inocufum applied 283 324 s

The reduction was evident in the weights ot 4 weeks except on the higher
level of chlartetracycline (table XV)

In an experiment under commercial conditions where chronic respiratory
disease was endemic in which 5000 birds were used in each to two groups, the
results at 10 weeks are shown in table XVL

Various treatments a3 shown below were used in o flock of chickens in
which sgns of chronfo resplratory diseass appeared at the age of 6 weeks
while the birds were on a diet contalning 4 Gm./ton of procsine
The flock was divided fnto five groups each with about 4000 birds (table XVII)

The results are of great interest in that the eficlency of feed conversion was
much lower in group 1 (unsupplemented) than in group 4 which grew at the

Table XV1

Effect of Feeding Antlbiotics on Chicks with Chronlc
Resplratory Disease

Por cent Av wi, Gm. feed/
Supplement/ton of dist mortality Kg. Grm. gain
4 Gm. procalne penkillin 1068 1.30 an
4 Gm. procalne penidliia pha
100 Gm. chlertetracycline 2.82 1.40 281

Thare were 5000 chicks uted In sach group.
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Table XVl

Resulty with Various Levels of Chlortetracycline on Chick with Chronk
Respiratory Disease

Gm. of chlortetracycline added/

fon of dist Av finalwt, Mortlity  Gm fead/
6to B wk 81012 wh. Xg 9% Gm gain
Nono None 1.49 109 475
400 100 1.63 [N 290
200 200 1.57 51 357
100 100 147 57 3.69
70 mg [Ther

in drinking

:
f
;

78 3.86

same rate, indicating that the effect of the antibiotio was to improve the utiliza
thon of mutrients, rather than to Increase the appetite In other experiments, the
food intake per unit of body welght per day was about 20 per cent lower in
groups recelving high levels of chlortetracycline than in controls. The findings
by White-Stevens and his collaboratars indicate the effect of a subacute disease
in depressing the rate of growth and the utilization of nutrients by chicks and
the action of chlortetracycline in reversing these nutritional sequelae of the

Antlblotics In Swine Productl:

Pigs under farm conditions have been shown to be outstandmg among
domestic animals in growing more rapidly and efficiently when small amounts
of antibiotics, especially chlortetracycline, are added to the diet. A comparison
of varous antibiotics, summarizing work published in 1850 to 1853 was made
by Braude and co-workers™? and table XVTII, which has been published else-
where,* was condented from thelr review It may be seen from table XVIII
that chlortetracycline, oxytetracyeline, pencillin, and streptomyvin have given
the best results in promoting the growth of swine Erythromycin was reported
to produce no respomse B
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Table XviII

Growth and Efidency of Feed Uhillzatl
Vorlous Anfiblotiq®s ) on of Figs Roceiving

Fesd requlred
Antblofic (s 100 (ot gk

Chlortetrocydine 1359 (187 202 48
Fonicillin n0s (5 943 (44
Streptomydin 152 ( 50 944 ( 41)
Oxytetrocycline 1237 ( 23) 939 (1
Bachtracin 1090 (12 103.0 (10
Chloramphenicol 055 {8 2 (6
Neomydn 93.3 (] 76 (9
Polymyxin 96 (n 100 (n
Subtilin &9 ) 130 «n

*Fgures In parentheses Indicate number of comparisons.

Dried whole cultures and fermentation remidues containing chlortetracy-
cling and vitamin By were supplied by our laboratory early in 1846 to nvest-
gators who were enguged in studying the nutrition of swine. Marked growth
responses, associated with the prevention of diarrhea, were soon observed and
wumcommun}catedmmintbemmmarofIMSbyCah’un,Cimhn,deddu
The effectiveness of the chlortetracycline fermentation residue was contrasted
with the Iack of activity of a vitamin Bys concentrate from the streptomycin
fermentation in 2 poblication by Cunha and co-workers.** Further publications
appeared in 1950337 44 ¢ =T The effects of the supplement in sbolishing
scouring, and in producing its most marked effects whero bloody diarrhes was
rampant, promptly led to the establishment of the disease level concept a5 an
!nterpreihﬁmufthcnnﬁhloﬁopawthrupomehplg;ﬁhcmmpthubtw
reinforced by the observation that the responto tn pigs has progrestively di
minished in many laborntorles whers antibiotics are fed, while the growth of
unmpplemmhedplgshmlmpmvrdmdﬂminddmceufdhn‘huhulmeﬂ«
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Many of the diets used in the cxperiments with plgs were deficlent in
vitamin B, and consisted predominantly of corn and soybean meal so that the
growth responses obtained to the crude chlortetracycline fermentation mate-
rals was due to both vitamin By, and the antiblotic. Experiments with crystal
line antibiotics and vitamin Bix soon established that both supplements were
needed for optimum growth of pigs.®

The use of antibioties in diets for baby pigs, such as creep feeds and art-
ficial milks, was found to be especially beneficial in preventing mortality and
producing rapid early growth. Carpenter™ found that baby pigs recelving a
creep feed containing chlortetracycline grew 43 per cent more rapidly than
controls and Wahbtrom and co-workers™® found that chlortetracycline in
creased the growth of baby pigs on & purified diet by 31 per cent. No effect
was obtained with penicillin. Similar results were found by Noland and co-
workers** and by Willlams and co-workers.3?

Rumtmess or unthriftiness in young plgs may often be successfully treated
or prevented by adding antibiotics to the diet.®134 In one Investigation™+
unthrifty pigs that were fed a diet containing 11 mg /Kg. of chlortetracycline
gained three times as much weight in a five week period as did the unsupple-
mented controls.

The effect of the type of protein concentrate on modifying the growth
respanse to antibiotics in pigs has been studied by several investigators. In the
first published investigations with pigs, Burnside and co-workers™ foand that
the crude fermentation containing chlortetracycline and vitamin By, produced
a markedly greater responso in pigs when peanut meal was used as compared
with either soybean meal or fisthmeal. Barber and co-workers!'® found that the
respouse to antibiotics was much less on & diet containing fishmeal than on an
all vegetable diet and stmilar findings were described by Robinson et al3
These findings may be related to sparing effects of the antblotics on the re-
quirement for amino acids. Becker and co-workers®T found In contrast to the
work by Barber and Robinson that the growth respanse of pigs to chlortetra
cycline or to a mixture of antiblotics was greater with menhaden fishmeal than
with soybean meal as the supplementary protein. In the absence of antibiotie,

the pigs showed a growth response to tryptophane when added to the comn-
fishmeal diet thus rafsing the question of a posstble sparing effect of the anti
biotic supplement. In other investigations, the response to antiblotics varied
with different sources of protein but no consistent trend can be percetved and
5o doubt the results depend to some extent on varlatons In the nutritional
quality of the various samples of meal that were used B 263

The effect of implanting pellets of antbiotcs on the growth of plgs was
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Table XVIIi

Growth and Efidency of Feed Utilization of Recalving
Various Antblotics®? Fias

Food required
Antibiot gy i index por urilt of gain

PP d==100)  (umupplomented =1

Chlortstracydiine 1159y (180 02 (149
Penieiliin 110.6 (53 943 (4p
Straptomydn 152 ( 50 U4 ()
Oxytetracydine 1237 (23 939 (D
Batiracin 1090 (12 w0 (0
Chloromphentcol 105.5 ()] 982 (8
Noomyda 933 ) 75 (3
Polymyxn 9 ) 100 )
Subtilin - ) 130 )

*Rgures In parentheses Indicate number of comparksons,

Dried whols cultures and fermentation residues containing chlortet
clins and vitamin By, were supplied by our Iabaratary early fn 1849 to iny
gators who were engaged In studying the nutrition of swine. Marked gr
responses associated with the preveation of diarrhes, were soon observed
were icated to us in the of 1848 by Catron, Cunha, and Kr
The effectiveness of the chlortetracycline formentation residue was contr
with the Iack of activity of a vitamin By concentrate from the strepfuz
fermentation in a publication by Cunha and coworkers.® Farther publica
appeared In 19506 87 4. @ 27 Thy effects of the supplement in abol
scouring, and in producing its mast marked effects whers bloody diarrhes
rampant, promptly led to the establishment of the diseaso lovel concept 4
interpretutlon of the astiblotio growth response tn pligs. This coneept bas |
reinfarced by the observation that the responte in plgs has progressirel
minished fn many laboratories where antibictios are fed, while the gro¥
wnsupplemented pigs has tmproved and the incidence of dlarches has Jesst




