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Summary To evaluate metabolic control and safety
parameters (hypoglycaemia frequency and nasal mu-
cosa physiology), 31 insulin-dependent diabetic pa-
tients were treated with intranasal insulin at meal-
times for 1 month and with subcutaneous fast-acting
insulin at meals for another month in an open, cross-
over randomized trial. During both treatment peri-
ods the patients were treated with intermediate-act-
ing insulin at bedtime. Six of the patients were with-
drawn from the study during intranasal insulin ther-
apy due to metabolic dysregulation. Serum insulin
concentrations increased more rapidly and de-
creased more quickly during intranasal as compared
with subcutaneous insulin administration. Metabolic
control deteriorated, as assessed by haemoglobin A,
concentrations, slightly but significantly after intrana-

sal as compared with subcutaneous insulin therapy.
The bioavailability of intranasally applied insulin
was low, since intranasal insulin doses were approxi-
mately 20 times higher than subcutaneous doses. The
frequency of hypoglycaemia was similar during intra-
nasal and subcutaneous insulin therapy, and nasal
mucosa physiology was unaffected after intranasal in-
sulin. We conclude that due to low bioavailability and
to a high rate of therapeutic failure, intranasal insulin
treatment is not a realistic alternative to subcuta-
peous insulin injections at the present time. [Dia-
betologia (1995) 38: 680-684]
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The results of the DCCT (Diabetes Control and
Complications Trial) have finally provided proof of
the relationship between blood glucose control and
the rate of development of long-term diabetic com-
plications. However, in the DCCT, normalization of
haemoglobin A;. concentrations was achieved for
only 5% of the patients, despite intensive insulin
therapy involving multiple insulin injections [1].
Clearly, there is a need for further improvement of in-
sulin therapy.
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The limitations of intensive insulin therapy are
mainly due to the pharmacokinetic properties of sub-
cutaneously injected insulin, resulting in an increased
frequency of hypoglycaemia [2]. Whereas avoiding
hypoglycaemia with intensive insulin therapy only
seems possible by raising blood glucose levels, a
more physiological insulin administration might po-
tentially reduce blood glucose without increasing the
frequency of hypoglycaemia [3]. In this context, intra-
nasal insulin administration has gained considerable
interest, since after intranasal application of insulin,
plasma insulin concentrations increase more rapidly
and return to basal levels more quickly than after
subcutaneous insulin injections [4]. Furthermore,
this “needle-free” way of administering insulin
avoids the problems inherent in insulin injections.

Clinical data on intranasal insulin therapy are rela-
tively scarce, since previous investigations were ei-
ther pharmacokinetic studies, carried out in healthy
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Table 1. Clinical characteristics of the subjects studied

Patients Patients with-
completing  drawn during
the study the study (n = 12)
{n=19)

Age (years) 3242 31+3

Height (cm) 17742 173£3

Body weight (kg) 73+3 713

Body mass index (kg/m?)  23%1 24+1

Duration of insulin

treatment (years) 71 10£2

Data given as mean + SEM

subjects [4-6], or therapeutic studies involving small
subsets of patients [7-9]. This paper represents data
from a randomized, open, cross-over trial comparing
intranasal insulin with subcutaneous soluble insulin
as mealtime insulin in 31 insulin-dependent diabetic
(IDDM) patients.

Subjects and methods

Fatients. Thirty-one IDDM patients volunteered for the study
after giving informed consent. The study was approved by the
Ethics Committee of Copenhagen and Frederiksberg (JI.nr. V.
200.2206/91). The patients fulfilled the following inclusion cri-
teria: age between 18 and 65 years, soluble insulin given three
times or more daily, capability of recognizing hypoglycaemia
and no signs or symptoms of other diseases. Exclusion criteria
were: allergy of any kind, pregnancy (likely or hoping to be-
come pregnant during the study period), significant abnormal-
ities on rhinoscopy, individual single doses of soluble insulin
greater than 25 IU, ischaemic heart disease and epilepsy. All pa-
tients had fasting C-peptide concentrations below 0.2 nmol/l.
Clinical data are given in Table 1.

