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Abstract

Peptide drugs in buccal bioadhesive delivery systems are exposed to the surface of the buccal mucosa at high
concentrations over long periods of time. The peptidase activity on the surface of the buccal mucosa has not been
evaluated as a barrier to peptide buccal delivery. The in vitro stability of various synthetic substrates on the surface
of intact porcine buccal mucosa was determined. No carboxypeptidase or dipeptidyl peptidase IV activity was
detected on the buccal mucosa, while aminopeptidase N activity was detected using Leu-p-nitroanilide. No
endopeptidase activity was observed towards the peptide substrates. Insulin and insulin B-chain were intact at the 2
h time point at 37 °C, while the percent of parent Leu-enkephalin remaining was 18�9 (mean�S.D., n=9). In the
presence of aminopeptidase inhibitors, amastatin, sodium deoxycholate and EDTA, the degradation of Leu-
enkephalin was dramatically reduced. This work suggests that the buccal route maybe advantageous for the delivery
of peptides that are susceptible to such activities. The inclusion of aminopeptidase inhibitors in buccal bioadhesive
delivery systems could improve buccal bioavailability of Leu-enkephalin. We suggest that compared with the existing
in vitro metabolism methods, the analysis of peptide or protein metabolism on intact buccal mucosa could better
predict the degradation of the drug as it crosses the tissue. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Recent advances in biotechnology have enabled
the production of a large number of peptide drugs

in therapeutic quantities. The most favoured route
for the delivery of drugs is the oral route, how-
ever, peptide drugs have low oral bioavailability,
typically less than 1%. Consequently, alternative
routes have been investigated for the delivery of
peptide drugs; one such route is the buccal mu-
cosa. This route is growing in popularity because
of its advantages, including ease of administration
and removal of the dosage form, the drug directly
enters systemic circulation avoiding first pass hep-
atic metabolism and there is potential for sus-
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tained or controlled drug release (Rathbone et al.,
1994). The bioavailability of peptide drugs via the
buccal route has been shown to be better than the
oral route, but is still significantly less than subcu-
taneous or intra-muscular injection (Lee and Ya-
mamoto, 1990). The two main obstacles for
transport of peptides across mucosal membranes
are the low permeability of the mucosa and the
metabolic barrier (Lee and Yamamoto, 1990).

Proteolytic activities that have been identified in
buccal tissue homogenates are shown in Table 1.
A number of peptide drugs have been shown to be
degraded in buccal tissue homogenates including
insulin, proinsulin (Yamamoto et al., 1990),
enkephalin analogues (Kashi and Lee, 1986), thy-
rotropin releasing hormone (Dowty et al., 1992),
calcitonin (Nakada et al., 1987) and substance P
(Lee and Yamamoto, 1990). However, as the pep-
tidase activity of the cytosol and the membrane
cannot be resolved in tissue homogenates the
relevance of these activities during peptide buccal
transport is uncertain. Particularly, as it is believed
that peptides are transported between the epithe-
lial cells and therefore, the cytosolic peptidase
activity may not be in contact with the peptide
during its transport (Rathbone and Tucker, 1993).

An alternative in vitro method to buccal ho-
mogenates is to determine the stability of the
peptide after absorption across freshly-excised

buccal mucosa mounted in diffusion chambers
(Dowty et al., 1992; Johnston et al., 1998). How-
ever, in the receptor chamber the peptide is ex-
posed to peptidases from various cellular
components released during the removal of under-
lying connective tissue. For instance, carboxypep-
tidase activity was observed on the receptor side of
mounted rabbit buccal but not on the mucosal
side; the origin of this activity is uncertain (Dowty
et al., 1992).

In this study, in order to avoid cytosolic degra-
dation and determine the metabolic barrier of the
mucosal surface, the proteolytic stability of the
peptide drug was measured on the surface of the
intact buccal mucosa excised from pig. Further-
more, the observed proteolytic activity on the
surface of the buccal mucosa may be representa-
tive of the surface membrane-bound proteases of
the underlying buccal epithelial cells.

The proteolytic activity of the buccal mucosa
was evaluated by the hydrolysis of synthetic sub-
strates and the model peptides, Leu-enkephalin,
insulin B-chain and insulin. The model peptides
were chosen for this study as their hydrolytic
profiles are well characterised (Table 2). The par-
ticipation of individual proteases in the cleavage of
the peptides was determined by degradation exper-
iments in the presence and absence of inhibitors.

