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INTRODUCTION

Numerous studies hav© been mad© of the of foot of 
small amounts of antibiotic supplement a in th© diet of cer
tain animals* In general, increased growth, better food 
utilisation, and fewer digestive disturbances have been 
reported* The mode of action of fee drugs in producing 
growth 1ms not been definitely established* Although th© 
body weight provides some Idea of growth, it may to a great 
extent represent fat deposition rather than true growth* 
Histological studies on fee effects of antibiotic adminis
tration have been neglected* In a review of th© literature 
it was found feat an investigation had not been made of fee 
effects of administration of low levels of antibiotics in 
the guinea pig* It is fee purpose of this investigation, 
therefore, to determine If daily oral administration of low 
levels of aureomyein and penicillin stimulates growth and 
initiates certain anatomical, histological, physiological, 
and issaunological changes in the guinea pig* The study was 
approached from the standpoint of* changes In organ and body 
weights, skeletal growth, and organ and bon© structural 
determinations of hematocrit and concentrations of th® anti
biotics in the bloodf presence or absence of antibodies; and 
effects on reproduction*

Drug makers a few years ago measured antibiotic® as 
grains of costly substance* Now, they sell crude extract® 
of th© drugs by th© carload* Ihese extracts are mostly
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derived from broths that used to be discarded* As small an 
amount as #1*60 worth of antibiotic mixed with #100*00 worth 
of feed will hasten the growth of many different animals by 
as much as 10^ to 30^* Antibiotics hav© been found to 
stimulate runt animals to grow to normal sise* The drugs, 
however, hav© been found not to cause abnormal growth at 
maturity*

Antibiotics 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 increased growth, 
to promo tan ts • ** He defines a "promotant11 as any substance 
or agent, which produces a desirable effect; such as, faster 
growth, better feed efficiency, or improved reproduction, by 
its action on th© intestinal flora, when added to the diet 
of a non-ruminating animal— it may be a drug, a vitamin, or 
any other type of compound. Promotants include phenylarsonic 
acid derivatives (which are used as cocoidiostatic agents) 
and several of the sulfa drugs as well as some antibiotics, 
Blight, King, and Ellis (1952).

Antibiotics Which Stimulate Growth. Many investi
gators have classified aureomyein, bacitracin, Chloromycetin, 
penicillin, streptomycin, and terramycin as antibiotics, 
which stimulate growth in animals.

Auraosiyoini Aureomyein is elaborated by Strepto- 
myees aureofaeiens and was first described by Buggar (1948). 
It is bacteriostatic in low concentrations, and in high 
concentrations it has bactericidal properties. As a growth
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promo tant, tills drug has been found to be an aid to chicks 
when added to their basal rations by Stoketad (1950), Jukes 
and Stokstad (1951), Couch and Heed (1950), Bird (1950a), 
Whitehlll, Oleson, and Hutchings (1950), Cuhha (1950), March 
and Blely (1953), and Scott and Glista (1950). Some of these 
investigators recommend such amounts of aureomyein per quan
tity of feed asi 12 mg* per pound, 7 to 10 mg. per pound,
25 mg* per kilogram, and 20 g. per ton. A 22$ increase In 
the weight of chicks at 10 weeks of age was noted by Couch 
and Heed (1930), when aureomyein was added as a supplement 
to a basal ration* Another investigator, Stokstad (1950) 
reported improved feathering, pigmentation, and appearance 
in chicks fed this antibiotic. Berg et al (1950) found that 
removal of supplemental aureomyein from the ration of four- 
week-old chlGks resulted in immediate cessation of aceeler&ted 
growth, which had existed during th© 0 to 4-week period. 
Cravens (1952) reported good stimulation of growth in chicks 
and turkey poults with aureomyein added to a complete ration.

Ihat aureomyein stimulated increased growth in tur
keys and turkey poults, was proved by Jukes and Stokstad
(1950), (1951). At 12 mg. per pound of ration, growth was 
stimulated in turkeys and turkey poults by Atkinson and Couch 
(1952) and Stokstad and Jukes (1950)•

According to Busoff (1951) calves were found to 
increase in weight and hav© stimulated appetites by feeding 
aureomyein. Loosli and Wallace (1950) obtained the same 
results by using 15 mg. of the drug per 100 pounds of body 
weight*
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Pigs or weanling pigs hav® been reported to 
increase in growth when fed aureomyein by Cuff et al (1951), 
Stokstad (1950), Jukes and Stokstad (1951), Guhha (1950), 
Blight, King, and Ellis (1952), Briggs and Beeson (1952), 
Sheffy et al (1952), Powick ©t al (1951), and Carpenter
(1951) * Ihese investigators used such amounts of aureomyein 
per quantity of feed ass 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 aureomyein was added to their feed at 20 to 25 
grams per ton, was noted by Stokstad (1950)* Gunha (1950) 
fed 9*1 g* of aureomyein per 100 pounds of ration to pigs 
and noted that they doubled their body weight and showed a 
smoother hair coat* Bird (1950a) and Briggs (1950) inde
pendently, fed aureomyein with feed and obtained good growth 
in unthrifty weanling pigs, Additions of aureomyein above 
the optimum level for increased growth, had no beneficial 
effects on pigs, Edwards (1950),

Hats and weanling rats, also, show Increased growth 
as a result of feeding aureomyein, Meites (1951), Oleson
(1950) and Bentley (1952)* Sauberlich (1952) found similar 
results by feeding 0*01$ aureomyein. Eats react to the 
stimulatory effect of antibiotics incorporated at low levels 
in a complete ration, Oleson, Hutchings, and Whitehill (1950), 
Vijayaraghavan, Murphy, and Dunn (1952) state that 50 mg, of 
aureomyein per kilogram of basal ration stimulates growth 
in mice,

Aureomyein Fed in Gombination with Vitamins?
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Certain vitamins included with aureomyein stimulate growth 
in some animals. Eats fed limiting amounts of Vitamins B-l 
and B p l u s  aureomyein increased in growth equal to those 
fed a diet containing double the amount of vitamins without 
the antibiotic, Lih and Baumann <1951) and Lih (1951), The 
combination of aureomyein and Vitamin B-12 was found to be 
most effective in rat growth, Meites (1951) * Similar 
results were obtained in both weaning and post -weaning 
weights of rats, according to S t e m  and MoGKUmla (1949),
(1951),

Oleson, Hutchings, and Hhitehlll (1950) reported 
that a combi nation of aureomyein and Vitamin B-12, when fed 
to chicks, caused Increased growth— the minimal amount of 
th® drug needed being less than 5 mg, per kilogram of feed, 
Oleson (1950) stimulated growth in chicks, when they were 
fed 25 mg. of aureomyein per kilogram of diet with graded 
levels of Vitamin B-12,

Working with poultry up to 8 weeks of age, Branion 
and Hill (1951) fed 25 mg. of aureomyein per kilogram of an 
all-vegetable protein ration plus Vitamin B~12 and reported 
a definite growth increase• A 20$ to 25% weight increase in 
turkey poults was obtained in the first 8 weeks by feeding 
aureomyein and Vitamin B-12, according to Couch and Atkinson
(1950), Similar results were obtained with turkey poults by 
Stokstad and Jukes (1950).

Pigs fed all the required vitamins plus aureomyein, 
were stimulated in growth twice the amount found in nomal 
pigs, Cunha (1950). Orowth was reported in pigs and weanling
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pigs by Jukes ©t al (1950) and Briggs and Beeson (1952) , 
when fed aureomyein and Vitamin B-12, Terrill et al (1952) 
noted an increase in weight of 25 ft above normal in weaning 
pigs up to 100 pounds, which were fed Vitamin B-12 and 5 mg, 
of aureomyein per pound of feed* In the opinion of Sewell 
et al (1952) , Vitamin B-12 is needed as a supplement in a 
basal diet with aureomyein.

Penicillin; Penicillin is derived from Pen!ciIlium 
notaturn and was first Investigated as an antibacterial agent 
In 1928 by Fleming, It is bacteriostatic in threshold con
centrations and bacteriocidal in higher concentrations, but 
neither effect is observed unless bacterial cell© are in 
growth stages, Oertain strains of the notatum micro
organisms are able to produce penicillinase, an ©nsyme which 
is capable of destroying th© drug,

Stimulation of growth in chicks by feeding peni
cillin as a diet supplement was reported by Elam, Gee, and 
Oouch (1951a) and Bird (1950b), Penicillin in th© amount 
of 7 to 10 mg, per pound of feed has been found to b© required 
by chicks for growth Increase, In a basal ration which 
included all required vitamins plus penicillin, 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.

Penicillin is especially effective in turkey poults, 
because it stimulates earlier growth than other antibiotics, 
Stern et al (1952) and McGinnis and Stern (1952) have found 
In their investigations that turkey poults respond In growth
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to penicillin when Ted at 5 p,p,m, Turkey® were noticeably 
promoted in growth when grass juice concentrate and peni
cillin as feed supplements were used by Slingsr, Pepper, and 
Hill (1952),

Investigations reveal that pigs respond with favor
able weight gains when fed penicillin as a feed supplement, 
according to duff et al (1951), Beeson (1951), and Oerpenter
(1951) * Some of these investigators found the following 
amounts of penicillin per quantity of feed to be effective:
00 mg, per pound and 00 gp*ams per ton, Weanling rats, also, 
show growth Increases with penicillin added in the amount 
of 0,0i$ to the diet, Sauberlich (1950),

Penicillin Fed in Combination with Vitamins:
Greater growth stimulation has been achieved in some animal© 
by th® addition of B vitamin® to penicillin as feed supple
ments. Sauberlich (1950) reported increased growth in rats 
by the use of penicillin with Vitamins B-l, B-2, and B-6, 
Working with rats, also, Lih and Baumann (1951) found that 
a diet, which Included supplements of penicillin and Vita
min B-l or B-2, provided growth stimulation equivalent to 
doubling th© vitamin content of th© diet in th© absence of 
th© antibiotic.

By feeding penicillin and Vitamin B-12 to turkey 
poults, Couch and Atkinson (1950) noted good growth stimula
tion, Branion and Hill (1951) reported that penicillin, 
when added at 95 mg, per kilogram of basal diet plus Vita
min B-12, caused increased growth In poultry up to 8 weeks 
of age.
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Baoifcracin; Bacitracin, another antibiotic which 
promotes growth, is derived from an aerobic strain of 
Bacillus subtills. It was first obtained from the bacte
rium, which had been isolated from the tissue cleaned from 
a compound, fracture of th© tibia. Johnson, Anker, and 
Meleney described the preparation and some of its properties 
in 1945.

Terrill (1952) found that pigs, 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 gain when 
fed th© same level of antibiotic from weaning up to 200 
pounds in weight. In disagreement with these results is 
the report of Cuff et al (1961), 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 McGinnis and Ste m  (1952) •

Chlor omyce t In % Chloromycetin (chloramphenicol) 
is derived from cultures of Streptomyces veneauelae. vihich 
Burkholder was the first to Isolate and Identify. This anti
biotic seems less active than others in promoting growth. 
According to Branion and Hill (1951) , poultry, when fed 
25 mg. of Chloromycetin per kilogram 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 5 and 10 p.p.m. of th© drug, they Increased in
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growth , but showed no greater growth when given 50 p,p,m, of 
the antibiotic,

Streptomycing Waksraan, in 1939, pioneered a search 
for an antibacterial substance, which would act on gram 
negative bacteria. As a result of many investigations 
streptomycin was discovered, This antibiotic is derived 
from Streptomyces griaeus, By hydrogenation, th® drug can 
be changed to dihydros t rep tomycin* Streptomycin and dihydro- 
streptomycin have been found to b© 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 increase, 
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 
th® growth rate; withdrawal of 40 mg, per kilogram caused a 
sharp decrease in weight, and withdrawal of 200 mg, per 
kilogram caused 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 streptomycin 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
mycin, resulted in increased gain in pigs, according to
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Cunha (1950)* Nesheim and Johnson (1950) obtained similar 
results with two-day-old pigs, when fed for 49 days. To 
some of the pigs, they gave an additional 500 mg* of the 
drug per kilogram of feed* Those receiving the larger amount 
showed a greater increase in average weight gain and effi
ciency of feed utilisation* By parenteral or oral adminis
tration of the drug, Carpenter (1951) noted good growth 
increases in weaned pigs* No growth stimulation was obtained 
in hogs, which were fed streptomycin, Cuff et al (1951) * 

Btreptomyoin Fed in Combination with ¥1 tamings 
Streptomycin and Vitamin B-12, when added to a basal ration, 
resulted in increased growth in turkey poults, Couch and 
Atkinson (1950). Branlon 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 0 to 4 weeks*

Pigs, which were fed streptomycin and Vitamin B-12, 
showed better growth response than when they were fed strepto
mycin alone, Sheffy ©t al (1952), buecke, Me Mi lien, and Thorp 
(1950), Miller et al (1951), and Briggs and Beeson (1952)*
Some of these workers noted increases in growth of pigs of 
22$ and 40$* Carpenter (1951) found that oral and parenteral 
administration of streptomycin and Vitamin B-12 produced no 
added stimulation in growth of weaned pigs above those which 
were fed the antibiotic or vitamin alone*

Terramrreins Terramyoin was discovered and isolated 
in the Biochemical Research Laboratories of the Charles 
Pfizer and Company, Incorporated, It was obtained as th©
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result of a collection of thousands of soil samples from 
various parts of the world* Ihia drug is derived from elab
oration products of Streptomyces rimoaua, It is bacterio
static in low concentrations, and has bactericidal properties 
In high coneentrations* terramycin is another antibiotic 
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 (1958) * To stimulate 
growth, chicks are said to require 7 to 10 mg* of the drug 
per pound of feed, whereas turkey poults show better response 
when fed 50 p.p.m* of terramyeln 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 terramycin to a basal ration*

Weaned pigs were found to be stimulated in growth 
when fed terramycin as a feed supplement, Carpenter (1951) * 
Cuff ©t al (1951) noted the same results with growing pigs, 
which were fed 88 mg, of the drug per pound of basal ration.

