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It is logical to expect that the rate of growth of an animal will be increased

when a pathogenic or debilitating infection is eliminated. This, in a nutshell,

is the reason for feeding antibiotics. It was found that adding small quantities

of antibiotics to the diets of young animals not only served to control certain

obvious disturbances such as diarrhea and mild respiratory infections but also

produced unexpected increases in the growth rate even when the animals were

asymptomatic. It appeared that subclinical intestinal infections of an unsus-

pected and undefined nature were commonly present; perhaps the infecting

organisms merely displaced “beneficial” bacteria. In any event, improvements

in growth were noted in apparently healthy animals, and popular interest was

aroused in the feeding of antibiotics. Before such a practice could become widely

useful, the following conditions were necessary:

1) Microorganisms which slow down the rate of growth must occur commonly

in the digestive tracts of animals.

2) These microorganisms must be readily eliminated, or their harmful nature

must be changed, by the addition of a small amount of a suitable antibiotic to

the diet. This produces the “antibiotic growth effect.”

3) The harmful microorganism must not become easily reestablished in a form

which is resistant to antibiotics.

These criteria have evidently been met and the addition of small quantities

of antibiotics to animal feeds is now a common practice.

Attention was drawn to the specific nutritional functions of the intestinal

bacteria in the early 1940’s by the deficiencies produced in rats which were fed

purified diets to which a sulfonamide had been added (18, 134, 67, 19, 199, 122).

The deficiencies reflected the production of certain vitamins, including biotin,

folic acid and vitamin K, by the intestinal bacteria in the absence of sulfonamides.
These vitamins had been omitted from the basal diet because they were unknown

or were thought not to be needed by rats. The observations may have led to an

attitude among students of nutrition that the intestinal flora had a predominantly

beneficial effect on the nourishment of “normal” healthy animals.

There were, however, a few reports that antibacterial substances had a favor-

able effect on growth. Martin (136) reported that rats died in 6 or 7 weeks after

attaining weights of 50 to 70 gms. on a purified diet containing seven B-complex

vitamins. When 1 mg. of sulfanilamide was fed daily the rats varied in weight

from 90 to 160 gms. at 6 weeks. Ascorbic acid, p-amino-benzoic acid and sulfa-

suxidine were all found to produce slight growth increases in an experiment

with chicks on a purified diet in which six chicks were used per group (27).

Moore and co-workers (144) in a single experiment with chicks on a basal purified

diet noted that sulfasuxidine and streptomycin singly or in combination led to

increased growth responses. The authors stated that the observation suggested

381



382 THOMAS H. JUKES AND WILLIAM L. WILLIAMS

the inhibition of intestinal bacteria that are either producing toxic materials or

are rendering certain dietary vitamins unavailable to the animal, but that the

possibility that the agents were acting systemically could not be overlooked.

An observation by Morehouse and Mayfield (145) that 3-nitro-4-hydroxyphenyl-

arsonic acid, which is not an antibiotic but rather a chemical with antibacterial

activity, produced increased growth in chickens and turkeys when added to

natural diets was made at about the same time. The finding described by

Moore et al. appeared not to have been pursued and no further reports of

growth-promoting effects of antibiotics were made until 1948 when Harned et al.

(91) in an experiment with 12 chicks reported that the addition of aureomycin’

increased the growth rate and attributed the effect to the elimination of some

infection. The present interest in antibiotics as additives to animal feeds stems

from investigations of Streptomyces aureofaciens as a source of vitamin B12 by

Stokstad and co-workers (83). They found that a response was produced in

chicks by adding crude preparations of S. aureofaciens culture materials to diets

of natural foods even when vitamin B12 was present in adequate amounts in

the basal diet. Brewers’ dried yeast and other materials failed to produce such

a response, despite the fact that these materials have been stated to contain

unidentified growth factors for chicks. The crude preparations containing the

“new growth factor” were examined by other investigators who confirmed the

findings and extended them to other species. The response was later shown to

he due to the presence of surprisingly small amounts of aureomycin, and other

antibiotics were active; the effect was observed in chicks, turkeys and pigs

(180, 109, 131, 200, 35, 179). It could be concluded that there existed endemi-

cally in the intestinal tract of animals an infective process, hitherto unsuspected,

which interfered with growth. The infective process could be removed by adding

an appropriate antibiotic to the diet. Antibiotics thereupon became an ingredient

used routinely in feeding the young of several species of the common domestic

animals. The new practice soon spread to various parts of the world, and its

economic importance may be gauged by the following comment (135):

“Used as feed supplements, antibiotics have created a near-revolution in

poultry and livestock raising.. . . In Missouri, young pigs on supplemented feed

were raised for market with 7 % less feed and a 28 % greater rate of gain than an

identical group on the same ration without the added trace of antibiotic. A

further dividend conferred by antibiotic-supplemented feeds is a reduction in

the number of runts or slow-growing pigs. In Iowa alone, a million and a half

runts are born annually. Antibiotics promise to reduce this number 60 to 75 %.“

Many scientific publications dealing with the effects of antibiotic feeding have

appeared since March 1950. This review will deal with a small proportion of

them, but exigencies of space have prevented us from including many important

references.

I The names Aureomycin and Terramycin are now the trademarks for antibiotics which

have recently been given the names chiortetracycline and oxytetracycline respectively

(199a).



NUTRITIONAL EFFECTS OF ANTIBIOTICS 383

MECHANISM OF ACTION

It seemed from the first that the effect of the antibiotics on growth was due

to their antibacterial effect on the intestinal flora. The following lines of evidence,

which will be first listed and then discussed, point in this direction:

1) The antibiotic growth effect is shared by a group of substances of diverse

chemical characteristics. The only known property which these substances have

in common is their antibacterial potency.

2) Aureomycin, penicillin and streptomycin were ineffective in promoting the

growth of chick embryos when injected under sterile conditions (111). “Germ-

free” chicks did not show a growth response to antibiotics and neither did chicks

which were kept under conditions which tended to reduce or eliminate contact

with bacteria (129, 53, 56), thus indicating that the growth response is depend-

ent upon an antibacterial effect.

3) Injected aureomycin and penicillin showed at the best a weak growth-

promoting action as compared with their effect in the diet (72, 38). Any growth-

promoting effects produced by injection could be explained by the excretion

of a part of the injected dose into the intestine (205, 60).

4) Bacitracin and streptomycin, which are not readily taken up from the gut,

have a growth-promoting effect when added to the diet of chicks, thus implying

that the effect is due to their activity in the intestine.

5) Despite its wide antibacterial potency, chloramphenicol has only a weak

antibiotic growth effect, which may be due to the fact that this antibiotic is

absorbed through the gastric �vall and hence does not tend to reach the intes-

tinal tract when added in small quantities to the diet.

6) Hydrolysis with penicillinase led to a disappearance of the growth-promot-

ing activity of penicillin in chicks. The antibacterial potency was also destroyed

by this treatment (107).

It would appear unlikely that compounds varying markedly in chemical

constitution would simultaneously be found to exert a vitamin-like action in

promoting the growth of animals. The antibiotics differ from each other with

respect to their known biological effects on living cells. Streptomycin is involved

in the oxalacetate-pyruvate reaction (185, 186), penicillin prevents the uptake

of glutamic acid by bacterial cells (82), and aureomycin uncouples phosphoryla-

tion from oxidation (125, 28). The only known common property of the anti-

biotics is their antibacterial action which leads to the conclusion that the

antibiotics promote growth by acting upon the intestinal microorganisms. The

differences in growth-promoting properties among the antibiotics support this

conclusion and reflect the differences in antibacterial properties. Aureomycin in-

hibits a wide variety of microorganisms and promotes growth of a wide variety

of animals, e.g., poultry, hogs, calves, mink, rabbits and trout. Penicillin and baci-

tracin affect a more narrow array of bacterial types and have a smaller growth-

promoting effect on hogs and calves than that of aureomycin. Chloramphenicol

shows behavior which appears anomalous in that this substance fails to promote

growth of animals to the extent expected from its wide antibacterial spectrum.
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However, it is absorbed from the stomach so rapidly that it fails to reach the

intestine, the site of action.

The possible ways in which an antibiotic may favorably affect the intestinal

flora and hence promote growth have been frequently mentioned since the

original listing by Moore et at. (144). These possibilities may be rephrased and

expanded as follows:

1) The antibiotics may inhibit or destroy organisms which produce subclinical

infections, that is, they suppress organisms which produce toxic reactions and

cause a slowing of growth of the host animal.

2) Antibiotics may produce an increase in the number or activity of organisms

which synthesize certain known or unknown vitamins or growth factors which

are eventually made available to the host.

3) Antibiotics inhibit organisms which compete with the host for available

nutrients.

Good evidence is available to support the first possibility, however, some find-

ings also support possibilities 2 and 3. Chick embryos treated under aseptic

techniques with aureomycin, penicillin or streptomycin do not show a growth

response (111). The chick embryo may be viewed as an animal without an in-

testinal flora. Chicks reared under aseptic conditions were found to approach

the growth rate of antibiotic-supplemented animals and no further increase in

growth rate was produced by the addition of antibiotics to the diet (129). Some

investigators have attempted broad studies of the intestinal flora of chicks grown

with and without antibiotics. Changes in certain groups of microorganisms were

found, but there is little agreement among the various reports. Kratzer et at.

(119) reported that poults fed streptomycin showed a five- to ten-fold increase

in the number of yeasts in the excreta, whereas Williams et at. (203) found little

or no change in the number of yeasts. Johansson et at. (103) reported an increase

in intestinal enterococci from feeding aureomycin while Sieburth et at. (172)

noted a decrease in coliforms and enterococci. Anderson et at. (1) and Moore

et at. (144) found increases in lactobacilli following penicillin and streptomycin

feeding, while Johansson et at. (102) noted a decrease in lactobacilli accompanying

the feeding of aureomycin. Anderson et at. (103) and Moore et at. (144) differ

as to the effect on the coliform group of organisms. Anderson et at. (1) reported

an increase while Moore et at. (144) found a decrease in coliforms. An increase

in coliforms, a decrease in anaerobes and no change in enterococci and lacto-

bacilli as a result of penicillin feeding were the observations of Guzman-Garcia

et at. (87). Johansson et at. (102) have made the most complete study on effects

of antibiotics and diet on intestinal flora. It is interesting that some of the anti-

biotic effects which these authors noted earlier were changed by varying the

carbohydrate or vitamin B12 level in the diet which may help to explain the

many conificting observations on changes in the intestinal flora.

Table I is an example of the differences which may be expected in broad groups

of microorganisms as a result of feeding aureomycin (201). Many experiments

showed that a consistent change in the coliform bacteria did not take place;

however, the decrease in anaerobic bacteria appeared to be reproducible.



NUTRITIONAL EFFECTS OF ANTIBIOTICS 385

The effect on the intestinal flora reported most consistently was a decrease

in the number of the anaerobic clostridia. This was first described by Sieburth

et at. (171). An example of the decreases observed in the clostridia-type anaerobes

is shown in Table II.

Since it is known that several species of this group produce toxins and can be

counted on blood agar, an attempt to investigate the organisms responsible was

made with the results shown in Table III. It was found that aureomycin com-

pletely eliminated the hemolytic clostridia; however, it is further apparent that

the number of hemolytic clostridia was quite small. The feeding of high levels of

TABLE I

Effect of ingested aureomycin on intestinal flora of chicks

SUPPLEILENT

MICROORGANISI& _____________________________________
None Aureomycin

Coliform bacteria 57,000* 14,000
Lactic acid bacteria 93,000 72,000

“Yeasts” 9,800 6,700

Anaerobic bacteria 15,000,000 100,000

* Number of colonies developing on plates per mg wet feces.

TABLE II
Effect of dietary aureomycin and penicillin on Clostridia-type anaerobes in chick ezcreta

NO ANTIBiOTIC PLUS AUREO)LYCIN PLUS PENICILLIN

15,000* 1,000 100
26,000 4,300 100

450,000 None 100
7,000 700 100

15,000 4,500 100
89,000 600 100

Avg. weight of chicks 273 gm 320 gm. 315 gm.

* Number of colonies developing on plates per mg. of wet feces.

live cells of these hemolytic toxin-producing clostridia did not reduce growth

in chicks not receiving antibiotics. Cell-free toxins obtained from hemolytic

clostridia failed to depress growth of unsupplemented chicks or chicks fed anti-

biotics. The toxin preparations, in fact, were slightly stimulatory. Thus, it

appears that the observed decrease in numbers of the toxin-producing clostridia

is merely a coincidental effect of antibiotic feeding and is not involved in the

mechanism of the growth response.

Other observations on general groups of bacteria were reported by Couch

(62) who found that penicillin increased total bacterial count, the enterococcil

yeasts and the penicillin-resistant bacteria in the feces. In general, the bacteria,

counts of Romoser et at. (160) agree with those reported by Couch. These workers

studied the cecal flora of chicks fed penicillin. The counts of A. aerogenes and
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E. coti were markedly increased. However, it was shown that chicks in which

the ceca had been ligated still showed the antibiotic growth response indicating

that the cecal flora are not essential to this response (68). Baby pigs which gave

a very marked weight increase as a result of feeding aureomycin, streptomycin

and penicillin were studied by Wahistrom et at. (192). No change was observed

in the coliform, lactic acid bacteria or in the yeasts in the feces from these animals.

TABLE III

Effect of dietary aureomycin and penicillin on hemolytic anaerobes in chick excreta

NO ANTIBIOTIC PLUS AUREOMYCIN PLUS PENICILLiN

30* None 20

7,100 None None
5,900 None 70

15,000 None None

15,000 None 10

700 None 10

Avg. weight of chicks 273 gm 320 gin. 315 gm.

* Number of large areas of hemolysis developing on plates, per gram of wet feces.

Many workers have observed that chicks or pigs grown in new, uncontami-

nated quarters fail to show an antibiotic growth response. Unfortunately, much

of these data have remained unpublished. However, the data of Coates et at.

(52) are typical:

WEIGHT OF CS ICKS

Without Penicillin With Penicillin

Uncontaminated quarters 181 gin. 183 gm.

Contaminated quarters 143 gm. 191 gm.

It is apparent that the lack of response to penicillin in uncontaminated quarters

was because of the excellent growth of the unsupplemented animals. This lends

strong support to the first possibility listed above, indicating that the presence

of certain as yet unidentified organisms is necessary to produce a depression of

growth in animals unsupplemented with antibiotics. This effect was also observed

in experiments with pigs. Work in our laboratories showed that in the first ex-

periment with baby pigs in new quarters both the control and aureomycin-fed

pigs weighed approximately 21 kilos at 8 weeks of age. In the second and all

subsequent experiments, the control pigs reached a weight of about 16 kilos

at 8 weeks while the aureomycin-fed pigs averaged approximately 21 kilos

(202). These findings recall the original observation by Speer and co-workers

regarding the absence of an antibiotic growth effect in pigs in “sanitary” sur-

roundings (178).

Coates et at. (51) studied the effect of penicillin on certain B-vitamin defi-

ciencies. The antibiotics had no effect on deficiencies of thiamine, riboflavin,
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pyridoxine or pantothenate. Penicillin lessened the degree of deficiency of biotin

and folic acid, whereas it intensified the symptoms of nicotinic acid deficiency.

They also observed that vitamin B12 increased the severity of nicotinic acid

deficiency. Linkswiler et al. (124) found that, with rats, aureomycin caused all

three forms of vitamin B6, pyridoxal, pyridoxamine and pyridoxine, to be equiva-

lent in promoting growth on a deficient diet. Without aureomycin, pyridoxal and

pyridoxamine were less effective. The effect of antibiotics on vitamin require-

ments will be discussed in greater detail in a later section. However, the data

indicate that there is no clear-cut or consistent effect on the requirement for any

of the known vitamins in any species that responds to antibiotics. Therefore,

at the present time it does not appear that the mechanism of the antibiotic

growth response is concerned with decreasing the amount of the known vitamins

required or by promoting synthesis of them in the intestinal tract.

A suggestion that antibiotics promote growth by favoring the growth of

certain organisms in the gut which in turn exert some favorable effect on the

host is not without support (159).

Aerobacter aerogenes was found to increase in numbers in the ceca of chicks

during the feeding of penicillin. This organism was isolated from the cecal con-

tents and was grown on various media in large amounts and fed to chicks. A

slight but consistent growth response was obtained on diets containing the viable

organisms with or without the inclusion of an antibiotic in the diet. The increase

of this organism in the cecal contents did not account for the antibiotic growth

effect since in some experiments the antibiotic promoted further growth in the

presence of supplements of the organism. Other workers (3, 2, 4) have observed

that penicillin causes a shift in the cecal flora from normal E. coti strains to

what they termed a mutant or atypical strain of E. coli. These atypical strains of

E. coli were isolated and grown in large amounts and included in the chick

diets. The feeding of these microorganisms, isolated from the ceca of penicillin-

fed chicks caused an increase in chick weight. However, again a further increase

in growth rate frequently followed the addition of peniclilin to the diet.