Table 1
Peptidases identified in the buccal tissue in vitro

ReferencePeptidase Test systemSubstrate Species

Aminopeptidase L-Leucyl-beta-naphthylamide Nielsen and Rassing, 2000Human Homogenate
PigL-Leucyl-beta-naphthylamide Homogenate Nielsen and Rassing, 2000

HomogenateRatLeu-p-nitroanilide Harris and Robinson, 1992
Leu-p-nitroanilide Harris and Robinson, 1992HomogenateHamster
Leu-enkephalin Rabbit Homogenate Kashi and Lee, 1986

Carboxypeptidase(s) Dowty et al., 1992Thyrotropin releasing Rabbit Excised intact tissue
hormone
Hippurylphenylalanine Human HomogenateCarboxypeptidase A Nielsen and Rassing, 2000
Hippurylphenylalanine Pig Homogenate Nielsen and Rassing, 2000

Kashi and Lee, 1986HomogenateRabbitDipeptidyl Enkephalin analogues
carboxypeptidase

Yamamoto et al., 1990RabbitSerine endopeptidase(s) HomogenateInsulin
Proinsulin Yamamoto et al., 1990HomogeanteRabbit

Kashi and Lee, 1986HomogenateRabbitEnkephalin analoguesDipeptidyl peptidase
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Table 2
Peptidases involved in the primary cleavage of the model
peptide drugs

Peptide ReferencePeptidase

AminopeptidasesLeu-enkephalin Ogiso et al., 1997
Dipeptidyl Ogiso et al., 1997
aminopeptidase
Enkephalinase Ogiso et al., 1997

Insulin B-chain Carboxypeptidases Thiede et al., 1995
Metallo-endopep-
tidases
Endopeptidase Bond et al., 1986
24.11
Endopeptidase Price et al., 1991
24.18
Metallo-endopep-Insulin
tidase(s)

Ikesue et al., 1993Unknown
Serine
endopeptidases
Chymotrypsin Schilling and Mitra,

1991; Ikesue et al.,
1993
Ikesue et al., 1993Elastase

Trypsin Schilling and Mitra,
1991; Ikesue et al.,
1993

from 3 to 5 months with an average weight of
90–110 kg. The buccal tissue was immediately
placed in cold buffer; 50 mM sodium phosphate
buffer pH 7, which contained 0.23% (w/v) NaCl
to give a total ionic strength of 150 mM. The
membranes were stored in an airtight container
(6–10 °C) during transport and prepared for the
study within 2 h of the recovery.

2.3. Metabolism on intact porcine buccal mucosa

Using surgical scissors excess fat and connective
tissues were removed carefully from the porcine
buccal tissue within 2–3 mm of the buccal mu-
cosa. A plastic cylinder with an internal surface
area of 1.77 cm2 was placed vertically on top of
the mucosal side of the buccal tissue and clamped
(Bernkop-Schnürch et al., 1997). Substrates were
prepared in control buffer 50 mM sodium phos-
phate buffer pH 7, which contained 0.23% (w/v)
NaCl to give a total ionic strength of 150 mM.
Control buffer (1 ml) with or without inhibitor
equilibrated at 37 °C was added into the reaction
cylinder. After 30 min incubation 1 ml of the
substrate in control buffer at 37 °C was added to
the incubate and mixed. The final substrate con-
centrations for hippuryl-L-Arg, hippuryl-L-Phe,
Leu-p-nitroanilide, succinyl-Ala-Ala-Ala-p-ni-
troanilide and Gly-Pro-p-nitroanilide was 1 mM,
while for Leu-enkephalin, insulin and insulin B-
chain it was 0.1 mM. At various times after the
start of the reaction samples of 300 �l were taken.
Samples of the synthetic substrates were placed on
ice, centrifuged at 20 000×g at 4 °C for 5 min
and a 200 �l sample of the supernatant was
analysed. For the measurement of p-nitroaniline
formation from the p-nitroanilide substrates 100
�l samples were transferred to a microtitre plate
and the absorbance was measured at 405 nm
using a Anthos reader 2001 (Anthos labtec instru-
ments, Austria). For analysis of the formation of
hippuric acid from the substrates hippuryl-L-Arg
and hippuryl-L-Phe, supernatants were diluted in
control buffer to give a final volume of 1 ml.
Diluted samples were transferred to a 1 ml quartz
cuvette and analysed at 254 nm using a Perkin–
Elmer Lamda 16 spectrophotometer. The Leu-
enkephalin, insulin and insulin B-chain samples

