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Intranasal delivery is a long-recognized route for systemic drug delivery due to the high level of vascularization of the nasal cavity, 
ease of access, and the potential for direct delivery to the central nervous system (CNS). However, models for delivery across the 
nasal epithelium have historically been limited to ex vivo animal tissues. These models are not well-suited for the development of 
recently developed permeation enhancers and mucoadhesion methods because they are unable to maintain the active 
components of the nasal mucosa, i.e. tight junctions, mucus production, cilia and other cellular activities.

Historical use of animal nasal mucosa to screen formulations for nasal delivery has proven quite successful, but lack of these active 
cellular components and activities present a significant drawback which is clearly demonstrated when data from these models are 
compared with the new reconstructed nasal epithelium (RNE) model (Figure 1). With RNE we see a large reduction in variability 
and can observe statistically relevant differences in formulation performance at different time points. Comparison of data from 
these two models reveals that potential trend data from the frozen mucosal tissue may be misleading. We can also observe the 
potential impact of active cellular components in RNE by noting a reduction in total permeation of formulation.

Frozen Mucosa RNE

Figure 1. Formulations A and B were

apically applied to excised sheep mucosa 

(nasal septum) mounted in a Franz cell 

(left) and to RNE cultured in Transwell ® 

inserts to full differentiation (right). 

Basolateral media was collected at 

indicated timepoints and replaced with 

equal volume of fresh media. Cumulative

amount of API/cm2 from formulations

A and B were calculated and plotted

versus time. Error bars represent one

standard deviation.

To improve upon the traditional models, MedPharm has developed a new model using Reconstituted Human Nail Epithelial cells 
(RNE). This model uses primary human nasal epithelial cells, harvested from the mucosa at the turbinates, that are then regrown 
on permeable inserts and stimulated to develop into a well-differentiated nasal epithelium. Here we demonstrate the utility of 
the RNE model in the development of new drug formulations by comparing the performance of formulation in RNE to existing 
clinical data.

Cells are cultured using a modification of the method described by Fulcher and Randell1. 
Nasal epithelial cells are harvested from a donor using a nasal swab. Epithelial cells are 
isolated and expanded in a monolayer culture using specific epithelial growth media. 
Calls are then seeded onto a porour membrane over a bath of similar growth media. 
These cells expand and become fully confluent, beginning the differentiation process. 
At this stage the media is changed, and the apical surface is kept dry to promote full 
differentiation into a pseudostratified columnar compound epithelial layer. Once fully 
differentiated, these cells exhibit mucus production, ciliary activity, and tight junctions.

Full differentiation is determined by appearance under phase contrast microscopy and 
via transepithelial resistance (TEER). Tight junctions form an electrochemical barrier 
between the basolaterla and apical chambers, and this can be measured by determining 
electrical resistance. TEER slowly builds over time, eventually reaching a stable state, 
and is dependent on the presence of differentiation media that supports this 
differentiation. When differentiation is induced via appropiate media change, TEER 
rises over time as the tight junctions form. If transition to differentiation media is not 
performed, full differentiation does not occur and TEER (and corresponding barrier 
function) does not elevate (Fig 2).

In this study, once RNEs were fully differentiated and demonstrated proper barrier 
function, formulations of oxycodone and buprenorphine that closely mimic formulations 
used in previous clinical studies2,3 were applied to the apical side of well-differentiated 
RNE cultures. At selected time points, basolateral media was collected and replaced with 
an equal volume of fresh media. Collected media was analyzed to measure total 
permeated quantity at each timepoint, then plotted against time and compared to 
clinical study results. 

Figure 2. Primary human nasal epithelial cells 

were seeded on a permeable membrane which 

was suspended over growth media. The apical 

side of the membrane was also covered in 

growth media. Cells were allowed to grow until 

confluent (approximately 10 days), at which point 

they were switched to air-liquid interface and 

given differentiation media, or left in the growth 

conditions. TEER (Ohm*cm2) is plotted vs time 

(days) for cells treated with growth media (blue) 

or differentiation media (red). 

Error bars are SEM, n=5.