Many of the dicts used in the experiments with pigs were deficlent in
vitamin B,z and consisted predominantly of com and soybean meal so that the
growth responscs obtaied to the crude chlortetracycline fermentation mate-
rials was due to both vitamin B,s and the antiblotic. Experiments with crystal
line antiblotics and vitamin B,s soon established that both supplements were
needed for optimum growth of pige®

The use of antibiotics in diets for baby pigs such as creep feeds and art
fictal milks, was found to be cspecially beneficlal in preventing mortality and
producing rapid early growth Carpenter™ found that baby pigs receiving
creep feed contaimng chlortetrucytline grew 43 per cent mare rapldly than
controls and Wahlstrom and co-workens™ found that chlortetracycline in
creased the growth of baby pigs on a purified diet by 31 per cent. No effect
was obtained with penicillin. Similar results were found by Noland and co-
workers* and by Willlams and co-workers. ™

Runtiness ar unthriftiness in young plgs may often be successfully treated
or prevented by adding antibiotics to the diet®!%4 In one investigation
unthrifty pigs that were fed & diet containing 11 mg /Kg of chlortetracycline
gained three trmes as much weight in a five week period as did the unsupple-
mented controls.

The effect of the type of protein concentrate on modifying the growth
response to antibiotics in pigs has been studied by several investigators In the
first published Investigations with pigs, Burnside and co-workers™* found that
the crude fermentation containing chlortetracycline and vitamin Bys produced
a markedly greater responso in pigs when peanut mesal was used as compared
with either soybean meal or fishmeal Barber and co-workers!® found that the
respanse to antbiotics was much less on a diet containing fishmeal than on an
allvegetable diet and stmilar findings were described by Robinson et al?s
These findings may be related to sparing effects of the antiblotics on the re-
quirement for amino acids. Becker and co-workers®T found in contrast to the
worl. by Barber and Robinson that the growth response of pigs to chlortetra
cycline or to a mixture of antibictics was grester with menhaden fshmeal than
with saybean meal as the supplementory protein. In the absence of antibiotic,
the plgs showed & growth response to tryptophane when added to tho comn
Gshmeal dict thus ralsing the question of a pessible sparing effect of the anti
biotic supplement, In other Investigations, the responte to antiblotics varied
with different sources of protein but no consistent trend can be percelved and
no doubt the results depend to tome extent on variations in the nutritional

quality of the various samples of meal that were uyed. B4 36

The effect of tmplanting pellets of antiblotics on the growth of plgs was
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lambs appeared fn 1651 when Jordan and Bell"™ found that chlortetracycie
promoted the growth of lambs and decreased enterotoxemia.

Many investigators of antibiotics in the feeding of ruminants, conducted for
themmtpa:twiﬂ:chlortch—-cydmc,werepubﬁshedmthnymbetwm
1651 aod 1655, Reviews have been written by Knodt*™ and Lassiter 1™ Chlar
teu-acydmehubomreportedminmeﬁmgmwthmtc,feedcmmnptm
and efficiency of feed utilization of young calves and lambs and to reduco the
incidence of certain diseases including scours, pneumanis, and liver abscenes
tnca}vegandmtemtuxemmluhmbs.wmho]dammu,dlgaﬁwupﬁs
have sometimes been encountered, but it is often pessible to forestall theso by
regulating the composition of the ration and the dosage of the antbiotic. The
most marked effects have been found with unthrifty animals, Chlortetracyelise
and other antiblotics have been found to depress the digestion of cellnkss fa
vitro by mired cultures of rumen microorganisms, but such effects do not seem
to be evident in the intact animal.

Effects on Dairy Caloes Marked fucreases in the rate of growth of dafry
calves during the first 5 or 6 manths of lfe have been ohserved by varous
investigators when chlortetracycline was added to the ration. The most marked
effects wero observed in calves which were housed mn conteminated quarters
where the incidence of scours was high™ but responses were abo obtained
by Bartley and co-workers*™ when the unsupplemented animals were gaining
ltanmmnlmtn.Twolmhufcthrtehﬁcydlnewmcampmed, IBmg.lnd
45 mg /day and the higher level was found more effective in promoting growth
and in reducmg the incidence of varlous types of Infections. In further
studies?™ lsvels of 45 and 80 mg of chlortstracycline were compared and
were found to be equally effective in reducing the incidence of infection:
Much larger doses, 200 to 800 mg of chlortotracycling per 100 Ib of osff
wwigthemfedtomlvmwlﬂ:mtpmdudngmnmﬂamwdghtkmof‘ny
other vistblo detrimental effects and one calf not previously supplemented,
wnsgivm%Cm.ufch]orte{ncyclinedaﬂybctwﬁanlﬂmdmwuduoflsﬁ
without deleterious effects Many investigations with chlortetracycline in d::
diets of dairy calves have been carried out by Rusaff and co-warkers.*
s, 130184 The antibiotic ws found to increase the rate of gain of both Jersey
nndHohtdnaﬂvubympcreantuvmﬂmtofthecmtmlmimhthmﬂ.ﬂ
16 weeks of age. Comparisons wero made between aral supplementation
intramuscnlar injection and the infected animals were found tug'rowm::
rapidly than thote receiving the antiblote orally These observations led
anthors to concludo that the mode of action of chlertetracycline m prodading
d}olnﬁblodcgmwihrupmwwunotduemnneﬂoctlnthnnmbﬂa“”
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the injected antiblotic was shown to be present in tho bile and not in the rumen
contents. At autopsy the animals recetving chlortetracycline showed larger
skeletal size and more meat than did the controls This was thought to indi-
cate that the antiblotic was producing an effect on the pituitary gland. The
authors were tnable to detect any chlortetracycline in the pituitary spleen
thymus, and muscolar Hssues so that it {s difficult to implicate the pltuitary
gland on the basls of these studies No effects on the yield and composition
of the milk were produced by feeding supplements of 130 mg of chlortetra
cycline daily to dairy cows™ nor wero physiclogic effects produced when
chlortetracycline was fed to bulls at a rate of 300 mg dafly ¥ A decreass in
thickness of duodenal and fefunal sections of the Intestinal wall and an in
crease in the fleal section were found in calves receiving chlartetracycline. ™

Richardson and co-workers®* found no growth-promoting effect of chlor
tetracycline when given by intramuscular injection to dairy calves. The gains
in 4 weeks were 82 b for unsupplemented calves, 120 Ib for calves recelving
two levels of oral chlortetracycline, 90 Ib far calves implanted subcataneously
with chlortetracyeline, and 82 Ib for celves injected Intramuscularly with
chlortetracycline.

It was noted by Roy and co-workers™? that the beneficial effect of colostrum
on calves sppeared to be related to the prevention of scouring, Accordingly
the effects of chlortetracycline and colostrum were compared in experiments
i which 40 calves were used, and it was found that the calves receiving
chlortetracyclme without colostrum were protected against scours in & man
ner that resembled the effect of colostrum when fed without chlortetracycline
The authars made the interesting suggestion that colostrum might be fmpor
tant for its antfbacterial effect. The feeding of chlortetracycline to colostrum-
deprived calves increased live-welght gain significantly and reduced the inct
dence of scouring and the occurrence of abnormally high rectal temperatures.
Colostrum fed calves behaved similarly to the chlortetrucycline-fed calves
when pared with unsuppl d controls,

No effect on milk production and feed consumption was found when chlor
tetracycline was fed to mature lactating dairy cows which received 130 mg
dafly for 30 days,”™ 300 to 500 mg dafly *® or 700 mg. datly for 10 dayz %
The antibiotic was not detected {n the milk In the latter investigation.

