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Insect Hormones and Anti -Hormones 
Protecting Plants and Public Health 

IN THE WEB OF LIFE, INSECTS HAVE THEIR 

place. They pollinate flowers, assist in 
breaking down dead plants and ani- 
mals, and serve as part of the food 
chain. Unfortunately, a few also attack 
crops and transmit diseases. 

"Aside from floods and fires, insect 
damage is the principal limitation to 
agriculture in the U.S.," said William 
Bowers, a professor in the Department 
of Entomology at The University of 
Arizona. "Worldwide, protection from 
vector -borne diseases is also important 
since tens of millions of people die 
annually from diseases carried by 
mosquitoes and other insects." 

Bowers has dedicated his professional 
life to finding ways to reduce insect 
threats to both crop plants and human 
beings. His work on juvenile and anti - 
juvenile insect hormones has gained 
him numerous awards and international 
recognition, because he has focused on 
nontoxic, environmentally pacific ways 
to handle insect problems efficiently. 

"How do you find nontoxic natural 
products - things existing in nature - 
that can be applied to protecting plants 
and humans ?" Bowers said. That 
question has driven his research for the 
last thirty years. 

In 1964, Bowers synthesized the first 
insect juvenile hormone (JH), a sub- 
stance responsible for keeping insects in 
an immature stage of development, and 
demonstrated that if the hormone was 
applied to insects during metamorpho- 
sis, they molted into intermediate forms 
incapable of surviving. Later, he and his 
colleagues discovered that plants 
contain JH analogs that can disrupt the 
endocrine systems of insect pests in the 
same way. These plant chemicals help 
plants defend themselves against insect 
attacks by preventing metamorphosis. 

"Plants protect themselves using a 
variety of physical strategies: bark, 
spines, sticky leaves, and so on," 
Bowers said. "But the less obvious 
defenses are the phytochemicals that 
plants deploy to discourage insect 
feeding." These substances include 
those that poison insects, and those that 
disrupt their growth and development, 
and affect their behavior. "Poisons, such 
as nicotine or pyrethrum, are easy to 
find, but are still a very tiny percentage 
of the tactics plants use," he said. The 

The cotton stainer 
(Dysdercus fasciatus) in 
the center was treated 
with anti juvenile 
hormone extracted from 
Ageratum plants. It 
became a precocious 
(sterile) adult. 

Cotton stainers (Dysdercus 
bimaculatus). The nymph on 
the left and the adult on the 
right are normal. Treated 
with juvenile hormone, the 
center insect molted into a 
supernumerary, or extra 
nymph stage that stops 
feeding and dies without 
becoming an adult. 

"We used simple, direct 
synthesis to create some new 
compounds that are 100,000 
times more active than the 
natural insect juvenile 
hormone." 

other group of phytochemicals takes 
more work to locate. These include 
insect hormones and anti -hormones. 

Bowers began by isolating and 
identifying a juvenile hormone corn- 
pound from the balsam fir tree. "That 
alerted me to the fact that plants may 
have developed ways of protecting 
themselves by interfering with the 
insects' own development," he said. "I 
looked at other plants for these sub- 
stances, and found some in sweet basil 
that were already 50,000 times more 
active than the insects' own hormones." 

Bowers said the compound shared 
some similarities with the natural 
hormone, but was configured differ- 
ently enough to suggest ways to 
synthesize an insect juvenile hormone 
analog in the laboratory. "We used 
simple, direct synthesis to create some 
new compounds that are 100,000 times 
more active than the natural insect 
juvenile hormone," Bowers said. "For 
an insect to become an adult, the 
secretion of juvenile hormones must 
stop. If you give them to an insect 
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before it changes into the adult, the 
insect remains juvenile and soon dies. 
And because the compounds deter a 
process exclusive to insects - meta- 
morphosis - they don't harm humans." 

This strategy applies well to insects 
that do their damage as adults - 
mosquitoes, for example. "You don't 
care how many mosquitoes are in a 
pond," Bowers explained. "You care 
about how many adults are out there 
prepared to bite you." 

To control those adults, and to find 
out the specific chemistry involved, 
Bowers synthesized a juvenile hormone 
in the laboratory, and demonstrated that 
it could prevent mosquito larvae from 
becoming adults. Treated in water, (their 
normal breeding habitat) they just 
metamorphosed into immature forms 
and drowned. 

Juvenile hormone products worked 
for insects threatening public health 
because most, such as mosquitoes, do 
their damage as adults. But in agricul- 
ture, immature forms cause the most 
damage, so Bowers needed to find a 
way to interrupt the immature phases of 
the pests' life cycles. 

Bowers reasoned that if plants deploy 
compounds with JH activity, to control 
the insects that are damaging as adults, 
they might also produce compounds 
that would control the immature stages 
by shutting off the flow of JH too soon. 



Juvenile hormones have 
become the foundation of an 
insect management system 
known as the biorational 
method. 