2. Materials and methods

2.1. Materials

Leu-enkephalin, insulin-B chain, insulin, p-ni-
troaniline, deoxycholic acid sodium salt,
amasatin, ethylenediaminetetraacetic acid dis-
odium salt (EDTA), aprotinin (lyophilised pow-
der from bovine lung), hippurly-L-Arg,
hippuryl-L-Phe, Leu-, and Gly-Pro-p-nitroanilide
were all obtained from Sigma Chemical Company
(St. Louis, MO). For chromatography, HPLC
grade solvents were used. All other chemicals
were of analytical grade and were purchased from
Merck (Darmstadt, Germany).

2.2. Excised porcine buccal mucosa

The buccal tissue was excised from domestic
pigs (Sus scrofula) the age of the animals ranged
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were added to 5 �l of 20% (v/v) trifluoroacetic
acid (TFA) to stop the reaction. The resulting
mixture was centrifuged (20 000×g for 5 min)
and the supernatants were analysed by HPLC.

2.4. HPLC of peptides

Analysis of peptide reaction samples by reverse
phase HPLC was conducted using a Perkin-Elmer
(Norwalk, CT, USA) series 200 LC pump,
Perkin–Elmer 200 series auto sampler with a 20
�l injection loop and a diode array detector
(Perkin–Elmer 235C). Samples were eluted from
a Nucleosil 100–5 C18 column (250×4 mm),
with mobile phase A-0.1% TFA, B-90% acetoni-
trile, 0.1% TFA; flow rate of 1.0 ml min−1;
detection was at 220 nm. A linear gradient was
applied from 90% A to 10% A over a 22 min
period.

3. Results and discussion

3.1. Metabolic acti�ity towards synthetic
substrates

Numerous studies have used low molecular
weight synthetic substrates to evaluate specific
peptidase activities of different mucosal prepara-
tions. Aminopeptidase and carboxypeptidase ac-
tivities have previously been identified in buccal
homogenates using synthetic substrates (Harris
and Robinson, 1992; Nielsen and Rassing, 2000).
In this study, the activities of aminopeptidase N
and dipeptidyl peptidase IV were assayed using
Leu- and Gly-Pro-p-nitroanilide substrates, re-
spectively. Carboxypeptidase A and B activities
were measured using hippuryl-L-Phe and hip-
puryl-L-Arg, respectively.

Each synthetic substrate was tested in triplicate
on three buccal tissues obtained from different
animals. After two hours incubation at 37 °C on
the surface of the intact buccal mucosa the only
synthetic substrate that was hydrolysed was the
aminopeptidase N substrate, Leu-p-nitroanilide.
Fig. 1 shows that the formation of p-nitroaniline
followed pseudo-zero order kinetics, the mean
aminopeptidase activity for three buccal tissues

was 3.45�1.6 �M min−1 cm−2, (mean�S.D.,
n=9). The constant rate of Leu-p-nitroanilide
hydrolysis indicates that there is no cellular
changes resulting in the release of aminopepti-
dases from the cytosol during this experiment.

Kashi and Lee (1986) showed that dipeptidyl
peptidase IV, a serine peptidase was involved in
the digestion of enkephalins in rabbit buccal tis-
sue homogenates. Using the synthetic substrate
for dipeptidyl peptidase IV, Gly-Pro-p-ni-
troanilide, no activity was detected on the buccal
mucosa suggesting the activity in the buccal ho-
mogenates is cytosolic. The absence of dipeptidyl
peptidase IV activity on the mucosal surface sug-
gests that the buccal site may be advantageous for
the peptide substance P, which is known to be
initially cleaved by this enzyme (Stephenson and
Kenny, 1988).

The absence of carboxypeptidase activity on the
mucosal surface suggests that the carboxypepti-
dase activity in buccal tissue homogenates (Table
1) and on the serosal side of mounted rat buccal
(Dowty et al., 1992) originates in the cytosol.

