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Congratulations to the 2014 winners:

���Outstanding Awardee:
Soumyajit Majumdar, Ph.D. 
The University of Mississippi, USA. 
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�� Graduate Student Awardee:
Kaushik Thanki 
National Institute of Pharmaceutical Education and Research (NIPER), India.
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���Travelship Awardees:
Hemlata G. Patil 
University of Mississippi, USA.
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Vijay Kumar Nekkanti 
Western University of Health Sciences,USA. 
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FOREWORD

IT’S JUST MUCOSA – GET OVER IT!
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Keywords
Buccal drug transport. nasal peptide delivery, oral peptide delivery.

PRINCIPLES UNDERLYING PEPTIDE, PROTEIN AND 
MACROMOLECULE INTERACTIONS WITH NON-
INJECTED MUCOSAE: FROM ORAL TO BUCCAL AND 
NASAL DELIVERY
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Table 1. Oral delivery factors: we have more accurate understanding about the points on the 
left than the right.
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1. The lessons that nasal and buccal routes learned from oral 
delivery
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2. Nasal delivery: from small molecules to first generation 
approved peptides 
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Table 2. Nasal epithelial drug transport pros (left) and cons (right).
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3. Buccal delivery: sub-lingual to sprays to oromucosal thin films
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Table 3. Buccal epithelial drug transport pros (left) and cons (right).
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4. Conclusions
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�MUCUS PENETRATING NANOPARTICLES FOR DRUG 
AND GENE DELIVERY TO MUCOSAL TISSUES
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2. Advantages and limitations of nasal and oral administration
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3. Exploring nasal delivery of a large protein drug
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Figure 1. Average plasma concentration profiles for subcutaneous and nasal administration 
of AZ-X1 in rats.

Parameter SC
(0.26 mg/ml)

IN
(1.9 mg/ml)

IN
(7.3 mg/ml)

IN
(21 mg/ml)

IN 
(32 mg/ml)

*XG�"���$(���& 556 ??O ?@J@ 5866 J@BK
%0*�"p��$(���& OJJ? CMB ?@Q@ ?OMO ?OJQ

2��1�"���& B 5 ?@ ?@ ?@
G��1�"��(��& QAAC BMBQ ?QKO@ ?O@JKC BAC@J?

��"l& B@�J ?�? B�J C�? C�B
F����"l& A�M ?J�@ BQ�? BA�B

Table 1. Pharmacokinetic data (mean values) for subcutaneous and intranasal administration 
of AZ-X1 in rat.
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Table 2. Summary of characteristics for Zolmitriptan
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4. Nasal delivery to obtain rapid onset of therapeutic effect
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5. Exploring buccal delivery of a peptide drug
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Table 3. Evaluation of alternative administration routes for AZ-X2.
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Table 4. Individual, median and mean bioavailability (F) estimates following single buccal 
administration of AZ-X2 oral transmucosal tablets to healthy volunteers.
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6. Conclusions
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CURRENT STRATEGIES FOR ANTI-RETROVIRAL DRUG 
TRANSPORT ACROSS VAGINAL AND RECTAL 
EPITHELIUM
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2. HIV-1 Lifecycle: targets for microbicides
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Figure 1. HIV-1 lifecycle and targets for intervention with microbicides. HIV binds to the 
CD4 receptor and CCR5 co-receptor triggering a conformational change in gp41 that leads 
to membrane fusion and release of the viral capsid into host cell cytoplasm. Decapsidation 
is followed by formation of the viral reverse transcription complex to produce double-
stranded HIV-derived cDNA (proviral ds DNA) which in turn leads to the formation of the 
preintegration complex (PIC) of proviral ds DNA with HIV integrase and cellular cofactors. 
The PIC enters the nucleus through the nuclear pore complex, and HIV integrase mediates 
proviral dsDNA integration into the host cell genome. Activation of host cell transcription 
factors that bind the long terminal repeat of the inserted DNA (not shown in diagram) initiates 
viral replication by production of viral proteins and viral RNA. Assembly of viral proteins 
together with two copies of HIV RNA produces an immature virus particle that buds off from 
the host cell. HIV protease activity is required for the formation of the mature infectious virus 
particle. Stages in the lifecycle that have been targeted by microbicides currently under 
development are indicated. (Reproduced from Kelly CG and Shattock RJ, J. Intern. Med. 270 

