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This invention relates to hormone prepara-
tions, viz. to hormone preparations of such a
kind the hormoneactive component whereof con-
sists of so-called proteinaceous hormones. Such
hormones are, e. €. insulin, the hormones of the
pituitary gland, etc. Especlally, the invention is
atming at insulin preparations. The purpose of
the invention is to provide hormone preparations
of such a kind as can be introduced in to the
human organism I an: effective manner enterally
(i, e. by way of the Intestinal canal).

It iz well known that hormone-active sub-
stanees having the eharacter of proteins will, if
Introduced inte the organism enterally, exert
quite insignificant effects only or no effects at
all on the organdsm. Aceording to the view pre-
valling at present this fact is due to the circum-
stance that these hormenes are decomposed by
the proteolytic enzymes of the intestihe, as e. g.

by tripsin, before it would be possible for the @

hormone to be absorbed by the organism.

It should be remarked that the expression
“hormone-setlve substance” should be inter-
preted in the widest semse. It is understood to
cover natural hermones (products of endoerine
glands) er synthetic products having similar ef-
fects, as- wel a8 hormone-contalning organs and
organ preparations, or extracis of hormone-con-
taining organs.

We have found that It Is possible to obtain
hormone preparations capable of belng Intro-
dueed effectively enterally, by adding to sub-
stances containirtg hormone-active substances of
proteln charaeter, by way of accompanying sub-

stances, compounds belenging to a8 group of eom-

pourds comprising the classes enumerated below.

One of the classey of compourxds referred to
above comprises heterocyclic nitrogert bases of
the monocyclic and polycyclie types not possess-
Ing the charseter of dyestudfs, bullt up of rings
of five and/or six members with one or miore
atoms of nitrogen in the ring, as well as the
compounds which can be derlved from these ni-
trogen bases, &8s e. g. products of lateral chain
substifution of these bases, e. g. alkaloids ca-
pable of belng derived from these bases. Prefer-
ably there are employed such nitrogen bases of
the kind referred to above as are of more or
less aromatic eharacter, and/or eompounds ca-
pable of being derived from such nifrogen bases.
The nftrogen bHases mentloned can be employed
a5 such or fn the form of thefr salts.

The second class of eompowunds referred to
sbove comprises phenellc substances, 1. e. com-
pounds of aromstic character, possessing at least
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one free hydroxyl group, and/or substances from
which under the condltions of their employment
such compounds are split off.

As compounds belonging to the first class there
should be mentioned in the first place, as highly
advantageous accompanying substances enabling
enterally introduced hormones to be cffectively
absorbed, the compounds presenting the struc-
tural skeleton of the cinchons alkalelds (which
accordingly may be considered derivatives of
quinoline}. The substances presenting the struc-
tural skeleton of cinchona alkaloids are, gener-
ally comprising natural or synthetical cinchona
alkaloids, their derivatives such ag substitution
products, isomeric converslon products, oxidation
products, reduction products, or compounds
formed by them with other substances, e. g, with
organic or anorganic acids and the like. By
way of examples of such compounds which have
been found to be well suitable for employment
as accompanying substances we mention quinine,
quinidine, c¢inchonin, c¢inchonidin, optochin,
vuzin, eucupin, quininone. These bases are pref-
erably employed in the form of their water-
scluble salts formed with anorganic aclds, e. g.
with hydrochlorie acid. These compounds are
distinguished not only by thelr eminent efficacy,
but also by the fact that of all these compounds
relatively high doses can be introduced perma-
nently into the human gystem without any harm-
ful effects being exercised by them,

The efflcacy of the substances enumerated
abhove can be shown very clearly by tests made
with insulin preparations on rabbits, in course
of which the blood sugar level of the rabbits iIs
observed.

Thus, there was obtaihed In g group of rab-
bits kept on a hunger diet (the group belng com-
posed of 36 rabbits kept under the precautionary
measures usual in the case of Insulin calibration),
after the rectal introduction of a mixture of 20
I. U. of insulin and 0,05 grams of quinine hydro-
chioride in 1,0 cubic centimetre of water, a blood
sugar drop amounting on the average to 55%.

