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a mule, time ai�imearance of necrosis. Thus its

irotective action was only temporary.
If the effect of aureonmycin is mediated by

time suppression of time intestinal flora, other

antimicrobial agents should also lm’ove to he

effective. Although not necessarily equal to

aureomnycin, the effectiveness of other anti-

hioties del)efl(1s mnainly on timeir bacterial

“sl)ectrumlm” itfl(I �)ossibly also on the ease with
whicim theY mmiay produce resistammt strains.

hums, it seemmied advisai)le to study the effect

of various antimicrobial agents on time pro-

(luetion of dietary Imepatic necrosis, especially

in comimparison \Vitil the effect of aureomycin.

In one of time experinients we coml)ared

aureomimycin with polymyxin an(l strepto-

mimycimi , and found �)Olyl11yXifl ineffective,

strel)tomlmycin slightly effective , an(I aureo-

mycimi very significantly effective.

1mm addition to �)olymnyxin, cilloramul)henicoi

ItIlil bacitracin were ineffective in the preven-

tion of dietary hepatic necrosis in rats. Sulfa-

guanidine was slightly effective in its protec-

tion, whereas streptomnyein, Neomycin,#{174} and

Terramycin#{174} were definitely effective in in-

creasing order.

Ingested streptonmycin is absorbed fromn the

intestinal tract only in traces. Thus, its

beneficial effect in time prevention of hepatic

necrosis suggests that its mode of action is

by suppression of the intestinal flora. Obser-

vations with penicillin agree with this timeory.

Penicillin when given by injection was either

without any, or of only limited beneficial

effect. When given by mouth, especially in its

poorly soluble organic base salts, it exerted

a very marked protection, equal to that of

aureomycin.tm5”#{176}

During time first year and a half of this study

mmmost of the experiments were conducted with

aureolnycin. In timis period, the delaying effect

of aureomycin on experimental hepatic ne-

crosis became gradually less pronounced with

successive experiments. The results recorded

suggest the conclusion that the average sur-

vival time of rats kept under identical condi-

tions and fed aureomycin in addition to the

necrogenic diet has been considerably reduced,

whereas in the same time the survival of the

control rats (not receiving aureomycin) re-

Exp. Date

Survival tim e in days (avg.)

Control Aureomycin#{174}

1 November 1949 34 110
2 .Jammuary 1950 41 103
3 August 1950 34 58
4 October 1950 32 42
5 January 1951 27 34

miiainetl l)ractieaily uncimanged (Table V)

During time WimOle experimental period the

samime strain of rat �Si)rague-Dawley) , with the

same average initial ��‘eight, and with the same

experimental diet , � used. Batches of

aureoniycin from I 949 were compared with

niore recent batches, and the same reduction in

the survival time of the treated rats was oh-

tamed svitim “Old!” and “new” aureomycin.

In .January 1951 , wimen tue aureomycin effect

seeme(l to escape us, experiments with tue

identical strain of mats, and time identical

experimental diet (containing ingredients from

a coninm�n source ) , wem�e set up by us in two

other laboratories, in which similar experiments

had never before 1)een conducted. In both

these new laboratories the original long and

very significant delay in the development of

hepatic necrosis by aureomnycin was again

observed. Furtherimiore, the survival time of

time control rats not receiving aureomycin was

also significantly prolonged, compared with the

figures given in the last table. These results

appear to illustrate that the effect of aureomy-

ciii and of other antibiotics on the delay of

dietary imepatic necrosis is muediated not

primarily and directly through alteration of the

immetabolism, but only secondarily through the

external environment such as the intestinal

flora.’7

Since early 1951, muore effort has been made

to conduct time experiments under stricter

hygienic conditions. Under these improved

conditions, and with a new batch of yeast as

a constituent of the basal diet, we observed a

slight prolongation of the survival time for

the control rats and very pronounced protec-

tion with oral penicillin, aureomycin, and

terramycin.