(2011) 509 -519, with permission).
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Figure 2. Transporter expression in colo-rectal and cervico-vaginal tissue. Efflux and 
uptake transporters have been described in the colon and cervicovaginal tissue. The apical 
and basolateral distribution of transporters in cervicovaginal epithelium has not been 

determined.
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3. Drug Transporter Expression in Colorectal and Cervicovaginal 
Epithelium
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Figure 3. Antiretroviral drugs used in this study. Properties that 
influence formulation are shown.
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4. Drug Transport Studies
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Figure 4. Models of colorectal and vaginal barrier epithelium for in vitro drug permeability 
studies. Panel a shows the Transwell® diffusion cell system with drug represented in medium 
on the apical side of the epithelial barrier. Panels b and d: immunofluorescent staining of 
zona occludens protein -1 (ZO-1) in HEC-1A and CaCo-2 cells, respectively. Staining 
indicates formation of tight junctions. Panels c and d show permeability values for mannitol 
(paracellular marker) and digoxin (P-glycoprotein substrate) in HEC-1A and Caco-2 
Transwell® systems, respectively. The higher TEER values for the CaCo-2 barrier 
��������	�
��
���������	2����	��������
��
��
�������������������	�
��
��������	2) are 

reflected in the Papp values for mannitol.
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5. Pharmocokinetic Studies
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Figure 5. Tissue levels of Darunavir and Dapvirine following single application of vaginal 
gel in the macaque model. The graphs show the levels of drug in serum and vaginal fluid 
sampled at intervals over 72 hours following single vaginal application of gel containing 
Dapivirine + Darunavir or Darunavir alone. No effect of Dapivirine on Draunavir release is 
evident. (Data provided by Roger Le Grand and colleagues from Commissariat à l'Energie 

Atomique et aux Energies Alternatives (CEA), Fontenay-aux-Roses, France).
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6. Phase I Human Trial
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BUCCAL AND SUBLINGUAL DELIVERY OF SMALL AND 
LARGE MOLECULES: CURRENT STATUS AND 
CHALLENGES
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2. Design of drug delivery 
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Figure 1!�"�#
��$%
��&����*/6�8� �&��������&
� ��
��#���������&��$%����� 
�##%�� �&����#�&������
chitosan (a) and in PBS (b) [8].
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Table 1. Dissolution parameters for some commercially available products (FDA).
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Figure 2. Products for fentanyl delivery (provided by Pharmacircle, September 2014).
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Table 3. Fentanyl products available on the market.

Table 4. Dissolution parameters for some commercially available fentanyl products (FDA).
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Table 5. Pharmacokinetic results for fentanyl oral mucosal products.
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Figure 3. Products for insulin delivery (provided by Pharmacircle, September 2014).
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THE CHALLENGES OF THIN MUCOSA: THE NASAL 
MUCOSA
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1. Introduction: Nasal drug delivery: the pros and cons
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Table 1. Market authorized intranasal medicines with systemic effect.
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2. Nasal marketed products intended to achieve systemic effects
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Table 2. Market authorized intranasal medicines with systemic effect.
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3. Promotion/modulation of nasal absorption: Pharma players
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4. New indications of nasal medicines containing old drugs
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5. Research approaches in nasal nano-drug delivery 
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Table 3. Nano-drug delivery products (described in the literature).
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Table 4. Nano-vaccine delivery products (described in the literature).

Table 5. Nano-vaccine delivery products (described in the literature).
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Table 6. Nano-vaccine delivery products (described in the literature).
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�OCULAR DELIVERY: A PROBLEM TOUGH ENOUGH TO 
MAKE YOU CRY? 
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Figure 1. Diagram showing the phases of tear secretion. Inset: the conjunctiva lining the 
lids and over the sclera retains applied drug for a short time after topical administration.
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Figure 2. Sclera acts as a sieving matrix and is more hydrophilic than the cornea.  
It therefore permits the absorption of more polar materials [2].
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Figure 3. Distribution is aided by uveoscleral flow which distributes drugs laterally as 
shown.  
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Figure 4. Microradiographic images showing transfer of radiolabelled memantine from the 
dosed eye of a rabbit [from reference 6]. 
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6. Concluding remarks
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Figure 1. Schematic presentation of disulphide bond formation between a thiomer and 
mucus glycoproteins.
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2. Mucoadhesive/cohesive polymers
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Figure 2. Fluorescein diacetate (FDA) loaded chitosan (CS) and chitosan-thioglycolic acid 
(CS-TGA) micro- (MPs) and nanoparticles (NPs) remaining on intravesical mucosa of rats 