Although certain strains of yeasts as well as E. coti and A. aero genes have been

found in a few experiments to predominate in the gut during antibiotic feeding,

the isolation of these organisms and subsequent feeding of large amounts of

these organisms in the chick diet did not promote consistent nor great enough

growth stimulation to support the theory that this shift in flora accounted for

the growth-promoting effect of antibiotics.

At the present time, a consistent. and widely observed phenomenon regarding

the mechanism of antibiotic action is the observed depression in growth when

animals under practical conditions are taken from an extremely clean environ-

ment to a contaminated environment. From the observations of Coates et at.

(52), Bird et at. (17), Briggs (26) and Hill ci at. (93) and as discussed above, it

appears that antibiotics relieve a depression in growth which is caused by certain

microorganisms contaminating the intestines and thus allow the animal to grow

at what can be considered as a truly normal rate. However, it is yet to be ascer-

tained whether this depression is a contamination with one or more specific
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organisms, or whether it is due to an increase in the number of organisms already

present under clean conditions. The identification of the growth-depressing

organisms will contribute to an understanding of the mechanism of the anti-

biotic growth effect.

An unusually high antibiotic growth response in pigs was associated with the

presence of diarrhea in the unsupplemented controls (109). This leads to the

conclusion that the reverse might be true, namely, that under completely

“sanitary” conditions the response might disappear. Attention was drawn (178)

to the relation of the “disease level” (41) to the response. Conversely it was found

that healthy pigs placed in clean indoor pens which had not previously been

used for pigs did not respond to aureomycin (178). Studies with chickens fed

penicillin produced similar results (52), leading to the conclusion that, as dis-

cussed on page 383, the growth-stimulatory-effect of. antibiotics results from

their suppression of microorganisms detrimental to their host.

TABLE IV

Effect of antibiotics injected in eggs on 17-day weight of chick embryos

AVERAGE WEIGHT

ANTIBIOTIC AMOUNT INJE��ED SURVIVAL RATIO _______

Whole egg Embryo

mg. gm. gm.

Aureomycin 1.2 19/30 54.1 12.0
Penicillin 1.2 20/30 53.7 12.6

6.0 22/30 53.6 10.4

Streptomycin 1.2 20/30 54.6 12.5

6.0 23/30 54.2 12.2
None-distilled 1120 26/36 53.7 13.3

* The antibiotic was divided into 3 equal doses which were injected on three successive

days.

The results with chicks, turkeys and pigs indicated that the effect of anti-

biotics on growth was most marked during the first few weeks of life when the

logarithmic rate of growth is greater than it is subsequently. If this effect was

due to a direct action on the tissues, then the growth of the chick embryo should

be accelerated by antibiotics because the logarithmic rate of growth of the chick

is greater during embryonic life than after hatching. If, however, the effect was

due entirely to antibacterial action in the intestine, then there should be no ac-

celeration of embryonic growth. Accordingly, chicken eggs containing living

embryos were injected with sterile solutions of antibiotics starting on the seventh

day of incubation and the embryos were harvested, separate�1 from membranes

and weighed on the seventeenth day (111). Some typical results are shown in

Table IV. The antibiotics tested were devoid of growth-promoting effect, leading

to the conclusion that they had no effect on growth in the absence of intestinal

bacteria.

It was noted by Gordon (84) that the weight of the small intestine of either

“germ-free” or antibiotic-fed chicks expressed as a percentage of the body weight
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was markedly lower than that of controls. This interesting observation was

confirmed by Coates (50) who compared chicks in cages especially designed to

exclude bacteria with controls with and without antibiotic feeding. The rate of

growth was increased and the intestinal weight was decreased by either feeding

antibiotics or excluding bacteria. Pepper and co-workers (150a) found that

dietary aureomycin reduced the weight of the small intestine of chicks as meas-

ured at 5 weeks of age by about 7 %. There was a slight but non-significant in-

crease in cecal weight. However, raising the manganese level of the diet from 10

to 50 parts per million increased the weight of the small intestine by about 12 %

without affecting the body weight, perhaps indicating that the intestinal tissue

is readily affected by dietary changes.

THE ANTIBIOTIC GROWTH EFFECT IN CHICKS AND TURKEYS

The use of chickens as experimental animals is widespread and many fields

of investigation in nutrition stem from exploratory work with chicks. The early

experiments with antibacterial substances in chick diets were reviewed in the

introduction. Our report of the growth-promoting effect of aureomycin fermenta-

tion materials in 1949 (106) was followed by investigations with these materials

in a number of laboratories. The effect was confirmed by Couch and Reed,

Singsen and Matterson and McGinnis in the summer of 1949 (63, 173, 138).

Their investigations stressed the fact that the addition of the aureomycin-

B12 “APF” supplement improved the growth of chicks on vitamin B12-deficient

diets of vegetable origin to a point beyond that obtained on diets containing

animal products as a source of vitamin B12; furthermore, the supplements

produced a growth response when added to diets containing fish products which

supplied sufficient vitamin B12. In addition (173, 138, 140), it was found that

young turkeys gave little or no response to potent sources of vitamin B12 added

to all-vegetable diets but did respond markedly under these conditions to the

crude aureomycin fermentation supplement. In one experiment the weight of

turkeys receiving the supplement was 55 % greater at 4 weeks than that of

controls receiving liver extract as a source of vitamin B12. These effects were

shown to be due to aureomycin, and other antibiotics produced similar growth

responses (180, 200, 179, 86, 139, 68).

Effect on protein requirement of poultry

Machlin and co-workers (132) found that the protein requirement of chickens

for maximum growth during the first 6 weeks was 19 % when aureomycin was

added to the diet and 21 % in the absence of the antibiotic. No such differences

were found by Slinger ci at. (175) but these authors commented that antibiotics

enhanced the utilization of both protein and energy compounds rather than

reducing the requirements for such compounds and a similar conclusion was

reached by Biely and co-workers (16) who also noted that antibiotics reduced

the mortality in tryptophane-deficient chicks. Jones and Combs concluded that

aureomycin spared the requirement for tryptophane but not for lysine (104),

while Slinger ci at. (176) observed that feeding aureomycin or penicillin markedly
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increased the incidence of white feathers in turkeys, a sign of lysine deficiency,

on diets containing 20 % protein. White feathering did not occur when the pro-

tein level was 28 %. These results indicated that the requirement for lysine was

increased by feeding antibiotics on the lower protein diet, presumably because

of the increased growth rate when antibiotics were fed.

An improvement in the utilization of protein was found to accompany the ad-

dition of a supplement containing aureomycin and vitamin B12 in studies with

quail (5a). The improvement was greatest at the lowest level of protein studied,

which was 20%.

Effect on vitamin requirement

Our early observations with chicks on the antibiotic growth effect, like those

by Moore et at. (144), showed that the effect was produced even when the basal

diet was amply supplemented with the available vitamins. The effect was,

therefore, not due to an improvement in the utilization of a basal diet which was

slightly deficient in a known vitamin. It remained possible that an unidentified

nutrient, a deficiency of which existed in most or all natural foods, was being

spared by the antibiotic, either by an improvement in uptake from the intestine

or by the establishment of new intestinal microflora which produced increased

amounts of the postulated factor. An attempt was made to see if the effect was

due to remedying the deficiency of an “unidentified vitamin” by adding certain

crude materials which are thought to contain unknown growth factors, including

fish solubles, yeast, alfalfa meal and distillers’ solubles. The growth effect pro-

duced by the aureomycin fermentation residues still persisted (183).
The separate possibility existed that antibiotics might have a “sparing effect”

on the requirement for certain vitamins. This can be manifested in one of two

ways: 1) the level of the vitamin needed for maximal growth is lower in the

presence than in the absence of the antibiotic, 2) the antibiotic growth response

at suboptimal levels of the vitamin is greater than the response when an optimal

level of the vitamin is supplied. It was to he anticipated that. variations in the

intestinal flora might produce marked differences in the effect of antibiotics on

the requirement Lor vitamins as measured at different times or in different
laboratories. Investigations were made in our laboratory of the effect of aureo-

mycin on the response of chicks to increasing levels of specific vitamins added

to the appropriate deficient diet. The results, some of which were mentioned in

an abstract (182), are presented in Table V. The basal diets consisted of sucrose,

or more rarely glucose, “vitamin-free casein” (Labco) with the other customary

supplements (108) and with the vitamin under investigation omitted. The data

indicate that no clear-cut “sparing effects” on any of the vitamins studied were

encountered with the possible exception of riboflavin. Vitamin B12 was studied

separately; some experiments showed a definite sparing effect of aureomycin

on the requirement, although in other experiments no such effect was found (181).

The addition of 30 mg. of penicillin per kg. of diet was found to produce an

increased accumulation of carotenoids in the blood serum and of vitamin A in

the liver of chicks (30). The results are shown in Table VII.



EXPERIMENT

VITAMIN AND LEVEL

ADDED PER KG.

OF DIET

0

3.
6.

25.

1. PGA
PGA
PGA
PGA

2. PGA

PGA
PGA
PGA

3. PGA
PGA
PGA
PGA

4. Calcium pantothenate

Calcium pantothenate
Calcium pantothenate

Calcium pantothenate

5. Calcium pantothenate
Calcium pantothenate

Calcium pantothenate
Calcium pantothenate

Calcium pantothenate

6. Niacinamide
Niacinamide
Niacinamide
Niacinamide

Niacinamide
Niacinamide

7. Vitamin B6
Vitamin B6
Vitamin B6
Vitamin B6
Vitamin B6

8. Riboflavin
Riboflavin

Riboflavin
Riboflavin

9. Riboflavin

Riboflavin
Riboflavin
Riboflavin
Riboflavin

0

3.

6.

10.

25.

WEIGHT AT 25 DAYS

RESPONSE TO

Without With AUREOMYCIN

Aureo. Auieo-
mycin mycin

mg. gm. gm. %

0 199 233 17

0.1 234 327 40

0.2 243 316 30

1.0 255 323 27

0 148 177 19

0.1 170 258 52

0.2 199 250 26

1.0 197 290 47

0 120 123 3
0.1 153 192 25

0.2 202 272 35

1.0 255 300 17

100 125 25

168 207 23

229 327 43
279 320 15

75 79 4

89 112 27

166 177 7

220 256 16

203 271 33

0 73 92 26
6. 125 152 22

10. 148 184 24
15. 180 217 21

25. 218 292 34
40. 232 317 37

0.0 t t
0.5 130 140 8

1.0 211 246 17

2.0 327 373 14

5.0 343 372 8

0 64 62 No effect
1. 85 110 29

2. 141 205 45
4. 218 254 17

0 57 54 Noeffect

1. 87 89 Noeffect

2. 126 152 21

4. 170 199 17

6. 172 187 9

* Each figure represents the average weight of duplicate groups of 12 chicks.

t All dead.

391

TABLE V

Growth responses of chicks to various vitamins with and without dietary aureomycin*
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It was found by Coates and co-workers that not only was the liver storage

of vitamin A improved by feeding penicillin (54, 55) or by excluding avenues of

infection but the treatment with penicillin increased the efficiency of conversion

of $ carotene to vitamin A in the intestinal wall (50). It was noted that dietary

aureomycin produced an augmentation of the effect of injected estrogen in in-

creasing the serum calcium and riboflavin (61), perhaps indicating improved

uptake of calcium and riboflavin from the digestive tract.

TABLE VI

Effects of antibiotic8 on the B-vitamin requirements of chicks

INVESTIGATOR VITAMIN STUDIED ANTIBIOTIC USED SPARING EFFECT

Common et al. (61) Riboflavin Aureomycin

Biely & March (15) Riboflavin
Niacin
Folic acid

Aureomycin
Aureomycin
Aureomycin

Yes
Yes
Yes

Coates et al. (51) Thiamine

Riboflavin

Pyridoxine

Pantothenic acid

Biotin
Folic acid
Niacin

Penicillin

Penicillin

Penicillin

Penicillin
Penicillin
Penicillin
Penicillin

No

No

No

No
Yes
Yes
Deficiency increased

Nelson & Scott (147) Niacin Aureomycin No

Hsu, et al. (turkeys) (98) Riboflavin Penicillin Yes

Waibel et al. (194) Pyridoxine Aureomycin
Thiamine Aureomycin
Thiamine Penicillin

No
Yes
Yes

Waibel et al. (195) Biotin

Folic acid

Penicillin

Penicillin

t
t

* Blood level of riboflavin increased when antibiotic was fed.

t Biotin and folic acid deposition in eggs increased when antibiotic was fed.

The hatchability of hens’ eggs is depressed by a deficiency of vitamin B12, and

an increase in hatchability is readily obtained by adding small amounts of

vitamin B12 to the diet under these conditions. The effects of various supplements

on the hatchability of eggs laid by hens on a diet deficient in vitamin B12 were

studied by Elam et at. (71) who made the interesting observation that dietary

penicillin produced an improvement. When penicillin was injected into hens on

the unsupplemented diet, no eggs were hatched. The per cent hatchability with

the treatments was as follows: injected B12, 72 %; penicillin in diet, 39 %; in-

jected B12 ptus penicillin in diet, 80 %.

Hsu and co-workers (97) found that either terramycin, 15 mg. per kg. of diet,
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or vitamin B12 fed to hens on a diet deficient in vitamin B12 increased the hatch-

ability of eggs. However, terramycin did not produce the increases in erythrocyte

count and hemoglobin level in the newly hatched chicks which were observed

in the case of vitamin B12 supplementation; perhaps the terramycin increased

the B12 supply enough to produce an improvement in hatchability but not

enough to affect the blood picture.

An investigation by Sizemore and co-workers (174) showed that hens which

had received a supplement of aureomycin during their growing and developing

TABLE VII

Effect of Dietary penicillin on vitamin A metabolism in chicks (from Burgess et at. (SO))

EXPEl IMINT I EXPEl DLZNT fi

Controls Penicillin

279

Controls

163

I Penicillin

174Body weight at 26 days, gm 212

Liver weight/100 gm. body wt 2.46
Feed consumption, gm/bird 420

Vitamin A, 1.1.1./gm. fresh liver 82
Carotenoids, ‘y/lOO ml. serum 261

2.29 2.76
540 245

118 125
402 295

2.26
266
176
718

Experiment I-New Hampshire chicks. Experiment Il-White Leghorns.

TABLE VIII

Effect of aureomycin supplementation during the growth period of pullets upon their
subsequent reproductive performance (Jrom Sizemore et at. (174))

DIET DURING GROWTH

ADDITION TO BREEDING DIET

No supplement Aureomycin 3 to 40 p.p.m

Hatchability’ Hatchability

Diet 1
Diet 1 + B12-aureomycin supplement

Diet 2

Diet 2 + B12-aureomycin supplement

59.8 70.1
70.3 74.2

48.0 62.2
81.3 74.2

* Percent hatch of fertile eggs.

period produced eggs with a higher rate of hatchability during a subsequent

period wheu aureomycin was not fed than did unsupplemented controls (Table

VIII). The authors concluded that the feeding of aureomycin to pullets during

the growing period made them resistant to the vitamin B12 deficiency in the

breeder diet and that this resistance persisted for periods up to 36 weeks after

the cessation of antibiotic feeding. However, it was not established that the effect

was specifically due to vitamin B12 because 1) no differences were noted among

the different groups with respect to vitamin B12 content of the eggs, 2) the

breeder diets contained either 4% or 8 % of fishmeal which supplies varying

amounts of vitamin B12, and 3) although the hatchability responded to the

addition of a crude supplement containing vitamin B12 and aureomycin, the

possible presence of unknown factors in the supplement is not excluded.
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Effect on mineral requirement

An improvement in the utilization of calcium was reported to occur in chicks

as a result of adding penicillin to a rachitogenic diet (143). The effect was shown

by measuring the percentage of an oral dose of Ca45 which appeared in the tibia

48 hours after dosing. An average value of 1.14 was obtained on the basal diet

and 1.92 with penicillin, 30 mg. per kg. of diet. An analogous conclusion was

reached by Ross and Yacowitz (161) who fOund increased in the per cent bone

ash of 3-week-old chicks which received levels of 8 and 30 I. U. of vitamin D per

100 gm. of diet containing penicillin as compared with controls without the anti-

biotic. The bone ash was not increased by penicillin at vitamin D levels of 4 and

600 I. U. per 100 gm. Somewhat similarly, Lindblad and co-workers (150) found

that aureomycin lowered the phosphorus requirement of chicks; optimum growth

and feed efficiency were obtained with 0.6 % inorganic phosphorus in the ab-

sence of the antibiotic and with 0.4 % in its presence. The requirement for

manganese for growth and the prevention of bone deformities in chicks was

found to be reduced by adding aureomycin (123). It was also noted that the

dietary levels of sodium chloride and manganese influenced the response to

aureomycin.

The findings on the effect of antibiotics on the mineral requirement of chicks

indicate that antibiotics improve the uptake of calcium, phosphorus and man-

ganese from the gut, perhaps by eliminating bacteria that interfere with the

normal functioning of the intestinal wall.

