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STUDIES ON THE VITAWIN ByCOMPLEX
 Historicel Introduotion. |
. Beriberi, the Oriental disease, now known %o be
csused by deficiency or vitamin B; was recognised by
the Chinese as early as 2000 B.C. l) it w-s,hoaever)
little more than half m century ago tha§ it was firast
suggeatad that the disease had a dietary origin., 1In
1884, Takakiz) almost completely eradioated beribert
{rou the Jupaneae n.ty by 1ntroduoxng meat and legumes
1n£o ghe ration issuad to ‘the men; previously this
ration had consisted mainly of puliuhed rice, Takaki
considered that the improvement was due to the
introduction of more -nd better protoin 1nto the diet.
uijkman in 1897 3) observod that ohickens receiving
a diet of polished rice devoloped a pnralytio disease

which regembled beriberi 1n man; this disease of

* Nomenglature. The vitamin B complex consists of the
egsential dletary factors containsd in aqueous extraots
of yeast, and the vitamin Bz complex inmcludes tnese
dietary dsmentials of the vitamin B complex which are

not inactivated by autoclaving for 5 hours at 120° at pHS5.
Since vitamin B% (aneurin) is probably the onlylessential
nutrient present in yeast extracts destroyed by such
autionlaving, the vitamin B eomplex may be rezarded as
being oompriaed ot ansurin and the vitamin Bp complex.
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chickens was prevented when rice polishings were fed

witK ths polished rice. Some years later Eijkman
shared the view of Gr;gns4), that the disease of
chickens and also beriberi were due to deficiency of
some substance preseAt in whole rice but absent from
polished rice. These discoveries of Eijkman are of
very great importance; in these experiments we find
not only the first real step towards the final
‘8lucidation of the etiology of beriberi, but also the
first production of a deficienscy disease in experimental
animals. |

Proof of the correctness of the theory of Eijkman,
that beriberi is a deficiency disease, was afforded by
experiments by Fletcher®), Fraser and Stanton) and
others, who showed that beriberi developed when the food
oonanmad’oonsisfed mainly of polished rice, dbut not when
the staple article of diet was rice from which the bran
had not been removed.

The well known experiments of Hopklnsv)

were
published in 1912; he showed that the rat could not
survive when given a diet of purified proteins,
carbohydrates, fats and saltsf but that the addition of

a small percentage of dried milk, to supply "accessory
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food factors" rendered that diet wholesome for rats.

In that year Funke) introduced the name *"vitamine".

An important advance in the field of vitamin research
was the realisation of the multipliecity of vitamins.
MoCollam and his aasooiuteag) in 1915 proved that the rat
requiréd at least two vitamins, one fat-solubls and the
other water-soluble. The fat soluble "vitamin® of
butter fat has since been found to be complex and to
gonsist of vitaming A and D; the water-soluble "vitamin®
has proved to be made up of several eéssential faotors,
which are included in the vitamin B complex.

The earliest indications of the complex nature of
water-soluble vitamin B are found in the experiments of

uitohelllo), Emme tt and Lureull)

and Kinnersley and Peters%zl
Generally, these investigators noted that various vitamin
preparations had not always the same potenscy, when tested
by methods involving (a) the curing of polyneuritis in
birds and (b) the growth stimnlation of young rats. TFinal
proof that vitamin B is not a single substance was supplied
by Smith and Hendrickla) in 1926. They found that yeast
aftei sutoclaving was no longer potent in the prevention

of polyneuritis in rats, but that the growth stimulating
properties of the autosclaved yeast for young rats,

maintained on certain diets, was unimpaired.
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_The etiology of pellegra, s digesse associated

with the eating of maize, was meantime being investigated
b7 Goldberger 14). A disesse of dogs, named black
Songue, was pxogaoea.by feeding a diet similar to that
commenly consuwed in districts where pellagra was common,
Since: pellagra and blacktongue were oured by the same
Loedstuslts £g;lk. gxeen veogetablea, yeast, etc.), it was
~ggnoludod that these diseases had similar etiologies,
being caused by deficiency of a material termed “pellagra
preventive® faotor; adsorbates pcbtained by treatment
of extracts of autoclaved yeast with fuller's earth were

15) noted a

rich in this factor. Goldberger aad Lillie
dermatitis in rats, maintained on a diet of purified
materials, containing an agueoug alcoholic extract of
maige, as source of.the antineuritisc vitamin. This
disease, which had some resemblance to human pellagra,
was cured by fuller's earth adsorbates from autooclaved
yeast extrsots, and i was therefore conoluded that the
pellagra preventive factor was probably idemtical with
the rat growth factor of Smidh end Henmdrick3).

Bxperiments by Chiock and Boacoels) in 1927 completed
the proof that vitamin B was composed of at lcaat two

feotoras, Rats which received a Peters' antineuritic
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vitamin consentrate as source of vitamin B ceased to

inorease in bodyweight after some time and developed
dermatitis; the addition of autoclaved yeast to the
diet cuwred the dermatitis amd caused a resumption in
growth, The sntineuritic more heat-labile factor of
the vitamin B complex was named vitamin By and the
moxe heat-stable growth-gtimulating and dermetitis-~
preventing faotoz,-vitumin‘Bz.

- Before pasaing to consideration of vitamin Bg,
which has ainge been found te be a complex containing.
several factora, brief mention muat be made of the
achievements, of both gcientific and medical importance,
whioh have attended the effoxts of those who have
chosen to investigate vitamin By, This was the firat
vitamin to be isolated in a pure state. In 1926 Jansen
and Donnth;7)yrepaxed the crystalline vitamin from rice
polishings, and later other inveatigators isolated this
substange from other materials. The chemical nature
of vitamin B, was elucidated mainly by the work of
Williams in igmerica and Windaus in Germany; the vitamin
was proved to be the product of the condensation of
2-mothyl-4-amino~-5~chloromethylpyrimidine and G-methyl-sjp-
hydjgoxyethylthiasole. ~ Synthesis of vitamin By was
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achieved, almost simultaneously, in 1936 by Williams

8
gg;g;l 2 Andersag and Weatphallg) and, in this country,

»y Todd and Bezgel.ao) The work of Peters and his
¢ollaborators has gone far to prove that in the ankmal
body the vitamin is connected with the metabolism of
pyruvie acid. Lohmann and'Schusterzl) proved that
coearboxylase ia the pyrophosphorie ester of vitamin B,

- It is incorreet to term a known chemical compound,
s vitamin and, therefure, the uaé of the name vitamin B;
should be discontinued; the name, aneurin, suggested
by Jansen and Donath, who first isolated this compound,
is now most commonly employed im Burope but some
investigators do not favour this name.

The discovery that vitamin By contains more than one
factor was made in 1929 dy Chick and her oollaborntore,za’zaj
It was first observed that a concentrate made from egg-
white, although it cured rat dermatitis, was leas
effective in promoting growth of young rats than was an
extract of yeast autoclaved at DHD; this indicated
that an essential factor, additional to that contained
in egg-white concentrates, was present in the above
yoast extracts. Later experiments showed that yeast

extracts, autoclaved at pH10, were alone inactive as

gsource of vitamin B, in rat growth tests, but greatly
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enhanced the growth promoting action of egg-white
concentrates. The faotor contained in alkaline
sutoclaved yeast extiracts was named factor Y and the
term vitamin By complex was introduced.

Reader 24,35

suggested in 1929 that r-ﬁa required
in addition %o vitamins By and B, a factor, named
vitemin By, the heat stability of which ;aa between
those of vitamins B, and B,. Subsegquent work has not
sompletely confirmed these earlier findinga, but some
workers still use the term; it ia possible that this
factor in reality was ridoflavin, the least stable
factor of the vitamin B, complex.?®

In 1933 the yellow fluoreseent pigment, rivoflavin
(Laotoflavin) was isolated from egg-white and other

&7 and was shown to possess

materials by Kuhn et al,
vitamin ectivity, when sdministered to rats receiving,

as source of vitamin B,, an alcoholic extrast of cereals.
It was first suggested by the discoverers that this
eompound had full vitamin B, astivity, but soon they

fosnd that this was not the case. Ellinger and Koschara<®
had simultaneeusly isolateéd this substance from whey,

29

and a year earlier Warburg and Christian™ had investigated

this same substance which is contained in their yellow
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oxidation ensyme. Within two years from the time of
%he isolation of riboflavin, its chemical constitution
had been elucidated and aynthesis achieved, principally
by Kuhn and uis collaborators and, to a leass extent, by
EKarrer snd hisﬁoollaborato:s.ao This substance (6:7-
dimethyl-9~(4d~-1'~ribitylisoalloxazine) is the produwot of
condensation of a substitutéd alloxaszine and reduced d-
ribose. Riboflavin-5-phosphoric acid is the prosthetic
group of the o0ld yellow oxidetion enzyme of "arburg and
Christian; riboflavin, therefore, was the first substance
found to be a dietary essential and also be concerned
with enzymic actividy. o

The proof that riboflavin requires supplementgiion
to attain full vitamin B, activity for the rat is found
in the experiments of Gyoxrgy gg,;;?l, who supplied this
supplement as the filtrate obiamined by treating 11yer
extracta with fuller's earth; they named this

2,33 used

supplementary factox, vitamin Bg. Later GySrgys
Petera' vitamin B; and B, concentrate as source of
.supplement, and he found that rats deprived of this
supplement developed a dermatitis somewhat similar %o
that described by Goldberger and L1111915; the addition

of Peters' concentrate cured this dermatitis and the

factor responsible for this effect Gyorgy named vitamin Bge.
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He identified this factor with what had previously been
named vitamin By by Gyorgy et a1.9!

Chick 93_5;34 also investigated the supplementation
of ridoflavin, They recognised the egg-white concentrate
previously employed to be essentially an impure sélution
of riboflavin, The sources of supplement used were
(a) yeast extracts, autoclaved at pH 5 at 120° for 5 hours
and subsequently treated with fuller's earth at pH 1;

(b) yeast extracts autoclaved at pH 10. Bothﬁof these
fractions promoted the growth of rats receiving riboflavin
and also cured what was named "florid" dermatitis,
developed on diets deficient in supplement; it was
thought that the factor present in these materials was
identical with Gydrgy's vitamin Bg.

The study of the vitamin B, complex had reached this
stage when the investigations desocribed in the following
pages were begun, The vitamin B2 complex was then
recognised to contain riboflavin and one other essential
dietary factor, which was a growth factor for rats and
cured the florid type of rat dermatitis; this factor
Was named vitamin By by Gyorgy and supplementary factor by

Chick et al.
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Farthexr fructionation of the vitamin B2 complex -

the aietary essentials of the vitemin B, complex

reguired by the rat.

It bad been establishedd

that young rats conld
be re-red s-tisfactorily, for several weeks from
weaning, on a synthetic diet in whioh the B~-vitamins

were provided by the following three materials.

£1) Small daily doses (= 0.3-0.8 g. yeast, dry wt.) of
Potersp vitamin B, concentrate from yeast, or 10-164.
daily of aeneurin.,

(2) Small daily doses, 10-&9P%,of>oryat.111ne riboflavin,
(3) A heat-stable supplemsnt contained in the riltrate from
y.east extracts after treatment with fuller's enrth;

given in daily amount equivalent to 0.5 g. yeast, dry
weight., This material was called the yeast fuller's
oarth filtrate fraction,
Andinfls receiving the above supplements remained
healthy and no dermmtitis developed.
The experiments, designed to effect purification and
elucidate the shemical nature of the faotor present in
the above yeast fuller's earth filtrate fraction (p..uy ),
indicated that this factor was not identical with Gyorgy's

. sr
vitamin Bs. It had been found by Birch and Gyorgy 2
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thatvvitgmin Bg had basic properties; this factor
migrated to the cathode on electrodialysis and was
readlly precipitated by phosphotungstic acid. The
factor present in the yeast filtrate fraction we found
had no basic projertiea and, on the other hand, its
prggég@tation‘with barium hydroxide in alcohol suggested
agﬁgégdio nature. Vitamin Bg; was destroyed by exposure
tgggight and was readily adsorbed by fuller's earth;
ﬁho yeast fuller'a;eurth filtrate factor was not destroyed
by light and, of course, wag not adsorbed by fuller's
earth,

The experiments carried out in the Lister Institute
by COppingsgroved that the dermatitis which developed in
rats receiving riboflavin only of the vitamin B, complex,
was more effectively cured by alcoholic extracts of
éereals thah by the fuller'g earth filtrate fraction.
This indiputed that at least one additional factor, not
contained in yeast fuller's eartk filtrate, was present
in alcohol;c extracts of cereals.

Final proof that yeast fuller's earth filtrate
fraction did not sapply all the nutrients of the vitamin
Bg complex, excluding ridoflavin, was obtained by

comparing the growth-rates of young rats receiving
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a8 sources 0f the vitemin B complex (a) untreated

yoeast extract; (b) autoclaved yeast extract and ansurin;
(¢) yomst fuller's earth filtrate, riboflavin and aneurin.
The growth-rstes of the rats in this last group were very
oonsiderably lower than those of the rats in the obher two
groups, and, therefore, an essential nutrient mmat have
been sbsent from the diet of the animals in the last
a®oup.

From the above experimentg it was apparent that the
fuller's earth had romoved from the autoclaved yeast
extract, a further essential nutrient required by the
rat, A fraction was prepared from the fuller's earth
adsorbate, which had growth promoting and dermatitis-
curing propertiea for rais; ' this fraction wad free
from riboflavin, We named this fraction and the
essential faotor it contained, "yeast eluate fraction®
and "yeast eluata fastor" resgpeotively. Later experiments
(p.111 ) proved that eluate factor is identical with
vitamin Bg. |

The essential factors of the vitamin B, complex
contained in extrescts of liver were examined.

Preparations named liver filtrate fraction and liver

eluste fraction having biological properties identical
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with the cerresponding frastions from yeast, were
prepared.

It appeared, for some tino, thnt'tho vitamin By
requirements of the rats were satiasfied when the animals
reoeived ribor;nvtn,vyenat or liver filtrate factor and
yeast or liver eluate factor. Rats receiving these
feastors, given as syathetic ridoflavin, the yeast tuller's
e¢azth filtrate fraction and the yeast eluate fractiom,
imoreased in bodyweight as rapidly as rats which received
autoclaved yeast extracts as source of the vitemin B,
complex; farther, rats receiving $hese separated
fractions were successfully mated end the mothers reéared
their young aatisfactéril}.

Quite recently, however, we have shown that Shere
exists at 1sast one further factor of the vitamin B,
complex, required for growth of the rat., - During the
last two years we have been engasged in the purification,
not only eof filtrate fsotor amd eluate factor, but also
of our basel diet. We now find that rats receiving
the purified filtrate factor, purified eluate factor and
rivoflavin, as sources of the vitamin B,complex, do not
increase in bodyweight as rapidly as do rats receiving

autoclaved extract@s of yeast. There must, therefore,
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exist a further easenitial natrient for the rat of the

vitamin Bz 5roup. As yet no name hns been givan to
this faotor, and 1t will be referrad to as "ndditional
factor®, A ooncentrate of 'additional faotor' was
prepgggg;by ext:act%gg,g,live: extractﬁw;thﬂfuller s
earth end then with amyl alcohol; tpe_fﬁilar's earth
;Q@gypd the e;uatemtaoto:Aand‘ths amy;‘uleohol.the
£iltrate factor, while "additional factor" remained in
the residue, “\_ N , ;_‘

Recently. nicotinio aoid haa been found to be an
essential nntrient of.the_yitgm;n Bg>gomp;ex regquired by
the dog, the pig, the monkey and man; we have been
unable to demonstrata&this subatanoe ps a dietary fassor
for the rat. A oombipgyion o? nicotinamide and adenylic
acid was also inactive 1# 1§t experiﬁents.

At preaent, thbreforp,.fonr factors of the vitanin
By complex, easential for the rat are recognised:

(1) rihoflavin; (2) eluate factor; (3) filtrate factor;

{s) "addisiopal fector?.
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- Methods_and Regnlts;

Separation of yeast filtrate factor and yeast sluate

factor from autoclaved extracts of yeast.

Rat growth tests were carried out by the methods
generally employed in the Lister Institute.a‘ Young
rats, weaned at 21 days, weighing between 40 and 50 g.
received a basal diet consisting of commercial light
white casein 100, rice starch 300, cotton-seed oil €0,
lard 15, salt mixture (cCollum's No, 185) 28 and water
500; the diet was steamed for 3 hr. The lard was
added to the diet to ensure an adeguate supply of the
essent 1ial unsaturated fatty acid 1n'the hope of
eliminating scaly tails and associated conditions57'38.
The diet was supplemsnted by 0,08«0.1 ml. of cod liver
0il deily, to supply vitamins 4 and D, and by 1015 w g
of aneurin, It was found that agqueous solutions of
aneurin could be kept free from moulds and without loss
of activity if solutions containing 1 mg. per ml. in
N/1000 HC1, were‘stored in the cold. More dilute
solutions, also containing N/1000 HCl, suitable for dosing
were made from the stock solution at least once weekly.

In preparing ;itters for this work we did not find

it necessary, in erder to render the young rats sensitive
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to deficlency of the B,-vitamins, to remove the yeast
from the stock diet of the mothersvduriﬁg‘th;’whole of
the lactation perlod, as was pre#ioﬁsiy the custom in
this laboratory. The mothers received the full stock
breeding diet, exvept during the last week of lactation,
when yeast was not included.

The rats were weighed 3 times weekly., Their
grdﬁth had usually ceased by the end of the second week
after weaning, and when the weight had remained stationary
for several days, the animals received the'vitamin’Bé -
supplements; the effects on the growth rates were

Bie

observed.,

Comparison of the growth-premeting action of the B-.

vitaming provided as (a) untrsated agueous yeast extract

(b) yeast extract autoclaved at pHS, supplemented by

aneurin ani (c) the fuller's earth filtrate from autoclaved

yeast extract supplemented by aneurin and riboflavin.

Preparation of the yeast fuyller's earth filtrate fraction.

A dilute acetic apLQ‘yenstlpxxraot, prepared as described

by Chick and,ROsooosg,waa_antoclaved at pH 5 at 120° for
5 hr., to destroy vitamin Bj. 1 1. of this extract (1 ml. =
0.5 g. yeast, dry wt.) was adjusted to pH 1.4 by addition

of approximately 20 g. of HpSO4e 50 g. of fuller's earth
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(B.D.HB. for adsorption purposes) were added and after
stirring at intervals for 30 min. the fuller's earth was
filtered off. ithe adsorption was repeatvted and the iinal
filtrate was treated with Ba (OH)Z to remove sulphate and
adjusted to pH 3 for stqrage (1 ml, = 0.5 g. yeaot, dry
Whe)e

A litter of rats was divided into 3 groups as follawsf
2 males received doses of an unbreated ayueous yeast
extract equivalent to 1 g. yeast, dry wt. daily;

2 males received similar doses of the yeast extract after
autoclaving at pH & at 1200 for 5 hr. supplemented by
10~20ﬂ5,daily of aneurin; 2 males and 2 feusles received
doses of the yeast fuller's earth filtrate (gee—id=axr
et—ad—183729) equivalent to 1—1.5 geyezut, dry wt. daily,
supplemented by lO-zQﬂﬁ,daily of ansurin and 50-7§/ﬁ,
daily of wxiboflavin,

The growth rates of the rats receiving the untreated
yeast extract (curve A, Fig. 1) were almost identical
with those of the rats having autoclaved yeast extract
supplemented by aneurin (curve B);  both pairs showed
rapid and steady growth during the experimental period
of & weeks., The rats receiving the fuller's earth
filtrate supplemented by ribeiflavin and aneunrin ghowed

lower growth rates (eurves C and Cl); , ihen these dosge
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of B-vitamins: curve A ( & rats): untreated yeast

i18.

280F

Average weight of rats, g.
x ]
2 S
Y T

8
L

40

g+ 1o Growth of young rats on a basal diet free
from B-vitamins and receiving daily as sources

extract = lg. yeast dry wt.; curve B ( & rats)
autoclaved yeast extract = 1 g. yeasat, dry wt. 4+ .
10-20 sy, aneurin; curve C ( rats) and ¢’ (@ rats;
yeast guller's earth filtrate = 1 g. yeast, dry
wte + 50wy, riboflavin + 10-20u.aneurin. 1At X the
(i0sSes weré® increased to fuller's earth filtrate

= 1.5 g. yeast, dry wt. and 75 ug, riboflavins ALY
the doses were changed to autoclaved yeast :
extract = 1 g. yeast, dry wt. + 20 uy,aneurin.

The figures in brackets tndicate theé number of
rats from which the BPusiNM were derived.




Growth of rats receiving the constituents of the vitamin B2 complex

TABLE T.

as different fractions from yeast extract. )
Unless otherwise stated, 10-20/«3.aneurin were given daily,

No,of Ridbo~- Daily
rats, flavin dose as
daily equiva~
lent of
Yesst preparation given yeast,
dry wt,
& e oM &
Bxp,1 8 O 0 Untreated yeast extrast; no 1.0
additional vitamin By
2 2 0 Autoclaved yeast extract 1.0
2 2 5 Tuller's earth filtrate .0
1 1 75 Fullexr's earth filtrate 1L,5
Exp.8 1 3 50 Purified fuller's earth 1*
: filtrate
2 3 B0 Fuller's earth eluate e*
3 5 B Fuller's earth filtrate + 1}
fuller's earth eluate 2
- 1 0 Fuller's earth eluate; 2
after 2 weeks,given fuller's 1
sarth filtrate ia addision
- 1 0 Fuller's earth eluate +

fuller's sarth filtrate

* Dose doubled after 2 weeks.

cE

19,

Average weekly
gain in weight ;
over period of

4 weeks,
&

& ?
3l.1 -
31.3 28,75
19,3 18,3
19,28 17,0
22,5 18,8
18,1 11,9
32,8 %,0

Average weekly
gain in weight
over period of

8 weeks,
&9
- 2.5
- 895
- 30 5

were replaced by untreated yeast extract a sharp increase

in srowth rate resulted immediately.

farther experiments,

summarized in Table I, Exp. 1, confirmed these results.

