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SUMMARY

Rats were fed diets containing cottonseed oil and/or cholesterol, cholic acid, methy!
esters of long-chain fatty acids, and tocopherol. Livers, hearts, and aortas were examined
histologically; liver lipids were fractionated by silicic acid chromatography; and the fatty
acid composition of the sterol esters, triglycerides, and phospholipids was determined by
gas-liquid chromatography. The degree of deposition of liver sterol esters seemed to be re-
lated to the availability of dietary fatty acids for esterification with exogenous cholesterol.
No differences in sterol ester deposition were noted among the groups in which the dietary
cholesterol was supplemented with methyl esters of fatty acids of different degrees of un-
saturation. Fatty acid analysis revealed an aceentuation by cholesterol feeding of the
increase in monoenoic fatty acids and the decrease of linoleic and arachidonic acids char-
acteristic of essential fatty acid deficiency. Two eicosatrienoic acids, occurring primarily
in the phospholipids, were identified. The 5,8,11-eicosatrienoic acid appears to be related
to essential fatty acid deficiency, whereas the 8,11,14-isomer is probably an intermediate
in the conversion of linoleic to arachidonic acid and is increased when exogenous cholesterol

induces an increased arachidonic acid synthesis.

The liver has been shown to be essential in the
metabolism and turnover of both endogenous and
exogenous cholesterol (1). Alterations in liver fatty
acid composition resulting from cholesterol feeding
have been reported in rats (2, 3), rabbits (4, 5, 6), and
chickens (7, 8). The primary aspect of the present
study was to investigate the nature of these cholesterol-
induced aberrations in fatty acid metabolism and their
significance in relation to exogenous cholesterol.

A diet containing cholesterol and cholic acid has
been demonstrated to produce hypercholesterolemia
and atheroma formation in rats (9). Cholesterol fed
either with no fat or with saturated fat to rabbits pro-
duced a greater degree of atheroma formation than
cholesterol fed with unsaturated fat (10, 11). Supple-
mentation of high cholesterol diets fed to rabbits with
small amounts of essential fatty acids, however, failed

* This work was done during the tenure of a Research Fellow-
ship of the Los Angeles County Heart Association. Supported
additionally by grants from the National Dairy Products Cor-
poration and the Best Foods Division of Corn Products.

1 Department of Anatomy, School of Medicine, University of
Southern California.

to produce a noticeable difference in the development
of atherosclerosis, although marked differences in tissue
lipid fatty acids were noted (4).

The possibility that unprotected, oxidized, unsat-
urated fatty acids may inhibit or accentuate athero-
genesis must also be considered. Weitzel (12) ad-
ministered large oral doses of Vitamin E to cholesterol-
fed chickens and reported an increase in serum choles-
terol, no effect on liver cholesterol, and a slight reduc-
tion in atheromatous deposits.

Another purpose of the present study was to deter-
mine any differential effect of the administration to
cholesterol-fed rats of methyl esters of different sat-
urated and unsaturated long-chain fatty acids and ex-
cess vitamin E on liver lipid deposition and atherogen-
esis.

METHODS

Four-month-old male albino rats of our colony
(U.8.C. strain) were divided into 9 groups of 12 each.
Group 1 received a diet containing cottonseed oil (A),
group II a diet containing cottonseed oil and cholesterol
(B), group IIT a fat-free diet (C), and groups IV-IX
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a fat-free diet containing cholesterol (D). Groups
V-IX were given force-fed oral supplements of 100
mg/animal/day of methyl palmitate (V), stearate (VI),
oleate (VII), linoleate (VIII), or linoleate plus 10
mg/day of a-tocopherol (IX). All cholesterol-con-
taining diets included 19, cholic acid.! The composi-
tions of the basal diets are shown in Table 1.

After 12 weeks on the diets, the animals were killed
by intraperitoneal injection of sodium pentobarbital
(Nembutal). Livers were immediately excised and
frozen for later chemical analysis. Hearts, aortas, and
parts of livers were removed and placed in 109, for-
malin. Frozen sections were prepared and stained for
lipids by the oil red-O method. The stained sections
were also examined under the polarizing microscope for
the demonstration of birefringent refractile ecrystals
typical of cholesterol.

