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Production of essential fatty acid® defi-
ciency in the rat is associated with increased
cholesterol ester content in a number of
extrahepatic tissues, most notably skin (1),
adrenal (2), and ovary (3). In skin, accu-
mulation of sterol esters may account in
part for the abnormal keratinization, tail
necrosis and scaliness which represent the
classical identifying features of EFA defi-
ciency (4). It has been suggested that the
increased content of skin cholesterol esters
is due to stimulation of cholesterol esterify-
ing enzymes with simultaneous inhibition of
cholesterol ester hydrolase activity, all as-
cribed to the lack of prostaglandin synthesis
from arachidonic acid (5). Unlike skin, the
adrenal and ovary normally contain large
amounts of cholesterol esters. In these tis-
sues, absence of the preferred substrate,
cholesterol arachidonate, for steroid hor-
mone synthesis induces utilization of other
cholesterol esters which normally serve only
in a storage capacity (2, 3).

It has been demonstrated that rat adipose
tissue also contains cholesterol esters (6-8),
which presumably may be hydrolyzed enzy-
matically for mobilization (9). This tissue
likewise can synthesize prostaglandins in
vitro from essential fatty acids (10). Such
findings as well as the results obtained in
the other tissues mentioned above prompted
us to examine the effect of essential fatty
acid deficiency on the storage of free and
esterified cholesterol in isolated fat cells of
the rat. A preliminary report has appeared
(11).

Methods. Twenty male weanling Sprague-
Dawley rats three weeks of age were divided
into four dietary groups as shown in Table
I. Group I rats received a fat-free diet

! Supported by Training Grant No. 1 T3207098-02
(BK) and PHS Grant No. AM19995.
* Abbreviation: essential fatty acid (EFA).

(experimental I) or a control diet containing
corn oil (control I). Group II experimental
rats were fed hydrogenated coconut oil in
order to produce a more rapid and severe
form of EFA deficiency than the fat-free
group (4). Control group II received corn
oil together with hydrogenated coconut oil.
Thus, all animals except the fat-free group
received 7% lipid, 20% protein and equiv-
alent amounts of carbohydrate. In addition
to the dietary components listed in Table I,
all diets contained 4% fiber as cellulose,
4% salt mix, 0.7% vitamin mix and 0.3%
choline chloride. All of these semi-synthetic
diets were provided ad lib for a period of
16 weeks.

Following decapitation of all animals, iso-
lated fat cells were prepared from epididy-
mal adipose tissue by the method of Rodbell
(12) and both cells and plasma were ex-
tracted using an isopropanol-Zeolite system
(13). Cell size was calculated as previously
described by us (14) and others (15). Free
and esterified cholesterol from extracted
adipocytes were separated using lipophilic
Sepahdex LH-20 gel filtration according to
a method recently developed in our labora-
tory.> The Student ¢ test was utilized to
determine significant differences between
means (16). All statistical analyses were
done using a Wang Model 500 Program-
ming Calculator (Wang Laboratories, Inc.,
Tewksbury, MA).

Results and Discussion. Retardation of
animal growth has been used in early studies
on EFA deficiency both as a criterion for
the state of deficiency and in bioassays for
determining the essentiality of various fatty
acid derivatives (17, 18). As shown in Table
II, both groups of essential fatty acid defi-
cient rats in the present study also showed

3 Krause, B. R. and A. D. Hartman. Submitted for
publication.
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TABLE I. CoMmposiTioN ofF CONTROL AND ESSENTIAL FATTY AcID DEFICIENT DIETS.

Group Lipid

Protein Carbohydrate

I
Control
Experimental

II

7% corn oil
zero

Control 2% corn oil
5% HCO®
Experimental 7% HCO

64% sucrose
71% sucrose

20% casein
20% casein
20% casein 64% sucrose

20% casein 64% sucrose

¢ Hydrogenated coconut oil.

TABLE II. Autopsy DaTA FrRoM RATs FED CoNTROL AND ESSENTIAL FATTY Acip DEFICIENT DIETS. ¢

Group Body weight (g) Fat pad weight (g) Cell size®
Control I 503.6 + 25.1 7.1+0.7 734+ 4.6
Control 11 5004 =253 6.5*0.5 599 +6.7
Pooled control 502.0 = 16.8 6.8 0.5 66.7 £ 6.2
Experimental I 383.6 = 10.1¢ 5405 50.7 £5.7
Experimental 11 401.6 £ 8.2¢ 6.2+0.8 50.1 59
Pooled experimental 3926 = 6.8 58+x04 50.4 +5.7¢

@ Values are means = SE of 6 rats/group.
b Cell size is expressed as ug triglyceride/cell X 1072,

¢ Significantly less than respective control at 5% level.

4 Significantly less than the pooled control values at 5% level.

significantly less weight gain during the
feeding period than respective control ani-
mals. The wet weight of epididymal fat pads
in the EFA-deficient groups showed an av-
erage nonsignificant decrease of 16%, while
mean cell size differed by 24% when com-
pared to controls. However, differences in
cell size between experimental and control
rats did reach statistical significance when
all control rats were pooled and compared
to all EFA deficient animals as a whole
(Table II). These tendencies toward change
in adipose tissue triglyceride storage, which
may largely contribute to the body weight
retardation, are consistent with the original
description of EFA deficiency by Burr and
Burr in which it was reported that ‘“‘storage
fat can be almost entirely eliminated” when
young rats are deprived of fat for several
months (19). Such decreases in cell size
were also not surprising in view of the fact
that others have reported increased in vitro
lipolysis in EFA-deficient rats (10, 20).