These experiments demonstrate that autoclaving

yeast extracts at pH 5 does not destroy any of the B-

vitamins concerned with growth other than aneurin, and

that treatment with fuller's earth removes from an
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autoclaved yeast extract at least one growth factor in

addition to Fiboflawin.

Inveatigation of the yeast fuller'g eaxrth adsorbate.
PFreliminary experiments in which fuller's earth

ke was itgelf fedpixectly to young rats in
adAiggnn to the fuller'g earth filtrate and riboflavin
auggested that the adsorbate had some additional growth-
ngoﬁoting action. The growth Tesponses were, however,
irre zular, and seamad to 1ndicate ‘that elution of the
adsorbed waterial from fuller's earth was not accomplished
satisractox;ly in tngvalimentggx;9p4q} Qtzﬁbevxats..q
Eluates were_the:efcre4y:§pqgg$!w§hg,follow1ng method

“gt

: : e

being finally udopted.
| The fuller's earth adsozhutc was made by nddins 650 g.
of fuller's earth (B.D.H, "for sdsorption purposes") to
11. of agueous yeast gxt:gptlﬁl_n;.; 0.5 g« yoast,
ar;u,;.;, which had been_.égpp;.ved at pH 5 at 120° for

5 ﬁr; lnd thﬂﬁ adjusted to PH 1.4. This adsorbate was
waahcd tvice by brinding 1@ g nprtar with 250 ml. of 0.1 N
HQL and then, after fil;erlna, was thoroughly mixed with
600 ml. of O.1 N Ba (On)g in a mortar. After standing
tor 16 hr. in the cold, ‘the fuller's earth was filtered

off nnd the elution repeated. The eluates were
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neutraliged with H;50, immediately after being filtered
from the fuller's earth. In order to remove the
riboflavin present, the combined eluates were treated
at pH 8 with a slight excess of a solution of basic lead
acetate (containing approximately 7 g. basic lead acetate).
After standing 16 hr. in the cold, the precipitate was
filtered off, the filtrate treatéd with Kzs,the lead
sulphide filtered off and the final filtrate reduced
in vacuo to a volume of 250 m1¢‘(l ml, = 2 g. yeasat, dry
wt,). This material will be referred to as the yeast
fuller's earth eldate. ’

For the following experiments the yeast fuller's
earth filtrate was further purified by three additional
adsorptions with fnllor'a‘oaita at pH 3, 60 g. fuller's
earth per litre of filtrate being used for sach adsorption,

The sdditional gruwthépfuunting action of the eluate
frqction’9n rnta receliving aneurin, ribvoflavin and the
purified fuller's earth filtrate was striking (Table I,
Exp. BJQBAFig.'z). Rats receiving daily the eldate
aeln&iqiﬁ(nﬁ 2 g.yyoast, dry wt,) supplemented by the
filtrate fraotion ( = 1 g. yeast, dry wt,) and 504 of
yx$bqfiavin showed weight increases of about 24-32 g.
;ggkly, sccording to their sex, over a 4-week period

(curves A' and A). This is a growth rate of the same
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220

g
]

Average weight of rats, g.
g
T

40

Fig. 2. Growth of young rats on a basal diet
free from B-vitamins and receiving daily
louaojqk-nnurin and ons or more of the
following components of the vitamin B
complex: L= 50ﬂ;-tib0fll7inq F = pnrffied
fuller's earth filtrate = 1 g. yeast, dry wt.
E = fuller's eaxrth eluate = 2 g, yeast, dry
wt. The arrows indicate the points at which
the doses were changed. Curves A, B, C, & rats.
Curves A', B', ¢', D, G, % rats. The
figures in braockets indiocate the number of rats
from which the growth curves were derived.

order as that attained by rats maintained on experimeuntal
diets with nnxﬁeatod'yeast extract as source of.the Ve
vitamina, or on a good mixed diet of natural toodstuffs.
Tne grdifh rate obtained with litter-mate rats receiving
riboflavin supplemented only by the fuller's earth
filtrate (1 g. yéastindry w?. daily) was approximately

15;20 g. Wweekly for 4 weeks (curves B' and B), and was
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1ittle affected by doubling the dose of the filtrate

fraction, but it was greatly enhanced by the addition
of the eluate fraction, Feeding of the eluate fraction
in doses equivalent to'2 8. dried yeast daily supplemented
by riboflavin caused an initial inoreese in growth
(curves € and C') similar to that obtained when the
filtrate fraoction was fed with riboflavin but, after
abeunt 10 days when the animals haa gained approximately
30 g+ the growth skackened sharply; doubling the
8luate dose at the end of 2 weeks had little or no
effect on the growth rate, while the addition of the
filtrate fraction to the diet gaused a marked increase.
Since only a slight or negligible effect on the
growth rate was obaserved by doudbling the doses of either
the filtrate fraction or the eluate fraction it may be
assumed that a fairly complete separation of these two
growthepromoting vitamins had been attained. The eluate
fractien, having been trested with basic lead acetate,
contained no riboflavin, and rats receiving this fraction
and aneurin oanly did not show any increase in weight, nor
di4 they grow when these were supplemented with the
filtrate fraction (enwsves D and G). This illustrates
the faoct that riboflavin is the most active of the

growth-promot ing vitamins of the Bz group, since in its
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absense all growth was checkeéd, while the absence of one

or both of the other factors resulted only in limitations
of the growth {f the riboflavin were present in the diet.

The regularity of the growth response of the animals
to the various factors was striking, the effects being
evident in 1 week or even less, When all three vitamin
B, components were present, the average increase in
welght during the first week was R8-35 g.; 1in the
absence of either the eluate fraction or the filtrate
frection it was 18«23 g By the end of the second week
a difference was mpparent, absence of the filtrate fraction
resulting in a marked slackening in the growth rate
during the sscond week,while In the absence of the eluate
fraction the initial suboptimus growth rate was maintalnead
for 3-4 weeks, ‘

More satisfactory results have more recently been
obtained using a preparation of yeast filtrate factor
which was purified by amyl aleohol extraction, a
procedure which has also proved effective in the
parificatioen of the factor required for the growth and
prevention of dermatitis in chicks receiving a heated
grain diet?0s41 - mhe following method has been employed

by us.
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. %he fullexr's earth filsxate (4 1. of concentration
1 ml. eguivalsnt to 0.5 g« dry yess$s) was concentrated
in open trays at 37° to one-fourth of Atg,original volume,
32804 was added to pH 1 and the extract was shaken with
2 1, amyl alcohol, After separation, the amyl alcohol
extract was shaken with 500 ml. water to which was added
Just enough NaOH to make the agueous layer alkaline to
thymol blue. The agqueous extract was separated,
neutralized with HCl and the amyl alcohol again extracted
with a second portion of alkali. The smyl alcohol was
now transferred back to the yeast extract and the extraction
repeated until the yeast filtrate had been extracted 6
times, the amyl aloohol being extraoted with the alkali
after each troatment of the yeast extract. The combined
aQuaous oxtracts of the amyl alcohol, containing the
filtrate factor, were evaporated to small volume and
treated with 4 volumes mf 96% alcohol., The precipitated
salts were removed by filtration and the almohol was
distilled off in vacuo. A small amount of a gummy
materisl whioh separated was discarded; in the final
product 1 ml, was eguivalent to 2 g. dry yeast.
‘ Bats reoeiving this preparation of yeast filtrate
faotor inoreased in bedyweight less rapidly than did
animals receiving the crude fuller's earth filtrate, and
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a more striking effect on the growth-rate was observed
when the yeast eluate fraction was added (see Tablelll,

pe 39 ).



27.
B. Preparatien from liver extxacta of fractions containing
the seme dietary essentials for the rat as yeast eluate
fraction and yoeast filtrate frgctign.

' Fractionation of liver eXtracts, by the methods
succeéafully employed for the gseparation of the factors
préseﬁf“ih yeast extracts, did not yield liver fractions
with biological properties similar to those of the yeast
fractions. By other methods, however, separation of
the essential factors of the vitamin B; complex present
in liver was accomplishéd; preparations were obtained
which were biologically nndistinguiSh-ble from.yeaét
filtrate fraction éndtyéast eluate fraction.

The rat-grbwth tests were carried out by the method
previously described (p.'ﬂf ). During the first week
after weaning the young animals received the basal diet
supplemented by 0.08 ml. dodilivér'oil and 10 4 g. aneurin
each aniiy;” ‘Théiéaftér;'thé éxperimental procedure was
varléd to some extent. =

" Yeast filtrate fraction and yeast eluate fraction
weiéabiéﬁiiid by tﬁe‘mafhodsfalread& described on
i}iiGidlf and 20 ). All the liver fractions were
iiépir%&“fidm jiver residues obtained in the manufacture

6§%tﬁ;"j;rﬁiéidﬁs:ih;eﬁia factor42; these were kindly
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supplied to us by Messrs. Glaxo Laboratories., Three
residnss have bdesn investigated.-

Liver residué Y, - This residue was the filtrate resulting

when a liver extract, obtained by extraction of liver
with aqiSous acetone and subsequent removal of the
acétone; ‘Was treated with charcoal. Experiments with
raté‘Showed that this residue probdadly contained all of
the factors of the vitamin B; complex with the exception
62 riboflavin, since rats receiving the basal diet
supplemented by cod liver oil, aneurinm, riboflavin and
this liver residue grew as well as did rats recelving
that diet with whole yeast or liver éxtract as the source
of the Bo~vitamins, =~ 7 -

Livey residue II, The liver extract made by squeeus

extraction of liver, freed from adetone and reduced to
small volume was extraoted with phenol. The fraction
insoluble in phencl was 1iver résidue II. This liver
fraction was also rich in members of the vitamin B,
complex, ‘wlthough it contalinsd less of the liver factor
corresponding to yeast filtrate factor than did liver
redidue I. e AR e

Liver ieSthQ“i:;; !%¥ﬁ3 aqueous layer, obtained when

the above pkénoiﬂéiﬁfiét was shaken with water and ether,

akkuins was treaﬁgﬁ%iith charcoal. Liver residue III
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was the filtrate from the charcoals This residue

coﬁtainsd considerable amounts of the rat dietary
factor corréépbnding to the yeast‘filtrate factor and
on¥y traces of 6ther factors.

Liver residue I has been mainly used in this
inyégﬁigation. | |

Frn@iionation of liver residue I with fuller's earth,

The liver fraction (1 l1.; 1 ml. = 5 g. fresh liver)
wns ndausted to pH 1.2 by the addition of H2804, and
50 g. fuller's earth ("specially selected, activated",'
Fuller's Farth Union) was added. After stirring at
intervals for 30 min. the adsorbate was removed by
filtration. The adsorptibn't;a repeated, and the
filtrate, after treatment with Ba(OH), to remove HySO,
was ready for adminiatration'tb rats.

The first adsorbate was washed twice with 500 ml.
of K/10 HC1 and suspended in 700 ml. of 2% Ba(OH)g.
After several hours at 0°, the eluate was removed by
filtration, and the adsorbnte was again eluted with
500 ml. of 2% Ba(OH)z. The combined eluates, freed
}from Ba with H2804, were ndjuated to pH 8 and treated
with an excess of basic lead acetate (8 g. in 40 ml.
of Hp0). The fesuitiﬁgvprecipitate was filtered off

and the excess lead removed from the filtrate with HpS.
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The PbS was filtered bff and the filtrate reduced .
in vacuo to 250 ml. (L m, = 20 ge fresh liver).

Young rats, prepared as described, having received
the basal diet and the cod liver o0il and aneurin
supplements for 1 week, were each given additional daily
anpplomonts of 50/vg. of riboflavin and eithaz 1l ml., of
the liver fuller's earth filtrate ( = 6 g. fresh liver)
or 1 ml. of liver fuller's earth eluate ( = 20 g. fresh
liver). |
| The animals receiving the liver fuller's earth
filtrafe gained in weight at an averagéfrate of 30 g.
weekly for 3 weeks (Table II). This growth rate is
nearly double that obtained when rats receive the diet
supplemented by yeast fuller's earth filtrate (see Table
III), indicating that the liver filtrate contains other
.dietary essentials for the rat in addition to those
preseht in yeast filtrate fraotion. The addition of
liver fuller's earth "cluate fraction to the diet after
3 weeks did, however, causs an increase in the growth
rate, showing that the liver fuller's earth filtrate
was deficient in a growth factor for rats which was
contained in the livey fuller's earth eluate fraction.

The rats which received the liver fuller's earth

Sxeluste fraction from the end of the first week after



TABLE II. Effeot of fractionation of liver residue I with fuller's earth,

Zach rat (make) received daily 10-15,»3‘anour1n and Bu/aa riboflavin,

NO.
of Daily mpplonont given
rats, during peried of 3 wks,

8 Fuller's earth filtrate
from liver residue I (=

3 Fuller's earth filtrute
- from liver residus I (=
v Bg, fresh liver)

4  Puller's earth eluate
from liver residue I (=
20g, fresh liver)

AV, weekly wt,
incresse of

‘grouy during

3-week period
(8)e

35, 29, 27

33, 28, 29

28, 15, 10

additional d‘m
sapplement given
during _4th. week

Fuller's earth
eluate from liver
residue I(= 20g,
fresh liver)

None

Yeast fuller's
earth filsrate not
purified by amyl
aleohol extraetion
( = 1g, dry yeast)

3l.

AV, Weokly

wt, in-

creass of

group

during

4th, week
(g)e

x

weaning, gained less in body weight thun those receiving

filtrate. Here again, however, the growth rate was

somawhat 1n excess of that occurring after administration

of yeast eluate (see Table III), sugéestiné the presence

of other dietarJ essentials 1n this liver fraction,

The

uddition ¢f yeast filtrate fraction to the diet caused a

striking increase‘e.n the growth rate, which proved that

the dietary essential contained in the yeast filtrate

fraction was a 1im1ting factor in this liver fuller's
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sarth eluate fraction. |
The abewe procedure therefoxe, which is essentially
the same a3 that whioh was employed in the separation
from yeast oﬂthe yeast eluate and yeast filtrate factors,
did not yield fractions from liver with the same biological

|

propexrties as those from yeast, , . |

Prg2~;atian from liver residue I of fractions biologically
o similar to the yeast filtrate an@_xeast eluate fractions,

A

” Since fuller's earth fractionation of liver extract

did not yield’fraéfidnstdorresﬁdnding‘fo tbé yeasf
fractions, other methods of aeparation had to be employed.
The liver preparations described below with activities
gimilar to those of the yeast filtrate ‘and eluate
fractions we have named liver filtrate fraction and
liver eldéteﬁfrhctiéh, iesPQEthély.

Livef f11tiate trdction; Ltver residue I (500 ml.;

1m, = 10 g rresh liver), adjnsted to pH 1 with HZSO4,
was extraoted aix $imes with 8Q0 ml. portions of amyl
alcohol, - The combined eztracia were then shaken three
times with 1 1, portions @f water containing enough NaOH
%9 make the aqueous layer alkaline to thymol blue.

The combinad agusous extracts were neutraligzed with HCL,

evaporated in ysgug to about 100 ml. and treated with
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4 vbi;}df'96%:alcohol.‘ The préoipifated salts were
filtered, and the filtrate, after removal of alcohol
in vacuo was adjusted to 800 ml., (1 ml, = 6 ge. 0of fresh
liver).

Liver eluate fraction. To the fesidue from the amyl

alcohol extraction of liver residue I diluted with 3 vol.
of water (now 1 ml, = 2.5 g. fresh liver) and readjusted
to p¥ 1.2, 150 g. of fuller's earth were added. After
stirring for 30 min., the adsorbate was collected on a
Buchner funnel and washed thoroughly with N/10 HCl;

1t was then twice eluted with 1 1. and 500 ml. portions
of 2% Ba(OH)z. To the combined eluats, freed from Ba
with HySO, and adjusted to pH 8 with NaOH, an excess of
basic lead acetate (25’3;)'wn8wdddsd. The resulting
precipitate was filtered, and the lead removed from the
filtrate with Hy,S, The filtrate was then reduced in
volume in vacuo to 200 ml. (1 ml, = 25 g. fresh liver).

Compaxigon by the xat growth method, of tho eluate and
filtrate freqotions from liver with thoge from yeast.

The rats used in these growih tests were prepared

in the usual manner. . After the usual depletion period
of 1 week during which they received supplements of cod

liver 0il,and ansurin, each male rat was given the
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additionnl daily snppleueata of 50dﬂ/go of riboflavin,
and eithax 3ﬂast filtrate frnction purified by amyl
alcohol extraction eqnivaléent to 2 g. dty yeast or the
above liver filtxate fraotion &quivalant to 6 g« fresh
liver;. cach female rat rocoivod riboflavin and either
yeast eluate fraction equivalent to 2 g. dry yenst or
fhe above liver eluate fraction equivalent to 12 g.
fresh liver. | |

The ﬁwo grou;a of mele rats recelving the filtrate |
fractionl 1narenled in weight at apprnximately the same
rate during thc Sdlcﬂk peziod during whlch they reqeivad
hhig diet’ (aee wlblt trz)¢; The avem.ge vnightﬁinq;e;ses
of the animals in the two groups receiving the eluates
from yeast and 1liver for the 2-week period were also the
same. Certain of the rats of the two groupé which had
received the different filtrate fractions were now -each
giiéﬁ an additiohnl'dail&‘anpplbment of yeast eluate
fraction ( = 2 ge dry yeast) and the others were given
the liver eluate fraction ("= 12 g. fresh liver). In
all 05365'5 markbdxinbrédﬁé'in the growth rate resulted,
and all animasls continued to increase in weight at
approximetely the same rate during the 2-week test period,

irrespective of the sources of filtrate and eluate

fractions in their diets.



TABLE 111, Comparison or eluate and filtrate fractions from liver with
those from yeast, 58.

sach rat received daily 10-15ug, aneurin and 5u mg. riboflavin, The
supplements indiecated in the table were given daily in the following
equivalents: liver filtrate fragtion = 6 g, fresh liver; liver eluate
fraction = 18 g, fresh liver; yeast filtrate fraction, purified by amyl
alcohol extraction = 2 g, dry yeast; yeast eluate fraction = B8 g, dry yeast,

AV, Weekly wt, 4V, weekly
No, Daily supplement increase of ~4ditional daily increase
of given during pre- group for pre~ supplement given during sub=
rats, Sex, liminary period liminary period during subsequent sequent
of 2 weeks period of 2 weeks period of R
weeks
€. &
2 & . iver tiltrate 19, 13 Liver eluate fraction 32, 83
fraotion
2 §  Liver filtrate 22, 20 Yeast eluate .27, 26
Iraction fraction
5 § ieast filtrate 17, 14 Liver eluate fraction 25, 24
fragtion
6 & veast filtrate 18, 18 Yeast eluate fraction 24, 25
fraction
8 §  Liver eluate fregtion 16, 1C Liver filtrate fraction 25, 87
2 ¢ Liver eluate fraction 82, 13 Yeast filtrate fraction 82, 21
10 ¢ Yeast eluate fraction B0, 10 Liver filtrate frastion 84, 18
6 ¢  Yeast eluate fraotion 31, 13 Yeast filtrate fraction 23, 21

The rats which had received the eluate supplements
during the first 2 weeks were given supplements of the
filtrate fractions; ocertain animalis of the two groups
were each given doses of yeast filtrate fraction (= 2 .

dry yeast) and the others were given the liver riltrate
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fraotioni(.= 6 g fresh iiver).: Agein, rises in the
growth rates:ef . all animils edourred, the weight inoreases
being the same whether the: animals reeeived their fractions
from yeast or liver.

The above experiments prove beyond reasonable doubt
that liver filtrate and liver eluate fractions, prepared
as descrived, contain the sams dietary essentials for

the rat as the fractions prepared from yeast.

Preparation of liver eluate and filtrate fractions from

other liver residues.

Liver eluate fraotion from liver residue II, The liver

residue II was treated with fuller's earth without
previous extraction with amyl alcohol; the adsorbate
was eluted with Bu(OH)2 and the eluate purified by
treatment with basic lead acetate as described above.
Then tested on rats this fraction proved to be
contaminated with filtrate faotor, which, however, was
easily removed by extraction of the preparation with
amyl alcohol. The produot had then the same growth-

promoting properties for rats as the yeast eluate

Lraction,

Liver filtrate fraotion from liver residue III. Amyl

algohol extraction of liver residue III by the method
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described for the prejaration of liver filtrate fraction
from liver filtrate I, yielded a preparation witn the
same jrowth-promoting properties as the yeast filtrate

fraction.,
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Ce ?he qg&st» :

the vitamin

eluate factor and filtrate factor.

The principal difficulty encountered in the
preparation of *vivamin B-free* diets is the obtaining
of & vitamin-free protein of high nutritive value.
‘Light white casein or “Glaxo ashless extracted” casein
were found satisfa¢otory for certain investigations
slthough it was regognized that these caseins were.
probably not free from Brvitamins. o

supplee gy a1% demomstrated that the washing of
casein with a solution of NaCl rewoved riboflavin, amd
other factors of the vitamin B complex from the casein.

"Glaxo ashless extracied” oasein (2.5 kg,) was
stirzed for 30 min, with a solution contalining 600 g.
NaCl ang, 30.ml., giseial scetis acid in 30.1 tap water.
The osmein was allewed to sebile for 1 hr, and the

gupernateny liguor was popred off.  The washing with

e & & L7

5be. salt golution. was reyeated 6 times. The caseln was

MR YRS .

bep, presssd 4ry on Bighmer funnels and stirred into

L NN 3 .,‘3 - SR L LTEET . POCER A

96% sloohql (5 1.)e..;The alcohol was removed by
£4dtration and the ossein spread in thin layers on the

open bench and diiad in a current of air,.
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In the following experiments casein, puriiied by

the above method, was used; the cooked starch diet
fed to the rats was otherwise the same as previously

employed.

Comparison of the growthepromoting actiogn of the E%-
itrate facton
vitamins provided ag (a) riboflavin, eluate factor and (

and (b) orude extracts of yeast or liver.

It had been realised for some time that the growth-
rate of rats, which had received, as sources of the
vitamin B, complex, adequate amounts of riboflavin
purified eluate factor and purified filtrate factor
for periods of about 4 weeks, increased very markedly
when crude extracts of yeast or liver were added to the
diet of the animals. This indicated that orude yeasat
and liver extracts contained an unknown factor not
present in these purified fractions.