Effect on reproduction

As noted above, antibiotics improve the hatchability of eggs laid by hens on

diets deficient in vitamin B12. No such effect was obtained when the supply of

vitamin B12 was adequate (14). No increase in egg production or hatchability was

found to be associated with the feeding of antibiotics in experiments by Sunde

and co-workers (184) and by Berg and co-workers (14), by Lillie and Bird (122a),

by Waibel and co-workers (195) and by Brown and co-workers (29a). The addi-

tion of penicillin and bacitracin to a purified diet was found to improve egg pro-

duction by hens (73) but the increases appear to be of doubtful significance.

Elam and co-workers stated that aureomycin was found to increase egg produc-

tion and hatchability (72). Carison (34) found that feeding aureomycin at high

levels, 200 mg. per kg. of diet, increased egg production by hens that previ-

ously had a low production rate.

The addition of 2 gm. of procaine penicillin per ton of diet was found to be

followed by decreases in hatchability, egg production, egg weight and feed con-

sumption in turkeys. The decreases were small but consistent; moreover, the

differences in hatchability and egg production between the two groups were

promptly reversed when the diets were “switched” (176a). Further studies in-

dicated that turkeys hatched from hens receiving penicillin weighed slightly less

at 8 weeks of age than those hatched from hens not fed the antibiotic (176b). A

possible relation of these observations to secondary deficiencies in the basal diet

may exist.
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Miscellaneous effects

The addition of 10 mg. of aureomycin hydrochloride per kilo of diet did not

significantly change the eating quality of roasted turkeys 14, 16 and 26 weeks

old. The general quality of the flesh of all groups was high (184a). An increase in

the deposition of subcutaneous fat in turkeys was observed to accompany the

feeding of penicillin, 2 parts per million of diet (165a).

The effect of supplementation with aureomycin and vitamin B12 on experimen-

tal infections with Ascaridia galli in chicks was studied by Hansen et at. (89a)

who found that fewer chicks became infected in the supplemented group than in

the non-supplemented group when exposed to a measured dose of the embry-

onated ova of the parasite. The supplemented chicks also harbored fewer worms

at autopsy.

THE ANTIBIOTIC GROWTH EFFECT IN PIGS

The first indications of the profound effects of antibiotics on the growth of

pigs appeared in the summer of 1949. We had noted (183, 106) that it was

possible by assay with chicks to standardize crude preparations from the

aureomycin fermentation which supplied not only vitamin B12 but another

growth factor. These preparations, known colloquially as “Animal Protein

Factor”, were furnished to various investigators who were studying the effect

of vitamin B12 in swine nutrition. It was reported by Cunha and co-workers

(65) that these preparations markedly improved the growth of pigs on all-vege-

table diets even when vitamin B12 was ineffective. In one experiment, the gain

on basal diet was 0.29 pound per day; with B12, 0.25 pound per day; and with

the aureomycin fermentation supplement, 0.73 pound per day. Similar observa-

tions were made at the same time by Catron and by Krider, who commented

upon the properties of the preparations in controlling diarrhea. The implication

of an antibiotic effect was thus made. The effect of antibiotics in controlling

bacterial diarrhea was well known, but the concept that most pigs although

apparently healthy are in fact suffering from various degrees of subacute in-

testinal infection was new. It was this concept, advocated strongly by Catron

and by Carpenter, which came to the fore as it was established that the growth-

promoting effects of the aureomycin “Animal Protein Factor” preparation on

pigs were due primarily to its antibiotic content (109, 131, 35, 14, 15, 17).

Many experiments were carried out with antibiotics in swine nutrition in the

ensuing three years. The field was reviewed recently by Braude and co-workers

(25) and so many reports were published that these authors were able to sum-

marize the results of 337 comparisons of the growth of pigs receiving antibiotics

with that of controls. Table IX, which is condensed from their review, sum-

marizes the data published by various agricultural experiment stations with

respect to the effects of various antibiotics on the growth rate and the efficiency

of feed utilization of pigs.

Wide variations may be expected to exist in the type and numbers of anti-

biotic-susceptible bacteria encountered in pigs, so that these animals may be

expected to vary greatly in their response to antibiotics. When diarrhea is pres-
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ent, the antibiotic growth response in pigs often ranges up to a doubling or even

tripling of the growth rate of the controls. Some variations, therefore, may be

anticipated among experiments in which the effects of antibiotics upon special

phases of nutrition, such as the requirement for proteins and vitamins, are

measured.

Attention was soon drawn to the relation of the antibiotic response to the type

and level of protein in the diet of pigs. The early reports by Cunha indicated that

the response to crude “A.P.F.” preparations from the aureomycin fermentation

was far greater with peanut meal than with soybean meal as the major source of

protein and that the use of fishmeal instead of soybean meal reduced the response

still further. No increased growth was obtained when vitamin B12 was added to

the peanut meal diet, but the possibility remained that the extent of the re-

sponses encountered was in part dependent upon the vitamin B12 content of the

TABLE IX

Growth and efficiency of feed utilization of pigs receiving various antibiotics (55)*

R H FEED REQUIRED PER UNIT
ANTIBIOTIC G OWT iNDEX 100 OF GAIN (UNsUPPII-

UNSUPPLE)LZNTED / MINTED = 100)

Aureomycin 135.9 (187) 90.2 (146)
Penicillin 110.6 (53) 94.3 (44)

Streptomycin 115.2 (50) 94.4 (41)

Terramycin 123.7 (23) 93.9 (17)

Bacitracin 109.0 (12) 103.0 (10)
Chloramphenicol 105.5 (6) 98.2 (6)

Neomycin 93.3 (4) 87.6 (3)

Polymyxin 96 (1) 100 (1)

Subtilin 89 (1) 130 (1)

* Figures in parentheses indicate number of comparisons.

“A.P.F.” preparations. In further studies, Cunha et at. (66) found that the growth

rate of pigs in a corn-peanut meal diet without the crude aureomycin supplement

was improved by increasing the protein level up to 19.6% which was the highest

level tested. When, however, the aureomycin supplement was added, the growth

rate was the same on a 17.9 % level of protein as on the 19.6% level, leading to

the conclusion that “animal protein factor” lowered the protein needs of the pig.

Catron and co-workers (44) studied the growth rate of pigs with and without

aureomycin on diets containing various levels of protein which were lowered

progressively as the pigs increased in weight. The protein was supplied in the

form of corn and soybean meal which mixture is known to supply a well-balanced

mixture of the indispensable amino acids for pigs. In the absence of antibiotic,

the rates of gains varied among the several sets of protein levels. This variation

was not observed among the groups fed the antibiotic (10 mg. of aureomycin

per pound of diet). The results indicated that the protein level for rapid growth

could be reduced by about 2 gm. per 100 gm. of diet if aureomycin was fed. Pigs

receiving the antibiotic gained an average of 0.12 pound more per day and
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consumed 23 units less feed per 100 units of gain than the pigs not receiving

antibiotic.

No effect of terramycin on the protein requirement of pigs was found by Hoefer

and co-workers (94) ; however, in their experiments the rates of growth were the

same on both levels of protein tested even in the absence of the antibiotic.

The growth-promoting effect of antibiotics in pigs is quite marked during the

first few weeks post partum. Carpenter found that baby pigs which were allowed

to eat a diet containing aureomycin supplementary to suckling during the first

eight weeks weighed 1.43 times as much as controls receiving the supplementary

diet without an antibiotic (37). If instead of suckling, the baby pigs are fed an

“artificial milk” the response to antibiotics is also quite marked. Wahistrom and

co-workers (193) found that two-day-old pigs grew at the average rate of 0.74

pound per day for 8 weeks on a diet of lard, glucose, soybean protein, methio-

nine, minerals and vitamins. With the addition of aureomycin, 100 mg. per kg.

of dry matter in the diet, the growth was 0.97 pound per day. No growth-pro-

moting effect was obtained from penicillin or phthalylsulfathiazole. Similar

results were reported by Noland and co-workers (149).

An effect of aureomycin (20 mg. per kg. of diet) in increasing urinary output

was noted by Braude and Johnson (24) in an experiment with young pigs. In-

creases in growth rate and efficiency of food utilization were also noted but there

was no effect on nitrogen retention. The average 3-day water intake was 9017 ml.

for the controls and 9181 ml. for the supplemented pigs. The figures for urinary

excretion were respectively 3384 ml. and 3989 ml., for urine output as a per-

centage of water intake, 37.5 and 43.1, and for fecal output, 223.4 and 225.8, �o

that the increased urinary excretion by the antibiotic-fed pigs could not be

explained on the basis of decreased feces. The authors suggest that the feeding

of the antibiotic may have lowered the metabolic rate of the animals and they

speculate that the suppression of a gastrointestinal infection by the antibiotic

might lead to a lowering of the body temperature, thus explaining the difference

in urinary volume.

An examination of the data of Richardson and co-workers (156) shows no

consistent relationship between antibiotic feeding and urinary volume in pigs.

Pigs reared under practical conditions are subject to intestinal infections ac-

companied by diarrhea, sometimes with voiding of blood. The phenomenon

termed “runtiness”, the frequent presence of undersized or “unthrifty” baby

pigs in otherwise normal litters, is well known in animal husbandry. It now

appears that these disturbances may often be prevented or arrested by the

addition of a suitable antibiotic to the diet. The effects of antibiotics on under-

sized or so-called “runt” pigs have been so noteworthy as to compel re-evaluation

of “runtiness”. It may well be that a large proportion of undersized animals are

suffering from obscure subclinical infections of the digestive tract.

Carpenter (36) carried out an experiment with two groups of runt pigs, 16

in each group, averaging 16.5 pounds per pig, in weight. The group which re-

ceived aureomycin had a growth rate of 1.0 lb. per day after 4 weeks while the

controls were gaining 0.5 lb. per day. At the end of 6 weeks the supplemented



398 THOMAS H. JUKES AND WILLIAM L. WILLIAMS

pigs were using 2.65 units of feed per unit of gain as compared with 4.83 units

of feed for the controls.

Catron and Cuff (43) described an experiment with groups each containing

8 runt pigs averaging 20 pounds in weight. The control group gained 0.70 pound

per day while a second group receiving a supplement which furnished about 40

mg. of aureomycin per kg. of diet gained 1.16 pounds per day during the 9-week

experimental period. A striking result was reported by Becker and co-workers

(11) who studied two groups of pigs which were initially selected for “unthrifti-

ness”. The first group, which served as controls, grew at a rate of 0.55 pound

per day over a 5-week period and consumed 4.75 units of feed per unit of gain

while the second group, which received 11 milligrams of crystalline aureomycin

per kg. of diet gained 1.65 pounds per day with 2.88 units of feed per unit of

gain.

The addition of vitamin B12 to the diet of slow-growing unthrifty pigs did

not significantly affect their gain but similar pigs receiving a supplement sup-

plying 1.8 parts of aureomycin per miffion of diet grew more rapidly and were

more uniform than controls. The response to aureomycin was primarily with

the lighter and more unthrifty pigs (20).

In studies with pigs, it was found by Catron and co-workers (45) that the

response curves to graded levels of aureomycin with and without vitamin B12

were parallel, indicating the absence of a sparing effect. As an example of their

data, the rate of gain in pounds per day were with no vitamin B12 or aureomycin,

1.35; with aureomycin (20 mg. per lb. of diet) and no vitamin B12, 1.57; with

vitamin B12 (10 mg. per lb. of diet) and no aureomycin, 1.53; with vitamin B12

and aureomycin, 1.77; thus the response to aureomycin either in the presence or

absence of added vitamin B12 was 16%.

Effect on composition of tissues

The increase in growth rate and the improvement in food utilization shown

by pigs receiving antibiotics have led to investigations of the composition of

the tissues of such pigs. The depth of dorsal fat of pigs which were fed aureo-

mycin was measured by Vohs and co-workers (191) who found no differences

between the antibiotic-fed and the control pigs. Vestal reported that pigs re-

ceiving aureomycin had back-fat which was 10% thicker than that of controls,

but the pigs were allowed free choice of selection between shelled corn and a

high-protein supplement with the result that the aureomycin-fed pigs selected

a higher proportion of corn than did the controls (188). Bowland and co-workers

found that diets containing an aureomycin-containing supplement resulted in

a reduction of the carcass length and an increase of fat deposition in bacon-type

pigs; the differences were not statistically significant at the 5% probability level

(23). They attributed the increase in fat to the rapid gains during the later

stages of growth.

No significant differences existed between antibiotic and no-antibiotic treat-

ments in respect to back fat, depth, length or depth of body or per cent of lean

when measured on 24 representative carcasses (44). Similar conclusions have been
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reached in the majority of investigations, including Wilson and co-workers (204),

Robison and co-workers (158), Terrill and co-workers (184b), Heidebrecht and

co-workers (91a) and Kline and co-workers (114), the exception being the Purdue

group (153) who reported that the crude fat (ether extract) content of pigs

receiving aureomycin was significantly higher than that of controls.

In a study of brucellosis, Cameron (33) fed pigs with aureomycin at the un-

usually high level of 250 mg. per kg. of body weight per day for 28 days. No

toxic effects were noted and at the end of the experiment the pigs appeared to

be in excellent condition. At autopsy the bone marrow was found to be yellow

but showed no histological abnormality.

Effects on reproduction

The effect of antibiotics on gestation and lactation in pigs were studied by

Carpenter (37) who found that a supplement containing aureomycin fed for

49 to 90 days prior to parturition did not affect the size of the litter or the sur-

vival rate of young pigs, nor was there any indication of transfer of aureomycin

from the diet to the milk. Further studies (120) led to the conclusion that feed-

ing a diet containing aureomycin from weaning through two gestation and lacta-

tion periods did not improve the reproductive performance of sows, although

mothers fed the antibiotic weaned more and heavier pigs per litter than did the

control dams. Improvements in reproductive performance have been recorded

by Catron (42), in a summary of results with 157 sow’s in 7 experiments, as

follows:

NO ANTIBIOTIC PLUS ANTIBIOTIC

lbs. lbs.

Av. birth wt 2.82 2.85

No. pigs alive 56 days 6.0 6.5

Total weight of litter
21 days 78 80

56 days 185 213

Further experiments w-ere described by Ellis (74) w-ho noted an increase in the

per cent of pigs weaned, and by Vestal and co-workers (189) who observed an

increase in birth weight. No effect on gestation or lactation was found by Dyer

et at. (69) or by Hogan et at. (95).

A study of reproduction in pigs receiving aureomycin was made through five
litters and two generations (163). The first generation, a group of 12 sows, aver-

aged respectively 8.1, 7.6 and 9.6 pigs per litter during 3 successive parturitions.

A group of 20 daughters of the first group averaged 8.2 and 8.8 pigs per litter

during two successive parturitions. All the pigs received a diet containing 10 mg.

of aureomycin per pound from weaning until breeding, 5 mg. during gestation

and 10 mg. post-gestation. The absence of any effect on reproduction was indi-

cated by these results.

In summary, improvements in certain aspects of reproductive performance
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have been noted by certain investigators but others have found no effect. It

seems probable that any beneficial effects are indirect by improving the health

of the dam or following the consumption of small portions of her diet by the

young. There is no indication of passage of dietary antibiotics through the pla-

centa or into the milk.

ANTIBIOTICS FOR RUMINATING ANIMALS

After it had been established that aureomycin was of nutritional value for

poultry and swine, investigations on ruminants were undertaken and reported

in 1950. At first the picture was confusing. While Rusoff (163), Bartley et al. (7)

and Loosli and Wallace (126) reported that aureomycin promoted growth of

calves and eliminated scours, Bell et at. (12, 13) reported an adverse effect on

TABLE X

Effect of aureomycin on growth of calves

INVESTIGATORS CONTROLS AVER AGE DAILY GAIN WITH AUREOMYCIN

lbs/day lbs/day

Bartley, Fountaine and Atkeson (7), 0.52 0.83 (1st 7 weeks)
Experiment I 1.02 1.35 (8 to 12 weeks)

Bartley, Experiment II

�

�

0.95

1.34

1.75

1.28

1.63

2.20

(1st 8 weeks)

(9 to 12 weeks)

(lto22weeks)

Loosli et at. (126) 0.95 1.16 (0 to 8 weeks)

Rusoff (163), Experiment I 1 1.42 1.53 (14 to 22 weeks)
Rusoff, Davis and Alford (164), 0.99 1.21 (4 to 16 weeks-Jerseys)

Experiment II 1.40 1.69 (4 to 16 weeks-Holsteins)

Jacobson (101) 1.11 1.46 (0 to 16.5 weeks)

Bloom and Knodt (21)

�
0.54
1.29

1.00
1.57

(0 to 4 weeks-Holsteins)

(0 to 12 weeks-Holsteins)

steers and Colby et al. (57, 58, 59) found that aureomycin markedly depressed

feed consumption and growth of lambs. This latter report is in contrast to an

earlier report in 1950 which indicated that lambs exhibited a definite growth

response to aureomycin (5). In 1951, Jordan and Bell (105) substantiated the

finding that aureomycin promoted the growth of lambs and decreased the inci-

dence of enterotoxemia.

