The Canadian Journal of Hospital Pharmacy — Volume 45, No. 5, October, 1992 187

Compatibility and Stability of
Hyaluronidase and Hydromorphone

Scott E. Walker and Danny W.C. Lau

ABSTRACT
The stability and compatibility of the combmatzon of three

~mg/mL and 40 mg/mlL) and hyaluronidase (150 U/mL)
was evaluated over a seven day period. In addition. to

hydromorphone content using a validated stability-
indicating liquid chromatographic method and hyaluron-

test was performed. at time zero and after: 1, 2, 4 and
7 days storage at 4°C, room temperature (23°C), and
37°C.

The solutions were all observed to be physzcally com-
_patible over the seven day study period and there was
“no change in the hydromorphone concentration, all: con-

centrations remaining within 10% of the initial concen-
tration. However, hyaluronidase activity was substantially

in activity was dependant on the hydromorphone con-
centration (asthe hydromorphone concentration increased
nidase activity was lost at a faster rate).

compatible, the chemical incompatibility which results in

of mixing these two medications cannot be recommended.
Rather, we would support the practice recommended by

subcutaneously into_the site prior to-the start of hypo-
hyaluronidase.

phone stabzlzty
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different hydromorphone concentrations (2 mgimL, 10

physical inspection: and. pH, solutions were assaved. for
idase activity using hyaluronic acid as the substrate. Fach , ; ; ; ;
-ronidase en prenant l'acide hyaluronique comme substrat.

1,24 et 7 jours d'entreposage u 4.°C, a

reduced by hydromorphone during storage. The reduction

there were greater reductions in hyaluronidase activity) d’hydromorphone (& mesure qu'elle augmente, activité

and storage temperature (at hzghet temperatures hyaluro-
We conclude that although the combination is physzcally .

_ quement compatibles, 'incompatibilité chimique a longmek
de Lactivité réduite de | ’hyalmomdase ne permet pas.de

reduced hyaluronidase activity is such that the practice:

the manufacturer which involves: injecting hyaluronidase -
~ fabricant, a savoir injecter I'hyaluronisase sous la peau
dermoclysis. or przmmg the intravenous tubing with

Key Words: cdinpatzbzhty hyaluromdase hydromor-y la tubulure,

RESUME

On a déterminé la stabilité et la compatibilité des melanges
de trois concentrations différentes d’hydromorphone (2
melmL, 10 mgimL et 40 mg/mL) et d’hyaluronidase (150
UlmL) sur une période de sept jours. En plus de procéder
a un examen physique et de déterminer le pH des solutions,
on a dosé 'hydromorphone au moyen: d une technique
de chromatographie.en phase liquide éprouvée indiquant
la stabilité de la solution et mesuré Lactivité de Uhyalu-

Chaque essai a été effecté au temps de dépaﬁ et apres
temperature
ambiante (23°C) et a 37°C.

Les: solutions. sont restées physiquement. compatibles
durant la période de sept jours et on n'a décelé aucune
modification de la concentration d'hydromorphone, celle-:
ci demeurant constamment a 10 % de la concentration
initiale. L’hydromorphone a néanmoins réduit de facon
appréciable 'activité de I'hyaluronidase au cours de lentre-
posage. La baisse d'activité dépend de la concentration

de Uhyaluronidase diminue) et de la température d'entre-
posage (Lactivité de Uhyaluronidase diminue plus rapzde—
ment avec la hausse de la température).
 On en conclut que si les deux composés sont physt—

recommander la pratique qui consiste a mélanger les deux
médicaments. On appuzerazt plutot la recommandation du

au site d’inoculation, avant de commencer 'hypodermo-
clyse, ou amorcer la perfusion avec | hyaluromdase dans

Mots clés: stabzhte compatzbzlzte hya’romorphone
hyaluromdase ~
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INTRODUCTION

Pharmacists are often questioned
regarding the compatibility of
medications. Our interest in com-
patibility of hydromorphone with
other medications stems from re-
cent advances in the management

of chronic pain through the devel-
opment of portable infusion devi-
ces.! The success of both the in-
travenous and subcutaneous routes
of administration with narcotics in
controlling chronic pain? has pro-
duced a desire for simultaneous

administration with other medica-
tions. However, the stability of the
combination of these agents is
often unknown, as is their compat-
ibility. We have often discouraged
the mixing of medications in the
same infusion container for tech-
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nical reasons (formulation difficul-
ties) or pharmacologic reasons
{dose adjustment of one medica-
tion results in dosage changes for
both medications or wastage of the
remaining medication). Neverthe-
less, situations often arise when
knowledge of medication compat-
ibility is important.

