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I. PREFACE

Donald Heyneman

In past years attempts to control schistosomiasis and other trema-
tode diseases of mankind and domestic animals have chiefly focused on
destruction of the snail intermediate hosts. These efforts often were
undertaken as well organized team operations conducting the mollusci-
ciding activity, followed by a period of confidence based on the obser-
vation of dramatic subsidence of snail populations and disease trans-
mission. Too often a sense of disappointment and frustration later
developed with the rapid resurgence of snail populations after cessation
of mollusciciding operations, followed by a return of human infection to
precontrol levels. Any well planned intensive focal mollusciciding
effort, usuvally a relatively costly operation, can indeed reduce snail
populations dramatically and bring down incidence of transmission and
ultimately reduce the prevalence of disease. However, cost-effectiveness
constraints have in the past restricted application of long-term mollusc-
iciding efforts to valuable and environmentally controllable localities,
such as highly developed irrigation schemes for sugar or cotton produc-
tion, or to regions of sustained experimental study, such as the Rocke-
feller Foundation-supported program in St.Lucia in the Caribbean.

With the recent development of promising new anti-schistosome chemo-
therapeutic compounds, such as oxamniquine against S. mansoni, metrifon-
ate against S. haematobium, and praziquantel against all three human
species (as well as cestodes), a new confidence based on chemotherapeutic
efficacy is on the rise. The role of environmental control has also
received impetus from evidence of success in China using snail habitat
alteration, in which canals were filled and replaced and banks modified
to prevent breeding of the amphibious vector snails, in addition to
massive, sustained use of molluscicides (Trop. Med. Hyg. News 28(3):
1-62, 1979. Suppl.). Improved standards of living and health education
have proved in Puerto Rico to be effective means to reduce infection
levels of snails and human contact with infected water, chiefly by im-
proved sanitation and water supply (Negrdn-Aponte and Jobin, Am. J. Trop.
Med. Hyg. 28(3): 515-525, 1979). Another area receiving much emphasis
currently is the effort to develop a prophylactic or therapeutic anti-
schistosomal vaccine, for which there are grounds for '"guarded optimism ...
for ... experimental vaccination against schistosomiasis by the early
1980's ..." (Clegg & Smith, Adv. Parasit. 16, 1978).

Snail-borne trematode disease, especially schistosomiasis, has thus
been marked by varying approaches to its control but a nearly unvarying
pattern of disease spread in Africa and elsewhere. Although no single
method is considered sufficient for disease control in most endemic areas,
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the preferred approach has seen wide fluctuations in popularity.
Currently, confidence in chemical snail control has fallen to a low

ebb. "The control of schistosomiasis by mollusciciding, ... has

proven to be essentially ineffective" (Kagan, Am. J. Trop. Med. Hyg.
28(3): 429-439, 1979). Mollusciciding is being relegated to a secon-
dary or a highly localized role as concern over possible human or animal
toxicity and other environmental effects (especially fish kills) have
risen, along with a sense of helplessness in the face of the astonishing
ability of snail populations to reestablish themselves in endemic areas.

Snail control requires continuous operations so long as infected
humans or animal reservoirs are available to reseed the infection at
water contact sites. Mollusciciding efforts have also grown more costly
with sharply rising hard-currency prices of the_ imported synthetic pro-
ducts generally used (Bayluscide and FresconCD), with the continuing
need to train, equip, and maintain the molluscicide delivery teams. This
has become an increasingly oppressive burden on the host country, as many
of the developing world's most impoverished nations are included in
endemic areas.

The developed nations, working through WHO and other international
organizations, largely support these projects. But they too are unable
or unwilling to sustain them indefinitely. The term project focuses on
the problem. So long as snail control is part of a short-term schisto-
somiasis project, organized and funded from outside the country or the
endemic area, there will be an initial success, but then a need to main-
tain a long-term, continuing control plan, irnfrastructure, and financial
support.

A technique therefore is needed to link external aid with a local,
self-sustained means to control snails. It is one such approach to auton-
omous schistosomiasis control, discovered in 1965 in Ethiopia by Aklilu
Lemma, that has been supported by the international research community.
Under Lemma's energetic leadership an impressive series of collaborative
studies both in Ethiopia and abroad has been undertaken, resulting in an
extensive series of publications, several patents, and a number of pub-
lished studies. It is to this area of research that the following Final
Report is addressed. The report consists of an introduction and histori-
cal review of studies conducted and findings, followed by a compilation of
published materials and unpublished documents and reports dealing with
this innovative and promising approach to long-range schistosomiasis con-
trol. Though tested successfully on a relatively small scale in Adwa, it
is still untried on a regional basis or as a major commitment for long-
term disease containment. Inclusion of previously published material
(with permission - see Acknowledgements section) along with other documents
and information brings together literature on this topic that is now
scattered in journals of restricted distribution or specialized subject
matter not often available to health officials, epidemiologists or bio-
medical researchers in the fi:l1d. It is hoped that the availability of
such a compilation will foc' . attention on this approach and renew inter-
est in further research on the use of endod or other natural products




as a possible means to control host snails at moderate cost or even
local profit, based on a self-help methodology that directly involves
the people who are most affected and would have most to benefit.

The stimulus of Lemma's work on this problem has galvanized health
and parasitic disease research in Ethiopia. It led initially to the
establishment and development of an Institute of Pathobiology under
his directorship as a focus for the conduct of this work. The
Ethiopian Science Foundation (ESF) was established in 1972 as a result
of patents generated from research on endod done at Stanford Research
Institute in California and Tropical Products Institute in London.

The ESF was intended to serve as an independent national organization
for funding scientific and technological investigations in Ethiopia.

It has since been absorbed in a more comprehensive, higher level govern-
mental organization, the Ethiopian Science and Technology Commission,

to which Lemma has made significant contributions during his service as
Dean of the Faculty of Science of the Haile Sellassie I University in
the mid-1960's and in his more recent role and direct contribution as
Chief Advisor on Science and Technology to the Chairman of the Provisional
Military Government of Socialist Ethiopia during 1974 and 1975. Lemma's
discovery of the molluscicidal and other properties of endod, a saponin
compound concentrated in the dried berries of the soapweed plant,
Phytolacca dodecandra, has led to many interdisciplinary studies and a
variety of international collaborations, hopefully a model for the

study of other such natural products.

This common endemic shrub is familiar to many peoples of East
Africa and has been recognized in particular by dwellers of the
Ethiopian highlands as a readily available and useful laundry soap.

The astonishing range of activites and potential application of this
natural product emphasizes its economic potential beyond that of snail
control. However, for the purpose of this report attention is focused
on endod as a natural plant product, locally grown, that potentially
could be employed as an inexpensive molluscicide processed as a village-
level activity by residents of schistosomiasis-endemic areas. The
possibility of such a locally-administered, self-help means to keep
snail populations under continuing control is the compelling aspect of
this approach. A number of problems must first be solved, however, to
make the method feasible: large-scale cultivation of selected high-yield
insect-resistant strains of the plant; low=-cost (labor but not capital
intensive) means to process the berries and formulate an effective pro-
duct; a safe, simple method of dispensing the molluscicide; and a
centralized method of monitoring the results and controlling the use of
endod. Leads to the possible solution of each of these problem areas
have been investigated. Discovery of many possible additional uses for
endod have been made along the way, which may prove to be important
sources of revenue and economic justification for continuation of the
research program initiated and sustained under ONR support.
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This is the potential. Fulfillment of the promise will require
multiple research effort and multiple research support. Schistosomi-
asis control is a key to human development in Africa. This attempt
to involve local populations in their own health improvement is of
particular interest. It gives villagers in disease-endemic, impover-
ished areas an opportunity to contribute directly and personally to the
control of an infectious agent that erodes their health and energy,
especially among the children, reducing their chance to fulfill
their genetic and social potential. Synthetic chemical mollusciciding
with imported products and centrally controlled teams involve little
local initiative or participation. This has been considered an
advantage in terms of speed and efficiency. The plan can be designed
and implemented centrally without village agreement, understanding, or
participation. But that has also proved to be its greatest weakness.
Only when village participation is a necessity can we hope to see the
long-term continuity of effort that is required. If villagers can
become responsible for control of snails in their own streams or irri-
gation canals (as occurred in China under vastly different circum-
stances), one can envisage significant social improvement, health
awareness and involvement. Snail control based on village participation
could possible become a pattern leading to a new sense of regional
responsibility and pride. Perhaps far more than snail and even schisto-
somiasis control may be involved.
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ITI. INTRODUCTION

AKLILU LEMMA

1 THE SCHISTOSOMIASIS PROBLEM

1.1. Global Significance of Schistosomiasis

Schistosomiasis is now generally considered to be one of the most
important and rapidly spreading parasitic diseases, a continuing threat
to large-scale agricultural development in many tropical and subtropical
parts of Africa, the Middle East, the Far East, some of the Caribbean
Islands and many parts of South America. An estimated 200 million
people are affected by this debilitating disease, with another 400
to 500 million exposed.

Schistosomiasis (known as bilharziasis in much of Africa) is a
typical example of a man-made disease, Most developing countries in
Africa and elsewhere depend on agriculture for their economic survival
and advancement. Well-intentioned agricultural projects requiring
irrigation canals have often resulted, unfortunately, in the creation
of new breeding habitats for the snails in which these blood flukes
multiply and from which they swarm to invade human skin. Infected and
noninfected people brought together to work in these areas must drink
from, bathe and labor in the same canals. All too often, human wastes
are also excreted, washed, or drained into the same water. This
deadly combination is all that is needed for rapid spread of schisto-
somiasis, especially among highly vulnerable children.

Large-scale agricultural development schemes indeed are needed,
but settlers and laborers must remain healthy to be able to realize
their economic potential. Schistosomiasis, with its debilitating
effects on heavily infected individuals, can result in serious losses
of manpower and less debilitating but more widespread energy loss as
well as direct pathology. The frequent result is that some of the
envisaged economic gains are not realized. Instead, increasing misery
and social disruption of life patterns may become the chief by-products.
No large-scale agricultural development plan should be carried out in
endemic countries without first giving proper consideration to the
economic and socioeconomic impact of diseases that may be an accidental
by-product. Multifaceted schistosomiasis control and prevention
efforts should be an integral part of the initial development plan,
rather than the far more costly and difficult catch-up effort to cure
disease and prevent its further spread after it has been established.

*Presently on secondment from the Ethiopian Government to the
United Nations serving as Principal Scientific Coordinator of
the United Nations Conference orn. Science and Technology for
Development in New York.
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National and international authorities concerned with land utilization
and intensive development have only recently begun to be concerned about
the increase in schistosomiasis prevalence following creation of irriga-
tion schemes in most endemic areas of Africa, South America (particularly
Brazil) and Asia. World Health Organization surveys and studies in
Africa and the Middle East indicate that increased incidence of this
disease is closely related to development of water resources and human
habits associated with use of the water. Heightened incidence is not
necessarily confined, however, to areas of expanding irrigation. Increased
illness may also occur in relatively dry areas where man is augmenting
the amount of water stored for future use, especially where sociocultural
customs fit the epidemiology of schistosomiasis.

Because of the slow development of tissue granulomas and the chronic
nature of the disease, the extent of damage or the burden imposed on
infected individuals often is not fully realized until irreversible des-
truction to liver and other tissues has occurred. Although schistosomiasis
is a calamitous private and societal imposition (frequently shortening
the life span or imposing its pathological consequences without killing
outright), its severe damage car also cause mortality, especially among
children. Besides eliciting tissue damage, schistosomiasis also tends
to reduce resistance to other infections. Perhaps its most insidious
impact is the loss of energy which, along with the weakening effect of
other parasitic infections, produces a state of lethargy--an all-too-common
sight in tropical regions.

To convince public officials of the economic importance of this
disease, attempts have been made to measure its effects in terms of
socio-economic loss. These are based on quantification of reduction of
work output by infected individuals and the general cost of treatment
and control of the disease. The resulting statistics, usually rough
and necessarily conservative estimates, measure only the obvious clinical
effects, without considering the costs of social disruption and misery.
The annual economic loss due to schistosomiasis in the Arab Republic of
Egypt, for example, is estimated at 80 million Egyptian pounds; in Iraq,
6 to 10 million Iraqi dinars; Japan, $18 million; and the Philippines,
13 million pesos. (These figures are for the period 1964-1967. They
are clearly outdated but no others are available.)

Numerous examples can be cited to illustrate the public-health im-
portance of schistosomiasis. In the Egyptian province of Aswan, the
incidence of Schistosoma haematobium (the bladder form of the disease)
increased tenfold within three years from the introduction of perennial
irrigation; its prevalence has now extended to affect large numbers of
the resident population. The ecological and epidemiological impact of
the Aswan Dam has often been referred to in the popular and scientific
press. A similar level of infection with schistosomiasis has occurred
in the Gezira area of the Sudan. The disease is on the rise in the
newly developing Awash Valley of Ethiopia, where large-scale irrigated
agricultural development involving sugar cane, bananas, and cotton
production is underway. When the prevalence of schistosomiasis began
to reach alarming proportions in Rhodesia's Umshandige Irrigation
Scheme, the project had to be abandoned after 10 years of construction
costing $10 million.




1.2. Schistosomiasis in Ethiopia

! Until recently, schistosomiasis was assumed to be nonexistent in

: Ethiopia. Many parasitology texts, some still in use, ruled out the

| disease there on the assumption that the low temperatures of the high-

1 land areas would prevent the snail hosts from becoming established.

! Though true in part (see section 3 of this report), studies carried out
§ by different teams over the last 10 to 20 years have shown that both the
intestinal and urinary forms of the disease are widely distributed in
different parts of the country. Generally speaking, intestinal schisto-
| somiasis is widely spread in patches of isolated foci in most of the
highland areas, while urinary schistosomiasis is more restricted to

s lower and warmer areas, such as the Awash, Wabi-Shebelle and Genale

| Valleys. (See enclosed distribution map for more details.)

Schistosomiasis in Ethiopia does, however, appear to be a relatively
new disease, chiefly in isolated patches that would appear to lend
! themselves to relatively easy control measures. Nonetheless, its very
4 wide distribution in the country, the abundance and capability of
| vector snails to breed and transmit the disease in different parts
of the country, large scale agricultural developmental activities in-
volving irrigation (particularly in the valleys), improvement of high-
ways and the development of resort areas, and especially the rapid
; movements and migrations of infected and uninfected people are making
this disease an increasingly important one that has elicited the
serious concern of the Ethiopian government.

2. POSSIBLE CONTROL METHODS

2.1. Mass Treatment

Important recent progress has been made in developing effective,
relatively nontoxic drugs for schistosomiasis, such as metrifonate,
oxamniquine and praziquantel. Yet, mass treatment of schistosomiasis
is still unavailable at an economically tolerable cost, and the need
| for sustained treatment and careful supervision of patients, especially
,{ those with untreatable tissue damage, further complicates the picture.

! However, even if ideal drugs become available, they would be of
limited value in effectively controlling the disease so long as

| treated individuals would be promptly reinfected while their source

of infection remained unchecked.

2.2. Vaccination

Although progress is also being made in immunological studies that
eventually may lead to development of an appropriate vaccine for mass
immunization against schistosomiasis, the possibility of having an
effective prophylactic vaccine still lies far in the future. The
immunological problems involved are immense. Unlike the single-celled
bacterial or viral organisms for which reliable vaccines have been
developed, schistosome worms are large and complex organisms, with
multiple antigens of unidentified and varying immunological potency
and protective effect. Current research in schistosomiasis is giving




top priority to this problem but even its staunchest advocates do not
anticipate success in less than a decade and many others are far less
sanguine.

2.3. Health Education and Sanitary Improvements

Health education and sanitary improvements should help immensely in
the continuing struggle to control schistosomiasis. Considering the
low level of education and living standards of the hundreds of millions
exposed to infection, the unavoidable human dependency on water contact
in many of the endemic regions, and the inevitable increased water
contact in agricultural development with use of irrigation water,
control of schistosomiasis through health education and improvement of
sanitation alone is simply unrealistic. It is, of course, an essential
component of a multiple control effort.

2.4. Improvement in Standard of Living

In Puerto Rico incidence and prevalence of schistosomiasis among the
rural population was reduced significantly as a result of improved
standards of living. A clean water supply to individual houses, effec-
tive health education with warning signs for children not to swim in in-
fected waters, and provision of better sanitary conditions all aided

in the island-wide effort. This was significantly augmented by a general

rise of income at the individual level--perhaps the key to control of
any infectious agent.

However, dramatic improvement in the standard of living of many de-
veloping countries is not expected in the near future, with burgeoning
populations and increased economic pressures. It is clear that some-
thing must be done that can reach out to the village level where trans-
mission occurs and where the problems of poverty and continual reex-
posure are greatest.

2.5. Snail Control

In spite of disappointments and serious problems (see Preface), a
still widely employed approach to schistosomiasis control is by in-
terrupting the life cycle of the parasite through killing its vector
snails. Several potent snail-killing chemicals, molluscicides, have
been developed and variably used in different parts of the world for
over 50 years. The oldest and perhaps most widely used have been
copper sulphate and sodum pentachlorophenate. These are still being
used in China, but in recent yearg more effective and efficient
molluscicides, such as Bayluscid and Frescon=, have come on the
market and largely replaced the older compounds.

None of these molluscicides is free of problems, as we have
learned to anticipate. Copper sulphate, less potent that the others,
is readily absorbed in water by both organic and inorganic matter;
sodium pentachlorophenate is an irritant to handlerﬁﬁfnd is quickly
inactivated by the sun's ultraviolet light. Frescon®, the most potent
molluscicide currently available, is not ovicidal in concentrations
sufficient to kill adult snails, is absorbed by organic and inorganic
matter in water, and is effected by pH of the water. Bayluscidéd®,

|
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despite partial inactivation by solar ultraviolet rays, genarally is
considered to be the molluscicide of choice. Cost, danger to humans

who handle the substance or are exposed to the treated water, lethality
to other aquatic organisms, especially fish or food for fish, duration
of potency, and relative efficacy are all critical considerations.

Practically speaking, any of these chemical products can be used to
control snails. The key to their successful use, however, is through
appropriately repeated application, reliable dosage and frequent
monitoring, made possible only by diligent effort by a well-trained
cadre supported by sufficient funds. Successful use also implies con-
tinuing purchase of large quantities of imported molluscicides over
an indefinite period for treatment of large volumes of water in different
and often remote parts of the affected country--at significant cost and
demand upon scarce technically proficient personnel as well as the
perennial scarcity or higher priority elsewhere of hard currency. The
continued budgetary demand by foreign purchases of these molluscicides
is particularly burdensome and inevitable, as has been repeatedly demon-
strated by the rapid return and reestablishment of large snail popula-
tions and the virtual impossibility of their permanent extirpation.

As a result of the low priority of molluscicidal purchases and the
lack of convincing proof of the "dollar benefit" from schistosomiasis
control and because of the competing demands for the limited foreign
currencies available, little has been done to prevent the rapid spread
of this debilitating disease. The lack of an assured market for new
molluscicides discourages industry from investing in research and
development of new snail-killing agents. Since it seems unlikely that
this situation will soon change, an alternative solution is required.
To this end, the "best" molluscicides might well be those produced from
local products, distributed locally and used as needed at the village
level by a permanent cadre of appropriately-trained villagers. If
other uses could be found for such a product, its advantages would be
multiplied.

2.6. The Chinese Approach

According to Yokogawa (1972), there were an estimated 110 million
people suffering from schistosomiasis in China during the prerevolution
years. The leaders of the revolution, who envisaged this disease to
be a potential threat to their rural development, decided to launch a
major campaign against it as an integral part of their early agricul-
tural reconstruction. Chairman Mao himself initiated and promoted
the campaign against schistosomiasis. His poem of 1958, urging his
people to new efforts to "stamp out the scourage," and the resulting
campaign are described in Joshua Horn's "Away with All Pests" (1969).

By a concerted national effort, millions of people were involved in
the campaign to eliminate snails from the Yangtze river and tributary
water of China. They did this by all conceivable means, including
removing individual snails by hand or chopsticks, by crushing them
under soil fill as new ditches were dug and old ones filled, as well
as by diverting waterways to destroy snails by desiccation. These
enormous efforts, followed by continued village-level surveillance,
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led to a significant reduction in transmission and prevalence of the

disease in China.

Although the Chinese approach was successful in that country, how
many developing nations now affected by this disease can mobilize such
numbers of people and undertake such a vast snail control campaign on
a continuing basis?

2.7. Japanese and Israeli Approaches

In Japan, Schistosoma japonicum and other snail-borne diseases were

successfully controlled by massive use of sodium pentachlorophenate as
a molluscicide and by lining newly constructed irrigation canals with
concrete to prevent growth of vegetation on the banks to eliminate
snail breeding and feeding sites.

Israel, which depends on irrigation of its arid land for citrus and
other agricultural development, has protected itself from the problem
of schistosomiasis by using sprinkler or soakage systems which avoid
snail breeding possibilities and prevent schistosome transmission.

Unfortunately,

neither of these approaches can be implemented in

most developing countries where extreme scarcity of resources, funds,
and trained personnel, and a multiplicity of administrative problems
prevent use of such capital-intensive methods.

3. NEW TRENDS IN SCHISTOSOMIASIS RESEARCH

3.1. Learning to Live with the Parasites

As was noted, severity of the disease depends on the number of
parasitic worms harbored and of eggs held in the tissues. Quantitative

stool examination
who were presumed

of heavily infected people and autopsies of individuals

to have died from the disease have shown that some

individuals were infested with up to 4000 pairs of these worms. Infec-
tion with less than 100 worms is generally considered to be tolerable
for a normal adult. According to recent studies by researchers of the
British Medical Research Council, such low levels of infection have
the added advantage of maintaining a degree of concomitant immunity

which prevents subsequent infection by new schistosome larvae (cercariae).

The two commonly used ways to reduce disease is to eliminate

established worms
snails to prevent
widely used drugs
Tartar emetic are
all worms from an

by chemotherapy or to eliminate intermediate host
reinfection or new infections. Whereas most of the
such as Hycanthone, Niridazole, Stibocaptate, or
toxic when used in the quantities needed to expel
infected individual, lower doses that could expel

60 to 80% of the worms may be a useful route for periodic mass therapy
that can safely be administered. Recent studies by the Rockefeller
team working in St. Lucia in the Caribbean have demonstrated that
worm burdens can indeed be suppressed and kept at very low levels by
continued and regular administration of low doses of Hycanthone.




S

Such a "deworming" process, however, requires a well organized medical
team to conduct regular surveys to determine the intensity of infection
and to administer the drug under close supervision.

Laboratories in various countries are now actively engaged in the
searching for and testing drugs for use in such mass treatment efforts
and the newer compounds, such as oxamniguine, metrifonate and praziquantel,

are most promising. However, this method alone will not be sufficient
to control the disease.

Equally important for the foreseeable future is the prevention of in-
fection of the snails that transmit the disease and control of their
numbers. Regular application of molluscicides in disease transmission
(water-contact) sites will keep the snail population low and thereby
reduce the number of infected snails and subsequently the number of
newly infected people and ultimately the number of worms per infected
individual. The latter occurs from a combination of normal parasite
death, continued attack on the parasites by the host's immune mechanism,
and reduction of the number of new parasites available to enter human
skin. The real problem, as was discussed earlier, is the high cost and
hard currency requirement of available molluscicides.

This, then, led to a search for another molluscicide approach:
development of a compound that could be produced locally and used, as
needed by the village or community affected.

3.2. The Example of Endod

With this in mind, the molluscicidal property of endod, a natural
plant product, has been actively studied in Ethiopia, the United States,
the United Kingdom and elsewhere since 1964. Some of the promising
results obtained suggest that this or similar locally produced plant
products can be used to control schistosomiasis and other snail-borne
diseases on a sustainable, community self-help basis. Endod is the
Ethiopian name for the pokeweed plant, Phytolacca dedecandra. The
berries of this plant have been used for centuries in Ethiopia and
other parts of Africa as soap for washing clothes.

While making an ecological study to determine the distribution of
schistosome-transmitting snails in a small stream in northern Ethiopia,
Lemma in 1964 observed windrows of dead snails piled up at spots
immediately downstream from sites where local people had done their
laundry using endod. Areas farther up and downstream from these sites
still had an abundance of live snails. This led to the discovery of
the molluscicidal property of endod, on which extensive studies have
since been made and some promising results obtained.

Some aspects of the multidisciplinary approach followed, both the
encouraging results and the numerous problems encountered, are in-
cluded in this report as examples of research and development problems
and prospects in a developing country such as Ethiopia.

< et
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3.2a Endod as a Molluscicide

The molluscicidal property of endod has been investigated over the
last 14 years in the Pathobiology Institute of the Addis Ababa
University of Ethiopia, the Tropical Products Institute (TPI) in Lcndon,
the Stanford Research Institute (SRI) in Menlo Park, California, the
G.W. Hooper Foundation of the University of California, San Francisco,
the Harvard School of Public Health, Boston, the U.S. Public Health
Service laboratory and field stations in Puerto Rico, the U.S. Naval
Medical Research Unit Number 3 (NAMRU-3) in Cairo, and at other
laboratories in different parts of the world.

Over 40 scientific articles have been published on studies to date
and several patents secured on different aspects of the processing of
this plant product. Most of these publications were in research or
medical journals of limited distribution, such as the Ethiopian Medical
Journal, so work with this compound did not receive the wide circulation
needed for a broad range of scientists and potential users to conduct
additional studies and tests to advance more rapidly development of
a product suitable for mass use. Nonetheless endod berries even without
extraction and concentration of the active elements, have proven to be
potent molluscicides to all species of snails tested, including those
that transmit schistosomiasis, fascioliasis (liver fluke disease) and
other snail-borne infections of animals and humans. The molluscicidal
activity appears to remain stable under various physicochemical condi-
tions and has proven to be safe to animals and humans at molluscicidal
concentrations.

Birds are known to feed on the berries of the wild growing plants,
though this aspect has not been studied in the laboratory. Aqueous
suspensions of ground berries applied to economically important crops
appear to serve as a useful fertilizer. As with most molluscicides,
fish are affected at molluscicidal concentrations. However, since
schistosome-transmitting snails usually breed in small streams or
near shores of lakes that are relatively free from edible and eco-
nomically important fish, the application of endod to control snails
does not appear to affect significantly eccnomic fish populations,
and studies to date do not suggest that their food chains are involved,
though this must be studied further.

In a five-year schistosomiasis pilot control study using endod in
Adwa, the northern part of Ethiopia where the molluscicidal proverty
of this substance was first discovered, the prevalence of S. mansoni
in children between the ages of 1 to 5 was reduced from 50% at the
start of the control project in 1969 to 7% after continuous control
for five years (1973), a reduction of about 85%. Overall prevalence
of the disease among all ages and sexes in Adwa (17,000) dropped from
an initial 63% to 3L4% by the end of the five-year period. This was
achieved by systematic application of crude ground endod berries
collected from the immediate neighborhood of Adwa.
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Annual disease surveys during the five-year control period (1969-
1973) showed a progressive reduction both in prevalence and incidence
of the disease in Adwa, while comparable figures remained more or less
constant in the untreated nearby comparison village of Inticho, suggest-
ing that the action was primarily due to application of endod to reduce
the snail population. Ecological observations during these five years
also indicated that endod had no obvious adverse affects on the micro-
flora and fauna of the treated streams.

3.2b. Chemical Studies

Studies to isolate and identify the active principle in the endod
berries led to the discovery of a new compound, oleonolic acid glucoside,
which Stanford Research Institute chemists have named Lemmatoxin.

Three procedures were developed to extract the active ingredients from
the endod berries. In chnonological order, these are, first, a re-
latively involved method based on methanol extraction, followed by
potassium hydroxide hydrolysis (two steps). This was first developed
and patented by Tropical Products Institute chemists in 1971. Second,
a simpler method, involving a one-step butanol extraction from an
aqueous suspension of dried berries, was developed and patented by
Stanford Research Institute investigators in 1972. Both of these
procedures give an extract about 10 times more concentrated than the
crude berries, but both have the disadvantage of depending on imported
alcohols which again demand hard currency. This shortcoming was
overcome by the third and perhaps most promising extraction procedure,
based on fermentation techniques. It was discovered by an Ethiopian
chemist working in his small laboratory at the Institue of Pathobiology
in Addis Ababa (Tesfaye Lemma, 1975).

The fermentation-based extraction procedure depends on very practical
and simple techniques, using yeast cells that are part of the normal
flora of the berries. When ground endod berries are soaked in water
and left in a warm place, they ferment rapidly and eventually separate
into a clear supernatant which contains the active principle and
a residue, which contains yeast cells and debris. The supernatant
can easily be separated from the residue, and then can be concentrated
by evaporation or dried into a fine powder, using small locally
produced solar drying chambers. The resulting product can be prepared
as a fine powder for dusting over water, flakes that can be prepared
either to sink or float on water to attack specific snail habitat
targets, emulsion concentrates for spraying, and briquettes of dif-
ferent hardness (by varying compression) for slow release in water.

In the case of the briquettes, for example, farmers and villagers can
easily be shown how many briguettes of endod and how often per week or
per month they should be applied at predetermined spots, based on

the water volume to be treated and the degree of hardness of the
briquette needed to kill snails varying distances downstream. The
simple drying and processing apparatus for this can be constructed by
neighborhood high school or college students, or by the local
blacksmith. Such apparatus should be simple enough for operation by
village-based community health workers. The necessary background
studies needed to refine and standardize these methods have not yet
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been undertaken. This will require an interdisciplinary team of experts
to test and develop approprite procedures.

The yeast cells that result from the fermentation process can then
be washed, sun dried and used as high protein supplements for animal
feed, particularly as additives for chicken feed, though, again, these
prospects have yet to be fully developed.

: Agronomic studies are also required to select endod strains with

| high molluscicidal potency, superior yields and higher resistance to
insects, disease, and drought. 1Initial studies have been underway
since 1972. Strains of the plant 2 to 3 times more potent than the
original varieties have been developed by selective crossings and search
for additional plants. These strains are now being selectively prop-
agated for domestication and mass cultivation. However, again, more
research is needed to intensify the work and develop an international
or regional approach for selection, propagation and distribution of
appropriate plant stocks.

Greenhouse studies on nutritional requirements and other biological
characteristics of the endod plant also are being undertaken by
agronomists in Ethiopia. Artificially induced mutations for selection
of improved strains are part of this ongoing research. These studies,
however, are very modestly funded and require both financial and
intellectual support.

A major difficulty encountered is high susceptibility of the
Phytolacca plant to certain Drosophila grubs which bore through the

stem, selectively killing young shoots of the plant. Various systemic E
and topical insecticides are being investigated to control these '
fly larvae.

Most of these studies are still preliminary, in need of in-depth
multidisciplinary investigation.

4. OTHER USES OF ENDOD

{ 4.1. Detergent and Foaming Properties

Pursuing the traditional use of endod as a laundry detergent, the
butanol-extract has been tested with a detergiometer, to compare it
with available commercial detergents. It was found to be an effective
clothes cleaning agent. Further studies should find ways to make

i this extract serve as a supplement to other detergents and a substitute
§ for some of them. Endod has the special advantage of being harmless

| to delicate fabrics (such as fine cotton, linen and wool), unlike

' some corrosive chemical detergents. It also leaves the clothes non-
compressed and is biodegradable, with no apparent deleterious effect

on the environment (suggested also by the centuries of its use in
streams) .
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The very high foaming property of endod could be modified for use
in lightweight concrete and in foam rubber preparations. It can also
be used as a dispersant agent in perfume manufacture. Limited pre- {
liminary studies have given some promise for these commercial applica-
tions, though of course much more work is needed for their full
development.

4.2. Larvicidal Property

While testing the comparative toxicity of endod and other compounds
i to various elements of stream flora and fauna, studies at Harvard
showed that mosquito larvae are particularly susceptible to the lethal
effect of endod. This led to other investigations that demonstrated
that in addition to killing mosquito larvae, larvae of the notorious
black fly (Simulium spp.), which transmit the river blinding disease,
onchocerciasis, are also susceptible, as well as larvae of the domestic
house fly (Musca domestica). The active principle appears to serve as a
stomach poison to a number of feeding insects. Further development of
endod for possible application as an insecticidal agent for village-
level use could become of significant public health value. Since
snail and malaria-transmitting mosquitoes breed in the same type of
environment, control of snails with endod may provide a side benefit
of reducing mosquito populations, just as spraying for mosquito control
t often has the unanticipated added benefit of controlling sandflies
' (Phlebotomus spp.), vectors of leishmaniasis.

