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ON THE ACCELERATION OF LIPASE ACTIVITY CAUSED BY
THE ACTION (OF SUBSTANCES CONTAINING VITANIN 4

I. Introduction.

The discovery of the presence of ceytain growth promot-
ing factors and meluutrition correctives in foods is yet so
recent that their isqlation srd nutritionsal functions are
pot known at the present time. Something is known, howevsr,
of the properties of the more outstending of these factors,
termed originally by C. Funk, Viismines, snd changed later by
Jo C. Drummond to Vitamins in order to0 avoid an& implication
gs to chemical constitution. Thus, Vitamin Al has beeh found
t0 be sssociated with f£sts and oils which have their origin
in snimsl life. 1In plsnts, howsver, Vitamin 4 is not gener-
glly associsted with the fets as it is not readily extracted
from such sources by means of fat solvents. Vitsmin 4, i% hss
been found, is not destroysd to any great extent by 2 saponi-
fication process involving the use of a non-aqneoué caustie
alkéli. It is, however, destroyed slowly by heat and much
more rapicly if oxygse is pr%ssnt during the heating. Thus
it is noted that aerating butter fat st 100° ¢. for four hours
ingetivates the vitamin. Vitamia 4, in Soms unknown mapner,
promotes the grpwth of animsls when present in smounts almost
unbelievably smell., It prevents and cures zerophthalmer Iif
this disease of the eye has not been permitted to go too far.

Vitemin 4 is distinguished from the other vitamins, B and C,

R
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by its solubilities and physiological effects. As to its
nutritional function, it may be stated that Vitamin A ap-
pears t0 be associsted with fat metabolism as well &s with
the other metsbolic process requisite for growth snpd main-
tenance. The exsct msnner in which it functions during fat
metabolism does not appesr to be known. J. C. Drummondz, who
has worked on this, wae not sble t0 obtain any dirsct rels-
tionship betwsen Vitamin A &nd the synthesis of fsts from
free fatty acids when fed to rats lascking this vitamin., It
appears from his work that the power of sbsorbing fatty scids
is retained after the rats have begun to show the charscter-
istic symptoms of lsck of . ' Later work By Osborne and
ﬁendels indicates that fatg are dispensable constituents of
the diet provided there is present a snitable souwrce of Vita-
min A,

The verious enzymes contained within living tissuves ss
in the digestive finids of sanimals. are indisputably closely

eonnected with the metabolic processes taking place within

' the animel body. Sincs sny change in the velocity of the

enzyme resctions is bound to sffect the rate of synthesis and

decomposition of vitsl tissus, it should not be surprising

if one function of the vitemin is to bring about the normsl
velogcity of enzyme resctions. In this connection it is wor-
thy to remark that as yet no enzyme resction has been known

to proceed as fsst in vitro ss in vive. It may be that part
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of this difference is due to the sbsence of vitamins in
cnzyme reactions carried out in vitro.

Few investigetions of the effect of vitamins upon en-
zymes heve been carried ocut. Harden4 ealls attention t0 an
unaccountably increased activity of yeast juice which con-
tains zymase, if again bolled yeast juice is sdded.  In the
same puhlicetion5 he refers fto Abdsrholden and Schauman's
work, calling attention to the fscet that sddition of various

fractions of an ascid extrsct of yeast to yeast Juice causes
greater sctivity on the part of the zymsse. It ie entirely
probable thet Bios, the yeast growth stimulant, is sssoci-
ated with this unusual accelerstion, inasmuch 38 the condi~
tions of experimentation wers such thet Bios could be safely
sssamed to be present. If this was to bs found true, and
some very preliminsry work om the part of the auvthor seems
to indicate that this is so, it can be inferred by anslogy
that the vitsmins may also be conceruned as scceleration of
ceriain of the engymes of the enimél body-.

¥. J. Villaroei® has observed that extracte of Vitsmin
B, obtsined from yesst, pancress snd from testes sugment the

action of cataslose sxtract of liver. These extracts were

‘also found to sccelerate eastor bean lipase and the smylo-

lytic sction of 1sks disstase and of smylose., He suggests

thet the vitsmins function as ssteration of enzymes in vivo.

However, the critieism of 4. Sordelle’ that the extracts

e i b e g
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containing B are complex and that it is necessary to show

that the stimvlation is due to Vitemin B is justifisd.

U. Ssnimertenc®, working with vitsmin extrscts, found that
zymase activily was sccelerated, wheress the seme vitamin
extract had little sction upon repSin and a small pesitive
sction upon trypsin and Jisstaese. However, the acceleration

in the case qf trypsiﬁ and digstese was very small as gomparsd
to the sceeleratiom obtained with zymase. OCatalase activity
was decrsased or increesed considerably depending upon the
reasction of tke vitemin sxtract. His work wonld indicste that
the vitamine exexrt a specific sction upon enzymes. It is unfor-
tunates thst in his publication he does not specify what vits-
min he worked with nor the mode of preparation. Taﬁaka Yoshio
made the observation during the course of his werk on the cas-
tor bean lipase that & water extract of lipase accelerasted
lipase activity. There is found, therefore, in the litersture
record of a few instances in which enzyme activity hss been
aceelerated by extrsets msde from sources now known to contain
vitemins. Howsever, it must be emphasized that in none of the
cases noted have the investigatione been carried to such s
stage that factors other than vitamins were eliminated.

The present problem grew, therefore, out of a realization
of the lack of iﬁa&eqnate explenation of the increass in enzyme
action by certain extractis snd slsc out of a likelihood that
Vitemin 4, doe to its presence in the fat vehicle, must come

into contact with the enzyms lipase;

o .
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II. Statement of the Problem.

The object of the work presented by the suthor is to

determine;

1.

S

4.

The gffect of Vitamin A concentrates upon lipsse
action in vitro.

To eliminate as far as possidble factors other than
Vitamin A to which scceleration if noted might bte

L3

aseribed.

The effect of Vitemin a4 is found in the common Vite-
min A vehicles upon lipase action in vitro.

To establish if possible & parsllelism between ani~
mal growth induced by Vitamin A and accelersted

lipase sctivity in vitro csnsed by »resence of Vite-

min A& concsntrstes.

ot e A e i e
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III. ifaterials 2nd Msthods.

The most suitable and counvenient method for the estims-
tion of lipase activity sppeared, sfter some prelimingry work,
t0 be the hydrclysis of e¢thyl butyrate by the lipsss contsined
in commerciel prepsration of psnereatin with subsequent deter-
minstion of the butyric acid by stendard alkali afier a
Reichert-ieissl &istiila%ion. This method gives qusntitstive
measurements with s fair degree of sccurscy, provided the Op-
erator is careful to observe certein precautions st various
steges of the anslysis. The hydrolysis of ethyl butyrate is
a familiar reaction and has been extensively studied from
various points of view. A consideration of these studies is
not within the scope of this thesis and the avthor wishes to
eall attention only to csrtain phases that were met with in

the course of the work.

A. Lipase;

The commercisl preperstion of pancreatin is a glyeerol
extract of the pancreazs of & sheep or of a pig. Altho much
of the fat adhering tc the pancreas is removed before extrsec-
tion, there is no doubt considerable opportunity for glycerol
to dissolve fatty materisl along with the enzymes. It was
noticed during tﬁe preliminery work that small amouﬁts of a
substence volatile with steam but insoluble in water was ob-
talned in the distillate receiving flasks., Presumsble this

substence was composed of volatile‘insoluble fatty acids. To

T g a7
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avoid having any fatty acids other than the butyric acid
derived from ethyl butyrate present it was deecmed advisable

t0 extrsct the pencrestin by means of ether for a period of

12 hours. It was found that the ether had exiracted consider-
able fat from the psncreatin. The extracted pancrestin was
sbout as active gs the urnextracted.

P. B. Hawklo stafes that pencrestic lipase is very un-
stable and is randered inert by the presence of ecid. To
avoid this inhibiting sction by hydrogen ions it wss decided
t0o use the slightly alksline buffer, HagHPO4, in the medium.

Preliminary experiments indicated that 0.5 gms. panore-
atin wes a convenient quantity to cause meassureble hydrolysis
in the course of four to ten hours. 0.5 gms. of psuncreatin
were thersfore takenm up in 5 cc. of the RagHrQy medium, in
which the psncreatin reasdily dissolved, forming an almost

transparent light brown solution,

B. Ethyl Butyrate:

Ethyl butyrate when taken from stock was found to be
slightly hydrolyzed. It is of decided edventage from sn ana-
lytical point of view that the ethyl butyrate be as free as
possible from butyric ecid. Stock ethyl butyrate that proves
to be very acid may reedily be purified by weshing the ethyl
batyrete with dilute slksli a few times and then removing the

alkali by washing with distilled water. The ethyl butyrate
may then be freed from the grester part of the water by mesns
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of a separstory funnel and the last traces removed by means

of anhydrous Cs8Clg. The pure ethyl butyrste is then obiasined
by distillstion.