Hydromorphone stability is well
documented? and there have been
several reports documenting its
compatibility with other medica-
tions.*-!! However, the compatibil-
ity and stability of the combination
of hydromorphone and hyaluron-
idase has never been addressed.
There are very few reports in the
medical literature which describe
hyaluronidase stability or compat-
ibility. One brief report indicates
that hyaluronidase is physically
compatible with morphine over a
24 hour period!2. However, while
morphine concentrations are re-
ported to have remained within
10% of the initial concentration
over the study period, hyaluroni-
dase activity was not quantified.!?

It was the intent of this study
to test the compatibility and sta-
bility of the combination of hydro-
morphone and hyaluronidase over
a seven day period. In addition to
quantifying the hydromorphone
concentration by a validated stab-
ility-indicating liquid chromato-
graphic method, measurement of
hyaluronidase activity was also an
important endpoint used to deter-
mine compatibility and stability of
the combination.

METHODS

Assay Validation

A previously validated and re-
ported stability-indicating liquid
chromatographic method for hy-
dromorphone31? was used without
modification, following re-valida-
tion using accepted stability-
indicating procedures!3-13. Briefly,
this reverse phase liquid chroma-
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tographic method uses an aceton-
itrile/phosphate buffer mobile
phase containing 1 mg/mL of hep-
tane sulphonic acid, pumped at 2.0
mL/min through a 25 cm x 4.2
mm Cg, 5 um column (Beckman;
Ultrasphere). Hydromorphone was
detected at 230 nm using a UV
detector (Schoeffel SF770) and
chromatograms were recorded on
an integrator (Spectra Physics
SP4200).

The method used in this study
to evaluate hyaluronidase activity
quantifies N-acetyl glucosamine
terminal end units released from
hyaluronic acid following glyco-
sidic bond cleavage by hyaluron-
idase. The free N-acetyl glucosam-
ine is reacted with p-dimethyl-
amino benzaldehyde to yield a
purple colour. In validating this
method we evaluated the effect of}
(i) the amount of hyaluronidase
and sample reaction time; (ii) the
effect of borate buffer; and
(iii) standing time following deri-
vatization on the reaction sensitiv-
ity, reproducibility and standard
curve linearity. Once optimum
conditions were determined the re-
producibility of standard curves
and samples was determined on
five consecutive days.

The final conditions used to
measure hyaluronidase activity re-
quired that 0.125 mL of a sample
containing hyaluronidase be mixed
with a buffered solution containing
625 pg/mL of hyaluronic acid,
0.300 mL of 0.05 M acetate (at
pH 4.2), and 0.15 M sodium chlo-
ride. This mixture was incubated
at 37°C for 120 minutes, during
which time free N-acetyl gluco-
samine was generated. The reac-
tion was terminated by the addition
of 250 uL of the borate solution.
The borate solution contained 2
volumes of 0.8 M borate (at pH
9.1) and 3 volumes of 0.1 M so-
dium hydroxide. This mixture was
boiled for five minutes, then cooled

before the addition of 2 mL of a
1% solution of p-dimethylamino
benzaldehyde. The 1% solution of
p-dimethylamino benzaldehyde
was prepared in 87.5% glacial
acetic acid and 12.5% 10 N hydro-
chloric acid. This reagent was kept
at 4°C in order to prevent it from
changing colour. Derivatization
was completed by incubating the
mixture at 37°C for 20 minutes
and then allowing the solution to
stand at room temperature for 45
minutes. The absorbance of the
solution at 585 nm was determined
and recorded. The amount of
N-acetyl glucosamine generated
in two hours was determined by
interpolation from an N-acetyl
glucosamine standard curve and
the activity of the hyaluronidase
was expressed in terms of ug of
N-acetyl glucosamine generated
per hour (ug/hr).

