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The B group of vitamins has been shown to contain one or
more unknown substances in addition to the factors thiamin,
riboflavin and vitamin B8, which already have been isolated
(Schnitz, '37, '38; Lepkovsky, '36; Frost, '37; Edgar, '37).
Both yeast (Edgar, '37; Schultz, '37, '38) and liver extracts
(Lepkovsky, '37; Oleson, '39; Frost, '39; Edgar, '38 a) have
been used as sources of the unknown substances. The extracts
from the two sources have been found to have similar, but not
identical, properties. Specifically, Edgar and Macrae ('37)
reported that treatment of yeast extracts with fuller's earth
results in a sharp partition of the rat growth-promoting
activity. When given singly, neither the filtrate nor the
adsÃ³rbate has more than slight activity; but when both are
given, complete growth results. Edgar, El Sadr and Macrae
('38 a) found that fuller's earth treatment did not yield
inactive fractions when applied to liver extracts. However,
fractions with the same biological properties as the yeast
eluate and filtrate fractions could be prepared by other means.

On the other hand, Oleson, Bird, Elvehjem and Hart ('39)
report that when their liver extracts are treated with fuller's
earth, neither the filtrate nor the eluate actively promotes

1These investigations have been supported in part by the Ella Sachs Platz

Foundation and the Proctor Fund of Harvard University.
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266 G. H. HITCHINGS AND Y. STJBBAROW

growth. Moreover, when both fractions are given, the ani
mals fail to grow normally, although symptoms of deficiency
diseases are prevented.

The present paper is concerned with the study of the rat
growth-promoting substances of the so-called '95% alcoholic
filtrate' of liver (Cohn fraction F, '27). This starting
material, on treatment with fuller's earth, yields two frac

tions, both of which are relatively inactive when given sepa
rately but in combination have the full activity of the original
extract. The 95% alcoholic filtrate, therefore, is a convenient
starting material for a study of the growth-promoting sub
stances of the fuller 's earth filtrate. A report of the progress

made on this problem follows.

EXPERIMENTAL

Diet. The basal diet (BF) used consists of the following:
casein 200, peanut oil 80, cod liver oil 20, sucrose 120, corn-
starch 500, wood flour 40, salts (Osborne and Mendel, '19) 40.

The casein is heated on the water bath under reflux condenser
with 2.5 parts of 95% ethanol for a period of 6 hours; this
procedure is repeated twice.

For most of the experiments reported herein, the basal
diet was supplemented by the addition of fuller's earth ad
sÃ³rbate (S4). When used, 5.4 gm. of fuller's earth adsÃ³rbate,

prepared as described below, was incorporated in 1 kg. of
the basal diet.

Thiamin and riboflavin were given in doses of 70 and 80 y,
respectively, three times each week to all animals.

The various liver fractions under investigation were ad
ministered orally from a 1 cc. calibrated hypodermic syringe
in equal doses (usually 0.2 cc.) three times each week.

Experimental animals. All the albino rats used for the ex
periment were from inbred stock of The Wistar Institute
strain. The mothers and young were placed on the basal diet
of the experiment (either S4 or BF) when the young reached
a weight of 30 to 35 gm., and the young were weaned and
isolated when they reached a weight of 40 to 50 gm. at about
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BAT GROWTH FACTORS OF LIVER EXTRACTS 267

24 days of age. Unless otherwise noted, each test group con
tained six animals, three males and three females, in most
instances each pair coming from a different family.

Preparation of liver extract fractions

Commercial 95% alcoholic filtrate, a by-product in the
preparation of the pernicious-anemia curative material in
pig's liver extract, was used as the starting material for all

supplements. Each cubic centimeter of this solution repre
sents material from aproximately 100 gm. of raw liver. The
concentration of each of the various fractions has been re
ferred to the quantity of original liver represented in the
starting material.

Fuller's earth filtrate and adsÃ³rbate. The 95% alcoholic
filtrate was treated at pH = l with 0.5 gm. of fuller's earth

for each 100 gm. of liver represented in the solution. After
stirring for about 30 minutes, the solution was filtered and
the adsÃ³rbate was washed with water and air-dried. This
adsÃ³rbate was used without elution as the S4 supplement. An
aliquot of the filtrate was diluted to a concentration equiva
lent to 60 gm. of liver per cubic centimeter. This has been
designated as fraction S2,

The procedures used for concentrating the active substance
of the fuller's earth filtrate are illustrated in chart 1.

Hydrolyzed preparations (S2H2, S1H3). To solutions of
the ether precipitate (S22) and the purified fuller's earth

filtrate (S13), respectively, H2S04 was added until the solu
tion was distinctly acid to thymol blue. H2S04 in an amount
equivalent to 0.2 normal additional acid in the final solution
then was added. Finally, the solution was heated for 60
minutes on a boiling water bath, cooled, neutralized with
NaOH and filtered.

