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Since its identification in the early

1980s, leukemia inhibitory factor (LIF)
has been demonstrated to interact with

numerous cell types and to elicit diverse
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effective levels of this cytokine has greatly
facilitated evaluation of its actions, and
such studies have indicated they are pre-

dominantly favorable in nature.
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Figure 1. Continuous administration of LIF by ALZET pump over four weeks resulted in a reduced

elevation in plasma cholesterol levels of rabbits fed a cholesterol-rich diet.

(Reproduced with permission from Moran CS et al. Arterioscler Thromb Vasc Biol 1997;

17:1267-1273.)

biological responses. Rapid increases
in plasma or tissue LIF concentration
following a physical insult, or chemi-
cal challenge to the body, have led
researchers to question whether the
various actions of LIF are beneficial or
detrimental in nature. Unfortunately,
the very short half-life exhibited by LIF
invivo has complicated assessment of its
biological effects in animals. Recent
studies have overcome this difficulty by
utilizing the ALZET™® Osmotic Pump
for the constant, controlled delivery of
LIF, both systemically and directly into

target tissues."”* The ability to maintain

Muscle Regeneration

The stimulation of myoblast
proliferation induced by
LIF in cell culture led
researchers to examine
whether it conferred
any beneficial effect
on muscle regenera-
tion invivo. Barnard
etal., of Monash
University,

Australia,
observed that
LIF mRNA,

undetectable

a cytokine for times of adversity ?

in healthy skeletal muscle, rapidly
appeared in increasing amounts follow-
ing muscle injury. The significance of
this finding was further investigated by
administration of exogenous LIF, or
phosphate buffered saline (PBS) as a
control, directly into the vastus lateralis
muscle at the site of an inflicted crush
trauma. Delivery was accomplished by
connecting a subcutaneously implanted
ALZET pump, Model 2001, to a poly-
ethylene catheter, the tapered end of
which was inserted into the injured
region of the muscle. After 24 hours
of LIF infusion, the diameter of regen-
erating fibers increased by 27% versus
PBS controls (p < 0.005),

leading (continued

on page 6)
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Urokinase Plasminogen Activator —
a target for preventing the spread of cancer

A crucial component in the local inva-
sion of tissues by growing cancers is their
ability to present a proteolytic interface
to surrounding tissue matrices, which can
be achieved through proteolytic enzymes
such as urokinase plasminogen activator
(uPA). This serine protease binds to recep-
tors (uPAR) in the plasma membrane, then
interacts with serum plasminogen to gen-
erate plasmin, which activates collagenases
and metalloproteases, and stimulates pro-
duction of uPA in a cyclic cascade reaction
(Figure 2). The presence of plasmin at the
cell surface provides the proteolytic interface

essential for tumor invasion and metastasis.

As the uPA/uPAR system has been impli-
cated in the progression of many malignanf
cies, it presents a potential therapeutic target
for controlling or preventing the spread of
cancer cells. Antiproteolytic agents, specifi-
cally targeted at the plasmin proteolytic cas-
cade, are currently being assessed for their
antiproliferative and antimetastatic effects
in animals. ALZET pumps have proved
valuable in such investigations, including
those presented here, enabling researchers
to maintain effective concentrations of test
agents, thereby facilitating evaluation of

their anti-invasive capability.

uPA Inhibitors

A study conducted by Evans and Lin,
of Akron Medical Center, Ohio, examined
the ability of the uPA inhibitor PAI-2 to
prevent the metastasis of breast cancer cells
into the lung.’ Rats received an IV bolus
of MatB rat mammary cancer cells, followed
by an infusion of PAI-2 or saline, via an
ALZET pump attached to an intravenous
catheter, for 7 days. The control group, and

eight of the ten receiving PAI-2, exhibited

lung metastases, however, there were signif-
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Figure 2. Inhibitors of the plasmin proteolytic cascade, delivered b}ALZETpumps, interfered with the
uPA/uPAR interaction. The resultant decrease in plasmin formation and the proteolytic interface
of cancer cells significantly reduced local tissue invasion and the development of metastases.
(Reproduced with permission from Evans DM and Lin PL. The American Surgeon 1995;

61:692-697.)

icantly fewer metastases in animals receivin,
Y g

the uPA inhibitor (p < 0.033).

In a study conducted by Xing et al., of Royal
Victoria Hospital, Montreal, MatB-1II cells,
or MatB-1II cells engineered to overexpress
uPA receptors (MatB-III-uPAR cells), were
injected into the mammary fat pads of rats’
Animals received the urokinase inhibitor
B-428, or vehicle, via intraperitoneally
implanted ALZET pumps for up to two
weeks, with or without daily injections of
tamoxifen (TAM), and were subsequently

assessed for tumor volume and the develop-

ment of macroscopic metastases. Tumor vol-

ume decreased in all rats treated with either
B-428 or TAM compared to untreated
controls. Rats inoculated with the modified
MatB-III-uPAR cells and infused with B-
428 demonstrated the greatest reduction in
tumor volume. The magnitude of the effect
elicited by TAM was comparable in animals
inoculated with either MatB-III or MatB-III-
uPAR cells, and similar to that produced by
B-428 following MatB-III cell injection.
Combination therapy had a synergistic effect,
and was more pronounced in those animals
inoculated with the MatB-III-uPAR cells.

