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INTRODUCTION

¥or several years research workers have been studvine a
heretnfore unidentified growth factor for chicks and rats, the
presence of which has been noted in fish nreparations, liver,
distillers' dried solubles, and certain by-products of the
caznning and nackins industries, Yhen these nroduots were ine-
corporated into certain rations, s marked acceleration in srowth
rate took rlece, whieh wes apparently unrelated to the proteiln

content of the products.

This nroject was undertaken to study further the growth »roe
moting activity of two of the known cources of this Taetor, fish
solubles and liver, Previous work had been done at this station
on the seraration of the active material in fish solubles, and
this study presents resnlts of continued fractionaticn of this

product 2nd of liver.



REVIEW OF LITERATURE

Wilegus and Zander (30) found that soybean oil meal used as
the sole source of protein supplement in an all-vegetable ration
d1d4 not produce satisfastory srowth in chigcks, Addines as little
a8 l.25% of meat and bono serap as a suphlement to the ration ine
proved crowth, and 2,59 produced optimum rates of gain, Likewise,
Berry et al (1) reported that raticns containing 32% soybean oil
meal producted o decreased rate of gsrowth when oonpared with ratlions
containing 209 soybean 0il mezl, 127 corn gluten meal, and 3% meat
and bone scrape They also obtained hiphly sisnificant chisk
growth increcses when 27 or 4% fish press water was added to an
all-vesetable retion, Brant and Cerver (5) reported that when
soybean oil meal was the sole protein source in the ration, chicks
showed slower gains in weisht, and the efficiency of ration utilie
zation wos leas then when fish meal or bone scran was added to the
ration, These differences were not observed durins the developine
and layins periods, Hammond and Titus (10) found that when soye
bean 0il meal was used at a 355 level as the nrotein supplement
in the diet, supplementation with vitamins and minerals was required
in order to secure rapid growth in ohicks, Addition of sardine
mesl at a 2% level to this soybean o4l meel diet produced pains in
growth superlor to a2 diet containing meat sorap and dried skim
milk, IHeuser (1l) reported thet soybean 0il meel as the only
supvlementary protein in nn sllevemeteble ration produced heavier
chicks at eight weeks than peanut oil meal or vheat germ meal,
which in turn were better than cottonseed oil meel and corn gluten

nenle Inclusion of 379 fish mesl inecressed resronse in every case.



The workers conclunded that the effect of the animsl protein wes

not &ue primarily to the edded amino acids,

A great denl of controversy has taken plagce concerninz the
possibility of correcting the deficlencies of the all-vecetable
ration by addition of the known frctors of the vitamin B complex,
Patton et sl (22) supported by many other workers, found that on
a dlet composed largely of sround corn, soybean oil meal, minerals,
and well supplied with the known vitaains, chicks needed an animal
protein supplement for meximum egrowth. #ishler et al (18) reported
that a 559 corn and 4L0% soybean oil meal ration coantained sde-
quate amounts of dlotin, inomitol, para-amino benzoic acid, and
vitamins ¥ and K, Supplementing a diet with riboflavin, rantoe
thenic acld, nicotinic scid, pyridoxine, vitaming A and D, and
minerals, produced pood growth, They concluded, therernfe, thet
aninzl nrotein sunrlenents weres not ensential for s00d chick
growthe Harvel gt 2l (16) showed that addition of distillers®
dried aolubleg to & vegetable nrotein ration sunplemanted‘with
minerﬁla and vitanins produced growth equal to that of a ration
supplenented with meat serap and dried buttermilk, ' They cone
cluded that aninal proteins in themselves were nod essentiasl for

good growth in young chicks,

Novak et a1 (21) reported that distillers® dried solubles
and condensed fich solubles both contained an unknoun growth
factor or factors neceseary for srowth of chicks, Cravens et al (6)
fcund thet a dilet commosed of yellow corn, wheat by=-products, meat
seraps, soybean oil meal, minerals, riboflavin, and fish il was

unsatisfactory as a dlet for growins chicke, Addition of 5%
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alfalfa leal meal failed %o zive significant erowth improvement.
A slisht Improvement was noted with the addition of 5% dried skim
nmilk, Condensed fish press water or ground fish viscern was
hizhly effective in producines growth gains; a combination of dried

skin milk and rish press water resulted in the ereatest growth

astimlus, -
o crau (8) reported, in feedins experiments usine fish

solubles at a 5% level in a diet of soybean oil meal and alfalfa,
supplemented with minerale and vitemins, that the growth of chicks
was greatly stimulated, The protein content of the fish soludles,
he felt, was not responsible for the atimmlatory action, Iishler
et a1l (17) obtained best growth using fish soludles ot a 1,5%
level in a ration containing 367 soybean oil mesl, 58 corn, and
minerel and vitamin supplements, Lassen and Bacon (13) found

that condensed fish solubles could be incornornted into poultry
rations in amounts as hich as 13%, Above this emount the high
mineral content counteracted the growth promotion, Bird et al (4)
and Bethke et al (2) showed that sardine fish mezl and condensed
fish solubles increased hatchablility. They suggésted that the
srowth factor wano transmitted from the hen throush the ese to the
chick, In confirmation of this view lNcGinnie and Carver (14)
reported thet the nesd for the factor in the chiock was merkedly
influenced by the dilet fed the hen, High mortality wes observed
in chicks from hens fed soybean oil meal supplemented by l.7%
fish meel, while chicks from breeder hens on diets containing 4.5%

Tish nmeal showed maxinun growth and livehility.

