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Objective: Flurbiprofen 8.75 mg lozenge and spray are used for symptomatic relief of sore
throat, with a rapid onset of analgesia suggesting a localized mechanism of action. Building
on previous studies, this investigation aimed to use microautoradiography to visualize the
depth penetration of radiolabeled flurbiprofen into human pharynx tissue using an ex vivo
model. Quantification of flurbiprofen in the tissue was performed to provide a quantitative
representation of flurbiprofen distribution through the tissue.

Methods: Cadaveric human pharynx tissue was mounted between the donor and receiver
compartments of a Franz diffusion cell. After that 8.75 mg spray and dissolved lozenge
formulations, containing radiolabeled flurbiprofen, were added to the donor compartment of
a Franz diffusion cell. After incubation for one hour, the pharynx tissue was removed,
processed, and sectioned both horizontally and vertically. The sections were placed within
an imaging cassette to determine the penetration of radiolabeled flurbiprofen visually, before
being solubilized to quantify the amount of flurbiprofen present in each section.

Results: In the horizontally sectioned samples, flurbiprofen was present in the top layers of
all replicates and decreased in intensity throughout the tissue. Of the applied dose, 48.0—
99.9% of flurbiprofen was detected in the top one-third of the pharynx tissue, closest to the
dosing site, and 0-14.8% of flurbiprofen was detected within the deepest third of pharynx
tissue, furthest from the dosing site. In the vertically sectioned tissue samples, radiolabeled
flurbiprofen was found at a high intensity at the dosing site and reduced in intensity
throughout the thickness of the tissue. Lateral penetration of flurbiprofen was also seen in
tissue dosed with the spray.

Conclusion: Our findings demonstrate that lozenge and spray formulations of flurbiprofen
can penetrate throughout the layers of cadaveric human pharynx tissue in an ex vivo model,
as visualized by microautoradiography.
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Introduction
Acute upper respiratory tract infections (URTIs) are a common cause for presenta-
tion to primary care services' and the majority of the population will experience
a URTI annually.”

A common symptom of URTIs is sore throat (pharyngitis),” resulting in pain
and discomfort in the pharynx due to local inflammation.>* Most cases of sore
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throat caused by infection are viral in origin, with only
a small proportion resulting from a bacterial infection.>®
Pharyngitis may also be attributable to a number of other
causes, including medication or concomitant illness, snor-
ing, vocal straining or tracheal intubation, chemical irrita-
tion, and environmental factors.” Pharyngitis resulting
from URTIs is typically a self-limiting condition and
most commonly resolves within 7 days.” However, the
pain, swelling, and discomfort caused by the condition
are unpleasant symptoms and can have a negative impact
on the quality of life.*? In viral pharyngitis, antibiotics are

ineffective,'®'?

yet where used, they may contribute
towards antibiotic resistance.'*'* Thus, symptomatic relief
of pain from inflammation within the pharynx is the main
objective of most treatments for pharyngitis.'?

Locally acting non-steroidal anti-inflammatory drugs
(NSAIDs), including flurbiprofen, have been demonstrated
as very effective treatments for sore throat.'>'® A potential
additional benefit of formulations that are applied directly
to the mucous membranes of the throat (such as lozenges,
gargles, and throat sprays) is that they are known to deliver
drugs locally to alleviate symptoms of pharyngitis, such as
sore throat, difficulty swallowing, and swollen throat,
more rapidly than systemic oral analgesia.'*'®2° The
rapid relief of symptoms is via an anti-inflammatory
mechanism resulting in analgesic action.'> This effect is
considered to be due to the local absorption which has
been previously demonstrated through the buccal mucosa
and ex vivo cadaveric human pharynx tissue.”' *

This research builds on a previous study, which involved
the development of a method to quantify permeation and
penetration of flurbiprofen through the human pharynx tis-
sue in an ex vivo model using a Franz diffusion cell
method,” followed by quantification of the permeation and
penetration of flurbiprofen in the human pharynx tissue,***
and development of a model to replicate absorption from
lozenge and throat spray using a Franz diffusion cell.

The distribution of flurbiprofen within pharyngeal tis-
sue, and the mechanism of local relief via lateral move-
ment of flurbiprofen through the pharynx, are not yet fully
understood. The aim of this study was to quantify and
visualize the depth of flurbiprofen penetration, delivered
via 8.75 mg lozenge and throat spray formulations, within
human pharyngeal tissue using microautoradiography.

