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SUMMARY Fatty liver induced by acute intoxication was 
studied chemically, histologically, and electron microscopically 
in rats. Six hours after administration of ethanol and corn oil, 
hepatic lipids (mainly triglycerides) had increased by 32%. 
Electron microscopy revealed concurrent marked accumula- 
tion in cytoplasmic vesicles of droplets measuring 500-2500 A. 
In control animals receiving an isocaloric amount of glucose 
plus corn oil, lipid droplets also appeared to enter liver cells in 
vesicles; they were visible mainly in peripheral portions of the 
cytoplasm. In alcohol-treated animals, however, the small 
lipid particles were more numerous and were present in vesicles 
throughout the cytoplasm. These smaller droplets appeared to 
fuse, forming larger droplets, and others were contiguous with 
the normally occurring larger storage lipid droplets. A possible 
explanation, that these changes represent an ethanol-induced 
impairment of the metabolism of lipid 
is discussed. 
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E T H A N O L  AS A POSSIBLE acute hepatotoxic agent has 
been the subject of a number of recent investigations 
(1-4). These studies have indicated that, aside from the 
conventional concept of nutritional deficiency resulting 
from caloric replacement in chronic alcoholism, an addi- 
tional influence arises from the acute toxic effects of 
ethanol itself. Older experiments showed that alcohol 
administration, even when accompanied by an adequate 
supply of choline and other dietary requirements, might 
cause fatty liver in rats (5). The employment of better 
controlled approaches, especially the use of isocaloric 
glucose administration in control animals, has thoroughly 
established that acute ethanol intoxication produces fatty 
liver (1-4). I t  has recently been observed in man, as in 

experimental animals, that isocaloric replacement of 
carbohydrate by alcohol will produce a fatty liver despite 
adequate dietary intake, supporting the concept of the 
toxic effect of ethanol (6). The metabolic effects of 
alcohol on the liver have recently been reviewed (7, 8). 

Most of the recent inquiries into the pathogenesis of 
the alcohol-induced fatty liver have been concerned with 
the biochemical derangement which occurs. What this 
defect or defects may be has not yet been established. 
Horning et al. (9) and Brodie et al. (10) suggested that 
acute alcoholic intoxication in rats caused increased 
mobilization of fatty acid from adipose tissue stores, 
which resulted in excessive accumulation of fat in the 
liver. Lieber and Schmid (ll),  however, presented evi- 
dence indicating that increased hepatic fat content was 
due to increased concentrations of NADH2 within the 
hepatic cell, which caused increased triglyceride syn- 
thesis. Nikkila and Ojala (12) demonstrated that in- 
corporation of palmitic a~id-1-C '~  into liver triglyceride 
increased 4 hr after ethanol administration, and postu- 
lated that even when the plasma free fatty acid level is 
not elevated an increased formation of hepatic triglyc- 
eride is an important factor in the pathogenesis of the 
ethanol-induced fatty liver. 

Reboucas and Isselbacher (1 3) concluded that the 
acute ethanol fatty liver was the result of impaired lipid 
transport. Elko, Wooles, and Di Luzio (14) and Poggi 
and Di Luzio (15) studied lipid mobilization from epi- 
didymal fat pads during acute ethanol intoxication. 
They found no increased fatty acid release from adipose 
tissue during ethanol intoxication ; and their studies 
indicated that the hepatic steatosis was possibly due to 
depression of triglyceride metabolism by the liver cells. 
Recently, Lieber et al. (6) have also reported that fatty 
liver developed in man and rats before there was any 
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indication of decreased hepatic triglycide release or ex- 
cessive peripheral fat mobilization, further supporting 
the concept that the initial events leading to an alcoholic 
fatty liver result from a direct effect of alcohol on lipid 
metabolism in the liver. 

During the accumulation of liver triglyceride following 
ethanol administration there is essentially no alteration 
in the plasma triglyceride level. However, when tri- 
glyceride is administered to ethanol-treated rats, hyper- 
triglyceridemia develops (1 6). 

Because the evidence implicated the liver cell as the 
site of impairment of some as yet unclarified biochemical 
mechanism in triglyceride metabolism, we decided to 
study the liver cell during acute ethanol intoxication with 
a superimposed absorptive lipid load, with the aid of 
electron microscopy. In addition, parallel studies on 
certain histochemical and chemical lipid parameters 
were performed in the same experiments. 