TAM exerted no effect upon the development



Effective Administration of Leptin

of macroscopic tumor metastases, whereas,
B-428 proved effective in reducing metas-
tasis for both inoculation cell types. The more
pronounced effectiveness of B-428 against
cancer cells overexpressing uPAR supports

mediation of its actions through the down-

regulation of the proteolytic cascade.

These studies confirm that inhibition

of the proteolytic cascade and the associated
decrease in growth factor levels and proteoly-
tic interface, provide a means of inhibiting
local tissue invasion and metastasis. The
development of such compounds, to be used
alone or in combination with other agents,
provides another possibility in the search for

novel anticancer treatments.

Role of the ALZET Pump

‘Wide fluctuations in plasma levels,
often associated with conventional
dosing regimens, can result in
cytotoxic or ineffective drug con-
centrations, complicating evaluation
of potential anticancer compounds.

The steady-state conditions achieved using

ALZET pumps have led to their use in these,
and many other studies, investigating the effi-
cacy and mechanistic actions of a diverse

range Of anticancer agents.

If you would like more information on
pump applications in this or other areas,

please contact us as detailed on page 7.

I Evans DM and Lin PL. The American Surgeon
1995;61:692-697.

2 Xing RH, Mazar A, Henkin | and Rabbani SA.
Cancer Res 1997;57:3585-3593.




Animal Models of

by Clarisa Peer

Despite improvements in antimicrobial
treatment regimens, many children suffer
hearing loss due to either aminoglycoside-
induced ototoxicity or chronic otitis media
with effusion. Two recent studies describe
the use of ALZET pumps in animal models
designed to facilitate study of the mecha-
nisms of, and potential treatments for,
these very different causes of hearing
deficit. These studies were enhanced by
the ability of the ALZET pump to main-
tain a continuous level of drug in tissues
either by constant systemic administration,
or by using a catheter to perfuse the target

site directly.

Pediatric Hearing Loss

SPeEiY| ivery

Targeted Delivery to
the Middle Ear

About 5-10% of cases of acute otitis
media, one of the most common pediatric
infections, advance to chronic otitis media
with effusion (OME). Contributing to
OME is the persistence in the middle ear
of bacterial cell wall components, such as
lipopolysaccharide (LPS), and the ensu-
ing inﬂammatory response. Effusions
with more viscous fluid have a higher mucin
content and are linked to increased auditory
impairment, although the processes con-
trolling mucin secretion are unclear. In
what may be the first published study using
ALZET pumps to infuse substances into

the middle ear, Rose etal., at the

vehicle infusion alone (LPS/VEH).
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Figure 3. Mean mucin concentration in middle ear fluid was measured after 7 days. Rats underwent
eustachian tube blockade and then instillation of either vehicle (VEH) or lipopolysaccharide
(LPS). Experimental animals also received middle ear infusion of L~-NAME (LPS/L-
NAME) via catheter from a subcutaneously implanted ALZ,ETpump. L-NAME infusion
significantly (p < 0.05) decreased mucin content of middle ear effusions as compared with

(Reproduced with permission from Rose AS et al. Otolaryngol Head Neck Surg 1997;116:308-316.)

University of North Carolina, theorized
a role in OME for nitric oxide, which
has been implicated as a regulator of

mucin production.

Rose etal. created a rat model of LPS-
induced chronic OME by surgically
obstructing the eustachian tube and then
transtympanically injecting either LPS or
vehicle (Krebs-Ringer solution) into the
middle ear. After one week, middle ear fluid
was removed and its volume and mucin
content measured. Rats instilled with LPS
had greater effusion volumes and mucin
concentrations than those receiving vehicle
alone. Further validating the animal model,
immunostaining revealed inflammatory
infiltration of both middle ear epithelia
and lumina, and increased goblet cells and
submucosal glands in LPS-exposed ears

versus controls.

After LPS or vehicle instillation, experi-
mental animals also received a transtympanic
catheter which continuously infused N-nitro-
L-arginine methyl ester (L-NAME) from
a subcutaneously implanted ALZET pump,
Model 2001. L-NAME is a competitive
inhibitor of nitric oxide synthase, the enzyme
which synthesizes the free radical, nitric
oxide. L-NAME infusion lowered effusion
volume, although not to a statistically signifi-
cant extent, but significantly decreased mucin
content (p < 0.05) as compared with infusion

of vehicle alone (see Figure 3).