Emerson {(7) using 509 and 66% alechol fractions of fish solu-
bles at a 39 level in the feed, found the asctivity to be in the
sleohol insoluble fractlions., MNichol et al (19) revorted a



sisnificant srowth response in chick rations containing sn ethanol
insoluble fraction of fish solublaq added to the braal ration at

a level equivslent to 3% of the fish soluhles, Reticulosen, an
anti-pernicisus anemia fastor injlected at a level of 0,05 cc.,
produced a srowth stirmulation equal to that of the ratiosn coﬁt&in-
inz fish solubles, In studies with nuriried rations, these workers
(23) rerorted a sirilar prowth response, They found the unidentified
growth fector in fish solubles to be insoludle in 957 ethanol, sce~
tone, and ether, and soluble in water and 707 methanol, stating

that the higher the concentration of alechol, the less soluble the

factor was,

Hammond (9) end %hitson et al (29) found that cow manure pPro=
duced & growth stimulus when added to a retion supplemented by
vitamins and ninerals, and Whitson further rencrted that the growth
nromotinz factor was not cne of the known vitamina, Rubin and Bird
(25) observed that the growth factor in cow manure was not identicel
with the previously descrited sgrowth factors, They prepared an
ethanol soluble extract from the manure that was elfective in Pro=-
moting chick growthe Bird et gl (3) later revorted this growth
factor in cow manure to be soluble in water at pH 3,0 if the proe
tein were removed, soluble in 20% ac=tone, stable to autcclaving
Tor two hours 2t & neutral nH, but readily destroved by autoclav-
ing it one hour at an acld pH, ©Some destruction of this growth
factor took plsce when the manure was dried or wes allowed to
stand in 2 slizhtly alkanline solution., The workers develoned a le2
week assey procedure using chicks, previously fed a diet deficient

in the essentisl srowth factor,.
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Rubin et 21 (26) found that a chick srowth faotor wes also
nresent in urine free hen droppings, and concluded that tho growth
substance must have been synthesized by the hen gsince it was not
in the hen's diet, It wes not found in the droprnings of srowing
chicks three to six weeks old,

“eGinnis gt al (15) revorted an unidentiried srowth factor
in liver. The zrowth promoting factor wes found in an ethenol
soluble fraction, They found that this factor was uninfluenced
by the type of protein in the diet. Methionine, for instance,
didn't replace the factor, but gave additionsl srowth resnonse,
The ractor wes destroyed by axidution, w3t not absorded by bares
at a pH of 5, L, 3, or 2, and wes iuscluble in acetone, The
active fraction was dialyzable throush & cellophane menbrane,
Optimus growth wés.abtainad in srain rations ucing ns 1little as
three milligrama of different concentretes per 100 srams of feed,
Johnson et &l (12) reportsd a factor present in ensein and liver
meal essentisl for éhiok growthes It weaa distinet from vitomin A
and the known menbers of the vitanin B complex, It waaz soluble
in ether and in ethanol, and was thermostable, Zueker and Zucker
(31) in studies with rats found an unidentified pgrowth factor,
which they nased "Zoorherin” present in 1:20 liver powder, rish
solubles, ané orude cesein reapectively. They reported the face
tor to be soluble in water, dilute acid, elksli, moderately ssolue
ble in 957 aleohol, and insoluble in ether., It was stable to
heat, light, and sir, !Hovak and Hauge (20) likewise reported a
grovth factor for rats, which they ocalled witanmin 313, obtained

from distlllers® dried solubles, rice polishinca ccncentrate,
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and liver extract in a hizhly purified state, 10-{ of this sub=
stance produced meximwm growth in the rats, while 2.¢ gave def-
inite growth stimuletion, It was stable to heat, acid, and alkeli,
and soluble in weter, acetone, chloroform, ethansl, ethyl ether,
and benzene, It was precipitated by phosphotunzstic acid and

lead acetate, and absorbed from acid solution on Floriszil, Lloyd's
resgent, ncorit, and Decalso., The solubility of the substance in
chloroform and ether indicated that it wes not identical with

the cow manure factor.

within the past few months, Rickes et al (24) have reported
the isolation in crystalline forrm of a compound which they ocell
vitasin Bj2. This compound, isclated from liver, has produced
positive henatologicel respansés et doses of a few microsrams in
cases of Addisonian pernicious anemis, (West, 28) It seeus
likely that vitamin Biz may be in part at least, responsible for
tha c¢hick growth promoting sctivity of the hizhly potent -anti-
pernicious anexia (APA) preparstions, Vitamin B2 appears to be
the growth factor recuired by lactobacillus Laétgg Dorner (LID
factor). Shorb (27) found that "Vitssmin By - when assayed for
LID mctivity was found to be wholly or partislly resronsible
Tor the growth activity.” The LID factor activity sccurs in
falrly high amounts in cow manure, Tish meal, pancreatin, papain,
exs white and egs yolk, and in lecser smounts in alecholiec exs

tracts of whey, soybean o0ll meal, #selatin, and zein,



FXPERTIMFNTAL
General

In 81l of these studies dey-0ld mele chicks were used, 14
chicks were included in ench lot in trisl 1, and in 21l subsequent
trials 12 chicke were used in each lot, with one excepticn in
triel L, Chicks were a mixture of Hhite Plymouth Rocks, New
Hampshires, and Dominant White orosses, They were wing-banded
and distridbuted et random through the lots, T7Trials were carried

for a pericd of four weeks each.