Materials and Methods

This investigation was conducted by MedPharm Ltd.
(Guildford, UK) in accordance with the International

Conference on Harmonisation (ICH) Pharmaceutical
Quality System Q10, 2008.%°

Test Formulations

The test formulations manufactured and supplied by Reckitt
Benckiser were Strefen flurbiprofen 8.75 mg honey and
lemon lozenge (manufactured in Nottingham, UK; also
known as Strepsils Intensive, Strepfen Intensive, Strepsils
Max Pro, Strefen Intensive, Benactiv Gola, Dobendan
Direkt, and Graneodin F), and Benactivdol Gola flurbipro-
fen 8.75 mg/dose throat spray (manufactured in Bangplee,
Thailand; also known as Strepsils Intensive, Strepfen
Intensive, Benactiv Gola, and Dobendan Direkt).

Franz Cell Model and Radiolabeling

To analyze the penetration of flurbiprofen into human
pharyngeal tissue, radiolabeled flurbiprofen was added to
both the 8.75 mg lozenge and throat spray formulations.
The radiolabeled flurbiprofen was produced by American
Radiolabeled Chemicals, Inc. The target concentration of
flurbiprofen in the dissolved lozenge sample was deter-
mined in a previous experiment to be 1.17 mg/mL.
A Franz diffusion cell model®” was used to mimic the
physiological conditions of in situ human pharynx tissue.

Ethically sourced cadaveric human pharynx tissue
(consisting of the epithelial layer, basement membrane,
and lamina propria) was supplied by Ethical Tissue
(Research Ethics Committee reference 220367) and
mounted between the donor and receiver compartments
of a Franz diffusion cell (Figure 1) with an average surface
area of 0.07 cm”. Radiolabeled flurbiprofen with a specific
activity of 20 uCi/mL, in throat spray and lozenge formu-
lations, was applied to the human pharynx tissue in solu-
tion form. The specific activity of 20 pCi/mL was selected
based on a preliminary experiment that showed it pro-
duced notable variation in the intensity of the signal
observed throughout the tissue.

The quantities of flurbiprofen applied represented the
anticipated amount that could come into contact with the
pharynx tissue based on posology, format, and tissue sur-
face area.”®?° The total amount of flurbiprofen applied
was 1954 pg and 17.6 pg for the spray and lozenge
formulations, respectively. The volume of the spray for-
mulation applied was calculated to replicate three spray
actuations (one dose); however, due to the safety concerns
surrounding the inclusion of radiolabeled flurbiprofen in
the spray formulation for this study, the solution was
applied using a pipette rather than from the spray bottle.
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Figure | Schematic representation of the Franz cell.

A dosage volume of 12 pL of radiolabeled flurbiprofen
throat spray was used to account for the relative size of the
sections of pharyngeal tissue (0.07 cm?) compared to the
average size of the pharynx in vivo. The lozenge solution
was designed to represent the typical dose delivered from
an 8.75 mg lozenge, relative to the size of the pharyngeal
tissue used and the average rate of saliva production.
A solution of lozenge was dissolved in phosphate-
buffered saline with a flurbiprofen (radiolabeled and unla-
beled) concentration of 1.17 mg/mL and a specific activity
of 20 uCi/mL was made up; 15 puL of the solution was
used.

Following application, the Franz diffusion cells were
incubated for 1 hour at 37°C in a water bath. This incuba-
tion time was selected as representative of in vivo condi-
tions, based on a study demonstrating that spray and
lozenge formulations provide a prolonged delivery of up

to 2 hours.*°

Pharynx Tissue Processing and Imaging
and Quantification of Radiolabeled

Flurbiprofen

The pharynx tissue was removed from the Franz cell, then
placed in the required orientation for cutting. One of the
initial six lozenge samples was discarded due to Franz cell
leakage during the incubation period and this replicate was
not included in the final analysis. Thus, only five samples

were analysed for the lozenge. Tissue samples were then
covered with optimal cutting temperature embedding com-
pound, flash frozen, and stored at —70°C prior to section-
ing. Samples were covered with additional optimal cutting
temperature embedding compound at room temperature
and sectioned vertically and horizontally in 30 pm sections
(Figure 2A and B).