METHODS 

Holtzman female rats weighing about 150 g were fasted 
for 16  hr. Solutions were administered by stomach tube 
under light ether anesthesia. Six control animals re- 
ceived 2.25 m1/100 g body weight of a 1 : 1 mixture of 
corn oil and a solution of glucose. The mixture was 
isocaloric with the ethanol and corn oil mixture used in 
experimental groups. Six experimental animals received 
2.25 m1/100 g body weight of a 1 : 1 mixture of ethanol 
(50% v/v) and corn oil (4.5 g ethanol per kg body 
weight). Two animals were fasted for 16 hr, lightly 
anesthetized, and then maintained for the total duration 
of the experiments (6 additional hr) as “fasting controls.” 
Six additional rats receiving stock diet ad lib. were 
used as normal fed controls for morphologic comparisons 
only. 

Animals receiving ethanol and corn oil became less 
active, moderately ataxic, and sluggish in reflexes. They 
nevertheless responded to stimuli, respiration was not 
depressed, and none of the animals became comatose. 

Six hours after the administration, all the animals were 
sacrificed by ether anesthesia and withdrawal of blo d 
by aortic puncture. Liver weights were determined, and 
liver samples were subjected to histological examination, 
histochemical enzyme studies, electron microscopic 
study, and chemical determinations of total lipid, tri- 
glyceride, phospholipid, and total cholesterol. Serum 
total lipids, triglycerides, phospholipids, and total choles- 
terol were also determined chemically. 

Histological examination was carried out on sections 
from paraffin-embedded blocks which were subjected 
to hematoxylin and eosin and periodic acid-Schiff 
stains. Cryostat sections were also stained for fat using 
Sudan black B. Histochemical enzyme studies were per- 
formed on cryostat sections of fresh tissue blocks which 
had been quenched in liquid nitrogen. The following 
enzymes were studied : succinic dehydrogenase (1 7), 
NAD-diaphorase (18), NADP-diaphorase (19), and 
ATPase (20). Tissue for electron microscopy was pre- 
pared by fixation in Veronal-buffered 2% osmium 
tetroxide, dehydration in graded alcohols, and embed- 
ment in Maraglas (21). Thin sections were prepared 
with diamond knives, and both lead-stained and un- 
stained sections were viewed with an RCA-EMU-3 
microscope. 

Total lipids in serum and in liver homogenate were 
determined from methanol-chloroform extracts. Phos- 
pholipids were quantified by calculation from phos- 
phorus analysis of the extracts (22), cholesterol by the 
method of Sperry and Webb (23), and triglycerides by 
the procedure of Van Handel and Zilversmit (24). 
The results of chemical determinations were statistically 
analyzed using the “t” test, placing the confidence limit 
at 95%. 

P 

RESULTS 

Chemical Lipid Analyses 

Acute ethanol intoxication accompanied by the ad- 
ministration of corn oil resulted in a definite increase in 

TABLE 1 INFLUENCE OF ETHANOL ADMINISTRATION ON HEPATIC LIPIDS 

Total Lipids Triglycerides Phospholipids Total Cholesterol 

Difference Di fference Difference Difference 
from from from from 

g/100 g Control and g/100 g Control and g/100 g Control and g/lOO g Control and 
Experimental Group Liver P Value Liver P Value Liver P Value Liver P Value 

Controls receiving glucose and 5 .17  0 . 5 6  3 .86  0 . 4 3  

Animals receiving ethanol and 6 . 8 3  +1 .66  1 . 5 0  + 0 . 9 4  4 . 0 6  +0.20 0 . 5 1  +0.08 

corn oil (6) (4.61-5.62) (0.48-0.63) (3.60-4.21) (0.32-0.59) 

corn oil (6) (6.25-7.51) (1.32-1.83) (3.83-4.22) (0.40-0.62) 
P = 0.001 P = 0.001 P = 0.20 P = 0.20 

(0.43-0.54) (3.60-4.00) ( 0 . 4 5 4 . 4 6 )  
Fasting animals (2) 5 .11  -0 .06  0 . 4 8  -0.08 3 .79  -0.07 0 .46  +O . 03  

(5.01-5.21) 

* Numbers in parentheses indicate number of animals used. 
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FIG. I .  I’liotoinicroqrapli of livcr of 
control rat givcn glucosc and corn oil, 
stainrd for fat (Sudan black B). Thr 
lobule pcriphcry is indicatcd by “X” in 
this and in Fiqs. 2 and 3. No visiblc fat 
droplcts arc prcscnt. Maqnilication 100. 

