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Introduction.

Guanidine, methylguanidine and asymmetric dimethylguanidine are
of extended biological interest. Guanidine itself has been isolated
as a nitrogenous constituent of some plants.l'2 while methyl and
dimethyl guanidine probably play a part in intermediary nitrogen
metabolism and have been isolated as physiological constituents an
the urine of the dog, horse and man, 3,4,5

Pathologically these compounds‘have considerable interest from
many points of view. Koch 6 found methylguanidine in the urine of
parathyroidectomiiad dogs and later reported the presence of guanidine,
symmetric and asymmetric dimethylguanidine, choline, neurine and
histemine. 7 Henderson 8 reports that with such dogs there is a
decreased muscular content of substances containing the guanidine
complex. Burns and Sharpe ? carefully determined the guanidine and
methylguanidine in the blood of animals after parathyroidectomy and
found a marked increase of these substances, together with an increase
of‘these bases in the urine, as had been reported by Koch, Paton and
Findlay»lo showed that the symptoms of tetanie parathyreopriva are
identical with those produced by the administration of guanidine and
methylguanidine, and Watanabe 1l has shown that the injection of
guanidine causes & hypoglucemia, calcium decrease in the blood,
phosphate retention and an ecidosis similar to the mefabolic changes

occuring after parathyroidectomy. Burns and Sharpe 9 found an
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increased content of guanidine and msthylguanidinq in the urine of
‘children with idiopathic tetany and Findlay and Sharpe 12 and
Nattrass and Sharpe 13 found an increased excretion of dimethyl-
guanidine. Methylguanidine has been isolated from the faeces of
'children with idiopathic tetany.

Major 15 believes that there is a possible relationship between
guanidine metabolism and hypertension in man. Fairly large quantitises
of methylguanidine are reported to occur in the urine of animals
killed by anaphylactic shock or by burning, according to Heyde 16,17
and it has been suggested that the poison produclng shock may be the
methylguenidine elaborated by ths toxicogenic destruction of protein,
Heyde reported 16 that methylguanidine poisoning in guinea-pigs and
rabbits showed a marked similarity to anaphylactic shock, but Filmerl8
using rabbits and Loewitt 19 using guinea-pigs were not able to
observe any marked lung action when using a synthetic methylguanidine.

fuanidine and especially methylguanidine have been shown to be
active in decreasing the poisonous dction of protein split-products
by weichardt and Schwenk.%0  Similar to this is the observation of
Burns that methylguanidine protects sensitized animals from toxic
doses of antigenic protein. The possible relationship of the
guenidines to epilepsy, epidemic encephalitis and various protsein
‘intoxications has bsen discussed in the literature.

Because of the widespread intersst regarding the physiological
activity of guanidine, its methyl and asymmetric dimethyl derivatives,
it seemed that a study KEfWdéf{ of the relation between chemical
constitution and certain physiological actions of several guanidine

derivatives would be desirable. Pharmacological studies have been
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made by previous workers with the following derivatives 22,23,
guanidine, methylguanidine, asymmetric dimethylguanidine,
dicyandiamidine, glycocyamine, creatine and agmatine . These
studies in ths case of guanidine, methylguanidine and dimethyl-
guanidine have fairly completely covered their general physiological
action, but little attempt has been made to carefully compare their
relative physiological activity. For the study of the derivatives
prepared in this work it was decided that careful observations of
their blood pressure and respiratory effects, together with toxicity
determinations would offer the best comparisons of their relative
physiological activity.

The glucemic effect of these derivatives was also invsstigated
as it seemed probable that a variatiqn in chemical constitution
might produce a substance having an hypoglucemic activity much
greater than that of guanidine itself. 11 Such a fact would be of

coBsiderable importance with regard to speculations concerning a

possible chewical constitution of insulin.

I here wish to express my most sincere thanks to Dr, E. M, K.
Geiling of the Johns Hopkins Medical School for his help and
encouragement in performing parts of this work. Further thanks
are due to Dr. P. J. Hanzlik of the Stanford University Medical
School as well asto Dr, Geiling for their advice in preparing
this paper.

For convenience.the work is reported in four parts.

I. Preparation and Identification of some ZBuanidine Derivatives.
II. Blood Pressure and Respiratory Effect of some Guanidine Derivatives.
ITI. Toxicity of some Guanidine Derivatives.

IV. Glucemic Effect of some Guanidine Derivatives.
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I. Preparation and Identification of some Guanidine Derivatives,

The methods of prepafation and data for characterization of a
large number of the simpler guanidine drivatives are available in
the litefature. In gensral the methods of preparation are quite
Satisfactorily developed. The work here reported describes the
preparation of two new guanidine derivatives as hydrochlorides,
together with a description of the methods used in preparing the
previously known guanidine derivatives thai wsse used in this work.
Picrates of all the guanidine derivatives were prepared to serve

as means of identifying these bases.

Experimental.

Guanidine. Guanddine carbonate was obtained from the Eastiman
Kodak Company and comverted into the sulfate and the hydrochloride.
The sulfate was recrystallized from hot methyl alcohol, washed and
then dried at 105°C. The chloride was recrystallized from hot ethyl
alcohol and dried. The dried sample melts at 184°C.

Cl calcd. for CHgN3.HCL - 37.12% Ol found - 37.01%, 37.07%
The picrate of this base was prepared and recrystallized from hot
water. It did not melt up to 260'C. but decomposed at this
temperature in 15 minutes. 1In the literature l it is stated that
this picrate blackens at 280'C and decdmposes at 311315'C.

Hethﬁlgu&niding, Methylguanidine sulfate was obtained from
the Eastman Kodak Company and a part was converted into the hydro-
chloride using barium chloride and avoiding the slightest excess.
The sulfate es obtained had been obtained from methyl iso-thiourea
sulfate and methylamine in the manner described by Phillips and

Clarke?. The sulfate was recrystallized from hot methyl alcohol,
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wasﬁedandzthen dried at 105'C. The chloride was recrystallized
from hot ethyl alcohol and dried. The dried sample melts at
138-142°'C.

| Cl calcd. for CgHyN3.HCL - 32,374 Cl found - 32.15%, 32.21%
The picrate of this base was prepared and recrystallized from hot
water; giving mixed orange prisms and yellow needles. It was
possible to recrystallize the yellow needles without change. Both
forms had the saue meiting point 199-200°‘C. 2,3 The fact that
methylguanidine picrate exists in two forms has been reported by
Guletwitsch. 4

 Asymmetric Dimethylguanidine, Dimethylguaenidine sulfate was
obtained from the Zastman Kodak Company anda part converted into
the hydrochloride using barium chloride and avoiding the slightest
excess. The sulfate as obtained hd been prepared frmm methyl
iso-thiourea sulfate and dimethylamine in the manner described by
Phillips and Clarke®?. The mulfate was recrystallized from hot
methyl alcohol, washed and then dried at 105°'C. The chloride
was recrystallized from hot ethyl alchhol and dried. The dried
sample melts at 120-123°'C,

Cl calcd. for C3HgN3.HCl - 28.69% Cl found - 28.73%, 28.65%
The picrate of this base wase prepared and recrystallized from hot
water giving a fine yellow crystal powder melting at 224°'C., which
is the melting point given by Wheeler and Jamieson, 3

Ethylguenidine, Ethylguanidine sulfate was prepared from
ethylamine and methyl iso-thiourea sulfate following the general
method of Phillips and Clarke?. 17.5 g. of methyl iso-thiourea
sulfate and 20 g, of a 33% aqueous solution of ethylamine gave a

yield of 12.2 g. ethylguanidine sulfate. This is 85% of theoretical.