3.2. Metabolic stability of model peptides

Insulin, insulin B-chain and Leu-enkephalin
were applied onto the mucosal side of the intact
buccal mucosa. Using HPLC the metabolism of
the model peptides was monitored by measuring
the decrease in peak area of the native peptide

Fig. 1. Formation of p-nitroaniline from Leu-p-nitroanilide in
50 mM sodium phosphate buffer pH 7, at 150 mM ionic
strength on intact porcine buccal mucosa obtained from three
animals. Each point represents the mean�S.D. (n=3).
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Fig. 2. Time-course of percentage remaining of insulin (�),
insulin B chain (�) and Leu-enkephalin (�) on intact buccal
mucosa after incubation in control buffer, 50 mM sodium
phosphate buffer pH 7, at 150 mM ionic strength. Each point
represents the mean�S.D. (n=3).

The enzymatic stability of insulin on the buccal
mucosa (Fig. 2) was in contrast to its rapid degra-
dation in rabbit buccal tissue homogenates (Ya-
mamoto et al., 1990). The lack of hydrolytic
activity towards insulin on the mucosa indicates
that the hydrolytic activity observed in the ho-
mogenates is also cytosolic. The stability of in-
sulin indicates the absence of membrane-bound
endopeptidases, which are known to hydrolyse
insulin (Table 2). Insulin is not a substrate of
aminopeptidases or carboxypeptidases (Stephen-
son and Kenny, 1988). The stability of insulin
towards the exopeptidases was attributed to the
highly ordered structure of insulin, including
disulphide bridges, secondary, tertiary and possi-
bly quaternary structures (Stephenson and Kenny,
1988).

Yamamoto et al. (1990) showed that the activ-
ity of the rabbit buccal homogenate towards in-
sulin was strongly inhibited by the serine protease
inhibitor aprotinin. In light of this, the enzyme
inhibitor aprotinin was co-administered with in-
sulin in vivo to improve the bioavailability of
insulin across the buccal mucosa (Aungst and
Rogers, 1988). However, aprotinin did not im-
prove the in vivo transport of insulin across the
rat buccal. This indicates that during the trans-
port of insulin across the buccal mucosa the pep-
tide does not come in contact with the serine
protease identified in the homogenate. This in
vivo observation is in agreement with the in vitro
studies on the buccal mucosa, which show that
insulin is not degraded by surface membrane-
bound epithelial peptidases (Fig. 2). It is possible
that the inability of aprotinin to promote the
transport maybe due to the aprotinin itself not
been absorbed with the insulin across these cell
layers. However, insulin and aprotinin have simi-
lar molecular mass of 5.7 and 6.5 kDa, respec-
tively. Furthermore, the addition of laureth-9
which is believed to increase permeability by ex-
tracting proteins and lipids from the membrane
had no additional enhancing effect when com-
pared with laureth-9 alone (Aungst and Rogers,
1988). Therefore, it could be speculated that the
same membrane-bound epithelial peptidases on
the surface of the mucosa are representative of the
underlying epithelial cells, which are in the range
of 40–50 cells thick (Rathbone et al., 1994).

over time. After a 2 h incubation at 37 °C Leu-
enkephalin was metabolised while insulin and in-
sulin B-chain remained stable (Fig. 2). The
degradation of Leu-enkephalin was expected as
the peptide is a substrate for aminopeptidases
which are present on the mucosa (Fig. 1) and
distributed in both the cytosol and the membrane
of buccal epithelial cells (Lee and Yamamoto,
1990). Subcellular fractionation of rat buccal tis-
sue homogenates showed that between 85 and
88% of the aminopeptidase activity was associated
with the cytoslic fraction (Lee and Yamamoto,
1990).

The stability of insulin B-chain on the buccal
mucosa indicates the absence of a number of
peptidases known to hydrolyse insulin-B chain,
including carboxypeptidases (Table 2). The stabil-
ity of insulin B-chain in the presence of
aminopeptidase activity is further support of the
absence of endopeptidases, as aminopeptidases
can only act on insulin B-chain after the initial
cleavage by an endopeptidase (Song et al., 1986).
The stability of insulin B-chain on the mucosa is
in agreement with the observed inactivity towards
the synthetic substrates of carboxypeptidase A
and B.
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3.3. Effect of peptidase inhibitors on the stability
of peptides