The chicks were housed in a thermostatically controlled,
electrically hented battery brooder, ralntalned at suitable
tenperature throughout the experisents, Food nand wnter were nroe-
vided ad 1ib, and the ohicks were weighed at weekly intervals,
%elght records for the individuasl chicks were kept, dut the
weizghts recorded in this naper were the average weekly guoin Obe
tained for each entire lot,

Shenical Fractionation of Fish Solubles

In a previcus study on chick growth made at this exveriszent
station (7), it wes concluded that chicks fed sn allevegetodble
ration supplenentoed with syathetic Decomplex vitenine showed as
grect a gain in welisht durine L end & weeks periodes =s 4id chicks
fed 8 practical poultry retion contalning zninal proteins A
study of the eddition of the B=complex vitenine showed maximum
growth only when all the vitanins werce included in the ration,
The nost significsnt Arop in growth was noted when choline waes



omitted. %hen the allevegpetable ration was supplemented with
the Becomplex vitanins and 3% fish solubles, crowth rates of the
chicks greatly inereased, Chemierl fractionation of the fish
solubles using 509 and 66% alcohol concentrations, showed the
growth activity to be in the fraction soluble in 66% and insol-
uble in 95% alecohol,

The rish solubles used in these exneriments was what is
commonly known as fish press water, ccnsisting of the bedy noise
ture, szastric juices, tissue particles, eto. removed from freshly
pressed sardine fish oills This material was then reduced to a
50% solids consistency through a series of vacuum evaporations,
The protein content of the fish solubles used was approximately
33%..

Chenieal fractionation of the growth sctive materisl in the
fish solubles was besun, using various concentrations of alcoe

hol, then precinitating agentse:

Since growth activity for chicks has also been ncted using
various liver nreparationa 1t was thoucht advissble to compare
the growth obtained using liver fractions with that of the fish
soluble fractionce  Certain liver fractions which haéd been pre-
pared froz & comuercisl 1:2C liver nowder (Wilson) were available
in the lsboratory. Hethods of fractionation for the liver were
ginilar to those of comparable fish soluble fractions, the prep-
arstion of which will be discussed in detail,

The fractlions were tested for srowth promoting activity bdy

addinz them to a corn and soybean oil meal ration, supnlemented
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with Becomplex vitamins and minerslz, Coanczition of the basal
ration and the B=gannlex vitonin susplements is shown in Tadle I,
In all oases filah solubles, as such, were added to the ration at
2 3% level, while sll fragtions made from thies »rofuct were added
to the ration at a level of 4% of the aricinel meterisl, 14 being
allowed Ior losses during processinzse 1320 liver powder and

liver fractions were sdded at levels as desirnated,

Irial 1

It wae felt desirebls to first try %o dunlicate the results
obtained in the previous study with the fish solubtle fractione-
atica, thea to attempt to carry the frmetionation throush further
stages of purifications

lots 1, 2, and L served as controls. Lot 1 was fed the
basal ration, lot 2 the basel ration sunplemented with B vitanmins,
and lot 4 the basal ration sunplemented with B vitsmins and fish
solubless Since it hed been noted previously that omission of
cheline fros the vitamin Becomnlex supnlecents nroduced the most
pericus reduction in chick growth, it wes ccasidered worthwhile
to deternine whether choline elone would cdecuantely supplement
the ration, Therefore, in lot 3 choline was the only vitsnin
suprlement,

Figh soluble frections were prenared in the followins manners
2000 pno, of fish solubles and 3I3.0 ece of 9545 slechol were mixed
together, makinr a 667 alecohol concentration, This mixture wos

stirred until homosencous usins a meshaniecal stirrer, thon sllowed
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TABIE T,
BASAL RATION

L L S S T I e, L NI

Inrredient Fer Cent
Ground vellow corn ' 57«0
Scybean oil meal 3940
Calcius ¢arbonate 1.0
Steamed bonemeal 240
Salt lof}
TOTAL 100,0

The ration was supplemented with the follow-
ing vitanmins ner 100 nounds of feed: Vitanmin A
and D feed oil, 115 gms.; Thiamine, 90 mz.;
Inositol, 1 gn.; Pars-anino henzolc acid, 500 mg.;
Fantothenic asid, 500 mg.; Pyridoxine, 150 MPe$
Choline, 70 gms.; Ribaflavin, 3 gme.; Hicotinic
Acid, 800 mg.; Folic acid, 45 me,

— e p————
sas
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to stand until there was a separation in the mixture, The supere
nateat liguid, a c¢lear derk brown in color, was poured off, and
the remainins porticn remixed snd centrifuged, The supernatent
solution was aeain raemoved. ZExtraction of the residus was cone
tinued using smaller portions of 664 alcohol until the supere
netent sclution after ceatrifuzing wee practiocally colorless., A
fetty laver forned on for of the liguld after centrifucine. In
an effort to remove it, 100 ml. of ether were added to the liquiad,
but this d4id not prevent separation, The fay layer was then ale
lowed to o into the liquid portion, and was later removed by
pipeting the licuid out from under the fat layer,

The 665 alcohol inscluble portion of the fish solubles was
spread out in & porcelain tray to dry on a hot plate. From time
to time the pieces were broken up and turned to facilitste dry-
inge After dryinz, the materisl wass zround to powder in & mill,
and was sdded to the bamal ration in lot 5,

The supernatent licuild was filtered with suctinn to remove
any traces of insolubdble mnterial, By means of vacuum distillation
it was then reduced ia volume to that point at which the viscous
residue could just dbe removed from the Tlask, Since this mater-
izl stil)l retzined a &rmall smount of weter, it wes dehydrated by
the addition of 2000 nle of absolute zlcohol and stirri-m. This
process was'repeated with severel smaller porticas of absoclute
aleohols The dehydrated residue was then repeatedly extracted
with apprroximately 250 nl, portions of 95% mleohol until the
aleochol extracts became lisht yellow in eolor. All the alenhol

gsoluble fractions were conbined and reducsd in volume by vacuum
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distillation. This fraction was designated the 95% aleohol solue
ble fraction and was added to the ration of lot 6, The 95%
eleochol inscluble residue was dissolved in water, in whieh 1t was

readily soluble, and edded to the ration of lot 7.

