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Until now pharmaceutical companies 
have played the dominant role in the 
field of chemical contraception because 
of the availability, within one organiza- 
tion, of the wide array of disciplines 
needed to bring such an agent to the gen- 
eral public (1). During the past decade, 
however, the pharmaceutical industry 
has reduced, on an absolute and relative 
basis, its research efforts in the con- 
traceptive field (2). This is particularly 

ternational pharmaceutical companies, 
the World Health Organization (WHO), 
as part of its Special Programme of Re- 
search, Development and Research 
Training in Human Reproduction, estab- 
lished a task force to determine whether 
such a development program could be 
launched outside the pharmaceutical in- 
dustry. At a meeting at the WHO head- 
quarters in Geneva in January 1975 (3), it 
was concluded that the development of a 

Summary. Since many contraceptives appropriate for use in developing countries 
are not of major interest to the pharmaceutical companies in developed countries, the 
World Health Organization has sponsored a program whereby contraceptives are 
developed outside the traditional pharmaceutical industry channels. This program 
might serve as a model for the development of other drugs or even pesticides. 

true with regard to contraceptive meth- 
ods that would be appropriate in devel- 
oping countries but of relatively little in- 
terest in highly developed ones. For ex- 
ample, there is a great demand for long- 
lasting, injectable steroid contraceptives 
in many lesser developed nations, but 
the only two widely available agents 
(Depo-Provera and norethisterone enan- 
thate) suffer from several disadvantages, 
one of these being that, although they 
were developed in the 1960's, they have 
still not been approved for general use as 
contraceptives by the U.S. Food and 
Drug Administration. 

Initiation of Program 

The development of new injectable 
contraceptives requires that a concerted 
effort be made to synthesize novel ste- 
roid compounds and subject them to 
thorough biological evaluation. Since 
such an effort was not being made by in- 
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new, long-acting contraceptive agent 
would be worth combining with an effort 
at institution building in lesser developed 
countries. In this article we outline the 
initiation and organization of this pro- 
gram. The results obtained to date sug- 
gest that this program might serve as a 
model for other drug development pro- 
grams outside the traditional pharmaceu- 
tical industry mechanism. For example, 
the development of drugs for such para- 
sitic diseases as leishmaniasis, schistoso- 
miasis, and onchocerciasis has been ne- 
glected by the pharmaceutical industry; 
a similar approach could also be envis- 
aged for the creation of new pesticides. 

In July 1975, a group of internationally 
recognized steroid chemists (4) with past 
or current experience in the pharmaceu- 
tical industry attended a meeting held 
under WHO auspices at Stanford Uni- 
versity. These chemists compiled a list 
of approximately 150 hypothetical ste- 
roid compounds that they considered 
could be synthesized and should be sub- 
jected to biological screening in a pro- 
gram designed to uncover new and ef- 
fective sustained-release injectable con- 
traceptives. They also proposed 15 labo- 
ratories as candidates for participating in 
the program to synthesize new steroids. 
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These laboratories, most of which are lo- 
cated in developing countries, were con- 
tacted by WHO headquarters staff to de- 
termine whether they would be receptive 
to the idea of participating in the pro- 
gram. The arrangement proposed was 
that WHO, in addition to supplying liter- 
ature, material, and chemicals, would 
fund each laboratory to the extent of 
$10,000 to $15,000, the sole requirement 
being that 5-gram quantities of pure ste- 
roid would have to be delivered to WHO 
headquarters. Patent rights would re- 
main with WHO. 

Chemical Objectives 

The objective of the chemical syn- 
thesis program was to modify chemically 
an active contraceptive steroid drug into 
a "prodrug" that would either be in- 
active or less active than the parent ste- 
roid. A simple and efficient way to 
achieve this goal is to protect the free 17- 
hydroxyl group of an active steroid by 
inserting an appropriate acid chain, thus 
producing the corresponding 17-ester 
(prodrug). When administered to hu- 
mans, such a prodrug is converted into 
an active contraceptive agent by enzy- 
matic hydrolysis in vivo (5). The rate at 
which the hydrolysis occurs determines 
whether the prodrug might be suitable 
for use as a long-acting, injectable con- 
traceptive. The main goal of the program 
initiated in 1976 was to design novel ste- 
roid esters that could serve to enlarge the 
number of long-acting injectable con- 
traceptives available to women. The 
strategy was typical of that used fre- 
quently in industrial organizations in that 
it involved the initial preparation of a 
number of esters of the known con- 
traceptive agents 17a-hydroxyproges- 
terone, norethisterone [norethinyltestos- 
terone (NET)], and levo-norgestrel. The 
list of steroid esters to be investigated 
has now been expanded to well over 
250 compounds. 

