
appears to be out of step with the shift 
of research facilities. The world's most 
sensitive optical telescopes are still in 
the private sector, and, according to the 

report, the majority of talented astron- 
omers are at the universities. However, 
the size of the expenditures for most of 
the programs recommended by the 
Greenstein committee report is so 

great they would almost certainly be 
made part of national centers. Although 
60 percent of the observing time at the 
Kitt Peak center is reserved for visit- 

ing scientists, namely, those based in 

universities, many astronomers fear that 
the obligation of a national center to 
accommodate all qualified observers will 
throttle opportunities for intellectually 
exciting observations that require large 
blocks of time. Only recently the Kitt 
Peak National Observatory formalized 
the procedure of including visiting as- 
tronomers as well as staff astronomers 
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on the committees that allocate observ- 
ing time. 

No doubt the universities still hold 
the major national resources of man- 
power and technology, at least in optical 
astronomy. In radio astronomy, on the 
other hand, the preeminence of the 
National Radio Astronomy Observa- 
tory is widely acknowledged. But the 
arguments for balance in the Green- 
stein report seem more directed toward 
preserving islands of total freedom in 
the universities than improving the 
scientific payoff of the national centers. 
It appears that neither the distribution 
of funding nor research priorities be- 
tween the public and private sectors 
has yet reached equilibrium. 

The Greenstein report is an excellent 
presentation, so specific that it lays it- 
self open to criticism. The recent de- 
velopments on the frontiers of astro- 
physics are presented in a style that is 
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quite readable for the layman, and the 
section on exobiology-probably the 
most optimistic assessment of the likeli- 
hood of intelligent extraterrestrial life 
ever presented by a committee of emi- 
nent scientists-is almost lyrical. Every 
recommendation, with the possible ex- 

ception of the optical program, ap- 
peared to be well-justified by the rea- 
sonable hope for new discoveries and 
the timeliness for exploiting the ad- 
vances of technology. 

A few years ago, astronomers could 
observe the universe at only two wave- 

lengths-optical and radio. The recom- 
mendations of the Greenstein report 
would allow them to tune-in to the stars 
at virtually any region of the electro- 

magnetic spectrum. The only wave- 

length, in a manner of speaking, that the 
astronomers may have overlooked is the 
current mood of the Congress. 

-WILLIAM D. METZ 
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Narcotic antagonists-nonaddictive 
drugs that block the euphoric effects of 

opiates-have long intrigued investiga- 
tors seeking new answers to the problem 
of heroin addiction, but the develop- 
ment of such compounds has been 
hindered by the inadequacy of available 
research funds. Last year, however, the 
federal government initiated a concerted 
effort to conquer drug abuse and began 
prodding the drug industry to accelerate 
research programs directed at the de- 

velopment of such compounds. Earlier 
this month, the government signaled its 
own commitment to the antagonist con- 

cept by awarding more than $2 million 
in grants for preclinical and clinical 

testing of the most promising candidates. 
The accelerating program has already 

produced some tangible results. Two 
once-heralded antagonists have been ex- 

tensively tested and shown to be only 
marginally adequate for clinical use. A 
third compound has received less test- 

ing, but appears to be a more promising 
candidate for general usage. Several 

longer-acting and more potent antago- 
nists are in the preliminary stages of 

testing, and promising new methods of 
administration are also beginning to be 

investigated. Most important, perhaps, 
it has recently been shown that one of 
the antagonists exhibits great potential 
for preventing abuse of such drugs as 
methadone and paregoric. 
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The first important narcotic antago- 
nist was cyclazocine-3-(cyclopropyl- 
methyl) - 1,2,3,4,5,6-hexahydro - 6,11- 
dimethyl - 2,6-methano-3-benzazocin-8- 
ol-developed by Winthrop Laborato- 
ries, New York City. A 1- to 4-mg oral 
dose of cyclazocine produces clinically 
effective opiate antagonism for at least 
24 hours, but patients must be built up 
to this dosage gradually because of 

cyclazocine's unpleasant initial side ef- 
fects, which include dizziness, head- 
aches, and hallucinations. These effects 
are disproportionately intensified as the 
dose is increased, and they may also 
reappear when cyclazocine use is dis- 
continued. 

