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toward the other alkoxyphenoxazone substrates. Levels of 
hepatic MO activity in the catfish were lower than those 
reported for rat liver microsomes assayed under similar 
conditions [6]. This observation is consistent with previous 
comparative work in mammals and fishes [8,9]. 

In addition to the observed quantitative differences in 
MO activity between catfish and rat, there were also quali- 
tative differences. In control rats, the highest rate of O- 
dealkylation activity is toward ethoxyresorufin, followed 
by benzyloxyresorufin, methoxyresorufin, and pentoxy- 
resorufin [6]. Conversely, 0-dealkylation activity in con- 
trol catfish was highest toward methoxyresorufin, followed 
by ethoxyresorufin, benzyloxyresorufin, and pentoxyre- 
sorufin (not detectable). These results indicate there are 
differences in the substrate specificities of noninduced cyto- 
chromes P-450 in catfish and rat liver. 

The most intriguing aspect of our results concerns the 
effects of 3-methylcholanthrene on the catfish MOs. In 
mammals, treatment with 3-methylcholanthrene produces 
marked (SO-fold) increases in the rate of 0-dealkylation of 
ethoxyresorufin’[4], which is similar to our observations 
and results obtained with other fish species 1201. Also, in 
mammals, large increases in MO acti;ity towa& pentoxy- 
resorufin, and to a somewhat lesser extent benzyloxy- 
resorufin, are caused by phenobarbital-type but not by 3- 
methylcholanthrene-type inducers [5-71. However, treat- 
ment of catfish with 3-methylcholanthrene increased MO 
activity toward benzyloxyresorufin about 33-fold, and also 
increased the 0-dealkylation of pentoxyresorufin from non- 
detectable levels in controls to a specific activity of 17 
pmoles/min/mg in treated fish. The explanation for this 
observation is not readily apparent. Various cytochromes 
P-450 have been purified from both untreated fish (scup) 
and those treated with 3-methylcholanthrene-type inducers 
(rainbow trout) [2,21]; however, there were not enough 
substrates used in common between those studies and ours 
to speculate on the exact nature of the cytochromes induced 
in the 3-methylcholanthrene-treated catfish. We hope to 
purify these induced cytochromes from the channel catfish 
in order to characterize the catalytic properties of the 
isoenzymes toward the alkoxyphenoxazone substrates. 
Overall, the results obtained in the present study do clearly 
demonstrate that, although alkoxyphenoxazones are useful 
for determining MO induction by 3-methylcholanthrene- 
type compounds in fishes, these substrates cannot be used 
to determine induction by phenobarbital-type compounds. 
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Effect of ethanol feeding on hepatic microsomal UDP-glucuronyltransferase 
activity 

(Receiued 24 April 1986; accepted 4 October 1986) 

It is well established that chronic ethanol consumption 3-methylcholanthrene (3-MC) has been shown to result in 
increases hepatic cytochrome P-450 levels [l, 21 and a num- a coordinated increase in GT activity [5], it would seem 
ber of hepatic monooxygenase activities [3,4]. However, possible that a similar phenomenon could occur after etha- 
the effect of ethanol feeding on microsomal UDP-glu- no1 administration. Ethanol feeding has been shown to 
curonyltransferase (GT) activity has not been fully deter- induce GT activity toward p-nitrophenol in rabbits [6] and 
mined. Since the induction of monooxygenase activities by p-nitrophenol and 7-hydroxycoumarin in female Sprague- 
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Dawley rats [7], but ethanol does not increase GT activity 
toward p-nitrophenoi in male Wistar rats [S]. Bilirubin GT 
activity is increased by chronic ethanol feeding in Wistar 
rats [9] but not in Sprague-Dawiey rats or humans [lo]. 
Despite occasional reports indicating an increase in GT 
activities following chronic ethanol administration, it has 
been suggested that ethanol probably does not induce these 
enzymes to any great extent [ll]. 

The following study was performed to determine the 
effect of ethanol feeding on GT activity using the agiycones, 
3-hydroxybe~o~~]pyrene (3-HBP), 4-methylumbelIi- 
ferone (4-MU), 4-hydroxybiphenyl(4-HB), acetaminophen 
(APAP), phenolphthalein (PP) and 4nitrocatechoi 
(4-NTC). In addition, an HPLC method for determining 
the amount of 4-HB glucuronidated during the GT assay 
is presented. 