Te

Q part of the sulfate was comverted into the hydrochloride using
barium chloride and avoiding any excess. Ethylguanidine and its
salts have not been previously described in the literaturs.

The sulfate was recrystallized from hot methyl alcohol, 5,0 g.

“being dissolved in 100 cc and 3.4 g. crystallized out. The
hydrochloride was recrystallized from hot ethyl alcohol and dried
at 105°'C. The dried sample melts at 120-123'C., the same as the
hydrochloride of dimethylguanidine.

Cl cdled. for CgHgN3.HCl - 28,69% Cl found - 28,23%, 28.88%
The picrate of this base, recrystallized from hot water in orange
needles, melts at 176°'C.

It may be mentioned here that two attempts to prepare asymmetiric
diethylguenidine salts using the same procedure as above were not
succesful, It was not possible to induce crystallization of the
product obtained.

Ethanoiguanidine, Ethanolguanidine sulfate was prepared from
¢thanolamine and methyl iso-thiourea sulfate following the general
method of Phillips and Clarke?. 16, g. of methyl iso-thiourea
sulfate and 8. g. of ethanolamine were wsed, giving 7.0 g. of
ethanolguenidine sulfate. This yield is 47% of theoretical, A
part of the sulfate was converted into the hydrochloride using
barium chloride and avoiding an excess, Lthanolguanidine and its
salts have not bee previously prepared.

The sulfaie was recrystallized from hot methyl aleochol, 5.0 g.
baing dissolved in 100 cc and 2.7 g. crystallized out. The hydro-
chloride was recrystallized from hot ethyl alcohol then dessicated

over CaCl2. The dried sample melts at 85-35'C.
Cl caled. for C3HQON3.HCL - 25,40% Cl found - 25.21%, 25,14%
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Tha'picrate of this base, recrystallized from hot water in yellow
needles, melts at 148°'C,
Two attempts to prepare asymmetric diethenolguanidine using

diethanolamine and the same procedure as above were not succesful.
It was not possible to induce crystallization of the product
obtained either as the sulfate or as a hydrochloride.

Acetzlguanidine. Guenidine hydrochloride was acetylated with
acetyl chloride following the method described by Kornd8rfer.6
10. g. of guanidine hydrochloride and 10. g of acetyl chloride were
heated together in a cloded tude at 100°'C. for one hour, The
resulting product was crystallized from hot ethyl alcohol. The
hydrochloride was recrystallized from hot ethyl alcohol and dried.
The dessicated sample melted at 126-128°C. while Kornddrfer reported
a melting point of 140-142°C, This difference is large and its cause
is not evident for the melting point determination was made on a
sample drisd for one week over sulfuric acid and which gave the
following analytical figure.

Cl calcd. for C3HyON3.HC1 - 25.78% Cl found - 25.68%
The picrate of this base, recrystallized from hot water in glistening
yellow needles, melted with decO@position at 225-230°'C.

Aminoguenidine, The bicarbonate of this base was prepared Brom
the reduction product of nitroguanidine when treated with equivalent
amounts of acetic seid and zinc as described by Thiele.7 20. g. of
nitroguanidine, 70 g. of zinc dust and 12 cc of acetic acid were used.
Treatiment of the resulting solution with sodium bécarbonate yielded
12 g. of aminoguanidine bicarbonate. The bicarbonate was converted

into the chloride., The hydrochloride was recrystallized from hot



dilute ethyl alcohol. The dried Bydrochloride meltéd at 162-163'C.
Thiele7 gives the melting point as 163°'C.

Gl caled, for CHgNg.HCL - 32.07% Cl found - 32.51%
The picrate of this base, recrystallized from hot water melted at 205°C.

Phenylguanidine, Several attempts to prspare this compound by
the desulfurization of phenylthiourea in the presence of ammonia,
either with litharge or lead hydroxide, were unsuccesful, The
desulfurization appeared to follow the same course whethser ammonia
was present or not, chiefly to produce triphenyl~iso-melamin which
ig formed from the phenyl cyanamid produced as the first step in the
desulfurization process., Feuerlein 8 reported that phenylguanidine
could be prepared by this method but McKee 9 reported that Feusrlein
probably never isolated phenylguanidine.

The best method of preparing this compound appears to bs that of
McKee 9, starting.with aniline hydrochloride and cyanamide. Consider-
able difficulty was encountsred in preparing fairly large amounts of
unpolymerized cyanamide and attsupts to use the polymer dicyan=-
diamidine were unsuccesful, yielding only phenyl biguanid hydrochloride.

Aniline hydrochloride and urea can be condensed to form phenylurea
by boiling together in solution and it was thought that a similar
reaction might be carried out with guanidine to form the phenyl
derivative. Aniline hydrochloride and guanidine hydrocﬁloride were
heated together in absoluta wlcohol but no reaction occured.

Symmetric Diphenylgusnidine, The free base was obtained from the
Eastman Kodak Company and had probably been prepared by the desulf-
urization of thiocarbanilide with lead oxide., Diphenylguanidine is
extensively used as a vulcanization accelerator. The free base as

obtained melted at 146-148°'C. The hydrochloride was prepared by
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diésolving the base in an alcohol- ethsr mixture and passing in
anhydrous hydrogen chloride, . . The precipitated mass becomes
crystallime on standing. This hydrochloride has been previously
describad in the literature as a non-crystallizable gummy mass.
The hydrochloride is recrystallized from hot ethyl alcohol and
when‘dried melts at 130-132°C.

Cl calcd. for Cy3H;3N3. HCL - 14.32% C1 found - 14.20%
The picrate c#ystallizes from hot water in fine yellow needles,
which melt at 164°C.

Triphenylguanidine. The free base was obtained from the
Eastman Kodak Company and it was probably abtained from a
commercial product prepared by heating thiocarbanilid with aniline.
The melting point of the free base was 143-144'C.10 The hydro-
chloride was preparedbby ireating the base with a slight excess
of hydrochloric acid and erystallizing from hot ethyl alcohol.
The recrystallized hydrochloride melts at 246-248'C,

Cl caled. for C1gHjgN3.HC1 - 10.95%4 CLl found - 10, 64%

The picrate of this base crystallizes from hot water in fine
yellow needles which melt at 181-182'C.  The melting point of

this picrats has been reported by Dains 11 a5 130°cC.
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II. ‘Blood Pressure and Respiratory Effects of some Guanidine
Derivatives. '

Studies of the blood pressure effect of different substances
have been much uded, eSpecially in the adrenaline series, in the
" atudy of relationships between chemical constitution and
physiological effect. The chief reasons for this are two, first,
blood pressure experiments can be made semi-ﬁuantitativ in nature
and secaénd, a great deal of pharmacological study has been devoted
to the mechanism of such effects, allowing interpretations of the
observed affecté.

Because of the considerable biological interest in guanidine,
its methyl and dimethyl derivatives, a study has been made of the
blood pressure effects of a number of guanidine derivatives.

Combined with this, studies have been made of the respiratory effect
of these same derivatives.