4.3. Hirudinicidal Property

The aquatic leech (Lymnatis nilotica) a major animal pest causing
much suffering and damage to livestock in many tropical countries,
long has been known to be susceptible to the lethal action of endod.
In Ethiopia, endod has for centuries been used for the control of
this pest. This traditional use now should be improved upon for
more effective protection of domestic animals from this seriously
destructive ectoparasite.

4.4. Trematode Larvicidal Property

Schistosome cercariae and other trematode larvae are highly suscep-
tible to the lethal action of endod. Miracidia that hatch from
schistosome-laden stools, Ce€rcariae released by the hundreds or thousands
from infected snails, and the intramolluscan stages of trematode
parasites, all are susceptible. Infected waters can be rendered
safe for several days by the application of small quantities of endod.
The active ingredient can also be prepared in an ointment form for
possible topical application on the exposed skin of workers in
irrigation canals as a prophylaxis against cercarial penetration.

This has been tried with some success using the tails of test mice which
were coated with endod ointment and immersed in cercaria-containing
water. However, here again, far more work is needed.
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4.5. Spermicidal Properties

As a result of a systematic biological screening of the activities
of the butanol extract of endod, it was found to be one of the most
active of any biological agents against human sperm, suggesting its
possible use as a locally produced, topically applicable birth control
agent employed as a vaginal foam. In this connection, it is worth
noting that endod has long been known and still is widely used by
traditional societies in Ethiopia and other parts of east Africa
as an abortifacient. Recent laboratory studies have shown it to
have strong uterine contraction properties. Intrauterine injection
of small quantities of endod extract in pregnant mice causes
sterile and apparently harmless abortion. Its topical application
therefore may, in addition to prevention of pregnancy, prove to have
a useful purpose as a "day after" pill.

4.6. Other Snail-Killing Properties

In addition to being effective against schistosome-transmitting
snails, as discussed above, endod is also effective against other
snails that transmit important human and animal diseases. Laboratory
and field studies have indicated that Lymnaea spp. are extremely
susceptible to endod. These are the snail hosts for the important
cattle and sheep liver fluke causing fascioliasis. Spraying pastures
with relatively low concentrations of endod kill snails, eggs and
infective larvae of the parasites without affecting the animals or
vegetation on which it is sprayed. In view of the world-wide dis-
tribution of fascioliasis, development of endod to control this
disease could benefit not only developing but also developed countries,
in many of which the disease is prevalent, and, in fact, abundant.

4.7. Fungicidal Properties

Biological screening tests have further revealed that endod has a
selective toxicity to dermatophytes, the fungi that cause a variety
of skin conditions, such as athletes' foot, ringworm, etc. The
possible use of endod for treatment of these diseases needs further
investigation.

This retinue of cidal properties may suggest that endod is being
promoted as an old-fashioned cure-all for all the afflictions of
mankind from the common cold to over-population. It of course is not
a panacea, but nonetheless it possesses an astonishing range of
potentially useful attributes. We do feel that there is a potential
here worthy of careful investigation-~a target for collaborative
efforts of scientists from developing and developed countries. We
also feel that encouragement of small-scale industry and trade
opportunities involving the affected peoples and villages directlyis
worthwhile both for their health and economic improvement. The
degree to which it involves people directly may be the measure of
its continuing value and promise for the future.
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5. OTHER SPINOFFS FROM STUDIES ON ENDOD

5.1. Institute of Pathobiology

The establishment and development of the Institute of Pathobiology
(IPB) of the Addis Ababa University (formerly Haile Selassie I Univer-
sity) was one of the useful by-products of studies on endod and the
epidemiology of schistosomiasis in Ethiopia. The Parasitology Re-
search Unit (PRU) of the Faculty of Science, predecessor of the IPB,
was established in 1965 following the 1964 discovery of the molluscicidal
properties of endod. As a result of a variety of research grants
generously provided by the U.S. National Institutes of Health (NIH),
the U.K. Ministry of Overseas Development, the World Health Organization,
the Rockefeller Foundation, the U.S. Office of Naval Research, the
former Haile Selassie I Foundation, and others for studies on endod,
schistosomiasis and leishmaniasis in Ethiopia, the PRU expanded rapidly
and became a semi-independent research institute. In 1970, the Faculty
Council and the Board of Governors of the University formally granted
the Institute independent research institute status under a newly
appointed interfaculty Board of Directors. In 1973, the IPB moved to
its present location in the Southern Campus of the University and
acquired excellent facilities for expansion of its research programs.
The Institute was sustained by a budget from multiple sources, over
45 full-time staff, and many research and teaching activities. Support
through a research contract from the U.S. Office of Naval Research was
a critical factor at that time in providing seed money for research
that stimulated much of the subsequent interest in endod and support
for its investigation.

5.2. Ethiopian Science Foundation (ESF)

Following development of new extraction methods for concentrating
the active ingredient in endod, wide interest in exploitation of this
product developed. As a safeguard to maintain control of possible
commercial application, two of the extraction procedures were patented
(one, as previously noted, was based on the method developed at the
Tropical Products Institute in London in 1968, the other at the
Stanford Research Institute at Menlo Park, California, in 1970). All
royalties accrued from these patents were to be given to the Ethiopian
Science Foundation, a private nonprofit organization specifically
created to raise funds for promotion of science and technology re-
search in Ethiopia. The ESF has since been superseded by the National
Ethiopian Science and Technology Commission, established by government
decree in 1975.

5.3. Relationship With Other Institutes

Because of the multidisciplinary nature of research involving endod
and schistosomiasis, various studies were beqgun in which different
research institutes and departments collaborated, both within Ethiopia
and abroad. Such collaborations within the University of Addis Ababa
and various governmental bureaus, involved, for example, the Chemistry
and Biology Departments of the Faculty of Sciences, the Chemical and
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Civil Engineering Departments of the College of Technology, the In-
stitute of Development Research, the Ethiopia Nutrition Institute,

the College of Agriculture, the College of Public Health, the Ministry
of Health, and the Ministry of Agriculture. Collaboration for more
sophisticated chemical and biological studies were initiated with

the Stanford Research Institute in California, where the active in-
gredient was determined; the University of California, San Francisco,
where many of the biological tests were conducted; Harvard University
School of Public Health, where the larvicidal properties of endod were
discovered; the Tropical Products Institute in London, where a pro-
cedure for continuous extraction of the active ingredients was develop-
ed; C.W. Post College of Long Island University, where the mode of
action of endod on insects was studied.

These collaborative studies involved many staff and students and
had valuable educational benefits as well as direct contributions to
the study of endod.

6. PURPOSE OF THE PRESENT REPORT

The principal purpose of this Final Report is to combine the scattered
results of studies on endod and on the epidemiology of schistosomiasis
in Ethiopia. Some of these studies were published in journals with
limited circulation, some were reported in the popular press, and many
of the background studies have not been reported elsewhere. Combining
this information into a single volume, with a brief review of the
status of the work and current research leads, was felt by the principal
investigators to be a useful consolidation of information on a poten-
tially significant product. More important, it may provide stimulus
for refocused interest in much-needed research on this and related
topics.

Primary emphasis of the studies reported here is development of the
endod plant as a locally produced molluscicide for use in the control
of schistosomiasis and other snail-borne diseases on a community self-
help basis. Other natural products should also be sought and developed
for similar purposes. To this end, we hope that the collaborative
approach taken in the endod research program might serve as a model for
the study of other local products, whether for molluscicidal or other
purposes. The advantages of its wide distribution, easy cultivation,
and diverse properties make endod particularly worthy of such inves-
tigations. Should the nearly 15 years of assorted studies and ex-
perience with endod lead to its widescale production and use, those
efforts will have been justified both for the specific results achieved
and the ripple-effect toward other efforts to stimulate local or region-
al research for self-contained and self-sustained public health efforts.
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TV. RESEARCH ON ENDOD AND THE EPIDEMIOLOGY
OF SCHISTOSOMIASIS IN ETHIOPIA

Helmut Kloos

1. PAST STUDIES ON ENDOD
1.1 Folk uses

Phytolacca occurs in most of tropical Africa and in parts of Asia
and South America (48). In Ethiopia, where P. dodecandra (endod) grows,
individual wild bushes are retained around dwellings (Fig.1). Its
fruits (Fig. 2) have been used for centuries as a laundry soap and other
parts of the plant as a medicine and poison. The first reports of its
use as a soap in Ethiopia come from Portuguese Jesuits in the early part
of the 17th century (47). Its traditional medicinal uses are described
in several medieval Ethiopian medical texts written by scribes of the
Orthodox Church (79) and present folk uses of endod in Ethiopia,
including its use as purgative, soap, hirudinicide (leechicide) and
abortifacient, were described by Lemma (55) and Kloos (51). Watt and
Breyer-Brandwi jk (80) described uses as taenicides, emetic,
abortifacient, stimulant, tonic, purgative, veterinary medicine, toxin
and vermicide in other African countries. It is locally believed in
Ethiopia that clothes and human hair washed with endod become free of
lice and ticks. Lemma (54) first discovered the molluscicidal property
of endod in Adwa, in northern Ethiopia, while observing that the dried
berries used by native people for washing clothes in streams caused high
snail mortality immediately downstream of these laundering sites. These
initial observations led to the extensive and intensive investigations
on endod, especially as a molluscicide, that were to follow during
subsequent years and are summarized in this report.

1.2 The first scientific studies

Schistosoma mansoni, S. haematobium, S. bovis, Fasciola spp. and
possibly other snail transmitted human and animal infections are endemic
in Ethiopia (see Section 3), providing a stimulus for research on the
mol luscicidal properties of endod and pointing out the need to do other
research on endod in that country. Preliminary laboratory and field
studies conducted at the Institute of Pathobiology in Addis Ababa
between 1964 and 1968 showed that endod is indeed an effective
molluscicide. One hundred percent kill of the vector snails Biomphalaria
pfeiffe[i and Bulinus truncatus sericinus was achieved with a 10-30 ppm
aqueous suspension of sun dried, crushed endod berries after a 24-hour
exposure period, compared to 1,000 ppm for manufactured soap (Fig. 3).
Other parts of the plant were found to be less potent. No toxic effects
were noted in mice, rats, chickens, sheep and rhesus monkeys given high
dosages of endod and no skin irritation was reported in animals and man,
giving an initial indication that its use as a molluscicide was probably
safe for workers (55). Likewise, no permanent phytotoxicity was found to
develop during continuous application of high concentrations to different
local plants grown experimentally (81).

The potency of endod was found to remain stable over a wide range
of pH values (5-9), temperatures, and ultraviolet radiation. It retained
its toxicity in various concentrations of organic and inorganic river
mud (in contrast with copper sulphate), although it still proved to be




biodegradable. Nevertheless, the berries can be stored for more than 5
years without loss of potency (65). Like the other molluscicides presently in 4
use, crude endod kills fish, tadpoles and schistosome miracidia and 1
cercariae at molluscicidal concentrations. However, it is nonovicidal
for Bulinus and Biomphalaria. Only niclosamide ethanolmine salt,
(BaYluscideGD,kills the eggs of these snail species. Endod is also
toxic to leeches, which constitute an economic and public health
problem in many parts of the tropics (57). These observations, made
comparatively with major synthetic molluscicides now in use, showed that
ground endod berries do possess characteristics that ranks it among the
important molluscicides--not yet as toxic as very low doses of the
commercial synthetics, but with many favorable features and a potential
for increased molluscicidal poterncy.
Preliminary field trials with endod followed these promising
laboratory experiments. A 5-km stretch of the Assam stream in Adwa, a 5-
km section of an irrigation canal in a Wonji Sugar Estate in the Awash
Valley (Fig. 4), and a 200-m strip of Lake Hora Abjiata (near Debre
Zeit) were freed of schistosome host snails by application of 50-100 ppm
of crude endod during an exposure of 3-6 hours (58).

1.3 The Adwa schistosomiasis control project ;

The successful preliminary field trials, tied to earlier reports of
unusually large numbers of S. mansoni infections in Adwa, prompted
development of the 5-year Adwa Schistosomiasis Control Project (60). The
goal for this undertaking was to test endod under natural conditions
within the framework of a community self-help program. The project was
carried out between 1969 and 1974, under the guidance of Dr. Aklilu
Lemma and the staff of the Institute of Pathobiology. It therefore was
continued by the community itself, supported largely by the provincial
government of Tigre.

In Adwa, a town of about 20,000, S. mansoni is transmitted by B.
pfeifferi in two streams bisecting the town, the main sources of s
domestic water supply. All age groups and both sexes come into frequent
intimate contact with stream water. The economy of Adwa centers around
subsistence grain farming, administrative services and service-connected
industries and crafts for use in the hinderland (54).

Before and during precontrol studies on schistosomiasis prevalence,
snail population dynamics and human water contact patterns, the !
cooperation and assistance of community and provincial leaders was
obtained, through public lectures, door-to-door visits, film presenta-
tions, demonstrations to the public and appeals to religious leaders and
government officials to inform the population of the urgency of the

project and to involve local residents in the control efforts. Endod j
berries picked in the surrounding mountains and bought in local markets
were dried, crushed and periodically applied in the town's streams by 1

the staff of the Institute of Pathobiology and local people. Weekly snail
surveys were made to monitor snail occurrence (66).

An interim evaluation of the project made two and a half years
after its commencement releaved that endod had been effective in
controlling the B. pfeifferi population. Continuous application of this
molluscicide eliminated B. pfeifferi from the streams treated but had no
apparent effect on the flora and fauna of the rivers (49).

Attempts to reduce the amount of human water contact through health A
education, fencing off of major transmission sites, and placement of
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guards proved to be fruitless (Fig. 5), although assistance in stream-
cleaning operations and endod application was generously given by the
town's residents (66,see also figs. 6-9).

Comparable parasitological data obtained in 1969 and 1974 (5 years
later) showed a decrease in S. mansoni infection rates in Adwa from 63%
to 33% in the general population and 50% to 7% in the | to 6 age group.
In the nearby control village of Inticho, by contrast, infection rates
in the general population decreased from 22% to 17% during the same 5-
year period (66).

The conclusion appears warrented that the observed decrease in
parasitism in Adwa was primarily due to the control of B. pfeifferi, the
concomitant interruption of the S. mansoni transmission cycle, and the
cercaricidal and miracididal action of endod. This is also suggested by
the failure to reduce the amount of human exposure to infected water
during the study period. A major factor in the success of the Adwa self-
help project was the active participation by members of the community
(59 .

The undertaking of the Adwa control project and the active
laboratory research both at the Institute of Pathobiology and small
local laboratories in the 1960's and early 1970's drew the attention and
support of the Ethiopian authorities and some international organizations
which provided a focal point of discussion at several international
schistosomiasis symposia (Fig. 10). Upon presentation of the final
report of the Adwa study at the International Conference on Schistosom-
iasis in Cairo, October 18-25, 1975 (66), strong recommendations were
made by that group for further research and studies on molluscicides
derived from natural products, such as endod, for use on a community
self-help basis.

1.4 The chemistry of endod

The endod plant provides material of special interest to organic
chemists involved in saponin chemistry--partly because of the high
percentage by weight of crude saponins in the dried berries, and partly
because of the chemical complexity of the materials involved.

Most of the chemical work on endod until now has concentrated on
the saponins of dried berries. This work has been rewarded with
interesting chemical findings and valuable biological discoveries.
However, according to Parkhurst (23), it appears that we still are
seeing only the tip of the iceberg in developing the chemical potential
of the endod plant.

Chromatographic separation of the crude saponins in endod
demonstrates the dozens of compounds present, of which only a few have
been characterized, to which one must add that the nonsaponin portion of
the dried berries still amounts to 75% of the total weight. The
nonsaponin fraction may be broken down into petroleum-soluble lipids,
water-soluble sugars, starches, pectins and gums, and a water-insoluble
fraction. Very little is known about the chemistry or potential uses of
these fractions. Abundant as the berries are, they represent a small
fraction of the plant, which may stand as a full and tall shrub with an
equally extensive root system--ample material for future chemical study.

With the development and refining of endod, particularly valuable
byproducts were obtained, some of which may prove to be as valuable as
the main product. During isolation of the crude endod saponins,
described in detail later, a water-soluble fraction containing sugars
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and various polysaccarides was obtained, the future imporfrance of which
only further work can establish. New pectins, starches, thickening
agents, material for fermentation to alcohols, sources of rare sugars
with industrial importance, all may be found after sufficient study of
the large amount of plant material made available from the cropped
berries.

One also obtains a water-insoluble fraction, which has not yet been
investigated, which may prove to be useful in animal feed, as a fuel, or
as a soil additive.

From the petroleum extraction of endod, a green lipid material is
obtained. While most of this material is composed of palmitic, oleic,
and stearic acids, 12.5% consists of a nonsaponifiable bright orange
waxy material containing squalene and a complex mixture of high molecular
weight alcohols, i.e. phytosterols and/or triterpenols.

As the value of the endod saponins is established and production
rises, large-scale development and additional uses for the saponin will
follow and more byproducts should become available--an intriguing
invitation to creative chemists to investigate this ''wonder weed of
Africa" (23).

The need to determine the chemical nature of endod and extract its
active principle to obtain a more potent or concentrated molluscicide
was apparent. However, existing facilities in Ethiopia did not permit
such elaborate laboratory research. Investigators in the USA, England,
St. Lucia, Brazil, Egypt, Tanzania, and Japan studied the molluscicide
and helped to characterize its biological activity (35-38,46,56-58,62,63).
Its chemical structure was studied by Horton (4) and Powell and VWhalley
(72). The specific molluscicidal saponins identified at the Stanford
Research Institute (SRI) were named lemmatoxin-A, lemmatoxin-B and
lemmatoxin-C (6,69,70,71), all derivatives of oleanolic acid. Recent
studies by Parkhurst (23) showed that Phytolacca dodecandra contains
larger percentaaes of molluscicidal saponins and has a different chemical
structure than do the other species of Phytolacca.

Two endod extraction processes were developed. King and co-workers
(56) extracted the glycosides of oleanolic acid with a methanol-ethanol
solvent at the Tropica! Products Institute in London. Lemma and
co-workers (65), working at the Stanford Research Institute, developed a
butanol extraction process which increased the potency of endod 7- to
10-fold over the crude endod. Snail kills at 3 to 4 ppm were obtained
without significant loss of molluscicidal stability when tested under
different physico-environmental stresses (varied sunlight and ultravio-
let light, presence of organic and inorganic matter at different pH
levels) (62,63,65)(Fig. 11). Endod proved to be much more stable under
sunlight and ultraviolet light than were the major commercial
molluscicides tested. Eight species of Schistosoma-and Fasciola-
transmitting snails were about equally attacked by endod (63 . Equally
important for use in self-help control projects, the butanol extract
constituted less than 10% of the total endod berry weight and proved to
be safe to handle (11). Schistosome cercariae and miracidia were killed
at 10 ppm (10). Although not ovicidal to Bulinus sp. and Biomphalaria
glabrata, the butanol extract does kill eggs of Lymnaea sp. at mollusci-
cidal concentrations (63). Mosquito larvae and leeches are also susceptible
to endod (65,75). This suggests, together with more recent findings (see
Section 2.5), that concurrent control of medically important arthropods,
chiefly the anopheline malarial vectors, may be achieved in the same
habitats.
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Experiments with monkeys, dogs and cats showed that endod extract
is also a potent emetic (65).

The two extraction processes were patented (30-32) to protect them
against possible unauthorized exploitation.

Upon his return from the USA to Ethiopia in 1972, Dr. Lemma,
together with Dr. Sheldon Crane, constructed a pilot-scale extraction
plant designed to produce sufficient quantities of butanol extract to
permit quantitative field evaluations of this material at the Institute
of Pathobiology (2). However, the butanol extraction process was
abandoned in 1974, before this goal could be obtained, owing chiefly to
the difficulty of recovering the powdered molluscicide during the drying
phase. The high cost and complexity of the butanol extraction process
were other factors against this approach (8).

Another pilot extraction plant was built at the Institute of
Pathobiology with the assistance of Professor R. Bisanz, former Dean of
the College of Technology of Addis Ababa University, and his colleagues
(8). This followed the discovery by the organic chemist of the Institute
of Pathobiology, Mr. Tesfaye Lemma, that endod berries soaked in water
for a few days rapidly ferment and use up all the free sugars and fats,
leaving only the active principle in the aqueous solution. Thus, butanol
is not needed for defatting and extraction in this simple water
fermentation process (figs. 12-15), which, though still in a developmen-
tal stage, has yielded extracts that kill host snails at 6-8 ppm (11) and
more recently at 4 ppm (16). The water extract of the defatted berries
is thus about 7 times more toxic to the snails tested than the original
crude endod berries (16).

An Ethiopian Science Foundation was established in 1972 through the
Ethiopian Government Ministry of Interior (29) by Dr. Aklilu Lemma to
receive all proceeds that may accrue from any development of the various
patents for the endod extraction processes and from other endod products.
All proceeds are dedicated to the promotion of scientific and
technological research in Ethiopia.

1.5 Agrobotanical studies

While research on the extraction, chemistry and application of
endod has been progressing rapidly since the discovery of its
molluscicidal properties in 1964, studies on the agronomical aspects
have lagged behind the more spectacular initial finds. Detailed
investigations of the agronomic aspects of endod production only began
in 1972. A major goal of these studies has been to select and breed
plants for favorable growing characteristics and productivity (small
bushes are more productive than large ones) and high potency of berries
Endod is a dioeceous plant but can be propagated readily from berries
and cuttings (Fig. 16). Some agrobotanical data on plant ecology,
nutrition, germination, spacing and irrigation have been gathered during
the past few years and studies on the ecology of endod and its pests are
now underway (see Section 2.2).

The great climatic and edaphic diversity of Ethiopia apparently
gave rise to several geographical strains of Phytolacca dodecandra
apparently with varying growth characteristics, yields, insect resistance
and molluscicidal properties. Lemma (57) noted that 2 principal
varieties of endod grow in Ethiopia, based on color of berries. More




recently, 2 varieties with distinct growth characteristics (erect bushes
and prostrate vines) were identified among over 60 samples collected in
7 administrative regions (provinces) of Ethiopia (24). Lemma (57) found
no significant differences in potency among some strains he tested, but
Dr. Taye Bizuneh, Mr. Yemanu Tekie and Mr. Engida Assefa found
remarkable differences .8). Recent studies, therefore, have only begun
to investigate the botanical diversity that characterizes endod in
Ethiopia. It is apparent that for efficient use of locally-grown and
processed endod at the village level, high-potency varieties will have
to be adapted to local areas and cultivated. The availability of wild
berries in local markets, which represent several ecotypes, was all that
was available for the Adwa project. Consequently, use of berries with an
application that followed a predetermined standardized chemical assay
could not be used. Such quantitative studies were begun elsewhere in
1976-77 (see p.28).

On the largest endod farm in Ethiopia, in Debre Zeit at the edge of
the Ethiopian Plateau at 1,800 m elevation, 50 km south of Addis Ababa,
several dozen geographical strains of endod have been planted from
cuttings and berries for field and laboratory testing (Fig.17 ). A
greenhouse, constructed for experiments on endod cultivation under
controlled conditions, was completed at the Institute of Pathobiology in
1975 and a nursery in Sebeta (2,300 m) to supply seedlings and rooted
cuttings in the proposed plantation there.

Although endod is confined in distribution in Ethiopia to the
highlands above about 1,800 m, it was found to grow well and bear fruit
on experimental plots in the hot, arid lowlands at the Melka Worer
Experimental Farm (750 m) and at the Melkasa Experimental Farm (1,400 m),
both in the Awash Valley. Since many schistosomiasis mansoni and all
schistosomiasis haematobium transmission foci in Ethiopia are in the
lowlands, where the irrigation schemes are also located, successful
growth at lower elevations is important. High-potency berries have
already been harvested at Melkasa (24).

2. ONGOING AND PROPOSED STUDIES ON ENDOD

2.1 Precontrol studies in Tensae Berhan

The Adwa Control Project was an initial trial to study (in part)
the feasibility of endod application with a community on a self-help
basis to control schistosomiasis (66). It soon was apparent that a
reliable source or a large-scale production of endod using simple
technology was required, with a need to quantify endod application and
to determine its toxicological effects. It also became clear that project
communities smaller than Adwa and nearer to Addis Ababa should be
selected, to facilitate more detailed studies.

Tensae Berhan, a town of 8,000 located just below the escarpment
of the Southern Ethiopian Plateau at 1,700 m in the Awash Basin and only
200 km from Addis Ababa, was chosen by the Institute of Pathobiology in
1974 as an excellent site for the second schistosomiasis control
project. The high endemicity of schistosomiasis mansoni had been
established earlier during routine stool examinations at the local
clinic. Three small rivers that pass by Tensae Berhan, the Arba Dima and
its two tributaries, the Ferekasa and the Homba, provide all domestic
and recreational water for the community and are intensively used by the
local population (14).
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The main objective of the study in Tensae Berhan is to demonstrate
the molluscicidal effectiveness of the water extract of endod in
breaking the Schistosoma mansoni transmission cycle and to obtain
sustained control of schistosomiasis, fascioliasis and other snail-
borne infections, using local village resources (14). Development of
this project might serve as a model and an inspiration for other
Ethiopian communities to control their snail-borne infections.

The 3-year pretreatment study (1975-78) consists of (1) a
parasitological baseline survey of the town's population, (2) clinical
investigations (3), biweekly malacological surveys (14), (4) 2 water
contact surveys (5) and (5) a socioeconomic survey, all of which were
completed in 1976. Results of these studies are summarized below. The
treatment phase is expected to extend from 1979 to 1982.

As in Adwa, a 10% random sample of the town's total population was
parasitologically studied. Nearly 35% of the total study population of
796 were found to be infected. Significantly more males than females
? shed S. mansoni eggs. Age-distribution of infection showed the

characteristically steep peak in the 6-15 year age group. Mean egg
output corresponded with the age and sex distribution of infection
rates. A relationship between clinical symptoms and egg output was
discerned, although concomitant infections with other helminths and
protozoa tended to interfere and complicate the symptomology--a never-
solved and almost universal finding in the tropics. No definite
relationship was found between socioeconomic status and level of
parasitism, except that professional water carriers were among the most
heavily infected, and merchants and administrators who employ the water
carriers for hauling household water and the servants for laundering,
were the least infected (14).

Two water contact studies were undertaken, one in 1975, a second
in 1976. Age- and sex-adjusted infection rates were found to be
correlated with water-contact patterns. Distinct hourly, diurnal and
seasonal distribution patterns were observed. Recovery of S. mansoni-
infected B. pfeifferi over the whole length of the test streams (see
below) and the common use of the boulder-strewn river beds and bushy
slopes for defecation suggest that infections are acquired at all water-
: contact points. About 90% of all water contacts in Tensae Berhan
, occurred at 4 major contact points. Their location within a 2-km stretch
E | of the Ferekasa and Arba Dima rivers should facilitate control
j operations by permitting concentration of molluscicidal treatments to
that section of the river (5).

Studies undertaken between 1974 and 1976 on snail population
dynamics in the 3 main streams show a distinct seasonal distribution of
B. pfeifferi. This species, Bulinus sp. and Lymnaea natalensis are flushed

out of their habitat by flood water during the 3 rainy months (July-

September) and remain absent during the 3 following dry wonths (Ot
December). B. pfeifferi repopulates the local rivers from upstrear
sources after December, and toward the end of the dry season (Juuc)

| large snail populations are present. These seasonal fluctuations in
' snail numbers suggest that 3 treatments of endod should be made annually
to controcl schistosomiasis in Tensae Berhan (14).

A socioeconomic study was undertaken to provide inforcation oo
economic indicators, demographic patterns, and mobility status ol the
local population (14). Another study at the end oi the project ma.
reveal subsequent changes in population structure, agtricultural
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practices, income sources and levels, amount of education, water supply
and delivery systems, and water-contact behavior of the town's
population. Such studies, if supplemented with appropriate data on the
ecological impact of endod on disease, mosquitoes, and other vectors and
pests (i.e. leeches), may permit an evaluation of the possible range of
beneficial effects of endod and the project. Parallel studies in the
reference village of Dolchia should also contribute to that objective.
The Tensae Berhan population, including administrators and public
health officials, showed considerable interest and cooperatad eagerly
during the baseline studies, as did the Adwa residents a decade earlier.
They anxiously await becoming cured of schistosomiasis and protecting
their children from the disease. Further community participation and
support is therefore anticipated. This should take the form of assistance
with endod production, its extraction, and application. With outside
assistance, development of a health education program, improvement of
water supply, and regulation of water contact is also a reasonable
objective, with ultimate takeover of the project by the community, a
primary goal.
| Interviews with persons seen along the rivers in Tensae Berhan
: revealed that a considerable number of these individuals came from
b | surrounding rural areas on foot and crossed the schistosome-infested
3 rivers, particularly on weekly market days. Some farmers and pastoralists
. came from nearby rural areas to water their livestock at the main water-
contact points in Tensae Berhan (14). It is clear that interruption of
transmission in these rivers will benefit not only the population of
Tensae Berhan but the rural population in nearby areas as well.

2.2 Agrobotanical studies

In 1977-78 the highest priority in agrobotanical studies of endod
was still in the Awash Valley, but the designation of endod as one of
Ethiopia's most important crops by the Ethiopian National Agricultural
Research Association (26) js encouraging agronomic research at the
national level. The relatively high cost of the endod used in Adwa (66)
will very likely be reduced after large-scale cultivation begins in
future project communities.

A Dutch agronomist, Dr. Charles B. Lugt, joined the Institute of
| Pathobiology staff in 1976 to help in this project. He found that endod
| berries are most potent during the green stage (19), an important
finding bearing on production, as loss of crop to birds and other
animals may be prevented and the harvesting time extended (19).

Dr. Lugt also began the first phytochemical studies of endod at the
Institute of Pathobiology in 1977, yielding 8 different components with
different snail-killing properties. Also in 1977 the first projected
figures were calculated for large-scale endod production for
molluscicidal use. Without selection for high-potency and high-yielding
strains, the endod needed to treat the canals employed for a 1,200
hectare plot of sugar cane can be raised annually on a 2 ha plot.

i However, with selective breeding only a 0.5 ha endod plot would be
required to treat the irrigation system supporting this acreage of sugar
cane (67). |

The high incidence of infested endod plants at all the experimental
stations prevented some cultivating trials, and it was suggested that

: priority be given to pest control (24). Gitona pauliani larvae of the
order Hymenoptera, stem borers and leaf miners kill and damage many
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endod plants. Several other pests, including another, still unidentified
species of Gitona as well as plant nematodes are suspected to cause
extensive damage to the shoots and roots of plants grown at the various
experimental stations (22). Laboratory studies toward control of pests,
including use of insecticides, predators and cultivation of more pest-
resistant varieties of endod and of alternate host plants were begun in
1977. Natural pest resistance was found in some plants, which were
selected for further study (19,22). The taxonomy of the unidentified
pests is being studied by Dr. L. Tsacas of the Museum National, De
Histoire Naturelle, Entomologie Generadle et Appliqueé, Paris, France,
and field studies on the life cycle are carried out in the Institute of
Pathobiology and at the various agricultural experiment stations (22).
Extensive cultivation of improved strains of endod, development of
technology for preparation of the purified product at the village level
and diversification of its uses (see below) should encourage local
industries and large-scale schistosomiasis control programs (9).

2.3 The extraction process

The fermentation-based extraction process is being improved upon
and a solar-based drying process is to be developed at the Institute of
Pathobiology to further simplify these operations and reduce operating
costs. Defatting of the endod berries, a procedure that is required in
all extraction processes because of the unfavorable interaction between
the fat and glycoside components of the berries (68), is achieved more
easily and cheaply by the fermentation procedure than by the butanol
extraction process (16). Research continues at the Institute of
Pathobiology to modify the present extraction and formulation procedures
with the goal of making the extract less toxic to nontarget organisms
and to further increase the potency of endod. Briquettes, pellets, and
powder are to be produced for slow release in different habitats (9).

2.4 Development of a chemical assay

A colorimetric method for quantitative assay of the active
principle of endod in treated bodies of water was developed by Mr.
Tesfay Lemma (15) in the Institute of Pathobiology. During field tests
made in Chuahit (in the Lake Tana basin) and in Tensae Berhan in 1976-
77, molluscicidal concentrations of fine powdered crude endod could be
maintained over most of the treated stream courses for 24 hours after
application in the various rivers under investigation. In Chuahit, 50.
snail kills were obtained for Bulinus truncatus exposed to a concentration
of 6 ppm for 24 hours, and 100% mortality using concentrations ranging
from 8-100 ppm. Comparable results for Biomphalaria pfeifferi in Tensae
Berhan were 10-15 ppm and 25-100 ppm. The biodegradability of endod
could be reduced and the molluscicidal activity maintained over longer
periods of time, through the use of antibiotics and disinfectants and by
adjusting the pH of the river water (15,16).