C. Water:

The water used in carrying ont the experimental was or-
dingry distilled water boiled and cooled without shaking
immedistely before conduneting the Reichert-leissl distilla-
tion. This is s&n essentiél procedure inasmuch 88 phenol-
phthalein, the indicator used during the titration with stsn-

dard slkaeli, is guite sensitive to carbon dioxide.

D. Vitemin A Concentrates:

The Vitemin A concentrates were made according to Stsin-
bock, Sell, and Buellll. 300 grams of butter fat were sapon-
ified with 600 ecc. of a 20% alcoholic potassium hydroxide.
The saponification was sllowed t0 proceed st room temperature
for & period of four hours. The sosps were then dissolved in
2500 cc. of water. The 8leohol water soap solution thus
formed was extracted three times with diethyl ether. The
ether extracts were combined and washed repsatedly with lsrge

volumes of water to remove scaps. Flve to seven washings

asually sufficed $to remove sl1ll sosp from the ether extract.

The extract wes then transferred to & distiliing flask and
the greater part of the ether distilled off. After ths con-
centrated extrsct had been transferred to a small erystalliz-

ing dish the remsining ether was allowed to evaporate at room

A it e 1 v S
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temperature. It was found thet from 300 grams of the orig-
inal fet gbout 3 grams of concentrats or unssponifisble mat-

ter was obfasired,

E. Production of Film of Vitamin A Concentrate:

Inasmuch a8 Vitamin A is conteined in the unsaponifisble
matter from the fat, it ssemed wise to produce if possible &
film of the umssponifisble matier in order to insure as far
as possible intimate contact between the enmzyme lipase and
the vitamin. It is 8180 essential that the film wvehicls
should be as insrt 28 possible. 4 £ine grads of ses sand
offered & solution t¢ this diffieunlty end was trisd with suc-
cess. The film was produced by dissolving a2 smsll qusntity
of Vitamin A concsntrats in ether and evaporating the ether
sfter transferring to s weighed quantity of specieslly treated
sea sand., To induce as far ss possible g film of uniform
thickness, the sand was stirred with a8 glass rod during the
last stages of evaporation.

Thé specisal treafmant referred to in connection with the
sea sand consisted in incinerstion at red heat for two or
three hours, trestment with hot aqus regea, and washing with
distilled water until 8 negative chloride test was obtasinsd
with silver nitrate. The send was then filtered off, put
aside in 8 dust-freg compartment to dry.

The amount of the Vitamin A concentrate deposited upon
sea sand was in the preliminary experimente spproximately 2%

by weight of the final produwet. In the later, more carefully
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controlled experiment, the Vitamin A concentrate ssnd mix-

ture contained very mearly 254 by weight.

¥. Produetion of Film of Various rats:

Filmns of fats and oils from various sources were depo-
sited upon ses ssnd in e memner similsr to the ome psed for
the production of £ilm of Vitamin A. These films were used in
connection with the studiss on the effect of Vitemin A es
found in the common Vitamin A vehicles upon lipase action im

vitro.

G. Nomenclature:

The product formed by the deposition of a film of Vita=-
min A concentrats upon sand is celled, for convenience,
Vitamin A concentrate (B.F.) sand preparstion, if the concen-
trate is obtained f£rom butter fet.

The similar product mede from the fats or oils is called,
fat or oil sand prepsration. For exzample, the produet Ob-
tained by deposition of a film of cod liver oil on sand would

be known as the C.L. il ssnd preparation.

E. Preservative:

Toluol was used ss 8 preservative. For any sseries of
determinations the amount was kept the sesme. In genersl four

drops were added %0 esch resction flask.

I. The Reicherit-ieissl Distillation:
The butyric acid formed by lipése hydrolysis was liber-




-11-

ated by the addition of & ee. of dilute HgSO04 (5 cc. = 1 gm.
HpSOy). The contents of the digestion flask were then trans-
ferred to s 500 ecc. belloon flaesk which served gs & distil-
ling flesk. The washings from the digestive flask were also
transferred quantitatively. About 50 cc. of COp fres dis-
tilled water was use@ for effecting this transfer. 280 cc.
of COs frse distilled water was then sdded and a pisce of
porous plate dropped in. It was fournd that in the controls
forming took place during distillation and this was remsdied
by the addition of a drop or two of cottomssed oil. The con-
nection between the balloon flask end the condenser was made
with a2 Kjeldahl nitrogen bulb., All glssswaers was rinsed in
warm COp free distilled water immediately before meking a
distillation. The butyric acid was distillied amd csught in
500 cc Erlenmsyer flasks., 250 cc. of distillate proved an
efficient volume to distil. The distillation was carefully
controlled in’éll experiments, usually requiring from two to
three hours for each series.

One of the difficulties met with during the distiilation
was bumping. This was violsnt in some cases, due to the pre-
ssence of the sea sand. When the transfer of the conteants of
the lipase resction flask was made by such a mesns sas %0 avoid
transfer of sand, $he bumping waes almost entirely overcome.
The denger in bumping concisted in the poseibidity of HgSQ,
being esrried over into the distillate.




J. Titration of Butyric Acid:
N/10 FaOH was added to the distillate receiving flasks
until a decided pink coloration remsined for more than one

minote., 2Phenolphthalein was used as the indicsator.

e s rmeas



IV. Experimentsl.
£, The Effect of Vitsmin A Concentrate from Butter Fst
Lipase Activity. Ethyl Butyrste ss Substraie.

opon

TABLE I

: : : : : !

: : Resetion Constituents : : «Ce. of !

: : :Gma.¥ 3 : : : : : :E/10

s :Gms, :Vita- :Gms. :0e. :Cc. :T0l- :Hrs. :§a0H to
Exp.:Flask;Pan- :nin :NagiPOgq:HgO :Ethyl:nvol :Inci~ :Temp:neut.
FHo.: No. icres-;A.{(BR)}:12 Hs0 :C02 :Buty-:Drops:bation; :Butyr-

: s1tin :Sand sfree;rate : : : 1ie Acid

: : :Prep. : : : : : : :

: : : : : : H l‘Q \b_: . . o :

. 0 :0#500: O.GOO: 0.500 :5»00: 1:00: Q\\‘U: 4‘% :25 G; 6.29 |
19 . 1 H " 4 00500: " . n H w : XQ\: n . w s 8.44

: & 3 Y 532000, " % ¢ T, Eé\gz Tyt 9,03

H 3 H " . 1‘500: " : " H n :KL %: w ‘: n . 10.3¢ T

: s : . ; A : : '

: @ s : S : oLt

. .0 : 0.00 :°8.00ce:2.00, . 9 . 4% .30°QG: 5.87
28 : 1-: "™ . 0.BOO; T A S P P R S 6.12

¢ 2 3 "™ $1,000; " ;7 ., v o " .o owm T 4 g5

: & ; " ;1,800 M oo Mmoo mo T 2T 6,79

i 0 2 | 0.000; :: 0.40: " : " . B.10

$ 1 ¢ "t 1.500: : s "o "o : " 7.69

: 2 3 " . 1,000: 3 s "o " : Ty -8.22

: 3 : ® . 1.B00; : s " s T o : " ;8,93
*Enuf Vitemin A concentrate 8dded t0 ses sand o inhibit the natu-
ral finidity of the sand. Approximstely 25 by weight.
®pancreatin, ether extracted for 12 hours. !
#solution of FasHPO4 12 Hz0. 1 cc. = 0.25 gms. NegHPO4 12 EpO.

The acceleration noted in terms of co. E/10 NaOH has been
plotted in Figs. 1, 2 and 3. The upward trend of the curve is

decisive, showing to greater advantage in Figs. 1 and 3 thsn in

Fig. 2.
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The acidity of the ethyl butyrete was determined in Exp.
28. 0.1 cc. of the stock ethyl butyrste titrated 0.15 cc. of
§/10 sodium hydroxide. The smsll tube in whick the titration
was carried out was then stoppered and placed slongz side of
the flask in the incubator. After 4% hours it was t8ken out

and the increased scidity noted. O0.02 ce. of /10 N=0H neu-
tralized the acid pro&aced. This would seem to indicate that

very little hydrolysis of ethyl buityrate takes place when acted

upon by watsr econtaining sodium dbutyrats during the period of

incubation.

i b s e
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B. The Effsct of Feectors Other then Vitamin & Concentrsiss
upor Lipasse Activity.

