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COMPENDIO

La actividad sineigistica de tiol esteres de loy deidos fenilforfciico y fosforico

aplicados caon paration metilico, azinfos metilico, oxi-azinfos metilico, paraoxén melilico
y carbofarana, freron estudiados cn el picndo del algodonere, Anthonomus grandis
Bobenidn.

Los efectas debidos a la alteracidn de la cadena alifitica de los siner gistas en el
grado de sinergismo fue vaviable La aplicacion sinultinea del prodacto S, S, S-tribntil-
fosforotritioato (DEF) y de los bhowdlogos n-propile y n-butilo de la serie dcida
S, S-dialquilfenilfosfénica results en mn incremento de la toxicidad de azinfos metilico
cn el orden de 2,28 2,17 y 2,26 rveces mayor que la del insecticida aplicade solo
Un incremento similay (2,14) fue observado con la combinacion del carbofmrano con el
producie S, S-dietilfenilforfonoditioate  La mayoria de los olros conpuestos ensayados
en combinacion con azinfos metilice dieton fncvementos sinerpisticos entre 1,19 1 1,78
veces la toxicidad del insecticida tolo

La toxicidad del paration wetilico, bajo la forma de filme residnal, se incrementd
basta cerca de 12 wveces cnando fue aplicado después de mua dosificacion topical de
varios sinergistas. La falta de interferencia en la penetracivn del insecticida a havés
de la cuticnla de log piendos, por lor sinergistas ensayados, es posiulada como la canta

de este alto efecto sinergistico.

Ditvaduction

ITHIN a few years after the introduction of
w chlorinated  hydrocatbon  insecticides for the
control of the boll weevil, Awthenowns prandis
Boheman, high levels of resistance to these insecticides
were observed in field populations Organophosphorus
insecticides (OP), in contrast, have not induced deve-
lopment of resistance in boll weevils even though these
compounds have been used in their control since 1936
(10). Despite this somewhat intriguing susceptibility,
resistance to OF insecticides in the boll weevil remains
a real threat, for it was found that this insect, put
under selective pressure with a mixture of DDT-Toxa-
phene, developed cross-resistance to azodrin (12 fold)
and methyl parathion (5 fold) in 22 penerations (9)
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Combined applications of chemicals for the simul-
tancous control of unrelated harmful species is common
practice under field conditions. Tor example, within
recent years 5,5, §,-tributylphosphorotrithioate  (DEF)
and §,5,5,-tributylphosphorotrithioite (Folex) have been
introduced into practical use for the removal of leaves
from cotton plants prior to the picking of cotton. These
defoliants are normally applied in conjunction with the
late season application of OF insecticides to reduce
overwintering populations of weevils, prior to their
going into diapause

The apparent increase in effectiveness of OF insec-
ticides applied along with DEF led Norment and Cham-
bers (18} to investigate the effects of these combined
applications under laboratory conditions They found
that EPN, azinphosmethyl, malathion, and methyl
parathion were potentiated 3 5-, 3 4-, and 17 fold, res-
pectively Ganyard and Brazzel (8) however, were able
to find only additive effects for the combinations of
DEF and Folex with methyl parathion, azinphosme-
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thyl, and malathion in the same species Fusther work
dene by Chambers (unpublished results) confirmed that
DE could synezgize several other OF insecticides in the
boll weevil. In general, those compounds having methyl
groups attached to the side chain of the molecule
were more prone to synergism, with the exception of
FPN, for which the highest synergistic ratio was found

The objective of this study was to further investigate
synergism of insecticides in the botl weevil by consider-
ing the effects of altering the alkyl substituents of the
synergists and their route of application

Materialv and methods

Teu materials

All compounds tested for synergism in this study,
except DEF and piperonyl butoxide (PB) were syn-
thesized in the Taoxicology Laboratory at Mississippi
State University and purity was established by thin-layer
chromatography.

