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Abstract

This paper describes the investigation of the effect of a range of anaesthetics on the nasal absorption of insulin
using the fall in blood glucose as an indication of insulin absorption. Insulin was administered as a solution in
combination with the absorption enhancer sodium deoxycholate. Sagatal and Hypnorm anaesthetics were used as
examples of parenterally administered anaesthetics and halothane was used as an example of an inhaled anaesthetic.
One control group did not receive an anaesthetic. The greatest absorption was seen after anaesthesia with Sagatal and
Hypnorm. The halothane group showed a smaller effect and the non-anaesthetised group showed little response. The
study demonstrated that there is a difference in the absorption of nasally administered insulin in relation to the use
of different anaesthetic agents. The differences in absorption are proposed to be due to an effect of the anaesthetic
agents to a variable degree on the mucociliary clearance. © 1997 Elsevier Science B.V.
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1. Introduction pends on the type and duration of anaesthesia
required. Hence for a study employing invasive
surgical techniques Sagatal would be suitable
whereas for the sedation of an animal while a
non-invasive procedure was carried out Hypnorm,
a shorter-acting anaesthetic, could be selected.
Numerous studies have been carried out in
animal models on absorption of peptides from
various mucosal sites including the nose, using
- different anaesthetics such as pentobarbital (Hirai
* Corresponding author. et al., 1981; Illum et al., 1989; O’Hagan et al.,

Many anaesthetic agents are available for use in
animal experimental procedures ranging from
short-acting inhalation agents such as halothane
to longer acting intravenous agents such as
sodium pentobarbital (Sagatal). The type of
anaesthetic selected for a specific experiment de-
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1990; Irie et al., 1992), urethane (Fix et al., 1986;
Aungst and Rogers, 1989), ether (Aungst and
Rogers, 1989) and ketamine (Daugherty et al.,
1988; Schipper et al., 1990) during the procedure.
Visor et al. (1986) investigated the nasal delivery
of nicardipine in rats after anaesthesia with
Sagatal and demonstrated the effect of the anaes-
thetic agent used in animals under surgery on the
mucociliary clearance rate. The carotid artery was
cannulated to allow blood sampling but no other
surgery was carried out.

Several investigators have studied the effect of
nasally administered drugs on nasal mucociliary
clearance. Middleton et al. (1993) investigated the
effect of amiloride and saline on the clearance in
normal subjects and patients suffering from cystic
fibrosis and Batts et al. (1989) investigated the
effects of preservatives used in nasal preparations
on the nasal clearance mechanism.

As far as we are aware no studies have been
published on the investigation of the influence of
different anaesthetics on the rate and degree of
nasal absorption of drugs. Wolff et al. (1993)
performed studies in which rhesus monkeys were
anaesthetised with either ketamine alone or ke-
tamine followed by Sagatal. The clearance of
particles from the anterior and turbinate regions
of the nasal cavity were measured but no drug was
administered. The study showed that clearance
was twice as fast in animals anaesthetised with
ketamine alone indicating a longer residence time
of a drug in the nasal cavity in animals anaes-
thetised with Sagatal. The reason for this effect
was suggested to be due to ketamine being a
dissociative anaesthetic that does not depress neu-
ral activity and therefore have no effect on the
mucociliary clearance.

Ilum et al. (1990} investigated the absorption of
human growth hormone from the nasal cavity in
sheep and while they found a significant increase
in absorption using biodegradable starch micro-
spheres the absorption of the formulation contain-
ing hGH alone was not as great as that previously
noted by O’Hagan et al. (1990) when the same
formulation was administered nasally to rats. Il-
lum et al. (1990) and Illum (1996) suggested that
this was due to the fact that in the latter study rats
that had undergone an invasive surgical procedure

under anaesthesia were used and in the study by
Mum et al. (1990) conscious sheep were used. It
was suggested that the difference in absorption
could in part be due to the effect of the surgical
procedure and anaesthesia on mucociliary clear-
ance. Daugherty et al. (1988) also investigated the
absorption of human growth hormone from the
rat nasal cavity and found that there was signifi-
cant absorption in the rat model anaesthetised
with ketamine, acepromazine and zylazine, after
administration of the growth hormone with an
absorption enhancer. When the data was com-
pared to absorption from the nasal cavity of
nonanaesthetised rats it was found that there was
less absorption in the non-anaesthetised model.
The effect was suggested to be due to the lack of
airflow through the nares of the unconscious,
surgically treated model and the position of the
animals on their backs with the possibility of
pooling of the dose in the rear of the nasal cavity.
This would affect the absorption of the drug.

