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fatty liver and dietary cirrhosis in rats fed a
cirrhosis-producing ration. In such rats,
aureomycin and terramycin 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
Aureomycin® 12.2 £ 2.2 6.1 £0.2
Terramycin® 8.8+ 0.7 6.7 0.2
Methionine 13.2 £ 2.4 6.6 £ 0.2
Aureomycin - - .
Methionine} 7.5+ 0.7 6.0 +0.2
Terramyecin | - A . .
Methionine | 7.6+0.9 6.0+ 0.3

Aureomycin had a highly protective cffect
on dietary cirrhosis and its sequelae, such as
ascites and renal injury (Table VII).

TABLE VII

No. of rats Sex Diet Avg. wt. gain Cirrhosis

10 M Y5H —41.2x11.9 9
10 M Y5H+ A +16.3%x 6.5 0
10 F Ys5H -34.8+ 6.4 10
10 F YSH+ A +19.6x 3.6 2

Similar results were obtained with penicillin
mixed with the food, cither in the form of the
potassium salt or a slowly soluble organic basic
salt (benzethacil). In contrast to its inecffec-
tiveness in the prevention of dietary massive
necrosis of the liver, chloromycetin was found
to be beneficial when added to a cirrhosis-pro-
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ducing diet containing peanut meal and a small
amount of casein (Table VIII).'®

The nutritional effect of antimicrobial
agents when added to the necrogenic or cir-
rhosis-producing diet was not limited to the
delayed appearance of hepatic necrosis or
cirrhosis, but it manifested itself also in promo-
tion of growth. During the last few vears, the
growth-promoting effect of antibiotics has been
successful when tested practically in animal
husbandry and is generally considered to be
mediated through the intestinal flora.’

GERM-FREE ANIMAL

We tested the working hypothesis on the
toxic ctiology of massive dietary necrosis of
the liver in germ-free rats fed the usual necro-
genie experimental diet. It seemed that the
toxic products may have originated in the in-
testinal lumen through metabolic activities of
the intestinal bacteria, or through direct bac-
terial invasion of the liver. These experiments
were carried out in the Germ-free Life Labo-
ratory of the University of Notre Dame, in
collaboration with Professor J. A. Reyniers
and Dr. T. D. Luckey.

Germ-free rats and conventional control
animals were fed the same autoclaved necro-
genic diet with yeast as the sole source of
protein. The control animals were kept in
“normal,” non-germ-free laboratory surround-
ings. All control rats died with massive hemor-
rhagic ncerosis of the liver. In contrast, the

TABLE VIII
The Effect of Antibiotics on the Development of Liver Cirrhosis in Rats Fed Peanut Meal Diet (Ixperimental

Period 150 Days with 10 Rats in Each Group)

Weight Cirrhosis Kidney injury

Group Supplement Starting Final 0 + 0 +
mg./day Gm. Gm.
1 154 £2.7 252 +19.1 2 8 4 [
2 Aureomycin, 5 154 £ 3.0 310 7.8 8 2 8 2
3 Aureomyvcin, 25 154 £2.7 307 £ 6.2 10 — 10 —
4 Terramycin, 5 154 = 2.4 305 6.1 8 2 8 2
3 Terramycin, 25 152 £ 2.2 327+ 4.6 10 — 10 —
6 Penicillin, 25 153 £ 1.8 307 £ 3.3 10 — 10 —
7 Dibenz. Pen., *§ 153 £ 2.1 325+ 2.7 10 — 10 —
8 Dibenz. Pen., 25 153 £ 2.3 320+ 5.8 10 — 0 —
9 Chloromycetin, 5 152 £ 2.0 307 £10.0 7 3 9 1
10 Chloromycetin, 25 152 +1.9 309+ 5.5 10 — 10 —

* Benzethacil (dibenzylethylenediamine dipenicillin).
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germ-free animals lived twice as long as the
experimental animals and at autopsy showed
no necrosis of the liver. Their weight curve
throughout the whole experiment was very
satisfactory, in contrast to the flat curve of
the conventional, non-germ-free control
animals.