Fraction S22 treated as described above is designated as
S2H2, and fraction S13 as S1H3.

Mercury filtrate (S33) and precipitate (S30). Purified
fuller's earth filtrate (S13) was treated with an excess of
mercuric acetate (1.2 volumes of 20% mercuric acetate solu-
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268 G. H. HITCHINGS AND Y. STJBBAEOW

CHART l
Steps in the concentration of the growth-promoting substances of liver extracts

Inactive fractions Partially active fractions Active fractionÂ«
95% alcoholic filtrate. Extract
with ainyl alcohol at pH 4.5

Aqueous residue Â«-

Amyl alcoholic solution. Extrait
with NaOH

Amyl alcoholic solutions-

Aqueous solution. Treat with
charcoal

Aqueous solutions-

Charcoal adsÃ³rbate. Elute with
60% aqueous ethanol

Charcoal residue Â«-

Alcoholic eluate. Evaporate.
Dilute with water (S13). Neu
tralize to pH 7.O. Continuous
ether extraction for 24 hours

Ether extract (819)Â«-

Aqueous solution. Acidify with
1/15 volume of 10 N H2SO4.
Continuous ether extraction for
48 hours

Acid aqueous residue (827)Â«-

Ether extract. Evaporate (818).
Neutralize with brucine. Dry.
Dissolve in chloroform. Extract
with water.

Chloroform solutions-

Aqueous extract. Convert to
calcium salts. Concentrate. Add
10 volumes of absolute ethanol

Precipitate (823)Â«-

Alcoholic solution. Add ether in
excess

Ether filtrate (825)Â«-

Precipitate (822)
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EAT GROWTH FACTOBS OF LIVER EXTRACTS 269

tion) and the mixture was allowed to stand overnight in the
refrigerator. The mixture was centrifuged, and the pre
cipitate was washed once with water. The precipitate and the
combined filtrate and washings were decomposed in the cold
with H2S. The solutions were aerated, filtered and the fil
trates were neutralized with sodium hydroxide solution.

RESULTS

The results obtained in testing the biological activity of the
various fractions described in the preceding section are pre
sented in table 1. The results have been expressed as the
average gain in weight per week for each group (six rats ex
cept where otherwise stated). Most tests were run for at
least 5 weeks. The average gain per week for a 5-week period
has been tabulated in the last column and forms the basis
for evaluating the relative activity of each fraction. In
general, fractions were considered active when the rate of
gain in weight exceeded that of the controls by 50%.

In order to illustrate the differences in rates of growth
obtained with different fractions, examples of the experi
ments with fractions S4, S13 and S22 have been plotted in
figure 1. The significance of the results will be discussed
subsequently.

It should be noted that even with the addition of supple
ments which give excellent initial weight increases, the rate
of gain is not maintained throughout the 5-week period. This
suggests that even the crude fractions S2 and S4 do not
contain all the substances essential for sustained growth in
optimum amounts (v.i., p. 273).

The basal diet without added liver supplement supported
a negligible increase in weight. Addition of the fuller's earth

filtrate (S2) alone gave an average weight increase of 9.3 gm.
per week and of the fuller's earth adsÃ³rbate (S4) alone gave

an increase of 6.7 gm. per week. Administering the two to
gether gave a weight increase of 18.4 gm. per week. There
fore, progress in concentrating the active material of the
fuller's earth filtrate could be followed by measuring the
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270 G. H. HITCHINGS AND Y. SUBBAEOW

growth obtained upon administering the various fractions to
animals receiving S4 in the diet.

Using these criteria it was found that the growth-promoting
factors could be shaken out into amyl alcohol from acid solu
tion, taken back into dilute sodium hydroxide, adsorbed on
carbon and eluted with aqueous ethanol without great loss
(S13). From this preparation part of the activity could be

TABLE 1

Biological response to various liver extract fractions added to basal diet BF

SUl'LEMKNT ADDEDTOBASAL
DIETExperiment

no..

.828482

+84813
+84819+84818+84818+84827+84S23+S41S22+S41S22+S27+S41825+84S2H2+84S1H3+84833+84830+84S33+S30+S4819+S22+S4DescriptionNonePullers

' earthfiltrateFullers'
earth ad

sÃ³rbateFullers
' earthfiltratePurified

F.E.F.Neutral
etherextractAcid

etherextractAcid
etherextractResidue

frometherextractionAlcohol

precipitateEther
precipitateEther

filtrate822

hydrolyzedS13
hydrolyzedMercury
filtrateMercury

precipitateAmountas

liverequivalent

ingramsper
weekper

rat*.

