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3 Resul ts
In Phase 1 of this project, we performed a 
preliminary screening on a minimal number 
of male rats to evaluate a range of aerosol 
concentrations of Compound M and the 
corresponding inhibition in both RBC and 
brain following a single 6-hour exposure.

2 Methods
Test System: Male and female Crl:CD(SD) rats; up to 10/sex/group (based on study design).

Treatment Regimen: The animals were exposed once to either filtered air or aerosolized Compound M for up to 6 hours using 
conventional nose-only methods (duration based on study design). Animals were housed in a colony room prior to the exposure. 
On the day of exposure, the animals were placed into nose-only exposure restraint tubes in the colony room, transported to the 
exposure room, placed on the nose-only system, exposed for the requisite duration, and delivered to necropsy for blood collection 
and scheduled euthanasia and brain collection. Food and water were withheld during the exposure period. 

Aerosol Generation: A dust aerosol atmosphere of Compound M was generated using a Wright Dust Feeder (WDF) equipped with 
a 40-cm3 dust cup and was controlled using a BGI dust feeder speed selector.  The output of the WDF was directed towards a 
plenum, which was maintained under positive pressure. By pressurizing the plenum, a portion of the concentrated aerosol 
atmosphere was directed to the nose-only exposure system. A cyclone was placed in-line between the plenum and the exposure 
system to aid in reduction of particle size to under 3 microns. The output from the cyclone was directed to the inlet of the exposure 
system, where it mixed with humidified supply air to obtain the appropriate humidity (above 30%) and aerosol concentration.

Cholinesterase Activity: Blood samples for red blood cell (RBC) cholinesterase analysis were collected via the vena
cava of animals anesthetized by isoflurane and were placed into K3EDTA tubes. Immediately following the blood collection, the 
brain was collected, placed on ice, weighed, and diluted with 10 volumes (based on weight) of 1% Triton X-100.  Diluted samples 
were homogenized and centrifuged prior to analysis. RBCs were pelleted by centrifugation and, after removal of the supernatant 
fraction, were diluted in 1% Triton X-100 for analysis. The samples were maintained on ice following processing through analysis to 
ensure minimal reactivation of any inhibited cholinesterase.  RBC and brain samples were analyzed within 1 hour following 
collection (total time within 2 hours of end of exposure).

1 Abstract
Pesticides in the carbamate family are widely used in homes, gardens, and agriculture applications due to 
their relatively low mammalian toxicity profiles and their ability to be active against a broad spectrum of 
insects.  These compounds function in a similar fashion to that of organophosphate insecticides, in that 
they inhibit cholinesterase enzymes, albeit reversibly.

Figure 1.  Examples of Carbamate Pesticides

Carbaryl (Sevin)                  Aldicarb (Temik)                       Oxamyl (Vydate)                      Compound M

In an effort to generate data for a model carbamate pesticide, Compound M, to be used in benchmark dose 
modeling for inhibition of red blood cell and brain cholinesterase, one must ask several questions to 
effectively evaluate this compound: 
• At what aerosol concentration does this material decrease red blood cell (RBC) and/or brain 

cholinesterase activity by 20% to 50%, as compared to controls?
• Are both compartments equally affected?
• How long of an exposure does it take to obtain a peak inhibitory effect?
• How long does it take for cholinesterase activity values to return to normal (reversibility)? 
• How do we put all of these individual pieces together in a single study?

3 Resul ts  (c td )

In Phase 2 of this project, we performed an 
evaluation of time to peak effect of inhibition of 
RBC and brain cholinesterase .  Male rats were 
exposed to a single aerosol concentration (target 
5 mg/m3) of Compound M for up to 6 hours of 
exposure to target approximately 25% inhibition.

In Phase 3 of this project, we performed an 
evaluation of reversibility of inhibition of RBC and 
brain cholinesterase.  Male rats were exposed to 
a single aerosol concentration (target 5 mg/m3) of 
Compound M for up to 4 hours of exposure to 
target approximately 25% inhibition (based on 
time to peak effect).

In Phase 4, we performed a 
definitive study in both male and 
female rats to evaluate the 
inhibition of RBC and brain 
cholinesterase after a single 4-hour 
exposure to a range of aerosol 
concentrations of Compound M to 
target 15% to 50% inhibition.

R

Group Treatment Target Exposure 
Concentration (mg/m3)

Actual Exposure 
Concentration (mg/m3)

Males

1 Filtered Air 0 0 4
2 Compound M 5 4.2 3
3 Compound M 10 8.8 3
4 Compound M 30 27 3
5 Compound M 50 53 3

In an effort to target 20% to 60% inhibition of cholinesterase in both compartments, this data suggested that the aerosol concentrations 
should span between 3 and 30 mg/m3.

Group Treatment
Actual Exposure 
Concentration 

(mg/m3)

Exposure 
Duration (hr) Males

1 Filtered Air 0 Up to 6 hours 30
2 Compound M 5.3 0.5 5
3 Compound M 5.3 1 5
4 Compound M 5.3 2 5
5 Compound M 5.3 3 5
6 Compound M 5.3 4 5
7 Compound M 5.3 6 5

This data suggested that the inhibition of RBC and brain cholinesterase each plateaued at/near 4 hours of exposure, with the 
inhibition being slightly greater in RBC than in brain, and was consistent with the data from the preliminary range-finding study.

Group Treatment
Actual Exposure 
Concentration 

(mg/m3)

Collection 
Post-exposure 

(hr)
Males

1 Filtered Air 0 Up to 16 hours 30
2 Compound M 5.8 0 5
3 Compound M 5.8 1.5 5
4 Compound M 5.8 3 5
5 Compound M 5.8 6 5
6 Compound M 5.8 8 5
7 Compound M 5.8 16 5

By approximately 6 hours post-exposure, RBC and brain cholinesterase had essentially returned to normal activity (within 
variability of the assay). It is also important to note the amount of reversibility that occurred within the first 1.5 hours post-exposure.  
This finding provided the upper end of the window for target time to euthanasia post-exposure (samples to be collected within 1 
hour of exposure).

Group Treatment Target Exposure 
Concentration (mg/m3)

Actual Exposure 
Concentration (mg/m3)

Males Females

1 Filtered Air 0 0 10 10
2 Compound M 3 2.7 10 10
3 Compound M 8 8.2 10 10
4 Compound M 25 25 10 10
5 Compound M 40 44 10 10

Following 4 hours of exposure, both males and females exhibited approximately the same % inhibition of RBC and brain cholinesterase, ranging 
from approximately 10% to 45%, depending on the compartment.  Use of 4 aerosol exposure concentrations of Compound M allowed for estimation 
of the effective concentration at 20% inhibition in both compartments in both sexes at approximately 7 mg/m3.