Antiblotics In Besf Cattle Feeding

‘The addition of chlertetracycline or penicillin at high levels rangin
g up to
600 mg daily to the rations of beef cattle was found in earlier investigations
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to be followed by various effects fncluding & Joss of o 2 depressin
'hBﬁPPRMtdfguﬁbﬂﬁyofuudaﬂbe:mdndeE:i:nimgmm
tion %31 289 Syuch apparent digettive disturbances wero noted to disapy
when the feeding period was prolonged.!* In Jater nvestigations it was fo
that chlortetracycline was tolerated better when fed at lower lovels and w
thediutwm}dghinmghaga,thmTowm”’fnundthefoﬂmvingmgad
golns 1n an experiment lasting 80 days with 20 beef cattle per groop in »]
the initial weight of the animals was about 680 Ibs. when chlartetrmcyrline
given in doses of 0, 72, 90 mdl(ﬂmgpernnhm.lpaday the averape d
guln was 2.76 312, 8.11, 3.00 Ib,, respectively In a zecond esperiment, m
supplemented group gained 261 b, daily per head, a group receiving 80
of axytetracycline dally 2651Ib and a group receiving 80 mg, of chlocte
cycline daily 2.81 Ih,

Matsushima and co-workers®™ found that calves which were fed 15 mg
chlortetracycline daily grew more rapidly than control calves and were |
from scouring which occurred frequently in the controls The calves w
slaughtered at 7.5 to 10 months and 90 per cent of the supplementsd cal
had normal livers ax compared with 10 per cent of the controls, 70 per ¢
of which had abscessed livers, presumably from Infections which ente
through the portal circulation. Perry and co-workers™® observed a masd
decrease in the incidence of scours when chlortetracycline was fed at
mg /100 Ib of body weight dally to beef calves. The dafly gain was 178
in the supplemented group as compared with 158 Ib for the controls dor
the 50 day experimental perfod. In tho sams investigation, the effect of chl
tetracycling on older boef animals wes examined, The additien of chlortet
oyeling to & concentrate-type of mtian for yearling helfers and steers, start
at 91 mg /Ib of grain and increasing stepwise to 27.2 mg resulted in da
gains of 1.64 Ib Rscmnparedtolmforcanunh.lnuthuexpaﬁnmmmw:
fmprovements in rate of growth and celluloss digestion were observed
chlortetracycline was added to high roughage rations (table X) eontaint
xup'plcmcntA.whi::hoom!.rtxofBS.lpa'emtwybeanmeal.14pvlroe
molam,l4pcrocntnlfnl£ameaL53pﬂc£Utb0ﬂﬁmm‘»L7Pﬁmt;
with cobalt, and a concontrate rupplyngZTOuniuuf\dtnminAmd

ts of vitamin D d of lement.
mDultmmnmdlg:ﬂl:‘;-:’”cu?:uedbadhdn and chlortetracycline |
192 da peﬂodsinhvnuxperhnmtx,mdlufwhld:lmmhcdwm.ﬁﬂﬂhP

: d cottonsced meal with t
group fed 122 days on a ratica of silege, milo an ad
result that in the first experiment those animals fed o mupplement iy
average dally gatn of 154 thoss with 45 mg daily of bacitracin added,
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those with 45 mg daily of chlortotracyeline added, 172. In the second experl
ment the average daily gains were 145 for those fed no antibiotio supple-
ment- 134 for thos fcd 45 mg daily of bacitracin, and 152 when 45 mg
dafly of chlortetracycline was added.

The experimental work with becf cattle in which favorable resnlts were
reported was carried out principally with chlortetracycline A level of about
10 mg /100 1b of body weight was suitnble and the best responses were on
rations high in roughage. Setbacks may occur when antiblotics are given at
high levels, especially to animals that are recetving high-concentrate diets.

Antibiotics In Lamb Feeds

The oral administration of fairly high doses of antiblotics to lambs wus
found to produce digestive disturbances by Colby and co-workers,** who noted
that lambs recefving daily 100 mg of chlortetracycline or penicillin lost welght
and developed disrhea while Tumer and Hodgets™ noted that a single dose
of 750 mg, of chlortetracycline to Merino sheep was followed by lass of appetite
and weight Lower supplementary levels are better tolerated. Jardan™ and
Jordan and BeIP™ found that lambs on fattening rations tolerated low dosage
with chlortetracycline and thers was some reduction of enterotoxemia. In
farther expartments,*® chlortetracycline was fed to lambs at levels of 4.3 to
108 mg. daflly and slight tmprovements {n growth were seen in three of four
trinls. In another report, lambs recetving chlortetracycline in a pelleted ration
required 10 per cent less feed per unit of gain than controls.®? Hatfield and

¥ studied the effects of chlortetracycline when10mg /Ib wasadded
to & concentrated feed which was offered free choles with alfalfs lay The
supplemented lambs grew about 10 per cent faster than the controls and pro-
duced slightly better carcasses,

These Investigators™® summarized the results of threo experiments involy
ing 160 lambs. Rations supplemented with chlortetracycline at levels of 55
to 76 mg /Tb gave small but consistently higher average daily gain and pro-
duced daily gains which were .05 + 014 Ib higher than those of the controls,
Tho feed efficiencies and carcass grades of the supplemented lambs were
higher than those of the controls, The average performance of lambs receiving
diets containing axytetracycline and penicfllin was approximately the same
ot slightly better than that of coptrols but the differences were not tignificant,
Chlortetrucydline did not eliminate enterotoxemia but the guthors concluded
that “the {mprovement in gain and eficiency was suficlent to show that ehlor
tetracycline has a practical place in lamb rations.”
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deguetal’“fedchlurtctmcydinetolambantlcvchofmtolﬁmg.fﬂx
of diet. Increases In the rate of gain resulting from feeding the antibistic were
small and were not statistically significant. Slight improvements in eficiency
of feed utilization and in carcass grade and dressing percentage wers noted
in the antfbiotic-fed lambs Effects of the composition of the ration on the
response to chlortetracycline were recorded by Elliott and Ellsworth™' who
found an effect of the antibiotic on growth with 80 per cent of roughage and
20 per cent of gratn but not with higher levels of grain while no relation be-
tween roughage Jevel and response was found by Botkins and Paules™ who
reparted that the average daily gain was 0287 Ib for the controls and 0.304
for the lambs recelving 10 mg. of chlortetracycline per Ib of ration. In m
earller investigation, Botking and Paules®™ found no response to chlortetns-

Table XX
Effect of Chiortstrocycline on Growth of Besf Cattle Recetving
ratiom???

Chlortetra- Averogs

Days of No. —_—
expark antmals Additions to Inttial DdLedﬂ«
ment per group supplement A mg /day  wi,[b.
56 5 Ground cam cobs <} 682 149
56 5 Ground com cobs 75 480 2.18
56 5 Ground com cobs 678 1.8
161 9 Ground com cobs 0 713 126
161 9 Ground com cobs 75 bak] 153
1 4 Ground eobs
@ ground yoﬂowplc:n 0 7n 218
4 Ground cobs phn
1 ground ycﬂawpaom 75 715 16
49 12 Groen chopped com 0 1021 228
49 12 Green chopped com 75 1032 271

Mmkﬁmg,ncondmkﬁm.,thmﬁmg.du“)’
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cycline 80 mg per lamb per day during a 117 day feeding period. Reductions
in scouring and enterotozemia wero found to be associated with feeding chlor
tetracycline by Kunkel and co-workers!!® 11 ag follows in 118 without ant
biotic 8.5 per cent died of enterotozemia and 8.3 per cent died of all causes
tn 232 lambs fed 5 to 15 mg of chlortetracycline per Ib of diet, 17 died of all
causes with no deaths from entorotoxemia. Entcrotoxemia in lambs is com
monly accompanied by clostridial nfection of the digestive tract. No effects
of antibiotics, chlortetracycline, oxytetracycline and penicillin, were obtained
in an experiment with lambs by Kinsman and Riddell’'* Bohman and co-
warkers™? fed graded levels of chlortetracycline, b to 20 mg./Tb of grain mix,
10 140 Iambs from £ to 4 wecks of age to market welght, with or without added
B vitamin No detrumental or beneficial effects wero noted on rate of gain
dressing percentage or carcass grade.

The experimental work with lambs indicates that & varfable but predomi
nantly favorable effect Is obtained when lambs are fed a low level of chlortet
rucycline, about 10 mg /Ib of diet. Many of the observed effects appear to be
related to the suppression of harmful bacteria. High dosage with antibiotics
may cawse digestive distarbances. Good results have been found when anti-
blotics were fed to cull or scrub lambs.