338 @ms, of the 95% alechol insoluble fracticn, renresent-
iag 10 of the rish goludbles, were thea dissnlved in 500 ﬁl. of
water for further fractionation. Basle lead acetate wns dissolved
in water, bolled, filtered, and added to this frection in suffice
ient emountes to precipitate & rortion of the r»roteinaceous mater-
ials in the solution, <The correct amount was determined by cen-
trifucing small portions, then adding the acetate solution until
no furthef opreciritation occurred, The supernatent liquic was
then decsnted snd filtered. The precinitate wes repestedly ex-
tracted with hot wnter, then centrifused, and the ligquid added to
tha filtrate, Lead was removed as the sulfide, which was then
centrifured and the preaiﬁitatﬂ'thoroughly wached with hot water
to extract any absorbed materisl, DBoth the lesd filtrate and the
precipitate were clear brown sclutions, The lead Tiltrate was

added¢ to the ration in lot &, and the lead precipitate in lot 9.

1:20 liver powder woez included in the lot 10 ration st a
3% level, and & 95% elechol insoluble liver fraction representing
L% of the 1320 liver vowder was tested ia lot 11,

To study the effect of fish soslubles without the Becomplex
vitasin supplement, fish solubles were added to the dasal ration
in lot l2.



For comparison purposes a practicnl chick starter ration,
contnining enimal vrotein, was Included to deternine relative
growth between this ration and the others, conteining princi-
pally vecetable protein. (Lot 13) Compositisn of this rstion is

given in Table II.

Trial 2

Serving as controls in this study were lot 14, fed the basal
ration, lot 15, Ted the basal ration supnlemented with B-gomplex
vitamins, and lot 16, fed the bdasal ration supnlemented with

Be-comnplex vitamins and fish solubles,

A 66% aleohol ssludle fraetion of fiszh solubles was pre-
pared by nixins comparable amounts of the 957 alecchol insoluble
fraction and the 95¢ alcohol soluble fraction prepared for trial
l. The resulting fraction was added to the rsztion in lot 17.

The other fish solubdle fractions were prepared in a menner
ginilar to those in the first trial, To 2000 gus. of fish golue
bles, 580 ﬁl; of water were added, and the two mixed and allowed
to stand overnisht in an unsuccessful attempt to remove the fat,
Then 5300 co. of 95% aleshol were sdded, =akinz a 66 alechol
concentration, This solution wnsltreatud as previoualy desorided
in triel 1, centrifuging and re-extractiag with 669 alcchol une
til 211 the aleohol soluble fraction wes rermoved, This time,
however, the volume of the 66j: alcohol soluble fraction wasg not
reduced 2s much a8 defore, the licuid beins left in a fairly
thin fluid stace. A further effort was made to senarate the fat,



TABLE II.
PRACTICAL CHICK STARTER RATION

P ——
Ingredient rer Cent

Ground Kafir 30.0
wheat Shorts 10,0
“heet Bran 10,0
Pulverized Barley 10.0
Alfalfe leaf leal 10,0
Soybean 0il Meal 10.0
Meat and Bone Scrap 10,0
Dried Buttermilk 20
Calcium Carbonate 1.0
Salt - 1.0
TOTAL 100.0

“The ration wns supplerented with Delsiorol, 0.0256

and Carotene Premix. 031&..l

15



16

first by refrigeration, an? then with petroleum ether with little

success, so the pirette method was azain uned,

The lead precipitation was carried out as before, excent
that the entire fraction moluble in 667 aleohol was used. The
leed filtrate was reduced unier pressure Lo a volume of leass than

two liters,

4 mercury precipitation was carrled out in the following
manner: The lead filtrate was neutralized with acetic acid, us
tested with litmus., Mercuric acetate wes dissolved Iin hot waeter
and ndded to the filtrate, sodiun carbonate beinz added at the
same time o maintein the neutrality of the solution. & rich,
ereany c¢olored molution was the result, lercurlc asetate was
added until there was no further precipitation when portions were
centrifured ané the scetste added. Then the solution was aszain
asde aneutral to litmms, It was stirred using the mechanionl
stirrer for cae-helf hour, then was ceatrifused to senar=zte the
filtrate and the vrecipitate, The filtrate was cloudy, but
further filterine usine filter cel rroved unsuccessful in removing
the cloudiness, whether the solution wers basio or acidic or even
when more alcobol had been added and 1t had been refrirsersted

before filtering.

After sdjustinz the solutions to a »H betwesn L and 5, using
litmus and conso red as indicators, the mercury and lead were
renoved from the mercury filtrate and rrecinitate and from the
lead preciritate as the sulfide, These sulfides were discarded
after being recoved from the solutions by centrifuesine, then

washine as previocusly described, OSince the volumas of both the
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ﬁeroury precinltate and riltrate were so larcme, they were reduced,
usins vacuum distillation, <uantities of larpe white crystals
separated, apparently the aslts resultins from rensated addition

of acids and buseg, These were filtered off, washed, and discarded.