Lawrence and McGinnis (1958) noted no significant 
difference in rate of weight gain in 6 weeks when weanling 
rabbits were fed dosages of 1, 3, 10, and 50 p*p*m* of 
terramycin*

Terramycin Fed in Combination with Vi taming i It 
was found that Vitamins B-l, B-2, and B-12, in addition to 
terramycin, are needed as feed supplements to promote growth 
in rats, Bentley (1952) and S t e m  and McGinnis (1951),

Branlon and Hill (1951) obtained growth increases 
In poultry up to 8 weeks of age by feeding Vitamin B-12 and
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85 mg* of terramycin per kilogram either of a basal ration 
or of an all-vegetable protein diet* They imply that growth 
increases were greater from the 4** to 8-week period than 
from 0 to 4 weeks*

Animals Haed in Antibiotic Feeding Exoerlmen t a t ioni 
Antibiotics hare been found to hasten growth in shite rats* 
to produce sturdier and healthier pups (dogs)* and to give 
good results in fish hatcheries* Poultry * rabbits, and 
swine have, also, shown growth Increases* Antibiotics may 
or may not promote growth in ruminants * These animals have 
pouchlike rumens, or stomachs, in which bacteria act on foods 
to produce essential vitamins, and antibiotics might kill off 
these necessary bacteria and do more harm than good* Aureo- 
mycln was not beneficial to ruminants, according to Stokstad
(1950), but it may be beneficial to calves where the rumen 
has not started to function*

Berg (1951) and Sewell and Glasscock (1951) point 
out that growth-promoting effects of antibiotics vary with 
the species of animal, providing the basal diet is complete* 

Antibiotic Administrations Antibiotics are com
monly fed in low levels mixed with the ration intended for 
the respective animal* Briggs (1950) emphasises this fact 
by stating that antibiotics must be fed and not injected to 
stimulate growth. However, Elam, Gee, and Couch (1951b) 
found that parenteral admlnl strati on of either penicillin or 
autoclaved penicillin increased the growth rate of chicles* 
Oral administration of aureomyein, terramycin, penicillin, 
streptomycin, and Chloromycetin has been found by Carpenter
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(1951) to stimulate th© growth of weaned pigs* Rusoff (1951) 
was successful in stimulating appetite and increased weight 
in weaned calves by means of daily oral administration of 
capsules containing 15 mg* of aureomyein per 100 pounds of 
body weight* Carpenter (1951) found that streptomycin and 
Vitamin B-12 given alone either ©rally or parent ©rally 
stimulated growth in weaned pigs*

A&es of Animals at Wiiah Antibiotics Stimulate 
Growth * Antibiotics apparently stimulate greater growth at 
different ages in different animals* Supplementary aureo- 
myoin was removed from the ration of f our-week-old chicks 
by Berg et al (1950) and Immediate cessation of the accel
erated growth rate, idiloh existed from th© 0- to 4-week 
period, resulted* Scott and Glista (1950) report that 
aureomyein, when added to a basal ration for chicks, caused 
no improved growth at 8 weeks of age but caused slight growth 
response during th© first 4 weeks * When aureomyein was added 
to th© feed of chicks by Couch and Heed (1950), a 22$ growth 
increase in 10 weeks was obtained* Antibiotics were found 
by Henser (1952) to increase th© early growth rate (from 2 
to 4 weeks) as much as 25$ in turkeys and 10$ to 15$ in 
chicks* Cravens (1952) reports that antibiotics are not 
effective after 12 weeks of age in turkey poults and chicks * 
When aureomyein 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 th© first 8 weeks * Branion 
and Hill (1951) used aureomyein and Vitamin B-12 in an all
vegetable protein diet and noted growth increases in poultry
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up to 8 weeks-of age. Crystalline aureomyein added to milk 
or milk substitutes for calves by Loos11 and Wallace (1950) 
resulted in an increased weight gain up to 8 weeks*

The Bffeet of Antibiotic Admlnf stration on Tissues 
and Organs. Aureomyein, Chloromycetin (chloramphenicol), 
and terramycin have been found to be readily absorbed 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 adtalnistration, according to 
Pedersen~Bj ergaard and Tonnesen (1950)* McDermott et al 
(1946) traced orally administered penicillin to find why it 
is less efficient than penicillin administered by other 
routes* They found that absorption of ingested penicillin 
occurs chiefly in the duodenum, the stomach absorbing little* 
Penicillin is 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-— maximum concentra
tions are obtained in the blood within 50 to 00 minutes after 
ingestion* The persistence of penicillin in the blood is due 
to the height of a maximum concentration originally obtained, 
and not a result of continued absorption from the alimentary 
tract* McDermott et al (1946) explain that th© absorption 
of Ingested penicillin is incomplete— two-thirds or more of 
the orally administered dose is not absorbed* Only insig
nificant amounts of penicillin are absorbed once th© penl-
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eillin has passed through the small Intestine* They further 
state that unahsorbed penicillin In the intestine Is inacti- 
vtted by bacteria in the colon, or if an excess of the drug 
is present, it is excreted in the feces* They add that 
larger amounts of penicillin are required by oral adminis
tration than by th© Intramuscular route, beoause of incom
plete absorption and not because of destruction by acid or 
bacterial action* Pedersen-Bjergaard and Tonnesen (1950) 
agree with McDermott et al (1946) that there is saall stomach 
absorption of penicillin by rats* Maximum concentrations of 
th© antibiotic were found in the blood of rats in 50 to 60 
minutes after oral administration by Pedersen-Bjergaard and 
Tonnesen (1950). According to the same authors dihydro- 
streptomycin, also, is partially unabsorbed and excreted in 
the feces*

Maximum serum concentrations of antibiotics in 
humans after oral doses of 50 mg* of the drugs per kilogram 
of body weight, were 25 to 50 meg* per milliliter of Chloro
mycetin, 12 to 16 meg* per milliliter of terramycin, and 5.5 
to 12*5 meg* per milliliter of aureomyein. High serum con
centrations of all three drugs were maintained by oral 
administration of 50 to 100 mg* per kilogram of body weight, 
according to Werner, Khlght, and McDermott (1950). The 
normal rat needs 12*5 times more penicillin G, 7^ times more 
penicillin E and 25 times more dihydrostreptomyein, when 
administered orally than when given 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*5 meg* of penicillin © per mi H i *  
liter is obtained from 2 mg* of penicillin 0 given subcu
taneous ly or 25 mg. administered orally.

O m l  administration of penicillin modified with, 
aluminum hydroxide or magnesium hydroxide allows prolonged 
absorption of the drug, Welch, Price, and ©handler (1945). 
This modification provides the maintenance of higher blood 
levels of the antibiotic over a period of time than the 
administration of the drug alone.

Measurable conesntratlons of the antibiotics in 
the cerebrospinal fluid and other body fluids were found 
when large doses of the drug® were administered, Dowling ©t 
al (1949) and Werner, Knight, and McDermott (1950). High 
levels of penicillin in all sections of bone were obtained 
by intra-arterial injection of penicillin, Piskors and 
Kuhnberg (1952). Sutherland et al (1951) found no demon* 
strable Increase in liver function when aureomyein was 
adminls bered.

Story (1950) found that oil occurred in cysts sur
rounded by eosinophils Mien procaine penicillin in oil was 
injected. Some muscle degeneration was present and fat- 
bearing phagocytes were plentiful around the oil and in the 
adjacent lymph nodes* Aureomyein passes the blood-brain 
barrier in dogs, according to Earned et al (1948). Aureo- 
mycin accumulates in other fluids of th© 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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admini strati on* Fed© r s en-B j e rgaard and Tonnesen (1950) 
state that penicillin E is partially destroyed after absorp
tion by passage through th© liver*

Streptomycin affects th© semicircular canal 
reflexes of th© rabbit* These reflexes were eliminated 
first and later the otolith reflexes were affected in th© 
experiments conducted by Eleyn and van Deins© (I960)* They 
state that development of dissociations In the semi circular 
canal reflexes justify th© conclusion that streptomycin 
exercises a paralyzing influence upon th© central vestibular 
nuclear region*

Chemotherapeutic effectiveness of penicillin is 
not believed to parallel blood level curves, Schwartz, lewis, 
and Ercoll (1950)* They believe that the effectiveness 
depends on th© method of therapy* This may b© due to accu
mulation and distribution of penicillin In the organs* This 
view is substantiated by urinary elimination of penicillin 
and the presence of penicillin in the lymph at negative 
blood levels* This theory is presented as an analysis of 
th© relation between the fat© of th© antibiotic in th© host 
and the therapeutic effectiveness of th© antibiotic*

Ho consistent differences in hemoglobin levels 
were apparent in various lots of pigs, according to Sheffy 
et al (1952), after feeding streptomycin as a supplement to 
the ration* Sasaki and Ichlhashi (1950), in studies on th© 
action mechanism of penicillin in therapy, found that the 
filtering action of the spleen and other reticulo-endothelial 
systems have no relation to maintaining penicillin levels in
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the body* The action of penicillin cannot be explained by 
cone©ntration in th© organs, according to these investi
gators* The last statement appears to be in disagreement 
with th© views of Schwarts, Lewis, and Ereoli (1950), who 
suggest that th© therapeutic effect may b© due to the accu
mulation and distribution of penicillin in the organs *

In the early investigations of penicillin therapy 
Fleming et al (1944) were not sure whether it was better to 
maintain a constant low level of penicillin in th© blood, or 
to have a very high level for a short time after injection* 
Clinically, both of these methods have worked excellently. 
According to Paolantonio and Sulli (1946) penicillin has no 
effect on th© urinary excretion of Vitamins B-i and F* 
Glazko, Dill, and Wolf (1952) report that th© routes of 
excretion of Chloromycetin (chloramphenicol) are in th© 
urine and th© bile*

Heads et al (1945) determined that plasma peni
cillin levels in vivo should be at least as high as those 
required for in vitro inhibition of bacteria* Baggs et al 
(1946) and Chandler, Price, and Bandall (1945) believe that 
blood specimens contain natural inhibitors of Bacillus 
sub tills even when penicillin is not present.

Mosonyi, Falos, and Komaromy (1949) found that 
penicillin*© ability to coagulate blood depends on the phase 
in which the substance is added to th© system* (This state
ment brings into harmony the many controversial observations 
by various authors•) These investigators report that when 
penicillin is administered into th© circulation, the drug
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Inhibits the inactivation of thrombin and diminishes the 
clotting time, which gives rise to thrombus formation* When 
penicillin 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 
old Palos concept of correlation between coagulation and 
oxido-reductIon processes*

Shapee and Wright (1950) found that aureomycln 
produced slight changes in the clotting time of human blood* 
At 0, 12, 24, and 48 hours, variations In coagulation were 
not sufficient to be clinically significant* But Galt and 
Hunter (1950) have reported that the clotting time of blood 
containing aureomyein Is prolonged in four out of five cases* 

Maeht and Parkas (1949) mention that Moldavsky, 
Hasselbrook and Cateno were the first investigators to report 
that the blood of patients receiving penicillin Injections 
clotted more quickly than normal* Maeht and Parkas (1949) 
state that streptomycin also coagulates blood more rapidly 
than nozmial* They report that aureomycin, when administered 
orally, causes a decrease in the coagulation time of blood 
in both humans and animals* The decrease is greatest at the 
height of antibiotic therapy* However, they find that there 
is no difference in the prothrombin time between aureomycin* 
fed and normal animals, thus indicating 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 aid In a
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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 antibodies 
are formed in response to antibiotic feeding#

The Effect of intibiotic Feeding on Progeny*
Reports from investigators indicate that the feeding of cer
tain antibiotics has a definite effect cm the growth of the 
progeny of seme kinds of animals# Elam, Gee, and Couch 
(1951a) found that pullets fed penicillin and Injected with 
Vitamin B-12 had higher egg production than control pullets. 
However, antibiotics are not believed to improve egg pro
duction in hens, according to Cravens (1952) and Msriakulandai, 
Mylnt, and McGinnis (1950)# Baliok and Couch (1951) found 
that hatchability of eggs from hens fed a basal diet unsup
plemented with antibiotics decreased to 0 after the fourth 
week, but Inject Iona of Vitamin B-12 improved hatchability 
somewhat. Peterson et al (1952) found that neither aureo- 
mycin nor streptomycin, when fed to hens at 50 mg# per 
kilogram of ration improved hatchability* Elam, Gee, and 
Couch (1951a) have reported that a 59$ hatch was obtained 
from the eggs of pullets fed penicillin continuously• Lillie 
and Bird (1952) published the fact that Vitamin B-12 with 
aureomyeln supplement fed to hens was less effective than 
crystalline Vitamin B-12 in hatchability# Marlakulandai,
Myint, and McGinnis (1952) state that in the absence of
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Vitamin B-12, terramycin improved the hatching of fertile 
eggs, and that the combination of terramycin and Vitamin B-12 
further improved hatchability *

According to Bird (1950a) feeding antibiotic® to 
breeding chickens caused no benefit to progeny* St ok® tad
(1950) mentions that Vitamin B-12 was carried over from hen 
to chick, but antibiotics do not appear to be* But Slinger, 
Ferguson, and McConachie (1952) found that chicks from hens 
fed a regular diet and penicillin 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. Penicillin evidently stimulates 
the synthesis of an unknown component of the animal protein 
factor complex in the intestinal tract of the hen, and this 
is deposited in the egg and utilized by the developing chick. 

