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UDP-glucuronosyltransferase purified to apparent homo- 
geneity is not merely an artifact due to the isolation pro- 
cedure but reflects the enzyme defect in vivo. 
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Inhibition of hepatic lipid biosynthesis by l-(3-chlorophenyl)-l-methyl-2-phenyl-2- 
(2-pyridine) ethanol, a hypocholesterolernic agent 

(Received 21 January 1980; accepted 17 June 1980) 

A large number of derivatives of generic structure I [2-(2- 
pyridine)-1,2-diarylalkanols] were prepared by Burckhalter 
et al. [1] as potential hypocholesterolemic agents having 
minimal estrogenicity. 

~ R2 

R~ ~ I 

Several of the compounds exhibited significant serum cho- 
lesterol-lowering activity in rats with only slight estrogenic 
effect. Compound 1 (RI = CH3, R2 = H, and R 3 = 
m-Cl) [ 1 -(3-chlorophenyl)-l-methyl-2-phenyl-2-(2-pyri- 
dine) ethanol] was selected from a series of the 133 deriva- 
tives for study of its hypocholesterolemic effect in humans. 
Although the compound was non-toxic and was found to 
lower serum cholesterol levels in rats, it had no hypocho- 

lesterolemic effect in humans or in monkeys [1]. To under- 
stand why compound 1 was active in rats, the present 
investigation was initiated. The results suggest that this 
compound, or a metabolite(s), lowers serum cholesterol 
levels by inhibiting hepatic lipid biosynthesis. 

Male Sprague-Dawley rats weighing 150-180 g were used 
for all experiments. Rats were housed two per cage, with 
Purina Rat Chow and water available ad lib. Compound 
1 was suspended in 0.5% (w/v) sodium carboxy methyl 
cellulose (CMC) by mixing in a glass mortar. The suspen- 
sion was administered to experimental animals (four or five 
rats) at 25 mg. kg -1- day -t  by gastric intubation once a day 
in the morning for 4 days. Control animals (four or five 
rats) received equivalent volumes of 0.5% CMC. Animals 

14 were weighed daily. On the morning of day 5, [2- C]acetate 
(10/uCi/100 g body wt in 0.5 ml saline) was injected intra- 
peritioneally into both control and experimental animals. 
Exactly 1 hr after the injection of radioactive precursor, 
blood was collected by cardiac puncture into a test tube 
containing heparin sodium (100 units). Animals were under 
light ether anesthesia. The livers were then removed, 
washed twice with ice-cold saline, and homogenized in 
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2~01. of isotonic KC1 with a Super Dispax Tissumizer 
(Tekmar, Cincinnati, OH). 

Total plasma cholesterol levels were determined using 
the method of Franey and Amador [2]. Lipids of both liver 
and blood plasma were extracted with CHC13-MeOH (2: 1, 
v/v), followed by a washing procedure with saline according 
to the method of Folch et nl. [3]. The crude lipid extract 
was then fractionated into each lipid class by thin-layer 
chromatography using silica gel G or H plates (Prekotes, 
Applied Science Laboratories, State College, PA). Plates 
were developed with a system of either hexane-diethyl 
ether-acetic acid (90 : 10: 1, by vol.) [4] or isopropyl ether- 
acetic acid (96:4, v/v), followed by light petroleum-ethyl 
ether-acetic acid (90 : 10: 1, by vol.) [S]. Lipid bands on the 
plate were detected by iodine vapor and scraped from the 
plate after brown colors had faded. Silica gel was extracted 
three times with either CHQ-MeOH, 2: 1 (for neutral 
lipids) or CHCl,MeOH-acetic acid-water, 50 : 39 : 1: 10 
(for phospholipids). After evaporation of the solvents, free 
and esterified cholesterol (Ch and ChE), triglyceride (TG), 
free fatty acids (FFA) and phospholipid (PL) were deter- 
mined with slight modifications using the methods of Franey 
and Amador [2], Hanahan and Olley [6], Duncombe [7] 
and Rouser ef al. [8] respectively. Radioactivity was deter- 
mined in a Beckman model LS 200 liquid scintillation 
spectrometer using 15 ml of toluene-EtOH, 7:3 (v/v) with 
0.4% (w/v) PPO and 0.01% (w/v) POPOP for lipid soluble 
materials.* Recovery of label from thin-layer plates ranged 
from 84 to 92 per cent. To determine the radioactivity in 
whole liver homogenates or blood plasma, 0.1 ml of each 
was solubilized in 10 ml Protosol (New England Nuclear, 
Boston, MA) by standing at ambient temperature overnight 
and then counting in the toluene-EtOH scintillation fluid 
described above. Counting efficiency in all studies was 
determined by the external standard method. Statistical 
significance of results was estimated by Student’s r-test. 

