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ABSTRACT
Background: Paranasal sinus mucosa may suffer morpho-

logical and functional alterations as a result of surgical
trauma. Mucosal stripping typically yields regenerated mucosa
characterized by fibrosis, inflammatory infiltrate, and dysmor-
phic or absent cilia. The aim of this study was to determine the
effect of topical retinoic acid (vitamin A) on regeneration of
paranasal sinus mucosa.

Methods: Both maxillary sinuses of 12 New Zealand white
rabbits were surgically opened and stripped of mucosa. Six
rabbits received 0.01% topical retinoic acid gel treatment to
the stripped left maxillary sinus (low concentration group). The
remaining six rabbits received 0.025% topical retinoic acid gel
to the stripped left maxillary sinus (high concentration group).
The stripped right maxillary sinus of all 12 rabbits served as
the operated, untreated control to reflect the normal healing
process. Six other animals served as unoperated controls. The
sinus mucosa was examined by light microscopy after 14 days.

Results: Untreated regenerated mucosa showed expected
changes of submucosal gland loss, basal lamina and lamina
propria fibrosis, cellular atypia, and loss of cilia. Topical
retinoic acid treatment appeared to result in better mucosal
regeneration marked by less cellular atypia and fibrosis. Al-
though the regenerated mucosa was still grossly abnormal, the
degree of ciliary loss and cellular derangement was reduced.

The lower-concentration retinoic acid group had more favor-
able morphology than the higher-concentration retinoic acid
group, and both were improved when compared with no treat-
ment.

Conclusions: In a rabbit model, topical vitamin A in the
form of retinoic acid gel appears to enhance regeneration of
ciliated paranasal sinus mucosa. This preliminary study sug-
gests that topical retinoids may have applicability in promoting
sinus wound healing. (American Journal of Rhinology 17,
133–137, 2003)

Paranasal sinus mucosa may suffer morphological and
functional alterations as a result of surgical trauma.

Despite recent refinements in mucosal-preserving surgical
technique, the inadvertent stripping of sinus mucosa is at
times unavoidable. Mucosal stripping typically yields re-
generated mucosa characterized by fibrosis, inflammatory
infiltrate, dysmorphic or absent cilia, and compromised
mucociliary function. The improved healing of stripped
ciliated epithelium could lead to better function and reduced
morbidity.

Vitamin A is believed to regulate cellular proliferation
and differentiation of epithelial tissues. Systemic deficiency
of vitamin A in experimental animals leads to the develop-
ment of squamous metaplasia. Metaplasia in respiratory
tract epithelium results from proliferation of basal cells and
their subsequent transformation into squamous keratinizing
cells instead of goblet and ciliated cells.1– 3 Systemic admin-
istration of vitamin A has been shown to aid in regeneration
of normal ciliated respiratory epithelium in systemically
deprived hamsters.1 –4 It is not known if vitamin A treatment
would improve sinus mucosa healing and function after
chronic sinus disease or surgery because the effect vitamin
A has on the paranasal sinus mucosa has never been exam-
ined.

The aim of this pilot study was to determine the effect of
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topical retinoic acid, an analog of vitamin A, on regenera-
tion of paranasal sinus mucosa in mechanically denuded
rabbit sinuses. The New Zealand white rabbit is a well-
established sinus model because its maxillary sinuses are
large and easily accessible and the immune and healing
response closely mimics that observed in humans.5– 1 3

MATERIALS AND METHODS

Both left and right maxillary sinuses were opened and
stripped of mucosa in 12 New Zealand white rabbits

of either sex and a body weight of 2.5–4.0 kg. Six of the left
sinuses were treated with a topical aqueous gel containing
0.01% retinoic acid, the active metabolite of vitamin A; the
remaining six sinuses were treated with 0.025% topical
retinoic acid gel (DPT Laboratories, San Antonio, TX). The
right maxillary sinuses of these 12 rabbits were stripped and
no treatment was applied; they served as the untreated
control group. Each rabbit served as its own control. Six
additional animals had their right maxillary sinuses opened
but otherwise unaltered to show normal sinus mucosa mor-
phology. The use of animals in this study was approved by
the Institutional Animal Care and Use Committee at the
Oregon Health and Science University.