The food intake of the germ-free rats was,
under the conditions of ad Ubitum feeding,
much greater than that of the conventional
controls.  When in further experiments the
food intake of the germ-free and control
animals wax equalized through pair-feeding,
massive necrosis of the liver developed in the
germ-free animals, although with a definite
delay when compared with the appearance of
massive necrosis in the conventional control
animals.  Thus, bacteria are not essential
ctiologic factors in the development of dietary
massive necrosis. The observations in germ-
free animals and in conventional rats on anti-
biotics are in better accord with the assump-
tion that bacteria in the intestinal tract may
use up protective constituents of the food in-
gested and in consequence reduce their supply
for the body.

CHOLINE

Sparing of an essential dietary constituent
under the influence of antibiotics has been
recently demonstrated by Popper and his as-
sociates in the case of choline.?® Two-thirds
of ingested choline is excreted by a normal
person in the urine as trimethylamine or its
oxidized form. Priming with aureomycin or
penicillin will reduce to very low levels the
excretion of trimethylamine after ingestion of
choline. The intravenous injection of choline
will not lead to urinary excretion of tri-
methylamine. These observations seem to
indicate that the intestinal flora even in a
normal person may convert large proportions
of choline into trimethylamine. Suppression
of the 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
constituents, such as methionine, effective in
the prevention of dietary cirrhosis.
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However, such a simple solution is not borne
out by more intensive analysis of all partici-
pating factors. In the first place, in collabo-
ration with Popper and his associates?' we
found that the sparing of dietary choline under
the influence of aureomycin and penicillin is
only a very temporary effect, lasting only a
few days. In spite of continuous medication
with antibiotics, the original high excretion
of trimethylamine re-established itself as ob-
served before antibiotics were given. In view
of the 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 explain the beneficial result which
follows prolonged administration of anti-
bioties.

Furthermore, in intensive studies we were
unable to demonstrate any permanent change
in the composition of the intestinal flora as
the result of antibiotics’ action.2?
suppression of sensitive micro-organisms is
followed +by the return of the original flora
characteristic for the diet in question. The
only difference is the emergence of resistant
strains.  Thus, it is our present assumption
that all the metabolic changes, such as pre-
vention of hepatic injury or growth promotion,
must be linked with an altered metabolism of
the micro-organisms comprising the symbiotic
intestinal flora. There are indications that
such changes may be reflected in the metabo-
lism of the host organism as well.

URINE AcIDs

We found an especially promising lead
through the study of ether-soluble acids (ESA)
in the urine. Rats fed the necrogenic experi-
mental diet have a lower total ESA excretion
than rats fed the same diet supplemented with
aureomycin or penicillin. We found through
chromatographic analysis a particular, not yet
chemically identified, ether-soluble acid in the

" urine of experimental animals receiving aureo-

myecin and penicillin. There are other marked
differences in the excretion of ESA in the urine
of supplemented and unsupplemented rats.
The possible relation of these findings to the
cffect of antibiotics on the liver and growth is
obvious but requires further intensive study.??

Temporary
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OTHER STUDIES

In a recent study we divided rats, all fed the

“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, re-
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 penicillin, respectively. Whereas
most of the rats receiving the antibiotics from
the start survived 200 days, there was no
significant prolongation of survival time in
the groups with late addition of the antibiotiecs
when compared with the controls. This obser-
vation further supports the theory that anti-
biotics act not by suppression of infection or
of bacterial action alone, but probably more
by sparing of important protective food con-
stituents (Table IX).!8

We return now to the question of how far
these experimental observations apply to con-
ditions in man. 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-
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ment that kwashiorkor should be more closely
related to the mathematical equation of a
relatively low proportion of protein-calories to
the total consumed calories per day, than to
the theory of mere protein undernutrition.
This statement is at variance with observa-
tions in animals and man, which have clearly
demonstrated that the utilization of protein
can be improved, even with a low absolute
intake of protein, by an increase of nonprotein
calories in the diet.