The Effect of Distary Antlblotics
on Reprodudion in Animals

A pumber of investigatars have studied the results of adding antibiotics
to the diet on reproduction in chickens, pigs, and, in & few cases, laboratory
animalt, Most of the measurable effects have been beneficial. In a number of
cases, no effects were found. The interpretaticn of such results may be com-
plicated if the maternal diet is jnadequate with respect to certatn vitamins
which are spared” by an antihictic.

Antiblotics do not readily pans through the placental barrier into the fetus
as fodged from studies with pigs nor do antibiotics tend to become concen-
trated in the egg yolk. Carpenter and Larson®™ fed 1 Gm. of chlortetracycline
three times dally to sows, starting two days beforo the expected farrowing
date. The baby pigs were bled within the first few hours after birth and before
they had nursed, but no antiblotic was found in thelr blood serum, although
it was present at levels of 003 to 1.3 xg /ml in the senum of all 5 of the sows.

Various investipators have studied the birth weight and survival rate of
young pigs as affected by adding antiblotlcs, in most cases chlortetracycline,
mthemtunddxetlnmeu{lhem\iuexpedmmu.audcmpplcmmts
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Table XX
Effect of Chlortetracydine on Reproduction In Pigs

Level of
No of 1omz
chlortet- and gilts Av no,

—_ Av bicth bon
Investigators Gm /ton Started Farrawed Pﬁg{ \:f.lb. E:d.%

Carpenter and 0() 16 15 70 295 71
Larsond14 20 (@ 23 17 a3 2.98 i
o®m 14 14 106 29 189
200 14 14 86 31 58
Catron'? 0 20 18 89 289 9
4 20 19 97 284 16
0 10 7 &9 290 10
20 n 10 &1 288 5
0 25 20 100 290 10
40 25 19 103 286 L
0 24 20 103 29 4
10 24 2 100 30 n
0 30 25 88 al 5
10 30 26 106 a0 [
Davey Green 10 4 10.0 248 50
and Shevenson®™ 50 16 5 72 306 2
wo} { 3 &7 3.08 45
10 8 3 7.0 2.66 38
50 8 4 95 21 84
100 ] 7 87 281 u
VesiaP's 0 13 1 88 245 62
20 26 25 9.4 2.58 v
Beeson™” 1} 13 12 98 2.51 4
10 13 12 91 236 28
20 13 10 94 260 74
30 13 12 94  2m oy
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were used which containe] vitamin Bz as well as an antfbiotlc so that the
effccts could not be definitely attributed to the latter Carpenter™ fed a sup-
plement containing chlortetracycline and vitamin Bys for 49 to 90 days priar
to parturition without observing any effect on the size of the litter the average
birth welght, or the number of pigs born dead. Further studies'* in which the
supplement was fed through two gestatien perfods led to similar results, al
though slight differences were observed In favor of the supplement (table XXT)
Vestal and co-workers® uscd a similar supplement and found that the control
plgs had an average birth weight of 245 Ib as compared with 258 Ib for the
plgs from tho sows that recetved the supplement at a level supplylng 8 Gm,
of chlortetracycline and 8 mg /ton of vitamin B;2 No effects of such & supple-
ment on the birth weights wero found fn studies by Dyer 3¢

Beeson and co-workers?! fed various levels of crystalline chlartetracycling
to sows durmg gestation (table XX1) They found that heavier and stronger pigs
were produced at birth when the level of chlartetracycline in the maternal diet
was 20 ar 30 Gm./ton than when the level was 0 or 10 Gm. The antiblotic had
no effect on the number of pigs per litter The authors suramarized their work
as follows “Giits fed Aurcomycin at levels of 20 to 30 Gm. per ton of feed
farrowed heavier and stronger pigs st birth than tho gilts receiving no ant-
biotics ar a level of 10 Gm. of Aurcomycin. Aureomycin had no significant
effect on the number of pigs farrowed or the weaning welght of the pigs. Pigs
from the sows recetving the high level of antfbiotic (30 Gm. per ton) during

were stronger and more uniform in appearance at weaning The
percentage of the pigs weaned was not signficantly influenced by antibiotic
feeding but was slightly higher for the high Aurcomycin group.”

The effect of chlortetracycline on reproduction in swine through successive
reprodactive cycles and generations was exhaustively studied by Davey and
co-warker1.51% Diets contalning relatively high levels of the antibiotic, 50 and
100 mg /Ib. of feed, were included together with o lower level In arder to
aceelerate or intensify the effects of continuous antiblotic feeding The high
levels produced po adverse cffects in number of pigs bomn per litter birth
weights, ar weaning weights as compared with & low level. The resulty by
Davey and co-workers in table XXI represent experiments in consecutive
years. The results in the second year were obtained with the daughters of the
females wsed in the fint year so that the effects of chlortetracycline were
measured through two generations. The lower average weights of the second
ymrpigxwmtcdtobopmbahlydue(ot.hcmoufymngcrmin the
second year

Thucﬁccuofmﬂb(aﬂulntbnd]ctofthemwonthegmwtho{babyzﬂg
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mwunﬂywmpﬂmtedbythefactthattheymmgmimabeunmmg
ﬂ:emoﬂm'sfood,mdﬂmaxpcﬂmaumlmuluamdfﬂiaﬂtmm}um
Maddock and associates®* found that chlartetracycline was not detsctabs
baﬂlebloodandnﬂ.ﬂtufsawsrwdvmgthemﬁhmﬂculsmkupmmmg/ﬂ:.
of diet. However when single oral dases of chlortetracycline up to 4 Cm. were
given by capsule, @ maximum level of 0.74 pg./mL was found in the biood
serom and 221 pg /ml, in the milk whey

The effect of dietary antibfotics on the composmition of hens egg hes m
impaortant bearing on any effects on hatchability ar embryonic development
When any of several antibiotics were injected Into eggs, the Injections were
well tolerated by the developing embryo (teble ITI) at levels that far exceoded
thase that have been found in eggs following the administration of high leveb
of antfhiotics to laying hens. Broquist and Kohlert! found that no antihiotio
potency was detectable In oggs lald by hens recetving a dlst containing 20 &
200 Gm./ton of chlartstrucyeline, and anly small amounts, ranging from 615
to 8.1 pg. per egg, were found when the antibiotic level was 2000 Gm./ton of
diet. Wong and co-workers®™ were umable to detoct the presence of axyteins-
oyeline and penicillin in eggs oven when the hens wers fed the antibiotics at
levnhaflO(X)Gm/touofdictClm:lyanyeEeebafﬂ:emﬁhhﬁumhtﬂir
ability when fed at the usaal levels are probably exerted tndirectly rather ther
throagh thelr presence in the egg. This vlew is supported by publications
which indicate that the content of certaln vitamf Inﬂmeggmaybeh'“
croased following the feeding of aatibiotics to hens. Watbel and co-workess'
found increases in the biotin and folio acid content of egg yolks when penicilin
was fed to laylng hens at levels of either 5 or 200 mg /Kg. of diet. These st
thor wuggested that the increases were due to changes in the (ntestinal fore
hmugbtabwtbytheanﬂh!aﬂa.Thcbasa.ldletwnotdcﬁdmtlnb%oﬁntl'
folic acdd. "
The effect of certain sntiblotics fn Increasing the hatchsbility of egpy
by hens on diets deficient tn vitamin By presonts some unsofved problems
chaﬁlmvesﬂgnmhavureportodthatthhimprwmcntmhtchlhﬂifyw‘“
not acc jed by an ¢ m the vitamin By content of the egg or that
ﬂ:lccincrea.:einvmaminBuwzutu:u.ﬂidcﬂttoawountfarthei.mprov'ﬂimﬂtEn
hlmbahﬂﬂy“mmst:mnmamdeo-wtrl\ert"’repmtedinnddlhonthﬂx
feeding of @ supplement conteining cblortetncyc[tnontj pullets during
growing period made them resistant to vitamin By d ,afﬁﬂhf”d”edby
dienmmuredbyldapumdoninhﬂnhnbﬂitywhidncmﬂdbomedﬁbw
vttnmmB,,.mdthatﬂmmnncepemnndnfmﬂmcmumufm oo
iecd!ngfvrlpeﬂodufmvm-almunmmhwmfurﬂmrunphaﬁmdby
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later obscrvations®? in which the resistance continued into the sccond year after
withdrawa! of the supplement, Laying house mortality egg production, and
fertility were not mfluenced by the growing or tho breeder diets However the
presence of o vitamin Byrontibiotic supplement in the growing diet resulted
in increased hatchability dunng the two year perlod in all four comparisons
(table XXII) and the ndditfon of chlortetracycline to the breeder diet also re-
sulted n increased hatchability Embryonic mortality showed similar trends.
The effect of the antfbiotic during the laying perlod was beneficial and the
addition of a supplement containing vitamin By, and chlortetracycline to the
rearing dlet was followed by improvements in the subsequent reproductive
performance. The authors suggested that the prolonged feeding of the antt
biotic may influence the intestinal flora or may make available a nutrient to

