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Use of fibrin sealants for the localized,
controlled release of cefazolin

Stephen Tredwell, MD;” John K. Jackson, BSc;T Donald Hamilton, BSc;* Vivian Lee, BSc;T
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Background: Fibrin sealants are used increasingly in surgery to reduce bleeding and improve wound
healing. They have great potential as biocompatible, biodegradable drug delivery systems, because the
sealant may adhere to the target tissue and allow controlled release of the drug over an extended period.
We investigated the encapsulation, stability and controlled release of erythromycin and cefazolin from
Beriplast fibrin sealants (Aventis Behring Canada). Methods: Drug-loaded clots were cast in glass vials
and allowed to set. We observed the clots for drug precipitation and aggregation, and we assessed the
effect of drug encapsulation on clot strength. Drug stability and release from the clots in phosphate
buffered saline (PBS) was quantified by ultraviolet and visible violet absorbance spectroscopy and high-
performance liquid chromatography. Results: Erythromycin was found to release slowly from the fibrin
clots over the first 2 hours but then degrade rapidly. Cefazolin was found to be very stable in clots in
PBS (97% stable at 2 d and 93% stable at 5 d). The drug released in a controlled manner over 2 days,
with most being released during the first day. The dose of drug released could be varied by changing
the amount placed in the thrombin solution. Clot thickness had no effect on the rate of cefazolin re-
lease. Conclusion: Overall, the 2-day release profile and the excellent stability of the drug suggest that
cefazolin-loaded fibrin sealants may offer an effective route of postoperative antibiotic delivery.

Contexte : On utilise de plus en plus les agents de scellement a la fibrine en chirurgie afin de réduire le
saignement de la plaie et d’en améliorer la guérison. Ces produits sont porteurs de grandes promesses
comme systemes biodégradables et biocompatibles de diffusion de médicaments, car I’agent de scelle-
ment peut adhérer au tissu cible et permettre la libération controlée du médicament pendant une péri-
ode prolongée. Nous avons étudié I’encapsulation, la stabilité et la libération controlée de I’éry-
thromycine et de la céfazoline par le Beriplast, agent de scellement a la fibrine (Aventis Behring
Canada). Méthodes : On a déposé des caillots chargés de médicament dans des fioles en verre, o on
les a laissé coaguler. Nous avons observé les caillots pour déterminer la précipitation des médicaments et
lagrégation et nous avons évalué Peffet de ’encapsulation du médicament sur la résistance du caillot.
On a quantifié la stabilité du médicament et sa libération des caillots dans une solution physiologique
tamponnée au phosphate (PTP) par spectroscopie a absorbance des ultraviolets et du violet visible et par
chromatographie liquide a haute performance. Résultats : On a constaté que Pérythromycine se libere
lentement des caillots de fibrine au cours des deux premicres heures, mais qu’elle se dégrade ensuite
rapidement. On a constaté que la céfazoline était tres stable dans des caillots plongés dans une solution
PTP (stable a 97 % auj 2 et a 93 % au j 5). Le médicament a été diffusé de fagon contrélée en deux
jours, la majeure partie étant libérée au cours de la premicre journée. Il était possible de varier la dose de
médicament libéré en modifiant la quantité déposée dans la solution de thrombine. I’épaisseur du cail-
lot n’avait aucun effet sur le taux de libération de la céfazoline. Conclusion : Dans I’ensemble, le profil
de diffusion en deux jours et ’excellente stabilité du médicament indiquent que les agents de scellement
a la fibrine chargés de céfazoline peuvent constituer une voie efficace de distribution d’antibiotiques
apres une intervention.
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Antibiotics are generally given sys-
temically to patients before and
after many types of surgery. In ortho-
pedic surgery, the administration of
antibiotics is particularly important
because the surgery often involves
large external wound lengths and
may be accompanied by the implan-
tation of devices. Under such condi-
tions, large doses of broad-spectrum
antibiotics such as cefazolin are given
for up to 48 hours postoperatively; an
infection might be further compli-
cated by an inflammatory response
and the possible rejection of
implanted materials. For example,
following total hip arthroplasty, a
common antibiotic regimen is 1 g of
cefazolin at surgery and every 8 hours
thereafter for 24-36 hours. These
high doses are required to maintain
therapeutic levels at the surgical site.
The use of extended antibiotic treat-
ments, however, may be associated
with an increased danger of generat-
ing resistant strains, which are espe-
cially problematic in hospital settings.