;'Hore atrikiﬂg results wers obtained by comparing
the growth-rates of young rats receiving the above
purified fractions as sourees of the vitamin B, complex
with those of animals receiving either autoclaved
axtracte of yeast or orunde extracts of liver.

" phe rats at wesning received the basal diet and
iﬁpplemanta‘or‘leﬂa,aneurin and 0.08 ml. cod liver oil.
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Certain animale then received additionsl daily supplements
of Eoyua;!iiéfidvin, purified yemast eluate feotor,
equivalent to 4'g. 4ry yeast, end yeast filtrate factor,
purified by smyl alcohol extraetion, equivalent to 4 g.
dry yeast; “6ther animals were given autoclaved yeast
exp;ggg oquivalent to 1-2 g. dry yeast and still others
wéjggigven crude axtracts of liver (liver residue I p.%% )
equivalendﬁo 86 g. fresh liver.,

The animals receiving the crude yeast or liver

extracts increased in bodyveigﬁt'ut a much greater rate

than those animals given the separated fractions (Table IV),

The difference was apparent?afdn‘iﬁ the end of the first
week, and it becams more definite during the subseguent™ -
weeks. The @slé,ratavgiten tps'orude yeast and liver
fractions maintained their original high growth rate for
the 4 week test period, while those receiving the
purified fraotioms increased in weight at a diminished
rate during the second week} ~during the subsequent
wooks the growth rate of the second week was maintained.
The high growth-rate of the femasle rats receiviny the
orude liver and yeast fractions was maintained only for

& weeks; at the end of that period the animals weighed
about 120 g. and therefore a slackening of the growth-rate

had to be expected, since the adult female rat:.. weighs

B4



TABLE 1IV.

4%.

Growth of raty receiving the essential factors of the

vitemin B, oomplex s (a) riboflavin, end purified

yeast eluate and flltrate frasctions, (b) autoolaved

extracts of yesst and (o) orude exiracts of liver.,

All rata received 15,“3, aneurin,

No. and

sex of
rats.
4

A
3¢
a8

B.
29
1
Ce. ’
19

daily supplements of the
vitamin By complex

50 riboflavin +
puriried yeast eluste
fraction =i4%dry yeast

| + purified yeast filtrate

fraction = uz,dry yeaat

25 My, riborlavin &4
autoclaved yeast extract
= 1-2 3,dry Jeast

25 my, riboflavin 4
liv residue I
=6 %. fresh liver.

Av, weekly increase
in wt, of group for
4 weeks subseguent
to dosing

Ee

'25, 17.8, 17.8, 188

26’1707'1303' 130
39, 31.5, 20, 14.5.

33, 35, 36, 43.

31, 29, 21, 1l4.
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Farthed Proef of the existense of *additionsl -
fastor" was obtéined by observing the increases in the
growth-rates, which followed administration of various
filtrate fuetor prepsrations from liver to rats receiving
ripog%.vig and eluate factor of the vitamin Bp complex;
theﬁpurerkwere'thegjrepar;tions of livér filtrate factor
the smaller were the increases in the growth-rates. The
following is a typical experiment, |

Young rats were given for a period of 2 wecks daily
supplements of 50/%.riboflnv1n and‘xéasﬁ eluate fraotion
eqaiéalent to 2 %. dry yeast. Certain animals then
received a orude liver extract wﬁilé}ofhers were given
the additional supplement of a purified filtrate factor
preparation made from the orude ﬁaterial.

Addition of the orude material caused the growih-
rate to rise from about 8 g. to about 30 g+ weekly '
while addition of purified filtrate was followed by an
increase in the rate of gain in bodyweight from 8 g.

(Tafle™)
to about 20 g veekLy& There was no question of
fii%rnte f:ctor being a limiting faoctor in these

cxﬁcriments, sinoe no increased growth rate was observed

when the filtrate factor supplements were doubled.



TABLE V.,

Comparisgn of the effegt on growth of rats, receiving

riboflpyin end gluste faotor, of the sddition to the
diet of crude and purer preparationsg of filtrate factor.

Hach rat xeceived ls/w?‘

and yeaat eluate fraction

No. of

Takae

Iy e

' Av. weekly wt. increase
for group during the 2
weeks previous to

giving filtrate factor

preparation.
&

18, 7

14, 8.5

15.5, 9

16.5, 7.5

2 g. dry yeast,

aneurin, 50/u3 riboflavin

Filtrate Av. weekly wt.,

factor ‘increase for
given. group during the
2 weeks subse-
guent to giving
filtrate factor.
e
crude =
6g. fresh 32, 26
liver ‘ '
srude = ‘ o
12g. fresh 29, 28
liver
purified
= 1l2g. fresh 19, 16.5
liver
purified
= 2480 !resh 2105, 14,5
liver

The following method for the biological

determination of "additipnal factor" has been provisionally

udopted.

Young rats for 1 week from weaning received the basal

diet aneurin and ood liver oil.

The animals were then
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given for a period of 2 weeks the fusther supplements
of 50 ”,'}rlt‘hﬁ‘tlavin, yeast eluate fraction equivalent to
2 g. dry yeast and purified yeast filtrate fraction
equivalent to 2 g. dry yeast., Some animals then received
the material to be tested for "additional factor"™ others
whioch served as positiVe controls were given autoclaved ,
yeaat extract and yet others received no further supplement
and served as negativo controls, an increase in the
growth-rate of the animals receiving the test material
indicated "additional factor™ activity (see Table VI).
Purified preparations of eluate and filtrate ractors
from liver may be used instead of the yeast prepsrationa.

Few experiments have been garried out on this

"additional factor". A conc@htrhte"of the faotor,
however, has been obtained by treating liver residue III
(ps 8 ), acidulated to pH 1, first with fuller's earth
to rembie eluate factorvaid then with qmyl alcohol to
remnie‘filtrate f-oﬁbri the ."additional factor" remained
in the residua being neither adsorbed by fuller's earth
nor extraoted by nmyl alcohol. The increased _rowth-
rnte which followed administration of this residue to
rnts receiving 1iver eluate factor and filtrate factor

wes definite and was comparable with thetobserved

foilowing adminlstration of autoclaved extract of
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.~ _TABLE VI,

.

ﬁaCh rat :eceived<L5M3 anpnrin, EQﬂﬁaxzboflatin,
liver eluate fagctor = 12 g. fresh liver and purified

liver filtzate faotor equivalent %o R4 g. fresh liver.

Ro. 6fﬁ&jvéragé weekly wt. Additional supp- Av.weekly wt

male.. 1increase of group for lement given increase of
rats. preliminary period of group during
e T , 2 weeks. 2 week test
8o period
; - e
3 _ 22, 20.3 . Fuller's earth

and amyl alcohol 32.7, 31,7
- rasijue= 3IZg. A
fresh liver
3 22, 21 ' TNome 23,7, 17.7
2 22,5, 24.5 = iutoclaved
. extract of yeast 36, 29
Zg. dry yeast

yeast (Table VI)

From these experiments ang others not described we
now know fthat the earlier descxribed fuller's earth
filtratea from yeast exiracts contained at least 2 factors
essential for the rat; one, now named yeast filirate
fmgtor, ia extrsoted by amyl alcohol and the other, now
nsmad "additionsl faotor® which is not exiracted. Crude

eluate fractions are probably also contaminated with a -

little "additional factor".
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otinic egid and other pyridine

derivativeg.
- Warbuzg end Chriltinn .- found that nicotinamide

was qengained in the_ moleaule of oedehydrogenase II,
pEepened. fyom red bleed ocells. (Codehydrogensse II-
48 the goensyme reguired in the dehydrogenations in
which the iypboflarin-bearing yellow oxidation ensyme
also plays a payts ., Niecotinamide has slse been found

present in the OOGIMQBQAHQIOQﬂlﬁésp

 Knight*® has more
recontly proved that nicotinig agid is one of the V
essential growth factors gontaiged in the high~veeuum
distillate from yessi extzapts, required for the growéh

- of Stgphylocogcus auxans, .. Sinee the two identified
membexs of the vitamin B complex reguired by. rets,
aneurin and riboflavin, have beem proved Lo Dbe essential
growth factors for gertain migro-organisms and since the
g;oao;gglﬂgxongh}g_bg;qqqn?gegtain vitamins and enzymes
18 wall egtablighed, it sesmed possible that either
yesst eluate faglior or yeast filtrate faetor might be
jdentical '1fh,p§qog§ggm§¢aAo: some related compound.

We have inveatigated nicotinic acid, nicotinamide

and codehydrogenase II, the last kindly supplied by
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Prof. Warburg, to find if these compounds could replace
elther the yeast filltrate factor or the yeast eluate
factor in rat-growth experiments.
8ince these experiments were completed Elvehjem
25_5;47 made $he important discovery that canine black-
tongue 48 eured by nicotinic acid and that curative
conocensrates from liver have yielded biologically active
orystals identified as nicotinamide.
- METHOD§ AWD RESULTS
Growth of young Qafs was again the criterion
employed. The basel diet used was the usual one having
light white casein as source of protein. Vitamin B, was
supplied as aneurin, except in a fow of the earlier
experiments, in which Petess's 66hcehtrate was uaed.v The
rats also received ribofiavin, either the synthetic
product or the naturil, preparéd from liver extract.
The nicotinic acid used in the following experiments

48 u.p. 232°.

49

wnh prepared by oxidation of nicotine
Nicotinamide was obtained by the method of Pollak and
wis_oryatillizad from bensene containing a trace of
absolute ethyl alcohol, M.P. 127°. The sample of
}codehydiogenaae iI usedrin these experiments had 60% of
;ﬁe enzymic -cti?ity of pure codehydrogenase II.

(private communication from Prof. ‘'arburg)e.
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The ﬂi;i‘dfinic 'aciﬂ and other pyridine derivatives
were investigated for vitamin maqjsivity by At‘hqqfollowing (
three types of experiment. "rhé compou;idé ’we’re fed to. -
_rats receiving ithe baaal, ‘Vit;amin’ﬁ-?deficient‘diet and
(a) onLv nneu:cin and riboflnvin of the vitamin B complex
(b) anmmp riboflavin and our yeast filtrate factor,

(orﬂuhnran, riboﬂuﬂnm und our yeast eluate factor.

(u) ’E fe

ct8 of nicotinic

acid,nicotinamide and code drb

' II on the growth of rats_receiving only aneurin and

riboflavin of ;th,éi#;fémin B gdmnlex.

- The animala ot weoning roaeiv&g the basal diet
supplemenbed by a.neurta» . Who?egrovwh had oeased, after
approximtely 10 dayn, thofanﬁtfntin sure oiven 12 /ug daily
of ribvoflavin supplemented by varying doses of the
pyridine derivatives; control animals received 12/«8
daily of riboflavin only. The weights of the animals
were recorded over a 4-\v}éék'"§eriod. Codehydrogenase II
was further tested by 'fééd‘ing it to two animals which had
received the basal diet stijplémented by aneurin and ribo-
flavin for 3 weeks, -

Comparison of the growth rates (Table VII) reveals

that no significant increase in the growth rate was

effected by addition of any of the above pyridine



'.fABLE ViI., Effects of nicotinic acid, nicotinamido and codehydrogenase II1

on the growth of rats receiving aneurin and riboflavin (

of vitamin B complex,

No. _ Pyridine
of aneurin given as derivatives
rats, (daily) . given

3 (daily dose)

2  Peterds oons,=0,3~ lmg.nis,acid
Us 68s &TY Youst
. -

9 Gmg,nic, acid
5 Crystalline vitamin Smg.nic,acid
{8 y) '

Peterts cono,=0,3« lmg,nic,amide

Oy g, 4Ty yeast
4 " . Bogenic,anide
2 (Qrystalline vitamin w/aaeedony.
o (5 /‘3 ) "
2 " " 100 ehy,
2 " . BOoou8 "

mfg,am)
48.
No, of rats
AV, weelkly in eamtrol AV, woskly
gain in group receive gain in wt,
over & 4} ing no pyride over a 4-
week period ine derivatives week period
- N €
81 R 7.1
6.7 10 5.8
4.0 3 3.2
7.4 2 7.1
5.8 é 5.3
8.25 4 4,786
3.5 4 4,75
1,0%* - -

* These 2 rats, prior to dosing with the codehydrogenase II, had reeeived
aneurin and riboflavin for 3 weeks, ihe average weekly gain being 2.7 &
The figure 1,0 g. weskly entered in the %able was the average weekly

weight increase during 2 subseqguent weeks while regeiving the ¢o-
dehydrogenase in addition to aneurin amd ridoflavin,

derivatives. In the case of nicotinic acid a slightly

increased growth rate was noted in rats receiving 1 or

S mge dally, but the difference between these animals

and the controls was so slight that the increase can

hardly be regarded as significant.

Feeding of 1 and
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5 mg. daily ofwnicotinamide also caused no eibnificant
. increaae in%the zrowth rate, while the rau which received
4%01‘ 10% daily of the codehydrogenaee II preparation

actually grew at a slower rate than the oontrol animals.

&ts
In the case of two rata, which had received riboflnvin
R BEC L : :
and gnaurin only of the B-vitamins for 3 weeks previously,

the addition of 50%#7’daily of the codehydrogenase II

wriima
proyaration was followed by a decrease in the growth rate.

;;lvfhe rates of weight 1ncre-se ehown in Table VII are
markeLly subnormal o ‘

The addition of the yeast filtrnte fnotor to the
diet of rats reoeiving only aneurin’a;d riboflavin of
the vitamin B complex causes a marked increase in growth
rate (p. 22 ) while the addition of the yeast eluate
factor under similar circumstances causes a smaller, but
still significent increase (p.2d ). It is, therefore,
clear that neitkher the yeast filtrate factor nor the
eluate factor can be replaced by any of the above

pyridine derivatives.

(b) Effects of nicotinic scid, nicotinamide and codehydro-

genase 1I on the growth of rats receiving aneurin,

rivoflavin and the yeast filtrate factor of the

vitamin B complex,

Two types of experiment were employed.
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In the first series, A, the rats at weaning

recaivod—f%@*?ygal diet supylomonted by aneurin until
all weight tndrsise had ceased; they then received in
addition daily 5Qﬂ3 of riboflavin, yeast filtrate factox
correspondigg to 1 g. dxy Jeast and 1 mg. of nicotinie
acid or nicbtinamido vh&le the control animals received no
added pyridine derivntive. The growth rates of the
gninnls;in the th:gg groups over 8 4;week period were
nearly identical kTable VI#I A, Fig. 3). The addition
of the yeast eluate fadtbf‘to;the ¢1et o: the rats
receiving nicotinic aoid, however, resulted in an

5> T .
imvediate 1norensa xn %he gronth rate.




TABLE VIII

52.

Effects of nicotinie acid, nicotinamide and codehydrogemase II on the
grawth of rats redeiving daily aneurin (10-15/44), riboflavin (50u4 >
and yeast filtrate frastion (= lg, dry yeast) as sourees of the B-vitaming

Av,weekly wt, AV, W,
Series No, increase of additional supplement increase
of ryridine the group (S) given later,daily of group
rats derivatives during 3 wks, during
(Gaily dose) subsequent to the week
dosing after
& giving 8
&
A 3 Inmg,nuic.acid 27,21,20,6 Yeast eluate fagctor 36,5
(= lg.dry yeast) (2 rats)
3 Img.,nic.amide £24,7,81,19,3 - -
3 - 25,20,18,7 Yeast eluate fastor 30
(= lg, dry yeast) (2 rats)
Av,weekly wt, AV, Woekly wl,
inereass in group additional supplement (S') increase of
during2 preliminavy (daily dosse) group after
weeks (g.) recgeiving S*
B 3 18,7, 15.3 2mg, nie, acid 16, 15.3
3 20, 18 2ng, nie, amide 18, 11,7
2 17,5, 186 800uy codehyd, 80, 14,8
3 19,3, 16 No; 18,3, 13.7
3 19, 19,7 Yeast eluate fastor 28, 23,7

(= g, dry yeast)
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In the second series of experiments,.B, the rats
received the bmsal diet supplemented by aneurin,
riboflavin and yesst filtrate factor for 2 weeks; they
then received daily in addition 2 mg. of nicotinic acid
or 2 mg. of nicotinamide or 0.5 mg. of the codehydrogenase
II prepuration for a further 2-week period. As controls,
3 animkls were maintained on the basal diet supplemented
by the above turee vitamins of the B complex for the
whole of the 4-week period,while others received, in

addition to the three vitamins, the yeast eluate factor

g

3

Average weight increase (g.)
S

0

Fig. 3. Effects of nicotinic acid (lmy. daily = 1 nic.ac.
‘2 mg. dally = 2nie.ac.), nicotinamide (lmg. daily = 1 nic.
am.; 2mg. daily = 2nic,em.) or codehydrogenase II (O.5mgz.
dally=codehy. )compared with that of yeast eluate factor
(zorresponding to 1g. dry yeast daily=E.)on the growth
rate of young rats receiving aneurin (}0-15udaily),ribo-
flavin(sgﬁdailyzL)and yeast filtrate factor(corresponding
to 1g.4ry ‘yeast daily=F). The arrows indicate the points
at which the doses were changed. ‘he figures in brackets
indicate the number of rats from which the growth curves
were derived.



at the period when the experimental animals receivedai.
the pyrfdlfe bases. The addition of nicotinic acid,
nicotinamide 0¥ @odehydrogenass II to the diets of the
above animala did not cause any significant increase in
the growth rate, while the addition of yeast eluate
factor caused the usual increase previously recorded by
us (Padle VIII,B, Pig. 3).

The yeast eluate factor therefore cannot be replaced

by ‘micotinic acid, nicotinamide or codehydrogenase II,

() Effect of nicotinic acid and nicotinamide on the

growth of rats receiving ageurin, riboflavin and
yeast eluate factor of the vitamin E oomplex.

Rats received the basal diet supplemented by angurin

from time of weaning until thay ceased Lo grow, when ..
the diet was supplemented by the.daily addition of 5q&3.
riboflavin and of yeast;eluatqrfgpﬁgr_cbrreaponding to

1 g..dry»yeast. | After 2 veégagpe?tgin animals were
givenin_supplemenﬁypf zrmg,,nicotinic acid and others a
suppiément of 2mg. ﬁf‘ﬁiqptinamide while the remainder
éerved na oontrols and reoaivgd no further addition to
tho diet. All the anim-ls were observed for a further
Deriod of 2 weeks, agd at the end of this period, in
addition to all pmoviona‘supplements they received yeast

filtrate factor oorreaponding to 1 g. dry yeast. Ko
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signifiednt ‘Anorease in the growth rate resulted on the
addition ‘0F shé pyridine derivatives, while the subseguent
addition of %he. ycnat filtrate factor caused the usual
growth raspoaao (see Table IX, Fig. 4; of. p. Zz..)::J

[therefore neither micotimic acid mor nicotimamide
can ropluce the yeast filtrate rnﬁtor.

‘“Althou&h it is shown above that ndither nicotinic
\,;gid,'hiootinamide nor codehydroganaaavll can replace
(either our yeast eluate factor or our yeast filtrate
ifnctor it cannot be nasumed that tnese pyridine |
Aderivatives may not, nevertheleas, be dietary faotors
for rats, for it is possible thnt either or both the
yeast eluate factor and the yeast filtrate factor are
complex in nature and may contain one of these pyridine
derivatﬁves as an essential Uvnstituent;“E Since yeast
conttins cozymase and cher py:inine ﬁérzvatives it
seema Likely that one orwhpbkﬁnt”the yeast fractions
containing these dietury factors will contain
nicotinauide or other pyridine derivatives, and, ind€ed,
since this work was complesed we have isolaved
slcotinanide from t@é'}ﬁaétfbluate fraction. (Found:
C,59.4; H,5.0; x,zg.:x.j caﬁaona requires: C,59.0;
H,4.9; N,zz.S%)HﬂbP.512?°; mixed with authentic specimen
of nicotinamide, 127°. M.P. of chloroaurate, 234-236°
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(decompas); M.P. of chlorosurate of authentic specimen of

nicotinamide, 235-237° (decomp.).

TABLE IX. Effects of nicotinic acid and nlcotinamide on the

growth of rats receiving daily, eneurin (10~ 15/7

riboflavin (50 )} and yeast eluate fraction

lg. ary yeast)
as sources of t e vitamin B complex.

Av.wkly.wt.
o increase of Av.wt.inerease of
Av.wkly.wt. group for 2 the group for the
- increase of weoks after woeek after giving
No. group for 2 Pyridine giving the  yeast filtrate
of preliminary derivatives pyridine factor (21g. dry
rats  wecoks (dally dose) derivatives  yeoast)
Y g (P:~) (Eo) (80)
3 14, 87 2 mg.nic.acld 4°7, 5°3 16
3 14, 6.7 2 mg.nic.amide 4:3, 33 173

3 16+5, 8 none 5, 8 15

I week

20p RS .

Average weight increase (g.)

0

Fig. 4. Effect of nicotinic acid (2mg. daily=2nic.ac.) or
nicotinamide (2 mg. daily = 2 nic.am.) compared with that
of yeast filtrate factor (corresponding to 1 g. dry yeast
daily = F.) on the growth rate of young rats receiving
aneurin (10-15 aily) riboflavin (50 Mgdaily = L.) and
yeast eluate fadtor Loorreapondiné to 1Y%. dry yeast daily
= E,) Other details as in Fig. 3.



(b) Later work on nicotinamide and adenylic acid in

the nﬁtritinnugt the rat.

Since the above experiments were completed the
importance of nicotinic acid and its derivatives in
nutrition has been realised. The work of Elvehjem
g§;£;é7 showed that nicotinic acid cured dblacktongue
in dﬁgs, and nicotinic acid has also been proved to be

0 1

an esgential nutrient for the pig,s the monqus and

msz,53,54; pellagra is at least partially dus to
niootinic acid deficiency.

