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INTRODUCTION

Numerous studies have been made of tﬁa effect of
small amounts of antiblotic supplements in the diet of cer-
tain animals, In general, increased growth, better food
utiligation, and fewer digestive dlsturbances have been
reported, The mode of action of the drugs in producing
growth has not been definlitely eatablished., Although the
body welght provides some idea of growth, it may to a great
extent represent fat dsposition rather than true growth,
Histological studies on the effects of antibiotlc adminis-
tration have been neglected, In a review of the literature
it was found that an investigation had not been made of the
effects of administration of low levels of antiblotics in
the gulnea pig. It is the purpose of thls investigation,
therefore, to determine 1f dally oral administration of low
levels of aureomyecin and penicillin stimulates growth and
initiates certaln anatomical, histologlical, physiological,
and immunological changes in the guinea pig. The study was
approached from the standpoint of: changes in orgean and body
welghts, skeletal growth, and organ and bone structure;
determinations of hematoerit and concentrations of the anti-
biotics in the blood; presence or absence of antibodies; and
effects on reproduction.

Drug makers a few years ago measured antibiotics as
grains of costly substance. Now, they sell e¢rude extracts

of the drugs by the c¢arload. These extracts are mostly
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derived from broths that used to be discarded, As small an
amount as $1.80 worth of antiblotic mixed with $100.00 worth
of feed will hasten the growth of many differaﬁt animals by
as much as 104 to 30%4. Antiblotics have been found to
stimulate runt animals to grow to normal size. The drugs,
however, have been found not to cause abnormal growth at
maturity,

Antivlotics are defined by Bechtel (1951) as drugs
that prevent, injure, or destroy life, but those which pro-
mote growth and vigor are considered as probiotic. Briggs
(1950) likens antibiotics, which produce inereased growth,
to "promotants.” He defines a "promotant™ as any substance
or agent, which produces a desirable effect; such as, Taster
growth, better feed efficlency, or improved reproduction, by
its actlion on the intestinel flora, when added to the diet
of a none-ruminating animale-it may be a drug, & vitamin, or
any other type of compound. Promotants include phenylarsonic
acld derivatives (which are used as coccldlostatic agents)
and several of the sulfa drugs as well as some antibilotics,
Blight, King, and Ellis (1952).

Antibiotics Which Stlmulate Growth, Many investi-~

gators have classifled aureomyein, bacitracin, chlorouycetin,
penleillin, streptomycin, and terramyein as antiblotics,
which stimulate growth in animals,

Aureomycing Aureomycin 1s elaborated by Strepto-~

myces sureofaciens and was first described by Dugger (1948),
It is bacteriostatic in low concentrations, and in high

concentrations it has bactericldal properties. As a growth



promotant, this drug has been found to be an aid to chlcks
when added to their basal rations by Stokstad (1950), Jukes
and Stokstad {(1951), Couch and Reed (1950), Bird (1950a),
Whitehill, Oleson, and Hutechings (1950), Cunha (1950), March
and Biely (1952), and Scott and Glista (1950). Some of these
investigators recommend such amounté of aursomycin per gquan=
tity of feed as: 12 mg. per pound, 7 to 10 mg, per pound,

256 mg. per kilogram, and 20 g. per ton, A 22% increaase in
the weight of chlcks at 10 weeks of age was noted by Couch
and Reed (1950), when aureomycin was added as a supplement

to & basal ration, Another investigator, Btokstad (1950)
reported improved feathering, pigmentation, and appearance

in chicks fed thils antlbilotic. Berg et al (1950) found that
removal of supplemental aureomycin from the ration of fourw
week~0ld chicks resulted in immedliate cessation of accelerated
growth, which had existed during the O to 4~week period,
Cravens (1952) reported good stimulatlion of growth in chicks
and turkey poults with aureomyecln added to a complete ration,

Thaet aureomyclin stimulated increaszed growth in ture
keys and turkey poults, was proved by Jukes and Stokstad
(1950), (1951). At 12 mg. per pound of ration, growth was
stimilated in turkeys and turkey poults by Atkinson and Couch
(1952) and Stoksted and Jukes (195Q).

According to Rusoff (1951l) calves were found to
increase 1n welght and have stimulated appetites by feeding
aureomycin, Loosll and Wallace (1950) obtained the same
resultas by using 15 mg. of the drug per 100 pounds of body
welght,



Pigs or weanling pigs have been reported to
increase in growth when fed aureomycin by Cuff et al (1951},
Stokstad (1950), Jukes and Stokstad (1951), Cunha (1950),
Blight, King, and Ellis (1952), Briggs and Beeson (1952),
Sheffy et a1l (1952), Powick et al (1951), and Carpenter
(1961). These investigators used such amounts of aureomycin
per quantlty of feed as; 22 mg. per pound, 12 mg. per pound,
20-25 g, per ton, 9.1 grams per 100 pounds, 1.8 mg. per
pound, and 8,5 mg. per pound, An increase in weight of 40%
In pigs, when sureomycin was added to their feed at 280 to 25
grams per ton, was noted by Stokatad (1950). Cunha (19850)
fed 9,1 g, of aureomycin per 100 pounds of ration to pigs
and noted that they doubled thelr body welght and showed a
smoother hailr coat, Bird (1950a) and Briggs (1950) indew
pendently, fed aureomycin wlth feed and obtained good growth
in unthrifty weanling pigs. Additions of aureomycin above
the optimum level for Increased growth, had no beneficial
effaects on pigs, Edwards (1950).

Rats and weanling rats, also, show increased growth
as & result of feeding aursomycin, Meites (1951), Oleson
(19560) and Bentley (1952). Sauberlich (1952) found similar
results by feeding 0.01% aureomycin, Rats react to the
stimilatory effect of antiblotics incorporated at low levels
in a complete ration, Oleson, Hutchings, and Whitehill (1950).
Vijayaraghevan, Murphy, and Dunn (1952) state that 50 mg, of
aureomycin per killogram of basel ration stimulates growth
in mice.

Aureomycin Fed Iin Combination with Vitaming:




Certain vitamins included with aureomycin stimulate growth
in some animals, Rats fed limlting amounts of Vitamins B-l
and B-2 plus aureomycin increased in growth equal to those
fed a diet canﬁaining double the amount of vitamins uithcub
the entiblotic, Lih and Baumann (1951) and Lih (1951). The
combination of'aureomycin and Vitamin B~-12 was found to be
most effective in rat growth, Meitaa (1951). Similar
results were obtelned 1n both weaning and post-weaning
weights of rats, sccording to 8Stern and MeGinnis (1949),
(1951),

Oleson, Hutchings, and Whitehill (1950) reported
that a combination of aureomycin and Vitamin B-12, when fed
to chicks, caused 1ncréaaad growth--the miniﬁnl amount of
the drug needed belng less than 5 mg. per kilogram of feed,
Oleson (1950) stimulated growth in chicks, when they were
fed 25 mg. of aureomycin per kilogram of diet with graded
levels of Vitamin B-12,

Working with poultry up to 8 weeks of age, Branion
and Hi1ll (1951) fed 25 mg. of aureomycin per kilogram of an
all-vegetable protein ration plus Vitamin B«l2 and reported
a definite growth increase. A 20% to 25%¢ weight increasse in
turkey poults was obtained in the firast 8 weeks by feeding
sureomyecin and Vitamin B«1l2, according to Couch and Atkinson
(1950). Similar results were obtained with turkey poults by
Stokstad and Jukes (1950),

Plgs fed all the required vitamins plus sureomyecin,
were stimulated in growth twice the amount found in normal

pigs, Cunha (1950), Growth was reported in pigs and weanling



pigs by Jukes et al (1250) and Briggs and Beeson (1952),
when fed aureomycin and Vitamin B-1l2, Terrill et al (1952)
noted an increase in weight of 25% above normal in weaning
plgs up to 100 pounds, which were fed Vitamin B-1l2 and 5 mg,.
of aureomycin per pound of feed, In the opinion of Sewell
et al (1958), Vitamin B-l1l2 1s needed as a supplement in a
basal diet with aureomycin,

Penicilling Penicillin ia derived from Penicillium

notatum and was first investigated as an antibacterial agent
in 1928 by Fleming. It is baeﬁerioatatic in threshold cone
centrations and bacterliocidal in higher concentrations, but
nelther effect 1s observed unless bacterial cells are in
growth stages, Certain strains of the notatum micro-
organiamas are able to produce penicillinase, an enzyme whilch
is cepable of destroying the drug,

Stimulation of growth in chicks by feeding peni-
¢illin as a8 diet supplement was reported by Elam, Gee, and
Couch (1951a) and Bird (1950b). Penlicillin in the amount
of 7 to 10 mg. per pound of feed has been found to be required
by chicks for growth increase, In a basal ration which
ineluded all required vitamins plus peniclillin, good growth
stimulation was noted by Cunha (1950) in chicks, Cravens
{1952) in chicks and turkey poults, and Sieburth et al (1951)
in turkey poults,

Peniclllin is eapecially effective in turkey poults,
because it astimulates earlier growth than other antibiotics,
Stern et al (1952) and HMcGinnis and Stern (1952) have found
in their Investigatlons that turkey poults respond in growth
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to penieillin when fed at & p.p,m. Turkeys were noticeably
promoted in growth when grass julce concentrate and peni-
¢illin as feed aupplemsntg were used by Slinger, Pepper, and
Hill (1952},

Investigations raveal that pigs respond with favor-
able weight galns when fed penicillin as a feed supplement,
according to Cuff et al (195;), Beeson {1951), and Cerpenter
(1951). Some of these Investigators found the following
amounts of penlecillin per quantity of feed to be effective:
22 mg. per pound and 20 grems per ton, Weanling rats, also,
show growth increases with penicillin added in the amount

of 0.,01% to the diet, Sauberlich (1952).

Penicillin Fed in Combination with Vitamines
Gres ter gruwthrétimnlatian has been achieved in some animals
by the addition of B vitamins to penicillin as feed supple~
ments, Saubserliech (1952) reported increased growth in rats
by the use of penieillin with Vitamins B-l, B~2, and B«6,
Working with rats, also, Lih and Baumann (1951) found that
a dlet, which included supplements of penicillin and Vita-
min Bel or B«2, provided growth stimulation equivalent to
doubling the vitamin content of the diet in the absence of
the entibiotie,

By feeding penicillin and Vibtamin B-l2 to turkey
poults, Couch and Atkinson (1950) noted good growth stimila-
tion. Branion and H1ll (1951) reported that penicillin,
when added at 25 mg,. per kilogram of basal diet plus Vita-
min B-12, caused lincreased growth in poultry up to 8 weeks

of age.
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Bacitracing Bacltracin, another antibiotic which

promotes growth, is derived from an asrobile strain of
Bacillus subtilis, It was first obtained from the bacte~
rium, which had been isolated from the tissue cleaned from
& compound fracture of the tibla. Johnson, Anker, and
ﬁsleney described the preparation and some of its proporties
in 1945,

Terrill (1952) found that plgs, when fed 5 mg,. of
bacitracin per pound of feed, showed a 16% increase in gain
rate from weaning up to 100 pounds, and a greater galn when
fed the same level of antibiotic from weaning up to 2060
pounds in weight, In disagreement with these results is
the report of Cuff et al (195l1l), which states that no growth
increase over normal hogs resulted by feeding bacitracin,
Chicks and turkey poults were found to be stimulated in
growth when bacitracin was added to their ration, Cravens
(1952) and MeGinnis and Stern (1952).

Chloromycetin: Chloromycetin (chloramphenicol)

is derived from cultures of Streptomyces venezuelse, which

Burkholder was the first to isolate and identify, This anti-
biotic seems leas actlve than others in promoting growth,
According to Branion and Hill (1951), poultry, when fed

25 mg. of chloromycetin psr kllogram of basal ration, did

not improve in growth or feed efficiency up to eight weeks

of age, Briggs (1950) apparently agrees with these results,
for he reports that chloromycetin is generally inactive in
growth production, In other experiments when turkey poults
were fed § and 10 p.p.m. of the drug, they increased in
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growth, but showsd no greater growth when given 50 p.p.m, of
the antiblotic,

Streptomyein: Waksman, in 1939, pioneered a search
for an antibacterial substance, which would act on gram
negative bacteria, As a result of many investigations
streptomycin was dlscovered, This eantibiotic is derived

from Streptomyces griseus, By hydrogenation, the drug can

be changed to dihydrostreptomycin, Streptomycin and dihydro-~
streptomyein have been found to be beneficial to the growth
of some animals when fed in certain concentrations.