FIG. 2. I’hotomicroqraph of livrr of 
rat qivcn cthanol and corn oil, stainrtl 
for fat. Numcrous finr fat droplrts arc 
srcn in the livrr crlls. Thc droplrts arc 
conccntratrd alonq the sinusoidal walls, 
and thcy arc of panlobular distribution. 
Magnification 100. 

FIG. 3. Photoinicroqraph of livrr of rat 
fastcd for 22 hr, staincd for fat. A few 
sinall fat droplets arc prcsrnt in livcr 
cclls ncar the lobulc pcriphcry. Maqni- 
fication 100. 
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total hepatic lipids, the average concentration of which 
was 32% hig-her than that in animals receiving isocaloric 
glucose and corn oil (Table 1). The increase in total 
hepatic lipid was due almost entirely to an increase in 
hepatic triqlyceride. Changes in hepatic phospholipid 
and cholesterol were not significant. 

In fasted control animals hepatic triglyceride, phos- 
pholipid, and cholesterol values were essentially similar 
to those in rats fed glucose and corn oil. 

Serum lipids in the different experimental groups 
varied from those in control groups only slightly (Table 
2). Animals receiving only isocaloric glucose and corn 
oil did not have significantly higher serum triqlyccride 
values than did fasted controls, although total lipids in 
the former group were slightly elevated and the con- 
fidence value was 94%. In rats receiving ethanol and 
corn oil, serum phospholipid values were no different 

from those in animals receiving isocaloric glucose and 
corn oil, hut serum cholesterol was significantly de- 
creased in the alcohol-treated rats. 

HisloloRical Cfiangcs in Liver 

There were no detectable changes in hepatic cell size, 
granularity of cytoplasm, or cytoplasmic basophilia in 
the experimental group compared with animals receiving 
glucose and corn oil or fasted animals. In comparison 
with normal rats maintained on stock diet ad lib., PAS 
stains revealed reduction of hepatic glycogen in the 
group receiving glucose and corn oil, in ethanol-treated 
animals, and in fasted controls. However, the glycogen 
reduction was more marked in animals receiving ethanol. 
Sudan black B stains indicated a definite increase in 
number of hepatic cell lipid droplets in rats receiving 
ethanol. Minute fat droplets were also seen in the hepatic 

I 'M; .  4. I ; l c ~ c r o i i  itiicroqraph sho\vinq portions o f  sinusoitl ;ind l iwr wll lroiti control riit \vliich received corn oil and glucose. The 
sinusoid (.Y) contains chyloiiiicrons (c,'). iiirasurinq up to 2000 ;\. )\ portion of a KupfTrr ccll (A') is present. Many small fat droplets 
arc locatccl in thr spacc of Dissr ( d ) .  Fat droplrts up  to 1000 I\ diamrtrr arc found in vesicles of the hepatic cell cytoplasm (V) ,  
rspccially in thc zone near the sinusoid. A frw are prrsrnt in vesiclcs drcpcr in thc ccll ( V ) ,  but most of the more deeply placed ves- 
icles arc cmpty or contain w r y  small particles (0). The liver crll also contains a few largrr droplets ( l ) ,  believed to be stored trigly- 
ccridr. Mitochondria (M)  are normal in appcarance. Densc intraniitochondrial granules, which occur normally, are present in this 
and in the following illustrations. Magnification 14,000. 
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Total I.ipitls Triqlvccritle~ Pho.;phnlipidg Total Cliole\tcrol 

DilTrrrncc DilTcrencr DilTcrencc DilTcrenrc 
from from from from 

mq/100 ml Control antl mq/100 ml Control and mq/100 ml Control and mq/100 ml Control antl 
Expcrimrntal Group Serum P Value Scrum I’ Value Serum P Valur Srrum I’ Valnr 