If 20 1. U. of insulin, in one cuble centimetre
of water, was Injected rectally to the same ani-
mals without the accompanying substance, it
was only in about 25 per cent. of the total num-
ber of experimental animals that it has been
possible to detect an Inslgnificant amount, not
exceeding 10%, of blood sugar drop, Whereas in
the case of the other animals the blood sugar
content was either not altered at all or even
increased 10 by to 30 per cent.

It hag been possible to obtain similar results by



2

employing, instead of quinine hydrochloride, 0.05
grams of c¢inchonin hydrochloride, 0.05 grams of
quinidine hydrochloride, 0.05 grams of optochin
(ethyl-hydro-cuprein) hydrochloride, 0.05 grams
of vuzin (iso-octyl-di-hydro-cuprein) hydrochlo-
ride, and in each case 20 I, U. of Insulin, obtalning
hereby an average of blood sugar drop of 48 per
cent, with the first-named, of 40 per cent. with the
second and of 45 per cent. with the third and
fourth substance.

By means of control experiments it has been as-
certained that, when introduced rectally neither
the quantity of cinchona alkalolds indicated above
alone, nor insulin, introduced rectally together
with the quantity of hydrochloric acld required,
for the formation of the alkaloid salts in the ex-
amples given above, produces any substantial al-
teration of the blood sugar content.

The figures of blood sugar content given ahove
have been determined by means of the colori-
metric method of Folin-Wh, in the form as modi-
fied by Eowarski.

Among the other heterocyclic nitrogen bases
belonging to the first class mentioned above,

and/or among their salts, we would by way of .

example mention pyridine and itg derivatives,
quinoline, iso-quinoline and 1lts derivatives, e. g.
papaverin which may be derlved from Iso-quino-
line, and pyrazolon derivatives, e. g. dl-methyl-
Phenyl-pyrazolon.
well-defined effect of the character referred to
above in connection with proteinaceous hormones
in case of belng introduced together with them
enterally, particularly rectally, into the organism.

Among the compounds belonging to the second .

class mentioned above, It is possible to embploy
monohydric phenols, as e. g. tricresol, as well ag
polyhydric phenols, as e. g resorcinol. The
phenols may be partly etherified, as for instance
gualacol, and may also be substituted in the lat-
eral chain, ag e. g. methyl resorcinol; it seems,
however, that phenols having a long lateral chain
(containing more than five carbon atoms) are
presenting a slightly weaker effect, and are there-

fore less suitable for the purposes of the invention. |

In the course of tests, carrled out in a manner
similar to tliose enumerated above in connection
with cinchoha alkaloids, it was possible to ob-
tain, by means of a preparation containing 20

1. U. of Insulin, and 0.05 grams of resorcinoel in 1.0 ;

cubic centimetre of aqueous solution, an average
blood sugar drop of 50 per cent., Among the phe-
nols, resorcinol possesses the advantage that it
may be employed In the case of the human organ-
jsm in relatively large doses, up to about 05
grams, without any harmful secondary effects re-
sulting.

Among the substances which in thelr admixture
to hormones according to the inventlion render
effective enteral introduction of proteinaceous
hormones possible, it is preferable to seleet such
substances as will not exercise any harmful sec-
ondary effect during a long—Iin the case of dia-
betic patients often almost permanent—treat-
ment. This is of importance, because in order to
obtain the desired effect, relatively large quan-
titles of the compounds which according to the In-
vention are added as accompanying substances
to the hormone-containing substances have to be
added to one dose of the hormone, i. e. fo such a
quantlty of the hoxmone ag s usually Introduced
into the organism at one occaslon.

The method of adding varlous substances,
among them also phenols or thelr derivatives, as
preserving means to hormone preparations in~

These compounds also showa
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tended for administration by means of injection
hag already been known. These substances were
in general added to the hormones in such quan-
tities that the quantities of preserving prepara-
tions added to each dose of the hormone were of
the order of magnitude of milligrams. In the
case of the enteral introduction of the prepara-
tions such quantities do not show any effect. Dis-
tinctly differing therefrom, we employ according
to our invention, in hormone preparations in-
tended for enteral administration, such quantities
of the accompanying substances (understanding
thereby the total quantity of accompanying sub-
stances added) which amount for one dose of hor-
mone to one centlgram or more, In many cases
to five centigrams or more, and in most cases to
one decigram or more, and in general are of the
order of magnitude of several centlgramsg or deci-
grams up to about one gram, and in some cases
even more.

