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Objectives: The purpose of this prospective controlled trial was to assess the efficacy of three commercially avail-
able glucose products, (1) buccal glucose spray, (2) liquid sugars, and (3) dextrose tablet, on the evolution of plasma
glucose concentration (PG).

Methods: Sixteen healthy volunteers aged 21.8 £ 0.78 y (mean £ SE), BMI 23.5 + 0.84 kg/m?, tested their PG
over the course of 3 sets of 4 sessions (S) each: S -control fasting, S -buccal administration of 10 glucose spray-doses
(0.84 g of glucose) without swallowing; S, consumption of 1 sachet (13 ml) of liquid sugar (ca. 5.2 g glucose, 5.2 g
fructose, 5.2 g sucrose); S, consumption of one dextrose tablet (6 g). PG was tested in finger-prick capillary blood
using a personal glucometer Linus at the start, and at 5, 10, 15, 20 and 30 min. The means of 3 respective sessions for
each of the 16 subjects were analyzed.

Results: The Wilcoxon signed rank test revealed no significant differences between changes in the mean PG at the
start vs. 5-minute interval either in control, or any intervention sessions. Analysis of regression coefficients after 30 min
compared to the control session, demonstrated an increase in PG with the sachet of liquid sugars (0.068 mmol/l/min,
p = 0.001) which was greater than a single dextrose tablet (0.052 mmol/l/min, p = 0.002), but no significant PG in-

crease was found after buccal glucose spray.

Conclusion: Liquid sugars or dextrose tablets, but not the buccal glucose spray, are effective means to increase PG

within 10 minutes after ingestion.

INTRODUCTION

The oral mucosa is an attractive site for drug delivery
in light of its high vascularity and its capacity for non-in-
vasive drug administration. In addition, this drug delivery
method bypasses the gastrointestinal tract, protects drugs
and potentially other compounds such as glucose from
degradation due to pH, digestive enzymes in the gut, and/
or also from first-pass hepatic metabolism. Fast initiation
and/or decline of delivery may result, and there is less
inter-individual variability between patients'. Compared to
transdermal delivery drug transport via mucosa is quicker
due to its non-keratinized epithelium.

After Murrell sublingually used nitroglycerine in 1879,
there have been many attempts to use the oral mucosa not
only for the delivery of other drugs, including insulin?, but
also for the administration of glucose. In order to combat
or avoid hypoglycaemia in persons with diabetes, the buc-
cal glucose spray was believed to offer a sophisticated so-
Iution. In 2006, an easy-to-use buccal glucose rapid spray
was developed. Reports were made on its immediate ef-
fects on hypoglycaemia and neuroglycopenia® ¢, However,

clear references to the effects of this buccal glucose rapid
spray on plasma glucose concentration (PG) are unavail-
able. The purpose of this prospective controlled trial was
to assess the efficacy of three commercially available glu-
cose products (1) buccal glucose spray, (2) liquid sugars,
and (3) dextrose tablet on the evolution of PG.

SUBJECTS AND METHODS

Subjects

Sixteen healthy volunteers (14 men and 2 women)
aged 21.8 £ 0.78 y (mean = SE), BMI 23.5 + 0.84 kg/m?,
provided informed written consent and entered the study.
The study was performed in accordance with the Helsinki
Declaration of 1973 as revised in 2000 and approved by
the local Ethics Committee.

Study design

The volunteers tested their PG over the course of
three sequential sets of 4 sessions (S, S, 8,8 each.
In each set there was one control (fasting) session and
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three sessions testing different products of dextrose and

other sugars:

e session S0 - control fasting;

* session S, - oral administration of 10 glucose spray-
doses (5 doses on the mucosa of each cheek, as indi-
cated by the manufacturer, without swallowing), i.e.,
0.84 g of glucose at time = 0 min;

* session S, - consumption of one sachet of liquid sug-
ars (13 ml, i.e., 20 g of jelly containing ca. 5.2 g glu-
cose, 5.2 g fructose, 5.2 g sucrose and 4.4 g of water);

* session S, - chewing and consumption of one dextrose
tablet (6 g).

