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Aldicarb was marketed in Brazil until 2012, when its registration was canceled due to its illegal use as a 
rodenticide, which favored the occurrence of 
oral exposure, aldicarb is absorbed and initially oxidized to aldicarb
degrades to aldicarb
whereas the toxicity for sulfone is much smaller.
dose exposure, besides the agent itself, the presence of the metabolite formed in the stomach at acidic 
pH could contribute to potentiate
profile of the toxic active principle of the finished form of the granules of this pesticide, using the 
dissolution profile, to evaluate the in vitro formation of its metabolites in 
made the kinetics study of release of the toxic active principle of the finished form of the Temik150® 
granules, using the dissolution profile, to evaluate the 
medium. The method u
Temik150® granules in acid medium showed 
and aldicarb
considered in suspected poisoning cases.
 

 
 
 
 

 

INTRODUCTION 
 

Aldicarb is still being used as an agricultural pesticide in some 
countries. In Brazil, its registration was canceled in 2012 due to 
its illicit use as a rodenticide, which favored the occurrence of 
serious and fatal poisonings in non-target animals, and even in 
humans (MARTINS, et.al. 2005; XAVIER, et.al
 

The commercial form of aldicarb is commonly known in Brazil 
as "chumbinho." Depending on its color (dark gr
(granulate), chumbinho looks like a lead bullet. This form of 
presentation aims to give better efficiency and safety in 
agricultural use. In pharmaceutical technology, it can be 
classified as a pellet, a small spherical unit consisting of an
agglomeration of fine powders containing the active substance 
(s) and the excipients MOSER (1995). In the case of Temik 
150®, it is a structure containing a rigid core of gypsum, which, 
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ABSTRACT 

Aldicarb was marketed in Brazil until 2012, when its registration was canceled due to its illegal use as a 
rodenticide, which favored the occurrence of serious and fatal poisonings in animals and humans. After 
oral exposure, aldicarb is absorbed and initially oxidized to aldicarb
degrades to aldicarb-sulfone. The toxicity of aldicarb-sulphoxide is like that of the pare
whereas the toxicity for sulfone is much smaller. Thus, it may be considered that in the case of a single 
dose exposure, besides the agent itself, the presence of the metabolite formed in the stomach at acidic 
pH could contribute to potentiate the toxicity. Therefore, this study proposed to evaluate the dissolution 
profile of the toxic active principle of the finished form of the granules of this pesticide, using the 
dissolution profile, to evaluate the in vitro formation of its metabolites in 
made the kinetics study of release of the toxic active principle of the finished form of the Temik150® 
granules, using the dissolution profile, to evaluate the in vitro formation of its metabolites in acidic 
medium. The method used was high-performance liquid chromatography. The dissolution profile of 
Temik150® granules in acid medium showed in vitro the presence of the metabolites aldicarb
and aldicarb-sulfone. Since aldicarb-sulfoxide is as toxic as the parent compoun
considered in suspected poisoning cases. 

Aldicarb is still being used as an agricultural pesticide in some 
countries. In Brazil, its registration was canceled in 2012 due to 

which favored the occurrence of 
target animals, and even in 

et.al. 2007). 

The commercial form of aldicarb is commonly known in Brazil 
as "chumbinho." Depending on its color (dark gray) and format 

looks like a lead bullet. This form of 
presentation aims to give better efficiency and safety in 
agricultural use. In pharmaceutical technology, it can be 
classified as a pellet, a small spherical unit consisting of an 
agglomeration of fine powders containing the active substance 

. In the case of Temik 
, it is a structure containing a rigid core of gypsum, which, 

in turn, is impregnated in a 15% aldicarb solution (
CROPSCIENCE, 2010). 
 

It is common to find in the stomach contents of intoxicated 
animals grains of gray color similar to the Temik 150
proved to be positive for aldicarb in the chemical analysis
After oral exposure, aldicarb is absorbed and 
to aldicarb-sulfoxide and a portion of it slowly degrades to 
aldicarb-sulfone before being hydrolyzed to metabolites 
without activity cholinergic (
aldicarb-sufoxide and aldicarb
acetylcholinesterase (AChE) inhibitors
1979; NRAAVC, 2001). The oral LD50 in rats for aldicarb
sulfoxide (0.49-1.13 mg/kg) is like that of the parent compound 
(0.49-1.3 mg/kg), whereas the LD50 for sulfone (20
is approximately 25 times higher
NRAAVC, 2001). 
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Aldicarb was marketed in Brazil until 2012, when its registration was canceled due to its illegal use as a 
serious and fatal poisonings in animals and humans. After 

oral exposure, aldicarb is absorbed and initially oxidized to aldicarb-sulfoxide and a portion of it slowly 
sulphoxide is like that of the parent compound, 