To determine the participation of individual
enzymes in the cleavage of Leu-enkephalin, degra-
dation experiments were carried out in the pres-
ence of inhibitors. The aminopeptidase inhibitors,
amastatin, (Sanderink et al., 1988), EDTA (Van
Wart and Lin, 1981) and sodium deoxycholate
(Bai, 1994) and the serine protease inhibitor apro-
tinin (Aungst and Rogers, 1988) were tested sepa-
rately. Fig. 3 shows the time-course for the
degradation of Leu-enkephalin by the intact buc-
cal mucosa in the presence and absence of enyzme
inhibitors. The aminopeptidase inhibitors dramat-
ically inhibited the hydrolysis of Leu-enkephalin,
thus indicating the importance of buccal epithelial
aminopeptidases in its hydrolysis. The ineffective-
ness of aprotinin to protect Leu-enkephalin was
expected as this peptide is not a substrate for
serine peptidases. The stabilisation of Leu-
enkephalin on the buccal mucosa by these
aminopeptidase inhibitors suggests that the co-ad-
ministration of inhibitors in buccal bioadhesive
systems could improve the bioavailability of the
peptide. Protection against enzymatic attack by

aminoeptidases may also be of value for other
peptides susceptible to this activity, for instance
the calcitonin analogues (Ogiso et al., 1997).

4. Conclusion

In conclusion, aminopeptidases appear to be
the exclusive peptidase activity on the buccal mu-
cosa, therefore, representing a major metabolic
barrier to the buccal delivery of peptide drugs.
The hydrolysis of Leu-enkephalin was dramati-
cally reduced by aminopeptidase inhibitors, there-
fore, the co-administration of such
aminopeptidase inhibitors in a bioadhesive deliv-
ery system should improve the buccal
bioavailability of the peptide drug. The absence of
endopeptidase and carboxypeptidase activities will
be advantageous for the buccal delivery of pep-
tides, which are susceptible to these activities. The
analysis of peptide or protein metabolism on in-
tact buccal mucosa in vitro should approximate,
to a greater degree, the degradation of the com-
pound as it crosses the tissue. Future in vivo
studies with peptidase inhibitors are required to
validate this method for predicting peptide buccal
metabolism in vitro.

Acknowledgements

This work was supported by a grant from the
Fonds zur Förderung der wissenschaftlichen
Forschung (FWF) to A. Bernkop-Schnürch.

References

Aungst, B.J., Rogers, N.J., 1988. Site dependence of absorp-
tion-promoting actions of laureth-9, Na salicylate, and
aprotinin on rectal, nasal, and buccal insulin delivery.
Pharm. Res. 5, 305–308.

Bai, J.P.F., 1994. Effects of bile salts on brush-border and
cytosolic proteolytic activities of intestinal enterocytes. Int.
J. Pharm. 111, 147–152.

Bernkop-Schnürch, A., Paikl, C., Valenta, C., 1997. Novel
bioadhesive chitosan-EDTA conjugate protects leucine
enkephalin from degradation by aminopeptidase N.
Pharm. Res. 14, 917–922.

Fig. 3. Time-course of percentage remaining of Leu-
enkephalin on intact buccal mucosa after incubation in control
buffer, 50 mM sodium phosphate buffer pH 7, at 150 mM
ionic strength, (�), control buffer containing aprotinin at 1
mg/ml (�), control buffer containing amastatin at 10 �M (�),
control buffer containing EDTA at 5 mM (�) and control
buffer containing sodium deoxycholate at 2 mM (�). Each
point represents the mean�S.D. (n=3).



G.F. Walker et al. / International Journal of Pharmaceutics 233 (2002) 141–147 147

Bond, J.S., Butler, P.E., Beynon, R.J., 1986. Metalloendopep-
tidases of the mouse kidney brush border: meprin and
endopeptidase-24.11. Biomed. Biochim. Acta 45, 1515–
1521.

Dowty, M.E., Knuth, K.E., Irons, B.K., Robinson, J.R., 1992.
Transport of thyrotropin releasing hormone in rabbit buc-
cal mucosa in vitro. Pharm. Res. 9, 1113–1122.

Harris, D., Robinson, J.R., 1992. Drug delivery via the mu-
cosal membranes of the oral cavity. J. Pharm. Sci. 81,
1–10.

Ikesue, K., Kopeckova, P., Kopecek, J., 1993. Degradation of
proteins by guinea pig intestinal enzymes. Int. J. Pharm.
95, 171–179.