Control< rrcrivinq glucose and corn 392 
oil ( 0 )  * (312-486) 

131 
(1 19-1 68) 

Anim.1.i recrivinq etlianol and corn 393 + 1  194 + 63 
oil (6) (332-460) (147 -241) 

I’ = 0 . 6  I’ = 0.01 

Fastinq aniina1.i ( 2 )  300 -92 110 -21 
(284-316) (1 ’6-1 55)  

P = 0.05 I’ = 0 . 2  

loa 
(81-133) 

125 
( 10 I .- 1 5 6 )  

92 -16 94 - 31 
(83 108) (82-1 10) 

I’ = 0.10 I’ = 0 ,  o i  
87 -21 102 -23 
(84-90) (101 -102) 

P = 0 . 2  I’ = 0.1 

* Nuiii1)rrs in parcnthrsrs indicatr nuiiibrr of animals usecl. 

cells of fasted rats, but none were found in the control distribution, but slightly more marked in liver cells at  
animals (Fig. 1). In the ethanol-treated group (Fig. 2), the periphery of the lobules. In fasted animals, droplets 
fine sudanophilic droplets measuring about 1 p in size were smaller and less numerous, and were located in the 
were noted. The fat droplets were located mainly in peripheral portions of the lobules (Fig. 3).  
thosc portions of the hepatic cell cytoplasm adjacent to Histochemical stains for succinic dehydroqenase, 
the sinusoidal walls. This alteration was panlohular in NAD- and NADP-diaphorases, and ATPase showed no 

FIG. 5. 1-lrctron microaraph of portions of Iiwr cell and of sinusoids in an aniiiial qivrn vtlianol a n d  corn oil. (:hylii~iiicrons ( (,‘) w c  
prrscnt in the sinusoids (S), and small lipid droplets are present in the space of Dissr ( d ) .  X grcatrr nulnbcr of lipid droplrts is prrwnt i n  
vesiclcs ( V )  of the liver crll than in control animals; many of the relativcly large particles prrsist drep in the cytoplasin (.\‘). Lipid storaqc 
droplets ( I )  are largrr and more numerous than in the control animals. Magnification 10,000. 
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reduction in these enzymes in the alcohol-trcatcrl 
animals. 

Electron Mirro.rcof)ic C f t a n p  in Hepatic Cells 

In alcohol-treated animals, the main structural changes 
were related to cytoplasmic lipid particles and droplets. 
No definite mitochondrial alterations could be seen on 
comparison with control groups. 

In conlrol ra/s rcccivine; glucose and corn oil, the hepatic 
sinusoidal blood usually contained a few chylomicrons 
ranging up to 4000 A in diameter (Fig. 4). The spaces of 
Disse contained somewhat smaller lipid droplets or 
chylomicrons. Membrane-lined vesicles a t  the hcpatic 
cell meinhrane adjacent to the space of Disse were 
abundant, and many of thcse vesicles containcd lipid 
particles measuring. 500-2500 A. Similar vcsiclcs were 
also present in the deeper cytoplasm but they decreased 
in number and sizc toward the nucleus. Occasional small 
osmiophilic particles were seen in the vesiclcs in the 
peripheral portion of the cytoplasm, and they were 

smaller (to thc disappearing point) in more deeply 
situated vesicles. A few large droplets of osmiophilic 
lipid u p  to 2 p in size were randomly located in the 
cytoplasm. Occasionally it was possible to see a mem- 
brane surrounding these larger droplets, or collections of 
membrane arrays located around segments of the 
periphery of the droplets, but in most instances their 
dense osmiophilia precluded any determination of an 
outer associated membrane. No abnormalities of the 
mitochondria, endoplasmic reticulum, ribosomes, or 
Golgi apparatus were seen. Glycogen granules were 
present in the cytoplasm, but were decreased in amount 
in comparison with normal fed animals. 