Effects of antibiotics on the growth of calves

Loosli and Wallace (126) and Loosli, Wasserman and Gall (128) studied 39

pairs of calves on a variety of diets including both milk and milk replacements,

consistently noting a 20 % increase in rate of gain with aureomycin.

i�iuch of the early work on the effect of antibiotics on growth of calves is sum-

marized in Table X. Bartley ec at. (6) in one experiment utilized a building which

had been previously demonstrated to be unsuitable for growth of healthy calves,

since the contaminated quarters caused a high incidence of severe scours. Under

these conditions, aureomycin gave a 70 % increase in the rate of growth (Ta-
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ble X). The growth of the supplemented calves did not surpass the “Ragsdale

standards” (155), but in a second experiment the calves were kept under more

sanitary conditions and the growth of the unsupplemented group was superior to

the “Ragsdale standards” while the group receiving crude aureomycin showed

a growth rate 30% above the controls throughout the 22-week experiment.

Rusoff et at. (164) added crude aureomycin to a vegetable diet which was fed

with whole milk. Significant quantities of the diet and hence of aureomycin

were not ingested until 30 days of age, at which time the milk was removed.

Jersey and Holstein calves receiving the supplement over the controls showed a

20% increase in the rate of gain at 16 weeks of age. At 13 weeks, Jersey calves

on the supplement showed a gain of approximately 25 % over their controls,

while the Holstein calves showed a gain of 15 % over their controls. There was

some question as to the possible effects of vitamin B12 and of other unknown

growth factors present in the crude aureomycin supplement. However, since it

had been reported that vitamin B12 was without effect on calves, (92) it ap-

peared probable that the growth effects observed were due to aureomycin. The

experiments of Jacobson et at. (101), in addition to those of Loosli and Wallace,

showed that the growth effects observed were due to aureomycin. They supple-

mented the diet of a number of different breeds of calves paired according to

breed, sex and weight with pure aureomycin and noted an increase in the rate

of growth of 32 % at 16.5 weeks.

In the experiments discussed above and tabulated in Table X, the control

animals usually showed a certain degree of scouring. Several of the investigators

suggested that the effect of aureomycin in promoting growth was achieved by

the elimination of the infectious scours. However, Bloom and Knodt (21, 22)

used healthy Holstein bull calves showing very little or no scouring. As shown

in the last experiment listed in Table X, there was a very definite response to

aureomycin with these healthy animals, particularly in the first four weeks of

the experiment. Knodt and Ross (117) obtained good growth responses through

8 weeks of age in calves which received several different levels of aureomycin.

There was no definite relationship betw-een the level of aureomycin and the

rate of gain in body weight or the efficiency of food utilization. No scouring was

observed. McGilliard (137) investigated the effect of rumen inoculation on the

response of young calves to aureomycin. Two groups of calves received aureo-

mycin for 5 weeks, both gaining 23.1 lbs. as compared to the controls w’hich

gained 12.4 lbs. Aureomycin was then discontinued and one of the aureomycin

groups was inoculated orally at 5 weeks and at 6 weeks with cud material.
During the second 5-week period, the calves receiving a cud inoculation gained

45 lbs., while the controls and the other group which had received aureomycin

gained approximately 40 lbs. After 14 weeks of observation there appeared to

be little effect of the feeding of cud material since both groups which had re-

ceived aureomycin gained approximately the same weight. Rusoff (164) reported

that calves on three protein sources, gossypol-free cottonseed meal, soy-

bean oil meal and cottonseed meal, responded quantitatively to aureomycin in

a very similar fashion.
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The experiments of Bartley et at. (9) indicated that large doses of aureomycin

from 200 to 800 mg. per day per 100 lbs. of body weight did not produce ano-

rexia, weight loss or any other deleterious effects in calves 12 to 16 weeks old.

One calf received 2500 mg. of aureomycin daily for 4 weeks, starting at 16 weeks

of age.

These experiments indicated that it was not necessary for calves to be “con-

ditioned” to the feeding of aureomycin and that high levels may be beneficial

to calves which have not previously received any antibiotic.

Almost all of the work reported with calves was with aureomycin, but a few

experiments have been made with terramycin and penicillin. Bloom and Knodt

(22) found that potassium penicillin fed at approximately 6 mg./day per calf

decreased the growth rate of Holstein bull calves. In a second experiment, pro-

caine penicillin failed to affect significantly the growth rate of calves (116). In

both instances the penicillin salt was fed in an artificial milk mixture.

The first reported study on terramycin was by Cason and Voelker (40). Calves

were fed terramycin at the dosages of 15 and 30 mg./100 lbs. body weight. At

the end of 8 weeks there was no growth response to these two amounts of terra-

mycin. In further experiments (190) these workers found a slight growth response

to terramycin fed at 30 mg./day per 100 lbs. of body weight. In a separate exper-

iment the amount of terramycin was increased to 100 mg./100 lbs. body weight

per day and a 28% increase in the rate of growth was observed without an

effect on the efficiency of feed utilization. In a third experiment at a rate of

90 gm. per ton of grain supplement to calves with an average age of 4.8 months

and which were on pasture, the animals receiving aureomycin gained 17 % more

rapidly than the unsupplemented animals. This experiment is of much interest

since the response was obtained with older animals. Terramycin was also studied

by Kesler and Knodt (113). Calves receiving 20 mg. per 100 lbs. of body weight

per day showed a 29 % increase of growth rate during the first 8 weeks of the

experiment. However, 8 weeks later, when the experiment w’as terminated, there

was no difference between the terramycin-supplemented and the unsupple-

mented groups.

To summarize, it is well established that aureomycin causes an increase in

rate of growth of approximately 15 to 35 % and in a few cases up to 70 % under

a variety of experimental conditions and rations. Results with other antibiotics

have been too few’ and variable for satisfactory evaluation (115).

Effect of antibiotics on calf scours

The disease called calf scours or “white scours” of calves is a diarrhea in calves

which is coincidental with poor growth, a rough hair coat, frequent presence of

respiratory disease and a generally unhealthy animal. One of the consistent

effects of aureomycin in calves has been a marked reduction in the incidence of

scours, a disease which sometimes terminates fatally. Bartley et al. (7) distin-

guished between mild scours and severe scours (Table XI) and it is interesting

to note that the antibiotic had the greatest effect upon the incidence of severe

scours or the type that is sometimes fatal.

The studies of Loosli and Wallace (126) are noteworthy since they utilized
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two artificial milk diets upon which a high incidence of scours was obtained.

As shown in Table XII, the presence of aureomycin was associated with a

marked decrease in the scours in the artificial milk groups (diets 11 and 13),

particularly with diet 13. The calves on whole milk were almost completely free

from scours when aureomycin was given.

The data on the effect of other antibiotics on calf scours are very limited. The

experiments of Bloom and Knodt (22) and Knodt and Ross (117) with potas-

sium and procaine penicillin showed no effect on scouring. In a study by MacKay

et at. (133) the effect on scours was not significant, perhaps because of the low

incidence of scours in both the controls and the animals receiving terramycin.

TABLE XI

Effect of aureomycin on calf scours (7)

CONTROLS WITH AUREOHYCIN

Incidence* of mild scours 1.58 0.83
Incidence of severe scours 2.83 0

Incidence of all scours 4.41 0.83

* Average number of days of scouring per calf.

TABLE XII

Effect of aureomycin on calf scours (126)

AVERAGE INCIDENCE OF SCOURS’

DIET

Controls With Aureomycin

Milk replacement-Diet 11 21.3 12.7

Milk replacement-Diet 13 12.2 I 5.5
Milk 7.5 1 0.2

Average (on all diets) 6.9 2.5

* Number of days of scouring during the 8-week experimental period.

Other beneficial effects from antibiotic feeding

Even though observations on the appearance of calves receiving antibiotics

were admittedly subjective, investigators have consistently mentioned improved

appearance in calves receiving aureomycin. Murley (146) studying calves on

different diets containing aureomycin states, “In each group the aureomycin-

fed calves were superior in physical appearance to the controls.” Rusoff et al.

(164) mention the “smooth hair, sleek solid muscular appearance” of the

calves receiving aureomycin in his experiments. Bloom and Knodt (21, 22) men-

tion the “smooth glistening hair coat and improved musculature” of the calves

in their experiments which received aureomycin.

Effect of antibiotics on lambs

In an experiment by Colby et at. (58, 59) 100 mg. of aureomycin was fed daily

by capsule and, in a second experiment, penicillin and streptomycin were used.
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The animals receiving antibiotics lost appetite and weight, showing a diarrhea

for about a week followed by a week of gradual recovery.

At the end of the experiment, the lambs receiving antibiotics weighed slightly

less than the controls. In another experiment with the same amount of aureo-

mycin there was a slight but definite increase in growth rate. Jordan and Bell

(105), using considerably smaller amounts of aureomycin, reported a beneficial

effect on lambs. The animals were given 5 mg. of aureomycin daily for 6 weeks;

during this time they gained an average of 0.64 lbs. per day, as compared to the

control lambs which gained 0.54 lbs. daily. A third group of 4 lambs was given

15 mg. daily and made an average daily gain of 0.59 lbs. The lambs receiving

aureomycin were healthy and normal and other experiments gave similar re-

sults. The authors also noted a decrease in the instance of enterotoxemia in

herds of lambs receiving aureomycin. This result is not unexpected since the

organism presumably causing enterotoxemia, Clostridium perfringens, is ex-

tremely sensitive to aureomycin.

The effect of antibiotics on adult ruminants

Bell et at. (13) investigated the effect of comparatively high levels of aureo-

mycin on steers weighing about 600 pounds. Preliminary experiments indicated

that steers receiving 600 mg. of aureomycin daily developed anorexia and diar-

rhea, so the aureomycin intake was reduced in the second experiment to 200 mg.

On this intake, two animals developed mild symptoms of anorexia and diarrhea.

The experiments were not well controlled since two of the three steers receiving

aureomycin also received urea while the controls did not. Neumann et al. (148)

fed 15 mg. of aureomycin daily to beef cattle for 150 days; diarrhea was com-

pletely absent and there were no signs of abnormal paunch distension, although

there was a slight reduction in appetite for the first few days on the experiment,

followed by recovery. All groups of animals continued to gain approximately

2 pounds per day; there was no significant difference between the controls and

the group receiving aureomycin. Haq et al. (90) supplemented the ration of

dairy cows in full lactation with aureomycin and found no effect on the appetite.

There w-as no influence upon milk production of the cow’s receiving aureomycin

nor did aureomycin appear in the milk. Bartley et at. (8) fed lactating dairy

cows 32 mg. of aureomycin per 100 lbs. of body weight. This dosage of aure-

omycin did not affect milk or butter-fat production, water consumption, body

weight, rumination, pulse rate, body temperature and general health. Loosli

and Warner (127) reported that 100 mg. of aureomycin daily fed to milk cows

did not affect the milk production nor feed consumption.

Two related papers by Chance et al. (48, 49) described the effects of aureo-

mycin on digestion and synthesis of various nutrients in the rumens of fistulated

steers. The first paper was concerned with the rate of passage of certain nutrients

from the rumen and the effect of digestion in the rumen. Aureomycin was fed

at the rate of 0.5 gm. per day for 15 days and then 1.0 gm. per day for the next

15 days. Neither of the two steers under study showed signs of anorexia or diar-

rhea at any time during aureomycin supplementation. The rate of removal of
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dry matter, crude fiber, crude protein and nitrogen-free extract was the highest

when 0.5 gm. of aureomycin was fed. There was a slight depression in the rate

of removal of these constituents when 1 .0 gram of aureomycin was fed. Crude

fat, as measured by total ether extractives, accumulated during the very early

part of aureomycin administration in both animals. The increase in rate of dis-

appearance of nutrients when the animals were receiving 0.5 gm. of aureomycin

coincided with an increase in the number of bacteria in the rumen, indicating

that the antibiotic may have stimulated bacterial action. A second report indi-

cates that the tell essential amino acids in the rumen were decreased when 0.5

gram of aureomycin was given per day. Since the amino acids appeared to be

derived from dietary protein, the decrease was attributed to increased removal

from the rumen. The amount of riboflavin in the rumen was decreased during

aureomycin administration and there w’as a slight decrease in the amount of

synthesis of niacin.

EFFECTS OF ANTIBIOTICS ON THE GROWTH OF CHILDREN

The growth of human beings takes place so much more slowly than that of

the common animals that marked grow-th responses to antibiotics were not to

be anticipated in infants; for example, a pig grows to a weight of 50 kg. in about

one fiftieth of the time taken for a human being to reach this weight. However,

by analogy with animals which are undersized due to unidentified bacterial in-

fections, it was thought that antibiotic feeding might improve the growth and

survival rate in underweight and sickly infants. Perrini (152) fed aureomycin

to ten premature infants at a rate of 25 mg. per kg. per day in four closes at

6-hour intervals. After an initial 2-day drop in weight, their growth was more

rapid than that of 23 controls. On the tenth day the supplemented infants were

8% above their birth weight as compared with the controls whose average

weight was the same on the tenth day as at birth.

The effect of aureomycin, 50 mg. per kg. of body weight daily, on premature

infants was studied by Robinson (157) who gave the antibiotic to the weaker

one of twins or the weakest of a set of triplets, the stronger ones serving as con-

trols. Five of the fifteen controls died from intercurrent infections while all the

babies who received a full course of aureomycin survived. The average daily

gain was 29.5 gm. in the treated group compared with 18 gm. in the controls.

Snelling and Johnson (177) found that aureomycin lowered morbidity, speeded

growth and shortened hospital stay in premature babies. There was 1 death in

a group of 47 who received 50 mg. of aureomycin daily as compared with 8
deaths in a control group of 48.

The effects of aureomycin on the growth of poorly-developed children were

studied in Guatemala by Scrimshaw and Guzman (167) who found that children

receiving daily either 2O’y of vitamin B12 or 50 mg. of aureomycin increased in

both height and weight at a significantly greater rate over an 18-month period

than that observed for a control group. No abnormal hematological values were

found in any of the subjects.

A study of the effects of aureomycin, 75 mg. twice daily, on 20 mentally de-
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fective children was carried out by Carter (39) for periods ranging from one to

three years. The children all had cerebral palsy and mental deficiency of such

severity that they were almost entirely helpless. The average yearly gain for

the supplemented group was 6.5 pounds as compared with 1.9 pounds for the

controls. There were no significant blood changes in either group. There was a

marked absence of gastrointestinal upsets, especially diarrhea, in the supple-

mented group, which was contrasted in this respect with the controls. There

appeared to be no significant development of aureomycin-resistant organisms

for in all cases tried the infection was controlled by increasing the dose of aureo-

mycin to the full therapeutic level.

EFFECTS ON ANEMIA

A megaloblastic anemia has been shown by many investigators to follow cer-

tain cases of intestinal stricture, or it may be produced by the surgical segrega-

tion of a loop of small intestine. The subject was reviewed by Cameron and co-

workers (32) who concluded that the anemia was probably due to “stagnation of

intestinal contents and the absorption of toxic substances.” Watson and Witts

(198) found that aureomycin, 0.0625 gm. per 200 gm. of diet, prolonged the

lives of rats which had developed anemia following the formation of a diverticu-

lum in the small intestine and cured the anemia in all treated rats in a group

of 16 except one which died after two days from acute obstruction. This anemia

responded to folic acid but the response to B12 was “equivocal.” The only clue

to a possible cause of the anemia was a heavy infection of the small intestine

with colonic flora, perhaps suggesting that these bacteria produced some factor

which interfered with the normal utilization of folic acid.

The possible involvement of a bacterial “toxin” in producing pernicious ane-

mia has been discussed by various authors cited by Lichtman and co-workers

(121) who investigated the effects of dietary antibiotics on this disease. Four

patients with pernicious anemia in relapse and one patient with nutritional

macrocytic anemia responded to the oral administration of aureomycin, 2 to 3

gm. daily. A fifth patient with pernicious anemia failed to respond to 0.6 gm. of

aureomycin given intravenously daily for 20 days, thus indicating that the au-
reomycin was not contaminated with significant amounts of hemopoietic factors

such as vitamin B12 and folic acid. Microbiological assay of the aureomycin

with Euglena gracilis indicated a vitamin B12 content not greater than O.l7y

per gm; furthermore, case No. 3 did not respond to vitamin B12 alone, 37 orally

per day, during a 10-day period of pre-treatment. It seems evident, therefore,

that the effects observed by Lichtman et al. (121) were not due to the presence

of vitamin B12 or folic acid in the aureomycin but were more probably caused by

changes in the bacterial flora. The possible effects of such a change include in-

creases in the production or liberation of folic acid or vitamin B12 in the intestinal

tract or an improvement in the uptake of these vitamins. The response of the

nutritional megaloblastic anemia case indicates that folic acid was not involved.

Foy and co-workers (79, 80) described good responses in two anemic patients

who were treated with injections of penicillin; one patient had pernicious ane-

mia and the other had megaloblastic anemia of pregnancy.
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In contrast to these reports, Ungley obtained no response in patients with

pernicious anemia who were treated with streptomycin and aureomycin (187).