Table XXt

Relation of Dists during Rearing Perlod and Loylng Perlod to Mortality
of Hem, Egg Production and Hatchability of Fertile Eggs In Rhode liland
Red Hens

D]r;:f:;" Molty Eag Hatchabily
Serles penod during2yr  during 2 yr 2dyr Ist& 2d yr
A 1 550 470 46.4 59
A 14 AFSt 550 479 R2 594
A 2 400 426 383 438
A 24+ AFS 600 45.6 73.6 792

Average 525 458 479 521
B 1 3Joe 421 613 668
B 1+ AFS 439 49 743 744
B 2 625 438 6715 438
B 2+ AFS 47.5 450 716 733
Averoge 462 432 8.6 &6

Seties A recsived no antlblotie durlng the two y rod and
sarles B received a supplement of crystalline chl 4 hglr.

A F 5= Amtiblotic vitomin B,3 supplement In recting diet.
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duction Increases have been observed to accompany the feeding of antibiotics
when the rato is depressed by certain unfaverablo environmental conditions.
Several investigators have noted improvements in hatchability when antl
brotics were fed, and in some cases A marked Increaso was noted when the
diet was deficient in vitamin By
No iIncrease in hatchabllity and no consistent increase in egg production
were noted when antibiotics wero fed by Sunde et al* although the highest
egg production was {n a group receiving o supplement contatning chlortetra
cycline. Berg and co-workers*** found no effiects on opg prodoction ar hetch
abllity when oxytctracycline or chlortetracycline were fed at levels rang
ing from 4 to 15 mg /Kg of diet The rcproductive performance of all the
groups was excellent. Waibel and co-workers!*® stated without presenting data
that the addition of penicillin to a dlet of natural foodstuffs resulted in no
measureblo effect on egg production, egg weight, or hatchability over a 10
manth perfod. The biotin and folic acid contents of the egg yolk were greater
in the supplemented groups Lillie and Bird™® found no significent effects of
a supplement containing chlortetracycline on egg production or batchability
and Brown and co-workers*™ reported no effects with penicillin in a simflar
experiment with laying hens Other investigators who have reparted that ant!
blotics were without effect en egg production include Petersen and Lamp-
man*® who used penicillin streptomycin and oxytetracycline- Halhrook and
co-workers®*! who used chlortetracycline with both chickens and turkeys, Sher
wood and Milby*®? who used chlartetracycline, oxytetracycline, and penicillin,
Carpenter and Duckworth™ who used chlortetracycline, Marlakulandia and
co-workers®! who used oxytstracycline and Johnson™ who used penicfllin.
Elam and co-workers®®® reported increases In egg production when anti
biotics were added to the diet of pullets 10 birds were used in each group
A decrease in egg production was noted in hot weather by Heywang*® who
found that the addition of 50 or 100 Gm of chlortetracycline per ton of diet
helped to prevent the decrease. Balloun noted that the nddition of chlortetra
cycline at a high level (100 Gm./ton of dict) improved egg production in pul
lets which had gone into a laying slump Egg production increased from the
January average of 284 per cent to 407 per cent in February in two groups
where chlortetracyeline was added to the diet at the rate of 100 Gm./ton. The
tmproved rate of production was continued in March. No increass in pro-
duction occurred in unsupplemented controls during the same periods.
Heywang®* found that the addition of chlortetracycline at levels of 50 ar
100 Gm./ton to the diet of laying pullets resulted In greater egg production
during periods of hot weather than was observed {n unsupplemented controls,
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Thhmaylndlwiaadiminkhedr&d:tnncetodﬂorteﬁacycﬁnwmﬂﬁm injod-
ous microarganisms during hot weather (average mean tempenture 8 F)

‘White-Stevens and Zefbel™* studied the effects of chlortetracycline during
varlous perods of the growing period on egg production by pullets. A dgnif.
cant and consistent month to-month difference in egg production was fomd
betwoen hens recetving 50 Gm. of chlartetracycline per ton of diet throughont
the growing and laying perfod as compared with controls. Thres groaps of 6
hens were used for each treatment. The per cent production (eggs per 100 bens
per day) for 12 month periods was as follows there was 659 per cent efg
production withent antibiotic, 68.1 per cent when chlartetracycline was fed
befare egg-laying started, 67.3 per cent when chlortetracycline was fed only
after egg-laying started, and 69.8 per cent when chlortetracycline was fed
throughout the 12 month period. Carlson and Kohlmeyer**® selected physically
superior pullets and fed them a diet contalning 50 to 100 Gm./ton of chlortetrs-
cycline, following which theso birds produced more eggs than controls which
had appeared to be physically superlor Garlson and co-warkers*! also noted
that egg production in turkeys was fmproved slightly when chlortetracyciine
was added to a diet which contained supplementery vitamin Bys

Antilblotes and Egg Producton in Hens
with Chronic Resplratory Dissase
Thaappearanmufdgmofdnon!cmplmtnrydhmminhymghemh

characteristically acoompanted by a drop in egg production. The effect of high
lovels of chlortetracycline in the diet In the control of chronlc respiratory dis
ease was studied by Whits-Stevens and co-workent In ono experfment
chronic respiratary discase appeared In & breeder flock containing 208 hens
that had been in production for 10 months. The flock was divided into two
equalgmupzmdonagmprecdvaianuddjﬂmofch}miﬁb‘&cydbe.lw
Grm./ton of food. At the start of the experiment the hens in the supplemented
gmupwmlay!ng74pex<:cntlu:thmthem&ohbutdmiugthnﬂml“::
ufthu45dayupqhnenhlpcrlodthablrdsreedvingthaandbiaﬁcpmd X
79peree:ntmureeggxperhenpcrdnythanﬂJacmhnhAvccunddpﬁiﬂém
was carried out using 630 hens per group. Levels of 0, 50, 100 end 200 G-
of chlartetracycline per ton of feed were used. The highest level was ot
to 100 Gm./ton after five months The cumulative cggproducduuofﬂ'fe -
t‘mgrwpsmlequaldmingﬂnlnenmﬂ]peﬂodmdeggpﬂﬂﬂdi‘mw
gmupsSand4wmrmpecdvely&3&nd3.3percmtmamﬁlmthﬂcT
gmup.ThehntnhabﬂltyforgxmplquROpacent,fmgrmpﬁ.S& per
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cent for group 3, 83.3 per cent and for group 4 831 per cent, so that the
combined cffects of incrensed cgg production and hatchabllity were In favor
of the supplemented groups. Carson and co-workers* found that egg produc-
tion 1n pullets with CRD was improved by injecting 2 suspension of 50 mg
of axytetracycline in mineral ofl. The mean egg production of 143 treated birds
for 81 days of the postinjection perlod was 44.7 eggs as compared with 88.6
eggs for the control birds,

The effect of chlortetracycline on the ogg production by turkeys In flocks
where ginusitis and bluccomb wero cccasdonally observed was improved by
chlortetracycline The average egg production in two unsupplemented groups
totaling 593 birds was 45 and 55 per cent. The production of two correspond
ing groups receiving 115 Gm./ton of chlortetracycline was 57 and 58 per cent
and for two groups with 230 Gm./ton of chlartetracycline, 59 and 61 per
cent.2
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cHAPTER v Physiologic and Other Effects
Of Dietary Antibiotics

