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Phenobarbital has been shown in a number 
of animal species to cause marked hypertro- 
phy of the smooth endoplasmic reticulum in 
the liver cell ( 1-3). The membrane prolifer- 
ation is associated with increased concentra- 
tion of microsomal protein (4) and with in- 
creased activity of microsomal drug- 
metabolizing enzymes (5-7). The activity of 
other microsomal enzymes, such as those in- 
volved in cholesterol synthesis from acetate 
(8) ,  are also affected by phenobarbital and 
the rate of cholesterol synthesis in liver slices 
in the hamster has been shown to be in- 
creased fourfold after phenobarbital admin- 
istration ( 3 ) .  The present study was designed 
to determine if phenobarbital also stimulates 
cholesterol synthesis in the small intestine of 
the rat, since the intestine as well as the 
liver is an important site of endogenous 
cholesterol production (9).  

Methods. Female albino rats of the Charles 
River CD strain weighing between 180-220 
g were maintained prior to study on standard 
rat chow (Ralston-Purina Co., St. Louis, 
Mo.). 

The incorporation of acetate-2-14C (New 
England Nuclear Corp., Boston, Mass.) into 
cholesterol was measured in slices prepared 
from liver and small intestine. Nine rats were 
given phenobarbital by intraperitoneal injec- 
tion (80 mg/kg body weightJday) for 5 days 
and were fasted for the final 48 hr of this 
period. Nine matched controls were treated 
in an identical manner but received intraperi- 
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toneal saline instead of phenobarbital. The 
animals were killed by cervical dislocation. A 
Stadie-Riggs microtome was used to prepare 
slices from the right lobe of the liver. The 
slices were rinsed, blotted, and weighed (ap- 
proximately 400 mg wet weight) and immedi- 
ately transferred to an incubation flask. The 
terminal 10 cm of the small intestine was 
removed, washed with cold 0.9% NaC1, 
opened longitudinally, and gently blotted. It 
was then weighed, sliced into small pieces, 
and transferred to an incubation flask. 

The effect of phenobarbital on the incorpo- 
ration of acetate-2-14C into C 0 2 ,  fatty acids, 
and cholesterol was studied at  three levels of 
the small intesthe in six rats given phenobar- 
bital (as above) and in six control animals. 
Animals were not fasted. The entire small 
intestine was removed, suspended vertically, 
and an 8-cm segment was taken from each of 
three sites-immediately distal to the liga- 
ment of Treitz (upper), mid-small intestine 
(middle), and terminal ileum (lower). Slices 
were prepared from each segment as de- 
scribed above. 

Tissue slices were added to 25-ml Erlen- 
meyer flasks containing 5 ml of Krebs-Ringer 
bicarbonate buffer (pH 7.4) gassed with 
95% 02-5% COa. The incubation fluid con- 
tained glucose 28 pmoles, sodium acetate 10 
pmoles, and acetate-2-14C 1.2 5 pmoles ( 2.5 
pCi) in 5 ml. The flasks were incubated at  
37" for 2 hr in a Dubnoff shaker. 

The incorporation of acetate-2-14C into 
CO2, fatty acids, and cholesterol was meas- 
ured by a modification (10) of the method 
described by Siperstein and Guest (11). Af- 
ter incubation the contents of each flask were 
acidified and the evolved CO, was trapped 
in hyamine (Packard 10-X) placed in the 
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center well. After dissolution of the tissue 
with alkali, total lipids were extracted by the 
method of Folch et al. ( 12). The lower phase 
was saponified and ethanol added to make a 
50% ethanolic solution. Nonsaponifiable lipid 
was extracted with hexane. The residue was 
acidified, extracted with hexane to remove 
fatty acids, and the hexane extract was back- 
washed with water. Sterols were precipitated 
from the first hexane extract as the digitonide 
( 13). Radioactivity was counted in toluene 
POPOP [4 g 2,5-diphenyloxazole and 50 mg 
p-bis ( 2-5-phenyloxazolyl) -benzene per liter 
of toluene] in a Beckman LS 250 liquid 
scintillation counter. Results were expressed 
as mpmoles of acetate incorporated into COe, 
fatty acids, and digitonin-precipitable sterols 
(DPS) /g wet weight tissue/2 hr incubation. 

Results. The rate of cholesterol synthesis 
in slices of liver and lower small intestine in 
fasting control and phenobarbital-treated rats 
is shown in Table I. Phenobarbital adminis- 
tration resulted in a highly significant in- 
crease in the rate of cholesterol synthesis in 
the lower small intestine. Cholesterogenesis 
was also increased in liver, the magnitude of 
increase in the fasting animal being compara- 
ble to that reported in the hamster (3). 