We also studied time effect of aureomycin,

terramycin, and penicillin in the production of
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TABLE VIII

The Effect of Antibiotics on the Developnment of Liver Cirrhosis in Rats Fed Peanut Meal
Period 150 Days with 10 Rats in Each Group)

Diet (Experimental

Group Supplement

Weight Cirrhosis

0 +

Kidney injury

0 +Starting Final

mg/day Gm. Gm.

1 154 ± 2.7 252 ± 19.1 2 8 4 6

2 Aureomycin, 5 154 ± 3.0 31() ± 7.8 8 2 S 2
3 Aureomnyin, 25 154 ± 2.7 307 ± 6.2 10 - 10 -

4 Terramycin, 5 154 ± 2.4 305 ± 6. 1 8 2 8 2

5 Terranlycin, 25 152 ± 2.2 327 ± 4.6 10 - 10 -

6 Penicillin, 25 153 ± 1.8 307 ± 3.3 10 - 10 -

7 Dibenz. Pen., *5 153 ± 2. 1 325 ± 2.7 10 - 10 -

8 Dibenz. Pen., 25 153 ± 2.3 320 ± 5.8 10 - 10 -

9 Chloromycetin, 5 152 ± 2.0 307 ± 10.0 7 3 9 1

10 Chloromycetin, 25 152 ± 1 .9 309 ± 5.5 10 - 10 -
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* Benzethacil (dibenzylethylenediamine (lipenicillin).

fatty liver and dietary cirrhosis in rats fed a

cirrhosis-producing ration. In such rats,

aureomycin and temramnyein exerted a very

pronounced lipotropic effect (Table VI) .‘�

TABLE VI

Treatment Total liver fat Food intake

Gm/day

25.4±2.0 6.5±0.2

Aureon,vcin* 12.2 ± 2.2 6. 1 ± 0.2
Terramvcin#{174} 8.8 ± 0.7 6.7 ± 0.2

Methionine 13.2 ± 2.4 6.6 ± 0.2

Aureomvcin� 7.5 ± 0.7 6.0 ± 0.2

Methmonmne
Terrarnycin� 7.6 ± 0.9 6.0 ± 0.3

Methmonmne f

Aureomycin had a highly protective effect

on dietary cirrhosis and its sequelae, such as

ascites and! renal injury (Table V11.

TABLE VII

No. of rats Sex Diet Avg. wt. gai�i Cirrhosis

10 M Y5H -41.2±11.0) 9

10 M Y5H+A +16.3± 6.5 0
10 F Y5H -34.8± 6.4 10

10 F Y5H+A +19.6± 3.6 2

Similar results were obtained with penicillin

mixed with the food, either in the form of the

potassium salt or a slowly soluble organic basic

salt (benzethacil). In contrast to its ineffec-

tiveness in the prevention of dietary massive

necrosis of the liver, chloromyeetin was found

to be beneficial when added to a cirrhosis-pro-

(lucing (liet (.Ommtaimlimlg I)ealmUt mneal and a smmiail

aiiiount of casein (Table VIII) .“�

The nutritional effect of antimicrobial

agents when added to time necrogenic or cir-

rimosis-producing diet was not lin�ited to the

delayed appearance of hepatic necrosis or

cirrhosis, hut it manifested itself also in promo-

tion of growth. During the last few years, time

growth-promiioting effect of antibiotics has been

successful when tested pract ical ly in animal

husbandry and is generally considered to be

muediated timrough t lie imitestinal flora.”

GERM-FREE ANIMAL

\\,e teste(l time �vorking hy�)oti1esis on the

toxic etiology of massive dietary necrosis of

the liver in germu-free rats fed! the usual necro-

genie exj)erimnental diet. It seemed that the

toxic products mnay imave originated in the in-

testinal lumen through mmletal)oiic act ivit ies of

the intestinal i)actcria, or through direct bac-

terial invasion of the liver. These experiments

were carried out in time Germ-free Life Labo-

ratory of the University of Notre Dame, imi

collaboration with Professor J. A. Reynicrs

and Dr. T. D. Luckey.

