
Physiologically-Based Pharmacokinetic/Pharmacodynamic 
Modeling and Cumulative Risk Assessment:
CASE STUDY FOR THE N-METHYL CARBAMATE PESTICIDES 

Science and Innovation to Protect Health and the Environment

Anna Lowit (OPP), Curtis Dary (ORD-NERL), Fred Powers (ORD-NERL), Jerry Blancato (ORD-NERL),
R. Woodrow Setzer (ORD-NHEERL), Rory Conolly (CIIT Centers for Health Research), Mark Seaton (OPP)

Membrane
Transport

Binding

Metabolism

Physical
Partitioning

PBPK
in vitro, in vivo

or
computational

ERDEM
in vitro, in vivo

computational,
QSAR

Model Parameterization

N-Methyl Carbamates

N-Methyl Carbamates

N-methyl carbamates are effective insecticides by virtue of 

their ability to inhibit AChE in the nervous system. AChE

catalyzes the hydrolysis of the neurotransmitter acetylcholine 

(Ach) to choline and acetic acid.
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ERDEM Dose Modeling of the
N-Methyl Carbamates for the
Cumulative Risk Assessment
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• Based on LogP (octanol:water) 

• Based on distribution of lipids and water 
in tissues
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Carbamate 01
log Ko:w: 2.36

log D*vo:w: 1.2814
log Dvo:w: 1.2814

fup: 1.00

fut: 1.00

fup/fut: 1

rat

RAT Neutral Lipid Phospholipids Carbamate 01

Tissue Tissue (Vt) Water (Vw) (Vnl) (Vpl) Ko:w -num- Pt:b Pt:p Vt*Pt:p

Adipose (D*vo:w) 0.0761 0.12 0.853 0.002 19.12 16.439 18.73 16.55 1.259

Adipose (Ko:w) 0.0761 0.12 0.853 0.002 229.09  

Bone 0.041476 0.446 0.0273 0.0027 229.09 6.888 5.395 5.09 0.211

Brain 0.0057 0.788 0.0392 0.0533 229.09 13.469 10.550 9.94 0.057

Gut 0.027 0.749 0.0292 0.0138 229.09 8.396 6.577 6.20 0.167

Heart 0.0033 0.779 0.014 0.0118 229.09 4.805 3.764 3.55 0.012

Kidney 0.0073 0.771 0.0123 0.0284 229.09 5.560 4.355 4.11 0.030

Liver 0.0366 0.705 0.0138 0.0303 229.09 5.970 4.676 4.41 0.161

Lung 0.005 0.79 0.0219 0.014 229.09 6.779 5.310 5.01 0.025

Muscle 0.404 0.756 0.01 0.009 229.09 3.672 2.876 2.71 1.095

Skin 0.19 0.651 0.0239 0.018 229.09 7.376 5.777 5.45 1.035

Spleen 0.002 0.771 0.0077 0.0136 229.09 3.479 2.725 2.57 0.005

Plasma 0.0449 0.96 0.00147 0.00083 229.09 1.354  4.102 liters/kg
Plasma (D*vo:w) 0.0449 0.96 0.00147 0.00083 19.12 0.993  Vdss

Whole blood 0.0816 0.84 0.0013 0.002 229.09 1.277

Whole blood (D*vo/w) 0.0816 0.84 0.0013 0.002 19.12 0.878

Erythrocytes 0.0367 - - -
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Log P for neutrals or Log D for metabolites

Lipid content in tissues

Protein binding considered
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Pharmacodynamic modeling of
N-Methyl Carbamates

• N-methyl carbamates inhibit AChE reversibly, so the 
time component of exposure is relatively more important 

• PBPK/PD models will relate projected exposures to n-
methyl carbamates in food, water, and through 
residential use to AChE inhibition.

• Bimolecular rate constants ki (pM-1 h-1) are used to 
describe inhibition of the acetylcholinesterase (AChE) by 
N-methyl carbamates.  The rate constants are derived 
from the reactions of N-Methyl Carbamates (I) with 
AChE.

Carbamate-Enzyme complex

k +1 k c k r    AChE
AChE + I [ AChE X I ] [ AChE-C-NHCH 3 ] + CH 3 NH 2

k -1 H 2 O + CO 2

k i

I = N-Methyl Carbamate Inhibitor 

ERDEM predicts inhibition of AChE 
in blood and brain following oral
ingestion of an N-methyl carbamate

AChE Inhibition
Rat 1 mg/kg oral
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ERDEM simulates the chemicals in
excretion pathways, allowing for
interpretation of dose-excretion studies
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Gastrointestinal Absorption

•Gastrointestinal
Absorption

First order rate constants 

for the absorption (h-1) of 

pesticides from the 

gastrointestinal tract using 

a two-compartment model 

describing absorption from 

the stomach (KaS, h-1) and 

the intestinal tract (Kal, h-1)

Dermal Absorption

• Dermal absorption

Partition coefficients are used in PBPK/PD models to 

indicate the transfer of materials (distribution) between 

skin and blood.

Permeability rate constants, Kp (cm/h) can be 

determined from the measurement of flux 

according to following rate equation:  

Flux = DPC/l = KpC

Where C is the concentration gradient of the 

chemical in skin (g/cm3), l is the thickness of the 

path length (cm), P is the partition coefficient of 

the chemical in skin (unitless), D is the diffusion 

coefficient (cm2/h), and Kp is the permeability 

constant (cm/h) 

Summary:
• The goal of this work is to extend our understanding of 

single and multi-chemical kinetics to improve our 
understanding and characterization of cumulative risk.

• This research will evaluate assumptions of dose-additivity
and potential interactions among n-methyl carbamates 
through processes such as competition for metabolism 
(oxidation, hydrolysis) or inhibition of AChE.

Issues:      (ORD-66)

While most human health risk assessments are developed for 
exposure to single agents, real world exposures are generally 
to multiple agents.

In recognition of this fact, The Food Quality Protection Act 
requires EPA to consider the potential cumulative risks 
resulting from aggregate exposure to pesticides acting 
through a common mechanism of toxicity. 

In 2001, EPA established the N-methyl carbamate insecticides 
as a common mechanism group based on their structural 
characteristics and their shared ability to inhibit 
acetylcholinesterase (AChE).  

.

Strategy:
If agents act by a common mechanism of action, then 
their combined toxicities should be predicted according 
to relative potency factors (RPFs).

While conventional RPF-based assessments will be 
done as part of the of cumulative assessment for
N-methyl carbamates, PBPK/PD models will aid in 
these analyses by accounting for anatomical, 
physiological and biochemical processes that lead to 
tissue dose and effect (AChE Inhibtion).

This will allow for more accurate and precise estimates 
of RPFs.

Goals:
The overall goal of this project is to develop improved 
methodologies for evaluating and incorporating dose-response 
information in the cumulative risk assessment of pesticides, 
particularly N-methyl carbamate insecticides.

These methodologies specifically involve the development of
physiologically-based pharmacokinetic/pharmacodynamic 
(PBPK/PD) models to evaluate the time dependant relationship 
between exposure and effect, resulting from multi-chemical,
multi-pathway exposure.

This research is a collaborative effort between the Office of 
Pesticide Programs (OPP), The Office of Research and 
Development (ORD), and CIIT Centers for Health Research.


