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1. Introduction 

The H4IIE rat hepatoma bioassay has been extensively used and validated for risk 
assessment of environmental samples containing halogenated aromatic hydrocarbons 
(HAHs) '̂̂ '̂ . The bioassay quantitates the induction potency of environmental extracts by 
measuring CYP1A1-mediated induction of ethoxyresonjfin-0-deethylase (EROD) activity. 
CYP1 Al induction is mediated via the aryl hydrocarbon receptor (AhR) signaling pathway. 
HAHs bind to tfie same receptor and exhibit similar dose-response induction potencies in 
both in vitro induction assays and in vivo bioassays. Therefore, a toxic equivalency (TEQ) 
approach has been developed to describe the potency of complex mixtures of HAHs. 
2,3,7,8-Tetrachlorodiben20-p-dioxin (TCDD) is the most potent inducer in H411E cells and 
is used as the standard to develop toxic equivalency factors (TEFs) for the individual 
HAHs"'^. 

Some environmental samples, such as marine sediments and invertebrate species, 
accumulate both HAHs and PAHs. Many of the toxic and genotoxic effects of PAHs 
require metabolic activation, however some PAHs are AhR agonists and potent inducers 
of EROD activity. Previous research in this laboratory has indicated that PAHs can 
dominate induction equivalents estimations for oyster samples containing PAHs and 
HAHs^. Therefore, to accurately calculate induction equivalents (EQs) of environmental 
samples, equivalency factors (EFs) for both individual HAHs and PAHs must be 
considered as indicated in the following equation: 

EQs = S[HAH]iEFi + ZIHAHJjEFj ...-H Z [ P A H ] , E F , -f IIPAHlzEF^... 

Recently, Kennedy and Jones'' have described a method to determine both EROD 
activity and protein determination with a multi plate reader. This method allows for rapid 
detennination of EFs where up to seven dilutions of an extract can be read in triplicate on 
a single plate. Differences between the nearer 48-well plate method and the older method 
where cells were harvested from 6 well plates for EROD analysis*' can result in different 
EFs for PAHs and HAHs. 

This study is reports induction EFs for seven PAHs relative to TCDD, the most 
potent inducer in H411E cells. Furthermore, the differences between EFs for PAHs and 
the PCB congeners 77, 126, and 169 derived from the 6 well and the 48 well H4IIE 
bioassays are compared. 

ORGANOHALOGEN COMPOUNDS 
Vol. 29 (1996) 375 



TOX (po) 

2. Materials and Methods 

H411E Bioassay 6-WeU Method. Rat hepatoma H411E cells were grown as a continuous 
cell line in a-minimum essential media stpplemented with 2.2 g/L sodium bicartonate, 5% 
fetal bovine serum, and 10 ml/L antibiotic/antimycotic solution. Stock culture cells were 
grown in 150 cm^ plates at 37''C in a humidified air/carbon dioxide (95/5%) atmosphere. 
After confluency, cells from one plate were trypsinized and seeded in six 6-well plates in 
2 ml media/well. After 24 hr, cells were dosed with 2 pl PAH or HAH standard so that the 
final concentration of DMSO was 0.1%. TCDD and PCB 126 standard curves ranged from 
10-" M to 10-' M vthWe PAH. PCB 77, and PCB 169 curves ranged from 10"* M to 10-̂ °M. 
After 24 hr incubation, media was removed, cells washed with 2 ml Hanks' solution and 
harvested by scraping into 4 ml Tris-suCTOse buffer (Tris base 6.05 g/L, sucrose 59.5 g/L, 
pH 8.0). The cellular pellet was isolated after centrifuging and resuspended in 200 pl 
buffer. Fifty pl of the cell suspension was used for both EROD assays and Bradford 
protein determinations .̂ EROD assays were conducted as described by Pohl and Fouts" 
with modification in 1.15 ml incubation mixtures consisting of 0.1 M HEPES, pH 8.0, 0.1 
mg NADPH, 0.1 mg NADH, 1.5 mg BSA, 0.7 mg MgS04, 50 t-d of cells. Fluorescent 
metabolites were determined using a spectrofluorometer at 550 nm/585 nm 
excitation/emission wavelengths. 