2.5 Insecticidal, insect repellent, larvicidal, bactericidal and other
biological application studies

Studies of insect repellent, insecticidal and larvicidal action of
endod on the common housefly (Musca domestica)., a major domestic pest in
all tropical countries, anopheline mosquito larvae, blackfly larvae
(Simulium spp.), and other insects are now in progress at the Institute
of Pathobiology. Preliminary findings show that the larvae of
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Anopheles gambiae are more resistant to endod at molluscicidal concen-
trations but are more suceptible than those of A. aegypti and Culex
fatigans (1,3,12). One possible mode of larvacidal action of encod was
described by Flemings (146). Cockroaches(BJatella germanica) and army worms
(Spodoptera exempta) were unaffected by endod (12) but black flies
(Simulium sp.) and house flies were found to be highly susceptible (1).

Recent comparative toxicity studies of endod, in comparison with
Frescon(R) and Bayluscide(R), at the Institute of Pathobiology indicate
that endod and Frescon do not lethally affect most microfloral and
microfaunal forms at molluscicidal concentrations. Leeches, however, were
much more susceptible to endod than were snails. Tadpoles were sensitive
to all 3 molluscicides, but fish (Tilapia, carp and catfish) were
susceptible to all 3 at molluscicidal concentrations (3), corroborating
earlier studies on other fish species (56,57,67), although susceptibility
levels varied with the species of fish. Dr. Ephraim Mamo (20) found that
sheep and dogs tolerated (water/fermentation extract) endod dosages up
to 200 mg per kg of body weightwhen it was administered orally, but dogs
given lower doses intravenously succumbed to its toxic effects.
Nevertheless, possible ecological effects of short- and long-range
ecological effects of continuous application of endod on the flora and
fauna of treated bodies of water should be studied (9).

Low concentrations of endod were found to have antidermatophyte
activity (10). Bactericidal, antiviral and anthelmintic action of endod
extract could not be demonstrated, but encouraging results were obtained
on the protozoa Trichomonas vaginalis, T. foetus and Trypanosoma

congolense. Studies continue on fractionation of endod (necessary to

overcome its hemolytic action on red blood cells). In vivo tests in
experimentally infected animals are being made to develop treatment
regimes, and the toxicity of endod further studied in mammals with the
ultimate goal of employing it in drugs for human consumption (10,27).

Concern over possible mutagenic activity of endod has led to
studies that have shown that at the levels tested this molluscicide so
far demonstrated no mutagenic effect when tested in an in viiro system
using Salmonella spp. (64).

2.6 Development of antifertility and abortifacient agents

Studies undertaken on rats at the Stanford Research Institute
indicate that derivatives of oleanolic acid from endod have spermicidal
and blastocidal properties that may be suitable for the development of
new contraceptive preparations (76-78). Not only was endod found to
produce immediate and clean abortions in rats, with minimum side effects,
but was also 10 times more effective than the material used commercially
in the USA as a spermicide for use in vaginal contraceptives (23).

2.7 Synthetic analogs

Searches for synthetic analogs from oleanolic acid from sources
other than endod are being continued at the Stanford Research Institute
with the objective of developing compounds that are less toxic to fish.
Some promising results have already been obtained (78).

2.8 Industrial uses of endod

Some experiments are also underway, in collaboration with the Indo-
Ethiopian textile factory, on the development of endod as a surfactant
for wetting and soaping materials. At present, Ethiopian textile
manufacturers must import these chemicals from Europe (13).
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Work is continued on the detergent property of endod, with the

objective of soap manufacture and as an additive to synthetic products (13).

Preliminary experiments have shown that endod may also be a useful
foaming agent in the manufacture of light concrete. Studies in these
areas are being conducted by chemical engineers at the College of
Technology, Addis Ababa University.

2.9 Schistosomiasis control projects in irrigated farms

Extension of irrigated areas and enlargement of farm labor
populations (which would almost certainly include some infected
individuals) in the Awash Valley and other lowland areas in Ethiopia
suitable for large-scale irrigation greatly increases the danger of
spread of schistosomiasis into localities hitherto unaffected by this
infection. The feasibility of growing endod on irrigated plots as a cash
crop and applying the community self-help concept in these commercial
farms is presently being explored. The use of this molluscicide is to be
regarded as only one measure in a comprehensive approach to the control
of this disease, which must also include health education, a safe water
supply, latrine construction, mass treatment, and proper irrigation
engineering and maintenance for snail control. Such a comprehensive
program is to form an integral part of the National Schistosomiasis
Control Program (see Section 2.11). Farm management and the laborers
themselves are becoming increasingly aware of the danger of
schistosomiasis in irrigation schemes and are eager to support control
projects. B. pfeifferi has already become established in all farms
studied in the upper Awash Valley and S. mansoni is being transmitted in
at least 3 of those 8 farms. Longitudinal malacological studies (52,53)
have shown that the occurrence of B. pfeifferi in most irrigation schemes
is limited to certain canals. This suggests that Spot trealiwnt with
endod molluscicide could be a highly localized and therefore teasible
increment of a combined schistosomiasis control program.

2.10 Extension of endod studies to Egypt

A collaborative program between the Ethiopian and Egyptian
governments calls for studies to determine the feasibility of cultivating
endod under different environmental conditions in Egypt (7). In addition
to these adaptation trials, biological studies on rhe effects ol endod
on micro-organisms, plants and animals, are to be carried out in the
laboratory and in the field in Egypt. Development of a quantitative
assay for endod, and testing of the efficacy and field application of
different endod extractions and formulations are to follow the biological
studies. |f successful, an attempt will be made to determine the potential
use of endod over a 5-year period in a defined endemnic area in Eqypt.

The Institute of Pathobiology and the Institute of Research in Tropical
Medicine of the Egyptian Ministry of Health have taken initial steps
toward collaborative studies in this endeavor but further arranqgeicnts
and support are necessary before the actual project can begin.

2.11 National Schistosomiasis Control Project

A proposal to develop a National Schistosomiasis Control Proaraim in
Ethiopia involving the Institute of Pathobiology, Ministry of Health,
Valley Development Agency, Ministry of Agriculture and Ministrv of
National Resources has recently been approved by the Ethiopian
government, the World Health Organization and United Nations Developicii
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Programme (26). This program should eventually involve the cooperative
efforts of farmers organizations and other community organizations and
all health units in all communities in endemic areas. This multidisci-
plinary approach will permit research into the epidemiology of
schistosomiasis and effective control measures including large-scale
cultivation of endod and its toxicity on biological systems, training of
indigenous health workers and development of viable control operations.

2.12 Blood cholesterol-lowering property of endod

The most recent addition to the rapidly growing list of actual and
potential uses of endod is its ability to lower blood cholesterol, as
shown by studies by Dr. R. Malinow on rats at the National Oregon
Primate Research Center (34). Interest in this area of endod research
dates back to the observation made by Dr. R.M. Parkhurst in Ethiopia
that cholesterol (in butter) and the active components of endod mutually
counteracted the effects of each other (23). Dr. Malinow found that
single doses of crude endod saponins (crude butanol extract) at the
20 mg/kg level mixed with cellulose in a ratio of one to four and
administered orally effectively reduced the absorption of cholesterol
in six rats. The percent cholesterol absorption was 54% of the control
group. This result compared favorably with alfalfa saponins at 51% and
Indian soap root and Chinese bitter melon saponins at 77% and 92%
respectively (34). Doses of 0.3 and 0.6% (w/w in food) of endod
saponins given over a one week period failed to reduce plasma
cholesterol in ten rabbits in comparison to control (34). Monkey
studies originally planned have not yet been carried out.

2.13 CONCLUSION

The development during the past 10 years of new uses for the
Ethiopian folk plant endod (Phytolacca dodecandra) for various public
health and industrial applications illustrates the feasibility and the
opportunity to develop and utilize products indigenous to developing
countries within these countries. At a time when accelerated rates of
world-wide inflation, shortage of resources and rising costs of energy
rapidly increase the price of products and goods imported from industrial
and oil-producing nations, the development of endod and other natural
products in developing countries for internal use has considerable
economic importance and ecologic implications.

As a molluscicide, endod already ranks with the leading synthetic
products. The abundance of endod in parts of the tropics and subtropics,
its versatility, biodegradability and suitability for local production
and application, and the inexpensive simple technology associated with
it are perhaps its outstanding features. Developing countries where
schistosomiasis and other trematode diseases are widespread should
benefit greatly both from endod used as a molluscicide and from the
array of other activities of this remarkable plant. However, the recent
discovery of its abortifacient and anticholesterol properties point up
potential uses of endod in the industrialized countries as well.

With the completion of many of the basic studies on chemistry of
the active principle of endod, its extraction methodology and agrobotany,
and with successful field testing of the effectiveness of endod,
research should now focus on development of large-scale production of
berries and their use in disease control projects. However, the
cooperation of administrators, public health workers, and local citizen
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groups at all levels of government is essential for the success of this
effort. The very nature of endod as an indigenous plant locally processed
primarily to be used in self-help projects makes community understanding
and acceptance essential. With ''... the flow of resources increasingly
being redirected from the urban and modern to the rural and traditional
ones..." (21), and with development of concepts of ‘'appropriate
technology'' (73) becoming an important element in revised national
development strategies, tropical parasitic disease control programs in
many countries can now test the development and application of endod as

one of the new approaches to internally directed and sustained health-
improvement projects.

3. THE EPIDEMIQLOGY OF SCHISTOSOMIASIS IN ETHIOPIA

The study of schistosomiasis in Ethiopia presents many challenges
from the epidemiological, ecological and control points of view. Past
studies indicate that variations in elevation, topography, climate, the
distribution of the snail intermediate hosts and the economies and life
ways of the population have resulted in a discontinuous, highly local- :
ized distribution of schistosomiasis in Ethiopia. Schistosoma mansoni, ﬁ

S. haematobium, S. bovis and at least 2 other snail-transmitted
parasites of man and his livestock are endemic in this country. Research
on schistosomiasis in Ethiopia began during the ltalian occupation in
the 1930's but intensive studies have been made only since the 1950's,
beginning with Ayad's (85) extensive survey, followed by the discovery of
high infection rates in the northern province of Tigre (94,116), in some
eastern lowlands (118,136), in the town of Harar (113) and in the Lake
Tana area (85). Ayad (85), Lemma (118) and Kloos and co-workers (110)
reviewed the literature on schistosomiasis in Ethiopia.

Climatic patterns in Ethiopia have been studied in depth by
Schaller and Kuls (137) and their influence on the occurrence and
distribution of schistosomiasis has been analyzed by Aram (84), Kloos
(106) and Kloos and co-workers (110).

The Ethiopian population is concentrated on the two well watered
high plateaus, where agriculture supports densities between 50 and 300
persons per square kilometer. The lowest densities (1-10 persons/sq km)
are found in the arid lowlands, where pastoral nomadism and simple
gathering prevail (49).

Most Ethiopians continue to use streams and other undeveloped or
marginally developed water resources for their daily needs. Wells and
piped potable water supplies are confined to larger towns and a few
irrigation schemes. Many communities, including some with more than
5,000 inhabitants, continue to depend solely on streams or rivers (116,
120,131).

Al though irrigation has been practiced for about 2,500 years in
Ethiopia, it is still relatively unimportant. Large irrigation schemes
are confined largely to parts of Eritrea and the Awash Valley, with
small irrigated plots scattered widely on the humid highlands. However,
increased urbanization, extension of road and transportation systems,
spread of modern technology and education and the control of malaria are *
opening up remote parts of the country to mechanized agriculture,
hydroelectric development and other industries. These developments
result in increased population movements and creation of new snail habitats.
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3.1 SCHISTOSOMIASIS MANSONI

Both Schistosoma mansoni and S. haematobium are endemic in Ethiopia
but the former is more widely distributed than the latter and the areas
of their occurrence do not overlap. S. mansoni infections have been
reported by medical facilities from all 14 administrative regions
(provinces) (see Map). The mapping of comparable prevalence data for
locally born children(p.464)shows that endemic schistosomiasis mansoni
is most prevalent at intermediate elevations (1,200-2,000 m) and is
absent from the hot lowlands below 900 m in eastern and southern
Ethiopia and above 2,000 meters elevation. Prevalence rates above 50%
were reported from the Lake Tana Basin, in most localities surveyed in
the northern part of the Ethiopian Plateau (in Tigre and Eritrea
provinces) and in several villages in the foothills of the Ethiopian and
Somali plateaus (110).

The recent discovery of high prevalence rates among locally-born
persons in villages in the eastern foothills of the Ethiopian Plateau
(110), in the remote Nile Gorge of western Wollega (103), and among
humans, baboons ( Papio anubis) and grivet monkeys (Cercopithecus
aethioEica) in Mui National Park in southwestern Ethiopia (122), and in
the Lake Tana Basin (133) indlcates that many endemic foci at
intermediate elevations in Ethiopia are still unknown.

3.1.1 Intermediate hosts of S mansoni

B. pfeifferi occurs widely in the Ethiopian highlands (83,87,88,
110, 154) and has been found at elevations up to nearly 3,000 meters (84,
87,106). This species occurs seasonally in a great variety of habitats
(streams, pools, irrigation canals and swamps), reaching its highest
densities toward the end of the dry season of October-March (3,10). B.

feifferi may be absent from areas below 700 m in the lower Awash Valley
51035, the Red Sea coast and apparently southern Ethiopia (85,87,110).
The few earlier records of Biomphalaria in the western and southwestern
parts of Ethiopia (87) have not been confirmed.

Live B. sudanica have been found only in the Rift Valley lakes
Ziway and Abaya, and empty shells were recovered from Lakes Awassa and
Abyata (83,88). That B. sudanica transmits the Ethiopian strain of §S.
mansoni is suggested by high infection rates in the human population
around Lake Ziway (110).

3.1.2 Environmental influences on transmission

In view of the widespread occurrence of B. pfeifferi, the
concentration of the human population and the low prevalence of
schistosomiasis mansoni in the Ethiopian highlands, it appears that
temperatures are too low for completion of the S. mansoni cycle above
2,000-2,200 m. A similar upper altitudinal boundary of S. mansoni
transmission was proposed for the East and South African highlands,
based on field and laboratory studies (86). Mean annual air temperatures
at the 2,000 and 2,200 m contours in Ethiopia are 16-18°C{103). Aram (84)
recorded mean annual water temperatures of 13-15°C in three streams
between 2,000 and 2,750 m on the Ethiopian Plateau. Laboratory studies
show that S. mansoni miracidia and cercariae become almost motionless at
around 10°C and gradually more active with increasing temperatures, up
to 40°C. Optimum temperatures for penetration of the larvae lie between
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18°C and 35°C. Similarly, B. pfeifferi seldom reproduces at temperatures
above 28°C (86). Snail and parasite distribution in the Awash Basin show
the effect of the temperature barrier. Lesser factors inhibiting
transmission include water chemistry, high stream velocity and shade (106).

Extensive surveys of the chemical composition of stream and lake
water show that water chemistry does not significantly limit the
occurrence of intermediate hosts in Ethiopia, except in some salt water
lakes, including Abyata, Langano, Shala and Awassa, and the numerous hot
springs (83,106). It is of interest to note that Bulinus sp. naturally
infected with S. bovis were recovered from Lake Awassa (128). Stream
velocity is locally high enough during the two rainy periods to flush
out B. pfeifferi and prevent its recolonization for 5 months or more (84,
120) . Shade has also been associated with the absence of Biomphalaria in
some parts of Ethiopia (87) but large forests producing sufficient shade
to prevent establishment of this genus have withstood deforestation by
man mostly in small areas in southwestern Ethiopia (135).

The large amounts of silt carried by the Ethiopian rivers and
streams during the rainy periods may contribute to impoverish the snail
fauna in the lowlands. Mean annual silt load of the Awash River is more
than 25 times higher at Dubti, in the lower part of the Awash Valley,
than at Wonji, in the upper valley (107). Brown and Lemma (91) predicted
that B. pfeifferi will not spread into the lower parts of the Awash
Valley. Malek 1129) associated the seasonal decline of B. pfeifferi in
the Gezira cotton scheme to corresponding increases in silt load of the
Blue Nile, which also originates in the Ethiopian highlands.

Extreme temperatures and other physical barriers to S. mansoni
spread are not necessarily permanent and may be modified with further
developments of water resources. B. pfeifferi remains absent in all
rivers, lakes and overflow swamps in the middie Awash Valley but invaded
irrigation canals in the Melka Sadi banana plantation and in the Amibara
cotton scheme shortly after their establishment (107,108). Although the
water supply and sanitary conditions were improved in some schemes after the
study by Bruijning (93), schistosomiasis control programs in Ethiopia are
still confined to Wonji and Metahara estates and conditions in the other
irrigated farms remain conducive to the transmission and spread of the
parasite by migrants (106,107).

3.1.3 Age, sex and socioeconomic factors

Although little is known about the epidemiology of schistosomiasis
mansoni in different parts of Ethiopia, nearly all past studies show the
characteristic age distribution curve on infection, with the highest
rates in the 5-20 group and a gradually declining prevalence toward old
age (94,104,105,106,123). Higher rates in males than females have been
reported from different highland farming communities (105,120) and fromn
most irrigation schemes (108). The observed sex differences of infection
in irrigated areas are primarily the result of occupational differences,
since only men work in the fields and women stay at home. In the highlands
sex-1linked transmission is less well understood. Whereas Polderman (134)
found no association between frequency of water contact and infection in
males and females in the Lake Tana area, Lemma and co-workers (120) found
a significant correlation between frequency, duration and intensity of
water contact and infection rates in different age groups in both sexes
in Tensae Berhan. Water contact and infection among different social and




age groups in Ethiopia is far from understood and more intensive
epidemiological studies are needed before long range schistosomiasis
control programs can be effective in different parts of the country.

Past studies show that the presence of many linguistic, religious
and economic groups in Ethiopia and the ecological diversity of the
country present strong gradients in the epidemiological significance of
water use along cultural, social and geographic lines (106,120,123,127,134).

3.2 SCHISTOSOMIASIS HAEMATOBIUM

Much less is known about S. haematobium than S. mansoni in
Ethiopia, partly due to the scarcity of studies in the lowlands, where
this schistosome is endemic (Map). The scarcity or absence of infection
in most localities surveyed in spite of widespread occurrence of
potential intermediate hosts of the genus Bulinus has puzzled many
parasitologists and malacologists and various explanations have been
given. Brown and Burch (90) and Brown and Wright (92) suggested that a
combination of factors, including scarcity of B. truncatus (the main
transmitter of S. haematobium in North Africa and Southwest Asia), poor
communication, low water temperatures, and low population density
prevent B. truncatus-borne strgins of the parasite from becoming
established in the Ethiopian highland area.

It is becoming increasingly clear that absence of appropriate snail
hosts and low water temperatures are the main factors accounting for the
absence of endemic schistosomiasis haematobium in central Ethiopia.
Extensive population movements that could have resulted in diffusion of
the parasite over large parts of the country have taken place in
Ethiopia for several thousand years (132,140), continuing at an
accelerated rate in the present. The high population densities in the
highlands normally should result in situations suitable for transmission.

Endemic schistosomiasis haematobium has been reported only among
Afar (Danakil) pastoralists from the middle and lower parts of the Awash
Valley, where infection rates are 10-64% (112,118,136). However, recent
surveys revealed a high prevalence (20-42%) among farmers in the lower
Webi Shebelle Valley (99) and supposedly similar rates in the lower
Genale Valley (Dolo Health Center, unpublished data) (Map). Sporadic
cases have occasionally been reported from the Ethiopian highlands (85,87)
but most of them were thought to have originated outside of Ethiopia.
Epidemiological surveys among 901 persons in various villages in the
highlands and Rift Valley failed to find persons with schistosomiasis
haematobium and only 2 cases were reported among 30,000 by 5 hospitals
and health centers in those areas (105,106).

3.2.1 Intermediate host of S. haematobium

Recent progress in snail classification has helped to clarify
taxonomic problems in the Ethiopian snail fauna. It is now generally
agreed that there are at least four genetic taxa of Bulinus in Ethiopia,
each apparently with different levels of susceptibility to infection.
They include the diploid B. abyssinicus, B. africanus and B. tropicus,
each with 18 chromosomes (n = 18), the tetraploid B. sericinus, often
referred to as B. truncatus/sericinus or B. truncatus (n = 36), the
hexaploid B. hexaploidus (n = 54) and the octoploid B. octoploidus (n =
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72) (90,92,95,96,141). Burch (96) included the latter two species in the
newly erected subgenus Isidora. Brown and Wright (92) consider
variations in climate among different altitudinal zones to have been
instrumental in the evolution of B. hexaploidus and B. octoploidus as
indicated by the present restriction of these two higher polyploid snails
to elevations above 2,100 m and the diploid and tetraploid forms to
regions below 2,100 m. Cross-breeding experiments may show whether the
latter four species interbreed and produce progeny. Such studies may
thus help toc answer the question whether B. sericinus is a distinct
species rather than a race of B. truncatus (141,142, 144).

B. africanus (n = 18) which, Tike B. abxssanlcus, belongs to the
africanus group, and includes the most important transmitters of S
haematobium in Africa, has been found in the western and northern parts
of the Ethiopian Plateau (88,112) and in the Mui Game Reserve in
southwestern Ethiopia (122). Brown and Burch (90) consider snails of the
africanus group to be rare in Ethiopia, although Brown and Wright (92)
emphasized that the presence of many morphologically intermediate forms
of the four basic genetic species in Ethiopia requires further taxonomic
revisions.

3.2.2 Intermediate host-parasite relationships

The only experimentally and epidemiologically confirmed intermediate
host of S. haematobium in Ethiopia is B. abyssinicus (108,124), which is
limited in its distribution to some lowlands of Somalia and Ethiopia
(130). In Somalia, too, B. abyssinicus is the sole transmitter of S.
haematobium (82), but whereas this snail has been found only in fresh
water swamps and lakes in Ethiopia, it has also become established in
irrigation canals in Somalia. The confinement of high infection rates in
man to areas of the freshwater swamps and lakes in the middle and lower
Awash Valley, the only known habitats of this species in Ethiopia (110),
and to the swamps in the Webi Shebelle (99), also points up the
importance of B. abyssinicus in transmission.

All other bulinine snails challenged with the local strain of S.
haematobium proved to be refractory. Lo (126) failed to infect B.
tropicus with an Egyptian strain of S. haematobium but achieved low
infections in B. octoploidus. B. tropicus rarely transmits S.
haematobium within its range of occurrence in eastern and southern

Africa (97,126). Brown and Wright succeeded in infecting B. "truncatus''
(n = 36) from Wonji irrigation scheme with Egyptian S. haematobium but
not B. tropicus or B. octog|0|dus Brown (89) found B. "truncatus' from
Wonji to be refractory to a strain from Kenya. Wu and Burch (143) found
Ethiopian B. sericinus to be highly susceptible to the Egyptian strain
of S. haematobium and moderately susceptible to the lranian strain, both
of which pass through B. truncatus, and Lo (126) reported infections in
B. sericinus from Aden with the Egyptian strain. Wu and Burch (143)
obtained low infection rates in B. sericinus with the Liberian strain,
which uses an africanus snail, prompting them to state that 'B.
sericinus may be a potential transmitter of eastern Ethiopian [Awash

Valley] schistosomiasis haematobium.'" Kloos and Lemma (108), however,
found B. ''truncatus/sericinus'' from several irrigation schemes in the
Awash Valley to be completely refractory to the local strain of S.

haematobium, and Kloos and Lemma (107,108) found no natural infections in B.




"truncatus'' from those schemes,

It may be concluded that the Ethiopian sericinus (or truncatus/
sericinus or truncatus) and tropicus complexes are unable to transmit
the local strain of S. haematobium, which passes through the africanus
snail B. abyssinicus, but that introduction of Egyptian or other exotic
strains of the new parasite, as a result of population movements, may
establish the transmission cycle in suitable localities where B.
sericinus already occurs. This view is supported by the situation on the
Kano Plain in Kenya, where local B. truncatus is refractory to the local
strain of S. haematobium, which uses "a snail of the africanus group.
Interestlngly. the Kano Plain B. truncatus, like the Ethiopian B.
sericinus and B. '"truncatus'', is compatible with the Egyptian strain of
the parasite (138). Lack of a high degree of local snail/parasite
specificity was also observed by Lo (126), who found that snails of the
truncatus and africanus groups from the Gambia, lran, Western Aden and

South Africa were all more susceptible to Ethiopian S. haematobium than
the local B. truncatus. i i

The altitudinal barrier in the highlands suppresses transmission of
S. haematobium similarly to S. mansoni. Several laboratory studies (86)
showed that the optnmum temperature for infection of B. truncatus and
other species is 20-30°C and that no infection may occur at water
temperatures of 10°C or below.

3.2.3 Age and sex distribution of infection and aspects of human ecology

Fairly extensive and representative epidemiological data on
schistosomiasis haematobium exists only for the Afar in the Awash
Valley. Infection in that ethnic group describes the same general age
distribution curve as for other peoples in endemic areas (99,112,118)
but is rather unique with regard to the high prevalence in Afar females.
Lemma (118), who first noted the higher rates in females, found twice as
many females as males above age 20 infected but this did not appear to
be the case in the lower age groups. The more recent surveys by Kloos et
al. (112) showed that infection in females is three times that of males,
due mainly to the seasonal collection of several aquatic and semiaguatic
food plants by females in swamps.

The extension of the irrigated areas in the Awash and Webi Shebelle
valleys will result in the growth of the already large migrant farm
labor populations near these endemic centers where they may become
infected for the first time. Development of an irrigation scheme in one
Awash swamp already has resulted in a sharp increase in S. haematobium
infection among migrant laborers (108). B

3.3 BOVINE SCHISTOSOMIASIS AND FASCIOQLIASIS

Schistosoma bovis, Fasciola hepatica and F. gigantica are also
important in Ethiopia. S. bovis is widely distributed in Ethiopia,
having been found in 7 of the 14 Ethiopian provinces (128). Infection
rates between 3 and 10% were found by P.H. Holmes (unpublished) and one
human case of S. bovis was found in the lower Awash Valley (Institute of
Pathobiology, unpublished). S. bovis, which is commonly transmitted in
Africa by the same snail hosts as S. haematobium (86), is compatible
with more species of Bulinus in Ethiopia and is adapted to lower

temperatures than S. haematobium, also noted in other parts of Africa (86).

Lo and Lemma (128) found B. abyssinicus naturally infected with §.
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bovis in the Awash Valley endemic center. They found Bulinus sp. in Lake
Awassa, Bulinus '"truncatus' (n = 36) in Adwa, and obtained laboratory
infections in Ethiopian B. abyssinicus, B. africanus, and other species
of Bulinus. =

F. hepatica and F. gigantica are apparently transmitted by
Lymn _ natalensis and L. truncatula. The former snail is widespread
throughout Ethiopia, the latter being common only in areas above about 1,200
m elevation (88). P.H. Holmes (unpublished) reported a total of 326 of
430 cattle stools in 8 highland villages positive for either F.
hepatica or F. gigantica. Fasciola sp. has often been found in surveys
of human populations as well (127, 131, 147).

3.4 CONCLUSION

The focal distribution of infection and the apparent confinement
of endemic Schistosoma mansoni to intermediate altitudes and of S.
haematobium to some lowland river valleys in the eastern and southern
parts of the country encourages concentrated efforts in schistosomiasis
control. Low temperatures inhibit S. mansoni transmission in large areas
in the densely populated highlands, and high temperatures in some
lowlands. Noncompatibility between several widely distributed Bulinus
species and the local strain of S. haematobium apparently limit )
schistosomiasis haematobium occurrence to some lowland swamps, infested
with the only known intermediate host, B. abyssinicus. Application of
molluscicides such as endod, when used together with health education
and water supply programs is a promising control strategy. Without new
and innovative control methods and approaches schistosomiasis is likely
to become a major disease in some parts of Ethiopia. The continued
reliance of many rural communities exclusively on rivers, lakes and
reservoirs for all their daily water needs and scarcity of
schistosomiasis control programs have assured the maintenance of high
transmission levelsin suitable localities to this day. Higher S. mansoni
infection rates in children, farmers and other groups with more frequent
water contact than populations with little exposure and increasing
population movements indicate that water resources development in rural
areas at intermediate and lower altitudes will cause a further increase
in disease prevalence. The higher prevalence of S. haematobium infection
in females than males of pastoralists in the Awash Valley and the
confinement of its intermediate host snail to several swamps and lakes
should be used advantageously in control projects. Perhaps the major
advantages of using endcd in disease control projects are its broad
spectrum toxicity to mollusc, arthropod and other insect vectors and
various infectious agents,as well as its abundance and biodegradability.
The widespread occurrence in Ethiopia of S. bovis, Fasciola hepatica and
F. gigantica may thus also be effectively “dealth with in the future.
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Mature endod berries

Figure 2.

A endod bush growing in a Ethiopian garden

Figure
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Figure &4

MEMBERS OF INSTITUTE OF PATHOBIOLOGY STAFF EXAMINE AN
IRRIGATION DITCH IN WONJ, PRIOR TO MOLLUSCICIDE APPLICATION

Figure 5
A SCENE IN ADWA, showing exposure to schistosome-infected
waters—with an unused bridge nearby

JURCHOS——




— i —-

Figure 6. The Adwa Schistosomiasis Control Project

Figure 7. Community participation in Adwa




Figure 8. Clearing of a stream in Adwa before endod application

Figure 9. Enaod application in Adwa
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dosing pump
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Figure 12. The water/fermentation Figure 13. The
extraction plant

Figure 1h. The dryer Figure 15. The spray nozzle
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Figure 16.

DR. LEGESSE W. YOHANNES,
THE INSTITUTE'S AGRONO-
MIST, STUDYING GERMI-
NATION OF ENDOD UNDER
CONTROLLED CONDITIONS

Figure 17.

DR. R.M. PARKHURST
EXAMINING ENDOD BERRIES
AT THE DEBRE ZEIT
EXPERIMENTAL FARM
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Figure 18. Institute of Pathobiology staff
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“l am working on two projects. One is on
the development of a new molluscicide of
plant origin for the control of schistoso-
miasis, a very widespread and important
tropical disease. The other project is directed
toward the development of a vaccine for
the control of leishmaniasis, another wide-
spread tropical disease.”

Dr. Aklilu Lemma is a distinguished scientist on sab-
batical leave from the Haile Selassie | University, Addis Ababa,
where "he is Director of the Institute of Pathobiology and
Associate Professor of Biology. He received his Doctor of
Science degree from Johns Hopkins University, School of
Hygiene and Public Health, in 1964. During his tenure at the
Huile Selassie | University, he served as Dean of the Faculty
of Science from July 1966 to January 1970, when he resigned
from the Deanship to go into full-time research and to devel-
op his laboratory. In his capacity as researcher and official of
the Haile Selassie | University, he traveled extensively to
various parts of Europe, the United States, Cunada, South
America, and Asia. Among his many professional activities,

*Editor’s Note: This is the first Special Report of the Life Sciences
Research Reports. We are pleased to have this opportunity to present
to our readers the important research of Dr. A. Lemma, Visiting
Scientist at Stanford Research Institute. Dr. Lemma also has an
appointment as Lecturer at the Stanford University Medical School.
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he has served as Chairman of the Local Organizing Committee
for the Pugwash Conference on Science and World Affairs
held in Addis Ababa from December 29, 1945 to January 3.
1966, Secretary-General and Chairman of the Local Organiz-
ing Committee for the Second International Conference on the
Global Impacts of Applied Microbiology held i Addis Ababa
Sfrom November 6 to 11, 1967. and Vice-Chatrman and Chuet
Organizer of the National Committee for the establishment of
the “National Scientific and Technical Rescarch Council of
Ethiopia.” His honors include various fellowships from the
Imperial Ethiopian government, the [nternational Atomuc
Energy Agency, the World Health Organization. and Johnys
Hopkins University.  He is also a recipient of His Imperial
Majesty Haile Selassie 1's (GGold Medal for achicvements
scientific research in Ethiopw. Dr. Lemma has contributed
22 publications in the general area of parasitology and tropical
medicine. His major research interests and his reasons tor
being at SRI are described in the ensuing interview.
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Dr. Otis Would you tell me, Dr. Lemma, about the research
you are carrying on at SR1?

