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SUMMARY

To study the effect of chronic ethanol administration on the hepatic endo-
plasmic reticulum, rough and smooth microsomal membranes were separated from
the liver of female rats pair-fed a nutritionally adequate diet with 369 of total
calories either as ethanol or carbohydrate (controls). 6 weeks of ethanol feeding in-
creased protein and phospholipid contents in smooth but not in rough microsomes.
Cytochrome P-450 also increased mainly in smooth microsomes. In controls, the
activity of the microsomal ethanol-oxidizing system was distributed about equally
among the subfractions, whereas after ethanol ieeding, it inrreased mainly in smooth
microsomes. Catalase activity after ethancl feeding did not increase; when expressed
per mg of microsomal protein, it decreased in smooth microsomes. A reduction of
dietary fat content from 35 to 109 of total calories did not influence the effect of
ethanol on the hepatic endoplasmic reticulum.

INTRODUCTION

Morphological studies of the effects of chronic ethanol administration on the
hepatic endoplasmic reticulum, especially the smooth membranes, have yielded
conflicting results. iseri ef al.l+2 reported that chronic ethanol feeding to rats results
in a proliferation of the smooth endoplasmic reticulum and this was subsequently
confirmed under a variety of conditions both in man®-3 and in rats%?. However, some
other investigators failed to observe significant changes of this organelle after ethanol
feeding®. Furthermore, Dobbins ¢ 4l.%1% using a morphometric method, reported
a 509% reduction of rough and smooth membranes after chronic ethanol administra-
tion.
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The controversy engendered by these morphologic studies prompted us to
use biochemical methods. We also wished to elucidate the submicrosomal site of the
microsomal ethanol oxidizing system and its response to ethanol feeding, as well
as the concomitant changes in microsomal cytochrome P-450.

MATERIALS AND METHODS

Animal procedures

Sprague-Dawley (CD) rats purchased from Charles River Breeding Laboratories
(Wilmington, Mass.) in groups of weanling female littermates were fed Purina
laboratory chow and tap water ad libitum until the start of the study at which time
they were housed in individual wired bottom cages.

In the first set of experiments, a group of nine pairs of female rats were pair-fed
a nutritionally adequate liquid diet as previously described!t. The regular diet
provided 359 of total calories as fat, 11 % as carbohydrate, 18 %, as protein and
36 % either as ethanol or additional carbohydrate (controls). In the second set of
experiments, five pairs of female rats were pair-fed a relatively low fat diet (109 of
total calories as fat) with 36 9 of total calories as carbohydrate, 189, as protein
and 369, either as ethanol or additional carbohydrate.

In both sets of experiments the rats were fed for a period of 6 weeks. All rats
were fasted for 18 h before sacrifice (by decapitation). The livers were immediately
perfused with ice-cold 0.25 M sucrose, quickly excised and weighed and all subsequent
steps were performed at o to 4 °C. Liver homogenates were obtained with 3 vol. of
0.25 M sucrose using a glass homogenizer with a teflon pestle. The homogenates were
centrifuged at 12000 X g for zo min in a Sorvall RC2B refrigerated centrifuge. The
supernatant fraction (‘12000 X g supernate’’) was mixed with CsCl to a final con-
centration of 15 mM. Total microsomes were obtained by centrifugation of the
“12000 X g supernate-15 mM CsCl”’ in a No. 50 titanium rotor at 105000 X g for
9o min and the pellet resuspended in 0.25 M sucrose.

Separation of rough and smooth microsomes of the liver

The rough and smooth microsomes were isolated according to Bergstrand and
Dallner'?: the “12000 X g supernate-15 mM CsCl” was layered over 1.3 M sucrose—~
15 mM CsCl and centrifuged in a No. 42.2 rotor at 105000 X g for 120 min; the clear
upper phase above the fluffy double layer was discarded. The entire fluffy double layer
together with a small amount of the 1.3 M sucrose solution was collected, diluted
with both 0.25 M sucrose and distilled water in order to achieve a concentration
of 0.25 M sucrose and then recentrifuged at 105000 X g for go min to obtain the
smooth microsomes. The rough microsomes were obtained from the pellet formed by
the first ultracentrifugation. The intermediate phase!? between the fluffy double
layer and the pellet was collected and subjected to biochemical analyses.