Compatibility Study — Hyaluron-
idase and Hydromorphone

Equal volumes of hydromorphone
(2 mg/mL, 10 mg/mL, 40 mg/mL;
Knoll Pharmaceuticals) and hya-
luronidase (150 units/mL; Wyeth
Ltd.,, Lot number: US11AA) were
mixed to prepare study samples.
Three additional control samples;
[(1) a buffer solution containing 2
mg/mL of citric acid and 2 mg/
mL of sodium citrate — to repli-
cate the hydromorphone diluent
and: (il) normal saline and; (iii) five
percent dextrose in water;] were
also prepared and mixed with
equal volumes of hyaluronidase
(150 units/mL) to evaluate the
effect of solution diluent on hya-
luronidase activity. After recording
initial physical appearance (colour,
clarity, and presence/absence of
particles against a black back-
ground), pH values, and assay re-
sults, the solutions were divided
into three lots and stored at 37°C,
23°C and 4°C for the duration of
the study period (7 days). On each
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subsequent study day (1, 2, 5 and
7) physical inspection, pH, and
concentration were determined.
On each study day, fresh hydrom-
orphone standards were chroma-
tographed to construct a standard
curve. The peak areas were sub-
jected to least squares linear re-
gression and the actual hydrom-
orphone concentration, from the
average of four replicates from
each sample, was interpolated
from these curves and recorded.
Concentrations are reported to the
nearest 0.0lmg/mL.

On each study day, fresh N-
acetyl glucosamine standards were
prepared and the mean absorbance
from four replicates of each stan-
dard was subjected to least squares
linear regression and a standard
curve constructed. The mean con-
centration of N-acetyl-glucosa-
mine determined from four repli-
cates of a sample containing
hyaluronidase and incubated with
hyaluronic acid was interpolated
from these curves and recorded.
The hyaluronidase activity in each
sample is reported to the nearest
0.01 pg of N-acetyl-glucosamine
produced per hour.

Data Reduction and Statistical
Analysis.

Reproducibility of each method
was assessed by coefficient of va-
riation. Mean results from different
times of an identical test were
compared statistically by least
squares linear regression to deter-
mine whether an association ex-
isted between the observed result
and time. Analysis of Variance and
Fisher’s Protected least signi-
ficant difference multiple range
test were used to compare the
differences between observed hya-
luronidase activity at different
times and different hydromor-
phone concentrations. The 5%
level was used as the a priori cut-
off for significance. Hydromor-

phone concentrations and hyalu-
ronidase activity were considered
“acceptable” or “within acceptable
limits” if the concentration at any
time of analysis was not less than
90% of the initial concentration or
activity. A solution was judged to
be physically incompatible when
there was a visible change in co-
lour, clarity or particulate matter
or precipitate appeared in the
mixture.

RESULTS:

Assay Validation: Hyaluronidase
Activity Assay

The effects of borate buffer, pH,
incubation time, and wavelength of
absorbance on the sensitivity and
specificity of the dimethylamino
benzaldehyde reaction with N-
acetylamino sugars were tho-
roughly investigated and reported
by Reissig et al.’® We also inves-
tigated most of these variables in
the validation of the method. The
amount of N-acetyl glucosamine
produced during a two minute in-
cubation period was directly and
linearly related to the hyaluroni-
dase concentration between 0 and
2500 units/mL. However, under
these conditions, at least 200 units/
mL of hyaluronidase are necessary
to observe sufficient N-acetyl glu-
cosamine product. Since the con-
centrations of hyaluronidase used
by Doak and Zahler!® were ap-
proximately 30 fold higher than
those used in our studies, in order
to increase the amount of N-acetyl
glucosamine produced, we in-
creased the incubation time that
hyaluronidase had to act on hya-
luronic acid. As incubation at 37°C
continues the reaction proceeds
until the hyaluronidase has cleaved
all terminal N-acetyl glucosamine.
After 120 minutes of incubation no
further N-acetyl glucosamine was
produced and, therefore, we chose
120 minutes as the sample reaction
time.
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The borate buffer, while neces-
sary to halt the enzymatic cleavage
of hyaluronic acid also enhances
the development of colour in the
reaction between p-dimethyl-
amino benzaldehyde and N-acetyl
glucosamine and increases the sen-
sitivity of the method. Standard
curves were prepared on five con-
secutive days, five with borate
added, four without. The addition
of borate buffer in the preparation
of the N-acetyl-glucosamine stan-
dards, increased absorbance ap-
proximately 15 fold. The slope of
the N-acetyl-glucosamine stan-
dard curve, which was linear, in-
creased from 0.6191 to 14.672
with the addition of borate buffer.
The y-axis intercept did not change
as the result of the addition of
borate buffer.