Dr. Lemma | am working on two projects. One is on the
development of a new molluscicide of plant origin for the
control of schistosomiasis, a very widespread and important
tropical disease. The other project is directed toward the
development of a vaccine for the control of leishmaniasis,
another widespread tropical disease.

Dr. Otis Would you describe these diseases and indicate
their public health importance in general?

Dr. Lemma Schistosomiasis, or bilharziasis as it is also some-
times called, is a disease transmitted by aquatic snails that
breed rapidly in irrigation canals, water reservoirs, lakes, slow-
flowing streams, and other such bodies of water. The causative
organisms are flukes. Adult male and female pairs of the
parasites reside in small blood vessels, usually in the mesentery
or the pelvic region of infected individuals. The Schistosoma
parasite is able to lay large numbers of eggs—a single female
parasite is known to lay up to 3,500 eggs per day and has
a life span of 20 to 30 years. An infected person may harbor
a large number of such females. The great mass of eggs
continually laid by such worms, together with the host’s
reaction to such foreign materials, cause a considerable de-
struction of the liver or the bladder and ureter, depending
on the species of the parasite involved. The parasites that
characteristically and preferentially lodge in the mesenteries
are Schistosoma mansoni, and those that enter the bladder
area are Schistosoma haematobium, the diseases they cause
are known as intestinal schistosomiasis and urinary schisto-
somiasis, respectively. A third species, Schistosoma japonicus,
which is mainly found in Asia, also lodges in the intestinal
mesenteries.

The capsulated eggs of the parasites are excreted with
feces or urine, as the case may be. These eggs hatch when
they come in contact with water, and the freely-swimming
miracidia enters an appropriate fresh-water snail and develops
into a cercaria, the infective form of the parasite. Infected
snails continually release millions of these cercariae into streams,
canals, or whatever body of water in which the snails may be
residing. The cercariae can bore through the skin of people
who come into contact with the infected water, enter the blood
stream, and finally lodge in their preferred sites as male and
female pairs. The schematic life cycle of the parasites is shown
in Figure 1.

Schistosomiasis is becoming an increasingly more serious
health problem, taking the place of malaria in some countries.
According to WHO estimates, more than 200 million people are
suffering from the disease, and this number is rapidly increasing.
In many of the developing tropical and subtropical countries
where problems are many and resources limited, schistosomiasis
is spreading more rapidly than it is being controlled and, in
some countries, it is causing a major threat to economic de-

Fig. 1 Schistosoma, life<cycle: (a) Pair of worms, (b) Eu of S. haema-

bium and S. i, (c) Miracidia, (d) Snail vectors of S. haema-

. tobium (Bulinus) and S. mansoni (Biomphalaria), () Cercaria. (Adapted

from Pflanzenschutz-Nachrichten “Bayer” 15/1962, 1.)
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Fig. 2 Map of Africa and environs, South America and the West
Indies, showing =ndemic foci of infection with Schisrosoma mansoni
(dots) and Schistosoma haemarobium (lines). The solid black -areas in
the deita region of the Nile River and in northeastern Brazil indicate
areas of hyperendemicity. (Modified from Figures 27-13 and 27-18 of
Faust, Animal Agents and Vectors of Human Disease, Lea & Febiger,

Philadelphia. Reproduced by permission of the publisher.)

velopment. Agricultural development based on irrigation sys-
tems involves the use of canals and water reservoirs, and such
bodies of water become excellent new breeding sites for the
intermediate host snails of the parasite. Large numbers of
infected and uninfected people working in such places inevi-
tably make ideal transmission sites for the rapid spread of the
disease. In some endemic areas, shown in Figure 2, it is common
to find 100 percent of the people infected with these parasites.

Agricultural and other water-using projects that begin
with good intentions may unfortunately be crippled by schisto-~
somiasis. To cite a few examples, in Aswan Province of Egypt,
it has been shown that S. haematobium increased from four to
fortyfold within three years after introduction ot perennial
irrigation. The estimated economic loss due to this disease in
Egypt alone is about £ 80 million per annum. In Rhodesia,
when the incidence of the disease began to reach alarming
proportions, the Umshandige Irrigation Scheme had to be
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abandoned in 1949 after ten years of construction. at a total
cost of £ three million sterling.

“tn wiew nf the promising potential of the
Endud plant for controlling schistosomiasis,
wa 2r2 currently studying the possibility of
extracting the active molluscicidal principle ’
an:d Jetermining its chemical structure.” .

In areas where large agricultural development plans are
being implemented, it is imperative that the settlers and laborers
be kept healthy. The debilitating effects of schistosomiasis
may involve sucha heavy loss in manpower (hence in economy)
that all large-scale agricultural development plans in tropical
countries must take into consideration the importance of this
disease. Unfortunately, unlike the case of malaria, there is no
“ideal” treatment or contral procedure for schistosomiasis.
Searches for the “ideal” drug for treatment and chemopro-
phylaxis, as well as for the “ideal” molluscicide to control
the snail population—to interupt the transmission of the
disease—are underway in many laboratories in different parts
of the world.

The molluscicide we are working on here is a natural
product that can be grown in large quantities and can be used

either asa crude powder or in a concentrated extract form. The -

shrub, commonly known in Ethiopia as Endod (Phytolacca
dodecandra), produces large quantities of berries that—when
dried, ground, and quantitatively suspended in water—may
kill snails at as low a concentration as ten parts per million.
In view of the promising potential of the Endod plant for con-
trolling schistosomiasis, we are currently studying the possi-
bility of extracting the active molluscicidal principle and deter-
mining its chemical structure. We are also studying the mam-
malian, fish, and plant toxicity of the berries and the extracts
to evaluate Endod’s safety for large-scale use. Preliminary tests
using the crude material have given very encouraging results;
mammalian toxicity appears to be comparatively low,and plants
do not seem to be affected even at very high concentrations.

The important potential value of such a molluscicide of
plant origin is the possibility of getting abundant material for
use by rural communities in endemic areas to combat schisto-
somiasis on a relatively inexpensive, self-help basis.

It is interesting to know that, in addition to its use as a
molluscicide, Endod also has cercariacidal, miracidiacidal, and
leech-killing properties. The application of Endod in rivers
and canals will, therefore, render them temporarily free from
Schistosoma infection and will also control the leech popu-
lation.  Aquatic leeches attack animals and are economically
undesirable pests; to control them, as an offshot froin the snail
control program, can be very advantageous. We are looking into
the possibility of using Endod in an ointment form to be rubbed
on the skin to prevent cercarial penetration for chemopro-
phylactic use.

Dr. Otis What about leishmaniasis?

Dr. Lemma Leishmaniasis is, in general, not so widespread
and does not affect as many people as schistosomiasis. It is
transmitted by sandflies of the genus Phlebotomus, in much
the same way as malaria is transmitted by mosquitos. The life
cycle of the parasite is shown in Figure 3. The disease is
prevalent in the Middle East, Africa, Central and South America,
and some parts of Asia, as shown in Figure 4. There are three
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. Fig. 3 Diagrimmau’c representation of the life cycle of species of

Leishmania which parasitize man. Above, intracellular leishmania stage
in mammalian macrophages; below, Phlebotomus (sandfly ), intermediate
host and vector; on right, leishmaniae taken up from infected mammalian
host during a blood meal; on left, leptomonad stage in salivary secretions
of sandflies, to be introduced into mammalian skin at time of blood
meal. (After Faust, Animal Agents and Vectors of Human Disease,

_ Lea & Febiger, Philadelphia. Reproduced by permission of the publisher.)
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Fig. 4 World distribution of leishmania infections. (After Faust, Animal
Agents and Vectors of Human Disease, Lea & Febiger, Philadelphia.
Reproduced by permission of the publisher.)




TS

types of the disease: visceral leishmaniasis, or kala-azar, which
primarily affects the liver, spleen, and bone-marrow, cutaneous
leishmaniasis, or oriental sore, which affects the skin; and
mucocutaneous leishmaniasis, or espundia, which affects the
mucous membranes. Visceral leishmaniasis is a killer disease
and has been known to depopulate vast areas in India and some
places in Africa. Cutaneous leishmaniasis is, on the other hand,
not so severe a disease; characteristically, it is a self-limiting,
ulcerative skin sore that, on healing, leaves the individual with
permanent immunity against the disease. However, in some
cases, the disease may take a different course in individuals
who cannot build up the necessary resistance to it. In some
cases, the parasite may disseminate all over the skin of the
infected person and cause lepromatous-type lesions that re-
semble and are often confused with leprosy; in fact, this con-
dition is sometimes referred to as pseudolepromatous (false
leprosy) leishmaniasis. Many patients have been misdiagnosed
for leprosy and treated for it for several years before it was
discovered that they were leishmaniasis cases.

“Cutaneous leishmaniasis is, on the other
hand, not so severe a disease; characteristi-
sally, it’is a self-iimiting, uicerative skin sore .
that, on healing, leaves the individual with
p2rimanent immunity against the disease.”

I have been working on the epidemiology of cutaneous
leishmaniasis in Ethiopia for the past six years and am now
working on the possibility of developing a vaccine for this
disease. Since we already know that infection with the
organism can result in the development of complete protective
immunity to a second attack, and dead organisms (formalin or
heat-killed) do not provoke the necessary immunity, [ am
trying to attenuate the organisms by various means, including
irradiation and incorporation of mutogenic chemicals in the
media in which the organisms grow. I worked on this project
during the past two years in Ethiopia with some financial sup-
port from the United Nations International Atomic Energy
Agency. | am now continuing the study at SRI using facilities
and equipment, such as a Cobalt 60 source, that are not avail-
able in Ethiopia. The present work is being supported by the
National Science Foundation.

Dr. Otis What is the present status of your studies?

Dr. Lemma Well, [ have been here at SRI since June 1970,
since then, my colleagues at the Institute and | have made
good progress on both projects. 1 brought about 100 killo-
grams of Endod berries from Ethiopia, and we are now ex-
tracting them with different solvents. We also have estab-
lished good breeding colonies of bilharzia-transmitting snails
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for our molluscicidal tests. Dr. Skinner! and Mr. Parkhurst2,
the organic chemists working with me, are trying to isolate and
characterize the active principle in Endod. We already have
some idea as to its structure. The active principle is an
oleanolic acid with some as yet undetermined sugar groups
that are necessary for making the base molecule water-soluble.
An attempt is also being made to obtain oleanolic acid from
sources other than Endod with the hope of making synthetic
analogs to see if we can get a more potent material than that in
the natural product. Parallel with the chemical studies, we are
also studying the toxicities of different extracts for fish and
mammals. Eventually, we hope to test such purified material
to determine its usefulness under field conditions in Ethiopia.

Oleanolic Acid

We are also hoping to develop a chemical assay for determining
the concentration of the active principle in water. We have a
two-year grant from the Office of Naval Research to support
this work.

"Using the guinea pig parasite, Le/shmania
enriettii, as a model, Mr. Cole and | are
studying the cellular immunity involved in §
the infection and the subsequent ‘protection’
which develops after inoculation of ‘normal’
and ‘attenuated’ organisins.”

Our leishmaniasis study is also progressing well. Using

.the guinea pig parasite, Leishmania enriertii, as a model,

Mr. Cole3 and I are studying the cellular immunity involved in
the infection and subsequent “protection™ that develops after
inoculation of “normal” and “attenuated™ organisms. We are
also determining the effects of various physical and chemical
mutagenic agents on the viability, morphology, reproduction,
and antigenicity of the Leishmania parasites. We have already
accumulated some usetul data,and the findings are encouraging.

IDr. W. A. Skinner, Exccutive Director, Life Sciences Division and
Director, Department of Pharmaceutical Chemistry.

2Mr. R. M. Parkhurst, Organic Chemist, Department of Pharmaceutical
Chemistry.

IMr. L. Cole, Program Manager, iImmunobiology Program, Department
of Biomedical Research.
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Dr. Otis These are very interesting projects. Maybe you
could tell me something, Dr. Lemma, about how you first
became interested in these particular health problems?

Dr. Lemma My initial interest stemmed from my training.
I was trained at the School of Hygiene and Public Health of the
Johns Hopkins University. | worked on a Leishmania problem
for my doctoral thesis, and | have, since then, kept my interest
in these organisms. | should perhaps also mention that during
the past six years of study on the epidemiology of this disease
in Ethiopia, | was continually exposed to people who were
suffering from the disease, and | developed greater sympathy
for the victims and a greater interest in the disease.

After returning home from the Johns Hopkins University
and after looking over some of the important parasitic diseases
in Ethiopia, it was evident that schistosomiasis was increasing,
and perhaps even posing a potential threat to the economic
development of the country. Ethiopia, like many other coun-
tries, depends on agricultural products for its national economy.
Therefore, there are many agricultural development projects
involving irrigation canals. Such canals could greatly contribute
to the possible spread of schistosomiasis. It is estimated that,
in one of our biggest national plans to develop the Awash Valley

Dr. Otis  So the snail-killing properties of this plant were not
known before you discovered them?

Dr. Lemma That is correct. Although the plant has been
used by people for various medicinal purposes, its molluscicidal
properties were not known before my studies. Now, as a result
of my publications, people in different countries are trying it
and, I am glad to say, confirming my results.

“l expect to return to my Institute at the
Haile Selassie | University in Addis Ababa. . .
and conduct field evaluations of cur mal-
luscicide and potential Le/ishmania vaccine.”

Dr. Otis What are your plans for the future—that is, for the
remainder of the time that you will be here, as well as when
you return home?

Dr. Lemma [ will continue my work here at SRI until Apnil
1972. 1 then plan to spend a couple of months at Harvard
University to visit and consult with other colleagues working
on these parasitic diseases. [ also hope to continue my research,

into--a- large_agricultural arca, the nation could- benefit by during my stay there, on the possible mode of action of Endod

several hundred million dollars a year. The Awash Valley
Authority, an independent government organization, has been
established to develop the project, and we are getting assistance
from the United Nations and other sources for its develop-
ment. [ was naturally interested to see if schistosomiasis exists
in this valley and, if so, to consider what could be done about
it. It is now established that the disease does exist there and is
rapidly spreading, the government is currently considering
various measures for its possible long-range control.

In 1964, the Ethiopian Ministry of Public Health asked
me to join some public health officers in examining a village in
the northern part of Ethiopia where it was reported that an
“epidemic” of schistosomiasis was going on. We went there
and, while making an ecological study of the distribution of
snails in the streams and identifying transmission sites of the
disease, | noticed that in areas where people were washing
clothes with a soap-like solution made of the berries of a plant
known as Endod, there were more dead snails than in other
places, including those areas where people were washing with
commercial soap. This happened repeatedly, which gave me
the idea that ‘whatever they were using for washing might have
some snail-killing properties. This was soon proved in the
laboratory,and | have since been studying and using the Endod
berries in the control of schistosomiasis. [ have published
several papers on it and have also been collaborating with
various laboratories in different countries, including SRI, on
isolating the active principle in the plant and determining its
structure and properties.

against snails, and to investigate the development of “normal”
and “‘attenuated” Leishmania organisms in a tissue culture. [
expect to return to my Institute at the Haile Selassie | Uni-
versity in Addis Ababa by sometime in July 1972 and conduct
field evaluations of our molluscicide and potential Leishmania
vaccine. | expect to continue collaborating with SRI and hope
to supply some field data to our studies.

Dr. Otis Do you expect to come back to the Institute some-
time in the future to continue these studies?

Dr. Lemma Well, I cannot predict what is going to happen in
the future. I came to SRI with the specific objective of using
the extensive resources and experience of the Institute to do a
job that I could not do with the limited facilities we have in
Ethiopia. I am very grateful to Drs. Skinner and Brody* for
inviting me to SRI and providing me with adequate space and
assistance to carry out my studies. I hope that such a useful
arrangement will continue to be available so that [, or some of
my colleagues, may have the privilege of using your facilities
to answer some important questions that, in some cases, may
not be solved otherwise. [ also hope to see some of the SRI
people avail themselves of the opportunities and facilities in
Ethiopia for field work. This would make our collaboration of
a mutual and long-lasting benefit.

Dr.Otis Thank you, Dr. Lemma, and best wishes for continued
success in your research.

4Dr. G. Brody, Director, Department of Infectious Diseases, Parasitology
and Toxicology.
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Of Snails and Parasites and the War on Schistosomiasis

No one knows how many people suf-
fer from schistosomiasis. The most fre-
quent estimate is 200 million, but it
may well be higher. The reason for the
uncertainty is that among populations
where a variety of debilitating diseases
are prevalent and where protein de-
ficiency and anemia are common,
schistosomiasis is difficult to diagnose.
It develops almost imperceptibly, with
mild symptoms at first. And it rarely kills
outright. As one observer put it, *'Schis-
tosomiasis brings man to the edge of
the grave; then another disease can
push him over the edge."”

Apart from the humanitarian instinct
to relieve suffering, what is of partic-

ular concern is, first, that. schistosomi--

asis constitutes a costly and terrible
drag on the human energy needed for
economic development in poor coun-
tries; and second, that the disease is
spreading rapidly as a result of the in-
crease throughout the developing
world of man-made lakes for power and
irrigation systems to increase agricul-
tural production. It is especially year-
round irrigation that has caused serious
trouble, raising the incidence of sciiis-
tosomiasis from zero or a negligible
level to rates of 75 or even 90 percent
of the population in some areas of
Egypt. West Africa, the Philippines,
China, and other places.

A Strange Life Cycle

Bilharziasis—as the disease is also
called—is a pre-eminent example of
the relationship between health and en-
vironment. It depends on an absence of
sanitation and the presence of a partic-
ular species of water-borne snail in
which the schistosome parasite must
find a lodging to complete its life cycle.
It is there that the larvae take up resi-
dence for about six weeks. Emerging
as cercariae, they penetrate the skin of
any human (and many animals) with
whom they come in contact. Within a
few hours the cercaride are in the blood
stream, in which they travel for several
weeks while maturing. Eventually they
are carried to the liver, where they mate
and travel on together, lodging finally
in the small blood vessels in the wall of
the intestines or bladder (depending on
the variety of schistosome). Around the
fortieth day the production of eggs
begins. Some move away to other parts
of the body, but others work their way
into the bowels or bladder.

What makes the sanitation problem
particularly difficult is that the eggs
emitted in feces or urine can survive
for a month before reaching water. Thus

l

f An Ancient Disease

|

| Although profound concern about
schistosomiasis is relatively new, the
disease is of great antiquity. In 1910
calcified eggs of the schistosoma |

‘ parasite were found in a mummy

|

|

i

dating to some time prior to 1000
B.C.

a heavy storm can wash eggs Into a
stream a considerable distance away.
Once in the water, the egg is trans-
formed into a swimming larva known
as miracidium, which has at most twen-
ty-four hours to find a snail host or die.
Once lodged, another form of repro-
duction takes place, as each miraci-
dium produces thousands of cercariae
to complete (and multiply) the cycle.

Meanwhile the mature schistosomes
remain lodged where they were, in the
human body, surviving for anywhere
from one to thirty-five years. Serious
infection is a cumulative process, and
the degree of debilitation and illness
depends on the length of exposure and
the number of schistosomes that the
body is harboring.

There is no known cure for schisto-

| Washing Rivers Clean

Some years ago, a young Ethio-
pian parasitologist at Haile Selassie
University observed that, along a
riverbank where women washed
clothes, the schistosome-bearing
snail population was negligible in an
otherwise infested river (see story
this page). Dr. Aklilu Lemma rea-
soned that the explanation lay in the
women's soap, made from the ber-
ries of an indigenous plant.

Now Endod, a natural product de-
rived from those berries, is being
widely tested as a molluscacide. It is
inexpensive, easy to produce, and
widely available in many places
where schistosomiasis is prevalent.
Furthermore, unlike the synthetic
chemicals used in most mollusca-
cides, Endod is biodegradable, and
its only adverse effect on the envi-
ronment appears to be that it will
kill small fish. Dr. Lemma believes
that the most promising approach to
schistosomiasis control is a combi-
nation of molluscaciding with Endod
and biocontrol based on trematode
antagonism—essentially finding par-
asites that will attack snails.

somiasis, and methods of treating and
controiling 1t are varied. in what seems
to many an endless and discouraging
war on the disease, there are three
basic approaches. all peing pursued
all with serious limitations:

1. Try to kill the snail or make Iis
habitat so uncongenial that it cannot
survive, thus breaking the life cycle of
the schistosome.

2. Find better treatment for the dis-
ease in humans, try to increase man's
resistance, or ideally, immunize him

3. Use education to improve hygiene
and promote agricultural practices that
will make a less hospitable environment
for snails.

There are a wide variety of mollusca-
cides with which to control the snail
population, but they are expensive. Ex-
perience in Egypt indicates a cost of
between $2.50 and 33 00 annually per
irrigated acre. In the Philippines it is
estimated that the cost of effective use
would exceed the entire budget of the
Ministry of Health. Moreover. mollusca-
cides must be used indefinitely; and
the ecological damage they do, the
food chains they may be entering, are
not yet adequately known.

Recently attention has turned to bio-
control—an effort to find a predator that
will kill the host snail At least haif a
dozen techniques are now being inves-
tigated, but as yet little has been ac-
complished outside the 'aboratory

Engineering Methods

A third approach to eliminating snails
is to make their environment less hos-
pitable, primarily through engineering.
The capacity to drain irrigation canals is
helpful. Although snails have been
known to survive without water for up
to eight months—many will manage to
burrow deep into stream beds to find
moisture—a dry season will substan-
tially reduce the snail population.

Because snails are rarely seen in
streams and cana's that have average
flow velocities of more than about 1.1
feet per second. weed control is of
great importance. In the Gezira irrnga-
tion scheme in the Sudan, more than
$150.000 a year is spent on mechanical
weed control. Without such attention
the carrying capacity of earthen canals
is commonly reduced by one-third to
one-half within three to five years. and
in cne exceptional case the flow
dropped by 80 percent.

In the Philippines, where at least
haif a million persons suffer from schis-
tosomiasis, a five-year plan is under
way to clear thousands of square miles
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of tropical growth, to change the course
of creeks, and to fill lowlands and wa-
terlogged areas. The World Foad Pro-
gram s providing incentive for volun-
teer labor, which is expected to amount
to some 630,000 man-days. Such engi-
neering works must be maintained per-
manently. This has led to the realiza-
tion that control of schistosomiasis is
inextricably linked with land reclama-
tion and management, improved agri-
cultural practices, rural empioyment,
and water management.

Lining of canals to reduce mainte-
nance costs and improve flows, barriers
to prevent the movement of snails, radi-
ation, and electrical charges have all
been tried with greater or lesser suc-
cess. But snails are not confined to
streams and canals. One of the worst
areas is Lake Volta, the largest artificial
lake in the world. It is 250 miles long,
and the greater part of its 3000-mile
shoreline is ideally suited to harboring
snails.

Before the construction of Akosombo
Dam, completed in 1966, schistoso-
miasis was virtually unknown in the
area. Now Ewe tribesmen, who have
flocked to the lake for its abundant
fish, are infected at rates of between 40
and 90 percent depending on locality.
Finding ways to kill the snails without
killing the fish plus the sheer size of the
infected area are major problems.

Rough Treatment

Many people with schistosomiasis
would rather suffer the disease than the
treatment, which is not pleasant. Of the
score or more drugs available, all are
in varying degrees toxic to humans,
and until very recently, all required ex-
tended treatment. Some drugs are
given intramuscularly, some intra-
venously; some are effective against
one form of schistosomiasis and not an-
other. They vary widely in price. Thus
chemotherapy has had serious limita-
tions.

However, two newcomers to the
chemotherapeutic arsenal have engen-
derad some optimism. Metrifonate, ef-
fective against two of the three types of
‘he “=case can be given orally and is
#atively cheap. The drug of the mo-
nent s hycanthone, which can be given

4 wngie ntramuscular injection. Like
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ease In humans and, conceivably,
total immunization. The possibility has
seemed so remote that little research
support has been given to this most dif-
ficult but potentially conclusive ap-
proach. Last autumn, however, the
Rockefeller Foundation made a $193,-
000 grant to Brown University for re-
search both in immunization and in
drugs that might provide a cure.

Yet only last year, a qualified speaker
at a Tulane University symposium on
schistosomiasis control could say:

WHO and AID have now reached
the same conclusion that nothing
short of environmental sanitation
on an unprecedented scale can
prevent the continued spread of
this disease. A solution is no
longer technically feasible through
disease-specific microbiologicail
means. The solution appears to be
in water protection, water develop-
ment, waste disposal, surveillance,
and health education.

What the Citizen Can Do

Following is a list of publications that
can be useful to citizens' groups con-
cerned with environmental responsibil-
ity:

A Guide to Citizen Participation in En-
vironmental Action—Regional Plan As-
sociation of Southern California, 621
S. Virgil Ave., Los Angeles, Calif. 30005.
Price $5.

Community Action tor Environmental
Quality, Prepared by the Citizens Ad-
visory Committee on Environmental
Quality, available from the Government
Printing Office, Washington, 0. C.
20402. Price $.60.

How to Plan an Environmental Confer-
ence—League of Women Voters Educa-
tion Fund, 1730 M St., NW, Washington,
D. C. 30036. Free.

A Citizen's Guide to Clean Air—Conser-
vation Foundation, 1717 Massachu-
setts Ave., NW, Washington, D.C.
20036. Free.

Clean Water—it's Up to You—izaak Wal-
ton League, 1800 N. Kent St., Arlington,
Va. 22209. Free.

Law and Taxation—A Guide for Conser-
vation and Other Non-profit Organiza-
tons—Conservation Foundation. Price
$1.

Citizen Action Can Get Results—U. S.
Environmental Protection Agency,
Washington, D. C. 20460. Free.

Environmental Education/Facility Re-
sources—Educational Facilities Labora-
tories, 477 Madison Ave., New York,
NY 10022. Price $2.

Thus one s brought back again to
engineering and to the third objective
altering deeply ingrained habits through
education. There is much to be learned
besides the advantages of using a
latrine. For example, snails may abound
in rice paddies. Two decades ago in-
vestigations on the island of Leyte
showed that with proper plowing and
harrowing, and by planting the seed-
lings in well-spaced rows, the number
of snails could be enormous!y reduced,
as much as 95 percent in some In-
stances.

Another discovery of abvious value
to bathers and fishermen is that the
density of cercariae in the early morning
1S zero; it reaches its maximum in the
early afternoon, then progressively de-
creases until sundown. The tropical
custom of dozing through the hottest
hours of the day is now seen to have
special merit.

Clearly schistosomiasis is being at-
tacked on a broad front and involves
not only doctors and physical scientists
but sociologists, anthropologists, engi-
neers, agronomists, and hydrologists
as well. Although much has been
learned in recent years, there appears
to be no breakthrough in sight A
speaker at the Tulane symposium
spoke for many when he said, “We be-
gin to wonder whether control of the
disease s feasible, whether we are
trying for the impossible."

What’s New in Urban
Parking?

Four experts in urban parking prob-
lems made the following predictions to
the editors of Nation's Cities

+ Facilities for fringe parking an the
edge of central business districts with
connecting shuttle buses or elevated
people movers will increase

* The single-purpose municipal
parking garage will decline. Air rnights
for combined commercial and residen-
tial 'uses over off-street parking facilities
will increase.

* There will be more off-street park-
ing facilities in residential areas.

« All-day parking permits on a week-
ly. monthly, or yearly basis will grow.

* New techniques for the construc-
tion of parking garages will be em-
ployed, with emphasis on readily port-
able precast concrete modules

* Methods for cutting parking per-
sonnel costs will be pursued. For ex-
ample: automated garage gates, com-
puterized billing, and monthly parking
permits used interchangeably in differ-
ent garages.
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safe water, washing facilities «ud toilets,
farmers and fishermen would still be vulner-
able aud=children would still swim in rivers.
So in practice, snail eradication has to be the
focal point of any control programme.

Dr Lemma’s present work on bilharzia
control started almost by accideat. While con-
ducting a survey of the snail population along
a stream in northern Ethiopia, he found a
large number of dead snails just downstream
from a village washing place. Upstream and
further downstream tkere was an abundant
population of live snails. Investigation re-
vealed that the “soap’” used by the villagers
for washing clothes—ground berries of a
plant called endod—had molluscicidal as well
as detergent properties.

Further investigation showed that Sun-
dried ground endod kills snails at a dilution
of 1530 ppm and that it has a very lcw
toxicity to mammals and plants. The endod
bush (Phytolacca dodecandra) is popular
with villagers in northern Ethiopia as a hedge
and the berries can be bought locally.

In 1969, Dr Lemma began a field trial at
Adwa. The idea was to control the snail
population in tihe two streams that cross the
village by regular application of endod and
to check the effectiveness of these efforts by
observing, among other factors, the inci-
dence of infection amongst local inhabitants,
particularly young children. A preliminary
survey in 1971 showed that the incidence had
already dropped dramatically—from S0 to 15
per cent—and the final results are expected
to show an even further decline. The large
decline in the rate of infection among one
to five year-olds has been particularly en-
couraging as this group became vulnerable
to infection after the control programme
began.

While the field programme was progress-
ing, Dr Lemma worked for a while at th
Stanford Research Institute in California to
elucidate the structure and functions of the
active ingredient in the endod berry, to
examine its properties, and to develop a
simple extraction technique to concentrate it.
He established that a butanol extract com-
prising 20 per cent of the berry weight is
effective at dilutions of two to three ppm,
which is in a comparable range to availzble
commercial products.

Other avenues of research are still open.
Dr Lemma wants to see villagers encouraged
to use endod as soap. But with an eye to
social trends he is also investigating the possi-
bility of formulating a detergent cum mol-
luscicide from the endod. In Adwa and else-
where villagers have begun to take cardboard
cartons of synthetic detergent to the streams
with them. There is also a need to develop
improved strains of the plaant and to over-
come if possible the loss of potency that was
observed when the plant was cultivated in
East Africa.

Perhaps the most exciting aspect of the
Adwa project is its siinplicity. Ended berries
are bought in the local market. They are
ground, a few hundred kilos at a time, in
the mill usually used by the villagers for
grinding chili peppers. The endod is applied

along stream banks with watering cans every
three to eight weeks. The control programme
for 4 community of aboutr 20000 involves
only three people full time and much of tqeir
work is part of on-going research.

The simplicity of the project contrasts
dramatically with the procedures necessary
when the more expensive synthetic moilusci-
cides are used. The consequence of this was
highlighted by a Rhodesian health wocker
who wrote, “due to the more or less stringent
requirements in dispensing molluscicides the
appiication generally rests with specially
trained personnel. Snail control can therefore
be carried out with little or no cooperation
from those people who are being protected.”

The irony is that community involvement
is essential if any bilharzia control pro-
gramme is to be successful. Here Lemma
believes that his current work can make an
inpact. “Community involvement through
health education, active participation by the
people involved and the systematic applica-
tion of locally grown and processed endod
should become routine. These activities by
individuals, families, and villages when
developed become a truly self-help form of
health control.”

Lesson from Lake Victoria

Experience with pilot control programmes
elsewhere in Africa- has demonstrated the
importance of invoiving local communities in
their own protection. Around Lake Victoria
in Tanzania a control programme reduced the
incidence .of bilharzia from 60 to 20 per cent
inside pilot areas. But there has been no
follow-up—partly because it would take about
one third of the country’s annual health
budget to maintain the programme in the
Lake Victoria area alone. What has been dis-
couraging is that stream banks which were
cleared in urban areas to destroy snail
habitats have been overgrown adain—because
no-one explained the benefits of keeping the
banks clear.

Also in Tanzania, another experiment has
demonstrated in economic terms the benefits
to be derived from successful control of the
disease. A programme of srail control was
initiated on a large sugar estate near Mount
Kilimanjaro and at the same time estate
workers were screened and treated if in-
fected. The expenditure on controls has been
more than outweighed by the increased
productivity of healthy workers. And re-
searchers at the Tropical Pesticides Research
Institute calculaied that the overail saving
was over £20 000 per year.

The benefits of controlling bilharzia
amongst rural communities just emerging
from a subsistence economy cannot be as
easily demonrstrated. But Aklilu Lemma’s
aporoach to the control of bilharzia, which
derives so much from local resources, i1s one
which can itseif catalyse further develop-
ment. Many of the problems of the Th:-d
World will be solved only whea the social
climate encourages people to tackle them
themselves. [n the long run, grass roats
involvement will achieve far more than solu-
tions imposed by outside experts,
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In Brief (The Johns Honkins
University, School of Hvaiene
& Public Health), }1. Issue.