Recovery of microsomal preparations

Hepatic cytochrome P-450 content was determined in whole homogenates
and in microsomal suspensions and the microsomal recovery was calculated according
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to Greim!3. Recovery of total microsomes was similar in ethanol-fed rats and controls
(3T + 4% vs 52 + 3% in rats fed the 35% fat diet; and 59 + 4% vs 54 + 4% in
rats fed the 1o 9% fat diet). Losses were found to be mostly due to sedimentation
during the preliminary 1zoo0o X g centrifugation. The values of rough and smooth
microsomes were corrected for their losses into the intermediate phase by the following
equation: : ' , , S

Rx+Sy=1I (1)

x+y=I (2)
where R, S and I are the respective RNA/protein ratios in each rough, smooth
and intermediate fraction. x and y are the fraction of the total microsomal protein

_of the intermediate phase present as rough and smooth microsomes, respectively.

Enzyme assays

Ethanol oxidation in total microsomes and subfractions was measured as
previously described! with the following modifications: aliquots of the microsomal
suspension were incubated at 37 °C in a medium containing (per ml) 0.35 pmole
of NADP, 6 umoles of MgCl, 9 umoles of sodium isocitrate, 2z gmoles of nicotin-
amide, 2.2 mg of isocitrate dehydrogenase (crude type I: Sigma Chemical Company,
St. Louis, Mo.) and 8o umoles of phosphate buffer (pH 7.4). Stoppered serum vials
were preincubated for 5 min and the reaction started by addition of sthanol at a final
concentration of 50 mM in a total incubation volume of 0.7 ml containing 2 mg of
microsomal protein. The reaction was stopped with 5% ZnSO4 (0.1 ml) and the vial
immediately chilled on ice. Then 0.15 M Ba(OH), (0.1 ml) and isopropanol (0.7 mg)
were added and centrifuged at 5000 x g for 10 min at 2 °C. The supernatant fraction
was used for acetaldehyde determination according to Roach and Creaven!® with
the following modifications: a Model 402 high efficiency gas chromatograph (Hewlett-
Packard, Avondale, Pa.) with a flame ionization detector was used and helium gas
served as the carrier gas at a flow rate of 100 ml/min. Flow rates of air and hydrogen
were 300 and 37 ml/min, respectively. The temperatures were 100 °C for the column,
125 °C for the flash heater and 135 °C for the detector. A 6-ft U-shaped glass column
(0.25 inch internal diameter) packed with Porapak Q (5¢/%0 mesh, Hewlett Packard)
was conditioned by heating for 18 h at 110 °C with carrier gas fiow. Glass wool was
packed at the injection port of the column and changed at regular intervzis according
to Majchrowicz ¢t al.X6, 2-3 ul of the supernate were injected into the column. The
peak area was measured by a Model 3370 A Integrator (Hewlett-Packard). Catalase
activity was measured spectrophotometrically according to Liick’.

Chemical analyses

Cytochrome P-450 was assessed according to Omura and Sato®® using an
Aminco-Chance (American Instrument Company, Silver Spring, Md.) dual wave-
length split-beam spectrophotometer in the split-beam mode. Protein was determined
according to Lowry et al.* and phospholipids by the method of Bartlett®. RNA was
extracted as described by Dallner ¢f al.2! and determined by the orcinol reaction?®.
In all experiments, each individual result was compared with its control. The in-
dividual differences were analyzed by the Student ¢ test?? for pairs.
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RESULTS

Effect of chronic ethanol administration with a regular fat containing diet on the bio-
chemical composition and enzyme activities of rough and smooth microsomal membranss
of the liver R o
After 6 weeks of ethanol feeding, a significant increase in microsomal protein
was observed in smooth microsomes whereas a significant decrease was found in
rough micsosomes (Table I). Total microsomal protein was slightly but not significant-