1. Film of Cottonseed 0il or the' Surfaes of Sand.

TARLE II
; ;_f Regsetion Constituents : ; ; ;gc. of
3 :Gms. ;GmS. : : : : :3/10

Exp.:;Flask:cree-~; 011 -NagHEO4'ng -Ethyl wol :Ineu~ ;7 Tempineut.

¥o. : NO. :tin ;Ssnd :Sol, : {G0g :Buty-:Drops;bstion: :Butyr-
: :in  :Prap.: ~free) rate : : sie Aeid
: :BJEa 3 : : : : : : :
0 $0.500°0.000° 5,00 5,00° 0.50° 6 ° 82 :30%G. 7.49

4+ 1 ¢+ " Q20 7 oW ¢ owm o om o owm w840
: g ¢ ¥ 10,40 ¢ n : 2 ¢ ®w I 9w I 9w Som 8.79
o3 ¢ " otge0f oz om i omoiow o ow im0 g5
Do x : : : T
0 ®0,500°0.000° 2,00 ! 5.00° 0,60° 5 :5 2/ .30°G; 8.48
+ 1 ¢ m gaap0f * fow Iow I owm I o 1w ., 8,10
2 fomofgumoot v :ow i ow ioa Powm Dowo. oy gy

35, 3 Po"™ 10,4600 n P o m Fom 3w : oW oM . omo4p
T4 YoM oigpol v P oo ioow o tow o oomo oW, 817
‘P 5 = g ¥BO w LR T R . " 3 7m.88
t.6 ¢ om iggge’ w o om fow :.m Towmo oowmo;oglg
P dom o 21.,080F 0w 2w 2w 2w Coom 8w opo0
g o ._0290: " H " . n : n : " : " o. 7. 82
9 P owm o i00008 v Poom o :owo 3w oowm T L5075

*0.0621 gms. of cottonseed oil dissolved iz ethexr. 2 gms. of
specially trested ses ssnd introduced and ether allowed o evap~
orate. Stirred during lest stages of svaporation.

¥0,2080 gms, cottonseed 01l on 7.0558 gms. of sea sand (specially
treated).

+ was thought that perhaps one of the factors that might be

the cause of the scceleration notsd in experiments 19, 28, and 29

wes the presence of a2 fat like film on the Seme. EBxzperiment 34 was |

:?8114- :C.s. -Cc. ’cco ‘GCQ Eol"’ 'ETSQ . :KEOH to {

i

!
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therefore mede. The results of this series indicstes a slight

gcceleration which could not, however, be reproduced in experi-~

ment 39. It is thought therefore that the effect of a8 £film of

oil upon sand is not the csese of the scceleration noted.

Cottomsesd 0il was selsectsd to produce the film &8 the 0il has

been found toc be deficient in Vitamin A.

2. The Effect of Specislly Trested Sez Ssnd on Lipase

Activity.
TABLE IIX
: : Rescbion Constituents : .. ce.
: : : : : : : : : :5/10
s :Gms. : : : : $ : :NaQH
Exp.:Flask.Pan~- :Gms.:; Co. : Ce. : Ce. :Hrs. :Teap:; to
No. ; No, :crea- ;Se8 ;NagHPO4: HpC :Ethyl:Tol- :Incu- : .neut.

:tin in:8and; Sol. :{COg :Buty~:u0l :bation; - :Buty-

: e EB.E. ¢ : +freg): rate:Drops: s s rie
: H : : : H : s : sAcid
: O : 0.500:0.00: 3.00 : 2.00: 1.00: 5 : 4% :30%.: 6.22
26 : 1 ¥ .0,50: i s W s 0w . W L, ® + " :6.18
: 2 " 1,00 ™ : = s =, w7 s ¥ s 4.80
v & " :1.50: i s ", " .o ® .0 ¢+ "+ 5.04
L0+ moi0u00f M i om o iow 3o oiowmo iw g
268 ¢ 1 7 :0.50: " e T " . W . W : ® ¢ 9.65
s 2 @ m 21.00: n s 7 . . w7 R
: 3 v :1,60: " : " s ®w . . 0w : ¥ s 9.60

(1]

Tt is concluded from this dats thst the incressing smounts
of sea sand used as the carrier for the Vitamin A concentrate

is not the source of the stimplation noted.
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3. The Effect of Toluol on Lipase Activity in the

Presenee of Vitamin A Concentrate.

TABLE IV

: : Reaction Corstituents : s :Ce.
: : 3 : : : : : : :N/10
s ; Pan-:Vit. a: : : Cc. : : : +Ea0s
Exp.:Flssk;crea-: (B.F.): Ce. : Ho0 :Ethyl:Tol- :Hrs. :Temps %0
Fo. : No. : tim ;: Sand ;NagHPO4:(COg :Buty-:;uol :Incu- .neut.
: : s Prep.: Sol., :free): rate:Drops:bation: :Buty-~
: : : : : : : : : : ric
: : : : : : : : : :4cid
: 1 :0.500: 0.,000: 3.00 : 2.00: 0.50: 2 : 82 :3000:13.22
: 2 ¢ ® 5 0.300: ¥ : T " 4 0" : " :16.28 |
4 : 83 ¢+ " ¢ * ¢ ® .oF oW .5 ;0" 7 14,14
: 4 ¢ T 0w o Ty W T8 T 2" 114,68
: 8 50y . T om0 10 7 " 118,52
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The resulis presented in this takle show that varying
the toluol &8 indicated tends t0 reduce the accelerstion éus
to Vitamin A concsntrate. Ths csuse 0f this dscreass was
not investigated. It is, howsver, possible thst the ingressed
emourt of toluol hes scme Sclvent sction upon the Vitamin 4
concentrate, thereby withdrawing the Vitamin A from the seat
of hydrolytic action; Altho the smount of toluol in Exp. 28
end 29 was képt constant throughoutv the series, it does not
necescarily Zeilow thet the quentitztive setion of toluol wss
‘the ssme in eech flask, if its sction is explainsd on g 80l-
vent basis. Flask Ho. 2 containsd very 1ittle of the Viteamin
A concsntrate snd 8 large percent of this may have been dis-
soived by the toluol present. With inereasing esmount of Vita-
nin A however the percent in solution iz tolwol wonld no doubt
become smaller. Whether this sxplasnstion be true or not, the
original scceleration cannot be ascribed to the toluol present,
The inference wonld be rather that, inasmuch as tolucl exerts
a slight deprescive sction, the scceleration noted in Exps. 19,
28 and 29 would be somewhst higher if toluol had not besn
added at sll.

4. The Effect of 2 Film of Pat or 0il as s Catslytic

Agsnt in the Hydrolysis of Ethyl Butyrate.

12

¢. C. Warden concluded from his work &8s t0 the nsture

of sleoholic fermentation, thaet the fermentation is due t0 a

catalytic process opersting at the surface of the yesst cells,
®
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at the cclloidal surface of yeast juice {zyuwese), and =%
sr{ifioial surfacas composed of specific fat complexes simi-
lar to those Zound %0 bs present in yeast cells; and that
the enzyme of yeast may be regarded as belonzing to the
ceilulsr anfigens.™ Hs based thess conclusions upon the
fermentation of certein sugsrs by fibrin carrying sn appro-
priate film of XNa oleats. The experimental conditions used
by ¥Warden ére in some respects similar 3¢ those used in the
experiments presented in this thesis, For this reason, an
experiment was outlined to determine if & film of fat or oil
will act under the cornditionms used &8s & hydrolytiec agent for
ethyl butyrate. The resulis zre presented in Table No. V.
Evidently the hydrolysis is not sccelerated. The rzther
high titer is due in part to some butyric scid performed dy
nydrolysis. Some butyric acid has no dorbt been formed thru

action of the medinm ussd.

TABLE V
; ; Resction Constituents ; ; ;ec. of
: K 1081 : :Co. : : :H/10
: :Pan- ;{GS) :Cec. :Ho0 :Ethyl:Tol- :Hrs. ;Temp:Na0E
Exp.;Flask;cres~;Sand :BagHPC4:002 :Buty-:uol :Incu- : :t0
¥o. : Fo. :tin ;Prep.:Sol. :free:rate :Drops:bation; :neunt,
s P : : : : : : : tAcid
: O :0.000:0.000; 3.00 :2.00:050ces 4 : 82 :30°G; 2.72
41 + 1 : " .0.300: " e o " s " . 0w « " . 2.65
: 2 « " 0.600: " ¢ T . " s " . @ « ¥« 2,20
3 3 ¢ T 0,900 b « M. ® s "o + 7. 2,15
: 4 ¢ " :1.,200; T ;® ¢ o " . W .® . 1.58
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£, The Effect of Ssnd during the Distilletion of the
Butyric Aeid.

