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A new non-invasive method for treating insulin-reaction:

intranasal lyophylized glucagon*
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Summary. The main therapeutic indication for glucagon is
the treatment of hypoglycaemia in insulin overdosed Type 1
(insulin-dependent) diabetic patients. We have previously
shown that an intranasal spray of 7.5mg glucagon with
deoxycholic acid as surfactant was able to correct an 1.v. in-
sulin-induced hypoglycaemia in diabetic patients. However,
bioavailability and stability needed to be improved before in-
tranasal glucagon could be introduced into clinical practice.
This has now been achieved with a freeze-dried mixture of
glucagon (1 mg) and glycocholic acid (1 mg) as a surfactant.
Kinetics and efficacy have been controlled by (1) comparing
subcutaneous and intranasal glucagon in 12 healthy non-hy-
poglycaemic subjects; (2) testing intranasal glucagon in six
Type 1 diabetic patients in whom hypoglycaemia was in-
duced by an i.v. bolus of insulin and (3) comparing subcuta-
neous and intranasal glucagon in six Type 1 diabetic patients

in whom hypoglycaemia was induced by adding extra sub-
cutaneous regular insulin to their usual morning dosage. Our
results show that 1 mg of intranasal glucagon is as effective as
1 mg of subcutaneous glucagon in terms of the rise in blood
glucose. Differences in kinetics between the subcutaneous
and the intranasal routes may be observed: intranasal gluca-
gon initiates the blood glucose rise earlier than does the sub-
cutaneous form but the effect of the latter is more sustained.
Glycocholic acid appears to be a perfectly tolerated agent in
acute conditions. The use of intranasal lyophylized glucagon,
for the reversal of hypoglycaemia in Type 1 diabetes, seems
to be a clinically relevant alternative to its parenteral equiva-
lent and should now be ready to be introduced in the market.

Key words: Hypoglycaemia therapy, glucagon, nasal route,
diabetes mellitus.

Severe hypoglycaemic attacks occur frequently. They may
be experienced by up to 25% of insulin-treated diabetic
patients each year [1]. When the subject is unconscious
and unable to swallow, only parenteral glucagon (usually
1mg) or iv. glucose can quickly correct the situation.
However, injecting glucagon requires that relatives or
friends be specially trained and it also requires aseptic ma-
noeuvres which are not always performed very efficiently
[2]. On the other hand, i.v. glucose, though highly effi-
cient, requires professional skill.

In a recent study [3], we showed that an intranasal
spray of 7.5 mg of glucagon in a solution with 1% deoxy-
cholic acid was able to correct i.v. induced hypoglycaemia
in Type 1 (insulin-dependent) diabetic patients. We con-
cluded that before intranasal glucagon could be intro-
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duced as a realistic alternative in clinical practice, several
difficulties needed to be overcome. In particular, a better
adjuvant was needed to improve bioavailability and re-
duce cost, and a method to ensure the stability of glucagon
in solution form was required [3]. We have found that the
use of glucagon as a freeze-dried, lyophylised powder,
seems to solve these critical questions.

Subjects and methods

The two following preparations of glucagon were used: (1) a com-
mercially available glucagon set for s.c. injection (Novo Industrie
SA, Neuilly, France), and (2) a freeze-dried pellet containing a mix-
ture of 1 mg glucagon and 1 mg glycocholic acid (GCA) (Sigma, La
Verpillere, France). This preparation was manufactured by Orga-
non, (Sérifontaine, France), according to an original technical for-
mulation (Organon Laboratory, P. Zirinis, patent pending). The pel-
lets used for the entire study were manufactured in one batch, kept
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Fig.1. Picture of the unmounted, obturated glass tubing (30 mm
long) containing the lyophylised glucagon and a tubing mounted on
the rubber bulb
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Fig.2. Mean (SEM) plasma glucose and (immunoreactive gluca-
gon) IRG levels in 12 normoglycaemic healthy subjects in response
to 1 mg glucagon given at t either s.c.: (n = 6;0—0), or IN as GCA-
glucagon: (n = 6; A—ah)
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in small glass tubes (30 mm long, 4 mm inner diameter) obturated at
each end by rubber caps (Fig.1), and stored at +4 °C. The prepara-
tion was kept in the refrigerator for at least 6 months before the
study was started.

The pellet of glucagon was insufflated into one of the subject’s
nostrils via a rubber bulb (containing approximat 30 ml air), which
was cut at the extremity to fit the glass tubing. The powder was
flushed from the tube by applying brisk pressure on the rubber bulb.
The powder stuck lightly to the surface of the tubing, preventing it
from being spilled, yet no residual powder was observable in the tub-
ing system after insufflation.

