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Absorption of Insulin by Nasal Mucous Membrane. * 
WILLIAM S. C0LL;EXS AND MAX A. GOLDZIEHER. 

(With the technical assistance of Nilton Landowne and Jae  Siegel.) 

From the Pathological Idoratorics,  Israel-Ziofi and Crown Heights Hospitals, 
Brooklyn, and the medical service of Dr. Henry Joachh, Israel-Zion Hospital. 

The hypodermic injection is the undesirable feature in insulin 
therapy, and therefore limits its usefulness. Many workers have 
used oral therapy, viz. : ( 1) Administering insulin by all enteral and 
respiratory r0utes.l (2) Adding to insulin : serum, defibrinated 
blood, bile acids, bile salts, acids, or alcohol, to prevent its destruc- 
tion or inactivation by the proteolytic ferments of the gastro-intes- 
tinal tract.2 (3 )  Employing substitutes which possess insulin-like 
properties." (4) Incorporating the insulin in enteric coated capsules 
to make it available for absorption after passing the stomach .and je- 
junum.' All these have proven to be either toxic or of dubious value? 

We approached the problem by altering the permeability of the 
* W e  wish t o  express our appreciation to Frederick Stearns Co., for their 

kindness is supplying us with the insulin necessary for this study. 
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membrane to stimulate absorption of the insulin molecule. The 
method was based upon the following principles : 1. The mem- 
brane should not be exposed to ferments that inactivate insulin. 
2. Permeability may be increased by elevating the temperature of the 
membrane.‘ 3. The rate of absorption can be speeded by heating 
the insulin solution. 4. A “piling up” of the molecule on the mem- 
brane may ‘be prevented by lowering the surface tension of the in- 
sulin solution. 5. All adhering materials should be mechanically 
washed away from the membrane. 6. The surface of the membrane 
should be kept at a favorable pH. 

The method consisted of : (1)  The nose was irrigated with normal 
saline, at approximately pH 4, at 40-45°C. This was immediately 
followed by: (2)  Either a solution of Saponin was applied to the 
mucous membrane, or a few drops of Saponin added to the insulin 
solution. ( 3 )  Insulin at SO’C., was then sprayed directly into the 
nose with an atomizer, the stem of which had been previously 
heated. (4) Small plegets of cotton were then inserted into the 
nares to prevent the patient from blowing out the solution. 

100 units of U 100 insulin were employed in all experiments. The 
subjects were human diabetics. The experiments were performed 
in the post-absorptive period, at least 14 hours after the last meal. 
The blood sugars were determined during control periods of 1-3 
hours before the application. Blood sugars were usually deter- 
mined at 5 ,  15, 30, 60, 120, 180, and 240 minutes after the appli- 
cation, by the Folin-Wu method, in duplicate. No results were ac- 
ceptable where the deviation between the duplicates was greater 
than 2%. Urinary sugars were estimated by the Benedict quanti- 
tative method. 

Illustrative examples of the results are given in Chart 11. Nine- 
ty-six experiments were performed, with 11 failures, due either to 
poor irrigations, co?ling of solutions, or incomplete spraying. 

Mosentha17 reported that diabetics, if starved long enough, 
showed a progressive decline in blood sugar to a normal level. 
Macleod’ has been confirmed in his observation that maxiinum de- 
pression in the blood sugar occurs within 60 minutes in the normal, 
and within 2 hours in the diabetic, regardless of insulin dose, or 
whether administered subcutaneously or intravenously. Theref ore, 
to be sure of an insulin effect, one must know the preliminary curve 

oosterhout, W. J. V., Injury, Recovery and Death, in Relation to Conductiv- 
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A-Blood and urine sugars after the hypodermic injection of 10 units of in- 
sulin. B-Shows parallel precipitous drop in blood sugar after nasal treatment. 
E-After 100 gm. of glucose by mouth (broken line). One week later, same 
patient, 100 gm. of glucose, followed by nasal treatment. Note sudden inter- 
ruption in the rise of the curve (full line). D-Is a characteristic curve pro- 
duced by this method of therapy. 

of the blood sugar, ohtain a precipitous depression, and a maximum 
depression within 2 hours. Any attempt to interprete blood sugar 
depressions over longer periods of time subjects one to the possible 
criticism that it might be a starvation effect. Therefore the results 
of so many experiments in this field can not be adequately interpre- 
ted. Our method of nasal treatment produces curves which fulfill 
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every critical requirement, and strongly resemble those obtained by 
the subcutaneous injection of insulin. 

Its clinical application is limited because this treatment produces 
a mild congestion in the mucous membrane of the nose, and symp- 
toms of rhinitis. These symptoms usually last about one hour. 
Before this method is available for clinical use, one must establish 
the proper dosage. The authors are now investigating these prob- 
lems. 
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Antiurease Formation in the Hen. 

STAGEY F. HOWELL. (Introduced by James B. Sumner.) 
From the Department of Physiulogy cwtd Bwchmi8t?y, Medkal College, C m e l t  

U&wrsity, I thwa ,  N .  P. 

Although urease is very toxic when injected into mammals it has 
very little effect upon the hen unless urea is injected simultaneously. 
This is to be accounted for by the low urea content of hen's blood, 
which has been found to be about 1 mg. per 100 cc., or even less, in 
the 8 hens tested. From 800 to 17,000 units of urease were injected 
at one time, into a wing vein or directly into the heart. The white 
leghorn .hens were observed following the injection and samples of 
blood and feces were analyzed for ammonia, urea, uric acid and 
urease. The ittjected urease disappeared from the blood within 4 
hours after the injection and did not appear in the feces. Follow- 
ing injection of urease the blood urea disappeared entirely, its place 
being taken by ammonia. The uric acid content of hens' blood (2.0- 
4.0 mg. per 100 cc.) was not apparently affected by destruction of 
the urea, as might be expected if urea were a necessary precursor 
of uric acid. Examination of the feces showed that the reaction 
becomes slightly alkaline after the injection of urease. 

Antiurease was formed in 8 hens by 4 to 10 injections of urease 
(each injection containing from 500 to 5,000 units) over a period of 
30 to 50 days. Antiurease could be demonstrated in the blood about 
14 days after the first injection. There was an incubation period of 
7 days after the last injection. The amount of antiurease found in 
the hens, as determined by the method of Kirk and Sumner,' 
varied between 5 and 24 antiunits per cc. of serum. The chicken 

1 Kirk, J. S., and Sumner, J. B., J.  BioZ. Chern., 1931, 94, 21. 