Cunha (1950) and Stokstad (1950) state that growth
promotion is stimulated by feeding streptomycin to chicks,
According to Bird (1950b) chicks require 7 to 10 mg, of
streptomycin per pound of feed to promote any growth increasge,
while 20 to 40 mg. per kilogram of feed were progressively
stimulative, and 200 mg. per kilogram of feed gave the great-
est stimulation, Conversely, after 5 weeks, withdrawal of
20 mg, of the drug per kilogram of feed caused no change in
the growth rate; withdrawal of 40 mg. per kilogran caused a
sharp decrease in weight, and wilthdrawal of 200 mg. per
kilogram csused a depression., He found, also, that chicks
showed no growth response when fed at the lower level of
10 mg. of streptomycin per kilogram of feed.

Additions of streptomyoin to complete rations
caused good growth results in turkey poults, Atkinson and
Couch (1952), and in weanling pigs, Briggs and Beeson (1952).
A ration including all the required vitamins plus strepto-
myein, resulted in increased gain in plgs, according to
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Cunha (1950). YNesheim and Johmson (1950) obtained similar
results with two-day-o0ld pigs, when fed for 49 days, To

some of the pigs, they gave an additional 500 mg, of the
drug per killogram of feed., Those receiving the larger amount
showed a greater increasge in average weight gain and effl-
ciency of feed utilization. By parenteral or oral adminis-
tration of the drug, Carpenter (1951) noted good growth
increases in weaned pigs, No growth stimulation wasz obtained
in hogs, which were fed streptomycin, Cuff et al (1951).

Streptomycin Fed 1ln Combination with Vitaminsg:
Streptomycin and Vitamin B-12, when added to & basal ration,
resulted in increased growth in turkey poults, Couch and
Atkinson (1950). Branion and Hill (1951) obtained similar
results in poultry up to 8 weeks of age, but they implied
that growth stimulation was greater from 4 to 8 weeks than
from O to 4 weeks,

Pigs, whilch were fed streptomycin and Vitamin B-12,
showed better growth response than when they were fed strepto-
mycin alone, Sheffy et al (1952), Luecke, McMillen, and Thorp
(1950), Miller et &l (1951), and Briggs snd Beeson (1952).
Some of these workers noted inereases in growth of pigs of
22% and 40%, Carpenter (1951) found that oral and parenteral
administration of streptomycin snd Vitamin B-l2 produced no
added stimulation in growth of weaned pigs above those which

were fed the antibiotic or vitamin alone.

Terramycin: Terramycin was dlscovered and isolated
in the Biochenrical Research Laboratories of the Charles

Pfizer and Company, Incorporated, It was obtained as the



result of & collection of thousands of soll samples from
various parts of the world, This drug is derlved from elab-

oration products of Streptomyces rimosus, It is bacterio-

static in low concentrations, and has bactericidal properties
in high concentrations. Terramycin is another antiblotic
which has a stimulative effect on growth of some animals,

Growth response to this drug was noted in poultry
by Bird (1950b) and McGinnis and Stern (1952). To stimalate
growth, chicks are sald to require 7 to 10 mg. of the drug
per pound of feed, whereas turkey poults show better response
when fed 50 p.p.ms of terramycin as a feed supplement than
when fed no antibiotic feed supplement, Growth stimulation
of turkey poults was obtained by Sieburth et al (1951) by
adding terramyein to a basal ration,

Weaned pigs were found to be stimulated in growth
when fed terramycin as a feed supplement, Carpenter (1951).
cuff et al (1951) noted the same results with growing pigs,
which were fed 22 mg, of the drug per pound of basal ration,

Lawrence and lcGinnis (1952) noted no significant
difference in rate of weight galn in 6 weeks when weanling
rabbits were fed dosages of 1, 3, 10, and 50 p.,p.m. of
terramyecin,

Terramycin Fed in Combination with Vitaming: It

was found that Vitamins B-l, B~2, and B-1l2, in addition to
terramycin, are needed as feed supplements to promote growth
in rats, Bentley (1952) and Stern and McGinnis (19851).
Branion and Hill (1951) obtained growth increases
in poultry up to 8 weeks of age by feedling Vitamin B-12 and
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25 mg, of terramycin per kllogram either of a basal ration
or of an allevegetable protein diet, They imply that growth
increases were greater from the 4- to 8eweek period than
from O to 4 weeks,

Antiblotics have been found to hasten growth in white rats,
to produce sturdier and healthier pups (dogs), and to give
good results in fish hatcheries, Poultry, rabbits, and

swine have, also, shown growth incrsases. Antibiotlos may

or mARy not promote growth in ruminants, %ﬁase animals have
pouchlike rumens, or stomachs, in which bacteria act on foods
to produce essential vitamins, and antibletics might kill off
thess necessary bacteria and do more harm than good, Aureow
myelin was not beneficial to ruminants, according to Stokstad
(1950}, but 1t”may:bo beneficial to calves where the rumen
has not started to function,

Berg {1951) eand Sewell and Glasgcock (1951) point
out that growth-promoting effects of antiblotics vary with
the species of animel, providing the basal diet is complete,

Antibiotic Adminisbtrations Antlbiotics are com~
monly fed in low levels mixed with the ration intended for

the respective animal, Briggs {(1950) emphasizes this fact
by stating that antibilotics must be fed and not injected to
stimulate growth, However, Elam, Gee, and Couch (195lb)
found that parenteral administration of either penicillin or
autoclaved penicillin increased the growth rate of chicks,
Oral administration of aureomyein, terramyecin, penicillin,
streptomycin, and chloromycetin has been found by Carpenter
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(1951) to stimulate the growth of weaned pligs, Rusoff (1951)
was successful in stimulating appetite and increased weight
in weaned calves by means of dally oral administration of
capsules aontaining 15 mg, of aureomycin per 100 pounds of
body weight, Carpenter (1951) found that streptomyein and
Vitamin B-l2 given alone either orally or parenterally
stimulated growth in weaned pigs,

Ages of Animals at Whigh Antibiotics Stimulate

Growth, Antibiotics epparently stimulate greater growth at
different ages in different animals. Supplementary aureo-
mycin was removed from the ration of four~week~old chicks

by Berg et al (1950) and immediate cessation of the accele
erated growth rate, whioch existed from the 0« to 4~week
period, resulted. Scott and Glista (1950) report that
aureomycin, when added to a basal ration for chicks, caused
no improved growth at 8 weeks of age bult caused slight growth
responge during the filrat 4 weeks, When aureomycin was added
to the feed of chicks by Couch and Reed (1950), a 22% growth
inerease in 10 weeks was obtained, Antibiotiaa.were found
by Henser (1952) to increase the early growth rate (from 2

to 4 weeks) as much as 25% in turkeys and 10% to 15% in
chicks, Oravens (1952) reports that antibieﬁics are not
effective after 12 weeks of age in turkey poults and chicks,
When aureomycin and Vitamin B-12 were fed to turkey poults

as feed supplements, Couch and Atkinson (1950) found a 20%
to 25% increase in weight in the first 8 weeks, Branion

and Hill (1951) used aureomycin and Vitamin B-1l2 in an sll~
vegetable protein diet and noted growth increases in poultry
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up to 8 weeks of age, Crystalline asureamycin added to milk
or milk subastitutes for calves by Loosli and Wallace (1950)
resulted in an increased welght gain up to 8 weeks.

‘The Effect of Antibiotie Adggggstraﬁion on Tissues

and Orggga, Aureomycin, chlbramyaetin {echloramphenicol),
and terramycin have been found to be readlly sbasorbed by the
human into the general circulation after oral administration
by Collins et al (1948) and Werner, Knight, and McDermott
{1950) .

Large amounts of penicillin are destroyed in the
alimentary tract after oral administration, according to
Pedersen~Bjergaard and Tonnesen (1950). McDermott et al
{1946) traced orally administered penicillin to flnd why 1t
is less efficient than penicillin administered by other
routes. They found that absorption of ingeated peniclllin
occurs chiefly in the duodenum, the astomach absorbing little.
Penicillin 1is inactivated to a small extent by the acid
gastric content, This inactivation is limited by a number
of conditioning variables. According to these investigators
the absorption of penicillin is rapid-emeximum concentra-
tlons are obtained in the blood within 30 to 60 minutes after
ingestion, The persistence of peniclllin in the blood is due
to the helght of a maximum concentration originally obtalned,
and not a result of continued absorption from the alimentary
tract, McDermott st al (1946) explain that the absorption
of ingested penicillin is incomplete-—two-thirds or more of
the orally administered dose 13 not absorbed., Only insig-

nificant amounts of penicillin are absorbed once the peni-
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¢illin has passed through the amall intestine, They further
state that unabsorbed penicillin in the Intestine is inactie
vated by bacteria in the colon, or if an excess of the drug
is present, it ig excreted in the feces. They add that
larger amounts of peniclillin are required by oral adminise-
tration than by the intramuscular route, because of lnocom-
plete sbsorption and not because of destruction by acid or
bacterial action, Pedersennsjérgnard and Tonnesen {1950)
agree with MeDermott et al (1946) that there 1s small stomech
abaorption of penicillin by rats. Meximum congentrations of
the antibiotic were found in the blood of rats in 30 te 80
minutes after oral administration by Pedersen-Bjergaard and
Tonnesen (1950). According to the same authors dihydro~
streptomyein, also, is partially unabsgorbed and excreted in
the feces,

Maximum serum concentrations of antiblotics in
humans after oral doses of 50 mg, of the drugs per kilogram
of body weight, were 25 to 50 meg. per milliliter of chloroe-
mycetin, 12 to 16 mecg. per milliliter of terramycin, and 3.3
to 12,5 meg. per milliliter of aureomycin, High serum con-
centratlions of all three drugs were malntained by oral
administration of 50 to 100 mg, per kilogram of body weignht,
according to Werner, Knight, and MeDermott (1950). The
normal rat needs 12,5 times more penlcillin G, 7% times more
penicillin K and 25 times more dihydrostreptomycin, when
administered orally than when glven subcutaneously, to
obtain the same concentration in the blood, Pedersen-Bjergaard

and Tonnesen (1950), These writers also state that blood
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concentration of 3,5 to 4,6 meg, of penicillin G per milli-
liter is obtained from 2 mg. of penicillin G given subouw
taneously or 25 mg. administered orally,

Oral adminlstration of penicillin modified with
aluminum hydroxide or magnesium hydroxide sllows prolonged
absorption of the drug, Welch, Price, and Chandler (1945).
This modification provides the maintensnce of higher blood
levels of the antibiotic over a period of time than the
administration of the drug alone,

Matsurablevcanﬁentrations of the antiblotles in
the c¢erebrospinal fluld and other body fluids wére found
when large doses of the drugs were administered, Dowling et
al (19492) and Werner, EKnight, and McDermott (1950). High
levels of penicillin in all sections of bone were obtained
by intra-arterial injection of penicillin, Piskorgz and
Kuhnberg (1952), Sutherland et al (1951) found no demone
atrable increase in liver function when aureomycin was
administered,

Story (1950) found that oil occurred in cysts sur-
rounded by eosinophils when procaine penicillin in oil was
injected. Some muscle degeneration was present and fat-
bearing phagocytes were plentiful around the oll and in the
adjacent lymph nodes. Aureomycin passes the blood~brain
barrier in dogs, according to Harned et al (1948). Aureoc-
myein sccumulates in other fluids of the human body when the
antibiotic is administered orally. Herrell and Heilman
{1949) found concentrations of aureomyein in the spinal
fluid, liver, kidney, placenta, spleen, and lung after oral
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administration, Pedersen-Bjergsard and Tonnesen (1950)
gtate that penicillin K is partlally destroyed after absorp-
tion by passage through the liver,

Streptomycin affects the semicircular canal
reflexes of the rabbit, These reflexes were eliminated
first and later the otolith reflexes were affected in the
experiments conducted by Kleyn and van Deinse (1950). They
state that development of dissociations in the samlcircular
canal reflexes justify the conclusion that streptomycin
exercises & paralyzling influence upon the central vestibular
naclear region,

Chemotherapeutlc effectiveness of penieillin is
not believed to parallsl blood level curves, Schwartz, Lewis,
and Breoll (1950). They believe that  the effectiveneas
depends on the method of therapy, This may be due to agcu=
mulation and distribution of penicillin in the organs, This
view is substantiated by urinary elimination of penicillin
and the prasénee; of peﬁiciliin in the lymph at negative
blood levels, This‘theory 13 presented as an analysis of
the relation between the fate of the antiblotic in the host
and the therapeutic effectiveness of the antibiotic,

No consistent differences in hemoglobin levels
were apparent in various lots of pigs, according to éhsffy
et al (1952), after feeding streptomycin as a supplement to
the ration. Sasaki and Ichihashi (1950), in studies on the
action mechanism of penicillin in therapy, found that the
filtering action of the spleen and other reticulo-endothelial

systems have no relatlion to mailntaining penicillin levels in
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the body., The action of penicillin cannot be explained by
concentration in the organs, according to these investl-
gators, The last statement appears to be in dissgreement
with the views of Schwartsg, Lewis, and Ercoll {(1950), who
suggest that the therapeutiec effect may be due to the accu-
malation and distribution of penieillin in the organs,