Thus, it may be considered that in the case of a single 
dose exposure, besides the agent itself, the presence of the metabolite formed in the stomach at acidic 

the toxicity. Therefore, this study proposed to evaluate the dissolution 
profile of the toxic active principle of the finished form of the granules of this pesticide, using the 
dissolution profile, to evaluate the in vitro formation of its metabolites in an acid compartment. It was 
made the kinetics study of release of the toxic active principle of the finished form of the Temik150® 

formation of its metabolites in acidic 
performance liquid chromatography. The dissolution profile of 

the presence of the metabolites aldicarb-sulfoxide 
sulfoxide is as toxic as the parent compound, this finding should be 

in turn, is impregnated in a 15% aldicarb solution (BAYER 

It is common to find in the stomach contents of intoxicated 
animals grains of gray color similar to the Temik 150®, which 
proved to be positive for aldicarb in the chemical analysis. 
After oral exposure, aldicarb is absorbed and initially oxidized 

sulfoxide and a portion of it slowly degrades to 
sulfone before being hydrolyzed to metabolites 

(RISHER, et.al. 1987). Aldicarb, 
sufoxide and aldicarb-sulfone are potent 

acetylcholinesterase (AChE) inhibitors (CAMBON, et al., 
The oral LD50 in rats for aldicarb-

1.13 mg/kg) is like that of the parent compound 
1.3 mg/kg), whereas the LD50 for sulfone (20-38 mg/kg) 

times higher (CAMBON, et al., 1979;  
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Thus, it may be considered that in the case of a single dose 
exposure, besides the agent itself, the presence of the metabolite 
formed in the stomach at acidic pH could contribute to toxicity. 
The main goal is to evaluate the dissolution profile of the toxic 
active principle of the pesticide finished granules form, using 
the dissolution profile, to evaluate, in vitro, the metabolites 
formation in an acid compartment. 
 

Experimental Conditions 
 

Drugs, reagents and equipment 
 

Commercially available Temik 150® granules (Bayer 
CropScience) were evaluated. Aldicarb (Sigma), aldicarb-
sulfoxide (Sigma) and aldicarb-sulfone (Sigma) were used for 
the validation; were also used methanol (HPLC grade Merck), 
phosphoric acid (Merck), hydrochloric acid (Merck), 
acetonitrile (Merck) and ultra-purified water using a Millipore 
system (Merck Millipore® lab water model milli-q direct 8 
ultra-purified). 
 

A 0.1N hydrochloric acid solution (Merck) and ultra-purified 
water and analytical balance of the model AUW series 
(Shimadzu) and pH (Marconi model PA 200) were used for the 
dissolution profile. 
 

A dissolution tester equipament and a 
HPLC Chromatography System were used. The dissolution 
apparatus was a Varian model VK7010 Dissolution System, 
equipped with six vats, each containing a shovel. Each vessel 
received 900 mL of 0.1 N hydrochloric acid at pH 3.0. The 
chromatograph was an Agilent model 1200 Series High 
G1316A, consisting of a G1312B binary pump, G1379B 
degasser and G1316B column oven, ASL G1329A automatic 
sampler, G1315A thermostatic column housing and G1315D 
diode array detector coupled to an integration system Agilent 
Open LAB CDS Chem Station Edition. A Zorbax Extend-C18, 
150 X 4.6 mm, 5 μm particle size, 100 Å pore size (Agilent 
USA) column was used. The injection volume was 50 μL to 
prevent the column from being overloaded, impairing the 
chromatographic run. The wavelength selected for 
quantification was 213 nm. The mobile phase used was 
composed of acetonitrile and water using the gradient elution 
mode. 
 

A vacuum pump (Merck Millipore model High 
Output/Chemical Duty Pump, with a flow of 37 liters) was used 
to prepare the mobile phase and the buffer solutions used. For 
vacuum filtration, an organic solvent-resistant filter of 0.45 μm 
pore size was used. A pH meter with magnetic stirrer was also 
used. Glassware, such as volumetric flasks for dilution and 
beakers, as well as automatic and traditional pipettes, tips were 
also used. 
 

