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of hydrodextran following intravenous admin-
istration, three 1.75-kg male rabbits were
given 30 ml each of the 6% solution. The
hydrodextran content of the plasma was de-
termined by colorimetric assay of the alcohol
precipitate, after digestion of the plasma
sample with potassium hydroxide(1).
Excretion study in man. Hydrodextran in
6% solution was administered intravenously
to 2 subjects. Samples were taken to deter-
mine the plasma hydrodextran concentration.
The total urine was collected and analyzed
to determine the cumulative excretion of
hydrodextran. The samples were analyzed
by the alcohol precipitation method referred
to(1). The amount given was 500 ml of a
6% solution, or 30 g of hydrodextran, in-
jected over a 30-minute period. The picture
observed was essentially the same as that
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reported for dextran itself(1).

Summary. - Hydrodextran was prepared
by high-pressure catalytic hydrogenation of
dextran. The 6% solution prepared for in-
travenous use was found to be essentially
stable over a 6-month period of storage. The
preliminary studies on blood level and urine
excretion showed no specific effect from
hydrogenation of the terminal groups of the
dextran chain.
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Growth Promotion in Rats by Crude Concentrates of the Bifidus Factor.*
(20679)
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A growth-factor essential for a distinct
strain of L. bifidus var. Penn is present in
human milk and in particular in human colo-
strum. In contrast, the activity of cow’s milk
with regard to the same microbiological
growth-factor is very low, on the average only
1/40th that contained in human milk(1-3).
This “Bifidus Factor” occurs in low and high
molecular form and appears to be related
chemically to the blood group polysaccharides
(1-3). Hog mucin and meconium, as well as
other sources of blood group polysaccharide,
have shown high microbiological activity for
L. bifidus var. Penn(1-3). The recognition
of a specific, microbiologically active factor in
human milk made it desirable to investigate
its possible role in the nutrition of animals and
men. In the present study, supplements of
crude sources of the Bifidus Factor were added

* Supported by a grant from Wyeth Laboratories,
Division of American Home Products Corp.

t On a Fellowship from the Oswaldo Cruz Insti-
tute, Rio De Janeiro, Brazil.

to special rations fed young rats and their
effect on growth and utilization of food was
observed.

Material and methods. In the first and
largest group of experiments a commercial in-
fant formula was used, which in its com-
position, at least in its content of total protein,
fat and lactose, closely approximates that of
human milk. The addition of concentrates of
the Bifidus Factor should make this mixture
even more similar to human milk. This dilute
cow’s milk formula was fed to young weanling
rats of the Sprague Dawley strain ad libitum.
Quantity consumed and weight of rats was
measured daily. Control animals received the
unsupplemented formula. The various supple-
ments used in the experiments were as follows:

Exp. 1. Duration 8 weeks a) Charcoal elu-
ate from human milk(4) with average micro-
biological activity of 300 y per unit, 400 mg

