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• products. He foresees the annual 
U.S. market for these systems ap
proaching $300 million by 1991. 

Another intriguing way to deliver 
recombinant drugs is nasally, a strate
gy being stressed by California Bio
technology Inc. (CBI, Mountain 
View, CA). The company has licensed 
its Nazdel™ nasal membrane perme
ation technology to Ortho Pharma
ceutical Corp. (Raritan, NJ) for possi
ble delivery of luteinizing-hormone
releasing-hormone. CBI has similar 
agreements with Hoffmann-La 
Roche for anti-obesity drugs and 
growth-hormone analogs, and with 
Eli Lilly (Indianapolis, IN) for recom
binant human insulin. Nazdel works 
by coating the drug molecule with an 
adjuvant that allows it to penetrate 
the mucus membrane. 

John Longenecker, senior scientist 
at CBI, reports that the company's 
major interest lies in delivering pep-
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tides that are less than 20 amino acids 
long. Still, the firm is looking at nasal 
delivery for proteins up to 20,000 
molecular weight, although he is not 
sure what the upper limit will turn 
out to be. "A wide range of pharma
cologically therapeutic peptides will 
be deliverable by the nasal route," he 
concludes. 

One of nasal administration's ma
jor advantages is its convenience, 
Longenecker says. When a product 
must be self-injected by the patient
as is the case with insulin for diabet
ics--compliance becomes a serious 
problem. Also, adds Longenecker, 
nasal delivery "allows you to deliver 
the hormones in a pulsatory manner 
similar to in a healthy individual." 
Difficulties that CBI has overcome, 
he says, include formulation prob
lems, reproducibility of dosing, and 
irritation of the mucus membranes. 
Alza's Zaffaroni criticizes nasal de-

liery, however, because the amount of 
mucus on a patient's nasal mem
branes might affect the uptake of 
drug. For this reason, Zaffaroni feels 
that other mucosa! membranes-the 
mouth, rectum, and vagina-are 
more promising. 

Even though the size of some 
recombinant peptides could make 
transdermal delivery difficult, Mole
culon Inc. (formerly Moleculon Bio
tech, Cambridge, MA) is looking to
wards its Poroplastic® membrane 
technology to solve these problems. 
Containing 90-95 percent drug, the 
poroplastic matrix takes advantage of 
passive delivery to transport mole
cules with molecular weights as high 
as 5,000. According to Marsha Fan
ucci, director of business develop
ment at Moleculon, this means that 
the company is targeting hormones 
rather than larger biologicals like 
lymphokines. -Arthur Klausner 

PERFEOING POLYMERS TO RELEASE DRUGS 
NEW YORK-In the future, drug 
release may be mediated by ultra
sound. This is one of the potential 
advantages of the bio-erodible poly
mer technology for drug delivery de
veloped by Robert Langer and his 
associates at MIT (Cambridge, MA). 
The technology, recently licensed to 
Nova Pharmaceutical (Baltimore, 
MD), augments Nova's existing li
cense with MIT, which covers drug 
delivery to the brain to treat diseases 
such as brain cancer. Nova and Ce
lanese (New York, NY) have formed 
a joint venture, NovaCel, to apply this 
technology to treating other cancers, 
infectious diseases, and cardiovascu
lar and nervous system disorders. 

Langer has developed bio-erodible 
polymers that degrade by surface 
erosion, in a nonhomogeneous man
ner. He says that the drawback of 
other types of bio-erodible polymers 
is that their homogeneous erosion 
loosens the polymer matrix; its per
meability changes and the matrix 
eventually ends up "dumping the 
drug." He adds that erosion from the 
surface maintains the overall shape of 
the matrix. The incorporated drug is 
released at a constant rate, with zero
order kinetics. 

Langer's polymers are polyanhy
drides, which were originally synthe
sized to be used in textile fibers but 
were deemed unsuitable because of 
their hydrolytic instability. It is just 
this instability that makes them good 
candidates for drug release matrices, 
according to Langer. A polymer that 
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is hydrophobic but has hydrolytically 
unstable linkages will erode heteroge
neously. As it is hydrolyzed, a polyan
hydride will degrade into its non
toxic acid monomers. As water is tak
en up, it hydrates the incorporated 
drug and initiates its release. The 
drug diffuses through pores that 
form as the polymer degrades. The 
rate of drug release can be controlled 
by chemical modification of the po
lyanhydride backbone; simple 
changes can alter the rate by 1,000-
fold. 

Langer has devised several meth
ods to formulate the drug and poly
mer. The mixture can be compres
sion- or injection-molded into small 
implantable cylinders or pellets; it can 
also be hot-melted into microspheres 
for injection. Langer says that iajec
tion-molding is the method of choice 
for controlled release because there is 
good correspondence between drug 
release and polymer degradation. 
This method does have a drawback: 
since the molding has to be done at a 
temperature above the polymer's 
melting point, it is possible that the 
drug will degrade or interact with the 
matrix. Although this is not a concern 
with many conventional drugs, bioen
gineered drugs-many of which will 
be polypeptides-are sensitive to tem
perature. The hot-melt method for 
producing microspheres suffers from 
the same limitations. Langer's group 
is now working on a system for mak
ing microspheres at temperatures 
around 25°C. 

The polyanhydrides are biocompa
table, non-mutagenic, and non-tera
togenic. In vivo studies in rabbits and 
rats have confirmed in vitro observa
tions that the polymers do release 
incorporated substances in a steady, 
controlled manner. Diabetic rats that 
received implants of insulin-contain
ing polymer, for instance, maintained 
normal blood glucose levels during 
the implantation period. 

While steady drug delivery is ap
propriate in many clinical situations, 
some conditions require "demand de
livery." These include "an extra shot" 
of insulin to maintain a diabetic's 
blood glucose levels at mealtimes. De
mand delivery would also be useful to 
control ulcers with gastric acid inhibi
tors and to alleviate respiratory dis
tress with epinephrine. 

Langer and co-workers have found 
that externally applied ultrasound 
can trigger drug release from these 
polymer matrices. Apparently, ultra
sound enhances the erosion rate by 
causing the polymer to dissolve fast
er; water can enter the matrix more 
easily, and speed release of the drug. 
It may be that small bubbles form, 
breaking up the polymer. 

Langer says that studies on the in 
vivo applications of ultrasound-medi
ated release are very preliminary, and 
have no clinical significance yet. Per
haps the greatest obstacle will be to 
determine the ultrasonic wavelength 
that degrades the polymer but does 
not destroy surrounding cells. 

-Jennifer Van Brunt 
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