As expected, EFA deficient rats as a
whole had significantly lower plasma total
cholesterol levels than controls (Table III).
This agrees with the work of Alfin-Slater et
al. (21). The significant decrease in plasma
cholesterol esters, resulting in an increased
percentage of free cholesterol, has also been

reported and has been ascribed to decreased
liver cholesterol esterification (22).

On the other hand, the levels of total
cholesterol in adipocytes, as shown in Table
IV, were higher than those previously re-
ported for Sprague-Dawley rats of similar
body weight fed normal rat chow (7, 14). It
is possible that this is due to the semisyn-
thetic nature of the diets, as well as to the
high sucrose content, both of which increase
plasma, liver, skeletal muscle, and adipose
tissue lipid levels (7, 18, 23). Although cell
size was not different between experimental
groups (Table II), deficient animals receiv-
ing lipid in their diets (experimental IT) had
significantly less adipocyte total as well as
free cholesterol compared to rats receiving
no dietary fat (experimental I). This would
seem to support the contention that triglyc-
eride content or cell size is not the only
determinant of adipocyte cholesterol accu-
mulation (14, 24). The largest adipocytes
did not have the greatest content of stored
cholesterol, which also suggests dissociation
of cholesterol storage from that of triglycer-
ide.

Adipocyte total cholesterol in control rats
was approximately 36% cholesterol ester.
These data for the percent of total choles-
terol as esters agree most closely with that
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TABLE III. EFfrect oF EssentiaL FATTY Acip DEFICIENCY ON PLasMa CHOLESTEROL LEVELS.®

% Free cho-
Group Free cholesterol Cholesterol esters Total cholesterol lesterol
Controls 75555 714 6.5 1459 = 11.1 51.2
Experimentals 739+ 6.8 452 + 3.8° 119.2 £ 10.5 61.9%

@ Expressed as mg/dl, n = 4 for each group.

® Significantly different from control value at 5% level.

TABLE 1IV. ErricT oF ESSENTIAL FATTY Acip DEFICIENCY ON ADIPOCYTE CHOLESTEROL STORAGE.®

Percent cho-

Group Free cholesterol Cholesterol esters Total cholesterol lesterol esters
Control I 1353.9 + 132 779.5 = 81 2133.5+ 173 36.7
Control 11 11955+ 75 680.7 + 56 1876.2 = 128 36.2
Experimental I 2011.8 = 100° 847.9 x 238 2859.8 + 329 29.9°
Experimental 11 1327.7 = 214¢ 673.9 = 151 2001.7 = 363¢ 31.5%

¢ Expressed as ug/10% cells = SE, n = 5 for all groups.

b Significantly different than respective control at 5% level.

¢ Significantly less than experimental I, P < 0.1.

of Farkas et al. (6) who found that isolated
fat cells of 400 g rats contained 24% of
total cholesterol as esters. Other laborato-
ries (7, 8) have reported much lower per-
cent-ester values. As discussed previously,?
these discrepancies arise most likely because
of technical difficulties inherent in determi-
nation of free and esterified cholesterol in
the presence of larger quantities of neutral
lipid, a problem unique to adipose tissue.

Adipose tissue does not appear to re-
spond to EFA deficiency like other periph-
eral tissues. A significant increase in adipo-
cyte free and hence total cholesterol oc-
curred in rats deprived of dietary lipid,
which resulted in a significant decrease in
the percentage of total cholesterol as choles-
terol esters (Table IV). Stability of the
adipocyte ester pool under conditions of
EFA deficiency was apparent despite the
pronounced alterations in triglyceride (25)
and carbohydrate metabolism (26) known
to occur in EFA deficiency. A probable
mechanism for increased free cholesterol
storage in fat cells may be related to the
increased percentage of free cholesterol in
plasma of EFA rats also reported in this
study, or to changes in membrane structure
due to alteration of phospholipid fatty acids
in EFA deficiency (17). More work and
possibly the use of other models are re-
quired to reveal the regulatory mechanisms
controlling cholesterol fluxes in adipose tis-
sue.

Summary. Essential fatty acid deficiency
was induced in one group of rats by feeding
a fat-free diet, and in another group by
supplying hydrogenated coconut oil. All de-
ficient animals had significantly reduced
weight gain and tended to have decreased
epididymal fat cell size compared to con-
trols. Rats in the fat-free group had signifi-
cantly more adipocyte free cholesterol than
control animals, but no significant alteration
in stored free sterol occurred in rats made
essential fatty acid deficient with hydrogen-
ated coconut oil. Between experimental es-
sential fatty acid deficient groups, the fat-
free group had greater quantities of adipo-
cyte free, and hence, total cholesterol. No
alterations in ester content due to essential
fatty acid deficiency could be demonstrated,
although the percentage of total cholesterol
as esters decreased significantly in both ex-
perimental groups. It is suggested that adi-
pose tissue responds differently than other
peripheral tissues to essential fatty acid de-
ficiency.
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