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SUMMARY: In this report we have examined the a b i l i t y  of ethanol to induce 
UDP-glucuronyltransferase ac t i v i t y  in male rabbits using ~-nitrophenol as 
substrate. The rabbit was found to be an excellent species for studies of 
ethanol induction since almost 3-fold increases in ac t i v i t y  were observed 
re lat ive to controls. Ethanol induction of~-ni t rophenol  
UDP-glucuronyltransferase ac t i v i t y  was even greater than induction by 
3-methylcholanthrene, the prototypic inducer of this type of ac t i v i t y .  
Thus, the rabbit shows promise for  studies of UDP-glucuronyltransferase 
isozymes that are induced by chronic ethanol consumption. 

Chronic ethanol consumption induces a unique, isolable set of hepatic 

cytochrome P-450 monoxygenase isozymes in rabbits ( I ) .  Since inducers of 

P-450 such as phenobarbital (PB) and 3-methyl~holanthrene (3-MC) are also 

inducers (2) of UDP-glucuronyltransferase (UDP-GT)(EC 2.4.1.17), ethanol 

could be an ef fect ive inducer of UDP-GT isozymes in the rabbit .  Ethanol 

induces ~-nitrophenol UDP-GT ac t i v i t y  in man (3) and rat (4), and the 

induction of UDP-GT ac t i v i t y  (phenol red as substrate) by ethanol in 

cultured chick embryo hepatocytes was recently reported (5). In spite of 

these reports, however, some doubts remain as to the general phenomenon of 

induction of UDP-GT by ethanol (2,6) since b i l i rub in  UDP-GT ac t i v i t y  was 

induced by ethanol only in Wistar rats (7) and not in Sprague-Dawley rats 

(3) or man (3). I t  seems plausible, however, that the alcohol-induced 

UDP-GT isozymes are species and/or substrate selective as are the PB and 

3-MC induced isozymes (8). 
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Human alcoholism s ign i f i cant ly  al ters drug metabolic processes and 

therefore therapeutic drug regimens may require al terat ions (9,10). 

Although the increased rates of drug metabolism observed in alcoholics are 

generally ascribed to the induction of the cytochrome P-450 enzymes 

(1,9,10), s ign i f icant  effects would be observed with drugs that are subject 

to f i rs t -pass glucuronidation i f  UDP-GT enzymes were likewise induced by 

ethanol (3-5). A recent report ( I I )  described s ign i f icant  increases in 

metabolism of propranolol but not sotalol in humans af ter  ethanol 

consumption. Propranolol is pr imari ly eliminated as i ts  glucuronide while 

sotalol is mostly excreted unchanged, thus, UDP-GT induction by ethanol may 

be a c l i n i ca l l y  important phenomenon. 

The purpose of this study was to evaluate ethanol induction, using the 

rabbit as a model species, and to compare the ~-nitrophenol UDP-GT 

ac t i v i t i es  of the ethanol induced animals to control and to PB and 3-MC 

induced animals. In addit ion, part ia l  characterization of the UDP-GT 

isozymes from d i f fe ren t ly  induced rabbits was accomplished by evaluating the 

~-nitrophenol ac t i v i t i es  of unactivated and Lubrol-activated microsomes from 

each type of induction treatment. 

METHODS 

Uridine 5'-diphosphoglucuronic acid ammonium sal t  (UDPGA), Lubrol PX, 
~-nitrophenol (spectrophotometer grade), and 3-methylcholanthrene (practical 
grade) were purchased from Sigma (St. Louis, MO). TRIS buffer,  MgClg.6 HgO, 
NaOH, acetic acid, and ethanol (95%) were al l  analyt ical grade chemicals ~nd 
were purchased from Baker chemicals (Phi l l ipsburg,  N.J.).  Sodium pheno- 
barbital was purchased from Merck (Rahway, N.J.).  All chemicals and 
reagents were used without further pur i f ica t ion.  

Male New Zealand white rabbits fed with normal rabbit chow and weighing 
2-3 Kg were induced with PB (0.1% in drinking water for 1 week), 3-MC 
(40 mg/Kg in 4 ml corn oi l  i .p .  - sacr i f ice af ter  3 days), or ethanol (10% 
in drinking water for 2 weeks). Hepatic microsomes were prepared from 
induced and control rabbits by the method of Coon et al (12) and stored at 
-70°C af ter  d i lu t ion to approximately I0 mg protein/ml solution. When 
needed, the microsomes were thawed, centrifuged at I00,000 g for 1 hr, and 
the pel let  resuspended in the original volume of Tris acetate (50 mM, 
pH 7.4) without glycerol or EDTA. Protein concentrations we,re determined 
with the Bio-Rad (Richmond, CA) Protein Assay Kit .  Blood alcohol 
concentrations were determined from rabbit ear vein blood samples taken at 
various times during the two weeks of ethanol induction. Blood ethanol 
concentrations were measured with the Sigma (St. Louis, MO) ethyl alcohol 
diagnostic k i t .  