7he presencs of sez sand in the distilletior fizsk gesused
considereble bumping. This when severe nc doubt was the cause
cf entraimment of sulphoric scid and corsequently a high so-
dium hydroxide titer. That unuspnelly high values sometimes
occurred is a fsct. buring 8 distilletion one could readily
observe thaf the violeznce of bumping increased with the ine
creese in Vitamir A send preparetior. Since the scceslerstion
noted was &l8¢ in direct proportion fo the smount of Vitemin A
sand prersarsiion, it might be argned that the increesed entrain-
ment of HgSC4 wes the cesuse of the sccelerstion. Experimental
dsta presented in comnecticn with cther pheses ¢f this thesis
does not substantiate this view, however, The distillation
for the experiments referred to wes made uxnder such conditions

that no sand was present during distillation. Acceleration was

roted., 3Bearing indirectly upon this point, the resuvlis of
two experiments designed originslly for other ends are given
in fabular form. Experiment 31 w%as designed to dstermine if
the Vitamin A concentrate sceelerated lipase whexn that enzyme
ie zeting in e synthetic manner. Ezperimsnﬁ £7 wag designe&
to datermine the smount of velatile fatty acids in varyxn&
quantities of Vitamin & concentrate.‘ In both experiments the
procedure was identical in respect to the sddition of:sul-
phuric acid to liberste the bdutyric scid.
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TARLE VI
. : Resction Constitusats : : :Ce. of
: : :Cms. ; : : : : : :8/10
’ :Gms. :Vit. :Cc. :8c. :0c. ¢ «Hrs. @ :Ja0H to

Exp.:Flask;Psn~ ;4 BR. :HagHPO4:HgC :Ethyl:Tel- :Incu~ ;Temp:Neunt.
No. : Yo. :cree-;Ssnd :Sel, :C0g :Buty~:;uno0l ;bation: sButyr-
s :tin sPrep.: :freg;rste ;Drops: sie Acid

-
» [

o - >

.
» -
»

.
* L]

i /aaiﬂﬁ#é%

0 10.500°0.000° -8.00 ‘buArviacid 9 1 10 180°€) 6.20
1 . 1 ¢ n 59.5001 n : // o w ’ n * own ° 7 11
o3 oz owoizlpogr o ilcedifer w towm w T gt

Pos oMo fR.E000 ¢ 35/4;(/51-0/44/ O - 23

: : " 10,0008 *2.50 £.50: ~= : 9 : & v 30,20
o : ® :Q,500° 7 e T L o 95 §

: s 7 1,000 @ e L ¢ 191

T W 23,800 ¢ L w oW o 021

s ee

Ll -
H M .

*7o each fiask was 843sd 0.5 gms. Of'EagEPO4 12 HgO ir addition
$0 the 2.50 ce. of the solution.
Phe resSults shown in Teble VI indicste that entrainment of

Ho80, is not a2 faetor altho sand is present in the distilling
fissx. It has beer the expericnee of the aunthor thet when HzS04

is carried over it is usually in such smounbs that the titer is

very high.

6. Determin&tion of the Efficiency of the Distil;ation of
the Buiyrie Aclid.
Exp. 25. Into 4 500 eec. round bottom flssks was intro-
duced 1 cc. of a dilute butyric acid solutiom. 150 ec. of COp
free distilled water was added and the flagks connected with

the upright condenssrs. 125 cc. of distillate was thenm caught

[



apd titrztsd with ¥ 00,8117 sodium Lylroxide. The reculis

are given in the following tabls:

TABLE VII
: s+  Observed :
F:.aSk . Cc . Of fiil. : cc ® Oi HSOH M Ae%ml
:Butyrice Acid N 0.211%7
1 P 1.00 . 2.9 . 5,04
2 : 1.00 : © 2480 . 2699
4 ° 1.60 : 313 : ———

7. The Effect of Cholesterol tpon Lipesse Zetion.

Cholesterol and lscithin are common coustituents of ials,
espscislly those of enimel origim. E. F. Terrsinel® nas shouwn
that lecithin increases the activity of pancrestie lipass ocaly
whén present'in high conecentrations snd then oxly very slight-
iy. He used mond-tutyrin as subsitrsie, It would thersfors
ve unuswal to expect lecithin to have greet stimulatory pover
upon 1ipass when sgeting wporn ethyl butyrate as substrais.

Thé following experimsunt saows thst the stimmlatory
TOWEY cf°cholesterol is extremely sm2ll protedly lying withiz

experimentel srror.

~%

R,



TABLE VIII

: : Reaction Constitusrts : : :Ce, of

: : 1Gms. : : : : : :N/10

: :Gms. ;Cho~ :Cc. sCee :0c. :Hrs. ;Teupn:NaQH to
Exp.:Plask;Pan~ :lest-:NagHP04:HoO :Ethyl:Tol- :Incue ¢ “sneunt.
No. : Fo. :crea~-:erol :501, :00p :;Buty-:uol :bation: :Butyr-

: ttin  :Sand . tfrggirete :Drops: : :iec Acid

$ : : Prep.: : : : : : :

: 1 :0.500:0.000: 3.00 :2,00: 0.,50: 4 : 4% :309C: 3.90

T 2 3 " :0.B00; ™ s ® s T . 4 ¢0n P 4,70
58 3 . "™ :1,000; *" : " "y 4 ;0 om 4,98

: 4 ¢ " :1.500: " +: " " 4 0 W 4,30

: 5 ¢ ;0o " 4 : " " 4.60

" :2,000; *©

-
L

<. o
e s

8. The Effect of Scdium Oleste upon Lipase Activity.
Commercial oleic scid wss treated with sodium hydroxide in
such a menner that not all the oleic ascid wes npeutralized. The

resulting sosp solution wss éllowed to dry after which it was
extracted several times with ether to remove the exgess olelg
acid. A small shaving of scdium oleate was then ground up with
specially trested sea sand. The following table shows the stim-
vlation obteined. It will bs observed in Fig. I thai the values

are not regular but the upward tendency is apparent,
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PABLE IX
: : Reasction Constituents y : ‘Ce. of
: : sGms. s T : . '§/10
: .Gms, :Ja  :Ce. :Ce. :Ce. ‘Hrs. ;TemnﬁﬁaOH to
Exp.:Flask,Pan- :0le~ ,NagHPO4:Hg0 :Ethyl;Tol- : 1peo. . ‘neut.
Ho. : Fo. ;cres-:ate :501, :00p :Duty-:201 :pation; :Butyr-
: :tin ;Samd :freg:Tate ;Drops: : tic Acid
2 : 1 Prep.: : : : : : :
: 1 :0.800:0.000: 3.00 :2.00: 0.50¢ &4 : 9 . 30°¢° 13.51
: 2 " 20,100: n [ B S - - B " s M : 12.77
: 3 : " 30,20: v " :o®w o3owo:om g lz5Y
: 4 " :0.300: v L S 1 1 -1
43 : 5 : "™ :0.400% " HEA L <m0 15.10
: 6 ¢ " :0.,800: " ;™ o wm I owm 3ow  iw 11590
: 7 :+ " :0.800: T w3 w1 ow I a om0 5,89
T8 ¢ " 0.700: n N T . A B 1 Y5 |
: 9 : " :0.,800: " v o ow I w1 w  Iwmo Jo3g8.4]
: 10 ¢ % :0.900: * ¢ ¢ ow oW - om snm . 37,90

Reference %o the acceleration by sodium oleate will be
made in & later discussion in comnection with the sccelerstion
caused by s Vitemin 4 (B.F.) concentrate from which the fatty
acid content was removed tc & high degree.

Sings ths~V1taan A concentrate wsas ﬁmﬁe by an sther ex-
traction method from e'water alcoholic sosp solution there was
no doubt ample opportunity for potsssium sslts of various fatty
acids inecluding oleiec acid %0 be present in the ether extract

before this wes weshed with distillsd water. The finsl wash
water gave no precipitsts or cloudiness when tested with Agh0z.

The final concentrate was aiso testsd for the pressncs of
slkali by igniting a small amount in s weighed crucible. Thers

could be detected mo ash. When recently boiled, eooled dis-

gy @ oo s g wn s
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tilled water and & drop of phenolphthalein were sdded to the

crucible, no pink coloration was detected. It is safe,
therefore, to assume that potassium sosps were absent from
the concentrats. The presence of fatiy scids iIn the Vitamin
A eoucentrate is however not %0 be precluded on the basis of
the simple tests mentioned and will be discussed o bstier

sdvantage in another connsction.