The lead precinitate was added to the lot 12 ration. The
merceury precinitate, a pale yellow solution, and the mercury
filtrate, a glear oranse aolution, were sdded to the ration in

lots 19 and 20, respectively,

Since the liver preparstions in trial 1 hsd »reduced optie-
mam 6hick growth, it was declided to study the effect of decreas-
iaz the smount of liver nowder in the ration, Therefore, the
equivalent of 2% of the liver powder was used in all lots, 13120
liver powder wes used in lot 21, and the 95% alcohol fnasoluble
liver fraotion in lot 22, A Norite filtrate snd a Horite eluate
of the 957 aleohol insoluble liver fraction were used in lots
23 and 2L, respectively. The nreparation of these fractions was
gimilar to that of fish svluble fractions which will be described
in trisl 3.

In lot 25 chicks were fed the basal ratioan nlus B vitanin
suprlements, aond were injeoted with a concentrated solutiosn of
APA liver extroct at a level of 0.2 ccs ner chick per weelk,
These and all other Injecticns were made twice each week, bhee

aianing when the chicks were one week old,

Sinoce some authors have reported ~rowth activity in alfalfa
leaf meal, and & 90% alcohol insoluble fraction of alfalfa leaf

was availabls in the laboratory, it was lncorporated into the
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ration of lot 26 at & 10% level,

irial 3

In this triel ac before the first three lots, 27, 22, snd
29 were the bassl ration, the bassal ration suprlemented with B
vitamins, and the basel ratlon supnlemented with B vitarins and

Tish solublens

¥Fish soluble fractions used were the following: The merocury
filtrate fraction prenared for trisl 2 was added to the ration
in 1ot 30,

The remsinder of the mercury filtrate, 1160 nl., was reduced
in volure under nressure to 40 mle 40O ul, Of water were added,
and the solution nixed thorauthy; Then 1/L of this mixture,
110 ml,, representinz 18% of the original fish solubles, was
diluted to about 300 mle with water, and the pH adfusted to be-
tween 4 and 5, usling acgetic acld, and testians with litmus end
congo red indicatorse A 10 gne portion of Norite A was added,
and the sclution mixed thoroushly, using a glass stirring rod,
It was then heated, stirred vigorously, and filtered, This pro-
cedure was rereated seven times, untll no further cclor change
was apparent. This solution was n pale, clear yvellow in Golors
It will be identified as the MHorite filtrate. This fraction was

added to the ration of lot 31l.

soniacal 704 aleohol was nade by addins 2 21, of concen-
trated armonium hydroxide per 100 ml, of 70 aleohol, 200 ml,
portions of this aleochol were added to the lorite eluate, using



19

the above procedure, stirriag, hesting, and filtering, The
Horite was rewezshed with the ammoniacsl aleohol until the aleohol
washincs vere ¢lear m=nd enlorless, This solution, the Norite
eluate, was also pale yellow. It was added to the ration of lot

32.

Three other fish soluble fractions were prepared, usins
aloohol concentratlons for extraction not previously tested, To
LOCO emae of fish solubles 1000 nile of 70% alechol were added,
and mixed thorsushly. The resultine solution wes refriserated
overnicht, 500 ml. of 957 aleochol were sdded to the solution,
making an aleohol concentration of sporoxinately 755. After mixe
ing thoroushly and letting the solution stend a short while, the
supernatent lliculd was decanted, The remamining portion was re-
mnixed end refrigerasted, The following day the solution was file
tered in an sttempt to remove crystals which had formed. Since
this was unsﬁcsesarul, the solution was ceatrifused, thus separe
ating the coryntale from the 75 aleochol soluble fraction. The
erystals were weashed in 20— alcohol repeatedly, then centrifused,
separating the crystals and licuid. The liguid was =dded to the
757 aleohol soluble fraction. Then 500 nle of 95% aleohol were
added to the fractlon and mixeﬂ; bringins the concentration of

the frzetion to 80% egleshol,s It was then refricerated overnicht.

“ince the erystals sepsrated out from the 757 aleohol frage
tions sppecred to be largely nade un» of inorsanic sslta, s sanmple
was dried in the oven, then nshed in a muffle furnsce. The 28%
loss in weirht and & positive chloride test using silver nitrate

proved the fraction to be largely inorganic matter., Therefore
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theo fraction was discarded.

After refrigeration, the 20% aleohol soluble snd insoluble
fractions wera'aonarauﬁﬁ hy centrifucing and filtering. The
solution oa Ceatrifugins separated into three distinet lavers,
the soluble.fractioh, a fatty layer, and tha insoluble fraction.
The insolubls fyaction wus:quhaﬂ several times in 2594 slenhol,
and the wﬁahiamﬂfaﬁdad to the 20, aleohel soluhle fraction. The
80% skgohol lﬁﬁolubla rractian was sucked dry, usiaz & suction
filter, and ¥ds added to the ration (lot 33). The soluble frace

tion was sat;aside-rar further extraction,

‘the fat layer was re-extracted twice with 20% nleshol, and
the wghiings sdded to the 20° 2leohsl soluble fraction, before
the fat, was discarded, Sufficlent 95% aleochol was then sdded
to thie anluble fractisn to drines the 2loohal concentration from
80¢ to?gsﬁ. It waz then trested =s nreviously deccribed, re-
rriwawntina, sentrifur~ine, weshine, snd filltering 2, t0 serarate
the 85" mlcohol soluble and insoluble fractions., The #5% alcohol
insoluble fraction wes included in the ration of lot 34, and the

£5% amlcohol scluble fraction, of lot 35.