Surgery

The animals were anesthetized with an intramuscular
injection of rabbit cocktail, 1 mL/kg (1 mL of

acepromazine maleate, 10 mg/mL 1 2.5 mL of xylazine,
and 20 mg/mL 1 5 mL of ketamine, 100 mg/mL). Then,
They were intubated and surgical anesthesia was maintained
with isoflurane inhalant anesthesia throughout the operative
procedure. A midline nasal dorsum incision was made and
skin flaps were elevated laterally to expose the face of the
maxillary sinus. The anterior wall of the left and right
maxillary sinuses was removed with a drill and cutting burr.
The opening was enlarged as needed with a Kerrison ron-
geur until the entire anterior bony wall was removed; all
other bony walls were undisturbed. The entire mucosal
lining of the maxillary sinus was removed en bloc with a
Rosen elevator, and any remaining mucosal lining was
removed with a curette. The mucosa overlying the natural
ostium was intentionally preserved to ensure patency of the
sinus outflow tract. After the respective treatment (see the
following section), the overlying periosteum was closed
with a running 3–0 Vicryl suture (Ethicon, Inc., Somerville,
NJ). The skin was closed with a running, subcutaneous 3–0
Vicryl suture and the animals were allowed to heal for 14
days. All animals received 3 days of oral antibiotic therapy
with enrofloxacin, 22.7 mg/mL, given intramuscularly at
2.5 mg/kg per day. Postoperative pain was controlled with
oral buprenorphine (0.3 mg/mL), 0.3–0.6 mg/kg, intramus-
cularly every 6 hours as needed for pain. There were no
surgical complications and no postoperative wound dehis-
cences or infections.

Treatment

The left sinus cavity was designated as the treatment side
in all 12 rabbits, with the right sinus cavity serving as

the stripped but otherwise untreated control. Six of the 12
treatment sides were filled with a topical solution of 0.01%
retinoic acid in an aqueous gel (low concentration group).
The remaining six treatment sides received 0.025% topical
retinoic acid in the identical aqueous gel (high-concentra-
tion group). These two concentrations of retinoic acid gel
were chosen because they are the two concentrations clin-
ically approved for topical use. Care was taken not to
overfill the sinus cavities to prevent cross-contamination
between treated and untreated sinuses. Six additional ani-
mals had their right maxillary sinuses surgically opened but
unaltered; these animals served as the normal, nonstripped
control group.

Tissue Preparation

On postoperative day 14 the animals were killed with
intracardiac pentobarbital (85 mg/kg) in a commer-

cial euthanasia solution (Euthasol). The maxillary sinuses
were reopened through the prior incisions and the medial
wall of the sinus cavities was harvested carefully to preserve
the overlying regenerated mucosa. The underlying bone and
mucosa were fixed immediately in 3% glutaraldehyde and
1.5% paraformaldehyde in 0.1 M of phosphate buffer for 24
hours. The tissue was decalcified in 10% ethylenediamine-
tetraacetic acid-Tris buffer for 14 days, embedded in glycol
methacrylate plastic, sectioned at 3 mm, stained with meth-
ylene blue and basic fuchsin, and examined with the light
microscope. Individual sections were evaluated for gross
ciliary morphology, degree of ciliary loss, fibrosis of the
basal lamina and lamina propria, overall goblet cell-to-
ciliated cell ratio, serous gland presence, and neo-osteogen-
esis of the underlying bone. The initial tissue evaluation was
performed and recorded by two separate, unbiased observ-
ers. Multiple sources were used for histological and patho-
logical reference.1 2

RESULTS

Normal Nonstripped Controls

Normal control tissue specimens showed histology com-
parable with that of normal rabbit maxillary sinus as

reported by other authors (Fig. 1, A).7 Two or three layers of
pseudostratified ciliated epithelium were identified, with
ciliated, goblet, and basal cells on the basal lamina mem-
brane. Ciliated cells outnumbered other cell types. The
lamina propria, located below the basal membrane, con-
tained numerous serous glands and vessels.