An alternative approach might be
to administer the antibiotics locally
so that the drug is targeted to the
surgical site and released in a con-
trolled manner over time. Such a
method should allow for high initial
drug concentrations to eliminate any
existing bacteria at the surgical site,
followed by the extended release of
the antibiotic to prevent reinfection.
Controlled release requires the drug
to be encapsulated in a material or
device that delays its release at the
site. However, the use of any non-
autologous controlled-release bioma-
terials for this purpose may generate
an inflammatory response and rejec-
tion of implanted devices.

Fibrin sealants are topical hemo-
static materials derived from plasma
coagulation proteins that are being
used increasingly in surgical proce-
dures.'* Fibrin sealants have great
potential for the delivery of antibi-
otics,”™* chemotherapy”'® and even
growth factors' at surgical sites. They
are biocompatible and degrade by
normal fibrinolysis within days or

J can chir, Vol. 49, N° 5, octobre 2006

weeks of application, depending on
the site. Most fibrin-based sealants
use a 2-component system that mixes
thrombin with fibrinogen to form a
fibrin clot at the site of application.
Although the material has been avail-
able in Europe and Japan for 20
years, it was only recently approved
by the Federal Drug Administration
in the United States.®* The main use
of these sealants has been in cardio-
vascular, thoracic, dental, and plastic
and reconstructive surgery. More re-
cently, orthopedic procedures, such
as total knee arthroplasty or hip re-
placement, have also been shown to
benefit from the use of fibrin
sealants.’ Although the main applica-
tion of these sealants is to reduce
bleeding, they may also be used to
augment the action of sutures and aid
in wound healing.

Clearly, the compatibility of these
materials with surgical wound sites
makes fibrin sealants logical candidates
for use as controlled-release carriers for
local antibiotic delivery. It has been
shown that antibiotics with low water
solubility, such as tetracycline base, are
particularly suited to this system,' pre-
sumably because the precipitated drug
dissolves and diftuses slowly from the
fibrin clot. Even more water-soluble
antibiotics such as gentamicin and
ciprofloxacin have been shown to re-
lease from fibrin over 5-7 days, al-
though more than 66% was released in
the first 2 days."*"* However, in many
surgical applications, especially “dirty”
operations or those involving the
implantation of devices, the most im-
portant criterion is to localize high
concentrations of the antibiotic at the
site for the first day after the operation.
Fibrin-sealed Dacron grafts used in
vascular procedures were shown to re-
lease vancomycin'® or sisomicin'’
rapidly and establish high localized an-
tibiotic concentrations during the first
postoperative day. Further, no infec-
tions were observed in 10 patients
treated with sisomycin-loaded fibrin
sealant applied directly to Dacron
grafts in vascular prosthetic reconstruc-
tion."” In orthopedic surgery, 2 com-

monly used, systemically administered
antibiotics are cefazolin and ery-
thromycin. The purpose of this study
was to investigate the encapsulation
and release kinetics of these drugs
from fibrin sealant clots in vitro.

Methods
Materials

Beriplast fibrin sealant was supplied
by Aventis Behring Canada. Cefa-
zolin and erythromycin were ob-
tained from Sigma Chemical (St.
Louis, Mo.).

Manufacture of fibrin clot-drug
matfrices

An appropriate amount of ery-
thromycin or cefazolin was weighed
into a 20-mL flat-bottomed glass
bottle. Both the thrombin and fib-
rinogen vials were reconstituted in
injection media but were not mixed
together. For most experiments,
one-tenth the volume of the throm-
bin solution was added to the drug
in the vial, and the mixture was soni-
cated and vortexed lightly to ensure
the homogeneous dispersion/disso-
lution of the drug. In experiments
designed to investigate the effect of
clot thickness on drug release, a
larger or smaller volume of the
thrombin solution was added to the
drug. An equal volume of the fib-
rinogen mixture was then added to
the drug containing thrombin solu-
tion, and the mixture was further
mixed by light swirling. By this
method, the composition set to a
solid clot within 1 minute.