.3660-9036601401406901406403203580290606060t*AVERAGE

GAININWKIGHT
EACHWEEK1gm.0.08.07.218.325.04.820.022.58.29.820.516.39.57.810.512.811.315.514.72gm.0.39.29.017.920.76.016.525.510.816.815.818.716.54.314.723.210.020.819.08gm.0.09.37.520.720.07.015.017.015.019.517.322.214.56.013.720.26.819.020.2tgm.0.39.:!6.020.217.08.0..12.211.511.511.311.712.38.512.915.87.717.811.85gm.â€”0.510.93.814.914.68.0.

.11.39.812.88.511.96.89.211.0AVKKAIÃŒF.

GAINPEBWEEK5-WHEK

PEBIODgm.0.09.36.718.419.56.8(17.2)(19.3)11.4(14.4)14.916.3(13.2)7.012.715.8(9.0)16.515.3

1Four rats instead oÃsix were in each of these series.
1This refers to the amount of supplement other than 84, which when supplied

was constant throughout.
*Each supplement was administered in an amount equal to that shown for the

same supplement when given above.
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BAT GROWTH FACTORS OF LIVER EXTRACTS 271

extracted by ether from acid (818) but not from neutral (S19)
solution. The procedure was attended by considerable loss
indicated by the increase in the amount of liver equivalent
needed to promote rat growth. Neither the extract (818) nor
the residue (827) is as active as the original material (813).

I2II3I38

121U133-

Fig. 1 Examples of average weight curves of rats given various liver extracts
as supplements to the basal diet. Experiments with 813 -j- 84 and 34 were each

carried out with a group of six rats ; the experiment with 822 + 84, with a
group of four rats. All animals had received the supplement 84 since weaning.
The other supplements were added at the times indicated by the arrows.

Moreover, when the most active fraction of the ether-extract-
able material is given along with the residue (S22 -f S27) the
activity of the original extract is not reached even when both
fractions are given in greater amounts. The ether extraction,
however, serves the useful purpose of separating much of the
active substance from a large amount of inert material.
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272 G. H. HITCHINGS AND Y. STJBBAROW

When the brucine salts, from S18, are partitioned between
water and chloroform, the greater part of the activity goes
into the aqueous phase. This was shown by determining the
activity contained in the calcium salts of the fractions S23,
S22 and S25. The first of these, the alcoholic precipitate
(S23), showed some growth-promoting activity. However,
its activity was less than that of the second, the ether precipi
tate (S22), in spite of the fact that the growth rate per week
with each fraction apparently was the same. This follows
from the fact that S23 was given in an amount equal to twice
the liver equivalent of S22. The calcium salt from the ether
filtrate (S25) did not differ significantly in activity from S23.
It is of interest that the activity of S18 is approximately ac
counted for by the sum of the activties of S22, S23 and S25
when compared on the same liver equivalent basis.

The growth-promoting material of the ether precipitate
(S22) apparently was destroyed by acid hydrolysis (S2H2).
The weight increase of 7.0 gm. per week may be compared
with that of 6.7 gm. found when S4 alone was administered.
However, the purified fuller's earth filtrate (S13) after simi

lar treatment was able to support growth at a rate of 12.7 gm.
per week (S1H3). This may be compared with the rate of
19.5 gm. found with unhydrolyzed fuller's earth filtrate.

Mercuric acetate precipitation removes a very large amount
of material which is nearly inert (S30). The greater part of
the activity is found in the filtrate (S33). Moreover, the
growth rate when both fractions are given is not significantly
greater than that of the mercury filtrate alone.

The neutral ether extract (S19) was not only inactive of
itself, but also failed to supplement in any way the activity
of the ether precipitate (S19 + S22).

DISCUSSION

It is obvious that we are dealing with the same group of
factors as Edgar, Macrae and co-workers. The successful ad
sorption of the activity on charcoal corresponds with the ex
perience of Edgar and Macrae ('37) with the yeast filtrate
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RAT GROWTH FACTORS OF LIVEB EXTRACTS 273

factor. The extraction of the activity from acid solution
by amyl alcohol, and its return into dilute aqueous sodium
hydroxide is analogous to the preparation of the liver filtrate
factor by Edgar, El Sadr and Macrae ( '38 b). The failure of

mercuric acetate to precipitate any significant part of the liver
filtrate activity (S33 + S30) is similar to the behavior of
yeast filtrate factor ('37).

On the other hand, differences between the findings of the
two laboratories have appeared. The growth rates reported
by Edgar, Macrae and co-workers, with both yeast and liver
supplements, are consistently higher than those which we find
with the 95% alcoholic filtrate 2 and are about the same mag

nitude as those we find with cruder extracts. Moreover, there
is a difference in the behavior of the liver extracts toward
fuller's earth treatment. Together these facts suggest that
the Liver Residue I of Edgar, El Sadr and Macrae ('38b)

may contain another accessory growth substance present in
relatively low concentration in the 95% alcoholic filtrate.

