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Extrapolation Issues

1.) Species

2.) Maturation

3.) Gender

4.) Scaling

5.) Chemical

Jim’s Question:

“Do species differences 
have significant effects on 
the hepatic Phase I and II 
biotransformation of 
xenobiotics by fish?”
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Three Species Comparison Study

“A comparative study of phase I and II hepatic micr osomal biotransformation of phenol 
in three species of salmonidae: hydroquinone, catec hol, and phenylglucuronide
formation.”
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Characterization of Microsomes
Isolated from Three Species of Fish

6.8 ±±±± 1.10.46 ±±±± 0.0310.8 ±±±± 0.8 *Lake Trout

5.6 ±±±± 1.10.51 ±±±± 0.049.1 ±±±± 0.5 *Brook Trout

10.9 ±±±± 5.00.38 ±±±± 0.0717.0 ±±±± 0.9 *Rainbow Trout

EROD 
(pmol/min/mg)

P450 Protein 
(nmol/mg)

Microsomal
Protein 

(mg/g liver)

SPECIES

CHARACTERIZATION:

For each species N = 6 fish; all measurements done in triplicate.

* Microsomal Protein mg/g liver (P<0.0001) RBT different from BKT and LKT

OH

OGLUC
OH

OH

OH

OH

phenylglucuronide

phenol

catecholhydroquinone

[CAT]
[PG]

[HQ]
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Michaelis-Menten Kinetics for Phase I Metabolism 
of Phenol in Three Species of Fish 

653 ±±±± 10243 ±±±± 22 *Lake Trout

1099 ±±±± 23342 ±±±± 23 *Brook Trout

742 ±±±± 8916 ±±±± 7 *Rainbow Trout

Vmax (pmol/min/mg)Km (mM)SPECIES

HYDROQUINONE:

124 ±±±± 1920 ±±±± 12 *Lake Trout

155 ±±±± 3127 ±±±± 17 *Brook Trout

150 ±±±± 169 ±±±± 4 *Rainbow Trout

Vmax (pmol/min/mg)Km (mM)SPECIES

CATECHOL:

For each species N = 6 fish; all measurements done in triplicate.

Km and Vmax fitted to the average rate (over six pre parations) at each phenol concentration. 
* Km HQ & CAT (P<0.01) RBT different from BKT and L KT

Michaelis-Menten Kinetics for Phase II 
Metabolism of Phenol in Three Species of Fish 

708 ±±±± 152 *7 ±±±± 7Lake Trout

1958 ±±±± 423 *8 ±±±± 7Brook Trout

1605 ±±±± 450 *11 ±±±± 10Rainbow Trout

Vmax (pmol/min/mg)Km (mM)SPECIES

PHENYLGLUCURONIDE:

For each species N = 6 fish; all measurements done in triplicate.

Km and Vmax fitted to the average rate (over six pre parations) at each phenol 
concentration. 

* Vmax PG (P<0.01) LKT different from RBT and BKT
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Summary of Species Comparison

• Rainbow Trout (RBT), Brook Trout (BKT) and 
Lake Trout (LKT) all metabolized phenol 
through the same pathways

• While the Km values for conjugation of 
phenol are similar across species, the lower 
Vmax in LKT means they will saturate their 
conjugation system at lower concentrations 
of phenol and may be more susceptible to 
the toxic effects of Phase I metabolites.

Jim’s Question:

“Do gender and sexual 
maturation have 
significant effects on the 
hepatic Phase I and II 
biotransformation of 
xenobiotics?”
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Brook Trout Maturation Study

• 6 fish monthly  - 3 males & 3 females
• Fish held on Duluth photoperiod – June to December
• Blood drawn 
• Body Weight, Gonad Weight, Liver Weight measured
• Liver Microsomal Preparations
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Summary of Maturation Study

• Through the maturation cycle Phase I 
metabolism increased while Phase II 
metabolism decreased in females. 
Therefore the female fish may be more 
susceptible to the toxic effects of Phase I 
metabolites.