C. The Effect of Vitamin A as found in the Common Vitamin A
. Vehicles upon Lipase Activity im Vitro.
The unsaponifiable matter obtained from fats and oils

is complex. ¥With the exzcepiion of a few of the known con-

stituents, it is diffienlt to obtain any of the others in the

high degres of purity required without time-counsuming mani-

pulations. It seemed that positive informstion might accrue

by & study of the action of certein Vitamin A contsining fets

and o0ils, as well as certain fats and oils known to contaln
Vitemin A in only smsll amounts. IY was hoped that the re-
sults wounld show some parallelism to animsl experiments as
these have been reported in the literature.
The fats snd 0ils which have been studied in this con-
nection sre:
1. Vitsmin A containing.
a. Butter fat.
b. Cod liver oil.
¢. Palm o0il,
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2. Not copntaining Vitamin A in large amounts.
8. Cotbonseed oil,
b. Wheat embryo oil.
c. Hujol {parsffin oil).

d. Glycerol (included in this group for conveniencs).
e. Olive oil.
The data obteined for these experiments is presented in

Table No. X and plotted in Figure 1l-16, inclusivs.




: : : Cm8. s :

: Fat : . : Fat : : Cec. of ¥/10 NsGH
Exp.: or :Flask: or :Toluol: Hrs. : Reguired to Neut.
¥o. 3 0il ; No. : 0il .Drops8 :Inmcubation: Butyric Acid

: : : Sang : :

: : : Prep.: : :

: : 1 :0.,000: 4 : 65/ 8.89

: s 2 ¢ 1.000: "¢ : n : 7.74

: ¢ 3 ¢ 0.480: *© : n : 8.69

49 :Butter: 4 : 0.900: *» : n H 8.51

H : b 1,350t ¢ 2 " 3 8,84

: T 6 1 1.800:: ¢ : " : 7.98

.3 T % 2 2.1B0: M : W H 8.69

: ¢ 1 ¢ 0.000¢ © : 4% : 4,20

: P2 f 0.4B0F 7 " : 4.69

: P 3 ¢ 0.900: v : n : 4.%5

P Cod : 4 : 1,350F ¢ : " : 4,97

£l * Livexr: 5 ¢ 1.800% ¥ : " : 5.02

Pl 6 Y 0,000 " s n : #0.25

: + 7 < 0,450 ¢ : " s 0.29

: T 8 ¢ 0,90 "™ : " : 0.24

: : 9 . 1.880F ¢ : ] : ————

: ¢ 10 ¢ 1.800° ¢ : " : 0.33

: t 1 : 0.000: g : 6 : 4,00

: : 2 : 0.500: ™ : " 5.8

: : 3 : 1.000: *” : " : 4,88

, : ralm: 4 : 1.500: ™ : " 6.14
66 : 0i1l : B ¢ 2.000: © : # 5.73

s :+ &6 : 2.b00t w : " : 5.38

: t %7 : 3.000; "¢ : " : 4,53

: . 8 : 3.500: " : w 5.74

: : 9 : 4.000; ™ : " ————

: : 10 : 0.000: " : " : 3.48

. .*Standard reaction comstituents, 0.5 gms. psnecrestin, 3 cc.
'~ FagHPO4 solution, 2 cc. of HgO COp fres distilled, 0.5 cc.
ethyl butyrste.

0 ethyl butyraete prssent. Controls to determine volatile
fetty acids from cod iiver oil film. :




TABLE X (Cont'd)

. - GinS. ; ; .
Fat . Fat . : . 1Ce. of §/10 HaCE
Exp.: or Flssk: or :Toluol: Hrs. :Required to Neut.
Ko. : Qi1 . No. : 0Oil ;:Drops :Incubstion: Butyric 4deid
¢ Sand :

»
-

os o»
.
A ]

: : : Prep.: : :
: : 1 ¢ 0.000: 2 B% 4.21
: ¢ 2 ¢ 0.500 "7 : " 4.68
s : 3 ¢ 1.000: T : " 5.10
s+Wheat : 4 * 1.500: *® : " 4,92
67 «Embxryo: & : 2,000: " : n : 4.68
: s B ¢ 2,BEQ00: ™ : n : 5.03
: s 7 ¢ 3.000: @ : " : 6.49
: : 8 ¢ B,600: ¢ : A : 5.50
s : 9 i 0.000: = : " : 3.88
: : 1 :0,000; 5 : B2/3 8.48
: s+ 2 3 0.,1B0; " s w : 8.10
: 1 & ¢ 0,300 W : " 7.7%
Jotton: 4 : 0.450; T : n : 7.45
39 ; Seed . 5 : 0.600; * " : 8.17
: 041 : 6 : 0.750:; * : n : 7.88
s «+ 7 20,8 ; © : n : 8.40
: + 8 1,06 : ™ : " : 7.70
: : 9 :1.20; *© : " : 7.82
: 10 : 0,00 : " : " : 6.7
s : 1 : 0.000: 2 H 6 : 2.60
: : 2 : 0,5600: % : n : 3.47
H : 3 : 1.000: ¢ : n : 4,00
1Glyce~: 4 ¢ 1.500: ™ : n : 5.43
69 : rol : b : 2.000: °© H i : 3.90
s : 6 : 2.600: % 3 " : 4,35
: s 7 : 3.,000; ¢ : n : £.43
H : 8 : 3.500: ¢ : " : 4,80
: T 9 : 0.000: 7 : " : 300

g, e
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TABLE X (Cont’a)

L
es
.o

.e

Fav .

 Gums. :
Fat

.
.
.
o

.
*
-
L]
-
-

Ce. /10 NaOH

Exp.: or :Flesk, oy .Toluol: Hrs. :Required to Neut.
Ho. : 0il : No. ; i1 .Drops ;Inmcubatiom: Butyric Acid

: : : Sand : : :
. .‘: H P_l‘ﬁpo H : :
: : 1 : 0.000, 2 : 9 : 3.98
: ¢ 2 : 0,500, ¢ : " : 3.21
: : 3 : 1,000, " n : 5.50
: Tt 4 ; 1.500, "¢ : " : b.10

68 :Nujol: & : 2,000, ® : " : 5.55
: : 6 : 2,800, % : m : 5.10
: : 7 : 50000: n : w : 5077
H : 3 H 5-500: u M o : 5068
: : 9 : 0.000. "™ " : 4,57
: : 1 : 0,000, 4 : 62 5.00
2 : 2 :0.500: " w : 5.18
: 3 : 1.000, " : n : 4,52

65 :0live: 4 : 1.500: " n : 5,69
T0il ¢ B : 2,000, " : m : 4,93
. ; 6 ‘ 20500: b : i : 5044
. : 7 : ’590‘00: n M " : 4-76
: t 8 :0.000; " = : 4.18

.
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PABLE XI¥

- .
. .
-

Gms.

.

o® o0 e
L]

. & ss

: Fat : Pat : :Ce. K/10
Exp. NHeo.: or :;Flask: or :Toluol: Hrs. +Na0H to Nsut.
: 011 ; To. : 0il :Drops :Ineuvbation: Buiyric
: : : Sand ; : : Acid
: : s Trep.: : :
: 1 0,000 & 4% : 2.40
. 2 :0.600: T ¢ " : 2.90
78 ¢+ Pelm : 3 : 1.000: 7 : r : 2.85
-+ 011 : & ¢t 1.,800: " il : 4,66
: i b : 2,0000 " " : 2.89
: 6 0,000 ¢ : v : 2.41
¢ ¢ 7 ¢ 0,800 ¢ : v : 2.59
7¢ * Bujol: 8 & 1.000¢ * : " : 2.81
' : ¢ 9 fo1.B00: ® " : 3.20
: $10 :2.000: " i " i B.29
¢ : 1 :0.000: 4 .: 5 : 2.33
‘Wheat : 2 7 0,500 " : v : 3.60
80 ‘Embryo: 3 : 1.,000: © : n : 3.65
H : 4 3 1,B00: 7 : " : 3.00

*Standard rsaction constituents.

If the study had becn confingd to0 the action of cotton-
seed 611, butter £3% and ¢od liver oil upon lipase activity
an apparent sgreement with the Vitamin A content of these suob-
stences a8 determined by enimsl experimspts is obtasined. This
is quite evidently brought ount in Figé%§§in,which the valuss
have been plotted. If wonld seem that these results sre best
sxplained by assuming that the activity noted is the resultant
in each case of two factors~--z depressing sction of fats upon

lipase and a stimulatory sction on the part of the vitamin




30 a

- D F/G /_/_, B A S O m : B T R
O T SR UL AN A e e el L L o f/-Yﬁ- 75

L TR Depres s f%'//a/?
7 et ime  e .,-.4/7"/1/00//0/7:2//:%(:/
e e rbn A g cosed

. - , L BpA LTl of Sy 0//

/o

50 79
(j‘/m/ 5/'/‘0 277) 75
AT IS 77 /a/ )

S [/7%7 /5 Wﬁca/ CWZ/‘}/J_
e L agy _ .