Incubations of the microsomes from the d i f fe ren t l y  induced rabbits and 
from controls were performed essent ia l ly  as in the method of Dutton (13). A 
typical incubation of 5.00 ml total  volume in 50 mM Tris acetate (pH 7.4) 
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contained 1.2 mg/ml Lubrol PX, I0 mM MgCI2, 1.0 mM~-ni t rophenol ,  2.0 mM 
UDPGA, and 1.0 mg/ml microsomal pro te in .  Appropriate changes were made when 
unact ivated microsomal incubations were performed, i . e .  de le t ion  of MgCl 2 
and/or Lubrol PX. Incubations were i n i t i a t e d  at 37°C in a shaker bath in 
the dark by substrate add i t ion .  A l iquots of  0.5 ml were withdrawn at 2 min 
i n t e r va l s  and the enzymatic react ion was quenched by t r a n s f e r r i n g  the 
a l iqou ts  to tubes containing 1.5 ml ethanol.  1.0 M NaOH (0.25 ml) was then 
added to each tube to ra ise the pH and the p rec ip i ta ted  prote in was pe l le ted 
by cen t r i f uga t i on .  The absorbance at 400 nm of the supernatant was then 
determined fo r  each time poin t .  A l l  manipulat ions were car r ied out in 
gl~ssw~re wrapped in aluminum f o i l .  An ex t i nc t i on  c o e f f i c i e n t  of  18,300 
M- cm- was used to ca lcu la te  the rate of disappearance of  ~ -n i t ropheno l ,  
and thus the rate of  conjugat ion. 

RESULTS 

Ethanol induct ion of rabb i t  hepatic UDP-GT enzymes was accomplished by 

using a 10% so lu t ion  of ethanol in the dr ink ing water fo r  a two week period 

which gave r i se  to a constant blood alcohol content of 0.02%. Water 

consumption by the rabb i ts  remained constant a f t e r  inc lus ion of ethanol in 

the d ie t .  

The c a t a l y t i c  c a p a b i l i t i e s  of the ethanol induced UDP-GT were measured 

(Table I )  using £-n i t rophenol  as substrate.  The rates of  ~-n i t rophenol  

g lucuronidat ion were measured in control  microsomes as wel l  as ethanol,  PB, 

and 3-MC induced microsomes. The rates of  ~-n i t rophenol  g lucuronidat ion 

Table I 

Effects of Induction and Activation on 

Glucuronyltransferase Act iv i t ies  I 

Microsomes Microsomes + MgCI 2 Microsomes + MgCI 2 + Lubrol 

Control 3.1 ± 0.9 6.3 ± 0.I 69.0 -+ 7.9 

PB 4.3 ± 0.5 10.4 + 1.4 75.1 ± 6.0 

3-MC 6.5 -+ 1.6 20.6 ± 5.6 92.3 ± 11.9 

Ethanol 9.0 ± I . I  25.5 ± 3.1 158.4 ± 9.2 

Ac t iv i t ies  (p-nitrophenol as substrate) are expressed as nmol/min.mg 
microsomal protein ± S.D., and are the mean values of at least three 
animals. 
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were evaluated for  each type of inducer with unactivated, Mg+2-activated, 

and Lubrol-act ivated (Mg +2 included ) microsomes (Table I ) .  Phenobarbital 

showed no s ign i f i can t  induction of ~-nitrophenol UDP-GT a c t i v i t y ,  which was 

ant ic ipated since PB is an inducer of UDP-GT speci f ic  for  GT 2 type (8) 

substrates l i ke  morphine. A recent study, however, has reported a 60% 

increase in hepatic microsomal ~-nitrophenol UDP-GT a c t i v i t y  in Fauve de 

Bourgogne rabbits given 35 mg/kg doses of PB for  4 days (14). Also as 

ant ic ipated,  3-MC induced the GT 1 type (8) ac t i v i t y  (~-ni trophenol) 

approximately 2- fo ld.  S ign i f icant  induction by ethanol was observed in the 

rabbi t .  Induction of approximately 3- fo ld in the alcohol treated animals 

provided convincing evidence that ethanol is an inducer of UDP-GT. 

DISCUSSION 

The resul ts demonstrate that ethanol e f f ec t i ve l y  induces ~-nitrophenol 

UDP-GT a c t i v i t y  in the rabbi t .  The a b i l i t y  of ethanol to st imulate UDP-GT 

a c t i v i t i e s  seems to be s ign i f i can t l y  substrate and species related (2,6).  

We are therefore current ly  evaluating the induction process using other 

UDP-GT substrates. 

A 10% aqueous solut ion of ethanol was used to induce the rabbi ts ,  but 

th is procedure increases the tota l  ca lor ic  intake and possibly leads to some 

changes in UDP-GT enzymes. I t  is un l ike ly  however, that the almost 3- fo ld 

increases that we observed could t o t a l l y  be the resu l t  of nu t r i t i ona l  

factors.  For example, cytochrome P-450 induction in rats by ethanol has 

been recently a t t r ibu ted pr imar i ly  to ethanol and not to nu t r i t i ona l  

requirements (15). To reduce nu t r i t i ona l  e f fec ts ,  the induction process 

w i l l  be evaluated using l i qu id  isocalor ic  diets (16) for  control and ethanol 

(36% of the total  calor ies)  induced rabbits.  

We have found no published accounts of 3-MC induction of rabbi t  hepatic 

UDP-GT a c t i v i t i e s  using ~-nitrophenol or other substrates. This paucity of 

l i t e ra tu re  is unfortunate since we were surprised that 3-MC was not a bet ter  

inducer in the rabbi t ,  and we wished to compare our resul ts with the resul ts 

of others. Phenobarbital has been evaluated as an inducer of UDP-GT in 
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rabbits,  however, and PB demonstrated no inducing capabi l i t ies in one study 

(17), thus para l le l ing our resul ts.  I t  appears that in the rabbit a 

species-related phenomenon is occuring whereby ethanol emerges as the best 

inducer of ~-nitrophenol UDP-GT ac t i v i t y  when compared to PB and 3-MC. 
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