Vitamin B-12 and aureomyeln in the maternal diet 
seem to give excellent chick performance, according to Lillie 
and Bird (1952), However, the greatest growth of chicks is 
achieved on a basal diet plus Vitamin B-12 and aureomycin, 
irrespective of the maternal diet, Chick® from hens fed 
Vitamin B-12 and/or aureomycin were found to grow better on 
a basal diet than chicks from hens fed no supplement, Tur
key poults from hens fed no animal protein Increased in 
growth more on antibiotics and Vitamin 3-12 than on Vitamin 
B-12 alone, Kratzer (1952), progeny of hens, which were fed 
Vitamin B-12 plus aureomycin were found to have no advantage 
over progeny from hens fed Vitamin B-12 alone* Beeson (1951) 
points out that antibiotics have no effect on young pigs
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when fed to gilts in gestation# Jaffe (1951) concludes that 
In the reproduction ot rats and mice# which were ted a basal 
ration for 5 generations# with or without 100 mg# of aureo
mycin per kilogram of feed# no significant difference was 
apparent with or without aureomycin# Puslllo et al (1959) 
studied the effects of Chloromycetin (chloramphenicol) and 
streptomycin on a 9-day-old chick embryo heart# Orowth was 
inhibited by concentrations of 90,000 micrograms per milli
liter of streptomycin and high concentrations of Chloro
mycetin# Orowth Increase, however, was apparent with 240 
micrograms per milliliter of Chloromycetin#

The Effect of Antibiotic Feeding on Intestinal 
Mioroflora# It was not the purpose of this Investigation 
to determine the genera or species of microflora, which were 
present in the Intestines of the guinea pigs, but other 
investigators have made such studies on several kinds of 
animals# Jukes (1952) found that small amounts of antibi
otics in rations act on micro-organisms in the intestines 
of animals# 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 al 
(1951)# The numbers of collform-type bacteria and lactic 
acid bacteria were not appreciably changed, The total number 
of anaerobes were reduced 150 to 200 fold by aureomycin# 
Clostridia-type anaerobes, about 1$ of the total number of 
anaerobes, were decreased 10 to 150 fold. Hemolytic Clos
tridia were eliminated almost completely from the intestinal 
contents and feces of the chicks by feeding aureomycin#
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March and Biely (1958) state that high levels of aureomycin 
depressed the numbers of total aerobic, lactic acid, and 
coll form bacteria In chicks* Low levels of aureomycin 
seemed to lower the numbers of lactic acid bacteria with no 
effect on the total aerobic eoliform count* Ounha (1958) 
mentions that In pigs, aureomycin may have killed some harm
ful micro-organisms and stimulated some beneficial organisms*

Elam, dee, and Couch (1951b) state that feeding 
penicillin to pullets Increased penicillin- and aureomycln- 
reslstant micro-organisms as well as the total number of 
Intestinal micro-organisms * Penicillin caused an increase 
in the number of enterococcl of the intestine during the 
first 14 weeks of their experiment* Administration of peni
cillin by Intravenous injection also resulted in a marked 
increase in the number of penicillin-resistant micro
organisms in the intestinal tract. Parenteral administra
tion of penicillin had no effect on fecal microflora, 
according to these investigators. The effect of penicillin 
on the Intestinal microflora of turkey poults is not equalled 
by those substances which failed to stimulate growth, S t e m  
et al (1952).

Sieburth 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 anti
biotics with respect to total aerobes, total anaerobes, 
lactose negative rods and enterococcl in the cecal contents* 
The genus Proteus was found in the birds fed the antibiotics, 
but not in the birds fed the basal diet* Hie count of an
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organism having characteristics of Olostridiuiit perfringena . 
which was noted in the eeeal contents of birds on the basal 
diet, was greatly reduced by the antibiotics in all cases.
The organism was observed in large numbers in the feces of 
young pigs, which were fed a purified diet. Addition of ter- 
ramycln greatly reduced the count of this organism and stimu
lated the growth of the pigs.

According to Beeson (1351) in his work on pigs, the 
total number of micro-organisms in the digestive tract are 
not changed by antibiotics, but the types are changed. Baci
tracin administered orally or parenterally failed to have 
any effect on fecal mieroflera in pullets, but parenteral 
administration of bacitracin and autoclaved penicillin 
Increased the growth rate with little effect on the fecal 
aerobic microflora count, Elam, Gee, and Couch (1951b).
Roine and Blvehjem (1950) state that there are more coliform 
and anaerobic bacteria in the cecal flora of guinea pigs 
when the animals are fed on more complete diets. These 
authors believe 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 physi
ology of the animals. They, also, state that certain diets 
can easily disturb this balance and thus produce nutritional 
disturbances In the animal. In humans Bierman and Jawets
(1951) found that aureomycin and/or chloromyce tin, when 
given for 29 to 96 days, caused suppression of fecal flora 
for long periods* Penicillin and dihydrostreptomyein in 
combination, Whon administered parenterally, were unable
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organisms appeared &s the effective antibiotics 
the normal ooliform bacteria anil enterococcl, but fch© n o m l  
flora returned within &d to 46 hours after the drugs were 
discontinued , Permanent alteration of the feoal flora m e  
not observed in any patient after therapy ©eased#

In studies ©f the intestinal flora of the &ogf 
Jacob et al (1951) noted that coilform, eloetridXe, and 
©nfcerooocoi ware moderately reduced, but did not disappear 
as a insult of intravenous aure«yeX»*. fheyt also, report 
that aureomycin administered Intravenously has a definite 
antibacterial action on the nomel fees! flora of the dog, 
but its suppressive effect was inferior to that of tbs 
preparation administered orally. In studies of the lutes* 
tlnal flora of man, they mention that Intravenous aureoaayoln 
Is more affective in than in dags in the suppression of 
the normal intestinal flora, Oolifons organisms, Clostridia,

were neither sampletoly nor partially sup- 
,, m w w  inves ti gators believe the excretion of the 

drug into the gastrointestinal tract in man is by way of 
the bile and salivary glands,
auroocjycln has bean shown to be excreted in the bile in 
concentration, and the oral lesions following intravenous 
administration suggest excretion in the saliva,
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that following oral therapy, the effect of aureomycin on the 
intestinal flora is identical in both man and dog*

grants and Garr (1951) report that Investigators 
have suggested that the antibiotic toxicity to bacterial 
cells and to animal tissue ray be in some way related to the 
ability of aureomycin to inhibit aerobic phosphorylation*
They state that in general the most characteristic property 
of an antibiotic with respect to its antibacterial action is 
the inhibition of metabolic functions vital to the cell*

Mode of Action of Antibiotics in Stimulation of 
Growth * Theories persist as to how the antibiotics achieve 
their outstanding stimulation of growth* Growth effects by 
antibiotics in rations were found by Bechtel (1951) to be 
associated with the Influence of the antibiotic 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 accumulate in the tis
sues, but ray stimulate growth byt (1) modifying the popu~ 
lation of the digestive tract, changing the microflora from 
undesirable to desirable types, which synthesize unknown 
growth factors, or (2) removing undesirable toxin-producing 
organisms. Davis and Ghow (1951) believe 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 bacterial organisms in the intestinal flora*

A notation by Ingram and Edgar (1951) indicates 
that antibiotics do not act on growth through inhibition of
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cecal coccidiosls in chicks# Williams at al (1951) state 
that the growth-promoting action of aureomycin and other 
antibiotics, when added to the diet of certain animals, 
Including chicks, is thought to be the result of the effect 
on the intestinal flora* They, also, mention that the eom- 
bined antitoxins of certain Clostridia were without effect 
on the growth of either control or aureomycln-fed chicks* 
Slinger, Pepper, and Hill (1952) working with turkeys, found 
that penicillin may influence a factor or factors present 
in grass juice concentrate that may be synthesised in the 
Intestinal tract or made more readily available to poultry* 
Sieburth et al (1951) suggest the possibility that the 
growth-stimulating action of antibiotics in pigs could be 
due to the inhibition of the toxin-producing organism, 
Clostridium perfrin&ens * Monson, Dietrich, and Elvehjera
(1952) noted a synergistic effect of combinations of anti
biotics in enhancing the growth of chicks *

Aureomycin killed intestinal micro-organisms in 
pigs and rendered their accessory factors more available to 
the host, as noted by Pewiek et al (1951), Cuff et al (1951) 
relate that antibiotics producing the fastest weight gains 
also controlled an enteritis, which was present and probably 
enabled pigs to grow faster* Total anaerobic counts were 
made on the feces collected near the end of the experiment, 
but they did not correlate with the average daily gains nor 
the amount of scouring* Sleburth et al (1951) found that 
the addition of terramycin greatly reduced the count of 
Clostridium perfrin&ens and stimulated the growth of pigs*
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A postulation was made by Linkswiler, Baumann, and 
Snell (1951) that airecmiycln may act to prevent utilisation 
or destruction of the gr owth-limiting nutrient, Vitamin B-6, 
by intestinal microflora, thus increasing the amount avail
able to the rat, This may be the cause of the growth - 
promoting effects of antibiotics. That aureomycin may 
decrease the number of Escherichia coli in the intestinal 
tract of the rat is thought by Cravioto-Munoa (1951) to allow 
an increase of other bacterial such as, Bacillus megatherium* 
which can produce adequate quantities of Vitamin B-12 for 
rat growth.

Stern and McGinnis (1949) believe that the increase 
in the growth rate in the rat is due to alterations in the 
intestinal flora, and that antibiotics may change the bac
terial population of the digestive tract, Beeson (1951) 
states that the exact way antibiotics function in growth is 
not known, There is a presumption by Holne and Elvehjam
(1950) that the growth rat© of guinea pigs, when fed a com
plete diet, but not including antibiotics, depends on the 
formation and maintenance of proper intestinal flora, Anti
biotics may stimulate growth, according to Elam, Gee, and 
Couch (1951b) by some, other mechanism than intestinal micro- 
flora, The antibiotic molecule or fragment of it might act 
as a metabolite within the body of chicks.

Hypersensitivities Produced by Antibiotics, The 
usual level of 10 to 20 mg, of antibiotics per kilogram of 
feed is not toxic to most animals, Bird (1950a), Two hundred 
mg, of streptomycin or 250 mg* of aureomycin per kilogram of
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feed caused no toxic effect* in several different kinds of 
animals, ¥and©rhaegh© (1950) noted that toxic doses of 
streptomycin were fatal to rabbits. Stokst&d and Jokes
(1951) have reported that aureomycin reduces mortalities in 
chicks. Allergic hypersensitivity of a generalized nature 
or local sensitivity reactions are the common toxic reac
tions to penicillin, when the drug is given parenterally.
The drug is relatively non-toxic. Symptoms of hypersensi
tivity in humans ares urticaria, contact dermatitis, 
periorbital or labial edema, drug fever, gastrointestinal 
reactions, headache, ©osinophilia, edema of the hands, 
faintness, skin flushing or prurltis, generalized arthralgia, 
myalgia, malaise, and serum sickness. According to Stuart 
and Slavin (1951) intramuscular doses of 20,000 units of 
penicillin daily for 10 days caused the deaths of 15 of 00 
guinea pigs in 5 to 10 days. Ho deaths resulted in the con
trol undosed animals over the period of the observation.
They report that there is no Spiling upf* effect of intra
muscularly Injected penicillin in animals treated with peni
cillin for 5 weeks over the administration of the drug to 
animals not previously dosed. According to Bell ©t al (1951) 
steers, which were fed 0.2 grams of aureomycin daily, showed 
a marked reduction in digestibility of crude fiber and had 
digestive disturbances. With 0*6 grams of aureomycin fed 
to steer© daily, a marked anorexia and diarrhea developed 
within 48 to 72 hours and persisted for several days* 

Antibiotic Feeding in Overcoming Pathologic 
Conditions, Therapeutic effects often result from the
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reeding of antibiotics to animals* Rusoff , Davis* and 
Alford (1951) report that Loos 11 and Wallace (1950) fed 
calves 500 mg* of aureomycin per 100 pounds of feed and inci
dence and severity of scours were prevented. Crystalline 
aureomycin and supplements of all known B vitamins* Including 
Vitamin B-12* were without significant effect in the pro* 
longed survival of hyperthyroid rats* Brshoff (i960). 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 B-12 or 0.006^ of aureomycin in the 
ration. Vitamin B-12 was more effective than aureomyeln, 
and a combination of the two substances was more effective 
than either alone. How the protection of the thymus by 
Vitamin B-12 and aureomycin against cortisone action occurs* 
is not known* Cunha (1950) and Sewell* Cunha* and Shawver
(1952) found that aureomycin prevented periodic diarrhea in 
pigs* All antibiotics, except orally admlnistored Chloro
mycetin, according to Carpenter (1951), controlled an 
enteritis-type of diarrhea in pigs* Also, streptomycin, 
administered orally or parenteraliy, controlled diarrhea*
In addition to causing Increased growth, the drugs have 
measurably decreased many animal diseases that usually 
resulted in high mortality rates*

Bacterial Resistance to Antibiotics* In studies 
cm the development of resistance to streptomycin by Staphylo
coccus pyogenes, 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 seems 
plausible that such resistance could be similar in most anti-* 
bioties. Haight, Wilcox, and Finland (1052) found that 
organisms transferred in antibiotic-free media did not develop 
resistance, but microorganism® grown in streptomycin or neo
mycin media developed resistance to the respective antibiotic 
In most, but not all, Instances* Home micro-organisms 
developed neoiaycin resistance as a result of repeated expo* 
sures to streptomycin and vice-versa. Bone of the strains 
made streptomycin* or neomycin-resistant became more resis
tant to penicillin, 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 
al (1941) found an adaptation of Staphylococcus aureus to 
hi^a concentrations of penicillin.

Eaipainen (1951) reports that as resistance of bac
teria of species JL̂  coll. A. aerogenes. Sal, typhl. F. 
vulgaris, and Pa. aeruginosa increases to one of the follow
ing antibiotics i aureomycin, Chloromycetin, or terramycin, 
a simultaneous increase in resistance to the other two anti
biotics occurs. He believes that when resistance increases 
to streptomycin, sensitivity to aureomycin, Chloromycetin, 
and terramycin shows a simultaneous increase.

According to Ohandler et al (1951) 10# of 25 
respiratory strains of staphylococcus studied were resistant 
to more than one microgra® of penicillin. *fhey state that 
all but one of the resistant strains produce penicillinase,
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but none of the sensitive strains produce it. These investi
gators have found that aureomycin tends to inhibit the pro
duction of this enzyme.
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METHODS A HD MATERIALS

The studies mad© in this Investigation were 
arranged in two separate experiments * In both experiments 
weanling male and female guinea pigs of the English breed 
were employed * Oral administration of aqueous solutions of 
aureomycin^ and penicillin^ was continued throughout each 
experimental period,

EXPERIMENT I

Part... I, She animals used in this experiment were 
given oral administration of aqueous solutions of aureomycin 
and penicillin to determine whether or not growth changes 
would occur, Aureomycin in the form of crystalline aureo- 
mycin hydrochloride and penicillin In the form of crystalline 
penicillin 0 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 antibiotics.