(means ±SD; n=3); adopted from Barthelmes et al. [3]
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Figure 3. Schematic presentation of preactivated thiomers; R= COOH or CONH2.

Figure 4. Schematic diagram of papain immobilization on polyacrylic acid mediated by 
carbodiimide (EDAC) chemistry and particle formation by ionic gelation with CaCl2. 

Adopted from Müller et al. [5].
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3. Mucus permeating polymers

<��������
�������������	������������
���
��������������������
����	��
��	���������
��	�	������
�����	�
���������
��������	�������
����	��
��
�
����������		���������
�������
��� ����� 
��� ����	�� ��� 
��� ����	� 
�������� ���� 
��
� 
���� ���� ��
� ���	���
��� ����� �����
��� 
�� 
��� ���
�������� 4�� ����
����� ��� ��������� 	��������� ����� 
���

����
� ����	�� ���� ��� ���������� ����
������ �������	� ���������� 	���� ������
��	�
������������������������������		����������
����	�	
��	��5��
������������������
��		����	�	
��	��	���������809����
����������	�����8�������	�	���������	�����
8��
����	� ���
������� ��������������
��� ��;���� ��� ���
�	� 	���� �	� ����������
��
���������� ���
�	��	�����	
��
�����������C�����
����
��������������
���������
�����	
�
�����	������
����	�	
��	��������������	���������
���	��������
�������
����	��������
���
�������	�
�
���	�
������
��������



Figure 5. GI-residence time of polyacrylic acid (PAA) particles, papain-g-polyacrylic acid 
(papain-g-PAA) particles and papain-g-polyacrylic acid (papain-g-PAA) particles mixed with 
cysteine ethyl ester hydrochloride (papain-g-PAA + CYS-OET) in rats (means ±SD; n=6); 

adopted from Müller et al. [5]
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4. Release controlling polymers
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5. Permeation enhancing polymers
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6. Conclusions
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Figure 1: Dominating transport mechanisms for small-molecule drugs in different regions of 
the human intestine. 

Left: in the small intestine, permeability is determined by passive diffusion across the 
epithelial cell layer (transcellular diffusion; blue arrow) or in the pores between cells 
(paracellular diffusion; gray arrow). In addition, transport proteins can mediate cellular drug 

uptake (orange) or efflux (green). 

Right: in the large intestine, paracellular pores are smaller than in the small intestine, and 
transcellular diffusion therefore dominates the passive absorption. The expression of most 
apical uptake transporters is also significantly lower than in the small intestine, whereas 

efflux transporters are expressed (although at relatively low levels).
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Figure 2. Prediction of transporter impact on the oral absorption of novel HIV-1 protease 
inhibitors. (A) The distributions of in vitro Km and Vmax values for intestinal efflux transporters 
were extracted from literature. Vmax values obtained from the modelling are all within this 
space. Darker colors indicate a higher likelihood of a certain Km–Vmax combination, calculated 
based on the distributions of the individual parameters. (B) Predicted transporter impact on 
the absorption of HIV-1 protease inhibitors with varying passive membrane permeability. 
Dose-dependent transporter effects were explored by varying the initial intestinal drug 

concentration between 15 and 1,500 μM.
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4. Conclusions
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GATTEFOSSÉ is an independent multinational company which 
creates, develops and manufactures specialised ingredients 
for the pharmaceutical and personal care industries.
Present in almost 60 countries worldwide, GATTEFOSSÉ provides 
extensive expertise in lipochemistry, biology and extraction 
from natural sources.

GATTEFOSSÉ offers the pharmaceutical industry innovative 
functional lipidic excipients for bioavailability improvement, 
sustained release formulation, lubrication, taste-masking, 
solubilisation and penetration enhancement.
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