Blood pressure investigations with guanidine itself have been
raportea by Jordan,l Rothbergar,z and quite recently by Major and
Stephsnson.B - These investigations were carried out with cats and
dogs, and observations of the respiratory effect were made in some
instanceé. An effect of guanidine on ths respiratory rate in rats has
been reported by Klinger.4 Blood pressure studies with methylguanidine
‘haie been made by Loewi tt° using guinea-pigs, by Hsyde6 using rabbits
and by Major and Stephenson7 using dogs as the experimental animals,
No observations other than those of Major and Stephenson 3 have been
found in the literature as to the effects of asymmetric dimethyl-
guenidine, while the effects of the other guanidine derivatives

reported upon in this paper have not been previously studied.

The derivatives studied in this work are guanidines substituted
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5y'mathyl, ethyl, ethanol phenyl, acetyl or amino groups. All
of the compounds were synthetically prepared and were used in a
,state of chemical purity as judged by the melting pqints and
_analyses of the hydrochlorides of the bases and the melting points
of the picrates. '
Experimental,
Rabbits weighing approximately 3 kg. were used throughout this
work and the procedure and technic of performing the blood pressure
and respiratory observations were standardized as carefully as
- possible. The animals were kept yithout food 16 to 24 hours previous
-to the experiment. Urethane (1.5 to 2.0 g. per kg.) in 20% aqueous
solution was injected subcutaneously for anaesthesia, ether being
generally used in small amount as an aid in inducing a complete
aneesthosia during the operative procedure. The procedure in seach
experiment was as follows. The urethane was injected; 30 minutes
later a small amount of ether was administered; at 40 minutes the
insertion of a itrabhedl cannula and an arterial cannule into the
left carotid was made and at one hour the blood pressure and
respiratory tracings were begun. All solutions were injected intra-
venously into a marginal ear vein and the amounts reported are in
terms of free base although the sulfate or hydrochloride was used

in meking up the solution,

Guanidineg, Solutions of both the sulfate and the hydrochloride
were used but no qualitative or quantitative Aifferences in result
were observed. TFig. 1. illustrates a typical respense to guanidine
in the rabbit. Immediately after injection there is a decrease in
blood pressure followed in about 20 seconds by a rise that may persist

for from 10 to 15 minutes before returning té normal. Usually, the
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return to normal tekes place in from 6 to 7 minutes. The pressure
changes vary considerably with different animals, a dosage of 10 mgm,
of guanidine per kg. causing decreases in pressure of from 6 to 16
mm. of mercury, followed by increases in pressure of from 6 to 18 mm,
of mercury, while the variation in response towards larger doses

is even greater. The heart rate is not appreciably changed during
the periods of pressure change, as is shown by the following record

of Experiment XVII,

Experiment XVII. rabbit weighing 3.3 kg. Urethane anaesthesia,

Guenidine Hydrochloride.
Circulatory effect.

Dose in mgm. of Blood Pressure (mm.Hg) Heart Rate per minute.
base per kg. Normal Min.,  Max. Normal After injection,
20 74 62 98 322 317 316
After 2 mgm. per kg. etropine sulfate,
20 86 70 102 304 306 300
Respiratory effect. Respiratory Rate per minute.
Dose in mgm. of * - . Normal At Max. Amplitude At Min. Amplitude
base per kg.
20 76 82 70
After 2 mgm, per kg. atropine sulfate.
20 84 84 84

No change in the amplitude of the heart beat, as judged from
the blood pressure records, occured in any of the experiments. With
la,few animals the preliminary fall in pressure was absent, only a
gradual rise to maximum pressure occuring after injection.
Atropinization appears to have no effect upon the circulatory response
to guenidine indicating that the action of guanidine occurs independ-
ently of the vagal innervation of the heart and suggests that the fall

of blood pressure is due to direct cardiac depression.
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The reépiration is stimulated by guanidine, causing an
increase in amplitude accompanied by an increase in,rafe and
usually followed by recovéry. A complete recovery does not occur
in some animals. Occasionally, as in Fig.l. the increase in amplitude
.is preceded by a short period of decreased amplitude although the
rate is-increased immediately after injection. Atropinization
abolishes the change in respiratory rate caused by guanidine,
although tha‘inbrease in amplitude appears to be unaffected. (See

Experiment XVII.)

Methylguanidine, Solutions of both the sulfate and the
hydrochloride were used but no differences in result were observed.
Fig. 2. shows the usual response to methylguanidine in the rabbit,
the response being considerably greater than to guanidine. The
preliminary fall of blood pressure immediately after injection is
of shorter_duration and less in magnitude than with guanidine. The
increase in pressure is much the same, though it requires but about
one fourth as much methylguanidine to produce equivalent effect. With
lafge doses of methylguanidine the increase in pressure may be
followed by a large and prolonged decrease in pressure., A few animals
respond with a prolonged decrease in pressure followed by a slight
increase in pressure, but Fig.2, can be considered as the typical effect
of methylguanidine upon the blood pressure. The heart rate is decreased
during the periods of blood pressure change, the effect being much the
same regardless of the magnitude or type of blood preésure response.
The magnitude of the effect is shown in the following record of

Experiment XXXII.
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Experiment XXXII, rabbit weighing 2.95 kg. Urethane anaesthesia,

Methylguanidine Hydrochloride.
" Girculatory effect.

Dose in mgm. of Heart Rate per minute.
base per kg. Normal At Min.Pressure At Max.Pressure
5 | 304 284 306
After 2 mgm. per kg. atropine sulfate.
5 , 304 288 300
Respiratory effecé.
Dose in mg. of . Respiratory Rate per minute.
base per kg. Normal At Min.Amplitude At Max,Amplitude
5 66 . 72 66
After 2 mgm. per kg. atropine sulfats,
5 66 96 80

The amplitude of the heart beat appearsd to be unaffected by
the injection of methylguanidine as judged by the Blood pressurs
tracing. Atropinization appears to have no effect on the
circulagory response to methylguanidine, the blood pressurs effects
and the heart rate changes being the same after atropine as befores.

The respiration is $trongly affected by methylguanidine, causing
a considerable dscrease in asmplitude accompanied by an increase in
rate followsd by a return of both amplitude and mate to normal. The
increase in the respiratory rate after methylguanidine is much the
same as the increase with guanidine even though much smaller doses
érs used (one-fourth). The increase in amplitude of respiration
observed with guanidine was never ohbserved when using methylguanidine,
Atropinization causes the increase in respiratory rate following the
injection of methylguanidine to become more marked although the

amplitude changes remain the same.
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Agymmetric Dimethylguanidine. Solutions of both the sulfate

and tha hydrochloride were used but no differences in results were
observed. Fig. 3, shows the response to injection of agymmetric
dihethylguanidine in the rﬁbhit, the response being much wore marked
than to guanidine and practically the same as the response to methyl-
guanidino. With some animals the blood pressure curve has an
identical‘form as that of Fig..2. except that the double pressure
maximum as shown in Fig. 3. usually appears. The haart rate is
affected to a much greater extent and for a longer time than with
the same dose of methylguanidine. The results of Experiment XXXI
show the magnitude of the changes in heart rate following the

injection of dimethylguanidine.

Experiment XXXI, rabbit weighing 3.3 kg. Urethane anaesthesia,

Agymmetric Dimethylguanidine Hydrochloride.
Circulatory sffect,

Dose in mgnm. of Heart Rate per minuts,
base per kg. Normal At Min. Pressure At Max. Pressure
5 312 256 264
After 2 mgm. per kg. atropine sulfats.
5 296 252 256
Respiratory effect.
Dose in mgm. of Respiratory Rate per minute.
base per kg. Normal At Min.Amplitude. At Max.Amplitude
5 70 88 72
After 2 mgm. per kg. atropine sulfate.
5 72 98 72

P

The amplitude of the heart beat increases shortly after the
injection of dimethylguanidine. Atropinization appears to have no
effect on the circulatory response to dimethylguanidine, the blood
pressure and heart rate changes being the same after atropine as

before. (See Experiment XXXI.) This suggests dirsct cardiac depression
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as the cause of the fall in blood pressure.