Recrystalized samples (purity>98%:) of methyl
pacathion (MPS}, methy! paraoxon (MPO), azinphos:
methyl (Apm), oxy azinphosmethyl (ApmO), and car-
bofuran (Chf) were evaiuated for toxicity

[rrecis

The boll weevils employed in the tests were from
2 haboratory strain maintained at the Gast Rearing La-
boratory, Mississippi State, Mississippi Unsexed four
day old weevils were utilized in ali bloassays

Bioassay

All insecticides and synergists were dissolved in
acetone at the desired concentrations Following prefi-
minary assays to establish effective ranges, a minimum
of five replicates of 20 insects/dosage/replicate and 4-3
dosages/trestment were used to define the dosage mor-
tality response

Treatments used were as follows: (1) Topical appli-
cation of insecticide alone; (2) “simultaneous” appli-
cations of insecticide and synergists; and (3) exposuse
of untreated and treated (via topical application)
weevils to insecticide impregnated filter paper

In test 1, 1 p! of insecticide (in acetone) was
applied to the dorsum of the weevils and allowed to
dry. Controls received 1yl of acetone Mortality deter-
minations {described below) were made 48 h post-
treakment

In test 2, 1 wl of synetgist solution was applied as
above Insecticide solutions were applied immediately
theteafter Controls received synergist but no insecticide
Mortality was determined 48 h post treatment

In test 3, 1 mi of insecticide solution was evenly
distributed over 11 ¢cm Whatman N 1 filter paper by
using a calibeated pipette and allowed to dry WNine
centimeters petri dish bottoms containing 20 weevils
each were covered with the treated filter papers, the

lids were pressed on and the dishes were inverted to
bring the weevils over the filter papers. Dishes were
held in the datk for 24 h, then weevils were removed
from exposure to the insecticide for a second 24-h
period prior to determining the rate of mortality Re-
sidual film assays were conducted with untreated weevils
and with weevils immediately following topical appli-
cation of a synergist. Controls were handled identically,
except that untreated filter paper were used

In all studies involving synergists, the chemicals were
applied at a constant dosage with varying insecticide
dosages Tor DEF, the dosage was 100 pg/g of body
weight All other synergists were applied as molar
dosages to adjust for differences in molecular weight.
The dosage was 05 pmole/g, representing a rangez of
123-165 ug/g.

Except during exposure to insecticide treated filter
paper, weevils were held in small glass jars and provi-
ded with fresh artificial diet. Temperature was labo-
ratory ambient (approx 23°C) and light regimen was
not controlled (approx 16 h light: 8 h dark) During
the residual film treatment, no food was provided, After
the initial 24 h, weevils were maintained as previously
described

Tar mortality determinations, death was defined as
failure of the weevil to show coordinated rtesponsc
to a pinch on the proboscis Experience has shown thal
live weevils in this condition following OF or carba-
mate poisoning die within the next 24 h Obsetved mor-
tality was corrected for mortality in control groups (1)
LD;, values and 99 confidence parameters were calca-
lated by linear tegression analysis of the data following
probit mortality/log dosage transformations LDy,'s are
given as pg/g of actual insecticide (alone of in combi-
nations) for topical applications and as pg/em® for
residual film studies

Revults aund discassion

The synergistic activities of thiol esters of phosphoric
and phenylphosphonic acids, and piperonyl butoxide
applied with the insecticides methyl parathion, methyl
paraoxon, azinphosmethyl, oxy-azinphosmethyl, and
carbofuran, are presented in Tables 1 and 2. The first
section of Table 1 also shows the individual foxicities
of the insecticides. This determination was deemed ne
cessary for purposes of comparison with synergized toxi-
city data

DEF was found to synergize all insecticides in the
order of 1.58 fold to MPS and MPO, to 2 28 to Apm
Similarly, PB incrensed the toxicities of Apm, ApmO
and Chf in 166, 115, ard 154 fold, respectively
(Table 1)

A ttest by which the unsynergized versus DEF or
PB synergized 1D, values were compared, showed that
the increase in toxicity of all insecticides, except for the
combination of ApmO plus PB, is highly significant
This indicates that the interactions of DEF or PB with
the insecticides results in true synergism rather than
merely additive effects. Similar phenomenon is observed
for the combination of Apm with all other synergists
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Table 1~—Toxicity data*/ for 5 insecticides alone and in combination with DEF and piperonyl butoxide against

the boll weevil.

