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Figure 17. Metabolism of 236-HCB and 4-DCB by dog and rat 
hepatic microsomes. The rate is expressed as picomoles of 
total aqueous soluble metabolites per mg microsomal protein 
per 10 min. Incubations with dog microsomes were conducted 
as described in Experimental procedures. Rat microsomal 
incubations were conducted for 20 min in the presence of 0.5 
mg microsomal protein and 10 uM 236-HCB or 6.5 uM 4-0CB. 
Rates of metabolite formation in rat microsomes were 
normalized to pmol/mg/10 min to allow comparison with dog 
liver microsomes. Values are expressed as means + so. For 
control and PB-induced dogs, n = 3; control rats, n-= 4; PB
induced rats, n = 3. a = significantly different (P<0.05) 
compared to respective control. b = significantly different 
(P<0.05) from corresponding value in rats. c = significantly 
different (P<0.05) from the rate of metabolism of 4-0CB by 
the same microsomal preparation. 



Table VI 

Metabolism of 236-HCB and 4-DCB by Dog and Rat Liver Microsomes 
and by purified Isozymes PBD-2 and PB-B 
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The results from the microsomal incubations are expressed as the means 
+ SD of the values obtained with individual preparations of liver 

microsomes from control or PB-treated dogs (n = 3) and rats (n = 4, 
control; n = 3, PB-treated). Microsomal incubations were conducted as 
described in the legend to Figure 17. Incubations with a reconstituted 
system were performed as described in Experimental procedures. Those 
incubations incorporating cytochrome b5 were conducted as described by 
Gorsky and Coon (1986), and contained a b5:P-450 molar ratio of 2. The 
rat cytochrome bS was purified from a side fraction obtained during the 
purification of NADPH-cytochrome P-450 reductase (Halpert, to be 

pub1lished). The substrate concentrations for incubations 
with microsomes and a reconstituted system 

were 10 uM 236-HCB and 6.5 uM 4-DCB. 

Enzyme Source 

Liver Microsomes 

Control Dog 

PB-Induced Dog 

Control Rat 

PB-Induced Rat 

PBD-2 

PBD-2 + cytochrome b5 

PB-B 

PB-B + cytochrome b5 

(nmol total aqueous soluble 
metabolites/nmol P-450/10 min) 

236-HCB 

1.49 +/- 0.29 

1.58 +/- 0.28 

0.11 +/- 0.04 

2026 +/- 0.25a 

0.19 

3.49 (18.4)b 

5.09 

15. 95 (3.1) b 

4-DCB 

0.53 +/- 0.25 

0008 +/- 0.01 

0.03 +/- 0.01 

0.03 +/- 0.00 

0.23 

0.37 

0.21 

0.19 

aSignificantly different (P<0.05) compared to respective 

control. 

bFo1d increase in rate of metabolism due to cytochrome b5• 
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(3.l-fold). Moreover, the rate of metabolism of this 

substrate by PB-B in the presence of b 5 was 7-fold greater 

than that seen in liver microsomes obtained from PB-treated 

rats. Both PBD-2 and PB-B metabolized 4-DCB at rates which 

were greater than those observed in microsomes from PB

induced animals, despite the lack of potentiation due to 

cytochrome bS• However, it was unlikely that either of these 

two isozymes played a major role in the metabolism of 4-DCB 

due to the negligible effect of PB treatment on the 

microsomal metabolism of the substrate in both species 

(Table VI, Figure 17). These results suggested that the 

major PB-inducible isozymes PBD-2 and PB-B were responsible 

for the metabolism of 236-HCB in microsomes from PB-treated 

dogs and rats, respectively, while the microsomal metabolism 

of 4-DCB was not mediated to a significant extent by either 

isozyme. 

The important role of dog PBD-2 in the micro~omal 

metabolism of 236-HCB was substantiated by in vitro studies 

using chloramphenicol and anti-PBD-2 IgG. In a previous 

manuscript, we presented evidence which strongly suggested 

that the antibiotic chloramphenicol was metabolized 

primarily by dog PBD-2, leading to the highly selective 

inactivation of this isozyme. As mentioned above, liver 

microsomes from PB-treated dogs readily metabolized 236-HCB. 