The work by Rose et al. demonstrates a role

for LPS in inducing both OME and mucin



production. Suppression of mucin secretion
by L-NAME infusion suggests a mediatory
role for nitric oxide in this process. These
authors’ novel approach, directly infusing
L-NAME into the middle ear, facilitated
characterization of this agent’s local bioactiv-

ity, without confounding systemic effects.
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Hypothesizing a role for NMDA receptors
in AG-induced excitotoxicity at the hair cell-
afferent nerve synapse, Basile et dl., at the
National Institutes of Health and Louisiana
State University, created an animal model
of AG-induced ototoxicity by chronically

administering neomycin or kanamycin to
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Figure 4. NMDA antagonists attenuate decreases in the pinna flick reflex due to aminoglycoside treatment in

guinea pigs. Animals exposed to neomycin alone (O) showed minimal response to 5-kHz tones, even
at high sound pressures. Concurrent treatment with an NMDA antagonist, either dizocilpine (m) or
ifenprodil ( A ), maintained response rates which did not significantly differ from animals with no

aminoglycoside exposure (@ ).

(Reproduced with permission from Basile AS et al. Nature Medicine 1996;2(12):1338-134.3.)

Role of NMDA Receptor

in Aminoglycoside Toxicity

Aminoglycoside (AG) antibiotics have
been in use, beginning with streptomycin,
for more than 50 years. They remain the
drugs of choice in numerous circumstances
relevant to pediatrics, including septicemia
and other serious infections due to Gram
negative bacilli. Increasingly sophisticated
dosing strategies have not eliminated the
main adverse effects of nephro- and oto-
toxicity. Although the molecular mecha-
nisms are poorly understood, the hearing
loss results from degeneration of the
COChlear hair Cells and can occur Suddenly

and unpredictably.

separate groups of guinea pigs by daily injec-
tion for two or three weeks The experimental
group also received either dizocilpine or ifen-
prodil, both NMDA antagonists, infused from
a subcutaneously implanted ALZET pump,
Model 2002. To achieve continuous infusion
for three weeks, the pumps were surgically

replaced with fresh pumps after two weeks.

After four weeks, animals were stimulated
with trains of 5-10 kHz tones at specific inter-
vals and sound pressures. The number of
pinna flicks, a known reflex in guinea pigs to
such sounds, were recorded. The sound levels
required to elicit a 50% pinna flick rate in
experimental animals treated with both AGs

and an NMDA antagonist did not differ sig-

nificantly from control animals at 5 kHz
(Figure 4), and were only modestly increased
at 7 and 10 kHz. In addition, measurement
of hair cell function in the organ of Corti
via distortion product otoacoustic emissions
revealed that concurrent administration

of NMDA antagonists with AGs preserved
outer hair cell function to nearly that of con-
trol animals, whereas AG-treated animals
showed emissions indistinguishable from the
noise floor, signifying severe loss of hair cell
function. The authors propose that overstim-
ulation of NMDA receptors at afferent synap-
ses may be responsible for the AG-induced
auditory deficit, although they also speculate
that direct activation of NMDA receptors on
the hair cells themselves could be causative.
Continuous infusion was key to maintaining

stable receptor occupancy in this model.

Both Basile et al. and Rose et al. capitalized
on the control over drug delivery afforded by
ALZET pumps. In numerous other published
studies, researchers have overcome obstacles
to drug delivery presented by tissues which are
difficult to penetrate or compounds with short
half-lives. To request references on the deliv-
ery of agents to the ear, on NMDA antago-
nists, or other compounds relevant to your
area of research, please contact us as outlined

on page 7.

1 Rose AS, Prazma J, Randell SH, Baggett HC,
Lane AP and Pillsbury HC. Otolaryngol Head Neck
Surg1997;116:308-316.

2 Basile AS, Huang J-M, Xie C, Webster D, Berlin
C and Skolnick P. Nature Medicine 1996;
2(12):1338-1343.
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streak formation in the thoracic aorta.

(continued from page 1) to the conclusion that
LIF is capable of accelerating muscle regen-

eration following injury.

This putative beneficial action was further
investigated in mdx mice, an animal model of

human Duchenne muscu-

lar dystrophy. In this
study by Kurek et al.,
of St. Vincent's
Hospital, Australia, contin-
uous targeted delivery of LIF
was achieved using a subcutaneously
implanted ALZET pump, Model 2001,
connected to a cannula inserted into the
vastus lateralis muscle* Seven days of LIF

treatment resulted in a significant increase

(22%, p< 0.05) in regenerating muscle
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Weeks
Figure 5. Continuous administration of LIF by ALZET pump over four weeks resulted in decreased fatty

(Reproduced with permission from Moran CS et al. Arterioscler Thromb Vasc Biol 1997;17:1267-1273.)

fiber diameter over saline controls, which
was still apparent seven days after cessation of
treatment, together with a two-fold increase
in the number of regenerating fibers. These
findings led Kurek et al. to conclude that LIF
did indeed stimulate muscle regeneration
and may be of value in the treatment of neu-

romuscular diseases.