Weanling guinea pigs, 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 generously supplied by Dr, Stanton M, Hardy 
of the hederle Laboratories, Pearl River, New fork,

** Penicillin was supplied through the kindness of Dr, Lyon 
P, Strean of Merck and Company, Rahway, New Jersey*
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once a week* The temperature of the animal room ranged 
between 86° 0* ftnd 80° 0*

The animals were fed rabbit chow checkers, which 
is ft complete ration, except for Vitamin 0, Table 1, page 
40. This vitamin was supplied by adding ascorbic acid to 
the drinking water in the proportion of 500 mg* per liter* 
Daily provision was made of ample food and fresh water*

Thirty-eix male guinea pigs were divided at random 
into 3 equal groups* In addition to the regular diet one 
group was fed aureomycin, another group was fed penicillin,, 
and a third group was used as a normal control group* 
Thlrty«*alx female guinea pigs were also divided into 3 equal 
groups and fed the same as the male groups* The animals of 
each group were identified by individual ear markings*

After the animals had been housed in their new 
quarters for four days, oral administration of the drug® was 
begun* The animals at this time had reached an average age 
of 5*5 weeks * The weight of each animal was recorded, and 
the plan of weighing twice a week thereafter was followed 
throughout the experimental period. The antibiotics were 
administered daily by means of a 0*5 ml* calibrated pipette 
similar In appearance to an ordinary medicine dropper* 
Aureomycin and penicillin solutions were prepared by dis
solving the crystalline drugs In distilled water so that the 
concentration of each was 1*1 mg* per milliliter* Bach ani
mal of the aureamyeIn-fed and peniclllln-fed groups was 
given 0*5 ml* of the respective aqueous solution, which con
tained 0.55 mg* of the drug* This dosage was continued for
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one week, and upon the lose of 2 animals in the aureoisgrcin
fed groups and 11 in the penicillin-fed groups, it 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 first part of the experiment * The average age of the 
animals was 15 weeks at the end of the experimental period* 

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 aureomye in-fed, 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* Three 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 is 454 grams— approximately on© 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 breeding, were
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sacrificed for histological studies* The purpose was to 
emsprn&m the structure and weights of the normal tissues with 
the tissues of the experimental animals In Experiment II*
T h e liver* kidney, heart, and spleen were removed, freed of 
fat, weighed, and placed in 10$ formalin* The left inferior 
extremity was removed as a unit by disarticulation of the 
femur from the acetabulum, and detachment of the muscles of 
the thigh from their attachments on the pelvic girdle* The 
foot was disarticulated at the ankle 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 10$ formalin*

fart II* This portion of the experiment was con
ducted to determinet (a) if aureomycin and penicillin, when 
administered to the parent guinea pigs, resulted in weight 
Increases in the F-l generation at birth as compared with 
normal F-l controls; (b) whether or not the antibiotics, 
when fed at low levels to the offspring of the experimental 
animals, stimulate their growth; (o) what concentrations of 
the antibiotic occur in the blood; (d) the relative effect 
of the administered antibiotics 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 Utters were kept in the cages with their 
parents for 5 weeks• At the end of 3 weeks, the young in
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each bi^eeding cage were weaned by placing them in separate 
cages, the males being separated from the fmale s. Wot more 
than 7 nor less than 5 animals occupied a cage* The average 
was 6* The young animals were kept in the animal room under 

, the same conditions as the parents*
Within 48 hours after the birth of each experimental 

animal, 0*1 mg. of each specified drug, designated to be fed 
to the respective group to which the animal belonged, was 
administered orally in a quantity of 0*5 ml, of distilled 
water* All experimental animals were given this dosage daily 
for six weeks. The normal control animals were fed only the 
usual diet of rabbit chow checkers. At the age of 6 weeks, 
the young female experimental animals were changed to a 0*6 
mg. dosage of the respective antibiotic per day* This was 
administered in 0*5 ml* of distilled water and continued on 
a daily basis until the females had reached the age of IS 
weeks. The young male animals were continued on the initial 
dosage of 0*1 mg* until the age of 15 weeks*

The first-litter animals were weighed weekly and 
th© weights recorded. The range of their ages was plus or 
minus 5 days. At the end of th® 15-week experimental period, 
these animals were used in determining th© following: drug
concentration In the blood, hematocrit, and antibody forma
tion.

Assays of th® pooled blood of the animals in each 
experimental group were mad© to determine th© concentration 
of aureomycin or penicillin in th© blood. In this experiment 
th© most suitable method of assay for the determination of
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the drug concentrations In the blood was that devised by 
Herrell and Heilman {1948} for aureomycin , A modification 
of Wd.B method was used for penicillin.

Hematocrit* or the volume of erythrocytes per 100 
ml* of blood of ah animal, was determined in both ©xperl- 
mental and normal control animals* This was done to find 
whether or not difference® in percentage occur* This 
determination was made by using the calibrated conical 
centrifuge tube and oltrated (anticoagulated) guinea pig 
blood* The blood was centrifuged at 5,000 r*p*m* for 00 
minutes, Fowler {1949}*

Precipitin and opsonocytophagic tests were made of 
th® pooled blood of th© animals in each experimental group 
to determine whether or not antibodies were formed as a 
result of oral administration of th® antibiotics* Th® 
methods used were those described by Shay (1947), {1949} .

BXPERXMEET II'

The animals in this experiment were fed varied low 
level® of aureomycin and penicillin to determine which level 
resulted in the greatest weight gain* Forty-eight male 
weanling guinea pigs were used. Th© average age of the 
animals was 5 weeks plus or minus 5 days* They were evenly 
divided into two groups— *on© to receive aureomycin and the 
other penicillin. To determine the optimum of the low 
feeding levels, it was necessary to subdivide each experi
mental group into 4 groups of 6 animals each. In order that 
each group of 6 would weigh approximately the same, certain
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animals were shifts# from one cage to another. One week was 
allotted for the animals to become acclimated to their new 
quarters, Bach of the groups for aureomycin feeding was 
designated as M ,  AB, AO, and AD, and each of the groups for 
penicillin feeding FA, FB, P0, and PD. Bach animal in Croup 
AA was given 0*2 mg, of aureomycin per day, each in Croup AB 
0,5 mg*, each in Croup AC 0,4 mg,, said each in Croup AD 0,5 
mg* Bach animal in Croup FA was given 0,2 mg* of penicillin 
per day, each In Croup FB 0*5 mg*, each in Croup FG 0*4 mg*, 
and each in Croup FD 0*5 mg, These dosages in 0*5 ml* of 
distilled water were given by oral admini strati on* Th© 
drugs were administered for a period of 9 weeks, at the end 
of which time th© animals were 15 weeks of age.

At the end of th© experiment, it was noted that 
Croups AB and AD of the aureomycin experimental animals 
showed the greatest gain in weight as compared to the male 
normal controls of Experiment I* To compare the tissues of 
these animals with those of the male normal controls, each 
animal in these two aureoi^rcin groups was sacrificed, and 
the same procedure was followed in the removal of tissues 
as in Experiment I* The animals remaining in th© aureomy
cin experimental groups and all of the penicillin experi
mental animals were kept for the determination of drug 
concentrations in th© blood and for hematocrit and antibody 
tests as were th© F-l generation animals in Experiment I,
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Table 1

Chemical Composition of Rabbit Chow Checkers
(Complete)

Moisture percent 9*16
Protein Percent £1*60
Pat Percent 2.48
Fiber Percent 16.21
Ash percent 8.04
Mon-Fibrous Element Percent 42.51
Calcium percent 1*12
Phosphorus Percent 0*68
Magnesium Percent 0*19
Iron Parts per Million 161.00
Manganese Parte per Million 85.00
Copper parts per Million 7*40
Cobalt Parts per million 0*15
Potassium Percent 1*08
Carotene Parts per Million 28*00
Thiamin Parts per Million 5.70
Riboflavin Parts per Million 7.40
Niacin parts per Million 38.80
Vitamin D U.S.P. Units/gram 2*20
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RESULTS

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

The average weights of the male and female experi
mental and normal oontrol animals of Experiment I during the 
experimental period are shown in Figures 1 and 2, The 
average weight gain of groups of aureomycin-fed, penicillin- 
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 between the average weight gain 
of groups of aureomyc in-fed, penicillin—fed, and normal 
oontrol male and female guinea pigs between 6 and 15 weeks 
of age.

The average weights of male and female F-l experi
mental and F-l normal control animals are charted in Figures 
3 and 4, respectively. The relationships between the average 
weights of male and female F-l guinea pigs fed aureomycin 
and the average weights of male and female F-l normal con
trol animals are shown in Figure 5, A comparison is mad© 
in Figure 6 of average weights of male and female F-l guinea 
pigs fed penicillin and male and female F-l normal controls. 

Tables 4, 5, and 6 contain a comparison of average 
weight gains of male and female F-l aureomyc in-fed, F-l 
penicillin-fed, and F-l normal control guinea pigs during 
th© experimental period.
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The relation between average weight a of male and 
female F-l experimental animals and the average weights of 
male and female normal controls Is found in Figures 7 and 8*

A comparison Is made In Figure 9 between the 
average weights of male and female F-l normal oontrol guinea 
pigs and male and female normal controls «

Figure 10 expresses the comparison between average 
weights of groups of male guinea pigs fed 0*8 mg* and 0*5 mg* 
of aureomycin, and a third group of male normal controls, 
idaleh. were fed a basal ration with, no antibiotic supplement.

A comparison is shown in Figure 11 between the 
average weights of one group of male animals fed 0*4 mg* of 
aureomycin, another group fed 0*5 mg* of aureomycin, and a 
third group of male normal controls fed a basic diet*

In Table 7 is a comparison of average weight gains 
between groups of male guinea pigs, which were fed 0*2 mg*,
0.3 mg., 0.4 mg*, and 0*5 mg. of aureomycin*

Belatlonshlps are illustrated in Figure 12 between 
groups of male animals fed 0.2 mg., 0.3 mg., 0.4 mg., and 
0.5 mg. of penicillin, and a group of male nozmial controls, 
which were fed no antibiotic.

Average weight gains are compared In Table 8 
between groups of male guinea pigs, which were fed 0.2 mg*,
0.3 mg., 0*4 mg., and 0.5 mg. of penicillin.

The average weights 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*5 mg* of penicillin, respec
tively, are compared in Figure 15. A relationship is
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expressed in Figure 14 between the average weights of groups 
of male guinea pigs* 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 aureomycin- 
fed and normal control male animals are summarized in Table 9*

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

Oroup
Males
Females

Average Birth 
Weight of F-l Aure omyc in-fed 

Animals

Average Birth 
Weight of F-l p©nlcillln-fed Animals

Average Birth 
Weight of F-l 
normal Control 

Animals
97*4 g* 93*8 g* 94*2 g.
97*5 g. 94*3 g* 89*8 g.

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

Croup Length of Tibia
Fed 0*3 mg* aureomycin 45*9 mm*
Fed 0.5 mg* aureomycin 46.1 mm*
Normal control 44*2 ami*

Fooled blood from experimental animals in Experi
ments 1 and XI was used in the determination of blood levels 
of aureomycin and penicillin* The concentration of aureo
mycin was 2 micrograias per milliliter of blood of guinea 
pigs, which had received an oral dosage of an aqueous solu
tion of 0*6 mg. of aureomycin 3 to 4 hours previous to the 
determination* The concentration of penicillin in the

Weight of Tibia 
1*40 mg. 
1*50 mg* 
1*10 mg*
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blood was not successfully determined.
Hematocrit, or the volume of erythrocytes per 100 

ml. of blood, was determined In male and female experimental 
and normal control animals. The average hematocrit values 
are listed below2

Group Hematocrit (̂ )
Aureoiayoln-fed 49*1
Penicillin-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 
aurecmycln and penicillin in sufficient quantities 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 and penicillin, The opsonic indices (ration of the 
phagocytic Index of experimental animal serum to that of 
normal animal serum) of the blood of the experimental ani
mals are listed In the following:

Group Opsonic Index
Aurecaaycin-fed St. 50
Penicillin-fed 2.25
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 below2
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Group Phagocytic Index
Aureomycin-fed 100
Penicillin-fed 90
Normal control 40
Abscesses were observed toward the end of the 

experimental period in the neck and shoulder region of 8 
penicillin-fed, 4 aureomycin-f ed, and 2 normal control male 
and female animals* A predominance of this condition 
occurred in the groups of animals of Experiment II, which 
were fed varied low levels of the antibiotics*

In the first part of Experiment I the mortality 
of penicillin-fed animals was greater than that of the 
aureomycln-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 5 
females) died of toxicity within 10 days. No mortalities 
occurred in any of the groups of the F-l experimental ani
mals, but one F-l female normal control died of pneumonia.

In Experiment II the penicillin-fed animals showed 
a high mortality rate* Of 24 animals 14 died of hypersensi
tivity to the antibiotic. The mortalities did not follow a 
specific pattern among the groups, which were fed low levels 
of penicillin* The mortality rate among the groups Is as 
followsi 3 in the group fed 0*2 mg., 1 in the group fed 0*3 
mg*, 4 In the group fed 0,4 mg*, and all of the total number 
of 6 In 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 aureoaaycin.
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¥able 2
Comparison of Average freight (Sain Between Aureomycin-

fed, Penicillin-fed, and Normal Control Male andFemale Guinea Figs from 5*5 to 15 Weeks of Age

Group
Average Weight at 
5*5 Weeks 15 Weeks (grams)

Average 
Weight Gain 

{grams)
Percent

Gain
AureomycIn-fed Males 257*0 481*5 234*5 91*2
Penicillin-fed Males 262*1 496*2 234.1 89.3
Normal Control Males 251.0 557.8 286.8 114.3
Aureomyc in-fed Females 254*8 467*0 212.2 83*5
Penicillin-fed Females 255.4 465*9 208.5 81.6
Wormal Control Females 254*8 458.7 203.9 80.0

Table 3
Comparison of Average Weight Gain Between Aureamycin- fed, Penicillin-fed, and Normal Control Stole and 

Female Guinea Figs from 6 to 15 Weeks of Age

Average Weight at Average 
6 Weeks 15 Weeks Weight Cain Percent Group _______________ (grams) {grams > Cain

Aureomycin-fed Males 225.9 491.5 265*6 117.6
Penioi llin-fed m1 223*5 496*2 272.9 122.2
Normal Control Males 259.1 537.8 278*7 107.6
Aureomycln-fed Females 222.0 467.0 245.0 110*4
Penicillin-fed Females 244.6 463.9 219.3 89.7
Normal Control Females 255.5 458.7 203,2 79*5
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Table 4
Comparison of Average Weight Cain Between F-l Aureomyein-fed, F-l Penicillin-fed, and F-l Normal Control Maleand Female Guinea Pigs from 0 to 15 Weeks of Age

Group
iAverage Weight at 0 Weeks 15 Weeks

_ _

Average Weight Gain 
(OT&ms)

per
cent
(Min

Aureomyoln-f©d F-l Males 107.6 671.7 564.1 524.5
Penicillin-fed F-l Males 100.2 620.2 520.0 519.0
Normal Control F-l Males 110.4 658.7 528.3 478.5
Aureomyein-fed F-l Females 115.2 535.8 422.6 373.2
Penicillin-fed F-l Females 95.9 557.1 445.2 472.6
Normal Control F-l Females 110.5 546.7 436.2 394.8

