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Experiments on the Chemical Behaviour of Insulin,

Experimentation has been carried on for the past year and a
half in an effort to isolate the hypo-glucemic active principle
of insulinrpreparationskas a chemical individual or else to
obtaiﬁlan insuliﬁ preparation containing a known percentage of this
principle.s The latier object might be attained without fhe'former,
if the quantitktive estimation of a certain ;hemical grouping could
be shown to parallel the hypo-glucemic activity as detefmined By‘
rabbit testing. éﬁe only measure of insulin value that has been
advanced as yet‘is based on the hypoglumemic action on a nofmal
;abbit.

As purification proceeds; the apparsnt properties of the
substance change, so that frequently the results secured with samples
of a certain purity can not be quantitatively duplicated with a
samplé of different purity. The observationsrrecorded are therefore,
chiefly qualitative in nature, The kilo rabbit unit referrgd to in
thé text dendfe; the minimum amount per kilo of body wgighﬁ required
to produce the characteristic hypoglucemic convﬁlsions in a normal
rabbite |

The earlier part of this work was performed on éxtracts of
cattle pancreas made according to the method outlined by callipl
with only slight modification, The latter part of the work was

carried out with the commercial preparation of insulin marketed

under the trade neme "Iletin", prepared by the Eli Lilly Co.,
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Indianapolis; from hog pancreas. There has been published
several satisfactory methods for extracting insulin/from the
pancreas, notably those of Deisy, Somogyi, and Shaffer,® Best;and 4

%4 The method of Doisy, Somogyi, and

Scott,5 and Fenger and Wilson,
Shaffer was>triedvduriﬁg the course of this work, but led to neo
unusually satisfactory result.

The method of purification by repeated isoelectrie precipitation

reported by Doisy, Somogyi, and 8Shaffer 2

is of limited usefulness
only, as it does nqﬁ yield a very great amount §f purifica%ion froﬁ
accompanying orgenic materials, It’is.very useful in freeing the
organic materials from all but traces of any inorganic salts, especially
when armonium sulfate is used in the preparation of the material.
IsoeleQFric precipitation follewed by a separation of the precipitate
into 95% alcohol soluble and insoluble portions affords an easy
method giving the greatest amount of purification that has Been'found
possible in this work. By this means it has been poé#ible to separate
all the insulin preparations so far obtained into two fracfiﬁns, one
of which is about twice as active per unit as the other.,

ﬁsing this method in connection with Collips1 method of
extraction of catlle pancreas, preparations were obtained héving an
insulin value of one kilo-rabbit-unit per 0.15 to 0.20 mg. of solid
or 0,02 to 0,03 mg. N. TUsing this method on an‘Iletin preparatioh
originally having one kilo-rabﬁit-unif per 0.612 mge Ne it was resolved

into one portion having one kilo-rabbit-unit per 0,008 mg, N and

another larger portion having one kilo-rabbit-unit per 0.017 mg.N.
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This method of separation is especially useful when dry insulin
preparations are desired, as the alcohol insoluble portion may bé
washed with ether and dried, while the 2lcohol soluble portioh is
cémpletely precipitated by the addition of a few volumes of ether and
the precipitate_ﬁay then be washed with ether and dried. The
pfeparation of highestﬂpurity as far obtainéd in this work was made
by utilizing this general idea of fractionating by means»of\solubility
in alcohol, Dry insulin preparations are extracted with absolute
alcohol containing a small amount of taetaric acid and this extract
precipitated with ;ther. This yields a é}oduct that is easily dried
and has an insulin value'of one kilo-rabbit-unit per 0.005 mg. N.
from the preparations used,

The nitrogen content of all the preparations experimented with
has been extremely constant; varying around 14-15% célculated on the
dry weight of .the substance when dried at room temperature‘over
phosphbus pentoxide. Free amino groups are probablj'hot present in
the unhydrquged material as it has hot been possible to obfain a
measurable amount of nitrogen when treated with nitrous acid by the
Van Slyke method., After acid hydrolysis of an insulin sample about
1.6% of the total nitrogen was amide nitrogen, about 20% of the total
WasAdiamino acids and basic nitrogen, the remainder representing the
mono-amino acids present. The absence of nmino‘nitrogen and the
separation of the total nitrogen into groups is reported by Shonle -
and Walde.s

A characteristic reaction paralleling the hypo-glﬁcemic action
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of the preparations useé has not bheen found, WNo preparation has
been obtained that does not give the characteristic protein reactions,
the Buiret, Millon, Xanthoproteic, and reduced sulfur tests, if the
téstg'are carried out with high enough congentrations of dissblved
sdbstancé. '.The Moliégh reéction-is not given by purified preparations.
The diazo reaction, positive byt not specifie for histidine and
:&yrosing is given very strongly (one part yielding a coloration of
the same intensity as 0.4 parts of histamine phosphate,) and appears
as if it were indigative of the insulinractiviﬁy of many preparations.
This is not strictly the case however, as dialysed p ortions giving
the same intensity of coleor with thé diazo test do nof have even
approximately the same rabbit value. The purer preparation have no¢
reducing action on sodium phosphotungstate or ferrie chloride solution,
which offers means for the quantiatative estimatipn of adrenaline and
similar substances.