Alone -+ DEF. 1oo #g/'g + piperenyl hutoxide 05 #mn]e/g
Insectivide

EDzn Slope 1.5 Slope 1/81 1Dz Slope I/5E

Methyt parathion di99 8.95 3 16%% 661 158

Methyl paraoxon 3.17 349 2 QQE* 777 138
Azinphosmethy!l 5.29 4 90 2 3m® 435 128 3 18%s 375 166
Oxy-azinphosmethyl 182 325 1 00%* 4.18 1.82 158 386 115
Carbofuran 751 3 40 411 262 1.78 4 75%= 3121 154

1/ 1D:o values are expressed as pg of insecticide/g body weight

1D value followed by®* differs significantly (P < 801) from that of insecti-

cide alose according to ttest. /81 = LI of insecticide slone/LDs ef insecticidal component in binary treatments

tested, and for the combination of Cbf with the ethyl
and #-propyl homologs of the §,S-dialkyl phenylphos-
phenodithioate series (cmpds 1 and I, Table 2).
Synergistic ratios were rather small with either Apm
or Cbf

The interactions of DEF with MPO and ApmO
result in homogenization of the response of the weevils
to these compounds. The slope values increased from
3.49 to 7.77 for MPO and from 3,25 to 4.18 for ApmO.
The opposite situation is observed with MPS, Apm,
and Chf. In this case the weevils responded more hete-
rogeneously in the presence of DEF which is shown by
the decrease in the slope values,

The significant increase in the toxicity of Apm by
DEF merits a special comment, It has heen postulated
that DEF may act as non-specific esterase inhibitor in
the boll weevil (Chambers, unpublished results), it has
been demonstrated to be an esterase inhibitor in rats
{16}, and that it potentiates the toxicity of malathion,
via carboxylesterase inhibition, in house flies and mos-
quitoes (3, 4, 3, 20), and in mice (6, 7).

On the other hand, Apm was found to be detoxified
mainly by a glutathione dependent enzyme (GSH-trans-
ferase) in a predaceous mite and resistant house fly
strains (14, 15). Moreover, DEF was found to inhibit
the glutathione dependent desethylation of diazinon and
diazoxon, and to a lesser extent, that of parathion in
the resistant SKA strain of house flies (12).

Assuming that a similar mechanism of detoxication
of Apm occurs in the boll weevil, then DEF might be
inhibiting to a greater degree a GSH-alkyl or aryl
transferase. If this is true, the mixed function oxidase
enzymes will act more freely to desulfurate Apm, thus
activating this compound by transforming it to its oxygen
analog, ApmO,

There is also evidence that DEF inhibits the oxi-
dative metabolistn of hexobarbital in mice more than
sesamex and about equal to suffoxide, which are known
mixed function oxidase inhibitors (21). Therefore, in
the boll weevil, there are potentially two enzymes sys-
tems responsible for Apm detoxication which are inhi-
bited by DEF. The actual degree of synergism could then
be explained by the occurrence of 4 greater inhibition of
the dealkylation or dearylation of the Apm molecule.
The fact that ApmO is also synergized by DEF, and
that the slope of the regression line is increased more
than that of MPO, supports the above hypothesis. Of
course, biochemical evidence should be sought to prove
the validity of this speculation,

The same argument can be applied to the observed
MPS and MPO synergism by DEF. In this case however,
the ability of DEF to enhance cholinesterase inhibition
by MPS /» wviro has been shown to correlate with its
ability to inhibit a soluble carboxylesterase {Chambers,
unpublished results). Thus, esterase inhibition certainly
plays a substaatial, if only partial, role in MPS and
MPO synergism by DEF. Similar correlations have been
observed with the n-amyl and j-amyl homologs of the
§.5-dialkyl phenylphosphonodithicate series (cmpds VII
and VIII, Table 2).

No antagonistic effects were registered in any com-
bination of Apm and MPS with any synergist tested
MPS, however, was not tested with piperonyl buto-
xide, a combination which may yield antagonism Anta-
gonistic effects were found between Cbf and compo-
unds IV, VII and VIIT (Table 2) It is interesting to
note that as the size of the alkyl substitvents on the
phosphonic acid increases there is a switch from syner-
gism of Cbf (cmpds T and I1) to antagonism {cmpds
IV, VII, and VIH)
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Table 2—Toxicity data'/ for azinphosmethyl and carbofuran in combination with potential synergists (at 0.5

pmoles/g)
Azinphasmethyl?/ ! Cazbofuran
N Alkyl
substitueat
1.Dsa Slope I/81 l LD Slape 1/51

S § dialky! phenylphosphonodithioates
1 ethy! 3408 % 158 151 ER A 328 kR
1t u-propyl 3 38E - 58 156 5 g2 328 1.25
11 i-propyl - gEE 342 129
v -butyl i.igne 595 119 985 278 07
\'% i-butyl 4 g% 5.1 130
VI -butyl 3% 168 143
Vil wamy!l 3 Q0% 430 P36 926 321 0.79
viil i-amyl 298%% 170 £78 891 211 0.82