QUALITY OF PROTEIN

There is some experimental evidence in sup-
port of the hypothesis that a disturbed equilib-
rium of amino acids, or, more descriptively,
the inclusion of plant proteins in the diet, is
probably of major etiologic importance in the
development of protein malnutrition such as
kwashiorkor Engel and his associates pro-
duced severe generalized edema, with hypo-
albuminemia, fatty liver, and cirrhosis in rats.
They employed a ration containing 7 per cent
protein, furnished mainly in the form of pea-
nut-protein, and supplemented with a small
amount of casein.

If protein deficiency is produced by a diet
low in casein, the demonstrable manifestations
arc confined mainly to the liver and the kidney.
Neither generalized edema nor pancreatic
changes, both important characteristics of
kwashiorkor, are found as a rule in rats fed

TABLE IX

The Effect of Continuous, Delayed, or Alternating Administration of Antibiotics on the Develobment of Massive
Dietary Hepatic Necrosis*

Survived
Died 150 days
with Average without
No. of hepatic survival hepatic
Group Supplement rats necrosis time necrosis
A — 10 10 23+0.8 —
B — 8 8 34+1.3 —
C Nothing for 26 days, then Bicillin® 11 10 476 1
D Nothing for 26 days, then aureo-
mycin 11 9 50 £9.0 2
E Aureomyecin 10 4 54 8.5 6
F Aureomycin for 44 days, then bi-
cillin 10 4 63 +5.0 6
G Bicillin 10 2 42+0.0 8
H Bicillin for 42 days, then aureo-
mycin 10 2 112+ 2.0 8

* Average starting weight of animals in all groups, 49 Gm.
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a diet low in casein, as the only protein con-
stituent.

However, cthionine, the analogue and prob-
able metabolic antagonist of methionine, pro-
duces fatty liver and severe pancreatic changes
through disturbed protein synthesis.” This
again raises the question of toxic factors. In-
fantile cirrhosis in India and severe hepatic
injury in infants in Jamaica are reminiscent
of so-called toxic eirrhosis. In Jamaiea, in-
fants after weaning are fed a low protein diet;
in addition, they are offered, fairly regularly,
decoctions of native plants, in the form of so-
called bush-tea. As recently shown by Bras>®
the liver changes of the Jamaican type of in-
fantile cirrhosis are based originally on vascu-
lar obstruction, through endothelial edema and
proliferation of the hepatic venules and veins.
It is of great interest that similar changes
may be experimentally produced in rats fed a
low protein diet supplemented with an ex-
tract of senecio discolor. Here we are dealing
with the combination of protein undernutrition
and toxie cffect.26-27

It is possible that the nature of nonprotein-
accous food constituents, such as starchy foods,
may also influence protein utilization.

CLiNICAL CONSIDERATIONS

In general, preventive and therapeutic meas-
ures arc by no means necessarily interchange-
able. In the example of pathologic hepatic
conditions, for example, effective prophylactic
factors should and will prevent the develop-
ment of the major specific metabolic and
anatomical changes. Therapeutic efforts, on
the other hand, have to deal with the arrest
or even regression of already existing meta-
bolic and anatomical changes. For instance,
in the 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 the liver but often other organs as well,
such as the 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.