Effects of Antlblotics on the Endocrine System

Chlortetracycline and the Thyroid Gland. Exthoff has reported#&3* that
crude supplements derived from the fermentation of penicillin or chlortetra
cycline prolonged the survival of immature rats which recetved toxc doses of
deslccated thyroid gland. He noted that crystalline chlortetracycline hydro-
chloride was ineffective thus perhaps indicating the existence of an unident!
fed nonantibiotlc factar in the residues However Medtes and Ogle®* found
that penicillin end neomyein were effectivo in overcoming the growth-depress-
ing effect of jodinated casein for rats. No gotrogenic effects were observed for
the antiblotics. Calesnich and co-warkers™*" reparted that either penicillin or
chlortetracycline at the low level of 1 mg /Eg of diet produced a severalfold
Increase fn the welght of thyrold glands of immature white mats with a three-
to-fourfold decrense in I uptake by the gland after 42 days of feeding They
saggested that chlartetracychine and penicdllin had & goltrogenic action stmilar
to the thionracils. Inahility to repeat these observations was reported by Libby
and Meites?*s and by Grant.? In studies with rats, even though 20 to 50 times
higher levels of the antibiotic were fed than were used by Calemicl, Grant
noted in contrast that there was o small but definito increase in the uptake
of I'*' by the thyrotd when chlortetracycline was fed to rats. It was also pointed
out by Grant that rats receiving 2 per cent propylthiouracil in the diet as used
by Calesnick and co-worhers lived for less than two weeks In his experl
ments as opposed to the results reported by Calesnick et al who indicated that
their rats lived through the six weel. period on the propylthicuracll supplement.

No effect an the fodine metabolism of thyrofd shices In vitro was formd in
experiments with chlortetracycline by Taurog and Chaikoff3% These investt
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gators incubated sheep thyrold tissue slices in Ringer solution contelaing
withorwidmuthp.g/mLofchlurtuhncydinn.Aftﬁrtwnbmdmmh
at 87C the timnes were homogenized and hydrolyzed with pancreatin an
hydrolysate was chromatographed for separation of the fodine-contatning
tans. The chromatograph indicated that both preparations contained app
mately the same amounts of radloactive dilodotyrosine, manotodotyrosms,
mxlne,andﬁoeiodidawﬂntch]ortmayclmehaduoeﬁodupmmanp
aof I'2 or an organic I'¥* formation by sheep thyroid tissue slices. Their find
indicate that any effect of dietary antibfotics on the thyroid is indirect, per
mediated through the Intestmal bacteria.

Simflarly Telkkf and Kousisto™ found no differences in the histol
pleture of the thyroid gland of antiblotic-supplemented rats as conpared °
the controls. Both chlortetracycline and oxytetracycline were used at lovel
10 mg./Kg. of diet. The relative welght of the gland was practicelly the s
tn all three groups Maghrabi and Turner®® noted a stight depressian of thy
stze in young chicks that recerved 50 mg af chlortetrncycline per Kg of
A emall increase in the welghts of the thyrold glands of chicks recet
chiartetracycline was noted at eight weeks of age by Mellen and Walle
The thyrold weight was 67 mg /Kg of body weight for the unsupplemer
brrds, 83 mg for the chlartetraoycline-fed birds, and 76 mg for the birds
cefving bacitracin No such differences were fomd by Grant™ as showr
teble XXIIL

Both chlartetracycline and vitamin By, were reported by Meites™ ™
counternet the deleterious effects of cortisans on vitamin Bysdefictent 1
The effect of the antiblotic would seem to be related to fmproving the atl

Table 20Q1I

Average Walghts, Thyroid Weights, and 1'31 Uptaks of 10 Wesk
OHMnhChJ;muHomcﬂwlmm Injection of N

M
Ch added Body wt., Thyroid wt. CPM. per

per ton of Gm. mg./Kg. body wt. g thyrotd
Nons 1259 90.1 158
100 Gm 1359 89.4 156

*Thare were 10 birds per group.3%
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Table XXV

Partial Protection of Rats Agalmt Allaxan Diabetes by Chlortatracydine

Chlorfetra  Av gainin —__Av°m°° datty
cyclinperKg w1t in 28 days Diuresls, Urinary sugar
Treatment of diet Gm Gm, mb Gm.
None ] 28
None 0.2 28
Allaxan Q 9.6 73 .85
Alloxan 02 19.0 83 50

tion of vitamin By, or increasing ity intesting] synthesis Wahlstrom and John-
son’® found that cortisone aggravated vitamin Bya deflciency in baby pigs but
no allevistion was produced by chlortetracycline.

An effect of chlortetracycling on partially protecting rats against alloxan
disbetes was reported?™” and is summarized in table XXIV

The experiment was carried out becauss it had been observed that patients
with severe diabetes had shown improvement durng treatment with chlor
tetracycline.

The effects of chlortetracycline singly and in combination with diethylstil
bestrol and 1-thyroxine on the growth of pigy were studied by Barber and co-
workers® who found evidence for an additive effect on growth and feed
efficiency when the combination was fed.

Effects Following Various “Stress” Conditions Bacz et al™ found an 18 per
Cent greater survival after rotation in & drum in rats receiving oral chlortetrn
cycline than in untreated controls These results prompted an examination of
the liver slices of tho experimental rats, and it was found that the Mver
preparations from rats recelving chlortetracycline erally or via portal veln in
jection did not release vasoactive ferritin (VDM) into the Incubation medinm
after 90 and 120 minutes of anoxia, In contrast to control liver slices. This
suggerted & mechanism by which chlortetracycline mny have partially pro-
tected the drummed rats against shock. Fine?* reported that penlcfllin and
chlortetracycline were ineffective when administered parenterally in prevent
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ing rreversible shock induced by hemorrhage in dogs, but theso antbin
toge&mrwiﬁ:noomyd.npmducednruﬁtnneatulhockwhmgivmbym

Chlortetracycline and streptomycin at levels of 50 mg /Kg. of diet w
fmmdtoincreasethetnlerancetoemeﬂmlumtxunaluwpmtdndiet’“

Radiation Infury Following exposure of the total body to roentgen
acute radiation sickness, accompanied by hemorthage and infection, may
velop. A number of investigatians have shown that protective effects may
times result if antibiotics are administered to experimental animals prior
irradiation. Such effects may be important in the event of accldental expos
to radioactive materlals. Penicillin, streptomycin, chlortetracycline, and a
tetracycling have all been used in theso experiments.

Howland and co-workers* found that chlartetracycline allevisted dierrt
end prolonged the survival time for five to seven days beyond the cootr
in rats following an LDy dose of roentgen ray radiation. Chloramphenis
streptomyvdn, and penicillin were less effective. Good results were also obtain
with chlortetracycline in dogs Miller and associates®® found that the m
tnlityufhmdhtadmicowulaweredby:tmptomydnmdtoulanﬁdeg
by chlortetracycline but that the protection was less if the mics develop
certain infections Gu:txfmmdxulehky’“mpmtedthatoxymmcydl
probably protected against radiatian injury by reducing bacteremia, in an.
periment in which cxytetracycline was given 72 hours prior to radiation, &
mean survival time was rafsed to 150 days from 106 days.

Infmther:mdimbythmdhhth’”"thomﬂlwithdﬂ
#nd ratt were indefinite. In two experiments, each invalving 86 dogs
protective effocts were obtained from either chlortetracycline o whole blo
transfusions The authors novertheless concluded” that “the prophylac
administration of a broad spectrum antibiotlo is still advissble despito ¢
results of this study” in the event of an atomic catastrophe and the conseque
exposure to infecton.

Antiblotics and Liver Phyalology

Antibiotics and Deficlencles of Choline and Methionins, Deflciencies
foﬂclcldmdvitlminBuaroWﬂHknowntolmdtotnamﬂmdLﬂm
arlsing from dletary deficlencles of choline and methionine in the dlets of N
andcb!chFoHcaddhuaeocnzymﬁcmlovhtomhydmfalfclddml
and its derivatives in the synthesis of methionine from homocystetno and
“single-carhon unit,” which mlybedurivedﬁumfurmaldehydqm'm‘
formato as follows 345 3%
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Formaldehyde Hcrmﬂltol.n;
or serlne ~——pEa 2 "CH;OHTHFA" Mathionine

T I

Formal "CHO THFA"
3 . \mrA/ CHO TH Active msthlonine

Choline, etc.
Follc acld

The role of vitamin B,s is not clear but it seems to be connected with the
formation or utilization of CH OHTHFA, the hydroxymethylated cxenzyme
that is involved in one route for the formation of methicoine from homocy
stetne. The second route for this synthesis is through the cowbination of
betaloe or dimethylthetin with homocysteine in the presence of transmethylase.
If the utilization or intestinal synthesis of folic acid and wvitamin Bys Is fm-
proved by adding antiblotics to deficient diets, the effects of deficlencies of
choline or methiontne such as fatty livers, hemarrhagic kidneys, or necrotic
livers, may be alleviated®™ and anti-anemia effects of the antiblotic may also
be shown.

