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Treatment of rats with glucagon, vasointestinal peptide or secretin has a different 
effect on bilirubin and p-nitrophenol UDP-glucuronyltransferase 

(Received 14 December 1987; accepted 24 March 1988) 

UDP-giucuronyltr~sferases catalyze the conjugation of 
several substrates with a glucuronyi moiety [l-4]. In the 
rat, transferases have tentatively been subdivided in two 
groups according to their perinatal development and their 
pattern of activation [3-51. Recent separation studies have 
documented the existence of even more isoforms [6-81. 
These enzymes are most abundantly present in the liver, 
which is the first organ on the venous outflow of the intestine 
where several gastrointestinal peptides are released in 
response to feeding or other stimuli. The question thus 
arises whether the liver is influenced by these hormones. 
Some of them have choleretic properties [9-121; in addition 
giucagon [13] and secretin 1141 were found to enhance 
bilirubin UDP-glucuronyltransferase activity in the rat. The 
effect of secretin was substrate-specific, since glucu- 
ronidation of p-nitrophenol, a substrate of the “late foetal” 
group, was unchanged [14]. 

The aim of the present study was to investigate whether 
vasoactive intestinal peptide (VIP) also has an effect on 
glucuronidation and whether glucagon and VIP, both 
belonging to the secretin family of polypeptides [15], have 
a specificity for the acceptor substrate used. 

Materials and methods 

Male Wistar R/A rats with a body weight of 210-260 g 
were prepared under pentobarbital anaesthesia (6 mg/ 
100 g) with a catheter into the right jugular vein. They were 
restrained and kept overnight in ventilated and ther- 
mostated boxes, to keep their body temperature constant 
at 37.2” [16] while receiving an infusion of 5% glucose in 
0.16 M NaCl at the rate of 0.6-0.8 ml/hr/l~ g body wt. In 
the morning the following peptides dissolved in 0.16 M 
NaCl were infused over a 90 min period: glucagon (Novo 
Industries, Coopenhagen, Denmark) 1, 25, 50 or 150 t(gi 
hr/lOOg body wt; VIP 50, 1.50, 300 or 1OOOng/hr/lOOg 
body w< or Porcine secretin 0.1, 0.2, 0.4 or 0Ts clinic2 
units (CU)/hr/lOO e bodv wt (both obtained from G.I.H. 
Labor&o&, ‘Karzinska Institute, Stockholm, Sweden). 
Control animals received saline. After 90 min the rats were 
killed by cervical dislocation and exsanguination. Livers 
were quickly excised and perfused with 120-150 ml chilled 
0.16M KCl, blotted with filter paper and weighed. To 
prepare liver homogenates, approximately 1 g was weighed 
and minced on a glass support: the sample was then dropped 
into a Potter-Elvehjem homogenizer containing a known 
volume of 0.25 M sucrose ~ntaining 1 mM EDTA, 
adjusted to pH 7.4 and homogenized. 

Liver homogenates containing 100 mg wet wt of liver per 
ml were assayed as such or after preincubation with an equal 
volume of a digitonin solution (Merck AG. Darmstadt, 
F.R.G.) or of- UDP-N-acetylglucosamine (UDPNAG, 
Siama. St. Louis. MO). To study the in uitro activation 
di?ferent concentrations of digitonin 0.3, 0.6, 0.9, 1.5 and 
3 mg/ml final concentration) or of UDPNAG (0.5, 1.0, 1.5 
and 2 mM) were incubated for 60 min at 4’ with liver 
homogenate. 

For the bilirubin UDP-glucuronyltransferase assay [17] 
the reaction mixture contained (final concentrations): 
0.1 M Tris-HCL buffer, pH 7.8; 0.125 mM bilirubin dis- 
solved in 0.125 mM human serum albumin (Belgian Red 
Cross); 7.5 mM MgCl, liver homogenate at an average 
concentration of 3mg. protein/ml in a total volume of 
1.32 ml. Reaction was started by adding UDP-gIucuronic 
acid at a final concentration of 3 mM. 

Para-nitrophenol UDP-glucuronyltransferase was 
assayed in the 1500 g av. supernatant of liver homogenates, 
prepared at 4” in a L2-65 B Beckman centrifuge. The 
incubation mixture contained (final concent&tions): 
0.05 M Tris-HCI buffer. DH 7.4. 1.4 mM n-nitroohenol. 
15 mM MgClz and 5-10 mg of liver homogenate (with or 
without digitonin or UDPNAG in a final volume of 2 ml). 
Reaction was started by adding UDP-glucuronic acid at a 
final concentration of 5.5 mM. The decrease in absorbance 
was followed at 400nm, at 27”. It is assumed that dis- 
appearance of p-nitrophenol is only due to conjugation, 
and enzyme activity is calculated using a molar extinction 
co-efficient of 18.1 X lo3 M--r x cm-’ [18]. 