So he began extracting well- defended 
plants, seeking an anti -juvenile hor- 
mone. He knew that immature insects 
deprived of the juvenile hormone 
altogether changed into adults too soon, 
skipping the stages of development in 
between. They became non -feeding, 
"precocious" adults, abnormally small 
and incapable of laying eggs. He 
wondered whether plants contained 
anti - juvenile hormones as well. 

By studying the way plant 
phytochemicals interfered with insect 
development, Bowers and his research 
team were able to discover an insect 
anti - juvenile hormone. They extracted 
this substance from a variety of plants, 
and tested it on different insects to find 
out if they molted into precocious adults. 

"We found a compound in Ageratum," 
Bowers said. "It's a tropical plant, used 

Ageratum, a 
tropical plant, 
contains insect 
anti juvenile 
hormones. 

as a ground cover in temperate zones. It 
seemed to have very few insect prob- 
lems, so we tried it. Although it worked, 
the anti -hormone was not strong 
enough against certain pests. It's good 
against many insects, but not many of 
economic importance. 

"Since then, we've found new kinds 
of chemistry with anti -JH activity in two 
other plants, but some of the corn - 
pounds had toxicity to animals. It 
stimulated enormous interest in devel- 
oping synthetic analogs in this area, and 
efforts in this direction continue today. 
Hopefully, we'll find plant- derived anti - 
juvenile hormones that attack important 
pests." 

PROFILE 
A Rewarding Career: William A. Bowers 

William Bowers has devoted his 
career to research in entomology 
and chemistry to assist the agricul- 
tural and health professions in 
handling insect problems. Underly- 
ing all of his research is an empha- 
sis on chemical ecology -- figuring 
out interactions between plants 
and insects. This calls for an inter- 
disciplinary approach combining 
biology and chemistry to solve 
problems. 

Bowers holds a Ph.D. in entomol- 
ogy, biochemistry and physiology 
from Purdue University (1962). He 
served as an associate insect 
physiologist at the USDA Pioneer- 
ing Research Laboratory from 
1962 -1964, and senior insect 
physiologist from 1964 to 1972. 
Between 1972 and 1984, he was a 
professor of entomology at Cornell 
University. Bowers moved to The 
University of Arizona Department 
of Entomology in 1984, where he is 

currently professor of entomology 
and chemical ecology, working in 
the Laboratory of Chemical Ecology. 
He teaches insect chemical ecology 
and bioanalytical techniques. 

On April 26, 1994, Bowers was 
elected to the National Academy of 
Sciences. Election to membership 
in the Academy is considered one 
of the highest honors a U.S. scien- 
tist or engineer can achieve. The 
National Academy of Sciences is a 
private organization of scientists 
and engineers dedicated to the 
furtherance of science and its use 
for the general welfare. 

He also received the 1994 Ken- 
neth A. Spencer Award for Out- 
standing Achievement in Agricul- 
tural Chemistry, administered by 
the American Chemical Society, 
Kansas City Section. This award 
recognizes meritorious contribu- 
tions to the field of agricultural and 
food chemistry. 
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Juvenile hormones have become the 
foundation of an insect management 
system known as the biorational 
method. 

"The term biorational indicates an 
approach that is biological and rational, 
meaning that the specific compound 
does not have general toxicity, but a 
pest- specific effect," Bowers explained. 

"Many compounds have been found 
in plants that have defensive strategies 
based on chemistry selective to different 
insects. They are not general toxicants. 
We have attempted to use these botani- 
cal defensive strategies to develop 
useful repellants and attractants for 
public health protection." 

Specificity increases the safety of the 
products formulated from the corn - 
pounds, because they are targeted to kill 
only certain insect species, without 
harming humans, domestic animals or 
wildlife. Products called insect growth 
regulators, now used commercially to 
control insect pests, contain these 
substances. 

This work has stimulated worldwide 
interest and research in anti - juvenile 
hormones, and has led Bowers and his 
team to make related discoveries 
including new JH compounds in 
Sonoran desert plants and new plant 
phytochemicals that repel mosquitoes. 

"We're continuing to look at botanical 
resources to see what we can find," 
Bowers said. "We'd like to find a plant 
that grows well in tropical environ- 
ments, that would make a crude extract 
people could spray on their homes and 
crops to reduce insect problems. People 
would still have to be taught how to 
grow these plants, extract the proper 
compounds and spray them, but it 
would solve insect problems in many 
foreign countries and reduce their 
outlay of hard currencies. It could be 
handled as a self -reliant, cottage 
industry, minimizing the need for 
conventional pesticides while protecting 
the environment." 

Contact William 
Bowers in the 
Department of 
Entomology, The 
University of 
Arizona, Marley 
Bldg., Tucson, AZ 
85721, (520) 621- 
7166, wbowers@ag.arizona.edu. 

- Susan McGinley 
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