Quantification of drug
concentrations

Both drugs have characteristic spectra
by UV-VIS (ultraviolet and visible
light) absorption spectroscopy with
peaks at 280 nm and 270 nm for
erythromycin and cefazolin, respec-
tively. With drug standards ranging
from 1 to 200 ug/mL, absorbance



calibration curves obtained at these
peak wavelengths gave linear graphs
with correlation coefficients greater
than 0.98. High performance liquid
chromatography (HPLC) methods
were used to further investigate cefa-
zolin stability and release from fibrin
clots. This method separates the drug
from other components in the drug
release system, such as degradation
products, which may not be apparent
in UV-VIS determinations. HPLC
was performed with a Waters chro-
matography system with Millennium
software control. The chromatogra-
phy system used a Novapak C18 col-
umn (1998), a 20-uL injection
volume, detection at 270 nm and a
mobile phase composed of 90% pH
3.4 phosphate buffer and 10% ace-
tonitrile, at a flow rate of 1 mL/min.
Calibration graphs were linear in the
1-200 pg/mL concentration range.

Measurement of drug stability

Standard solutions of erythromycin
or cefazolin in phosphate buffered
saline (PBS), pH 7.4, were placed in
an oven in the dark at 37°C. At
given time intervals, the solutions
were removed and the UV-VIS spec-
tra were monitored. The absorbances
at 280 nm or 270 nm for ery-
thromycin and cefazolin were mea-
sured at each time point. When the
clots had sat for 15 minutes, they
were observed for integrity and
general strength.

Drug-release studies

The drug-loaded clots were placed in
the 20 mL glass vials after inspection.
Ten mL of PBS were added to the
vials, which were capped and placed
in an incubator at 37°C in the dark,
with orbital shaking at 50 rpm. At ap-
propriate times, the vials were
removed from the incubator, the
drug-containing solutions were fully
removed from the clot and fresh PBS
(10 mL) was pipetted back onto the
clot. The vials were then returned to
the incubator. Drug-containing solu-
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tions were assayed by either UV-VIS
absorbance or HPLC methods. Pilot
studies were performed with UV-VIS
spectroscopy to investigate whether
any breakdown products eluting from
fibrin clot might interfere with the
drug absorbance values. More
detailed studies on cefazolin release
and stability were performed with
HPLC methods.

Results
Drug-loaded clot formation

The addition of any concentration of
the 2 drugs to the fibrin clot mix-
tures had no detrimental effect on
the time to clot or the final apparent
strength of the clots. There was no
evidence of drug precipitation or
particle aggregation for either drug
in the clots.

Drug stability in aqueous solution

Cefazolin calibration standards gave
essentially unchanged UV-VIS spec-
tra after incubation for 48 hours.
Peak absorbances decreased by less
than 5% after 48 hours and by 10% at
5 days. HPLC analysis confirmed the
uniform absorbance values and re-
tention times of the drug, establish-
ing the stability of the drug over the
48-hour period. By HPLC analysis,
the potency (percentage of drug re-
maining) of cefazolin was 96.8% at
48 hours and 89.8% at 5 days. Ery-
thromycin was found to be stable in
aqueous solution for only a few
hours. After that time, the shape of
UV-VIS spectra and the absorbance
peak intensity at 280 nm decreased
rapidly. Encapsulation in the fibrin
clot did not protect the drug from
hydrolytic degradation; preliminary
drug release studies showed that the
drug was released as a degradation
product.