The aim of the present study was to investigate
the effect of various types of shorter or longer
acting anaesthetics on the nasal absorption of the
polypeptide insulin in a non-surgically treated rat
model. Insulin was chosen as the model drug
because its absorption into the blood stream is
easily assessed by measuring the changes in blood
glucose levels. The anaesthetic agents chosen for
these studies were Sagatal and Hypnorm adminis-
tered parenterally and halothane given by inhala-
tion.

For comparison insulin was also dosed to non-
anaesthetised rats. As a control animals were
dosed with an insulin solution with no enhancer.
This group was anaesthetised with halothane. In
all experiments, but the control, insulin was ad-
ministered in combination with sodium deoxy-
cholate (SDC) in order to ensure some absorption
of insulin in all rat models.

2. Methods
2.1. Materials

Sodium pentobarbital (Sagatal) and halothane
were obtained from May and Baker, England.
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Hypnorm was obtained from Janssen Pharma-
ceuticals. Porcine zinc insulin was provided by
Novo Nordisk, Denmark. Sodium deoxycholate,
sodium dihydrogen phosphate and disodium
hydrogen phosphate were obtained from Sigma
Chemicals.

2.2. Preparing the nasal formulation

A Zn-insulin stock solution was prepared by
dissolving 69.4 mg of insulin in phosphate buffer
at pH 4. The pH was adjusted to 7.4 by addition
of sodium hydroxide and the solution was made
up to 20 ml obtaining a final concentration of 80
IU/ml at pH of 7.4 The sodium deoxycholate
stock solution was prepared by dissolving 1 g of
sodium deoxycholate in 100 ml of phosphate
buffer (pH 7.4) to give a final concentration of 1%
AR

In order to obtain a working insulin-enhancer
solution the two stock solutions were mixed in a
ratio of 1:1 to give a final concentration of 40
[U/ml insulin and 0.5% w/v sodium deoxy-
cholate.

2.3. Animal procedures

Groups of six male Wistar rats (Sutton Boning-
ton, Nottingham University, UK) of about 250 g
were fasted overnight but allowed water ad libi-
tum. The groups were anaesthetised in the follow-
ing way:

Group A was anaesthetised with an intraperi-
toneal (ip) injection of sodium pentabarbitone
(Sagatal) at 60 mg/kg. The anaesthetic was given
about 5 min before the first blood sample was
taken. Group B was injected intramuscularly
with 0.4 ml/kg of Hypnorm also approximately 5
min before the first blood sample was taken.
Group C was anaesthetised with halothane at 2%
in a 1:1 mixture of oxygen and nitrous oxide for 5
min. The baseline blood samples were taken be-
fore the animals were anaesthetised and the in-
sulin dose was given immediately after the
animals were anaesthetised. Group D was not
anaesthetised in any way. Group E was anaes-
thetised with halothane in the same way as group
C but dosed with 4 TU/kg insulin in phosphate

buffer without sodium deoxycholate. This group
was the control

No top-up anaesthesia was given during the
course of the study and no surgical procedures
were carried out.

The animals were dosed nasally into one nostril
using a 100-g¢1 Hamilton syringe with an attached
length of polyethylene tubing (1.D. 0.4 mm, O.D.
0.8 mm). For delivery the tubing was inserted
about 0.5 cm into the nostril (marked on the
tube). Each animal was dosed with about 20 pl of
the insulin enhancer solution to give a dose of 4
IU/kg insulin per animal.

The blood samples were taken at — 10, —5
before dosing the animal and at 5, 10, 20, 30, 45,
60, 90, 120, 180, 240 min after dosing from the
caudal vein using a needle with the hub broken
off. Ten drops of blood were dropped into Sarst-
edt tubes containing sodium fluoride and heparin.
The blood samples were tested for blood glucose
levels using a Yellow Springs 23AM Glucose
analyser (Yellow Springs Instruments. Ohio,
USA).

3. Analysis of data

The areca under the percent blood glucose
against time plots (AUC) were calculated for the
various groups of animals using the trapezoidal
method. This allowed a direct comparison of the
effect of anaesthesia on total fall in blood glucose
between the groups. The smaller the AUC value
the larger the fall in blood glucose concentration.
Analysis of variance (ANOVA) was carried out
between these values and unpaired r-tests were
carried out to determine which values were signifi-
cantly different. All statistical tests were evaluated
at the 5% significance level.

ANOVA and :-tests were also performed on
the minimum blood glucose levels obtained (ex-
pressed as percentage of basal level, C,).