Schistosomiasis
Progress Report-
ed By Graduate

An alumnus of the School has found
that the vector responsible for schis-
tosomiasis can be controlied by a pesti-
cide made from the berries of a plant
which flourishes in his native Ethiopia.

Dr. Aklilu Lemma, ScD '64, Director of
the Institute of Pathobiology at Haille
Selassie | University, has developed a
simple yet successful method of con-
trolling the transmission of schistoso-
miasis by using dried and ground berries
of the endod plant (Phytolacca dode-

candra), which are used by villagers in
Ethiopia as a detergent for washing
clothes at streamside.

“In 1964, while making an ecological
study to determine the distribution of
schistosome-transmitting snails in a
small stream in northern Ethiopia, | ob-
served large numbers of dead snails at
spots immediately downstream from
where local people had done laundry
using endod,” according to Dr. Lemma.
“Areas further upstream and down-
stream from the laundry site were
abundant with live snails.”

Like a detective following a chain of
clues Dr. Lemma tound atter turther in-
vestigation that pulverized endod ber-
ries spread along the stream banks near
the village killed snails without signi-
ficapt toxic effects upon mammais and
plants.

In 1965, WHO estimated that 200 mil-
lion people in Africa, the Middle East,
Asia, and parts of the Americas were
affected by schistosomiasis, also called
bilharzia. The number has probably
risen considerably since that time, Dr.
Lemma feels.

One of the most important effects of
the disease is a substantial loss of ener-
gy. Because of the slow process of tis-
sue damage and the chronic nature of
schistosomiasis, the extent of the abnor-
mality imposed on infected individuals is
often not fully realized until irreversible
destruction to the liver and other tissues
has occurred. Generally schistosomia-
sis shortens the lifespan without killing
outright.

The wide availability and low cost of
the endod plant, which grows in Africa,
South America and Asia, means that
schistosomiasis control can become
practicable on a community scale in
Ethiopia and probably in other
countries.

Eggs from the mature parasite respon-
sible for the disease are continually ex-
creted by infected animals and humans.
If these eggs reach water they hatch into
an intermediate form which seeks out a

P

Reprinted by permission.

common species of fresh-water snail as
a host. After further transformation in
the snail, the parasite begins to release
numerous cercariae, the form which af-
fects man.

It is widely felt that the most practical
method of controlling schistosomiasis is
by eradicating the snails, since without
them the parasite would not develop to
the stage which threatens man.

In 1969 Dr. Lemma began a field trial in
the village of Adwa, where 70% of the
total population and 50% of children
aged 1-5 were infected with Schistoso-
ma mansoni. One of the three species of
schistosome affecting man, this causes
intestinal schistosomiasis, affecting the
liver and organs of the lower pelvic
cavity.

Dr. Lemma hoped to control the snail
population in the two streams that cross
Adwa by regular application of endod.
The Adwa project is simple in opera-
tion. Endod berries are bought in the
local market, sun-dried, then ground in
the mill villagers use for grinding chili
peppers.

The pulverized endod, suspended in
an aqueous solution, is applied along the
stream banks with watering cans every
three to eight weeks. Only three full-time
people are needed in the control pro-
gram for acommunity of 17,000.

Results of a preliminary study in 1971
reveal that the incidence among children
1-6 had aiready dropped from 50% to
15%, while incidence among children in
a nearby untreated control village had
increased by 10%. The final evaluation of
the program is expected to show even
more striking results.

An alumnus quite by accident discov-
ered that the berries of the endod plant
can be used to control schistosomiasis.
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RECOMMENDATIONS OF THE SUBCOMMITTEE ON
MOLLUSCICIDE CONTROL OF VECTOR SNAILS AND CONTROL PROJECTS

The subcommittee met on the 22 and 23rd of October 1975 and agreed
on the following recommendations:-

1. The subcommittee reviewed the situation with regard to snail control

with molluscicide and noted that mollusciciding is one of the effective

‘ measures for controlling schistosomiasis. Their use should continue in

| conjunction with other recognized measures.

‘ 2. For effective use of molluscicides it is recommended that it should

be based on appropriate, prior studies on snail biology, water

management, irrigation practices and weed clearance and covered drains.

3. Evaluation of the toxicity and pathogenicity of molluscicides in

man, domestic animals, crops and wild life should continue. Further

studies on the effects of molluscicides on biota should be directed to
permit long term assessment of any cumulative effects. The possible ]

development of snail resistance to molluscicides should also be i

investigated.

4. Focal transmission control was discussed and agreed that it could be

used whenever it reduces transmission and saves cost of mollusciciding.

5. Research on novel molluscicides and new formulation of available

molluscicides should be encouraged, including slow release formulations

with regard to effectiveness and toxicity.

* 6. In view of the increasing cost of available synthetic molluscicides

5 alternative means of controlling snails with the use of locally

produceable natural product molluscicides should be encouraged.

Although the potencies of some plant molluscicides may not be competitive

with some of the synthetic molluscicides, their use in the control of

schistosomiasis in rural areas on a self-help basis is recommended.

Endod (Phytolacca dodecandra), the plant which has been most extensively

4 investigated, offers good possibilities for use in schistosomiasis

| control and further studies on it are recommended.

! 7. Further attention should be paid to cost benefit effectiveness of

| mollusciciding programs.

‘ 8. The great need for trained personnel makes it highly necessary that
international and national centers be organized for the purpose of
training on mollusciciding control.

9. On account of the seriousness of schistosomiasis as a public health

H problem in many countries affecting a considerable part of the world's

, population, it is recommended that a specific international and national

‘ adequate funds and program for combatting schistosomiasis be created to

assist countries where the disease is prevalent.

P T
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Institute of Pathobiology (Council of Water-Borne Disease)

There is a need to initiate a study to determine the epidemiological
and socioeconomic effects of water-borne diseases in the framework of
irrigated agricultural projects (river basin development). An amount of
US$300,000 is being earmarked from 1977 to 1979 pending a concrete
proposal for the National University in cooperation with other relevant
agencies like NWRCEO/MPH/AVA, etc.

Further Actions Required

The project should be jointly developed by the Institute, National
Water Resource Commission, Ministry of Public Health and Awash Valley
Authority to ensure effective environmental control.
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Self-Hel

In the northern town of A
bilharniasis was affecting ol
of the population, a systems
was made to control the di
munity self-help basis primari
use of Endod, the Ethiopisn
plant, The very succesaful res
from the model study in Ad

be used in other areas where
isa problem

where
number
attempt

n a coin-
with the

British and Ethiopian Sclenngu under
the able leadership of Dr. Ak.hH Lemma
started the Adwa project six years ago.
In an interview held at the Institute of
Pathobiology of which he is the head, Dr.
Aklilu expleined tha; the study started
with a thorough pre-control epidemiologi-
cal base-line data collection to determine

& 3 g ¥

g _:f =

the prevalence and inrtensity of the disease
in the diffcrent age groups, sex, religion,
and location of the people in Adwa. Eco-
logical and snail distribution studies in

the two main rivers which cross the town,
showed the specific disease transmission
sites. The different parts of the river where
people wash their clothes, collecy water,
deficate and pollute the water, croas the
river by wading through iy and where
children swim and entertain themsalves,
were delineated by a series of behavioural
studies conducted by the team.

The population of Adwa wes then given
a series of health educstion program
through lectures, demoanstration, and film
shows aboup the life-cycle, hazards, and
posslble means of the control of bilhar-

A g e

e

i b

Dr Aklilou Lemma and Dr. Shell Crane testing different extracts of Endod at

Stanford Reseasch Institute in California.

To Control Bllharz1a

amis, Such programs were conducted
thpmence of senior government officia

nkwus leaders, local chiefs, and elder
s and students of the town.

Bilbarziasis affects over 200 million pe
* :a the world and i; is a debilitati:
dinewse. Tt is very widely distributed
l.h ~ontinent of Africa where it affex
M “) million pevple. In Ethiopia, iy
mculu!y prevaicut in the Tigre a
Hinr provinces and it is present in pr
wly every province of the country. [
anmm areas such as the Awash Vi
ley the Wabi Shebeli valley, the Blue N
valey are known to be infected and it
likly they the spread of the disease
thee areas will increase considerably
irigation schemes for large scale agric:
tual programs are implemented. In Egy
ard the Sudan where the disesse is :
redy well established, i, is causing a co

" (Contd. on page 7 col. 3) )
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(Cc}ltd. from page 1 col. 3)
siderable economic loss and health hazard.

The lifacycle of the parasite involves
the passi g of eggs of the mature worm,
which resides in small blood vessels, with
the stool or urine of the affected indivi-
duals. A fingle parasite. has the capacity
to lay mufy thousands of eggs per day con-
tinuouslyf for many years. An infected
person may have many’ of such worms.
The mass of eggs produced by such worms
alongwith the blood destruction activities
of the w‘;mns causes the bilharzia disease.

Whenithe eggs of the parasites passed
with urige or stool reach water, they hatch
and ' ‘microscopic intermediate larva
seeks snd infects appropriate species of
aquatic Jnails. It multiplies and trans-
il the tissues of tthe snail in large
and the infective larva is then
in millions in the surrounding
f water. The infective larvae
tl:nch if called “‘cercariae” are microsco-

ic andihave the special ability to swim
beely in the water, seek appropriate host,
penetrate through the skin during contact
with water, and thus infect the host. Re-
peated @tposure to infected water results
with mote parasites in the affected indi-
vidual. Tl'nting such individuals does not
help because they can go back to the in-
fected water ong get fresk parrsites, Tea-
ching People nop to deficate or urinate
near waler has noy been very successful,
The oalt practical way of controlling the
disense 3. therefore, controlling the snail
PoPYat™n which is an essential interme.

iate ! ;
diate haa in 0 the same way as mos-
qux:ar

e for the control of malaria,

There ar, rany chemicals which are
used for 'lilling snails in Bilharzia con.
trol eifer's, However, all of such chemi-
cals ar® “*ry expensive and they also have
djﬂ'e.m’ ‘?isndvnntagu for continued use
in bdh"’z.a affected areas, The discove '
by Dr. Aklily Lemina abouy ten years arz
tha P?-‘ufml, the Ethiopian s:u.xp!)‘:rfy
',g:._q‘:_ :‘ T pten: snail Killer has brought
muCil €0e and opened 4 new ; “
to the cun

Approact
ol of t) i o
e disease on a com-

In a five yenr{'lon‘ comtinuous and
comprehensive bilharzia control program
launched in Adwa, using ";.’r simple
techniques and locally available mame
power under the supervision of the Tnsti.
tute of Pathobiology staff. at was pomidly
to reduce the prevalence of the disease
in children between the ages of 1-S from
50% before control to. only 7% aftee
control. The overall prevalence of the
disease in the 20,000 inhabitants of
Adwa dropped from. 64% ta 30%. Dr..
Aklilu and his team explained im
the 4th International Congress ‘of
Parasitology held in Munich last
August, that such an 85% reduction in the
transmission of the disease was achieved
by very simple means at an average total
cost of only 20 Eth. cents per head per
year. Because of the simplicity of the
techniques involved ways are now being
investigated by which this scheme may fit
in with the Development through co-
operation campaign (the Zemetcha).

While the Adwa bilherzia control pro-
gram was going on, more work was pro-
gressing on the studies on Endod, Dusing
a two years research and sahbatical leave
in the United States, Dr. Aklilu Lemma
with a group of prominent chemists and
biologists at the Staniord Research Insti.
tute (SRI) and the University of Cali-
fornia, was able to develop a patenged
procedure for the extraction of the active
principal in the Endod berries. A series
of studies on the biological and chemical
properties of the extract was also exten-
sively studied and published in various
international jourrals. SRU chemists
under the leadership of Dr. Aklilu Lem-
tna, Dr. Skinner, exccutive director of
the Life Sciences Division and a distin-
guished organic chemis: Drs. R.M. Par-
khurst and W.A. Thomas, both Senior
organic chemists, were able to isolate
and identify the specific active ingre-
dient in the Endnd berries

The active principle wns valled lf"""
matoxin, named after the ¥

Sedentist, Dr. Aklilu Lesum2. whe © ‘(
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: ng : klilu ’Ih &8 extrasy evuld be prepared in different
ultimate aim in the Endod b,. formulstioas including brickets of diffe.
develop, in the simplest way sable, o ™0t hardsess thet could be dropped in
local material and local knowhew ler "3 24 sllowed to dissalve slowly, thus

the control of bilharsiasis o :,‘ . telasaing the to1in 1o kjll snails and mos-
nity-self-help basis, iy Yt larves over o long period of time.
§ds . . Stedies ea the ecalogical hazard of such

Selected variety of the Endod'seeds cas 8s spplirstion are now under investigat.
be supplied to farmers to gm_";"ﬁulb bon, by frem the five years work e
mountable extractor could go'around the ia Adws it eppears that Endod does not

1

villages once a year or 50 to extracg large Mave amy epparen; od
b e e bedly | gh.m‘“ s adverse effec; on 1h¢.
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A preventative for schistosomiasis

Schistosomiasis is one of the major parasitic diseases of the
world, inflicting 200 million people in Africa, the Middle East
and Asia. Although there are some treatments for the disease,
they are not altogether satisfactory, and even worse, they are
3 not available to the majority of people who need them. What
' is really needed is a preventative for schistosomiasis, specifi-
cally, a means of killing the freshwater snails that serve as a
host for the parasites.

Such a preventative may have been found by Aklilu Lemma
of Haille Selassie [ University in Ethiopia. It is dried and ground
berries of the endod plant, which are used by villagers in
Ethiopia as a detergent for washing clothes at streamside.

4 In 1964 Lemma was studying the schistosome-transmitting
snails in a small stream in northern Ethiopia when he observed
large numbers of dead snails at spots downstream from where
local people had done laundry using endod. Lemma then found
that pulverized endod berries spread along stream banks could
kill snails without hurting other animals and plants. In 1969
he began a field trial in the village of Adwa, where 70 percent
of the total population and SO percent of young children had
schistosomiasis. Endod berries were applied to stream banks
with watering cans every three to eight weeks. .

Preliminary results from the study show that schistosomiasis

among the children has dropped from SO percent to 15 percent.

Reprinted from Science News, vol. 107

125, p. ko2
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the NMR studies. we'll be able

Researc'! to describe the structure of
AccompllShments natural agents, make new
compounds based on this In-
formation. ard check their
structure Then we'll see how
the biological activity of the
Folkiore surrounding a com- new compounds compares
mon weed used by Ethio- with the natural products ™
plans as soap has led scien- Currently. the extracts have
tists to investigate a totally proven very effective as an-
new means of contraception. tfertility drugs. but the means

Known as endod, the plant
contains a chemical compound
that stops development of the
fertiized ovum It was first
applied in research in Africa by
an American-trained Ethiopian
physician, Dr Aklilu Lemma, as
a preventive measure against
bilharzia. a debilitating, snail-
borne parasitic disease, also
called schistosomiasis

Drs Robert Parkhurst and
Eimer Reist of Stanford Re-
search Institute (SRI) and their
colleagues. intrigued by the
possibilities of the chemical
conducted further studies and
are currently using instruments
at the Stanford Magnetic Re-
sonance Laboratory to ex-
amine the structures of en-
dod's active agent. as well as
similar compounds from other
plants

We're still on the frontier So
far. nothing really practical has
come out of it Dr Parkhurst
says 'But we have found
punfied and are studying three
compounds from endod and
other plants from outside Africa
that show antifertility activity in
animals

Through experiments con-
ducted at the Stanford Magne-
tic Resonance Laboratory, the
scientists know the basic
structure of the agents. Each is
composed of either two or
three tightly bound sugar and
triterpene molecules The sci-
entists are now studying the
position of linkage and are
producing similar molecules
from other sugars to determine
whether these are equally ac-
tive or whether specitic sugars
are necessary

Once we know what we've
got.” Dr Reist says. “‘we might
be able to make analogs From

Information
Exchange

of application i1s impractical for
human use. according to Dr
Parkhurst Fach test subject
either a rat or mouse recewves
an injection into the uterus. so
that the drug will directly affect
ferilized ova Through some
unknown process the com
pounds force fertiized eggs k
stop cell division and disen
gage from the uterine lining 1f
they have become implanted

there  The fiust compound of
this type was isolated from
endod berrniee

From ancient times natives
of Ethhopra have used the ber
nes to make soap  Whiie
studying the ncidence  of

bilharzia in the late 1960s  Dr
Lemma observed that there
were no hive snails which are
hosts tor the: parasite for sev
eral miles downstream from
where women washed clothing
with endod bernes Within a
few days Dr Lemma proved

that the juice of the bernes was
highty POISONOLS t the
parasite irrying snails and he

spread the word  Crush the
bernes and throw them into the
stream

The campaign was a Suc
ess and Dr Lemma soon
traveled to Stanford Research
Institute 1 conduct maore
studiee There he met Dr
Parkhurst and the two men dis
cussed the potental use of
endod

The: titharzia parasites look
Iike sperm and on a hunch |
wondered f cndod extract
would make a good sper
micide  Dr Parkhurst remem

Left:

Dr. Aklilu Lemma examines a
snail which carries the parasite
responsible for bilharzia. While
conducting research in Ethiopia,
Dr. Lemma observed that a na-
tive plant called endod effec-
tively kills the parasite's snail
host. Subsequent studies of
endod extracts led scientists to
discover their various properties
including anti-fertility activity.
Below:

Fork-tailed iarva (400 microns
long) of the schistosome para-
site, which causes bilharzia.

Reprinted by permission
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bers. “So In the testing, we
found it was eftective, in mi-
crogram amounts, against
sperm and eggs.”

In order to fertilize the egg
sperm cells, when released
into the female reproductive
tract, must swim through the
long fallopian tubes. In the
presence of even a trace of
endod, they are unable to
complete the passage. "Then
the question was: what would
happen if we placed this right
in the uterus? Would it keep a
fertilized egg from develop-
ing?" Dr. Parkhurst recalls
Tests conducted on rats
showed that as late as six days
after fertilization, the egg was

- T8 -

destroyed by endod extract
“Now we have to establish a
family of compounds to see
which ones are going to have
the best activity and minimal
side etfects,” Dr Parkhurst
explains

So. endod has progressed in
some ten years from ancient
folk medicine to modern bio-
chemistry. The properties of
extracts from this and other
plants are still very much a
mystery, drawing the interest of
scientists in widely different
fields. Besides its contracep-
tive effects, researchers are in-
vestigating an active agent in
endod which may be used as
an antidote for overdosage of

certain drugs and for certain
poisons, since i induces im-
mediate vomiting without last-
ing effects Indeed. the scien-
tists have learned that a strong
tea made from endod berries s
used by Ethiopians as an anti-
dote to poison

Other researchers have pro-
ven that extracts from the weed
are lethal to the fungus that
causes athlete's foot. A lab-
oratory team at Harvard found
that larvae of the mosqutto that

carnes malana are ten himes
more  sensiive 1o endod ex
tracts than s the water snail
The larvac: cannot develop into
adults in the: presence o even
a trace of endod, according to
Dr Parkhurst

‘Many pernpheral studies
have come out of the onginal
one made by Or Lemma in
Ethiopia,” says Dr Parkhurst
“We are dealing with a very
broad spectrum of possible

uses

Research into endod extracts and similar compounds 1s prmarily
supported by the National Institute of Child He:alth and Human
Development. The Stanford Magnetc. Resonance: Laboratary s
supported by the NIH Division of Research Resources, and the:

National Science Foundation

Chemical and quantitative aspects
of Phytolacca dodecandra berries as
a mollusicicide: Charles B Lugt, Institute
of Pathobiology, Addis Ababa University.

The shrub, Phytolacca dodecandra, is
used in Ethiopia as a substitute for soap
and is known for its molluscicidal potency.
The plant occurs in many varieties with
respect to morphology, saponin content
of the berries and molluscicidal potency
of them. In order to select an appropriate
variety for berry production as a means

to control bilharziasis transmitting snails,
we have to take into account these dif-
ferences. From the chemical point of
view of this plant, as far as the berries
are concerned, the active molluscicidal
principles are triterpenoid glycosides, to
which at C3 three or mcre sugars are
attached. On TLC more than eight different
components can be observed, of which
some show strong molluscicidal activity,
while others show no action at all. Because
of their foaming capacity, these glycosides
are also called saponins. One of the main
characteristics of saponins is that they

are able to haemolyse bloodcells. This
study shows that the haemolytic capacity
of the berry extracts parallels their mol-
luscicidal potency. As a routine part of
the work, the dry berry output per raceme
(inflorescence) of various types was mea-
sured. Together with these figures and
with those of their molluscicidal potency.
the ratio between the two was determined.
It showed that the unripe stage of the
berries is the most suitable time to harvest
the fruits although there are some interest-
ing exceptions to this rule.

Reprinted with permission from the Ethiopian Medical Journal, 16: 40-41.
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SHORT COMMUNICATION

TRITERPENOID SAPONINS FROM
PIHYTOLACCA DODECANDRA

J. W. PowrLL and W. B. WHALLEY
The School of Pharmacy, The University, London W.C'.1
(Received 27 March 1969)

Abstract—Two aglycones from the saponins of the molluscicidal fruit of Phytolacca dodecandra have been
identitied as oleanolic acid and bayogenin.

Tur vrutis of Phytolacca dodecandra (Phytolaccaceae) (known in Ethiopia as “Endod ™)
have been extensively used as a poison in Africa' 2 and arc currently receiving considerable
attention as a potential molluscicide for the control of bilharzia.':2 It has been suggested!
that the toxic principle which is present in various parts of the plant is a steroidal saponin.
Through the courtesy of Dr. B. A. Hems of Glaxo Research Ltd., we have been able to
examine a quantity of the fruits and have carried out a preliminary investigation of the
saponins.

The dried, crushed fruits were defatted with petroleum ether and then extracted with
methanol to furnish a water-soluble gum having the gencral properties of a saponin. This
extract was tested against young adult snails of a Puerto Rican strain of Australerbis glabratus
with the following reproducible results: (a) 1:7500 parts in water. all snails killed in 4 days;
(h) 1:3250 parts in water, all snails killed after 48 hr.

Hydrolysis of the crude saponin gave a high melting product which was devoid of ester
groups but which contained hydroxyl and carboxyl groups (i.r. spectrum) and which was
acctylated and then methylated. Separation of the mixed product by chromatography
furnished methyl O-acetyl olcanolate (1) and methyl tri-O-acetylbayogenin? (11), thereby
indicating the presence of the oleanolic acid and bayogenin moicties as aglycones in the origi-
nal saponins. ‘The mass spectrum of (11) showed a base pcak at mfe 203 (accuratc mass
measurement) corresponding to the ion (1V) produced by way of the retro-Dicls-Alder
product (11). The NMR spectrum of methyl tri-O-acetylbayogenin showed, inter alia,
signals at 7 4-6 (multiplet, 2 protons, H-3 and H-12), 5-05 (doublet, J=4 ¢/s, | proton, H-3),
6-2 (close AB system, 2 protons, —CH,OCOCH,), 6-:35 (singlct, 3 protons, -- COOC /1)),
79 (singlet, 6 protons, 2 x-- OCOCH,), 80 (singlet, 3 protons, —OCOCH ), 88, 89, 895,
9-2 (singlets, 3 protons cach, -~C.CH,) and 9-1 (singlet, 6 protons, 2 x C.CH;). Thecoupling
constant between H-2 and H-3 of 4 ¢/s is in agreement with the assigned stereochemistry of
the acetoxyl groups as 2f3, 3. The chemical shift of the closc-coupled AB system attributed

L), M. Warr and M. Briver, Medicinal and Poisonous Plants of Southern and Eastern Africa, Brandwijk
(1962),

2 C. WEiss, Jr., Scient. Res. 64-74 (1967).

*R. AL EAng, J. J. H. Simes and B. STEVENSON, J. Australian Chem. 900 (1963).

S Reprinted by permission
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to the protons on C-23 is within the range given by Gaudemer of al tor an cquiton!
—CH,O0COCH;  attached 10 C-4. Thus the NMR and mass spectral dataare tully moaceerd
with the structure and stereochemistry previously assigned® to bayogenim.

AcO

CHLOAC
) (n

H
7 ‘
-
—
av) an
CiHay 203 (100°) C-Ha0s - 262(71%,)

CH.0on
V)

The close structural relationship between bayogenin and phy tolaccagenin® (V) trom
P. americana L. (* pokeroot”) is in accord with the close botanical relationship between the
two plant species.

At this stage of our work we had become aware of the more extensive investigation upon
this project being carricd out by the Tropical Products Institute, who have also reported the
isolation of oleanolic acid.® We have thus discontinued this investigation.

4 A. GAUDEMER, J. Po1ONSKY and E. WeNKeRrT, Bull. Soc. Chim. Fr. 407 (1964).

3 G. H. StouT, B. M. MaLorsky and V. F. Stour, J. Am. Chem. Soc. 86, 957 (1964).

o T. A. KING, K. JEwers, H. RicnarnsoN and C. P. Faisiaw, Abstracts of Sth Intermational Sy mposivin
on the Chemistry of Natural Products, F43, London (1968).
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EXPERIMENTAL

Lhe NMR spectra were determined in dewterio-chloroform solution on a Varian A 60-A spectrometer.

Ixtraction of Dried Fruit from Phytolacca dodecandra

1he dricd froit (610 g) was coarsely crushed and defatted (Soxhlet) with petroleum ether (b.p. 60-80 )
during & hr. Subsequent extraction with methanol during 24 hr yiclded crude saponin as a brown gum
(310 ). Hydrolysis of this saponin (72 g) in boiling methanol (600 ml) containing conc. HCT (150 ml)
occurred during 90 min, with the separation of a semi-crystalline product (11-6 g), m.p. 345-350 . Alier
collection of the product, further heating of the filtrate under reflux (2 hr) furnished an additional quantity
(2 ) ol a similar material,

Separation of the Mixed Aglyvcones

Crude aglyeone (2-7 g) dissolved in pyridine (20 m) and Ac;O (50 ml) was kept at 20° during 48 hr. On
wolation the mistire of crude acetates, dissolved in methanol (50 mi), was treated with ethercal CH,N,
[trom mitrosomethylurea (15 )], during 18 hr at 07, A solution of the product in benzene (10 ml) was
chromatographed on silica gel. 1lution with ethyl acetate/benzene (4°,) gave methyl O-acetylolcanolate
(6 g) which formed prisms, nep. 216 222°, from alcohol: further clution with ethyl acetate/benzence
(10 20 per cent) vielded methyl tri-Q-acetylbayogenin in prisms (0-5 g), m.p. 195 203", from methanol.
Both specimens were identical (n.p., mixed mup., i.r.. NMR and mass-spectra) with authentic specimens.

Acknowledgements  We are indebted to Dr. D. L. 1. Robinson and Mr. D. F. Moore of Glaxo Laboratories
Ltd. for the biological testing and to Professor R. A, Eade Tor the specimen of bayogenin.
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MOLLUSCICIDAL SAPONINS OF PHYTOLACCA DODECANRA:
OLEANOGLYCOTOXIN-4

ROBERT M. PARKHURST, DAVID W. THOMAS and WILFRED A. SKINNER
Life Sciences Division, Stanford Research Institute, Menlo Park, CA 94025, US.A.

and

Lewis W. CARy
Varian Associates, Palo Alto, CA 94306, U.S.A.

(Received 15 September 1972. Accepted 28 December 1972)

Key Word Index—Phyrolacca dodecandra; Phytolaccaceae; oleanoglycotoxin-4; molluscicide; oleanolic
acid; glycoside.

Abstract—The structure of one of the major molluscicidal saponins of the fruit of Phytolacca dodecandra
has been elucidated as 3-[2,4-di-O-(p-D-glucopyranosyl)-B-p-glucopyranosyl]-olean-12-ene-28-oic acid. The
combined use of 300 Mc. PMR, MS and GC-MS led to this structural assignment.

INTRODUCTION

THE SHRUB Phytolacca dodecandra, commonly known in Ethiopia as Endod, produces large
quantities of berries that, when dried, ground and suspended in water, may kill snails at as
low a concentration as 10 ppm.!~2 In view of the potential of the Endod plant for control-
ling schistosomiasis, a disease transmitted by aquatic snails, there have been several attempts
to elucidate the structure of the active principle. Horton* speculated that the active material
may be a glycoside or glucuronide of oleanolic acid. King et al.’ and Powell and Whalley®
found four different sugars, oleanolic acid, and bayogenin in the hydrolysis products of
the crude active fraction. The work described here concerns the isolation and structure
determination of one of the major biologically active saponins; future papers will be con-
cerned with the structures of other components of the complex mixture.

RESULTS

For isolation of the saponins, the dried finely ground Endod berries were defatted with
light petroleum, then extracted with warm water. Partition with butanol provided a bio-
logically active light tan powder, representing 20-25 % of the initial ground berries.” This

! LemMma, A. (1965) Ethiop. Med. J. 3, 187.

2 LEMMA, A. (1970) Bull. World Health Organ. 42, 597.

3 LemMa, A. and DUNCAN, J. (1970) J. Parisatol. 56(4), 213.

4 HorToN, W. J. (1968) World Health Organ. Molluscicide Information Series, No. 24, V.

$ KinG, T. A., Jervers, K., RICHARDSON, H. and FaLsHaw, C. P. (1968) Abstract of Sth International
Symposium on the Chemistry of Natural Products, F. 43, London.

¢ PoweLL, J. W. and WHALLEY, W. B. (1969) Phytochemistry 8, 2105.

7 LEMMA, A., Bropy, G., NEWeLL, G. W., PARKHURST, R. M. and SKINNER, W. A. (1972) J. Parasitology
58, 104-107.

1437 Reprinted by permission
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material was acetylated and examined by TLC, which showed a complex mixture of over
ten distinct components, three of these appearing to be major. One of the major components,
representing about 18 % of the crude saponin acetates, was isolated by repetitive chromatog-
raphy in sufficient quantity for further study. Deacetylation of this material yielded a
biologically active substance (EDyo, 3 ppm, 24 hr, Biomphalaria glabrata) which was
named oleanoglycotoxin-A4. Reacetylation gave material identical with the originally isolated
acetate.

Acid hydrolysis of oleanoglycotoxin-4 gave a water-insoluble solid with the same R, as
oleanolic acid (I), which had previously been established as the major sapogenin of the
Endod saponins.4~¢ Further examination of its permethyl derivative by GC-MS demon-
strated that the major component (86 %) had a retention time and MS identical with those
of authentic methyl O-methyloleanolate (I1). A lesser component (11 %) gave a MS identical
with that of authentic methyl di-O-methylhederagenin (III). This would indicate that
oleanoglycotoxin-A, in spite of the chromatographic homogeneity of its acetate, contains
a minor component derived from hederagenin (IV). The aqueous phase of the acid hydroly-
sis of oleanoglycotoxin-A4 contained only glucose, unambiguously identified by GLC of its
trimethylsilyl derivative.®

(E) Ry=Ry=OH; Ra=H
(II) R.=R;=0Me; R2=H
(Im) R|=R2=R;=OM.
(IZ) Ry= Rz = Ry = OH

The first indication of the total composition of oleanoglycotoxin-4 was given by the
NMR spectrum of its peracetyl derivative. In particular, the presence of ten acetate methyls
(ppm, 1:73 (3 x Me); 1:76; 1-80 (2 X Me); 1:91; 1:93; 2:06 and 2-10) indicated 3 mol of
glucose present to 1 mol of oleanolic acid, whose seven methyl groups are clearly apparent
at 0-87, 0-92, 0-96, 1-00, 1-05, 1-19 and 1:24 ppm. Because of its low abundance and struc-
tural similarity to oleanolic acid, the hederagenin component of oleanoglycotoxin-A4 is not
expected to make an observable contribution to the NMR spectrum.

MS not only confirms this conclusion, but gave additional structural information.
Peracetyl oleanoglycotoxin-4 was methylated with diazomethane, yielding a derivative
which gave a MS with a group of peaks at m/e 1374, 1375 and 1376. The peracetate methyl
ester of a triglucoside of oleanolic acid required a MW of 1376. Evidently, in this spectrum
mje 1374 and 1375 are due to pronounced losses of H, and H, respectively, from the
molecular ion. This behavior has been observed also for permethyl and peracetyl oleano-
glycotoxin-A4, and numerous other related saponins, including a synthetic peracetyl mono-
glucoside of oleanolic acid.

