ing binocular fixation can introduce shifts in vi-
sual direction that mimic the outcome expected
with fusion [K. Ogle, Researches in Binocular
Vision (Saunders, Philadelphia, 1950); Kaufman
(3)]. This possibility can be minimized by using
briefly flashed stimuli [Ono et al. (7)] or by mea-
suring eye movements [Kertesz and Jones (6)].
A second, more general criticism of dis-
placement phenomena concerns the potential
ambiguities in criteria for reporting shifts in vi-
sual direction and in the sensitivity of the psy-
chophysical procedures typically used [L. Kauf-
man and A. Arditi, Vision Res. 16, 535 (1976)].
In general, these criticisms underscore the diffi-
culty of distinguishing fusion from suppression
on the basis of phenomenal report alone. To
avoid these difficulties, others [R. Fox and R.
Check, Percept. Psychophys. 1, 331 (1966); R.
Fox and C. MclIntyre, Psychon. Sci. 8, 143
(1967); W. Makous and R. K. Sanders, in Visual
Psychophysics: Its Physiological Basis, J. Arm-
ington, J. Krauskopf, B. Wooten, Eds. (Erl-
baum, Hillsdale, N.J., in press)] have used in-
direct techniques somewhat similar to ours, but
the results have not been consistent.

6. A.Q;(Oe;rtesz and R. W. Jones, Vision Res. 10, 891
(1 .

7. H. Ono, R. Angus, P. Gregor, Percept. Psycho-
phys. 21, 513 (1977).

8. R. Fox and R. Check, J. Exp. Psychol. 78, 388
(1968); R. Wales and R. Fox, Percept. Psycho-
phys. 8, 90 (1972); R. Blake and R. Fox, Vision
Res. 14, 687 (1974); R. Blake and S. Lema, Vi-
sion Res., in press.

9. The test flash was generated by the driver and
timing unit of a tachistoscope (Scientific Proto-
type model GB). The lamp was a cold-cathode
fluorescent tube with a rise time to maximum in-
tensity of approximately 1 msec. The position of
the test flash within the left-eye display was con-
trolled by a shutter. The center of the 10-minute
circular test flash fell 15 minutes of arc from ei-
ther the upper or lower edge of the left-eye tar-
get, depending on whether the flash was in the
top or bottom position. Test flash luminance was
-5.1 cd/m?, and the circular spot was in cosine
phase with respect to the sinusoidal striations of
the grating, such that it covered one complete
cycle of the grating. The observer viewed the
entire display through natural pupils with the
head firmly positioned on a dental impression
board. A variable prism placed before one eye
was used, if necessary, to achieve binocular
alignment of the two CRT displays; the 1° circu-
lar aperture, which delimited the grating pattern,
and the outer boundaries of the 8° by 10° CRT
screen provided strong fusional stimuli for the
maintenance of stable binocular alignment. Ob-
servers were instructed always to fixate the cen-
ter of the circular aperture. The CRT screens
provided the only illumination within the dark-
ened test booth, and observers adapted to this
prevailing level for at least 5 minutes before tri-
als were begun. The position of the test flash
was varied randomly from trial to trial under the
control of a computer (PDP-8I), which also read
and stored the observer’s response on each trial.
The results have been replicated upon repeated
testing.

10. C. Blakemore, Vision Res. 10, 1181 (1970); A.
Fiorentini and L. Maffei, ibid. 11, 1299 (1971);
H. Wilson, ibid. 16, 983 (1976).

11. We have also measured detection for the condi-
tion in which both eyes received uncontoured
fields and the test probe went to the left eye.
Performance was equivalent (about 90 percent)
to that measured for conditions MD and BR-D,
which indicates that the significant reduction in
performance for condition MS, in which the left
eye received an uncontoured field, arises from
the contralateral pattern and not from fixation
disparity, uncertainty about test flash location,
or the absence of contour in the left eye.