/J{T T T T T T e Ty *‘“-*“ e e
Y N e e o vt = e e e e PR RGN e et v e

M a5 B /f ) /a £
/Va/c 6‘0/77/95/"6 with //75 /j’ IZ, aﬂa/ 15

GrEms 5:7/7(/ /r///77 /Oﬁc;D




-3} -~

present. Iun this connection reiersnce is made to Experiment
41 in which it wss shown that a film of oil ftexnds to depress
the normal hydrolysis of ethyl butyrate by the medium lack-
ing pancreatin., However, further exveriments with nujol and
wheat embryo oil do not confirm this assumption. In Figures
12 and 16 it is shown that these substances accelerzte the
activity of lipese. Palm o0il, Exp. 66, Fig. 13, accslerated
the lipase gctivity more than cod liver oil, which is known
to be ons of the richest sources of Vitamin A. Attention is
called to the slight difference in the amount of toluol used
as s preéervative in thess experiments. In Exp. 40 1t was
shown thet toluol has a tendency %o depress the scceleration
normally due to the presence of Vitsmin A concentrate. Thus,
in Experimenits 66, 67 and 68 it is probable thst the smsller
smount of toluol is csusing enuf chsnge in the medium thst
the accelerstion noted is no longer comparsbls t0 the results
obteined in similar experiments with other fats or oils but
with 8 slightly higher toluol cgontent. It sesmed worth while
to test this point. In Taeble XI ies presanted deta in support
0of this contention. ZRefersnce to the plots for these experi-
ments, in Figs. 17-19, inclusive, shows that except‘in the
case of nnjol the acceleration is much less than in thoss
expéziments in which only two drops of toluol had been used
a5 & preservative. In considering the chemical nature of

nejol, the scceleration in the case of a film of nujol is
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higoly interesting but is not serious evidence sgainst the

idea that Vitsmin A hes stimnlstory sction upon lipase.

D. The Effect of Vitemin 4 Corcentrates made from othsr
Sources than Butter Fat.

The scceleration noted in Experiments 12, 28 snd 29 was
carnsed by the additién of Vitemin 4 concentrate. Similar
acceleration should bs noted in case of concentrates mede
from cod liver o0il end slfelfs as Both of these subsiasnces
, have been shown by srimsl expsriments %0 be rich in Vitamin
A. However, such ccuncentrstes msde from lard, cottoussed oil,
apnd inasctivated butter fat shonld prove not tco stimnlate
lipase sctivity. This ressoning has been tested out. Thse
experimental data is shown in Tasble XIII and Figurss 20-27,
inclusive.

The concentrates from these sources were made in the
manrer previcusly indicsted. The yields are summarized below

in Table XII.

Table XII
Source of ; Gms. Fat or 0il ;

Vitamin A H Saponified : Gms. Bxtract
Cod liver oil . 360 . 2,9942
Larg . 300 s 1.6904
Cottonseed cil ° 300 : 2.0446
Inactivated s :

butter fat . 260 . 2.1457
Alfa;fa . % : s 8.9616

»
.

*2578 gms. 2ifalfs exirscted with 95% CgHsOH.
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TABLE XIII*

: Ce. of N/10 %a0F to neut.
: Butyrlic Acid
Pype of  : Cod Liver : Cottom-: ILard : Insect. B.F.
Vitsmin A : 0il :8eed o0il: Vis. A . Vit. A
Prep. ;s Vit., A : Vit. A ; Prep. : Prep.
: Prep. : Prep. : :
Bxp. No. :  BE . B4 . 56 53
Incubation ; 4 ; 4 : 4 ; 4
; Gms., * H ; ?
Flask ; Sand : . s
No. : 2rep.: s : :
1 1 0.000: 3.38 ¢ 3.92 : 3.03 :  5.41
e s 0.500 4,06 : 3,90 ¢ 3.80 : 4,90
3 ; 1.000: 5.00 : 5,31 : 5.09 : 4,80
4 s 1.500: 5.18 s 4,81 4,20 : 4,20
b : 2.000: £.44 : 5.9% 3.98 : 4.18
Exp. Fo. : 63 : 59 . . 81  : 60
Incubation . % . 10k : 10 5%
. Cms. : : :
Flask : Ssnd . : . :
No. ¢ Prep.: : : :
1 : 0.00 :  4.80 : 4.87 : 5.20 :  4.52
2 H 0.60 : 7 .00 . 7.08 b 7.95 s 6.98
3 : 1,00 6,06 s 6,06 : 7.0b : 4,57
4 4 1‘50 : 6.50 : - 4 7‘90 . 5‘90
£ : 2,00 6.50 : 6.08 : 8.28 . 6,10
6 . 0.00 s 5.42 . 4045 M 5040 4 ‘4002
7 « £.,50 ¢ 8.20 : 6,8D . 7240 . 4,79
8 : 3.00 6.10 + B.48 . 7 .45 . 5.10
9 : 3.50 5,80 s D78 : 7«75 : .33

*Standard reaction constituents ussd.
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The cencentrates mede from the first four sources were
dissolved in ether and trsnsferred to 100 cec. volumetric
flasks. Ether was then added to the mark. These solutions
were kevt for lipase experiments and alsc for testing for
presence of Vitamin A coutent by animal growth studiss.

In the making of the vitamin sand preparations, the
level of Vitamin A concentrate wes maintained as close as
possible 2t 2.5% by weigh$% of the final product. To demon-
strate the potency of the originsl souree in a menner compare-
able %0 similar determirvations of potency by means of animals,
equal fractions of the total exitrset were used in meking the
viteain sand prepsrations. Thus 6 ce. of each of the ether
sclutions of the corcentrates msde from cod liver oil, lard
. epnd cottonsead o0il were transferred %o 8 grams of saxnd.

6.5 cc. of the ether solution of the inactivated butter fat
solution were similarly transferred.

The Vitamin 4 slfalfa sand preperation was méde up %0
2.5 % level by weight.

Reference to the curves in Figures 20-23 shows that the
cod liver oil concentrate accelersted lipsse setivity iu much
the same menner as & similer coneentrzte made from bﬁtter fat.
The councentrate made from inactivated buiter fat is guite
different 1n action. The sddition of 0.5 gms. concentrais
seund preparation secelerated, wheress increasing amounts

caused a depressing sciion. These two experiments ssem $0
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indicate that the cause of the scceleration lies in the
Vitemin A content. Opposing these two experiments, however,
are Experiments 54, £6, 63, 59, and 61, Figures, 21, 22, 24,
26, snd 26, respectively. In Fig. 21 and 22 it is seen thaet
concentrates made from cottonsesd oil apnd lard also ceuse &n
scceleration. Ths curves arg, however, irreguler. This fir-
regalarity was the csuse of an attempt to duplicats the
results with these concenitratses. Figures 24-27, ineclusive,
indicate the results obiasined. Only in the csse of Exp. 53
is it safe to infsr that duplication was obtsined. It is to
be noted,'however, that, in respect to Exps. 53 and 60, the
time element remained practicslly the same; whereas in Exps.
63, 59 snd 61 the time interval had been increased a little
more than two times what it was in ZExps. b5, &4, 56 snd b3,
The Gate is not therefore on a strictly cdméarsble basis.
Experiment 48, Table XIV, shows the effeet of & Vitamin

A concentrate made from slfslfa upon lipase activity. This

.concentrate was made according to the dirsctious of Steinbock

and Boutwelllé. Approximstely 2500 grams of dry powdered

aifslfa mesl of good quality was twice axtracted with cold

95 percent sicohol. The aleohol axiraci was concentﬁated by
distilling off the aleohol. Excess of 20 percent alcoholie
potash was then sdded. The saponification mixbure then stood

for four days sfter which it was shaken with ether. This pro-

dpct wes refined scecording to Steinbock and Boutwell's proce-~

i e -k € S

W g e . m e
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dure. The petroleum sther layer which has been shown by
these suthors to be potent in Vitamin A was used in the tests
with lipass.

During the production of this concentrate the zuthor had
to allow the saponified mass to stand for four days &t room
tempsrsture. Ample opportunity was thersfore sfforded for
destruction of ?itamintﬁ. That destruction took place was
shown by animel experiments. It can also be seen from Fig. 28
that the lipase is not sccelersted in the sams manner as with

gongentrates kanown to contsin Vitamin A.