8 SwekLEy, C. C., BENTLEY, R., MAKITA, M. and WELLs, W. W. (1963) J. Am. Chem. Soc. 8S, 2497.
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The MW (1376) of the major component could be confirmed by further examination of
this MS. Loss of a terminal peracetyl glucose unit (mass 347) (Scheme I) is expected to give
rise to an intense ‘M minus 347 peak, observed here as fragment a at m/e 1029. This
peracetyl glucose is itself observed without the glucosidic oxygen as ion b at m/e 331. That
all three glucose units are contained within one single saccharide moiety, as opposed to
being attached independently at different points to the oleanolic acid unit, is demonstrated
by the appearance of a peracetyl triglucose unit in the MS at m/e 907 (c). This saccharide is
clearly attached at the hydroxyl of oleanolic acid; MS loss of the trisaccharide unit with
the linking oxygen gives one of the most intense peaks of the spectrum at m/e 453 (d). The
appearance of fragment e at m/e 262, originating by a mechanism typical of 4'2-unsaturated
triterpenes, confirms that the carboxyl is present as a methyl ester, ruling out the possibility
of the saccharide being bound to the carboxyl group.

COOMe

AcO OAc

e

SCHEME 1. MS FRAGMENTATION OF PERACETYL OLEANOGLYCOTOXIN-A METHYL ESTER.

A mass spectrum of peracetyl oleanoglycotoxin-A4 (i.e. not treated with diazomethane)
was similar to that of the methyl derivative, except that all fragments which contain the
carboxyl group appeared 14 m.u. lower. That is, fragments M, a, d and e appeared at m/e
1362, 1015, 439 and 248, respectively. Those fragments which had lost the carboxyl function
(i.e. M — COOMe, d — HCOOMe and e — COOMe) remained unchanged. Thus, the
methyl ester of the derivative illustrated in Scheme 1 was introduced by treatment with
diazomethane, and oleanoglycotoxin-A therefore contains a free carboxylic acid.

All the MS data thus far discussed referred to derivatives of the major component of
oleanoglycotoxin-4, i.c. a triglucoside of oleanolic acid. Also visible in the MS are peaks
which may be attributed to a triglucoside of hederagenin, the minor component already
mentioned. MS fragments containing the sapogenin portion of the molecule appear to a
minor extent shifted 58 units toward higher mass; e.g. note in particular the pair of peaks
for fragments a at m/e 1029 and 1087. This is indicative of the additional O-acetyl group in
the hederagcnin moiety.

In order to determine the structure of the trisaccharide present, oleanoglycotoxin-4 was
permethylated and then hydrolyzed to give a mixture of partially methylated glucose
derivatives. The mixture thus obtained was pertrimethylsilylated and analyzed by GC-MS.
The resulting gas chromatogram, revealed the presence of two pairs of glucose derivatives,

i,
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each pair representing an equilibrium of a- and -anomers of a single derivative. A compari-
son of the MS of these sugars with those previously reported® for trimethylsilylated 2,3,4,6-
tetra-O-methylglucopyranose and trimethylsilylated 3,6-di-O-methylglucopyranose estab-
lished their identity. Oleanoglycotoxin-A thus contains 2 mol of 1-substituted glucose to
1 mol of 1,2,4-trisubstituted glucose, bound to each other in a single saccharide unit. Only
one structure is possible (excluding assignment of anomeric configurations) for the major
component of oleanoglycotoxin-A, namely that indicated by formula V.

The anomeric assignments presented here are derived from a more detailed analysis of
the NMR spectrum of the acetate. Three 1-proton doublets at 4-23, 4-35 and 4-82 ppm, each
with coupling J 8 Hz, are due to the C-1 protons of the three glucose units. The coupling
constants imply a B-pyranoside in each case, since an a-pyranoside or either of the anomeric
furanosides would give splittings of 4:2 Hz or less.°

OH
CHOH
o,
OH
HO
OH

(Y)

The remainder of the saccharide signals in the NMR spectrum may be classified in three
groups: (a) all C-H adjacent to an acetate appear higher than 5-0 ppm; (b) C-H, adjacent
to an acetate (e.g. all C-6 protons) appear somewhat upfield, from 3-9 to 4-6 ppm; (c) C-H
adjacent to -OR functions appear even further upfield, from 3-2 to 3-9 ppm. Included within
the last group are the C-5 protons at 3-26 and 3-42 ppm (two and one protons, respectively),
and the protons adjacent to the saccharide linkage positions, i.e. C-2 and C-4 of the central
glucose at 3-82 ppm at 3-54 ppm, respectively.

These assignments were verified by spin decoupling experiments. Thus, irradiation of the
C-5 protons at 3-26 and 3-42 ppm caused partial collapse of the signals assigned to the C-6

® PETERSON, G. and SAMUELSON, O. (1968) Svensk Papp: itid 71 (20), 731.
19 CapoN, B. and THACKER, D. (1964) Proc. Chem. Soc. 3v3.
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protons, and irradiation of a C-3 proton (i.e. at 5-4 ppm) caused simultaneous collapse of
the central glucose C-2 and C-4 signals to doublets.

Thus, the major constituent of oleanoglycotoxin-A is 3-[2,4-di-O-(B-D-glucopyranosyl)-B-
D-glucopyranosyl}-olean-12-ene-28-oic acid (V). The minor hederagenin-containing con-
stituent probably has a similar structure, although small amounts of trimethylglucoses
identified in the acid hydrolysis product of permethyl oleanoglycotoxin-A leaves open the
possibility that hederagenin and/or a small part of the total oleanolic acid may be associated
with a linear trisaccharide.

EXPERIMENTAL

All GLC analyses were carried out with a 3 m x 32 mm column of 1% SE-30 on 100-120 mesh Gas
Chrom Q, at a flow rate of 23 mi/min. Temperatures required were 280° for the methylated sapogenins, 180°
for the pertrimethylsilylated glucose. MNR spectra were determined with a Varian HR 300 nuclear magnetic
resonance spectrometer employing a superconducting magnet at 70-S kG. The sample was examined in
a 5-mm sample tube at 35°. Mass spectra were determined with an LKB model 9000 combination gas
chromatograph-mass spectrometer.

Extraction of crude saponins. The dried fruit of Phytolacca dodecandra (Endod) was ground to a fine
powder and defatted with light petrol. The defatted material was extracted with warm H,O-BuOH. Evapora-
tion of the BuOH gave a brown gum which upon trituration with Et,O solidified to a tan powder representing
20-25Y%; of the wt of the dried fruit.’

Acetylation of crude saponins. 20 g with Ac,O-pyridine gave a brown gummy product which was dissolved
in tetrahydrofuran, passed through a short Florisil column, and again evaporated in vacuo giving 19-55 g
of almost colorless amorphous saponin acetate mixture.

Isolation of oleanoglycotoxin-A acetate. 2 g of the crude saponin acetates was chromatographed on a
column (18 x 3 cm, 50 g Mallinckrodt SilicAR-CC7, 100-200 mesh) using CHCIl;~Et,O gradient elution
and following the progress of the fractions with TLC on SilicAR-7GF plates. One fraction, 348 mg, eluted
with 5% Et,0 in CHCI,. was further purified by repetitive chromatography on thick plates (SilicAR-7GF,
CHCIl,-Et,0, 1:1) finally giving 41-6 mg of the acetate as a colorless glassy solid, R, 38—46 (SilicAR-7GH,
Et;0), [a)?3p +17-37 & 4:35° (¢ = 0-576, CHCl,). (Found: C, 59-4; H, 7-19. Calc. for CggHogO;s: C,
59-89; H, 7-24 %.) NMR spectrum, see text; MS, m/e 203, 248, 331, 393, 438, 439, 907, 1015, 1073, 1314, 1316,
1360, 1372, 1374, 1418. Comparison of the area of the TLC spots of the pure and crude materials allowed an
estimate of the weight percent of oleanoglycotoxin-A acetate in the crude mixed saponin acetates to be 18 %.

Deacetylation of oleanoglycotoxin-A acetate. The acetate (2:3 mg) was treated with an excess of MeOH-
conc. NH,OH (1:1) at 50° for 12 hr, then evaporated. Extraction with n-BuOH, followed by evaporation,
gave the biologically active saponin as a colorless powder.

Merhylation of oleanoglycotoxin-A acetate. The acetate (0-6 mg) in 10 ml of MeOH was methylated with
excess CH;N,; in Et,0. TLC indicated only a single product was formed. MS, m/e 203, 262, 331, 393, 452,
453, 907, 1029, 1087, 1316, 1317, 1360, 1374, 1375, 1376.

Acid hydrolysis. Oleanoglycotoxin-A4 (1:3 mg) was heated on the steam bath for 24 hr in a sealed tube
containing 0-2 ml of 1 N HCl. The solid precipitate was centrifuged to one end, the liquid decanted to the
other end and the tube cut in half. The solution was lyophilized and the residue was gas chromatographed as
its pertrimethylsilyl derivative,® prepared by dissolving in HMDS-TMCS-pyridine. Only glucose was found
to be present. The solid precipitate, crystd from EtOH-H,0, was identical with an authentic sample of
oleanolic acid on TLC in two solvents, R, 70 (SiIGF-EtAc); R, 90 (SiGF acetone), m.p. 306-307-5°, m.m.p.,
no depression. (Found: C, 78:46; H, 10-54. Calc. for C5oH4O;3: C, 78:90; H, 10-:59%.) This material was
permethylated!!-!? with Mel and NaH in HCONMe,. Examination of the product by GC-MS revealed
the presence of 86 % methyl O-methyloleanolate, 119 of methyl di-O-methylhederagenin, and 3% of two
unidentified compounds.

Permethylation. Oleanoglycotoxin-A4 (9-8 mg) was methylated twice with 50 mg NaH and 0:1 ml Me I
in 0-2 ml dry HCONMe,"!*'? and the product was purified by TLC. MS, m/e 187, 203, 219, 262, 391, 395,
407, 423, 453, 509, 861, 1094.

Acid hydrolysis of permethyl oleanoglycotoxin-A. The material (3:3 mg), 5 ml dioxane (distilled from sodium

Acid hydrolysis of permethyl oleanoglycotoxin-A. The material (3-3 mg), 5 ml dioxane (distilled from
sodium), 4 ml of dist. H,O and 1 ml of conc. HCI were refluxed for 15 hr. The solution was evaporated in
vacwo, one drop of pyridine added and the sides washed down with Et,0. Evaporation gave a yellow gum,
which was derivatized by dissolving in 100 xl HMDS-TMCS-pyridine. GC-MS showed a- and S-anomers

11 BRIMACOMBE, J. S., JONES, B. D., STACEY, M. and WILLARD, J. J. (1966) Carbohyd. Res. 2, 167.
12 Tomas, D. W. (1969) FEBS Letters S, 53.
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of trimethylsilylated-2,3,4,6-tetra-O-methylglucopyranose and trimethylsilylated-3,6-di-O-methylgluco
pyranose.
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Lemmatoxia-C, ene of the meolluscicidal saponia
components of the fruit of physolsccs dodecondre
(Eaded), has beea found o be a mixture of two closely
lased o) lic acld 1 , each with & lincar
trk ride at the 3-position of o) lic acld and
rhamaeee as the eand sugar.

N continuation of our work on molluscicidal sapo-

nins of Phytolacca dod: dra?!, we have isolated a
chromatographically homogeneous fraction, lemma-
toxin-C, from the complex mixture of crude saponin
acetates. Although lemmatoxin-C has only half
the biological activity of lemmatoxin, it still
remains interesting from the standpoint of structure-
activity relationship. Interesting also is the fact
that the synthetic B-glucoside of oleanolic acid has
only one-tenth the molluscicidal properties of lemma-
toxin-C.

Lemmatoxin-C represents a ximately 179, of
the crude min acetates. h lemmatoxin-C
acetate not be crystallized, as was the case
with lycotoxin-A and lemmatoxin, its
chromatographic eity prompted us to start
our analytical study. The NMR spectra gave the
first indication that this material was not a single
compound. Although the presence of oleanolic acid
and three s groups was relatively apparent as
in the case of oleanoglycotoxin-A and lemmatoxi

Vol. 11, No. 11, November 1973, pp. 1192-119§

of a linear saccharide moiety. This peak is rela-
tively minor in the mass spectra of the branched
species, oleanoglycotoxin-A and lemmatoxin. An-
other peak at 849 (¢) represents a trisaccharide unit,
and peaks at 453 (f) and 262 (() represent the
sapogenin count with its A'* fragmentation
product. Peaks at 741 (d) and 1029 (b), represent-
ing oleanolic acid with one and two hexose units
respectively, again reinforce our speculations con-
cerning the linear nature of lemmatoxin-C.

We can, at this point, say something about the
mixture with which we are dealing. If all galactose
units occur with a glucose unit, 709 of lemma-
toxin-C must be rhamnose-glucose-glucose oleanolic
acid and 30% must be the corresponding galactose-
containing species. If all the galactose occur with
another galactose unit, 85%, of lemmatoxin-C must
be rhamnose-glucose-glucose oleanolic acid and 15%
must be the corresponding galactosecontaining
species.

The general appearance of the NMR spectra
would tend to favour the 70:30 mixture in that
several peaks seem to represent about § of a proton
upon integration (i.e. most downfield doublets and
u'i‘Flets near 8 3-7S ppm in the C D, spectra).

otal acid hydrolysis of permethyl lemmatoxin-C
and gas chromatography of the products as their
trimethylsilyl derivatives yield large amounts of
3,4,6-tri-O-methyl-1,2-di-O-(trimethyIsilyl)glucose and
galactose along with other minor products. From
this evidence, we can speculate that the linear sugar
chain is largely 1-2 linked. Two anomeric protons,
83 444 and 447 ppm, | =8 Hz (CDCly), show
clearly in the 220 MHz NMR spectra and show
B-configuration. The remaining anomeric proton is
obscured in the Cq-proton region. The particularly
complex nature of the NMR spectra precludes
certain identification of the other-anomeric proton.
Attempts to spin-decouple in the C,-proton region
failed to clarify the exact position of the third ano-
meric

there were variations in the sugar region of the
spectrum that could only be due to multiple com-
ts, i.e. less than ome-proton peaks. This
immediately complicated the interpretation of the
already complex NMR spectrum. .

Gas chromatography of the per-trimethylsilylated
sugars from total acid hydrolysis of lemmatoxin-C
confirmed the multiple component theory in that
rhamnose, glucose and galactose were liberated in
the ratio of 1-0: 4-0: 0-6 moles respectively.

Mass spectral examination of lemmatoxin-C
acetate, however, gave a fairly clear picture of the
structures involved (structures I and II are pre-
sented as an aid to the int tation). In the
molecular ion region, peaks at 1316, 1317 and 1318,
which are 58 mass units lower than the correspond-
ing mass peaks for oleanolglycotoxin-A and lemma-
toxin confirmed that components contained
the rhamnose unit. A peak at 273 (e) further
indicated that the rhamnose unit was the end sugar
in all cases since no appreciable peaks appeared at
331, which would correspond to a terminal glucose
or galactose. Peaks at 1272 (M—HCO,H) in the
spectrum of the acetate and at 1258 (M—HCO,CH,)
in the acetate methyl ester spectrum indicates that
the carboxylic acid group is in lemmatoxin-C.

A rather intense at 561 (c), the rhamnose
and the hexose to which it is attached, is indicative

In the cases of oleanolglycotoxin-A and lemma-
toxin, the sugar unit connected directly to the
oleanolic acid was glucose. If we could speculate
that some biogenetic rathway acts in this plant
in a way common to all these derivatives, we might
also presume that the glucose remains next to the
oleanolic acid in the minor component of lemma-
toxin-C. However, partial hydrolvsis experiments
would be required for a more definitive answer.

Some additional insight can be gained from the
molar rotations of lemmatoxin-C and its relevant
sugar components. The two anomeric methyl
glycosides of peracetyl L-rhamnose (thamnose occurs
almost exclusively in nature as the L-form) and
the a- and B-anomers of the corresponding galactose
and glucose derivatives® bhave molar rotations
as shown in Table 1. The algebraic addition of
all possible combinations of the anomeric forms
of these three sugars and all possible combina-
tions of two glucose anomers with the two rhamnose
anomers results in a total positive molar rotation
except for the a-rhamnose-8-glucose-B-glucose
combination and the a-rhamnose--galactose-
p-glucose combination, which result in total molar
rotations of —295° and —280-3° respectively. This
is in fair ment with the molar rotation of —219°
required for the trisaccharide moiety of lemma-
toxin-C, although this does not completely eliminate
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Tasiz 1 — Morar Rorvations o Lzumaroxin-C awp)
Irs ReLevant Sucar COMPONENTS A

(s)o Mp
(deg.) (deg.)
Lemmatoxin-C acetate +11-87 +1560
Oleanolic acid +830 +375-0
Sugar moiety required — -2190
«-Methyirhamnoside acetate -53-7 —-163-4
$-Methyirhamnoside acetate +45-7 +1391
a-Methylgalactoside acetate +1330 +482:0
p-Methyigalactoside acetate -14-0 —50'7
«-Methviglucoside acetate +130-§ +4728
$-Methyiglucoside acetate -18:2 —659
Rb ide + p-gl d
+ B-glucoside (methyl te) - -295-0
«-Rhamnoside 4 B-galactoside
+ B-glucoside (methyl acetate) —_ -280"3

the possibility of the presence of some additional
a-linkages in the minor component.

It is now possible to propose tentative structures
for the major component of lemmatoxin-C as
3-0-(a-L-rhamnopyranosyl-2’-0-8-D-glucopyranosyl-
2°-0-8-D-glucopyranosyl)olean-12-ene-28-oic acid (at
least 70%) and the remaining component as the
galactose containing species (structures I and II
respectively).

Mass spectra were determined with either a CEC
model 21-110B mass spectrometer or an LKB
model 9000 combination gas chromatograph-mass
spectrometer. Quantitative gas chromatograms were
obtained with a Varian aerograph model 550-B
instrument with flame ionization detector. All
analyses were carried out with a 10’ x§° column of
19, SE-30 on 100-120 mesh Gas Chrom @, at 200°C
and a flow rate of 23 ml/min.

Separation of lemmatoxin-C acetaie — Crude sapo-
nin acetates (2 g) was chromatographed on a column
(18x3 cm, 50 g, Mallinckrodt silic-AR-CC7, 100-
200 mesh), using CHCly-ether gradient elution and
following the progress of the fractionation via TLC
on silic-AR-7GF plates. A fraction, 1015 mg,
eluted with 19, ether in CHCl,, was further purified
by repetitive chromtugnphy on thick plates
(silic-AR-7GF ; CHCl,, CHCly-ether (1: 1), and ether],
finally giving 35-2 of lemmatoxin-C acetate as a
colourless glassy soll:g R; = 0-62-0-68 (silic-AR-7GF;
ether), [a)2® = +11'87° (c = 187, CHC),).

Lommatoxin-C acelate methyl ester — Lemmatoxin-
C acetate was methylated with excess diazome-
thane in methanol-ether mixture as previously re-
ported®.

lation of k foxin-C acelate — Lemma-

toxin-C acetate (9 mg) was dissolved in 3 ml of
methanol and 1 ml of conc. ammonium hydroxide
and maintained at 50° for 24 hr. The solution was
evaporated in a slow stream of nitrogen and ex-
tracted with s-butanol. Evaporation of the butanol
gave lemmatoxin-C as a colourless, amorphous solid.

Total hydrolysss of L toxin-C — L oxin-C
(1 mg) was dissolved in 2 ml of dioxane-2N HCI (1:1)
and sealed in a glass tube. The sealed tube was
placed in a steam bath for 17 hr and finally evapo-
rated to dryness in a slow stream of nitrogen. Olea-
nolic acid, which crystallized out, was removed by
centrifugation and its identity was established via

The sugars were per-trimethylsilvlated in
pyridine for gas chromatographic analysis as pre-
viously described®.

Total hydrolysis of permethyl lemmatoxin-C —
Lemmatoxin-C (8 mg) was permethylated by the
usual procedure and purified from incomplete
methylation products via TLC (silic-AR-7GF; CHCl,-
ether, 1:1). The permethyl lemmatoxin-C was
subjected to total acid hydrolysis in dioxane-2NV
HCI (1: 1) as described previously2.

The hydrolysis products were per-trimethvisily-
lated in pyridine for combined gas chromatography-
mass spectral analysis.

The authors are indebted toDr Akiliu Lemma for
his interest and samples of P. dodecandra and to
Percy Yau for biological testing. This work was
supported by the Office of Naval Research, contract
NOOO 14-71-C0123, Stanford Research Institute
Research and Development funds, and General
Research Support Grant R0O-5522 from the National
Institutes of Health.
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Lemmatoxin, one of the molluscicidal saponin components of the fruit of Phyiolacca dodecandra
(endod), has been found to be a derivative of oleanolic acid substituted in the 3 position with a branched
trisaccharide containing two glucose units and one galactose unit. A structure is proposed.

On trouve qu'une des composantes des saponines molluscicides du fruit du Phyviolucca dodecandra
(endol), la lemmatoxine, est un dérivé substitué en position-3 de I'acide oléanolique par un trisaccharide
ramifié contenant deux unités de glucose et une unité de galactose. Une structure est praposée.

Can.J Chem . 8§2.702(1974)

Since the reported isolation and structure
determination of the major biologically active
saponin of endod, oleanoglycotoxin-A (1), further
work has led to the isolation of another saponin.
Although present in lesser amount in the crude
saponin mixture, this component seems to be
about twice as biologically active (LDgy,. 1.5
p.p.m., 24 h, Biomphalaria glabrata) as the major
component. The discovery of other biological
activity of the saponin not related to its mollusci-
cidal properties is also under investigation. We
have designated this material lemmatoxin (R =
OH; R’ = H) and present here evidence for our
assignment of structure.

During the chromatographic isolation of ole-
anoglycotoxin-A as its acetyl derivative from the
crude saponin acetates from endod, several less
polar components were recovered as mixtures.
Repeated chromatography of one of these mix-
tures on silica gel thick layer gave lemmatoxin
acetate (R = Ac: R’ = H) as a noncrystalline,
glassy material, which seemed to be homogeneous
by virtue of its movement on thin-layer silica gel
plates as a single spot in several solvent systems.
Lemmatoxin acetate could be deacetylated to give
a biologically active saponin and reacetylated (1)
to give back lemmatoxin acetate identical to that
of the originally isolated material. Comparison
of the size of the spots of this material and the size
of the corresponding spot in the t.1.c. of the crude
saponin acetate mixture allowed us to estimate

'Revision received September 17, 1973.

[Traduit par le journal]

its approximate concentration in the crude
material at 16" .

Acid hydrolysis of lemmatoxin gave oleanolic
acid as in the case of cleanoglycotoxin-A and also
glucose and galactose, in the ratio of 2: 1, respec-
tively, which were identified as their pertrimethyl-
silyl derivatives by gas chromatography. Gas
chromatography of the total acid hydroly sis prod-
ucts of permethyl lemmatoxin (R = R" = CH,)
as their pertrimethylsilyl derivatives showed
1 mol of 2,6-di-O-methyl-1.3.4-tri-O-(trimethyl-
silyl)-p-glucose. 1 mol of 2.3,4.6-tetra-O-methyI-

1-O-trimethylsilyl-p-galactose. and | mol of

2,3.4.6-tetra- O-methyl-1-O-trimethy Isilyl-p-glu-
cose, which were identified by comparison of their
mass spectra with those in the literature (2). indi-
cating that a galactose and glucose unit are at-
tached to a central glucose unit in the 3 and 4
positions, assuming the central glucose to be in
its pyranose form.

Acid hydrolysis of lemmatoxin under mild con-
ditions gave glucose and galactose in almost equal
amounts, as identified by gas chromatography of
their pertrimethylsilyl derivatives. and another
saponin along with free oleanolic acid in almost
equal amounts. The formation of free oleanolic
acid would be accompanied by the release of
twice as much glucose as galactose and we would
expect that the new saponin formed would retain
glucose in preference to galactose. The hydrolytic
loss of sugars in the 3 position in preference to the
4 position would tend to indicate that the galac-
tose is located at position 3 (3). The new saponin

Reprinted by permission
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M 1376 d 453
a 1029 e 262
b 331 S (M — HCOOCH,;) 1316
c 07 £ (d = HCOOCH;) 393
h (e — COOCH,) 203

Interpretation of the mass spectrum of lemmatoxin acetate methyl ester (R = Ac; R’ = CH,;). The

evidence for galactose and glucose being attached at positions 3 and 4, respectively, rather than 4 and 3, res-

pectively, is not complete (see Text).

formed by this partial hydrolysis was not dis-
tinguishable from an authentic sample of ole-
anolic acid B-cellobioside by any of our thin-
layer chromatographic systems when compared
as cither the peracetyl or permethyl derivative,
further supporting our indication that galactose
is located at the 3 position. Attempts to investi-
gate the total hydrolysis products of the permethyl
derivative of the new saponin formed by partial
hydrolysis of lemmatoxin via gas chromatography
- mass spectroscopy were inconclusive however,
because the expected peaks for 2,3,4,6-tetra-O-
methyl-1-O-trimethylsilyl-a- and B-D-glucose and
2,3,6-tri-O-methyl-1,4-di-O-trimethylsilyl-a- and
B-D-glucose were very small due to the limited
amount of sample available and the relatively
high background of column bleed in the area of
these peaks. This leaves still some doubt as to the
position of attachment of the glucose and galac-
tose units.

Mass spectra of lemmatoxin acetate and of its
methyl ester (R = Ac; R’ = CH,) gave added
structural information. The molecular weight
(1376) of the methyl ester could be seen by ex-
amination of this mass spectrum (Fig. 1).

That all three sugar units are contained within
one single saccharide moiety is confirmed by the
appearance of a peracetyl trihexose unit in the
mass spectrum at m/e 907 (c). The appearance of
fragment (e) at m/e 262, originating by a mech-
anism typical of A'>-unsaturated triterpenes, con-

firms that the carboxyl is present as a methyl
ester, ruling out the possibility of the saccharide
being bound to the carboxyl group.

A mass spectrum of peracetyl lemmatoxin was
similar to the methylated compound with the ex-
ception that all fragments containing the car-
boxyl function appeared 14 mass units lower.
Thus, the methyl ester ofthe derivative illustrated
in Fig. 1 was introduced by treatment with diazo-
methane, and lemmatoxin therefore contains a
free carboxylic acid.

The n.m.r. spectra of lemmatoxin acetate were
taken in CDCl;, C¢D4:CDCl; (1:1), and two
mixtures of these solvents. Two one-proton
doublets 8 (CDCl,) 4.66, 4.70 p.p.m., (J/ = 8 Hz)
each of which lean downfield and may be asso-
ciated with the anomeric protons of two of the
sugar units in the P configuration. The third
anomeric proton is less well defined and partially
covered by the C¢ protons, but can be detected
via solvent shift as a doublet 3 (CDCl,) 4.37
p.p-m., (J = 8 Hz)indicating the B configuration.

Further upfield in the CDCl, spectra there are
two multiplets 8 3.59 and 3.70 p.p.m., representing
one and two protons, respectively. The fact that
they lean downfield and their width suggest that
these are three C, protons. The Cy proton of
galactose is only very weakly coupled to the C,
proton and appears almost as a triplet (4). Spin
decoupling at these multiplets causes the expected
collapse of the minor splitting in the C, proton
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quartets, confirming our previous assumptions.
The triplet at 6 3.95 p.p.m. is collapsed by irradia-
tion at 293 Hz downfield where we would expect
the C, proton of the middle glucose unit; there-
fore this triplet must be assigned to the C, proton.
The other triplet at & 3.86 p.p.m. is therefore the
C, proton of the middle glucose unit. The upfield
shift of the C; and C, protons of the middle
glucose is consistent with our proposed 3,4-di-O-
substituted glucose structure.

Although the far less likely furanoid structure
for the disubstituted glucose unit cannot be ruled
out on the basis of the hydrolysis products, the
appearance of the C, and C; protons of the
central glucose unit in the n.m.r. suggests a split-
ting pattern of a pyranose form as does the large
anomeric coupling (5). The low intensity of mass
fragments resulting from the fission of the side
chain from a five-membered furanose ring to give
the planar oxinium ion also suggests the pyranose
over the furanose form (6).

Since the anomeric configuration was clearly
established by n.m.r., the unlikely possibility of
L sugars can be ruled out by the optical rotation
on the basis of Klyne’s rule (7).

(oo Mp

(deg) (deg)
Lemmatoxin acetate +7.4+0.05 +101
Oleanolic acid +83 +378
Sugar moiety required —278
Methyl B-cellobioside acetate —-26 —-169
Methyl B-p-galactoside acetate -14 —5i
Methyl B-cellobioside +
methyl B-p-galactoside
(acetates) —218

The above data suggest that lemmatoxin is
3-0-[4'-0-(B-p-glucopyranosyl)-3'-O-(B-p-galac-
topyranosyl)-B-Dp-glucopyranosyl]olean-12-ene-
28-oic acid (Fig.1).

Experimental

Mass spectra were determined with either a CEC Model
21-110B mass spectrometer or an LKB Model 9000 com-
bination gas chromatograph — mass spectrometer. Quan-
titative gas chromatograms were obtained with a Varian-
Aerograph Model 550-B instrument with flame ionization
detector. Analyses were carried out with a 10ft x 1/8 in
column of 1%, SE-30 on 100-120 mesh gas chrom Q at
170° and He flow of 20 mi/min for the TMS derivatives
of unmethylated sugars. Analyses of TMS derivatives of
methylated sugars were chromatographed similarly except
that temperature was programmed and mass spectral

VOI. . 52,1974

comparison was used for idenufication rather than
retention time.

Nuclear magnetic resonance spectra were determined
with a Varian HR 300 nuclear magnetic resonance spectro-
meter employing a superconducting magnet at 70.5 kG
The sample was examined in a S mim sample tube at 35

All thin-layer and thick-layer chromatography was
carried out using Mallinckrodt SilicAR-7GF plates and
solvent systems A4, chloroform; B, chloroform ether
(1:1); C, ether; D, ethyl acetate or; E, acetone.

Separation of Lemmatoxin Acetate

The crude saponin acetates from endod. 2 g, were
chromatographed on a column (18 » 3 ¢m, 50 g. Malinc-
krodt SilicAR-CC7, 100-200 mesh) using chloroform-
ether gradient elution and following the progress of the
fractionation with t.l.c. A fraction, 1050 mg, eluted with
1%, ether in chloroform was further purified by repetitive
chromatography on thick plates (B) finally giving 20.9 mg
of lemmatoxin acetate as a colorless glassy solid, R, =
0.50-0.54 (C): [2]p?* + 7.4 + 0.05 (¢, 1.26 chloroform):
m.s. m/e 1362 (M *), 1316, 1015, 907, 439, 393, 331, 24X,
203; n.m.r. (CDCl;) 8 0.72, 0.74 (CH;), 0.89 (3CH.),
0.92, 1.22 (CH;), 1.95, 1.98, 2.00, 2.02 (CH,CO), 2.08
(3CH,CO), 2.09. 2.10, 2.13 (CH,CO), 2.81 (C,4—H, m),
298 (C;—H, m), 3.59 (Cc- H, m), 3.70 (C.- 2H, m),
3.86 (C4,—H, t), 3.95 (C;—H, t) 4.05-4.50 (Cs—3CH.,
overlapping quartets), 4.37, 4.66, 4.70 (anomeric doublets,

= 8 Hz), 4.9-54 (complex series), S5.27 p.p.m.
C,—vinyl H, ).

Lemmatoxin Acetate Methyl Ester

Lemmatoxin acetate, 2 mg, was methylated with excess
diazomethane in methanol-ether solution at room tem-
perature overnight. Thin-layer chromatography showed
the formation of a single new product, the methyl ester
R; = 0.62-0.67 (C); m.s. m'e 1376 (M*), 1316, 1029,
907, 453, 393, 331, 262, 203.

Deacetylation of Lemmatoxin Acetate

Lemmatoxin acetate, 6.6 mg, was dissolved in 3 ml of
methanol and | ml of concentrated ammonium hydroxide
and maintained at 50 for 24 h. The solution was eva-
porated in a slow stream of nitrogen and extracted with
1-butanol. Evaporation of the butanol gave lemmatoxin
as a colorless solid. This material could oe reacetylated
with excess acetic anhydride - pyridine at room tempera-
ture overnight to give back lemmatoxin acetate, R, =
0.50-0.54 (C).