The extraction of the activity from acid aqueous solution
represents a new step in the concentration of the material
necessary for rat growth. Continuous ether extraction re
cently was successfully applied by Elvehjem and collaborators
to the problem of the chicken antidermatitis factor (Woolley,
'38). However, Frost and Elvehjem ( '39) have reported that

such extracts gave irregular results when fed to rats and
suggested that toxic products were generated in the process
of acid ether extraction. The findings in this laboratory have
been quite different, and we are unable to offer any explana
tion of this discrepancy. We are agreed that only a part of
the activity is extracted by ether or the activity is extracted
only very slowly, for after 48 hours' continuous extraction, a

considerable activity remains in the aqueous phase (S27).
Whether the activity of the two phases is due to the same or
different substances is a problem which cannot be settled on
the basis of present data. However, a difference in the

'A part, but not all, of this difference is explained by the fact that Edgar,

El Sadr and Macrae have used only male animals whereas we have used both sexes.
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274 G. H. HITCHINGS AND Y. STJBBAKOW

properties of the active material in the ether extract from
that of the original solution (S13) is indicated by the different
stability to acid hydrolysis. These findings are especially
significant in the light of reports from other laboratories
(Schultz, '37, '38; Edgar, '37) which indicate a high degree

of stability of the active substances of yeast extracts to acid
hydrolysis. We are, therefore, led to the tentative hypothesis
that the filtrate factor consists of at least one stable and one
or more unstable substances.

A clue to the nature of the unstable material is obtained
from the method of preparation of S22. The methods used
in its preparation are similar to those employed by Snell,
Strong and Peterson ('37) and by Williams and co-workers
( '38) in the preparation of pantothenic acid, which markedly
stimulates the growth of certain yeasts (Williams, '38), lactic
acid bacteria (Snell, '38) and the diptheria bacillus (Mueller,
'38). Through the kindness of Dr. Leo Eane, our fraction
S22 has been tested for its growth-promoting activity on the
diphtheria bacillus. This fraction could not contain a signifi
cant amount of free ÃŸ-alanine,because the calcium salt of this
amino acid is insoluble in alcohol. Moreover, this fraction
was found to contain only a slight trace of amino nitrogen
by the nitrous acid method. It was found that the prepara
tion S22 could replace ÃŸ-alaninein the synthetic medium, a
property characteristic of pantothenic acid. This suggested
that pantothenic acid might be the active substance of the
S22 preparation.

In order to test this hypothesis, a sample of the calcium salt
preparation was purified by the procedures of Williams ( '38).

These procedures involve alcohol precipitation, treatment
with mercuric chloride in alcoholic and aqueous solution, and
fractionation of an alcoholic solution of the purified calcium
salt, by means of isopropyl ether precipitation. This purified
material has been found to stimulate growth when ad
ministered in doses between 6 and 12 mg. weekly to each
animal. It is not yet known whether or not smaller amounts
may be equally effective. It appears likely, therefore, that
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BAT GROWTH FACTORS OP LIVER EXTRACTS 275

pantothenic acid is one of the substances necessary for rat
growth.

There is not necessarily any discrepancy between this con
clusion and the recent identification of pantothenic acid with
the chick antidermatitis factor by Jukes ( '39) and by Woolley,
Waisman and Elvehjem ('39). Oleson, Bird, Elvehjem and
Hart ('39) found that concentrates which were active in the

prevention of chick dermatitis gave little improvement in the
growth of rats. They found, however, that such concentrates
brought about a rapid cure of the 'spectacled eye' condition.

Experience has shown that the growth-promoting ability of
a given substance depends upon the basal dietary regimenâ€”
whether it is or is not the limiting factor. It is entirely
possible, therefore, that a substance which simply cures a
deficiency symptom in animals on one basal diet could actively
stimulate growth in animals on a different basal diet. For
these reasons, we believe that pantothenic acid is the active
substance with which we are dealing in the calcium salt
preparations.

The authors wish to express their gratitude to Dr. Guy W.
Clarke of Lederle Laboratories, Inc., for his generosity in
supplying the liver extracts used in these experiments, and
to Dr. Merton C. Lockhart for assistance in large scale
preparations.

SUMMARY

Albino rats grew only slowly when given a basal diet es
sentially free from B-vitamins, but supplemented by adequate
amounts of pure thiamin and riboflavin and by fuller's earth
adsÃ³rbate from liver extracts. The growth-promoting sub
stances of the fuller's earth filtrate could be concentrated by

extraction with amyl alcohol, adsorption and elution from
charcoal and by continuous ether extraction of the acid
aqueous solution. The activity of the ether extract could be
concentrated further by fractionation of the brucine and
calcium salts.

It is suggested that pantothenic acid is responsible for part
of the growth-promoting activity of liver extracts.
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