4. Results

Fig. 1 shows the effect of the various anaesthet-
ics on the absorption of insulin in combination
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Fig. 1. The influence of anaesthetic agents on the nasal absorp-
tion of insulin in rats expressed as the change in blood glucose
levels compared with a non-anaesthetised control group and
insulin administered without any sodium deoxycholate.

with SDC, from the nasal cavity of the rat
expressed as the percentage change in blood
glucose levels. The control shows no significant
fall in percent blood glucose. As can be seen, the
animals anaesthetised with Sagatal and Hypnorm
show the greatest falls (about 40% of the basal
value) in blood glucose for both anaesthetics at
about 30 min after administration of the insulin
dose. Those animals anaesthetised with halothane
show a fall to about 65% whereas the
non-anaesthetised rats show no significant fall in
blood glucose as compared to the control. Table 1
gives the AUC values obtained, the minimum
percentage concentration of blood glucose as
compared to basal levels observed throughout the
study (C,,) and the time at which the minimum
blood concentration occurred (f.,) for the
various groups of animals.

min

Table 1

The AUC values obtained for Sagatal and
Hypnorm are significantly different to those
obtained for the halothane group and for the
non-anaesthetised group. There is no significant
difference between the AUCs obtained for the
halothane  and  non-anaesthetised  groups.
ANOVA further shows that there is a significant
difference between all C,,, and 1,,, values except
for the Sagatal and hypnorm groups.

5. Discussion

The present study investigated the effect of
anaesthetic agents on the nasal absorption of
insulin from the nasal cavity of rats. Three differ-
ent anaesthetics were employed: (i) Sagatal, to
represent a commonly used agent in nasal absorp-
tion experiments in the rat model. Sagatal de-
creases blood pressure by peripheral vasodilation.
The consequent blood pooling causes a decreased
venous return leading to a decreased cardiac out-
put (Vickers et al.,, 1991) which again causes a
decreased blood supply to the peripheral blood
vessels. (ii) Hypnorm, to represent an anaesthetic
agent that, while sedating and paralysing the ani-
mal, does not render it unconscious. Fentanyl,
one of the main agents in Hypnorm, is a synthetic
morphine-like drug normally used as an adjunct
to anaesthesia. Although the animal is paralysed
with loss of feel it is still conscious. Cells react to
direct action of opioids by hyperpolarisation, in-
hibition of cell firing and pre-synaptic inhibition
of transmitter release. Fentanyl has the normal
opioid responses of analgesia and respiratory de-
pression. There is increase in vascular tone caus-
ing increase in blood flow (Rang and Dale, 1987).

Effect of different anaesthetic agents on blood glucose level after nasal administration of insulin (4 1U/kg) in rat

Anaesthetic Mean AUC (+S.D.) Chin (Yo £8.D.) tpin (MiR)
Sagatal (60 mg/kg) 15275 (+1877) 472 (£19) 30
Hypnorm (0.4 ml/kg) 17 669 ( +2591) 40 (£ 10) 30
Halothane (2% in 1:1 O,/NO for 5 min) 20708 (+1514) 65.7 (+ 16) 20
None 22008 (+ 1812) 95.2 (+16) 60

Control

20240 ( + 1499)

76.3 (+8) 180
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Both Sagatal and Hypnorm are given parenter-
ally by intravenous, intraperitoneal, subcuta-
neous or intramuscular injections.  (iii)
Halothane was selected to represent an agent
given by inhalation. Halothane is short acting
and considered to influence to a lesser extent the
normal physiological processes in the animal.
Halothane causes a decrease in blood pressure
by a decrease in myocardial contractility and
cardiac output (Vickers et al., 1991). Halothane
does cause an increase in the frequency of
breathing that may have an effect on the ab-
sorptionh of nasally administered drugs.

The lowest blood glucose levels obtained after
nasal administration of insulin were seen in the
groups of animals anaesthetised with Sagatal
and Hypnorm. This was expected as both these
agents are given parenterally and have a long
duration of action (recovery starts after about
30 min). During the time the rats were anaes-
thetised they were immobilised so the insulin
dose would be expected to reside in the nasal
cavity longer than if the animals were mobile.

Olanoff et al. (1987) investigated the effect of
nasal blood flow on the absorption of desmo-
pressin by using histamine to increase the nasal
blood flow. They found that when administered
in conjunction with histamine, desmopressin
caused a greater diuretic effect compared to
when it was administered alone. This could be
due to the effect of the histamine on the perme-
ability of the nasal mucosa but the authors sug-
gested that in the low concentrations
administered the effect on the nasal mucosa
would be negligible and that the increase in ab-
sorption seen was due to the increase in blood
flow creating a greater concentration gradient
across the mucosa. It was expected that animals
anaesthetised with Hypnorm would show a
larger absorption of insulin relative to animals
anaesthetised with Sagatal because of the in-
crease in blood flow caused by the former agent
(Rang and Dale, 1987) and the fact that there is
a reduced blood flow to the peripheral blood
vessels after anaesthesia with Sagatal (Vickers et
al., 1991). however, there was no significant dif-
ference in the AUC values of the C,;, values
obtained for these two groups. This indicates

that the amount of blood flow to the nose is
not the critical factor in determining extent of
absorption from the nasal cavity in this animal
model. The fact that the rats are immobilised
and the likely effect of the anaesthesia on mu-
cociliary clearance rate by both agents probably
plays a more significant role in determining the
extent of absorption.