Materials and methods 

Female Sprague-Dawley rats (Sasco, Omaha, NE) 
weighing 14G-150 g were pjaced on nutritionally adequate 
liquid diets (DeCarli and Lieber [12]) containing ethanol 
and fat as 36 and 35% of total calories respectively. Pair- 
fed controls received a liquid diet in which ethanol calories 
were reolaced with dextrin-maltose 1121. The diets were 
given at>:00 p.m. daily for l&16 daysprior to experiments, 
during which time the rats gained 812g in body weight. 
A 2-week feeding regimen was utilized because related 
experiments had demonstrated maximal induction of 
monooxygenase activity during this period. Female rats 
were chosen to avoid any possible effects that ethanol 
could have on GT activity as a result of diminished blood 
testosterone levels. 

Hepatic microsomes were isolated by differential cen- 
tri~~ation, washed once, and resuspended in 0.15 M KCI. 
Incubations were performed in 15 x iO0 mm glass test tubes 
at 37” in a Dubnoff metabolic shaker. The final incubation 
volume was 1 ml and contained: 0.1 M Tris (pH 7.4), 5 mM 
MgC&, microsomes (0.5 mg protein), 0.05% Brij-58, UDP- 
glucuronic acid (3.0mM, UDPGA) and the appropriate 
aglycone. Substrate concentrations are listed in Table 1 
(Results). Published methods were used for the deter- 
mination of GT activity toward 4-MU [13], 3-HBP 1141, PP 
1151, and APAP 1161. 

The 4-NTC GT reaction was stopped after 10min by 
adding 0.5 ml of 0.5 N perchloric acid, after which 0.1 ml 
of the acidified mixture was added to 0.9 ml of 1.6 M glycine 
buffer (pH 10.3), and the absorbance of the unmetabolized 
4-NTC was measured at 546nm [4]. For the 4-HB GT 
assay, the reaction was terminated after 10min by the 
addition of 0.5 ml of 0.5 N perchforic acid. Following cen- 
trifugation, the supernatant fraction was extracted three 
times with 2.5 ml of chloroform, after which the aqueous 
fraction was neutralized by the addition of 0.1 ml of 

2.5 N KHC03 and then recentrifuged. /?-Glucuronidase 
(Sigma Type VIII, 20 units) was added to the supematant 
fluid, and the mixture was allowed to incubate for 1.5 hr at 
room temperature. A 20-~1 portion was then analyzed using 
reversed phase HPLC. The Waters (Miiford, MA) HPLC 
system consisted of a model 5lOpump, a U6K injector, a C- 
18 PBondapak column and a model 481 variable wavelength 
detector. The mobile phase contained 15% methanol-25% 
acetonitrile-1% acetic acid (pH2.6), while the flow rate 
was 1.3 ml/min. Metabolites were detected at 254 nm, and 
peak areas were quantitated using a Hewlett-Packard 
model 3390A integrator. 

Microsomal protein was determined by the biuret 
method [17] using bovine serum albumin as standard. Stat- 
istical comparisons were made using Student’s f-test at 
P < 0.05. All solvents were HPLC grade, and biochemicals 
used were in the highest grade available. 

The aglycone 4-HB has been widely used as a substrate 
for studying GT activity. Previous studies have indirectly 
quantitated the production of the 4-HB glucuronide con- 
jugate by comparing the increase in the fluorescence of 
the glucuronide conjugate with the disappearance of the 
unmetabolized phenol [18]. In the present study, an HPLC 
method was developed for quantitation of the 4-HB glu- 
curonide formed during the GT assay. 

Figure 1A shows the chromatogram of an aliquot of the 
4-HB reaction mixture after chloroform extraction. The 
peak eluting at 5.32 min disappeared after incubation with 
bglucuronidase (Fig. lB), indicating that this compound 
was a glucuronide conjugate. A peak eluting at 14.86 min. 
the retention time of authentic 4-HB, appeared con- 
comitantly with the disappearance of the glu~ronide peak. 
The chromatographic separation of equal volumes of unhy- 
drolyzed and hydrolyzed reaction mixtures demonstrated 
that the peak areas of the 4-HB glucuronide and 4-HB were 
dissimilar. Because 4-HB glucuronide is not commercially 
available, the 4-HB glucuronide formed during the GT 
assay was hydrolyzed with @-glucuronidase, and the result- 
ant &HB was quantitated with authentic 4-HB standards. 

