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INTRODUCTION

Coadministered peptidase inhibitors could be useful for
increasing the bioavailability of peptide drugs that are rap-
idly metabolized at the absorption site. Certain aminobo-
ronic acid derivatives are known to be very potent ami-
nopeptidase inhibitors (1). They have been shown to inhibit
the metabolism of YGGFL (leucine enkephalin) (2) and thy-
mopentin (3) in rat nasal perfusates and, also, inhibited the
metabolism of YGGFL by the rat small intestine in vitro (4).
However, inhibition of the metabolism of peptides does not
necessarily ensure increased absorption, since several in
vitro studies have shown that peptides and other hydrophilic
compounds with molecular weights greater than =700 were
poorly absorbed through mucosal membranes, even in the
absence of metabolism (4-6). Even though aminoboronic
acid peptidase inhibitors have clearly been shown to inhibit
peptide metabolism at mucosal absorption sites, their effects
on the absorption and bioavailability of these peptides have
not yet been clearly shown. Some reasons for this lack of
bioavailability data are that analyzing very low plasma con-
centrations of peptides is often difficult, and many of these
compounds have very short systemic half-lives. An alterna-
tive way to evaluate how inhibiting metabolism affects pep-
tide absorption is to measure the rate of peptide disappear-
ance from the absorption site. For this method to be valid,
the contribution of metabolism to peptide disappearance
must be determined (e.g., by measuring the metabolites). It
is then assumed that any disappearance from the absorption
site not due to metabolism is due to absorption, where ab-
sorption is defined as membrane permeation. In the rat, na-
sal mucosal metabolism of YGGFL can be completely ac-
counted for in the appearance of GGFL (des tyrosyl leucine
enkephalin), the product of aminopeptidase action (2,7). Re-
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Technical Note

covery of YGGFL and GGFL from the nasal cavity can
therefore be used to evaluate the rate of absorption (8). We
have evaluated nasal YGGFL metabolism and absorption
rates, and in addition, we evaluated the effect of boroleu-
cine, an aminoboronic acid peptidase inhibitor.

MATERIALS AND METHODS

YGGFL and GGFL were obtained as the acetate salts
(Sigma Chemical Co.). Boroleucine was prepared as the
pinacol ester and as the trifluoroacetic acid salt, as described
previously (1). It is 3-methyl-1-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolane-2-yl)-1-butamine.

Male Lewis rats were anesthetized with sodium pento-
barbital and underwent surgery to cannulate the trachea and
close off the nasal cavity, as described previously (2,3,7).
Rats remained anesthetized and kept on their back through-
out the experiment. A 50-p] volume of a dosing solution
containing 2 mg/ml YGGFL in 0.1 M, pH 7.4, phosphate
buffer was administered into one of the nostrils with a mi-
croliter syringe. At a selected time after dosing, the nasal
cavity was flushed by infusing 10 ml of pH 3.8 phosphate
buffer into the nostril opposite the dosing site, and this was
collected from the other nostril. The amount of YGGFL re-
covered in the flush was measured. The amounts of YGGFL
converted to GGFL were also determined at the various
times after dosing. Each rat was used for only one data
point. The effects of boroleucine were studied under the
same experimental conditions, with boroleucine added to the
YGGFL dosing solution. The ratio of YGGFL and boroleu-
cine doses was 177/1 (on a molar basis).

The concentrations of YGGFL and GGFL were deter-
mined by HPLC, as described previously (2). Concentra-
tions were converted to the percentage of the dose recov-
ered.

RESULTS AND DISCUSSION

A plot of the time course of the percentage of the
YGGFL dose recovered from the nasal dosing site by flush-
ing the site is shown in Fig. 1a. Shown in Fig. 1b are the
percentages of the dose recovered as the metabolite, GGFL.
Previous studies (2,7) have shown that YGGFL metabolism
by rat nasal mucosa is essentially completely through GGFL
formation. This conclusion was based on mass balance when
measuring GGFL formation and the almost-complete inhibi-
tion of YGGFL disappearance from a nasal perfusate in the
presence of aminopeptidase inhibition. Little absorption was
apparent in those perfusion studies, because only a small
fraction of the perfusate is exposed to the membrane at any
time.

YGGFL disposition after nasal dosing can be repre-
sented by the following scheme:

k
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Fig. 1. YGGFL (a) and GGFL (b) recovery from the nasal cavity after dosing with 50 pl of a 2 mg/ml solution alone (O)
or with boroleucine (@). Each point is the mean += SE of four rats.

YGGFL disappearance from the nasal cavity is due to the
sum of metabolism by aminopeptidases (rate constant = k,)
and absorption (rate constant = k). In this context, absorp-
tion means penetration of the epithelial membrane.

ky + ky = kg 2

Therefore, kr is the YGGFL total disappearance rate con-
stant. From the semilog plot of YGGFL disappearance (Fig.
la), a first-order k was estimated to be 0.068 min~"' (ty, =
10.1 min).

Boroleucine slowed YGGFL disappearance from the
nasal cavity (Fig. 1a) and almost completely inhibited GGFL
formation (Fig. 1b). If we assume that in the presence of
boroleucine,

ky, > k,, then kr = k, 3)
YGGPFL disappearance in the presence of boroleucine had a
first-order rate constant of 0.039 min~' (z,;, = 17.7 min).
According to Eq. (3), this approximates k,, the absorption
rate constant. Then k, can be calculated from Eq. (4) for rats

not dosed with boroleucine.
ky = kp — k, )

We estimate &, to be 0.029 min~' (¢, = 23.9 min).

In this study absorption is defined as penetration of the
epithelial membrane, rather than entrance into the systemic
circulation. Lee (9) has shown that YGGFL metabolism by
the nasal mucosa is due primarily to membrane-associated
aminopeptidases, as in the ileum, where metabolism is as-
sociated with the brush border. We also assumed that boro-
leucine had no effect on YGGFL absorption or membrane

permeability. This is not an unreasonable assumption, based
on our previous work showing that boroleucine caused no
protein release when perfused through the nasal cavity,
whereas bestatin, puromycin, and sodium glycocholate did
(10).

We conclude that YGGFL, a model peptide, is absorbed
nasally, in the absence of absorption-promoting adjuvants.
Absorption and metabolism are competing processes with
similar rates. Boroleucine reduced the rate of YGGFL me-
tabolism, and this approach should improve the possibility of
systemic bioavailability.
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