Protein was measured by a modified Lowry procedure 
1191. 

Results and discussion 

In non-activated liver preparations glucuronyltransferase 
activities were enhanced by pretreatment of the rats for 
90min with glucagon only (Tables 1 and 2). The other 
treatments had no significant effect; this was presumably 
due to the low enzyme activities obtained and the relatively 
wide range of the results. 

Digitonin and UDPNAG activated bilirubin glucu- 
ronidation by an average factor of 4.5 and 3 (Table 1) and 
p-nitrophenol glucuronidation by 6.7 and 6 respectively in 
control rats (Table 2). Maximal activation by digitonin was 
reached at a concentration of 0.9-1.5 mg/ml; for UDPNAG 
this value was 1.5 mM. At this amount of digitonin glucagon 
produced a dose-related increase of transferase activity of 
i20% (hiii~bin) and 145% ~-nitrophenol) at 15O~g~hr/ 
100 a bodv wt (Tables 1 and 2). Treatment with VIP did 
not modify the glucuronidatidn of bihrubin but led to 
a dose-dependent increase up to 135% of p-nitrophenol 
glucuronidation (Tables 1 and 2). Treatment with secretin 
augmented the conjugation of bilirubin but not that of p- 
nitrophenol. Comparable results were obtained with 
UDPNAG activated preparations. The apparent selectivity 
of these gastrointestinal polypeptides in enhancing glu- 
curonyltransferase activity towards bilirubin or p-nitro- 
phenol might be related to (1) the known functional 
heterogeneity of the glucuronyltransferases in the rat [F 
8,201, (2) the differing physicochemical properties of the 
substrates used, which influence their permeation of the 
endoplasmic reticulum membrane to gain access to the 
catalytic enzyme, or (3) stimulation of different possible 
intraceil~ar mediators of the enzymes such as calcium or 
cyclic AMP. 

The gastrointestinai hormones investigated are released 
in blood after food intake. Hypothetically, one could envis- 
age that these hormones activate the liver for a digestive 
or detoxifying role just as they stimulate other organs such 
as the pancreas or the intestine. To really appreciate the 
physiological relevance of the observed increases in enzyme 
activity one should have more data on the postprandial 
concentrations in the portal vein. In addition, further inves- 
tigation of other enzyme activities such as cytochrome P450 
[14] would be rewarding. To evaluate whether phase I and 
II enzyme reactions become activated, direct studies during 
feeding might be appropriate but seem cumbersome. 

The highest amounts of glucagon used in the present 
study are 15-45fold higher than those previously used to 
demonstrate its choleretic effect in rats ]21], but they are 
below the dosage originally used to document the enhance- 
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Table 1. Hepatic bilirubin uridine diph~phate-glucuronyl transferase activities: effect of the 
treatment of rats with various gastro-intestinal hormones 

Liver preparations 

Activated with 
digitonin UDPNAG 

N Non-activated 1.5 mg/ml 1.5 mM 

Untreated controls 
Pretreatment with: 

Glucagon: 1 yg 
25 pg 
50 iug 
150 Fcg 

Secretin:O.l cu 
0.2 cu 
0.4 cu 
0.8 cu 

V.I.P.: 50 ng 
150 ng 
300 ng 
1000 ng 

18 0.064 * 0.010 0.28 2 0.02 0.18 2 0.01 

0.065 + 0.007 0.25 k 0.02 0.18 f 0.01 
0.082 2 0.019 0.28 + 0.02 0.20 2 0.01* 
0.077 f 0.011 0.33 2 0.03* 0.21 + 0.02” 
0.089 + 0.012* 0.34 r 0.02’ 0.19 + 0.04 

0.067 ” 0.010 0.27 -c 0.02 0.18 ” 0.01 
0.069 + 0.011 0.30 + 0.01* 0.20 _t 0.03 
0.081 r 0.011 0.32 + 0.02’ 0.19 r 0.02 
0.084 + 0.014 0.33 t 0.02’ 0.20 t 0.03 

0.073 t 0.008 0.27 2 0.02 0.15 2 0.02 
0.074 2 0.009 0.26 2 0.02 0.15 2 0.01 
0.071 2 0.010 0.27 f 0.03 0.13 r 0.02 
0.083 2 0.012 0.26 f 0.02 0.16 + 0.02 

The amount of the different polypeptides is given per hour/lOOg body wt; they were 
administered for 90 min. 