Ethanol feedine significantly increased GT activity 
toward the aglycoies PP, APAP, 3-HBP, 4-NTC and 4- 
MU, whereas the increase in GT activity toward 4-HB 
was not significant (Table 1). Furthermore, the degree of 
induction produced by ethanol differed for all substrates. 
GT activiiies toward_PP (98%) and APAP (80%) were 
increased the most. whereas activities toward 3-HBP (60%) 
and 4-NTC (52%) were increased moderately by ethandt 
consumption. 

The induction of GT activity by ethanol cannot be cate- 
gorized within any of the traditional classifications of GT 
acceptor substrates. For example, the induction caused by 

Table 1. Effect of chronic ethanol consumption on rat liver microsomal UDP-glucuronyhransferase 
activity 

GT activity (nmoles/min/mg protein) 

Substrate Concn (mM) Control Ethanol % Change 

Phenolphthalein (PP) 
::: 

12.0 L? 0.9 23.8 rt 1.6* 98 
Acetaminophen (APAP) 1.3 4 0.1 2.3 _” O.l* 80 
3-Hydroxybenzo~a]pyrene 

(3-HBP) 0.05 1.3 r 0.2 2.0 +- 0.2* 60 
4-Nitrocatechol (4-NTC) 0.5 7.9 ” 0.2 12.0 t 1.0* 52 
4-Methylumbelliferone 

(4-MU) 0.5 36.5 + 2.0 47.7 ir 2.6’ 32 
4-Hydroxybiphenyl (4-HB) 0.5 34.1 h 2.8 41.6 rt 1.8 21 

* Values are means t SE of three to five animals per treatment group. Additional incubation 
conditions are described in Materials and methods. 

* Significantly increased over control, P < 0.05. 
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Fig 1. HPLC separation of 4-hydroxybiphenyl and 4-hy- 
droxybiphenyl-ED-glucuronide. After extraction of the 
4-HB GT reaction mixture with CHCl,, aliquots (20 @I) of 
the aqueous phase were separated by HPLC as described 
in Materials and methods. The chromatogram shown in 
panel A received no additional treatment, whereas the 
chromatogram in panel B was obtained after incubation of 

the aqueous phase with ~glucuronidase. 

ethanol does not appear similar to that produced by the 
group 1 inducer 3-MC or the group 2 inducer phenobarbital, 
BnceGT activities toward 4-l& (group 1) and 4-HB (group 
2) were enhanced only slightly bv ethanol feeding. Fur- 
thermore, chronic eth&ol&eding was shown to h&e no 
effect on GT activity toward bilirubin (group 3) in Sprague- 
Dawley rats [lo]. 

GT activities toward PP and APAP were increased mark- 
edly by ethanol administration, supporting the suggestion 
that these two substrates are glucuronidated by the same 
form of GT [ 191. However, there is still much controversy 
as to which group of CT acceptors PP belongs, since PP 
has been classified as a group 1 [20-221 and a group 2 [23] 
substrate. Results of the present study indicate that PP is 
not a typical group 1 or group 2 substrate, thereby providing 
further evidence for functional heterogeneity within these 
enzymes forms. Moreover, the differential degree of induc- 
tion within the group 1 substrates (3.HBP and 4-MU) also 
tends to support the contention of functional heterogeneity. 

The inducing agents 3-MC [S] and j3napthoflavone [13] 
have been shown to produce a coordinated increase (2- 
fold) in microsomal monooxygenase and GT activities, Two 
weeks of ethanol feeding was shown previousiy to cause a 
2-fold increase in cytochrome P-450 levels 1241 and a 4fold 
increase in the microsomal oxidation off-nitrophenol to 4- 
NTC [4]. In the present study, GT activity toward 4-NTC 
was enhanced by only 52%, indicating that ethanol feeding 
caused a large increase in PNP monooxygenation withoui 
a coordinated increase in 4-NTC GT activitv. 

In conclusion, 2 weeks of ethanol feeding produced vari- 
ous degrees of induction of GT activity. However, with the 

* To whom requests for reprints should be addressed. 

exception of enzyme activity toward PP and APAP, GT 
activity was increased only moderately or slightly by 
ethanol. 