PABLE XIV*
: Gms. : Ce. E/10 Ha0H to nsut.
Flssk Fo. : Vigt. &4 Send Prep. Butyric Acid
1 : 0.000 : 4,81
2 s 0.500 : 6,60
3 : 1.000 : 5.44
4 : 1.500 : 6.21
5 . £.000 : 6,60
6 : 0.000 : 4,38
7 . £2.500 . 6460
8 : 3.000 . 6.10
9 : 3.5600 . 38518
10 : 0.000 : 4,50

*Standard reaction constituents, 4 drops toluol. Ineubation
period 7% hours.
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E. Ret Growth Studies on Vitamin A. Potency of Concentrates
frcm‘COd Liver 0il, Coitonsesd 0il, Lard, Juectivated But-
ter Fat and Alfsifa,

The acecleration of lipase activity csused by concentrzs-
tion Ifrom cod liver oil, cottonseecd oil, aund lard, as shown
in Figures £0-22, inclusive, way be assumed 0 be dus %o
Vitamin A if these concentraies vermitted animal growih st
about the same rate. The concentrate from slfaifs could also
be tested with snimal growth to deiermine its potszey.

The only condition under wkich the rate of animsl groﬁth

would be the ssme for concenirates made from cod liver oil,
cottonseed 01l and lard woald bs that the szme amount of Vida-
min A wes extracisd in each case., This wenld imply that very
ngarly the same volumes of ether wmust be used in the exbrac-
tion. It followe also thet Vitsmin A would be 8 substance

rather Iinsoluble in ether. This supposition hss snpport in
the fact that Vitsmin A csnnot bs readily extracted with

ether from plsnt sourcss.

Rat axperiments were therefore devised t0 determine the
accuracy of this resscniﬁg. Rats were fed s deficienﬁA&ist
entil their srowih wes stsvionary, when concentrates from the
various sources were sdded to the ration. The amount oi con~
centrate was besed uporn 5% level of the originel source.

Control rats, except for slfslfs and inactivatsd butter fat,

were fed the deficient ration plus 5% of the originsl source.

R
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The results obteinea}from these experiments heve been in-
corporeted into Pable XVI and the zrowth curves sre presenied
in Piguyes 29-37, inclusive.

In Table XV 18 pgresented the volume of the €ther solu=
tions of Vitamin A corecentrstes used to sSupplement the cefi-

cient rations in the rat experimexnts.

PABLE XV
: :+ Co. per : : :Ce. per :
:Dete in;1000 gms,: :Date in:;200 gms.:
Joneenirate; Ration: Ration . Gme. ; Ratiom; Rstion : Gus.
Cottonseed ¢ : : : : H
0il : 7/7/86: 16.5 :0.3374: e~ !  e= i ==
Insctivated: : : : : :
butter fet: 7/7/25: 19,2 :0,4119% aem ! em 1 a-
Lard 2 7/7/857 16.5 :10.2788: = 1 e~ i -
Cod liver ¢ : : : S :
oil : 7/7/26: 16,5 :0.4940: 8/6/2B: *16.5 :0.3374
Alfalfa s 7/1/285: ~-  i0.1763: 8/6/2B: ==  10.100

*Addsd 4o 200 gms. of ration to whieh previcnsly‘had been
added 0.3374 gus. per 1000 gms. ratioz.

It car be seen from the growth ewrves that only the con-
centrats from cod liver oil permitted asnimel growth. _Stein-
tock, Sell, end Bue11l% reported that & similar conceuiraie |
from butter fat gave growth. Addition of concentrate equiva-
lent %o s £% level of the originsl souree d4id not improve
those rations eupplemented by concsntrates from inactivated

butter fat, Isrd, coticusesd oil snd alfslfa. The eifect of

At e 123 b B BBt

A et i A i e B



«3%-

such addition was considerable in the case of the ration sup-
plemented by cod liver oil concentrste. The amount of cod
liver oil concentrate snd also of alfslfa goncentrste was in-
creased later to approximstely 20 pexrcent. The rats getting
the additional amount of Vitamin A cod liver oll concentrate
did very well, whereas this camnot de said of the rats getiing

the concentrate from sifsalfs.




TABIE XVI
Vitemin 4 s:
Vehicle : Butter Fat s Cottonseed 0il
Ret No. : 21 : 92 : 23 : 24: 25 i: 26 : 27 1 28 : 29
sex : 9: 01 878 0106 1ofolg
5/29/26: 60: 61: 7l: 61: 69:; 69 : 61: 6l: 56
6/5 : w0: %6; 75: 70: 80:: 80 : 70: 76: 62
6/13: 91; 80: 78: ©94: 9b;: 93 : 79:; 8l: 73
Date 6/19: 99: 82: 95; 8b: 10l:: S5 : 80: 97: 75
of 6/29: 102 78: 96; 87: 106:: 106 : 82:; 100: 76
Weigh- 7/7 :+ 106: 80; 93: 73: 104:: 99 : ¥7: 104; 70
ing 7/14: 117: 89: 97; 72; 111::¥104%. 85;*101;: #68
7/26: 140: 110; 109: 84; 141:: : *90: #90:
8/5 ; 159: 119: 149; 109: 167:: : Oy, :
8/18; 170; 151: 148: 133: 186:; : : :
g : H H H ] H 3 3
Vitamin 4 ¢ T ;
Vehicle ° Cod Liver 0il i3 - Lard
Ret No. : 30 31% 38 33 3431 35 36 37 38: 39
Sex :a: 9:6:9:8:: -Q:'G:Q:Q‘;Q
5/e9/25: B6: 65' 61 b2 61t B9 : 61 BT 62 77
6/b6 : 721 80 W4T YO: 64:: 69 ¢ 66° 60 69. 87
6/13: 88: 93 80 86 693 74 73 65 75, 88
- Date 6/19: 98 963 99 93 72::i 86 : 76 76° 7H: 93
of  6/29: 99: 104: 113: 103: 85:: 86 : 66° 66° 76% 90
Weigh- 7/7 : 139: 121: 144: 1263 123:: @70 : 57:  60: 72:%84
ing 7/14: 1568: 127: 156: 129: 143:: @ : & g3 (377
7/88: 193: 143: 179: 178: 175::?%23§’ : : 75:*21
: : : H : s7/a8): : : :
8/6 : 215: 163: 194: 150: 190:: : : s %
8/18: 206: 170: 188: 16%: 189:: : : T e

*Eyes sore.
gKilled.
#FPound dsad.
& Escaped.

%Killed, ear infection.
¢ Heavy line indicates addition of en amount of concentrate
squivalent to 5% of the originsl source of the concentrats.

g
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TABLE XVI (Cont'd)

Vitamin A
Vshiecle s

Butter

Inactivated
Fat

Conec.

¢

Cottonseed 01l

sv ev f nd sp we

-

Ret No. : 1 : 2 :3 :4 : 5i: 6% 7 : 83: 9 i10
Sex 16 10 18 o ioiieid] bl 8ig
6/29/26; 60 : 59 ; 59 : 56 ; 60 :: 64 : 67 : 71 : 60 ; 61
6/6 : 69 : 68 : 78 1: 61l : 7233 70 : 78 : 79 : 72 95
6/13: 79 : 77 : 78 : 66 : 78 :: Y4 1 83 : 86 : 86 : 94
Date 6/19: 83 : 80 : 78 : 68 : 81 :: 77 : 90 : 92 : 92 : 98
of 6/29: 75 : 86 : 66 : 66 : ¥4 :1 W6 : 91 : 90 : 96 : 96
Weigh- J48.3.72 : B4 : 6B : 728 : 77.::.78 3 91 1 68 : 97 &
ing , B E ERT IR LT 8 : )
7/20° # 833 -t F 3 ogza: : I BN
7/28: 650 : S ¥ : : : : pof
Vitamin 4 ‘s
Vehicle : Cod Liver 0il COnc.¢ 33 Lard 00n0.¢
Rat No. : 31 : 12 ; 1B : 14 : 15 :: 16 : 17 : 18 : 19 : 20
Sex 9 18 19 t9o 9 1% 19 (0 (9 :F
5/29/26: 64 1 56 : 61 : B9 : WO :: 63 : 59 : 68 : 50 : 68
6/6: 74 1 67 : 67+ 68: 8L :: 78 : 80 : 67 : 50 : 80
6/12: 86 1 77 ¢ 73.; 70 2 85 :: 89 3 90 t 66 ¢ 61 : 89
6/19: 98 : 95 ¢ 71 : 81 : 94 ::100 : 96 : 67 : 66 : 97
Date 6/28: 99 : 97 : 64 : 77 : 91 ::101 :100 : 62 : 66 :103
of  7/3.:100 :301 : 63 : 73 : 91 ::102 :101 : 62 : 68 :10b_
We igh- 3 50 : 77 101 :° : 67 : 63%: 107

48

78¥: 115
428 g4dii1y
1106 1146
1121 144

°8 0% o5 8 @0 O
i ?
Sk ;

64 :
668: 62F

.
L3

ss so.ad

64%: 104

857

*Eyes sore.
@ Killed.
# Found dead.