Animals treated with 25 mg. kg-‘. day-’ of compound 1 
for 4 days showed the expected [l, 91 decrease in plasma 
total cholesterol concentrations. In these experiments, 
levels declined to 74 per cent of control values (Table 1). 
The animals also. showed a very slight decline in body 
weight gain (Table 1). 

The incorporation of [14C]acetate into plasma and liver 
also was measured in these experiments. Labeled acetate 
was injected intraperitoneally 1 hr before the animals were 
killed and 24 hr after the final dose of compound 1. As 
shown in Table 1, there was no significant difference 
between the two groups of animals in carbon-14 labeling 

* PPO = 2,5-diphenyloxazole; POPOP = 1,4-bis-[2-(4- 
methyl-5-phenyloxazoIyl)]benzene. 

of either liver homogenate or blood plasma. These results 
indicate that neither uptake by liver nor distribution of 
injected [14C]acetate was affected by the pretreatment of 
rats with compound 1. 

In contrast, the radioactivity detected in the total lipid 
extract of the plasma and liver specimens was much lower 
in the compound l-treated group than in the control group 
of rats (Table 2). In plasma, radioactivity in the total lipid 
extract represented 3.6 f 0.8 per cent of the radioactivity 
in unfractionated plasma from control animals, but was 
reduced to 2.5 ? 0.7 per cent in treated animals (P < 0.05). 
Similarly, the fraction of [14C]acetate incorporated into the 
lipid fraction of liver from control animals was 19.0 + 1.6 
per cent of total incorporation compared to 13.7 ? 1.6 per 
cent for treated animals (P < 0.001). Thus, the adminis- 
tration of compound 1 to rats inhibited acetate incorpor- 
ation into lipids in both plasma and liver by almost the 
same extent (approximately 70 per cent of control) as it 
caused the depression of plasma cholesterol (Table 1). 

Table 2 also shows the distribution of radioactivity among 
individual lipid classes in both liver and blood plasma. The 
incorporation of [14C]acetate into not only cholesterol and 
cholesterol ester but also into all other lipid classes, such 
as phospholipid, free fatty acid + diglyceride and triglycer- 
ide, was depressed by compound 1 administration. These 
results suggest that compound 1 or its metabolite(s) could 
not be an inhibitor of a single lipid biosynthetic pathway. 

To elucidate the site of inhibitory action of compound 
1 on [14C]acetate incorporation into glycerolipids (Table 
2), both phospholipid and triglyceride fractions from the 
liver specimens were hydrolyzed to glycerol plus free fatty 
acids. Radioactivity in each fraction was determined. In 
phospholipids, the amount of label incorporated into the 
fatty acid moieties was 92.3 ?Z 3.8 per cent for the samples 
from the five control rats compared to 79.9 _’ 7.9 per cent 
for samples from the five treated rats. Combining these 
data with the corresponding total dpm incorporated into 
phospholipids (Table 2), it was calculated that there was 
a 40 per cent inhibition of [14C]acetate incorporation into 
the fatty acid moieties in the compound l-treated animals. 
In contrast, the incorporation of [14C]acetate into the gly- 
cerol-3-phosphate moiety increased by 80 per cent in the 
compound l-treated animals. Likewise in triglycerides, 
69.3 t 4.2 per cent of the label was found in the fatty acid 
moieties from control animals compared to 60.5 ? 5.1 per 
cent from treated animals. These figures represent a 21 per 
cent reduction in the [ 14C]acetate labeling of the fatty acids 
and a 16 per cent increase in the labeling of the glycerol 
moiety. Apparently, the inhibition of fatty acid synthesis 
(Table 2 and above) by compound 1 caused an increased 
availability of [‘4C]acetyl CoA for the tricarboxylic acid 

Table 1. Compound 1 pretreatment of rats* 

[2-14C]Acetate incorporation into 
Body Plasma Liver 

Animal wt cholesterol Liver Plasma 
group (8) (mg/dl) (“g; (dpmjmg) ([dpm/ml] x 10m3) 

Control 181 2 3t 72 ? 5 8.0 f 0.5 181 ? 18 72 -t 6 
Treated 172 t 4$ 53 ” 71 7.5 * 0.5 189 ? 30 68 * 15 
% Control/( 95 74 94 104 94 