Acknowledgement-This investigation was supported by 
Public Health Service Grant CA30137, awarded by the 
National Cancer Institute, DHHS. 

Department of Pharmacology DAVID J. SWEENY 
Universi~ of Oklahoma Health LESTER A. REINICE* 

Science Center 
~kluhom~ City, OK 73190, U.S.A. 

REFERENCES 

1. J. G. Joly, J. P. Villeneuve and P. Mavier, Alcoholism: 
Clin. expl. Res. 1, 17 (1977). 

2. J. P. Viheneuve, P. Mavier and J. G. Joly, Biochem. 
biophys. Res. Commun. 70, 723 (1976). 

3. E. Rubin, F. Hutterer and C. S. Lieber, Science 159. 
1469 (1968). 

4. L. A. Reinke and M. J. Moyer, Drug Metub. Dispos. 
13, 548 (1985). 

5. I. S. Owens, j. biot. Chem. 252, 2827 (1977). 
6. G. S. Yost and B. L. Finley, Biochem. biophys. Res. 

Commun. 111,219 (1983). 
7. L. A. Reinke, M. J. Moyer and K. A. Notley, &o&em. 

Pharmuc. 35,439 (1986). 
8. E. Hietanen, U. Koivusaari, M. Laitinen and A. 

Norling, Toxicology 16, 103 (1980). 
9. G. Idea, R. de Franchis, E. de1 Ninno, C. Cocueci and 

N. Dioguardi, Enzyme 12, 473 (1971). 
10. J. Hakim, G. Feldmann, H. Troube, J. Boucherot and 

P. Boivin, Path.-Biof. 20,277 (1972). 
11. G. J. Dutton, Glucuronidation of Drugs and Other 

Compounds, p. 140. CRC Press, Boca Raton (1980). 
12. L. M. DeCarli and C. S. Lieber, Alcohol~m: Chn. expl 

Res. 6, 523 (1982). 
13. W. Lilienblum, A. K. Walli and K. W. Bock, Biochem. 

Pharmac. 31, 907 (1982). 
14. J. Singh, L. R. Schwarz and F. J. Wiebel, Biochem. J. 

189, 369 (1980). 
15. A. Wisnes, Biochim. biophys. Acta 191, 279 (1969). 
16. D. J. Sweeny and M. Weiner, Drug Metub. Dispos. 13, 

377 (1985). 
17. A. G. Gornall, C. J. Bardawill and M. M. David, J. 

biol. Chem. 177, 751 (1949). 
18. K. W. Bock, D. Josting, W. Lilienblum and H. Pfeil, 

Eur. J. Bi~hem. 98, 19 (1979). 
19. D. Ullrich and K. W. Bock, Biochem. Pharmac. 33,97 

(1984). 
20. G. J. Mulder, &&rim. biophys. Acta 289,284 (1972). 
21. I. D. Cape& P. Millburn and R. T. Williams, Xeno- 

biotica 4, 601 (1974). 
22. J. B. Watkins, Z. Gregus, T. Thompson and C. D. 

Klaassen, Toxic. appl. Pharmac. 64, 439 (1982). 
23. G. J. Wishart, Biochem. J. 174, 671 (1978). 
24. L. A. Reinke, S. H. Sexter and L. E. Rikans, Res. 

Commun. Chem. Path. Pharmac. 47, 97 (1985). 

3iochemicul P~~c~~ogy, Vol. 36, No. 8, pp‘ 1383-1386,1987. @?Uf+29S2/%7 $3.00 i 0.00 
Printed in Great Brimin. i@ 1981. Pergamon Journals Ltd. 

Impairment of the hepatic microsomal drug-metabolizing system in rats 
parasitized with Nippostrongylus bmsiliensis 

(Received 14 ApriZ 1986; accepted 10 October 1986) 

Nippostrongylus brasiliensis, an intestinal nematode para- rangements in the host [l-3]. The hepatic mierosomal 
site of rats, causes a serious and even fatal disease called mixed-function oxidase (MFO) system plays an important 
nippostron~losis. The gross pathology of this disease is role in the metabolism of a variety of xenobiotics and 
accompanied by marked physiological and biochemical de- endogenous compounds, such as steroids, fatty acids and 