Each session was performed between 6 and 9 a.m.,
after an average fasting time of 8-9 hours (range was
6-13 hours). PG was tested in finger-prick capillary blood
using a personal glucometer Linus, Wellion, Agamatrix,
Inc., Salem, NH, USA, at the start (t = 0 min), att =5,
10, 15, 20 and 30 minutes. The glucose product, depend-
ing on the session, was used immediately after the first
PG measurement. During all tests, the subjects remained
seated, and did not engage in any physical activity.

Statistical analysis

Statistical software SPSS v. 15, SPSS Inc, Chicago, IL,
USA, was used. In each of the 16 subjects, the means of 3
respective sessions (one session of each set) were calcu-
lated and analyzed. Shapiro-Wilk test of normality were
performed and paired t-test or Wilcoxon signed rank test
was used. Linear regression analysis® was carried out to
assess the evolution of PG in the course of the 30-minute
fasting and after the consumption of tested dextrose prod-
ucts.

RESULTS

The 30-minute evolution of average PG in fasting state
and after use of buccal glucose spray, dextrose tablets and
liquid sugars is shown in Fig. 1.

The Wilcoxon signed rank test revealed no differences
between the change of mean PG at the start vs. 5-minute
intervals either in control- or in any intervention sessions
(Fig. 2). Significant differences vs. start appeared as late
as 10 min after the ingestion of liquid sugars or the dex-
trose tablet (Fig. 3) and increased after 15 and 20 min.
In addition, 20 minutes after consumption, the PG in the
liquid sugars sessions were significantly higher than in the
dextrose tablet sessions. Distribution of individual differ-
ences may be seen in the box graphs of Fig. 2 and Fig. 3.

After examining the whole 30-minute time period,
analysis of regression coefficients for the change in PG
evolution in individual sessions demonstrated the high-
est increase after consumption of the liquid sugar (0.068
mmol/l/min, p = 0.001). The single dextrose tablet had
the second highest change in PG (0.052 mmol/l/min,
p = 0.002). The change in PG levels for the buccal glu-
cose spray was not significantly different from Controls
(0.005 mmol/l/min, p = 0.215). All interventions were
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Fig. 1. Evolution of PG in fasting state (Controls) and
after use of glucose spray (0.84 g), one dextrose
tablet (6g) or liquid sugars (glucose 5.2 g, fruc-
tose 5.2 g and saccharose 5.2 g); n=16.
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Fig. 2. Box graphs (median and quartiles): change of
PG concentration after 5-min in fasting state
(Controls) and after use of glucose spray (0.84 g),
one dextrose tablet (6 g) or liquid sugars (glucose
5.2 g, fructose 5.2 g and saccharose 5.2 g); n = 16;
o = outliers.
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Fig. 3. Box graphs (median and quartiles): change of PG
concentration at 10-min interval in fasting state
(Controls) and after use of glucose spray (0.84 g),
one dextrose tablet (6 g) or liquid sugars (glucose
5.2 g, fructose 5.2 g and saccharose 5.2 g); n=16;

o = outliers.

0,12+
€
£ 0,09
© *
=
E 0,06
b o
o
s |
E) 0,034 T
m -
=]

0,00+ - } e G

1
I I I T
Controls  Spray Liquid Tablet
Sugars

Fig. 4. Results of linear regression analysis. Box graphs
(median and quartiles): rate of the increase of PG
in individual sessions in the course of the whole
30-minute time period of fasting (Controls) and
after use of glucose spray (0.84 g), one dextrose
tablet (6g) or liquid sugars (glucose 5.2 g, fruc-
tose 5.2 g and saccharose 5.2 g); n=16; o = out-
liers; * = extreme values.
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compared to the control session (see box graphs in Fig.
4 for details).

DISCUSSION

Dextrose products are needed which are effective in
increasing PG in hypoglycemia. Our study is focused on
the potential benefits of glucose transport through the
buccal mucosa and its comparison with other conven-
tional forms of ingested glucose transport through the gut
mucosa. As a control measure to avoid the influence of
various endocrine and metabolic disturbances including
hypo- and hyperglycaemia and effects of physical exercise,
healthy fasting subjects were asked to remain in a sitting
position and refrain from any excess movement.