The comparison between the two forms of glucagon was con-
ducted in three consecutive sets of experiments: (1) in healthy, non-
hypoglycaemic subjects, (2) in insulin-treated diabetic patients sub-
jected to an i.v. induced, clinically light [1] hypoglycaemia, (3) in
insulin-treated diabetic patients subjected to a more profound [1]
s.c. insulin induced hypoglycaemic attack (a situation similar to that
usually observed in clinical practice). After recovery, the patients
were systematicaily asked (open-ended question) for possible side
effects attributable to hypoglycaemia and/or glucagon administra-
tion.

The protocol was approved by the Hospital Ethical Committee
and the informed subjects were volunteers.
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Subcutaneous (s. c.) and intranasal (IN) glucagon
in non-hypoglycaemic subjects

Twelve healthy subjects aged 32.7 (2.8) years (mean + SEM) were
randomly assigned to one of the two glucagon preparations:s.c. glu-
cagon (n = 6) or intranasal GCA-glucagon (n = 6). They received the
hormone at 08.30 hours after a 12 h fast, starting at an initial normal
plasma glucose value of 4.8 (0.22), and 4.8 (0.11) mmol/l respectively
(p>0.05;NS).

Intranasal glucagon for i.v. induced (clinically light)
hypoglycaemia in diabetic patients

Six patients with Type 1, C peptide negative diabetes, aged 33.5
(3.6) years, were investigated after an overnight fast. Theirlast inter-
mediate insulin injection was given 12 h before testing. We obtained
a decrease in blood glucose value, below 3.3 mmol/l (assessed on
Glucostix strips, Ames-Miles, Epernon, France), by injecting ani. v.
bolus of regular insulin (U 40, Organon) ata dosage of 0.2 U/kg body
weight, according to a protocol which has previously been described
[3]- The actual mean plasma glucose value at which 1 mg GCA-glu-
cagon was intranasally administered was 2.9 (0.33) mmol/l.

Subcutaneous and intranasal glucagon for s. c. induced
(more severe) hypoglycaemia

Another group of six Type 1, C peptide negative diabetic subjects,
aged 29.6 (7.7) years, was subjected to a more severe s.c. insulin in-
duced hypoglycaemia. All were routinely treated with two injec-
tions of a mixture of regular and NPH insulin. In order to obtain a
hypoglycaemic episode the regular insulin component of the mix-
ture injected in the morning, was increased by 50%. The injection
was given between 08.00 and 08.30 hours. We then waited for an
overt insulin reaction. At this point, the patients were unable to
react by themselves and take any carbohydrates. This was observed
between 09.45 and 11.30 hours and corresponded to a concomittant
capillary blood glucose value below 2.5 mmol/l (Glucostix readings
using a Glucometer 11, (Ames-Miles). The patients were then ran-
domly assigned either to 1 mg s.c. glucagon or to 1 mg IN GCA-
glucagon. The plasma glucose values at which glucagon was admin-
istered were 2.3 (0.16) and 2.1 (0.23) mmol/l respectively (p > 0.05;
NS).

Plasma glucose was assayed using the glucose oxidase method
{Beckman Glucose Analyser IT, Fullerton, Calif., USA), and plasma
immunoreactive glucagon (IRG) on radioimmunoassay (Oris In-
dustries SA, Gif-sur-Yvette, France) (intra assay reproducibility:
4.4-49%). All of the samples were assayed in the same batch.

Statistical analysis

Statistical analysis was carried out using the Student’s #-test for
paired data and multivariate (MANOVA) analysis of variance using
SPSS-PC software. Results are given as mean (+ SEM).

Results

Figure 2 shows the mean plasma glucose and IRG concen-
trations recorded in the healthy subjects. No statistical dif-
ference could be found concerning peak values, values at
30 min or areas under the plasma glucose curves (Mano-
va; NS). Concerning the concomittant plasma glucagon le-
vels, the basal values were comparable: 320 (13) and 338
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Fig.3. Mean (SEM) plasma glucose and IRG levelsin six insulin-de-
pendent diabetic subjects submitted to i.v. induced hypoglycaemia
and in response to 1 mg intranasal GCA-glucagon (&—a) adminis-
tered at t,
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Fig.4. Mean (SEM) plasma glucose and IRG levels in six insulin-de-
pendent diabetic subjects submitted to s. c. insulin induced hypogly-
caemia and in response to 1 mg glucagon either s.c. (n = 3;3~0) or
IN (GCA-glucagon, n = 3; ~—a) administered at t,

(25) pg/ml; (p > 0.05; NS) but peak values 4933 (690); 5468
(950) and areas under the curves were significantly differ-
ent (Manova: p <0.001), GCA-glucagon acted faster and
higher than s.c. glucagon. However, at 30 min, plasma
IRG levels were almost still at their maximal values with
s.c. glucagon, whereas with IN glucagon the levels had al-
ready returned to baseline.
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Figure 3 shows the plasma glucose and IRG levels ob-
served in Type 1 diabetic subjects submitted to an insulin-
induced light hypoglycaemia. After IN glucagon, plasma
glucose levels increased steadily for 25 min, attaining at
that point a mean of 4.4 (0.6) mmol/l. The TRG plasma le-
velsincreased significantly with a mean peak value of 1822
(202) pg/ml and then returned to baseline within 30 min.