However, preincubation of such microsomes with CAP in the 

presence of NADPH led to a nearly 70% decrease in the 
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microsomal metabolism of 236-HCB compared to controls 

lacking CAP, NADPH, or both (2110 .:t 300 vs. 690 .:t 130 pmol 

aqueous soluble metabolites/mg protein/10 min). Furthermore, 

the metabolism of 236-HCB by microsomes obtained from both 

control and PB-treated dogs was inhibited by greater than 

90% in the p~esence of anti-PBD-2 IgG6. 

Metabolism of Androstenedione £X Dog PBD-2 

previous experiments had implicated PBD-2 as the dog 

liver isozyme responsible foy the metabolism of 

androstenedione to both the 160(- and 16p-hydroxylated 

products (Chapter 2). Inhibition studies employing anti-PBD-

2 IgG have shown further the important role of PBD-2 in such 

metabolism, since formation of the 16~-OH and 16~-OH 

metabolites was inhibited by 80-90% in control dog liver 

microsomes, and by greater than 90% in microsomes from PB-

induced dogs (Table VII). Anti-PBD-2 IgG had little effect 

on the formation of the 7~-OH product, but did cause a 

slight increase in tne formation of the 6P-OH metabolite. 

6z36-HCB was metabol ized at a rate of 480 and 2090 
pmol aqueous soluble metabolites/mg protein/10 min in 
microsomes from control and PB-treated dogs, respectively. 
In the presence of 6 mg anti-PBD-2 IgG/nmol P-450, the 
corresponding rates of metabolism were 20 and 200 
respectively. Control IgG had a negligible effect on tne 
microsomal metabolism. 



Table VII 

Effect of Anti-PBD-2 IgG on the Metabolism 
of Androstenedione by Dog Hepatic Microsomes 

Microsomal protein was incubated with 6 mg anti-PBD-2 
IgG/nmol P-450 for 30 min at 230 C prior to the addi tion of 

substrate. Results are the means of duplicate 
determinations. Assay conditions were as described 

by Graves, Kaminsky, and Halpert (1987). 

nmol product/mg protein/min 
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Hepatic Microsomes 7c(-OH 6/3-0H l61!(-OH l6J3-0H 

Control Dogs 0.04 0.07 0.34 0.32 

+ Control IgG 0.03 0.07 0.31 0.30 

+ Anti-PBD-2 IgG 0.02 0.09 0.03 0.06 

PB-treated Dogs 0.05 0.10 1.64 1.45 

+ Control IgG 0.03 0.12 1.60 1.51 

+ Anti-PBD-2 IgG 0.02 0.20 0.07 0.10 
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DISCUSSION 

The purpose of this study was to investigate the 

hepatic cytochrome p-450-mediated metabolism of 245-HCB, 

236-HCB, and 4-DCB in dogs. The objectives of the work were 

two-fold. First, we previously presented evidence to suggest 

that a cytochrome P-450, PBD-2, isolated from hepatic 

microsomes obtained from PB-induced dogs was responsible 

for the total metabolism of 245-HCB in control dog 

microsomes. The primary evidence for this was the greater 

than 90% inhibition of 245-HCB metabolism in control dog 

microsomes caused by anti-PBD-2 IgG (Chapter 2). It was 

important to further establish the essential role of this 

enzyme in control microsomes by i), comparing the 245-HCB 

metabolite profiles generated by microsomes from control and 

PB-treated animals, and ii), by purifying PBD-2 from control 

dog liver microsomes and comparing this protein to the PBD-2 

isolated from PB-treated animals based on several criteria. 

The second objective of this work was to determine 

to what extent PBD-2 was involved in the hepatic microsomal 

metabolism of 236-HGB and 4-DCB in dogs, since previous in 

vitro and in vivo studies have been conducted with these 

compounds in dogs (Sipes et al., 1980, 1982a; Schnellmann, 

1984). The in vitro metabolism of these substrates in dogs 

was compared to that obtained with rat liver microsomes and 
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with the homolog of PBD-2 in rats, PB-B. 