Many papers on the gquestion of whether nicotinic
acid either alone or in combination with adenylio acid
hes vitamin potency for the rat have sppeared. Frost
and mven:en55 reported that nicotinemide and adenylic
scid from yeast or heart had growth promoting properties
whon;:aminiaterqd, aither separately or simmltansously,
to rets receiving a basal diet which contained 12 per
centi of white corn. Later Gloaon gg;g;56,however,
found no growth-gtimalating aetion of nicotinic aocid
when given to rats on an entirely laynﬁhetio' diet
containing riboflavin, - Buler and Malmberg®’ stated
that adenylic acid had =m0 effeot on the growth rate of
rats receiving = die% containing riboflavin; bdut that

nicotinamide prolonged the life of rats reoceiving
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riboflavin and a yeast fuller's earth filtrate. More
recently cosymase was found by Euler 23_2;58 to have a
growth-atimulating effect when administered to rats
receiving riboflavin and a fuller's earth filtrate of
an autoclaved acidulated yeast extract. Gyﬁrgysg has
attributed an anaemia of rats, termed panmyelophthisis,
to deficiency of nicotinic acid in the diet.

In agreement with our experiments described above,
Cook 23_5;60 also failed to find that nicotinic acid alone
and in combination with adenylic acid had vitamin activity
for rats. Chick gg_giel noted no increased growth when
rats, fed on a maize diet, received nicotinamide, and

62

Chick was also unable to demonstrate that,nicotinamide

had a growth sti;nlating effect, when fed to rats
receiving a puglfied synthetic basal diet containing
sucrose as abuioé of carbohydrate. Helmer and Foutsf3
on the oth@rwhand, reported that nicotinic acid did
inoreaa§ the growth rate of rats receiving a maize diet
cont;ini;é iiboflavin and liver filtrate fraction. Dann
and Sﬂbﬁisoie‘ stated that niootinic acid given to rats
reoeiﬁfhéF: diet contgining ribvoflavin had no growth
‘promdting action snd did mot prevent rat dermatitis, i.e.
Zééﬁid-noq&oplnao vitemin Bg.

Wwe, therefore, have extended our former experimenis
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by investigating a combination of yeast adenylic acid
and nicotinamide for vitamin activity.

ﬁETHODS AND RESULTS

The rat growth technique was again employed. Light
white casein or Glaxo ashless extracted casein were used
in tt{mk basal diet. All animals reéeived 10/;3, aneurin
and 0.08 ml. cod liver oil daily from the time of weaning
until a bodyweight of 100 g. was attained; the daily
supplements were then increasod to 15/#9 and 0.1 ml.
respectively.

The yeast adenylic acid was obtained from teasrs.
British Drug Housges and the nicotinamidé from Messys.
Hoffmann La Roche. These oom?ounds were tested for
vitamin activity by adminiatrntion to rats receiving
angplements of {a) riboflc!&n, (b) ridoflavin and yeast
eluate fractien and (o) rlboﬁ;arin and yeast filtrate

fraction.

(a) Addigion of yeaat adegxl;g 6id and nicotinamide
- Xo_the diet gon§g1n1gg :iboflnvin.

Six litter male rata received for 1 week Ifrom

weaning the_basgi dietzagpplemented by aneurin and cod
liver oil. Thfe§ anim@la,'hich gserved as negative

controls then each received a daily supplement of 50 /ug.



TAHE X
Effect of oﬁggﬁon of yeast adenylic acid and micotinamide on the growth-rate of rats receiving daily

no..wu\.u aneurin, uo\un.»don_bduh. and various other factors of the vitamin B, complex,

No,
of Datly supplements Av,weekly wt, inerease of group during 6 weeks subsequent to
rats, dosing
8
A 3 Mg, adenylic acid+2mg, 10,3, 4,7, 3.7, &3, 2,3, 1.7
aicotinamide™
3 none 15, 6,7, 5, 4, 1, 1.3
No., Daily supplements Av,wkly wt, Av., Additiona) daily Av,wkly.in- Av, JFurther av,wt,
of givea during pre- Iinorease supplement added creass supple~ increase
raty, limimary period during pre-~ at end of pre- during 3 wks, ment during
' of 8 or 3 weeks liminary pe liminary period after giving added  wk,after
period (sy) 8 . 8 ) giving Sp
& &
B S yoast sluate factor 14,0 9,3 - g, adenylioaoid uqoou~ 4 G..b yoast 18,7
= 2g,dry yeast acid+Bng, ! filtrate
nicotinamide I factars=
ig.ary
| yoast
l hd 18,0 7,0 - yoast filtrate 13,18,1¢ 13,7 - -
fractione=lg, I
. dry yeast ~
c Expl. 3 yeast filtrate 20,3, 21 18,3 2%g. adenylie __.u.u.q.uu.q\uﬂu yoast .3
fastoxmlg, dry 13,7 acids 2ng, oluate
nicotinamide ! factor=
| 2g.4ry
ﬁ wooin
Exp. 2. 4 » 19,2,165.2 17.%2 " ub.u.uh.n ~ -
2 . ‘18,5, 16,0 17,2 none wo.uu.u.pﬂ 18,5 - -
2 . 21,5, 15.C 18.2 yweast eluate 3.5, 3.9 H - -
factore=2g,
dry yeast

* After 1 week supplements of adenylie acid and nicotinamide reduced to 1 mg of eash aily.
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riboflav}naiz.mg, 0of yeast adenylic acid and 2mg. of
nitotinam%@ogﬁtbq‘éoses of the last 2 of these compounds
after 1 week_ware'opanged to 1 mg. of{eacﬁ daily. The
body weights of the animals were observed for 6 weeks
(Table X A); The average total weight increase during
the,§ gggka subsequent to the animals having adenylic
aogg_gpglnicotinamige was 25 g. while the corresponding
average for the control rats was 33 g. This difference,
however, cannot be regarded as significant and there was
no apparent differences in the general condition of the
rats of the 2 groups; all the animals were much
,undersized but were acti;a.}v Two rats of the control

group receivingliiboflavig/’ﬁiﬂ developed the characteristic

florid rat dermntitisse after 6 and 15 weeks resgpectively
from the beginning of the exparimant, while 2 of the
animals receiving riboflavin, qdenylio acid and
nicotinemide deveiopod the vdgern.mtitis after 8 and 15 weeks
respegtively. Addition of adenylic acid and nicotinamide
thereforé did not influence either thé growth of the rats
or the developmegt“of Qermgt;tia.

‘b) Adgition of xegst adggx;ic acid and nicotinamide to

the the diet conxaig;gg‘;_gggigvin and yeagt eluate factor.

Four litter-mate female rats received at weaning

the basal diet snpplementod by aneurin and cod liver oil
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and for a preliminary period of 3 weeks additional
supplements of‘BG/vg. riboflavin and yeast eluate fraction -
equivalent to 2'g. dry yeast were given. Three of the
rats then éa6l received for a further period of 3 weeks
2 mg. yekst &denylie acid and 2 mg. nicotinamtde daily,
while ohe animal received yeast filtrate fraction not
purifisd by amyl aloohol extraction, equivalent to 1 g.
dry yeast. This last animal showed the usual growth
response but no increased growth rate followed the
administration to the test animals of adenylic acid and -
nicotinamide (Table X B), At the end of the 5 week
P8riod addition of yeast filtrate fraction to the diet
of* these animals caused a striking inorease in growth
rate,  indicating that these amotnts of adenylic acid and
nicotinamide, although unsble to stimlate growth, aiad
not 4nk1Bit the growth of the snimals when the missing
nutrient was supplied. The increase in growth rate
caiised by addition of filtrate factor, however, was not
as grest @8 that which follows edministration of un-
fractionkted yeast extraots to such animels; therefore,
these compounds cannot ¥eplace that faetor of the
vitamin By comylax‘ridﬁfrsd in addition to riboflavin,

eluate factor'anﬂ‘ffitrate factor.
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(c) Addision of yseast adenylic acid and nicotinamide to
the dist sontaining riboflavin and yeast filtrate fraction .

Three rats, which had received the basal diet with

ancurin and cod liver oil for 1 week from weaning, were
each given<daily supplements of 50m g. riborlavin and
yeast-ff1tvate fraction not purified by amyl alcohol
oxt#détion, equivalent to 1 g. dry yeast, for a period of
3'wdeks; 2 mg. of yeast adenylic aeid and 2 mg. of
nteotinamide were then given daily for a further period
of 3 weeks, but there was no increase in the growth rate,
whioh, however, did oecur whén a ‘daily ration of yeast
dluste frastion equivalent #0 & g. of dry yeéast was added
¢Table X C.: Expe 1), = N

7o In a seoond experimen¥ 8 litter .mate rats, treated
a8 usual for the firast week ufter weaning, each recveived
deily 80 A g+ riboflavin and the yeast filtrate fraction
equivalent tql g. 4¥y yeast 'for'am period of 2 weeks.

Four Of the anmimals then esch ‘réceived the additional
daily supplements of 2 mg. adenylic acid and 2 mg.
nicotinamide for 8 weeks, % #egative control animals
feteived no wdditional’ Stpplement during that period and
2 ‘positive control-anibisls received yeast elmate fraction
équivalent to R g. dry yeast daily. The animals
receiving the aedenylic acid and nicotinamide increased
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in bodyweight at approximately the ssme rate as the
negative controls while the growth rates of the 2
positive control rats increased from an averasge of 18.2 ge
to 30 g. weekly, on addition of the eluate factor (Table
X Ce. ﬁ%p. 2).

The results of the above experiments afford no
evidense that yeast adenylic acid and nicotinamide
a¢ministered simultaneously have any growth promoting
aétivity for rats deprived of the yeast eluate factor
or yeast filtrate factor of the Vitamin B, complex;
neither do these compounds prevent rat dermatitis. In
later experiments (p. 90 ) we ?onnd‘no evidence that
g;loxazine-adenine-dinuclebtidééhas any nutritional
éétivity other than that due fdithe riboflavin it contains.
since this coensyme oon&ainé»qlao adenylic acid in its
molecule, these expe:imenfa aléo sug_est that adenylic
acid is not an essential nutrient for the rat; additional
suppor§ to this vieﬁ waé fzo;ided by the earlier
expe¥im§nts (p.agi) whichyshowed that codehydrogenase II1
(adenine-nicotinaﬁide-d#nﬁc;ootide) had no demonstrabdble
nutritive value fbrvrats; It is of course possible that
if nicotinamide_.nd.yelst>adenylic acid were reguired by
fhe rat in small lmoﬁnts these might be contained in our

purified yeasﬁ fractions or in our basal dlet in such
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amounts ‘that the rats were independent of a further
supply, but it is at least certain that these compounds
do not replace our yeast filt:ate or yeast eluate factors
in the diet of the rat. Recenf experiments, not
reported, and those déscribed aboie also indicate that
nicotinamide and adenylic acid cannot replace "add itional
factor® which, with riboflavin, eluate factor and filtrate
factor, satisfy the V;tamin By requirements of the rat.
The guestion whether nicotinamide and adenylic acid are
esgential nutrients for the rét will be decided only
when all other factors are available in a pure state.

We have made no attempt to repeat the experiments
of i'rost and Elvehgem?s, who fonnd tbat a combination of
Jeast or neurt adenylio acid and nicotinamide had very
marked growth promoting pxoperties for rats receiving a
diet which differed from that uaed by us principalLy in
that 1t4xontained 12 per oent. of white corm. The
posiibilitiwoannot be exoluded that white corn may have
aoma virtues for the rat which render that animal
onpabla of benefiting from the administration of adenylic
eq*Q ggd nicotinamide; it appears to us, however,
gé’;tfhé“introdﬁétiqé é:‘éuch complicated materials as
offghls in baeai diéég ﬁsed in the study of the different

members of the vitamin B complex renders interpretation
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of the results diffieunlt.

DISGUSSION

During the past few years investigation of the
vitamin By complex has been pursued in many laboratories
all over the world. Yeast, liver, rice polishings and
other materials have been used by the different workers
as sources of the B-vitamins, different methods of
fractionation have been mmployed and the resulting
fractions have been tested for vitamin activity with
different animals; new terms have been introduced,
often without justification. For those and other
reasons the literature of the vitamin B2 complex hes
become probably more confused than that of any other
biochemical subject. It is quite impossible to mention
all the work which has been published and, therefore, only
the paperas which most concern the present studied€ will be
considered.

The work on the separation of yeast filtrate fraction
and yeast eluate fraction from autoclaved extracts of
yeast was almost completed when communications bearing on
this subject appeared from other laboratories.  iLuler
‘und Halmberg57 suggested that two supplements rlor ribo-

flavin besides aneurin are present in yeast extractas,
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though adeyunte experimontal evidence was not prévided
for this hypothesis. Eepkovsky: ot a1655 showéd that the
vitemin B, requirements of rets were satisfied omly when
(1) riboflavin, (2) an 01% lred from the fuller's
odsorelin o maa dvam
earth{fiitrate trom aquaou liver extracts were supplied.

Theao-r_n'bsalts were supported by Halliday and Evmss-»s whose

work: further indicated the presemce of. $he above
suppiementary factors, (2) and (3); im alcoholioc extracts
of wheat.

The work of Lepkovaky et al requires special
censideration, These investigators smployed methods of
fractionation which were essgntis)ly similar 48 those we
adopted, but different matprisld were used aa sources of. -
the dietary essensialai- I R T ST

-1% was; of couwxse; immediately recognised that the
essential factor, named faotor i, present in sluates
from rice bran fuller’s sarth: sdaorbates was probably
identical with the @ssential fastor present in our yeast
fuller's earth S:Lan-te frastion and also with Gyorg,f'a
vitamin Bgs Pxo0f thas sush was the case has since
been forthecoming; . factes 1 was isolated in a crystalline
state by Lepkevaky®’j.vitamin By was iselated by
Kereszteay spd Sturm‘ge, ﬁyb‘rgysg and Kuhn and Wendtm and

we have obkained orystals from our yeast eluate fraction
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identioal with those of the hydroohleride of a specimen
of factor 1. . Further, crystalline faotor 1 oompletely

roplaced yeast eluate fraotien in the diet of the rat.
65

The exaat relationship of feotor 2 of Lepkovsky et al,

that factor present in liver extraats after exhaustive
extraotion with fuller's earth, to our orude yeast fuller's
earth filtrate fraction has not been finally established.
We have found that liver fuller's earth filtrates have
growth promoting properties for the rat not possessed by
fuller's earth filtraete from antoclaved extracts of

yeast (p. - ), The methods of preparation of liver
filtrates used by Lepkovsky g% al, however, were somewhat
different from those we employed amd, therefore, we: cannot
be cerfain that our liver filirates contained the same
dietary essentials as the liver filtrates of the Calirfornian
workers. We have meore recently obtained from yeast and
liver fuller's earth filtrates, by extraction or these
with amyl alcohol, fractions which for the yrat were
nutritionally similer; the egsentisl nutrients for the
rak in these fractione we named yeast and liver filtrate
factors respeot&tg;y; .Faetor 2 certainly must have
contained liver filtrate feetor, but from our subsequent
work it appears that faetor £ must also have containsd

what we now refer &o as "additional factor". Crude
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yeast fg;;%&:s earth filtrates have much less "additional
factor® thqp the corresponding preparations from livexr
and therefore our yeast fuller's earth filtrate fraction
probably differed from ractor 2 principdlly in that the
latter may have contained more *additional factor".

The :elationah}p of our yeast or liver filtrate factox
to the factor required for growth and prevention of
dermatitis of chicks, maintained on a heated grain diet,
first found in liver fuller's earth filtrate by sLlvehjem
and K;£ﬁ71 and later investigated and namsd "filtrate
factor" hy Lepkovaky and Juﬁgﬁ?z is uncertain. The
factors have mahy common properties but since certain
differences between the faqpégq ha#e been discovered,
it 18 probable that they will eventually prove distinct.
Qur rat factor is adsorbed by norite charcoal while the
ohiqken factor is not adsorbed;  the barium salt of the
rat faotor is insoluble ian 96% alcohol, while that of
tha:qﬁipk taotoriiﬁ.aqlnble. 4 recent publication by
Wo}@i@ﬁ_gﬁ_g&Vs also indicates that the factors will
evantually prove diatinot.

§l!0h%§!43£_£l7%35"‘ claimed that the rat reyuires,
égg;ggypiqn to;gﬁperJreoognized factors of tue vitamin Bp
oouglox,qturther factor which they nawmed "factor W",

This factor was present in alcohol-ether precipitates of
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liver extracts, and also in fuller's earth filtrétes
from liverb§.3> The diet employed in these imvestigations
contained 12 per cent. of white corn which was the only
source of what we name eluate factor and also filtratekr
it is unlikely that this amount of maize would supply

the rat's optimal need of eluate fastor and certainly
filtrate factor must have been almost entirely absent

from the diet since we found (unpublished experiments)
that maiie 1s almost devoid of the rat dietary essential
we name filtrate factor. Frost and Elvehjem’® found

that "factor 7" as contained in liver fuller's earth
filtrates, contained two factors which were separated by
treatment with meroury salts; ~ they indicated that these
rat dietary'essentiéia,laepuraibd-by mercury precipitation,
mizht be adenylic acid and nicotinamide respectively.
Because of the iﬁélhsion of white corn in the diet used

by these workers, thelr results are extremely difficult

to intarpret. It seems, however, that the congentrates
eﬁ&fﬁie&“as°sourcé‘or"faétbr’i* must have contained at
least two of the essential nutrients we recognized namely,
filtrate factor and "additionsl factor".

O ver more Aiffivi¥t to interpret are the experiments

“dosiribed in a very recent publication from the same

st

o ry P gEy'Ltvbf'fuller's earth filtrate together
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with livéi‘fﬂlier's earth eluate when administered to
rats 19061Viﬁgii_basal diet similar to the one we
employed, had not the growth promoting properties
possessed by the unfractionated liver extract. These
workers suggest that the factor missing in the separated
fractions is nfactor W®, in spite of .the fact that in
previous experimentagsa liver fuller's earth filtrate,
made in a very similar manner, was the source of "factor
we, We find that liver fuller's earth filtrate and
liver fuller's earth eluate supply all the nutrients of
the vitamin B cemplex required by the rat (p. 30 ).

The relationship of the rat dietary essentials of
the vitamin By complex to the pigeon factors, vitamin B,

and vitamin By, first desoribed by Williams snd Waterman'®

and Oarter 23_5176 respectivély,-is an intefesting'problem
which will probably be svlved in the near future. It
appesrs that vitamin By has properties asimilar to eluate
faotoy and it seems likely that these rfaciors will prove
to be identical.

The interesting question of whethar nicotinic acid
or other related pyridine derivativefis an essential
nutrient of the rat is atill unanswered. ‘¢ do know

that xikaxt nicotinamide does not replace filtrate factor,

eluate factor or "additional factur" in the diet
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of the rat, but only when all essential nutrients have
been obtained in a pure state and basal diets free from
nicotinic acid are available, will the essential or non-
essential nature of nicotinic acid be finally decided.,
However, the rat thrives and even reproduces when given
diets on whioch pigs, dogs and man aicken and die through
deficiency of nicotinic acid and therefore, there exists
at least a quantitative difference between the nicotinic
acid reguirements of the rat and those of the pig, the
dog and man, Any one of the following three possibilities
might explain why the rat is differont from those other
animals; (1) the rat may be specially economical with
nicotinic acid and thereby be adble to thrive on diets
containing only small amounts of that compound; (2) the
rat may obtain a supply of nicotinic acid from that which
may be apmthesised by microorganisms in the animal's
alimentary tract; (3) micotinic acid may be synthesised

in the tissues of the rat,



EXPEBIMENTS ON RIBOFLAVIRN

Ae The egtim;tign of riboflavin bz rat growth method .
Biboflavin is perhaps the most important faotor of

the vitamin 32 oomplex. Young rats given a diet devoid
of that factor but otherwise complete do not thrive,
sfver abont 2 weeks the animals refuse food and, unless
riboflavin 1s administered, death follows in a few days.
Biboflavin daficioney in dogs leads to a condition which
has been named "yellow 11ver".vv Tue recent experiments

78 have proved that riboflavin is a

of Sebrell and Butler
dietary essential for man. It is, thorafore, a matter

of very considerable importénce, that a reliablo mothod

for the eatimation of riboflavln in roodaturfs ahonld be
av;ilablo. | Physicai and physico~chemioal methods tor

the detorulnation of ribofluvin have been extensively
enployoa“ Some inveatigatora have simply estimated

thp ribofluvin 1n oxtrnota of roods oither fluorimetrically
or colorimotrically, but more often the riboflavin has
:hoon firat convertod to lunmxrlavin which was estimated
%o "1mtrioany, after extraction with chloroform. <There
;fﬁi -any obaectiona to the use of physical and cliemical

ni,s

nsthods of determination of esgsential nutrients in

roodatuffa. The toat employed may not be specitic for

}the factor and 1nert substances may influence the results;
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imperfect extrastion of the essential h;ztrient from
the foodatuff e partial destrustion of the faotor
during that process is liable to occnrg tbé vitamin
may exist in diftferemt chemical combinations in the
foodastuffs end certain of these might not be estimated
by the method of determination employed. - The physioal
and physico~chomical methoda of determination of ribo-
flavin are ocertainly unsatiafaclory for very different
values for the assme materials have been reported by

different workers. It is prebable that most of the

valuss found by the non~biologicsl methods are too low.
It has been claimed that the rat growtih method of

determination of "vitamin Bp" 4esoribed hy Bourquiam .-

and Sherman,”’ estimates »iboflavin and the velues of -

wvitsmin Bp* acbivity fownd by that method are resdily
omiqusd to riboflavin va,lnaa,ie.o All the recognieed
faghn¥s of the vitamin Bg complaex, influsnce the growth-
ratmof rats and, therefore, reliable biological determinatiol
of riboflavin can only be aohieved when a besal diet is
engiayed: which contains an adequate supply of all the
eamantisl nutrients of the vitamin By complex, excluding
Mlﬂ’_m. In the Boargquin~Sherman diet an alcoholic

extrast of wheat is the eole source of those supplementary

faotors and that, according to our experience, must be
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almost devoid of filtrate fnotor.

