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In summary, this investigation suggests that the oxazo-
lidine derivative of propranolol is a prodrug which is hydro-
lysed stereoselectively to propranolol by hepatic post-mito-
chondrial supernatant. The (5)-form of the prodrug is more
stable in the biological system than its (R)-form.
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The fate of intravenously administered biotin-labelled hyaluronidase in the rat

(Received 1 June 1990; accepted 24 December 1990)

Traditionally, mammalian testicular hyaluronidases (hya-
luronate 4-glycanohydrolase, EC 3.2.1.35) have been indi-
cated in the treatment of a variety of clinical conditions
[1] and are often used to enhance the intramuscular or
subcutaneous administration of a variety of drugs. More
recently, the efficacy of the enzyme has been evaluated
for the treatment of myocardial infarction {2] and other
conditions [3]. Efficacy remains to be established although
there have been clinical improvements in some of the
patients with myocardial infarction and a reduction in
cumulative mortality {4-6]; however results from other
studies are less clear [7, 8].

A major problem with the intravenous administration of
hyaluronidase is the rapid removal of the enzyme from the
bloodstream; the serum half-life in humans is approxi-
mately 3.2 min [9]. Similar values for half-life have been

measured in rats using *’I-labelled hyaluronidase where
the bulk of the enzyme has accumulated in the liver within
10 min of administration [10]. Reducing the accumulation
of enzyme by liver with a resultant increase in serum half-
life should improve efficacy. The presence of three high-
mannose type oligosaccharide subunits per polypeptide
chain of hyaluronidase [11] is probably the reason for rapid
uptake by liver. Previous studies with *’I-labelled enzyme
have shown that pre-administration of mabnans sig-
nificantly increased the serum half-life [10].

Preliminary studies have indicated that it is possible to
label hyaluronidase with biotin as an alternative to '*jiodine
[12]). This would allow the distribution and uptake of the
enzyme to be monitored using an independent method
based on detection with streptavidin-conjugates. In this
paper we report on the use of biotin-labelled hyaluronidase
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for the analysis of the serum kinetics, tissue distribution
and sub-cellular localization of normal and deglycosylated
enzyme in the rat.

Materials and Methods

A highly purified (>40,000 I.U./mg) preparation of hya-
luronidase (trade names of GL enzyme and Hyalosidase)
as used in clinical trials in the U.K. [4-6] was donated by
Biorex Laboratories, London, U.K. All other chemicals
were obtained from sources identified previously [13].

Hyaluronidase was biotinylated using a 2000-fold molar
excess of biotin-N-hydroxysuccinimide ester to enzyme,
resulting in preparations that contained 35 % 5 mol biotin/
mol enzyme (mean += SD of three experiments) [13].
Samples of native and biotinylated enzyme were de-
glycosylated using endoglycosidase F [13].

Hyaluronidase activity was measured by quantitation of
the release of N-acetyl hexosamine reducing equivalents
from a solution of potassium hyaluronate [14). Acid phos-
phatase [15], aryl sulphatase C [16], cytochrome oxidase
[17] and lactate dehydrogenase [18] were assayed using
published methods.

Protein was quantitated by the Folin method using bovine
serum albumin as a standard [19]. DNA was assayed with
diphenylamine using calf thymus DNA as a reference [20].

A sandwich assay technique was used for the estimation
of biotinylated hyaluronidase. The wells (four to eight
wells/sample) of a microtitre plate were primed by over-
night incubation at 4° with 50 uL./well of streptavidin (5 uL/
mL of phosphate buffered saline, pH 7.2, PBS) and washed
three times with PBS. Unoccupied protein-binding sites
were blocked by incubation (30 min at 25°) with 100 uL/
well of bovine serum albumin (10 mg/mL) and the wells
washed with PBS. Samples (50 uL) of biotinylated hya-
luronidase were added to the wells and left for 1 hr at 25°.
The wells were rinsed with PBS prior to the addition of
50 uL./well of peroxidase-conjugated streptavidin (1: 1000
dilution in PBS). After 1 hr at 25° the wells were rinsed
and the binding of the conjugate determined using 1.2-
benzenediamine as the substrate for the peroxidase reaction
[13].

The serum half-life and tissue distribution of both native
and biotinylated hyaluronidase in rats was determined as
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Fig. 1. Estimation of the half-life of biotinylated hya-

luronidase in rat blood. Half-lives were estimated for

the enzyme alone (@), enzyme + mannans (H) and de-
glycosylated hyaluronidase (A).

Short communications

described previously [10]. Preliminary experiments estab-
lished that optimum and reproducible release of biot-
inylated enzyme from tissue was achieved by sonication
for 1 min/g of tissue. Subcellular fractions of liver were
prepared [21] and analysed for DNA, protein, marker
enzymes and biotinylated hyaluronidase. Samples of sub-
cellular fractions were prepared for electron microscopy by
preliminary fixation in 1.5% (v/v) glutaraldehyde, followed
by fixation, embedding and sectioning [22].

Results and Discussion

The solid-phase sandwich assay proved to be useful for
the determination of biotinylated hyaluronidase and was
less prone to interference by exogenous proteins than other
methods. In the presence of tissue extracts the sensitivity
of the assay allowed the detection of between 25 and 500 ng
of biotinylated hyaluronidase/mL. In all cases control
assays were performed to compensate for basal levels of
biotin present in tissues.