The }espiration is markedly affected by dimethylguanidine,
causing a marked decrease in amplitude accompanied by increase in
rate and followed by a return to normal. The effact of‘mathyl
and dimethylguanidine are much the same. Atropinization causes
the increases in respiratory rate following the injection of dimethyl-
guanidine to become more marked although the amplitude changes
remain the same.

Ethylguanidine, Fig. 4. shows the response to ethylguanidine
in the rabbit. The response, a sharp rise to a maximum pressure
with an abrupt decrease to a lower and prolonged pressure level is
characteristic for this substiance. Large doses of this substance
may cause a fall in pressure especially when repeated or given
after the injection of other guanidine compounds. Ethylguanidine
has approximately the same intensity of efféct as the methyl or
dimethyl derivatives, equal doses producing equivalent changes in
blood pressure. The heart rate is affected to about the same
extent as with dimethylguenidine, although the effect seems to be
less prolonged. The results of Experiment XX show the magnitude

of theaeffect of ethylguanidine on the heart rats.
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Experiment XX. rabbit weighing 2.2 kg. Urethane anaesthesia,

Ethylguanidine Hydrochloride.
Circulatory effect.

Dose in mgm, of Heart Rate per minute.
base per kg. Normal At Max. Pressure At 2 min.
10 348 180 348
After 2 mgm. per kg. atropine sulfate.
10 348 138 336
Respiratory effect.
Dose in mgm. of Respiratory Rate per minute.
base per kg. Normal At Min,Amplitude At 2 min. At 12 min,
10 168 180 204 156
After 2 mgm., per kg. atropine sulfate.
10 84 126 102 86

The amplitude of the heart beat is much increased after the injection
of ethylguanidine, paralelling the decrease in heart rate, suggesting
marked cardiac depression, Atropinization appears to decrease the
blood pressure response to ethylgusnidine, together with a greater
decrease in heart rate and a greater increase in amplitude of the
heart beat. ( See Experiment XX.)

The respiration is affected to about the same extent ms with
methyl and dimethyl guanidines, the amplitude being very markedly
decreased immediately after the injection of the ethylguanidine.

The decrease in amplitude is accompanied by an increase in rate as
with other guanidine derivatives. Atropinization causes the
increase in respiratory rate following the injection of ethyi-
guanidine to become even greater, without any change in response
with regard to the amplitude of respiration.

Etganolgganidine. Fig. 5. shows the rssponse to injection
of ethanolguanidine 2n the rabbit., The response is less marked

i
than with methyl or gthyl guanidines and there is a greater
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tendency to cause a fall in blood prssauré With large doses.
Ethanolguanidine is only about one- half as active as the methyl
and ethyl aerivatives in the raising of the blood pressurs and
the effect on the heart rate is even less than in this ratio.

The effect on the heart rate, as with sthylguanidine, is not
prolonged and does not last more than two or three minutes. The
results of Bxperiment XXIV show the magnitude of the effect of

ethanolguanidine on the heart rats.

-

Experiment XXIV, rabbit. weighing 2.95 kg. Urethane anaesthesia,

Ethanolguanidine Hydrochlorids.
Circulatory effect.

Doss in mgm. of Heart Rate mer minute.
base per kg. Normal At Min,Pressure At Max.Pressure
5 300 270 294
After 2 mgm. per kg. atropine sulfate.
5 300 276 300
Respiratory sédfect.
Dose in mgm. of Respiratory Rate per minute,
base per kg. Normal At MincAmplitude At Max.Amplitude
5 40 48 42
After 2 mgm. per kg. atropine sulfate.
5 48 68 60

The amplitude of the heart beat is but slightly increased after
the injection of ethanolguanidine. The degrease in heart rats and
the increase in amplituds of the beat are probably caused by the same
effect of the éuanidinas and the lesser activity of ethanolguanidine
is exhibited in bothe effects, Atropinization seems to have no
effect on the circulatory response to ethanolguanidine, the blood
pressure effects and the heart rate changes being unaffected.

The respiration is affected less with ethanolguanidine than

with the methyl and ethyl derivatives, both as to changes in amplitude
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and rate, although the qualitative effects are the same. Atropinization

causes the increase in respiratory rate to become more marked.

Acétzlguanidina. Fig. 6. shows the response to acstylguanidine
in the rabbit, the response being many times more marked than to
guenidine itself. The response to this derivative is quite distinctive
although in general ihse response is much the same as wiﬁh the methyl
or ethyl guanidines, With most of the animals the pressure becomes
subnormal after the primary rise and this effect may persist for a
considerable period. The heart rate is affected to about the same
extent as with ethanolguanidine and slightly greater than with methyl-
guanidine, when using equivalent doses. The results of Experiment X

XXVIII show the magnitude of the changes in the heart rate.

Experiment XXVIII, rabbit.weighing 2.9 kg. Urethane anaesthesia,

Acetylguanidine Hydrochloride.
Circulatory effect.

Dose in mgm. of Heart Rate per minute.
base per kg. Normal At Max.Pressure At 4 min.
5 292 246 296
After 2 mgm. per kg. atropine sulfate.
5 316 280 304
Respiratory effsct.
Dose in mgm. of Respiratory Rate per minute.
base per kg. Normal At Min.Amplitude At 1 min. A4t 4 min,
5 68 96 104 80
After 2 mgm. per kg. atropine sulfats.
-5 78 140 132 100

The amplitude of the heart beat is slightly increased, much the
same as with ethanolguanidine. Atropinization appears ito have no
effoct upon the circulatory response to acetylguanidime, the blood

pressure offect and the heart rate changes being the same as before.
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| The respiration is markedly affected by acetylguanidine, the
effect being greater than with methyl, ethyl, or ethanolguanidines.
The decrease in amplitude immediately after injection is unifommly
véry marked with different animals, later the amplitude increase S
as the blood pressure is lowered. Experiment XXVIII shows the
magnitude of the effect upon the respiratory rate, Atropinization,
as with the other guanidine derivatives, increases the effect of
acetylguanidine upon 1the respiratory-rate, without causing a change

in response with regard to amplitudse.

Ambnoguanidine, Fig. 7. shows the response after injecting
aminoguanid@ne into the rabbit. Smeller amounts, 2 and 5 mgm. per
kg. of the bas caused almost equivalent effects with other énimals,
the response seemed independent of the dosage. Generally the rise
in pressure is lacking, there being an initial fall in pressure
followed by a return to normal. The depressor effect of amino-
guanidine is more marked than that of guanidine itself but is very
similar. There is a considsrable decfease in heart rate. Guanidine

itself does not produce any appreciable change in heart rate.

The amplitude of the heart beat was increased coincidéntly with ©
the decrease in rate and dscrease in blood pressure. Atropinization
appears to have no effect upon the circulatory response, the chﬁnges
in pressure, rate and amplitude being the same after atropine as
before. The effects of aminoguanidine on ene of the rabbits ame
tabulated.below. | This animal appearsd to be very responsive to
aminoguanidine, perhaps in part due to the fact that it was under

®

only a very light anaesthesia.
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Expseriment XXX, rabbit weighing 3.3 kg. Urethane anaesthesia,

Aminoguanidine Hydrochloride.
Circulatory wffect.