In the early investigations of penicillin therapy
Fleming et al (1944) were not sure whether 1t was better to
maintain & constant low level of penicillin in the blood, or
to have a very high level for a short time after injection,
Cliniocally, both of these methods have worked excellently,
According to Paolantonio and Sulli (1948) penicillin has no
effect on the urinsry excretion of Vitaming B~l and P,
Glazko, Dill, and Wolf (1952) report that the routes of
exeretion of chloromycetin (chloramphenicol) are in the
urine and the bile,

Meads et al (1945) determined that plasma peni-
¢illin levels in vivo should be at leest as high as those
required for in vitro inhlbition of bacteria, Baggs et al
(1946) and Chandler, Price, and Randall {(1945) belisve that
blood specimens contain natural inhibitors of Bacillus
subtilis even when penicillin is not present,

Mosonyl, Palos, and Komaromy (1949) found that
penicillints ability to coagulate blood depends on the phase
in which the substance iz added to the aystem, (This state-
ment brings into harmony the many controversial observations
by various authors.) These investigators report that when

penicillin is administered into the circulation, the drug
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{nhibits the inactivation of thrombin and diminishes the
clotting time, which gives rise to thrombus formation. When
peniclllin is applied to wound surfaces or added to’in vitro
systems in high concentrations, it acts on fibrinogen in a
manner inhibiting its precipitation., This view supports the
0old Palos concept of correlation between coagulation and
oxldo-reduction procesaes,

‘Shapse and Wright (1950) found that aureomyecin
produced slight changes in the clotting time of human blood,
At 6, 12, 24, and 48 hours, variations 1n coagulation were
not sufficient to be ¢linically significant, But Galt and
Hunter (1950) have reported that the clotting time of blood
containing aurecmyecin is prolonged Iin four out of five cases.

Macht and Farkas (1949) mention that Moldavsky,
Hagselbrook and Cateno were the first investigators to report
that the blood of patients receiving penieillin injections
clott2d more quickly than normal, Macht and Ferkas (1949)
state that streptomycin also coagulates blood more rapidly
than normal, They report that aureomycin, when adminlistered
orally, causes a decrease in the coagulation time of blood
in both humans and enimals, The decrease 1s greatest at the
helght of antiblotlic thersapy., However, they find that there
is no difference in the prothrombin time between aureomycin=
fed and normal animals, thus indiecating that shortened
clotting time must be due to other factors.

One reference was found regarding the importance
of hematocrit values., According to Von Dieter (1950)

hematocrit percentage is a valuable diagnostic ald in a



number of infections,

Information on the effects of administered anti-
biotics on the formation of antibodies is scant. Buccellata
{1946) mentions the effect of penicillin therapy on the
opsonic index in various diseases, One of the purposes in
this investigation is to determine whether or not antibodiles
sre formed in response to antibiotie feeding.

The Effect of Antibiotic Feeding on Progeny,
Reports from lnvestigators indicate that the feeding of ocer-
talin antibioties'ﬁas a definite effect on the growth of the

progeny of some kinds of animals., Elam, Gee, and Couch
{19518) found that pullets fed penicillin and injected with
Vitemin B-12 had higher egg production than.control pullets,
However, antiblotics are not believed to improve egg pro-
duction in hens, according to Cravens (1952) and Mariskulandai,
Myint, and MoGinnis (1952). Halick and Couch (1951) found
that hatchablility of eggs from hens fed a basal dlet unsup=-
plemented with antibiotlos decreased to 0 after the fourth
wesk, but injections of Vitamin B-12 lmproved hatchability
gsomswhat, Peterson et al (1952) found that neither aureo-
mycin nor streptomyein, when fed to hens at 50 mg, per
kilogram of ration improved hatohability. Elam, Gee, and
Couch (1951la) have reported that a 39% hatoch was obtained
from the eggs of pullets fed penicillin continuocusly, Lillie
and Bird (1952) published the fact that Vitemin B-12 with
aureomycin supplement fed to hens was less effective than
erystalline Vitamin B-12 in hatchability, Mariakulandai,
Myint, and MocGinnls (1952) state that in the absence of
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Vitamin Be~1l2, terramycin lmproved the hatchling of fertlle
eggs, and that the combination of terramycln and Vitamin B-12
further improved hatchabillity,

According to Bird (1950a) feeding antibiotics to
breeding chickens caused no benefit to progeny. 8Stokstad
{1950) mentions that Vitamin B~l2 was carried over from hen
to chick, but antiblotics do not appear to be, But Slinger,
Ferguson, and MeConachie (1952) found that chicks from hens
fed a regular diet and penlelillin grew more rapidly than
those from hens fed the same diet and no antibiotic, Chicks,
also, were fed penicillin and the maternal influence was
apparent at 10 weeks of age, Penicliliin evlidently stimulates
the synthesis of an unknown component of the animal protelin
factor complex in the intestinal tract of the hen, and this
is deposited in the egg and utiligzed by the developing chick,

Vitamin B«l2 and aursomycin in the maternal diet
seem to give excellent chick performance, according to Lillie
snd Bird (1952)., However, the greatest growth of chicks is
achieved on & basal dlet plus Vitamin B~1l2 and aureomyciln,
irrespective of the maternal diet, Chicks from hens fed
Vitamin Bel2 and/or aureomycin were found to grow better on
a basal diet than chicks from hens fed no supplement., Ture
key poults from hens fed no animal proteln increased in
growth more on antibiotics and Vitamin B~l2 than on Vitamin
B~1l2 alone, Kratzer (1952). Progeny of hens, which were fed
Vitamin B~l2 plus aureomycin were found to have no advantage
over progeny from hens fed Vitamin B-1l2 alone., Beeaon (1951)
points out that antibiotics have no effect on young pigs'
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when fed to gilts in gestation, Jaffe (1951l) concludes that
in the reproduction of rats and mice, which were fed a basal
raﬁien for s'generations, with or iithout 100 mg. of aureo=~
mycin per killogram of feed, no significant difference was
apparent yifh or without aureamycin. Fuslllo et al (1952)
atudied the effects of echloromycetin (chloramphenicol) and
streptomyein on & 9«~day~old chick embryo heart. Growth was
inhibited by concentrations of 90,000 micrograms per millie
liter of streptomycein and high concentrations of chloro~
mycetin, Growth increase, however, was apparent with 240
micrograms per mlilliliter of chloromycetin,

The Effect of Antibiotic Feeding on Intestinal

Microflora. It was not the purpose of this investigation

to determine the genera or specles of microflora, which were
present in the intestines of the guinea pigs, but other
investigators have made such studies on several kinds of
animals, Jukesz (1952) found that small amounts of antibi-
otles in rations act on mi@ro-organisms in the intestines

of snimals, Microbial counts of intestinal contents of
chicks receiving a diet of 100 mg . of aureomycin per kilo=~
gram of feed were compared with controls by Williams et &l
(1951), The numbers of coliform-type bacteria and lactic
acid bacterla were not apprecilably changed. The total number
of anassrobes were reduced 150 to 200 fold by aureomyecin,
Clostridia~type anserobes, about 1% of the total number of
anaerobes, were decreased 10 to 150 fold, Hemolytic Closw
tridis were eliminated almost completely from the intestinal

contents and feces of the chicks by feeding aureomycin,
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Maroh and Biely (1952) state that high levels of aureomycin
depressed the numbers of total aerobie, lactic acid, and
coliform bacteria in chiecks. Low levels of sureomycin
seemad to lower the numbers of lactiec acid bacteria with no
effect on the total amerobic coliform count, Cunha (1952)
mentions that in pigs, asureomycin may have killed some harme
ful micro-organisms and stimulated some beneflcial organisms,

Elam, Gee, and Couch (1961b) state that feeding
peniecillin to pulleﬁa inoreased>peniaillin- and aureomycline
resistant micro-organisms as well as the total number of
intestinal micro-organisms, Peniclllin caused an increase
in the number of enterococci of the intestine during the
first 14 weeks of theilr experiment. Administration of peni-
¢illin by intravenous injection also resulted in a marked
increase in the number of penicillin-resistant microe-
organisms in the intestinal tract., Parenteral adminigtra-
tion of penicillin had no effect on fecal miecroflora,
according to these investlgators., The effect of penicillin
on the intestinal microflora of turkey poults is not equalled
by those substances which falled to stimulate growth, Stern
et al (1952).

8ieburth et al (1951) stated that at 2 and at 3
weeks, no consistent differences were observed in turkey
poults between the control groups and groups receiving antie
biotics with respect to total aerobes, total anaerobes,
lactose negative rods and enterococei in the cecal contents,
The genus Proteus was found in the birds fed the antibiotics,
but not in the birds fed the basal diet, The count of an
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organism having characteristics of Clostridium perfringens,
which was noted in the cecal contents of birds on the basal

diet, was greatly reduced by the antibiotics in all cases.
The organiam was observed in large numbers in the feces of
young pigs, which were fed a purified diet, Addition of ter-
ramycin greatly reduced the count of this organism and stimue
lated the growth of the pigs.

According to Beeson (1951) in his work on pigs, the
total number of micro-orgenisms in the digestive tract are
not changed by antiblotles, but the types are changed, Bacl-
tracin adminiatered orally or parenterally falled to have
any effect on fecal mieroflora in pullets, but parenteral
sdministration of bacitracin smd autoclaved penicillin
incresased the growth rate with little effect on the fecal
aerobic microflora count, Elam, Gee, and Couch (1951b).,

Roine and Elvehjem (1950) state that there are more coliform
and anaeroblc bacteria in the ceocal flora of guinea pigs
when the animals are fed on more complete diets, These
authors bsliseve that there is a well balanced symbiosis
between the host animal and the different bacteria, and that
the bacterial flora have important functions in the physie
ology of the animals, They, alsc, atate that certain diets
can easlly disturb this balance and thus produce nutritional
disturbances in the animal, In humans Bierman and Jawetsg
{1951) found that aureomycin and/or chloremycetin, when
given for 29 to 968 days, csused suppression of fecal flora
for long periods. Penicillin and dihydrostreptomyein in

combination, whon administered parenterally, were unable
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materially to influence the fsoal flore, Auresmyein caused
the prompt disappesrance of celiform organisms from the
astool with marked reductien in the usual assosclated flore,
Resistant staphylococei, Pge nanas, and yeasts were oule
tured franm the stool ﬂm-mg sureamycin therepy,. Reslgtant
organisms sppeared as the effective antibiotios suppressed
the ml soliform bacteria and mﬁomwci, but the normal
flora returned within 24 to 42 hours after the drugs were
digcontinued, Pormenent alteration of the feocal flore was
not amrm in any patient after therapy coased,

In studies of the intestinal flore of the dog,
Jucob et al (1951) noted that coliform, clostridis, and
enterocoeccl ware moderately redused, but did not disappear
a8 A mmﬂ of mmvm amming m:, alagc, report
that ammm administered intrevenously haa a definite
mtibaeum aotion on the norwal fecal flomm of the dog,
but 1ts suppressive effect wes inferior to that of the
preparation adminiatered crally, In studles of the intesw
tinal flore of man, they mention that intravencus asurecmycin
iz more effective Iin man than in doge in the suppression of
vﬂm normel intestinal flora, Oollferm orgenisms, clostridia,
and enterococci were nelther campletely nor partially sup-
pressed, These investigators believe the exsretion of the
druz into the zastro-intestinal tract in man is by way of
the bile and sallvary glanda, They mentieon that intravenous
aureomyecin has been ahown to be excreted in the blle in high
soncentration, and the oral lesions following intrevencus
adninistration guggest excretion in the saliva, They state
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that following oral therapy, the effect of aureomycin on the
1ntest1nal flora is identical in both man and dog.