Study protocol. After a 1-week run-in period in which fasting
blood glucose was kept between 7 and 10 mmol/l, the patients
were treated for 1 month with multiple insulin injections (so-
luble insulin three times daily before meals and NPH insulin
at bedtime) and for 1 month with intranasal insulin three
times a day before meals and NPH insulin at bedtime in a ran-
domized cross-over design. A 1-week run-in period was also
included after the first 1-month treatment period. One half of
the intranasal insulin was given just before starting a meal, ad-
ministered with one half in each nostril. The second half of the
dose was given 30 min later, also as two administrations. The
intranasal insulin dose was initially chosen as the equivalent
dose of soluble insulin (20% bioavailability expected), and
the dose was adjusted during the first week of treatment
by daily 4-point home monitoring (preprandial and at
23.00 hours), reviewed by telephone. The therapeutic aim was
a blood glucose level between 7 and 10 mmol/l. After the first
week of each treatment period, the basal NPH insulin dose re-
mained unchanged, whereas the mealtime insulin dose was ad-
justed as described. Throughout the study, the patients met in
the outpatient clinic at Hvidovre Hospital once a week.

Insulin preparations. Intranasal insulin: Novolin Nasal U500
using lecithin as absorption enhancer. The preparation con-
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tains per ml: Insulin Human 500 IU, glycerol 16 mg, did-
ecanoyl-l-alpha-phosphatidylcholine 20 mg, cholesterol 2 mg,
fractionated coconut oil 4 mg, monobasic sodium phosphate
0.005 mmol/l, water for injection to make 1 mi. Soluble insu-
lin: Insulin Actrapid Human, Novo-Nordisk, Copenhagen,
Denmark, 100 IU/ml.

NPH insulin: Insulin Insulatard Human, Novo-Nordisk,
100 TU/ml.

Assessments

Glycaemic control. At the end of each cross-over period the
patients were admitted to the metabolic ward at the Depart-
ment of Endocrinology, Hvidovre Hospital, for 24-h profiles
of blood glucose and serum insulin. These were obtained by
constant rate withdrawal of blood from a cubital vein by
means of a portable suction device (Vingmed, Copenhagen,
Denmark).

After 2 weeks in each cross-over period, each of the pa-
tients performed one 7-point home monitored blood glucose
profile. Blood samples for the profiles were taken by means
of capillary tubes from finger blood drops. The capillary tubes
were sent by the patients for laboratory analysis (hexokinase
method).

Haemoglobin A, was measured at the start, at the end of
the first and at the end of the second cross-over period.

Hypoglycaemic events. The frequency and severity of hypo-
glycaemic episodes during the two insulin regimens were mon-
itored by means of patient diary and self-monitoring of blood
glucose using the following grading: grade A, mild hypo-
glycaemic symptoms where no assistance was needed; gra-
de B, hypoglycaemia with more severe symptoms requiring
the assistance of another person; grade C, severe hypoglyca-
emia requiring medical intervention.

Local irrization, mucociliary function and acoustic rhinometry.
Before and within 1 week after each treatment period the fol-
lowing parameters were assessed:

Local irritation to the nose after intranasal insulin administra-
tion was scored as follows: no irritation = score 0, slight but ac-
ceptable irritation = score 1, moderate but acceptable irrita-
tion = score 2, unacceptable irritation = score 3.

Mucociliary function was examined both in vivo and in vi-
tro. The in vivo test consisted of the saccharin particle test, cal-
culating the speed of nasal clearance as the time from applica-
tion of a saccharin particle to the recognition of a sweet taste
divided by the length of the nasal cavity [10]. The in vitro ex-
amination was performed by a nasal mucosa biopsy and subse-
quent measurement of number of 1) ciliated epithelial cells
and fraction of cells with immobile cilia and 2) calculation of
mean frequency of cilia beats and degree of synchronicity by
use of a photometry technique [11].