In this study, no significant difference between the
30-minute PG evolution in the control session and in
the session where buccal glucose spray, recommended
by manufacturer and applied to the oral mucosa without
swallowing, was demonstrated. These outcomes fully cor-
respond to the results of others®’. For example, Gunning
and Garber’s experiment with 2-Tritium labeled glucose
in healthy non-diabetic volunteers which was published
in the JAMA in 1978 in ref.”. They found the glycaemia
increase via glucose absorption from the mouth to be
less than 0.5 mg/dl (0.027 mmol/1), and no change in
serum insulin level. They concluded that significant buc-
cal absorption of glucose does not occur in man, and that
instant glucose appears to be of therapeutic value only if
swallowed by fully conscious hypoglycaemic patients, that
is, it would not benefit unconscious patients because of its
poor absorption through the buccal mucosa’.

On the other hand, in our study both the liquid sugars
and the dextrose tablet resulted in a significant increase
in PG within 10 minutes of swallowing.

Our results are undoubtedly weakened by the fact that
the amounts of dextrose, fructose and saccharose in the
products were different. Nevertheless, from the point of
view of final hyperglycaemic effect of a dextrose product
being used according to manufacturer 's recommenda-
tion, this argument does not seem to be of practical im-
portance.

The question arises what glucose concentration may
be reached when dissolving the tested amounts of glucose
in circulating blood. The applied dose of buccal glucose
spray contained 0.84 g glucose. If we dissolve the 0.84 g
(i.e. 4.7 mmol) of glucose in 5.0 1 of blood the maximum
increase in glucose concentration would be 4.7/5.0 =
0.94 mmol/l. Taking into consideration continuous glu-
cose uptake and flux in various tissues, the final increase
in PG is expected to be somewhat below this rate. In
our experiments the mean and maximum PG increase
5 minutes after the use of buccal spray was 0.098 mmol/1
and 0.733 mmol/l, respectively, whereas in controls these
values were not significantly different (0.127 mmol/1 and
0.700 mmol/1, respectively) - see Fig. 1 and Fig. 2.

One tested dextrose tablet comprised 6 g of glucose. If
we dissolve 6 g (i.e. 33.6 mmol) in 5.0 I of solute (blood)
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the maximum glucose concentration would be 33.6/5.0 =

6.7 mmol/l. Taking into consideration the glucose uptake

and flux in various tissues as in the previous example, the

real attainable PG increment would be less.

Apart from the variable quantity of sugars in tested
products, the discrepancy between the maximum expected
and realized buccal vs. intestinal increase in glucose con-
centration could be due to the different absorption rates
of buccal and intestinal mucosa.

Oral mucosa. According to the up-to-date concept of
glucose and other drugs absorption via oral mucosa, there
are two possible routes:

1. Transcellular route (passing through the cell): The
transport of food sugars across human buccal mucosa
shows proven stereospecifity. For the natural isomers
D-glucose and D-galactose the transport is at least
partly sodium-dependent® °. The presence of a spe-
cialized sodium ion dependent transport mechanism
for D-glucose was found in the dorsum of the tongue
and (with slower absorption) from the ventral surface
of the tongue'® . Further, as a result of the in vitro
uptake study using specific inhibitors, it has been sug-
gested that SGLT1, GLUT1, GLUT2 and GLUT3 are
expressed in the epithelial cells of human oral mucosa
and take part in the glucose uptake'>. Sugar transport
functions not only to take up D-glucose but also to
transport it across the stratified epithelial layer’.

2. Paracellular route (passing around the cell): This
second way is most interesting from the point of view
of our topic'. Absorption and transport are affected
by charge, conformation and lipophilicity?.

Smaller molecules exhibit rapid transport across the
mucosa. The more lipid-soluble the molecule is, the higher
the permeability. Hydrophilic macromolecules such as
peptides require absorption enhancers to overcome their
low permeability.

It was assumed that the process of penetration of dif-
ferent compounds across oral mucosa is most likely by
simple diffusion. Although an active transport of sodium
has been found the amount was too small to be considered
a quantitatively important process'* 5.