Krantz and Carr (1951) report that investigators
have suggested that the antiblotic toxicity to bacterial
cells and to animal tissue may be in some way related to the
abllity of aureomycin to inhibit aerobic phosphorylation,
They state that in general the most characteristic property
of an antiblotlc with respect to its antibacierial action is
the inhibition of metabolic functions vital to the cell,

Mode of Action of Antlbiotlics in Stimulstion of

Growth, Theories persist as to how the antibiotics achieve
thelr cutstanding stimulation of growth, Growth effects by
antibiotics in rations were found by Bechtel (1951) to be
associated with the influence of the antibilotic on the
intestinal tract. He states that more facts from many
sources are needed to better understand and use antibiotics
in rations, Bird (1950a) postulates the theory that with
chicks, antibiotics probably do not accurmlate in the tige
sues, but may stimulate growth by: (1) modifying the popue
lation of the dlgestive tract, changing the microflore from
undesirable to desirable types, which synthesize unknown
growth factors, or (2) removing undesirable toxin-producing
organisms, Davis and Chow (1951) bellieve that the growth
enhancement effect of aureomycin might be due to the increase
in the production of Vitamin B-12 and perhaps other accessory
factors by the baaterialuerganisms in the intestinal flora,
A notation by Ingram and Bdgar (1951) indicates
that antibiotica do not act on growth through inhibition of
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cecal coocldlosis in chicks, Williams ot al (1951) state
that the grbwth~pﬁomoting sction of aureomycin and other
anfibieti¢s, when added to the diet of éértuin enimals,
including chicks, 1s thought to bs the result of the effect
on the intestinal flora. They; ﬁlso, mention that the com-
bined antitoxins of certaln clostridia were without effect
on the growth of elther control or aureamycine-fed chilcks.
8linger, Pepper, and Hill (1952) working with turkeys, found
that penicillin may influence a factor or factors present
in grass julce concentrate that mey be synthesized in the
intestinal tract or made more readily available to poultry.
Sieburth et al (1951) suggest the possibility that the
growth=-stimulating action of antibloties in pigs could be
due to the inhibition of the toxin~producing organism,
Clostridium perfringens. Monson, Dietrich, and Elvehjem

(19528) noted a synergistic effect of combinations of anti=-
biotics in enhancing the growth of chicks,

Aureomyclin killed intestinal microw~organisms in
pigs and rendered their accessory factors more avallable to
the hoat, as noted by Powlek et al (1951), Ouff et al (1L951)
relata that antlbiotiecs producing the fastest weight gains
also controlled an enteritis, which was present and probably
enabled plgs to grow faster, Total anserobic counts were
made on the feces collected near the end of the experiment,
but they did not correlate with the average daily geins neor
the amount of scouring., S8ieburth et al (1951) found that
the addition of ﬁerramycin greatly reduced the count of

Clostridium perfringens and stimulated the growth of pigs.
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A postulation was made by Linkswiler, Baumann, and
Snell (1951) that sureomycin may act to prevent utllization
or destruction of the growth-limiting nutrient, Vitamin B-6,
by intestinal microflora, thus increasing the amount avail-
able'to'the fat. This may be the ceause of the growth-
promoting effects of antibiotics. That aureomycin nay

decrease the number of Eacheri&hia coll in the intestinal

tract of the rat 1s thought by Cravioto~Munoz (1951) to allow
an lncrease of other bacteris; such as, Bacillus megatherlum,
which can produce adequsite quantlities of Vitamin B.l2 for
rat growth,

8tern end McGinnis (1949) belleve that the increase
in the growth rate in the rat is due to alterations in the
intestinal flora, and that antiblotics may change the bac=-
terial population of the digeative tract, Beeson (1851)
states that the exact way antiblotics funetion in growth is
not known, There is a presumption by Rolne and Elvehjem
{1950) .that the growth rate of guinea pigs,‘when fed a com~
plete dlet, but not including antiblotics, depends on the
formation and maintenance of proper intestinal flora. Anti-
biotics may stimulsate growth, sccording to Elam, Gee, and
Couch (1951b) by some. other mechanism than intestinal micro=-
flora. The antiblotic molecule or fragment of 1t might act
as a metabolite within the body of chicks,

Hypersensitivities Produced by Antibiotica, The
usual level of 10 to 20 mg, of antiblotics per kilogram of
feed 18 not toxic to most animals, Bird (1950a). Two hundred

mg, of streptomycin or 850 mg., of aureomycin per kilogram of



29

feed caused no toxic effeets in several éiffefan# kinds of
animais. Vanderhaeghe (1950) noted that toxic doses of
streptomycin were fatal to rabbits. Stoksted and Jukes
{(1951) have reported that aureomycin reduces mortalities in
chicks, Allergic hypersensitivity of a generallzed nature
or local sensitlivity reactions are the common toxic reac-
tions to penicillin, when the drug ls given parenterally,
The drug 1s relatively non-toxie, Symptoms of hypersensi-
tivity in humans are:; urticaria, contact dermatitis,
pericorbital or labial edema, drug fever, gastrointestinal
reactions, headache, eosinophllia, edema of the hands,
falntness, skin flushing or pruritis, generallized arthralgla,
myalgls, malaise, and serum sickneas, According to Stuart
and Slavin (1951) intramuscular doses of 20,000 units of
penicillin daily for 10 days caused the deaths of 13 of 20
gulnea pigs in 3 to 10 days, No deaths resulted 1in the con-
trol undosed animals over the perliod of the observation,
They report that there is no "piling up" effect of intra-
mascularly injected penicillin in animals treated with peni-
¢illin for 3 weeks over the administration of the drug to
animals not previously dosed, According to Bell et al (1951)
steers, which were fed 0.2 grams of aureomycin daily, showed
e marked reductlion in digestibllity of crude fiber and had
digestive disturbances, With 0.6 grams of aureomycin fed
to steers dally, a marked anorexla and diarrhea developed
within 48 to 72 hours and perslisted for seversl days.
Antibiotic Feeding in Overcoming Pathologie

Conditions, Therapeutic effects often result from the
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feeding of antibiotics to animala, Rusoff, Davis, and
Alford (1951) report that Loosli and Wallace (1950) fed
calves 500 mg. 6f aureamyéin per 100 pounds of feed and inei-
éénce and severity of scours were”preventeé. Cryastalline
‘aureomycin and supplemsnts of all lmown B vitamins, including
Vitemin B-12, were without significant effect in the pro-
longed survivel of hyperthyroid rats, Ershoff (1950). With
immature male albino rats on a Vitamin B-12 deficient diet,
Meites {1951) injected cortisone for 30 days. Depressions
of body, hair, and thymus growth resulted and were overcome
by incorporating Vitamin Bel2 or 0,008% of aureomycin in the
ration, Vitamin B-l2 was more sffective than aureomycin,
and a combination of the two substances was more effective
than either alone, How the protection of the thymus by
Vitamin B-1lZ2 and sureomycin against cortisone action occurs,
is not mown, Cunha (1950) and Sewell, Cunha, and Shawver
{(1952) found that sureomycin prevented periodic dlarrhea in
pigs. All antiblotics, except orally administered chloro-
mycetin, according to Carpenter (195;), controlled an
enteritis-type of diarrhea in piga. Also, atreptomycin,
administered orally or parenterally, controlled diarrhea.
In addition to casusing inereased growth, the drugs have
measurably decreased many enimal diseasea that usually
resulted in high mortality rates,

Bacterial Resigtance to Antibioties, 1In studles

on the development of resistance to streptomycin by Staphylo-

cocous pyogenss, no differences were found by Barbour (1950)

between strains of bacteria, which were made resistant in
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vitro and those which had become resistant in vivo, It seenms
plausible that such resistance could be similar in most anti-
bioﬁiea; Haight, Wilcox, and Finland (19528) found that
organisms transferred in antibicticﬁfree media did not develop
resisgtance, but micro-organisms grown in streptomycin or neo~
mycin media developed resistance to the respective antiblotic
in most, but not all, instances, Some micro-~organisms
developed neomycin resistance as a result of repeated oxpow=
sures to streptomycin and vice~versa, None of the strains
made streptomycine or neomycin-resistant became more resisg-
tant to peniclllin, aureomycin, terramycin, chloromycetin,
or bacitracin, and some even appeared to become more sensi-
tive., Stokstad (1950) found no evidence of strains of
bacteria, which were resistant to aureomycin, but Abraham et
&l (1941) found an adaptation of Staphylococcus aureus to
high concentrations of penicillin,

Esipainen (1951) reports that as resistance of bac-

teria of species E, coll, A. aerogenes, Sal, typhi, P,
vulgaris, and Ps, aeruginosa iuncreases to one of the follow=

ing antibiotics: aureomycin, chloromycetin, or terramycin,
& simultaneous increase in resistance to the octher two antie
biotlcs occurs., He believes that when resistance increases
fo streptomycin, sensitivity to aureomycin, chloromycetin,
and terramycin shows a simultaneous increase.

According to Chandler et al (1951) 16% of 25
respiratory strains of staphylococcus studied were resistant
to nmore than one microgram of penicillin, They state that
all but one of the resistant strains produce penicillinase,



32

but none of the sensitive strains produce it., These investli-
gators have found that sureomycin tends Lo inhibit the proe=

duction of this enzyme,



METHODS AND MATERIALS

The studies made in this investigation were
arranged in two separate experimenta. In both experiments
weanling male and female guinea pigs of the English breed
were employed, Oral administration of aqueocus solutionsg of
aureomycins# and penicillins was continued throughout each
experimental period.

EXPERIMENT I

Part I, The animals used in this experiment were
given oral adminigtration of agqueous solutions of aureomycin
and penicillin to determine whether or not growth changes
would oecur., Aurecmycin in the form of crystalline aureo~
mycin hydrochloride and penicillin in the form of crystalline
penicillin ¢ sodium were used., After the animals had reached
the age of 15 weeks, the experiment was concluded. Some
animals were used for breeding purposes to provide first
litters for further studies of the effects of the antibiotliecs.

Weanling gulnea pigas, the age of which was 5 weeks
plus or minus 5 days, were used in the experiment. All ani-
mals were housed in the animal room in cages of the raised
screen floor type, which were cleaned daily and disinfected

# Aureomycin was genserously supplied by Dr, Stanton M. Hardy
of the Lederle Laboratories, Pearl River, New York,

s Penlclllin was supplied through the kindness of Dr, Lyon
P. 3trean of Merck and Company, Rahway, New Jersey.
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once a week, The temperature of the anlmal room ranged
between £26° ¢, and 20° C.

The animals were fed rabbit chow checkers, which
is a complete ration, except for Vitamin G, Table 1, page
40. This vitamin was supplied by adding iscarbic acid to
the drinking water in the proportion of 500 mg. per liter,
Dally provizion was made of ample food and fresh water,

Thirty-slx male gulnea plgs were divided at random
into 3 equal groups., In addition to the regular ﬁiet one
group was fed aureomycin, another group was fed penicilllin,
and & third group was used as & normal control group.
Thirty-aix female guines plgs were also divided into 3 equal
groups and fed the same as the male groups. The animals of
each group were identified by 1nd1vidua1.sar markings,

After the animale had been housad in thelr new
quarters for four days, oral administration of the drugs was
begun. The animals at this ﬁimo had reached an average age
of 5.5 weeks, The welght of each animal was recorded, and
the plan of welghing twice a wesk thereafter was followed
throughout the experimental period. The antiblotica were
administered dally by means of a 0.5 ml, calibrated pipette
similar in appearance to an ordihgry medicine dropper.
Aareamjcin and penicillin aolutiéha were prepared by dig-
solving the crystalline drugs in distilled water so that the
concentration of each was 1,1 mg. per milliliter. Each ani=
mal of the aureomycin-~fed and penicillin~fed groups was
given 0,5 ml, of the respective aqueous solution, which con-

tained 0,55 mg, of the drug., This dosage weas continued for
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one week, and upon the loss of 2 animals in the aureomycin-
fed groups and 1l in the penicillin-fed groups, 1t was
decided to change the dosage. Consequently, 0.5 ml,., of each
aqueous solution containing 0.6 mg. of the antibiotic, was
given orally on alternate days throughout the remainder of
the firat part of the experiment, The average age of the
animals was 15 weeks at the end of the experimental perlod,

The control groups were fed only the normal diet
of rabbit chow checkers. Their drinking water contained
ascorbic acid in the same concentration as was given to all
the experimental animals,

At the end of the experimental period, seven female
animals of each of the aureamyein-fod, penicillin~fed, and
normal control groups were placed in separate breeding cages.
Two females were placed in one cage, two in the second, and
three in the third cage, Thres boars from each of the
groups were placed in these cages--one boar to a cage. With
this arrangement three or four animals were housed in one
cage, and one boar was used for two or three sows.

Male guinea pigs reach sexual maturity at approxi-
mately 60 days of age, but the females are sexually mature
when 35 to 40 days of age., Young sows are not bred until
they are about three or four months of age, or when their
individual weight 1s 454 grams-approximately one pound.

The weight of the guinea pigs, which were used for breeding
purposes in this experiment, averaged more than 454 grams.