Now from this polnt of view it Is of consider-
able Importance that we have found that a large
number of the accompanying substances present
an increased efficacy in case they are employed in
mutual mixtures. It is possible to mutually mix
either compounds belonging to the same class
or compounds belonging to different classes, as
e. g. quinine hydrochloride and resoreinol. It was
found that & certain synergism exists between
these accompanying substahces, 1. e. that in case
of the employment of mixtures relatively smaller
quantities of the individual products may be able
to exert the same effect. Thig may be described
with reference to the following example. In order
to obtain the same effects ag obtained on rabbits
with a certain quantity of insulin and 0.025 grams
of quinine hydrochloride or 0.05 grams of resorci-
nel, it is not necessary, in case of the employ-
ment of a mixture of quinine hydrochloride and
resorcinol, to employ—as might be expected—
0.0125 grams of quinine hydrochloride and 0.025
grams of resorcinol, but only 0.01 grams of qui-
nine hydrochloride and 0.02 grams of resorcinol.
By utilising this increased effect of some mixtures
of accompanying subgtances, it is possible to em-~
ploy also such substances, of which, In order to
obtain the desired effects, it would, in case these
substances were employed alone, be necessary to
employ such quantities as would already show
undesirable secondary effects, Moreover, the per-
manent rectal employment of hormone prepara.-
tions in the case of highly sensitive patients, is
facilitated by the alternating employment of
preparations prepared with different accompany-
ing substances. In the case of existing idicsyn-
crasies, likewise, an opportunity is offered of em.-
ploying such a mixture as may be convenlent for
the particular individual concerned.

As mentioned above, the effective enteral ad-
ministration not only of insulin, but also of other
hormones of proteinaceous character 1s rendered
possible by the employment of the accompany-
ing substances according to the Invention. It
is well known that extracts of the posterior lobe
of the pitudtary gland have the effect of reduc-
ing the excretion of water by the kidneys. This
can, however, only be observed In case the ex-
tracts are administered by means of Injection.
By employing resorcinol as an accompanying sub-
stance, it was possible to observe the inhibition
of the excretion of urine also in ¢ase of the rectal
introduction of extracts of the posterior lobe of
the pltuitary gland in the case of rabbits on
which previously an artificially increased diuresis
had been produced by intrastomachsl adminis-
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tration of water. In connectlon herewith it has
not been neceszary to employ the purified prepa-
rations obtainable in commerce, it having been
sufficlent to triturate the posterior lobe of §he
pltuitary gland of a calf with a small quantity
of physiological sodium chloride solution, mix it
with 0.1 grams of resorcinol and introduce the
mixture into the rectum of rabbits.

It should be remarked here that for the prepa-
ration of products of the pituitary gland it is
preferable not to employ cinchona alkalolds by
way of accompanying substance, because the
preparations of the pituitary gland are in any
cage very substantially stimulating the peristal-
tics of the Intestine, which effect is Intensified
In such extent by the addition of cinchonn alka-
lolds that In case of rectal administration it is
hardly possible to prevent & premature empty-
ing of the intestine,

It should be remarked that the invention 1s not
dependeat on any theory, and is not llmited to
any theory, either as to the question whether
compounds may possibly become formed between
the hormones and the accompanying substances
or not, nor as regards the mechanism of the ef-
fect of the accompanying substances.

When preparing the hormne preparations ac-
cording to the inventlon in such a form in which
they are introduced into the human system, it
is possible to proceed according tg different meth-
ods. 'The method of procedure will depend on
the one hand on the kind of startlng materials
employed, 1. e. on whether liquid or solid sub-
stances are available and on the other hand on
the nature of the preparations to be produced.
For the iatroduction of hormone preparations
through the alimentary canal it s, substantially,
the following methods of administration that are
avallable. The preparations can be adminlistered,
for instance, by mixing the dry constituent sub-
stances or by preclpitating the solutions of the
constituent substances on suitable carrier sub-
stences, in the shape of tablets or lozehges cov-
ered with a coating, e. g. of hardened gelatine,

which will become dissolved in the Intestine only. .