5.5.-dialkyl O-pheayl phosphorodithioates

X u-propyl 2ig 483 217
X n-butyl 2 35%% 479 236

Other
X1 propyl-DEFY/ 3 25%% 451 163

1/ See Table 1 for toxicity data for insecticide alane asd for explanations of abbresintions

2/ The combination of vxy-azipphosmethyl with compounds 1 IV and N resulted in antagonistic effects ca I/8] = 080

3/ X3 Stei-n-propy! phosphorotrithioate

One posible explanation of the mechanism by which
carbofuran can be antagenized by compounds 1V, VII,
and VIII is by the inhibition of an activation step
carried out by mixed function oxidases (MTQ'sy The
involvement of MFOQ's in detoxications in the boll
weevil is demonstrated by the fact that Cbf is synergized
by piperonyl butoxide The latter compound is a known
mixed function oxidase inhibitor

Carbatnates are generally more toxic when hydro-
xylated somewhere in the aromatic ring {aromatic car-
bamates), or when N-demethylated (13, 19). Further,
aromatic catbamate insecticides are metabolized mainly
by microsomal enzymes (MFO's), with aromatic hydro-
xylation and N-demethylation being the more pronoced
mechanisms of degradation (17). This evidence fairly
supports the above explanation

Iuflnence of the ronte of application on the degiee of
SYMErgISmL,

The n-propyl and n-butyl homologs of each series
of synergists were tested with a residual film of methyl
parathion. A rather high increase in the toxicity of
MPS was registered after each combination, with syner-
gistic ratios ranging from 10.89 for DEF to 1213
for compound IV (Table 3)

Apparently, the cause for this increase in toxicity is
the presence of a greater amount of methyl parzoxon at

Table 3 ~—Residual film toxicity'’ of methyl parathion
to the boll weevil applied along with a to-
pical dose of synergist.

1D Stope 1781
Methyl parathion alone 220
Methyl parathion -+ propyl

DEF ¢205¢| 510 1125
Methyl parathion <+ II 0 19%% 340 18-
Methyl parathion + [X 0.18%= 405 1212
Methyl parathion -+ DEF 020%% 1 {70 10 89
Methyl parathion 4 IV 0.18%% 368 1213
Methyl parathion + X 0 19%% 4 24 11.62

1/ LD values are expressed as ui of toxicant/cm® of filler paper

OQther abbreviations are as desceibed in Table 1
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the target site, the enzyme acetylcholinesterase It ap-
pears that the penetration of MPS through the boll
weevi] cuticle is facilitated when the synergist does not
interfere with it Interference in the absorption of in-
secticides by a synergist when both were applied to the
same loci has been reported in house flies (2} and in
rats (11}). ‘

By referring back to the procedure followed in tests
2 and 3 described previously, it can be seen that the
synergists were always applied before the insecticide,
as the dose (except DEF} and the route of application
were also the same Under these conditions, the degree of
inhibition of the detoxifying enzymes should be expec-
ted to be very similar, if not the same, in both bioassay
series. Hence, in the present case, the actual amount of
MPO (MPS must be activated to exert its toxic effect)
reaching the target site has to be higher, which in turn
should be directly correlated to the greater uptake of
the toxicant by the tarsi of the weevils

Further support of this assumption is the fact that
all synergists tested by this methed behave in a very
similar fashion regardless of the arrangement of the
substituents around the phosphorus atom Other possible
explanations are not excluded, however

Since under field conditions the weevils must pick
up contact insecticides mostly through their tarsi, the
results of this investigation bear significance as they
show that the dependence of the toxicity of an insecti-
cide on its route of entry, may well be exploited favo-
rably by the appropiate use of synergists

Conclusion

From the results obtained in this investigation it
can be concluded that the combination of residual
dry film, as a method of insecticide application, with
topical treatment with the synergist, is the more sen-
sitive pracedure to search for effective synergists in the
boll weevil

Simultaneous application of insecticide and synergist
to the same loci onto the dorsal surface of the weevils
results in either poor synergism or antagonism

5,5, S-tributylphosphorotrithioate (DEF}) and propyl-
DEF, increased the toxicity of azinphosmethyl 2.28 and
1.63 fold respectively, after simulianecus application
The same homologs (butyl and propyl) of the §,5.-
dialkyl O-phenyl phasphorotrithioate series, applied as
before, increased azinphosmethyl toxicity 2 26 and 2.17
fold, respectively. On this basis, to carry out further
screening tests of synergism of OP insecticides in the
boll weevil, the butyl and higher homologs of the latter
seties should preferentially be assayed.