Jim’s Question:

“Can we use fish liver 
slices to help us better 
understand and predict 
metabolism?”
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Liver

Liver Slices

Multi-well Tissue 

Culture Plate

Metabolism in Liver Slices
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OPP Chemicals
Predicted inactive 

parent; 
“activated”
metabolites

Predicted Metabolites

Existing Metabolism 
Simulator

Existing ER 
Binding Model

Prioritized Chemicals

Verified maps

Project Goal: Enhance Metabolic Simulator for EPA R egulatory Lists

Trout 
liver slice

Rat 
liver microsomes,S9

enhance

Expert Judgement

Analytical 
methods

Verified ER
activation

Exis
ting ER 

Binding Model

sim
ulator

improve
ER model

Cooperative Effort with LMC (O. Mekenyan) & NERL-Athens (J. Jones)

4,4'-diaminodiphenylmethane 
“MDA”

Metabolism in Liver Slices

NH2

H2N
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• Both MDA and mono-acetylated MDA are 
further bioactivated in the liver slice.

• Proposed metabolic route is N-acetylation of 
MDA followed by N-hydroxylation.

MDA Summary

N H 2

N
O HH 3 C

O

N-hydroxy-N-acetyl-MDA
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Jim’s Question:

“ Can an isolated perfused liver 
can serve as a representative 
model for studies of xenobiotic
hepatic biotransformation in fish? 
”

Isolated Perfused Liver

• an intact organ

• bile flow and concentration
• can control perfusion flow and constituents

• single pass

• easily scaled to whole fish



23

Isolated Perfused Liver

• can’t use whole blood

• must supply oxygen

• special apparatus

• viability assays

• short time frame

0.5% CO2 / 99.5% O2

Flow Transducer

Pressure 
Transducer

Liver

Pump

����
���
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Summary of Isolated Perfused Rainbow Trout Liver Exp eriments

55Number of experiments

4.482 ± 0.5264.432 ± 0.299Liver Weight (mean±SE, g)

2-male, 3-female3-male, 2-femaleFish Gender

667 ± 51691 ± 62Fish Weight (mean±SE, g)

NonpulsatilePulsatileParameter

Profile of perfusion medium afferent to the liver ( mean±SE) for 
pulsatile and nonpulsatile isolated rainbow trout liv er experiments

7.784 ± 0.0027.787 ± 0.006pH (n=50)

1.40 ± 0.0031.46 ± 0.004Perfusion Flow Rate (mL/min/g-liver) (n=3000)

10.95 ± 0.00210.92 ± 0.001Temperature (°C) (n=3000)

134 ± 2134 ± 27-Ethoxycoumarin (µmol/L) (n=50)

10.2 ± 0.0210.3 ± 0.04Glucose (mmol/L) (n=50)

304.2 ± 1.0306.2 ±0.9Osm (mmol/kg) (n=50)

125 ± 0.4124 ± 0.5Cl- (mmol/L) (n=50)

0.94 ± 0.010.95 ± 0.01Ca2+ (mmol/L) (n=50)

147.0 ± 0.5147.9 ± 0.5Na+ (mmol/L) (n=50)

5.30 ± 0.025.34 ± 0.02K+ (mmol/L) (n=50)

3.7 ± 0.033.6 ± 0.05pCO2 (mmHg) (n=50)

473.3 ± 3.9473.5 ± 3.8pO2 (mmHg) (n=50)

NonpulsatilePulsatileParameter
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Summary of Isolated Perfused
Liver System

• The function and viability of the system were 
preserved for the entire 10h period

• Pulsatile perfusion did not significantly improve 
the function or viability of the system

• An isolated perfused liver can serve as a 
representative model for studies of xenobiotic
hepatic biotransformation in fish
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Jim’s Question:

“ Can microdialysis
techniques be used to 
estimate 
biotransformation rate 
and capacity in fish ? ”

Use of Microdialysis Methods to 
Estimate Biotransformation Rate 

and Capacity in Fish.

In Vivo Rate of Phenol Glucuronidation by 
Rainbow Trout
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PG concentration time-course in plasma (") and urine (!).
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Elimination mass-balance for infused phenylglucuronide (PG)

Fish PG infused
(µg) a

PG in urine
(µg) b

PG in bile
(µg) c

urine + bile
PG infused

1 19,802 17,592 unavailable 0.89

2 19,934 19,732 174 1.00

3 21,352 17,747 263 0.84

4 18,018 17,807 252 1.00
a Stock concentration (µg/mL) x flow rate (mL/h) x 24 h
b Summed mass of PG in all urine samples
c Concentration in bile at test termination (µg/mL) x bile volume (mL)
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PROGRAM Biotransformation Model
INITIAL

!Volume of central compartment
CONSTANT VC1 = 0.25 !Liters
!Formation Rate
CONSTANT Kf = 2.059 !umol/h
!Elimination rate constant
CONSTANT K10 = 0.054 !/t