Total Hydrolysis of Lemmatoxin

Lemmatoxin, | mg, was dissolved in 2 ml of dioxane -
2 N HCI (1:1) and sealed in a glass tube. The sealed tube
was placed in a steam bath for 15 h. The solid precipitate
was centrifuged to one end: the liquid was decanted to
the other end and the tube was cut in half. The precipitate
was identified as oleanolic acid by comparison with an
authentic sample via t.l.c. in two solvents, R, = 0.70 (D):
R; = 0.90 (E). A drop of pyridine was added to the liquid
portion before it was evaporated 1o dryness in a slow
stream of nitrogen. The sugars remaining were pertri-
methylsilylated in pyridine for gas chromatographic
analysis. The retention times were compared with authen-
tic samples of glucose and galactose treated similarly.
The area of the peaks representing glucose (y-anomer,
retention time 5.8 min; B-anomer, retention time 9.3 min)
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a2nd galactose (x-anomer, retention time 5.2 min; B-
anomer, retention time 6.3 min) were in the ratioof 2to I.

Partial Hydrolysis of Lemmatoxin
Lemmatoxin, | mg, was dissolved in 4 ml of dioxane -
%o HCI (1:1) and heated on the steam bath for 3 h in a
sealed tube. The solution was evaporated to a small
volume in a slow stream of nitrogen: water and 1-butanol
were added to separate the saponin from the free sugars.
The butanol layer was evaporated and the solid re-
maining was acetylated and subjected to t.l.c. The t.l.c.
showed only a trace of lemmatoxin acetate and about
equal amounts of a new saponin acetate and oleanolic
acid acetate by comparison of the areas of the spots. The
saponin acetate was recovered and chromatographed in
several solvent systems, R, = 0.07-0.10 (4), R, = 0.42-
0.54 (B), R; = 0.75-0.82 (C), R, = 0.94—0.99 (D). The
same values were obtained for authentic oleanolic acid
B-cellobioside heptaacetate run on the same plate. The
new saponin acetate was again recovered deacetylated
and permethylated as described (8), R, = 0.20-0.30 (A).
The same R, value was obtained for the standard com-
pound treated similarly. The permethylated (8) new
saponin was hydrolyzed in dioxane - 2 N HCI (1:1) as de-
scribed for total hydrolysis above and the permethylated
sugars pertrimethylsilylated for GC/MS.

Total Hydrolysis of Permethy! Lemmatoxin

Lemmatoxin, 1 mg, was permethylated and hydrolized
in dioxane-2 NHCI (1:1) as described above. The
hydrolysis products were pertrimethylsilylated in pyridine
and subjected to gas chromatography which showed
2,3,4,6-tetra-O-methyl-1-O-trimethylsilyl glucose, 2.3.4.6-

PARKHURST LT Al
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tetra-O-methyl-1-O-trimethyisilyl galactose, and 2.6-di-
O-methyl-1,3,4-tri-O-(trimethylsilyl) glucosc in the ratio
of 1:1:1. Peaks were doublets representing the two
anomeric forms in each case. Mass spectrometry was used
for identification and the area under the respective peaks
used to determine the quantity.

The authors are indebted to Professor Aklilu Lemma
for his interest and samples and to Percy Yau for bio-
logical testing. This work was supported by the Office of
Naval Research Contract N00014-71-C-0123, Stanford
Research Institute Research and Development funds.,
and General Research Support Grant RO-5522 from the
National Institute of Health.
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The aglycones of P. dodecandra consist of oleanolic
acid (66-29,), hederogenin (89Y%,), 2-hydroxyoleanolic
acid (6-5%) and bayogenin (14-9%), all 28-carboxy-
oleanenes while P. americana, P. dioica, P. octandra,
P. rivinoides and P. esculenta seem to contain
28,30-dicarboxy and/or carbomethoxy oleanenes.

THE potent molluscicidal activity and high
yield of crude saponins (25% dry weight) from
the berries of Phytolacca dodecandra (Endod)
attracted the attention of Lemma! nearly ten years
ago. Since then, these saponins have been found
to be fungicidal?, emetic?, larvacidal for the mos-
quito?, and a potent spermicide®. Continued inter-
est®? in the biological activity of this plant has
uncovered female antifertility activity® and prompted
a more careful look at its general chemistry.
Powell and Whalley® unequivocally identified
oleanolic acid (A) and bay genin (D) as the princi-
ple aglycones of this plant but their study was not
quantitative. The discovery of a trisaccharide of
hederogenin (C) as a minor impurity in a chromato-
graphically homogeneous sample of oleanoglyco-
toxin-A'°, one of the molluscicidal sapenins, was
the first indication of the preserce of other aglycones.

It was of interest to determine the composition of
the aglycones of the crude butanol extract upon
which much of the preliminary biological data is
based!!12,

The aglycores were obtained by precipitation
from the mild acid hydrolysis of the crude saponins
in 42:1%, yield. This would indicate an average of
about four sugar units per aglycone in the saponin
mixture. Permethylation!® of the crude aglycones
and gas chromatogrephy showed the presence of
five peaks with retention times of 4-85, 5-75, 5-95,
7-07 ard 9-10 min.* The first peak, 3-O-methyl-
oleanclic acid methyl ester from oleanolic acid,
previously shown to bc the major aglycone, repre-
sented 66:2% of the mixture as calculated from
the arca under the GC curve. The second and
third peaks, permethyl hederogenin and permethyl
2-hydroxyoleanolic acid (B)*, represented 8-9%, ai.d
6:5%, respeotively ard their identity confirmed by
comparison of retention time and mass spectra
with authentic samples. The fourth peak (14:9%,)
had a mass spectrum consistent with that reported
previously for derivatives of bayogenin®. The fifth
chromatographic peak rcpresented only 3-59, and
mass spectra through different scctions of this peak
showed that it consisted of more than one
compound. Although no molecuiar ions were
observed, all spcctra from this peak showed promi-
nent m/e 203 and 262 from the retro-Dicls-Alder
fragmentation of a monocarboxylic acid methyl
ester and lack of fragments 247 and 306 which would
be expected from a dicarboxylic acid methyl ester
function (Chart 1).

_l.
CH, R, " —'.
3 Ry

z R, Z
a/e = 262 m/e = 203
R‘ £ coacna-,% = CH: Ils = Cil:
a/e = 306 a/e a2 247
R‘ = & = CO=CH: Rs = coacna
R ] ) R &
At oleanclic acid T ; ?": a -C_ll:
B 3 2-hydroxyoleanolic acid OH OH Clla ooau Cl(:
C % hederogenin H OH cnsou COaII al:
D ! bayogenln OH OH CISOH CO=H CH,
E ¢ phytolaccagenin OH OH Clgql CO.I( CO=CH3
F § 2-deoxyphytolaccagenin H OH Clgml coau coacna
G % serjanic actd H OH CH, CoH €O, CH,
H % Jaligonlc acld OH OH

Cll2 OH COz H CoH

Chart 1 — Aglycones of Phylolacca species

*GC analysis carried out with a 3 m» 32 mm glass ¢
30 ml/min, 230°C. Mass spectra determined with LKB mod

olumn of 19, SI-30 on 100-120 mesh Gas Chrom (); He,

el 9000 combination GC;MS.
Reprinted by permission |
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Phytochemical work on the genus Phylolacca has
been far from complzte but of the species that have
been investigated, P. dodecandra is the exception to
the apparent trend of isolation of dicarboxylic acids
and/or esters in the aglycone fractiors. P. ameri-
cana (Pokeweed) contains phytolaccagenin (E) and
2-deoxyphytolaccagenin  (F)*. Work in these
laboratories indicates that they are present in a
ratio of ~3:1 and no monocarboxylic compounds
could be detectedt. Crude saponins from the South
American giant species, P. dioica (Ombu tree) were
found to constitute only 1% of the dry weight of
the berries. GC aralysist of the permethylated
aglycones showed clearly the absence of oleanolic
acid in any detectable quantities and a remarkable
resemblance to the GC of P. americana both quanti-
tatively and qualitatively for both major peaks ard
most minor peaks. P. octandra'® and P. rivinoides'®
contain serjanic acid (G) and P. esculenta'? cortains
jaligoric acid (H). All of these aglycones (E-H)
are 28,30-carboxy and/or carbomethoxy derivatives
of the oleanene structure. Further chemical work
on other members of the genus will be recessary
before the total lack of dicarboxylic triterpenes in
P. dodecandra casts doubt on its botanical
assignment.

The author wishes to express his appreciation
to Dr J. R. Dias (Stanford University) for the

$GC analysis carried out with a 6 ft x1/8 in. glass column
of 1% SE-30 on 60-80 mesh Gas Chrom Q; He, 45 ml/min.
Programmed 100° to 300°C at 32°C/min on Hewlett-Packard
5700A instrument with FID.

authentic sample of hederogenin, Prof. J. J. H.
Simes (University of New South Wales) for the
authertic sample of 2-hydroxyoleanolic acid and
Prof. Bruce K. Cassels (Universidad Tecnica del
Estado) for samples of Phytolacca dioica. Thanks
are also expressed to Dr D. W. Thomas and Mrs
Hanna Chardler (SRI) for the mass spectra.
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71) We, NATIONAL RESEARCH Di-
VELOPMENT CORPORATION, a British Cor-
poration, established by Statute of Kingsgate
IHouse, 66—74 Vicloria Street, Lenden
S.W.1 do hercby declare the ‘avention for
which we pray tiat a patent may be granted
to us, and the method by which it is to be
pciformed, to be particularly described in
and by the following statcment:--

This invention relates to moliuscicidcs.

Molluscs have been found 10 be responsible
for the spread of many human and animal
infections particularly in tropical regions,
especially bilharzia and fascioliasis. These are
major discases m Africa, Asiz and South
America, the causauive agent being certain
specics  of ncmatedes  of  the  genus
Schistosoma. Tt has been found that in the
life cycle of Schistosowma, water-snaiis act as
a host at the laval stage in the development
of the worm and the disease can be trans-
mitted to humaass who come into contact
with the wawer in which infecied water-
snails have been living. A mcasure of contiol
of bilharzia can be achieved by an attack
on the snails wkich act as a vector in the
teansmission of the discase, and hence there is
a need for martcrials capable of centrolling
the growth of the species of snail that can act
as host to the disease causing oraanismes.

Molluscicidal agents to be used etiectively
in the control cof the snail vectore should
desirably have a high level of toxicity to-
wards the snail specics. couvied with low
mamalian texicity and high stability, since it
is usually necessary to appiv the molluscicidal
agents 1o very lerge wolumes of water, e
in rivers, canale, lakes, cre., 1o cnsure that
tenic devels of L nt(niusdgin are AT
for prolonzed periods of time in the regions
whore the smz!l vecters are found.

It has new been feund that in the olant
Phytelacea dod-candra. also krown as Endod.
there exist ene or more compounds which are
maolluscicid ¢ inaciive in  their  romerally
occurring farnt which can be converted

F p
‘ !
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IMPROVEMENTS RELATING TO MOLLUSCICIDES

to the active form when extracted from the

plant and treated as hereinafter described

Accerding i the present invention 2 pre-
cess for the praduction of & moliuscidal agent
comprises extracting Phytolacca dodecendra
with an alcoralic solvent and subecting the
marerial so extracted to alkaline hvdrolyeis,

It has been found that the berries of
Phytolacca duodccandra represent the most
valuable source of the moelfuscicidal material,
and extraction wiill normally e from the
berries alonc which are preferably first dried
and ground. ‘i'ne molluscicidel agents alto
occur in the icaves and/or other parts of the
plant, and these may also be used as a source
of the moliuscicide. However, the cost of
processing is ircreased by the use of these
lower vielding materizls and removal of oo
much of the plant tissue may rcduce the
crop of berrics from subsequent harvests.

The molluscicidal agent “produced by the
process defined above contains a mixture of
triterpenoid saponins having the formuia: —

where R is @ giveoside chain containing wwo

to four sugar umits, and M s hvdrogan.
Hvdrolvtic decradwion of the ~ide haies

gives rise o 2 .0 4 sugar units,

predominaniy
2 units of D-2lucose,

smailer amovenis of

50

60

P
i

.-

arabinote, rhamiose and xvlese abw boing
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FICATIZHN AMENDED - oe Al

Reprinted by permission

|
]
i
\
|
]
]
|
|
e
Js.l




- 100 -

1,277,417

—————————

10

15

25

35

45

55

identified. The major product is therefore
oleanolic acid 3-di-D-glucoside.

The melluscicidal agent may be used in
the form of 11 alkali metal salt e.g. potassium
or sodium, instead of the free carboxvlic acid
and the present invention includes the
molluscicida! agent extracted from endod by
out process in free carboxylic form and in
alkali metal salt form. The invention also
includes the alkali metal salts of formula I
above where R represents a di-D-glucoside
radical and M represents an alkali mectal.

We have shown that when an alcoholic
solvent is used in the extraction of the saponin
fraction from endod, an inactive material is
isolated in which the carboxy group is pre-
sent as a sugar ester. Alkaline hydrolysis of
this material has afforded active saponins
which contain a free carboxy group. The im-
portance of the free COOH group is also
shown by the fact that the methyl ester is also
inactive.  Alkaline hydrolysis leaves the
glycosidic side chain attached to the 3p-
oxygen of oleanolic acid unaffected. Com-
parativc tests have indicated that it is possible
to recover approximately twice as much
molluscicida! saponin from endod by alcoholic
extraction than by aqueous extraction.

The extraction is preferably carried out
on defatted berries which are then ex-
haustively extracted with a hot alcoholic
solvent, corveniently refluxing methanol or
cthanol, which may contain small amounts of
water, perhaps 5 to 159, by weight. Most
of the extractable saponin is extracted within
about 12 hours, following which, the extracts,
conveniently in the same alcoholic solvent,
may be made alkaline, for example by the
addition of an alkali metal hydroxide such as
sodium or potassium hydroxide, to give an
alcoholic alkaline solution which can be re-
fluxed for ceveral hours to cnsure that the
ester group is converted to the carboxy
group. Alternatively, the alcoholic extract of
the berries may be evaporated to remove
alcohol and the residue subjected ro alkaline
hydrolysis in aqueous medium. In the latter
case it is possible to dispensc with the initial
defatting swp and to remove the fat layer
when the residue of the alcohal extract is
dispersed in the aqueous alkali.

The sapoain may be recovered from the
alcoholic al':aline solution in the free acid
form by neutralisation, to about pH 6 to 7,
convenicntly by the addition of hvdrochloric
acid, eitlicr as a gas or as a meth:anolic soiu-
tion.

The water soiubility of the compounds of
this inventica is very important because of
formulation problems. Many melluscicidal
agents are oilv cffectively molluscicidal when
they are actually dissolved in the water in
which the m.o'lusc lives, and it is frequently
found that apparentiy water soluble marterials,
which are formnlated as concentrates in

organic solvents, precipitate when added to
large volumes of wazter, s ihat it is not
possible to take fuil advantage of their
molluscicidal activity. The ccapounds of the
present invention, which are glvcosides of
oleanolic acid, are readiiy dispersed in water
so that it is possible to formulate the material
in aqueous solvents as well as in organic
solvents, the compositions of both tvpes are
further emopodiments of this invention. Such
ccmpositions may contain the ustal surface
active agents, together with inert diluents, e.g.
water or chlorinated hvdrecarbon solvents,
depending on the particuiar marner in which
the compuosition is intended to be used in ihe
control of the snail vector. T'ris contrel is
achieved by introducing the melluscicidal
agent into the water where meiluscs occur and
such a method of control forms still a further
feature of the invention. Thus, for example,
a composiricn contairing ot lcast 100 perts
per million (p.p.m.; of active maierial may be
supplied as a drip feed to natural waters ai
such a rate as to achicve a concentration of
at least 5, preferably at least 10 p.p.m. thcre-
in.

The following Examples are given to
illustrate the process of the invention:—

ExAMPLE 1

Samples of berries from Phytolacca
dodecardra is dried and ground to 2 fine
powder. The powdered berries are then de-
fatted by extraction for 24 hours with
petroleum cther and S0 g. loaded into a
Soxhlet extractor and continvously extracced
overnight with 500 ml. refluxing methanol.
After 12 hours extraction, the methanel solu-
tion is ccoled and sufficient methanoiic
potassium hydioxide added to give 2 strongiy
alkaline so'ution e.g. 5N. The alkalinz solu-
tion is refluxed for 3 hours and then allowed
allowed :0 coo!l. Suihicient methanciic kycro-
chloric acid is then added to neurralise the
solution to about pH 6 10 7. The neutralised
solution is filtered to remove precipitated in-
organic matetial and then concentrated dewn
to small bulk and added to diethv! ether. The
endod saponin precipitates out and s
separated, washed and dried to give abour 11
g. of saponin as an amorphous yellow solid.
Aqueous crtraction of a similar guantitv of
material yields about 7.5 g. saponin. The
endod saponin 1s identified as a compound of
Formula I.

ExAMPLE 2

The procedurc of Example 1 is followed
up to tie ¢nd of tire Soxhlet exiraction with
methanol. The methanolic solution is then
evaporated ‘o drvness and a porticn 10 g of
the saponin s refluxed with Normal acucous
potassiuin Avdroxide (1 fitred for &} :
The produce is cocled and then aciditicd o
concentrated hvdrochiaric acid 85 ml..
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product is then freeze-dried or spray-dried,
to give 61.8 g. of a product containing KC1.
The saponin may be removed, if desired, by
extraction with alcohol to give a compound of
Formula I in substantially the same yicld as
is obtained in Example 1.

ExAMPLE 3

The Phytolacca dodecandra berrics (50 g.)
are ground and extracted with methanol or
959, ethanol for 12 hours. The extract is
then cvaporated to dryness and the product
(13.4 g.) is dispersed in water (1 litre). A
fatty layer appears which is then separated
cither mechanically or by cxtraction with a
fat solvent c.g. ether. The defatted aqueous
product is then refluxed with potassium
hydroxide (50 g.) or equivalent sodium
hydroxide for 4 hours and worked up as des-
cribed in Example 1, to give 69 g. of a
mixture of the saponin and sodium or
potassium chloride from which the saponin is
subsequently extracted.

The glycoside of oleanolic acid described
above has becen found to have a useful level
of toxicity towards species of mollusc res-
ponsible for the transmission of human and
animal disease. They are toxic towards species
of Biomphalaria and Bulinus, which are
known to be carriers of Schistcsoma, and to
species of Lymmneae, which act as host to
Fasciola organisms causing liver fluke in-
fection in cattle and sheep. The products are
also toxic to leaches.

The toxicity of the product of Example 1
to Biomphalaria glabrata has been deter-
mined in a test at pH 6.3 in aqucous solution.
In this test, groups of 10 snails are exposed
to the molluscicide at varying concentrations
for 24 hours and arc then transferred into
ordinary waier for a further 24 hour period.
A mortality count is taken at the end of the
sccond 24 hour period and an LC,, figure,
the concentration nccessary to kill 50/, of
the sample, is calculated. An LC,, value of
1 10 2 parts per million is found at pH 6.3,
at pH 7.4 LC., is about 5 parts per million.
The LD., value for this compound, when
administered orally to mice, is >500 mg./kg.
body weight, indicating low mammalian
toxicity by this route.

One further and particularly important ad-
vantage of the compounds of the present in-
vention as comparcd with molluscicides avail-
able hitherto is the fact that they are
extremely stibic. For example, they are stable
to boiling water. Furthermore, they are
especialiy stabl: on storage and may be kept
in transpatent glass bottles for up to 12
months wiihout sieniticant loss of activity.
Existing mollu:cicides on the other hand are
very unstable compounds and require to be
protected from lizht and they have a com-
paratively short shelf life.

WHAT V. i CLAIM IS: —

1. Process for the production of a
molluscicidal agent which comprises extract-
ing Phytolacia dodecundra with an alcoholic
solvent and tubjecting the material extracted
to alkaline hydrolysis.

2. Process according to claim 1, in which
the berrics of the plant are used.

3. Process according to claim 2, in which
the berries are defatted prior to extraction.

4. Process according to claim 1, 2 or 3, in
which the hydrolysis is conducted in alcoholic
medium.

5. Process according to claim 1, 2 or 3,
in which the alcoholic solvent is removed
after extraction and the residue is hydrclysed
in aqueous aikaline solution.

6. Process according to any one of claims
1 to 5, in which the molluscicidal agent is
recovered in solid form after acidification of
the hydrolysate.

7. Process according to claim 1, sub-
stantially as described in Example 1.

8. Process according to claim 1 sub-
stantially as described in Example 2 or 3.

9. A molluscicidal agent whenever pro-
duced by a process according to any one of
the preceding claims.

10. A moiluscicida! agent in the form of
an alkali mecral salt obtained by a process
according to any onc of claims 1—5 or 7—
8.

11. A saponin salt of the formula

s S

where R represents 2 di-D- glucoside radical
and M represents an alkali metal.

12. A salt according to ciaim 10 or 11
in which the aikali metal is potassiun.

13. A salt according to claim 10 or 11
in which the alkali metal is sodium.

14. A moliuscicidal composition compris-
ing, as molluscicide, a sapenin salt accord-
ing to any e of claims 11—13 together
with an incrt carrier or diiuent. 1

15. A moiluscicidal composition compris-
ing a molluscizidal agent according to claim
9 or 10 and an inert carrier or diluent.

16. A composition according to claim 14 or
15 in which the concentration of the
molluscicidal agent is at least 100 p.p.m.

17. A compasition according to any cne of
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i claims 14—16 substantially free from tissue
| components of Pkytolacca dedecandra.

4 18. A mcthod for the molluscicidal treat- J. A. KEMP & CO,,

4 ment of water which comprises adding a Chartered Patent Agents,
F} 5 molluscicidal agent according to any one of 14 South Square,

i claims 9—17 to the water in an amount Gray’s Inn, London W.C.1.

i sufficient tc produce therein a concentration
| of at least 5 p.p.m. of molluscicide.

i Printed for Her Majesty's Stationery Office, by the Couricr Press, Loamington Spa, 1972
b Published by The Patent Office, 25 Southampton Buildiugs. London, WC24 14AY, from
which copies may be obtained.

B SPECIFICATION NO 1277417

| his application
1 B ecainn ta.he wemo.of THE SLICITON FOR THE AFPATRS OF HER MAJESTY" TREASURY,
! ) roceeded in the name of T 2

' ! 2:$'itish subject, of 3 Central Buildings, Matthew Parker Street, London, SWi.
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METHOD OF PRODUCING A MOLLUSCICIDE
FROM ENDOD
Aklilu Lemma, Addis Ababa, Robert M. Parkhurst,
Menlo Park, and Wiifred A. Skinner, Jr., Portola
Valley, Calif., assignors to Ethiopian Science Founda-
tion, Ababa,

Addis Ethiopia
No Drawing. Filed Jan. 19, 1973, Ser. No. 325,037
Int. Cl. C07g 17/00; AOln 9/08
US. CL 260—236.5 S Claims

ABSTRACT OF THE DISCLOSURE

A molluscicide is produced from Endod by removing
the fatty constituents of Endod by extraction with a fat
solvent, soaking the defatted Endod in warm water, ex-
tracting the soaked Endod with a solvent which is sub-
stantially insoluble or only slightly soluble in water and
evaporating at least a portion of the solvent.

The invention herein described was made in the course
of or under a contract or subcontract thereunder with
the Department of the Navy.

BACKGROUND OF THE INVENTION

Molluscs have been found to be responsible for the
spread of many human and animal infections particularly
in tropical regions, especially bilharzia and fascioliasis.
These are major diseases in Africa, Asia and South Amer-
ica, the causative agent being certain species of nema-
todes of the genus Schistosoma. It has been found that
in the life cycle of Schistosoma, water-snails act as a host
at the larval stage in the development of the worm and
the disease can be transmitted to humans who come into
contact with the water in which infected water-snails have
been living. A measure of control of bilharzia can be
achieved by an attack on the snails which act as a vector
in the transmission of the disease, and hence there is a
need for materials capable of controlling the growth of
the species of snail that can act as host to the disease
causing organisms.

Molluscicidal agents to be used effectively in the con-
trol of the snail vectors should desirably have a high
level of toxicity towards the snail species, coupled with
low mammalian toxicity and high stability, since it is
usually necessary to apply the molluscicidal agents to very
large volumes of water, e.g. in rivers, canals, lakes, eic.,
to ensure that toxic levels of the molluscicide are main-
tained for prolonged periods of time in the regions where
the small vectors are found.

A molluscicide extracted from Endod has been used
heretofore to kill the host water-snails and thus prevent
the spread of thesc discases, particularly Schistosomiasis.
Preference may be had to British Pat. 1.277.417 pub-
lished June 14, 1972 (a corresponding United States ap-
plication was filed). The extract of the British patent s
produced by extracting defatted Fndod berries with a
hot alcoholic solvent and then subjecting the alcoholic
extract to alkaline hydrolysis. The alcohol specifically dis-
closed is methanol.

Since molluscicides are necessarily used in large bodies
of water, potency pencrally has a marked effect on costs.
The mecthod of this invention provides a molluscicide
with slightly more or equal potency than the molluscicide
produced by the methanol process of British Pat. 1,277.-
417 without the use of continuously refluxing methanol
and extended alkalinc hydrolysis which are both time con-
suming and more costly In addition. it is not sienificantly
affected by variation in environmental factors such as
pli, ambient temperature, uitraviolet hight from the sun,
and the presence of different concentrations of oreanic
matter. The method of the invention cun be used nex-
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pensively in tropical areas where Endod is found and
the need for a cheap and safe molluscicide is great.

In the method disclosed in the British patent defatted
Endod berries are treated with methanol. It was found
that n-butanol cannot be substituted for methanol in the
process disclosed in British Pat. 1.277,417 to produce
an active molluscicide. Unexpectedly, it has now been
found that n-butanol can be used to produce a highly
desirable molluscicide when it is used after the Endod
has been defatted and soaked in water.

SUMMARY OF THE INVENTION

Defatted Endod is extracted with water. The water
extract is then extractcd with a slightly water soluble
monoatomic aliphatic alcohol in which water 1s slightly
soluble. The alcohol is of the formula C,Ha,.:OH, when
n is a number from 4 to 8, advantageously from 4 to0 6,
for cxample, 3-pentanol, 1-hexanol, 2-hexanol, 1-hep-
tanol and preferably 1-butanol (n-butanol). Advanta-
geously the mutual partial solubility of the alcohol in water
and the water in the alcohol will not exceed 9 grams of
solute in 100 ml. of solvent at 20° C. Advantageously, a
portion or all of the alcohol is evaporated.

DETAILED DESCRIPTION OF THE INVENTION

It is well known to defat Endod berrics by treating the
berries with a fat solvent to remove the fatty constituents.
A wide range of fat solvents may be employed, for ex-
ample, petroleum ether or an alkyl oxide such as diethyl
ether. The defatting is advantageously carried out on dried
Endod berries which preferably have beea giound to a
powder.

The defatted Endod is extracted with water. The water
advantageously is at a temperature in the ranze of from
20° C. to 109° C. It is preferred to carry out the extrac-
tion for at least 12 hours. The alcohol set forth above
in the summary of the invention is then added to the
water extract and remaining solids and mixed therewith.
The alcohol extract is then recovered by, for example,
introducing the water-alcohol-solids into a percolation
column. The recovered alcohol extract can be mixed
directly with water as a molluscictde or the alcohol can
be evaporated to provide a solid molluscicide for sub-
sequent mixing with the water to be treated. If desired.
before addint the alcohol, the solids can be scparated
out of the water extract as by centrifuging and the alcohol
added to the remaining aqueous fiquid. A still purer prod-
uct is achieved if the material remaining after evaporat-
ing the alcohol is washed with diethvl ethe:.

The invenuon will be furticer cluified by reference to
the following examples:

EXAMPLE 1

Endod berrics. collected from wild plants in Fthiopia,
are sun-dried for 3 days, ground to a fine powder (100—
200 mesh) and used a« stock material. 25 ke. of ground
berries are extracted with 80 liters of petroleum ether by
percolation to remove fatty materials. Evaporation in
vacuo of the petrolcum cther gives about 200 g. of  green
wax, which is inactive acainst snails. The defatted ground
berries are extracted twice with 200 liters of warm water
at 70° C. each time the mixture is allowed to stand over-
night. Solids are removed by centrifugation to yield 400
liters of a clear brown solution. The inactive solid residue,
half the weirht of the oricinal miaterial, is discarded. The
remaining aqueous solution is then extracted twice with
200 liters of n-butanol, which yiclds § kg, upon evapora-
tion. After washing with diethyl ether, the product is a
lieht tan powder. When Biomphalaria glabrata age exposed
for 24 hours to the butanol extract at 26° C. and pH of
7.4, the 1%, (lethal concentration to kill 6077 of the
snails) of the extract is 3.0 parts per million (p.p.m.);

Reprinted by permission
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the corresponding value for the crude material is 22.3

pp.m.
EXAMPLE I

Ten 25-gram samples of ground Endod berries are
extracted with petroleum ether to remove inert fatty
materials. These 25-gram samples are mixed with water
in the ratios of 25:12, 25:20, 25:285, 25:30, 25:35, 25:40,
25:45, 25:50, 25:55 and 25:60 and each is allowed to
stand overnight. Each mixture is placed in a glass per-
colation column (3 cm. in diameter) with a glass wool
plug at the bottom. One hundred ml. of n-butanol are
added to the top of each column and allowed to pass
through the mixture. Evaporation of the n-butanol extract
gives solid residues which range from 4.38 gm. for the
first and 9.78 gm. for the last. All of the soiid residues
recovered from the n-butanol extractions are toxic to
snails, although only the material (8.31 gm.) recovercd
from the 25:35 mixture is as toxic as the material obtained
in Example I.

Dry Endod powder is percolated with n-butanol alone
(without water) giving inactive material.

It is to be understood that the foregoing examples are
by way of illustration of the method of the invention and
are not intended to be limiting.

What is claimed is:

1. The method of producing a molluscicide comprising:

extracting defatted Endod with water, and

28

4

extracting the thus formed extract with a mono func-
tional aliphatic alcohol having a low solubility in
water, said alcohol having the formula CoHan,OH
when 7 is a number from 4 to 8.
2. The method of claim 1 in which the alcohol is
evaporated after extraction.
3. The method of claim 1 in which the water is at
a temperature in the range of from 20° to 100° C.
4. The method of claim 1 in which the alcohol is
n-butanol.
§. The method of claim 4 in which the water is at
a temperature in the range of from 20° to 100° C.
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[57] ABSTRACT

Saponins of the type found in Phytolacca dodecandra
and Calendula officinalis are found to have utility as
spermatocides and as antiblastocyst and abortion
agents, they manifesting such activity either when em-
ployed in extract form or in the form of compounds
having the structure of those found in said extracts.
They are of low mammalian toxicity and have evi-
denced no significant topical irritation on being intro-
duced into the vaginal cavity of the test animals or
when applied to abraded or unabraded rabbit skin.
These saponins are totally efffective even at low con-
centration in inducing substantially instantaneous in-
activation of both human and animal sperm, and upon
interuterine administration they are also capable of
destroying blastocysts both before as well as after im-
plantation.

15 Claims, No Drawings
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1. 2
SAPONIN-CONTAINING SPERMATOCIDAL wherein R' is hydrogen or hydroxyl, R? is a saccharide
COMPOSITIONS unit made up of from two to five sugar moieties se-

RELATED APPLICATION

This application is a continuation-in-part of applica-
tion Ser. No. 384,101 filed July 30, 1973 and now
abandoned. e

SUMMARY OF INVENTION

Saponins of the type found in Phytolacca dodecandra
(endod berries) and Calendula officinalis (marigold
plants) have utility as spermatocides, antiblastocysts
and abortion agents. These saponins are made up of
compounds having the following structure:

Cl, (:IlJ

lected from the group consisting of glucose. xylose,
arabinose, galactose and rhamnose, R* is methyl or hy-

S droxymethyl and R*is hydrogen or a glucose sugar moi-
ety.

The saponins found in P. dodecandra are saccharide
derivatives of oleanolic acid. bayogenin, hederogenin
or 2-hydroxyoleanolic acid. These latter compounds all

10 possess the general structure shown above (1), the par-
ticular nature of the several R', R? and R* groups pres-
ent in each of the said compounds being shown in
Table | below. In turn, the saponins of C. officinalis are
saccharide derivatives of oleanolic acid except that

IS with some of these saponins the (R*) hydrogen group
of oleanolic acid is replaced by a glucose moiety such
as in structures Il and IV and VIIL

Table |

20
R' R? R
Oleanolic acid - H CH, H
Bayogenin OH CH,OH H
Hederogenin H CHLOH H
2-hydroxyoleanolic acid OH CH, H

25

The (R?) saccharide group present on the saponins
derived from C. officinalis takes one or another of the
following forms:

cozn
Calactose = 3 0 & Be
ol
/1
Glucose— 0 .0
Oki 11. on 111,
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cnzou o chch
Glucote 0- {Glucose) 3
[0}
' O
Galactosc —0O !
Gulactosc — O
oH X. ou XI.

