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Abstract

Degradation of luteinizing hormone releasing hormone (LHRH) in various pig tissues (i.e. buccal, liver, nasal and
skin) and in their corresponding homogenates was determined. The degradation of LHRH followed apparent
first-order kinetics. The degradation rates of LHRH in intact tissues were lower than in their corresponding
homogenates. The lowest degradation rate [(0.15 + 0.01) x 10° min —'] was observed in intact skin tissue indicating
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proteins from various routes of administration
suggests that there is at least an enzymatic barrier
limiting their absorption (Lee, 1988; Morimoto et
al.,, 1992). The enzymatic barrier is composed of
exopeptidases and endopeptidases that cleave pep-
tides and proteins (Contijoch et al., 1990). There-
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delivery is to overcome the enzymatic degradation
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drugs that reach thelr targets.

LHRH is a highly potent decapeptide whose
primary structure is PGlu-His-Trp-Ser-Tyr-Gly-
Leu-Arg-Pro-Gly-NH,. It has proven to be a use-
ful compound both experimentally and clinically
(Henzl, 1993). This study focuses on the suscepti-
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tact buccal, liver, nasal and skin tissues and in
their corresponding homogenates in order to de-
termine the suitable delivery systems and routes of
LHRH administration.
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Fresh and viable buccal, liver, nasal and skin
tissues from the pig were obtained from slaughter
houses. Viable tissues of the same weight and
from the same pig were used in this study. Three
picces of each type of tissues (i.e. buccal, liver,
nasal and skin) of the same weight were used; one
piece for each of the control, intact, and ho-
mogenate experiments. Particular care was taken
to ensure the viability of the excised tissues. One
of the three pieces was homogenized in ice-cold
0.02 M potassium phosphate buffer (pH 7.4) in a
Silverson L4R Mixer (Silverson, East Long-
meadow, MA). The homogenates were cen-
trifuged for 5 min at 1000 x g at 4°C in a
Beckman RC-5 superspeed refrigerated centrifuge
(Dupont De Nemours, Newtown, CT). The super-
natant fraction was used as the source of pepti-
dase activity and was stored at — 80°C until
assayed. The protein contents in various superna-
tants were determined by the modified Lowry
method (Lowry et al.,, 1951). Intact tissue of the
same weight was used, therefore the total protein
content in the intact tissue was presumably the
same as its supernatant. Thus, the protein con-
tents in intact tissues and their homogenates were
known. We varied LHRH concentration to get an
LHRH to protein ratio of 1:10 with all tissues and
their homogenates. Enzymatic degradation of
LHRH due to peptidase was halted by heating the
samples at 100°C for 6 min (Advis et al., 1982). A
known concentration of LHRH incubated in a
preboiled tissue (100°C for 6 min} was used as the
control. Control and test samples containing a
known concentration of LHRH in vials were
maintained at 37 £0.1°C in a water bath. At
specific time intervals, 0.2-ml samples were with-
drawn from vials for LHRH analysis by a stabil-
ity indicating and validated HPLC method (Bi et
al., 1998). Briefly, a Hewlett Packard series 1030
liquid chromatograph (Hewlett Packard, Ger-
many) was used for the analysis of LHRH. The
mobile phase consisted of triethylammonium
phosphate buffer (0.36 M, pH 2.5) and acetoni-
trile (86:14 v/v). A ZORBAX ODS column (4.6
mm x 15 cm, 5 ym, 100 ;\), injection volume (100
ul), flow rate (1.5 ml/min), and detection wave-
length (210 nm) were used in the HPLC analysis
of LHRH in samples.

Semilogarithmic graphs of the residual amounts
of LHRH versus time in intact tissues and in
tissue homogenates were plotted. The degradation
rate constant (k) was obtained from the slope of
the semilog of concentration versus time plot by
statistical regression analysis.

Figs. 1-4 illustrate the degradation of LHRH
by buccal, liver, nasal, and skin tissues, respec-
tively. LHRH was degraded in all of these tissues.
There was no degradation in the control. The
degradation of LHRH followed apparent first-or-
der kinetics in all of the above tissues. Many
enzymes are probably responsible for the degrada-
tion of LHRH present in the skin (Morimoto et
al., 1992), nasal (Lang et al., 1996), and buccal
(Yamamoto et al., 1988) tissues. The structure of
LHRH reveals that this molecule with its unusual
N-terminus (PGlw) is immune to attack by some
proteases (e.g. aminopeptidases); its carboxy ter-
minus with amide formation is also protective
from carboxypeptidases. Therefore, LHRH
should be very stable and can escape the prote-
olytic breakdown if a tissue has only exopepti-
dases. The liver is a chemical factory, which
synthesizes and secretes most of the proteolytic
enzymes, including proteases. Therefore, the liver
is the primary organ of elimination for exoge-
nously administered proteins and peptides (Fer-
raiolo et al., 1992).