In animals f e d  elftanol and corn oil (Figs. 5-7) mito- 
chondria were similar in size and structure to those 
present in fasting rats and in animals fed glucose and 
corn oil. No abnormalities in the endoplasmic reticulum, 
ribosomes, or Golgi apparatus were seen. Glycogen was 
markedly decreased in the cytoplasm in ethanol-treated 
rats. Numerous complex arrays of fine tubules and non- 

1 , ' ~ ; .  6.  I.;lcctron iiiicroyrapli oC portion 01 1ivc.r crll l r ~ i i i  rat i i \m ethanol. 'l'lic I d t  portion 01  t1.c pliot~iqrap11 is ncar tlir sinusoitl. \vliicli 
dors not appcar in thr licltl. 1,ipicl droplcts arc srcn in cvtoplasinic vrsiclcs (I]) and pcrsist in dccp portions o f  tlir cell. Somc vrsiclrs con- 
tain clusters of small lipid clroplcts ( O ) ,  some of which apprar to bc fusing to forin 1arg.e droplets. Many of the largcr storage lipid droplrts 
( I )  are present. Mitochondria and endoplasmic reticulum appcar normal. Magnification 27,500. 
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qranular membranes were noted in the cytoplasm. A 
few monoparticulate and rosette forms of glycogen 
granules were sometimes present in these areas. 

Lipid particles and larger lipid droplets were more 
abundant in the hepatic cell cytoplasm, and the spaces 
of Disse contained a greater number of small chylo- 
microns than in the group fed glucose and corn oil. 
There was marked increase in the number of lipid 
particles in membrane-lined vesicles within the liver 
cells. In contrast to the control animals, these intra- 
vesicular lipid particles were present throughout the 
cytoplasm, showing little or no tendency to diminish in 
size and number deeper in the cytoplasm. The  larger 
(1-2 f i )  lipid droplets were still larger and more numerous 
than in controls. Small cytoplasmic vesicles containing 
lipid particles 500-800 A in diameter were frequently 
seen in close proximity to or in actual contact with these 
larqcr droplets. Lipid particles in the smaller vesicles 
sometimes appeared to be in contact with the outer part 
of the larger lipid droplets. The margins of the larger 

droplets wrre frequently irreqular and tented in ap- 
pearance. 

The hepatic cells of rats which had been fasted for 22 
hr contained numerous minute cytoplasmic osmiopliilic 
particles (Fig. 8). These were present in approximately 
equal concentration in all portions of the cell and were 
quite uniform in size. They averaged 530 A in diameter, 
and were located in vesicles with nongranular mem- 
branes. Similar minute particles were present in these 
fasted animals in the space of Disse and in hepatic sinu- 
soidal blood. 

In all groups of animals studied, the Golgi vesicles of 
liver cells were found to contain oval or ellipsoid osmio- 
philic particles 400-600 A in size (Fig. 9). These re- 
sembled the small osmiophilic particles inside cyto- 
plasmic vesicles in other portions of the liver cells, except 
for their ellipsoid shape. 

DISCUSSION 

Our  findinqs on the chemically determined lipid content 

1 , '~ ; .  7. Portion of livcr ccll from rat treatccl Lvitli ethanol and corn o i l .  'I'hc tissur has I ren stainvtl with lead. rrsultinl: i n  rclativcly Icss 
contrast in the lipid droplets. Large storage lipid droplets ( I )  are present, and arc partially surroundcd by nongranular inmilx-ancs (SI. 
Numerous small intravesicular lipid droplets ( V )  are present also, and in several areas (0) they approach and appear to fuse with the large 
fat droplets. O n  the outer contour of the large droplets are numerous tented projections. Magnification 44,000. 
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of livcr durinq acutc cthanol intoxication in thc prcscncc 
of an alimcntary load of triglycerides corroborate thosc 
of scvcral rcccnt studics (1-4). Thcy indicate an im- 
pairmcnt of the usually balanced and eflicicnt mecha- 
nisms of supply to, and incorporation of, lipid by thc livcr 
cclls, and thc subscqucnt dclivcry of triglyccridc from 
thc livcr cclls as a componcnt of lipoprotcin. \Yhatcvcr 
thc naturc of this impairment, it is manifested by an in- 
creased hcpatic triqlyceridc content. 

The prcsent studies, conducted early in the dcvclop- 
mcnt of the fatty livcr, were not dcsigncd specifically to 
clucidatc the naturc of the chemical dcfect in lipid 
metabolism which occurs durinq acutc cthanol effect. 
Rathcr, the intent was to study the hepatic cellular rolc 
in this process a t  the ultrastructural level. 