The (R?) saccharide group present on the saponins

ample 3, consists of at least about 98 percent of a sapo-

derived from P. dodecandra takes one or another of the 10 nin in which oleanolic acid is associated with the sacc-

following forms:

cH 20" ClleII

a 1o C"ZOH
Cll,o"

: (’Ilv.‘(Jll

)

"o

X1l
C"zoll
i
oMl
‘ )
Ho
npon |
HO &
0)}}
ot
HO 4 |
i cu :
3
L Gl X1v.

OH OH

In the structures shown above (Il - XV), the unat-
tached valences represent hydrogen atoms.

The saccharide units illustrated by formulae XIi,
XII1, XIV and XV are variously associated with one or
another of the compounds oleanolic acid, bayogenin,
hederogenin and 2-hydroxy oleanolic acid. Thus, one
fraction recovered by chromatographic separation of a
butanol extract of endod berries, which is described in
Example 2 below, is made up of approximately 86 per-
cent of a saponin in which oleanolic acid is associated
with the saccharide of structure XII, with 11 percent
representing hederogenin associated with this same
saccharide unit.-The first of these compounds can be
designated as 3-0-[2,4-di-0-(8-D-glucopyranosyl)-B8-D-
glucopyranosyl]-olean-12-ene-28-oic acid. It is also
designated, hereinafter, as oleanoglycotoxin-A. This
work is published in Phytochemistry 12 1437 (1973).
The hederogenin-based compound can be designated
as 3-0-{2,4-di-0-( B-D-glucopyranosyl)-B-D-
glucopyranosyl]-23-hydroxyolean-12-ene-28-oic acid.

Similarly, another fraction resulting from the same
chromatographic separation, which is described in Ex-

haride of structure XIlIl. This compound may be termed

XIII.

XV,

3-0-{4'-0-(B-D-glucopyranosyl)-3'-0-(8-D-
galactopyranosyl)-8-D-glucopyranosyl]-olean-12-ene-
28-oic acid. It is also designated as oleanoglycotoxin-B
or as lemmatoxin, see Canadian J. Chem. 52 702
(1974).

Still another fraction recovered from the same chro-
matographic separation procedure, which is described
in Example 4, is made up of a mixture of saponins in
which oleanolic acid is associated with the saccharide
of structure XIV, (70 percent), together with that in
which oleanolic acid is associated with the saccharide
of structure XV. These compounds can be termed 3-0-
{2'-0-(2''-0-(a-L-rhamnopyranosyl)-B8-D-
glucopyranosyl}-B-D-glucopyranosyl}  olean-12-ene-
28-oic acid and 3-0-[2'-0-[2""-0-(a-L-
rhamnopyranosyl-8-D-galactopyranosyl}-B8-D-
glucopyranosyl] olecan-12-ene-28-oic acid, respec-
tively. The mixture is also designated as oleano-
glycotoxin-C or as lemmatoxin-C, see Indian J. Chem.
(1974) in press. .

For a discussion of the particular saponins recovered
by solvent extraction from the C. officinalis, reference

gt . o
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is made to the articles by Zofia Kasprzyk and Zdzislaw
Wojciechowski, *The Structure of Triterpenic Glyco-
sides from the Flowers of Calendula Officinalis L.,”
Phytochemistry, Vol. 6, pp. 69-75 (1967), and, ““The
Structure of Glycosides of Oleanolic Acid Isolated
from the Roots of Calendula Officinalis,” Phytochemis-
try, Vol. 10, pp. 1121-1124 (1971) (Pergamon Press,
printed in England).

Saponin- containing extracts useful in inactivating
sperm or inducing abortion in man or animals can be
obtained from ecither endod berries or or marigold
plants (using one or more of the flower, stem, leaf or
root portions thereof) by conventional extraction pro-
cedures. For example, dried raw material may first be
ground and then treated with fat solvent such as petro-
feum ether or diethyl ether to remove fatty constitu-
ents. The defatted material is then extracted one or
more times with warm water. Following removal of
solids by centrifugation there may be obtained a clear,
brown solution of the desired saponin materials. This
aqueous solution may then be extracted one or more
times with an appropriate alcohol such as 3-pentanol,
1-hexanol, 2-nexanol or I-heptanol, and preferably
with l-butanol (n-butanol). Upon evaporation of the
solvent and further washing with ether, the desired
product is obtained as a light tan powder (in the case
of endod berries) or as a somewhat darker brown pow-
der as obtained either from marigold flowers or from
whole marigold plants. A modified endod procedure of
this character is described by Aklilu Lemma, Gerald
‘Brody, Gordon W. Newell, R. M. Parkhurst and W. A.
Skinner, *“Studies of the Molluscicidal Properties of

Endod (Phytolacca Dodecandra): I. Increased Potency
with Butanol Extraction,” The Journal of Parasitology,

Vol. 58, No. 1, pp. 104-107, (February 1973).

DESCRIPTION OF PREFERRED EMBODIMENTS

The following examples are variously illustrative of
the preparation of saponin fractions and of the manner
in which the said fractions may be employed to effect
the methods of the present invention:

EXAMPLE 1

Preparation of Aqueous, Freeze-dried, and n-Butanol
Extracts of Endod Berries; Preparation of n-
Butanol Extract of Whole Marigold Plants; Prepa-
ration of n-Butanol Extracts of Marigold Flowers.

Endod berries, collected from wild plants in Ethiopia,

were sun-dried for 2 to 3 days, ground to a fine powder,
and used as stock material. To obtain 5 kg of this ex-
tract, 24 kg of ground berries were extracted with 80
liters of light petroleum ether by percolation. Evapora-
tion in vacuo of the petroleum ether gave about 200 g
of a green wax. The defatted material was extracted
twice with 200 liters of warm water; the mixture being
allowed to stand overnight with each extraction. Solids
were removed by centrifugation to yield 400 liters of a
clear, brown aqueous solution of the extracted sapo-
nins. The inactive solid residue (about half of the
weight of the original material) was discarded. An ali-
quot of this clear, brown water extract was freeze-dried

*in a vacuum and the resulting brown solid was used in
certain of the biological tests described hereafter. The
remaining aqueous solution was then extracted twice
with 200 liters of n-butanol to obtain 5 kg of the sapo-
nin material upon evaporation of the alcohol. This
product upon trituration with ethyl ether solidified to
a tan powder representing the desired end product.
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Using the same general procedures as described in
the foregoing paragraph, n-butanol extracts were simi-
larly prepared from whole, flowering, marigold plants,
including the root portions thereof as well as from
marigold flowers. In each case the marigold materials
were thoroughly dried and then ground before being
subjected to the defatting and saponin-extraction pro-
cedures. The dried saponin-containing powders ob-
tained from these preparations assessed essentially the
same characteristics as those obtained from endod ber-
ries except that while the endod spaonin powder had a
light tan color that of the marigold material had a
somewhat darker brown coloration.

EXAMPLE 2

Chromatographic Separation of Endod Saponin Pow-
der

20 g of the endod saponin powder prepared in Exam-
ple | from the butanol extract were admixed with
acetic anhydride and pyridine to give a brown gummy
product which was dissolved in tetrahydrofuran, passed
through a short Florisil column, and evaporated in
vacuo giving 19.55 g of an almost colorless, amorphous
saponin acetate mixture. lsolation of acetate. As the
next step, 2 g of this crude saponin acetate was chro-
matographed on a column (18 X 3 cm, 50 g Mallinck-
rodt SilicAR-CC7, 100-200 mesh) using CHCIls+Et;O
gradient elution and following the progress of the frac-
tions with TLC on SilicAR-7GF plates. One fraction,
348 mg. eluted with S percent EtyO in CHCl,, was fur-
ther purified by repetitive chromatography on thick
plates (SilicAR-7GF, CHCIyEt,0,1:1) finally giving
41.6 mg of the acetate as a colorless glassy solid, R,
38-46 (SilicAR-7GF, Et;0), [a]p** + 17.37%4.35° (¢
= 0.576, CHCl,). (Found: C. 59.4; H. 7.19. Calc. for
CasHosO:s: C. 59.89; H. 7.24 percent). MS and NMR
analysis show this material to contain 86 percent of the
acetate of oleanoglycotoxin-A and |1 percent of the
acetate of 3-[2,4-di-O-(B-D-glucopyranosyl)-8-D-
glucopyranosyl }- 23-hydroxyolean-12-ene-28-oic acid.
Deacetylation of acetate. The acetate (2.3 mg) was
treated with an excess of MeOH-conc. NH,OH (1:1) at
50° for 12 hours, then evaporated. Extraction with n-
BuOH, followed by evaporation, gave the biologically
active saponin as a white powder. The preparation and
structure determination of the faction described in Ex-
ample 2 is set forth in detail in the article by R. M.
Parkhurst, David W. Thomas, W. A. Skinner, and
Lewis W. Cary, entitled *“‘Molluscicidall Saponins of
Phytolacca Dodecanra: Oleanoglycotoxin-A,” Phyto-
chemistry, Vol. 12, (6) pp. 1437 to 1442 (1973) (Per-
gamon Press. Printed in England).

EXAMPLE 3

Chromatographic Separation Endod Saponon Pow-
der

In the same chromatographic procedure described
above in Example 2, another fraction was discovered.
In this operation, 2 g of the crude saponin acetate were
chromatographed on a column (18 X 3 cm, 50 g, Mal-
linckrodt SilicAR-CC7, 100-200 mesh) using CHCl,-
ether gradient elution and following the progress of the
fractionation with TLC on SilicAR-7GF plates. A frac-
tion, 1015 mg,*eluted with | percent ether in CHCl,,
was further purified by repetitive chromatography on
thick plates (SilicAR-7GF, CHClj:ether, 1:1), finally
giving 20.9 mg of a colorless glassy solid, R, 50-54 (Sili-
cAR-7GF, ether), [a],® = +7.38° (1.26 percent
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CHCl,) which, as determined by MS analysis, was
found to be made up of about 98 percent or more of the
acctate of 3-0-([4'-0-(B-D-glucopyranosyl)-3'-0-(B8-D-
galactopyranosyl)-B-D-glucopyranosyl|-olean-12-ene-

human sperm. 0.1 mi of cach solution of the saponin
under test was placed in a test tube measuring 10x75
mm. To each iest tube, while undergoing shaking in
Dubnoff shaker, 0.9 ml of diluted sperm solution was

28-oic acid. 6.6 mg of the acetate was dissolved in 3 ml s added. At appropriate intervals small amounts of sperm
of methanol and | ml of conc. ammonium hydroxide samples in each test tube wcre removed. Placed be-
and maintained at 50° for 24 hours. The solution was tween a slide and cover slip for microscopic examina-
evaporated in a slow stream of nitrogen and extratted tion. Percent motility and in most cases the speed and
with n-butanol. Evaporation of the butanol gave the de- vigor of motility (ranging from |+ to 4+) were re-
sired saponin fraction as a colorless solid. 10 corded.
EXAMPLE 4 The following examples present data_obtained n car-
! ; . rying out one or another of the foregoing sperm motil-
Chromatographic Separation of Endod Saponin Pow- ity tests, using given saponin portions prepared in ac-
der 4 cordance with Examples 1-4, as indicated:
In the same chromatographic procedure described in 15
Examples 2 and 3 above, still another fraction was dis- EXAMPLE 5 .
covered. In this operation, 2 g of the crude saponin ace- The following data were obtained in conducting rat
tates were chromatographed on a column (18%3 cm, epididymal sperm tests using both a saponin-free con-
50 g, Mallinckrodt SilicAR-CC7, 100-200 mesh), trol as well as others in which the n-butanol extract of
using CHClj-ether gradient elution and following the 20 endod berries, as described in Example I, was em-
progress of the fractionation via TLC on SilicAR-7GF ployed in varying concentrations:
Incu- . :
bation
Time Control S ug/mi 10 ug/ml 20 pg/ml S0 pg/mi
Min. % Grade % Grade % Grade % Grade % Grade
<3 60 4+ 60 4+ 60 4+ 10 4+ 0 -
15 50 3+ 40 3+ 30 2+ (1] - o —
30 60 4+ 25 2+ s 1+ 0 - 0 -
60 50 3+ 30 2+ 10 1+ (1] —_ 0 —
100 40 1+ 40 2+ 20 1+ (1] - 0 -

plates.-A fraction, 1015 mg, eluted with | percent ether
in CHCl,, was further purified by repetitive chromatog-
raphy on thick plates (SilicAR-7GF CHCl;, CHClje-
ther (1:1), ether), finally giving 35.2 mg of the acetate
as a colorless glassy solid, R, = 62-68 (SilicAR-7GF,
ether), [a]o® = +11.87° (1.87 percent CHCl,). This
material was identified by NMR analysis as being made
up of about 70 percent of the acetate of 3-0-{2'-0-[2"'-
0-(a-L-rhamnopyranosyl)-8-D-glucopyranosyl}-8 -D-
glucopyranosyl} olean-12-ene-28-oic acid and about
30 percent of the acetate of 3-0-{2°-0-[2''-0-(a-L-
rhamnopyranosyl)-B-D-galactopyranosyl)-B8-D-
glucopyranosyl} olean- 1 2-ene-28-oic acid. This acetate
fraction was then deacetylated using the general
method employed for this same purpose in Example 3
above.

The saponin fractions described in the foregoing ex-
amples wzre employed in connection with various
sperm motility tests, as well as in other tests conducted
on blastocysts. The methodology employed in these
procedures was as follows:

Sperm Motility Tests .

Rat epididymal sperm - Sperm were collected from
a freshly decapitated 70-90 day old rat. Each epididy-
mus was excised, cut and the sperm permitted to es-
cape into | to 1.5 ml of tissue culture medium 199. Di-
lutions were adjusted to contain | to 1.5 million sperm
per ml test. Test extracts and compounds were dis-
solved in and appropriately diluted with TC-199.

Human sperm tests - Sperm tests were performed
within | to 4 hours after collection. Original sperm
counts ranged from 42 to 176 million per cc. Dilutions
of | cc of semen ranged from 9 to 15 ml in a modified
Ringers solution. Test extracts and compounds were
appropriately diluted with the same solution.

Incubation procedures - In tests with either rat or
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EXAMPLE 6

The procedure of Example § is repeated except that
the saponin fractions employed were those prepared as
recited in Example 4.

EXAMPLE 7

The following data are those obtained on conducting
human sperm tests using a control as well as various
concentrations of the saponin fraction obtained by the
n-butanol extraction of endod berries as recited in Ex-
ample I:

Incu-
bation
Time Control 10 ug/ml 20 pg/m! 40 ug/ml!

Min. % Grade % Grade % Grade % Grade

<3 70 &~ 70 4+ 10 4+ 0 -

15 80 4 40 4+ 10 4 0 -

30 70 4+ 30 3+ 10 3+ 0 -

60 70 3+ 30 3+ 20 1+ 0 -

90 50 3+ 30 24 20 I+ 0 -

120 S0 2+ H 2+ 10 1+ 0 -
EXAMPLE 8

The operation of Example 7 was repeated, but using
the saponin fraction prepared in Example 3.

Incu-

bation

Time Control S ug/ml 20 ug/ml 80 pg/ml

Min. % Grade % Grade % Grade % Grade
<3 70 4~ 70 4~ 40 4+ 3 I+
15 70 4+ 60 4+ 4 4+ (1} -
30 70 “~ 40 a“ 30 “ 0 -
60 60 4« 40 4~ 30 4« 0 -
9% S0 4+ 4« “~ 30 4 [} -
120 0 "t 30 “~ 30 4“4 0 -

i .,;,__a

e e p—




The operation of Example 7 was repenéd but using
n-butanol extract of whole marigold plants as described
in Example 1.
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EXAMPLE 9
The operation of Example 7 was repeated, but using ':.:;..
the freeze-dried, water extract of endod bemes as de-  Time Control 20 upmi___ 100 ug/ml SO0 ug/m!_
scribed in Example 1. . Min. % Grade % Grade % Grade % Grade
<3 60 4+ 0 4+ 0 4+ 0 -
15 60 &+ 70 4+ 60 4+ 0 -
30 60 4+ 70 4+ S0 4+ O -
o 60 SO 4+ 60 4+ 60 4+ 0 —
— 90 6 4+ 70 4+ 0 4+ 0 —
Tee _ Control _ SOugml 200 ugiml 800sgmi 0 !0 0 & W &4 @ & o -
Min. % Grade % Grade & Grade % Grade
<3 70 4~ 80 & 2 3+ 0 -
15 70 4+ 70 &4 0 - 0 -
30 7 4+ 60 4+ O - 0o - EXAMPLE 12
0 0 4+ 60 4+ O - B o
l;g 2 ::: :g :I g = g 5 The operation of Example 7 was repeated except
using the saponin fraction prepared in Example 2.
Incu-
bation
Time Control Jyml ﬂml 100 pg/mi 400 pg/ml
Min. % Grade Grade Grade % Grade % Grade
<3 50 4 S0 4+ 60 &+ S0 &+ O -
15 60 ~ 50 “~ 40 4+ S0 & O -
30 60 4+ S0 4+ 40 4+ 30 & O -
60 60 4+ 50 4+ S0 4+ 40 &+ O —
90 60 4+ 60 &+ 50 30 & o0 -
120 0 4“~+ 50 “ 20 4+ 25 4+ o e,
EXAMPLE 10 EXAMPLE 13
. The operation of Example 7 was repened. but using Termmatlon of Pregnancy Before Blastocyst Implanta-
n-butanol extract of whole marigold flowers as de- tion
scribed in Example 1. Nine- to len-week~old nonparous female rats were
coupled with males whose fertility had been praven by
s 2 commercial breeder. The following day was desig-
nated Day | of pregnancy if vaginal sperm or plugs
were observed. Bilateral ovariectomies were performed
:z,'n on most rats on Day 3 and on a few on Day 4 of preg-
Time Control 20 pg/ml 100 ug/ml 500 ug/ml nancy. i
Min. % % Grde % Grde % Grawde ., Pregnancy was maintained, but implantation was pre-
< W & W 4 W % 6 = vented by subcutaneous injections of 2 mg of proges-
18 60 4+ W 4+ s + 0 - terone per day for 2 or 3 days. On the day following the
= ® o AN - T S last injection, the uterus was exteriorized by a mid-
90 0 4+ SO 4+ 0 s 3 = ventral incision, and either the Phytolacca dodecandra
120 S0 4+ S0 4+ 0 — 0 — 4o butanol extract of Example | or the oleanoglycotoxin-
B was injected into each uterine horn by means of a
1-ml tuberculin syringe and a 27-gauge needle. Follow-
ing intrauterine injection, the animals received 1 ug of
EXAMPLE 11 estrone and 2 or 4 mg of progesterone in 0.1 or 0.2 ml

o Of sesame oil for 3 or 4 days to induct implantation and

maintain pregnancy. On the day following the last in-
jection, the rats were sacrificed, and viable fetuses or
implantation sites were counted and recorded.

EFFECT OF (A) THE MIXTURE OF SAPONINS IN THE BUTANOL EX-
TRACT OF P. DODECANDRA AND (B) OF OLEANOGLYCOTOXIN-B, ON
‘PREGNANCY BEFORE BLASTOCYST IMPLANTATION

Intrauterine Injection No. Average No.
Pregnanv Fetuses in
Group mg/Hom Substance® No. Treated Pregnant Animal

1 Butanol extract -
2 2 Butanol extract 0/6 -
3 ] Butanol extract 2/3%° 6
4 1 Oleanoglycotoxin-B 1/3ee 40
s - Control (saline) 8/8 99

; Preparations used in Groups | 10 4 were dissolved in suline. and 0.0S to 0.1 ml solutions were injected
vtero.

eoln each of these groups,

. there was one animal with fetuses in only one uterine horn It has been

reporied that with ntrauterine cuntraceptive devices (IUD), it is possihle 0 prevent pregnancy in rats
in only the horn that contains the IUD (Pary. Fertidl. Seeril. 17, 797, 1966)

o
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The data of the foregoing table show that injections material represents an extract obtained from marigold

of the crude endod saponin extract or that of oleano-
glycotoxin-B are highly effective in terminating preg-
nancy prior to the occurrence of implantation of the
blastocysts in the rat.

EXAMPLE 14

Termination of Pregnancy After Blastocyst Implanta-
tion

The animals were prepared in the same manner as
described above, with one difference. The 2-mg subcu-
taneous injections of progesterone administered for 3
days were followed by injections of 1 ug of estrone and
2 mg of progesterone for 2 days to induce implantation
before the intrauterine injections of test material. The
estrone/progesterone injections were continued for an
additional 3 days, followed by autopsy on Day 12. The
following results are obtained:

EFFECT OF A BUTANOL EXTRACT OF P. DODECANDRA ON

PREGNANCY AFTER BLASTOCYST IMPLANTATION

plants.

4. The composition of claim 1 wherein the saponin
material represents oleanoglycotoxin-A.

S. The composition of claim 1 wherein the saponin
material represents 3-0-{4'-0-(8-D-glucopyranosyl)-3'-
0-(B-D-galactopyranosyl)-B-D-glucopyranosyl}-olean-
12-ene-28-oic acid.

6. The composition of claim 1 wherein the saponin
material represents 3-0-{2'-0-{2""-0-(a-L-
rhamnopyranosyl)-B8-D-glucopyranosyl |-8-D-
glucopyranosyl} olean-12-ene-28-oic acid.

7. The composition of claim 1 wherein the saponin
material represents 3-0-{2'-0-{2""-0-(a-L-
rhamnopyranosyl)-B8-D-galactopyranosyl - 8-D-
glucopyranosyl} olean-12-ene-28-oic acid.

8. The method of preventing the occurrence of preg-
nancy in a mammal which comprises introducing into

Average No.
Fetuses in
Intrauterine Injection No. Pregnant/
Group mg/MHom Substance No. Treated Animal
| 1 s Butanol extract 1/ 13
| 2 2 Butanol extract \ 9
| 3 -— Control (saline) 6/6 98
| Average No.
| Implantation
No. with Implantation ites in
Group Sites*/No. Treated Aborted Animals
1 4/5 8.0
2 23 17
3 0/6 -

of

y was

e

The data of the foregoing table show that the crude
saponin extract of endod berries are capable of termi-
nating pregnancy in the rat after implantation of the
blastocysts has occured.

We claim:

1. As a spermatocide adapted to be introduced into
the vagina prior to intercourse and thus prevent the oc-
{ currence of pregnancy, a composition comprising at
1 least one spermatocidally active saponin material hav-
ing the structure

i Cll3 CHJ

CH; R

| wherein R' is hydrogen or hydroxyl, R? is a saccharide
3 unit made up of from two to five sugar moieties se-
‘ lected from the group consisting of glucose, xylose,
arabinose, galactose and rhamnose, R? is methy! or hy-
droxymethyl and R* is hydrogen or a glucose sugar moi-
ety. .

2. The composition of claim 1 wherein the saponin
material represents an extract obtained from endod
berries. .

3. The composition of claim 1 wherein the saponin

40
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*implantation sites represent the points of blustucyst attachment to the uterine endometrium
b i wh :

the vagina, prior to intercourse, a spermatocidally ef-
fective dosage of a composition comprising at least one
spermatocidally active saponin material having the
structure

Cl(, CNJ

wherein R! is hydrogen or hydroxyl, R! is a saccharide
unit made up of from two to five sugar moieties se-
lected from the group consisting of glucose, xylose,
arabinose, galactose and rhamnose, R? is methyl or hy-
droxymethyl and R*is hydrogen or a glucose sugar moi-
ety.

9. The method of claim 8 wherein the saponin mate-
rial has the structure of that extractable from endod
berries.

10. The method of claim 8 wherein the saponin mate-
rial has the structure of that extractable from marigold
plants.

11. The method of claim 8 wherein the saponin mate-
rial is oleanoglycotoxin-A.

R

A
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12. The method of claim 8 wherein the saponin mate-
rial is  3-0-(4'-0-(B8-D-glucopyranosyl)-3'-0-(8-D-
galactopyranosyl)-8-D-glucopyranosyl]-olean- 1 2-ene-
28-oic acid.

13. The method of claim 8 wherein the saponin mate-
rial is 3-0-{2'.0-(2'-0-(a-L-rhamnopyranosyl)-8-D-
glucopyranosyi]-8-D-glucopyranosyl} olean-12-ene-
28-oic acid.

14. The method of claim 8 wherein the saponin mate-
rial is 3-0-{2'-0-(2''0-0-(a-L-rhamnopyranosyl)-g8-D-
galactopyranosyl)-8-D-glucopyranosyl} olean-12-ene-
28-oic acid.

1S. The method of tcrminating pregnancy in a mam-
mal following conception either before or after blasto-
cyst implantation, which comprises introducing into
the uterus of said mammal an amount effective to ter-
minate pregnancy of a composition comprising at least
one saponin material having the structure

5
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CH, P

wherein R! is hydrogen or hydroxyl, R? is a saccharide
unit made up of from two to five sugar moieties se-
lected from the group consisting of glucose, xylose,
arabinose. galactose and rhamnose, R?® is methyl or hy-
droxymethyl and R* is hydrogen or a glucose sugar moi-
ety.
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SUBJECT:
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Effects of Endod Cholesterol Blood Levels cc: W. Skinner
M. Tanabe

113 - MEMO

Robert Parkhurst DATE: 7/ March 1978

SAI 2903 3.7

During an AAALAC site visit at the National Oregon Primate Research
Center last year I discussed with Dr. Malinow studies he was doing
with various products that might affect blood cholesterol levels.

At that time the product of primary interest was a saponin obtained
from alfalfa.

I told him about your work with Endod and subsequently you sent
samples of various Endod preparations to him.

Today he phoned and stated that Endod sample No. 11140-37 was
very effective in inhibiting cholesterol absorption from the gut.
In fact, it was as effective as any material he has studied. I
understand the treatment regimen used was a single administration
of the product, at a level of 20 mg/kg to the rat.

He would like to extend these studies to the primate (possibly
the squirrel monkey) and if the results can be confirmed in the

nonhuman primate, an extended study with repeated administrations
would be considered.

We should call him (503/645-1141) either Monday or Tuesday morning,

or on Friday. He will be away from the Center at other times
this week.

It looks like there may be an exciting and new application for
Endod(s).

Reprinted by permission

|
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RECON
ST, LUCIA ! RESEARCH « TONTROL DEPARTMENT
| PO BOX 93
casTriES, St, Luria
WEST INDIES,
ataftA/v2y 4th August 19..720..
Dre. A. Lemma

Institute of Pathobiology,
Hafle Selassie University,
Addes Abeba, Ethiopia,

Africa.
Dear Dr. Lemma,

At long last we have the data on the effect
of endod on our local snail Biomphalaria glabrata,
which is enclosed.

Are you planning to summarise these various
tests in a single paper? If not, we might try to
get our results published as a research note somewhere.

I am sorry to have taken so long to get this
work done.

Best wishes.

Yours sincerely,

15

Robert F, Sturrock, Ph.D.

RFSsmm

The Efficacy of Endod Against St. Lucian B. glabrata

E.S. Upatham, Research and Control Department
Castries, St. Lucia, West Indies

Experiments were conducted according to the standard WHO
procedures. Solutions of endod were made up 16-18 hours prior to use.

Groups of 4O laboratory-bred B. glabrata were exposed to the solutions
for 6 and 24 hours, and were allowed to recover for 4B hours. For each

exposure period, 2 sizes of snails were used: 5-6 mm and 9-10 mm.
Results are shown in the table, and are based on probit analysis.
LC.. and LC

50 90 concentrations of endod at different exposures
Snail size
5-6_mm 9-10 mm
Exposure time LC50 LCSO LCso LC9°
6 hours 9.6 11.9 9.7 1.4
24 hours 7.0 9.3 6.3 8.7




TELEPMONE:
SITTINGBOURNE 4q4as.

TELEX: 96181 SITTINGBOURNE,
KENT.

2 February 1972

Dr Aklilu Lemma,

Life Sciences Division,
Stanford Research Institute,
Menlo Park,

California,

94025 - U.S.A.

Dear Dr Aklilu,

Thank you very much for your letter. We are pleased to
hear that the samples of FRESCON for your studies arrived safely.

Mr Crossland is currently away from Woodstock and has asked
me to reply to you since I am working with him on many aspects of
our molluscicide project. He sends his kindest regards to you
and looks forward to seeing you in Sittingbourne whilst on your
way to Ethiopia in March.

In answer to your findings concerning the effect of U.V.light
on FRESCON, we would agree that being a highly aromatic compound
it will absorb short wavelength U.V.light strongly. It is very
probable, therefore, that the accompanying excitation of the mole-
cule will lead to rapid decomposition. However, as the appended
data shows, FRESCON does not exhibit any appreciable absorption
of long wavelength U.V.light (> 290nm) such as found in normal
sunlight at ground level. 1Indeed, there is no evidence to suggest
that FRESCON is unstable to sunlight under field conditions.

Before we can comment fully on your results, we would like to
have details of the type of lamps used and the wavelengths emitted
by them. Standard commercial U.V. lamps emit radiation at wave-
lengths below the limit found in natural sunlight at ground level
and are therefore not very useful for measuring the stability of
compounds under natural conditions. Specialised U,V. lamps are
available from which the shortwave lengths are cut out and some
of these can give more reliable results.

I am pleased to inform you that we have been able to carry
out a limited number of bioassays with the butanol extract of
Endod you kindly sent to us. We carried out the tests using B.
glabrata in accordance with your suggested procedure, and I hope

WOODSTOCK AGRICULTURAL RESEARCH CENTRE,
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that the data will be of use to you. We did experience some
difficulty in the first 24 hour test exposure due to an 'overkill'

at the higher dose levels; additional dose levels were therefore
tested.

T T AT i T

This form of Endod is indeed far more active than the previous
formulation tested by us, and we should be most interested to
learn of your success with the preparation of an EC formulation.

LI S T

I hope that the above information will be of use to you, and
we look foward to seeing you again in the near future.

e s

i Yours sincerely,

| A.P. Warley
H Biological Evaluation Division

SWD/13/APW/24.7/78/R
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1. Light absorption by FRESCON in Methanol solution
Wavelength (nm) Molar Extinction Coefficient
(1000 cm? / mole)

300 6

280 79

270 547

265 1150
2 Bioassay with Endod against Biomphalaria glabrata

Number of snails dead out of 10 per concentration level.
Concen- 6 hour exposure 24 hour exposure
tration
ppm. Test 1 Test 2 Test 1 Test 2
25 10 9 10 -
12.5 4 - 10 =
10.0 - 3 - -
6.25 2 - 10 -
5.0 - 0 - 9
4.0 - - - 4
3.125 (0] - 1 -
3.0 - - - 0
LD50 11.5 ppm LD50 3.9 ppm
LD90 23 ppm LD90 4.8 ppm
(plotted on log probit (plotted on log probit
paper) paper)
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LABORATORY EVALUATION OF ENDOD-EXTRACT AS MOLLUSCICIDE

E. Paulini (Ph.D.), Universidade Federal de Minas Gerais, Bela Horizonte,
Brazil

Butyl-alcohol extract of endod was sent to us by Dr. A. Lemma, of
the Stanford Research Institute, California, in the form of a white
powder, which is completely soluble in water.

The water solution was tested with mature and with newly hatched
snails. No tests were made with eggs, because of the resistance of the
latter form to endod.

Exposure times of 24 hours and 6 hours were employed, at room
temperature (25%1°C). Mortality count was made after 24 and 48 hours.

Results of the biological tests are shown in tables 1-4.

When the LC50 and LC90 values are compared, it is striking that
newly hatched snails are about four to five times more resistant to
endod than mature snails.

Another interesting fact emerging from the results is that the lethal
dose (concentration x exposure time) increases with increasing exposure
time and is not constant, in contrast with some molluscicides. This is
well demonstrated in the experiment with newly hatched snails, where the
LC values were identical both with 6 hours and 24 hours of exposure. The
interpretation of this results is that within 6 hours the lethal quantity
has been absorbed by the snail, and apparently no further absorption of
molluscicide accurred.

It was also observed that at the end of t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>