After 20 minutes of incubation
of N-acetyl glucosamine with p-
dimethylamino benzaldehyde at
37°C, it was observed that there
was further development of the
purple colour on standing. In an
evaluation of this stage of colour
development, the test sample was
allowed to stand and the absorb-
ance continually monitored. It was
observed that the absorbance read-
ing stabilized after 35 to 45 min-
utes. This standing time was also
observed to improve the reproduc-
ibility with which N-acetyl gluc-
osamine concentrations were es-
timated.

Five standard curves of N-
acetyl-glucosamine (with borate
buffer added) were prepared on
five consecutive days. The stan-
dard curve was linear in the range

~of 0-40 ug/hr and the limit of

sensitivity was 0.50 pug/hr. The av-
erage slope of the standard curves
was found to be 14.672 with a
coefficient of variation of 0.547%.
This coefficient of variation repre-
sents an estimate of the inter-day
reproducibility of the N-acetyl
glucosamine assay. The coefficient
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of variation of samples run in du-
plicate within a day was less than
5% for all samples and averaged
2.41%. Samples containing hyalu-
ronidase and incubated with hya-
luronic acid showed similar intra-
day reproducibility (mean CV(%)
= 3.39). To further improve the
confidence with which hyaluron-
idase activity is reported each study
sample was assayed in quadrupli-
cate.

The assay validation investiga-
tions of the hyaluronidase method
indicated that the activity of hya-
luronidase could be reproducibly
and accurately determined by
quantifying N-acetyl glucosamine
concentrations following incuba-
tion of the hyaluronidase sample
with a solution containing hyalu-
ronic acid.

Assay Validation:
Hydromorphone Assay

The validation of the hydromor-
phone assay confirmed that hy-
dromorphone could be quantified
without interference from hydrom-
orphone degradation products or
hyaluronidase. The coefficient of
variation for replicate samples de-
termined on the same day was less
than 2% and the coefficient of
variation of replicates determined
of different days averaged less than
4%.

Compatibility/Stability Study

All samples were initially clear and
colourless and all samples at all
concentrations and temperatures
remained clear and colourless
throughout the study period. The
pH was observed to gradually in-
crease, although only slightly, over
the seven-day study period. The
initial pH of all samples was ap-
proximately 4.44 (range: 4.38 to
4.51) and did not increase by more
than 0.21 of a pH unit throughout
the seven day study period. These
changes are not significant.
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Activity: Hyaluronidase

Dilution of hyaluronidase in citrate
buffer, normal saline or 5% dex-
trose in water had no effect on the
initial activity of hyaluronidase.
However, the addition of hydrom-
orphone to citrate buffer reduced
the initial activity of hyaluronidase
by 17-28%. Further reductions in
hyaluronidase activity were ob-
served with storage. (Table I) The
time related reduction in activity
was also dependant on temperature
and hydromorphone concentra-
tion. By day seven, the hyaluron-
idase activity had been eliminated
(no N-acetyl-glucosamine was
produced after two hours of in-
cubation with hyaluronic acid) in

Table I: Amount of N-acetyl-D-glucosamine produced in ug per hour*

solutions containing any hydro-
morphone. The reduction in hya-
luronidase activity was more rapid
with higher hydromorphone con-
centrations; 20 mg/mL of hydro-
morphone more rapidly reduced
the hyaluronidase activity than
concentrations of 1 mg/mL and 5
mg/mL. Similarly, higher temper-
atures were associated with a more
rapid decline in hyaluronidase
activity.

Hydromorphone Concentrations:
When stored at 4°C, 23°C or
37°C, the hydromorphone concen-
tration in all samples remained
greater than 90% percent of the
initial concentration for seven days