Germ-free rats and conventional control

animals were fed time same autoclaved necro-

genie diet with yeast as the sole source of

protein. Tile control animals were kept in
“normal,” non-germ-free laboratory surround-

ings. All control rats died with massive hemor-

rhagic necrosis of time liver. In contrast, the
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germ-free animals lived twice as bug as time

experimental animals and at autopsy showed

no miecrosis of the liver. Their weigimt curve

throughout . the whole experiment was very

satisfactory, in contrast to the flat curve of

t lie convent ional, non-gerni-free control

animals.

The food intake of the germ-free rats was,

under time conditions of ad libitum feeding,

much greater than that of the conventional

controls. When in further experiments the

food intake of time germ-free and control

amiimmmals \,.�j5 equalized through pair-feeding,

imiassive miecrosis of time liver developed in time

germn-fmee animimals, although �vitim a (lefinite

delay wimen compared with time appearance of

iiiassi�’e necrosis in time conventional control

animmmahs. Thus, bacteria are not essential

etiologic factors in the development of dietary

mmiassive necrosis. The observations in germ-

free animmials and in conventional rats on anti-

i)iOtiCs are in i)etter accord with time assump-

tion that bacteria in the intestinal tract mnay

use up protective constituents of the food in-

gested and in consequence reduce their supply

for time i)OdV.

CHOLINE

Spamimig of an essential dietary constituent

under time influence of antibiotics has been

recently demomistrated i)y Popper and his as-

sociates in the case of choline.20 Two-timirds

of ingested choline is excreted by a miormal

person in the urine as trimethylamine or its

oxidized form. Priming with aureomrmycin or

penicillin will reduce to very low levels time
excretion of trimethylamine after ingestion of

choline. The intravenous injection of choline

will not lead to urinary excretion of tn-

methylamnine. These observations seem to

indicate timat the intestinal flora even in a

normal lcrson may convert large proportions

of cimoline into trimiiethylamiiine. Suppression

of time intestinal flora or at least of its choline-

metabolizing constituents by aureomycin or

penicillin will make more choline available for

the body. By analogy, similar mechanisms

may be postulated for other lipotropic food

comistituents, such as methionine, effective in

time preventiomi of dietary cirrhosis.

However, such a simple solution is not borne

out by more intensive analysis of all partici-

sating factors. In the first place, in collabo-
ration with Popper and his associates,21 we

found that the sparing of dietary choline under

time influence of aureomycin and penicillin is

only a very temporary effect, lasting only a

few (lays. In spite of continuous medication

with IUitii)iOtiCS, the original high excretion

of tnimethylamnine re-estal)lished itself as ob-

serve(l before antibiotics were given. In view

of time fact that cirrhosis-prevention may last

for 150-200 days, the short-lived sparing effect,

at least as far as demonstrable, is not suffi-

cient to explaimm time beneficial result which

follows prolonged admmministration of anti-

l)iotics.

Furthermmmore, in intensive studies �‘e were

llfltLi)le to demonstrate any permanent change

in time composition of time intestinal flora as

time result of antibiotics’ action.22 Temporary

sul)i)m’ession of sensit ive imiicro-organisrns is

followed �l)y the return of time original flora

cimaractenistie for the diet in question. The

onlY difference is the emergence of resistant

strains. Timus, it is our present assumption

that all time metabolic cimanges, such as pre-

vention of hepatie injury or growth promotion,

mmmst be linked witim an altered metabolism of

the immicro-organisms comprising the symbiotic

intestinal flora. There are indications that

sucim changes may be reflected in the metabo-

lismmmof time imost organismmm as well.

URINE ACIDS

We foumid an especially promising lead

through the study of ether-soluble acids (ESA)

in time urine. Rats fed the necrogenic experi-

mental diet have a lower total ESA excretion

than mats fed the same diet supplemented with

aureomycin or penicillin. We found through

clmromnatographic analysis a iarticular, not yet

chemically identified, ether-soluble acid in the

urine of experimental animals receiving aureo-

mnycin and penicillin. Timere are other marked

differences in the excretion of ESA in the urine

of supplemented and unsupplemented rats.