Hepatic necrosls, a distary liver disease of raty, has been extensively
studied by Gyorgy and co-workers who showed that it was possible to produce
the diseasa on a diet high in yeast and to prevent it by addmng vitemin E,
cystine or methionine. Chlortetracycline was also found to prevent hepatic
necrosis when added to the diet of mts* but in contrast to the other pre-
ventive agents the effect of chlartetracycline was found to be only temporary
The mechanism for this effect of the antiblotic was thought to be an inhibition
of toxin-producing bacteria in the lower intestine because the necrosls de-
veloped predominantly fn thoe left lobe of the liver which derives its portal
blood from the largs intestine and stomach in contrast to the relatively normal
right lobe which receives portal blood from the small intestine Abell and
Beveridge!™ confirmed the results with chlortetracycline and found that sulfa
guanidine bad soms protective action. A number of antimicrobial agents were
testod"™ and chlortetracycline was found to give the loagest protection, fol
lowed by oxytetracycline and streptomycin, then by sulfagusnidine while

col, polymyxin, and penicillin were ineffective Vitamin By; had
no effect. The temporary nature of the protection given by chlortetracycline
led ta the conclusion that {ts effect was not direct but was mediated through
3 trandent change in the Intestinal flora and that eventually the bacterial
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types that were postulated as producing hepatotoncosis resppeared tn so st
biotic-tolerant form. In later studies penicillin was found to be effectives®
The intestinal flors of the experimental rats on penicillin and chlortetracyeline
supplements wes studied and the type of changes produced by the two it
biotics differed, furthermare, resistant bacteria appeared in the first week whle
the antinecrogenic effect lasted for five or six months.37¢

Aguinst the bacterial theory of hepatic necrogenesis were observations
with germ-free rats*™ which developed the diseass when on a restricted food
intake but not when on full feed. This mnkes it appear that some Ingredient
of the deflarent diet could prevent necrosls and that the ingredlent, perhaps
methionine ar cystine, was absorbed in sufficient amounts only when the
snimals were on full feed under the germ-free or antibiotic-supplemented cor-
ditions both of which have been reported to be accompanied by certain
changes in the intestinal wall.* The addition of antibiotics produced a change
in the pattern of the urinary excretion of ether-soluble aclds as compared with
unsupplemented ar vitamin E-treated animals.?™ Two unidentified acids with
R values of 0.45 and 0.80 {n butanol-acetic acid water mirtures appeared fn
the urines of the antibicticsupplemented rats, thess substances had no sp-
parent relation to necrogenesds but their presancs may be of much biochemical
interest. The urinary excretion of volatile phenolic compounds by human sub-
jects was found to decreass marksdly following the administration of ent-
blotlubymﬂuth.Thhwnstlwughttobeduutoadepxeﬁimufthobldﬂiﬂ
formation of phenols from tyrosine in the intestinal tract.$™

In other experiments by Gyorgy end his collaborators,*™ rats wers fed &
entirely different dist, deficient in labile methyl and containing sucrose, 53
per cent lard, and 8 per cent casein, which produced cirrhotic cbanges &nd
kdney infury The changes were prevented by chlartetracydine, 5 o€
daily ¥ Theso findings with rats may bo campared with clinical investigations
in which chlortetracycline wus used in the treatment of hepatitis, ™ ™ bepatic
coma ™ and chrhoals®™. ¥ A patient with chronic posthepatitio cirrhosi
and continuous faundice of four years duration showed striking Wb;
including histopathologic changes, following five months inteosive treatmen
with chlortetracycline.* Three patlents with acute fulminating hepantis &
covered following treatment with chlartetracycline.s™ However in a con
mdwnodmammmmuf.wmvmmpaﬁuswfmdw"‘:
chlortstracychne-trested and control patients when 87 cases were lmdiﬂ:m
each groap DellHul:x'gﬂu:dco-worker:"'reportedthatd.ls!r.x‘yc-"lﬂl1 i
cydline, oxytetracycline, and penicillin suppressed tho wrinary Mﬁm’l‘hh
tﬂmdhyhm!neludag)foﬂowingthetugaﬂmufamndmufcboﬂm-
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effect was thought to be duo to the lowering of trimethylamine formation by
the intestinal bacteria. The effcet disappeared after one or two weeks as if the
bacteria had become ndapted to the presence of the antibiotic. However Kap-
lan and co-workers*! were unable to repeat these observations They found
that chlortetracycline had a lipotrople effect on dogs with ligated pancreatic
ducts when given in larpe doses. Similar changes occurred when choline was
administered. The cffects produced by chlartetracycline reached & maximum
in three to four wecks and then receded and loveled off at an intermediate
level, In one animal a second response was produced by adding folic acid and
vitamin By, to the treatment with chlortetracycline Elther choline ar chlortet
racydline were found by Baxter and Campbell®®® to prevent renal leslons in
rats ca diets high in fat and low in choline. Vitamin Bys bad some activity but
oxytetracycline, chlaramphenicol, and penicfllin were ineffective. No change in
the Liver Lipids of rats was produced by adding chlortetracycline to a low pro-
tein, low fat diet In studies by Comatzer and Gallo*® and after four weeks
there was a decrease in phospholipid synthesis in the group fed chlortetracy
ciine, On the clinical side, 12 cases of chronic liver disease were treated with
chlartetracycline, 7 of whom showed an improvement while (n the remaining
5 cuses there was little or no evidence of benefit.®?

These effects of antfbiotics may be contrasted with the findings of Seto
and Lepper®®* who found that an increass in the liver fat of young femals mats
was produced by a single intravenous injection of chlortetracycline or oxytet
racyclme, 100 ar 150 mg /Kg of body weight es follows the per cent liver fat,
18 to 24 hours after injection of the chlortetracycline was 155 =54 and the
control was 7.1 16 the per ceut liver fat, 18 to 24 hours after injection of
oxytetracycline, was 185 =6.2, and the control was 60 =18,

The liver fat values returned to normal within three days following with
drawal of the drugs. No change in the effect was noted when methiontne or
varlous B vitamins were given simultaneously The experimental ntravenous
route of administration may have been the reason for the difference between
these results and those previously described,*™ #* and it is {nteresting to note
thet Zimmerman and Humoller found that aral chlortetracycline did not
effect the endogenous respiration and choline oxidase activity of rat llver tissues
while chlortetracycline given parenterally or added In vitro depressed these
systems However Sborov and Sutherland®® found that treatment with chlar
tetracycline, 2 Gm. daily by mouth in a group of 16 patients with chronio viral
hepatitis or hepatic cirrhosis, was followed by increased liver fat as indicated
by biopsy These patients recelved a diet which averaged 196 Gm. of fat
dally 50 that the fncreases in liver fat were perhaps to be expected, moreover
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toxic properties. Bacltracin may producs renal tubular necrosls, espechally |
mice Neither streptomyein nor bacltracin are readily absorbed from the d
gestlve tract when given orally

Massive doses of chlortetracycline were given to plgs by Cameron™® wh
foumd no toxic effects when 250 mg /Kg of body weight was fed datly for 2
days. The level of the antibiotic narmally consumed by pigs recetving typics
chlortetracycline-supplemented feeds would not exceed 1 mg/Kg. of bod
welght dally The pigs were in excellent condition at the end of the expertmen
and the bone marrow was fornd to be yellow in colar at autopsy but thows
no histologic abmarmality

Effscts on Growth of Homan Subjacts

An approach to the study of the effects of antiblotes an the growth d
children presents certain difficulties as compared with experiments with ant
mals, first, because every effort must be made with children to exclude the
bacterfal contaminations that contribute so much to the antibiotle growth
effect In animals and, second, becanse of the slow rats of growth of humsz
beings. The most marked effects of sntibiotics on the growth of children may
bo expected where they are poorly developed dus to subnormal diets or 0
subacuto intestinal diseases