Table 5
Comparison of Average Weight Gain Between F-l Aureamycin- fed, F-l Penicillin-fed, and F-l Normal Control Male and Female Guinea Pigs from 5,5 to 15 Weeks of Age

Group
<

Average 5.5 WeeksWeight at 15 Weeks Average Weight Gain
j£?«uns}

Per
centGain

Aur*eomycin-fed F-l Males 352.6 671.7 319.1 90.5
Penicillin-fed F-l Males 500.5 620.2 319.7 106.4
Normal Control F-l Males 545.1 638.7 293.6 85 .1
Aureomycin-fed F-l Females 314.9 535.8 220.9 70.1
Penicillin-fed F-l Females 284.3 537.1 252.8 88.9
Normal Control F-l Females 315.8 546.7 230.9 73.1
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Table 6
Comparison of Average Weight Gain Between F-l Aureomycin-fed, F-l Penicillin-fed, and F-l Hormal Control Male

and Female Guinea Figs from 6 to 15 Weeks of Age

Group
Average Weight at 6 Weeks 15 Weeks 

(grams)
Average Weight Gain 
(Rrams)

Percent
Gain

Aureomycin-fed F-l Males 371*6 671*7 300*1 80 * 8
Penicillin-fed F-l Males 323*8 620*2 296.4 91*5
Hormal Control F-l Males 369*3 638.7 269.4 72,9
Aur e omy c in-f e d F-l Females 333.2 535.8 202.6 60.8
Penicillin-fed F-l Females 301*9 537.1 235.2 77,9
Normal Control F-l Females 331.1 546.7 215.6 65.1

Table 7
Halation of Average Weight Gains of Groups of Male Guinea PigsGroup AA - Fed 0*2 mg* Aure omy c in

Group AB - Fed 0*3 mg* AureomycinGroup AC - Fed 0*4 mg* AureomycinGroup AD - Fed 0*5 mg* Aureomycin

Group
Average Weight at 
6 Weeks 15 Weeks 

(grams)
Average Weight Gain 

..(î rams)
Percent

Gain
Fed 0.2 mg. Aureomycin 274.6 592.7 318.1 115 . 8
Fed 0*3 mg. Aureomycin 273.1 606.3 333.2 122.0
Fed 0.4 mg, Aureomycin 274,7 583.6 308.9 112.4
Fed 10•o mg. Aureomycin 276.9 610.8 333.9 120.6
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Table 8
Relation of Average Weight Gains of Groups of Male Guinea FigsGroup FA ~ Fed 0.2 mg. Penicillin

Group PB - Fed 0.5 mg. PenicillinGroup FO • Fed 0.4 mg. PenicillinGroup FB «* Fed 0.5 mg. Penicillin

Average Weight at Average 6 Weeks 15 Weeks Weight Ga:Grouts (grams > Gain
Fed 0.2 mg. Penicillin 260.9 441.5 180.6 73.1
Fed 0.5 mg. Penicillin 260.2 476.5 216.3 83.1
Fed 0.4 mg. Penlcillin 260.6 554.0 275.4 104.9
Fed 0.5 mg. Penicillin 258 .5 mmmrn* —
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Table 9
Comparison of Average Weights of Organs and Tissues of Aureomycin-fed Male Guinea Pigs with Those of 

Male Hormal Controls (Grams)

Groups Fed
Aure omy din Hormal Control

Tissue 0*5 mg* .0*5 mg* Group
liver 24.SO 24.10 19.80
Kidney 4*30 4.30 4.40
Heart 1*50 1.50 1*90
Spleen 0*50 0.40 0.90
Thigh and Leg 23*50 23.60 20.80
Femur, Tibia, and Fibula 3.20 3 .10 2.78
Tibia 1.40 1.50 1.10
Muscles (thigh and leg) 20.30 20.50 18.03

Comparison of Average Weights of Organs and Tissues cAureomycin-fed Male Guinea Pigs with Those of 
Male Noraal Controls(Percentage Weights of Body Weight)

Liver 4.00 3.90 3.60
Kidney 0.70 0.70 0.80
Heart 0.25 0.24 0.30
Spleen 0.08 0.07 0.16
Thigh and Leg 3.90 5,90 3.80
Femur, Tibia, and Fibula 0.50 0.50 0.50
Tibia 0.20 0.20 0.20
Muscles (thigh and leg) 3.30 3.30 3.20
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Figure 1
Comparison of Average Weights of Groups of Male Guinea Pigs 

Group I - Fed Aure any cin 
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Figure 2
Comparison of Average Weights of Groups of Female Guinea Pigs 

Group I - Fed Aureomycin
Group II - Fed Penicillin
Group III - Normal Control
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Figure 3
Comparison of Average Weights of Groups of Male Fi Guinea Pigs 

Group I - Fed Aureomycin 
Group II - Fed Penicillin 
Group III - Normal Control
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Figure 4
Comparison of Average Weights of Groups of Female F-j_ 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 F^ Guinea

Pigs Fed Aureomycin to Average Weights of
Male and Female F^ Normal Controls
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Figure 6
Relation of Average Weights of Male and Female F^ Guinea

Piga Fed Penicillin to Average Weights of
Male and Female F^ Normal Controls
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Figure 7
Relation of Average Weights of Male and Female F^ 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 Ft Guinea Pigs Fed Penicillin to Average Weights ox Male and Female Normal Controls

....  F̂  Males, Penicillin
f h-t F} Females, Penicillin

------ Male Normal Control
  _ Female Normal Control

7 8 9 10 11 12 13 14 15
Age in Weeks



Grams
625
600

575
550

525
500

475
450

425
400

375
350

325
300

275
250

59

Figure 9
iion 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
son of Average Weights of Groups of Male Guinea Pigs Group AA - Fed ,2 mg. Aureomycin Group AB - Fed .3 mg. Aureomycin Group III - Normal Control
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Figure 11
Ison of Average Weights of Groups of Male Guinea Pigs Group AC - Fed *4 mg. Aureomycin Group AD - Fed .5 mg. Aureomycin Group III — Normal Control
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Figure 12
Comparison of Average Weights of Groups of Male Guinea Pigs Group PA - Fed ,2 mg. Penicillin Group PB - Fed .3 mg. PenicillinGroup PC - Fed .4 mg. Penicillin Group PD - Fed .5 mg. Penicillin Group III - Normal ControlGrams550
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Figure 13
son of Average Weights of Groups of Male Guinea Pigs Group AA - Fed .2 mg. AureonycinGroup PA - Fed .2 mg. PenicillinGroup AB - Fed .3 mg. AureonycinGroup PB - Fed .3 mg. Penicillin
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Figure 14
Comparison of Average Weights of Groups of Male Guinea Pigs 

Group AC - Fed .4  mg. Aureomycin
Group PC - Fed ,4  mg. Penicillin
Group AD - Fed .5  mg. Aureomycin
Group PD - Fed .5  mg- P e n i c i l l i n
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The antibiotics, which have been found to promote 
growth increases In certain animals, are? aureomycin, peni
cillin, bacitracin, Chloromycetin, streptomycin, and terra- 
myein. In this investigation aureomycin and penicillin were 
chosen as representatives of these drugs. Since the feed 
for this experiment consisted of a ration Including all of 
the essential vitamins, except Vitamin G, no additions of 
any substance to the feed were made. However, ascorbic 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 informs** 
tion was available as to the effects of feeding antibiotics 
on the growth of guinea pigs.

Antibiotics are administered to animals 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 much of their feed in the process of eating,
It Is difficult to determine the exact amount of the drug 
that an animal actually consumes each day. Only by collect
ing and weighing this waste feed is it possibly to ascertain 
how much the animals have eaten. Injections 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 making proper injections. Oral administration of the 
drugs by pipette is a suggested method, which permits 
administration of an exact quantity of a drug. This method 
enables the operator to administer the antibiotic in aqueous 
form with little difficulty. Because of these advantages, 
aureomycin and penicillin were administered by this method 
in the present experiment to the respective groups of guinea 
pigs.

Sine© a 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 antibiotic per kilogram 
of feed, it was decided to use this amount as a guide in 
determining the quantity to administer to the experimental 
animals. Guinea pigs consume an average of 25 grams of feed 
each day. On this basis, if 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 administration 
with a calibrated pipette, an aqueous solution mad© 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 guinea pigs.

Experiments with different kinds of animals indi
cate that increased growth due to feeding antibiotics, is 
obtained up to 8 and 10 weeks of age in chicks by Couch and 
Heed (1950) and Branion and Hill (1951) | in turkey poults by 
Couch and Atkinson (1950); and in calves by hoosli and 
Wallace (1950). Another investigator, Cravens (1952), 
reports that feeding antibiotics to turkey poults and chicks



m

is not effective after the age of 12 weeks. In the present 
Investigation some groups of guinea pigs were fed aureomycin 
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 birth up until they had attained the age 
of 15 weeks* Ho apparent plateau In the growth curve was 
found in the graphing of the average weights of the various 
groups in the experiment during the periods of antibiotic 
administration. It appears that certain groups of guinea 
pigs are stimulated in growth by the drugs up to the age of 
15 weeks# at least#

The Effect of Antibiotic Feeding on Body weight.IIIHIWMWI1.II.IWJH <riiiii.iim*oiiiiiiniiin I MHIM. I I   — »« « ■ . i iii— i.nn m V mhh w>n»<wMwt»i,iiwii i

Throughout Experiment I it was noted that the male guinea 
pigs weighed more on the average than the females# It was 
apparent, also# that the average weight of the F-l generation 
animals was considerably greater than the average weight of 
the animals from which the parents were selected* Greater 
Increases in average weights were obtained# also, between the 
ages of 5*5 and IS weeks in the F-l animals than in the groups 
of animals which included their parents*

Higher average body weights and Increased average 
weight gains were found in the aureomycin-fed and penicillin- 
fed females when compared with those of the normal control 
females between the ages of 5*5 and 15 weeks (Table 2}• In 
spite of the toxic effects at the beginning of the experi
ment# the surviving aureomycin-f ed and penicillin-f ed females 
showed growth gains# when compared with the normal control 
females* However# the aureomycin-fed and penicillin-f©d 
males# which survived the toxic effects of the drugs, were
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Inferior In average body weight and had lower average weight 
gains, when compared with the normal control males.

In the second part of Experiment I In which no 
toxic effects occurred, a higher average body weight and a 
greater average weight increase in aureomycin-fed F-l males 
between the ages of 0 and 15 weeks were maintained than In 
the noimal control F-l males* A greater average weight gain 
was noted In the penicillin-fed F-l females than in the nor
mal control F-l female animals between the ages of 0 and 15 
weeks (Table 4)* Aureomycin-fed and penicillin-fed females 
weighed more and showed higher weight gains between 6 and 15 
weeks of age than the normal control females. Greater average 
body weights and increased average weight gains in the 
aureomycin-fed F-l males over those of the normal control F-l 
males were obtained between the ages of 6 and 15 weeks of age* 
Both penicillin-fed F-l males and females showed greater 
average weight increases than those of the normal control F-l 
males and females between the ages of 6 and 15 weeks of age 
(Table 6)*

It was noted from the tabulations of the average 
body weights of the F-l guinea pigs that the male and female 
progeny of aureomycin-fed parents weighed more at birth than 
the offspring of the penicillin-fed or normal control animals* 
However, the only apparent carry-over effect of antibiotic 
stimulated growth from dam to progeny at the end of the 15- 
week experimental period was In the aureomycin-fed F-l male 
animals *

The daily dosage of aureomycin and penicillin
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administered to the F-l female experimental groups was 
changed from 0.1 mg. to 0.6 mg. when the animals became 6 
weeks of age, but no apparent effects were ©Trident in average 
body weight during the following 9 weeks of the experimental 
period *

In Experiment II higher average body weights and 
greater average weight increases were evident in the groups 
fed various low levels of aureomyeln than In the groups fed 
various low levels of penicillin during the 9-week period of 
drug administration.

Higher average weights and greater average weight 
gains were found between the ages of 6 and 15 weeks in the 
groups of males of Experiment II, which were fed low levels 
of aureomycin, than In the aureomycin-fed males or the nor
mal control males of Experiment I. The average weights of 
th© normal control males of Experiment I between the ages of 
6 and 15 weeks were much greater than those of the groups of 
males of Experiment II, which were fed low levels of peni
cillin. Hormal control males showed higher average weight 
gains between 6 and 15 weeks of age than the male animals 
which were fed low levels of penicillin. Only the group of 
male animals In Experiment II which were fed 0.4 mg. of peni
cillin showed a higher weight and a slightly greater weight 
increase during the experimental period than th© penicillin- 
fed male group o£ Experiment I.

Th© average weights of aureomyeln-fed F-l males and 
normal control F-l males of Experiment I were greater when 
compared with those of the various group© of males of
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Experiment II, will eh were fed low levels of aureomycin, hut 
their average weight gains during the 9-week experimental 
period were less* Between th© ages of 6 and 15 weeks the 
penicillin-fed F-l males of Experiment I maintained a greater 
average body weight and a higher average weight gain than the 
groups of males of Experiment II, which were fed low levels 
of penicillin* It was noted, also, that the group of normal 
control F-l males weighed on th© average more than any of 
th© male groups of Experiment II, which were fed various low 
levels of penicillin*

In comparing the results of th© daily administration 
of 0.1 mg* of aureomycin to F-l male guinea pigs with those 
of th© daily administration of 0.5 mg. and 0.5 mg. of th® 
drug to male guinea pigs between th© ages of 6 and 15 weeks, 
it was concluded that a 0.1 mg* dosage of aureomycin stimu
lates greater body weight, whereas the 0.5 mg* and 0.5 mg. 
doses of aureomycin tend to promote greater weight gains*
In contrast to this, the daily administration of 0*1 mg. of 
penicillin to F-l male guinea pigs stimulated both greater 
body weight and higher weight gains than did the administra
tion of 0.2 mg., 0.5 mg. or 0.4 mg. of the drug*

It is not known what effect B vitamins fed In com
bination with aureomycin or penicillin will have on the growth 
of guinea pigs.

Th© Effect of Antibiotic Feeding on Skeletal Orowth, 
The bon© growth of th© guinea pigs in this investigation Is 
somewhat proportional to th© body weight. Both groups of 
sacrificed male experimental animals showed a definite
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Increase in tibial length over that of the male normal con* 
trols, This was in relative proportion to the body weight, 
Quimby (1947) states that other investigators have kept ani
mals on a low calorie diet at constant body weights without 
cessation of skeletal growth. This would indicate that 
skeletal growth is not necessarily dependent upon gain in 
body weight.