Each section of pharynx tissue containing radiolabeled
flurbiprofen was placed inside an imaging cassette and
exposed to a freshly conditioned phosphor screen. The
horizontal and vertical sections were exposed for 2 hours
and 1 hour per replicate, respectively, then scanned using
a Typhoon™ imager. Based on a preliminary feasibility
study using a higher concentration of radiolabeled flurbi-
profen (200 pCi/mL), the first sample of pharynx tissue of
the horizontal sections was assessed at exposure times of
2, 3, and 4 hours. Based on this, 2 hours was selected as
the optimal exposure duration and was used subsequently.
For the vertical sections, the first sample of pharynx tissue
was assessed at an exposure time of 1 hour. As the images
produced showed sufficient intensity of the radiolabeled
flurbiprofen, no further exposure times were tested.

For each sample, the recovery of flurbiprofen as
a proportion of the amount applied was calculated, based
on the amount of flurbiprofen detected in each section, and
the total flurbiprofen applied to the tissue (6 replicates for
the spray formulation; 5 replicates for the lozenge
formulation).

Results

Horizontally Sectioned Tissue
Radiolabeled flurbiprofen was detected in the top one-third
layer of pharyngeal tissue for all replicates. The radiola-
beled flurbiprofen was at the highest intensity at the sur-
face and reduced in intensity throughout the thickness of
the tissue (Figure 3). The percentage of applied radiola-
beled flurbiprofen absorbed in the top one-third of the
tissue varied from 87.7-98.7% for the lozenge formulation
and 48.0-99.9% for the spray formulation (Figure 3).
The percentage of applied radiolabeled flurbiprofen
absorbed in the deepest third of tissue varied from
0.0-2.0% for the lozenge formulation and from 0.0—14.8%
for the spray formulation. The thickness of pharynx tissue
samples, total amount of flurbiprofen applied and total
amount of flurbiprofen detected within the tissue are pre-
sented in Table 1 for each replicate. The percentage of the

applied dose recovered from the tissue for both
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Figure 2 Sectioning of the human pharynx tissue vertically (A) and sectioning of the human pharynx tissue horizontally (B).
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Figure 3 Distribution of flurbiprofen within pharynx tissue (percentage of total flurbiprofen detected within pharynx tissue). Each tissue sample has been split into thirds.
Height of tissue pieces is scaled according to the actual depth of tissue. Red to yellow: highest to lowest level of flurbiprofen; white: no flurbiprofen detected.

flurbiprofen lozenge and spray is displayed in Figure 4. Vertically Sectioned Tissue

The percentage of applied flurbiprofen recovered within  The sections showing the highest intensity of radioactivity
the tissue was relatively low (9.0-49.2%) as full mass were selected and manually overlaid with images of the
balance was not performed; therefore, the residual flurbi-  tissue sections to show the distribution of radioactivity within
profen present in the receiver fluid and on the Franz cell  the tissue (Figure 5A and B). Radiolabeled flurbiprofen was
apparatus was not quantified. found at the highest intensity at the dosing site and reduced in

Table | Tissue Thickness and Percentage of Applied Dose of Flurbiprofen Recovered within Pharynx Tissue

Sample Lozenge (Theoretical Spray (Theoretical Flurbiprofen

Flurbiprofen Applied 17.6 Applied 195.5 pg)

ug)

1 2 3 4 5 Mean (SD) 1 2 3 4 5 6 Mean (SD)
Tissue thickness, mm 38 | 51 | 40| 33 | 2.6 | 3.8 (0.9 2.0 2.7 2.4 1.9 1.8 24 2.2 (£0.4)
Total flurbiprofen detected within pharynx 3.1 | 87 | 43 | 46 | 6.2 | 54 (2.1) 67.6 | 63.9 | 55.7 | 282 | 17.5 | 42.1 | 41.5(I9.1)
tissue, pg

Abbreviation: SD, standard deviation.
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Figure 4 Mean percentage of applied dose of radiolabeled flurbiprofen recovered
from the pharynx tissue. Error bars represent standard deviation.

intensity throughout the tissue (Figure 5A and B). For tissue
dosed with the spray, lateral penetration was also observed,
while no lateral diffusion was observed in tissue dosed with
the lozenge solution (Figure 5A and B).

Discussion
This study reaffirmed the findings of our previous study,
which demonstrated that flurbiprofen from a throat spray

A

solution and a dosing solution prepared from a lozenge
formulation is capable of penetrating the pharynx tissue,**
while allowing visualization of radiolabeled flurbiprofen
penetration across all layers of the pharynx tissue.
Radiolabeled flurbiprofen was detected in the deepest sec-
tions of the human cadaveric pharynx tissue. In the sam-
ples of pharynx tissue that were vertically sectioned,
microautoradiography showed the highest intensity of
radiolabeled flurbiprofen at the site of dosing, with the
intensity reducing throughout the more distal tissue.