SAMPLE Temper- DAY 0 DAY 1 DAY2 DAY 4 DAY?
ature (°C)
150 U/mL Hyaluronidase 4 10.18 9.46 7.64 6.19 5.00
plus Citrate Buffer (100.00) (92.85) (74.98) (60.82) (49.08)
150 U/mL Hyaluronidase 23 10.18 9.36 6.87 5.34 3.90
plus Citrate Buffer (100.00) (91.95) (67.43) (52.44) (38.32)
150 U/mL Hyaluronidase 37 10.18 8.80 5.70 3.90 290
plus Citrate Buffer (100.00) (86.27) (56.01) (38.32) (28.52)
150 U/mL Hyaluronidase plus 4 7.32 4117 2.54 0.83 0
2 mg/mL Hydromorphone (100.00) (56.95) (34.68) (11.29)
150 U/mL Hyaluronidase plus 23 132 3.23 217 0 0
2 mg/mL Hydromorphone (100.00) (44.11) (29.60)
150 U/mL Hyaluronidase plus 37 73160  3.02 1.18 0 0
2 mg/mL Hydromorphone (100.00) (41.19) (16.18)
150 U/mL Hyaluronidase plus 4 85183 240 1.27 0 0
10 mg/mL Hydromorphone (100.00) (28.11) (149D
150 U/mL Hyaluronidase plus 23 85183 238 1.03 0 0
10 mg/mL Hydromorphone (100.00) (2799 (12.14)
150 U/mL Hyaluronidase plus 37 85183 234 0.83 0 0
10 mg/mL Hydromorphone (100.00) (27.49) (9.73)
150 U/mL Hyaluronidase plus 4 75375 227 0 0 0
40 mg/mL Hydromorphone (100.00) (30.16)
150 U/mL Hyaluronidase plus 23 7.5375 1.37 0 0 0
40 mg/mL Hydromorphone (100.00) (18.14)
150 U/mL Hyaluronidase plus 37 71.5375 1.20 0 0 0
40 mg/mL Hydromorphone (100.00) (15.94)

* Numbers in parenthesis indicate percent of initial (Day zero Activity) activity remaining.
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(Table II). No hydromorphone de-
gradation products, observed dur-
ing the accelerated assay valida-
tion procedures were observed in
chromatograms during the study
period.

. DISCUSSION:

Hyaluronic acid is an endogenous
constituent of connective tissue
consisting of alternating units of N-
acetyl-glucosamine and D-glu-
caric acid joined by beta-1-3-
glucuronidic and beta-1-4-glu-
cosamindic bonds. Hyaluronidase
(hyaluronate 3-glycanohydrolase;
EC 3.2.1.35) is an enzyme capable
of cleaving these bonds, and to a
variable degree other mucopoly-

saccharides of connective tissue, to
yield N-acetyl glucosamine. The
USP test for hyaluronidase is based
on the tyrosine content of hyalu-
ronidase which is not greater than
0.25 ug of tyrosine per unit of
hyaluronidase. In developing the
protocol for this study we consi-
dered this method, but reasoned
that the tyrosine content of the
mixture would likely reflect the
amount of hyaluronidase enzyme
present, but would not accurately
indicate the activity of this enzyme.
Therefore, the USP test was un-
likely to be activity-indicating.
However, when hyaluronidase
cleaves the glycosidic bonds of
terminal N-acetyl glucosamine,

Table II: Concentration of Hydromorphone in mg/mL*

2 mg/mL Hydromorphone

SAMPLE Temper- DAY 0 DAY 1 DAY 2 DAY4 DAY?7
ature (°C)

150 U/mL Hyaluronidase 4 0.00 0.00 0.00 0.00 0.00
plus Citrate Buffer

150 U/mL Hyaluronidase 23 0.00 0.00 0.00 0.00 0.00
plus Citrate Buffer

150 U/mL Hyaluronidase 37 0.00 0.00 0.00 0.00 0.00
plus Citrate Buffer

150 U/mL Hyaluronidase plus 4 0.92 0.95 0.89 0.93 0.95

(100.00) (103.26) (96.74) (101.09) (103.26)

150 U/mL Hyaluronidase plus 23
2 mg/mL Hydromorphone

(100.00) (102.11) (109.74) (109.47) (97.89)

095 0.97 1.04 1.04 0.93

150 U/mL Hyaluronidase plus 37
2 mg/mL Hydromorphone

(100.00) (100.00) (106.19) (106.19) (100.00)

0.97 0.97 1.03 1.03 0.97

40 mg/mL Hydromorphone

150 U/mL Hyaluronidase plus 4 5.13 5.07 5.18 5.01 5.14
10 mg/mL Hydromorphone (100.00) (98.83) (100.97) (97.66) (100.19)
150 U/mL Hyaluronidase plus 23 5.12 524 5.35 5.57 553
10 mg/mL Hydromorphone (100.00) (102.73) (104.49) (108.79) (108.00)
150 U/mL Hyaluronidase plus 37 5.15 5.24 4.97 5.17 5.36
10 mg/mL Hydromorphone (100.00) (101.75) (96.50) (100.39) (104.08)
150 U/mL Hyaluronidase plus 4 19.45 19.94 19.77 2003 20.10
40 mg/mL Hydromorphone (100.00) (102.52) (101.65) (102.98) (103.34)
150 U/mL Hyaluronidase plus 23 1933 20.84 21.07 2099 2121
40 mg/mL Hydromorphone (100.00) (107.81) (109.00) (108.58) (109.72)
150 U/mL Hyaluronidase plus 37 1954 2009 2054 2129 2029