Table 1 indicates the degradation rates of
LHRH in different tissues and in their ho-
mogenates. The intact skin tissue demonstrated
the lowest [(0.145 4+ 0.01) x 10* min~'] and liver
the highest [(2.12 4 0.08) x 10* min~!'] degrada-
tion rate among all of the four intact tissues. The
enzymatic activity in the skin is less than 10% of
the liver (Pannatier et al., 1978), and also its
proteolytic activity is lower than other tissues
{Zhou and Li wan po, 1990). These observations
are consistent with our findings. Furthermore, in
our study, nasal tissue has less proteolytic activity
compared with buccal tissue as is evident from
degradation rates in these tissues, and is consis-
tent with earlier studies (Stratford and Lee, 1986;
Lee et al., 1987),

Table 1 also shows that the intact tissues exhib-
ited less degradation of LHRH than those of
corresponding homogenates. Studies with super-
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Fig. 1. First-order plot of LHRH degradation by buccal tissue. B, Control, A&, intact buccal tissue; @, buccal tissue homogenate.
natants allowed us to determine the maximum amount of the tissue. It should be noted that the
enzymatic degradation in a particular tissue and supernatant fraction as a source of peptidase ac-
1o estimate the total protein content in a given tivity is arbitrary. The conditions of centrifuga-
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Fig, 2. First-order plot of LHRH degradation by hver tissue. @, Coatrol; 8, intact liver tissue; @, liver tissue homogenate.
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Fig. 3. First-order plot of LHRH degradation by nasal tissue. 4, Control; M, intact nasal tissue; @, nasal tissue homogenate.
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Fig. 4. First-order plot of LHRH degradation by pig skin tissue. Filled hexagon, control; A, intact skin tissue; ®, skin tissue

homogenate.
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Table 1
Degradation rates of LHRH in various pig tissues and their
homogenates

Tissue Degradation rate constant
% 10 (min~7)

Skin
Homogenate 0.60
Intact tissue 0.15
Nasal
Homogenate 3.08
Intact tissue 1.13
Liver
Homogenate 7.89
Intact tissue 2.12
Buccal
Homogenate 164
Intact tissue 1.68

tion (10000 x g for 5 min) undoubtedly have al-
lowed for much membrane-delimited material in
the supernatant. Moreover, studies have demon-
strated the presence of peptidase activity in the
pellet resulting from homogenization and cen-
trifugatton procedures. The purpose of this study
is to compare the degradation rates of LHRH in
different tissues in order to help select proper
delivery systerns for this peptide, However, both
permeability and metabolic characteristics of mu-
cosal routes are important factors to consider in
the selection of a given route for the administra-
tion of a therapeutic peptide or protein. In con-
clusion, LHRH was degraded in all of the four
tissues. The degradation rate of LHRH was the
least in the skin compared with other tissues.
Therefore, transdermal delivery would provide a
suitable route for administering LHRH for sys-
temic therapeutic action considering enzymatic/
metabolic aspect of degradation.

Acknowledgements

We acknowledge the financial support to IS
from NSF through ND/EPSCoR grant # OSR-
9452892.

References

Advis, J.P.,, Krause, J.E., McKelvy, I.F., 1982. Luteinizing
hormone releasing hormone peptidase activities in discrete
hypothalamic regions and anterior pituitary of the rat:
Apparent regulation during the prepubertal period and first
estrous cycle at puberty. Endocrinclogy 110, 12381245,

Bi, M., Bhatia, K.S., Singh, J., 1998. A valid high performance
liquid chromatography method for quantification of luteiniz-
ing hermone releasing hormone, J. Liq. Chromatogr. Relat.
Technol. 21, 1-7.

Contijoch, A.M., Johnson, A.L.. Advis, J.P., 1990. Nore-
pinephrine-stimulated in vitro release of luteinizing hormone
releasing hormone from median eminence tissue is facilitated
by inhibition of LHRH degrading activity in hens. Biol.
Reprod. 42, 222-230.

Ferraiolo, B.L., Mohler, M.A., Gloff, C.A., 1992. Protein
Pharmacokinetics and Metabolism. Plenum Press, New
York.

Henzl, M.R., 1993, Gonadotropin-releasing hormone and its
analogues: From laboratory to bedside. Clin. Obstet. Gy-
necol. 36, 617-635.

Lang, R.S., Standenmann, W., James, P., Manz, H.J., Kessler,
R., Galli, B., Moser, H.P., Rummelt, A., Merkle, H.P., 1596,
Proteolysis of human calcitonin in excised bovine nasal
mucosa: Elucidation of the metabolic pathway by liquid
secondary ionization mass spectrometry (LSIMS) and matrix
assisted laser desorption ionization mass spectrometry
(MALDI). Pharm. Res. 13, 1679 1685.

Lee, V.H.L., 1988. Enzymatic barriers to peptide and protein
absorption. CRC Crit. Rev. Ther. Drug Carrier Syst. 5,
69-98.

Lee, V.H.L., Dodda Kashi, S., Patel, R.M_, Hayakawa, E.,
Inagaki, K., 1987. Mucosal peptide and protein delivery:
Proteolytic activities in mucosal homogenates. Proc. Int.
Symp. Control. Rel. Bioact. Mater. 14, 23-24.

Lowry, O.H_, Rosebrough, N, Farr, A L., Randall, R.J_, 1951,
Protein measurement with the folin phenol reagent. J. Biol.
Chem. 193, 265-275.

Morimoto, K., Iwakura, Y., Nakatani, E., Miyazaki, M., Tojima,
H., 1992. Effects of proteolytic enzyme inhibitors as absorp-
tion enhancers on the transdermal iontophoretic delivery of
calcitonin in rats. J. Pharm. Pharmacol. 44, 216-218.

Pannatier, A., Jenner, P., Testa, B., Etter, C.J., 1978. The skin
asadrug-metabolizing organ. Drug. Metab. Rev. 8,319 -343.

Stratford, R.E., Lee, V.H.L., 1986. Aminopeptidase activity in
homogenates of various absorptive mucosae in the albino
rabbit: Implication in peptide delivery. Int. J. Pharm. 30,
73-82.

Yamamoto, A., Luo, AM., Lee, V.H.L., 1988. Subcellular
distribution of mucosal proteolytic activities against insulin.
Pharm. Res. 5 (Suppl}, $-107.

Zhou, X .H., Li wan po, A., 1990, Comparison of enzymatic
activities of tissues lining portals of drug absorption, using
the rat as a model. Int. J. Pharm. 62, 259-267.