Mean values It SD are given in nmol/min/mg protein. 
* Difference from controls at P < 0.05 level. 

ment of bilirubin UDP-glucuronyltransfera~ activity [13]. 
The 3OOng of VIP was equal to that given in dogs to 
demonstrate a choleretic response [12]. 

In summary, UDP-glucuronyltransferase activity 
towards bilirubin and p-nitrophenol was assayed in liver 
preparations obtained from rats pretreated for 90 min with 
an intravenous infusion of saline, or of various dosages of 
glucagon, VIP or secretin. Pretreatment with glucagon (l- 

150 ~g/hr/lOO g body wt) produced a dose-related increase 
of bilirubin and p-nitrophenol glucuronidation. VIP (SO- 
1000 ng/hr/lOO g body wt) only enhanced p-nitrophenol 
glucuronidation whereas secretin (0.1-0.8 CU/hr/lOIl g 
body wt) stimulated only bilirubin glucuronyltransferase. 
These results seem a further argument in favour of a func- 
tional heterogeneity of rat liver glucuronyltransferases, and 
confirm previous observations about the effect on G.I. 

Table 2. Effect of gastrointestinat hormones on hepaticp-nitrophenol UDP-glucuronyltransferase 
(UDP-GT) 

Liver preparations 

Activated with 
digitonin UDPNAG 

N Non-activated 1.5 mg/ml 1.5 mM 

Untreated controls 
Pretreatment with: 

Glucagon: 1 &I 
25 IJg 
50 !Jg 
150 ,ug 

Secretin: 0.1 cu 
0.2 cu 
0.4 cu 
0.8 cu 

18 1.05 + 0.27 

1.37 ?z 0.20 
1.56 f 0.23 
1.62 rt 0.24* 
1.47 ” 0.17 

1.02 2 0.18 
1.00 k 0.11 
1.07 2 0.18 
0.97 2 0.14 

7.10 + 1.32 

8.73 * 0.69 
9.43 * 0.78 
9.58 -t 0.91 
10.34 5 1.53 

4 
4 
5 
5 

6.89 t 0.67 
7.22 i 0.82 
7.31 + 0.69 
6.78 t 0.45 

6.28 -c 0.68 

6.64 k 0.66 
7.32 k 0.61* 
7.83 + 0.52* 
8.49 ?z 0.59* 

6.39 ” 0.44 
6.16 + 0.52 
5.87 t 0.39 
5.69 2 0.56 

V.I.P.: 50 ng 4 0.95 * 0.17 8.91 + 0.83% 8.33 2 0.88’ 
150 ng 5 1.12 t- 0.27 10.03 k 0.91* 8.52 5 0.79% 
300 ng 5 1.22 2 0.16 11.68 2 0.89’ 9.03 2 O.Bl* 
1000 ng 3 1.35 * 0.15 11.98 f 1.09: 8.54 + 0.74* 

The amount of the polypeptides is given per hour/100 g body wt. and was administered over 
90 min. 

Mean values k SD are given in nmol/min/mg protein. 
* Difference from controls at P < 0.05 level. 
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hormones on hepatic enzymes involved in drug metabolism. 
The present data also suggest that the three polypeptides 
although belonging to the same hormone “family”, interact 
via different intracellular mediators to produce the 
observed effects on the transferases. 
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Ethanol modulation of rat alveolar macrophage superoxide production 

(Received 6 October 1987; accepted 4 March 1988) 

The production of superoxide (0;) by phagocytic cells, turnover, intracellular Ca2+ mobilization and activation of 
such as the alveolar macrophage, is involved in both bac- protein kinase C [3,4], although there is some debate about 
terial killing and inflammation [l]. Mechanisms involved which processes are necessary or sufficient [5,6]. Effects 
with the limitation of 0; production are, therefore, of of long chain alcohols on neutrophils have been reported 
interest for two reasons: excessive production of [7]; h owever, the effects of ethanol on alveolar macrophage 
extracellular 0; is potentially toxic to normal tissue; and 0; production have not been examined previously. In this 
factors that reduce the level of 0; production could reduce investigation, we explored the observations that ethanol 
antibacterial effectiveness [2]. Stimulation of 0; pro- acted both as a weak agonist for 0; production and, more 
duction has been proposed to involve phosphatidylinositol strikingly, as an inhibitor of 0, production, produced by 