Dose in mgm. of Heart Rate per minute.
base per kg. Normal At Min.Pressure At 1 min., At 4 min.
2 328 276 300 318
After 2 mgm. per kg. atropine sulfats. 4
2 300 270 282 300
Respiratory effect.
Dose in mgm. of Respiratory Rate per minute.
base per kg. Normal At Min,Amplitude At 1 min, At 4 min.
2 180 224 222 204
After 2 mgm. per kg. atropine sulfate.
2 150 200 180 144

10 132 240 252 204

The respiration is affected by aminoguanidine to a greater
extent than with guanidine itself. The rate is much increased,
the amplitude being decreased for a short period as with methyl
and ethylguanidines. The change in amplitude and rate may be quite
marked as it was in Experiment XXX., although in some cases, as in
the experiment of Fig. 7., the changes may be more comparable to
the changes produced by guanidine. Atropinization appears to have
but little effect on the change in the respiration caused by amino-
guanidine, although there does seem to be an increasd effect after

atropine in some cases.

Symmetric Diphenylzuanidine, Fig.8. shows the response to

diphenylguanidine in the rebbit. The circulatory response is in
general similar to that of the other guanidines but more marked,
1 mgm, of the base having several times the effect of 20 mgm. of

guanidine, The blood pressure response is characterized by a large
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fall of pressure and the marked falds occnring at regular intervals
during the minimal pressure, suggesting considerable cardiac
’dOprossion. Only two animals have been used with this derivative
but the response has been identical with: both. The changes in

heart rate are recorded in Experiment XXVII.

Experiment XXVII. rabbit weighing 2.9 kg. Urethane anaesthesia.

Symmetric Diphenylguanidine Hydrochloride.
Circulatory effect.

Dose in mgm. of Heart Rate per minutae.
base per kg. Normal At Min.Pressmre At 1 min. At 4 min,
1 336 292 292 320
After 2 mgm. per kg. atropine sulfate.
1 318 180 294 312
Respiratory effect.
Dose in mgm. of Respiratory Rate per minute.
base per kg. Normal After injection At 1 min. At 4 nin,
1 124 136 124 96
After 2 mgm, per~kg. atropine sulfate.
1 96 102 98 102

The amplitude,between the large pulses, of the heart beat does
not appear to be increased toany marked extent, Atropinization
causes a considerable increase in the number of large pulses and
consequently é more marked decrease in the heart rate.(See Experiment
XXVII,

The amplitude of the respiration is only slightly affected by
symmntric diphenylguenidine which is in contrast to the behavior of
the other substituted guanidines, It may be that if large doses of
diphenylguanidine could be used without the interference of toxic
symptoms a more pronounced respiratory effect would be shown.
Atropinizetion appears to decrease the effect of diphenylguanidine

on the respiration,
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Triphenylguenidine, Fig. 9. shows the response to triphenyl-
guanidine in the rabbit. The circulatory roéponse to this
derivative is similar to that following the injection of diphenyl-
guanidine although the effect is less marked. Larger doses are
required to give equivalent blood pressure changes and the heart
rate is changed to a lesser extent,even with the larger doses.

The irregularity during the fall of blood pressure occuring with
diphenylguanidine did not appear with the triphenyl derivative.

The rise in pressure after theifall in pressure occuring immediately
after injection is not very marked but is quite prolonged as is
shown in Fig. 9. The tabulation of Experiment XXIX shows the

magnitude of the effect of triphenylgusnidine on the heart rate.

Experiment XXIX. rabbit weighing 2,9 kg. Urethane anaesthesia,

Triphenylguanidine Hydrochloride.
Circulatory effect.

Dose in mgm. of Heart Rate per minute.
base per kg. Normal After injection At 1 min, At 4 min,
2 324 316 320 324
After 2 mgm. per kg. atropine sulfate.
2 328 300 308 304
Respirgtory effect.
Dose in mgm, of Respiratory Rate per minuts.
base per kg. Normal After injection At 1 min. At 4 min.
2 92 . 100 84 92
After 2 mgm. per kg. atropine sulfate.
2 92 100 96 96

The amplitude of the heart beat is increased with the fall in
pressure and returns to normal within a short time. Atropinization
has little or no effect on the circulatory effect of triphenylguanidine,

In the record of Experiment XXIX there appears to be an increased
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chénge in the heart rate due to atropinization but in another
experiment this effect did not appear.

The respiration is but slightly affected in rate and
amplitude. A similar difficulty in observing a respiratory
effect may be present here as with the diphenylguanidine, too
small a dose to eliécit respiratory effect may have been used.

Summary.

In general, the pressor response to guanidine, 2ts alkyl,
acetyl and amino derivatives consists of a fall in the blood
pressure, followed by a rise that may be quite prolonged. The
intensity of the effect of these derivatives is different, the
acetyl, methyl, dimethyl, ethyl and ethanol guanidines being
considerably more active than aminoguanidine or guanidine.

The heart rate and amplitude of the beat are affected quite
considerably by some of these derivatives, the effect being most
marked with the ethyl and dimethyl derivatives, Methyl, ethanol,
acetyl and amino guanidines have a less marked effect on the heart
rate and amplitude of the beat, while guanidine itself has no
appreciable effect.

The aryl guanidines, symmetric diphenylguanidine and triphenyl-
guanidine are active with small doses. They cause a fall in blood
‘pressure with a decrease in heart rate. The heart rate is very
markedly affectéd with the diphenyl derivative, while the triphenyl
derivative is not as active in this respect.

The respiratory rGSponée to the different guanidine derivatiwes

studied was mast marked with acetylguanidine. Methyl, dimethyl,
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ethyl, ethanol and amino guanidines all hava considerable effect
on both the respiratory rate and amplitude, while the aryl
derivatives used and guanidine itself are not marked in their
action, The respiratory response consists of a short period of
decreased amplitude and a long period of increased respiratory

rate.
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III. Toxicity of some Guanidine Derivatives.

The toxicity of guanidine and of methylguanidine is of great
interest to those who attempt to explain the toxic symptoms of
protein shock as the poison action of a foxic material formed by
the decomposition of protein. 1,2 It has further interest to those
who look for an explanation of the tetany of parathyroidectomized
animals in an alteration of the normal guanidine metabolism,3

The guanidine grouping is one of the few grouping known to
occur in the protein molecule that may possess toxic properties
and may therefore have widsr intersst in pathological considerations
than has herstofore been given to it. A study has therefore been
nade of several guanidine derivatives to determine what effect certain
substituens may have on the toxic action of the guanidineggouping.
The study has been confined to a single experimental animal, the rat,
and while it is very desirable that toxicity studies be made with
different types of animals and #ifferent routes of injection it was
preferred to study a larger number of derivatives, more exactly,
using an arbitrary technic, The toxicity of guanidine, methyl-
guanidine, and dimethylgusnidine has been roughly covered for

different animals by Frank, Stern and Nothmann 4 and by KlingerS.

Experimental,
Rats weighing 100-150 g. were kept without food for from 16
to 24 hours previous to testing to establish an approximate metabolic
level. The sexes wers kept separate to avoid difficulty with
pregnant females, but no difference in response was noted between

the sexes. All injections were made subcutaneously into the lower



abdominal region, avoiding puncture of the‘paritoneum. The solutions
used were made up to contain 5 mgm. of free base per 0.1 cc. ( 5-8%
solutions), except in the case of the triphsnylguanidine solution
which contained but 2 mgm. of free base per 0.1 cc. The rats were
kept for the 24 hours following injection in a warmed room and
observation was carried out for this period only. A lethal dose

was the dose causing death within 24 hours.