Drug-release studies

Drug-release experiments on the ery-
thromycin-loaded clots showed slow
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release at 2 hours but significant hy-
drolytic degradation after 2 hours.
Detailed drug-release studies were
performed on cefazolin-loaded films
only, with HPLC quantification. In
all experiments, cefazolin was found
to release in a controlled manner
with a sharp burst phase of release
over the first 6-8 hours, followed by
a sustained release over the following
16 hours. This amount was between
approximately 1% and 9% of the total
load of the drug in the discs. Gener-
ally, a small but measurable amount
of drug was released in the 24- to
48-hour period, but there was no
detectable drug release after that
time. Because the graphs show cu-
mulative drug release, the errors in-
volved in the drug analysis are also
cumulative. Therefore, the mean val-
ues showing more than 100% drug
release reflect these cumulative errors
in drug analysis. (As an experimental
control, between 3.7 and 15 mg of
cefazolin was weighed into sample
tubes and PBS was added. After 15
minutes at room temperature, 1 mL
of the PBS was centrifuged [to re-
move particulate drug] and analyzed
for drug content. In all tubes, 100%
of the drug had dissolved after 15
minutes. )

The rate of drug release was unaf-
fected by the amount of drug loaded
into the fibrin clots (Fig. 1). There
was no difference in the release rate
of the cefazolin from the Beriplast
when the same amount of drug was
loaded into clots of different thick-
ness (Fig. 2). The 0.6 mL and 1 mL
terms refer to the volume of Beriplast
components used to make a single
clot in a vial. The 0.6 mL and 1 mL
volumes gave clots of approximately
0.3 mm and 0.5 mm thickness,
respectively.

When 15 mg of cefazolin was
loaded into the larger 1 mL (0.5 mm
thick) clots, the release rate was
slightly slower at 2 and 5 hours than
for identical clots loaded with 7.5
mg of cefazolin (Fig. 3). However,
after that time, both formulations re-
leased the drug in a similar manner.
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At the end of all drug-release experi-
ments, all of the discs were frag-
mented with sonication and vortex-
ing and were centrifuged. No
residual drug was found in any clots,
indicating that all of the drug had re-
leased from the disc.

Discussion
Fibrin secalants have been used suc-

cessfully in numerous surgical proce-
dures in Europe and Japan over the

last 20 years. In a recent study, the
incidence of adverse effects due to
the use of fibrin sealants was approxi-
mately 1 in 100 000 applications,'
establishing their safety. The main
use of these sealants is to limit bleed-
ing and postoperative hemorrhage. A
secondary, but very important, appli-
cation lies in the sealing of tissue sur-
faces. Although these products are
typically applied with a dual syringe
as liquids that mix and clot at the re-
quired site, they may also be sprayed
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FIG. 1. Effect of drug loading on cefazolin release from fibrin sealant. Drug loadings
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FIG. 2. Effect of fibrin clot thickness on the release of cefazolin — 30 mg of cefazolin
loaded into 1 mL fibrin sealant (diamonds) (0.53 mm clot thickness) or 0.6 mL fibrin
sealant (squares) (0.32 mm clot thickness), n = 3.
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onto an area to give a broader, more
uniform covering. Such a spray tech-
nique may suit larger orthopedic sur-
gical sites, whereas more focused
surgery such as vascular operations
may require a larger localized deposi-
tion of the sealant.”” In 1998, the
FDA approved the commercial forms
of sealant for use in the US, increas-
ing the global use of these products
and expanding the interest in alterna-
tive clinical applications.

The use of dry fibrin sealant in sur-
gical gauze has been shown to reduce
bleeding in a ballistic injury model.*”
Fibrin sealants have obvious applica-
tions in all surgery performed on pa-
tients taking antithrombotic drugs.*
Sealants have been used in minimally
invasive surgery by injection through
catheters and have even been used as
embolic agents to block blood ves-
sels. Sealants have been used in con-
junction with vascular stent and graft
applications.*® However, these prod-
ucts also possess great potential as
biodegradable carriers for the con-
trolled release of drugs.