Dissolution profile 
 

The dissolution profile of the Temik 150® granules followed the 
recommendations of the United States Pharmacopeia 38 (USP 
38) USP(2013), since there is no monograph recommending the 
finished form of aldicarb. To this end, 900 mL of 0.1 N 
hydrochloric acid, previously filtered, was added as a 
dissolution medium in each of the six dissolving vessels. This 
was then heated in the dissolution tester equipament with gentle 
shaking at approximately 45°C followed by immediate vacuum 
filtration through a 0.45 μm pore size membrane filter with 
vigorous and continuous stirring for 5 minutes. After filtration, 
the dissolver medium was maintained at 37 + 0.5°C. The blades 
were kept inside the vessels for homogenization at a constant 

speed of 50 revolutions per minute (rpm), since this was most 
suitable for the granule form. 
 

The time intervals used to collect the aliquots were 0, 20, 40, 60 
and 120 minutes. At each time point, 1 mL aliquot was taken 
with the aid of an automatic pipette inserted into the middle 
zone of each vessel (half the distance between the top of the 
apparatus and the surface of the medium and at least 1 cm from 
the vessel wall and spade), for the quantification of the active 
principles dissolved in the dissolution medium. The same 
volume withdrawn was replenished with dissolution liquid to 
maintain the total volume (900 mL). For the chromatographic 
analysis, this aliquot collected from the middle zone and 
filtered in 0.45 μm membrane filters was injected into the 
chromatograph. 
 

The conditions adopted in dissolver for dissolution test of 
aldicarb granules were: 2 blades per vat; hydrochloric acid 0,1 
N as dissolution standard; volume of 900 mL; total rotation 50 
rpm; times dissolution of 0, 20, 40, 60 and 120 minutes, and 
membrane filter of 0,45 µm. 
 

A dissolution profile of the standard aldicarb pattern was 
performed under the same conditions as in the previous assay 
and using the same materials used in dissolution test for the 
Temik 150® granules. 
 

Chromatographic analysis 
 

High-performance liquid chromatography was used, coupled to 
the diode arrangement detector (HPLC-DAD) Agilent at 213 
nm. 
 

Samples were analyzed by HPLC using as mobile phase water 
and acetonitrile using a gradient starting with 0% acetonitrile 
and reaching 80% acetonitrile in 40 minutes; subsequently a 
cleaning gradient was created starting at 40.01 minutes, 
reaching 100% acetonitrile in 45 minutes. At 45.01 minutes, the 
initial condition is taken up with 0% acetonitrile, thus 
remaining up to 50 minutes. The separation occurred through a 
column containing reverse phase composed of a C18 silica, 
comparing with specific spectra library to confirm the finding. 
The injection volume used in the methodology was 10L in 
triplicate. 
 

RESULTS AND DISCUSSION 
 

Figure 1 shows the dissolution profile of the Temik 150® 
granules and the concomitant formation of their metabolites, 
aldicarb-sulfoxide and aldicarb-sulfone, in the dissolution 
profile in an acidic environment like the stomach. It is possible 
to note that at 20 min, the presence of aldicarb predominates 
(about 85%), and gradually increases the presence of the 
metabolites up to 120 minutes.  
 

A dissolution profile of the standard aldicarb pattern did not 
show the presence of aldicarb metabolites up to 120 minutes 
(Figure 1) and the chromatogram retention time (Figure 2). 
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Figure 1 Dissolution profile of the aldicarb (Temik 150® granules), using 0.1 
N hydrochloric acid as the dissolution medium (37 ± 0.5 ºC), with apparatus 2 
(paddle), agitation speed of 50 rpm and quantification chromatography using 
high-performance liquid chromatography coupled to the diode arrangement 

detector (HPLC-DAD) at 213 nm.
 

 

Figure 2 Chromatograms retention time RT.-10.247 aldicarb
14.609 - aldicarb-sulphone, RT.-17.703 - aldicarb, RT.

hidroxcarbofuran, RT – 30.432 carbofuran, respectively.
 

To evaluate the in vitro formation of its metabolites in acidic 
medium, the present work proposed to evaluate the kinetics of 
the release of the toxic active principle from the finished form 
of the Temik 150® granules using the dissolution profile. The 
test was conducted up to 120 minutes, because this time is 
compatible with gastric emptying in carnivores
2000). 
 