The guanidine derivatives used were all prepared as pure as
possible in the form of hydrochlorides of the bases and recrystallizsd
from alcohol. These hydrochlorides werse analysed for chloride
content and the content found agreed with that calculated for these
compounds thus establishing their identity and purity. These
chmpounds were furthgr identified as picrates.

The results of the toxicity determinations are reported in the
following table. The term " minimum lethal dose" designates the
lowest dosage of a series of doses causing death within 24 hours,

expressed as mgm. of free guanidime base per 100 g. animal body

welight.
Miniimur
Derivative. lethal dose
Guanidine 25
Methylguanidine 25
Asymmetric Dimethylguanidine 20
- Ethylguanidine 20
Ethanolguanidine 200
Acetylguanidine 50
Aminoguanidine 200
Symmetric Diphenylguanidine 5

Triphenylguanidine 30
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Discussion.

The table shows {that guanidine,methylguanidine and asymmetric
dimethylgaanidine have much the same toxicity. Ethylguanidine
haé the same toxicity as the dimethyl derivative though one might
expect a considerable difference. The increase in toxicity with
the diphenyl derivative fits in with the usual greater toxicity of
aromatic derivatives. However it is difficult to understand the
fact that triphenylguanidine exhibits a toxicity slightly less
than that of guanildine itself, The triphenyl derivative is léss
soluble and this may afford an explanation.

The fact that aminoguanidine is so slightly toxic is also
difficult to understand, more especially when one considers
aminoguanidine as a derivative of hydrazine, which is highly
toxic. The solubility of aminoguanidine is high but it is of
interest to note the slight solubility of the bicarbonate in this
connection,

The lower toxicity of the oxygenated gwanidine derivatives is
also very considerable. Acetylguanidine appears to follow the
general rule of lowered toxicity with acetylamines. It seems
probable that ethanolguasnidine is readily oxidized to the non-toxic
creatine thus affording an explanation of its remarkably low toxicity.

The general gusnidiiewe effect is paralysis, eccasional convulsions,
dyspnoea and prostration, With the triphenyl derivative, even with
§ne-tenth of the lethal dose, violent convulsive tremors occur, passing
over the entirse body. This effect is evidenced within an half hour
and usually disappears within four hours. This effect of the tripbnyl

is not exhibited by the other derivatives and seems worthy of special
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attention. The same very violent convulsions are exhibited in
rabbits, using doses that are considerably sublethal. ( 5 to 20

mgm. of base per kg.)
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Toxicity Determinations,

Guanidine Hydrochlorids.

No. Weight in g. mgm. base iffect.
- per 100 g.
1 115 15 0.K. 12 and24 hours.
2 85 20 " L B .
3 110 25 Dead 25 hours.
4 175 30 0.K. 12 and 24 hours.
5 150 35 L
1 152 20 0.K. 12 and 24 hours.
2 105 25 4] " ” ] "
3 110 30 " " " " "
4 9 0 3 5 "y ” 2] " ”n
5 100 40 Dead 2% hours.
1 90 20 0.K. 12 and 24 hours.
2 210 30 Dead 12 hours
3 130 40 V.sick 24 hours, chloroform
4 180 50 Dead 1¥ hours.
5 150 60 Dead 1# hours.

Methylguanidine Hydrochloride.

No. Weight in g. mgm. base Effect.
per 100 g.

2 110 15 0.K. 12 and 24 hours.
3 110 20 " " n . ] "

4 155 25 " L " " L

5 155 30 no® wonon

1 115 20 0.K. 12 and 24 hours.
2 145 25 Dead 12 hours.

3 70 30 Dead 2 hours.

4 115 35 0.K. 12 and 24 hours,
5 98 40 0.K. 12 and 24 hours.
1l 170 20 0.K. 12 and 24 hours.
2 180 30 Dead 1} hours.

3 180 40 Dead 2 hours.

4 140 50 V.sick 24 hours.chloroform
5 90 60 Dead 18 hours.
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Toxicity Determinations,

Asymmetric Dimethylguanidine Hydrochloride.

No. Weight in g, mgm. base Effect.
: per 100 g.

1 135 10 0.K. 12 and 24 hours.
2 85 15 " 1] [} ] 1] 11}

3 90 20 Dead 2 hours.

4 105 25 0.K. 12 and 24 hours.
5 130 30 " " " 1] 1]

1 147 20 Dead 16 hours.

2 150 30 Dead 16 hours.

3 237 40 Dead 16 hours.

4 105 50 Dead 1% hours.

5 83 60 Dead 1z hours.

Ethylguanidine Hydrochloride.

No, Weight in g. mgm. base Effect.

, - per 100 g.

1 115 10 0.K. 12 and 24 hours.

2 75 . 15 » " w " "

3 lgo”f 20 " [ ” " "

4 115 25 Dead 2 hours.

5 150 30 Dead 1 hours.

2 105 15 Dead 13 hours

3 80 20 Dead 1 hour,

4 110 25 Conv. 1 hr. Dead 15 hours.
5 90 30 Dead 40 minutes,

1 140 10 0’K. 12 and 24 hours.

2 gl 15 ” " " " "

3 95 20 tg . ] " " "

1l 97 20 Dead 2 hours.

2 106 25 Dead 2 hours,

3 105 30 Conv. 2 hrs. Dead 3 hours,
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Toxicity Determinations,

Ethanolguenidine Hydrochloride,

No. Weight in g. mpm. base Effect.
per 100 g. ‘
2 90 15 0.K. 12 mand 24 hours.
3 90 20 n " " " "
4 115 25 " " " " L]
5 135 30 n " " (1] "
2 100 30 0.K. 12 and 24 hours.,
3 105 4_0 " ” " ] i
4 130 50 " " 1] " n
5 155 60 1] " " " "
1 172 60 0.K. 12 and 24 hours.
2 140 80 w " w " "
3 140 100 - " » " " "
4 95 120 »n n " 1] "
1l 83 150 0.K, 12 and 24 hours.
2 163 200 Dead 24 hours,
Acetylguanidine,Hydrochloride.
No. Weight in g. mgm. base Effect.
per 100 g,
1 130 30 0.K. 12 and 24 hours.
2 135 40 " n " " "
3 150 50 " " " [1] "
4 90 60 Dead 24 hours.
5 120 70 0.K. 12 and 24 hours,
1 128 50 0.K. 12 hrs. Dead 24 hours.
2 110 60 Dead 4 hours,
3 120 70 0.K. 12 and 24 hours.
4 92 80 Dead 4 hours.
5 132 90 Dead 30 minutes
6 83 100 Dead 4 hours,




Toxicity Determinations,

Aminoguanidine Hydrochloride.

35,

No. Weight in g. mgm. base Effect.
per 100 g.

1 72 20 Sick at start. Dead 1% hrs,
2 145 40 0.K. 12 and 24 hours.

3 l 67 60 L] L1 " " "

4' lr,o 80 w n " " "

5 160 100 woomoom o

6 l 4 8 15 0 ” " " "» 1]

7 140 200 Dead 4 hours.

Symmetric Diphenylguanidine Hydrochloride,

No. Weight in g. mgm. base Effect.
per 100 g,

1 112 1 0.K. 12 and 24 hours.