Sevornl papora had appeared on the growtn promoting
action of riboflavin for rats before these experiments
were completed. Kuhn et _al obtained weight increases
in young rnts of about 10 g. weekly over a 4-week period
by aupplamnting the Bourquin-bhermnn diet with 10 /u? dally
of riboflavin and with an agueous yeast extract which
had been treated with fuller's earth. Since the Bourguin-
Sherman diet contains an alcoholic extract of wheat as
a source of aneuxin, this must be regarded as an additionsl
source of supplemantary material. Buler et 11,82’83
reported a similar weight 1norease when employing a
aynthetio diot enpplemanted only hy the fuller's eartn
filtrnte from.yeast axtraots. ~An average weight increase
of approximntely 11 g. weekly for 4 weeks was obtained by
Gyoryss when 10/3 daily of riboflnvin were fed vith
}'vitanin Bg" as oontnined 1n lnrge doses of Peters's
vitanln 31 oonoenmrate from.yeast but the growth rate
!Il aat Onhanoed by doubling the riboflavin dose.
baohsr é___; however, found that the growth rate of

ieE ¥

1!30 was increased witn 1ncreasing doses of ribvoflavin,

e :;n

when supplemented by an extract from rice polishings.
The earlier experiments on the growth promoting

action of rivoflavin described beloﬁbere completed
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before i1t was realised that so many essential nutrients

of the vitamin Bg complex existed. Various materials
as sources of supplementary factoxrs of the vitamin Bg
complex were used, tut from the growth-rates obtained,
it is now spparent that not ome of these sources anpplied
all the supplemsntary factors. These experiments ,
therefore; did not provide a satisfactory method for
the estimation of riboflavin foodstuffs, but they very
clearly indicated how regularly the growth-rates of rats
vary with the amounts of rivoflavin the snimals receive.
With the discovery of the bipartite and later the
tripartite nature of the supplement, which with
riboflavin, constitute the vitamin By complex, other
materisls were introduced into the diet with a view to
produoing a diet suitable for the ostimation of ribvoflavin.
We first added orude yeast fnilor 8 earth filtrate and
ynast elnate fractions to tha diet; these materials
luypliad nll the essential nautrients of the vitamin By
'”comﬁiox roquired by rat exoluding riboflavin. 4s in
?hn eaxlior experiments graded growth-responses to graded
doses of 11bofl¢vin'were obtained, but the growth-rates
i:Zar;;ﬁ were mnch h1ghor $han those in the earlier
experiments.

The preparation of the above materials is a tedious

and costly procedure and we have, therefore, searched
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ror,g;he; gpre,qasily prepared sources of the supplementary
matorials. Treatment of extracts of liver or yeast with
norite charooal at pH 5 yielded materials which were

wecﬂwrhdwsof
devoid of riboflavin but contained adequate amounts °fk
the vitemin Bs ocomplex. ~ Bats resceiving our basal diet
anﬂ-néQitéféhdreoul filtrates from agusous extracts of
liver or yeast 414 mot increase in bodyweight; when,
however, ribeflavin wes added to the diet the growtherate
was similar to that observed when the animals received

untreated éxtracts of yeast or liver as source of the B,

vitamins.

t : roperti ,’f‘ bof gvin for rats

ece pS_go of the lementary factors of the

i) &B8 bagal diet used in these rat growth experiments

sipad 1ight white casein as souroce of protein. 1In
certaln experiments vitamin Bj was supplied as aneurin
and in other experiments as a Peters' concentrate. The

young rats at weening received only vitamin Bjof the
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vitamin B complex and when growth had stopped the
animals were givem riboflavin and the supplementary
materials. - The growth-rates of the rats were observed

for 3-4 weaks,

Preparation of gﬁupplenantarx materials.

Fuller's earth filtrate from yeast extract. This was
prepéiéd as previousaly ‘described (p. 16 ).

Eluate from the norite adgsorbate of the fuller's earth
f1ltrate. 1 1. of the above fuller's earth filtrate was
extracted 4 times with 12 g. portions eof norite charcoal '
at pH 2.5, The norite adsorbate was washed with K/1000
HC}y dried in a vacuum doyaioontor and extracted with
glacial acetic acid on a water-bath until the extract
was aenxly aolouxless (8 extraotiondg).. The acetic acid
waa removed in vacuo and the light brown residue dissolved
xn'léf’hi; of water (1 ml, = 3g. yeast, dry wt.).
Alooholic extract of wheat germ. Wheat germ was air-dried
to, conatani waight at 37°, detaﬁted with ether and
oxhaualitvely extracted in a Sexhlet extractor with hot
abppdate. aloohol. The alcohol was removed in vacuo and
the. remm ining gumny metezrisl dissolved in water (1 ml. =
1 g. wheat germ, dry wt.).
RESULTS

Growth-promoting action of riboflavin without supplement.

The administration of l%uz,dai],y of riboflavin
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to rats fed on the basul diet unsupplemented by other
members of the vitamin B, group saused a small dut
definite inoreass in weight duzi;g the firsts 2 weeks,
after which the growth of the animals practically
stopped. The animals receiving vitamin Bl as the
Peters's sonoentrate showed a slightly greater weight
inorenes; average of 6.7 g. weekly for 3 weeks, than

TABLE XI.

Growth of rats receiving lzgidng;z of ribveflavin
Eith no suppl nt.

Average weekly

incresse in wt Standard
over 3 weeks. deviation
ViSamin B4 No., of rats Ee
given as
Peters's
concentrate from | e -
youst (=0.3-0.6g. 50 8.7 1.7
Yeast ,dxy wt.dally)

those having aneurin 5.3‘3. weekly (Table XI). This
indicates the presence of a small amount, doubtfully
significant, of some growth factor, in addition to

indnria, in the peters's concentrate.



Growth-promoting action of riboflavin when supplemented.
Table XII shows the weight inorease of rats given

varying:dmoﬁitazbf riboflavin sngplemented by the
different extracts. With the supplementary doses fed
without riboflavin the rats showed only a slow weight
increase upproximately 3.5 g. weekly; this indicated
eitho: ;n absence of riboflavin from these solutions or
a vory low content.

. ‘When the diet containing riboflavin was supplemented
by the above heat-stable fractions the growth of the rats
seered to depend on the amount of riboflawin given and,
foi a glven dose, was the 6aﬁn,'i1thin experimental erroi,
for the supplementary materials tested. Rats receiving
%riboflavin daily, supplemnted by the preparation from
yeast extract or wheat germ ahowod average weekly
inoresses in weight of 9.6 and 10,0 g. respectively, end
those having l%ugriboflavin daily, of 12.4 and 12.2 g.
respectively. Inoreasing the doses of the supplements
beyond a certain amount did not cause increased growth,
as was demonstrated by experiments in which daily doses
of l%ﬁzriboflavin were supplemented by fuller's earth
filtrate in doses ranging from the equivalent of 0.25
to 1.0 g. of yeast, dry wt., daily, or by wheat serm

extract equivalent to 1.0-2.0 g. wheat germ dry wt.
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Since $he.dsgree of growth sppesred to be indejendent of
the source or quantity of the supplements when these were
given beyond a certain minimum amount, - it seems probable
that the different extraucts eontained t'he same growth -
factors although the poss‘!»bility'mof this being a coincidence
is noy,mxcinded.

&;o iﬁq saken in all cases to give sufficient
munts‘ of the su‘p‘jiementa‘ry mate-rials, and the doses were
increased v'lt:n tﬁqa"easing amounts of riboflavin, in case
the reéutiﬁg au‘gﬁ:ented growth stimulated by the increased
ration of lactoflavin might raise the requirements of the
supplement. It can be seen fros Table XII that the
optimum dose of wheat gm extnét fo;r the 12/7 ribofla¥in
level lay between 0.5 and 1.0 mle so that the 1.5 ml.
dose givgnwitniarger doses of iiibo}hvin was aonsidered
to be addquate. '



TABLE XII

Growth of rets receiving aneurin, various doses of riboflavin
and other hut-_stahh dupplements from yeast or wheat gernm,

Daily
dose
of
rido-~

fiavin Supplement given

/lﬁ.

v

bo

37

75

Yeast fuller's earth
filtrate

Wheat goxrm extraet
Yoast fuller's earth
filsrate

heat germpxtract
Jheat gex extract
Zluate f£3am norite
adsorbate of yeast
fullex's earth
filsrate

Yeast fuller's earth
filtrate

lihsat germ extract

Eluate from morite
adsorbate of yeast
fuller's earth
£1l¢xzte

Yeast fuller's earth
filtrate

Wheat germ extraet
Youss fuller's sarth
filtrate

Yeasts fuller's earth
filtmte

Yeast fuller's varsh
filtrate

0,76=1,0

Equivalent

of yeast

or wheat

gorm, dry No,
wt, of
e rats

(% ] e

1.5-8,0
078

1,5
LS
Lo

akrd GO

0. 25
0.8
0.78
0.5
L0
Ls
2,0
3.0

:Iﬁﬂﬂﬂg.

L8
1.0

L0
.5

AVOrage
weekly
increase
in wt, AVEYAge
over 4 for
weeks, Standard group
& deviation &
3.9 -
} 3.0
5' ' -
’. ‘ -
]
10,0 -
19. " - 10. 7
18,85
L7
1», 8} 1,7
12.6 3.8
7.6
12,6
11,7 1.8
1z, ,
is.6 3.0 m
17.4 2.4 ey
16,7 -
18,9 - 18,9
18,2 3.4 18,2
180 1 - 18. 1
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Average weekly gain in weight. g.

20 40 60
Daily dose of lactoflavin y

05 1-0 15
Log of daily dose of lactoflavin

Fige 5. Growth of young rats on a basal diet free
from B-vitamins, receiving vitamin By as either
0.05-0.1 ml. daily of Petersy's B} concentrate from
yeast or 10-20Mm4y,daily aneurin snd graded doses of
riboflavin supplemented by ysast fuller's earth
filtrate or alcoholic extract of wheat germ

The figures by each point on the curve indicate
.he number of rats ( & and ¢ ) on each dose of
riboflavin. ine continuous line represcnts the
growth plotted against the delly dose of riboflavin
and the dotted line the growth plotted ag ainst the log,
o1 the dsily dose.

Inoreasing the daily dose of riboflavin from
e/uz to ' 37wy caused the average gain in body weight to
A |

increase from 9.8 to 18.9 g. weekly, over a 4-week
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periﬁa; * 'rnu hwreases 1a veight showed a fair
prnportionﬂ.ﬁy to the riboflavin dose, and the
experimntal pointa derived from all observations with
the different supplemsntary materials lay on a smooth
logarithako surve (Pige 6). The aptipum daily dose
o%tb

vin under these conditions was approximstely
:.‘.grouth M8 ‘0ot increased beyomd an aversge

%;?Jﬁ &+ waokly, over a 4~waek period, whea much larger
dp0es were given,

. -In thesa experiments the besal diet used contained

glaxo ashleas extrapted caseins: The mth'ot: of
preperation of ocruwde yeast fuller's earih filtrate
fraction and yeast elwate frmetion is described earlier
(ppslo and20.)s  The.young rets at weaning received the
basal diet ang the usual enewriz and cod liver oil
supplements, - After abpus, 10 days growth had ccased
and the animals then were each given daily in addition
the allotted amount of ridboflavin, crude yeast fuller's

earth filtrate fraction, equivalent to lg. dry yeast and
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and yeaat eluate fraction, eqnivalent to 2 g. dry o

Jeast. | The growth-rate of the animala were observed

2 w‘u.%

for 8 poriod of 4vweeks. S

AS A’ She Jrevious experiments the weight increase
which followed administration of the vitamin By suppleuents
wac dopenathb on thc‘Aosago of ridoflavine. - The rats
given no riboflavin 1nnreasaa in bodyweight at tho rate
of about 5 g. weekly while those given ﬁo/ug. riboflavin
increased at the rutea of about 23 and 30 g. weekly,
according to whether tha rats were females or males
respectively. The growth rates or rats rooeiving
1ntermodiate doses of riboflavin -howod a rair propartiu&~*-
ality to the ribofllvin dose (Tublo XIII). Abain the
&rowth response curve was a 1ogarithmio one and the

optimum response was sgain obtained when nbout 40/~g.
daily Wad piven to the rats. ~However, all the growth
‘Fates ovssrved were considerably higher than those
"obtaineq ‘fn the previous experiments in whioh the
ﬁéﬁfpiéﬁiﬁfé”Snppiiea wore deéficient in oerxtain factors
‘3P ¢S vitamin Bz complexs’
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sregeiving daily 10-10 wg. aneurin, various
doses of riboflavin, crude yesst fuller's curth filtrate
£raction, equivelent to 1 g. dry yeast and yeast eluate

Daily o N0.0f Aiowmo'to .NDO of .A'o'kly' Wto
dose ¢f nsle increase for  femmle  inorease for

ribo~ rats, group over rats. group over 4
flavin - -4 week period - w@ek period-

ME» - & o : 8

0 2 45 4 5.9
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12 5 19.8 yﬁlwéduy 16. sﬁfnﬁt "
25 | z i 25.0 k Wl 23.0 e T L ARIE
7 2 27.8 ‘'z 210

50 9 30.3 8 22,7

S G

The basal diet and aupplonnnta md in theae growth
tests supplied adequate” umuﬁte of all B vitamins with
the excepsion of ribvoflavin, The growth rates of the
rats Fedeiving the large do#ss of riboflavin were
oolipa¥sble with those of Fats receiving unfractionated
extrudis of yeast'“or“ffiv’;&: " Confirmation of the
sdegiacy of this diot was obtained from breeding

experimenta. -
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- ‘Mele end female rata received our basal diet and
optimal smoumts of aneuria, riboflavin, crude yesst
fuller's earth filtrate fraction and yesst eluate fraction;
after about 6 weoks the animale were mated, iealthy
littors»wtwc born and those were suscessfully weaned
withows ohsnging the diet of the mothers,  The young
were raised to maturity and were again mated, both the
bucks and the does being taken from the litters of the
mothers which had received the ®"synthetic" diet. Again
litters were born and sucoessfully weaned, dbut the
animals of this second generation wers not completely
normal; their eondition was:peminiscent of ‘that
observed in animale deprived 0f'she esseatial unseturated
fatty neidass. Klwaier,»ninnowwowqtd pucseed in
obtaining 2 generations there 60uld have been no serious

deficiency in the diet these unimals received.

growth promoting properties of riboflavin for rats

8001iv 8 80 of supplomentary factors of the

z;ggggg ga oomn;ox, either 1ogst or liver extracts whici
a‘gﬂggggﬁsreatengith or;to charcoal.

8 charcoal filtrate of extract

ion o th”vnori

of liver. Minced liver was extracted with a 50.% acetone-

water mixture, the acetone was removad in vacuo and the

volume of the extract adjusted so that 1 ml. was
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equivalent to & g. fresh liver, To S0ml. of tuis
extract at pM 5, /0g. norite charcodl was removed by
filtration; the filtrate was treatsd with a sedond
portion of /0g. charcoal, The filtrate from the
second chareosl trsatment was yellow in colour,

don-of the norite charcoal filtrate of extract

of yeust., ¥0 ml., of sutoclaved yeast extract, 1 ml,
equivalent t0 2g, dry yeast was adjusted to pH 5 and
éxtrasbted twice with /0g. portions of charcoal, The
final filtrate was light brown in colour.

The Vasal diet employed in these experiments contained
cesein which had been purified by repeated treatment with
salt solution ss previously deserided (p. 3¢ ). The
rats at weaning received the basal diet and the usual
supplements of aneurin and cod liver oil until bodyweight
inoreage oeassd. The animals were then each given daily
the allotted amount of ribofl&vin and either the above
ohurooal treated liver extract, equivaleng to 6 g. fresh
Iiver or ¥he charcoal treated yeast extract, equivalent
to: ¥ g. 4ry yesst, ~The growth-rate of the rats was
obasived for 4 weeks.

Besults.

The rats which received the liver or yeast extracts
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but no riboflavin inoreased very little in bodyweight
and at the end of ;he 4—§eak period the average total
gain wag gpgu# 10g. lﬁOn the other hand, rats which
reoeivqadd;;;ykbpfyg, or}ribof;nvip increaaedyin
bodyweight e rates comperable with those of rats
receiyipg untreated extracts of liver or yeast; the
aversge total bodyweight inorease during the 4 week period
was. about 130 g. and 100 g. for male and female rats
respectively. ‘Baﬁg given smgller amounts of :1bof1avin
in¢reased in,bod;ve}ght}nt_lower rates. Again tﬁergxowth
response curve to added amounts ofkriboflavin was a
logarithmic one., No apprecilable differggpe:in growth-
rate wgs,pbao:ved betweanitgp,ggimgls ;aceiving the -
llygg\and yeast extracts.

The above experiments provide a simple method for
the biolggical determination of rivoflavin. Since the
basal diet and the yeast and liver ex.racts and other
supplemants supply all thawgayenxial nutrients, excluding
;j.ppt’l‘_gvj.n, required by tt_xg;xu:t for optimal growth, the
estimation of riboflavin in foodsturra would not be
Antarfered with by the supplementary factors present
;;gughp;:oodatutfn.% |
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Be Alloxas1na-adenino~d1nucieotide in the nutrition of
‘the rat.
w-rbﬁrg’and“ﬁhriatianea have recently isolated from
liver and yeast a ridoflavin containing dinucleotide
(alloxasine-adenine-dinucleotide) which is the coenzyme
of d+aiine acid dehydrogensse, of xanthine dehydrogensse

and df bdther ensymeuas’87'88.

It was to be expected
that this important coenzyme would replace ridboflavin in
the diet of the rat, and it seemed possible that it
might also poasess the vitamin activity of some other
member of the B complex. We were adle to iuVQQtigate
this problem through the kindness of Professor Warburg,
who put an adeguate amount of the eocensyms at our -
disposal.
Mothods and Resultis,

Growth of young rats was the oriterion empkoyed.
The ‘basal diet used was that containing casein purified
by washing with salt solution. All animals received
daily 10«15 w g. aneurin and 0.08-0,1 ml. cod liver oil.

The yeast and liver eluate fractions and the yeast
filtrate fractions were prépared by the methods previously
assorived (pps v, &5, ®84d0). The sample of alloxazine-
iaéuineadinncleocldi‘reoeived from Professor “arbury

was a preparation of the monobarium salt obtained from




oz,

yeast ; it oontained 5 per cent. of 1mpuritles. The
material was fed to rats as the sodium aalt, prepared by
the addition of Kazso4 to a solution of the barium salt.

Four separate experiments were carried out. Groups
of rats ia§§i§ed’hne of the folluwing combinations of
vitaﬁ;ﬁ%ﬁskfiaCtidna;';(n) yeast eluate fractions and
yeast filtFate fraction, (b) riboflavin and yeast eluate
fraotion, (c) riboflavin snd yeast filtrate fraction,
(4) rivoflavin, yeast eluate and yeast filtrate fractiona.
The erffect of 6héfiddition'to the diets of alloxazine-
adenine-dinucleotide 6n the growth rate of the rats in
these groups was observed,
~edénine-dinucleotide to the

(a) Addition of a alloxaziné

diet ccntainigg yeast e;ggte fraction ang yeast filtrate

fraction. =~

These experimenta were oarried out to determine how
éffidiently‘ths coéhéymé ieﬁiacéd riboflavin in the diet
of the rat. o B |

Previous experiments had shown that rats receiving
diets containing yéast‘fiiiiite and yeast eluate fractions,
ﬁﬁi no'iibdflavin; fiiloﬁ fo'grow, but gained rapidly in
weight when riboflavin was subseguently added to the diet.
tCémparé £ige qb;izia;”:’rhé following experiment

carried out in a similar manner with alloxazinqédenine-
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dinucleotide instead of riboflavin, indicated that this
coenzyme could replace riboflavin in the diet of the rat.

Two rats which reoeived only yeaat eluate and filtrate

‘i‘ ¥

1ractions aa aources of the vitamin Bz complex increased

in weight at an average rate of 2 1 g. weekly for 3 weeks,
or By t; F i (:" e
after rooeiving an additional daily aupplemant of an
Apimels 1o
amount of alloxazine-adenine-dinncleotide equivelent to
CED T

2Q/yg. riboflavin, the averabe weekly bain in weight
during two subsequent weeks was 15.0 -2

A quantitative oompariaon of the vitamin activities

s A,

of riboflavin and the%oenzyme was, however, thought .

decirebleo

' obPaobd oo : 3 raT
The ourve of resoonse of bodyweight-increase to .
R AN CoE
riboflavin~doaage of animala roceiving yeast eluate and
N IR <

yeast filtrate fraotiona asm;o;rcés-of the supplementary
factors of the vitamin Bz oomplex ia a 105arithmic one,
simila. to that obtainad when yeast filtrate fractlon
was tha only suyp10mcntary faotorlgiven (see p.%&). e
found Optimnm growth only whon 40;;5. riboflavin daily
waa administered to eaoh rat; the growth—rate, however,

was most sonsitive to amall chanbes in the riboflavin
Wi
content or the diet whon tho animals received only about

_-v.;’_,,

NP
one qnarter of tho optimal amonnt.

JEYT 55 S
]

| Aocordingly GOurariaon of the relative vitamin
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potencies of ribvoflavin and alloxasine-sadenine-
dinucleotide was carried out by oomparising the increase
in bodyweight of »ats receiving only 6 ox 12 w ge Of
riboflavin, with that of animals receiving amounts of
coenzyme equivalent to 6 or 12 wge of riboflavin.

.Agimals from two litters of 8 rata each received at
weaning the basal diet supplemented by aneurin and cod
liver oil. For the first few days the animals increased
slightly in bodyweight but this inorease ceased after
7-10 days. Four of the animsls from one of the litters
now each received daily doses of yeast filtrate fraction
purified by emyl alcohol extraction (= 2 g. dry yeast),
of yeast eluate fraction (s a & dry yeast) and an eamount
of allnxnz1ne-adan1ne~dinualaatida eqnitalent to S/wg.
riboflnvin. Their 4 litter mates received the same
doses of yeast filtrate and eluate fractions, but instead
of the coensyme, 6 wg. of riboflavin daily. The rats
of the gecond litter were similarly treated, but received
double the amounts of coensyme and riboflavin. The
growth rate of all rats wae observed for 4 weeks after
the ang;;ementaAwaza_givep{,

All rats ahoued:igmpdinte growth responses wien the
aupplamﬁnts_uere_p@dpd,(stla X IV 4). The 4 animals

receiving 5/gg. deily of riboflavin maintained an averae
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growth rate of 8.3 g. weekly for the & week period,
and those receiving an equivalent smount of coengyme
one of 7.4 g. weekly., Similarly, the two groups of
animals idéifvidg daily 12/#3. of riboflavin or alloxazine- |
adenine-dinucleotide equivalent to that amount of
ribofitvin increased in bodyweight at approximately the
same rate, the avérage weekly waight increases being 15 g
Land 13.9 g. respectively. It is therefore conoluded
that, when administered orally, alloxazine-adenine-~
dinucleotide replaces riboflavin in the diet of the
rat, and that equimolecular amounts of the coenzyme and
riboflavin have the same vitamin potenoy.