The serum half-lives of both native and biotinylated
hyaluronidase were 2.5 + 0.2 and 2.4 * 0.4 min, respect-
ively (Fig. 1), which is consistent with previous results [10].
A significant increase in half-life was observed if mannan
was pre-administered (native enzyme. t, = 3.4 = 0.4 min;
biotinylated enzyme, t;=3.9 £0.3min) or the hyalu-
ronidase was deglycosylated (native enzyme, t,=
7.0 = 2.1 min; biotinylated enzyme, t,=7.0 = 0.9 min).
Therefore, the conjugated biotin and the concomitant par-
tial loss of enzyme activity does not appear to affect either
the rate or the mode of uptake of hyaluronidase. Fur-
thermore, the estimated half-lives are comparable with
those previously obtained using !**I-labeiled hyaluronidase
(10].

The tissue distribution of biotin remaining in the rat
following i.v. injection of biotinylated hyaluronidase was
measured 10 min after the administration of the enzyme.
This time was selected to allow direct comparison with
previous results using '*I-labelled hyaluronidase [10]. The
bulk of the administered biotin (51.3 + 4.4%) accumulated
in the liver with measurable quantities in the kidneys
(3.3 £ 0.3%) and spleen (0.9 *+ 0.1%). Significant levels of
endogenous biotin prevented quantitation in other tissues
of interest. The accumulation of hyaluronidase in the liver
was significantly reduced by either pre-administration of
mannan (15.7 = 4.4%) or the use of deglycosylated enzyme
(10.2 = 5.3%). This indicates that the oligosaccharide units
present on hyaluronidase are the major determinant in the
uptake of enzyme from the circulation.

Sub-cellular fractionation established that biotinylated
hyaluronidase was primarily associated with the lysosomal
and mitochondrial fractions (Fig. 2). The most likely expla-
nation is that biotinylated hyaluronidase is endocytosed by
the liver and accumulated in the lysosomes. The apparent
association of biotinylated hyaluronidase with the mito-
chondria probably resulted from incomplete resolution of
the mitochondrial and lysosomal fractions as judged by the
observed distribution of acid phosphatase, a lysosomal
marker enzyme. This may be due to an increase in density
of the lysosomes following endocytosis of biotinylated hya-
luronidase. A similar phenomenon has been reported fol-
lowing endocytosis of invertase and mannans by rat liver
[23.24].

Electron microscopy was used to investigate whether
abnormally dense lysosomes had sedimented with the mito-
chondrial fraction. In the lysosomal pellicle lysosomes were
approximately 0.14 um in diameter and some were in the
process of fusion. The mitochondrial pellicle contained
some lysosomes and these were approximately 0.45 um in
diameter. In addition, some preliminary experiments using
polyclonal anti-hyaluronidase antibodies and gold-con-
jugated second antibody have indicated that hyaluronidase
is accumulated only by lysosomes [25]. No attempt has
been made to establish whether a particular cell type was
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Fig. 2. The intracellular distribution of biotinylated hya-
luronidase in rat liver. N, M, L, P, S represent the nuclear,
mitochondrial, lysosomal, microsomal and cytoplasmic
fractions, respectively. Histograms show the distribution of
(a) DNA, (b) cytochrome oxidase, (c¢) acid phosphatase,
(d) aryl sulphatase C, (e) lactate dehydrogenase and (f)
biotinylated hyaluronidase. The results represent the
mean * SD of three experiments.

responsible for the endocytosis of hyaluronidase. However,
as the Kupfer cells contain the majority of mannose-specific
endocytic receptors in the liver [26, 27} it might be predicted
that these cells bind and internalize most of the enzyme.
The labelling of hyaluronidase with biotin has proved
to be useful for monitoring the fate of the intravenously
administered enzyme. Although the detection of enzyme is
less sensitive using biotin instead of '*I-labelling, com-
parison of the two methods allows any effects of the labels
to be eliminated. Any influence of the labels on the fate of
hyaluronidase appears to be negligible as both the bio-
tinylated and iodinated preparations of enzyme showed
similar serum kinetics and tissue distribution.
Deglycosylation of the hyaluronidase could prove to be
an effective way of increasing the serum half-life of the
enzyme. The half-life of the deglycosylated enzyme was
approximately three times greater than the native enzyme.
A further increase in half-life may be possible as endo-
glycosidase F removes only 66% of the carbohydrate associ-
ated with hyaluronidase {13]. The use of a combination of
endoglycosidases of appropriate specificity may allow the
complete removal of both the major and minor oli-
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gosaccharide subunits [28]. The therapeutic effects of the
administration of deglycosylation preparations now require
further evaluation.

In summary, a highly purified commercial preparation of
bovine testicular hyaluronidase (GL enzyme, Hyalosidase)
was labelled with biotin. This preparation was administered
intravenously into rats and the serum half-life determined
by measurement of enzyme activity and detection of biotin.
Tissue distribution studies established that the major site
of uptake was the liver (51.3%). The rapid uptake of
hyaturonidase by the liver was reduced by pre-adminis-
tration of mannan or by deglycosylation of the enzyme.
Subcellular fractionation of the liver revealed that most of
the administered hyaluronidase was associated with the
lysosomes. These results indicate that hyaluronidase uptake
by the liver is mediated by mannose-specific receptors and
that the enzyme is internalized into the lysosomes.
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