Time possible relation of these findings to the

effect of antibiotics on time liver and growth is

obvious but requires further intensive study.23
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* Average starting weight of animals in all groups, 49 Gm.

OTHER STUDIES

In a recent study we divided rats, all fed time

� usual experimental diet, into three groups.

The first large group was used as control ; the

other two groups received the same diet supple-
mented with aureomycin and penicillin, Fe-

spectively. After about four weeks, the first

large control group was subdivided into three

subgroups: one was left without supplement,

the remaining two subgroups were given aureo-

mycin and l)enicillin, respectively. Whereas

most of the rats receiving the antibiotics from

time start survived 200 days, timere was no

significant prolongation of survival time in

time groups with late addition of time antibiotics

when compared with the controls. This obser-

vation further supports the timeory timat anti-

biotics act not i)y suppression of infection or

of bacterial action alone, but probably more

by sparing of important protective food con-

stituents Table TX).ls

We return now to the question of how far

these experimental observations apply to con-

ditions in mami, with special reference to the

problem of protein malnutrition, and in par-

ticular to the problem of kwashiorkor.

Admittedly, a diet low in protein may lead

to severe liver injury. However, the classical

clinical picture of kwashiorkor is not repro-

duced when a ration low in protein is used, as

in the example of casein fed to rats. Further,

some objection has to be raised to the state-

mnent timat kwashiorkor simouid be miiome closely

related to time mathematical equation of a

relatively low ProPom�tiofl of protein-calories to

time total consumed calories per day, than to

time theory of mere protein undernutrition.

This statement is at variance with observa-

tions in animals and man, wimich have clearly

demonstrated that the utilization of protein

can be improved, even with a low absolute

intake of protein, by an increase of nonprotein

(illomies in time diet.

QUALITY OF PROTEIN

There is sonic experimental evidence iii sup-

I)01�t of time hypothesis timat a disturbed equilib-
nium of aimmino acids, or, muore descriptively,

time inclusiomm of plant proteins in time diet, is

�)robabiy of imiajor etiologic importance in the

developmemit of protein malnutrition sucim as

kwasimiorkor Engel and hmis associates pro-

duced severe generalized edema, witim imypo-

albumiminemiiia, fatty liver, and cirrhosis in rats.

Timey employed a ration containing 7 per cent

protein, furnished mainly in time form of pea-
nut-protein, and supplemented with a sinai!

amount of casein.

If protein deficiency is produced by a diet
low in casein, the demonstrable manifestations

are confined mainly to the liver and time kidney.

Neitimer generalized edema nor pancreatic

cimanges, botim important cimamactenistics of

kwasimiorkor, are found as a ruie in rats fed

TABLE IX

The Effect of Continuous, Delayed, or Alternating Administration of Antibiotics omi the Develooment of Massive

Dietary Ilepatic Necrosis5

Survived.Died
with Average

150 days
without

Group Supplement
No. of

rats
hepatic
necrosis

survival
time

hepatic
necrosis

A - 10 10 23±0.8 -

B - 8 8 34±1.3 -

C Nothing for 26 days, tImemmBicillin#{174} 11 10 44 ± 7.6 1

D

E

Nothing for 26 days, then aureo-

mycin
Aureomycin

11

10

9

4

50±9.0

54 ± 8.5

2

6

F

G

Aureomyciim for 44 (lays, therm lii-

cillin
Bicillin

10

10

4

2

63 + 5.0

42 ± 0.0

6

8

H Bicillin for 42 days, then aureo-

mycin 10 2 112 ± 2.0 8
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a diet low in casein, as the only I)rOteifl con-

stituent.