Acoustic rhinometry was performed to estimate the cross-
sectional area of the nasal cavity as a function of the distance
from the nostril [12]. The total bilateral volume was calculated
from the anterior margin of the nostril and 47.7 mm into the
nose. All measurements were done three times. Decongestion
was performed with ephedrine 0.25 % spray, two puffs in each
nostril repeated after 5 min, and measurement after an addi-
tional 10 min.

Assay procedures. Blood glucose and haemoglobin A,, were
measured by standard techniques. Serum insulin was mea-
sured by the enzyme-linked immunosorbant technique [13].
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Table 2. Daily doses of nasal/subcutaneous Actrapid and Insulatard

Nasal/subcutaneous Actrapid doses (I. U.)

Novolin Nas. + Insulatard treatment

Actrapid HM + Insulatard treatment

Week 1 Week 2 Week 3 Week 4 Week 1 Week 2 Week 3 Week 4
559+ 58 661+ 77 66392 674 £83 38+3 40+3 39+2 39+2
Insulatard doses (1. U.)
Novolin Nas. + Insulatard treatment Actrapid HM + Insulatard treatment
15+1 15+1 15+1 16+1 13+1 141 141 14+1
Data are mean = SEM
Insulin Insulin

500 Novolin Nasal + Insulatard 500 Actrapid HM + Insulatard
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Statistical analysis Insulin doses for the patients completing the study

Statistical analysis was performed by the Armitage-Hill analy-
sis of incremental areas [14] and by the ¢-test for paired com-
parisons. Level of statistical significance (two-tailed) was cho-
sen as less than 0.05.

Results

Both treatment periods were completed by 19 pa-
tients, while 12 patients were withdrawn: 4 patients
were withdrawn due to lack of compliance with na-
sal mucosa investigations, 6 patients were withdrawn
due to dysregulation (hyperglycaemia and/or keto-
nuria), 1 patient experienced severe grade C hypo-
glycaemia during nasal insulin administration, and
1 patient had to withdraw due to change in occupa-
tion. All 6 patients withdrawn due to dysregulation
were excluded during the intranasal insulin treat-
ment.

are given in Table 2. No significant changes were
made in NPH (Insulatard) doses or in soluble insulin
(Actrapid) doses throughout the investigation. In or-
der to achieve metabolic control during the run-in
period as described (fasting blood glucose 7-
10 mmol/l) very large doses of intranasal insulin
were required (Table 2). These doses did not change
significantly during the study period.

Figure 1 shows the 24-h serum insulin profiles. Ser-
um insulin concentrations rose more rapidly and sub-
sequently returned more quickly to basal levels dur-
ing intranasal insulin treatment than with subcuta-
neous insulin injections. Mean blood glucose concen-
trations during the 24-h profile period did not differ
significantly in the two treatment periods (Fig.1). In
contrast, 7-point home monitoring blood glucose con-
centrations tended to be higher during intranasal in-
sulin treatment than during subcutaneous insulin ad-
ministration (Fig.2). In accordance with the latter ob-
servation, haemoglobin A,, concentrations were
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slightly but significantly higher after intranasal insu-
lin treatment as compared with after subcutaneous
insulin treatment (8.1 vs 7.8 %, P < 0.01).

The frequency of mild and moderate hypoglycae-
mia did not differ significantly during the two treat-
ment periods. Only one severe hypoglycaemic peri-
od occurred (during intranasal insulin treatment).

No significant changes occurred in mucociliary
function or in acoustic rhinometry during the two
treatment periods. Acoustic rhinometry expressed as
the total bilateral nasal volume showed no signifi-
cant changes in the two treatment periods before as
well as after decongestion of the nasal mucosa. Of
31 patients, 16 had transient nasal irritation after in-
tranasal insulin administration.

Discussion

It appears from this study that intranasal insulin
treatment substituting subcutaneous insulin injec-
tions at mealtime may be accomplished in IDDM pa-
tients. However, very large doses of intranasal insulin
must be applied in order to reach satisfactory meta-
bolic control, suggesting a low bioavailability of the
compound, and, in spite of these efforts, metabolic
control deteriorated slightly but significantly during
intranasal as compared with subcutaneous insulin ad-
ministration. Thus, intranasal insulin administration
is at present not a realistic alternative to subcuta-
neous insulin injections, at least not using the absorp-
tion enhancer and the device employed in the present
study.