Stripped Untreated Controls

Compared with normals, the stripped control group
showed loss of the submucosal serous gland layer but

significant fibrosis of the basal lamina and lamina propria.
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Ciliary density was markedly diminished with few tufts of
cilia surrounded predominantly by denuded mucosal seg-
ments (Fig. 1, B).

Treated Groups

Overall, topical retinoic acid treatment (both high and
low concentrations) of stripped paranasal sinus mu-

cosa appeared to improve mucosal and ciliary regeneration.
Treated sinuses were marked by less cellular atypia and
fibrosis compared with the stripped, untreated control
group. The low-concentration retinoic acid group had basal
lamina fibrosis and loss of submucosal serous glands but a

near normal mucociliary blanket qualitatively. The high-
concentration retinoic acid group showed more histological
atypia and heterogeneity in the cellular layer when com-
pared with the low concentration and normal groups. How-
ever, the high-concentration retinoic acid treatment group
had less reactive fibrosis in the basal lamina and lamina
propria and more normal mucociliary blanket coverage
when compared with stripped, untreated controls.

In terms of ciliary morphology and density, the retinoic
acid-treated groups showed cilia that were grossly normal in
appearance but diminished in number compared to the non-
stripped controls. There were no frankly denuded segments.

Figure 1. (A) Normal mucosa (103 methylene blue and basic fuchsin stain). (B) Stripped maxillary sinus mucosa (403 methylene blue
percent basic fuchsin stain) with goblet cell hyperplasia, basal lamina and lamina propria fibrosis, and epithelial surface with a few tufts
of cilia. There is almost complete absence of ciliated cells. (C) Low-concentration retinoic acid treatment mucosa (403 methylene blue
and basic fuchsin stain) with near normal density mucociliary blanket density, loss of submucosal serous glands, and fibrosis of
basal lamina/lamina propria. (D) High-concentrationretinoic acid treatment mucosa (403 methylene blue and basic fuchsin stain) with less
dense mucociliary blanket than the low-concentrationgroup, similar loss of submucosal serous glands, and fibrosis of basal lamina/lamina
propria.
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When the high and low concentration groups were com-
pared to each other, the low concentration group appeared to
have greater density of regenerated cilia.

In terms of other epithelial features, both retinoic acid
groups had an increased goblet cell-to-ciliated cell ratio
compared with normals. This goblet cell hyperplasia also
was noted in the stripped control group. Both retinoic acid
groups had increased fibrosis of the basal lamina and lamina
propria when compared with normals. However, there was
less fibrosis in the retinoic acid treatment groups than in the
stripped, untreated controls. Both retinoic acid groups and
the stripped control group had a relative loss of the serous
gland layer. Morphologically, the regenerated mucosa in the
retinoic acid treatment groups was still grossly abnormal,
although the degree of cellular and ciliary abnormality was
markedly diminished (Fig. 1, C and D) when compared with
stripped controls (Fig. 1, A and B).

Qualitatively, both retinoic acid groups and the stripped
control group had areas of neo-osteogenesis, mainly in areas
of denuded mucosa where only a fibrous layer remained.
This was an incidental finding and no further quantitative
conclusions could be drawn because bone was not labeled
before treatment.

Changes within each treatment group, as well as the
control groups, were uniform across each group and were
consistently seen in all samples within each treatment
group. In summary, the lower-concentration retinoic acid
group qualitativelyhad more favorable morphology than the
higher-concentrationretinoic acid group. However, the higher-
concentration group was still dramatically improved when
compared with the stripped, untreated control group.

DISCUSSION

The paranasal sinuses are lined by pseudostratified co-
lumnar ciliated epithelium that is responsible for

clearing normal and infected sinus secretions. Ciliary trans-
port is dependent on a number of complex interactions
between the cilia and the sinonasal environment including
nasal airflow, ostial patency, intranasal PO2, humidity, tem-
perature, mucous viscosity, and mucociliary structure and
clearance rate.1 4 –1 6 The speed of mucociliary transport av-
erages 6 mm/minute in humans and 10–15 mm/minute in
rabbits.17 Mucociliary clearance can be impaired by both
infection and surgical trauma. For example, acute and
chronic sinus disease may diminish ciliary function and
regeneration because of increased fibrosis, decreased num-
bers of submucosal glands, and marked inflammatory
changes.1 4 ,18 ,1 9 Additionally, regenerated mucosa from sur-
gically stripped sinuses has shown ultrastructural changes
such as compound cilia, ciliary edema and bleb formation,
abnormal microtubule formation, and mucosal segments
completely devoid of cilia.2 0 ,21 Thus, in the patient under-
going surgery for chronic infection, preservation of mucosal
integrity and function are of primary concern.

