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Introduction  
Plants of the Annona family contain natural chemical compounds with intriguing capabilities.  The 
compounds are referred to as phytochemicals to emphasize that they are inherently plant-derived.  
Phytochemicals of Annona plants have been shown to be anticancerous, pesticidal, and bioactive in other 
respects1,2.  They are found predominantly in the seeds of Annona plants1.  Certain species of Annona are 
potentially highly suitable to the climatic and soil conditions of lower Florida, especially Sweetsop 
(Annona squamosa)3.  Sweetsop fruits whole contain a large proportion of seeds, reportedly 31-41% by 
weight4.  While the juicy pulp is edible and wholesome, seed kernels are regarded as poisonous5.  A few 
of the seeds may be eaten with no ill effect, but can be seriously poisonous in quantity5. 
 

Seed Composition 
Of the seeds, the subject chemical compounds are contained specifically in oil extracted from the 

seeds, referred to as seed oil.  There are two basic parts to Annona squamosa seed, with the seed coat (or 
hull) constituting 32.4% by weight and the seed kernel 67.7%6; the seed coats (hulls) can be used for 
composting6.  The seed oil itself has been described as 25.5%-30% of the whole seed7,8 and can be heat-
extracted with a Soxhlet extractor6,7, leaving seed cake as a by-product7.  The seed cake can be used as a 
natural fertilizer8.  From the crude seed oil, specific chemical constituents can be isolated and purified.  
Thus the comparison is made between crude preparations of which concentrations are low and active 
ingredients often uncharacterized; and highly purified extracts, of which are often in high concentration 
and active ingredients are well characterized9.  Crude preparations may be suitable for domestic use, but 
commercialization would require highly purified extracts because of regulatory requirements9.  It has been 
clearly demonstrated that acetogenins do not need to be purified from crude extracts to be an effective 
pesticide10.  It is theorized that a plurality of chemical constituents in combination is synergistic to 
pesticidal activity10,11,12 . 
 

Persistence (residual activity) 
Oil extracted from Annona squamosa seeds has been used against agricultural pests, and studies 

have shown that seed extracts lose residual toxicity in two days; high concentrations are potent for 2 days 
and weaken steadily, with all activity being lost after 8 days13.  However, it is said that the active 
compounds of A. squamosa seeds is distinguished by excellent residual action on wood and clay as well 
as good stability to alkali on limed substrates14.  The active compound(s) can be mixed with extenders, 
such as liquid solvents, liquefied gases under pressure, and/or solid carriers14.  In fact, the potency of these 
compounds necessitates they be applied in conjuction with an inert carrier, or “vehicle” as known in the 
trade15.  Suitable solid carriers include ground natural minerals such as clays, and granules such as 
fractionated natural rocks such as calcite and dolomite and also organic material such as sawdust, 
coconut shells, corn cobs, and tobacco stalks14.  Thus it is easy to see that the compounds persist while 
bound to the inherently woody and alkaline mineral characteristics of the seed.  Even with seed that has 
only been comminuted (pulverized), the compounds may be “stuck” to the particles.  Still, seeds or 
comminuted seed material do have susceptibility to decay unless prevented by such methods as deep-
freezing or sterilization14.  For pesticidal applications, the extract can be formulated as an emulsifiable 
concentrate.  For pharmaceutical applications, the extract can be formulated in conventional dosage 
forms such capsule, gel seal, or tablet16.  It has been said that further studies are needed to assess 
persistence and biodegradability14. 

 

Toxicology 
Acetogenins have the toxic mode-of-action identical to that of rotenone9, 12, and therefore product 

development has been precluded in the US and EU9.  In recent years, use of rotenone as an insecticide has 
declined9.  What is more, acetogenins are several times more potent than rotenone10, 16.  One author states this 
about acetogenins: “The strong cytotoxic action of these compounds raises concerns about their overall 
toxicity”17.  However, the concept of selective cytotoxicity is suggested, as it has been demonstrated that 
acetogenins are less toxic to normal cells, but highly toxic to cancer cells 10, 16.  A possible explanation for 
selectivity is that cancer cells are biochemically distinguished from normal cells by enhanced demand for 
adenosine triphosphate (ATP), or in other words, higher energy requirement, making them susceptible to 
acetogenins10. 



As for known adverse effects of acetogenins, it is documented that if seed material comes into contact 
with the eyes, it is highly irritant and may cause blindness13, 17.  There is a report of a researcher, who upon 
rubbing one of his eyes after his finger came in contact with a concentrated solution of acetogenins, experienced 
severe eye irritation and loss of outer layer of cells at the cornea, but there was complete recovery10.  It is also 
documented that chronic ingestion may be hazardous to health in terms of neurotoxicity18.  A possible 
explanation is that neurons in the brain have a higher demand for ATP (higher energy requirement) than other 
somatic cells, comparable to that of cancer cells10.  It has been shown that neurodegenerative symptoms regress 
and improve after stopping daily consumption10.  McLaughlin suggests that there may be a therapeutic index for 
achieving the desired effects while avoiding the undesired effects10.  Adequate toxicological and ecotoxicological 
data is needed11. 
 

Summary 
 The outstanding feature about these compounds of Annona plants is that they are powerfully cytotoxic10, 
in fact, several times more so than rotenone10,16.  These compounds biodegrade rapidly within a matter of just a 
few days unless combined with certain substances13,14,15.  Concentrations in the fruit and seeds are highly variable 
depending on genotype and growing conditions11, 19, 20.  There is considerable variability of acetogenin content10, 
which likely explains inconsistency of results among studies.  That fact, together with its strong cytoxicity, are a 
conundrum for the commercialization of these compounds as pharmaceutical and pesticide products.  There is 
however an acetogenin-based dietary supplement offered by Nature’s Sunshine Products, called Cell-Reg®, 
which cannot be advertised as a cancer treatment in the United States10.  The benefit-risk index of using A. 
squamosa seed material remains undefined, and therefore caution should prevail21.  In Florida, these compounds 
in their natural form do not pose a concern because of limited seasonal availability and small-scale production.  
However, large-scale production and implementation of preservation methods might be conducive to these 
undesired effects. 

 

Conclusion 
Whole seeds of A. squamosa could simply be comminuted and used as a mulching component for its 

natural fertilizer affects, possible insecticidal affects to ground-dwelling pests such as root weevil larvae, and 
moderating affects on soil moisture and soil temperature.  Rotenone, to which acetogenins are likened, bonds 
strongly to soils and sediments22.  The active compounds are residual to organic matter and calcareous sediments 
in the soil, and groundwater contamination does not pose a concern because of confinement by illuvial layer in 
the soil.  While not an apparent toxicological or ecotoxicological concern, the effectiveness of insecticidal activity 
is questionable because of many variables.   
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