[Vol. 2, No. 4

Protein malnutrition and its clinical seque-
lac, including liver disease, are a serious
world-wide problem with important political
implications. Improved health achieved by
improved nutrition and the prevention of
liver discase, will give tropical populations a
better balance of physical and mental abili-
ties, improve their general outlook on life,
and assure them a healthier future. The task
is difficult, but its success is worth the effort.
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RESUMEN
Sobre algunos aspectos de la nutricién proteica

La malnutriciéon proteica es un problema
mundial. En los paises tropicales esta con-
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dicién se designa con el nombre de kwashior-
kor; clinicamente es semejante si no idéntica
a “Mehlnarhschaden” o disergia farinacea,
vista en la.Europa post-bélica. -

En la malnutricién proteica el consumo
diario de calorias totales no es gravemente
reducido; es mas bien la relacion de las calorias
proteicas a las calorias totales que es reducida.
Si ésta desciende por debajo de un 10 por 100,
manifestaciones clinicas de deficiencia pro-
teica han de atenderse. En la leche humana,
sin embargo, la relaciéon de las calorias pro-
teicas a las calorias totales no és mas de 6 a 7
por 100—pero la leche humana constituye la
mejor protecciéon contra el kwashiorkor y se
recomienda el amamantiamento prolongado
para evitar esta condicion en las regiones afec-
tadas. La presencia en leche humana del
factor bifidus (un nuevo factor microbiolégico
de crecimiento) puede constituir una explica-
cion parcial de la mejor utilizacion de la pro-
teina en leche humana y asi de este hecho
paraddjico.

El higado es el organo central del metabo-
lismo proteico, y el dafio hepatico se halla
comunmente donde el consumo de proteina—
sobre todo de proteina animal—es escaso. El
papel desempeiiado por los factores nutritivos
en la causa, profilaxis y resolucion del daio
hepatico se ha confirmado de modo impresion-
ante por la experimentacién animal. Le pre-
sencia de una suficiencia de factores lip6tropas
(especialmente de la colina y sus precursores)
protege contra la forma crénica de dafio
hepético (cirrosis). La forma aguda (necrosis
masiva) se puede prevenir por los aminoéacidos
sulfareos, 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-
biéticos en la proteccion contra la 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 lo menos
a esos constituyentes que metabolizan a la
colina—con aureomicina o penicilina. Este
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efecto, sin embargo, parece ser temporal, y
conviene estudiar el fenémeno mas a fondo.
Se examina la aplicabilidad a la nutricién
clinica de estos diversos hallazgos experimen-
tales. Se insiste en la profilaxis por el mejor-
amiento del régimen, pues el tratamiento

[Vol. 2, No. 4

dichoso de la malnutricion severa, repercu-
tiendo sobre muchos 6rganos, es a menudo cosa
dificil. La salud de los indigenos de los
tropicos, en particular, depende de la solucién
del problema nutricional y la profilaxis de la
hepatopatia.

Food and Civilization

“The essential material foundations of civilization are ccreal and livestock
farming and improving 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
civilized life has happened more than once, but Mesopotamia and Egypt were the
first cultures to rise above primitive existence. . .

“It is to be understood that the transition to food production between seven
and eight thousand 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 human 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, 1s
more fundamental than sex. Professor Malinowski . . . agreed wholeheartedly that
this is the case in both primitive and highly developed cultures. The over-
emphasis on_sex (and neglect of other appetites, drives, and interests) has in
previous studies obscured the issue. Furthermore, according to Professor Malin-
owski, commonsense tells us that nutrition is an mdependent impulse. The drives
of hungcr and appetite, and the bonds of co-operative economic interests and
commensualism, both in Paleolithic and Neolithic times, stem from nutrition. . . .
Dr. Richards finds, as biochemistry has long taught, that nutrition in a primitive
tribe is a single process, from suckling, or lactation, and family life continuing
through the period of full economic status of the adult. Obviously, there is
nothing more important to man than what he eats and how he eats.

“The importance of nutrition as a social activity is well attested by both
ancient and modem thinkers, and present-day biochemical data, so great in
detail and so rapid in advance, extend the overwhelming 1mportance of proper
diets to man, the individual, and his cultures. Lord Boyd-Orr and many others
point out that malnutrition of thc 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, Il1., 1953, pp.

148-149.
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