Histoloqic studies showed no evidence of marked 
hepatocellular injury rcsulting from the effect of acute 
cthanol intoxication, and there was no gross loss of any of 
the cytoplasmic enzymes studied. These observations sug- 
gested that the resulting cellular disorder and lipid ac- 

cumulation wcrc rclated inore to the biochcinical proc- 
csscs of lipid transport and mobilization than to a struc- 
tural cellular defect. The discussion, thcrcfore, is directcd 
toward particulate lipids in hepatic cells and thc cffccts 
of acute cthanol intoxication upon these as rcvcalcd by 
clcctron microscopy. 

During the intcstinal absorption of administcrcd fat in 
both control and alcohol-trcatcd rats, numcrous small 
lipid droplets were obscrved in the sinusoids and in thc 
space of Disse. These droplets are belicvcd to be forincd 
in the intestines and brought to the liver (25). Thc 
similarity in size ranqc of these particles to that sccn in 
intcstinal mucosa and in lacteals durinq fat absorption 
(26) lends support to this bclicf. Thc time of thcir ap- 
pearance in the hcpatic sinusoids during the process of 
intestinal absorption is also compatible with this intcr- 
pretation of their origin. 

The increased hepatic triqlyccridc content in acutc 
ethanol intoxication is accompanied by a marked ac- 
cumulation of lipid particles in membrane-limitcd 

.. 

L'x;. X. 1:lvction iiIi(.roqraph of' liwr froiii rat fastid lor 22 hr. 'J'lic portion of  thc sinusoid shown is ~~crripictl b y  a rctl I)looti ccll ( r ) .  
A fcw ininutc osniiopliilic particlcs ( p )  about 500 ;\ in sizc arc prcscnt throughout the cytoplasm of the liver cell. 'I'hcsc arc located in 
rncmbranc-lirnitcd vcsiclcs. Maqnification 44,000. 
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vcsiclcs throughout thc livcr ccll cytoplasm. In othcr 
tornis of hcpatic stcatosis a similar deposition of ac- 
cuinulatcd cytoplasmic lipid occurs (27, 28). I t  could he 
argued that intravcsicular particlcs rcprcscnt lipid which 
has bccn takcn into livcr cclls from the blood by pino- 
cytosis ; or that they arc lipid-containing particles, such 
as @-lipoprotcins, which arc bcinq synthcsized within the 
livcr ccll prcparatory to sccrction into thc I~lood. It  is 
also possible that hcpatic ccll intakc and output of 
particulatc lipid both occur simultancously, and that 
hoth proccsscs may tx rcprcscntcd by intravcsicular 
cytoplasmic lipid droplcts. 

In control rats fcd glucosc and corn oil we obscrvcd 
lipid particlcs in vcsiclcs locatcd mainly in thc periphcral 
portion of thc livcr ccll cytoplasm, whilc in cthanol- 
trcatcd animals intravcsicular lipid particlcs wcrc morc 
nuincrous and morc widcly distritiutcd throuqhout thc 
livcr cclls. In  alcohol-trcatcd animals sinallcr particlcs 

frcqucntly wcrc partially fuscd to form larger droplcts 
and werc oftcn contiquous with w r y  larqc, storage-typc 
lipid bodies. One explanation for thcsc ohscrvations, 
although it  cannot be substantiatcd by inorpholoyical 
cvidcncc alonc, is that in thc normal animal lipid usually 
cntcrs thc livcr cell within pinocytotic vcsiclcs and is 
then mctabolixcd, whilc durinq cthanol intoxication the 
intracytoplasmic inctaholism and disappcarancc of lipid 
particlcs takcn up ty livcr cclls arc inipaircd. 