Based on previous results (Chapter 2) and the 

evidence presented in this chapter, it can be concluded 

that PBD-2 is present in uninduced dog liver microsomes and 

is essential for the metabolism of 245-HCB. The 245-HCB 

metabolite profiles produced in vitro by microsomes from 

control and PB-treated dogs were identical. Such results are 

consistent with a single P-450 isozyme, present in both 

microsomal preparations, which metabolizes 245-HCB. The more 

direct evidence for the presence of the isozyme PBD-2 in 

control dog liver microsomes comes from its isolation and 

characterization. The following criteria indicate that the 

isozyme isolated from microsomes obtained from control or 

PB-induced dogs is identical: 1) mobility on SDS-PAGE, 2) 

reactivity with anti-PBD-2 IgG, 3) amino terminal acid 

sequence, 4) metabolic activity towards 245-HCB, and 5) 245-

HCB metabolite profile. 

In addition to the implication of PBD-2 as the major 

P-450 isozyme which metabolizes 245-HCB, the similar 

metabolite profiles generated by PBD-2 and dog liver 

microsomes also provided information concerning the pathways 

associated with 245-HCB metabolism. Recently, Sugami et ale 

(1986) reported on the profiles of benzo(a)pyrene [B(a)p] 

metabolites generated by rat lung microsomes and rat lung P-

450 MC • The presence of epoxide hydrolase was required for 

the formation of the major dihydrodiol metabolites of B(a)p, 
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and only after addition of epoxide hydrolase to the 

reconstituted system did the metabolite profile generated by 

P-450 MC become similar to that generated by r.at lung 

microsomes. The 245-HCB metabolite profile generated by dog 

PBD-2 was already similar to that generated by dog liver 

microsomes; therefore, this suggested tha t the presence of 

epoxide hydrolase had little effect on the metabolites 

formed. The data imply that arene oxide formation (and 

therefore dihydrodiol formation) was relatively unimportant 

in the liver microsomal metabolism of 245-HCB in dogs, or 

than any arene oxides formed are not good substrates for dog 

epoxide hydrolase. 

Results presented in this chapter also strongly 

suggest that dog hepatic cytochrome P-450 PBD-2 is the major 

isozyme which metabolizes 236-HCB. Induction of PBD-2 by 

treatment of dogs with PB dramatically enhanced the 

microsomal metabolism of 236-HCB. In a reconstituted system 

containing cytochrome b 5 , PBD-2 metabolized 236-HCB at a 

rate two-fold greater than that seen in microsomes obtained 

from PB-treated dogs. This is consistent with a major role 

for PBD-2 in the microsomal metabolism of 236-HCB. Moreover, 

chloramphenicol pretreatment of 1 i ver microsomes from PB

treated dogs led to a nearly 70% decrease in the microsomal 

metabolism of 236-HCB.Finally, anti-PBD-2 IgG inhibited the 

in vitro metabolism of 236-HCB by >90% in microsomes 

obtained from both control and PB-treated dogs. 
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Rat liver microsomes also metabolized 236-HCB, 

especially following PB treatment, which caused a nearly 50-

fold increase in 236-HCB metabolism on a per milligram 

microsoma I protein basis. This increase in rate is simi lar 

to the induction of P-450 PB-B reported in rats, which is 

approximately 40-fold on a per milligram microsomal protein 

basis (Guengerich et al., 1982). In addition, the metabolism 

of 236-HCB in a reconstituted system containing PB-B and 

cytochrome b 5 occurred at a rate which was 7-fold greater 

than that seen in microsomes from PB-treated animals. 

Together, the data suggest that the homolog of PBD-2 in 

rats, PB-B, is responsible for the metabolism of 236-HCB in 

microsomes obtained from PB-treated animals. 