A patient with pernicious anemia was given an intensive 6-day course of anti-

bacterial drugs by mouth including phthalylsulfathiazole, aureomycin and di-

hydrostreptomycin, during which E. coli disappeared from the stools by the

third day and cocci by the fifth day. An oral dose of 80y of vitamin B12 was

given on the fifth day. There was no response over a 10-day period, following

which a second dose of 807 of vitamin B12 was given together with gastric juice.

A response in reticulocytes and hemoglobin then occurred. This experiment mdi-

cated that the defect in the uptake of vitamin B12 from the intestine in perni-

cious anemia is not due to an effect of E. coli in “scavenging” the vitamin, the

presence of intrinsic factor in normal subjects being postulated as having a pro-

tective effect against such “scavenging.” Ungley’s case appears to differ from

the series reported by Lichtman et al. (121) which responded to aureomycin;

however, it should be noted that Lichtman et al. found it necessary to administer

the antibiotic for 24 to 28 days in pernicious anemia before obtaining a reticulo-

cyte peak. One is tempted to speculate that the effect observed by Lichtman

et at. (121) was due to a slowly-developing change in the bacterial flora, leading

to vitamin B12 or folic acid or both being more available to the patient. It is also

conceivable that such a change might diminish the bacterial production of an

inhibitory factor, such as the one postulated by Callender and Lajtha (31);

indeed, the results reported by Watson and Witts are suggestive of such an

explanation. The prolonged nature of such a change may be indicated by the

results of Sizemore et at. (174) who found that an improvement in the hatcha-

bility of the eggs of hens on a diet deficient in vitamin B12 occurred when aureo-

mycin was fed and that the improvement persisted for several weeks after the

withdrawal of the antibiotic.

EFFECT ON AMINOPTERIN TOXICITY

The interrelationship between aureomycin and Aminopterin, an antagonist

of folic acid, is of interest because some of the deaths of experimental animals

receiving Aminopterin may be due to infections resulting from the penetration

of microorganisms through the intestinal wall, to which Aminopterin may cause

damage (154). It was found by Waisman and co-workers that aureomycin

counteracted the toxic effects in rats of 0.5 to 1.0 mg. of Aminopterin per kg. of

diet (197), while Schwartz (166) found that dietary aureomycin increased the

concentration of citrovorum factor in the liver and ceca of rats. These observa-

tions suggested that aureomycin may promote growth by causing an increased

synthesis of citrovorum factor which is known to alleviate the toxic effects of

aminopterin in mice and rats. However, further experiments by Waisman et al.

(197a) showed that penicillin, streptomycin, chloramphenicol and terramycin,

in contrast to aureomycin, were ineffective in reversing Aminopterin toxicity.

Furthermore, aureomycin increased the rate of growth of rats even when an

excess of citrovorum factor was in the diet. Obviously, if citrovorum factor was

involved in the mechanism of growth promotion by antibiotics, it would appear

likely that Aminopterin should be reversed by more than one of the antibiotics
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which promote growth. Citrovorum factor was fed and injected into chicks (203)

which were fed a purified diet containing an excess of the known vitamins ; in

spite of this treatment, aureomycin produced a growth response. Recent experi-

ments with rats (1 10) showed only a slight effect of aureomycin in protecting

against the toxic effects of Aminopterin contained in the diet. Aureomycin was

less effective than injected citrovorum factor. Our findings corroborate those

reported by Sauberlich (165) who has repeatedly failed to demonstrate any pro-

tective effect of aureomycin or penicillin, 100 mg. per kg. of diet, for two strains

of rats fed Aminopterin, 1 mg. per kg. of diet. In these same experiments, daily

injections of 100 micrograms of citrovorum factor completely prevented the

Aminopterin toxicity.

EFFECT ON LIVER INVOLVEMENTS

Some beneficial effects with aureomycin have been described in various liver

diseases including the late manifestations of acute viral hepatitis (170), cholan-

giolitic hepatitis (141), hepatic coma (77), posthepatic cirrhosis (162) and chronic

hepatitis and cirrhosis (169). The beneficial effect of the antibiotic on patients

with hepatitis was concluded to be due to its antibacterial effect (83). The nutri-

tional implications of these findings were indicated by Gyorgy and co-workers

(89) who described the prevention of experimental hepatic necrosis in rats by

aureomycin. The disease was produced by a diet consisting principally of corn

starch and yeast and could be prevented by cystine, methionine or vitamin E.

In further studies (88) it was found that a delay in, rather than the prevention

of, the production of hepatic necrosis by the starch-yeast diet was obtained with

aureomycin and to a lesser extent with terramycin and streptomycin; sulfa-

guanidine had a temporary effect, while chloramphenicol, polymyxin and peni-

cillin were ineffective. It was postulated that necrosis eventually appeared in

the rats receiving aureomycin because organisms later reappeared in the intes-

tinal flora which were resistant to aureomycin. This temporary effect of aureo-

mycin on the prevention of hepatic necrosis may therefore be contrasted with

its effects on growth which are commonly maintained throughout the growing

period of animals.

The mechanism for this effect was postulated (89) to be an inhibition of toxin-

producing bacteria in the lower intestine, because the necrosis was found in the

unsupplemented animals to occur mainly in the left lobe of the liver which de-

rives its portal blood from the large intestine and stomach while the right lobe

which w-as relatively free of necrosis drains portal blood from the small intestine.

However, Luckey (130) has recently found that “germ-free” rats developed

liver necrosis so that, even if the intestinal bacteria are concerned with the pro-

duction of this disease, other mechanisms must also be involved.

Prevention of hepatic cirrhosis and renal changes by aureomycin in rats fed

a low-casein-high-fat diet were recorded in the investigation by Gyorgy et at.

(88), perhaps indicating a sparing effect of aureomycin on methionine. A pos-

sible mechanism for lipotropic effects of aureomycin was suggested by the ob-

servations of de la Huerga and Popper (99, 100) who found that the antibiotic
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reduced the urinary excretion of trimethylamine which followed oral dosage

with large amounts of choline in dogs. The inference was that choline was to a

considerable extent broken down to trimethylamine by bacteria in the intestine

and that this action of the bacteria was abolished by aureomycin. It was found

by Baxter and Campbell (10) that aureomycin, 5 gm. per kg. of diet, had a pro-

tective effect against the renal lesions produced by choline deficiency in paired-

fed rats on high-fat-low-choline diets. Vitamin B12 was partially effective and

vitamin E was inactive. The mechanism of this effect was obscure; there was

only a slight increase in fecal choline.

The effects of aureomycin on dogs with ligated pancreatic ducts were studied

by Kaplan et at. (112). These animals retain the endocrine secretion of the

pancreas while losing the exocrine “anti-fatty-liver” factor which is present in

pancreatic juice (47) and which may be replaced by free choline or methionine.

Aureomycin was given in doses of 0.75 or 1.0 gm. daily and its administration

was accompanied by a restoration of the abnormal blood pattern to normal as

shown by the serum total and ester cholesterol levels; this change was paralleled

by an increase in phospholipids, while the alkaline phosphatase activity de-

creased. These changes are characteristically produced in these animals by lipo-

tropic substances such as choline. The changes with aureomycin reached a

maximum in 3 or 4 weeks and then retrogressed to a plateau, thus recalling

Gyorgy’s observation (89) that the effect of aureomycin on liver necrosis was

temporary. In one animal, vitamin B12 and folic acid were administered after

the plateau had been reached and a “lipotropic response” was obtained. No

such response was obtained when these vitamins were given to non-aureomycin-

fed dogs. Kaplan et at. (112) noted that aureomycin produced no consistent

depression of choline destruction as measured by trimethylamine, in contrast

to the results of de la Huerga and Popper (99).

Antithyrotoxic effects. It was reported by Ershoff (75, 76) that crude supple-

ments derived from the aureomycin or penicillin fermentation, but not crystal-

line aureomycin hydrochloride, prolonged the survival of immature rats fed toxic

doses of thyroid. However, Meites and Ogle found that penicillin or neomycin

was effective in overcoming the growth inhibition induced in rats by adding

iodinated casein (142) to diets containing an adequate supply of vitamin B12.

The antibiotics did not change the effects of the hormone on oxygen consump-

tion, adrenal weight or spleen weight.

Laboratory animals. The addition of aureomycin to the diet was found to im-

prove the postoperative survival of hypophysectomized rats (46). Three rats

out of 35 receiving aureomycin died in a period of 14 days as compared with 8

out of 20 controls.

It was reported that in experiments with rats the uptake of a casein hydroly-

sate from an isolated segment of ileum was immediately increased by adding a

mixture of aureomycin and penicillin (78).

The use of antibiotics in the diets of laboratory animals may improve growth

and decrease mortality. Care should be taken that such diets are not fed when

the animals are to be used for purposes such as testing for syphilis, where the



TABLE XIII

A ureomycin in tissues of chickens

AUREOMYCIN POUND IN

________________________ MUSCLE

Serum I Liver

-y/Qm. -,/gm.

KEPT.

1

1

1

9

2

AUREO�YCIN

ADDED PER KG.

DIET

None
0.2 gm.
0.2 gm.
0.2 gm.
0.2 gm.
0.2 gm.

0.6 gm.
0.6 gm.

0.6 gm.
0.6 gm.
0.6 gm

2.0 gm.

2.0 gm.

2.0 gm.
2.0 gm.
2.0 gm.

GROUPS

(5 CHICKENS!

GROUP)

1A to 1E
2A
2B
2C
2D
2E

3A
3B
3C
311
3E

4A
4B
4C
4D
4E

5A to 5E

6A
6B
6C
6D
6E

7/mi.

Xeg.
<0.01
<0.01

Neg.
Neg.

<0.01

0.021
0.015
0.019

0.024

0.011

0.039

0.046
0.054

0.044
0.046

Neg.
Neg.
Neg.
Neg.
Neg.
Neg.

Neg.
Neg.

<0.05
0.10
0.065

0.15
0.24
0.30
0.165
0.135

<0.05

0.165

0.16

<0.05
<0.05

None

2.0 gm.

2.0 gm.

2.0 gm.

2.0 gm.
2.0 gm.

2 7A 6.0gm.

7B 6.0gm.

7C 6.0gm.
7D 6.0gm.

7E 6.0gm.

Neg. Neg.

0.092 0.49 0.0625

0.105 0.43 0.100
0.092 0.38 0.075

0.084 0.20 0.077

0.064 0.11 0.050

0.260 0.39 0.165
0.090 0.18 0.08

0.100 0.23 0.20
0.350 0.37 0.33
0.088 0.24 0.20
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antibiotic may interfere with the test by destroying the pathogen. Apart

from such phenomena associated with increased resistance or improved utiliza-

tion of food, no disturbing effects have been noted in laboratory animals.

STORAGE IN TISSUES

The extensive feeding of antibiotics to farm animals used for human food

brings up the question of the presence of antibiotics in the tissues and organs

of the animals so fed. The detection and estimation of an antibiotic in tissue

depend on the sensitivity and accuracy of the assay method employed. Broquist

and Kohler (29) using a modification of the pad-plate method (85) found that,

when chicks were fed a diet containing 0.2 gm. of aureomycin per kg., barely
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detectable amounts of aureomycin were in the liver and serum of some of the

chicks (Table XIII-Exp. 1). The level fed is ten to 20 times greater than the

amounts of aureomycin commonly used for “nutritional” purposes. As shown

in Table XIII, 600 and 2000 mg. per kg. of chick diet gave readily measurable

but stillextremely low amounts of aureomycinin serum, liver and muscle, the

lowest amounts being in muscle. The second experiment, summarized in

Table XIII, indicated that at very high levels of aureomycin, 0.2% or 0.6% of

the diet, the accumulation of aureomycin varied betw-een 0.1 to 0.3 microgram

TABLE XIV

Aureomycin in tissues of chickens fed sodium citrate in the diet

GROUPS

(5 cHlcxENs/

GROUP)

ADDITIONS TO BASAL DIET
SERUM

.y

AUREO./ML.

LIVER
�y

AtTR.EO./GM.

MUSCLE
�y

AUREO./GM.Aureomycin

mg/kg. diet
Na citrate

mg/kg. diet

‘ 1 - - Neg. Neg. Neg.
2 - 600 <0.01 0.36 Neg.

3 200 - <0.01 0.20 Neg.
4 200 200 <0.01 I 0.13 Neg.

5 200 600 <0.01 0.04 Neg.

* Additions to diet of 4-week old chickens; chickens then sacrificed at the end of 10

days.

TABLE XV

Aureomycin content in calf blood, bile, urine and feces

GROUPS

AUREOMYCIN CONTENT

BlOOd- Bile-y/ml. Urine-y/ml.
y/ml. Assay 1 Assay 2 Assay 1 Assay 2

None <0.01 0.02 <0.01 <0.01

Feces-rny/gm.

Assay 1 Assay 2

Neg. 1 0.15Control
Injected (400 mg. aureo./

wk) None
Oral (20 mg/kg. of diet).. None

0.08
0.05

0.07
0.05

0.23 0.26
0.05 0.05

<0.1
0.66

<0.1
0.61

per gram of wet muscle tissue. Eisner et al. (70) have reported that citrate in-

cluded in the diet increased the amount of aureomycin in the serum of rats.

Broquist and Kohler observed that citrate had no effect on the serum levels ob-

tained in the chick (Table XIV). In an experiment in cooperation with Rusoff

it was found that calves receiving 20 mg. of aureomycin per kg. of diet did not

show detectable amounts of aureomycin in the blood or urine while a significant

amount was contained in the feces (Table XV). Four hundred mg. of aureomycin

injected weekly per calf resulted in a urinary excretion of 0.2 microgram per ml.,

while none was found in the blood. Broquist and Kohler (29) examined three

adult pigs which had not previously received an antibiotic and which were fed

200 to 2000 mg. of aureomycin per kg. of diet for 3 weeks. In comparison to

chicks at equal levels the tissues of hogs fed aureomycin contained 5 to 10 times
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as much aureomycin (Table XVI). The experiments indicated that in chicks,

calves and pigs the amount of aureomycin in the diet required to give detectable

amounts in the tissues was at least twenty times as great as that commonly

added to animal diets for nutritional purposes. Cooking destroyed aureomycin

in all the tissues tested.
With an assay method utilizing the “cup” technique instead of pads, and

spores of B. mycoides in place of vegetative cells of B. cereus, Broquist and

Kohier (29) in collaboration with DiLorenzo and Welch (67a) have been able to

detect extremely low amounts of aureomycin. The blood serum of chicks fed

50 mg. of aureomycin per kg. of diet for 12 weeks varied from .012 to .037 micro-

gram per ml. With this assay method, aureomycin was �ot detected in the livers

and muscle tissues of chickens receiving 50 or 200 mg. of aureomycin per kg. of

diet, leading to the conclusion that less than 1 part per 100 million was present

in these tissues.

TABLE XVI

Aureomycin in ti8SueS of pigs fed aureomycin

GROUPS SERUM LIVER MUSCLE

(1 PER ADDITIONS TO BASAL DIET 7 7 7
GROUP) AUREO./ML. AUR.EO./GM. ALREO./GM.

1 - Neg. Neg. Neg.

2 200 mgs./kg. diet 0.10 0.13 Neg.

3 2000 mgs./kg. diet 0.62 1.05 0.30

RADIATION INJURY

Cronkite (64) suggested that penicillin might be helpful in the treatment of

radiation injury as a result of experiments with goats; however, no controls were

available.

Antibiotics in “clinical” doses given in the diet or drinking water were found

to exert a temporarily protective effect on rats and dogs exposed to lethal doses

(LD90) of 250 KVP x-radiation (200). Aureomycin alleviated the diarrheal state

in rats following the x-radiation and was superior to chloramphenicol, strepto-

mycin and penicillin. Survival was prolonged an additional 5 to 7 days, follow-

ing which the animals died of a hemorrhagic syndrome which was not considered

typical of a radiation death for this species. A lowering of the count of gram-

negative organisms in the intestinal tract was noted. The effects with dogs were

even more marked; it was found that these animals, when treated with clinical

doses of aureomycin or aureomycin plus streptomycin, showed no evidence of

radiation sickness and had bleeding tendencies associated only with local trauma.

Three of six dogs receiving the antibiotic treatment survived large doses of

x-radiation over a period of months. The authors suggested that aureomycin

might have an effect in maintaining the integrity of the bowel against the en-

trance of “bacteria, bacterial products or substances of some order which act

in turn as the causative agents in the production of those symptoms of radiation

disease manifest in other organ systems.”
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Furth and Coulter (81) reported that the mortality four months after radia-

tion was 4 out of 5 control dogs which received an LD90 (450 r) of whole body

radiation while 3 out of 5 dogs receiving aureomycin died. Streptomycin and

penicillin in combination were effective in reducing the mortality and morbidity

and in prolonging the survival time of rats given lethal doses of P� (19).