TABLE I

EFFECT OF THE FEEDING OF ETHANOL AND A REGULAR FAT-CONTAINING DIET ON THE BIOCHEMICAL
COMPOSITION OF ROUGH AND SMOOTH MICROSOMAL MEMBRANMNES OF THE LIVER

Female rats were pair-fed liquid diets with 35 9 of totai culories as fat, 189, as protein, 119, as
carbohydrate and 36 9, as ethanol or additional carbohydrate for 6 weeks. Each value represents
the mean -+ S.E. obtained from g animals.

Total microsomes  Rough microsomes  Smooth micyvosomes

Protein
mg/g liver Control 29.4 =+ 1.5 17.3 +o0.5 13.4 £o0.7
Ethanol 31.3 + 1.7 14.8 4 0.5 16.1 + 1.1
Phospholipids
mg/g liver Control 10.7 + 0.7, 5.5 + 0.2 50 + 0.3
Ethanol 12.4 + 0.7 5.1 4 0.3 6.6 4 o.1
mg/mg protein Control 0.36 + o0.01 0.32 4 0.01 0.37 £ 0.01
Ethanol 0.40 4+ o.01” 0.34 4 0.01 0.41 + 0.01
RNA
mg/g liver Control 6.10 + 0.23 5.31 + 0.14 1.00 4 0.07
Ethanol 5.85 + 0.31 4.56 + 0.33"" L.II + 0.17
mg/mg protein Control 0.2I 4 0.01I 0.3I + 0.0I 0.07 + 0.003
Ethanol 0.i9 + 0.01 0.31 &+ 0.01 0.07 4 0.007

(P < 0.05) compared to respective controls.

** (P < o.01) compared to respective controls.

ly higher than in controls. The phospholipid content significantly increased in total
microsomes and in smooth microsomes but not in the rough fraction. The RNA
content of rough microsomes decreased significantly after ethanol feeding and re-
mained unchanged in total and smooth microsomes; the RNA : protein ratio remained
unchanged in all of the subfractions after ethanol. In controls, the rough microsomes
accounted for 56 % of the microsomal proteins and the smeoth microsomes for 44 9%,.
The phospholipids were distributed about equally between rough and smooth micro-
somes. RNA was mostly found in rough microsomes whether expressed per g of liver
or per mg of microsomal protein. In the control livers, 60% of microsomal cyto-
chrome P-450 content and activity of the microsomal ethanol oxidizing system was
recovered from the rough microsomes and 40 % from the smooth when expressed
per g of liver \Table 1I); when expressed per mg of microsomal protein, there were no
significant differences between the fractions.

Ethanol feeding for 6 weeks resulted in an increase in cytochrome P-450 in
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TABLE 1I

EFFECT OF THE FEEDING OF ETHANOL AND A REGULAR FAT-CONTAINING DIET ON: CYTOCHROME P-450
AND THE ACTIVITIES OF THE MICROSOMAL ETHANOL-OXIDIZING SYSTEM: AND ‘OF CATALASE IN ROUGH
AND SMOOTH MICROSOMAL MEMBRANES OF THE LIVER

Female rats were pair-fed liquid diets as described in Ta.ble I. Each va.lue tepresents the mean
+ 8. E ‘obtained from g a.mmals

Total microsomes Rough micyosomes Swmooth microsomes

Cytochrome P-450

nmoles/g liver Control 17.45 -+ o. 95 9.99 -} 0.58 6.15 - 0.39
Ethanol 2570 - 1.53"*" 10.92 - 0.61 13.57 - 1.83"

nmoles/mg protein Control 0.594 - 0.028 0.577 4 0.031 0.460 - 0.028
Ethanol 0.821 4 0.038"* 0.738 + 0.031" 0.843 + 0.067*"