Compared to the highly chlorinated 236-HCB, 4-DCB 

metabolism in dog or rat microsomes was poor, even after PB 

treatment. It is apparent in Figure 17 that 4-DCB metabolism 

in rats is not mediated by PB-B, since it is well 

established that the concentration of PB-B in control 

microsomes is very low, and increases approximately 40-fold 

upon PB treatment. Similarly, the low rate of metabolism by 

control dog microsomes and by dog PBD-2, and the absence of 

any increase in microsomal metabolism upon PB treatment 

(Fig. 17, Table VI), indicates that PBD-2 is not important 

in the overall metabolism of 4-DCB in dog liver microsomeso 

Data concerning the in vitro metabolism of 245-HCB, 

236-HCB, and 4-DCB presented in this paper were consistent 
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with certain structure-activity relationships for PCBs 

(Kato, McKinney, and Matthews, 1980; Matthews and Tuey, 

1980). The major hepatic PB-inducible P-450 isozymes in dogs 

and rats, PBD-2 and PB-B, respectively, each metabolized 

236-HCB at a greater rate than reported for 245-HCB (Chapter 

2). The rates of microsomal metabolism of 236-HCB compared 

to those of 245-HCB were 3 and 93 times greater for dogs and 

rats, respectively. The higher activity of these isozymes 

for 236-HCB is likely due to the presence of two adjacent 

unsubstituted carbon atoms on each of the biphenyl rings of 

236-HCB. Those PCBs with adjacent unsubstituted carbon atoms 

are more readily metabolized and eliminated than those 

wit h 0 u t the s est r u c t u r a 1 f eat u res ( i. e • 245 - H CB ; Kat 0 , 

McKinney, and Matthews, 1980; Matthews and Tuey, 1980). Both 

dog PBD-2 and rat PB-B metabolized 4-DCB very poorly. This 

finding is consistent with data reported by Kaminsky et ale 

(1985), in which they established that rat PB-B had very 

poor activity towards PCB congeners which contained no 

chlorine atoms ortho to the biphenyl bond. Instead; such PCB 

congeners were preferentially metabolized by a P-450 iszoyme 

inducible by p-naphtholflavone, BNF-B. Therefore, it was not 

surprising to find no significant increase in the microsomal 

metabolism of 4-DCB in rats or dogs upon PB treatment. 

In addition to the metabolism of 236-HCB and 4-DCB, 

the formation of certain metabolites of androstenedione can 

be attributed to PBD-2. Data presented here and elsewhere 
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(Chapter 2) indicate that the microsomal metabolism of 

androstenedione to the l6~-OH and l6p-OH products is 

primarily mediated by PBD-2. Due to its greater degree of 

inhibition by anti-PBD-2 IgG, the formation of the l6P-OH 

metabolite of androstenedione reflects more accurately the 

presence of PBD-2. The formation of l6,B-OH androstenedione 

may p~ove to be a valuable means by which to monitor the 

presence of dog PBD-2 in particular tissue samples. 

I n summa ry, the data presen ted in th i s chapte r 

indicate that the cytochrome P-450 isozyme, PBD-2, is 

present in control dog liver microsomes, and is therefore 

likely responsible for the rapid metabolism and elimination 

of 245-HCB in dogs compared to other species. Moreover, PBD-

2 is also responsible for the ability of dog liver 

microsomes to readily metabolize 236-HCB, but does not 

likely mediate the microsomal metabolism of 4-DCB in this 

species. 



CHAPTER 4 

DISCUSSION 

The primary objective of this dissertation research 

was to elucidate the biochemical basis for the unique 

ability of dog liver microsomes to metabolize 245-HCB 

compared to microsomes from other species tested. 

Specifically, the goal was to identify and characterize the 

hepatic cytochrome P-450 isozymes responsible for such 

metabolism. The hypothesis to be tested was that dog liver 

microsomes readily metabolize 245-HCB compared to other 

species due to the presence of a particular hepatic 

cytochrome P-450 isozyme, the constitutive level or 

intrinsic activity of which is greater than the homolog of 

this enzyme in other species. 

Numerous experiments were conducted in order to test 

this hypothesis, and the results indicate that the hepatic 

microsomal metabolism of 245-HCB in dogs can be attributed 

to a single cytochrome P-450 isozyme which we call PBD-2. 