Purther studlss were made in this trilal on the growth stimu-
lating effoctys of the Injected liver coacentrate, 710 deter=mine
whether ontinum growth could be produced usiaz o lower level of
the extract, two lots were injected, In lot 36 the chicks re-
ceived injections of 0.1 cc. per weelk, while in lot 37, of C.0L

CCa

Other liver studies were made, usinc hisher levels in this
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trisl than before, 1:20 liver powder was incorrorated at a
level of 3% in lot 38, andéd the Norite sluste of the liver powder

wns used at 3% in lot 39,

Irial 4

Thiz lzst trisl wae run as e re-check on some of the most

active fisbhb soluble and liver fracticns,

1ot LO was fed the dasel ration, lot L1 the hesal ration
supplemented with the Begcomplex witarinas, snd lot L2 the basal
raticn suprlerented with the Becomnlex vitening and fish solu-

blee, lercury filtrzte wes added to the retion in lot L3,

To rrepare & Mlorite sluate of the nercury riltrate of the -
fizh solubles, 110 nl. of the filtrate were diluted to 300 ml,,
acidified and treated in the nanner previously described., After
obtzining the Norite eluate, it was divided 1nt§ two portions,
one sdded to the feed in lot L4, and the other reduced in vol=-
ume using vacuun diatillation to a volume capable orlbeiﬁg in=-
jected into six badby chicks, The injections were made in lot

L5 8t a level of 0.25 cc. por weak,

The Norite eluste of liver at a 3% level was included in

the 1ot 46 ration, The lot L7 rstion was supplenmented with

AFPA liver extract injfegted at = {,1 ml, level eanch weelk,

All fractions found active were

sanpled and the per cent
of ary wel

2ht and ash deternined by oven aAryine and by ashine in
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a muffle furnace at.55000. Results of these determinations are

shown in Table VI.

A surmary of the procedures in the fractionation of fish solu-

bles is presented in chart form in Fisure .



Figure I.

Summary of Chemical Fractionation of Fish Solubles

66f aloohol soluble fraction ' 86% aloohol insoluble frastion
reduced and extracted with

ii!.».rmzl

leo solubl otd 98% aloohol insoluble fraction precipi-

d with lead l

d Precipitate Lead filtrate precipitated
with mercuriec acot[to
Mercury filtrats treated with Norite Mercury precipitate
Norite filtrat Norite eluate

(X4



RESULTS

Results of trial 1, revorted in tabular form in Tnble XII and
shown graphicelly in the accoapanvinz srowth curves in Filgures 2, 3,
and &4, indicated that growth nromoting setivity enual tos that of the
oririnel fish solubles was found in the 95¢ alcohol insoluble frac-
tion. The 957 alcohol soluble fragtion cerried some activity, while
~ almost none was found In the 667 alcohbol insoluble fraction. The
lead precinitate and filtraste both showed a limited aocunt of ac-
tivity, but it wes 80 evenly divided that a lead precipitation
method 1is of doubtful value in concentratineg the zrowth sctive face
tor. It wes evident from lots L and 12 thet fish solubles, as such,
cerried sufficient activity that the Becormplex vitamin supplements

gave very little boost to the ration.

Apparently liver preparations had apprariﬁatcly the sarme mrowth
potency as fish solubles, for the 1:20 liver powder and its 25%
alcohol insocluble fraction nroduced maling in welsht only siishtly

less then those obteined usins Tish solubles,

Extremely low growth of chicke in lot 3 indicated that a supple=-
ment of choline alone would not cupport adeguete chick growth,
showing eleerly the inter-reclationshiy of the Be-complex vitemins.

The results of Ymerson (7) were confirred in that vegstable »rotein
rationg supnlemented with fish solubles far surpaassed in growth
promotion that of the practical chieck starser rotion contzining

aninel protein.

In trial 2 further efforts at concentrating the growth »nro-
noting factor in fish nolubles were made, usinz a nercury nrocipi-

tation method. Results (Table IV and Fisures 5 and §) showed very



TABLE III.

Trial 1, Average Weight Geing of Chicks on Various Supplements
to an All-Vegetable Ration During a 4 Week Period

M

Lot Ration Gain in Weight in Grams per Week Gain in
- G R | Tiwe  souoiod e i
2 Basal, B Vit. 31 51 57 523 191
3 Basal, B Vit,, Choline 29 26 31 47 133
4 Bagel, B Vit., Fish Solubles 26 61 130 87 304
§ Basal, B Vit., 66% Aloohol Insol,* 29 25 104 75 232
6 Bagal, B Vit,, 95% Alcohol Sol,.* 3 52 96 68 247
7 Basal, B Vit., 95% Aloohol Insol.* 25 72 139 69 308
@ Basal, B Vit,, Lead Filtrate* 22 47 59 88 198
9 Basal, B Vit., Lead Precipitate® 24 48 76 70 218
10 Basal, B Vit,, 1:20 Liver Powder 20 84 113 87 284

11 Basal, B Vit,, 95% Aleohol Insol.** 20 54 95 115 295
12 Bssal, Figh Solubles 22 67 78 124 291

il A Iy D
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TABLE IV.