Johnston, T.P., Rahman, A., Alur, H., Shah, D., Mitra, A.K.,
1998. Permeation of unfolded basic fibroblast growth fac-
tor (bFGF) across rabbit buccal mucosa-does unfolding of
bFGF enhance transport. Pharm. Res. 15, 246–253.

Kashi, S.D., Lee, V.H.L., 1986. Enkephalin hydrolysis in
homogenates of various absorptive mucosa of the albino
rabbit: similarities in rates and involvement of aminopepti-
dases. Life Sci. 38, 2019–2028.

Lee, V.H.L., Yamamoto, A., 1990. Penetration and enzymatic
barriers to peptide and protein absorption. Adv. Drug Del.
Rev. 4, 171–207.

Nakada, Y., Awata, N., Nakamichi, C., Sugimoto, I., 1987.
Stability of human calcitonin in the supernatant of the
rat’s oral mucosa homogenate. Yakuz 47, 217–223.

Nielsen, H.M., Rassing, M.R., 2000. TR146 cells grown on
filters as a model of human buccal epithelium: V. Enzyme
activity of the TR146 cell culture model, human buccal
epithelium and porcine buccal epithelium, and permeability
of leu-enkephalin. Int. J. Pharm. 200, 261–270.

Ogiso, T., Iwaki, M., Tanino, T., Nishioka, S., Higashi, K.,
Kamo, M., 1997. In vitro skin penetration and degradation
of enkephalin, elcatonin and insulin. Biol. Pharm. Bull. 20,
54–60.

Price, J.S., Kenny, A.J., Huskisson, N.S., Brown, M.J., 1991.
Neuropeptide Y (NPY) metabolism by endopeptidase-2
hinders characterization of NPY receptors in rat kidney.
Br. J. Pharmacol. 104, 321–326.

Rathbone, M.J., Tucker, I.G., 1993. Mechanisms, barriers and
pathways of oral mucosal drug permeation. Adv. Drug
Del. Rev. 12, 41–60.

Rathbone, M.J., Drummond, B.K., Tucker, I.G., 1994. The
oral cavity as a site for systemic drug delivery. Adv. Drug
Del. Rev. 13, 1–22.

Sanderink, G.-J., Artur, Y., Siest, G., 1988. Human
aminopeptidase: a review of the literature. J. Clin. Chem.
Clin. Biochem. 26, 795–807.

Schilling, R.J., Mitra, A.K., 1991. Degradation of insulin by
trypsin and alpha-chymotrypsin. Pharm. Res. 8, 721–727.

Song, I.S., Yoshioka, M., Erickson, R.H., Miura, S., Guan,
D., Kim, Y.S., 1986. Identification and characterization of
brush-border membrane-bound neutral metalloendopepti-
dases from rat small intestine. Gastroenterology 91, 1234–
1242.

Stephenson, S.L., Kenny, A.J., 1988. The metabolism of neu-
ropeptides. Hydrolysis of peptides by the phosphorami-
don-insensitive rat kidney enzyme ‘endopeptidase-2’ and
rat microvillar membranes. Biochem. J. 255, 45–51.

Thiede, B., Wittmann-Liebold, B., Bienert, M., Krause, E.,
1995. MALDI-MS for C-terminal sequence determination
of peptides and proteins degraded by carboxypeptidase Y
and P. FEBS Lett. 357, 65–69.

Van Wart, H.E., Lin, S.H., 1981. Metal binding stiochiometry
and mechanism of metal ion modulation of the activity of
porcine kidney leucine aminopeptidase. Biochemistry 20,
5682–5689.

Yamamoto, A., Hayakawa, E., Lee, V.H.L., 1990. Insulin and
proinsulin in mucosal homogenates of the albino rabbit:
implications in peptide delivery from normal routes. Life
Sci. 47, 2465–2474.


	Peptidase activity on the surface of the porcine buccal mucosa
	Introduction
	Materials and methods
	Materials
	Excised porcine buccal mucosa
	Metabolism on intact porcine buccal mucosa
	HPLC of peptides

	Results and discussion
	Metabolic activity towards synthetic substrates
	Metabolic stability of model peptides
	Effect of peptidase inhibitors on the stability of peptides

	Conclusion
	Acknowledgements
	References