At the end of the experimental period, the male

controls, which had not been used for brseding, were
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sacrificed for histological studles., The purpose was to
compare the structure and weights of the normal tissues with
the tissues of the experimental animals in Experiment II,

The liver, kidney, hearﬁ, and spleen were removed, freed of
fat, weighed, and placed in 104 formalin, The left inferior
extremity was removed as & unit by disarticulation of the
fermur from the acetabulum and detachment of the muscles of
the thigh from thelr gttachments on the pelviec girdle. The
foot was disarticulated at the snkle joint. The thigh and
leg were freed of fat and weighed. The muscles were detached
from the femur, tibia, and fibula, and the bones were cleaned
and weighed, Measurements of the lengths of the tibial bones
were recorded, All tissues were placed in 104 formalin,

Paxrt II, This portion of the experiment was con-
ducted to determine: (a) i1f aurecmycin and penicillin, when
administered to the parent gulnea pigs, resulted in weight
increases in the F-l1l generation at birth as compared with
normal F-l controls; (b) whether or not the antibiotles,
when fed at low levels to the offspring of the experimental
animals, stimulate thelr growth; (¢) what concentrations of
the antiblotlc ocour in the blood; {(d) the relative sffect
of the administered antiblotics on hematocrit and (e} if
formation of antibodies results in response to antibiotic
feeding.

Within 24 hours after the breeding sows gave birth
to their first litters, the weight of each offspring was
recorded, All litters were kept in the cages with thelr

parents for 3 weeks, At the end of 3 weeks, the young in
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each breeding cage were weaned by placing them in separate
cages, the males being separated from the females. Not more
than 7 nor less than 5 snimals occupied & cage. The average
was 6, The young animals wera'keﬁt in the animal room under
. tha same conditions as the pnrenté.

Within 48 haurs after the birth of each experimental
animal, 0,1 mg, of each specifled drug, designated to be fed
to the respective group to which the animal bslonged, was
edministered erally-in a quantity of 0,56 ml, of distilled
water, All experimental animals were given ﬁhis dosage dally
for six weeks, The normal control animals were fed only the
usual dliet of rabbit chow checkers, At the age of & weels,
the young female experimental animals were changed to a 0,6
ng. dosage of the respective antibiotie per day., This was
sdministered In 0.5 ml, of distilled water and continued on
a dally basis until the femmles had reached the age of 15
weeks, The young male animels were continued on the initial
dosage of 0,1l mg. until the age of 15 weeks.

The first-litter animals were weighed weekly and
the welghts recorded, The range of their sges was plus or
minus 5 days. At the end of the 15~week exzperimental perlod,
these animals were used in determining the following: drug
concentration in the bleood, hematocrit, and antibody forma-
tion,

Assays of the pooled blood of the animals in each
experimental group were made to determine the concentration
of aureomycin or penicillin in the blood. In thls experiment
the most sultable method of asssay for the determination of
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the drug concentrations in the blood was that devised by
Herrell and Heilman (1949) for sureomycin, A modification
of this method was used for penicillin.

Hematocrit, or the volume of erythroocytes per 100
ml, of blood of an animsl, was determined in both experi-
mental and normal éonﬁral enimals. This was done to find
whether or not differencges in percentage occur, Thie
determination was made by using'the calibrated conical
centrifuge tube and citrated (anticoagulated} guinea pig
bleod., The blood waz centrifuged at 3,000 r,.p.m., for 20
minutes, Fowler (1949).

Precipitin end opsonocytophagic tests were made of
the pooled blood of the animals In each experimental group
to determine whether or not antibodies were formed as a
reault of oral adminlistration of the antibliotics, The
methods used were those described by Shay (1947), (1949).

EXPERIMENT II

The animals in this experiment were fed varisd low
levela of aureomycin and penicillin tcbdntarmins which level
resulted in the greatest weight gain, PForty-seight male
waanlinghguinaa pigs were used, The average age of the
animels was O weeks plus or minus § days, They were svenly
divided into two groups-~-ane to receive sureomycin and the
other penicillin, To determine the optimm of the low
feeding levels, 1# was necessary to subdivide each experi-
mental group inteo 4 groups of 6 animals each, In order that
each group of 6 would welgh approximately the same, certain
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animels were shifted from one cage to another, One week was
" allotted for the animals to.beocms acclimated to thelr new
quarters, Each of the groups for aureomycin feeding was
designated as AA, AB, AG, and AD, and each of the groups for
penicillin feeding PA, PB, PC, and PD, Each animal in Group
AA ‘was giyen 0.2 mg. of aureomycln per day, each in Group AB
0.3 mg., each in Group AC 0.4 mg., and each in Group AD 0,5
mnge. Each enimal in Group PA was gilven 0.2 mg, of penicillin
. per dﬁ&, each in Group PB 0.3 mg., each in Group PC 0.4 mg.,
and each in Group PD 0.5 mg., These dosages in 0,5 ml, of
distilled water were glven by oral administration. The
drugs were administered for a perlod of 9 weeks, at the end
of which time the snimals were 15 weeks of age,

At the end of the experiment, 1t was noted that
Groups AB and AD of the aureomycin experimental animals
showed the greatest gain in welght as compared to the male
normal contrels of Experiment I, To compare the tlssues of
these animals with those of the male normal controls, each
animal in these two aureomycin groups was sacrificed, and
the same procedure was followed in the removal of tissues
as in Experiment I, The animals remaining in the aureomy-
cin experimental groups and all of the penicillin experi-
mental animals were kept for the determination of drug
concentrations in the blood and for hemetocrit and antibody

teats a&s were the F=l generation animals in Experiment I,



Table 1

Chemical Composition of Rabbit Chow Checkers

{Complete)

Moiasture Percent

Protein Percent

FPat Percent

Piber Percent

Ash Percent

Non~-Fibrous Element Percent
Calcium Percent

Phosphorus Percent
Magnesium Percent

Iron Parts per Million
Manganese Parts per HMillion
Copper Parts per Million
Cobalt Parts per Million
Potasslium Percent

Carotene Parts per Milllon
Thiamin Parts per Million
Riboflavin Parts per Million
Niscin Parts per Hillion
Vitemin D U.3.P. Units/gram

9.16
21.60
2.48
16.21
8.04
42 .51
l.12
0.85
0.19
161.00
$5.00
7 .40
0.13
1.08
23.00
3.70
7.40
38,80
2,20



41

RESBULTS

Throughout the determinations, which appear in the
tables and figures, the numbers represent averages of groups
of guinea pigs,

The average welghts of the male and female experi~
mental and normal control animals of Experiment I during the
experimental perlod are shown in Flgures 1 and 2., The
average welght gain of groups of aureomycinefed, penlicilline
fed, and normal control male and female guinea pigs from 5.5
weeks to 15 weeks of age are compared in Table 2, A com=-
parison is made in Table 3 betwsen the average weight gain
of groups of aureomycinefed, penicillinefed, and normal
control male and female guinea pigs between 6 and 15 weeks
of age,

The average weights of male and female F-l1 experi-
mental sné F-l normal control animals are charted ln Figures
3 and 4, respectively. The relationships between the average
weights of male and femals Fel guines pigs fed sureomycin
and the average welghts of male and female F-l1l normel con-
trol animals are shown in Figure 5, A comparison is made
in Pigure 6 of average welghts of male and female F-l guinea
pigs fed panicilliﬁ and male and female F~1 normal controls.

Tables 4, 5, and 6 contain a comparison of average
welght galns of male and femals F-l aureomycin-fed, P-1
peniclillin-fed, and F~1l normal control gulnea pigs during
the experimental period,
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The relation between average welghts of male and
female F-l experimental animals and the average welghts of
male and female normal controls 1s found in Figures 7 and 8,

A comparison is made in Figure 9 between the
average weights of male and female F~1 normal control guinea
pigs and male and female normal controls,

Flgure 10 expresses the comparison between average
welghts of groups of male guinea pigs fed 0.2 mg., and 0,& mg.
of sureomycin, and a third group of male normal canﬁrols,
which were fed a basal ratlon with no antibiotlc supplement,

A cempari#cn is shown in Flgure 1l between the
average weights of one group of male animals fed 0,4 mg, of
aureomycin, another group fed 0,5 mg. of sureomycin, and a
third group of male normal controls fed a basic diet,

In Table 7 is a comparisen of average weight gains
between groups of male gulinesa pigs, which were fed 0.2 mg.,
0,5 mgs, 0e4 mg., and 0,5 mg, of aureomycin,

Relatlonships are illustrated in Flgure 12 between
groups of male animala fed 0.2 mg.,, 0.3 mg., O.é'mg., and
0.5 mg. of penlcilliin, and a group of male normal controls,
which were fed no antibiotic,

Average welight gains are compared in Table 8
between groups of male guinea pigs, which were fed 0.2 mg.,
0.3 mg., 0,4 ng., and 0,5 mg. of penicillin,

The average welghts of groups of male guinea pigs,
which were fed 0.2 mg., of aureomycin, 0.2 mg. of penicillin,
0.5 mg., of aureomycin, and 0,3 mg, of penicillin, respec-
tively, are compared in Figure 15, A relationship is



expressed in Figure l1l4 between the average weights ol groups
of male guinea plgs, which were fed 0.4 mg. of aureomycin,
0.4 mg. of penicillin, 0,5 mg, of aureomycin, and 0,5 mg. of
penicillin, respectively,.

The average organ and tissue weights in sureomycine
fed and normal control male animals are summarized in Table 9,

The average birth weights of meles and females of
first litters of aureomycin-fed, penicillin-fed, and normal
control animals are listed as follows:

Average Birth Average Birth Average Birth

Welght of F=-l Weight of F-l Welght of Fel
Aureomycin-fed Penlcillin-fed INormal Control

Grou Animals Animals Animals
Males 297.4 g, 93,8 g. 24.2 g.
Females 97,5 e 94.9 g. 89,8 g.

Changes in bone growth of groups of male experi-
mental and normal control animala are indicated by tibia
lengths and weights as ligted below:

Group Length of Tibla Welght of Tibias
Ped 0.3 mg. sureomycin 45.9 mm, 1.40 mg,
Fed 0.5 mg, aureomyecin 46 .1 mm, 1.50 mg.
Normal control 44.2 mm, 1.10 nmg,

Pooled blood from experimental animals in Experi.
ments I snd II was used in the determination of blood levels
of aureamycin and penicillin, The concentration of aureo=-
mycin was 2 micrograms per milliliter of blood of guinea
plga, which had receilved an oral dosage of an agqueous solu-
tion of 0,6 mg. of aureomycin 3 to 4 hours previous to the

determination, The concentration of penicillin in the
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blood was not successfully determined.

Hematocrlit, or the volume of erythrocytes per 100
ml, of blood, was determined in male and female experimentsl
and normal control animals, The average hematocrlt values

are listed below:

Group Hematocrit (%)
Aureomycin-fed 49,1
Penlcillin-fed 49.0
Normal control 45.4

The antibody studies reveal that specific anti-
bodies are not formed in response to feeding low levels of
aureomycin and penicillin in sufficient guantities to be
detected by the precipitation method, However, opsonins
{(antibodies that are normally present) tend to increase in
activity in animals, which are fed low levels of aureomy=
cin sand penicillin, The opsonic indices (ration of the
phagocytic index of experimental animsl serum to that of
normsl animsal serum) of the blood of the experimental ani-
mals are listed in the following:

Group Opsonic Index
Aureomycin-fed g.50
Penlcillin-fed 2.28
Normal control 1.00

The phagocytic indices (average number of Staphylo~

coccus aureus per leucocyte) of the blood of the experimental

animals and the normal control animals were determined are

are listed below:



45

Group Phagooytic Index
Aureomycin~fod 100
Peniclllin-fed 90
Normal control 40

Abscesses were obgerved toward the end of the
experimental period in the neck and shoulder region of 8
penicillin-fed, 4 aureomyecinefed, and 2 normal control male
and female animals, A predominance of this condition
occurred in the groups of animals of Experiment 1I, which
were fed varied low levels of the antibiotles,

In the first part of Experiment I the mortality
of penicillin-fed animals was greater than that of the
aureomycin-fed animals, Thirteen animals (9 males and 4
females) of the penicillin-fed animals died of toxic effects
of the drug within 8 days. Among the aureomycin-fed animals
of the first part of Experiment I, 4 animals (1 male and 3
females) dled of toxicity within 10 days, No mortalities
occurred in any of the groups of the Fel experimental ani-
mals, but one F~1l female normmal control died of pneumonia.