1S. M. A. liquid, Wyeth Laboratories. For use,
contents of one can (13 oz.) was diluted with water
to make 1 liter.
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per 100 ml basal diet, b) Meconium-suspension
(20%): 15 ml, equivalent to about 1000
-microbiological units of Bifidus Factor, in 100
ml of basal diet, ¢) Hog mucin, granular (Wil-
son), microbiological activity 300 y per unit,
daily dose 50 mg per rat. Exp. 2. Duration
10 weeks a) Hog mucin, 600 mg per 100 ml
of the basal diet, b) Human colostrum, with
average microbiological activity 5 times higher
than late human milk(2,3): 20 ml in 100 ml
basal diet, ¢) Meconium-suspension (20%):
15 ml in 100 m! basal diet, d) “Activated”
chitin(5). Chitin, prepared from crabshells,
was treated with HCl and methanol(5),
microbiological activity about 300 y per unit,
given in amount of 300 mg per 100 ml basal
diet. Exp. 3. Duration 4 weeks a) Hog
mucin, 400 mg per 100 ml of the basal diet,
b) Hog mucin, hydrolyzed with HCIl, micro-
biologically inactivated,$ given in equivalent
amounts as unhydrolyzed hog mucin, c) Hog
mucin treated with an enzyme preparation, ob-
tained from L. bifidus var. Penn(1-3), micro-
biological activity reduced to about 20-30%
of the original activity, given in equivalent
doses as untreated mucin, d) Hog mucin mixed
with inactive (boiled) “Bifidus enzyme”, in
the same amount as used for inactivation of
hog mucin with active enzyme. In these last
2 preparations, the lyophilized enzyme prepa-
ration containing about 25% protein was
added to an equal amount of hog mucin.
Measured weight gains were compared with
total protein intake over the entire period of
the experiments, and the data were calculated
according to customary statistical methods.
The basal diet was considered to contain 70
cal/100 ml and 1.5 g protein/100 ml. 20%
human colostrum in the basal diet should give
values of 68 cal/100 ml and 1.8 g protein/100
mi(6). The milk eluate was free from protein.
Mucin contained about 50% of protein. No
similar calculations were required for meconi-
um and “activated” chitin, which were found
to have no growth promoting effect. In Exp.
4, the same dilute milk-formula was used as
in Exp. 1-3 for a period of 8 weeks. The
formula was supplemented with most of the
known vitamins, i.e., A, D, E; K and those of

§ Kindly supplied by Dr. R. M. Tomarelli Wyeth
Laboratories, Mason, Mich.
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TABLE I. Effect of Bifidus Factor on Growth and Food Efficiency in Rats Fed Cow’s Milk Formula.
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t All values following =+ are stand. error of the mean:
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FIG. 1. Weight ecurves of rats receiving milk eluate
and mucin compared with controls,

the vit. B Complex, including folic acid (10
daily), biotin (1 v) and By (0.1 y). The
control group received 0.4% glucose added to
the milk dilution, 4 experimental groups were
supplemented with 0.4% of hog mucin, glu-
curonolactone,!l galacturonic acid and pectin
respectively.

In a second series of experiments, the basal
diet consisted of 30% alcohol-extracted peanut
meal, 6% vitamin-free casein, 409% sucrose,
20% lard and 49% salt mixture, with the usual
vitamin supplements, except choline(7). This
and similar rations were used for the produc-
tion of fatty liver and hepatic cirrhosis. In
this paper, only the growth-promoting effect
of hog mucin is reported (Exp. 53). The re-
sults obtained in this experiment were con-
firmed in other similar experiments.

Results. The experimental observations
(Exp. 1-3) made on rats fed dilutions of cow’s
milk as basal diet with or without supplement
are summarized in Table I. The weight curves
from Exp. 1 are charted in Fig. 1. The addi-
tion of mucin, of charcoal eluates prepared
from human milk and of human colostrum
have proved to have growth promoting effect.
They also improved the utilization of ingested
calories and of protein consumed, and thus of
food efficiency. In contrast, meconium and
“‘activated chitin”, consisting chiefly of a- and
B-methylglucosaminide(5) were found to be
inactive. Acid hydrolysis of mucin deprived
it of its growth promoting activity, whereas

[ Kindly furnished by Corn Products, Inc.
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enzymatic inactivation up to 70-80% left the
nutritional benefit exerted by mucin unim-
paired.

The findings in Exp. 4 may be summarized
as follows: Exp. 4. Average starting weight
of rats in all 5 sub-groups 54.0 g. Weight-
gain after 8 weeks in the experiment with
glucose 41.5 = 2.0, mucin 67.2 =+ 3.3, glu-
curonalactone 41.8 == 2.4, galacturonic acid
47.8 =+ 3.1 and pectin 47.3 =+ 3.1. The
greater increase in weight in the group receiv-
ing mucin compared with all other control
groups is highly significant (P <0.001).

Even with the use of a high-protein alipo-
tropic diet, consisting chiefly of peanut-meal,
the growth promoting effect of hog mucin was
clearly demonstrable over a prolonged experi-
mental period (Table IT).