Figure 4 shows the plasma glucose and IRG levels re-
corded in diabetic patients in whom a more severe hypo-
glycacmia was obtained. No significant difference was ob-
served either with plasma glucose or with IRG level
kinetics.

Discussion

This study clearly demonstrates that 1 mg IN glucagon is
at least as effective as 1 mg s.c. glucagon in terms of blood
glucose restoration after an msulin-induced hypogly-
caemia.

Our results in healthy non-hypoglycaemic subjects
confirm the findings of Pontiroli et al. [4, 5] and ourselves
[3], that IN glucagon is rapidly reabsorbed through the
nasal mucous membrane and promptly raises plasma IRG
and glucose levels. Comparing 1 mg glucagon adminis-
tered intranasally and intramuscularly (i.m.) in healthy
subjects, Pontiroli et al. concluded that the IN glucagon
route seemed inferior to the i. m. route in terms of “blood
glucose raising capacity; the ratio seems to be 1:2” [4]. In
the present study, 1 mg glucagon IN with GCA seems to
be as potent as 1 mg s.c. glucagon in terms of plasma glu-
cose and maximal plasma IRG levels; the kinetics are
more alert via the IN route but have a more sustained ef-
fect with s. c. delivery.

The results observed with 1 mg GCA-glucagon in
insulin-dependent diabetic subjects submitted to a rela-
tively light i. v. insulin-induced hypoglycaemia are totally
superposable, in terms of plasma glucose, with those ob-
tained with 7.5 mg glucagon IN as a spray with deoxy-
cholic acid as surfactant. It has been argued however, that
in the absence of a control group, one cannot be sure that
the phenomenon observed is not simply due to a sponta-
neous blood glucose recovery [6], since the effect of an i. v.
insulin bolus is very short-lived. As indicated in the lit-
erature, and from the largely elevated plasma IRG values
that can be physiologically observed, or in response to in-
sulin-induced hypoglycaemia, many arguments can be po-
sited against this hypothesis. It should be noted however,
that 1 mg IN glucagon is much higher than the minimum
effective dosage and maximum plasma glucose levels
were observed whether peak IRG levels were 5468
(Fig.2), 4000 (Fig.4) or 1822 (Fig.3) pg/ml. We also have
to consider our ethical inability to obtain a control group
of diabetic subjects submitted to hypoglycaemia and left
without treatment (placebo group) [7]. To overcome this
bias, we compared the IN route to the long established
1 mg s.c. route of glucagon administration [8] in Type 1
diabetic patients experiencing severe hypoglycaemia
after an overdose of s. c. administered insulin. We decided
to increase, by 50%, the regular insulin component of the
total morning dosage. The observed plasma glucose nadir
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levels were quite low ( < 2.5 mmol/l) in all of the subjects
tested. Similarly, the hypoglycaemic state was corrected
within 10 min and the plasma IRG levels were not statisti-
cally different between the two forms of glucagon admin-
istration. The number of subjects in this third group was
indeed too small to allow definitive conclusions to be
drawn. However, we have since conducted a clinical ex-
perience with young diabetic subjects staying in summer
camps who were managed by a non-medical staff (on-
going experiment not yet published).

We observed minor side effects with the surfactant
used in the present study due to the IN route: tingling sen-
sations in the nose for 1 or 2 min; with GCA-glucagon ap-
peared to be better tolerated than deoxycholic acid used
in our previous experiment. We did not visually or histo-
logically study the nasal mucous membrane, because no
chronic effects were expected in this drug which is only ad-
ministered in acute situations.

The side effects observed with s.c. glucagon (gastro-
intestinal discomfort, nausea) were observed in six of the
healthy and two of the diabetic subjects. No such effects
were observed with the IN route. This may be explained
by amore fleeting increase in IRG levels. This is especially
important for children who often experience severe nau-
sea and vomitting after s.c. glucagon.

In addition, we have the distinct impression, from our
observations and from the patients’ opinions, that IN glu-
cagon acts more quickly than s. c. injection, but we are un-
able, under the conditions of our protocol, to quantify this.
These observations are also concordant with those of Pon-
tiroli et al. [5, 9].

We conclude that 1 mg IN lyophylised glucagon is at
least as efficient as 1 mg s.c. glucagon in correcting in-
sulin-induced hypoglycaemia in diabetic patients in a situ-
ation similar to that observed in clinical practice. The flat-
ter IRG curves observed with diabetic patients as
compared to non-diabetic subjects might be due to the ex-
tensive variations in the response among the subjects, but
may also be due to a better dispersion of the powder on the
nasal mucosa after an additional voluntary inspiration.
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