Streptomycin and, to a lesser degree, aureomycin, were found to reduce post-

irradiation mortality in mice (l43a) but it was noted that the beneficial effect

was lessened if infections with Saliii. typhimurium, Ps. aeruginosa or Proteus

were developed during the experimental period, thus appearing to show a differ-

ence between any effect of the antibiotic against these microorganisms and the

effect against radiation sickness. No reduction of mortality in rats following irra-

diation was produced in rats by aureomycin in studies by Furth et a!. (81a) and

Smith ct al. (176c) although the latter authors observed an increase in survival

time. Further results with dogs by Furth and co-workers (811)) with a large

group of dogs failed to confirm the earlier conclusions of Howland et a!. (cited

above) and in the more recent study the results indicated that aureomycin ha(l

no effect on dogs which had received an LI)sa or LD62 of total body irradiation.

SIJMMARY

The addition of certain antibiotics to the diet at low levels increases the rate

of growth of young animals and the efficiency with which they utilize food as

measured by the ratio between food intake and increase in body weight. This

effect of antibiotics is not obtained in environments in which bacteria are absent,

such as in the chick embryo or in “germ-free” chicks, and the effect may he re-

duced when the animals are kept under highly sanitary conditions. Evidently

certain widely-distributed types of antibiotic-sensitive intestinal microorganisms

interfere with the utilization of food. Aureomycin, terramycin, penicillin,

streptomycin and bacitracin produce the “antibiotic growth effect” in chicks

when added to the diet at levels as low as 1 to 20 parts per million. The effect

with other species of animals depends on the antibiotic used; the “wide spec-

trum” antibiotics produce the most consistent effects over a range of species.

A decrease in gut weight without a change in length has been reported to be as-

sociated with the antibiotic growth effect in chicks; Coates (50) has recorded a

decrease of 18 % in gut weight accompanying an increase of 9 % in body weight.

This gives rise to the speculation that a mild “early-sprue-like” condition, en-

gendered by certain intestinal bacteria, may exist in so-called normal animals

and that this condition is corrected by the dietary use of antibiotics which in-

hibit or eliminate the causative l)arteria. Such a change might account for some

of the “dietary” effects reported for antibiotics, including improvements in

the utilization of food, sparing effects on the requirement for proteins and for

certam minerals and vitamins, and anti-anemic effects under conditions which

respond to folic acid. However, it is possible that other dietary additions may

give rise to decreases in gut’ weight without increasing body weight (150a)

The antibiotic growth effect may be obtained when the diet is supplemented

with more thati sufficient amounts of the known vitamins. The tissues of antibi-

otic-fed animals are of normal composition.
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rllhe practice of feeding antibiotics to farm animals is widespread. No unto-

ward effects on public health have resulted ; for example, detectable amounts of

aureomycin are not found in meat even when the animals are fed antibiotics at

levels far higher than usual ; furthermore, many antibiotics are destroyed by

cooking. In any event, the daily administration of small amounts of aureomycin

for prolonged periods to children has not been found to have untoward effects.

Resistant strains of pathogenic bacteria have not been reported to have made

their appearance in animals as a result of feeding antibiotics.

Reproduction in animals does not appear to be affected by feeding antibiotics,

except that 1) hatchability of hen’s eggs may be improved if the heiis are on

certain deficient diets, 2) the survival and early growth of young pigs and rabbits

may be improved when an antibiotic is fed to the mother, perhaps because the

number of pathogenic bacteria in the environment of the young animals is thus

reduced.

REFERENCES

1. ANDERSON, G. W. , CUNNINGHAM, J. D. AND SLINGER, S. J. : Effect of protein level and penicillin on growth and

intestinal flora of chickens. J. Nutrition, 47: 175-189, 1952.
2. ANDERSON, G. W., SLINGER, S. J. AND PEPPER, W. F.: Bacterial cultures in the nutrition of poultry. I. Effect

of dietary bacterial cultures on tile growth and cecal flora of chicks. J. Nutrition, 50: 35-46, 1953.

3. ANDERSON, G. W., SLINGER, S. J. AND PEPPER, W. F.: Effect of dietary microorganisms on the growth and cecal

flora of chicks. Poultry Sc., 31: 905, 1952.

4. ANDERSON, C. W., SLINGER, S. J., PEPPER, W. F. AND HAUSER, M. M.: Bacterial cultures in the nutrition of

poultry. II. Effect of dietary coliform cultures on the growth and cecal flora of poults. J. Nutrition, 50: 47-57,

1953.

5. ANDRE, F.: Modification of a standard feed mixture for fattening lambs II. Iowa State College, Animal this-

bandry Leaflet 4 175. February, 1950.

5a. BALDINI, J. T., ROBERTS, R. E. AND KIRKPATRICK, C. M.: Antibiotic and vitamin B12 supplements 15 related

to the crude protein level of bobwhite quail diets. Poultry Sc., 32: 563-567, 1953.
6. BARTLEY, E. E.: Antibiotics in calf nutrition. Paper presented at Gordon Research Conference, Colby Jr. Col-

lege, New Hampshire, 49-52. Aug. 13, 1951.

7. BARTLEY, E. E., FOUNTAINE, F. C. AND ATKESON, F. W.: The effects of an APF concentrate containing aurco-

mycin on the growth and well-being of young dairy calves. J. Animal Sc., 9: 646-647, 1950.

P. BARTLEY, E. E., FOUNTAINE, F. C. AND ATKESON, F. W.: Antibiotics in dairy cattle nutrition. II. Effects of

feeding an aureomycin product (Aurofac 2A) to lactating dairy cos�s. J. Dairy Sc., 36: 402-408. 1953.
9. BARTLEY, E. E., %%HEATCROFT, K. Ij., CLAYDON, T. J., FOUNTAINE, F. C. AND PARRISH, D. B.: Effects of feeding

aureomycin to dairy calves. J. Animal Sc , 10: 1036, 1951.
10. BAXTER, J. H. AND CAMPBELL, H.: Effects of aureomycin on renal lesions, liver lipid. and tissue choline in choline

deficiency. Proc. Soc. Exper. Biol. & Med., 80: 415-419, 1952.
11. BECKER, R. E., TERRILL, 5. W., NESHEIM, R. 0. AND MEADE, R. J.: Comparison of antibiotics for growing-

fattening pigs. Mimeograph AS2I5 University of Illinois, 1951.

12. BELL, M. C., %%HITEHAIR, C. K. AND GALLUP, W. D.: The effect of aureomycin on digestion in steers. J. Animal
Sc., 9: 647-648, 1950.

13. BELL, M. C., WHITEHAIR, C. K. AND GALLUP, W. D.: The effect of aureomycin on digestion in steers. Proc. Soc.

Exper. Biol. & Med., 76: 284-286, 1951.

14. BERG, L. R., CARVER, J. S., BEARSE, 0. E. AND MCGINNIS, J.: Antibiotics in the nutrition of laying liens. Wash.

Ag. Exp. Station Bulletin 4534, 1952.

15. BIELY, J. AND MARCH, B.: The effect of aureomycin and vitamins on the growth rate of chicks. Science, 114:

330-331, 1951.
16. BIELY, J., MARCH. B. E. AND SMITH, D. F.: The effect of feeding antibiotics on tile carbohydrate and protein

requirements of the chick. Poultry Sc., 31: 863-870, 1952.

17. BIRD, H. R., LILLIE, R. J. AND SIZEMORE, J. R.: Environment and stimulation of chick growth by antibiotics.

Poultry Sc., 31: 907, 1952.

IS. BI.ACK, S., MCKIBBIN, J. M. AND ELVKHJEM, C’. A.: Use of sulfaguanidine in nutrition experiments. Proc. Soc.
Exper. Biol. & Med., 47: 308-310, 1941.

19. BLACK, S., OVERMAN, R. S., ELVEHJEM, C. A. AND LINK, K. P.: The effect of sulfaguanidine on rat growth and

plasma prothrombin. J. Biol. Chem., 145: 137-143, 1942.
20. BLIGHT, .1. C., KING, J. X. AND ELLIS, N. R.: Effect of vitamin B1� and aureomycin concentrates on the growth

rate of unthrifty weanling pigs. J. Animal Sc., Il: 92-96, 1952.

21. Bi.oo�i, S. AND KNODT, C. B.: The value of vitamin Bit, I)L-methionine, penicillin, and aureomycin in milk

replacement formulae for dairy calves. J. Animal Sc., 10: 1039-1040, 1951.



NtTRITIONAL EFFECTS OF ANTIBIOTICS 415

22. BLOOM, S. AND KNODT, C. B.: The value of aureomycin and vitamin BII in milk replacement formulas for dairy

calves. J. Dairy Sc. , 35: 910-914, 1952.

23. BOWLAND, J. P. , BEACOM, S. E. AND MCELROY, L. W. : Aniiiial protein factor and antibiotic supplementation of
smali grain rations for swine. J. Animal Sc. , 10: 629-637, 1951.

24. BRAUDE, R. AND JOHNSON, B. C. : Effect of aureoniyein on nitrogen and water metabolIsm in growing pigs. J.

Nutrition, 49: 505-512, 1953.

25. BRAUDE, R., WALLACE, H. D. AND CUNHA, T. J. : The value of antibiotics in the nutrition of swine: A review.

Antibiotics and Chemo., 3: 271-291, 1953.

26. BRIGOS, 0. M. JR.: Personal communication.

27. Bisons, 0. 36. JR., LTJCKEY, T. D. , ELVEHJEM, C. A. AND HART, E. B. : Effect of ascorbic acid on chick growth

when added to purified rations. Proc. Soc. Exper. Biol. & Med. , 55: 130-134, 1944.

28. BRODY, T. M. AND BAIN, J. A. : The effect of aureomycin and terraniycin on oxidative phosphorylation. J. Phar.
macol. Exper. Therap., 103: 338, 1951.

29. BROQUIST, H. P. AND KOHLER, A. R. : Studies of the antibiotic potency in the meat of animals fed chlortetra-

cycline. Antibiotics & Chemo.: In the press, 1953.

29a. BROWN, J. A., ROBBLEE, A. R. AND CLANDINEN, D. R. : The use of penicillin in breeding rations. Poultry

Sc., 32: 576-578, 1953.

30. BURGESS, R. C. , GLUCK, 53. , BRISSON, 0. AND LAUGHLAND, D. H. : Effect of dietary penicillin on liver vitamin
A and serum carotenoids in the chick. Arch. Biochem., 33: 339-340. 1951.

31. CALLENDER, S. T. AND LAJTHA, L. (;. : On the nature of CRStle’s hemopoietic factor. Blood, 6: 1234-1239, 1951.

32. CAMERON, D. G. , WAi’soN, C. M. AND WITTS, L. J. : The clinical association of macrocytic anemia with intestinal

stricture and anastomosis. Blood, 4: 793-802, 1949.

33. CAMERON, H. S. : The bactericidal action in rico of aureoni3’cin in an aureomycin fermentation residue against

Brucella suis. Cornell Vet., 41: 110-114, 1951.

34. CARLSON, C. W. : Further evidence on the possible value of antibiotics in breeder rations. Paper presented at
Informal Poultry Nutrition Conference, Federation Meetings, Chicago, 1953.

35. CARPENTER, L. E. : Effect of aureomycin on the growth of weaned pigs. Arch. Biochein. , 27: 469-471 , 1950.

36. CARPENTER, L. E. : More big news about aureomycin. Hormel Farmer. Aug. , 1950.

37. CARPENTER, L. E. : Effect of APF concentrate containing aureomycin on gestating, lactating, and growing sa inc.

J. Animal Sc., 10: 657-664. 1951.
38. CARPENTER, L. E.: Personal communication, 1951.

39. CARTER, C. H.: In preparation.

40. CASON, J. L. AND VOELKER, H. H.: The effect of a terramycin supplement on the growth and well-being of (hairy

calves. J. Dairy Sc., 34: 501, 1951.

41. CATRON, D. V.: Recent development in swine nutrition. Vet. Med., 44: 215-220. 1949.

42. CATRON, D. V.: Personal communication.

43. CATRON. D. V. AND Cuv�, P.: Runt pigs can be saved. Iowa Farm Sc., 5: 119-122, 1951.

44. CATRON, D. V., JENSEN, A. H., HOMEYER, P. G., MADDOCK, H. 34. AND ASHTON, 0. C.: Re-evaluation of protein

requirements of growing-fattening swine as influenced by feeding an antibiotic. J. Animal Sc., II: 221-232, 1952.

45. CATRON, D. V., MADDOCK, H. M., SPEER, V. C. AND Vests, R. L.: Effect of different levels of aureomycin with
and without vitamin BII on growing fattening swine. Antibiotics & Chemo., 1: 31-40, 1951.

46. CHAIKOFF, I. L.: Personal communication, 1953.

47. CHAIKOFF, I. L., ENTENMAN, C. AND MONTGOMERY, M. L.: Mechanism of action of the antifatty liver factor

of the pancreas. II. Free methionine prevents fatty livers in completely depancreatized dogs maintained with
insulin and fed a lean meat diet. J. Biol. Chem., 160: 489-492, 1945.

48. CHANCE, C. M., DUNCAN, C. W., HUFFMAN, C. F. AND LUECKE, R. W.: Antibiotics in rumen digestion arid syn-
thesis. II. The effect of aureomycin on the concentration of some amino acids and B vitamins in the runien.

J. Dairy Sc., 36: 495-503, 1953.

49. CHANCE, C. 34., HUFTMAN, C. F. AND DUNCAN, C. W.: Antibiotics in rumen digestion and synthesis. I. The
effect of aureomycin on rumen digestion and the passage of nutrients from the rumen during specific intervals
after feeding. J. Dairy Sc., 36: 253-259, 1953.

50. COATES, M. E.: Chemistry & Industry, in press.

51. COATES, M. E., DIcKINSoN, C. D., HARRISON, G. F. AND KON, S. K.: The effect of antibiotics on the growth
of chicks deprived of vitamins of the B complex. Biochem. J., 49: lxviii-Lxix, 1951.

52. COATE8, 34. E., DICKINSON, C. D., HARRISON, G. F., KON, S. K., CUMMINS, S. H. AND CUTHBERTSON, Vi. F.

J.: Mode of action of antibiotics in stimulating growth of chicks. Nature, 168: 332. 1951.
53. COATES, M. E., DICKINSON, C. D., HARRISON, G. F., KON, S. K., PORTER, J. %�. (;..CUMMIss, S. II. ANI)

BEETSON, W. F. J.: A mode of action of antibiotics in chick nutrition. J. Sc. Food Agr., 3: 43-48, 1952.

54. COATES, M. E., HARRISON, (I. F., FORD, J. E., KON, S. K. AND PORTER, J. W. 0.: Sonie properties of vitamin

Bis-like factors from calf faeces. Congre.s International de Biochimie, Resumes des Communications, 2: 6, 1952.

55. COATES, M. E., HARRISON, 0. F., KON, S. K. AND PORTER, J. W. 0.: The effect of antibiotics on the growth of

chicks. Congres International (le Biochimie, Resumes des Communications, 2: 101-102, 1952.

56. COATES, M. E., HARRISON, 0. F., KON, S. K., PORTER, J. %�. (�. AND THOMPSON, S. Y.: Antibiotics in chick
nutrition and vitamin A metabolism. Chemistry & Industry 47. 149, 1952.

57. COLBY, R. W., RAU, F. A. AND COUCH, J. R.: Effect of feeding an ‘animal protein factor’ concentrate to young

lambs. Am. J. Physiol., 163: 418-421, 1950.
55, COLBY, R. W., RAU, F. A. AND DUNN, R. C.: Effect of feeding aiireoniyein to fattening lambs. Proc. Soc. Exper.

Biol. & Med., 75: 234-236, 1950.



416 ThOMAS 11. JUKES AND WILLIAM L. WILLIAMS

59. COLBY, II. %%. , RAt, F. A. ANt) MILLER, J. C. : The effect of various antibiotics on fattening lambs. J. Animal Sc.,

9: 652, 1950.

60. GoLF:, L. R. : Recovery of aureomycin froni the gastrointestinal tract following intravenous administration. J.

Lab. & Clin. Med. , 41: 670-675, 1953.

61. C’osiMoN, R. H. , KEEFE, T. J., BURGESS, R. AND MAW, Vi. A. : Modification of the biochemical responses of the
immature pullet to oestrogen by means of dietary aureomycin. Nature, 166: 992-993, 1950.

62. Cot’cH, J. R. , ELAM, J. F. AND GEE, L. L. : Effect of penicillin on growth, egg production and hatehability. Fed-

eration Proc. , 10: 379, 1951.

63. COUCH, J. R. AND REED, R. : The effect of APF on growth of poultry. Report at C;ordon Research Conference.

1949.

64. CRONKITE, E. I’. : The clinical manifestations of acute radiation illness in goats. U. S. Nay. 34. Bull. , 49: 199-215,

1949.