Discussion. Human colostrum, eluates from
human milk, and hog mucin, which all promote
growth in rats under special experimental con-
ditions, are characterized by high microbiolog-
ical growth activity for L. bifidus var. Penn.
On the other hand, “activated chitin” and
meconium, both microbiologically active, were
in comparable doses ineffective in animals.
There are different possible explanations for
this discrepancy:

1. Microbiological activity may be less
specific and could be inherent to a varying
number of chemically similar compounds, act-
ing perhaps as precursors for the real growth-
factor. In contrast, growth effect in animals
is exerted only by compounds containing the
“true” Bifidus Factor. Thus, meconium and
“activated chitin” would not belong in this

category.
2. Only high molecular forms of the Bifidus
Factor(1-3) may influence, beneficially,

growth in animals, probably through the inter-
mediary of the intestinal flora. ‘“Activated
chitin” consists chiefly of low molecular com-
pounds. Meconium may be ineffective, be-
cause its high molecular, microbiologically
active constituents are unavailable to the in-
testinal flora of rats.

The growth effect in rats by colostrum,
eluates from human milk, and hog mucin may
not be due to the Bifidus Factor but to other,
unidentified “contaminants”. The fact that
acid-hydrolyzed mucin was inactive would
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TABLE II. Effect of Hog Mucin on Weight-Gain in Rats Fed an Alipotropic Peanut Meal
Ration for 200 Days.

Starting wt, Food intake

Exp. Days Animals g Finalwt,g P ag.daily, g
v 200  Control 10 115.0 +-3.0 292 4125 10.6 #= 0.3
Hog mucin, 25 mg/day 10 1157+19 323+ 6.0 .06 10.7+04

50 mg/day 9 1154+18 330+ 81 .02 10.7+04

rather support the determining role of the
Bifidus Factor. On the other hand, the un-
impaired activity of enzymatically treated hog
mucin with greatly reduced microbiological
activity does not favor, although it does not
exclude this conclusion. 1t is conceivable that
some special high molecular compounds of
hog mucin, not inactivated by the enzymatic
process, are the growth promoting agents for
rats. Rearrangement through transglucosida-
tion in the intestine is equally possible.

The results with hydrolyzed mucin, as well
as those with small amount of mucin added to
a high protein (peanut-meal) diet, and finally
negative experiments(8) with substitution of
mucin by equivalent quantity of protein (case-
in) seem to eliminate the possibility that the
effect of crude mucin in animals may be due
to its protein content. Furthermore, the active
eluates obtained from human milk were free
from protein and contained mainly bifidus-
active polysaccharides.

The growth rate of the experimental ani-
mals, even when fed active concentrates, has
been subnormal, due to the low total protein
content of the basal dilute milk ration. Addi-
tion of vitamins, or of glucose, glucuronolac-
tone, galacturonic acid, or pectin to the basal
diet was without any effect on the growth rate,
whereas hog mucin, polysaccharide fractions
of human milk or colostrum have shown dis-
tinct growth promoting effect. Glucuronolac-
tone(9-11) and other carbohydrates, such as
chondroitin sulfuric acid(12-14) have been in
the past credited to act under particular ex-
perimental conditions as growth promoting fac-
tors for chicks and rats. Chondroitinsulfuric
acid is present in hog mucin(15). On the
other hand, the fractions obtained from human
milk are free from sulfur. Thus, at least for
the fractions prepared from human milk, chon-
droitin sulfuric acid is not the growth pro-
moting constituent.

Summary. Human colostrum, charcoal

eluates prepared from human milk, and hog
mucin, promoted growth in rats receiving a
dilute cow’s milk formula as basal diet. Sup-
plements of known vitamins or of glucose,
glucuronolactone, galacturonic acid, and pectin
were ineffective. Rats receiving an alipotropic
ration, containing peanut-meal and casein as
source of protein, have shown better weight
gain after supplementation with small daily
doses of hog mucin than the unsupplemented
controls. The question was raised and dis-
cussed whether these beneficial effects may be
related to the Bifidus Factor activity of the
supplements used.
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