The most advantageous method of producing the
preparations is, however, to produce them in such
a shape as will enable them to be administered
rectally. In this case it is also possible to start
either from solutions, preferably from aqueous
solutions of the constituent substances and pos-
sibly add to them agents increasing viscosity,
as e. g. gelatine, or incorporate the said constitu-
ent substances In dry mixture or in solution into

suitable fundamental materlals as e. g. Into oils .

or fats, e. g Iato gelatine or cacao butter and
thus produce paste-like preparatlons or solid
suppositories.

The production of the hormone preparations
according to the invention in a shape suitable for
rectal introduction has shown itself highly advan-
tageous for various reasons. It appeared that
the efllicacy of the preparations is all the higher,
the higher the concentration of the active sub-
stances introduced, and any dilution by Intestinal
contents can he prevented most easily in the
rectum which can be well emptied spontaneously
or provokedly, and which can, following that, by
a small add‘tlon of oplum to the preparation (e. g.
0,01 to 0,04 g extractum opii for one dose) be
quieted for about 12 hours or more. By these
means 1t is possible to produce a so-called “de-
posit of medicine” in the rectum, which deposit
is absorbed gradually.

Another advantage of the production of prep-
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arations for rectal introduction consist in that
in this.case it is not necessary to employ expen-
sive hormone-containing substances purified in a
complicated manner. Accordingly, it Is possible,
for instance, to employ products of the prelimi-
nary stages of the processes of purification and/or
extraction, as for instance raw insulin. 'This cir-
cumstance is all the more advaniageous, as in the
case of the hormone preparations according to
the invention & greater number of hormone units
are required for assuring a certain effect than
would be required for obtaining the same effect
by the injection of the hormones. In the case of
the tests on aniinals, this quantity of hormone was
about 10-15 times as high as the quantity of hor-
mone by means of which the same effect could be
obtained by subcutaneous injection of the hor-
mone, In the case of humans about 6-8 tlmes
of the quantity are in most cases sufficlent with
rectal introduction. This quantity is of eourse
ineffective in the case of rectal administration
without the accompanying substances according
to the invention. As, however, it is not necessary
to employ expensive purified hormone prepara-
tions, this cireumstance will partly or entirely
balance the increase of cost caused by the neces-
sity of employing greater quantities of hormones.
Even if by the employment of greater doses of
hormones an increase of the cost of the prepara-
tions should nevertheless arise, the fact of dis-
pensing with injection, which is inconvenient and
frequently means sources of danger, particular-
ly for diabetic patients, represents an advantage
which must be valued very highly.

In the production of the hormone preparations
according to the invention it will be preferable,
when employing heterocyclic nitrogen bases hy
way of accompahying substances, to employ the
water-soluble salts of these bases. Notably,
some of these bases are insoluble in wdter, and
can accordingly not be employed if the prepara-
tlons are to be produced from solutions, On the
other hand, many of these compounds are power-
ful bases which are able to exert a decomposing
effect on proteinaceous hermones. The H-ion
coneentration of the system introduced into the
intestine is—if necessary by the addition of a
small quantity of acid—preferably adjusted to a
pH value between about 4 and 5. In the case
of such a hydrogen lon concentration the pro-
teinaceous hormones employed are frequently sit-
uated in their iso-electric territory i. e. possibly
in precipitated condition, which fact however does
not represent any drawback for absorbability.
On the contrary, the employment of more strong-
ly acidifled systems has in most cases not shown
Itself to be favourable, whereas more alkalinized
systems appear to be objectionable as regards the
durability of the preparations.

In the case of highly sensitive patients it is pos-
sible to0 admix to the preparations, moreover,
small quantities of anasethetics, e. g. 0,01 to 0,02
grams of novocain (hydrochlorine of the p-
amino-benzoic acid ester of N-diaethyl-amino-
ethyl aleohol),

If the hormone preparations are produced in
the form of viscous solutions or pastes, these can
preferably be introduced into a container fitted
with a conduit suitable for introduction into the
rectum, the said container consisting of a re-
silient substance, e. g. rubber. The preparation
can be emptied into the rectum by simple pres-
sure exerted on the container. The quantity of
preparation Introduced into the container should



4
preferably be such as contalns a quantity of hor-
mone sufficlent for a single administration.