Insulin is completely removed from solution by érécipitation with
Phosphotungstic, tannic, metaphosphoric, picrie and picroio;ic acids,
The precipitates can usually be regenerated by-dissolving in acid-
alcohol and precipii;ating tle indulin away from  the :a:c:i.d»pi‘eﬂnt"ﬂith '
ether. Re¢generation of the preeipitates by other methods, such as
‘removal of phosphotungstic acid as the barium salt, most frequently
causes total loss of insulin, presumably due to ébsorption by the
precipitate formed in solution. It was founa that considerable, if
not total, loss in acti#ity results from the precipitatiéﬁ of almost
any substance from insulin active solutions. Salting out precipifants

such as sodium chloride and ammonium sulfate cause compbeté precipitation
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if used in sufficient concentrations, The insulin may be
recovered without lass by filtering out the precipitate and
dissolving in acidulated water. These and gimilar precipitafibn
béhavior have been‘reported by'many'others.

- Precipitation of mqueous solutions contgining a purified insulin,
only takes place with ﬁetallic salts when the resction is neutral or
‘alkaline, Under these gonditions mercuric chloride, lead acetate,
and silver nitrate cause'precipitation with removal of the insulin
activity,so far as can be, determined. Thé conclusions drawﬁ as to
the action of the mefallic ‘salts are not definite, however, as it
is always necessary to remove the metal from solution by precipitation
before testing physiologically; The simple removal of the metal by
precipitation is very frequently accompanied by absorption of the
actividy upon ¥Yhe precipitate.

~Purified insulin is soiuble in water exce?t over a sméll range
of hydrogen ion concentration., The stability §f thé'éolutidn is
dependent upon time, temperature and the reaction of the éoiution.

In 0,1 N hydrochloric acid solution‘the insulin appears to be quite
stable; ‘room temperature for several'days,40'c. for an hour or heating
on a boiling-water bath for 15 minutes do not result in appreciable
losses of irsulin value, Behaviour similar to this has béen reported
by others.4’5, Solutions that are alkaline inAre&ction are not very
stable, concentrations of 0,01 N sodium.hydro;ide being quite
destructive, Room temperatures for 24 hours or 40'C-fof one hour
result in the destruction of at least one-half of therinsulih value

of the solution so treated, while heating on a boiling watéf bath

for 15 minutes with this concentrate of base results in practically
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complete in-activation. Witzeman and Livshi%6 have reported quite
completely on the destruction of activity by basic substances in
higher concentrations and the possibility of the return of activity
on acidifying. In so far as can be observed, no changertakgs place
in the optical rétation,’hydrogen ion concentration, or basie
Eitration value when the insulin is completely inasctivated in mildly
~alkaline solutions |

The optical rotation of an 0.5% solution of a purified insulin
of neutral reaction is - 0.43'. 1In acid solution it is slightly
greater than this ;alue, and}gasic solution slightly less. The
specific rotatory power, calculated from this dotum is about - 86",
The optical rotatory power of several different insulin samples was
‘shown not to be a measure of rabbit activity, This was most definitely
shod by the fact that the rotation does not change even though the
insulin be iﬁactivated by treatment with mild alkali,-

Insulin is very readily absorbed from acid solution with fullers
earth and a part of the activity may be recovered by extraction of the
fullers earth with acid 95% alecohol. This amount recovered is not
of unusual purity, however, :and as ‘d ,‘ method. of purifieatish has not
led to promising résults as far as it has been tried. The
absorption of insulin on charcoal and its reversal has been recently
reported by Maloney and Findlay7 who have secured»somé promising results
in their work. .

Acidic and basic solutions of insulin dialyze quite readily thru

collodion membranes, In certain cases, probably dependent both on



Te
the membrane and the purity of the material dialyzed, the activity
passed through the membrane quite readily and = separation‘into two
fractions of different activity per unit of nitrogen was obtained.

The dialysis behaviour so far investigated is very variable and in

two casesg a 1argé part of the activity apparently disappears, being
neither on the inside nor on the outéide and not readily recoverable
‘by alcohol extraction from the membrane. |

Iodine and hydrogen perozide in slightly alkaline solution

immediately destroy the insulin activitly present., This is in accard
with the observations reported by Shonle and WaldOS. Reduction by
treatment of solutions with sulfur dioxide, hydrogen sulphide or even
zinc and hydrochloric acid caused only a slight decrease invactivity.
This is contradictory to the observations reported by Shonle and'waldo5
witN regard to the smction of reducing agenfs. An sttempt to |
reactivate an oxidized insulin by reduction with zine and hydrochloriec
acid failed.

| From the work performed and from the work reported by éthers there
is little reéson to doubt that the active material is of a protein
nature, although it may not be very complex. The fact that it does
50 readily’dialyze seems to'indicate 8 reasonably low molecular

weight for the active principle and therefore the possibility of its

eventual isolation as a chemical individual.
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