It is not currently plausible to investigate the penetra-
tion of flurbiprofen into human pharynx tissue in vivo and,
as such, alternative methods of investigation must be used.
The Franz diffusion cell method has been used previously
to mimic physiological and anatomical conditions to allow

3132 nclud-

the study of diffusion through various tissues,
ing human pharynx tissue.”>>> This ex vivo model was
developed to mimic the clinical scenario as closely as
possible,” using full-thickness cadaveric pharynx tissue,
which provides a close match to the physiological and
anatomical conditions of the human pharynx. Synthetic
and animal models have been used as substitutes for

human tissues in previous studies,®' >

and although
these are accessible models, they do not accurately reflect
the clinical environment. The model used does have lim-
itations in this respect: the lack of a blood supply to the
tissue may alter the penetration and diffusion of flurbipro-

fen through the tissues; the absence of a mucosal barrier

Top of tissue

Bottom of tissue

Top of tissue

Bottom of tissue

Figure 5 Representative images of the radiolabeled flurbiprofen within a vertical section of pharynx tissue, dosed with radiolabeled flurbiprofen lozenge (A) or spray (B)

solution, overlaid with an image of the corresponding tissue.
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may influence the dynamics of drug penetration into the
tissues, and the fact that there was no active inflammatory
process means that the clinical setting was not entirely
reproduced. Additionally, due to the use of radiolabeled
flurbiprofen, the spray dose was applied to the tissue
samples using a pipette rather than the spray bottle. This
method of application differs from real-world administra-
tion of the spray and may have influenced the results
observed. Our data should therefore only be considered
with these limitations in mind.

In the present study, lateral diffusion of radiolabeled
flurbiprofen within pharynx tissue was not observed in the
vertically sectioned tissue following dosing with lozenge
solution. Evidence of lateral diffusion has been suggested
previously in unpublished experiments performed within
our laboratory. Further investigation is required to explore
the reasons for this disparity, with possible reasons includ-
ing inter-donor variability or uneven diffusion through the
pharynx tissues that was not captured by the present
experimental protocol.

As described above, and notable in Figure 3, there was
a high degree of variability in penetration observed between
replicates. In fact, several replicates contained very little, or
no, detectable radiolabeled flurbiprofen within the deepest
sections of tissue. The reasons for this discrepancy also
require further investigation. The pharynx tissue samples
were of variable thickness which may have had some influ-
ence on the penetration; however, there was not a clear
relationship between thickness of the pharynx tissue sample
and depth of penetration of flurbiprofen. Inter-donor varia-
bility may have had an influence with respect to replicate 6
from the flurbiprofen 8.75 mg spray dose experiment:
99.9% of the detected radiolabeled flurbiprofen was within
the most superficial third of tissue, the lowest penetration
level for the spray formulation; notably, replicate 6 was
from a different donor to the other spray replicates, which
were all from the same donor. All the lozenge solution
replicates were from one donor.

Our model involved incubation of flurbiprofen for
one hour post-application to human pharynx tissue in the
donor compartment of the Franz cell. While this was
designed to reflect exposure in an in vivo system, this is
longer than an application of flurbiprofen would usually be
expected to remain in contact with pharynx tissue in
a clinical setting. Although clinical studies have demon-
strated flurbiprofen is detectable in the mouth and orophar-
yngeal region at 2 hours post-dose in vivo,*’ the
concentration of the dose exposed to the pharynx over

time follows a different relationship compared to the rela-
tively constant delivery in the Franz cell.

Conclusions

As with our previous study,?*~

our findings confirm that
flurbiprofen in both 8.75 mg spray and lozenge formula-
tions is able to penetrate human pharynx tissue in an ex
vivo model. The use of microautoradiography provided
a visual representation of the distribution of flurbiprofen
in cadaveric human pharynx tissue. This is important in
understanding how flurbiprofen is distributed throughout
the pharyngeal tissue following topical application.
Although a higher percentage of radiolabeled flurbiprofen
remained in the top third of the pharynx tissue, its detec-
tion in the lower third of the tissue (furthest from the
dosing site) confirms that it can penetrate the deepest
layers of the tissue. The evidence that flurbiprofen is
available locally through the layers of pharyngeal tissue
is worthy of further research, as gaining greater under-
standing will allow elucidation of the mechanisms
involved in rapid pain relief following topical delivery.
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