The material is biocompatible and
induces no inflammatory response. It
adheres well to moist tissue surfaces
and may be applied as a liquid solu-
tion of a drug or as an aerosol disper-
sion to form a solid matrix that holds
the drug depot adjacent to the target
tissue. Although these sealants have
been used to deliver anticancer drugs
to tumour sites,”'* the obvious appli-
cation is for the delivery of antibi-
otics during surgical procedures.
There are many reports of the encap-
sulation and release of antibiotics
from fibrin sealant.”®"*'* Generally,
the drugs incorporated into the fib-
rin sealant were fairly water soluble,
and the release rate from sealants oc-
curred over hours rather than days.
This has led to studies using more
hydrophobic antibiotics, which may
release over periods of a week
or more.>"

There has been only limited use of
fibrin sealants in orthopedic surgery.
The sealants have been used as a
composite to hold bone fragments or



ceramic implants in place in tendon
repair and in periodontal repair.®”
More recently they have been
successfully deployed in knee arthro-
plasty and hip replacement opera-
tions. However, antibiotic-loaded
fibrin sealants have great potential
for use in many other orthopedic op-
erations that currently require post-
operative systemic administration of
antibiotics. For example, in spinal re-
alignment procedures, it is often nec-
essary to expose large areas of bone
and tissue and to implant structural
devices over an extended surgical
time period, thus leaving large
wound lengths at risk for bacterial
infection. Further, these surgical sites
are often associated with a poor
blood supply. Because the tissues
receive a reduced exposure to antibi-
otics delivered via the blood stream,
the broad-spectrum antibiotic cefa-
zolin is often prescribed at doses as
high as 3 g/d during the first 24-36
hours to ensure effective concentra-
tions at the site of action. It is partic-
ularly important to expose surgical
sites containing implants to high
concentrations of antibiotics immedi-
ately after surgery, because even the
smallest bacterial infection at the im-
plant—tissue interface may cause an
inflammatory response and possible
rejection of the implant. Since the
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use of fibrin sealants in orthopedic
procedures is growing, it seems logi-
cal that this material should be used
to deliver antibiotics. Another poten-
tial application might be to replace
the antibiotic impregnated cement
beads used in compound fractures,
which must eventually be removed.

Although the development of
drug resistance is of great concern to
surgeons, we do not believe that this
method of local application of a con-
trolled-release formulation of cefa-
zolin would exacerbate this problem.
The drug would be applied as a sin-
gle dose, and all of it would be re-
leased at the surgical site over 2448
hours. It is likely that this method
would augment existing antibacterial
strategies, and so the likelihood of
additional problems related to drug
resistance would be small.

In this study, we have shown that
the water-soluble antibiotic cefazolin
is released from the fibrin sealant
over 48 hours, and most of the drug
is released in the first 24 hours.
There might be some differences in
release rates between the sample
groups shown in Figure 1 and Figure
3. However, we did not try to over-
interpret the data, which might have
attached too much significance to
minor effects. Therefore, significance
testing between drug loadings or
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FIG. 3. Effect of drug loading on cefazolin release from 0.53 mm thick clots (1 mL of
fibrin sealant). Drug loadings were 15 mg (squares) and 7.5 mg (diamonds), n = 3.
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disc thickness in these experiments
has far less importance than this
overall finding of a 48-hour release
profile for all samples.

These in-vitro release profiles
demonstrate the same rapid release
problems encountered in other stud-
ies with different water-soluble an-
tibiotics. However, it is likely that, in
vivo, the antibiotic may be released
more slowly than indicated from in
vitro studies performed in relatively
large volumes of aqueous media, ow-
ing to poor vascularization of many
orthopedic surgical sites. The same
argument may also apply to the rate
of clearance of the antibiotics from
the site: the released drug may re-
main at the site for some time.

We found that the hydrophobic
antibiotic erythromycin was released
slowly from fibrin sealants but de-
graded rapidly in aqueous environ-
ments and was therefore eliminated
as an antibiotic for use in a fibrin-
based release system. However, cefa-
zolin was found to retain more than
97% of its potency in PBS at 37°C at
48 hours and 93% at 5 days. Clearly,
the 48-hour release profile and the
acceptable stability of this drug sug-
gest that cefazolin-loaded fibrin
sealants may offer an effective route
of postoperative antibiotic delivery to
orthopedic surgical sites.
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