In Experiment 11 the penicillin«fed animals showed
& high mortality rate., Of 24 animals 14 died of hypersensie
tivity to the antiblotic. The mortalities did not follow a
specific pattern among the groups, which were fed low levels
of penicillin, The mortellity rate among the groups is as
followa: 3 in the group fed 0.2 mg., 1 in the group fed 0.3
mge., 4 in the group fed 0,4 mg., and all of the total number
of 6 1n the group fed 0,5 mg, of the drug, ¥No mortalities
occurred in any of the groups of animals, which were fed

varied low levels of aureocmycin,



Table 2
Comparison of Average Welght Gain Between Aureomycine

fed, Penicillin-~fed, and Normal Control Male and
Female Gulinea Pigs from 5.5 to 15 Weeks of Age

i m—

Average Welght at Averags
5.5 Weeks 15 Weeks Welight Gain Percent
Group {zrams) (zrams) Gain
Aureomycin~-fed Males 257.0 491.5 234,5 91.2
Penicillin~fed Males 262,1 496 .2 234,1 89.3
Normal Control Males 251.0 537.8 286 .8 114.,3
Aurecmycine~fed Females 254,.8 467 ,0 212,.2 83.,%
Penicillin-fed Females 255.4 463 .9 208.5 81.6
Normal Control Females 254.8 458,7 203,9 80,0

Table 3

Comparison of Average Weight Galn Between Aureamycine-
fed, Penicillin«fed, and Normal Contreol Male and
Female Guinea Pigs from 6 to 15 Weeks of Age

Average Welght at Average
6 Weeks 16 Weeks Welght Gain Percent
@roup (grams) (grams) Geln
Aureomycin-~fed Males 225,9 491,5 265.8 117.6
Penicillinefed Males 2283.3 496 .2 272,9 122 .2
Normal Control Males 259,1 B37.8 278,7 107.6
Aureomycin~fed Females 222,0 487 .0 245 .0 110,.4
Penicillinwfed Femsales 244 .6 463 ,9 219,3 89.7

Normal Control Females 255,56 458.7 203.2 79,5
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Comparison of Average Welght Gain Between Fel Aureomycine

fed, F~1 Penicillin~fed, and F-1 Normal Control HMale

and Female Guines Pigs from O to 15 Weeks of Age

e e s

Average Welght at Average Per-

O Weeks 15 Weeks Weight Gain cent

Group (granms) (grams) Galn
Aureomycin~fed F~1 Males 107.6 671,7 564.1 524,3
Penicillinefed F~1l Males 100.2 620.2 520.0 519.0
Normal Control Fel Males 110.4 638,7 528,.3 478.5
Aureomycinefed F-1 Females 113.2 535.8 422,.6 373.2
Penicilline~fed Fe«l Pemales 93.9 537.1 443 ,2 472 .6
Normal Control Fe-l Females 110,5 546 ,7 436 ,2 594.8

Table 5

Comparison of Average Welght Gain Between F«l Aureomycin-

fed, F=«l Penicillin-~fed, and F~l1l Normal Control Male
and Female Guinea Pigs from 5.5 to 15 Weeks of Age

Average Weight at Average Perw

5.5 Weeks 15 Weeks Welght Gain cent

Group (grems) (grams) Gain
Aureomycin~fed Fel Males 3562 ,.6 671.7 319,11 90.5
Penicillin-fed Fel Males 300,5 620,.2 319.7 106.4
Normal Control F-l Males 345,11 638,7 293.8 85.1
Aureomycin-fed F-1l Females 314,9 535,.8 220.9 70.1
Peniclllin«fed F-1l Females 284,3 537.1 262.8 88,9
Normal Control F-l1l Females 315,.8 546,7 230,9 73.1
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Table 6

Comparison of Average Weight Gain Between F-1 Aureomycin-
fed, F=1 Penicilline~fed, and F-l Normal Control Male
and Female Guinea Pigs from 6 to 15 Weeks of Age

————— ——e
T -

Average Welght at Average Pere

6 Weesks 15 Weeks Welight Gain cent

Group (greams ) {grams ) Gain
Aureomycin-fed F~1 Males 371.6 671.7 300,.,1 80.8
Penicillin-fed F-1l Males 323,.8 620,2 206.4 91.5
Normal Control F-l Males 369,35 638,7 269,.4 7249
Aureomycin-fed F-l1 Females 333,2 535,.8 202.6 60.8
Penicillin-fed F-1 Females 301,9 537.1 R35.2 77.9
Normal Control F-l Females 331,11 546 ,7 215.6 65,1

Table 7

Relation of Average Weight Gains of Groups of Male Gulinea Pigs
Group AA - Fed 0.2 mg. Aureomycin
Group AB - Fed 0,35 mg, Aureomycin
Group AC = Fed 0,4 mg, Aureomycin
Group AD - Fed 0,5 mg. Aureomycin

ar— : s

Average Welght at Average
8 Weeks 15 Weeks Welght Gain Percent
Group_ (gxams) (grams) Gain
Fed 0,2 mg. Aureomycin 274.6 592,7 318.1 115.8
Fed 0,3 mg. Aureomycin 273,11 606.,3 333 .2 1z22,0
Fed 0,4 mg, Aureomycin 274,7 585.6 308,9 112.4

Fed 0.5 mg. Aureocmycin 276 .9 610,.8 333,92 120,.6
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Table 8
Relation of Average Weight Gains of Groups of Male Guinea Pigs

Group PA « Fed 0,2 mg, Penlicillin
Group PB « Fed 0,3 mg., Penicillin
Group PC - Fed 0.4 mg, Penicillin
Group PD = Ped 0,5 mg, Penicillin

Average Weight at Average

6 Weeks 15 Weeks Welght Gain Percent
group {zrans) (grams) ____ Geln
Fed 0.2 mg, Peniecillin 260,99 441,5 180,.6 73.1
Fed 0,3 mg. Penicillin 260,.,2 476 ,5 216.,3 835.1
Fed 0,4 mg. Penicillin 260,6 534,0 273.4 104.9

Fed 0,5 mg, Penicillin 258,.5  — w— o
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Comparison of Average Welights of Organs and Tissues of
Aureomycine-fed Male Guinea Pigs with Those of

Male Normal Controls

(Grams)

Groups Fed
Aureomycélin Normal Control
Tissue 0,3 mg, Qe85 mg, Group
Liver 24.20 24,10 19.80
Kidney 4.30 4,30 4,40
Heart 1.50 1,50 1,980
Spleen 0,50 0440 0.90
Thigh and Leg 23,50 23,60 20,80
Femur, Tiblia, and Fibula 3.20 3,10 2,78
Tibla 1.40 1.50 1.10
Muscles (thigh and leg) 20,30 20,50 18,03

Comparison of Average Welghts of Organs and Tissues of
Aureomycin-~fed Male Guinea Pigs with Those of

Male Normal Controls

{Percentage Welghts of Body Weight)

Liver

Kidney

Heart

Spleen

Thigh and Leg

Femur, Tibla, and Fibula
Tibia

Muscles (thigh and leg)

4,00
0.70
0.25
0.08
3.90
0,50
0.20
3,30

3.90
0.70
0.24
0,07
3,90
0.50
0.20
3.30

3.60
0.80
0.30
0.16
3.80
0.50
0.20
3.20
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Figure 1

Comparison of Average Weights of Groups of Male Guinea Pigs
Group I -~ Fed Aureomycin

Group II - Fed Penicillin
Group III - Normal Control .
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Figure 2

Comparison of Average Weights of Groups of Female Guinea Pigs
Group I - Fed Aureamycin
Group II - Fed Penicillin
Group III - Normal Control

Aureomycin

— — — Penicillin

« =se+ Normal Control

5.5

6.0

6.5

7.C

7.5

8,0 8.5 9. 9,5 10,0 10.5 11.0 11.5 12.0 12.5 13.0 13.5 14,0 14.5 15.0

Age in Weeks

2s



Figure 3
Comparison of Average Weights of Groups of Male F] Guinea Pigs
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Figure 4

Comparison of Average Weights of Groups of Female Fy Guinea Pigs
Group I - Fed Aureomycin
Group II = Fed Penicillin
Group III - Normal Control
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Figure 5

Relation of Average Weights of Male and Female Fy Guinea
Pigs Fed Aureomycin to Average Weights of
Male and Female F, Normal Controls
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Figure 6
Relaticn of Average Weights of Male and Femsle Fy Guinea

Pigs Fed Penicillin to Average Weights of
Male and Female Fl Normal Controls
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Figure 7

| Relation of Average Weights of Male and Female Fy Guinea
Pigs Fed Aureomycin to Average Weights of
Male and Female Normal Controls
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Figure 8

Relation of Average Weights of Male and Female Fy Guinea
Pigs Fed Penicillin to Average Weights o}
Male and Female Normal Controls
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Figure 9

Relation of Average Weights of Male and Female F] Normal
Control Guinea Pigs to Average Weights of
Male and Female Normal Controls
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Figure 10

Comparison of Average Weights of Groups of Male Guinea Pigs
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Figure 11

Comparison of Average Weights of Groups of Male Guinea Pigs
Group AC - Fed .4 mg. Aureomycin
Group AD - Fed .5 mg. Aureomycin
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Figure 12

Comparison of Average Weights of Groups of Male Guinea Pigs
Fed .2 mg. Penicillin
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Figure 13

Comparison of Average Weights of Groups of Male Guinea Pigs
Group AA - Fed .2 mg. Aureomycin
Group PA - Fed .2 mg. Penicillin
Group AB - Fed .3 mg. Aureomycin
Group PB - Fed .3 mg. Penicillin
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Figure 14

Comparison of Average Weights of Groups of Male Guinea Pigs
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DISCUSSION

The antibiotics, which have been found to promote
growth incresses in certaln anlimals, are; aureomycin, penie
cillin, bacitracin, chloromycetin, streptomyecin, and terra-
myein, In this investigation sureomycin and penicillin were
chosen as representatives of these drugs. 8ince the fesd
for this experiment consisted of a reation including all of
the essential vitamins, except Vitamin C, no additions of
any substance to the feed were msde, However, ascorblc acid
was dissolved in the drinking water to provide a sufficient
quantity of Vitamin C,

A number of different animals have been used in
growth experiments to determine the effects of feeding cer-
tain antibiotics., In a review of the literature no informew
tilon was avallable as to the effects of feeding antiblotics
on the growth of guinea pigs,

Antibiotics are administered to anlmals in a
number of ways. The usual method of administration is by
mixing the proper level of the drug with the feed. Since
animals waste mmuch of their feed in the process of eatlng,
i1t is difficult to determine the exact amount of the drug
that an animal actually consumes each day. Only by collect=-
ing end welghing this waste feed is it possibly to ascertalin
how much the sanimals have eaten. Injectlons of antibiotics
have been carried on in some growth experiments, but there

is always the possibility of infection, besides the difficulty
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of meking proper injections, Oral administration of the
drugs by pipeitte is & suggested method, which permits
administration of an exact quantity of a drug. This method
enables the operator to administer the antibiotic in agueous
form with 1ittle difficulty. Because of these advantages,
aureomycin and penicilllin were administered by this method
in the present experiment to the respective groups of guinea
pigs.

' 8ince & number of different kinds of animals have
been stimulated in growth by the addition of the small
average quantity of 20 to 25 mg. of antiblotic per kilogram
of feed, it was decided to use this amount as a gulde in
determining the quantity to administer to the experimental
animals, Guinea pigs consume an average of 25 grams of feed
each day., On this basig, 1f the crystalline drugs were
mixed with their feed, they would receive an approximate
average of 0,5 to 0,6 mg. per day., By oral administrstion
with a calibrated pipette, an aqueous solution made from the
crystalline drugs, would give the same results., Therefore,
it was decided to use 0,55 mg, of the antibiotics daily in
the oral administration of the drugs to the gulnesa pigs.

Experiments with different kinds of animals indi-
cate that increased growth due to feeding antiblotics, is
obtained up to 8 and 10 weeks of age in chicks by Couch and
Reed (1950) and Branion and Hill (1951); in turkey poults by
Couch and Atkinson (1950); and in calves by Loosli and
wallace (1950). Another investigator, Cravens (1952),
reports that feeding antibioties to turkey poults and chicks
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is not effective after the age of 12 weeksa. In the present
investigation some groups of gulnea pigs were fed sureomycin
and some penicillin between the ages of 5.5 and 15 weeks and
6 and 15 weeks, while other groups were fed the drugs from
the day following bilrth up until they had attained the age
of 15 wesks. No apparent plateau in the growth curve was
found in the graphing of the average welghts of the various
»groupa in the experiment during the perlods of antiblotic
adminlstration. It appears that certaln groups of guinea
plgs are stimulated in growth by the drugs up to the ags of
15 weeks, at least.

The Effect of Antibiotic Feedlng on Body Weight.

Throughout Experliment I 1t was noted that the male gulnea
pigs weighed more on the average than the females. It was
apparent, also, that the average welght of the ¥-1 generation
enimsls was considerably greater than the average weight of
the animals from which the parents were selected. Greater
increases in average welghts were obtained, also, between the
ages of 5.5 and 15 weeks in the F-1l anlmals than in the groups
of animals which included thelr parents.