The Effect of Antibiotic Feeding on Birth Weiigita 
of First hitters, The male offspring of the aureomycin-fed 
animals of Experiment I weighed on th© average more than the 
male offspring of either th© pen!eillln-fed animals or th© 
normal controls, Th© male offspring of th© penicillin-fed 
animals, however, weighed less than the male offspring of 
the normal controls,

The female offspring of th© aureomycin-fed animals 
of Experiment I w e i g h e d  more than th© female offspring of 
either the penicillin-fed animals or th© normal controls.
On the other hand* the female offspring of the penicillin-fed 
animals weighed more than the female offspring of th© normal 
controls.

These interesting results with guinea pigs agree 
with th© report of Sllnger, Ferguson, and McConaohie (1952) 
that chicks from hens, which were fed a regular diet plus 
penicillin, showed unexpectedly the maternal influence in 
their growth up to 10 weeks of age, Jaff© (1951) disagrees 
with these results in his recent investigations with rats and 
mice| finding that reproduction in these rodents for 5 genera
tions Is not noticeably affected by the addition to th© feed



72

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

The Effect of Antibiotic Feeding on Organs and Tis
sues and Their Weights. 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 coincides well 
with the increase in body weights of the sacrificed experi
mental animals over that of th© sacrificed normal control 
animals. Also apparent was the slight increase in average 
tissue weights of the animals fed 0.5 mg. of aureomycin over 
those of the animals fed 0.3 mg, of th© drug. Th© average 
weights of th© kidney, heart, and spleen of th© normal con
trol animals was slightly greater than those of the experi
mental animals. There was a unifomity of average weights 
of these organs, however, in the experimental groups regard** 
less of whether or not they were fed 0.3 mg* ©r 0.5 mg. of 
aureomycin,

Sections of the liver, spleen, kidney, bone and 
bone marrow revealed no differentiation between the male 
experimental animals and the male normal controls. Th© 
literature did not contain information relative to the effect 
that antibiotics 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 Harrell and Heilman (1949) . In dogs this drug has been
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found to pass the blood-brain barrier, Haimed et al (1948) • 
Streptomycin in certain dosages exercises a paralyzing influ
ence upon the central vestibular nuclear region, according 
to Kleyn and van Deinse (1950)* The theory that antibiotics 
interfere with the reaction between pyruvate and oxalacetate, 
sometimes called the "Krebs condensation," has been intro
duced by Molltor and Graessle (1950), This reaction consti
tutes the system whereby a wide variety of substances enter 
the terminal respiration system. This reaction is important 
in animal tissues. In the animal a permeability barrier 
exists at the cell wall and also at the mitochondria, where 
this reaction Is localized In the animal cell. This barrier 
prevents the antibiotic from penetrating to the sit© of the 
"Krebs condensation,"

The Effect of Antibiotic deeding on Blood, Anti
biotics, which are administered orally, ar© absorbed Into 
the general circulation of the body. Therapeutic levels of 
the drugs may be obtained by the proper dosage, Herrell and 
Heilman (1949) believe that repeated and prolonged administra
tion of an antibiotic does not result in a "piling up" effect, 
nor does this occur following multiple doses, provided there 
is no Impairment of renal function, Aureomycin Is known, 
also, to be absorbed and distributed in many body fluids and 
tissues. After absorption It is diffused readily into the 
cerebrospinal fluid In amounts which might be considered 
therapeutically effective. Studies by Herrell and Heilman 
(1949) demonstrate that aureomycin diffuses through the 
placenta- and Is available in the fetal circulation. When
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therapeutioally effective amounts are present In the serum, 
diffusion into the pleural fluid occurs. This antibiotic 
appears to be concentrated in the normal hepatic system and 
excreted in the bile. Large amounts of aureomycin are con-» 
stantly excreted in the urine of patients receiving this 
drug. Th© antibiotic has been found, also, in several organs 
and tissues of the body. Hawkins ©t al (1950) have reported 
that streptomycin is carried by the blood to th© brain, where 
concentrations of th© drug have been determined.

Investigators are in general agreement that oral 
dosage requirements of penicillin are four or five times the 
parenteral requirements In order to obtain comparable serum 
©aneentrations, Seeberg, Illg* and Brown (1946), Human sera 
has been found by Woznlcka (1949) to inactivate penicillin 9 
to a more pronounced extent than the sera of the guinea pig, 
rabbit, horse, beef, or hog. It is possible that this 
inactivation is partially responsible for the need of higher 
dosages in humans after previous illnesses to combat infection.

numerous methods have been devised for the assay 
of antibiotics in body fluids. Many are impractical, obso«* 
lete, and uniformly unsatisfactory* For the determinations 
of blood concentrations of antibiotics in this experiment, 
it was considered advantageous to use the method of Herrell 
and Heilman (1949) for aureomycin and a modification of this 
method utilizing Staphylococoua aureus for the deteimination 
of penicillin. Other Investigators have used different 
methods for th© determination of penicillin, and a lack of 
uniformity in their results is evident. In th© present
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Investigation the concentration of aureomycin in the pooled 
blood of the aureomycin-f ed guinea pigs of Experiments I and II was 
2 micrograms per milliliter. This blood level determina
tion of the drug was mad© from blood, which was collected 
from the animals 5 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 attempting to determine the concentration of 
penicillin in the blood, which was collected from the ani
mals o f  E x p e r i m e n t s  1 and II. These animals had received 
oral ad&lnlstratlon of an aqueous 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,
It was decided not to continue with more attempts to determine 
the blood level of this drug,

It is known that the highest concentration of peni
cillin in th© blood Is present within on© hour after oral 
administration of th© drug, while aureomycin reaches its 
highest concentration within S to 6 hours after oral admin
istration.

The blood of the guinea pig coagulates more readily 
than that of th© human. Coagulation occurred in the blood 
of the antibiotic-fed guinea pigs In a shorter time than in 
th© normal control animals. This result agrees with the 
report of Macht and Parkas (1949) that there is a decrease 
in coagulation time of either human or animal blood which 
contains aureomycin, and the report of Mosonyi, Palos, and
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Komaromy (1949) that penicillin in blood diminishes the 
clotting time* Galt and Hunter (1950) disagree with these 
findings by stating that aureomycin prolongs clotting time*
It is believed that coagulation of blood is hastened by the 
antibiotic inhibition of thrombin Inactivation*

The hematocrit values of the aureomycin-!*fed animals 
were slightly higher than the values of the penleillln-f ed 
animals, and excessively higher than those of the normal 
control animals* Th© hematocrit value of penicillin-fed 
animals was markedly higher, also, than that of the normal 
controls* Von Dieter (1950) has reported that variations 
of hematocrit values above and below normal are valuable 
diagnostic aids. It Is known that the hematocrit values of 
human males, generally, exceeds that of human females by Z% 
to 45*. In this experiment the average hematocrit values of 
both male and female normal control guinea pigs were deter
mined, and it was found that th® average hematocrit values 
of these animals was slightly higher than th© averages of 
human males and females, which were reported by Fowler (1949)# 

Malfunctions and Mortalities Resulting from Anti
biotic Administration* Aureomyein and penicillin have a 
cumulative toxic effect on guinea pigs, whereas, they are 
relatively non-toxic for most other animals, Heilman (1948)* 
He mentions that subcutaneous injections of aureomycin 
ranging between 1 mg* and 6 mg. per day for a number of days 
on several guinea pigs weighing between 260 and 300 grams, 
caused a large number of deaths between 7 and 14 days.

f

Dally oral administration of aureomycin in the present
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Investigation was found to be toxic between the second and 
twelfth days to guinea pigs weighing on the average about 
BBS grams, when administered at the low dosage of 0*55 mg* 
per day. A few animals died, but those which survived went 
through a period of apathy, during which loss of weight and 
ruffled fur were evident, With another group of guinea pigs, 
which were fed 0.5 mg. of aureomycin daily, no toxic effects 
were evident* However, a group of animals fed 0.4 mg, of 
the drug daily, showed a slight loss in weight during the 
first week, but this was overcome In the second week. No 
other toxic symptoms were apparent.

The relative toxicity of aureomycin Is low, accord
ing to Bryer @t al (1948). The Intravenous LD-50 in mice and 
rats Is 134 mg, and 118 mg. per kilogram, respectively*
Krantz and Carr (1951) report that large doses (50 to 100 
mg, per kilogram of body weight) by intravenous injection to 
dogs produces hyperpnea, weakness, and anorexia. The daily 
oral administration to mice or dogs of 100 mg. per kilogram 
of body weight for 9 to 15 weeks caused no gross or micro
scopic pathologic changes in the viscera. No serious toxic 
effects have been observed In man following single or 
repeated oral doses of aureomycin, Th© most frequent symp
toms of toxicity are: gastrointestinal distress, nausea,
vomiting, and diarrhea. These side effects are believed to 
be caused by variations in commercial lots of th© drug.

Heilman and Herrell (1944) noted that subcutaneous 
injections of 1,000 to 5,000 units (1,866*7 units are 
equivalent to 1 mg.) of penicillin daily in divided doses,



caused the deaths of guinea'pigs weighing BOO grams * A day 
or two preceding death, the animals %eire lethargic and loss 
of weight, ruffled fur, and anorexia were apparent. These 
investigators noted that vasodilation was evident in the 
capillaries of sections of the brain, liver, and kidneys.
It was noted in the present Investigation that guinea pigs 
weighing between 255 grams and 265 grams lost weight, were 
apathetic, and had ruffled fur and anorexia when fed 0,5 mg,, 
0.4 mg., 0.5 mg,, and 0,55 mg. of penicillin. Some of th© 
animals survived and overcame their 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 susceptibility of Individual animals of 
similar weights to the toxicity of penicillin vary greatly—  
the toxic effects varying with the dosage of the drug*

The relative toxicity of penicillin is low; the 
Intravenous ID-50 of pure penicillin G in mice is 5,500,000 
units (21 mg.) per kg. of body weight, Penicillin _do@s not 
affect leucocytes^ lymj^ocytes^ fibroblasts, or jaacrophages * 
In experiments on toxicity of penicillin Cormia (1947) con
cluded that purified penicillin seem® to be more toxic to 
guinea pigs than the commercial type. Hamr© et al (1945) do 
not agree with this belief, but blame the cause of death on 
impurities. In Cormia1® (1947) experiments with subcu
taneous injections of penicillin, guinea pigs died of acute 
necrosis involving the cortex of th© adrenal gland.

In experiments on mice, rats, guinea pigs, rabbit®, 
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 ani
mals. Gernez-Hieux and Beerens (1949) noted that the death 
between 3 and 29 days of 58 of a total number of 59 guinea 
pigs, which were treated with sodium penicillin, was inde
pendent of the dose, dosage schedule, and source of the drug. 
They belies© that th© explanation for this response lies in 
th© differences in the genetic makeup or in the nutritional 
state of th© animals. The pathologic findings in the 
affected animals were: anorexia, rise in polymorphonuclear
leucocytes , increased blood urea, and congestion of the 
liver, spleen, and kidneys.

Th© mortality rate among guinea pigs ran high in 
th© present investigation when aureomycin and penicillin 
were administered orally in the quantity of 0.55 mg. per 
day. This factor was eliminated by administering 0.6 mg. of 
th© drugs on alternate days, Th© F-l female experimental 
animals were given daily oral doses of 0.1 mg. of the drugs 
up to 6 weeks of age to determine If this procedure would 
prevent toxic effects when a higher dosage was administered. 
Then, they were given 0.6 mg. of the drugs on a daily basis 
for the remaining 9 weeks of the experiment, and, as a 
result, there were no toxic effects or mortalities. This 
procedure apparently accustomed the animals to the drug, and 
the larger dosage had no deleterious effect on them.

There is no explanation for the peculiar hyper
sensitivity of guinea pigs to penicillin G, but it is known 
that guinea pigs are hypersensitive to many drugs including
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other antibiotics, such, as, aureomycin, and it appears that 
the low penicillin tolerance of this genus belongs to the 
group of allergic phenomena,

Th© formation of abscesses as a result of anti* 
biotic administration is reported by Virenqu© ©t al (1951) •
The peculiar characteristic of these abscesses is th© lack 
of an enveloping membrane. Four of the 24 aureomyein-fed and 
8 of the 84 peniclllin-f ed animals of Experiment II, developed 
abscesses In the neck and shoulder region. Only 2 of the 
normal control animals developed this condition, From sec* 
tlons made of these abscesses, it was noted that an enveloping 
membrane was present. It is inferred that penicillin to a 
greater extent and aureomycin to a lesser extent, either 
allow or stimulate the growth of these abscesses. The type 
of abscess found in this experiment Is unlike that reported 
by Virenqu© et al (1951)*

Barnaulty of totiblotle*fed Animals to Bacteria, 
Immunity may be natural or acquired, Guinea pigs will 
develop antibodies in their blood in response to inooula* 
tlons of small non-lethal doses of many types of bacteria.
One phase of the present experiment was devoted to the deter* 
mination of whether or not guinea pigs will form antibodies 
in response to the continued administration of low levels of 
aureomycin and penicillin. Since specific antibodies were 
not formed in detectable quantities, it was thought that the 
opsonocytophagic index of th© blood might reveal something 
of interest, It was found that blood from the experimental 
animals containing low concentrations of the antibiotics
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allowed increased phagocytic action over that of the normal 
controls. Staphylococous aureus was used as the test 
organ!sm in this study. Phagocytosis of Staphylococcus 
albus cells by polymorphonuclear leucocytes were reported by 
Monos and ©eister (1950) • They found that high eonoentra- 
tlons (1,000 mlcrograms per milliliter) of aureomycin 
inhibited this phagocytic action in vitro. It la believed 
that their results were due to the high concentration of 
this antibiotic in the blood. The average of the opsonic 
indices of the experimental animals ranged from 125$ to 150$ 
above that of the nozmal controls. Buccellato (1948) treated 
patients with penicillin and found that at therapeutic levels 
this drug, besides its bacteriostatic action, had no influ
ence on the opsonic index. This disagreement with the 
present results may be due to the difference between low 
levels and therapeutic levels of the drug in the blood.