In the present study, it was possible to observe 
formation of aldicarb metabolites. This finding may be a 
consequence of the presence of the gypsum core (hydrated 
calcium sulfate - CaSO4.2H2O, Ca. 820 g/kg) used to make the 
Temik 150® granule BAYER CROPSCIENCE, 2010
granule consists of the gypsum structure together 
aldicarb, stained with a black dye, to give the form of 
application a disgusting appearance, as well as two other 
substances, one emetic and the other a repellent odor. The 
aldicarb is intimately in contact with the gypsum core, and 
since it has the chemical characteristic of being a strong 
oxidizing agent, it would be able to oxidize the aldicarb sulfide 
group, converting it initially to aldicarb sulfoxide and 
subsequently performing a second oxidation in the sulfoxide 
group, converting it into a sulfone. 
 

This mechanism would explain the presence of the two 
metabolites, both in the dissolution profile used here, and in the 
stomach contents of animals poisoned by aldicarb. Thus, the 
instant the granule meets the aqueous medium of the stomach, 
an oxidation of the sulfide and sulfone sulfide group occurs, 
favored by the gypsum present in the formulation, forming the 
metabolites in the first minutes of contact with the aqueous acid 
medium. 
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Dissolution profile of the aldicarb (Temik 150® granules), using 0.1 

N hydrochloric acid as the dissolution medium (37 ± 0.5 ºC), with apparatus 2 
(paddle), agitation speed of 50 rpm and quantification chromatography using 

performance liquid chromatography coupled to the diode arrangement 
DAD) at 213 nm. 

 
10.247 aldicarb-sulphoxide, RT.-

aldicarb, RT.-20.2841 - 3-
30.432 carbofuran, respectively. 

formation of its metabolites in acidic 
proposed to evaluate the kinetics of 

the release of the toxic active principle from the finished form 
granules using the dissolution profile. The 

test was conducted up to 120 minutes, because this time is 
compatible with gastric emptying in carnivores (COBB,et al. 

In the present study, it was possible to observe in vitro the 
formation of aldicarb metabolites. This finding may be a 
consequence of the presence of the gypsum core (hydrated 

O, Ca. 820 g/kg) used to make the 
CROPSCIENCE, 2010. This 

granule consists of the gypsum structure together with the 
aldicarb, stained with a black dye, to give the form of 
application a disgusting appearance, as well as two other 
substances, one emetic and the other a repellent odor. The 
aldicarb is intimately in contact with the gypsum core, and 

he chemical characteristic of being a strong 
oxidizing agent, it would be able to oxidize the aldicarb sulfide 
group, converting it initially to aldicarb sulfoxide and 
subsequently performing a second oxidation in the sulfoxide 

This mechanism would explain the presence of the two 
metabolites, both in the dissolution profile used here, and in the 
stomach contents of animals poisoned by aldicarb. Thus, the 
instant the granule meets the aqueous medium of the stomach, 

idation of the sulfide and sulfone sulfide group occurs, 
favored by the gypsum present in the formulation, forming the 

with the aqueous acid 

Another plausible hypothesis for the presence of metabolites i
that a solid phase synthesis would be occurring, through a more 
complex mechanism, in which, after plastering the granule, 
during its storage, the plaster that is in intimate contact with the 
molecule of aldicarb within the granule, would oxidize the 
closest layers, thus forming the metabolites. These, in turn, 
would only be released into the stomach of subjects who 
ingested Temik 150®. 
 

A dissolution profile of the pure aldicarb pattern was performed 
under the same conditions as in the previous assay and
formation of the metabolite at 0, 20, 40, 60 and 120 minutes 
was observed. 
 

The present finding of the formation of aldicarb metabolites 
both in vitro and in vivo, is quite important,
aldicarbsufoxide and aldicarb sulfone are potent 
acetylcholinesterase (AChE) inhibitors
and BARON, et al., 1988.) and 
case of a single dose exposure, besides the agent itself, the 
presence of the metabolite formed in the stomach at acidic pH 
could contribute to toxicity. 
 

CONCLUSIONS 
 

The dissolution profile of Temik 150
medium showed the in vitro presence of the aldicarb
and aldicarb-sulfone metabolites, differently when only the 
pure active principle of aldicarb passed through the same 
dissolution profile. Considering that the aldicarb
metabolite presents higher toxicity than the original molecule, 
this finding should be considered when assessing the toxicity of 
this pesticide. 
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