The natural male sex hormone, testos- 
terone, was also included in the pro- 
gram, since esterification of its free hy- 
droxyl group might afford potential can- 
didates for an injectable male contra- 
ceptive. NET was selected as a poten- 
tial progestogen, since laboratory and 
clinical experience has shown that it 
is one of the safest progestogens avail- 
able and is no longer protected by pat- 
ents. Levo-norgestrel, although still cov- 
ered by patents, was chosen because of 
its high progestational potency. It is thus 
a good candidate for conversion into 
long-acting derivatives by esterification. 
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Organizational Aspects 

Eventually, 12 laboratories agreed to 
participate in the program. The laborato- 
ries are located in Australia, Brazil, Bul- 
garia, German Democratic Republic, 
Iran, Mexico, Nigeria, Poland, Singa- 
pore, Spain, and Sri Lanka (6). The par- 
ticipants each received a list of 16 to 20 
ester structures, and were invited to sub- 
mit a research proposal outlining how 
they intended to synthesize the acid 
chain to be introduced into the steroid 
molecule. They were also asked to sub- 
mit a budget. Both items were reviewed 
by the WHO Secretariat with the aid of 
at least one outside referee and the coor- 
dinator of the program (7). Once the pro- 
posals were approved, a CTS agreement 
(8) was drafted which permitted funding 
to be instituted. 

During the first 3 years of the program 
the coordinator visited most laboratories 
at least once. The purpose of the site vis- 
its was to brief the investigators about 
the precise objectives of the program and 
operating details, to offer appropriate 
scientific information and advice, to be- 
come familiar with the local research fa- 
cilities, and to solve a number of admin- 
istrative problems. Each center had dif- 
ferent difficulties, for example, inexperi- 
enced personnel, lack of sophisticated 
equipment and instruments, inclement 
weather conditions, or frequent power 
failures. Most centers faced one com- 
mon problem, namely, that of complying 
with the cumbersome and time-consum- 
ing regulations that many of the coun- 
tries impose on importers of chemical re- 
agents and small equipment items. It 
soon became evident that many of the 
developing countries would do well to 
overhaul their customs regulations if 
they wish to upgrade and expedite scien- 
tific research. The only feasible solution 
for the chemical synthesis program 
proved to be for WHO to keep in Geneva 
part of the money allocated to each cen- 
ter. The WHO Secretariat ordered di- 
rectly the chemicals for the principal in- 
vestigators in accordance with their 
requests and budgets, and arrangements 
were made to ship the chemicals through 
the auspices of WHO international chan- 
nels. The organization of such a network 
is difficult, but in the long range it proved 
to be crucial because it saved a great deal 
of time and unnecessary delays and frus- 
trations. 

In addition to providing background 
information and technical literature to all 
principal investigators, the coordinator 
was in charge of examining and labeling 
the samples (a code number was used for 
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every compound submitted by the cen- 
ters) and checking the data sheets (each 
sample sent to WHO headquarters was 
accompanied by a data sheet giving a full 
description of the substance including its 
physical, spectroscopic, and analytical 
properties). The coordinator acted as a 
general troubleshooter and was easily 
available to the various principal investi- 
gators; together with the WHO Secretar- 
iat he reviewed all the manuscripts origi- 
nating in the various centers because of 
their possible impact on the filing of pat- 
ents on behalf of WHO for the most 
promising compounds. 

The preparation of the long-acting es- 
ters presented several difficulties. First, 
the acid chains-encompassing over 100 
different chemical structures-had to be 
synthesized, since most of them had not 
been described in the chemical litera- 
ture. Their synthesis invariably involved 
a number of steps, frequently with a vari- 
ety of stereochemical problems. Another 
problem was the esterification reaction, 
which is difficult to perform on tertiary 
alcohols of the type present in NET and 
levo-norgestrel. In several instances, so- 
phisticated techniques were used and 
with certain acids a new esterification 
method had to be developed. A third 
problem, both time- and material-con- 
suming, was that of reaching the re- 
quested high purity (about 99 percent). 