* Groups of five rats each received vehicle alone or 25 mg.kg-“day-’ of compound 1 for 4 
consecutive days. Twenty-five hours after the last dose and 1 hr after the administration of [2- 
14C 1 acetate (100 &i/kg), blood was collected by cardiac puncture, and livers were excised. Variables 
were measured as described in the text. 

t Means from five replicate observations or assays expressed 2 S.D. 
$ Value from testing the identity of data from control and treated animals by Student’s t-test, P < 

0.01. 
I P < 0.005. 
(1 Treated value as per cent of control value. 
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Table 2. Effect of compound 1 on the incorporation of [14C]acetate into lipids from plasma and liver* 

3209 

Plasma lipid.fraction (dpm/ml plasma) 

Free fatty acids 
Animal Total lipid + Free Esterified 
group extract Phospholipids diglycerides Triglycerides cholesterol cholesterol 

Control 2610 ± 650 286 - 60 102 ± 29 1354 ± 470 367 ± 113 195 ± 60 
Treated 1780 ± 860 205 ± 59t 77 --- 23 949 ± 700 202 ± 66t 130 ± 60t 
% Control 68 72 76 70 55 67 

Liver lipid fraction (dpm/mg liver) 

Control 34 --- 5 14.2 ± 2.4 0.49 ± 0.24 7.9 ± 0.78 3.3 ± 1.1 0.44 ± 0.24 
Treated 26 ± 45 9.9 -±- 1.83 0.27 ± 0.03 7.1 ± 0.85 2.3 ± 0.9 0.29 + 0.09 
% Control 76 70 55 90 70 66 

* Plasma and liver specimens from control and treated rats described in Table 1 were extracted and 
separated into the selected lipid fractions. Separation techniques and measurement of incorporated label 
were performed as described in the text. Data are presented as detailed in the legend to Table 1. 

t P < 0.05. 
P < 0 . 0 1 .  

§ P < 0.005. 

Table 3. Effect of compound 1 on lipid composition of plasma and liver* 

Liver lipid fraction (mg/g liver) 

Animal Total Free fatty Free Esterified 
group lipidst Phospholipids acids Triglycerides cholesterol cholesterol 

Control 38.6 +_ 2.0 30.6 ± 1,4 0.16 ± 0.06 5.14 ± 0.60 1.76 ± 0.29 0.94 ± 0.12 
Treated 42.2 --- 2.0:~ 33.4 --- 1.8§ 0.15 ± 0.02 5.82 ± 1.10 1.76 ± 0.29 1.12 ± 0.1111 
% Control 109 109 93 113 100 120 

Plasma lipid fraction (mg/ml plasma) 

Control 1.54 ± 0.13 0.38 ± 0.06 0.70 ± 0.10 0.72 ± 0.05¶ 
Treated** 1.34 ± 0.081] 0.35 ± 0.10 0.66 ± 0.15 0.53 ± 0.07§,¶ 
% Control 87 92 94 74 

* Plasma and liver specimens from control and treated rats described in Table 1 were extracted, separated into the 
selected lipid fractions, and assayed as described in the text. Data are presented as detailed in the legend to Table 1. 

t Sum of the next five columns. 
$ P < 0.01. 
§ P < 0.005. 
11 P < 0.05. 
¶ Assay for free plus esterified cholesterol. 
** Specimens available from only four rats. 

cycle and other pathways leading to an increased labeling 
of the glycerol moiety of these glycerolipids. In a similar 
vein, an increase in the biosynthesis of CoA has been 
observed in the liver of rats treated with the hypolipidemic 
drug clofibrate [10]. 

In comparison to the inhibition of [14C]acetate incor- 
poration into fatty acids and cholesterol, the lipid content 
of the liver increased slightly in compound 1-treated rats 
owing to an increase in phospholipids. There also was a 
small but statistically significant increase in cholesterol 
esters (Table 3). In contrast, plasma specimens from treated 
animals had lower levels of both total cholesterol and 
phospholipids. The fact that both phospholipids and cho- 

* Present address: Medical Research Institute, Tokyo 
Medical and Dental University, No. 3--10, 2-Chome, Kan- 
dasurugadai, Chiyoda-Ku, Tokyo 101, Japan. 

t To whom correspondence should be addressed at The 
University of Michigan. 

lesterol esters accumulated slightly in liver suggests that 
compound 1 also has a minor inhibitory action on lipopro- 
tein formation in liver or its release into plasma. 