% EKilled, sear infectiom.

¢ Heavy lipe indicates addition of an amount of concenirate

equivalent to 5% of the originsl source of the concentrate.

& Eyes well.
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TABLE XVI (Cont'd)

Vitamin A :
Yehicle : Alfalfa Conc.*
Rat No. s 40 ;41 42 : 43 ;i 44
Sex : 0 : 8 : ¢ : 92 o
5/28/e6 ;. 60 : 69 : 61 ; 67 : 59
6/5 . 88 : 73 . 66 : 69 : 62
6/13 ; 113 : 88, : 74 : 84 : 83
6/19 ; 124 . 88¥: 78 . 86 : 84
Date of 6429 ¢« 138 : 77 s 9% : 92
Weighing: U7 5 143 . S 2 90 . 94
< 7/1% : 144 : s 98F ; 86 : 96
7/20 : 143 : : 87 1 99
7/28 : 147 : . 62# : 99
8/6 : 140 : : : : 92

-
——

*Heavy line indicates sdditiom of an amount of concentrate
equivalent to 5% of the originsl source of the concenirate.
# Found desd.

F. The Removal of Free Fatﬁy Acids from Vitamin 4 Coucentrates
and the Effect of the Resuliting Product upon Lipase Activity.
In connection with the deeided acceleration of lipase
activity noted in the presence of sodium oleate, it occurred

to the suthor that fatty scids would be prssent in the concen-

trate of the ether which was used as the solvent for the un-
ssponifiasble matter, alsc removed fatty scids formed in the
alcoholic water socap solution by hydrolysis. The presénce éf
fatty acids in the concentrate would resct with the HapgHPO,
to prodmee sospsS. Ipasmuch as sodinm oleate gsve stimulation
probably because of its emulsifying properties, there is good

reason for believing that other sosps would act similarly.
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Experimental dastas shows thst fatiy scids msy be extracted
quits readily from sogp solutions by mesns of ether. J. Lewe
kowitsch15 states that palmitic scid has thus besen extracted
from 8 sodium palmitate solution by toluens. O0.0319 grams
pslmitic acid (Eshlbsum) was dissolved in 95% sthyl aleohol.
10 ce. of distilled water was then added. This sclntion wss
basic when tested with phenolphthelein. This solution was
extracted thres times with sther. The combined ether ex-
tracts were washed with distilled water five timesm, the last
three washings of which were done with COg free distilled wa-
ter. There remsined 2 residue 2fter removing the ether by
evaporetion., This residue requizred 1.22 cc. of N/10 NaOH
for newtralization. The varions conceantrates were a2ll found
t0 be decidedly acid in character when tested with ¥/10 HaOH,
performing the titration in alechol as solvent for the con-
centrats.

‘The elimination of fatty scids from the Vitamin A concen-
trate has proved %o be aA&ifficult task becauss of ths solu-
bility of soeps in the solvents used for the unsaponifiable
matter. The author was able to effect a rather compleie
separation of the fatty acids from the concentrete from but-
texr fat, The finsl prodvct required an insignificant smount
of K/lo NeOH for neutralizstion and gave no test for potassium
using KaCO(HOglg. The resuliing pro&aét sccelerated lipase

activity decidedly. Hence it seems8 that the acceleration ls

g e e e
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| dus in part only t0 the presence of soaps. The data for this

sxperimental work is presented in Teble XVII.

TABLE XVII*

" ve

Gms. Ce. H/1C H=0H to

Vit. A B.F. . neutralize

Plask Ho. : {purified) : Butyric acid
: Sand Prep. '
il H 0.000 : 3.70
g . 0.500 : 4,55
3 : 1.00 s .65
4 : 1.56C : 5.80
5 . 2.00 . 5.20
6 : 2.50 : 5.40
7 : 3.00 : 5.20

*
»

*3tandard reaction constituents, 2 drops tolwol. Incubation

period 5% hours.

The removal of free fatiy acids was gffected by first

| neutrelizing the fatiy acids in the concentrate by the addi-
. tion of alcoholic potassium hydroxide soclution to the concen-
trate dissolved in slcohol. The smount of alcoholic potassium
. hydroxide necessary hed previously been determined by using

| smaller smounts of concentrate. A slight excess of potassium
i hydroxide was deemed sdviseble snd so used. The alcohol used
% a8 solvent for both potassiuom hydroxide and coneentrate was

% absdlute. Under these conditions E. B. Holland et 2116 claim
; that ths resction is'complete. The alcohol was then removed
é by exhaustion with a high vacuum pump. The soaps were then ex-

% tracted with ether. The ether extract provgd; however, to con-

%,tain large amounts of sosps. By changiﬁg the solvent from di-
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ethyl ether to petroleum ether of low boiling point it was
possible to obtain, after three fractionations, sw extract
very free from sceps and crystelline in cheracter. This pro-
duct was nssd in testing lipsse setivity. |

A direet relstionship between the enimsl growth and the
lipase sccelerstion expsriments woﬁld'be established if it
could be shown that the concentrates from cottonseed o0il, lard
end insctivated butter fat do not accelerate when free from
fatty acids. The estsblisnment of this relationship wes ai-
tempted but unforiunstely the purificstion of the concentrastes
proved difficult. The soaps persisted in bBeing dissolved in
the petroleum ether. A grest deasl of sogp was removed, how-
ever. 4As 8 fingl meesure, the soaps were removed by washing
with distilled water. Here agesin difficolty was met with be-
csuse an emulsion formed g% the Jjunction of the petroisom and
the wesh waisr. This eventuslliy was broken by the sddition
of potsssium ehloride. The finsl product in &ll cases proved
slightly heevier than the original, hence the suthor deems
the dastas otbtained open to suspiciom. This data is presented

in Table XVIII.

ol e e
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PsBLE XVIIT*

Type of Vit. A :Cod Liver: Cotton-: : Inactivated
Send Prep. . 0Oil1 :Seed Q1il; Lerd : 3Butter Fat
Exp. Ho. s 74 3 77T i 76 s 75

Flask:  Gus. :  Ce. of /10 NaoH :
No. : Sand Prep. : : : :
1 :  0.000 i 2.86 : 2.85 : -- i 2,81
2 : 0.500 : 3.256 - 3 3.80 : 2.93
3 : 1.000 : G40 : 3.60 : 4.12 : 3.686
4 . 1-500 . 3030 . 3-60 . - H 4.40

*Reaction Constituents:
0.5 gms. pancreatin
0.5 cc. ethyl butyrate
5.0 ec. Eg0 distilled COp fres
5.0 ce. H82HPO4 Sel.
4 drops toluol
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V. Summary.

A method fo stn&y the effect of Vitamin A concentrates
upon the enzyme lipsse has been devised.

Several phases of this method have been studied to slimi-
nate possible sources of acceleration other than that

caused by Vitemin A or similsr concentrasies.

An acceleretion of lipase activity by Vitemin A4 concentrates

has been noted and studied with the view to correlsiing

¢

this sgceslerstion with the Vitamin 4 content of various

- fats and oils.

Ge
7.

8.

Concentrates made from butter fet and cod liver oil have
been found %o sccelerate lipase activity. A concentrates
from inactivated butter fat was found to give very little
seceleration,

Concentrstes mede from cottonseed o0il ard isrd were found

to asccelerate lipase sctivity. These concentrates, however,

have been shown to cortain fatiy scids which react with the‘

medinm 1o give B8oaps.

Soéiam;cleate has been found,tq aeceleiatg’lipass activity.
An alfalis conecentrate shown to ba'daficienf in Vitamin A
did not sccelerste lipass sctivity.

A Vitemin A concentrate from butter fat has been separated

from its frse fatty gcid content and found to give sceele-~

ration.
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Vitamin A vehicles such ss butter fat, cod liver oil,

palm o0il, cottonseed oil, lsrd, olive o0il snd whest em-
bryo oil when tested for lipase acceleration are noi in
all cases in sccord with the potency of these sourcses as

determined by enimael growth.

10. A Vitsmin A concenirate hss bBeexn obtained which is free

il.

from fatty acids.

It hes been found that the sepsration of uamsaponifisble

matter from soaps is not relisble.
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