Thc cvidcncc that chylomicron triqlyccridc is takcn 
up as such by livcr cclls has rcccntly Ixcn discusscd by 
Dole and Hainlin (29) and is hased mainly on the studics 
of Rorqstrijm and Jordan (30), Rciscr ct al. (31), and 
Stcin and Shapiro (32). Thcsc studics indicate that 
triqlyceridc from taqgcd chylomicrons appcarcd in livcr 
cclls without inolccular rcarranqcmcnt, which would 
h a w  occurrcd if lipolysis had takcn placc. Disappcarancc 
of intravcsicular lipid particlcs in livcr cclls is consistcnt 

1 '~ ; .  0. l h . t r o n  iiiicroqr<iph 01 portion 01 l i \ v r  ( ~ 1 1  o f  rat \vIiich rrc(i\-rtl ctlianol an(l c o r n  oil, .\ portion ol n ~ ~ c l ~ ~ i s  is prvsviit 1 i t ) .  In- 
travrsicular lipitl droplets (< , )  inrasurinq al)out 600-1000 /\ arc. notc-d in thc cytoplasm. in  addition to 1arqc.r tlroplvts wlirrr slnallcr onrs 
have. fusrtl (s). 'l'wo arras of vcsiclcs (,<) which rcsrniblc thr vrsicular rlrnicnts of Golgi apparatus arc srm.  'Thr Iiilr canaliculus ncarhy is 
not shown. 'I'hc vcsiclrs contain osmiophilic droplcts avrracinq about 500 .A in s i x .  Sonlr of thrsc arc sliqhtly cllipsoitl but most arc spherical. 
1 hc rrlationship of thcsc clroplcts of lipid to lipoprotcin synthcsizctl or  takcn up by thc livrr ccll is unkno\m. Magnification 20,000. .. 
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with the concept of subsequent degradation of tri- 
glyceride (30, 33), followed by diversion of resulting 
fatty acid into biological oxidation (34), its reassemby as 
stored triglyceride, or its incorporation into lipoprotein 
for secretion from the liver cell into the blood (33). 

Further speculation upon the mechanism of impair- 
ment of those mechanisms of intracellular lipid metabo- 
lism resulting from acute ethanol intoxication is un- 
warranted on the basis of the circumstances and param- 
eters of investigation employed in this study. Neverthe- 
less, the origin of intravesicular lipid particles in liver 
cells encountered in these experiments may be further 
examined. Lack of knowledge of the morphologic ap- 
pearance and site of formation of P-lipoprotein within 
the liver cell is a hindrance to the interpretation of the 
observation of small cytoplasmic lipid particles. Low 
density +lipoprotein particles have been reported to 
have an average diameter of 350 A (35). In animals 
absorbing corn oil, the lipid particles which we observed 
in hepatic cell vesicles measured 500-2500 A. Therefore, 
at least the larger particles observed were probably not 
&lipoprotein. On the other hand, in both control and 
alcohol-treated animals which were absorbing tri- 
glyceride from the intestine, the increased hepatic cell 
uptake of chylomicron lipid would lead one to expect an 
increased rate of hepatic cell lipoprotein synthesis and 
secretion. During the process, lipoprotein particles 
might be expected to become apparent in the liver cells. 
Thus some of the smaller intravesicular lipid particles 
seen in fat-absorbing controls and ethanol-treated 
animals could L-er! well represent low density 0-lipo- 
protein. 

The possibilit! that lipoprotein particles being syn- 
thesized in the liver cells might be visible is supported 
by our observations in fasting animals. In this situation 
the problem of distinguishing between chylomicron- 
derived lipid particles and particles representing lipo- 
protein being s)nthesized does not exist. In 22 hr fasting 
animals we observed in the liver cells very small intra- 
vesicular lipid particles whose size (average 530 A) does 
not differ markedl>- from the size which has been reported 
for 6-lipoprotein (350 A). 

It is apparent in our study of the effect of ethanol on 
the liver that the concurrently increased intestinal ab- 
sorption of triqlyceride is an important factor. I t  has 
been shown, howm-er, that fatty acid mobilized from 
adipose tissue can be the source of increased triglyceride 
in ethanol-induced fatty liver (10, 13, 14) in animals 
which are not ahsorbing fat. Recently Hartroft and 
Porta (36) described ultrastructural changes in liver 
cells in rats acutely intoxicated with ethanol which were 
apparently not absorbing fat from the intestine. They 
described mitochondrial swelling and the gradual ac- 
cumulation of “hollow lipid spherules” which gradually 

became “solid lipid droplets” during the development of 
hepatic steatosis. Their studies might be presumed to re- 
flect the origination of hepatic cell lipid as synthesized 
lipoprotein, in contrast to ours where absorbed fat is the 
major source of increased hepatic lipid. 
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