Higher average body welghts snd increased sverage
welght gains were found in the gureomycin-fed and penicillin-
fed females when compared with those of the normal control
femsles between the ages of 5.5 and 15 weeks (Table 2). In
splte of the toxlc effects at the beglnning of the experi-
ment, the surviving sureomycin~fed and peniciliin-fed females
showed growth gains, when compared with the normsl control
females. However, the aursomycin-fed and penielllin-fed

males, which survived the toxic effects of the drugs, were
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inferior in average body weigbt,and had lower average welght
gains, when compared withrtha'normal control males,

In the second part of Experiment I in which no
toxic effects occurred, a higher average body welght and a
greater average welght increase in aureomycinefed F-l males
between the ages of 0 and 15 weeks were meintained than in
the normmal control F-l1 males, A greater average welght gain
was noted in the penicillin~fed F-l females than in the nore
mal control Fel female animals between the ages of 0 and 15
weeks (Table 4), Aureomycin-~fed and penicillinefed females
welghed more and showed higher weight gains between 6 and 15
wesks of age than the normal control females, Greater average
body welghts and increased average welght gaiﬁs in the
aureomycin-fed F«1 males over those of the normal control F=l
males were obtalined between the ages of 6 and 15 weeks of age.
Both penicillin-fed F~l males and femsles showed greater
average welght Increases than those of the normal control Fel
males and females between the ages of 6 and 15 weeks of age
(Table 8),

It was noted from the tabulations of the average
body welights of the F«l gulnea pigs that the male and female
progeny of aureomycinefed parents welghed more et birth than
the offspring of the penicillin-fed or normsl control animals,
However, the only apparent carry-over effect of antibiotic
atimulated growth from dam to progeny at the end of the l5e
week experimental period was 1In the aursomyclinefed F~1 masle
animals,

The dally dosage of aurecmyclin and penicillin
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administered to the F~1 female experimental groups was
ochanged from 0.1 mg. to 0.6 mg. when the animals became 6
weeks of age, but no apparent seffects were evident in average
body weight during the followling 9 weeks of the experimental
period,

In Experiment II higher average body weights and
greater average weight increases were evident 1n the groups
fed various low levels of aureomycin than in the groups fed
various low levels of penicillin during the S9-week period of
drug administration,

Higher average welghts and greater average welight
gains were found between the ages of 6 and 15 weeks 1in the
groups of males of Experiment II, which were fed low levels
of aureomycin, than in the asureomycin-fed males or the nor-
mal control males of Experliment I, The average weights of
the normal control males of Experiment I between the ages of
8 and 15 weeks were much greater than those of the groups of
males of Experiment II, which were fed low levels of penie
c¢illin, Normal control males showed higher average welght
gains between 6 and 15 weeks of age than the male animals
which were fed low levels of penieillin, Only the group of
male animals in Experiment II which were fed 0,4 mg. of peniw
cillin showed a higher welght and & slightly greater weight
increase during the experimental period than the penicillinw
fedgmhle group of Exp@ﬁimsﬁt Te

| The average weights of.aureomycin»fed F=1l males and
normal control F~l males of Expsriment I were greater when

compared with those of the various groups of males of
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Experiment II, which were fed low levels of aureomycin, but
their average weight gains during the 9~-week experimental
period were less., DBetween the ages of 6 and 15 weeks the
penicillinefed Fel males of Experiment I maintalned a greater
average body weight and a higher average weight gain than the
groups of males of Experiment II, which were fed low lsvels
of penicillin, It was noted, also, that the group of normal
control F~l males welghed on the average more than any of

the male groups of Experiment II, which were fed various low
levels of penicillin,

In comparing the results of the dally administration
of 0.1 mg. of aureomycin to F~1l male guinea pigs with those
of the dally administration of 0,3 mg, and 0,5 mg. of the
drug to male guinea plgs between the ages of 6 and 15 weeks,
it was conciuded that a 0,1l mg. dosage of sureomycin stimuw
lates greater body weight, whereas the 0,35 mg. and 0,5 ng.
deses of mureomycin tend to promote greater welght gains,

In contrast to this, the daily administration of 0.1 mg. of
penlicillin to F~l male gulnea plgs stimulated both greater
body weight and higher welight gains than did the administra=
tion of 0.2 mg., 0.5 mg. or 0.4 mg, of the drug,

It 18 not known what effect B vitamins fed in com-
bim:cm with aureomycin or peni,cilnx‘; will have on the growth
of guinea pigs.

The Effect of Antibiotic Feeding on Skeletal Growth.

The bone growth of the guinea pigs in this investigation is
somewhat proportional to the body weight. Both groups of

sacrificed male experimental enimals showed & definite
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increase in tibial length over that of the male normal cone
trols, This was in relative proportion to the body weight.
Quimby (1947) states that other lnvestigabors have kept ani-
mals on a low calorie diet at constant body weights without
cessation of skeletal growth, This would indicate that
skeletal growith Is not necesssrily dependent upon gain in
body weight,

The Effect of Antlblotic Feeding on Birth Welghts

of First Llitters, The male offspring of the aureomycin~fed

animals of Experiment I weighed on the average more than the
male offspring of either the penicillin-fed animals or the
normal controls, The male offspring of the penicillin-fed
animals, however, welghed less than the male offspring of
the normal controls,

The female offspring of the aureomycin~fed animals
of Experiment I weighed more than the female offapring of
either the peniclllin-fed animels or the normal controls,

On the other hand; the famalé‘@ffspring of the penicilllinefed
animels weighed more than the female offspring of the normel
controls. | |
| ‘Thesé 1ntere§£ing results with guinea'pigs agree
wlth the report of Slinger, Ferguson, and McConachie (1952)
that chicks from hens, whicﬁ were fed a regular diet plus
peniclillin, showed unexpectedly the maternal influence in
thelr growth up to 10 weeks of age., Jaffe (1951) disag:ees
with these results in his recent investigations with ratsand
mice; finding that reproduction in these rodents for 5 genera=
tionsa is not noticeably affected by the addition to the feed



72

of aureomycin at 100 mg. per kilogram of ration, These
varied results may be due to differences between animal
classes,

The Bffect of Antibiotic Peeding on Orzans and Tig~-

sues and Thelr Welghts, With the exception of the heart,

kidney, and spleen the organs and tissues, which were removed
from the sacrificed experimental animals weighed more than
those of the normal controls, This result colncides well
with the increase in body weights of the sascrificed experi-
nmnental animals over that of the sacrificed normal control
animals, Also apparent was the slight increase in average
tiassue weights of the animals fed 0,5 mg. of aureomycin over
those of the animals fed 0.3 mg. of the drug. The average
weights of the kidney; heart, and spleen of the normal con-
trol animals was slightly greater than those of the experi-
mental animals, There was'a’uniformity of average weilghts
of these organs, however, 1ln the experimental groups regerde
less of whethér br:ndt”théy:were fad 0.3 mg. er‘G,S mg. of
auréqmyoin. |

Sections of the liver, spleen, kidney, bone and
bone marrow revealed no differentiation between the male
experimental animals and the male normal controls, The
literature did not contain Information relative tothe effect
that antiblotics might have on the microscopic structure of
organs or tissues in stimulated growth,

However, concentrations of aureomycin were found
in the spinal fluid, liver, kidney, placenta, spleen and lung
by Herrell and Heilman (1949). In dogs this drug has been
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found to pass the bloodebrain barrier, Harned et al (1948),
Streptomycin irn certain dosages exercises a parslyzing influe-
ence upon the central vestibular nuclear region, according
to Kleyn and van Delnse (1950). The theory that antiblotics
interfere with the reactlion between pyruvate and oxalacetate,
sometimes called the "Krebs condensation,™ has been intro-
duced by Molitor and Graessle (1950), This reaction consti-
tutes the system whereby a wide variety of substances enter
the terminal respiration system, This reaction is Ilmportant
in animal tissues, In the animal a permeabllity barrier
exists at the cell wall and also at the mitochondria, where
this reaction is localized In the animal cell, This barrier
prevents the antibilotic from penetrating to the site of the
"Krebs condensation,®

The Effect of Antibiotic Feeding on Blood, Antie

biétics, which are administered orally, are absorbed into

the general circuletion of the body. Therapeutic levels of
the drugs may be obtained by the proper dosage. Herrell and
Hellman (1949) believe that repeated and prolonged administra-~
tion of en antibiotic does not result in a "plling up" effect,
nor does this occur following multiple doses, provided therse
is no lmpairment of renal function, Aursomycin is known,
also, to be absorbed and distributed In many body flulds and
tissues, After absorption it 1s diffused readily intoc the
cerebrospinal fluld in amounts which might be considered
therapeutically effective, Studies by Herrell and Heilman
{(1949) demonstrate that aureomycin diffuses through the

placents and 1is avallable in the fetal circulation, When
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therapeutically effective amounts are present 1n the serum,
diffusion into the pleural fluild occurs, This antibiotic
appears to be concentrated in the normal hepatic system and
excreted in the bile, Large amounts of aureomycin are cone
stently excreted in the urline of patients receiving this
drug., The antibiotic has been found, also, in several organs
and tissues of the body, Hawkins et al (1950) have reported
that streptomycin is carried by the blood to the brain, where
concentrations of the drug have been determined,
Investigators are in general agrsement that oral
dosage requirements ofvpeniaillin'are four or five times the
parenteral requirements in order to obtain comparable serum
concentrations, Seeberg, Iilg, and Brown (1946), Human sera
has been found Ey Woznicka (1949) to inactivate penicillin G
to a more pronounced extent than the sera of the guinea plg,
rabbit, horse, beef, or hég. It is possible that this
inactivation is partlally responslible for the need of higher
dosages in humans after previous l1lllnesses to combat infection.
Numerous methods have been devised for the assay
of antibiotics 1In body flulds, Many are impractical, obso=
lete, and uniformly unsatisfactory, For the determinations
of blood concentrations of antlbioties in this experiment,
it was considered advantageous to use the method of Herrell
and Heilman (1949) for asureomycin and a modification of this
method utlilizing Staphylococcus aursus for the determination

of penicillin., Other investlgators have used different
methods for the determination of peniclllin, and a lack of
uniformity in their results 1s evident. In the present
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investigatlion the concentratlion of aureomycin in the pooled
blood of the aureomycin-fed gulnea plgs of Experiments I and 1L weu
2 microgreams per milliliter, Thls blood level determina-
tion of the drug was made from blood, which was collected
from the animals 3 to 4 hours after the oral administration

of an aqueous solution of 0,6 mg. of aureomycin, The result
of this assay was in harmony with the results obtained by
Herrell and Heilman (1949), Considerable difficulty was
encountered in attsmpting.ta determine the concentration of
penicillin in the blood, which was collected from the ani=
mals of Experiments I and II.: These animalsvhad:received

oral administration of an agqueous solution of 0,6 mg, of
penicillin 30 to 60 minutes prior to the collection of blood,
Because of conflicting reports of blood levels of penicillin,
1t was decided not to continue with more attempts to determine
the blood level of this drug,

It 1s known that the highest concentration of peni-
¢ll1llin in the blood is present within one hour after oral
administration of the drug, while aureomycin reaches its
highest concentration within 3 to 6 hours after oral admine
lstration,

The blood of the gulnea plg coagulates more readily
than that of the human, Coagulatlion occurred in the blood
of the antibiotic~fed gulinea pigs in a shorter time than in
the normal control animals, This result sgrees with the
report of Macht and Farkas (1942) that there is a decrease
in coagulation time of either human or animsl blood which

contains aureomycin, and the report of Mosonyi, Palos, and
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Komaromy (1949) that peniclllin in blood diminishes the
clotting time, Galt and Hunter (1950) disagree with thess
findings by stating that aureomycin prolongs clotting time,
It 1s believed that coagulation of blood is hastened by the
antibiotic inhibition of thrombin inactivation, -

| The hemgtocri% values of the auréomycih»fed animals
were slightly higher than the wvalues of the penicillin-fed
animals, and excessively higher than those of the normal
conﬁrol animals, The hematocrit value of penicillin-fed
animals was markedly higher, also, than that of the normal
controla. Von Dieter (1950) has reported that variations
of hematocrit values above and below normal are valuable
diagnostic alds., It 1s known that the hematocrit values of
humen males, generally, exceeds that of human females by 3%
to 44, In this experiment the average hematocrit values of
both male and female normal control guinea plgs were deter=
mined, and it was found that the average hematocrit values
of these animals was slightly higher than the averagea of
human males and females, which were reported by Fowler (1949).

Malfunctions and Mortalities Resulting from Anti-

biotic Administration, Aurecmycin and penicillin have =a

cumulative toxic effect on guinea pigs, whereas, they are
relatively non-toxic for most other animals, Helilman (1948),
He mentions that subcutanesous injections of aurecmycin
ranging between 1 mg. and 6 mg. per day for a number of days
on several guinea plgs weighing between 260 and 300 grams,
caused a large number of deat@g between 7 and 14 days.