First, this enzyme was purified from microsomes obtained 

from both control and PB-treated dogs, and, upon PB 

treatment, the increase in the microsomal concentration of 

PBD-2 correlated well with the increase in the rate of 

microsomal metabolism of 245-HCB. Second, the metabolism of 

92 
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this substrate in a reconstituted system containing PBD-2 

and cytochrome b5 occurred at a rate >3-fold that observed 

in microsomes from PB-treated dogs. Third, antibodies 

specific for PBD-2 were able to inhibit the metabolism of 

245-HCB by >90% in microsomes from control and PB-treated 

animals. Fourth, the 245-HCB metabolite profiles generated 

by microsomes from control and PB-induced dogs were 

identical, and were very similar to the profile generated by 

P-450 PBD-2. Together with the 245-HCB in vivo elimination 

study in dogs conducted by sipes et ale (1982b), these data 

strongly suggest that PBD-2 is responsible for the in vivo 

metabolism and elimination of 245-HCB in dogs. 

A further objective of this research was to assess 

the role of PBD-2 in the microsomal metabolism of 236-HCB 

and 4-DCB in dogs. The following data strongly suggest that 

in addition to 245-HCB, dog PBD-2 is also primarily 

responsible for the microsomal metabolism of 236-HCB. The 

microsomal metabolism of 236-HCB in dogs was increased 

s igni f icantly upon PB treatment. In a reconsti tuted system 

containing cytochrome b 5 , PBD-2 metabolized 236-HCB at a 

twofold greater rate than that observed in liver microsomes 

from PB-treated dogs. Moreover, treatment of liver 

microsomes obtained from PB-treated dogs with the highly 

selective PBD-2 inhibitor chloramphenicol resulted in a 

nearly 70% decrease in the microsomal metabolism of 236-HCB. 

Finally, anti-PBD-2 IgG inhibited >90% of the metabolism of 
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236-HCB by microsomes from control and PB-treated dogs. In 

constrast, PBD-2 metabolized 4-DCB poorly, and due to the 

lack of an increased rate of microsomal metabolism upon PB 

treatment, it is not likely that PBD-2 plays an important 

role in the microsomal metabolism of this substrate in dogs. 

This dissertation research also provided interesting 

information concerning the ability of dog liver microsomes 

to metabolize foreign compounds. Control dog liver 

microsomes metabo 1 i zed 24S-HCB, 236-HCB, 7-ethoxycoumar in, 

and warfarin at higher rates than control rat liver 

microsomes, despite previous data which suggested that dogs 

metabolized xenobiotics less extensively than did rodents 

(Walker, 1978; Loh et a1., 1986; Benziger et a1., 1977). 

Additionally, in contrast to rats, dog liver microsomes 

exhibited a relatively simple profile of metabolites 

produced from androstenedione and warfarin. This restricted 

metabolite profile may reflect a limited number of hepatic 

P-4S0 isozymes in dogs, or a limited substrate specificity 

among the isozymes of this species. A further interesting 

fiuding was the apparent obligatory role of cytochrome b S in 

the metabolism of 24S-HCB and 236-HCB by dog PBD-2. In a 

reconstituted system containing PBD-2, cytochrome bS caused 

an increase in the rate of metabolism of 24S-HCB and 236-HCB 

which was 11 and 18 times greater than that observed in the 

absence of cytochrome b S ' respectively. 
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The major reason for the difference in the ability 

of dog and rat liver microsomes to metabolize 245-HCB was 

the much higher intrinsic activity of PBD-2 toward this 

substrate, compared to PB-B. Nevertneless, rat PB-B was able 

to metabolize 245-HCB, but at a much slower rate. This 

difference in degree of functionality between PB-B and PBD-2 

was also evident with most other substrates tested. For 

exampl e, both enzymes produced the same maj or warfar in and 

androstenedione metabolites, and both PB-B and PBD-2 were 

capable of metabolizing 236-HCB. However, PBD-2 showed a 

much higher activity towards warfarin, while PB-B had a much 

higher acti vi ty towards androstened ione and 236-HCB. Thus, 

none of the substrates tested were exclusively metabolized 

by PB-B or PBD-2. 