Several investigators have suggested 
that the side effects might be caused by 
d-cyclazocine in the racemic mixture 
normally used, but recently completed 
clinical testing at the National Institute 
of Mental Health's Addiction Research 
Center (ARC) in Lexington, Kentucky, 
indicates that the pure i-isomer also 
produces the side effects. 

Efforts to avoid these side effects led 
many investigators to the use of nalox- 
one (N-allylnoroxymorphone) and 
closely related compounds. Originally 
synthesized in the private laboratory of 
Mozes Judah Lewenstein and subse- 
quently developed by Endo Laborato- 
ries, Garden City, New York, naloxone 
was the first "pure" narcotic antagonist; 
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that is, it has no pharmacological prop- 
erties of its own, but it abolishes or 
prevents the hallucinations, euphoria, 
respiratory depression, nausea, consti- 
pation, convulsions, and other effects 
produced by narcotics. It also abolishes 
such effects when they are caused by 
other narcotic antagonists. 

Clinical studies at several institutions 
have shown that a 1- to 5-mg parenteral 
dose of naloxone produces opiate antag- 
onism for 2 to 4 hours, and a 3-g oral 
dose provides antagonism for as long as 
24 hours. Large oral doses are very 
expensive, however, since naloxone is 

synthesized from thebaine, an opium 
alkaloid whose importation is rigidly 
controlled. Parenteral doses are imprac- 
tical because of the limited duration of 
action in such a form, and naloxone 
thus seems unlikely to find clinical use. 

Some effort has been made to use 
naloxone to overcome the side effects 
of cyclazocine. Max Fink of New York 
Medical College (NYMC) has reported 
that a relatively small oral dose of 
naloxone blocks the adverse effects of 
cyclazocine for as long as 24 hours, but 
does not interfere with its antagonist 
activity. William R. Martin of ARC, 
however, has found that the cyclazocine 
side effects return after 4 to 6 hours; 
this discrepancy has not yet been 
resolved. 

Even if Fink's results are confirmed, 
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the combination is probably unsatis- 
factory because of its limited duration 
of action. Most clinicians say they 
would prefer an antagonist whose effects 
last for several days or weeks so that 
its use would require less motivation on 
the part of former addicts in rehabilita- 
tion programs [see Science 173, 503 
(1971)]. Attempts have thus been made 
to find naloxone analogs with increased 
potency and duration of action. 

The most rewarding of these attempts 
was the synthesis by Endo of a com- 
pound called EN-1639 (N-cyclopro- 
pylmethylnoroxymorphone). Clinical 
studies by Martin and Donald R. Jasin- 
ski of ARC show that EN-1639 is in- 
termediate between naloxone and cycla- 
zocine in its effects: a 50- to 100-mg 
oral dose of EN-1639 produces opiate 
blockade for as long as 48 hours with 
very few side effects. It thus appears to 
be the best antagonist yet tested, Martin 
says, and the drug of choice for clinical 
application. 

At least two other prospective antag- 
onists are also being investigated. Bristol 
Laboratories, Syracuse, New York, has 
developed a totally synthetic compound 
it calls levo-BC-2605 (1-N-cyclopropyl- 
methyl-3,14-dihydroxymorphinan), and 
Lederle Laboratories, Pearl River, New 
York, is making available for testing an 
oripavine derivative, called M-5050, that 
was developed by the British firm of 
Reckitt and Colman. Preliminary results 
with the two drugs in animals indicate 
that both are very promising candidates 
for clinical studies with humans. 

Another approach, also developed by 
Endo, is the use of the pamoate ester of 
naloxone. Neither pamoic acid-4,4'- 
methylenebis(3-hydroxy - 2 - naphthoic 
acid)-nor naloxone pamoate has phar- 
macological or antagonist properties of 
its own. Instead, injected naloxone 
pamoate serves as a depot from which 
naloxone is slowly released as the ester 
linkage is hydrolyzed. (Pamoate esters 
have been used in the same way pre- 
viously to extend the duration of other 
drugs, such as penicillin.) 
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Fink and Alfred M. F] 
NYMC have shown that a 
tion of a mineral oil suspensi 
one pamoate provides opia 
for as long as 72 hours. M 
ever, finds that with what 
"more reasonable" 1- to 2-r 
level of blockade is barely d 
hours after injection. I 
Freedman contends, the con 
promising, and Endo is cu 
paring the pamoate ester of 

