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The Enzyme Ontogeny Database supports comparison of values across sources, addresses the need for 
more enzyme and TK data across early life stages, and allows for the identification of data gaps to 
highlight avenues for future research. Additionally, these data can be used as inputs to PBTK 
(physiologically based toxicokinetic) models designed to estimate internal doses of toxicants in infants 
and children, two sensitive life-stages. This knowledge is valuable for human health risk assessment.

Continuing with this work, we plan to source additional data via literature searches focused on the 
activity of xenobiotic metabolizing agents on the tissue level, plasma binding protein and membrane 
transport protein ontogeny, and life stage related changes in key organ system mass and function. We 
also hope to expand the focus of the Enzyme Ontogeny Database to include data from animal studies. 
We would like to emphasize that future animal data is not intended to be used in the same manner as 
human data for direct comparison.
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Figure 3. Processes for data extraction into the Enzyme Ontogeny (EO) Database. For each process - A) Digitization and Extraction ; B) Manual Extraction; and C) 
Direct Import - metadata was collected from the respective source document and added into appropriate fields.
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Figure 3A (above). Image files were uploaded to WebPlotDigitizer: a data 
extraction web tool. Data points were collected, and results were exported to a 
.csv file before importation to the EO database. Screenshot from Hume et al. 
1996.7

Figure 3B (above). Data tables were manually extracted. Screenshot from 
Huen et al. 2009.8

Figure 3C (left). Data available in the 
McCarver et al. 20176 database were 
imported directly. Screenshot of 
McCarver et al. 20176 database; original 
data from Croom et al. 2009.9

Certain enzymes facilitate the elimination of specific substrates from the body, including drugs and 
toxicants. Across life stages, the availability of specific enzymes varies, which greatly impacts the 
efficiency at which the body can eliminate parent compounds and their metabolites (Fig. 1). Enzyme 
activity at different life stages (enzyme ontogeny) may also lead to differential metabolic activation of 
parent compounds, causing life-stage-dependent differences in toxic metabolites.

• Knowledge of the presence, capacity, and activation of 
specific enzymes at different life stages can help 
expand understanding and modeling capacity of the 
toxicokinetic (TK) differences between infants, 
children, and adults.1,2

• Differences in enzymatic expression during 
development, composition and size of body 
compartments, and the airflow or circulatory flows 
among them are changing rapidly, all of which affect 
metabolism and distribution.

• We present a workflow (Fig. 2) to create a publicly 
available database containing human data on enzymes 
for early life stages to support a greater web of 
knowledge regarding TK differences across life-stages.

Figure 1. In vitro activity of CYP1A2 enzymes across 
lifestages (enzyme ontogeny) on imipramine measured 
in nmol/min/mg: (A) An infant aged 3-12 months, (B) a 
child aged 5-15 years, and (C) an adult aged 20-50 years. 
Activity data from Alcorn and McNamara 2002;3 original 
data from Berthou et al. 1988.4
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Figure 4 (left). Standardizing lifestage 
groups and terminology in the Enzyme 
Ontogeny (EO) Database. Data extraction 
was initially done verbatim (light blue 
filled) from source documents. We chose 
to standardize lifestages and other values 
(blue outlined) to improve the ability of 
our database to characterize toxicokinetic 
lifestage differences. 

Figure 5 (right). Metadata on the 
Enzyme Ontogeny Database. The 
EO Database contains three 
separate data tables: Enzyme 
Ontogeny, Toxicokinetic (TK) 
Parameters, and Physiology. The 
EO and TK Parameters data tables 
contain records in vitro and in vivo 
records. We include information 
on the enzyme, probe substrate, 
age, tissue preparations, and other 
important metrics when available 
in the source documents. At 
present, all records are from 
human studies.  

Figure 6. The number of enzyme ontogeny records for each 
lifestage in the EO Database. 
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Table 1. Options for standardization of lifestage categories. Age 
bins can be grouped to best fit specific assessments. The original 
reported ages are retained in the database so they may be 
categorized for different risk assessment needs. 

Age Bin Exposure Age 
Groups10

McCarver et al. 2017 
Lifestages6

Conception to 13 weeks 
gestation

Prenatal 1st Trimester

>13 to 26 weeks gestation Prenatal 2nd Trimester

>26 to 40 weeks gestation Prenatal 3rd Trimester

Birth to <1 month Infants Neonate

1 to <3 months Infants

3 to <6 months Infants

6 to <12 months Infants

1 to <2 years Toddlers

2 to <3 years Pre-school aged

3 to <6 years Pre-school aged

6 to <11 years School aged

11 to <16 years Early adolescence

16 to <21 years Late adolescence

21 years and older Adult

Figure 7. The number of enzyme ontogeny records for each 
lifestage for CYP2E1 in the EO Database. 

Figure 2 (below). Overview of workflow. Data sources 
were initially selected from the ICF EOD5 and XME 
Ontogeny Master6 databases. Data interests include 
human data enzyme activities, physiological lifestage 
differences, and plasma protein binding. 

Constructing the 
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Select source 
documents

Acquire source 
documents

Characterize based on 
data of interest

Google Scholar

Create database 
template

Add and adjust fields 
as appropriate

Extract data verbatim 
from sources (Fig. 3)

Normalize database 
terminology (Fig. 4)

Data quality 
evaluation

Store data as an RData 
file for model inputs

Literature search
Using machine learning, we identify abstracts similar to our original 
set of “useful” source documents. Newly identified documents are 
queued for extraction if ≥75% of our successfully trained algorithms 
determine the respective abstract to be “useful.”

Because the objectives of source 
documents varied, communication 
between co-authors was required to 
decide whether source data were fit 
for our database and which fields 
were necessary to adequately and 
consistently describe the data.
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