12. For conditions BR-S and MS, the observer trig-
gered test flash presentations while the grating
viewed by the right eye was dominant. Although
for conditions AF and ST, it would be impos-
sible for observers to adopt this same strategy,
on the basis of statistical considerations we
would expect some decrement in performance
even if suppression of the left eye were inter-
mittent, as in the case of binocular rivalry. For
each observer, when orthogonally oriented grat-
ings were presented to the two eyes, the tempo-
ral pattern of binocular rivalry yielded approxi-
mately 50 percent predominance (percentage of
time visible) for each eye, with average domi-
nance durations on the order of 2 to 3 seconds. If
we assume a comparable pattern of pre-
dominance during conditions AF and ST, detec-
tion performance for these conditions should be
between 70 to 75 percent if suppression oc-
curred intermittently. Performance was more
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accurate than this. It seems unlikely that a com-
plete cycle of dominance and suppression could
occur within the duration of the test flash, which
ranged from 9.5 to 12 msec among observers.
Moreover, we are confident these results are not
due to eye dominance, since KB and PT are
right-eye dominant while RB is left-eye domi-
nant, as determined by conventional sighting
tests [C. Porac and S. Coren, Psychol. Bull. 83,
880 (1976)].

13. This locus of binocular fixation is on a plane

known as the horopter and, according to the
most accepted definition, is composed of those
positions in visual space which appear to lie in
the same direction in the visual field of both eyes
[T. Shipley and S. Rawlings, Vision Res. 10,
1225 (1970)].

14. We thank R. Sekuler for helpful comments. Sup-
ported by grant BNS77-15858 from the National
Service Foundation.
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Insecticidal Benzoylphenyl Ureas: Structure-Activity

Relationships as Chitin Synthesis Inhibitors

Abstract. The I-benzoyl-3-phenylurea insecticide diflubenzuron is a potent inhib-
itor for the conversion of “C-labeled glucose to “*C-labeled chitin in isolated abdo-
mens of newly emerged adult milkweed bugs (Oncopeltus fasciatus Dallas). The in-
hibitory activity of 24 diflubenzuron analogs in this in vitro chitin-synthesizing system
is in good agreement with their toxicity to fifth instar nymphs of this species. These
insecticides act quickly and directly within the integument to ultimately block the
terminal polymerization step in chitin formation.

Chitin is the most abundant organic
skeletal component of insects, other in-
vertebrates, and many fungi, but it is ab-
sent in vertebrates and higher plants (7).
Insecticides that disrupt chitin deposi-
tion therefore have selectivity advan-
tages over earlier types that alter nerve
action or bioenergetic reactions that are
similar in insects and mammals. Diflu-
benzuron  [2,6-F,-C;H;-C(O)NHC(O)-
NH-C¢H,-Cl-4] and several other ben-
zoylphenyl ureas effectively control
major insect pests by interfering with the
molting process or by acting as ovicides
and chemosterilants (2).The larvicidal
activity is attributable to disruption of
chitin deposition (2). This benzoyl-
phenyl urea action may be indirect by
altering ecdysone or juvenile hormone
levels (3) or direct by inhibiting a critical
step in chitin formation ). An insect
system for in vitro chitin biosynthesis
is required to differentiate between these
hypotheses. We find, using abdomens of
newly emerged adult milkweed bugs
(Oncopeltus fasciatus Dallas) as reaction
vessels, that benzoylphenyl ureas act
directly within the integument to block
the terminal polymerization step in
chitin formation (5).

An ideal insect system for studies on

Parafilm Seal
-—Vial
——1Opul Saline

———Abdomen
j«—Wax Support

e —

l.l cm
Fig. 1. Diagram of the isolated adult milkweed
bug abdomen used as reaction vessel for chi-
tin biosynthesis.
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inhibitors of chitin biosynthesis should
meet the following specifications: rapid
and consistent in vitro formation of *C-
labeled chitin in reasonable yields from
convenient “C precursors such as glu-
cose, glucosamine, and N-acetylglucosa-
mine; sensitivity to polyoxin D, a chitin
synthetase inhibitor (6), and to diflu-
benzuron and its insecticidal analogs;
and no involvement of exogenous hor-
mones during the period of insecticide
action. Cultures of cockroach leg regen-
erates meet some of these requirements,
but this system requires activation by ex-
ogenous B-ecdysone and an assay period
of 2 weeks (7). In developing our system,
we used milkweed bugs for several rea-
sons. They are easy to rear and handle,
and the fifth instar nymphs are highly
sensitive to topically applied diflubenzu-
ron and its analogs (8). Insecticidal levels
of diflubenzuron do not alter the in vivo
metabolic conversion of a-ecdysone to
B-ecdysone or the subsequent metabo-
lism of B-ecdysone in fifth instar milk-
weed bug nymphs (5) or the endogenous
B-ecdysone titers in pharate pupae of
Stomoxys calcitrans whose larvae had
been exposed to the insecticide (9). Al-
though these findings tend to rule out
hormone mediation in the action of diflu-
benzuron, we chose to further minimize
the possibility of hormone effects by us-
ing young adults since their endogenous
ecdysone levels are low (/0); in imma-
ture insects the B-ecdysone titers reach
maximum levels shortly before molting
(10) and strongly influence chitin biosyn-
thesis (11).