245-HCB is known to be a strong PB-like inducer, 

therefore, it is not surprising that the major PB-inducible 

P-450 isozyme in dog liver, PBD-2, avidly metabolizes 245-

HCB. Unlike dogs, the ability of humans to metabolize and 

eliminate 245-HCB is very poor, such that this PCB, in 

addition to other highly chlorinated congeners, is retained 

in the body, primarily in adipose tissue. 245-HCB has also 

been detected in mother's milk, and thus can potentially be 

passed to suckling infants (Safe l 1984). This is an 

important consideration, since studies with rats have shown 

that neonatal administration of PB led to permanent 

modification or "imprinting" of the mixed function oxidase 
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system. As a result, liver microsomes from adult rats which 

received PB as neonates had increased ability to form DNA 

adducts upon metabolism of benzo(a)pyrene (Simpson and 

Chung, 1982). Appropriate experiments have not yet been 

conducted with PB-like inducers such as 245-HCB. It is 

conceivable that neonatal exposure to 245-HCB could produce 

a similar imprinting on the pattern of cytochrome P-450 

isozymes. The potential for metabolic activation of 

procarcinogens could then exist in humans neonatally exposed 

to PCBs. Certain of these individuals may be at greater risk 

for chemically-induced cancers. An additional effect of 

long-term exposure to 245-HCB could be tumor promotion, 

since this has been observed in rats (Buchmann et al., 

1986) • 

The study of metabolism of polychlorinated biphenyls 

by purified dog cytochromes P-450 represents a logical 

progression from the previous PCB research conducted in 

whole animals and in liver microsomes. This research 

describes the first instance whereby a cytochrome P-450 

isozyme has been purified from dog liver. Characterization 

of this isozyme, PBD-2, has allowed us to gain a further 

understanding of the capacity of dogs to metabolize foreign 

compounds. This is important for several reasons. In terms 

of the metabolism of 245-HCB, we were able to conclude that 

the presence in dog liver microsomes of PBD-2, which has a 

high activity toward 245-HCB, likely accounts for the 
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ability of tnis species to metabolize and eliminate 245-HCB 

in vivo compared to other species tested. 

Reasons for the inability of human liver microsomes 

to metabolize 245-HCB may be i) the absence, or the low 

basal concentration, of the PBD-2 homolog in human liver 

microsomes, or ii), the presence of an inactive form of the 

PBD-2 homolog in such microsomes. Initially, this hypothesis 

can be tested by conducting immunoblot analysis of human 

liver microsomes with anti-PBD-2 IgG and by subsequent 

incubations with such microsomes in the presence of anti

PBD-2 IgG. In this way, it will be possible to identify 

potential hepatic P-450 isozymes in humans that may 

metabolize 245-HCB, and possibly other PCBs. Thus, we can 

greatly increase our understanding of the ability of humans 

to met~bolize foreign compounds. 

A further important aspect of this dissertation 

research is that it represents a first step towards 

understanding the metabolic capacity of Beagle dogs, which 

is only poorly understood despite the fact that this species 

is widely used for drug toxicity testing in the 

pharmaceutical industry. We have characterized the major 

phenobarbital-inducible P-450 isozyme, PBD-2, in dog liver 

microsomes with respect to its structure and its activity 

towards 245-HCB, 236-HCB, 4-DCB, and the classical P-450 

substrates 7-ethoxycoumarin, warfarin, and androstenedione. 

These studies provide a preliminary understanding of the 
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metabolic capacity of Beagle dogs, consequently, this will 

undoubtibly assist other investigators who wish to direct 

their research efforts towards further describing the 

metabolic capacity of this species. Eventually, research of 

this kind will allow a more accurate estimation for the 

potential to extrapolate findings on the metabolism of 

xenobiotics in dogs to anticipated results in humans. 

Several directions for future studies have developed 

based on this dissertation research. Currently, work is 

being conducted toward isolating a cDNA clone for PBD-2, 

which would allow one to determine the entire sequence of 

the protein, in addition to being able to more fully 

understand the regulation of PBD-2 compared to that of rat 

PB-B. Research in our laboratory is also being directed 

toward characterizing additional dog liver P-450 isozymes. 

Further studies worth pursuing include, i) identification of 

the metabolites of 245-HCB and 236-HCB formed by PBD-2 

compared to PB-B, and ii) the mechanism of potentiation of 

PBD-2-mediated metabolism elicited by cytochrome b 5 • 

Finally, with the availability of pure PBD-2 and anti-PBD-2 

IgG, and through use of the techniques described in this 

dissertation, it will be possible to determine to what 

extent PBD-2 is involved in the metabolism of various other 

important compounds in dogs. 
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