(b) Addition of alloxazine-ade -dinuglieotide t

the diet gontaining xiboflavin snd yesst eluate factor.

Eleven rats received for one week from weaning the

basal diet supplemented by aneurin and cod liver oil,
and during a further preliminary period of 2 weeks sach
received daily in addition 50/Wg. riboflavin and yeast
eluate fraction oq,nivnlent to 2 g. dry yeast, Suring
the subseguent test period of 2 weeks, ¢ of the aniwals
received the additional supplement of an amount of
alloxasine-adenine-dinucleotide eguivalent to 20w .

of riboflavin deily, 2 received an amount ejuivalent

to 40/.0g. riboflavin, 1 serving as a positive control
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received yeast filtrate factor not purified by amyl
alcohol extraction equivalent to 1 g. dry yeast, while
4 rats sexrved as negativé controls and received no
further supplement. In this experiment the addition
of alloxasine-~adenine-nucleotide to the diet has no
effect in maintaining growth in the 6 rats receiving
it (Tadble XIV, B), the weekly weight increases being
no greater than those of the:negative controls. In
the positive control rat, however, the growth rate was

restored.
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TABLE XIV.

Effect of mﬁ.,ogbo..nmaunbol&ncowooﬁno on the growth rate of rats receiving aneurin and various other fagtors
- of the vitamin B camplex,

r0, 0f DbDaily supplements of the Vitamin B complex Av,weekly wt, increase of group during Mean
rats 4 weeks subsequent to giving wkly
supplements, wt, 1)
e creal
&
A, 4 yeast eluate factor + yeast filtrate + o).n»aoﬁbﬁm 11.2,, 6., 8.2., 8 8,3
(=2g, dry yeast) factor (=2g,dry
yeast)
4 " " + allomazine- 9e50y 4oy BeDey 748 7.4
adenine-dinucleotide

=6 \r.a riboflavin,

4 " " +§3283m1n 19,, 14., 14,5., 12,5 15,0
4 " " + alloxazine-adenine 18,5., 15.2., 12.2,, 9.8 13,9
«dinucleotide-rl2 \&
ribeflavin
Ko, of  Dailly supplements Av,weekly wt, inerease Additional supplement  Av.weekly wt, increase
rats giver during during preliminary added daily (= S ) during the 2 weeks
preliminary period period after siving S,
of 2 weeks & AV, . & Av,
B, 4 50 riboflavia + 18,5., 9,8 = alloxazine-adenine- 9 0Ues 55 7.2
sluate factor dinucleotide = wc\.%
2g, dry yeast) riboflavin
2 " 21.5., 8.5 - alloxazine-adenine-~ © 11,8, 2.5 7.0
dinuclectide = 40
riboflavin
*v " 8. “. » Ho - zeg o. m. F ] a *.” ,
1 " 2,, 12 - yeast filtrate factor  17., 18 17,8
=1g. 4ry yeast
Ce 3 g\ﬁ#o?dnl + youst 16., 13,3 14,6 alloxmzine-edenine~ i3,, 13,7 13.3
filtrate Smmbmwfraction dinucleotide=24 |
=lg, Ary «iﬂl.w . riboflavin / J\
2 .- 14.5,, 12,8 13,5 liver eluate fastor = 23.5., 22,5 23
12g, fresh liver
Ro, of ily supplements Alloxazine-adenine Av,wt, increase of group during 4 weeks ua.o.uo
‘ « W, 1 quent Av,
rats J the vitamin By dinueleoctide given to deslgg dosing )
eomplex daily
| De 4 80 boflavin + equivalent of 24 19.8,, 20,5., =20.,8,, 2128 20,5

elulte fagtor = g, riboflavin

dry yeast + yeast
Tiltrate facter = g,
dry yeast »

3 " None 82,, 19.3., 21, 28,7 2.2
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Five zats were maintained for 1 week from weaning
on the basal dies supplemsented Ly ansurim and cod liver
0il, Shen for she further preliminary period of 2 weeks
oach poeived omuwm supplements of 50 M Be
r\iMﬂin"aM;Qt yeast filtzate factor net purified by

amyl alcobol extraaetian, squivalent to 1 g. dry yeast.
During the subsegunent teat period of 2 weeks .daily
supplements of the ooensyme sjuivalent to 24 8. of
riboflavin were given %03 .of #he rats, and eluate
fraction eguivalent %0 12 g« fxesh liver, to the othexr &
animals which served as pesitiwe centrols. The addition
of the oeenzyme caused no increase im the growih rate,
while the addition of the eluste fraotion ocaused the
usual marked .increase (Tabie XIV, C).

8t _eluate fgoLor end yeast
filtrate faotor.

Seven male litter—mte rats at weaning received the

basal diet supplemntod by anaurin and cod liver oil for

1 weok. Four of the nnimals ‘then each received daily

song.‘ ribofluin, yua’c eluate fraction equivalent to

2 g. (h'y yeast yenlt filtrato fraction puriried by amyl



o8,
aloohol extraetion, equivalent to & g. dry yeast and
slloxasins-adenine~dinucleotide eguivalent to R4 wg.
riboflavin, - Three snimsls which served as negative
controls received all these fraotions except the
cosasyms, - Thore was no significant difference in the
rate: ot growth of the £ greups (Table XIV, p), the
AVerags mu;#-tna«» in weight during a 4 week period
being 20,6 and R1.8 g. respectively.

The usukl weskly weight increase of similar male
rata reseiving unfractionated extrects of ye;st or liver
as sources of the whole vitamin Bp complex is more than
30 g« The amounta of riboflavin and yeast filtrate and
eluate factors administered were more than enough to

supply the animal's needs of those factors; this
experiment proves, therefore, (a) that at leaat one
factor of the vitamin Bz complex, in addition to those
factors, is required by the rat end (b) the alloxazine-

adenine-dinucleotide cannot replace this additional

factor.

The above experiments indicate that the only vitamin

activity possessed by alloxaszine-adenine~-din.cleotide

i thet which it has by virtue of the riboflavin it

contains bound in its molecule, and that when it is

sdministered orally its vitamin putency is identical
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with that of an equimolecular amount of ribvoflavin.

Warburg and Christian®®

suggest that alloxasine-
adenine-dinucleotide is probably the form in which
riboflavin funotions in the animal body, dbut it is also
possible that riboflavin phosphorioc scid or fres
riboflavin or other unknown compounds of ridboflavin
may be concerned with processes in the living cell.
These experiments show, however, that riboflavin and
alloxazine-adenine-~dinucleotide, when adminiatered
orally to the rat, are converted with equal 3£ricienoy

into the compound or compounds which function in the

animal's tissues.
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Experiments on the eluste factor (vitemin Bs;, factor 1)

of the vitamin BE complex.,

Determination of eluate factor by a rat growth method.

Male rats were found more satisfaectory for this
test., The basal diet used was that previously described
containing either Glaxo ashleas extracted casein or that
washed with salt solution. The method of preparation
of the young rats was similar to that used in other
experiments, During the first week after weaning the
animals each received lO—l?p:g. aneurin and 0.08-0.1 ml.
cod liver oil. For a period of 2 weeks the animals now
received daily additional supplements of 59ﬂ/g. tibofluvxn{
and an amount of the yeast filtrate fraction eguivalent
to 2 g. dry yeast; these amounts were sufficient to
supply the animals' requirementa. AD immediate growth
response resulted and during the first week the animals
usually increased in body weight by about 20 g. A 8light
fall in the rate of growth occurred in the second week
during which the weight increase was usually about 15 g.
Cervain animals then received additional supplements of

the materials to ve tested for eluate factor activity,

others (negative co#trols) were given no added supplement,

while yet'othexs (positive controls) were given an amount

of a tested yeast eluate fraction equivalent t0 2 g. dxy
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yeast, this amount being known to supply the animals'
requiremsnts of eluate fmctor. The test was continued
for a further 2-week period. Even after £ days a sharp
increase in the growth rate of the animals now receiving
sluate fradtion was noted, and the increased growth rate
was maintainsd during the 2-week period, the average
weekly gein usially being 25-30 g. (Table XV). - The
nogative control animels generally continued to increase

in weight at the rate observed towards the end of the
preliminary period of 2 weeks, thia rate being adout half
of that of the positive control animals. Comparison of
the growth rates of the animsls reeeiving the test
material with those of the negative and positive control
animals indicated the vitamin potsnocy of the teated
material.  AB far s Was prettidadle, animals used in a
single test were taken from the ssme litter, although
usually no great difference was cbserved from litter
to litter. Reliable reeults were obtained when 3 animals,
; toéothar ﬁith one positive mnd one negative control
animal, were used for each test.
In the earlier ‘experimbnt in whioh the basal diet
‘contained unwashed "Glaxo ashless extracied" casein

as source of protein and the unpurified yeast fuller's

earth filtrate as source of flltrate factor, the



108,
slackening in the growth ra}blduring the second week
of the preliminary period was 1oas‘marked than that
observed when the more highly purified casein and purer
filtrate fuctd&“jreblrations ware introduced into the
basel diet, The body-weight inorease observed during
the 2—roek poriod following administration of eluate
tnctor wla alao 8lightly less in the case of the animals
rtcoiving the purer diet~ however, the growth response :
obtained wHOn eluuta factor was added to the diet was
more striking and teats using the puriried diet were
generally more satisfactory.

I% v-ncabaorvoé ‘shat the tnareaaod.gronth rate
resulting from the additiom of eluate fraction varied
with the dose given. In one &xperimsnt the average
total welght inorease of 4 rats receiving a suboptimal
dosage of eluaste fraction was 40 g. for the 2-week test
period, that of 5 rats reoeiviné¥wioe the above dosage
was 49 g., while 4 r-ta givon 4 times the dossge increased
in body woight by 55 g¢ during the 2-week period. irrom
Vthis and othar exparimanta not recorded it appeared that

tha growth responae ourva was the usual logarithuic

one .



TABLE XV, Tests for sluate factor,

Zach rat (male) regeived daily lo-lsm.anourm and wfna.ribothvin

No, Filtrate freetion,preparation
of and amount given daily
rats

Unwashed easein diet:
s Yeast f£iltrate fruction (= 1g,
dry yeast)
3‘ n "
4 Yeast filtrate fracsion
purified by extrsction
with anyl aleohol (= fg.dry
yoast)
Washed casein diet:
9 Yeast filtrate fraetion (= lg,
dry yeast)
6 n L}
8 Yoast {iltrate freaction
purified by extraction
with amyl aloohol (8 g, 4ry
youst)
n

AV, wkly
wt, in-
srease
of grp.

.

for pre- idditional sapplement

liminary
pexiod
of 8 wks,

Eluate fractions frony

81,19 yelast or liver
81.18 None

81,14 Eluate frastions from

yeast or liver

19,16 .

20,19 None

18,12 Xluate fractions from

yoast or liver

19,13 None

AV, wkly
“o 111-
crease
of grp,
during
tost
period
of 2 w

29,85%
16,16¢
27, 27

87,

15,18
2,38

12,10

* The standard error of the average total weight increase for the Z-week

test period (6//m ) = 1,08,

+ The standard srrer of the aversgs %%l weight inerease for the 2-week

test period ( o/im ) = 1,89,

The unit of eluate activity we have adopted is

based on the potency of an amount of our standard eluate

fraction equivalent to 2 g. dry yeast.

This amount

when given daily to a rat prepared as described above,

produces a growth response of approximately 90° ot

maximum obtainabdble.

the
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The rat growth method for the determination of

faotors of the yitamin B complex haa boen ao’extensively
used in the paat that the use of this criterion for the
study of new fectors of the vitamin B ocomplex requires
no furthor Juntifioytipn. In the cese of aneurin, the
rnt growth nothod, nithougn perhaps more tedious than
some othorn, is certainly one of the more reliable
biol&éicul msthoda for the determination of that vitamin,
The biolOgiaal denermination of riboflavin has been
-lmost exoluaively carried out by rat growth methods,
Although curntive mcthods for vitamin determination
have the advantage of specificity in cases where a
specific group of symptoms 1a‘in§pltod, growth methods
which gﬁp;oy uni form healthy young animals appear to be
}tho morav;éliable.‘ Cu:atite‘methodg necessitate the
useﬂsf éiﬁkt;nimala and the response effected by
administration of the migsing vitamin is largely
dependent on the degres to which the pre-existing
dcfioioncy had affaotod the genoral health of the animal.,
For tha estinpé}éﬁ‘ﬁr vitamin B;, which we now
realize ;yygden$ipq;%g}§§\ﬂﬁx,yslﬂt eluate factor and
:ég#b: ;élﬁﬁ, §9¥§T9£M§P§;dqrﬁ‘titi’ developed by rats
Q;;;;tgah9t_th§_13?‘§ﬁ§ipg’ been most extensively used.
uslng this method, we have

In onx 1nborltotrx B
gnoagaxor.d tho disOQVQntages of curative methods referred
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to above. Further, we have also noted ococasional

spontaneous cures in oui @nimals and‘have also found
that the specificity of yeast eluate factor for the cure
of this dermatitis is not complete. Cures of dormatitis
developed on diets deficient in yeast eluate factor and
ribdflaviﬁ; 6r &efioieﬁtlin yoeast eluate factor and yeast
filtrate factor have frequently been obtained by the
addition of riboflavin or of yeast filtraté factor,
respectively. In carrying out the rat curative test,
therefore, the supply to the animal of all thepthar
vitemin B factors must be adequate. Since the animals
used in curative tests are ueuhily.on experiment for many
weeks, duxing which they must bo carefully observed, the
time required for theae testa 13 muoh grentor than the

simple rouxina gruwth test desoribod.

PN

The;nuxifio ation gf xsaat eluate factor,

It was aoon roaliaed thnt yeast eluate factor was

almost cortainly 1dentioal with Vitnmin 3652 and with
ractor 165 ' Tho chomioal properties of the yeast
eluate factor wers ainilar to thosa of vitamin Bssa,
highly purifiod oanoantratos of our factor akso cured

the florid type of rat dermatitis (Chick, unpublished
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experiments) and its growth promoting sction for rats
was very similar to that of factor 1.

About two years ago experiments were begun whioch,
it was hoped, would terminate in the isolation of the
yeast éluate factor in a chemically pure state. Good

progreéss was made snd about one year ago we had progressed

80" far that we were hopeful that isolation of the pure
vitamin would be achieved in a short time, At that
time, however, the isolation of factor 1 was reported
by Lepkovsky®’; and immedimtely there followed
publications from three different laboratories announcing

the isolation of Vitamin Bgo289270,

The identity of
vitamin Bg with faotor 1 wasproved.

Dr. lepkoveky very kindly presented us with a
generous sample of his oryatellfne factor 1 and we found
that this amaterial completely replsced our yeast eluate
faotor in the diet of the rat., ' Since the biological
identity of yeast eltate fadtor and faotor 1 was thus
~established, we dfd not pursue further our independent
experiments on ths isolstion of yesst eluate faotor.
Howsver, by sabmitting our consentrates to the methods
of fractionation fousd sucoessful for factor 1, we
obtained a smsll ssould of a orystalline material which
uppsared to be idéitival with the hydrochloride prepared
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from factor 1. The identity of vitamin Bg, factor 1
and yeast eluate factor is therefure establiahed.

Very recently Kuhn.gg_glsg'go'gl have proved that
vitamin Bg (eluate factor) is 2-methyl-3-hydroxy-4:5-
§2&§§£g£g§311dins. It is intercsting that witemin
Bg Shoudd be chemically related to nicotinic mcid (3-
carboxypyridine).

Experimental,

The rat growth wethod for estimation of eluate
factor described above was employed throughout.

The starting material used in these experiments was

the yeast eluate fraction, prepaxed by elution of a yeast

fuller's earth adsorbate with barium hydroxide and
purified by'txeatnant»with bagic lead acetate (see p.20).
It was further purified as followa.

agide To 2 1. of yomst eluate fraction ( 1 ml. = 2 g.

dry yanat), adJusted ta pH 142 with HgS0,, a solution of
;57 g+ of phoaphotnngstic aoid in warm water was added and,
after stggn;ng,qre;n&ghtﬁin_phe eold, the precipitate

was ‘collected and waahed with 1 per cent. Hy80,.  This
phblphotungatato, disgalved in 300 ml. acetune, was

d“moaod by M sx‘du.lu cold saturated agueous

]
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Ba(OH)g until the solution remained alkaline after
standing for some time, Barium phosphotungstate was
removed by_filtrntion and the filtraﬁe, freed from
acetone Ly diatillation 1n vacuo was adjusted to pH 1.2
by the uddition of Haso‘, the precipitated Ba S50,
was filtered off eand the filtrate treated twice with
50 g« portions of fullier's sarth and each adsorbate
after washing with K/10 HayS0, was twice elutéd with
0.1 X Ba(OH)g. H_ SO, was added to the combined eliates
to pi 1.2 and, after removal of the BasO4, a solution of
50 g. phosphotungstic acid in varm*nator was added. The
phOSphotungstate separated by filtration, was decomposed
as previously and, finslly, thg excess barium was removed
with HgS0,, cere being taken to avoid an excess of H250,.
This solution contained the;g:g;te; part of the eluate
factor present in tharorigip;l eluate fraction, and was
found to be a convenient congentrate for certain
biologAcalexperimgntg,
Ex ti with ag ‘ The vuter was removed from
the above solution by distillation in vacuo and the
residue was thoroughly driod by repeated addition of
| ;baolnto aloobol, rolluicd by reuoval of the alcohol
,lﬂhxlsﬂﬂ’ Th°}¥'!§3§9 was then extracted with 200 ml.

adetono by heating under a reflux cundenser for Z hours;
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the extraction was repeated with three further portions
of acetone, The combined acetons exﬁracts were reduced
in volume to 50 ml, On standing, 160 nmg. of adeniﬁe
separated, M.P, 340° (decomp.), M.P. of flavianate
278° (decomp.);M.P. of flavianate of suthentic specimen
of adgnin3,278°_(ﬁec0mp.). This adenine, administered
to rats receiving riboflavin and filtrate factor in
daily amouvnts of 1 mg. had no growth stimulating effect.

The mother liquor from the adenine contained the
eluate factor; the material which was insoluble in
acetone was inactive, o /

Extraction with chlorofqrm, The gummy residue obtained
by removal of acetone from the above mother liquor, from
which the adenine hadngeparated,’v-s extracted four times
with 50 ml. portions of chl@:qfoi%. The chloroform
extiapt vﬁa reduced to 10,;1; ihsn 66 mg. of a substance
separatodrwhich after pur;:ygstion was to@nd to bve
nicofiﬁaﬁidé (see p.vss e The mother liquor from the
‘nicotinamide crystallised was biologically active, The

gumny meterial insoluble in chloroform was inactive.

Treatment with ladinm ride, The chloroform
soluble portion, from which the nicotinamide had
.-méry'tallisgd’-"g!xg.og from chloroform and dissolved in

50 ml. waler. To this solution, heated on the water
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bath, an excess of a 2% solution of palladium chloride
in diluﬁe HC1l (55 ml.) was added. After standiing
overnight in the cold the precipitate was collected.
The filtrate, freed from palladium chloride by shaking
with freshly precipitated silver, was completely
colourleés and poséeséed the eluate factor activity.
The maiéfigl'obtained by decompasition of the palladium
precipitate ;ns‘bIOIOgically inactive.

Preéipitation with gold chloride. i‘he above filtrate

from the treitment with palladium chloride was reduced
in volume to 20 ml, and to this solution heated on the

water bath, 10 ml. of a 3/’ solution of HAuCl, was added.

4
On cooling, a piecipitate appeared‘which, after standing
overnight in the cold, was filtered off, washed with

zS; .ﬁhe filtrate from the
gold preéipitate was also deoouﬁoaed with Has.' The

water and decomposed with H

eluate faotor was contained in the decomposed gold
precipitate, the filtrato was almost completely
1£§otive. | o

Thia'decompoa;d goid precipitate, which was active
in rat tests, had a vory smnll dry weight and the

peroentage of vitamin in this material must have been

groat.

crEg L

Tho experimont§ had reached this stage when the
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papers announcing the isolation of factor 1 gnd vitamin

B; appeared. The various yeast eluate factor
concentrates available in this laboratory, which consisted
of materials from different stages in the above purification
were therefore mixed and submitted to a purification
prooess essentially similer to that employed by
Lepkovskygz in the isolation of factor 1. After some
difficulty a small amount of a crystalline hydrochloride
was obtained, M.P. 201~203°; the M.P. when mixed with

a specimen of the hydrochloride of factor 1, prepared

from a sample of factor 1 supplied by Dr. Lepkovaky,

being 202-2030. Qur crystels had the game crystalline
form as those of the hydrochlorlide of factor 1, and also
gave similar red colorations with FeCl, (compare Kuhn

t93; Kereagteay and Stevensg4).

and Yend Unfortunately
there was not enough of our material for chemical
snalysis, and to obtain more would have entailed work
on quantities of yeast that could not be easily dealt
with in our laboratory.

The sotivity of Fgctor 1 in our rat growth tests for

eluate factor on our "B-free" basal diet with cod liver

oil and sneurin,

Rats were prepared as for eluate factor tests and

received yeast filtrate factor and riboflavin for a
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TABLE XVI.

Growth promoti action of factor 1 for rats reoeiving
8 _"B-fres” bassl diet with plements .