Milkweed bug adults were used 12
hours after emergence because at this
time their activity for converting
[“Clglucose to [*C]chitin is higher than
it is either earlier or later. The abdomen
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Fig. 2. Relation be-
tween the activity of 24
benzoylphenyl  ureas
and related compounds
at 3 x 107°M as inhib-
itors of [**C]chitin bio-
synthesis from [*C]glu-
cose in the adult O. fas-
ciatus in vitro abdomen
] system and their tox-
icity to fifth instar O.
fasciatus nymphs.
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was removed from the insect, the con-
tents were pulled out, and the resulting
tube was supported in wax in a small vial
(Fig. 1) (I12). A microsyringe was used to
charge this reaction vessel first with in-
sect saline (10 ul) (/3) containing the test
insecticide in a final concentration of 0.2
percent dimethylsulfoxide, and then with
[*Clglucose (0.4 pg in 1 ul saline) or oth-
er labeled precursor. The vial was
flushed with oxygen and sealed with
Parafilm. At various times thereafter the
abdomens were removed, and the C
content of the chitin was determined
(14).

[**C]Chitin synthesis from [“*C]glu-
cose proceeded rapidly for 1 hour and
[“Clglucosamine and N-[“Clacetylglu-
cosamine are also suitable precursors,
each giving about 3 to S percent in-
corporation. Polyoxin D inhibits [*C]-
chitin formation by 50 percent when
added at 1.2 X 10°M along with
[**C]glucose. Diflubenzuron is 22 times
more potent, inhibiting S0 percent at
5.5 X 107"M either on simultaneous ad-
dition of diflubenzuron and [*C]glucose
or on addition of the insecticide 30 min-
utes prior to treatment with [**C]glucose.
Inhibition by diflubenzuron is therefore
very quick, and the effective dose (0.25
wpg per gram of abdomen) was only one-
tenth that required to kill fifth instar
nymphs §). With N-[**Clacetylglucosa-
mine as the substrate and a diflubenzuron
level that inhibits chitin formation by
43 percent, this insecticide did not affect
transport of the substrate or its metabo-
lites into the integument but within 20
minutes it produced a 32 percent increase
in the amount of uridine 5’-diphospho-
N-[*Clacetylglucosamine within the in-
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tegument. These quantitative results and
preliminary qualitative findings with oth-
er in vitro and in vivo insect systems (¢)
indicate that diflubenzuron ultimately
blocks the terminal polymerization step
in chitin formation.

Comparison of 24 diflubenzuron ana-
logs (15) revealed a good correlation (/6)
between inhibition of chitin synthesis in
the adult abdomen in vitro system and
toxicity to fifth instar milkweed bug
nymphs (Fig. 2). Particularly potent
compounds are diflubenzuron and its
2,6-difluorobenzoyl analogs (except the
4-nitro derivative), the 2-chlorobenzoyl
compounds with 4-trifluoromethoxy and
4-chloro substituents, and the 2,6-di-
chlorobenzoyl analog with a 4-trifluoro-
methyl substituent.

The correlation of chitin synthesis in-
hibition with insecticidal potency has
several important implications. The in-
secticidal action of the benzoylphenyl
ureas results from direct inhibition of
chitin synthesis within the integument
rather than from any indirect extra-
cuticular effects on hormone levels. The
site of action (receptor) for diflubenzu-
ron in the integument is probably similar
in nymphs and adults. The receptor con-
formation may be generally more impor-
tant than differences in penetration, dis-
tribution, and metabolism in determining
the optimal structures for high potency.
There are large species variations in the
relative potencies of various ben-
zoylphenyl ureas (/7) and therefore the
conformation of the receptor may vary in
different species.

The adult milkweed bug in vitro abdo-
men system for investigations on chitin
biosynthesis should be useful in further

optimizing the structure and defining the
molecular basis for the action of ben-
zoylphenyl ureas and related insecti-
cides.

Nicoras P. Haljar

JounN E. Casipa

Pesticide Chemistry and Toxicology
Laboratory, Department of
Entomological Sciences,
University of California, Berkeley 94720
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