Trial 28, Average Weight Gains of Chicks on Various Supplements
to an All-Vegetable Ration During a 4 Week Period

Lot Ration Gain in Weight in Grams per VWeek Gn l.n

~I{ Basal 'ﬁLA hﬁj “.;E . .55 GIH
15 Basal, B vit, 29 b5é 71 86 242
16 Basal, B vit,, Fish Selubles 40 70 104 a7 301
17 Basal, B vit,, 66% Alcohol Sol,* 33 68 102 111 314
18 Basal, B vit., Lead Precipitate * 33 50 82 14 272
19 Bapal, B vit.,, NMeroury Precipitate® 33 55 1186 97 201
20 Basal, B vit,, Meroury Piltrate * 29 70 92 108 299

21 Basel, B vit., 1:20 Liver Powder 34 66 79 95 274
22 Basal, B vit.,, 95% Alcohol Insol.** 33 64 86 102 2885
23 Basal, B vit., Norite Filtrate ** 38 68 74 54 244
24 Bagal, B vit.,, Norite Eluate ** 31 6l 8e 58 236
37 70 92 110 309

25 Basel, B vit., Injected APA Extract

6c
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hish, but nesrly comperable zrins in the mercury p»recinitate and
filtrate. These fractions and the 6% sleohol soluble fraction
showed activity egqual to that of the original Tish solubles, He-
sults with the lezd preeipitate, 1:20 liver powder and the 957
aleohol insoluble liver fraction paralleled those of the first

trial.

Extremely hich activity was noted with the use of the APA
liver injections. The HNorite eluate and filtrato of liver, howe-
ever, as well as the 90% aleohol insoluble slfelfa fraction,

showed almost no potencye

Deterninations made on the most active fractions for the per
cent of dry weilrsht and esh (Table V) showed that & concentretion
of nerrly €0 times that of the original fish asclubles had beon
Iaehieved in the YNorite cluate of the mercury filtrate. Results
of triel 3 (Tadble VI and Fisures 7 and 2) indicated thet this
fraction produced growth gains nesrly eaqual to that of the fish
solublen, The 257 aleohol soluble fracticn and the nercury ril-
trate showed relatively high sctivity also, but determinations on
these froctions indicated that ooncentrations of only 2.6 times
and 2.5 tices, respectivelry, had been brousht sbout., It was noted
that the Tarite had been effective in achievine & partial separa-
tion of aetivity, The Horite flltrate of the mercury rfiltrate, as
comnared with the Horite eluate, conteined very little sctivity,
althcush o concentration of 10 times wac shown by sanalysis., The
35 gleshosl inscluble raction zhowed very smsll cnbparativm gains,
and the 807 aleohel) inescluble fraction none,

Reducins APA llver Injections from 0.2 cce t0 0.1 ¢¢c, Der week
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TABLE V.

DEGREE OF CONCENTRATIOH OF ACTIVE FISH SOQLUBLE PRACYIONS

s ; :
in of in of tration

Fraction Samﬁla Wt.
in Grams Grens Dry Wt. Crams Ash Tines
854 Aloohol 5.416 0u868 16.1  0.07% 3,0 2.6
Sﬂlubla 5;19!8 ¢ P 855 16.3 0 .132 3 .0
Percury 5546 2,037 370 Q.76 10.0 25
Filtrate 54940 2.206 37.2 00512 9.0
fiorite l&of&l‘!} 01039 2.1 01022 0.5 56.9
Eluate 54483 0,102 2e1 0.026 (ie5
Norite
Filtrate £.70G3 Ce73C 11.0 0. 268 Iy Q0 10,0

5-11»5? 0.592 11.0 0.1()1 5.0




TABLE VI,

Trial 3, Average Gains in Weight of Chicks on Various Supplements
to an All-Vegetable Ration During a 4 Week Period

M

Lot Ration Gain in Weight in Grams per Week Gain in
e Ty e | B - Dan | o | mencs s
28 Basal, B vit, 18 28 74 47 167 '
29 Basal, B vit,, Fish Solubles 24 71 90 106 387
30 Basal, B vit,, Mercury Filtrate* 25 60 45 120 260
31 Bagal, B vit,, Norite Filtrate* 21 87 63 56 199
32 Basal, B vit,, Norite Eluate* 22 61 92 94 269
33 Basal, B vit.,, 80% Alcohol Insol.* 24 43 29 69 168
34 Basal, B vit., 85% Aleohol Insol.* 21 50 73 83 197
35 Basal, B vit,, 85% Aleohol Sol.* 22 47 90 105 264
36 Basal, B vit,, Injected APA Extract, 0.,lc¢0,20 58 es 165 271
37 Basal, B vit., Injected APA Extract ¢,04c¢c.13 85 87 105 254
38 Basal, B vit,, 1120 Liver Powder 17 61 99 84 61
47 52 171 283

€



Figure VII,

Growth retes of chicks in trisl 3
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resulted in no apoarent reduction of growth. omewhat smaller
gains were produced, however, when the injections were cut to
0«04 0Cca, @lthough they were still comparable to those obtained
uging 1:2C liver powder, The Norite eluste of liver apain showed
little activity. This varistion from the activity of fish solu-
bles seems sonewhat unususal, since other ecomparable fish soluble

anéd liver fractions have shown sinilar amounts of netivity.

Trial 4, which was run a8 a re-check on sone of the nmost
active fractions of liver and fish solublesn, simply confirred re-
sults of previous tests (Table VII and Firures 9 and 10). Inject=-
Ing the Norite eluate of the mercury filtrate resulted in somewhat
smaller geins in welsht than when equivelent anounts of the frage

tion were added to the ration.



TABLE VII.

Trial 4. Average Weight Gains of Chicks on Various Supplements
to an All-Vegetable Ration During a 4 Week Period

e e e e e . e e

Lot Ration Gain in Weight in Grams per Week Gain in

30 Basal oo oo . mnew: ‘e | Ciewmmess:
41 Basal, B vit. i3 31 30 51 185
42 Basal, B vit,, Fish Solubles 16 52 76 L] 247
43 Basal, B vit., Mercury Filtrates 16 34 58 94 201
44 Basal, B vit,, Norite Eluatos 16 34 87 82 199
45 Basal, B vit., Norite Eluate, Injecteds» 15 43 62 56 166
46 Basal, B vit., Norite Eluatess 17 31 40 71 169
47 Basal, B vit., Injected APA Extract 14 38 76 104 231

# indicates fractions prepared from fish solubles
#% indicates fractions prepared from 1:20 liver powder




Figure IX.