Many investigators have found paranasal sinus wound
healing to be highly complex, occurring in a few well-

defined phases. Mucous membrane healing occurs by mi-
gration of cells from normal adjacent epithelium, followed
by multiplication and differentiation of progenitor
cells.4 ,2 0 ,22 Epithelial regeneration begins within a few hours
of the insult at an estimated velocity of 4–20 mm/hour.2 ,2 0 ,23

In 1979 Bang and Bang found that sinus mucosa basal cells
are multipotent with the ability to differentiate into squa-
mous, ciliated, and goblet cells.2 2 Inyama et al. established
that undifferentiated basal cells appear to be the main source
of new progenitor cells in paranasal sinus mucosa.2 4 Evans
et al. later confirmed this finding.2 5 Cofactors influencing
the differentiation of ciliated cells have not been well de-
fined.

Previously, vitamin A has been shown to lead to regen-
eration of normal ciliated tracheal epithelium in systemi-
cally deprived hamsters. Vitamin A is thought to regulate
replication of basal cells and therefore ciliated progenitor
cells. It also modulates the replication of mucous cells,
which are essential for generation of the mucus layer nec-
essary for proper mucociliary transport function. In Mc-
Dowell’s study, preciliated cells were virtually absent in the
systemically deprived vitamin A group.4 With restoration of
systemic vitamin A levels, ciliated progenitor cells rapidly
developed cilia and further matured into functional ciliated
epithelium. Additionally, in a study by Edmondson et al.,
systemic vitamin A deprivation in hamsters resulted in
squamous metaplasia of pseudostratified ciliated tracheal
epithelium with loss of goblet cells, resulting in loss of
mucus-secreting capability and an overall disruption of the
mucociliary microenvironment.6

In this pilot study, we examined the effect of topical
vitamin A (retinoic acid) on healing sinus mucosa. Patients
with chronic sinus disease often have inflamed polypoid
mucosa that can be stripped away easily during functional
endoscopic sinus surgery, even when great care is taken to
preserve the mucosal lining. It appears that topical retinoids
may help to restore ciliated paranasal sinus epithelium.

Given that this was a preliminary study that focused on
qualitative morphological findings, further studies are nec-
essary to address the limitations of this study. First, our
study did not evaluate the functional status of regenerated
mucosa. Future studies would benefit from measurements
of mucociliary clearance times pre- and posttreatment to
quantify mucosal functionality. Second, quantitative analy-
sis of histological changes was not performed. Scanning and
transmission electron microscopy could be performed in
future studies to quantify submucosal serous gland loss,
basal lamina and lamina propria fibrosis, and mucociliary
density changes. Bone morphometry studies could also pro-
vide quantitative insights into the physiology of sinus bone
healing and its relationship to mucosal healing. Third, be-
cause we did not include a control group receiving non-
medicated aqueous gel, the observed changes associated
with retinoic acid are potentially confounded by possible
beneficial moisturizing effects of the gel vehicle. The ob-
served dose-response sensitivity of mucosa to varying con-
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centrations of retinoic acid suggests that the positive effects
of vitamin A are true. However, we plan to confirm our
hypothesis with a follow-up study that will include a control
group receiving only a nonmedicated aqueous gel compo-
nent. Last, future studies would benefit a longer postoper-
ative follow-up period to assess the fate of postsurgical
changes observed at the 14-day mark.

CONCLUSION

In a rabbit model, topical vitamin A, in the form of
retinoic acid gel, appears to enhance regeneration of

ciliated paranasal sinus mucosa after mechanical injury.
There appears to be a concentration-dependent effect, with
lower concentrations of vitamin A being more beneficial
than higher concentrations. Further investigation is required
to evaluate the functionality of the regenerated mucosa and
to determine the clinical significance for human subjects.
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