Microsomal ethanol-oxidizing system
{nmoles ethanol per min)

per g liver Control 145.7 + 7.0 87.5 4 7.0 62.8 4 5.4
Ethanol 218.2 - 10.0™" 82.5 - 6.2 11y -+ 13.7"

per mg protein Control 495 + 0.34 5.06 4-0.42 4.68 4 0.58
Ethanol 7.00 4+ 0.28*"* 5.57 -+ 0.39 6.04 = 0.64"

Catalase

units/g liver Control 134.7 =+ 15.4 101.7 + 8.5 41.0 4 4.0
Ethanol 135.7 =+ 13.5 105.2 4+ 15.0 39.8 + 5.5

units/mg protein Control 4.58 + o0.60 5.88 4+ o.59 3.10 4+ 0.13
Ethanol 4-34 = 0.49 7.08 + 0.75 2.47 + 0.25"

* (P < o.01) compared to respective controls.
* (P < o.001) compared to respective controls.

total microsomes whether expressed per g of liver or mg of microsomal protein, this
increase occurred predominantly in smooth microsomes when expressed per g of
liver (Table II) and the increase was significant in both subfractions when expressed
per mg of microsomal protein.

6 weeks of ethanol administration significantly enhanced the activity of the
micrusomal ethanol-oxidizing system in total microsomes as shown in Table II,
and this was almost entireiy due to the increase in smooth microsomes whether ex-
pressed per g of liver or mg of microsomal protein. Catalase activity of total micro-
somes did not increase following chronic ethanol administration. In controls, catalase
activity was two times higher in rough than in smooth microsomes (Table II). This
relation remained unchanged after chronic ethanc! feeding except for a significant
decrease in catalase activity in smooth microsomes when expressed per mg of micro-
somal protein.

Effect of the feeding of ethanol and a 10%, fat diet on the biochemical composition and
enzyme activities of rough and smooth microsomal membranes of the liver

After 6 weeks of feeding of a low fat (109%) diet with ethanol, no significant
changes were observed in protein content of total and rough microsomes (Table III).
‘There was, however, a significant increase in the protein content in smooth micro-
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EFFECT OF THE FEEDING OF ETHANOL AND A LOW FAT DIET ON THE BIOCHEMICAL COMPOSITION OF
ROUGH AND SMOOTH MICROSOMAL MEMBRANES OF THE LIVER .

Females rats were pair-fed liquid diets with 109, of total calorxes as fat, 189 as protein, 369, as
carbohydrate and 369, as ethanol or additional carbohydrate for 6 weeks. Each value represents
the mean 4 S.E. obtained from 5 animals.

Total microsomes

Rough microsomes

Swmooth microsome s

Pyotein
mg/g liver

Phospholipids
mg/g liver

mg/mg protein

RNA
mg/g liver

mg/mg protein

Control
Ethanol

Control
Ethanol
Control
Ethanol
Control
Ethanol

Control
Ethanol

36.2 1 2.2
39.9 + 4.2

1.1 + 1.0
13.4 + 1.2
0.31 4 0.02
0.34 + 0.03
6.26 + 0.38
6.43 4- 0.51

0.17 4- 0.003
0.16 4 0.003

20.0 + 1.2
20.1 + 2.2

5.8 4+ 0.3
6.0 4+ 0.5

0.29 + 0.0%
0.30 + 0.02

5.63 + 0.42
5.27 045

0.28 + o0.01
0.26 + 0.01

45 03
69 + 0.6
0.33 + 0.02
0.38 + 0.03"

0.90 + 0.00
1.24 + 0.21

0.07 + 0.006
0.07 4 0.008

* (P < 0.05) compared to respective controls.

TABLE 1V

EFFECT OF THE FEEDING OF ETHANOL AND A LOW FAT DIET ON CYTOCHROME P-450 AND THE
ACTIVITY OF MICROSOMAL ETHANOL-OXIDIZING SYSTEM IN ROUGH AND SMOOTH MICROSOMAL MEM-
BRANES OF THE LIVER

Female rats were pair-fed liquid diets as described in Table III. Each value represents the mean
+ S.E., obtained from 5 animals.