END   ! of initial
DYNAMIC

ALGORITHM IALG = 2
NSTEPS    NSTP = 1000
CINTERVAL CINT = .001

DERIVATIVE
!Rate of change in central compartment
RCC1 = Kf - (AC1*k10) !umol/h
!Amount of chemical in central compartment
AC1 = integ(RCC1, 0.0) !umol
!Concentration of chemical in central compartment
CC1 = AC1/VC1 !umol/L

END   ! of derivative
      CONSTANT  TSTOP = 48
      TERMT( T .GE. TSTOP )
END   ! of dynamic
END   ! of program
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Results of parameter estimation for biotransformati on model

Fish ID k1010
aa VDbb kff

cc

1dd .098 .195 2.390

2dd .063 .195 4.535

3dd .046 .195 3.006

4ee .046 .195 2.621

5ee .046 .195 3.339

6ee .046 .195 2.837

7ee .046 .195 3.565

aElimination rate constant (/h/kg). Lower bound, starting value, and upper bound values were
0.046, 0.068, and 0.098, respectively

bVolume of distribution (L/kg). Lower bound, starting value, and upper bound values were 0.195,
0.222, and 0.283, respectively

cBiotransformation rate (� mol/h/kg). Lower bound, starting value, and upper bound values were
0.0, 2.0, and Inf., respectively

dIndwelling microdialysis probe
ePlasma samples

Results
• PG is the major Phase II metabolite of PH in rainbow trout.

• PG is eliminated from fish primarily in the urine

• The apparent rate of PG formation in rainbow trout ranges from 2.4 to 4.5 
umol/h/kg at a PH exposure concentration of 50 umol/L.  This corresponds 
to a first-order rate constant of approximately 0.08/h/kg.

• The mean rate of PG formation, when expressed in terms of hepatic 
microsomal protein, (assuming 14g liver/kg fish and 17 mg protein/g liver) is 
280 pmol/min/mg protein).   The rate derived from in vitro rainbow trout
microsomal glucuronidation of PH and extrapolated to the same PH  
concentration as used in this study (50 umol/L) is 268 pmol/min/mg protein 
(R. Kolanczyk - personal communication).
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Conclusions
• Microdialysis is an excellent technique for obtaining in vivo metabolism 

data. This technique allows for continuous sampling of unbound chemicals, 
the exclusion of most proteins (simplifying quantitative analysis), high 
temporal resolution, and no net loss of fluid from the animal.

• In vivo rates of PH glucuronidation in rainbow trout were derived from 
plasma PG concentrations in fish dosed with PH, combined with knowledge 
of PG elimination rate and apparent volume of distribution.  This kinetic 
technique provides a relatively simple method for estimating in vivo
biotransformation rates in fish. 

Jim’s Question:

“ Can a microdialysis
probe, implanted in the 
liver, be used to estimate 
hepatic biotransformation 
rate and capacity in fish ? 
”
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Use of Microdialysis Methods to 
Estimate Biotransformation Rate 

and Capacity in Fish.

Development of a Mathematical 
Model for Quantitative 

Microdialysis

Inlet

Outlet
Shaft

Laser-drilled
Hole

Hepatocytes

Liver
Tissue

PH

CA

PH

HQ

Illustration of the delivery of PH to the intact liver and the simultaneous 
recovery of HQ and CA from the hepatocytes into the dialysate. 
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Objective

• develop a mathematical model to estimate 
concentration profiles of parent and metabolites 
around a MD probe implanted in liver 

• relate an absolute recovery of metabolites in 
dialysate (pmol/min) with a biotransformation 
rate in a specific metric of tissue (ml or g)
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Parameters for Quantitative 
Microdialysis Model

• physical dimensions

• perfusate flow rate
• diffusivity

• partitioning

• blood flow

• biotransformation

• microvascular exchange properties
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Summary

• Microdialysis is a very general technique for 
sampling and delivering small molecules in 
almost any tissue or body fluid.

• Microdialysis provides a "window" into conditions 
at the tissue level and "purifies" the sample for 
simplified analysis.

• Microdialysis has a wide range of applications 
from basic research to clinical applications.

Summary

• With a finite difference MD mass transport 
model, delivery MD may be used to estimate in 
vivo biotransformation rates.

• The modeling construct will accommodate non-
linear metabolism and provide for a continuous 
simulation through a series of concentrations 
typical of Michaelis-Menten kinetics.