From these studies, we have concluded that the serum 
cholesterol-lowering activity of compound 1 in rats was a 
result of inhibition of hepatic fatty acid and cholesterol 
biosynthesis. The inhibitory activities occurred at a step 
subsequent to the formation of acetyl CoA. 
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The effect of ethanol on glycyl-prolyl dipeptidyl-aminopeptidase activity in the rat 
pancreas and liver 

(Received 24 March 1980; accepted 4 July 1980) 

It is well documented that chronic pancreatitis is frequently 
associated with ethanol abuse. However, the pathogenetic 
mechanism whereby excessive intake of ethanol results in 
the injury of pancreas, eventually leading to pancreatic 
fibrosis, remains yet to be elucidated [1]. 

Attention has recently been given to the role of X-prolyl 
dipeptidyl-aminopeptidase, particularly of glycyl-prolyl 
dipeptidyl-aminopeptidase which is mainly localized in the 
microsomal fraction of the cell [2], in a series of patho- 
physiological states concerning collagen metabolism [3, 4]. 
The present experiment was designed to investigate the 
change of glycyl-prolyl dipeptidyl-aminopeptidase activity 
in the rat pancreas and liver under the condition of chronic 
ethanol feeding with a nutritionally adequate liquid diet. 

A total of 17 male Wistar rats, with an average body 
weight of 214 g at the beginning of the experiment, were 
divided into two groups. All animals received the liquid 
diet (Oriental Kobo Co., Tokyo, Japan) according to 
DeCarli and Lieber [5] for 4 weeks. The diet supplies 18 
per cent of the total calories as piotein, 35 per cent as lipid, 
11 per cent as carbohydrate and 36 per cent either as 
additional carbohydrate (Control group) or as isocaloric 
ethanol (Ethanol group). 

At the end of the experiment, two pairs of animals were 
killed by exsanguination from the abdominal aorta after 
an overnight fast. The pancreas and liver were immediately 
removed, homogenized in 10 vol. 0.25 M sucrose and cen- 
trifuged at 15,000g for 15min. the supernatant of the 
homogenate and the serum were taken for enzyme assay. 
Glycyl-prolyl dipeptidyl-aminopeptidase activity was 
determined by the method of Nagatsu et al. [4], using 
glycylproline p-nitroanilide (Protein Research Foundation, 
Osaka, Japan) as substrate. Amylase activity was measured 
with Phadebas amylase test (Pharmacia, Sweden). Both 
enzymatic activities have been known not to be inhibited 
in sucrose solution [2, 6]. 

As expressed in Table 1, amylase activities both in serum 
and pancreas homogenate were significantly lower in the 
ethanol group than in the control group. Sardesai and 
Orten [7] have demonstrated a decrease in protein synthesis 
by the pancreas after chronic ethanol consumption in rats, 
although under the short-term administration of ethanol 
the incorporation of labelled amino acid into various sub- 
cellular fractions of the pancreas remained unchanged [8]. 
The present study revealed that amylase activities in pan- 
creas and serum were significantly decreased after 4 weeks 

of ethanol feeding, indicating a disturbed synthesis of pan- 
creatic enzyme. 

The pancreatic content of glycyl-prolyi dipeptidyl-ami- 
nopel~itl~se, on the other hand, was markedly elevated 
after ethanol treatment, whereas activity of the enzyme in 
either serum or liver tissue remained unaffected (Table 1). 
Figure 1 shows the relationship between amylase and 
glycyl-prolyl dipeptidyl-aminopeptidase activities in the 
pancreas. There was a significant (P < 0.01) inverse cor- 
relation. The rise of pancreatic glycyi-prolyl dipeptidyl- 
aminopeptidase activity, therefore, seemed to reflect the 
process linked closely with acinar impairment. 

Glycyl-prolyl dipeptidyl-aminopeptidase is regarded as 
a kind of collagen-peptidase, presumably participating in 
collagen degradation, since it preferentially liberates dipep- 
tide-fragment glycylproline which is contained abundantly 
in collagen molecule [4]. A rise of its activity, in fact, has 
been reported in the experimental granuloma, where col- 
lagen turns over rapidly [3]. The findings obtained here, 
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Fig. 1. Relationship between glycyl-prolyl dipeptidyl-ami- 
nopeptidase and amylase activities in pancreas. C): Control; 

O: ethanol, r = -0.73. P < 0.01. y = -0.92 x + 447. 