Dailly oral administration of aureomyclin in the present
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investigation was found to be toxic between the second and
twelfth days to guiﬁea‘pigs‘weighing on the average sbout
256 grams, when administered at the low dosgge‘of 0,58 mg.
per day. A few animals died, but thome which survived went
through a perlod of apathy, during which loss of weight and
ruffled fur were evident..AWith'anoﬁh@r-group of guinea pigs,
which were fed 0,5 mg. of aureomycin dally, no toxic effects
were evident, However, a group of animals fed 0.4 mg,. of
the drug dally, showed & slight loss in weight during the
first week, but this was overcome in the second week, No
other toxic symptoms were apparent,

The relative toxieity of aureomycin is low, accord-
ing to Bryer et al (1948), The intravenous ID-50 in mice and
rats is 134 mg, and 118 mg, per kilogrem, respectively,
Erantz and Carr (1951) report that large doses (50 to 100
mg. per kilogram of body weight) by intravenous injectlion to
dogs produces hyperpnea, weakness, and anorexia, The daily
oral administration to mice or dogs of 100 mg. per kilogram
of body welght for 9 to 15 weeks caused no gross or microe
scopic pathologic changes in the viscera, No serious toxic
effects have been observed in man following single or
repeated oral doses of aureomycin, The moat frequent symp-
toms of toxiclty are: gastrolintestinal distress, nausea,
vomiting, and disrrhea, These side effects are belisved to
be caused by varlations in commercial lots of the drug.

Hellmen and Herrell (1944) noted that subcutaneous
injections of 1,000 to 5,000 units (1,666,7 units are
equivalent to 1 mg,) of penicillin dally in divided doses,
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caused the deaths of gulnea plga weighingrgoo,grams. A day
éf'ﬁwa.§ra@ediﬁg death, the animals Weve lethargic and loss
of weight, ruffled fur, and anorexia were apparent, These
investigators noted that vasodilﬁtion was evident in the
capillaries of sections of the brain, liver, and kidneys,

It was noted in the present investigation that guinea pigs
welghing between 255 grams and 265 grams lost weight, were
apathetic, and had ruffled fur and anorexia when fed 0,3 mg,,
0.4 mg., 0.5 mg,, and 0,55 mg, of penicillin, Some of the
animals survived and overcame thelr loss of weight to some
extent during the following weeks, but approximately 50% died
of the toxic effects of the drug. Other investigators
believe that the susceptibllity of individual animals of
similar weights tc the toxdleity of peniclllin vary greatly—
the toxic effects varylng with the dosage of the drug.

The relative toxiclty of penicillin is low; the
intravenous ID=-50 of pure penicillin G in mice 1s 3,500,000
units (21 mg.) per kg. of body weight. Penicillin does not
affect leucocybes, lymphocytes, fibroblasts, or macrophages.

In experiments on toxicity of penlcillin Cormia (1847) con=-
cluded that purified penlcillin seems to be more toxic to
guinea pigs than the commercial type. Hamre et al (1943) do
not agree with this belief, but blame the cause of death on
impurities, In Cormlat's (1947) experiments with subcu~
taneous injections of penicillin, guinea pigs dled of acute
necrosis lnvolving the cortex of the adrenal gland,

In experiments on mice, rats, guinea plgs, rabbits,

and cats, which had been previously treated with penicillin,
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Macht and Hoffmaster (1950) found no difference in the
toxicity of the drug between the treated and the normal anl-
mals, Gerneg~Rieux and Beerens (1949) noted that the death
between 3 and 29 days of 38 of a total number of 59 guinea
pilgs, which were treated with sodium penicillin, was inde-
pendent of the dose, dosage schedule, and source of the drug.
They belleve that the explanation for this response lies in
the differences In the genetie makeup or in the nutrltlonal
state of the animals, The patholégic findings in the
affected animals were: snorexia, rise in polymorphonuelear
leucqcytesé iﬁ¢regéed bicbd area, and>ccngestibn’oflﬁhe
liver, spleen, and kldneys,

The mortality rate among gulnea pigs ran high in
the present Investigation when aureomycin and penilcillin
were administered orally in the quantity of 0,55 mg. per
day, This factor was eliminated by administering 0.6 ng., of
the drugs on alternate days, The F-l female expsrimental
animals were glven dally oral doses of 0,1 mg. of the drugs
up to 6 weeks of age to determine 1f this procedure would
prevent toxic effects when a higher dosage was administered,
Then, they were given 0,6 mg., of the drugs on a dally basis
for the remaining 9 weeks of the experiment, and, as a
result, there were no toxiec effects or mortalities., This
procedure apparently accustomed the animals to the drug, and
the larger dosage had no deleterious effect on themn,

There 13 no explanation for the peculiar hyper-
gsenslitivity of gulnea pigs to penicllliin G, but it is known
that gulnea pigs are hypersensitlive to many drugs including
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other antibiotics, such as, aureomycin, and it appears that
the lavagnicillin tolerance of this genus belongs to the
groupfdeéilergic phenomena,

The formation of abscesses as & rezult of antlie
biotic administration is reported by Virengue =it al (1951).
The peculiar characteristic of these abscesses isg the lack
of an enveloping membrane, Four of the 24 awreomycin-fed and
8 of the 24 peniclillin~fed animals of Experiment II, developed
abscesses in the neck and shoulder region. Only 2 of the
normal control animals developed this condition, From secw
tions made of these abscesses, it was noted that an enveloping
membrane was present, It l1ls inferred that penicillin to a
greater extent and aureomycin to & lesser extent, either
allow or stimulate the growth of these abscesses. The type
of abscess found in this experiment is unlike that reported
by Virenque et al (1951).

Immunity of Antibiotic-fed Animals to Bacteria.

Immunity may be natural or acgquired., Gulnea pigs will
develop antibodlies In their bleod in response to inocula-
tions of small non-lethal doses of many types of bacteria.
One phase of the present experiment was devoted toc the deter-~
mination of whether or not guinea pigs will form antibodles
in response to the continued administration of low levels of
aurecmycin and penicillin, 8Since specific antibodles were
not formed in detectable quantities, it was thought that the
opsonocytophagie index of the blood might reveal something
of intereat. It was found that blood from the experimental
animals containing low concentrations of the antibiotics
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showed increased phagocytic sction over that of the normal
controls, Staphylococcus sureus was used as the test
4argaﬁi&m in.this s tudy. Phagocytosis of Staphylococeus
g;ggg'eeilé by ﬁélyﬁérphanﬁbloﬁr 1euc§aytés ﬁére.rngoried by
Munos and éeister (1950). They found that high concentraw
tions (1,000 micrograms per milliliter) of aureomycin
inhibited this phagoceytic action in vitro, It 1s belleved
that thelr results were due to the high concentration of
this entibiotic in the blood, The average of the opsonic
indices of the experimental animals ranged from 125§ to 150%
above that of the normal controls, Buccellato (1946) treated
patients with penicilliin and found that at therapeutic levels
this drug, beslides 1ts bacteriostatic actlion, had no influ-
ence on the opsonic index, This disagreement with the
present results may be due to the difference between low
levels and therapeutlc levels of the drug in the blood,

Prom the results of the present investigation, the
thought is projected that it may be possible in the future
to use low levels of the antlbiotics with our foods. Crude
residues from the manufacture of the pure crystalline anti-
bilotles contain a small quantity of the antibiotic and some
vitamins, which serve as feed supplements for a number of
animala, Not only do the animamls grow faster, but the incie
dence of a number of diseases 1s markedly reduced, It 1is
possible that refined antiblotic residuss would help young
children grow to be sturdier and more healthy as a result a?
the incorporation of these residues in such food as cereals,

A great deal more experimentation will be required before



such possibilities can be realized, Another factor that
‘must be considered is that of increased resistance of certain
bacteria to low levels of the antibiotics, Such a condition
would necessitate larger dosages of specific antibiotics in
case of a severe infection., On the other hand, minor 11l=
nesses might be readily overcome by having low soncentrations
of the antiblotics in our bodles as a result of thelr inclu=~
sion in our food, This Tactor might offset the disadvantages
of larger dosages in ma jor 1nreatiaﬁs, which are usually

infrequent in cceurrence.



CONCLUSIONS

1., Dailly oral administration of aqueous solutions
of sureomycin and penicillin to guinea pigs by means of a
calibrated pipette promotes growth in certain groups of
animals up to the age of 15 weeks,

2., A plateau was not reached in the growth curve
of any group of guinea pigs up to the age of 15 weeks,

5. Oreater body welght and greater welight gain
relationshlps are considered indicative,

4, PFemale gulnea pigs treated with the antible
oties show greater body weights and increased weight gains.,

S5, HNormal control males weigh more and have higher
weight gains than male animals fed low levels of penicillin,

6, The progeny of animals treated with aureomycin
and the female progeny of animals treated with penicillin
welgh more at birth,

7. Only the male progeny, which were fed 0,1 mg.
of sureomycin, showed a carry=-over effect of antibiotice
stimulated growth from dam tanprogeny following birth,

8., When offspring from parents fed the antibiotics
are in turn fed asureomycin and peniecillin from birth to 15
weeks, thelr average welight 1is greater than that of their
parents,

9, Male progeny, which were fed 0,1 mg., of aureo=
mycin, maintained higher body weights and grester welght
gains,
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10, HMele progeny from normal control animals show
greater body welights than males fed low levels of aureomycin.

11, Male progeny fed 0,1 mg. of aureomycin weigh
more than male snimals, which are Ted 0.2 mg., 0.3 mg., Ce.4
mg., or 0,5 mg. of aureomycin, However, the latter show
higher weight gains than the former.

12, Hale offspring fed 0,1 mg, of penioillin maine
tain greater body weights and higher weight gains than males
fed 0,2 mge, 0.5 mg., or 0,4 mg. of the drug.

13, Female progeny, which were fed 0,1 mg, of
penicillin for 6 weeks followed by 0,6 mg, of the drug for
9 weeks, show greater weight increases.,

14, Male animals fed 0.4 mg. of penicillin show
greater body weights and weight geins than males at the same
agea, which are dailly fed 0,55 mg. of tha‘drug for one week
followed by 0.6 mg, of the drug given on alternate days.

15, Male guinea pigs fed 0.2 mg., 0.5 mg., 0.4
mg., or 0.5 mg, of aureomycin welgh more and show higher
welight 1ncreases than males, which are fed the same levels
of penicillin,

16, In body weight and weight increases male ani-
mals fed levels of 0.2 mg,., 0,3 mg,, 0.4 mg., or 0,5 mg. of
aureomycin exceed the males and females, which are daily fed
0.55 mg. of the drug for one week followed by 0,6 mg, of the
drug on alternate days, as well as the normal control males,

17, The skeletal growth of gulnea pigs is
relatively proportional to the body weight. Bone growth of

aursomycin-fed animels shows a definite increase,
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l8, Average organ and tissue weights of aureomye
cinefed animals, with the exception of the heart, kidney, and
apleen; are greater, These organ and tissue welghts are in
relative proportion to the increased body weights.

19, 8eections of liver, spleen, kidney, bone, and
bone marrow show no differentiation in structure between the
auwreomycin-fed animsls and the normal controls,

20, Antliblotlcs are readily absorbed into the
general circulation of the body after oral administration,
Two micrograms of asureomycin per millilitef of blood are
present 3 to 4 hours after oral administration of an agqueous
solution of 0,6 mg. of the drug,

21, The blood of the gulnea plg coagulates more
readily than that of the human, Ccagulation time of the
blocd of aureomycin-fed and penicillin-fed animels 1s less
than that of normal control animsls,

22, Hematocrit valuqs of the aursomycin-fed ani-
mals are slightly higher than the values of the penicilline
fed animals, and much higher than those of the normal controls.

23. Aureomycin and penicillin have a cumunlative
toxlic effect on gulnea pigs., Mortalities, due to toxicity
following 0,55 mg,. dosage, averaged 174 in sureomycin=-fed
animals and $5% in penicillin-fed animals, A small dosage
of 0,1 mg, of the drugs administered to guinea pigs for 6
weeks, prevents toxic effects when this procedure is followed
by a dosage of 0.6 mg.

24, Aside from the toxic effects of the drugs,

there was one mortality caused by pneumonia,



£5, Eight penicillin~fed and 4 sureomycine~fed
guinea pigs developed sbscesses during the perlod of anti-
biotic aémiﬂi#tr&tion. These insl&enées afa high for a small
number of anim§l§,.s1nae only two nermgl controls of a simie
lar number of animals were afflicfed,

26, Specific antibodies are not formed in guinea
plges in detectable quantities in response to fee&ing the
drugs,

27. Opsonlins are increased in activity as a result
of the oral sdministration of both drugs. The opsonic index
of the blood of aureomycin~fed animals is 2.,50; of penicilline
fed animals, 2,.25; and of normal control animals, 1,00, The
phagocytic index of the blood of sureomycin~fed animals is
100; of pehieillinnfad animals, 90; and of normal controls,
40,
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