To investigate the relative importance of mixed
function oxidases and glutathione alkyl or aryl transfe-
rases in detoxications in the boll weevil, the insecticide
azinphosmethyl offers relevant features In addition,
carbamate insecticides, which require activation to exert
their toxic effects, should also prove valuable to clarify
the involvement of mixed function oxidases in this
insect,
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El libro de Likens y colaboradores presenta los re-
sultudos obtenidos a largo plazo de un estudio integral
de un ecosistema forestal en Hubbard Brook, New
England, USA. Se trata de una 4rea boscosa de 3076
hectireas en alturas entre 229 y 105 m sn en un
clima himedo continental sobre suelos podzolisados
(haplorthods) limoarenosos desarrollados a partir de
rocas graniticas y metamaorficas En esta drea se han in-
vestigado entre 1956 y 1974 los ciclos bioegeoquimicos.
Los resultados pestinentes se presentan en 5 capitulos
del libro: 2) hidrologia, 3) quimica, 4) balances de
input-output, 5) meteorizacidn y 6) ciclos de elementos
nutritivos  En los dltimos dos capitulos se comparan
los resuitados con datos de otros ecosistemas y se pre
sentan las conclusiones

Los datos hidrologicos corresponden a mediciones
entre 1956 y 1974, arrojan en promedic una precipita-
cion anual de 1295 mm, correspondiende en 38,1 por
ciento a evapotranspiracion y el resto a la escorrentia
En déltimo proceso fue medido come una cuenca hidro-
Iégica cerrada

Para los cicios biogeoquimicos se colectaron y ana-
lizaron muestras semanales entre 1963 y 1974 Las llu-
vias son bastante 4cidas (promedio 4,14( y fueron
analizadas para Na, K, Ca, Mg Al NH,, SO,, NO,,

metabolites Journal of Agriculture and Food Chemistry
16: 2804 1968
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lathion against resistant insects Science 134: 2043-
20440 1961,

21 SKIRINJARIC-SPOLJAR, M, MATHEWS, HB., EN.
GEL, ]I, and CASIDA, JE Response of hepatic
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insecticide chemical synergists sdministered to mice.
Biochemical Pharmacology 20: 16071618 1970

Cl, POy, HCOy, 8iy C orginico Los clementos prede-
minantes son H y 5O,; en el transcurso de las medicio-
nes se encontrd un aumento lineal def H (de 0,8 ke
quiv/ha en 1964 a 1,1 kequiv/ha en 1974), asociado
con la polucidn reinante en la region Basindose en Jos
resultados se han calculado Ias ganancias y pérdidas de
clementos nutritivos al comparar la deposicidn con Iz
escorrentia. A largo plazo se encontraron balances po-
sitivos para N, Cl, S y P y negativos para Si, Ca, K,
Mg, Na, vy Al En funcidn de ellos consideran jos auto-
res fos procesos de meteorizacion de minerales primarios
del suelo. El proceso se explica tedricamente en el in-
tercambic de H proveniente de las lluvias dcidas en los
complejos metilicos y asi la liberacién de los elementos
mencionados (5i, K, Ca, Mg, Al).

Basindose en una determinacién de la biomasa de
un rodal de 55 afios y determinaciones en el suelo se
calculan las cantidades de elementos acumulados en el
ccosistema. Esos datos son punto de partida para el
establecimiento de modelos matemiticos de Jos diferen-
tes elementos nutritivos; de ellos se presentan en deta.
lle el de calcio v de azufre Si bien los modelos mate-
midticos son bastante interesantes llevan una serie de
premisas que escatiman su valor; asi por ejemplo no
se considera al rodal mantille humico del suelo y el
“turnover” en el pasaje de las luvias; los datos de mi.
neralizacion y meteorizacién son también muy estima-
tivos. A pesar de ello se trata de un estudio a largo
plazo, bien conducido, el cual es pionero a nivel mun-
dial Para los especialistas es un ejemplo sin compara-
cién que puede servir de gufa en otros estudios
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