From the results of the present investigation, the 
thought is projected that it may be possible in the future 
to use low levels of the antibiotics with our foods. Crude 
residues from the manufacture of the pure crystalline anti
biotics contain a small quantity of the antibiotic and some 
vitamins, which serve as feed supplements for a number of 
animals. Hot only do the animals grow faster, but the inci
dence of a number of diseases is markedly reduced. It is 
possible that refined antibiotic residues would help young 
children grow to be sturdier and more healthy as a result of 
the incorporation of these residues in such food as cereals.
A great deal more experimentation will be required before
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such possibilities emu be realized. Another lector that 
must be considered Is that of increased resistance of certain 
bacteria to lev 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 ill«* 
nesses might be readily overcome by having low concentrations 
of the antibiotics in our bodies as a result of their inclu~ 
slon In our food. !Ehis factor might offset th© disadvantages 
of larger dosages in major infections, which are usually 
Infrequent in occurrence.
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conclusions

X* Daily oral administration of aqueous solutions 
of aureomycin and penicillin to guinea pigs by wans of a 
calibrated pipette promotes growth, in certain groups of 
animals up to the age of 15 weeks*

3 t A plateau was not reached in the growth curve 
of any group of guinea pigs up to the age of 15 weeks*

5* Greater body weight and greater weight gain 
relationships are considered indicative*

4« Female guinea pigs treated with the antibi
otics show greater body weights and Increased weight gains*

5* Formal control males weigh more and have higher 
weight gains than male animals fed low levels of penicillin* 

6* fhe progeny of animals treated with aureomycin 
and the female progeny of animals treated with penicillin 
weigh more at birth*

*7* Only the male progeny, which were fed 0*1 mg* 
of aureomycin, showed a carry-over effect of antibiotic- 
stimulated growth from dam to progeny following birth*

3* When offspring from parents fed the antibiotics 
are in turn fed aureomycin and penicillin from birth to 15 
weeks, their average weight is greater than that of their 
parents *

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

11* Male progeny fed 0,1 mg* of aureomycin weigh
more than ami© animals, which are fed 0,2 mg,f 0,3 mg*, 0,4 
mg., or 0.5 mg. of aureomycin* However, the latter show 
higher weight galn© than th® former.

12. Mai© offspring fed 0*1 mg. of penicillin main
tain greater body weights and higher weight gains than males 
fed 0*2 mg*, 0*3 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 gains than males at the same 
ages, which are dally fed 0.55 mg. of the drug for on® week 
followed by 0.6 mg. of the drug given on alternate days *

15. Male guinea pigs fed 0*2 mg. 9 0*3 mg., 0.4
mg., or 0.5 mg. of aureomycin weigh more and show higher
weight increases 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 th© normal control males*

17* $he skeletal growth of guinea pigs is 
relatively proportional to the body weight. Bone growth of 
aureomyein-fed animals shows a definite Increase.



18. Average organ and tissue weights of aureomy-
c in-fed animals, with the exception of the heart, kidney, and 
spleen, are greater. These organ and tissue weights are in 
relative proportion to the increased body weights•

19. Sections of liver, spleen, kidney, bone, and 
bone marrow show no differentiation in structur© between the 
aureomye in-fed animals and the normal controls.

20* Antibiotics are readily absorbed into the 
general circulation of th© body after oral administration.
Two micrograms of aureomycin per milliliter of blood are 
present 5 to 4 hours after oral administration of an aqueous 
solution of 0.6 rag. of th© drug.

21. The blood of the guinea pig coagulates more 
readily than that of the human. Coagulation time of th© 
blood of aureomycin-f ed and penicillin-fed animals is less 
than that of normal control animals.

22. Hematocrit values of the aureomycin-fed ani-
i

mals are slightly higher than the values of th© penicillin- 
fed animals, and much higher than those of the normal controls.

23. Aureomycin and penicillin have a cumulative 
toxic effect on guinea pigs. Mortalities, due to toxicity 
following 0,55 ®g, dosage, averaged 17^ in aureomycin-fed 
animals and 55^ 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.
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85-« Eight penicillin-fed and 4 aureomycin-fed 
guinea pigs developed abscesses daring the period of anti
biotic administration* These Incidences are high for a small 
number of animals, since only two normal controls of a simi
lar number of animals were afflicted*

86 * Specific antibodies are not formed in guinea 
pigs in detectable quantities in response to feeding the 
drugs*

87* Opsonins are increased in activity as a result 
of the oral admini strati on of both drugs* The opsonic index 
of the blood of aureomycin-fed animals is 8*50; of peniolllin- 
fed animals, 8*85; and of normal control animals, 1.00. The 
phagocytic index of the blood of aureomycin-fed animals Is 
100; of penicillin-fed animals, 90; and of normal controls,
40.
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OF SCIĵ CES, 512 177-181, 1948.

Edwards, H. M., T. J. Cunha, G* B* Meadows, R* F* Sewell, and 
C. B. Shawver* "Observations on Aureomycin and APF for 
the Pig.” PROCEEDINGS OF THE SOCIETY FOR EXPERIMENTAL 
BIOLOGY AND MEDICINE, 75 (2): 445-446, 1950,

Elam, J* F*, L. L. Gee, and J, R. Couch. "Effect of Feeding Penicillin on th© Life Cycle of th© Chick* " PROCEEDINGS 
OF THE SOCIETY FOR EXPERIMENTAL BIOLOGY AND MEDICINE,
77 (2)8 209-213, 1951.  ̂r1845*3±



90

______ « "Function and Metabolic Slgnl-ficance of Penicillin and Bacitracin in the Chick."
PROCEEDINGS OF THE SOCIETY FOR EXPERIMENTAL BIOLOGY 
AND MEDICINE, 78 (5): 852-836, 1951.

Ershoff, Benjamin H* "Prolonged Survival of HyperthyroidRats Fed Penicillin and Aureomycin Residues." ARCHIVES 
OF BIOCHEMISTRY, 28 (3)* 359-363, I960.

Fleming, Alexander. "Micro-methods of Estimating Penicillin In Blood Serum and Other Body Fluids*" LANCET, 2s 620, 
1944.

Fleming, Alexander, M* Y* Young, and J. Suchet. "Penicillin 
Content of Blood Serum After Various Doses of Penicillin 
by Various Routes*" LANCET, 2s 621, 1944*

Fleming, Alexander, and Charles Smith. "Estimation of Penicillin in Serum." LANCET, Is 401-402, 1947*
Fowler, Willis M. HEMATOLOGY. New Yorks Harper and Brothers, 

1949* 535 pp.
Fusillo, Matthew H*, and M. J. Romansky. "The Simultaneous Increase In Resistance of Bacteria to Aureomycin and Terramycin upon Exposure to either Antibiotic." ANTI

BIOTICS AMD CHEMOTHERAPY, Is 107-109, 1951.
Fusillo, Matthew H*, Joseph F* Metzger, and Dwight M. Kuhns* 

"Effect of Chloromycetin and Streptomycin on Embryonic Tissue Growth in In Vitro Tissue Culture." PROCEEDINGS 
OF THE SOCIETY FOR EXPERIMENTAL BIOLOGY AND MEDICINE,
79 (3): 376-377, 1952.

Galt, Jabez and Richard B. Hunter* "Th© Effect of Aureomycin on Certain Liver Function Tests and Blood Coagulation." 
AMERICAN JOURNAL OF THE MEDICAL SCIENCES, 220s 508-510, 
1950.

Gernez-Rieux, C., and H. Beerens. "Toxlcit© d© la Penicillin© pour 1© Cobay©." (Toxicity of Penicillin for th© Guinea 
Pig.) ANNALES DR L fINSTITUT PASTEUR DE LILLI, 2s 100- 
107, 1949.

Glazko, Anthony J*, Wesley A. Dill, and L* M* Wolf. "Observations on the Metabolic Disposition of Chloramphenicol 
(Chloromycetin) in the Rat." JOURNAL OF PHARMACOLOGY 
AMD EXPERIMENTAL THERAPEUTICS, 104 (4)S 452-458, 1952.

Haight, Thomas H., Clare Wilcox, and Maxwell Finland* "Cross Resistance to Antibiotics." JOURNAL OF LABORATORY AND 
CLINICAL MEDICINE, 39 (4): 637-648, 1952.



91

Ballek, J« V., and J. R* Couch.. "Antibiotics in Mature Fowl 
Nutrition." PROCEEDINGS OF THE SOCIETY FOR EXPERIMENTAL 
BIOLOGY AND MEDICINE, 76 (l)s 68-69, 1951.

Hamre, D. M., G. Rake, C. M. McKee, and H. B. MacPhillamy.
"The Toxicity of Penicillin as Prepared for ClinicalUse.11 AMERICAN JOURNAL OF THE MEDICAL SCIENCES, 206 5 
642-652, 1943.

lamed, B. K., R. W. Cunningham, M. C. Clark, R. Cosgrove,
C. H. Hine, W* J. McCauley, E. stokey, R. E. Vessey,
H . N* Yuda, and Y* SubbaRow. "The Pharmacology of Duo- 
mycin. " ANNALS OF THE NEW YORK ACADEMY OF SCIENCES,515 182-210, 1948.

Hawkins, Joseph E., Jr., George K. Boxer, and Viola C. Jellnek. 
"Concentration of Streptomycin in Brain and Other Tissues of Gats after Acute and Chronic Intoxication. " PROCEED
INGS OF THE SOCIETY FOR EXPERIMENTAL BIOLOGY AND MEDICINE, 75 (3)s 759-761, 1950.

Heilman, F. R«, and W* E. Herrell. "Penicillin in the Treat
ment of Experimental Leptospirosis Ioterohaemorrhagica (Weil1 & Disease)." PROCEEDINGS OF THE STAFF MEETINGS OF THE MAYO CLINIC, 19* 89-99, 1944.

Heilman, F. R. "Aureomycin in th© Treatment of Experimental 
Relapsing Fever and Leptospirosis Ioterohaemorrhagica (Well's Disease). PROCEEDINGS OF THE STAFF MEETINGS OF THE MAYO CLINIC, 23s 569-573, 1948.

Henser, G. F. "Antibiotics for Poultry." FLOOR AND FEED, 52 
(8)i 38, 1962.

Herrell, W. E., and P. R. Heilman. "Aureomycins Studies on 
Absorption, Diffusion, and Excretion." PROCEEDINGS OF 
THE STAFF MEETINGS OF THE MAYO CLINIC, 24s 157-166, 1949.

Ingram, G. R., and S. A. Edgar. "Th© Effect of Certain Anti
biotics and Other Drugs on the Growth of Chicks Infected 
with ElmerIa tenella*" POULTRY SCIENCE, 30 (6)5 918,
1951*

Jacob, Stanley, Fritz B. Sehweinburg, and A. M. Rutenburg."Effect of Intravenous Aureomycin on the Intestinal 
Flora of Dog and Man." PROCEEDINGS OF THE SOCIETY FOR 
EXPERIMENTAL BIOLOGY AND MEDICINE, 78 (l)l 121-122, 1951.

Jaffa, Werner 0. "Efecto de la A\ireomielna en Ratas y Ratones 
Deficient©© en Vitamina B-12. " (Effect of Aureomycin on 
Rats and Mice Deficient in Vitamin B-12). AECHIVOS 
V®EZ0LAN0S JM NUTRICION, 2 (2)s 381-390, 1951.

Jukes, Thomas H*, and BL L. R. Stokstad. "Vitamin B-12 and 
Animal Growth*" FLOUR AND FEED, 51 (9) i 27, 1951.



m

Jukes# Thomas H* "Beeent Studies of the Hole of Antibiotics 
in nutrition.* MICHIGAN STATS COLLEGE VETERINARIAN, 12 
(2)t 90-95, 1952.

Jukes, Thomas H. , E. L. H* Stokstad, K. R. Taylor, T. J* Cunha,
H. M. Edwards, and G. B. Meadows. " Growth- promo ting Effect of Aureomycin on Pigs.” ARCHIVES OF BIOCHEMISTRY,
26 (2)t 324-325, 1950.

Kaipainen, W. J. "Does Induced Resistance of Baeteria to One 
Antibiotic Result in Simultaneous Sensitivity Changes to 
Other Antibiotics?" ANNALES MEDICINAE EXPERIMBSRTALIS 
ST BIOLOGIAE FSMMIAE, 29 (Suppl. 1)i 1-90, 1951.

kleyn, A. P. H. A. de, and J * B. van Deinae. "The Influence of Streptomycin on the Vestibular System. " ACTA OTO- 
L ABYTfGOLOGICA, 38 (1): 3-7, 1950.

Krsntz, John C., and 0. J. Carr. THE PHARMACOLOGIC PRINCIPLES 
OP MEDICAL PRACTICE. Baltimore, Md.s Th© Williams and Wilkens Company, 1951.

Kratzer, F. H. "Vitamin B-12 and Antibiotics In the Diet of 
Turkey Poults from Hens Fed Ho Animal Protein* " POULTRY SCIENCE, 31 (3): 519-523, 1952.

Lawrence, John M., and James McGinnis. "The Effect of Terra-mycin on the Growth of Rabbits." ARCHIVES OP BIOCHEMISTRY AMD BIOPHYSICS, 37 (1): 164-166, 1952.
Lih, Hwa, and C. A. Baumann. "Effects of Certain Antibiotics 

on the Growth of Rats Fed Diets Limiting in Thiamine, Riboflavin, or Pantothenic Acid." JOURNAL OF NUTRITION,
45 (1)* 143-152, 1951.

Lillie, Robert J., and II* R. Bird. "Effect of Antibiotic
Supplements Upon Hatehabllity and Upon Growth and Viability of Progeny." POULTRY SCIENCE, 31 (3>J 513-518, 1952.

Linkswiler, Hellen M., C. A* Baumann, and B. E. Snell. "Effect 
of Aureomycin on Growth Response of Rats to Various Forms 
of Vitamin B-6." FEDERATION PROCEEDINGS, 10 (1): 387, 1951.

Loosli, J. K., and K# D. Wallace. "Influence of APF and Aureo
mycin on the Growth of Dairy Calves." PROCEEDINGS OF THE SOCIETY FOR EXPEHIMENTAL BIOLOGY AND MEDICINE, 75 (2): 
531-533, 1950.

Luecke, K. W., W. N. McMillen, and F. Thorp, Jr. "The Effect of Vitamin B-12, Animal Protein Factor, and Streptomycin 
on the Growth of Young Pigs." ARCHIVES OF BIOCHEMISTRY,26 (2)? 326-327, 1950.

Luecke, R. W ., F. Thorp, Jr., H. W. Newland, and W* N. McMillen. "The Growth-promoting Effects of Various Antibiotics on 
Pigs." JOURNAL OF ANIMAL SCIENCE, 10 (2)s 538-543, 1951.



m

Macht, David 1., and Robert Farkas. "Aureomycin and Blood 
Coagulation." SCIENCE, 110s 305-306, 1949.