No. Aviweekly wt, . Factor 1(ug. 4av.weekly wt,
of increase of Av, daily§ increase of aAve
rat@.;she.gronp . - the group

during 2 pre- during 2 wks.

linipazy weeks = = . subsequent to

' dosing factor

1.
8o

4 17, 12,5 14,7 5 R0, 19.8  19.9
4 1645, 14,5 | 15,6 20 .. . 28, 24.8 26.4

fraction =
.Rge Ary yoaat

*6 38, 12 .. - A5, Yeapst alumta 24, 25 . = 24.5

» Taken from Table 1’11 (p. 55 )

v FellET 5 ‘L o

»preliminnry period of two weeks. Some of the animals
then received the additional daily supplement of §/¢g
factor 1, others 10 g. and other 20ug. In;all cases
increases in the growth rate of the animals occurred

(Table XVI). The extent by which the growtih rate of
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the animals wne&ncreased by administration of factor 1

was of the same order as that which has been repeatedly
observed following administretions of ovr yeast eluate
factor to rats receiving the same diet with the same
supplements. Crystalline factor 1 'also cured the florid
type of.r‘t dermatitis (Chick, unpublished experiments).
The growth-rate increase following administration of
20 wg. daily of factor 1 (free base) was somewhat greater
than that observed with lO/ﬂ g+ dally which in turn was
considerably greater than that observed with gﬂ/g. daily.
‘the optimal daily requirements of the rat for factor 1 in
Zrowth experiments appears thereforgflie between 19/#3.
and 20/yg. daily and is probadbly nearer lQ/vg. Dimiok
and Sohrefflarg5 found lQ/Mg. of factor 1 (free base)
produced nearly optimal growth; Kahn and Wendtgs stated
that the rate of weight increase observed following
administration of 2.5~10/u5. daily of vitamin Bg
hydrochloride increased with the dose of the vitamin given.
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Experiments on the Jurification and Sature of Piltrate
Factor from Yeagt and Liver.

The earlier experiments on filtrate factor were

carried‘Out’befora it was realised there was more than
one faotor”bf“fhé vitamin B, complex, additional to
riboflavin,  The mme of filtrate factor then
emplqyod was the riltrate obtained by treatment of
autpolaved extracts of yeast with fuller's earth., It

is now realinéd that this material contains, in addition
to yeast filtrate factor, appreciable amounts of that
factor we have proiiaionally named "additional factorw,
Howevér, it now appears that the biOIOgical test we then
employed estimated the filtrate factor and the presence
of "additionnl faotor' did not interfere with the biological
testa. o |

After 1t had boen proved that yeast eluate factor was
a dietary essential tor the rat, that factor was introduced
1nto the diet used 1n the animal teats for filtrate factor,
and a very nnch 1mproved test resulted.

In lator cxporimonts tiltrnte factor, a8 present in
extracts of yo.st anﬂ 1iver, has been intensively siudied,
nnd highly yurifiod eoncentratea of the factor from yeast
and 11ver have been propared. The factors as preseat in

theae two mnteriala, although biologically identical

‘L
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(see p. % ) have proved to be chemically distinct,

;_experiments on yeast filtrate factor as contasined

in fuller's earth filtrates from autoclaved extracts of

“"réhﬁi rats were piépared for the routine testing of
thiéffaotor‘by”thé‘hﬁthdd previously describded (p. /5 ).
The basal diet dontained light white casein as source of
protein. fach rat received daily O+l ml. of cod liver
oil and either 10/&3; of aneurin or an adequate amount of
Peters's vitamin B, concentrate.  After being constant
in weight for several days, they received the test doses
supplemented py.lz/wg@Aggg;y of riboflavin; 3 rats were
ﬁéé&nfdriggéﬁhtoat and the growths were observed for a
period of 4 weeks. - The reamnlts were generally taken as
positive when the average weekly weight inorease was 10 g.
or more, That amownt of riboflavin alone produces weight
incressea of spproximately 6 g. weekly for a period of
3 weeks, Some varistion has been noted occasionally in
th;,é;;;sg sesponses of ¥ats from different litters, but
wxgﬁin.lkiittor; growth respomnses were fairly regular,
;,akuhggoiore.th‘wdttﬁitnatapaoyar:tiana obtained from
 tesgted on litter-mates, one rat

one fredticnation. WOy
of the litter being given riboflavin alone as a control.
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More stress was laid on the relgtive growths shown by
litter-wates. dosed with the varions fract;ona and tha
ribvoflavin conirgl rat than on the actual inqreaaes,in
weizht . obtalned.;_l“ L . !’_ _ )

.. The fuller's esxth filtrato was prepared as described
(Bef6,) By 9xtTaction of 1 1. of aquocus seast exiract
(l‘l’zo?sg'ye.at’ ”y't')' aufcqglaqué for 5;9‘r’;r9t
130?_;t pﬁigﬁygdjugged}to pH 1.4, with 2 portions of
50.g. eaoch of fuiie: 's_earth. L «, 

The experimentel details of all the prooesses im_M
investigated are given below, and the resnlts of ‘the

23S 0

o R0O i bFthe Tiller's
earth filtrate 10 g+ Of concentrated HpS0, were added and
thaiﬂﬁzinigﬁﬁgéﬂiinﬁféﬁﬁ‘foriﬁ“ht?°fﬁ a'vigorously boiling
water-vath.  The sHlphutic aeid wae remdved with Ba{OH)..
Soms” darkening ooousved Gnitﬁg the hehting, dut-thare was
no 1ves of %’cuvuy. Bl e 2
a1i. B0 g, of very fiuély ground Ba(OH),,
sxédi“%e“’ﬁﬁaé&'*%‘m #l. of fuller's earth filtrate
pmtmy”itmatca o’ Ji'8 by ‘the wddi¥ion of Ba(OH),.

‘ §.a¥ sbove for 3 hr., after which

":’Z"%'!B Hi‘&ﬂ%“d with héso";. 'No dmurkening

BEW I 3 P HEES R
Eadi ol S
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ocourred, and the vitamin was Wnaitected, '

a

. 2, _Stabili 0 131 . ) Sunli . Clear glass
bottles containing fuller's earth filtrate adjusted to
PH 3 and pH 10 were exposed daily during 3 summer months
to ¢$:ect;ggnlzght, thereby receiving about ZOO.hr. of
sunshine, . Controls in daxk 8lass bottles vrapped in
brows: paper -were also kept under the game conditions.

All solutions at the end of this peried were fully active,
{b) Ordin egt light. Fuller's earth filtrate
was exposed st pH 3 or i:a for <4 hre in very toin layers
at a distance of 21 omi from an OUsram 500 e gas~-filled

clear lamp, the solutions being kept cool by a fan. A
control solution at pH 10 was pot irradisted. . Thexze was
Ro destrugtion of vitamin by this irredietien either at

pH 3 or 10. B . A

- {g) Ultzayiolet light. Veay thin layers of fuller's
oarth»filtxatosut,ia 3 snd 10 were placed 14 cm, distant
from & quarts meroury. Jamp and irredisted for 10 hr.,
cobling being effeeted by standing the dishes in running
waters Comirol solutiens et pH 3 and 10 were alao
exposed with thick plass aereoua betwegen the lamp and
the solutiens. Thare -was A0 desairugtion oi vitamin,

iments, () Fuller's carth at

P 10 and 8 _9,»:91-,.,1101'3‘.;0113 of fuller's earth filtrate

were .djusted to pH 8 and approx. 10. sach portion
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was treated twice with 10 g. portions of fuller's

earth (B.D.H. "for adsorption purposes"). Both filtrates
were fully active, showiné that little or no vitamin
had been adsorbed.,

(b) Al{OH)3gy' « The adsorbent was preparad according
to the method of ¥illstatter et a1°7. 200 ml. of
fﬁller‘bvearth fiitrate; adJﬁsted to pH 4, wvere cooled
in ice and treated with 27 ml. of a suaspension of
41(0H)4 Cy (1 ml. = 1845 mgs 4l03). After shaking
for 10 min. the A1(OH); was centrifuged out. <The ad-
sorption was repéated 4 times, Thé total adsorbate was
washed with 50 ml. M/lo acetate bﬁffer at pH 4 and
suspended in 100 ml. M/4 Nazkpo4. After 14 hr. the
A1(OH)3z was centrifuged down and again elated with an
equal volume of NegHPO,. Tha eluatea were mixod. No
activity was detectable in the eluate whilat the filtrate
appearsed to have its full aotivity.

(g) Norite charcoal. 400 ml. of fuller's earth
filtrate were adjusted to PH 2.5 with HCL and treated
4 timeaJwith‘ﬁrg. pbftioné of norite. The norite was
washed once with 1/10 HC1 end then eluted with 250 ml.
of 0.<5 l !aOH, boing allowod to stahd overnight. The
elution was repouted with an equal volume of 0.25 N NaOH.

In another experiment olution was accomplished by heating
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the norite on a water-bath with glacial aoetio acid.

Farther adsorptions with norite were ocarried out at
PH 8.2, 7 and 1.2, also using 0,25 N NaOH as eluant.
4dsorption was bvest at pH 2.5 and 1.2. At pH 8.2 and 7
little adsorption ocourred. Good elution was obtained
with NaOH or glacial acstic acid, but in one experiment
using 0.1 N Ba(OH)2 as eluant, the eluate was inactive,
Exp. 4., FEleotrodialysis. The alcohul-soluble portion
from 400 ml., odfnller'a earth filtrate, dissolved in
800 ml. Hy0 (pH 2.6), was put in the centre chamber of a
3-chambered cell divided by oelléphane membranes which
were permeable to the factor, The anode and cathode
chambers were filled with distilled Water and all ohambera
were cooled by coils through which cold water flowed.
The current was apprbximately 1-1{5 aﬁp. and the voltége
was 100-200 V. After 1% hr. fresh water was put in the
anode and cathode chambers and the dialysiﬁ continued for
a further 5% hr. No attemyt was made to regulate the pH
in the chambers. Thakolution in the centre chamber
remained at approximately pH 2.6, Tho pH of the anode
golution fell to 2.4 while that of the cathode solution
rose to approximately 11 before the fluid in the chambers
was chhngéd ahnjfb‘§379.2 after the fresh water had been
added. At the end of the dialysis approximately 654 of
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of the nitrogen in the original material had migraved
to the cathode, while 5% was in the anode solution.
The remaxnder was in the csntre chamber solution. The
animal tests were not very satisfactory, but it appeared
that most of the activity remsined in the centre chamber.

Expe. 5. §nb11mation in hibh vacuum, 400 ml., of fuller's

earth filtrate waere adsorbed with norite charcoal at

pH 2 5 and the activity sluted with 0,25 N NaOH as
described in Exp.3 (e). The eluate, adjusted to pH 7,
was evaporated to dryness in vacuo and the residue
transferred to a vacuum tube, which was then kspt in a
vacuum desiccator over Pg 5 for 2 dayse. | A tube cooled
by a rapid flow of cold water was insertsd 1nsido thc
vacuum tubs, whlch was ovoouatcd to 0.05 un. The |
apparatus was heated in a metal-bath to 150° for 4 hr.
The vqonum rsmainsd good duxin& the heating. A partially
cryatallins ncid sublimate w-s obtaincd on thc surface of
the coolod tubc. . Thil was biologicslly 1nact1ve, even
whcn lnrge doses wc;o fed.  There was some charring of
the residue, bnt 1t ret-inea some vitamin activity.

96” Et ,1 cohol. 140 mi.

Exp, 6, Sq;nbg}iti 2e (a,
of tuller's oarth txltrate wsre evaporated to dryness |

on ths water«bath ond finally in a desiccator. The

h;rd xesiu-liko mntcrial was divided as finely as

i



possible and extracted for 20 hr. with 96% ethyl alcohol
in a Soxhlet ‘extr‘;ctor . The alcohol was removed frop
the extract in vag uo and the remaining gum was taken ﬁp
ih wa’cer..v The greater part of the aetivity was found
in the &lgohgl-soluble: #o‘itioti.

In; second experiment, the gum which separated
from the alcohol extract as the extraction proceeded,
was removed and tested sekparately;' it contained no
activity.

(b) Acetons. Dried fuller's earth filtrate was
1extracted with purified acetone in a Soxhlét ext;'uctor

for 30 hrs The extract was guite inactivs even when
.:fod $n mgq awcnt&» The pgrtaﬂ intbluhie in aootone
§w$s tctiﬁ. % T ;5. ;"f : e

| gg} Pz“oo_i,nitation with ggétc;ne; | 100 mi'. of a aoluti.ozi
}of the vitaq}n were yapnred by elutisn w&th glacial
ijaoetic -oid of a norite’ obsu‘batn obminoa from 600 ml,
‘of fuller's mun rghu,to ﬁd me mixed with 1 1. of

,:aceﬁon&, kftq atmdtng o'ornight in the cold the
&aoetzfonof aoiuim wal d@cnnttd from the gummy precipitate.
f?Aootan was: reupvod erh both frxctions in v80uo. Some
h;.ctnriw nppmd t§ bﬁ pregent 1n the procipitate, bus
*“tho grntar pafb \nu t&md in tbo soluble portion. .
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(a) Ploric acid. 400 ml. of fuller's eartn filtrate

were adjusted to pH 7.2 and a hot solution of 7 g+ Of
pieric acii in 100 ma, Hp0 added. After standing
overnight in ths cold the crystalline picrate precipitate
was filtorod off and the exceass picric acid was extracted
from the aoidified filtrate with ether, The plcrate
precipitate was decomposed by suspending in dilute HC1
and extracting with ether. There was no activity in

the decomposed precipitate while the filtrate was active.

(b) Pigrolonic acid., 400 ml. of fuller's earth filtrate
were mixed with a Bolutionlpf 5 g+ of picrolonic acid in
100 ml. of 9¢% alcohol (pH of the mixﬁure was 4.5). The
heavy preoipitata was filtered after atanding ‘overnight
in the oold, the filtrate freed from picrolonic acid with
ether by the usual method qnd the piorplonate precipitate
déoonyosedjwifh acid and oxtr;cted with othé:. All the
vitamin aotivity was 1n the filtrate.
592 Beineokg gg id. 15 g of Beinecke acid in 300 ml.
Hzo at so° were -dacd to 400 ml. of fuller's earth
filtrato (pH 4 5). On atanding a heu7y precipitate was
depoaitod, whioh wua filtered off, after being kept
| overnight in tho oold, nnd dissolved in 100 ml. of 50
acetone; 130 dl. of 1% AggS0, were added to the solution.

The Ag roinockate was filtered off, the acctone removed
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on a wator-ba$h and the excess Ag precipiseated with HOL.
This decomposed preciyitate was inasotive when rfed to animals,

{4) Fievianic aeid; 25 g. of rlavianic amoid, dissolved

in 125 ml. Hy0 were added %o 400 ml, of fuller's earth
filtrate, NaOH being added to pH 4.5. 4 heavy
precipitate was obtained, whioh was filtered off after
standing overnight in the c0ld., The filtrate was treated
with 100 g of basic lead scctate and the pH adjusted to
8, the lead salts were filtered off and excess lead
removed from the filtrate with HpS. The flavianio acid

precipitate was decomposed by dissolving in Hzaiand

adding basic lead ascetate at pH 8, The filtrate had

fall biglogical sctivity, whilgt .-the decomposed precipitate
was inaettvo.f'\rilﬁxaces from flavianioc acid precipitations
at morse acid reactions woers aleoc aotive,

(e) Phesphotunzstic agid. - 200 ml, of fulléer's earth
filtrate were mixed with a solution of 10 g. of purified
phoaphotungstiv spid in zea*nm;,nzc and con. H,30, was
added to pR.1, ~After standing 24 hy., with odoasional
stizring, She pregipitate wae filtered off. The filtrate,
‘after renoval of She exosss: phosphotungstio acid by the
usual means, wss found %0 have vitamin activity
apjroximetoly equal to that of the original fuller's

eaxth filtrates - -
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phate at pH 7, 400 ml, of faller's earth

filt¥ate at PH 7 were shaken with 20 g. of finely ground
Aggf)O‘for 8 h¥, at room temperature. The DH was
maintained at 7 by the addition of small quantities of
YaOH. ~ After standing overnight in the cold a dark brown
preaipitits Was' filtered off; silver ions were present
1in‘the f1YtTate,  ThHe precipitate was decomposed with
st and the filtrate was also treated with Hp8.  The
activity was present in the filtrate.

'(re) Bgriﬁm' h;gdi-"‘oxide in 90% ethyl algohol, The glacial
acetic acid eluate, odtained by sdsorbing 600 ml, of

‘fuller's earth filtrate with nofite and eluting as
describea under Exp, 3 (c) (p. 118 ¥ was freed from mcetic
acid ‘and baken“up 1 100 ml,'of B0, 900 ml. of
absolute ethyl slcondl wWere sdfed and then 0.3 N Ba(OH),
very graduaily, the mixturs being stirred vigorously
‘and '4185h01 ‘added ‘to maintain $he &lochol sonsentrasion
at 90%., “Tirtér ¥ne addifion of approximstely 140 ml.
‘of the Ba (6ﬂ)2sbmﬁunnbrutuer precipitate appeared
onadaitlﬁnéfmréh(bﬁ)gi ‘the pH was 8,5. After
iob‘p‘lné%?;rﬁigﬁtginﬁha 8014 the precipitate was
filtered off, washed with alcohol, dissolved in water
and the barium precipitated with HgSO,. The alcohol

was removed from the filtrate in vacuo and the excess
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barium precipitated. The greater part of the activity
was present in the decomposed precipitate, whilst the
filtrate was inactive. In another experiment, the
precipitation was ocarried out in 80% alcohol and the
activity was ahardd about egqually between the filtrate
and preeipitate.

Expe 9. Effect of heating with agetio anhydride. The

alcohol-goluble portioa from 400 ml, of fuller's earth
filtrate was dried to a gummy residuwe; 5 g. of anhydrous
sodium acetate and 100 g. of freshly distilled acetic
anhydride were added, and the nmixture was heated under
anhydrous conditions for 3 hr. on a water-bath; the gum
gradually disaolved. The acetic anhydride was then
removed in vacuo on a water-bath., 150 ml. H,0 were

added and the gunm partially dissolved. The insoluble
portion was thoroughly extracted with water and hydrolysed
in the cold with 0.6 N NaOHs The water-insoluble acetyl
frection was not active, whilst the fraotion which was
waf.;or-oolnbllaftor. treatment with s cetic anhydride showed
some activisy, although it was diffioult to test since

it contained a great desl of acetate.
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Lator experiments on yeast filtrate fgotor.

Batimation of filtrate factor. Atter 1t was realised

that yeast eluato faotur is a dietary essential for the
rat, thie faotor was introduced into the diet and a very
mach improved toat for filtrate factor resulted. The
method of ostlmation of filtrate factor finally asdopted
resembled that used for the estimation of eluate factor
(p.IOO )e The diet used contained, as source of protein,
either Glaxo ashless extracted casein or that casein
purified by washing with salt solution (p. 3% ). BRats
of both sexes having received the baaal diet supplemented
only by aneurin and ood ltver oil for one week from
waaning, reoeived daily for 2 weeks 50/43 riboflavin and a
dose of yeast eluate fraction eqnivalent to 2 Zo dry
yenat. By the snd of the first week the animals had
genorally 1noreaaad 1n‘weight by approximately ao g. H
during tho aecond week or this yeriod, however, a very
marked slao&ening in tha g:owth rate ocourred, and by
the end of the week the growth rate was usually about 7 8o
woekly, .lthongh over the whole of the second week weight
1noreaaoa of bout 10 g. were generally obtained. Certain
animals thon rocaived the added supplement of the waterial
to ‘Le teated for filtrate factor activity. Negative

control animals were &iven no added supplement, while



“iz9.
positive Gohtrol snimals received either the yeast
fuller's é;iggffi;t;ate fractidn from 1'g. dfy jesst or
the preparation of filtrate fraotion purified by
extraction with amyl,giééhpl, equivalent to 2 g. dry
yeast, The test propif‘i@gted for 2 weeks, and the
presence of filtrate faotor in the test uaterial was
1hd;oated by un immediate increame in the growth rate,
unmistakable even within 2-3days. The growth rate
increased to about 22 g. Wweekly, and this was maintained
for the 2-week period (Table XVIII). The negative

wod

control aniuﬁls usually bontiﬁﬁbd'tOwihbitaoe in body
weight at tha rate of ‘about 7 K. weukly. pelfavle TR
results were obtained when 3 unimals, exclusive of oontiois;
wore used’ ro* saoh test, As far as possible animals

were taken trom the saie llttax buz we rbqu 1ittle
’variation betveen the littnza, o 4399?$Q}B~Q§$f°¥9803 N
existed between the mqup;anqagqﬁkiéb and this had to
Wﬂwwga«tn.alnqnins the tnata.A& The growth

responée veried with th. ‘amount df filtvate fraction

given iﬂﬁﬂfgpblﬁ XIX)¢ Thl tilts in which the purer

casein was used were gonozolly more satisfactory, as the

growth rate diminished more regularly during the second

week of prepsration when the animals were receiving the

riboflavin and eluate factor supplements.
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TABLE XVIII. Tests for riltrate faétor._ff“- T
Eaoh rat receiBed daily 10~15 . ansurin, 50 ribarluvin
and yeéast eluate fraction ( = ge. dry yeast),

oo "o'kly

wt. in=~ ~ AV.wkly
o crease wt. in-
SR of group crease
o for pre- of grou
Ro, R liminary Additional supplement during
of © - period of given during test test
rats Sex 2 weeks period period
: T of 2 wky
, 8o ‘ ge
Unwashed casein diet:
6 N 22, 12 Filtrate fraotions from 25, 26
- @;f o Jyewat or liver R
3 S 19, 10 Rone e P, 8
39 3 20, 10 Piltrate fractions from 22,19+
. PRI . yemst or liver S
20 <% 18, 10 None - - 4 6, 5¢
Washed casein diet:
10 o+ & -« 1By 11 °Filtrate fractions from =21, 19
& - yeast or liver
4 - -0 . 119y 9 Wone B 9, 6
7 9 19, 8 Filtrate fractions from 10,16
R T R - yoast or liver
20 2 18, 8 None 5, 4

; The atandard error of the :vorago total weight increase
fox the #~wask test period (6//n-) = 0.88

1 The standard error of the aversge total weight increase
- for the E-weok sgat period. £o'/.)“g } = l.ll.
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LABLE XIX. Growth response of rats to graded doaes of
filtrate factor as contained in amyl alwohol extraots

from (a) yeast filtrate fractions, and (b) liver simx
filtrate fractions, S -

Each rat (femele) received daily 10-15m sneurin, 50uq,
rivoflavin and yesst eliate fraction ( = 2 g. dry yedst)

Cavemly - av
W dm frovor’
crease ‘ of group
_ of group = during
" No. for pre- Daily filtrate supplement given test
of limluary  during test period period of
rats period of | 2 weeks
2 weeks , o ,
8 _ 8
(a) 4 23, 12 Equiv, of 1lg. dry yeast 14, 20
3 22, 11 Equiv, of 2g. dry yeast 19, 22
-2 23, 13 Equiv, of 6g. dry yeast . 2%, 18
b) 2 17, & Equiv. of 3 g. fresh liver ~ ' 1§, 18
®) 2 32: 9 Equiv. of 6 g. fresh liver 23, 18

The wnit of filtrate faotor activity we have adopted
is baged qnﬂthewpotenQy,of.agyamqunx of our standard
filtrate fraction, purified by amyl alcohol extraotion,
equivalens to 2 g. dry yeast. This amount, when given
delily %0 & rak prepared as above, produces a growth
rﬁspnngeaag spproximately 90% of the maximum.