The effect of phenobarbital on COs, fatty 
acid, and cholesterol production at  three 
levels of the small intestine is shown in Table 
11. Cholesterol synthesis was 12-18 times 
more active in the terminal ileum than in the 
upper and middle small intestine, as previ- 
ously reported (14). There was a uniform 

TAGLE I. Effect of Phenobarbital on Acetate-2- 
I'C 1ncoq)oration into Cholesterol by Slices of 
Liver aiid Lower Small Intestine from Fasting 

Rats. 

Acetate incorporation into 
cholesterol (mpmoles/g wet 
weight/2 hr:  mean t SD) 

Aninids Liver Lower small intestine 

Controls (9) 15.2 e 12.7 134.8 2 76.6 
Phenobarbital- 81.5 35.9 332.9 t 86.3 

treated (9) 
Pa < O . O O l  < O . O O l  

a Determined by Student's t test. 

increase in cholesterol synthesis throughout 
the small intestine in the phenobarbital- 
treated animals, but the increase was signifi- 
cant only in middle and lower small intest- 
ine. 

Discussion. Consistent with previous obser- 
vations in the hamster (3), the rate of 
cholesterol synthesis has been shown to be 
increased in liver slices from phenobarbital- 
treated rats. The administration of phenobar- 
bital resulted also, however, in a highly sig- 
nificant increase in the rate of cholesterol 
synthesis in the small intestine. In  view of 
the fact that phenobarbital did not affect the 
intestinal incorporation of acetate into fatty 
acids, a pathway which does not appear to 
involve the endoplasmic reticulum, it is sug- 
gested that the increased cholesterogenesis 
was associated in the intestine as in the liver 
(3) with increased activity of enzymes asso- 
ciated with the smooth endoplasmic reticu- 
lum. Electron microscopic studies are being 
conducted to determine if the enhanced 
cholesterol synthesis produced by phenobar- 
bital in the intestine is associated with morph- 
ologic evidence of hypertrophy of the 
smooth endoplasmic reticulum. 

The rate of cholesterol synthesis in liver 
slices from fasting phenobarbital-treated rats 
was five times greater than in control ani- 
mals. It is of interest that this drug-enhanced 
hepatic synthesis of cholesterol in fasting 
animals did not attain the level of cholestero- 
genesis observed in liver slices of normally 
fed control rats (339.5 & 141.8 mpmoles/g/2 
hr ; unpublished observations). Thus, factors 
which control the rate of hepatic cholesterol 
production continue to operate in the 
presence of phenobarbital. The profound de- 
pression of hepatic cholesterol synthesis in 
the fasting animal, in the present study to 
less than 570 of normal, was in distinct con- 
trast to the effect of fasting on intestinal 
cholesterogenesis. Thus, in control animals, 
comparable rates of synthesis were observed 
in the lower small intestine in fasted (134.8 
mpmoles/g/2 hr, Table I )  and in unfasted 
animals (150.7 mpmoles/g/2 hr, Table 11). 
The significance of the in vitro demonstration 
of enhanced cholesterogenesis produced by 
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TABLE 11. Effect of Phenobarbital on A~etnte-2-’~C Incorporation into CO,, F a t t y  Acids, and 
Cholesterol by  Slices of Small Iiitestiiie from Noiifastiiig Rats. 

Acetate incorporation 
(inpioles/g wet weight/2 h r  : mean r+ SD) 

Segment of 
Product small intestine Control (6) Phenobarbital-treated (6)  P 

CO, Upper 
Middle 
Lower 

Fa t ty  acids Upper 
Middle 
Lowcr 

Cholesterol Upper 
Middle 
Lower 

1143 2 305 
1306 &435  
2588 & 407 

92 & 45 
171 2 67 
180 2 84 

13.1 & 3.4 
5.4 2 1.8 

150.7 -c 57.8 

1615 2 143 
3178 & 571 
5148 4 823 

80 2 32 
260 & 102 
133 & 34 

24.6 -+ 13.8 
17.4 -t- 8.6 

309.3 & 54.2 

< . O l  
<.OOl. 
<.OOl 

> .5 
> .5 
> 05 
> .05 
<.Ol 
<.OOl 

phenobarbital treatment has yet to be evalu- 
ated in vivo. 

Summary. The administration of pheno- 
barbital to rats (80 mg/kg/day for 5 days) 
was associated with an increased incorpora- 
tion of acetate into cholesterol by liver and 
small intestine in vitro. The stimulating effect 
of phenobarbital on intestinal cholestero- 
genesis has not previously been reported. I ts  
overall effect on systemic cholesterol metabo- 
lism remains to be determined. 
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