Experimental

Glomerulonephritis

The observation that
- glomerular levels of LIF
mRNA rapidly increased
after treatment with anti-glomerular
basement membrane antibody (anti-GBM
Ab), prompted Tang et dl., of Amgen Inc.,

to investigate the possible role of LIF in

the pathogenesis of the ensuing glomeru-
lonephritis? Animals implanted intraperi-
toneally with an ALZET pump, Model
1003D, were continuously treated with LIF
for 24 hours prior to and following induc-
tion of anti-GBM Ab glomerulonephritis.
LIF treatment attenuated the resultant
glomerular inflammation, as evidenced by
reduced proteinuria (85%) and glomerular
macrophage infiltration (60%), together
with a decreased expression of the inflam-
matory cytokines IL-13 and TNF-O, and
the chemokine MCP-1. These protective
effects of LIF led the researchers to sug-
gest a potential role for this cytokine in

the treatment of glomerular inflammation.

Cholesterol Lowering

Additional investigations by Moran
etal., of the University of Queensland,
Australia, have indicated that beneficial
cholesterol-lowering and antiatheroscle-
rotic effects may be attributable to LIF.**
These studies involved the continuous
administration of LIF, via intraperitoneally
implanted ALZET pumps, Model 2ML4,
to rabbits over a four week period, during
which time the animals were maintained
on either a normal or cholesterol-rich diet.
Plasma cholesterol levels and the forma-
tion of fatty streaks on the thoracic aortas
of the animals were recorded throughout,’

or on completion of the treatment

As expected, rabbits maintained on
the cholesterol-rich diet had considerably
higher Plasma Cholesterol 1eVelS and an
increased incidence of aortic fatty streak
formation compared to those on the nor-
mal diet. Administration of LIF to rabbits
on the cholesterol-rich diet significantly
reduced this elevation in plasma cholesterol
levels and fatty streak formation compared
to their non-treated counterparts (Figures

I and 5). Moran et al. have suggested that



these beneficial effects of LIF are, in part,
related to an upregulation of hepatic LDL
receptors giving rise to improved clearance
of lipoprotein-associated cholesterol from

the circulation.

Delivery Dilemma Resolved

Conventional delivery methods, such
as injection, can result in wide variations
in the level of LIF achieved in the plasma
and tissues, due to the very rapid rate at
which it is eliminated” The use of ALZET
pumps in the above studies enabled effec-

tive systemic®*% or local tissue"* levels of

LIF to be maintained. This additional

control over experimental variables great-
ly facilitated evaluation of the beneficial
effects conferred by this cytokine in times

of adversity.

Many other cytokines and growth factors
have similar drawbacks associated with short
half-life, poor bioavailability and the high
costs of material. For information on how
the osmotic pump has been successfully used
for the delivery of a diverse range of such

agents, please contact us as outlined below.

1 Barnard W, Bower J, Brown MA, Murphy M
and Austin L. | Neurol Sci 1994;123:108-113.

2 Kurek J, Bower ], Romanella M and Austin L.
Neurosci Letts 1996;212:167-170.

3 Tang WW, Qi M, Van GY, Wariner GP and
Samal B. Kidney Intl 1996;50:1922-1927.

4 Moran CS, Campbell JH, Simmons DL and
Campbell GR. Arterioscler Thromb 1994;14:

1356-1363.

5 Moran CS, Campbell JH and Campbell GR.
Arterioscler Thromb Vasc Biol 1997;17:1267-1273.
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For technical information about ALZET osmotic pumps, or for a complimentary

custom search of our extensive bibliography, please return the attached business reply
card or contact us: 1-800-692-2990, 650-962-2251,
Fax: 650-962-24.88, E-mail: alzet@alza.com
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With great regret, we announce the
departure of Nigel Ray from ALZA
Corporation, as Nigel pursues his educa-
tion at the Anderson School of Business,
UCLA. Nigel joined ALZA in 1986 as
a Technical Information Associate for
ALZET Osmotic Pumps. He ascended
the ranks to create, and then become
director of, ALZA Scientific Products.
Under his leadership there were numer-
ous innovations, including introduction
of the ALZET Brain Infusion Kit, the
Technical Information Manual, and the
ALZET Web Site. In addition, Nigel
spearheaded the development of several

new pump models.

‘We would like to thank Nigel for his
enormous contributions to ALZA. ALZA
Scientific Products exists, and is vital with
activity, because of his efforts. We wish him

all the best in his future endeavors at business

school and thereafter.
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