Implantable Casings Show 

A logical extension of tI 
is the development of a de] 
administration in which a i 
of antagonist in an impla 
casing is surgically embed 
body so that it will be rele 
into the bloodstream. Such 
been suggested for use w 
variety of drugs, particularl 
for birth control, but sever 
have impeded their use. Par 
ficult is the development 
container materials that allo 
the agent at a uniform ratF 

Seymour Yolles and his 
the University of Delaware 
oped two experimental de 
specifically for narcotic anl 
one, a matrix of polyethy 
the antagonist carrier; acco 
system exhibits a defect co: 
such casings made from I 
polymer matrix must be r( 
gically after the drug supply 

More promising, Yolles 
use of a polylactic acid m 
easily absorbed by the bo4 
reagent charge has enterei 
stream. Preliminary tests al 
that 0.5 g of a polylactate, 
blend injected into dog mu 
the drug at effective level 
than a week. By the end 
Yolles predicts, there shou 
able polylactate matrices t 
lease effective levels of E 
a month or longer. 

Yolles' injectable polymn 

H 1| only implantable casings that have been 
CH 2 examined by federally supported in- 
I vestigators, but other research groups N are also attacking the problem. Alza 

\_ Corporation, Palo Alto, California, re- 
cently announced the development of a 
group of proprietary synthetic poly- 

CH3 mers that can be used "with virtually 
any drug." These polymers have been 
subjected only to preliminary toxicolog- 

acine ical testing in animals, however, and 
none of the testing has specifically in- 
volved narcotic antagonists. Dynatech 

reedman of Corporation, Boston, Massachusetts, 
6-ml injec- has also developed several implantable 

on of nalox- drug casings-most of them polylac- 
Lte blockade tates and polyglycolic acids-which it 
lartin, how- plans to test in conjunction with nar- 
he terms a cotic antagonists under a contract with 

nl dose, the the New York City Health Services 
letectable 24 Administration. 
Nonetheless, Naloxone (and, to a lesser extent, 
tcept itself is EN-1639) appears attractive for use 
irrently pre- with depot systems because its potency 
' EN-1639, is much greater when injected than 

when taken orally. This relative differ- 
ence in efficacy can also be used to 

his principle prevent abuse of legitimate drugs de- 
pot form of signed for oral administration, suggests 
large supply Irwin J. Pachter of Bristol Laborato- 
ntable drug ries. The addition of 1 mg of naloxone 
Ided in the to 100 mg of methadone does not af- 
eased slowly fect the potency or action of metha- 
casings have done when it is taken orally, he says. 
vith a wide But when the combination was in- 
y those used jected into addict volunteers at ARC, 
ral problems the naloxone blocked the narcotic ef- 
ticularly dif- fect of methadone and thus caused 
of nontoxic marked withdrawal symptoms. The ex- 
)w release of treme discomfort lasts only about 30 
e. minutes, he contends, but it is suffi- 
associates at ciently unpleasant that no addict would 
have devel- knowingly inject such a preparation. 

pot systems Addition of naloxone to methadone 
tagonists. In could thus conceivably curb all the in- 
lene film is travenous abuse of methadone in main- 
)rdingly, this tenance programs. 
mmon to all Similar results can also be obtained 
plastics-the with paregoric, a camphorated tincture 
emoved sur- of opium that has long been widely 

is depleted. used for control of diarrhea, Addicts 
says, is the frequently process paregoric for injec- 
atrix that is tion, but animal experiments at Bristol 
dy after the Laboratories show that the addition of 
d the blood 0.3 mg of naloxone to each fluid ounce 
t ARC show of paregoric is sufficient to abolish the 
/cyclazocine narcotic effect upon injection without 
iscle releases decreasing the antidiarrheal properties. 
Is for more Both applications will require much 
of the year, more testing-and FDA approval-be- 
ild be avail- fore their use can become widespread, 
that will re- but eventually, Pachter predicts, "the 
,N-1639 for words 'contains naloxone' may become 

anathema to drug addicts." 
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