However, ethionimme, time analogue aimd 1)rOb-

ai)ie luetai)olic antagonist of methionine, l)rO-

duces fatty liver and severe pancreatic changes

timrougim disturbed protein synthesis.2’ This

again raises time question of toxic factors. In-

fantiie cirrimosis in India and severe imepatic

injury imi infamits in Jammiaica are reimminiscent

Of so-called toxic cirrimosis. In .Jamaica, in-

fants after weaning are fed a low Proteilm diet

in a(l(lition, timey are offered, fairly regularly,

(lecoctiomis Of native plants, in time forum of so-

called husim-tea. As recently simown by Bras,2�

time liver cimanges of the Jamaican type of in-

fantilc cirrimosis are based originally on vascu-

iar obstruction, timrougim endothelial edemna and

l)roliferation of time hepatic venules and veins.
It is of great interest that similar cimanges

mimay be experimmientahly produced in rats fed a

low protein (bet supplemented with an ex-

tract of senecio discolor. Here we are dealing

witim time coml)ination of protein undernutrition

amid toxic effect.2627

It is possible that the nature of nonprotein-

aceous food constituents, such as starcimy foods,

immay also influence protein utilization.

CLINICAL CONSIDERATIONS

In gemieral, preventive and timerapeutic mneas-

ures are by no means necessarily intercimange-

able. In tue examimple of pathologic hepatic

conditions, for example, effective prophylactic

factors simould and will prevent the develop-

muent of time major specific metabolic and

anatomical changes. Therapeutic efforts, on

time other hand, have to deal with thme arrest

or even regression of already existing meta-

bolic and anatomical changes. For instance,

in time case of cirrhosis the progress of fibrosis

has to be checked or even reversed, in addi-

tion to repair of all other concurrent pathologic

disturbances. Furthermore, in cirrhosis not

only time liver but often other organs as well,

such as time kidneys and endocrine glands-

especially the gonads-are found to be in-

volved in the overall disease. As a conse-

quence, the dietary treatment of severe mal-

nutrition is often not as successful as its pre-

vention.

Protein nmalnutrition and its clinical seque-

late, including liver disease, are a serious

world-wide l)roblem with import ant political

immmphications. Improved health achieved by

iimiproved nutrition and the prevention of

liver disease, will give tropical populations a

better balance of physical and mental abili-

ties, imuprove timeir general outlook on life,

and assure timemim a healtimier future. The task

is (lifficult, btmt its success is worth the effort.
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RESUMEN

Sobre algunos aspectos de Ia nutrici#{243}n proteica

La malnutrici#{243}n proteica es un problema

mundial. En los palses tropicales esta con-

dici#{243}nse designa con el nombre de kwashior-

kor ; clInicamente es semej an,te si no id#{233}ntica

a “Mehln#{228}rhschaden” o disergia farinacea,

vista en la Europa post-b#{233}lica.

En la malnutrici#{243}n proteica el consumo

diario de calorIas totales no es gravemente

reducido ; Cs m#{225}sbien la relaci#{243}n de las calorlas

proteicas a las calorlas totales que es reducida.

Si #{233}stadesciende por debajo de un 10 por 100,

manifestaciones chmnicas de deficiencia pro-

teica han de atenderse. En la leche humana,

sin embargo, Ia relaci#{243}n de las calorlas pro-

teicas a las calorIas totales no #{233}sm#{225}sde 6 a 7

por 100-pero la leche humana constituye lit

mejor protecci#{243}n contra ci kwashiorkor y se

recomienda el amamantiamento prolongado

para evitar esta condici#{243}n en las regiones afec-

tadas. La presencia en leche humana del

factor bifidus (un nuevo factor microbiol#{243}gico

de crecimiento) puede constituir una explica-

ci#{243}nparcial de la mejor utihizaci#{243}n de la pro-

telna en leche humana y asI de este hecho

parad#{243}jico.

El hIgado es el #{243}rganocentral del metabo-

lismo proteico, y el da#{241}ohep#{225}tico se halla

comunmente donde el consumo de protelna-

sobre todo de protelna animal-es escaso. El

papel desempeflado por los factores nutritivos

en ha causa, profilaxis y resoluci#{243}n del da#{241}o

hep#{225}tico se ha confirmado de modo impresion-

ante por la experimentaci#{243}n animal. Le pre-

sencia de una suficiencia de factores hip#{243}tropas

(especialmente de la colina y sus precursores)

protege contra la forma cr#{243}nica de da#{241}o

hep#{225}tico (cirrosis). La forma aguda (necrosis

masiva) se puede prevenir por los amino#{225}cidos

sulf#{241}reos, la vitamina E, o el llamado “tercero

factor” de Schwarz, presente en la levadura.