Formulation and Bioassay 

After they were synthesized, all com- 
pounds were shipped to the Department 
of Chemistry of the City University, 
London, for quality control and further 
purification, when necessary. The com- 
pounds were then forwarded to the 
School of Pharmacy of the University of 
London for formulation. Once satisfac- 
tory stability was established, the micro- 
crystalline suspensions were sent for 
bioassay to the National Institute of 
Child Health and Human Development 
(NICHHD) of the U.S. Department of 
Health, Education, and Welfare in Be- 
thesda. This NIH unit under G. Bialy 
handled both the funding and operational 
details of the biological evaluation in ro- 
dents (and currently in primates). Esters 
not suitable for the preparation of aque- 
ous suspensions were bioassayed as oily 
solutions. After leaving WHO headquar- 
ters for quality control at the City Uni- 
versity, London, every sample was fol- 
lowed by the WHO Secretariat and by 
the coordinator (appropriate forms were 
used at every stage of the program) until 
the biological results were returned. 

The bioassay chosen for the determi- 
nation of the duration of action of long- 
acting progestogens was the suppression 
of estrus in female rats, with depot- 
medroxyprogesterone acetate and nor- 
ethisterone enanthate-the only two cur- 
rently available long-acting injectable 
contraceptives-being used as com- 
parison standards. Tests for prolonged 
androgenic activity were carried out in 
castrated male rats, with the weight in- 
crease of the ventral prostate being used 
as the measure of biological activity and 
testosterone enanthate being used as a 
standard. The biological results were 
supplied to the various principal investi- 
gators, who frequently undertook the 
synthesis of additional esters based on 
particularly promising biological leads. 

Present Status 

The synthesis and screening programs 
were reviewed in depth during consulta- 
tions held in November 1977 (Geneva), 
January 1979 (Geneva), and January 
1980 (Jena, German Democratic Repub- 
lic) with participation of most principal 
investigators, expert chemists, biolo- 
gists, the coordinator, and WHO staff 
members. Approximately 220 steroids 
had been synthesized in the 12 partici- 
pating laboratories, many of which had 
had no previous steroid experience but 
which are now able and willing to extend 
such work. The biological evaluation of 
potential male contraceptives is being 
discontinued for financial reasons (9), 
but six compounds of possible use in fe- 
male contraception have now been se- 
lected for further development. The next 
phase of research-testing in primates 
and preparation of larger amounts for 
toxicology and for eventual phase I clini- 
cal studies in one of the WHO Clinical 
Centers-has already been initiated. Un- 
til now all of this work has been per- 
formed outside the regular pharmaceuti- 
cal industrial channels. If a promising 
drug should emerge from such phase I 
clinical studies, then it is anticipated that 
the large-scale synthesis would be com- 
missioned with some chemical firm be- 
fore long-term toxicology and phase II 
and III clinical studies are conducted. 

Excluding efforts by military estab- 
lishments (10), this is probably the first 
instance in which an international public 
sector agency has launched successfully 
a program of this nature, and it is reason- 
able to ask how economical the program 
is. In terms of time, the chemical syn- 
thesis has taken longer than it would 
have in the steroid synthesis laboratory 
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of a large pharmaceutical firm in the 
United States, Western Europe, or Ja- 
pan. However, part of that extra time 
was consumed in institution building and 
in creating technical capability in devel- 
oping countries-two features that will 
be of long-lasting benefit. In terms of di- 
rect funding from the WHO (and in- 
directly from the NIH through its sup- 
port of the biological screening) this pro- 
gram has proved to be much cheaper 
than would have been the case in a phar- 
maceutical industrial laboratory. This is 
because all of the indirect costs and a 
substantial portion of the personnel 
charges were absorbed by the participat- 
ing university and government laborato- 
ries, thus making this a truly cooperative 
economic project. However, if these in- 
direct costs were combined, then it is un- 
likely that the present program is much 
cheaper than the usual industrial effort. 
What is important is that societal goals 
rather than pure economics have become 
the driving force. 