65. CL’NHA, T. J. , BURNSIDE, J. E. , BUSCHMAN, D. 34. , GLASSCOCK, H. S., PEARSON, A. 34. AND SHEALY, A. L. : Effect

of vitamin B�, animal protein factor and soil for pig growth. Arch. Biochem. , 23: 324-326, 1949,

66. CUNHA, T. J. , BURNMIDE, J. E. , EDWARDS, H. M., MEADOws, 0. B., BENSON, R. H., PEARSON, A. 34. AND GLASS-

COCK, R. S. : Effect of animal protein factor on lowering protein needs of the pig. Arch. Biocheni. . 25: 455-457,

1950.

67. DANN, W, J.: The synthesis of nicotinic acid by the rat. J. Biol. Chem., 141: 803-505. 1941.

67a. I)IL0RENz0, J. J. AND YSEICH, H. : Unpublished data, 1953.

68. I)ixox, J. AND THAYER, R. H. : #{149}bservations on the growth promoting action of antibiotics in the chick. Poultry

Sc., 30: 910-911, 1951.
(19. DYER, I. A. : The gestation-lactation response of gilts fed a 17% crude protein-soybean oil meal ration to alfalfa

meal, dried corn distillers’ solublea and supplement containing vitamin B1, and antibiotics. University of

Illinois, Dept. of Animal Science, Mimeograph, Ninth Annual Report to Collaborators, 41-44, 1952.

70. EISNER, H. J., STIRN, F. E., DORNBUSH, A. C. AND OLE50N, J. J. : In press.

71. ELAN, J. F., GEE, L. L. AND COUCH, J. R.: Effect of feeding Penicillin on the life cycle of the chick. Proc. Soc.
Exper. Biol. & Med., 77: 209-213, 1951.

72. ELAM, J. F., GEE, L. L. AND CoucH, J. R.: Function and metabolic significance of penicillin an(1 bacitracin in

the chick. Proc. Soc. Exper. Biol. & Med., 78: 832-836, 1951.

73. ELAM, J. F., JACOBS, R. L. AND Coucu, J. R.: Am. J. Physiol., in press.

74. ELLIS, N. R.: Personal communication.

75. ERSHOFF, B. H.: Prolonged survival of hyperthyroid rats fed penicillin and aureomycin residues. Arch. Biocheni.,

28: 359-63, 1950.
76. ERSHOFF, B. H.: Distribution of an unidentified antithyrotoxic factor in materials of plant and animal origili

Proc. Soc. Exper. Biol. & Med., 74: 391-394, 1950.

77. I”AHQUHAR, J. D., STOKES, J., Ja., �8HITLOCK, C. M., BLL’EMLE, L. W., Ja. AND GAMBESCIA, J. 34.: Studies on
the ,ise of aureomycin i,i hepatic (li.sease. III. A note on aiireoniycin therapy in hepatic conia. Am. J. M. Sc.,

220: 166-172, 1950.

78. FERRANDO, R., BOaT, J. AND BRENOT, D.: Action des antihiotiques stir l’absorption intestinale. Conipt. Rend.,

236:1618-1620, 1953.

79. l”oy, 11.. K0NDI, A. AND IIARGREAVES, A.: The response of megaloblastic macrocytic anaemia to crystalline

penicillin G. Preliminary report. Brit. 34. .1., 1: 350-383, 1951.

SO. Foy, H., KONDI, A. AND HARGREAVES, A.: Response of megaloblastic anaemia of pregnancy to crystalline peni-

cillin 0. Brit. 34. J., 1: 1108-1110, 1951.
81. FURTH, F. AND COULTER, M.: Studies on factors affecting the radiation syndrome. Report UR 116, Univ-of

Rochester, Atomic Energy Project, 1950.

8la. FURTH, F. W., COULTER, M. P. AND HOWLAND, J. W.: The effect of aureomycin and terramycin on the X-

radiated rat. Am. J. Path., 28: 185-192, 1952.

Slb. FURTH, F. W., COULTER, M. P., MILLER, R. W., HOWLAND, J. W. AND SWISHER, S. N.: The treatment of the

acute radiation syndrome in dogs with aureomycin and whole blood. J. Lab. Clin. Med., 41: 918-928, 1953.

82. GALE, E. F. AND TAYLOR, E. S.: The assimilation of amino-acids by bacteria. 2. The action of typrocidin and some

detergent substances in releasing antino-acid.s from the internal environment of �S1rep1ococcus faecalis. J. Gen.

Microbiol,, 1: 77-84, 1947.
83. GOLDBLOOM, R. S. AND STEIGMANN, F.: Aureoniycin therapy in hepatic insufficiency. Gastrocnterolog�’, 18:

93-99, 1951.

84. GORDON, H. A.: A morphological and biochemical approach. In a colloquim “Studies on the growth effect of

antibiotics in germ-free animals.” held June 4, 19,52 at Lobund Institute, University of Notre Dame. Notre
Dame, Indiana.

85. GRADY, J. E. AND 5�ILLIAMS, %�. L.: Determination of aureomycin in feeds by the pad-plate nietliod. Antibiotics

& Chemo., 3: 158-164, 1953.
86. GRO$CHKE, A. C. AND EVANS, R. J.: Effect of antibiotics, synthetic vitamins, vitaiiiin Bit, and an APF supple

merit on chick growth. Poultry Sc., 29: 616-618, 1950.

87. (;UZMAN-GARCIA, J., SARI.E5, W. B. AND BAUMANN, C. A.: Microorganisms in the intestines of rats fed penicillin.

J. Nutrition, 49: 647-658, 1953.
88. (IYORGY, P., STOKEs, J., Ja., GOLDBLATT, H. AND POPPER, II.: Antimicrobial agents in the prevention of dietary

hiejiatic injury (necrosis, cirrhosis) in rats. J. Exper. Med., 93: 513-522, 1951.

89. (Ivoitu�, P., STOKES, J., JR., SMITH, W. H. AND (;OLDBLAI-1, 11.: Studies on the use of aureoinycin in hepatic

disease. II. The effect of atireomycin on experiniental dietary hepatic necrosis. Am. J. 34. Sc., 220: 6-11, 1950.



NUTRITIONAL EFFECTS OF ANTIBIOTICS 417

89a. HANSEN, 34. F., Noaais, 34. C;. AND ACKERT, J. E.: The influence of an all plant protein diet supplemented

with aureomycin and vitamin B12 on the resistance of chicks to Ascaridia �zlli (Sehrank). Poultry Sc., 32:

612-817, 1953.

90. HAQ, 34. 0., RUSOFF, L. L. AND GELPI, A. J., JR. : Antibiotic feed and VitalIlin Bit supplements for lactating

dairy cows. Science, 115: 215-216, 1952.
91. HARNED, B. K., CUNNINGHAM, R. W., CLARK, M. C., C0SGR0vE, K. , HINK, C. H., MCCAULEY, W. J., STOKEY,

E. , Vsassy, R. E. , ‘�UDA, N. N. AND SUBBAROW, V. : The pharmacology of Duoniycin. Ann. New York Acad.
Sc. 51: 182-210, 1948.

91a. HEIDEBRECHT, A. A., Ross, 0. B., VIHITEHAIR, C. K. AND MCVICAR, R. W.: The effect of various levels of

penicillin upon growth of pigs. OkLa. Agr. Exp. Sta. Misc. Pub. No. MP-22: 72, 1951.

92. Hmaiis, J. W. AND POUNDEN, Vi. D. : The performance of rumen inoculated calves fed a high roughage ration with

and without A.P.F. supplement. J. Animal Sc. , 9: 859, 1950.

93. HILL, D. C. , BRANION’, H. D. AND SLINGER, S. J. : Influence of environment on the growth response of chicks to

penicillin. Poultry Sc., 31: 920, 1952.
94. HOEPER, J. A. , LUECKE, R. W., THORP, F. , JR. AND JOHNSTON, R. L. : The effect of terramycin on the growth

of pigs fed different levels of protein. J. Animal Sc., 11: 455-458, 1952.

95. HOGAN, A. 0. AND LASLEY, J. F. : Personal communication, 1953.

98. HOWLAND, J. Vi’., FURTH, F., BENNETT, L. R., COULTER, M. AND MCDONNEL, 0. 5!.: Studies on factors affecting

the radiation syndrome. I. The effect of aureomycin and antibiotics on whole body irradiations. Report t’R94,

Univ. of Rochester Atomic Energy Project, 1949.

97, Hat’, J. M. , STERN, J. R. AND MCGINNIS, J. : The effect of vitamin Bit deficiency on erythrocyte counts and heron-

globin levels of chick embryo blood. Arch. Biocheni. , 38: 261-266, 1952.
98. Hat’, J. M. , STERN, J. R. AND MCGINNIS, J. : Effect of Vitamin Bit on plasma protein fractions in chick blood.

Poultry Sc., 31: 921, 1952.
99. HUERGA, J. DE LA, AND POPPER, H. : Urinary excretion of choline nietabolitea following choline administration

in normals and patients with hepatobihiary diseases. J. Clin. Investigation, 30: 463-470, 1951.

100. HUERGA, J., DK LA, AND POPPER, H. : Factors influencing choline absorption in the intestinal tract. J. Clin, In.
vestigation, 31: 598-603, 1952.

101. JACOBSON, N. L., KAFFETZAKI5, J. 0. AND MURLEY, W. R. : Response of “ruminating” dairy calves to aureomycin

feeding. J. Animal Sc. , 10: 1050-1051, 1951.

102. JOHANSSON, K. R. , PETERSON, G. E. AND DICK, E. C. : Effect of parenteral and oral administration of antibiotics
to rats fed a vitamin Bit-deficient diet. Federation Proc. , 12: 418, 1953.

103. JOHANS$ON, K. R., PETERSON, G. E. AND Dici, E. C.: Effects of dietary aureomycin upon the intestinal micro-

flora and the intestinal synthesis of vitamin Bi, in the rat. J. Nutrition, 49: 135-152, 1953.
104. JoNEs, H. L. AND Cosias, 0. F.: Effect of antibiotics on dietary requirement for methionine, lysine, tryptophan.

and unidentified growth factors. Poultry Sc., 30: 920, 1951.
105. JoRDAN, R. 34. AND BELL, T. D.: Effect of aureomycin on growing and fattening lambs. J. Animal Se., 10: 1061,

1951.
106. JUKES, T. 11,: Promotion of growth of chicks by aureoniycin fermentation mash. Paper presented at Inforniul

Poultry Nutrition Conference, Federation Meetings, Chicago, 1949.

107. JUKF.S, T. H. AND co-WORKERS: Unpublished observations.

108. JUKKS, T. H. AND STOKSTAD, E. L. R.: Further observations on the utilization of homocystine, choline and

related compounds by chicks. J. Nutrition, 48: 209-229, 1952.

109. JUKES, T. H., STOKSTAD, E. L. R., TAYLOR, R. R., CUNHA, T. J., EDWARDS, H. M. AND MEADOWS.

0. B.: C;rowth-promoting effect of aureoniycin on pigs. Arch. Bioehemii., 26: 324-325, 1950.

110. JUKKIS, T. 11. AND �SlLLIAMS, W. L.: Unpublished data.

111. Jusics, T. H., WILLIAMS, W. L., STOKSTAD, E. L. R., WONO, S. C. AND Cox, H. R.: Lack of growth response to

antibiotics by sterile chick embryos. Paper presented at Infornial Poultry Nutrition Conference, 1”ederation

Meetings, New York, 1952.

112. KAPLAN, A., CORN, C., NARAHARA, A. AND JoNEs, K.: The effect of aureomycin administration upon the blood

lipids of dogs with ligated pancreatic ducts. Paper presented at New York Acad. Sc. Meeting, Feb. 14, 1953.

113. KF.SLER, E. M. AND KNODT C. B.: Effect of terraniycin on growth and rumen function in Holstein calves. .1.

Animal Sc., 11: 768, 1952.
114. KLINE, E. A., KA5TELIC, J., QUINN, L. V., HOMEYER, P. (;, AND CATROX, D. V.: The influence of feeding vita

mm B12, cobalt and antibiotics on the composition of pork tissue. J. Animal Se., 11: 750-751, 1953.

115. KNODT, C. B.: Antibiotics in the growth of ruminant animals. Antibiotics & Chemo., 3: 442-445, 1953.
116. Kaoo-r, C. B. AND Ross, E. B.: Unpublished data cited in Knodt, C’. B.. Antibiotics & Chemo.. 3: 442-445.

1953.

117. KNODT, C. B. AND Ross, E. B.: The value of s’arioiis levels of aureoniyein in iiiihk replaeement.s for dairy calves.
J. i)airy Se., 35: 493, 1952.

118. KOI.F,TSKY, S. AND CHRI5’rIE, J. H.: Effect of antibiotics on mortality froni internal radiation. Proc. Soc. Exper.

Biol. & Med., 75: 363-366, 1950.

119. KRATZER, F. H., (;RAU, C. R., STARR, M. P. AND REYNOLDS, I), 34.: Growthi-proniotirig activities of antibiotics

and yeast cultures for chicks and turkey poults. Federation Proc., 10: 3.86, 1951.

120. LARsON, N. L. AND CARPENTER, L. E.: In press.

121. LICHTMAN, H., GINSBERG, V. AND WATSON, J.: Therapeutic effect of aureoniycin in pernicious anemia. Proc.

Soc. Exper. Biol. & Med., 74: 884-888, 1950.



418 THOMAS 11. JUKES AND WILLIAM L. WILLIAMS

122. LIGHT, R. F., CRACAS, L. J. , OLCOI’r, C. T. AND FREY, C. N. : Inhibition of the symbiotic synthesis of B comiiplex

factors by sulfonamides. J. Nutrition, 24: 427-435, 1942.

l22a. LILLIE, R. J. AND BIRD, H. R.: Effect of antibiotic supplements upon hatchiahihity and upon growth antI

viability of progeney. Poultry Sc., .31: 513-517, 1952.

123. LINDBLAD, (;. S. , SLINGER, S. J. , ANDERSON, (I. %%. AND MOTZOK, I. : Effect of aureomycin on the calcium amiti

phosphorus requirements of chicks. Poultry Sc. , 31: 923-924, 1952.

124. LINKSWILER, H. 34. , BAUMANN, C. A. AND SNELL. E. F. : Effect of aureomycin on growth response of rats to

various forms of vitamin B.. Federation Proc. .10: 387, 1951.

125. LooMis, %5’. F.: On the mechanism of action of aureoniycin. Science, Ill: 474, 1950.

126. LoosLI, J. K. AND %%ALLACE, H. D. : Influence of APF and aureomycin on the growth of (lairy calves. Proc. Soc.

Exper. Biol. & Med. , 75: 531-533, 1950.

127. LOOSLI, J. K. AND �8ARNER, R. (I.: Antibiotics for dairy animals. Farm Research, (N. V. State Sta.) 18(3):3,

July, 1952.
128. L00SLI, J. K. , WAssERMAN, R. H. AND GALL, L. S. : Antibiotic studies with dairy calves. .1. I)airy Sc., 34: 500,

1961.
129. LUCKEY, T. D. : Effect of feeding antibiotics upon the grovi’thi rate of gerni-free birds. In a colloquini “Studies on

the growth effect of antibiotics in gerni-free animals”, held June 4, 1952 at Lobund Institute, University of

Notre Dame, Notre Dame, Indiana.
130. Lt’CKEY, T. D. : Personal communication, 1953.

131. LUECKE, R. W. , MCMILLEN, Vt. N. AND THORP, F. , Ja. : The effect of vitamin Bi:, RfliI)ial protein factor an(1

streptomycin on the growth of young pigs. Arch. Biocheni., 26: 326-327, 1950.

132. MACHLIN, L. J., DENTON, C. A. , KELLOGG, Vi. L. AND BIRD, H. R. : Effect of dietary antibiotic upon feed eli-

cieney and protein requirement of growing chickens. Poultry Sc. , 31: 106-109, 1952.
133. MACKAY, A, , RIDDELL, H. R. AND FITasISISI0NS, R. : Effect of Terramycin on calf growth. Paper l)resented at

the American Dairy Science Association Meeting, Massachusetts, Eastern Division, 1953.
134. MACKENZIE, J. B. , MACKENZIE, C. (;. AND MCC0LLUM, E. V. : The effect of sulfanilylguanidine on the thyroid of

the rat. Science, 04: 518-519, 1941.

135. Manufacturing Chemists’ Assoc. First edition. Washington, I). C. , Manufacturing Chieniists’ Asscs’iation, 105

pp. , 1953.
136. MARTIN, G. J, : p-Aniinobenzoic acid and sulfonamides in rat nutrition. Proc. Soc. Exper. Biol. & Med.. 51: 56-

59, 1942.

137. MCGILUARD, A. D. , R0NNING, M., BEROUSEE, E. R. AND NORTON, C. L. : The influence of a;ireoniyein and 01(1

inoculation on the growth of dairy calves. J. l)airy Sc. , 35: 493, 1952.
138. McGINNIS, J. : Supplements produced by different fermentations. Report to the Washington State Poultry

Council, Washington State College Mimeograph. August, 1949.