2 9 5 2 [1] " " " "

3 l 1 0 3 " " L1 " ]

4 7 4 Paralysis 5-4 hrs. 0.K. 24 hrs.
5 135 5 Paralysis §~4 hrs. Dead 24 hrs.
1 © 82 2 0.K. 12 and 24 hours.

2 150 4 Paralysis 3 hr. 0.K. 24 hrs,

3 120 8 Paralysis ¥ hr. Dead 18 hrs.

4 150 12 Paralysis 5 hr. Dead 6 hours,

Triphenylguanidine Hydrochloride,

No. Weight in g. mgm. base Effect.
: per 100 g,

1 100 2 Tremors 3=4 hrs. 0.K. 24 hours,
2 9 5 4 " 1] " " " w

3 l 30 8 " " " " " "

4 14 5 l 2 " " ] " "

5 l 9 o l 6 " " " " n "

1 139 20 Vio.Spasm 4~1 hr. 0.K. 24 hours.
2 121 30 " " " " Dgad 15 hours.
3 11¢ 40 " """ Dead 45 min.
4 97 50 " » " " Dead 4 hours.
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IV. Glucemic Bffect of some Guanidine Derivatives,

Several years ago, Watanabel made & very thorough study
of blood changes occuring after the injection of guanidine into
normal rabbits, He found among other things, that there was a
decrease in the blood sugar content when nearly lethal doses
were used. More recently Gollip2 in comnection with his work
on hypoglucemic substances in plants, injected guanidine into
two animals and found a remarkably low blood sugar content at
death. A plausible sxplanation’of the hypoglucemic activity
of guanidine is suggested by the fact that guanidine combines
with’glucose and other hexoses to form compounds which exhibit
mutarotation in aqueous solutions.d Witzeman 4 following this
idea studied the oxidation of glucose with hydrogen peroxide in
the presence of guanidine but was unable to detect any specific
effect due to guanidine. The work reported here would tend to
show further that the hypoglucemic effect in the animal is a
secondary effect, due perhaps to increased reflex excitability
or convulsions,

Because of the unusual raiationships between guanidine

and the blood sugar of a normal animal it has occured to several
investigators that insulin and guenidine may be related in some
‘manner. Guanidine and several of its derivatives occur as
physiological constituents of the bodﬁ fluids and tissues and
it seemed possible that there be some relationship between guanidine
and the hormone. Recently Dubin and Corbitt ° heve observed

effects of guanidine salts and methylguanidine sulfate on the

blood sugar of normal rabbits and concluded that it is unlikely
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that there is any relationship betwaen,thésa substances and
insulin, At the time of learning of the work of Dubin and
Corbitt the outhor was edgaged in work somewhat more comprehensive
in scope to determine whether guanidine derivatives might not
exert a considerably greater hypoglucemic effect than that
exerted by guanidine itself. Should a derivative be found
having any considerable hypoglucemic activity, without a
corresponding increase in activity, it would indirectly indicate
that there may be a chemical relationship between insulin and

the guanidine grouping. With this in mind several different
guanidine derivatives were prepered that might be ezpected to
exhibit a different degree of physiological activity than is
exhibited by the parent guanidine. The effect of these different
derivatives upon the blood sugar content of normal rabbits was
determined.

Experimental.

The guanidine derivatives used were all prepared a&s pure
as possible in the form of hydrochlorides of the bases and then
recrystallized from alcohol. These hydrochlorides were analysed
for chloride content and the content found agreed with that calcul=-
ated for these compounds thus establishing their identity and purity.
These cbmpounds were further identified as picrates.

The testing of these substances was carried out on rabbits
exclusively, using procedure that has been used in the testing of
insulin preparations in this laboratory. The rabbits used were

about 2 kg. in weight and were kept without food 20 hours previous
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to the testing to establish an approximate metabolic level., All
solutions were injected subcutaneously, using such concentrations
of the hydrichlorides that the solutions contained 5 mgm. of the
free base per 0.1 cc solution, with the exception of the triphenyl-
guanidine solution which conteined but 2 mgm. base per o.l cc.
Blood samples (0.1 cc) were taken 1 hour, 2 hours, 4 hours, 8 hours,
12 hours and 24 hours after the time of injection and shalyzed,
using the Hagendorn-Jensen technic.5

Since the chief object of this work was to determine if any
of the gusnidine derivatives had any considerable hypoglucemic
activity, that is greater than guanidine itself, sublethal doses
were used throughout. The effect of guanidine is only markedly
apparent with nearly lethal doses and is not marked with any of the
doses employed. However #f any important hypoglucemic activity
were exhibited by these derivatives, it should be apparent with

the doses used,



39.

Guanidine Hydrochloride.

mg.base Wt. in kg. Blood Sugar in mg. per 100 cc¢ blood.
per kg, Initial 1 hr., 2 hr, 4 hr, 8 hr, 12 hr, 24 hr,
10 2.0 104 108 98 100 96 106 104
20 1.9 116 114 108 112 104 . 100 98
50 2.0 96 100 90 88 100 116 110
100 2.4

118 125 106 108 99 103 103

‘Methylguanidine Hydrochloride.

mg.base Wt. in kg. Blood Sugar inmmg, per 100 cc.blood.

per kg, Initial 1 hr, 2 hr., 4 hr. 8 hr, 12 hr. 24 hr.
10 2.3 104 102 98 110 118 118 100
20 2.0 : 92 96 108 104 108 116 102
50 2.5 118 100 104 108 104 100 100

Asyrmetric Dimethylguanidine Hydrochloride.

mg.base Wt. in kg. Blood Sugar in mg. per 100 cc blood.
per kg. Initial 1 hr, 2 hr. 4 hr, 8 hr, 12 hr., 24 hr,

10 2.3 108 126 112 100 112 102 99
20 1.7 104 118 112 91 104 102 102
50 1.6 97 100 112 104 102 97 104

*

Ethjlguanidine Hydrochloride.

mg.base Wt, in kg. Blood Sugar in mg. per 100 cc blood.

per kg, Initial 1 hr. 2 hr. 4 hr, 8 hr, 12 hr, 24 hr,
10 2.0 93 99 111 119 107 105 103
20 1.9 97 143 105 117 109 --- 107
50 2.0 99 97 86 140 136 112 95

Ethanolguanidine Hydrochloride.

mg.base Wt. in kg. Blood Sugar in mg. per 100 cc blood.

per kg, Initial 1 hr, 2 hr. 4 hr., 8 hr, 12 hr. 24 hr,
10 1.7 112 105 103 116 113 -—- 101

20 2.2 103 132 103 124 111 110 116

50 2.2 101 111 101 114 116 105 99
100 2.0 108 104 99 93 104 96 87
200 2.6 120 103 109 96 106 104 87
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Acetylguanidine Hydraéchloride.

mg.base Wt. in kg. Blood 8ugar in mg., per 100 cc blood..

per kg. Initial 1 hr, 2 hr, 4 hr, 8 hr., 12 hr. 24 hr.
10 2.1 122 117 111 111 98 | 94 87
20 2.0 103 9l 98 111 98 94 91
50 2.2 115 118 108 101 103 103 111

Auinoguanidine Hydrochloride.

mg.base Wt. in kg. Blood Sugar in mg. per 100 cc blood.

per kg, Initial 1 hr, 2 hr, 4 hr, 8 hr, 12 hr, 24 hr,
10 . 1.7 106 108 112 93 97 95 102
20 1.5 112 132 124 83 108 112 112
50 1.8 106 112 100 104 104 100 116

Symmetric Diphenylguanidine Hydrochloride.

mg.base Wi, in kg. Blood Sugar in mg. per 100 cc blood.
per kg. Initial 1 hr, 2 hr, 4 hr, 8 hr, 12 hr. 24 hr,
10 117 122 109 109 115 105 107

1.9
20 2.1 107 129# 181 124 115 122 115
50 2.1 115 1445 155 124 120 104 115

# Convulsions, dyspnoea, rapid breathing 1 hr. after injection.
$ Convulsions, dyspnoea, rapid breathing, prostmation after 20 minutes.