Several encouraging reparts have appeared regarding premature fofants.
Perrini*®® fed chlartetracyeline, 25 mg /Kg. of body weight dafly to 10 pre-
maturs mfants snd found that they gained 8 per cent in weight during s 10
day period as compared with no welght increass for & group of £3 controb.
Robnson®? also reported fncreased growth with premature Infants recelving

e who geined 205 Gm. dally as compared with controls who
gained 18 Gm. dafly Five of the 15 controls died from intercurrent infections
whﬂaa]lufﬂ:eru'pple:mcntedg:u.rpl.ived‘Lawcrmartxlityinngl’oﬂpus
chlartetracycline-treated premature infants together with Increased growth
wasrsportudbySucIHngmd]obmm“’ﬂmewumadad]m-gnﬂpdﬂ
who recelved 50 mg of chlortetracyclie daily as compared with 8 deaths I
48 controls In a study of 57 supplemented prematurs infants and 56 coatrols,
Coodint? found that oxytstracycline, 25 mg dally failed to alter the rate of
welght guin Thcmmh]ityrniﬂwerﬂnutrepurted.Noeﬂ'cculnlnaﬂ-dng
weight gams were found in 2 infants studied by Kaye et al4**

Growth Incressing effects for antibiotics an tnfmbtht:av reported by
Déchéne'® and Wetrel and Hopwood,** who found that

yein, and penicillin, 10 to 50 mg dafly by mouth, fmproved the
&
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growth of school children Scrimshaw et al*'" studicd Mayan children 7 to 12
veans of age living in tho Guatemalan highlands and subsisting on diets low in
animal protein. In ono experiment, 14 children who received 50 mg. of chlor
tetracyclino daily for 15 months gained an average of 048 cm. of height
monthly as compared with 0.33 em. for 43 control children In two successive
12 month periods following withdrawal of the antiblotle, they had the same
nate of height increase as control groups. In other cxperiments tho increases
in height are shown In table XXV The average monthly weight gains varled
widely frespective of the type of treatment. It was concluded that the oral
administration of chlortetracycline dally stimulated growth fn stature in pri-
mary school children under the experimental conditions encountered but the
response to penicillin was varlable

Carter*!* carried out a prolonged fnvestigation of a study of the effects of
administering 75 mg of chlortetracycline twice daily to mentally defective
children for periods up to three years at the Florida Farm Colony The children
were mentally deficlent spastic cases and were almost entirely helpless The
average yearly gain in weight for the supplemented group was 65 b while
the control group averaged 1.9 Ib in yearly welght gain. The supplemented
group had & lower incidence of gastrointestinal disorders than the coatrols.

The effect of chlortetracyeline on weight gains of undernourished children
m kenys was studied by Macdougall.#* Thirteen children {n the age range of
1103 years received chlortetracycline, 50 mg daily for one to seven weeks and

Table XXV
Incracies In Helght of Children with and without Antthiotics

Monthly gains in height em.*

50mg 50 mg.
Experiment Length of fime Contrals penicilln  chlortetracycline

1 15 months 033 (43) 0.48 (14)
2 18 months 043 (23) o4 (32)

3 5 months 035 (38) 0.36 (38) 0.44 (35)
4 5 months 043 (35 0.51 (39) 0.50 (37)

The number of children per group Is given in parentheses.
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Public Health Aspects of Fesding Aniibloties
to Animals

The prolanged feeding of comparatively high levels of the common snt-
bicties to animals has not rafsed problems fn public health as regards the con-
sumpton of animal products. Broquist and Echler' found no detectable
amounts of chlortetracychine in the Hver and muscle of chicks recetving chlar
tetracycline, 200 mg./Kg of diet. Barely detectable amounts wers present tn the
blood serum. At unusually high dietary levels, traces of the antibiotio were
found in the liver and muscle. The values ranged from less than 0.05 to 0165
rg /G, of muscle when the diet contained 2 Gm./Kg of chlortetracycline up
to 018 to 039 pg./Kg of liver with 8 Gm. of chlortetrucycline per Kg of diet,
Similarly with pligs the level in the muscle tissue was 0.80 ug /Gm. with & Gm.
of chlortetracycline per Kg, of dlet end undetectable in the musclo with 200
mg /Kg of diet. In forther studies, Kohler and co-workers*™ found that
chlortetracyclme in poultry meat was readily destrayed by cocking and the
destruction of chlortetracyclne procseded more rapidly than that of oxytetrs
cycline. Chicken breast muscle containing 3 xg./Gm. of chlortetracycline was
found to be freo from the antiblotic after bofling for 15 minutes or after roasting
for 30 minutes at 230 C,

The prolonged administration of chlartetracycline to human subjects b
not produced untoward effects. A group of 184 elderly patients were dosed
arally with 500 mg of chlortetracycline daly for prolonged periods in a stody
by McVay and Sprunt end an equal number fn & cantrol group received
placebos. In the groups with congestive heart faflure, thers were 15 deaths
in the chlortetracycline group who vrere medicated for 20 months and & de-
crease in the incidence of respiratory infections m 30 patients as compared with
Igdmthsintheconh-olgaupand-deumsomrespirn(orylufedﬁmlﬂ4
cantrol patients. Hematocrit values were higher in the chlortetracyclino grotp
Along similar lines 189 diabetics were observed far an average of 19.5 months,
again with a decrease in respiratary infections n the chlortetracyclme group-
Comprehenstve Yver function studies showed same evidence of mprovement
inthhgxm}xﬂwleobservaﬂomunphumathehckofmddtyofcﬁh*dﬂ
cycline when administered for prolonged periods at high dosage mtes. "‘:
taxlc reactions are imagingble from the traces of chlortetracyeline which migh
bepmentinHJemaatufanimahfedhlghlevthofdJcnnubinﬁc.ludccdv
these traces of antiblotic were only of the order of 50 xg /Ih. or less of muscle
tissuo even when the chickens received 2000 Gm. of chlartetracyclise per (77
ufdiat"nndthnmtﬂ:loﬁcmxdestmytdbyurdlnuywoldngpmcedm
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is also worth notmg that the antibiotic-tolerant strains of bacteria, which ap-
pear in the intestinal tracts of animals recelving dletary antibiotics appear not
to be pathogenic- tho report of Libby and Schaible’™ Indicates a downward
trend in the mortality of chickens during four years of feeding antiblotics.
Markham and co-workerx'® found that thoe fecding of high levels of chlortetra
cycline did not inhibit the development of 2 normal immune response to vac
dnation for Newcastle disease and infectious bronchitis in chicks,

Conclusions

An apparent Improvement in the nutritional status of animals may be often
produced by addmg small quantities of certain antibiotics to the diet. The
utiization of food fs often increased in growing animals by this additon as
measured by a consequent decrease in the amount of food required to produce
s it of gain in body welght. The daily rate of gain in weight is {ncreased
and the percentage of unthrifty animals is reduced. Theso effects are of great
economic and practical importance in agriculture. Many experimental {nvesti
gations of the nutritional changes underlying these effects have been made and
2 sparing action of antiblotics on the requirement for certain nutrients has often
been noted.

The mechanism by which the antibiotics produce their effects on nutrition
appears to be secondary to their antibacterial action. Variations in the extent
of these effects are inevitable In view of the inherent variations in the bacterial
population. Changes presumably take place in the intestinal bacterla and
thess changes aro respansible for the nutritional effects. Examinations of the
types of bacteria in the intestmal contents of antibiotic-fed animals have led
to variable and inconclusive findings as regards any correlation between feed
ing antibiotics and the establishment of specific bactenal types When anti
biotics are administered, the total numbers of bacteria In samples of the in
testinal contents characteristically decreass for & few days and then Increate
above the ariginal levels. Perhaps antibiotics suppress certain bacterlal forms
which are inhibitary not ooly to the growth of the host but also to the growth
of some of the other Intestinal bactens

The prolonged and widespread feeding of antiblotics to farm animals has
not led to deleterious results or to the establishment of resistant strafns of
pothogenic bacterla, There is much evidence which indicates that cne of the
results is that the premises may become cleaned up 50 that the growth of the
'ﬂEtIMma]lhlmprmfdc\'culnUlecasco{thoscanlmzkont.hnumc
Premises which are given unsupplemented diets
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