Clinical trials assessing nasal administration of opiods have 
been conducted in an effort to develop effective alternative 
delivery routes to intravenous, subcutaneous, oral, etc modes of
delivery. In two of these seperate clinical trials assessing nasal
delivery of different opioid formulations, oxycodone was reported
to have an approximately seven-fold higher C

max 
than buprenorphine

(Table 1). When comparing this historical clinical data to data from
our RNE model dosed with similar opioid formulations, this
qualitative difference holds with slight differences in the magnitude
of difference (Figure 3).

To further determine formulation discrimination in the RNE model,
a dose-response series was conducted using oxycodone formulations.
Four concentrations of oxycodone were prepared and administered 
apically to RNE constructs (n=5). At designated intervals, a sample of
media from the basolaterla side was collected, and the basolateral 
colume replenished. A total cumulative amount was calculated for 
each time point. The total cumulative amount at all time points past
two minutes showed a linear response to formulation concentration
(R2> 0.90, Figure4). 

Table 1. Ten healthy volunteers were

given an intranasal dose of 0.1 mg 

per kg oxycodone hydrochloride. 

Blood samples were collected at time 

points up to 10 hours post-nasal 

delivery and oxycodone 

concentration in blood plasma was 

determined. The table on the left 

shows peak concentration in plasma 

for each subject in this study2. On 

the right, intranasal spray was used 

to deliver 0.3mg buprenorphine in 

nine healthy volunteers. Blood 

samples were collected up to 12 

hours post dosing and buprenorphine 

concentration in blood plasma 

analyzed. Peak levels of 

buprenorphine per subject are 

shown3. Comparison of mean C
max 

levels shows a roughly 7-fold 

difference in blood concentration 

of these opiod formulations.

By demonstrating a correlation between existing clinical data and RNE model 
data and showing the advantages of RNE over excised animal mucosa, we suggest 
RNE as a more useful model for formulation development, drug screening, and 
subsequent project de-risking prior to clinical trial. As a closer approximation of 
the nasal mucosal barrier, RNE also opens new avenues for complex analysis of 
drug delivery.

Mucosal epithelium contains influx/efflux pumps, which can transport drugs 
into or out of the cell layer. A host of constitutive and inducible metabolic 
enzymes can alter drugs as they pass through the cell layer. Active changes in the 
type and quantity of mucus in response to formulation delivery can impact 
permeaton. Certain excipients can have active or indirect effects on tight junctions.

Because RNE contains these active components it allows for more realistic 
assessment of potential formulation performance and for observation of 
formulation impact on this dynamic tissue. It is always the goal to develop the 
next more useful model and thereby advance drug discovery. With this RNE 
model, MedPharm has increased the utility of available models for intranasal 
delivery. 

Oxycodone

Subject
Cmax

(ng/mL)

1 17

2 6

3 8

4 12

5 14

6 6

7 7

8 15

9 20

10 25

Mean 13

95% Cl

Buprenorphine

Subject
Cmax

(ng/mL)

1 0.67

2 0.64

3 0.67

4 2

5 4.78

6 2.54

7 1.92

8 0.76

9 1.93

Mean

Figure 3. 10 μL of Oxycodone (A) or Buprenorphine (B) in saline solution at the indicated

concentrations was applied to the apical side of well-differentiated RNE. Volume was adjusted

to correspond to dosing ratios used in the clinical studies. At the indicated times, basolateral

media was collected, and replaced with an equal volume of fresh, pre-warmed media. Total

permeated quantity at each timepoint (AUC) was calculated and plotted vs time to determine 

if there is a linear relationship between total cumulative amount and concentration of API in

formulation. For each time point after two minutes post-administration, a strong relationship 

(R2>0.9) was observed. Error bars are SEM, n=5.

Figure 4. Formulations of oxycodone were prepared at four concentrations. Total cumulative

amount was calculated for each formulation at each of 8 time points. Total cumulative amount

for each time point was plotted against formulation concentration to determine if there is a

linear relationship between total cumulative amount and concentration of API in formulation.

For each time point after 2 minutes post-administration, a strong (R2 > 0.9) was observed.

Oxycodone Buprenorphine

17-Sep

1.77

SEM 0.45