H411EBioassay 6-WellMethod. Cells were maintained as described above and seeded 
into 48 well plates at a density of 80,000 cells per well in 0.5 ml media. After 24 hr, plates 
were dosed with 1 pl per well of HAH or PAH solution. A complete standard curve and 
a TCDD positive control could be mn in triplicate on a plate. The EROD assay and protein 
determinations were as described" on a CytoFluor 2350 plate reader. Plates were read 
at 530 nm/590 nm for resorufin production and 400 nm/460 nm for fluorescamine protein 
determination. 

ECfo Calculation. In the 6-well H411E bioassay a Gaussian curve fit was used for TCDD 
curves and all the PAHs except benzanthracene and chrysene wrtiich never reached 
induction maxima before solubility limitations. For these compounds a logistic curve fd 
was used. SigmaPlot (Jandel Scientific) was used for these calculations and the 
equations have been described previously '̂". With the 48-well plate method a Gaussian 
fit was used for all the PAHs, however a logistic fit was used for TCDD. 

3. Results 

Figure 1. Illustrates dose-response curves for TCDD, the most, and least potent 
PAHs in the 6-well H4IIE bioassay. While TCDD and the PAHs reach a similar maxima, 
chrysene (as well as benzanthracene) did not display a Gaussian distribution. Figure 2 
shows the same three compounds using the 48 well plate assay. Using this method TCDD 
does not exhibit a symmetric Gaussian distribution so a logistic fit was used. However, 
all of the PAHs maximally induced EROD activity and displayed Gaussian distribution. 
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ECgoS and EFs relative to TCDD for induction of EROD activity are given in Table 
1 for both H41IE bioassay methods. The order of EROD induction potency using the 6 well 
plates was BkF>BbF>DBA>ldP>BaP>Chr>BA. A different order was observed with the 
48 well plate method: BkF>DBA'~ldP>BbF>BaP>Chr>BA. 

Table 1. Selected PAH Equivalency Factors 

BkF 

BbF 

DBA 

IdP 

BaP 

Chr 

BA 

TCDD 

6-Well Plate 

EC«,(M) 

2x10-* 

4x10-* 

5x10-« 

1x10"' 

3x10-' 

•5x10-' 

'4x10-* 

1.1x10-'° 

Induction EF 

0.00478 

0.00253 

0.00203 

0.00110 

0.000354 

0.00020 

0.000025 

1 

48-Well Plate 

EC5o(M) 

4x10-'° 

4x10-* 

1x10-* 

1x10"® 

3x10-* 

7x10-* 

8x10-* 

"1.4x10-" 

Induction EF 

0.0437 

0.0033 

0.0126 

0.00991 

0.000447 

0.000195 

0.000180 

1 

"Derived using a logistic function 

In the 6 well plates the highest doses of PCB congeners did not cause the 
characteristic depression of EROD activity, thus a logistic function was used to fit the data, 
in contrast PCB curves using 48 well plates were Gaussian in distribution. The EFs for 
PCBs 126 and 169 were within 2 fold for the two methods, however the EF for PCB 77 
was 43 times higher using the 48 well plate method. 

4. Discussion 

ECgflS and EF values for HAHs and PAHs from induction of EROD activity were 
determined in rat hepatoma H411E cells. Using the 48 well plate method, higher EFs for 
several ofthe PAHs and PCB 77 were observed compared to those determined using the 
6 well plate method. The reasons for the differences between the two methods is not 
understood, heaver it could be related to differential metabolism of the compounds. The 
results of this study indicate that detennination of induction EQs for extracts containing 
PAH and HAH mixtures should utilize EFs derived from induction of EROD activity in rat 
hepatoma H4IIE using the same assay system. Furthermore, because both PAHs and 
HAHs are potent inducers of EROD activity in this bioassay, the contribution of both 
classes of inducers should be considered when screening environmental extracts. 