In what follows we shall indicate a few ex-
amples for the production of enteral Insulin
preparations for employment on humans, adding
that the Invention is of course not limited to
thege examples,

(1) 20 to 100 I. U, of insulin are worked up (in
dry condition or in solution) with 0.25 grams of
quinine hydrochlorine, 0.25 gram of quinidine
hydrochloride, 0.03 gram of Extr. Opii and 2.0 to
3.0 grams of cacao butter so as to form supposi-
tories (rectal inserts).

(2) 20 to 100 I. U. of insulin, 0.5 gram of quin-
ine hydrochloride, 0.03 gram of Extr. Opli are
thoroughly mixed in 25 cublc centimetres of a 5
per cent gelatine solution. After having been
heated to a temperature of 37° C the preparation
can he introduced into the rectum by means of &
syringe or of a bulb,

(3) 20 to 100 I. U, of insulin, 0.5 gram of resor-
cinol and 25 cubic centimeires of a 1 per cent.
starch solution are mixed with each other. The
solution obtalned can be administered rectally as
indlcated in Example 2.

(4) 20 to 100 I, U. of insulin, 1.0 gram of di-
methyl-phenyl-pyrazolon, 0.08 grams of papa-
verin hydrochloride, 0.02 grams of novacain and
2.0 to 3.0 grams of cacao butter are worked-up
into & supbository.

(5) 20 to 100 I. U, of insulin, 0.5 gram of resor-
cinol, 0.02 gram of Extractum Opil, 0.02 gram of
novocain and 2.0 to 3.0 grams of cacao butter are
worked-up Into a suppository.

(6) 20 to 100 I, U, of insulin, 0.15 gram of
quinine hydrochloride, 0.25 grams of resorcinol,
0.03 grams of Extr. Opli and 2.0 to 3.0 gramsg of
cacgo butter are mixed with each other so as to
form a suppository.

It has.already been proposed to add to prepara-
tions of the posterior lobe of the pitultary gland
Intended for being administered by Injection,
quinine compounds for the purpose of stabllizing
the preparations 1. e. for preventing decomposi-
tlon during storege. In connection herewith an
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increase of the effect of the preparations has also
been observed, which fact may undoubtedly be
ascribed to the clrcumstance that quinine com-
pounds possess a physiological effect similar to
that of the pltultary gland preparation in ques-
tion (viz, the production of contractions of the
uterus and of the intestine). Certainly this
proposal did not contain any indleations what-
ever regarding the behaviour of quinine com-
pounds in the case of the Introduction through
the allmentary canal of the hormone concerned
or of other hormones. Apart herefrom we do not,
as already mentfoned, Intend—for the reasons re-
ferred to—-to employ rectally the hormones of the
posterlor lobe of the pitultary gland in connection
with quinine compounds.

Experlments have also been published regard-
ing the employment of hexylresorcinol with in-
sulin in the case of dogs, the insulin together with
the hexylresorcinol having been introduced di-
rectly into the stomach of the dogs In the course
of these experlments. From these experiments,
likewise, 1t has not been possible to foresee the
possibility of effectively sdministering hormones
with phenolie substances through the Intestinal
canal, ag it is expressedly stated in the publication
referred to that the hexylresorcinol does not pro-
tect the insulin against destruction by trypsin
(which Is present in the intestine only). In ad-
dition hereto, as mentioned, our experience has
shown that phenols possessing a long Iateral chain
have proved less advantageous than non-subsgti-
tuted phenols or phenols only possessing a short
lateral chain.

It has also been proposed to employ various
dvestuffs for protecting medicaments against any
premature decomposltion in the stomach and in
the intestine. We do not ¢laim the employment
of dyestufs. Dyestufls are saddled with the sub-
stantial drawback from the practical point of view
that they are all too easily liable to make colour
marks on clothlng and sometimes even on body
tissues.

LAJOS PAUNZ.
GYORGY SASVARI,