Total micyosomes Rough microsomes  Smooth microsomes

Cytochrome P-450

nmoles/g liver Control 16.53 + 0.92 9.87 4+ 0.36 480 + o0.69
Ethanol  24.12 + 1.78" 11.09 -+ 0.70 10.42 + o0.g6"
nmoles/mg protein Control 0.457 = o0.017 0.491 4 0.027 0.357 + 0.025
Ethanol 0.605 + 0.040**  0.552 + o0.041 0.580 + 0.029™"
Micvosomal ethanol-oxidizing system
(nmoles ethanol per min)
per g liver Control 150.06 4 12.66 95.03 + B8.35 5347 £ 3. 38
Ethanol  232.94 + 31.22" 105.06 + 12.60 104.79 + 14.66"
per mg protein Control 4.15 + 0.43 4.75 = 0.49 3.90 & 0.26
Ethanol 5.84 + 0.38*** 5.23 + 0.24 5.82 4 o0.20*"

*: (P < 0.05) compared to respective controls.
(P < o.01) compared to respective controls.

*** (P < 0.001) compared to respective controls.
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somes. The phospholipid content also increased significantly in smooth microsomes
(but not in total and rough microsomes) whether expressed per g of liver or mg of
microsomal protein. The RNA content expressed per g of liver or mg of microsomal
protein did not change in any fraction.

6 weeks of feeding of ethanol with a low fat diet increased the cytochrome
P-450 content per g of liver in total microsomes as well as in smooth microsomes
(Table IV). The effect was similar to that achieved by ethanol and a regular fat diet
(Table 11). When expressed per mg of microsomal protein, the cytochrome P-450
content was also increased in total and smooth microsomes but to a lesser extent than
in rats fed ethanol and a regular fat diet. Activity of the microsomal ethanol-oxidizing
system after feeding ethanol and a low fat diet increased in total microsomes as well
as in the smooth fraction whether expressed per g of liver or mg of microsomal
protein. The changes were similar to those achieved after ethanol and a regular fat
diet (Table II).

DISCUSSION

The present study substantiates and quantitates, by biochemical means, the
increase in hepatic smooth endoplasmic reticulum and the decrease in rough endo-
plasmic reticulum following chronic ethanol administration previously reported by
electron microscopy?-7. The smooth microsomal membranes consist mainly of phos-
pholipids and proteins®* and both increased in the hepatic smecoth microsomal
fraction of rats fed ethanol with adequate fat-containing diets. The reduction in
protein and RNA content of rough microsomes found in this investigation is in
agreement with the decrease in rough endoplasinic reticulum observed in some
electron microscopic studies? 3. Other electron microscopic studies, however, yielded
different findings. Thorpe ¢f 4l.8 observed no change in smooth endoplasmic reticulum
after ethanol and Dobbins ¢f a/.%:1° reported, with a morphometric method, a decrease
in the surface area of both rough and smooth membranes after ethanol. In both these
studies ethanol was added to the drinking water. This technique results in a limited
alcohol intake insufficient to produce a fatty liver in the presence of an adequate
diet?, Indeed, Thorpe et al.8 reported no alteration in the hepatic lipid content in
their study. Since the effects of ethanol on the endoplasmic reticulum could conceiv-
ably be affected by dietary fat, we decreased the fat content of thz diet to 109
of total calories. However, ethanol still increased the mass of hepazic micr-somal
membranes (Table III) and this was associated with a rise in cytochrome P-450
content and activity of the microsomal ethanol-oxidizing system (Table IV). Similar
results were observed in a more recent study with an ethanol diet containing only
5% of total calories as fat?. The fat content of the diet used by Dobbins ¢f a/.!® was
approximately 7.5 %, of total calories. Dobbins and Fallon® also found an increase
in microsomal phospholipid per mg protein. It is difficult to reconcile their chemical
findings with their morphologic observation of a decrease in endoplasmic reticulum.
One possible explanation for this discrepancy may reside in the method used for
morphometry?”: the surface area of the endoplasmic reticulum was calculated by
counting the intersection of test lines (grids) with endoplasmic reticular membranes.
This fails to fully take into account differences in shape and thickness of the mem-
branes.
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The mechanism whereby ethanol increases the smooth membranes is not known.
Tobon and Mezey® have reported that ethanol feeding decreases the rate of degrada-
tion of microsomal protein without changing the rate of incorporation of [“C]leucine
into microsomal protein. On the other hand, Kuriyama ef ai.?® found a stimulation
of protein synthesis in ribosomes after chronic ethanol feeding. By contrast, acute
ethanol administration?3? as well as the perfusion of isolated liver with ethanol’!
depressed protein synthesis.