Se discuten los papeles respectivos de deficien-

cia y toxicidad en la necrosis. Con este motivo

se refieren experimentos con varios anti-

bi#{243}ticos en la protecci#{243}n contra ha necrosis y

cirrosis. Los resultados sugieren que la flora

intestinal puede, por consumir factores nutri-

tivos protectivos, reducir su disponabilidad al

organismo. La colina, por ejemplo, se ha

demostrado ser mejor utilizado cuando se

suprime a la flora intestinal-o por ho menos

a esos constituyentes que metabohizan a Ia

colina-con aureomicina o penicilina. Este
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efecto, sin embargo, parece ser temporal, y dichoso de la malnutrici#{243}n severa, repercu-

conviene estudiar el fen#{243}meno m#{225}sa fondo. tiendo sobre muchos #{243}rganos, es a menudo cosa

Se examina ha aplicabilidad a la nutrici#{243}n difIcil. La salud de los indIgenos de los

clInica de estos diversos hallazgos experimen- tr#{243}picos, en particular, depende de ha soluci#{243}n

tales. Se insiste en ha profilaxis por ci mejor- del problema nutricional y ha profilaxis de la

amiento del regimen, pues el tratamiento hepatopatla.

Food and Civilization

“Time essential material foundations of civilization are cereal and livestock
farming and iniproving both plants and animals. Man did not or could not
develop the arts and technology of civilized life until he passed from food-
gathering cultures to the food producing stage. . .

“Civilization cannot exist without food production, but food production must
be very efficient before civilization can begin. The transition from primitive to
civi[ized life has happened more than once, but Mesopotamia and Egypt were the
first cultures to rise above primitive existence. . .

“It is to be understood timat the transition to food production between seven
and eight timousand years ago occurred in certain favored areas of the world only,
and is still not completely achieved. Globally the goal has not been reached.
Some of the hmuman family are still in middle Pleistocene stages in their sustenance
patterns. Efficient production and food preservation and storage determine to
a large extent man’s victory over Nature.”
-L. B. Jensen. Man’s Foods, The Garrard Press, Champaign, Ill., 1953, pp. 41,
47, 48.

The Sociology of Nutrition

“Audrey Richards ( 1948) , in her studies on hunger and work in a savage
tribe, observed that nutrition as a biological process, i.e., sociological process, is
more fundamental than sex. Professor Mahinowski . . . agreed wholeheartedly thmat
timis is the case in botlm primitive and highly developed cultures. The over-
emphasis on sex (and neglect of other appetites, drives, and interests) has in

p,revious studies Oi)scUred the issue. Furthermore, according to Professor Maim-
owski, commonsense tells us timat nutrition is an independent impulse. Time drives
of hunger an(l appetite, and the 1)Onds of co-operative economic interests and
commensualism, both in Paleohithic and Neolithic times, stem from nutrition. .

Dr. Richards finds, as biochemistry has long taught, thiat nutrition in a primitive
tribe is a single process, from suckling, or lactation, and family life continuing
through time period of full economic status of the adult. Obviously, there is
nothing more iml)ortaflt to man timan wimat ime eats and Imow he eats.

“The importance of nutrition as a social activity is well attested by both
ancient and mimodern timinkers, and present-day biochemical data, so great in
detail and so rapid in advance, extend the overwimelming importance of proper
diets to man, thie individual, and his cultures. Lord Boyd-Orr and many others

point out that malnutrition of time East and opulence of the West must lead to
conflict if not corrected in time.”
-L. B. Jensen. Man’s Foods, The Garrard Press, Champaign, Ill., 1953, pp.
148-149.
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