Macht, David I*, and Thomas Hoffmaster. "Toxicity of* Peni
cillin for Previously Treated Animals.* FEDERATION 
PROCEEDXlfGS, 9 (1) s 298, 1950.

March,B*, and Jacob Biely. "The Effect of Feeding Aureomycin
on the Bacterial Content of Chick Feces." POULTRY SCIENCE, 31 (1); 177-178, 1952.

M&riakulandai, A., Than Myint, and James McGinnis. "Effect
of Terramycin and Vitamin B-12 on Hatch&bllity.n PROCEED
INGS OF THE SOCIETY FOR EXPERIMENTAL BIOLOGY AND MEDICINE, 
79 (2) $ 242-244, 1952.

McDermott, Walsh, P. a. Bunn, M. Benoit, R. BuBois, and M. E. 
Reynolds* "The Absorption, Excretion, and Destruction 
of Orally Administered Penicillin.» JOURNAL OF CLINICAL INVESTIGATION, 25i 190-210, 1946.

McGinnis, James, Joel fi. Stern, R. A. Wilcox, and J. S. Carver. "Th© Effect of Different Antibiotics on Growth of Turkey 
Poults." POULTRY SCIENCE, 30 (4)t 492-496, 1951.

McGinnis, James, and Joel R. stern. "Antibiotics in Turkey 
Nutrition.M FEEBSTOFFS, 24 (10)s 20-26, 48, 1952.

Meads, Man son, E* M. Ory, Glare Wilcox, and Maxwell Finland. "Penicillin Sensitivity of Strains of Six Common Patho
gens and of Hemophilus hemolyticus.n JOURNAL OF LABORA* 
TORY AND CLINICALMEDICIn B, 30: 725-729, 1945.

Meites, Joseph. "Counteraction of Cortisone Inhibition of
Body, Hair, and Thymus Growth by Vitamin B-12 and Aureo
mycin. ” PROCEEDINGS OF THE SOCIETY FOR EXPERIMENTAL 
BIOLOGY AND MEDICINE, 78 (3)$ 692-695, 1951.

Molltor, Hans, and Otto E. Graessle* "Pharmacology and Toxicology of Antibiotics.M JOURNAL OF PHARMACOLOGY AND 
EXPERIMENTAL THERAPEUTICS, 98 (4 pt. 2)I 1-60, 1950.

Monson, W. J., L. S. Dietrich, and C. A. Elvehjem. "TheEffect of Different Carbohydrates and Antibiotics on 
th© Growth of Chicks and the Storage of Vitamins.w 
JOURNAL OF NUTRITION, 46 (3)I 411-423, 1952.

Mosonyi, L., L. A. Palos, and J. Xomaromy. "Penicillin and Blood Coagulation.» ACTA MEDICA SCANDIHAVICA, 135$
458-464, 1949.

Munos, J., and H. Gelster. "Inhibition of Phagocytosis by
Aureomycin." PROCEEDINGS OF THE SOCIETY FOR EXPERIMENTAL 
BIOLOGY AND MEDICINE, 76 (2)$ 367-370, 1960.



94

Ole son j J* J*, B. L* Hutchings and a * R* Whitehill. "Th©
Effect of Feeding Aureomyeln on th© Vitamin B-12 Re
quirement of the Chick*M ARCHIVES OF BIOCHEMISTRY',29 ( 2 ) i 334-358, 1950.

P&olantonio, u., and G. sulli. "Contrlbuto Alio studio del
Rapport! fra Sostanze Antlbiotiche e Metabolism© Vitamini- 
co. (1) Azlon© della Penicillin© Sulla Eliminazion© Urinaria dellfacido Nlcotinieo. (2) Azione della Feni- 
cillina sulla Vitamina B-l. " (Relationships between Antibiotic Substances and Vitamin Metabolism. (1) Aetion 
of Penicillin on Urinary Excretion of Nicotinic Acid*
(2) Action of Penicillin on Vitamin B-l.) FISIOL0GIA E MEDICIMA (Roma), 16i 215-217, 219-220, 1948.

Pedersen-Bjergaard, K., and M. Tonnesen. "Fates of some
Antibiotics in th© Rat. 1. Penicillin and Streptomycin*"
ACTA PHARMACOLOGICA ET T0XIC0L0GICA, 6: 250-262, 1950*

Peterson, C. F*, A* C. Wiese, R* V. Dahlstrom, and C. E* Lamp- 
man. "Influence of Vitamin B-12 and Antibiotics on 
Hatch ability. 11 POULTRY SCIENCE, 31 ( 1 )  t 129-132, 1952.

Piskorz, A., and W* Kuhnberg. "Experimental Investigations 
on the Action of Penicillin in th© Bone* n BULLETIN OF 
TEE STATE INSTITUTE OF MARINE AND TROPICAL MEDICINE 
(Gdansk, Poland), 3 (1/2)i 49—55, 1950.

Powlek, W. C., N* R. Ellis, C. N. Dale, and M* R. zlnober*"Effect of Nicotinic Acid, Vitamin B-12, and Aureomycln 
on Growth of Pigs and on Resistance to Artificial In
fection with Salmonella chloraesuis.” JOURNAL OF ANIMAL 
SCIENCE, 10 {3)f 617-623, 1951*

Quimby, F* H. STUDIES ON CHRONIC INANITION AND RECOVERY Ilf
YOUNG MALE ALBINO HATS. thesis, University of Maryland, 
College Park, Md., 1947.

Raismelkamp, 0* H. "A Method for Determining the Coneentration of Penicillin In Body Fluids and Exudates.” PROCEEDINGS 
OF THE SOCIETY FOR EXPERIMENTAL BIOLOGY AND MEDICINE,
51: 95-97, 1942.

Raramelkamp, C. H., and J. D. Helm. "Studies on Absorption
of Penicillin from th© Stomach. w PROCEEDINGS OF THE 
SOCIETY FOR EXPERIMENTAL BIOLOGY AND MEDICINE, 54s 324, 
1943.

Hammelkamp, C. H., and €. S. Keefer. "Absorption, Excretion, 
and Distribution of penicillin.n JOURNAL OF CLINICAL 
INVESTIGATION, 22S 425, 1943.

Koine, Paavo, and C. A. Elvehjem* "Slgnificance of the In
testinal Flora in Nutrition of the Guinea Pig." PROCEED
INGS OF THE SOCIETY FOR EXPERIMENTAL BIOLOGY AND MEDICINE, 
73 (2)s 308-310, 1950.



95

Rusoff, L. L*, A. V. Davis, and J. A* Alford, "Growth- promo ting 
Effect of Aureomycin on Young Calves Weaned from Milk at 
an Early Age." JOURNAL OF NUTRITION, 45 (2 )t 989-300, 1951*

Sasaki, Shogo, and Jasuo Ichihashi. "Studies on the ActionMechanism of Penicillin, Especially on its Distribution, 
Decrease, and Increase in Vivo*" JOURNAL OF ANTIBIOTICS (Japan), 3 (6): 380-386, 1950.

Sauberlich, H. E. "Effect of Aureomycin and Penicillin Upon 
the Vitamin Requirements of the Rat." JOURNAL OF NUTRITION, 46 (1): 99-108, 1952.

Schwartz, B. S., M. N* Lewis, and N* Ereoil. "Distribution
of Penicillin in the Body by Various Treatment Methods. "
AMERICAN JOURNAL OF THE MEDICAL SCIENCES, 219I 617-626, 1950.

Scott, li. M., and W. A. Gllsta. "The Effect of Aureomycin and 
Arsonic Acid on Chick Growth." POULTRY SCIENCE, 29 (6)8 921-923, 1950.

Seeberg, V. P., P. L. Xllg, and D. J. Brown. "The IntestinalAbsorption of Penicillin 0.ir SCIENCE, 104s 348-343, 1946*
Sewell, A. K. P., and R. S. Glasscock. "A Comparison of

Aureomycin, Streptomycin, Penicillin, and an Aureomycin- 
Vi tamin B-12 Feed Supplement for th© Pig*,f ARCHIVES OF BIOCHEMISTRY, 30 (2): 269-271, 1951.

Sewell, R. F., T. J* Cunha, C. B. Shawver, W* A* Ney, andII, Dm Wallace. "Effect of Aureomycin on Diarrhea, and on the Vitamin B-12 and Methionine Needs of the Pig."
AMERICA! JOURNAL OF VETERINARY RESEARCH, 13 (47)I 186- 187, 1952.

Shapse, Joseph B., and Louis T* Wright, "Effect of Aureomycin on the Clotting Time of the Blood." ANGIOLQGY,
1 (4): 306-311, 1950.

Sheffy, B. E., R. H. Drummer, P. H. Phillips, and G. Bohstedt. "Comparison of Growth Responses of Two-day-old Pigs to 
Streptomycin, Aureomycin, and Crude APF, Alone and in 
Combination with Vitamin B-12." JOURNAL OF ANIMAL 
SCIENCE, 11 (1): 97-102, 1952,

Sleburth, J. McN., Jose Gutierrez, James McGinnis, Jo@l R.
Stern, and B. H. Schneider. "Effect of Antibiotics on Intestinal Microflora and on Growth of Turkeys and Pigs* *
PROCEEDINGS OF THE SOCIETY FOR EXPERIMENTAL BIOLOGY AND 
MEDICINE, 76 (1): 15-18, 1951.



96

Slinger, S. J., A* 2. Ferguson, and J, ,D. McConachie. "A 
Carry-over Effect of Penicillin Prom Dam to Progeny. !f 
POULTRY SCIENCE, 31 (1); 172-174, 1952.

Sling er, S. J., W* F. Pepper, mid D. C. Kill* 11 Interaction 
Between Penicillin and Grass Juice Concentrate in 
Turkeys*” POULTRY SCIENCE, 31 (1): 187-138, 1952*

Stern, Joel R., and James McGinnis. "Antibiotics and Early
Growth, of Rats Fed a Soybean Oil Meal Diet.” ARCHIVES 
OF BIOCHEMISTRY, 28 (3): 564-370, 1950.

Stern, Joel ., John McM. sieburth, and James McGinnis. "Lack 
ol Growth Response or Turkey Poults to Certain Antibiotics 
and Bacteriostatic Agents.” POULTRY SCIENCE, 31 (1)s 
179-180, 1952.

Stokstad, E. L. R. "Effect of Aureomycin on Animal Nutrition.* 
FEEJSTUFr S, 22 (28) *. 17, 18, 46-48, 1950.

Stokstad, F. L. R., ond T. H. Jukes, "Growth-promoting Ef
fect of Aureomycin on Turkey Poults.w POULTRY SCIENCE,
29 (4); 611-612, 1950.

     _________  . "Effect of Various
Level3~™of Vitamin B-12 upon Growth Response Produced by 
Aureomycin in Chicks." PROCEEDINGS OF’THE SOCIETY' FOR
EXP:uiIurHTAL BIOLOGY AND MEDICINE, 76 (l)s 73-76, 1951.

Story, Peter. "histological Reactions to injections of
Procaine Penicillin in Oil.M BRITISH MEDICAL JOURNAL,
It 1467-1468, 1950.

Stuart, P., and 0* Slavin. "Toxicity of Penicillin to Guixeea 
Pigs." NATURE, 167: 319-320, 1951.

Terrill, 8. FA, D* F. Becker, C. R. -Adams, and TM J. Meade.
"Response of G-rowing-fattening Pigs to Bacitracin, Aureo- 
iiryein, and Other Supplement s. M JOURNAL OF ANIMAL SCIENCE, 
li (1): 84-91, 1952".

Vi j ayar aghavan, P. K., Edward A. Murphy, and Max S. Dunn.
"The Effect of Aureomycin on the Growth of Mice.M 
ARCHIVES OF BIOCHEMISTRY AND BIOPHYSICS, 36 (1): 127-131,
1952.

Virenque, J*, H. Olle, and J. Secail. "Drug Abscesses Caused
by Antibiotics. " TOULOUSE MEDICAL, 52 (4): 227-233, 1951.

Von Dieter, Otto Schmid. "Das Hamatokrit und Seine Diagno&tsche 
Bedeutung.n (Hematocrit and Its Diagnostic Significance.) 
ACTA II AEiiATOLOGIC A, 4: 22-32, 1950.



97

Welch., Henry, G. W. Price, and. V* L. Chandler, "Prolonged 
Blood Concentrations of Modified Penicillin.M AMERI
CAN MEDICAL ASSOCIATION JOURNAL, 128: 845-847, 1945.

Werner, Charles iU, Vernon Knight, and Walsh McDermott*
”Ahsorption and Excretion of Terramycin in Humana: Com-
pari son with .Aureomycin and Chloramphenicol. 51 PROCEED
INGS OP THE SOCIETY FOR EXPERIMENTAL BIOLOGY AND MEDI
CINE, 74 (2): 201-267, 1950.

Whitehill, A* R., J. J. Oleson, and. B. L. Hutchings* ^Stimu
latory Effect of Aureomycin on the Growth of Chicks.11PROCEEDINGS OF THE SOCIETY FOR EXPERIMENTAL BIOLOGY AND 
ESDICUTE, 74 (1): 11-13, 1950.

Williams, William L,, Robert R, Taylor, E. L. R* Stokstad,
and Thomas II. Jukes. f,hechanism of the Growth-promoting 
Affect of Aureomycin in Chicks. n FI; DEPAT ION PROCEED
INGS, 10 (1): 270, 1951.

Vvosnicka, W. ,fInactivation of Penicillin by Blood Sera. *
LLW)YCYUA DOSWYADCEALUA I KIKROBiGLCOlA (Warsaw), 3 (1): 
25-31, 1951,



vita

Mamas Cecil GU Hawes
Address: 3 Glenwoed HoadBaltimore 21, Maryland
Degree and Dates Doctor of Philosophy, 1953
Date of Births April 6, 1919
Plae® of Births Windhall, Vermont
Secondary .Educations Troy Conference AcademyPoultney, Vermont

Poultney High Sohool 
Poultney, Vermont

Collegiate Institutions Attended: Dates Degree Date
Washington Missionary College 1943-1947 B. A. 1947
University of Maryland 1947-1949 M* s. 1949

1949-1953 Ph.D. 1953
Positions: Graduate Assistant in ZoologyUniversity of Maryland 

College Park, Maryland
Instructor in Anatomy 
Dental School University of Maryland 
Baltimore, Maryland