Studies with microscopically visible tracers' indi-
cated that a major route across stratified epithelium for
many compounds is the intercellular space. However, a
barrier for penetration was identified in the intercellular
substance in the superficial layers of epithelium. This bar-
rier was theorized to be of a lipid nature. The presence of
membrane-coating granules in stratified squamous epithe-
lium was found to be strategic for the formation of this
permeability barrier which was proved to not be absolute,
even for relatively large molecules.

The rates at which different compounds can penetrate
epithelium depend on their size and chemical nature. It
is also assumed that the salivary mucin may contribute
to the permeability barrier®. For this reason, neither
the transcellular nor paracellular route have adequate
capacity to increase the rate of glucose transport across
oral mucosa.
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Intestinal mucosa. The essential physiological absorp-
tion tissue for glucose is the gut. Analogically, in the gut
there are two possible routes for glucose absorption.

1. Transcellular absorption via the Na+/glucose cotrans-
porter SGLT1 which transports D-glucose against its
concentration gradient into the enterocyte, where it
is used for its own metabolic needs, or transported by
the facilitative sugar transporter GLUT2 across the
basolateral membrane'®.

2. Paracellular glucose absorption. Pappenheimer et
al. proposed the paracellular solvent drag between
absorptive cells contributes a passive component to
absorption , which, at high sugar concentrations, such
as in the jejunal lumen after a meal and after satura-
tion of membrane carriers, is much more utilized than
the active transport through SGLT1 (60-80% of total
absorption)' . This paracellular transport increases
exponentially with body weight and may account
for the capacity of human intestines to absorb large
amounts of glucose during glucose tolerance tests, pro-
longed exercises, and oral glucose-saline rehydratation
therapy'. Kellet et al believe that this phenomenon
considered as a non-carrier mediated transport is in
fact a facilitated transport mediated by transient in-
sertion of glucose transporter type 2 GLUT2 in api-
cal membrane when glucose concentration in lumen
exceeds the SGLT1 transport capacity'®-22.

Our study demostrated that 0.84 grams of glucose
administered via buccal glucose spray into the buccal
membrane was ineffective at increasing the PG in healthy
volunteers without hypoglycaemia. Nevertheless, the ex-
perience of other groups® * 232 that glucose spray applied
to buccal membrane provides immediate relief of hypogly-
caemic symptoms and that frequent use of a buccal glu-
cose spray over 6 months in small children resulted in
improved HbA lc, cannot be neglected. To explain these
contradictory findings, several factors should be taken
into consideration.

First, as demonstrated by Manish Wani' buccal ab-
sorption of drugs may be very fast initially but also re-
sult in a quick decrease in blood concentrations of these
drugs. Concurrently, we measured blood glucose levels at
S5-minute intervals and any changes in glycaemia occur-
ring in the interim would have been missed. Considering
the delay in venous blood reaching finger capillaries (up
to approximately 1 minute), the collected glycaemia meas-
urements are not perfectly synchronized with buccal mu-
cosa glucose absorption. Thus it is theoretically possible
that the PG levels did rise and then fell very quickly.

On the other hand, regarding both the transcellular
and paracellular routs of glucose transport across the oral
mucosa (see above), this hypothesis does not seem to be
valid for glucose. Independently, in the course of chewing
a dextrose tablet or having liquid sugars in mouth before
swallowing, the dextrose has excellent access to buccal
membranes leaving the question what should be the ad-
vantage of glucose spray?

Finally it is possible that glucose is simply not effec-
tively taken up by the oral mucosa membrane and a po-
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tential placebo- and/or study-in effects must be taken in
consideration.

CONCLUSIONS

This study demonstrates the efficacy of dextrose tablet
and liquid sugars as means of increasing glycaemia within
10 minutes of ingestion. The buccal glucose spray does
not appear to be efficacious with its current composition.
In light of these findings, we prefer the use of tablets or
liquid sugars for the purpose of combating hypoglycemia,
as opposed to the buccal glucose spray. Further studies
on the pharmacokinetics of buccal glucose are necessary.
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