Growth rates of chicks in trial 4
on ratioms 40, 41, 42, 43, 44, and 45,
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Figure X,

Growth rates of chicks im trial 4
on rations 41, 42, 46, &nd 47,
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CONCIUSTIONS

Results obtained from these trials of feeding youne chioks
an allevegetable retion supplemented with varisus fish soluble
and liver fractions enable one to draw certain conelusions cone
cerning the chemicel a&nd physiocal oroverties of the prowth promote
ine factor. In the flsh solubles, this growth promoting activity
was found in the 66%, 80%, and 85% aloohol frsctions, Decreased
aetivity has been oconsistently found in the 95, alcchol soluble
fraction, The decreased solubility of the growth prosoting factor
in higher aleohol conecentrations wes ales observed during the frace

ticnetion of liver.

Additicn of baric lead noetate to the 66F aleohol soludle
fish soluble fracticon nroduced a lend filtrate containine a fairly
hizh degree of activity, Since a share of the activity was also
found in the load »recinitate, 1t is impossidble, without further
investigntlion, to determine whether the leaéd »recinitated some of
the active factor, or whether it may have been cccluded by the
guantities of flocculent matter which wns carried down upon the
addition of lead. In nny'event, a large amount of inert material

was renoved from the lead filtrate by this procedure,

¥hen further preginitation of the lead filtirate was carried
out using mercuric acetate, similar results were obtained, Activ-
ity was found in the mercury filtrate in feirly hish amounts, but
wag noted to a marked extent alsc in the mercury nrecinitats,
Once azain the action of the mercury upron the sctive factor is in

guention.s hepardless of whether or not precinitation of the
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growth nromoting factor was brought adbout by the nercury however,
the resulting mercury filtrats was found tc b frec of approximately
90% of the inert materisl found in the original fish soludles,

It may be secn therefore that = high percentasge of purification

had been-brought about by these precinitation methods,

Treatment of the mercury riltrate with Horite produced e

- filtrote containing dbut little sctirity and an eluate that was
hirhly active. Thus it is appareat thatlﬁorite hes en adsording
effect on tﬁe growth promoting factor. However, it 1s nossidle
that thls =zotion is incomrlete, since the gaians brousht about by
this Horite eluate were not squal to those of fish solubles, and
since the Norite filtrate 2lso contained s small emount of active
ity. HMevertheless, from a practical standpoint the Horite was
the most elTeotive of all methods used, for 1t produced a highly
concentrated active fraction, containing only l.5% of dry matter,
or a 60 fold oconcentration of the-afiginal fish soludbles. A
hicher decree of potency wen observed when the liorite eluate

wes administered orally than when it wao injected.

The liver preparstions tested were based on 2 hishly active
95% alcohol insoluble fraction made from Wilson's 1:20 liver
powder. The fractionstions wore made in g method zimilar to
those of comparable fish soluble fractlions whose preparation
heve boen previously discussed, In gener=l, the prowth faotor
in both fish golubles and liver showed similer propertiesz cnd
effects. However, in the 95% mloochol insoludle liver fremction,
the sctive faoctor was apparently not adsarhbed on Horite to any

aarked exteat, since several trials using the resulting NHorite
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eluate showed consistently low levels of activity. This variation
from the results obtolned usine a forite eluate of fish solubles
may well he due %o a Jdifference in the extranensus materials present
in the two solutiona, whieh oosuld easily bde resnnasible Tor 4ife
ferins reactions, rather than to & difference in the factor ite

aelf,

Injection of the antileperanicious anenia liver extract showed
it to be hiehly effective in prozoting growth, Thus it cecrs exe
tremely likely that the new vitesmin By, 1solated Irom liver and
80 effective in treatment of Addisonisn pernicious asnemia, ey
also be the same hishly potent erowth factor whick has been under

observation in these studies.

Crowth sctivity in alfalfa leaf has been reported by some
euthors, dbut the results of the lot tested in trisl 2, usine a
dehydrated alfalrfa leaf fraction, wore corpletely nepative. The
1070 level of the leaf eguivslent used fer exceaeded the percentese
included in the ration of other sources of the active »rincinle,
so these results seern eésnolusive, They confirm the work of
Brerson (7) who found that =21falfes leuf meal added to the ration

resulted in no zrowth stizulus,



SURMMANY

The crowth promoting sctivity of fishk solubles and liver
preparations for chieck mrowth on sll-vegetable roticns has been

investirated.

Chemical fracticnation of the active substance has resulted
in partial separation. Results indicate that the greatest degroe
of concentration of activity was attalned in the NHorlte eluate of
the mercury riltrate of the 664 alecohol soluble frazction., The
concentration of this fraction waes nearly 60 tizes that of the
original fish solublez, Injection of this fraction in the chicks
produced growth pains slichtly lower than those produced by adding

it to the ration.

Liver preparations showed aporoximately the same zrowth
promoting activity as fish solubles, Of those tested, injection

of the APA extract produced the rsreatest welsht cains,

It seems protable that the activity for growth prromotion
noted in the rish solubles and liver fractions beasrs some relation
to the newly asnnounced vitamin By, isolsted from liver, althousgh

further research will be necessary in confiraing this assumption,
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