Triphenylguanidine Hydrochloride.

mg.base Wt. in kg. " Blood Sugar in mg. per 100 cc blood. ,

per kg, Initial 1 hr, 2 hr, 4 hr, 8 hr, 12 hr, 24 hr,
5 2.5 118 168# 168 113 126 124 111
10 2.2 141 118$ 115 120 118 116 111
20 1.9 104 113& 113 109 107 107 109

# Convulsions, intense tremors extending over entire body, beginning
20 minutes after injection and lasting 1 hour.

$ Convulsions, loss of coordination, etc 40 min. after injection,

& Same as other animals, convulsions, etc 40 min. after injection.



41.

Discussion.

Several guanidine @erivatives were tested to determine
whether they would cause an appreciable glucemic effect. No
definite changes in bllod sugar were observed and it may he
concluded that they are without any considerable glucemic
activity. If the glucemic effect of guanidine were a direct
action in the animal body we should expect that a change in
chemical constitution producing a change in physiological effect
such as toxicity might tesult in a change of glucemic activity.

It therefore seems probable that the hypoglucemisc actien of
guanidine is a secondary manifestation, due perhaps to convulsions
or increased reflex excitabilidty.

The idea that insulin and guanidine may be chemically related
seems very improbable in view of these studies, confirming previously
reported work.
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1. Purpose of this Investigation.

This investigation was undertaken with the purpose of deter-
mining whether insulin, alone or in the presence of certain animal
fluids, has any influence upon glucose #n vitro. The establishment
of such an influence might have much significance in relation both
to the study of carbohydrate metabolism and to the development
of methods of assaying insulin.

For this purpose it seemed desirable to use a property for
determining the glucose content which is highly specific for this
substance and would not be likely to be shown in at all the same
degree by products that might result from a change occurring
under the influence of the insulin. The rate of oxidation of glucose
(CeH1506) to gluconic acid (CeH2O7) by iodine in nearly neutral
solution seemed to be an especially suitable property; preliminary
experiments on the oxidation of glucose, mannose, fructose, and
sucrose by iodine having confirmed the results of previous inves-
tigators that the rates are widely different for these different
compounds. A series of experiments was therefore made on the
comparative rates of this oxidation, using in one case a pure
glucose solution, and in other cases glucose solutions which had
been previously treated with aqueous insulin extract, alone or
mixed with liver extract, blood serum, or oxalated blood.

This investigation forms part of a series of researches on the
chemical nature and behavior of insulin undertaken in this labora~-
tory under the general direction of Prof. A. A. Noyes, to whom
we desire to express our thanks for advice as to the work and for his
aid in the preparation of it for publication. This investigation was
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assisted on the financial side from the funds which have been made
available by Dr. Bertnard Smith for the general prosecution of
insulin researches in this laboratory. We are also indebted to Dr.
Smith, and to his associate Dr. Howard West, for cordial coopera-
tion and assistance on the biological sides of this investigation;
also to Mr. Albert L. Raymond of this laboratory for many
valuable suggestions.

2. Previous Researches.

Various investigators have already studied the reaction between
sugars and iodine, with reference to the development of methods
of analysis. Thus, Romijn! early showed that glucose is quanti-
tatively oxidized by iodine in alkaline solution to gluconic acid.
He found that aldoses, in general, are oxidized under these con-
ditions, while ketoses remain unchanged; and he devised a method
of sugar analysis based on this principle. As the results obtained
with potassium or sodium hydroxide were rather irregular, he
substituted sodium borate for the alkali. The reaction, although
slow, proved to be quantitative in this weakly alkaline solution.
Bougault? substituted: sodium carbonate for the borate; and this
gave a much more rapid oxidation and led to a satisfactory method
of analysis. Willstitter and Schudel® found that the reaction
proceeded smoothly to completion when 0.1 N solutions of iodine
and sodium hydroxide in the proportion of 2:3 were used. Colin
and Liévin* modified Bougault’s procedure by using disodium
hydrogen phosphate in the place of the carbonate. Cajori® has
recently published an article in which he gives a method of sepa-
rately determining glucose, fructose, sucrose, and maltose, in
mixtures; this method being based on the different behaviors of
these sugars towards iodine and towards cupric hydroxide.

The effect of insulin on glucose has been studied by Winter
and Smith.! These investigators made a series of experiments

1 Romijn, G., Z. anal. Chem., 1897, xxxvi, 349.

2 Bougault, J., J. pharm. et chim., 1917, xvi, series 7, 97; Compt. rend.
Acad., 1917, clxiv, 1008.

3 Willstitter, R., and Schudel, G., Ber. chem. Ges., 1918, li, 780.

¢ Colin, H., and Liévin, O., Bull. Soc. chim., 1918, xxiii, series 4, 403.

s Cajori, F. A., J. Biol. Chem., 1922, liv, 617.

8 Winter, L. B., and Smith, W., Brit. Med. J., 1923, i, 12; ¢f. J. Phystol.,
1922-23, lvii, 100.
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upon the changein optical rotation produced in glucose and fructose
solutions by the addition of small amounts of insulin and liver
extracts. They thought they detected, in the case of both sugars,
an appreciable change, which reached a maximum in 2 to 4 days
and was greatly increased by the addltlon of phosphate solution.
They suggested that the function of insulin might be the activation
of the enzyme (presumably present in the liver) which is respon-
sible for the transformation of ordinary « S-glucose into the vy
form. The v sugars are known to be very reactive chemically:
in summarizing their properties, Hewitt’ notes their great activity
toward oxidizing agents and their marked instability in the presence
of acid and alkali.

3. Experimental Procedure and Materials.

The oxidations were carried out in a nearly neutral solution
with an excess of iodine, so as to insure a nearly complete conver-
sion of glucose into gluconic acid in a convenient period of time.
To give the proper acidity, solutions 0.3 molal in NaHCO; or
0.15 molal in Na,HPO, were used. In these solutions the reaction
is practically complete at room temperature in 2% hours. About
five times the theoretical-amount of iodine was employed. The
oxidations were carried on simultaneously in 100 cec. rubber
stoppered conical flasks. Since the runs compared were always
parallel, it was not thought necessary to maintain a fixed tem-
perature. The temperature, however, did not vary over 2°C.
throughout the entire work; and not more than a few tenths of a
degree during a given set of oxidations.

The samples of sugars used were obtained as follows sucrosefrom
the U. S. Bureau of Standards; fructose, from Merck; and glucose
and mannose, from Kahlbaum. Fresh solutions of the glucose
were made up from time to time.

4. Rates of Oxidation of Glucose, Mannose, Fructose, and
Sucrose.

" The chemlcal equation expressing the oxidation of glucose or
mannose by iodine is as follows:

CeH1206 + I. + HO = CaH1201 + 2HI

T Hewitt, J. A., Brit. Med. J., 1923, i, 590.
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The reaction rate at any moment should therefore be propor-
tional to the prevailing concentrations both of the sugar and of the
iodine, provided the temperature rem