Since our study reveals that the increase in smooth endoplasmic reticulum is
associated with a decrease in the rough membranes, one must consider the possibility
that the increase in the smooth fraction may result merely from the detachment of
ribosomes from the rough membranes. However, it is unlikely that this fully accounts
for our results since we also found a preferential increase in the content of cytochrome
P-450 and activity of the microsomal ethanol-oxidizing system in smooth micro-
somes. Furthermore, the ratio of RNA over protein in microsomal subfractions
remained unchanged after ethanol. A significant ribosomal detachment due to ethanol
should have resulted in a contamination of the smooth fraction by free ribcsomes
with a corresponding increase in the RNA : protein ratio!2,32,

Drugs other than ethanol, such as phenobarbital, also produce an increase in
microsomal protein content and in the activity of hepatic microsomal enzymes both
in smooth and rough microsomal fractions with a predominance of the effect in the
smooth membranes33.34, This agrees with the morphologic observations of the
proliferation of the smooth endoplasmic reticulum?.35, However, in contrast to
ethanol, phenobarbital was reported to produce no appreciable morphological
changes in the rough endoplasmic reticulum33.%, On the other hand, a wide variety
of hepatotoxic and carcinogenic compounds such as ethionine® and 3’-methyl-4-
dimethylaminoazobenzene®, increases the smooth microsomal membranes and
produces a loss of parallel arrays of the rough membranes and swelling of the mito-
chondria®*. These changes of the hepatic organelles resemble those produced by
ethanol which, in that respect, can be considered to exert a hepatotoxic effect.

Drug-induced hypertrophy of smooth endoplasmic reticulum is generally
accompanied by an increase in cytochrome P-450 and hepatic microsomal drug-
metabolizing enzymes®. Similarly, ethanol administraticn has been found to increase
the activity of drug-metabolizing enzymes®: ¥, cytochrome P-450 content® and activity
of the microsomal ethanol-oxidizing system4. The data in Table II indicate that the
ethanol-induced increase in cytochrome P-450 content and activity of the microsomal
ethanol-oxidizing system occurred preferentially in smooth microsomes, In view of
the recent suggestion that catalase may be involved in microsomal oxidation of
ethanol*'~%3, the activity of this enzyme was determined. Although some minor
role of catalase for microsomal oxidation of ethanol cannot be ruled out on the basis
of the present study, a rate-limiting function of catalase is unlikely in view of the
lack of parallelism between microsomal ethanol oxidation and catalase activity in
the smooth microsomal fraction after ethanol feeding. Indeed, the increase in ethanol
oxidation in the smooth fraction was accompanied by a significant decrease in catalase
activity when expressed per mg of microsomal protein. Studies of the effects of
catalase inhibitors on microsomal ethanol oxidation have yielded conflicting inter-
pretations, ranging from a clear-cut differentiation of the activity of the microsomal
ethanol oxidation from catalase to the opinion that ethanol oxidation reflects
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contaminating catalase?-%. However, more recent studies*,% have succeeded in
separating the activity of the microsomal ethanol-oxidizing system from that of
catalase by column chromatography.
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