139. MCGINNIS, J., BERG, L. R., STERN, J. R., WILcox, R. A. AND BEARSE, G. E.: The effect of aureoniycin and

streptomycin on growthi of chicks and turkey pouhts. Poultry Sc., 29: 771, 1950.
140. MCGINNIs, J., STEPHENSON, E. L., LEVADIE, B. T. H., CARVER, J. S., GARIBALDI, J. A., IJICHI, K., SNELI.,

N. S. AND LEWIS, J. C.: Response of chicks and turkey poults to vitamin B12 supplenients produced by fer-

mentation with different organisms. Abstracts of 116th Meeting. Anierican C’hiemieah Society, Atlantic (‘ity,

page 42A, 1949.
141. MCNEILE, H. J. AND Sotosiox. C.: Aureoinyein in acute fulminant hepatitis: Report on siieces.sftih tretitnient

in three eases. New York State J. Med., 50: 1393-1395. 1950.

142. MEITES, .1. AND OGLE, H. (‘.: Antithiyrotoxic effects of antibiotics ill rats. Proc. Soc. l-xper. Biol. & Med., 77:

758-761, 1951.

14�t. � B. B., Nis:i,sox. .A. 34., (;I�-CK, 34. AND BuRGEss, H.: Penicillin and calcium iibsorptiomi. Arch.

Biochiem., 34: 479-480. 1951.
IHa. MILLER, C. P., HAMMOND, C. W., T0SICKINS, 34. AND SHORTER, (I.: The treatment of �EstirradiatioIi infec-

tion with antibiotics: an experimental study on mice, J. Lab. Chin. Med.: 39: 462-479, 1952.

44. Mooits:, P. it., EVENSON, A., LUCKEY, T. D., McCOY. E.. EI,VEHJEM, C. A. AND HART. E. B.: tse of siilfastixi

dine, streptothiriein, amid streptomycin in nutritional studies with the chick. J. Bioh. Cheni.. 163: 437-441, 946.
145. MOREI1Ot’SE, N. F. ANT) MAYI”IELD, 0. J.: Thie effect of some aryl al-sonic acids on experilnelital coecidiosis mi-

fection in chickens. .1. Pmirasitol., 32: 20-24, 1946.

146. MURLEY, W. R., JACOBSON, N. I.., VSING, J. 34. AND STODDARD, (I. F.: The response to aureoniycin stipI,lellleltta-

tion of young dairy calves fed various “practical” and restricted diets. J. Dairy Sc., 34: 500. 1951.

147. NELSON, T. S. AND Sco’r-r, H. M.: The effect of antibiotics and type of carbohydrate on the dietary flimU’ili re-

quirement of the chick. Poultry Sc.. 31: 929, 1952.

148. NEuMANN, A. L., SNAPP, H. R. AND GALL, L. S.: The long-time effect of feeding aureolliyein to fattening beef
cattle, with bacteriological data. J. Animal Sc., II: 1058-1059, 1951.

149. NOLAND, P. R., STEPHENSON, E. L., NELSON, T S. ANI) Tucici�a, D. L.: Response of baby pigs to antibiotics.

J. Animal Sc., 10: 1059, 1951.

150. PEPPER, W. F., SLINGER, S. J. AND MoTzoK, I.: The effect of liurcolnycin on the interrelationship between loan

ganese and salt in chicks. Poultry Sc., 30: 926-927, 1951.
l5(ht. PEPPER, W. F., SLINGER, S. J. AND MOTZOK, I: Effect of Auceomycin on the niacin and Inanganese require-

ment of chicks. Poultry Sc., 32: 656, 1953.

151. PEPPI.ER, 11. J.,OBERO, E. B., BENEDIC,’, R. C. ANI) LINDENFELSER, L.A.: The effect of feeding crude pohyniy-ximi

1) on the intestinal bacteria of chickens. Poluty Se., 29: 520-526, 1950.



NUTRITIONAL EFFECTS OF ANTIBIOTICS 419

152. PERRINI, F.: Aureomycin as a growth factor in prentature infants. Boll. Soc. ital. biol, sper. , 27: 1151-1152, 1951.

153. PERRY, T. W. , BEESON, W. 34. AND VOSTEEN, B. W. : The effect of an antibiotic or a surfactant on the growth

and carcass coniposition of swine. J. Animal Sc. , 12: 310-315, 195.3.

154. PHILIPS, F. S. AND THIERSCH, J. B. : Studies of the action.s of 4-amino-pteroy’lglutamic acid in rats and mice. J.

Pharmacol. Exper. Therap. , 95: 303-31 1 , 1949.

155. RAGSDALE, A. C.: Growth standards for dairy cattle. University of Missouri Agr. Exp. Station, Bulletin 4336,

12 pp. , 1934.

56. RICHARDSON, D., CATRON, D. V., UNDERKOFLER, L. A. , MADDOCK, H. 34. AND FRIEDLAND, %%, C. : Vitamin R12
requirement of male weanhing pigs. J. Nutrition, 44: 371-381, 1951.

157. RoBINsoN, P. : Controlled trial of aureoniycin in premature twins and triplets. Lancet, 1: 52, 1952.

158. ROBISON, V�. L. , KUNKLE, L. E. AND CAHILL, V. R. : The influence of various factors on the yields of pork emits.

J. Animal Sc. , 11: 752, 1952.

159. ROMOSER, G. L. , SHORE, M. S. AND Cosiss, C. F. : Studies on niechianisni of antibiotics in promoting chick

gross’th. Poultry Sc. , 31: 932, 1952.

160. RoNosEa, C. L. , SHORB, M. S., Cosias, 0. F. AND PEI.CZAR, 34. J. , Ja. : Effect of antibiotics and diet coniposition

on cecal bacteria and growth of chicks, Antibiotics & Chemo. , 2: 42-50, 1952.

161. Ross, E. AND VACOWITZ, H. : The effect of penicillin on vitamin D requirements for growth and bone calciflea-

tion. Poultry Sc. , 31: 933, 1952.

162. RUMBALL, J. 34., MARION, D. F. AND SANDERS, 34. : Poat-hepatitic cirrhosis treated with aureomycin: A ease

report. Gastroenterology, 14: 432-436, 1950.

163. RUSOFF, L. L. : A.P.F. supplements for calves. J. Animal Sc., 9: 666, 1950.

164. RUSOFF, L. L. , DAVIS, A. V. AND ALFORD, J. A. : Growth-promoting effect of aureomycin on young calves weaned

from milk at an early age. J. Nutrition, 45: 289-300, 1951.

165. SAUBERLICH, H. E. : Studies on the reversal of aminopterin toxicity in the rat with citrovorum factor, folacin amid

related compounds. J. Nutrition, 30: 101-115, 1953.
165a. SAXENA, H. C., BLAYLOCK, L. G., STADELMAN, Vt. J., CARVER, J. S. AND MCGINNiS, J.: Effect of penicillin

on growth, feed efficiency and fattening of turkeys. Poultry’ Sc., 32: 721-726, 1953.

166. SCHwARZ, K. : Effect of aureomycin on folic acid-citrovorum factor relation in the rat. Federation Proc. , 10: 394.

1951.
167. SCRIMSHAW, N. S. AND GUZMAN, 34. A. : The effect of dietary supplementation and the administration of vitaiiiin

Bit and aureomycin on the growth of school children. INCAP Scientific Contribution 1-29. Proc. Ann. Mtg.

National Vitamin Foundation, New York, N. V. March, 1953.
168. SEEGER, K. C. , LUCAS, Vt. C. AND TOMHAVE, A. F. : The effect of dried crude aureoniyein on cecal coccidiosis

in chickens. Poultry Sc. , 29: 779, 1950.

169. SHAPFER, J. M. , BLUEMLE, L. W. , Ja,, SBOROV, V. 34. AND NEEE, J. R. : Studies on the use of aureoniycin in

hepatic disease. IV. Aureomycin therapy in chronic liver disease. Am. J. 34. Sc. , 220: 173-182, 1950.

170. SHATTER, J. 34., FARQUHAR, J. D., STOKES, J., Ja. AND Saoaov, V. M.: Studies on the use of aureomycin in

hepatic disease. I. Aureomycin therapy in acute viral hepatitis. Am. J. 34. Sc., 220: 1-5, 1950.

171. SIEBURTH, J, M., GUTIERREZ, J., MCGINNIS, J., STERN, J. R. AND SCHNEIDER, B. H.: Effect of antibiotics on

intestinal microflora and on growth of turkeys and pigs. Proc. Soc. Exper. Biol. & Med., 76: 15-18, 1951.

172. SIEBURTH, J. M., MCGINNIS, J, AND SKINNER, C. F.: The effect of terramycin on the antagonism of certain bac-

teria against species of proteus. J. Bact., 64: 163-169, 1952.

173. SINGSEN, F. P. AND MATrERSON, L. D.: Recent advances in nutrition. Report at New England Feedmen’s

Mtg., Conn, Agr. Exp. Station Minieographi. Aug. 18, 1949.

174. SIzEsioaE, J. R., LILLIE, R. J. AND BIRD, H. R.: Influence of aureomycin in the chick diet upon subsequent
reproductive performance of laying hens. Poultry- Sc., 31: 935-936, 1952.

175. SLINGER, S. J., BERGEY, J. F., PEPPER, W. F., SNYDER, F. S. AND ARTHUR, D.: Effect of antibiotics on tIN
protein requirement of broilers. Poultry Sc., 31: 757-764, 1952.

176. SLINGER, S. J., GARTLEY, K. M., PEPPER, W. F. AND HILL, D. C.: The influence of animal protein factor stipple-

Inents and antibiotics on the incidence and severity of white feathers in turkeys. J. Nutrition, 43: 345-:l55, 1951.

176a. SLINGER, S. J., MoaPR�r, A. M., HUNT, E. C. AND PEPPER, W. F.: Effect of i*nicihhin on the reproductive

performance of turkeys. Poultry’ Se., 32: 660-669, 1953.

176b. SLINGER, S. J., PEPPER, W. F., Moapna’r, A. 34. AND EVANS, E. V.: Effect of penicillin on the niacin require-

ment of turkey’s and a carry-over effect of Penicillin from dams to progency’. Poultrt Sc., 32: 754-762, 195:!.

l76c. SMITH, W. W. AND SMITH, F.: Antibiotic therapy in X-irradiated mice. Am. J. Physioh.: 167: 827, 1951.

177. SNELLING, C. F. AND JOHNSON, R.: Thie value of miureomnycin in prevention of cross infection in tIN hospital for
sick children. C’anad. M. A. J., 66: 6-5, 1952.

178. SPEER, V. C., Voits, R. L., CATRON, D. V., MADDOCE, H. M. AND CuLa:isTsox, C. C.: Effect of aureoniycin
and animal protein factor on healthy pigs. Arch. Biocheni., 29: 452-45.3. 1950.

179. STOKSTAD, E. L. it. AND JUKES, T. H.: Growth-promoting effect of miureomnycin on turkey’ poults. Poultry Sc.,

29: 611-612, 1950.
180. STOKSTAD, F. L. R. AND JUKES, T. H.: Further observations on the “minimal protein factor”. Proc. Soc. Exper.

Biol. & Med., 73: 523-528, 1950.

181. STOKSTAD, E. L. R. AND JUKES, T. H.: Effect of various levels of vitiiniin Bit upon growthi response produce(1

by aureomycin in chicks. Proc. Soc. Exper. Biol. & Med., 76: 73-76, 1951.

182. STOKSTAD, F. I�. R., JUKES, T. H. AND BROQUIST, H. P.: The effect of aureolnycin on the requirements of chicks

for various water soluble vitamins. Poultry Sc., 30: 931, 1951.



420 THOMAS H. JUKES AND WILLIAM L. WILLIAMS

1.3. STOKSTAD, F. L. R. , JUKES, T. H. , PIERCE, J. V., PAGE, A. C. #{149}Jit. AND FRANKLIN, A. L. : The multipje nattire

of the animal protein factor. J. Biol. Chem. , 180: 647-654, 1949.

184. SUNDE, M. L. , HALPIN, J. C. AND CRAVENS, Vi. W. : The effect of vitamin Bil supplements and antibiotic feed

supplements on egg production and hatehabiity. Poultry Sc. , 31: 617-620, 1952.
184a. SWICKARD, 34. T., HARKIN, A. 34. AND MARSDEN, S. J.: Palatability of turkeys fed experimental diets comi-

taming aureomycin and fish products. Poultry’ Sc., 32: 726-729, 1953.

184b. TERRILL, S. W., NESHEIM, R. 0. AND KRIDER, J. L.: Comparison of solvent soybean oil meals and the effect

of dried whey products and antibiotics in dry’ lot rations for pigs, J. Animal Sc., 10: 828-836, 1951.

185. UMBREIT, W. W. : Streptomycin. Tr. New York Aced. Sc. , 15: 8-11, 1952.
186, UMBREIT, W. Vt’. , SMITH, P. H. AND OGINSKY, F. L. : The action of streptomycin. V. The formation of citrate

J. Bact., 61: 595-604, 1951.

187. UNOLEY, C. C.: IV. Administration into buccal cavity, into washed segment of intestine, or after partial sterili-

zation of bowel. Brit. M. J., 2: 915-919, 1950.

188. VESTAL, C. M.: Effect of an APF-aureoniycin supplement in swine rations. Purdue Agr. Exp. Station Minieo-

graph AH 65, 1951.

189. VESTAL, C. M., BEESON, W. M., ANDREWS, F. N., HUTCHING5, L. M. AND DOYLE, L. P.: The effect of aureoniycin

on the development and livability of newborn pigs. Purdue University, Mimeograph AH-87, 1952.
190. VOELKER, H. H. AND CASON, J. L.: Antibiotics studies with dairy calves. J. Animal Sc., 10: 1065, 1951.

191. VORS, it. L., MADDOCE, H. M., CATRON, D. V. AND CULBERTSON, C. C.: Vitamin Bit, APF concentrate, amid

dried whey for growing-fattening pigs. J. Animal Sc., 10: 42-49, 1951
192. WAHLSTROM, it. C. AND JOHNSON, B. C.: Growth effect of various antibiotics on baby pigs fed synthetic rations.

Federation Proc., 10: 397-398, 1951.

19:3. WARLSTROM, R. C., TERRILL, S. W. AND JOHNSON, B. C.: Effect of antibacterial agents on growth) of baby’ pigs

fed a “synthetic” diet. Proc. Soc. Exper. Biol. & Med., 75: 710-711, 1950.

194. WAIBEL, P. F., SUNDE, M. L., BAUMANN, C. A. AND CRAVEN5, W. W.: The effect of antibiotics on growth of

chicks fed rations of different composition. Poultry Sc., 31: 938, 1952.

195. WAIBEL, P. E., SUNDE, M. L. AND CRAVENS, W. W.: Effect of addition of penicillin to the lien’s ration on biotin

and folic acid content of eggs. Poultry Sc., 31: 621-624, 1952.

197. %%AISMAN, H. A., GREEN, M., CRAVIOTO-MUNOZ, J., RAMENCHIK, A. AXD RICHMOND, J. B.: Role of aureomy’cin

and citrovorum factor in “folic acid” deficiencies. Proc. Soc. Exper. Biol. & Med., 76: 384-388, 1951.

l97a. WAISMAN, H. A., CRAVIOTO-MUNOZ, J. AND PONCHER, H. G.: Citrovorum factor deficiency in rats and influence

of antibiotics on growth. Federation Proc., 11: 304, 1952.

198. WATSoN, G. 34. AND WI’rrs, L. J.: Aureomycin treatment of experimental anaemia in rats. J. Path. & Bact.,

64: 232-234, 1952.

14)9. WELCH, A. D.: Succinyl-sulfathiazole as an inhibitor of bacterial syntheses in nutrition experiments. Federation

Proc., 1: 171, 1942.
I99a. WELCH, H.: About the chiemically descriptive generic terms for Aureomycin (Chilortetracycline) and Terra-

mycin (Oxytetracychine). Antibiotics & Chemo.: 3: 659-662, 1953.

200. V1HITEHILL, A. R., OLESON, J. J. AND HUTCHINGS, B. L.: Stiniulatory effect of aureomycin on the growth of

chicks. Proc. Soc. Exper. Biol. & Med., 74: 11-13, 1950.
201. V1II�LIAMs, W. L.: Unpublished observations, 1951.

202. WILLIAMS, W. L. AND ELLI0’rr, R. F.: Unpublished data.

203. ViILLIAMS, Vi. L., TAYLOR, R. R., STOKSTAD, E. L. R. AND JUKES, T. H.: Mechanism of the growth-promoting

effect of aureoniycin in chicks. Federation Proc., 10: 270, 1951.

204. VIII.S0N, C. D., BURNSIDE, J. E., BRAY, it. W., PsIILUPS, P. H. AND GRUMMER, R. H.: Pork carcass value as

affected by protein level and supplementation with aureomycin and vitamin Bit. J. Aninial Sc., 12: 291-296,

1953.

205. ZASLOW. J., H F.WLF.TF, ‘I’. H. AND LORRY, R. W.: The excretion and concentration of aureomny’cin in the abnormiia�

human l)iliary tract. Part I. Gall bladder. Gastroenterology, 16: 475-478, 1950.