Conclusion 

Even if no practical new contraceptive 
agent is eventually developed as a result 
of this research effort, the WHO pro- 
gram illustrates how a multinational co- 
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operative project in drug chemical syn- 
thesis can be established outside the tra- 
ditional pharmaceutical channels-a 
model that is of particular relevance to 
lesser developed nations. The program is 
an impressive example of an inter- 
disciplinary and fruitful cooperation be- 
tween an international organization, 
such as WHO, university or government 
laboratories from countries all over the 
world, and a prominent national public 
institution, such as the National Insti- 
tutes of Health in the United States. The 
mechanisms utilized by the WHO chem- 
ical synthesis program could serve as a 
model for international collaboration in 
other areas. 
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Recombinant DNA 

Leaders in the field of recombinant DNA research will discuss the status of this fast-moving field in a special issue of 
Science dated 19 September. The material will make it evident that a revolution in biology is under way. 

DNA sequencing method: T. R. Gingeras and R. J. Roberts, "Steps toward a data bank computer analysis of nucleic acid sequences." 
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"Structure and transcription in vitro of human globin genes"; P. Leder, J. N. Hansen, D. Konkel, A. Leder, Y. Nishioka, and C. 
Talkington, "Mouse globin system: Functional and evolutionary analysis"; M. Streuli and C. Weissmann, "At least three human type 
alpha interferons: Structure of alpha 2." 

Structure of the genes that rearrange in development: C. -P. Liu, P. W. Tucker, J. F. Mushinski, and F. R. Blattner, "Mapping of heavy 
chain genes for mouse immunoglobulins IgM and IgD"; P. W. Tucker, C. -P. Liu, J. F. Mushinski, and F. R. Blattner, "Mouse immuno- 
globulin D: Messenger RNA and genomic sequences"; M. M. Davis, S. K. Kim, and L. E. Hood, "DNA sequences mediating class 
switching in alpha-immunoglobulin genes"; R. Maki, J. Kearney, C. Paige, and S. Tonegawa, "Immunoglobulin gene rearrangement in 
immature B cells." 

Genes whose mission is to jump: M. Simon, J. Zieg, M. Silverman, G. Mandel, and R. Doolittle, "Phase variation: Evolution of a 
controlling element"; G. S. Roeder, P. J. Farabaugh, D. J. Chaleff, and G. R. Fink, "The origins of gene instability in yeast"; S. Scherer 
and R. W. Davis, "Recombination of dispersed repeated DNA sequences in yeast"; P. Zambryski, M. Holsters, K. Kruger, A. Depicker, 
J. Schell, M. VanMontagu, and H. M. Goodman, "Tumor DNA structure in plant cells transformed by A. tumefaciens." 

Promotion site of engineered mutagenesis: J. Cordon, B. Wasylyk, A. Buchwalder, P. Sassone-Corsi, C. Kedinger, and P. Chambon, 
"Promoter sequences of eukaryotic protein-coding genes"; K. W. C. Peden, J. M. Pipas, S. Pearson-White, and D. Nathans, "Isolation of 
mutants of an animal virus in bacteria"; R. B. Wallace, F. F. Johnson, S. Tanaka, M. Schold, K. Itakura, and J. Abelson, "Directed 
deletion of a yeast tRNA- intervening sequence"; A. Itakura and A. D. Riggs, "Chemical DNA synthesis and recombinant DNA studies"; 
A. Pellicer, D. Robins, B. Wold, R. Sweet, J. Jackson, I. Lowy, J. M. Roberts, G. K. Sim, S. Silverstein, and R. Axel, "Altering the 
genotype and phenotype of animal cells by DNA mediated gene transfer"; R. C. Mulligan and P. Berg, "Expression of a bacterial gene in 
mammalian cells"; L. Guarente, T. M. Roberts, and M. Ptashne, "A general technique for expressing eukaryotic genes in bacteria"; M. 
Masucci and C. Weissmann, "Effect of interferon-alpha 1 from E. coli on several cell functions." 

The issue will be a source of current material for students in many fields of biology and natural science. If you anticipate 
the need for extra copies we can ensure delivery if your orders are received before 4 September by Rose Lowery, Advance 
Orders, Science, 1515 Massachusetts Avenue, NW, Washington, D.C. 20005. 
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