(100.00) (102.81) (105.21) (108.96) (103.84)

* Numbers in parenthesis indicate percent of initial (Day zero) concentration remaining.
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free N-acetyl glucosamine is pro-
duced and can be quantified by
reacting this product with p-
dimethylamino benzaldehyde.
This reaction was first described
by Muller in 1901.1¢ Successive
investigators!7-1 have improved
the specificity and sensitivity of this
reaction over the years. The me-
thod described by Doak and
Zahler!'? involves initial incubation
of hyaluronidase with hyaluronic
acid in a bufferred solution at
37°C. During this reaction N-
acetyl glucosamine is generated.
The reaction is stopped by a basic
borate buffer solution and the N-
acetyl glucosamine is reacted with
p-dimethylamino benzaldehyde at
37°C to yield a purple colour. The
absorbance of this colour is pro-
portional to the N-acetyl gluco-
samine concentration in the sample
and can be equated to hyaluron-
idase activity expressed as the
quantity of N-acetyl glucosamine
generated per hour. The effects of
borate buffer, pH, incubation time,
and wavelength of absorbance on
the sensitivity and specificity of the
p-dimethylamino benzaldehyde
reaction with N-acetylamino sug-
ars has been thoroughly investi-
gated and reported by Reissig et
al.!® In our study of the stability
of hyaluronidase activity, it was
necessary to increase the sensitivity
of assay by increasing the period
of time hyaluronidase has to act
on hyaluronic acid. This increased
the amount of N-acetyl glucosam-
ine produced which was necessary,
since, the hyaluronidase activity in
each sample in this study was one
thirtieth that of previous reports.!®
These modifications were vali-
dated prior to initiating our study
and are briefly reported.

The hydromorphone assay used
in this study has been used in other
hydromorphone stability studies?10
and was re-validated, according to
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accepted standards!3-15, prior to
use in this study.

A number of reports have been
published concerning hydromor-
phone compatibility with various
drugs#!t. Physical incompatibili-
ties have been observed only with
dexamethasone,'® phenytoin,!!
phenobarbital,!! diazepam,'! clox-
acillin in DSW, ! and high concen-
trations of cefazolin.®!! In this
study, hydromorphone and hyalu-
ronidase were noted to be phys-
ically compatible. However, this
study also demonstrated that hya-
luronidase activity is profoundly
affected by hydromorphone.
Greater losses in hyaluronidase ac-
tivity were observed with increas-
ing concentrations of hydromor-
phone and increasing temperature,
such that 40 mg/mL of hydrom-
orphone can reduce hyaluronidase
activity to 16% of its initial activity
within 24 hours when stored at
37°C . However, even hyaluron-
idase diluted in a citrate buffer
solution maintained only 90% of
its initial activity for 24 hours.
These results bring into question
the stability of hyaluronidase dil-
uted in almost any IV solution.
Since no reports of hyaluronidase
stability in IV solutions have ever
been published, the effectiveness of
solutions stored for any length of
time is questionable. However,
many institutions using hyaluron-
idase for hypodermoclysis have in-
dicated apparent continued clinical
effect of hyaluronidase even in
solutions containing hydromor-
phone. While this would appear to
be contrary to the observations of
this study, it is possible that al-
though activity is reduced, suffi-
cient activity remains to maintain
a site that still enhances dispersion
and absorption drugs and solutions.
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Although there may be some
residual activity remaining in so-
lutions of hyaluronidase, even
though more than 10% of the initial
activity has been lost, we cannot
recommend the use of solutions of
hydromorphone and hyaluronidase
for more than 24 hours. In fact,
because of the effect of hydrom-
orphone on hyaluronidase activity,
the practice recommended by the
manufacturer of injecting hyalu-
ronidase subcutaneously into the
site prior to the start of clysis or
priming the intravenous tubing
with hyaluronidase is probably a
preferable procedure. <y
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