ORGANOHALOGEN COMPOUNDS 
Vol. 29(1996) 377 



TOX (po) 

5. References 

1. Zactiarewski, T., Safe, L., Safe, S., Chittim, B., DeVault, D., Wiberg, K., Bergqvist, 
P. & Rappe, C. (1989). Comparative analysis of polychlorinated dibenzo-p-dioxin 
and dibenzofuran congeners in Great Lakes fish extracts by gas 
chromatography-mass spectrometry and in vitro enzyme induction activities. 
Environ. Sci. Technol. 23, 730-735. 

2. Tillitt, D.E., Giesy, J.P. & Ankley, G.T. (1991). Characterization of the H41IE rat 
hepatoma cell bioassay as a tool for assessing toxic potency of planar halogenated 
hydrocarbons in environmental samples. Environ. Sd. Technol. 25, 87-92. 

3. Schmitz, H-J., Hagenmaier, A., Hagenmaier, H-P., Bock, K.W., & Schrenk, D. 
(1995). Potency of mixtures of polychlorinated biphenyls as inducers of dioxin 
receptor-regulated CYPIA activity in rat hepatocytes and H41IE cells. Toxicol. 99, 
47-54. 

4. Safe, S., Mason, G., Sawyer, T., Zacharewski, T., Harris, M., Yao, C , Keys, B., 
Farrell, K., Holcomb, M., Davis, D., Safe, L., Piskorska-Pliszczynska, J., Leech, B., 
Denomme, M.A, Hutzinger, 0., Thoma, H., Chittim, B. & Madge, J. (1989). 
Development and validation of in vitro induction assays for toxic halogenated 
aromatic mixtures. Toxicol.and Indust. Health 5, 757-775. 

5. Ahlborg, U.G., Becking, G.C, Bimbaum, LS., Brouwer, A., Derks, H.J., Feeley, M., 
Golor, G., Hanberg, A , Larsen, J.C, Liem, AK.D., Safe, S.H., Schlatter, C , Waern, 
P., Younes, M., & Yrjanheikki, E. (1994). Toxic equivalency factors for dioxin-like 
PCBs. Chemosphere. 28, 1049-1067. 

6. Gardinali, P., Willett, K, Sericano, J., Safe, S., & Wade, T. (1995). Chemical 
analysis and in vitro EROD activities in extracts from the American oyster. Abstracts 
2nd Soc. Environ. Toxicol, and Chem. World Congress. Vancouver, B.C., No. 
PH181,319. 

7. Kennedy, S.W. & Jones, S.P. (1994). Simultaneous measurement of cytochrome 
P4501A catalytic activity and total protein concentration with a fluorescence plate 
reader. AnaL Biochem. 222, 217-223. 

8. Pohl, R.J. & Fouts, J.R. (1980). A rapid method for assaying the metabolism of 
7-ethoxyresorufin by microsomal subcellular fractions. Anal. Biochem. 107, 
150-155. 

9. Bradford, M.M. (1976). A rapid and sensitive method for the quatitation of 
microgram quantities of protein utilizing the principle of protein-dye binding. Anal. 
Biochem. 72, 248-254. 

10. Kennedy, S.W., Lorenzen, A , Jaoies, C.A, & Collins, B.T. (1993). Ethoxyresomfin-
0-deetfiylase and porphyrin analysis in chicken embryo hepatocyte cultures with 
a fluorescence multiwell plate reader. AnaL Biochem. 211, 102-112. 

ORGANOHALOGEN COMPOUNDS 
378 Vol. 29 (1996) 



TOX (po) 

6-Well Method 

c 

E 
•5 

E 
Q. 

Q 
O 
LU 

i t u u 

1200 -

1000 -

800 -

600 -

400 -

200 -

0 -

1 

A-

^ f i * 

1 1 1 

^ \ \ fA 
^ ^ 

/ J 

Vo^ 

1 1 

? 
y 
\ 

• 

1 

10-i4| 0-1310-i2| 0-1^ O-'^l 0-910-* 10-^ 10-^ 10-510^ 

48-Well Method 

E 
• 5 

E 

Q 
O 

tu 

1 o-i-h o-'^i o-i2| 0-1110-1010-910-810-710-610-M 0 ^ 

Concentration (M) 

Figure 1. EROD Induction Curves for TCDD, BkF, and BA in the Two Methods 
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