Intranasal insulin administration results in plasma
insulin concentrations which mimic those of healthy
subjects to a greater extent than any other hitherto
studied route of administration [4]. This was con-

firmed in the present study, since plasma insulin con-
centrations rose more rapidly and returned more
quickly to basal levels after intranasal as compared
with subcutaneous treatment. This finding in the 24-
h profiles was, however, not associated with corre-
spondingly lower blood glucose concentrations, and
haemoglobin A, concentrations did in fact increase
slightly during intranasal insulin treatment. This is in
accordance with Frauman and co-workers [8] who
found a significant increase in haemoglobin A, in
six patients treated with intranasal insulin for
4 months, as compared with findings in the same sub-
jects after subcutaneous insulin treatment. Notably,
in the latter study three of nine patients had to be ex-
cluded because a satisfactory metabolic control could
not be obtained unless NPH insulin doses at bedtime
were increased. Likewise, in our study in which NPH
insulin increments were not allowed after the run-in
phase 6 of 31 patients were excluded due to dys-
regulation. It therefore seems that a metabolic con-
trol comparable to that of multiple injection regi-
mens is possible in all patients only at the expense of
increasing the NPH doses. This dependency on a fair-
ly large basal level of insulin, which seems to be a fea-
ture of intranasal insulin treatment, may be the rea-
son why it is seemingly more successful in NIDDM
patients [9, 15].

Saltzman and co-workers [7] studied eight IDDM
patients during 3 months of intranasal therapy as
compared with 3 months of subcutaneous insulin
treatment. In these patients haemoglobin A, concen-
trations did not increase during intranasal insulin
treatment, yet these concentrations were fairly high
(8.7 %), supporting our conclusion that near normali-
zation of blood glucose concentrations with intrana-
sal insulin therapy is difficult to obtain, if at all possi-
ble. These authors found that nasal irritation was to
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some extent a problem in their patients. In the pre-
sent study, nasal irritation appeared to be a minor
problem, and nasal mucosa physiology did not seem
to be affected by intranasal insulin administration
for 1 month, since there was no significant change in
acoustic rhinometry and mucociliary function in this
period.

Due to rapid increments in plasma insulin concen-
trations, intranasal insulin therapy has been suspect-
ed to be associated with hypoglycaemia to a greater
extent than subcutaneous insulin treatment. None of
the previous clinical investigations nor the present
study have confirmed this. Apart from lack of ability
to normalize blood glucose concentrations, the main
problem associated with intranasal insulin adminis-
tration in the present study was the low bioavailabil-
ity. Intranasal insulin doses were approximately
20 times higher than the subcutaneous doses, a figure
which has varied from 5 to 20 times in previous inves-
tigations, using different absorption enhancers [4-9].
At the present time, solution of the bioavailability
problem seems to be crucial for future work in this
field.

In conclusion, intranasal insulin administration in
association with meals, combined with subcutaneous
NPH insulin at bedtime was well tolerated and safe
in terms of hypoglycaemic events and nasal mucosa
function tests in a 1-month clinical study in
19 IDDM patients, as compared with a 1-month peri-
od of subcutaneous insulin treatment at meals. Serum
insulin concentration rose more rapidly and returned
more quickly to basal levels after intranasal as com-
pared with subcutaneous insulin treatment. Howev-
er, intranasal insulin doses were about 20 times high-
er than subcutaneous doses, suggesting a low bioa-
vailability. Despite these large doses, haemoglobin
A, concentrations rose slightly but significantly dur-
ing intranasal as compared with subcutaneous insu-
lin treatment. Because of lack of ability to normalize
blood glucose concentrations and because of low
bioavailability with inherent economic and environ-
mental problems, intranasal insulin therapy is not a
realistic alternative to subcutaneous insulin meal-
time replacement at the present time.
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