Extraction of yeast filtrate fedtor with amyl sloohol

at vnriéégrgxgjgidh jon congentrations. The extraction

of yeast filtrate factor by amyl alcohol at pii 1 was

described above (p.2§ ). Further experiments were carried
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wr o9 peiol adupted.
B0 fAlSrate factor,

ont at-pH 3. and pH 7, similar progsd
A% pH 7 the smyl slcohol extraoted

at pH $ only a smmll amount was extrasted and at pH 1
nearly all the sotivity was exiracted. (Table XX, a).

gen_ion connentgg§§cn on
rate factor wi amyl alcoho.l.

Each rat received daily 10-15 , aneurin, 50/43 riboflavin
and yesst eluste fraction = 2 g. dry yeast.

of increase of Amyl alcohol extract increase for
rats,group for £ given = & gs dry yeast £ weeks sub-
preliminary daily sequent to
weeks (s) giving S.
B T B

2 11.5, 6 pH 7 8.5, 8.6
R REy R pH A e < 18, R2
3

».. RIS ). GF TR A . Be8y  1R3
4 lﬁ&ig S PH 3.‘? A N zl§ 20

B S

. Extracsibn ocarried out on the residue from: sh;
extraction: .t PpH 3. ig LT, ‘
Fg L i -

In a aecond exgerimant oxtrnction with anyl aloohol

H

at pH 3 was followed by extribtion at pH 1; the extract
ag% pH 3:was, only slightlyitlttttaand that at pi 1 was

nighly active (Table XX, b)e
: ownd Lesd TEEL S
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ikoatment of the yoast filtrate factor, purified by

algohno Xt ion, with d G ) o

To 40 ml. yeast filtrate fraction purified by
amyl alcohol extraotion at pH 4 (1 ml. = 25 4. dry yeast)
an axcess 9f neutral lead acetatc solution was added
(40 8 leadlacetate). The precipitated lead salt was
filtered off and the filtrate adjusted to pH 8 by addition
of NaOH; the resulting precipitate was again removed by

filtration. The lead salt fractions were decomposed

_TABLE XXI, Treatment of yemst filtraie faotor with lead
agetate. o '

Sach rat regeived daily 10-15.ganeurin, 50/‘3o1.'1borlav1n and
yeast eluate fraction = 2 g. dry yeaat. AN :

No. Av. wkly wt. Lead fraotion given Av. wkly wt.

of inoreass of = 4 g. dry yeast inorease for
rata. group for 2 - daily. 2 weeks sub-
‘preliminary (8) seguent to
~ weeks. givwing S.
‘8o 8
2 7, 9 - precipitate at 18, 21
pH 4
2 17, 9.5 precipitate at 5.5, 5
pH 8
2 18.5, 9 filtrate 19, 15

with HgS and lead was removed from the filtrate by the
same reagent. The filtrate factor activity was almost

exactly equally divided between the decomposed first
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lead preSipiSete and the filSrate; the decond lead
precipttaté“ﬁas‘ilﬁnst oompletely insetive -(Table XX1).

In the esrlfer experiments using the original test
method 1t was found that most of the activity was not
precipitated by lead acetats (p./25). A further
axperimnnt was the:efore carried out in which the total
lend aalta were pracipitated atLH 8; the filtrate factor
was almost aqually divided batween the decomposed
precipitate and the filttate.!% Since the test method
employed in thoaO»latter oxpoxinsntawlaa-nuyctioz ta that
prevxoua;y,nqqa, 1t.is:oondluéid thh§;yeﬁst“!fitrttb';
faqtor.;q pqrti;;;y preoipgygpgg bx ;agg uoetupq.w

Otnot oxpe;:imenta have’ boan carried out, 'I‘hé
results obtntnéd using the original test method hEVO been
_cenfirmed., The stability of yeast filtrate chtor to
treatment with 5% H,S0, at 300° has been verified.

-
s b
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- Bxperiments on liver filtrate factox::
The test method employed was identical with that
used in the later experiments on yeast filtrate factor.
The sources of liver filtrate factor were liver residue

I and liver residue III(p, 29 ),

Extraction of flltrate factor from liver residue I with

amyl alcohol at various hydrogen ion concentrations.

As in the experiments with the yeast factor, extractions
PABLE XXII. The effect of hydrogen ion gongentration on
the extraction of liver filltrate factor by amyl alcohol.

Bact rat received daily" lo-l‘psanenrin; 50/?,r1bofluv1n
and yeast eluate factor = 2 g.’ dry yeast.

No. Av. wkly wt. Amyl mloobel sxtracs Av, wikiy wt,

of inorease of given = 3 g, £&resh increase for
rats. group for £ liver daily. 2 weeks sub-
preliminary seguent to
weeks. giving S.
8 (s) g
3 1643, 9 pr 7t 15, 16
3 1%, 3 PR & 16, 15
-3 16, 9.3 pE L 20, 16.7
3 18, 11 pH 3, 20. 16.3
3 193, 9.3 pH 1 9.7, 10

1 - Equivalent to & g. fresh liver daily.
2 Extraction carried out on tho residue from the
c L extrad¥ieon et pH B,
wore carried out at pH 7, pH 3 and pH 1l; in a second

experiment extraction at pH 3 was followed by

extraation at pH 1. The liver filtrate factor was
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partially extracted at -pH 7 and ab pH 3 and pH 1 it was
readily extracted (Table XXII, a); in the expeziment
where extraction at pH 3 was followed by extractiom at
PH 1 moet of ths filtrate faoctor had already been removed

by the extraction at pH 3 (Table X'II, b).

Tregtment of liver filtrate faotor purified b 1
alochol extraotion with lead moetate. 200 ml. of the

amyl alcohol extract of liver residue III (1 ml. = 250 g.
TABLE XXIII. Treatment of liver filtrate facotor with basio

lead acetate.

Bach rat received 10-15 ,ansuiin, 50)?.riborlaviﬁ‘and Joast

sluate factor = 2 g, 4 agt. i
No, . Av.wkly ws, Fraotion given daily - -Avewkly wt,
of inorease for = 24 g. fresh liver increase for
rats. &£ preliminaxy . o o 2 weeks
weeks. following
G e e e administration
of S
2 .. A8, 2 . .. basio Pbheac.ppt. 4, 7
2 1405, 10.5 alcohol ppt. 205, 2
10 . 165, 9.5 . .filtrste 20, 18.5

frash liver) wdjuated to pi & was treated with an excess
of hot -sataxated basic lead ascetate solution (160 g. basic
lead agetse )« ::"the resulting precipitate was filtered
off and ¢ volumew af 96% :;!'tb;nt‘nloohol added; a further
precipiiate was thzown down and was ramoved by filtration.

The 2 precipitates were decomposed with HpS, Alcohol
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was removod from the filtrate in vecuo and the excess

lead was precipitated with H_S,. The vitamin activity

2
was contained in the filtrate; both decomposed lead

precipitates being found to be inactive (Table XXIII).

Many other experimentshave besen carried out on liver
filtrate factor. In general that factor was found to
possess properties similar to those of yeast filtrate
factor., - However, certain differences havé been ‘vbserved.
In addition to the differences in extractability of the
factors by amyl aloohol and thé differences in solubility
in water of the lead salts, described in the preceding
pages, it has been observed thut there are marked |
differences in solubility bf the barium salts of the
yoast and liver factors in agqueous alcohol, the yeast
salt being insoluble in 90% alcohol and the liver salt
being soluble in 90% alcohol but only sparingly solubde
in 98% alechol. 'The yeast factor is not destroyed by
heating in presence of 5 or 10% 32304 for 2 hours at 100°,
while the liver faotor is completely destroyed by such

treatmende
Highly seétive condentrates of liver filirate factor
have been pre.aréd; those contain the rat day dose of

the vitamin assocoiated with only a fraction of a milligram
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of solid matter. Isolation of the vitamin tn & pure
state should bde ;chieved at an early date.

The following p:ocedqre has yielded our most active
cqpcentrates of liver filtrate factor.

1. Liver residue III (p.zs) was treated with fuller's
earth at pH 1,

2. The fuller's earth filtrate was extraoted with anmyl |
alcohol at pH 1, and the filtrate factor recovered from
‘the anmyl alcoho%’ by treatmant with NaOH.

3e Treatment with basio lead acetate at pH 8
precipitated inert lead snlpg and further inactive lead
salts were thrown down by add;tion of 4wvoinmea of ethyl
alcohol. \ _

4,  Mercurio scetate was then added, abghn inactive
precipitate vas removed by filtration. | |

5. The filtrate, freed from morcuxy, lead nnd aoetate,
waé tzeatad at pH 2 with absolnto alcohol and the filtrate
quptor aotivity passed into the absolute alcohol.

6e .ﬁdti%?tq?;tQQuﬁﬁ(d#)zf"s addediﬁg thg alcoholic
raplugggé‘§gr;;;&;?gg factoi and the vitamin was
,px60151§§tpd n;<£h®.quium salt. The final concentration
of aloohol 4n this precipitation was 98ﬁ.

. The barium pxgcipitate was suspended in 80% alcohol;

,‘:.5.

the active salt dissolved and a lar_e amount of inert
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m‘teri§l Wwes filtered off, e
8, The sotive_ baxinm sslt :ggpjion weg freed. fxqm bayium,
Quinine Was qddod pnd inactive cryatalline quinine salts
separated in large smounts, These were removed and the
??%fzﬁt?gﬁff?fﬁ;f?Pﬂ‘Q“%n¥99qz'§3 found to be very potent
in ﬂﬁir;at g:qqth\@e#ts,,: Thé_rnt day dose of rilyratev
raotor 1n thia qongentrate is -38001ated with about Q.5my.

of solids.

‘ Discusgion
The exact relationship between the filtrate fuqt-ra

as oontnined in autoclaved cxtraots of Ylet ang nntteqted
extraota or liver 1s undocidod. ~The factors have the
same growth gxamoting properties for zats (ps 33 ).and
recqnv ogpor;mpnta have shown that they have ng supplemont-

a:y qotion for a;cn otbox An ;at growth experiments; . .

PR

,,,,,

Howcvor% the factora qre Gcrtainly chemioally distinot,
ainoq ‘they dtffer in (1) their extractability with anyl

qlcohol, (2) thn aolnhi;itxﬁf their lead salts in water,
(3) the aolubility of their bnrium salts in agueous

EER LS L uia
alcobo%;ﬁ?d{fé) thair stnbillty to HyS04e  The
propertiul of tho fuotors, nevertheless,suy est that they
arc‘gz;nically cltaely related. The,; behave similarly
bo ¥ sy 53?4!’

3 e %
(PR LT e



when treated with fuller's earth, norite charooal and
other adasorbents, both are aq‘lii'in nature and neither
have basic properties, and the solubilities of the acids
and of their selts in vnrioua golventis although not
always identiocsl are generally very similar.

The extraction experiments wiith amyl aloohol suggest
that the yeast feotor is a stronger acid than the liver |
filtrate fac.or. dince the yeast ractor was not
extracied by amyl alcohol at pH 3,1t probably exisis as
a salt at that hydrogen ion concentiration, while at pH 1
it probsbdly is present in the free astate. The liver
factor, on the other hand, appears tc exist as the free
acid at pH 3.' It was thought that the yeast factor might
have two acidic groups and that the liver factor might
differ from the yeast in that one of these ac#liic groups
might be esterified, However, treatment of the liver
feotor with 5% alooholic KOH did not change its
ex;raotability with amyl alcohol and, therefore, this
hypothesis is probably incorrect., 4 further possibilit,
is that she liver fecpor mae; be a hydroxy acid and the
yoast faotor may be the pi .sphoric ester of that acid.

If this is the case then (1) the phosphoric ester must
be very stable to treatment with acid, and (2) the

phosphorio scid group must stabilise tiae yeast iractor o

tzeatment with H 3043 these gongitions render it
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improbable that this theory will finally prove correct.

There are other theories which might be advanced but
the exaot relationship between the yeast and liver
filtrate factors will be proved only when these have been
obtained in s pure state, and their chemical constitutions
have been established.

The properties of the liver filtrate factor suggest
that this compound may be a hydroxy acid and may possibly
be a derivative of a sugar; such compounds oocour
in considerable amounts in liver, The purest concentiratss
contain very small amounts of nitrogen and that which is
present does not appear to Le significant, Filtrate
fector therefore may be found to differ from the other
vitamin B faotors in that it may contain no nitrogen in
4ts molecule, It may be more closely related to

ascorbic acid than the other dietary easentials of the

vitemin B complex.
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Althongh the rat has boan most oxtenaively uaod |
in the atudy of the vitamin Bz requirements of mmunnls;
in recent years s eonaiderable amount of knowledge has
aocumulated concorning the needs of mnn, the dog, the
monkoy and the pig of the essential nutrients of the
vitamin 82 oomplex; | we have studied the Pig 1n this
resDQQt. o |

Theka-rlier studiea of the vitamin By complex were
venerally carried out with the view to elucidate the |
etiology of pellagr-, It was soon recognised'thnt the
rat was not a auitable animal férithis stuAy:ainca that
animal thrived and even reproduoed when fed' pellagra-
Produoing dietsal’ga’gg'loo.il It was realised that
canine bluoktongue was probably the dog eqnivalent of
human pellagrai‘Q Inyestigations from this laborntory
.showed that a disease with an etiology simllar to that
of pellagra wns produoed in pigs by feading these animals

- 61,200
on s diet eoapoaed mainly ot mai o L, . The animals

daveloyod navoro dormntitis and diarrhoea wus usually
observod;? untreated animnla died of the disease and at

3

au¢opnj‘leaions in the lnrgo inteltine were regularly
found | The dino-ne was preventod and cured by autoclaved
extzaots of yanst; the factor present in these extracts

wns adsorbed by fuller's earth and was present in our
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CALLeY Mvehjenm et l47
had shown that nicotinic aeid cured blacktongue im dogs

fuller's earth eluate fnotioh‘ﬁ‘l‘

we found that that compound cured our diseased pigs
most dramatically (see Chick et 81%©, plate I). since
we have isolated nicotinamide from our yeast ®luate
fraction (p.S55) there remains no doudt that nicotinic acid
or u related oompound is the essential nutrient 4éficient
in the diet we fed our pigs.

Vary recently we have investigated the reguirements
of the pig for other essential nutrients of the vitamin

101 .

B, complex Tme snimals received a "aynthetie" diet

sfmilar to that we ted our rats (p.15 ) supplemented by
cod liver oil, aneurin, ziborinvin ahd nicotinie neid‘
Animsls reveiving this diet aid not thrive and beohme 111,
bat when the diet was further supplemented by our 1iver
elnate and 1i¥er filtrate Treotions (pp. 52 and 33 )

the pigs remminsd hemithy and increased in bodyweight at
an almbst”hbiﬁilst-tﬁi’“'i&ﬁtttbnlof’Cifher‘the @luate
fraction or the filtrate fractions improved the diet, dut
after- womé time the animals receiving the dist supplemented
by either ‘the' eluate or riltrate fraction ceased to gain
iﬂhﬁighi’indichifiotiii%tié aymptoms developed.

© 7 one’ plgs whioh wére deprived of the eluate fraction

aévbioped a severe microcytic anaemia and became eplleptic;
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subseqnent uddition of the elnate rraetion cured the |
anaemie nnd the epilepay and reetored the growth-rate.
Deprivation of filtrate factor caused sev:re nervoul
symptoms., The hind quertere beoame paralysed and death
followed. | One animal recovered when given filtrate
fraction end eventually became a healthy pig although
certain eigna of the nerve disorder remained; the
reﬁnining animals were so ill that they were unable to
benefit from the filtrate fraction when it was -dmdnietered.
Filtrate faotor deficiency also caused anaemia in pigs,
the number of red blood cells and amount of haemoglobin

both being reduced.

¥

From the work of other 1nwestigatore it seeme probeble
that the pig aleo reqniree aneuri 102 and riboflnvinm3
The vitnmin B neede of the pig are therefore similar to
those of the rat except that the ret probebly doee not
require nicotinic aoid. | ; ‘

An 1ntereet1ng deficiency dieense 1n monkeys which
1s cured by qxtraets of yenet and liver hne been studied
by Willelgg_g;}04'105.nx These unlmals when fed a diet
of poliehed riee, white breed nnd mnrburine develop a
nacrooytio ennemin whieh 1e probably the monkey eguivalent
of tropieul mnerooytic annemie, a disease prevalent in

oo # ﬂn‘i,,é",

iedie und 1n’other countries. Qur yeast filtrate




148%.
fraction gured the monkey diaonaolos and recently
(unpudblished experiments) 14 has been founmd that highly
purified soncentrates of our liver filtrate factor cure
the disease as affectively as orude extracts of yeast or
liver; the liver eluate fraction had no curasive action.
Filtrate fastor defieiency in rats also causes an anaemia
which is similar to the monkey anaemia (unpubdblished
experiments) and deficiency of this factor also caused
an aneémia in pigllol and therefore it appears probsble,
that filtrate factor is an important fector in the
maintenance of normal bloed. It seemed poassidle that
filtrate factor might prove to be the extrinsic facter
of the pernieious ansemia fastor but this does not seem
to be the case, since purified preparations ef. the
pernicious amaemia factor do mot replage filtrate factor
in the diet of the rat (unpudblished experiments),

Eluate faoto:;doficionny-also eaused blood changes
in the pig bdbut in this oase the anaemia was microcytioc
in chn:acsorzol;' we have not, hewever, obaerved an
anacmia in rats deprived of that faetor. Deficliency
of sluate factor (factor 1) ia puppies, never-the-less,
produced an sanaemia similar to that we obaerved in pigs;
erystalline fastor -l cured this ansemia of pnppies.loeleV.

. our knowledge of the needs of man for factors of
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the vitamin Bz complex has bYeen edvanced -econsideradly
in the last R years. It is now recognised that aieotinic
#0id has an impertant therapeutie value in pcllagzaazl53:54
slthough it seems that nicotinic mcid is not the enly
defliejenoy invpcllagtalgs. The important investigations.
of Sebrell aad Butler'C have proved that riboflavia is also
a human dietary easential. It seens prob&bIO'thit
filtrate fastor will prove to be the dietary essential
deficiency of whish causes tropical maorooytic anaemia,
singe that faotor cures the similar snaemia of menkeys.lO®

smong the most outstandiag advanses made in recent
years ia the fisld of bioshemistyy have beem those made
in vitasin reseerch. Little more than a desade ugo
1ittle w¢¢4know+bout the vitamise and they were regarded
al,rath-afmwlmsifou- substandes which aomehow were
essontial for health, - New mich of mystery has gons;
soveral of the vitaming have been iaolnﬁed in a pure state
and have been ggmthesised in the laboratory. Vitemin »
has been shown to be oclosely related to the sterols, the
sex hormones and the carcinogenic hydrocarbons while
vitamin A is related to the carotinoid pigments. sven
moxe striking have been the discoveries concerning the
B vitamina; at least 3 of these compounds probably owe

their bdiological importance to the fact that they are



| 14%.
required by the organism for the synthesis of coenszymes.
The pyrophosphoric ester of aneurin is cocarboxylase;
riboflavin ias contained in the yellow oxidation enzyme
and in the molecule of -llo:nzine-adenine-dinucléotide,
an important coenzyme which functions in several oxidising
aystems; cosymase and codehydrogenase II, both of which
take part in certain enzymic oxidations, contain
nicotinsmide bound in their molecules,

The B vitamins are esaential nutrients of miocro-
organisms, Aneurin, riboflavin, nicotinamide and
vitamin 36 have been proved to be required by various
micro-or anisms. Many laboratories are now engaged in
the study of the nutritional needs of mioro-organisms and
it 1a possible that the resultis obtained may be of reatl
importance in the final elucidation of the vitamin B2
-gomplex, which mey be sohieved in the not too distant

future,



144.
SUMMARY - . ..

de When these experiments wd:eacom—aucog the vitamin

By, eomplex was reoegnised to consist of riboflavin and a
aupplementaxy materisl. . Investigation of extracts of

yoass pné liver bas proved that this supplement is

tripertite in nature and consists of factors named eluate
factor, filtrate faoctor and "additional factor"; these
have been separsted from each other.

2. Although nicotinic acid is an essential matrient |
of man, the dog, the plg and the monkey, neither nicotinfff
nor any related compound has been fcundko have vitamin
activity for the rat.,

3. Blological methods for the determination(Gf. .
riboflavin, eluate factor and filtrate fasctor ‘re
deacribed,

4. Eluate factor was isolated from extraots of yeast
and proved identical with faotor 1 (Lepkovsky) and

vitamin Bg (Gyoxrgy). |
Se The chemicel properties of filtrate factor as
contained in extracts of yeast and liver has been
investigated; purified conocentrates have been prepared.
The fasctors as present in extracts of yeast and liver

are biologically identical in rat growth experiments

but are chemically distinct,
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6 Alloxazine-adenine~dinucleotide replaced
riboflavin in the diet of the rat but had no other
vitamin B2 sctivity.

7 The need of the pig for factors of the vitamin

Bz complex haa been studied,
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