The rats anaesthetised with halothane recov-
ered in 3-5 min which was reflected in the ex-
tent of absorption of insulin in this group.
There was a fall in blood glucose but the AUC
values were not significantly less than those
found in the non-anaesthetised group. The AUC
values were significantly greater than those in
the Sagatal and Hypnorm groups. This indicates
a significantly lower absorption of insulin when
the animals are anaesthetised with halothane.

The C,,;, values however show that there was
a significant difference in the minimum blood
concentration between the halothane group and
the non-anaesthetised group. After anaesthesia
with halothane the rats were immobilised suffi-
ciently long to ensure accurate dosing but the
mucociliary clearance were most likely not influ-
enced to a significant degree by this anaesthetic
agent. These results are in agreement with those
of Ium et al. (1990) and Daugherty et al
(1988) both of whom found that absorption of
peptides was greater in animals that had been
anaesthetised with a long acting parenteral
anaesthetic.

Duerbo et al. (1989) and Merkus et al. (1991)
investigated the effects of interspecies variation
on the nasal absorption of insulin. The former
authors found that without an absorption en-
hancer rabbits showed a greater bioavailability
relative to rats whereas after addition of an ab-
sorption enhancer dimethyl-f-cyclodextrin the
reverse was true. It was also suggested in this
report that the differing experimental conditions
may have contributed to this result. Merkus et
al. (1991) investigated the difference in absorp-
tion of insulin after nasal administration to rats,
rabbits and humans and found large variation
in the effect with nearly 100% absorption in
rats, 2—-10% in rabbits and no detected absorp-
tion in humans.
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Baldwin et al. (1990) and Ilum et al. (1990)
reported the interspecies variation after adminis-
tration of human growth hormone (hGH). Bald-
win examined absorption after administration to
three different species of animals (rats, rabbits
and sheep) under different experimental condi-
tions and reported a variation in absorption. Il-
lum et al. (1990) reported a difference in
absorption between the sheep model and the rat
model. In both the above cases the rat model
underwent a surgical procedure under anaesthesia
which probably contributed to the difference in
absorption.

Very few studies have been reported on the
effect of different experimental conditions in the
same animal species on absorption of drugs
nasally. Daugherty et al. (1988) showed that after
nasal administration of hGH to rats submitted to
a surgical procedure under anaesthesia and to rats
under no surgical treatment a large difference in
absorption was seen. This is in agreement with the
present study. It should be noted that the differ-
ence could also in part be due to the surgical
procedure and problems in dosing conscious rats.
Auger et al. (1990) investigated the effect of
anaesthetic gases on the cilia beat frequency and
found it to be unaffected but there was a fall in
the number of ciliated cells found in the trachea
after anaesthesia. This further reinforces the find-
ings of the present study that anaesthesia by
inhalation anaesthesia does not significantly in-
hibit the mucociliary clearance mechanisms.

Tacheuchi et al. (1990) investigated the effect of
parenterally administered atropine on the mu-
cociliary clearance rates. They found that the
clearance was slowed which was attributed to the
reduction in the mucus volume rather than an
effect on the ciliary beat frequency. In the present
study it is not possible to suggest whether the
effect seen is also due to effects on other than the
immobilisation of the animals and the probable
effect on mucociliary clearance. Fisher et al
(1992) reported that the position of the rat during
the experiment may affect the absorption of
nasally administered drugs by changes in the
drainage and ciliary functions in different posi-
tions. This was eliminated in the present study by
placing the animals on their fronts immediately

post-dosing. It should be noted that the non-
anaesthetised group were at time difficult to dose
and that the rats frequently ‘sneezed’. Hence,
there is a possibility that this group of rats were
not always fully dosed.

This study demonstrated that there is a differ-
ence in the absorption of nasally administered
insulin when animals are anaesthetised with dif-
ferent anaesthetic agents or are fully conscious
during the whole experiment. The differences seen
are proposed to be due to an effect on the mu-
cociliary clearance mechanism rather than a possi-
ble pharmacological effect of the anaesthetic
agent on blood flow, etc. Care should be taken
when extrapolating results obtained in anaes-
thetised animal models to man.
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