Livers were pooled in pairs, cut into small pieces,
lyophilized, and dried under high vacuum. Samples
(0.3-0.4 g) were ground to a powder with a mortar and
pestle and extracted in a Servall blendor by using one
100-ml and three successive 50-ml portions of methylal-
methanol 4:1. The extraction mixtures were centri-
fuged, the supernatant layers were evaporated to near
dryness at 40° under a stream of prepurified nitrogen,
and the drying was completed under high vacuum.
The lipid was redissolved in 50 ml of pentane and the
solutions were centrifuged, leaving a small water-
soluble residue. The pentane extracts were evaporated
under nitrogen, vacuum dried, and weighed. The lipid
was then dissolved in 5 ml of pentane and stored under
nitrogen at —20°,

The total lipid was fractionated by silicic acid chro-
matography using a modification of the method of
Mead and Gouze (13). Silicic acid (7.5 g of Baker 100
mesh), prewashed six times with methanol and oven-
dried, was added dry to 10-mm i.d. columns, tamped
down, and then washed with successive 50-ml portions
of methanol, acetone, ethyl ether, and pentane. The
lipid sample in pentane was then added to the column,
and fractions were collected as follows: hydrocarbons,
50 ml pentane; sterol esters, 100 ml 39, ethyl ether in
pentane; triglycerides, 150 ml 159 ethyl ether in
pentane; free sterol, 150 ml 309, ethyl ether in pentane;
mono- and diglycerides, 100 ml ethyl ether; phos-
pholipids, 100 ml methanol. The solvents were evap-
orated under a nitrogen stream and the fractions dried
under high vacuum and weighed. Thin-layer chro-
matography and cholesterol analyses using the Lieber-
mann-Burchardt method were performed on all frac-

1 Cholic acid was added to facilitate intestinal absorption of
cholesterol. It has been shown to have no effect on liver lipid
compoeition (R. B. Alfin-Slater, unpublished data, 1953).

TABLE 1. DiEts

Component, A B C D

% % % %
Casein 8.1 8.1 8.1 8.1
Salt mixture* 5.0 5.0 5.0 5.0
Celluloset 5.0 5.0 5.0 5.0
Choline chloride 0.3 0.3 0.3 0.3
Sucrose 59.5 55.5 79.5 75.5

Cottonseed oil 20.0 20.0 ..
Cholic acid 1.0 1.0
Cholesterol .. 3.0 .. 3.0
Vitamin mix{ 2.2 2.2 2.2 2.2

* Wesson modification of Osborne-Mendel Formula (Science
75: 339, 1932).

1 Solka-Floc.

1 The vitamin mixture had the following composition: Vita-
min Test Casein, 61.35 g; p-aminobenzoic acid, 2.42 g; inositol,
2.0 g; a-tocopherol acetate, 1.3865 g; ascorbie acid, 0.8 g;
thiamine, 0.288 g; Ca-pantothenate, 0.24 g; niacin, 0.24 g;
vitamin B;, triturate, 0.24 g; riboflavin, 0.11 g; pyridoxine, 0.108
g; crystalets (500,000 U.S.P./g vitamin A, 50,000 U.S.P./g vita-
min D), 0.052 g; folic acid, 0.046 g; menadione, 0.022 g; biotin,
0.016 g.

tions initially to establish the efficiency of separation.
Overlapping of the fractions was estimated at between
1 and 39,. Average recovery from the columns was
98%.

The fatty acids of the sterol ester, triglyceride, and
phospholipid fractions were converted to methyl esters
by refluxing for 8 hr with 6 ml of a solution prepared by
mixing 1 ml of concentrated sulfuric acid, 61.5 ml of
methanol, and 123 ml of benzene. After appropriate
extraction and purification, the methyl esters were ap-
plied to the gas-liquid chromatograph (Barber-Cole-
man Model 20, 159, diethylene glycol succinate poly-
ester on 80-100 mesh Gaschrom P, with a column tem-
perature of 180° and an argon gas pressure of 26 lb).
Chromatographic peaks were identified by comparison
of retention times with those of standards (available
for all fatty acids except 14:1 and 22:4), graphic repre-
sentation of retention times, and catalytic hydrogena-
tion.

The probability that apparent differences in the data
were due to chance was calculated, and only those
results considered statistically significant have been
commented upon.

RESULTS

Morphological Studies. Liver sections from animals
fed a diet containing only cottonseed oil exhibited no
discrete lipid droplets or globules. Only very fine,
barely visible, lipid droplets were demonstrable in a
few cells of the lobule (Fig. 1). Fig. 2a and b illustrates
a liver section from an animal maintained on the choles-

2102 ‘0z aung uo sanb Aq Bio Jjmmm woly papeojumod


http://www.jlr.org/

JOURNAL OF LIPID RESEARCH

[

434 MORIN, BERNICK, MEAD, AND ALFIN-SLATER

F1c. 1. Frozen section of liver from a rat fed a cottonseed oil-
containing diet (I). Only very few small lipid droplets are
visible.

terol-cholic acid diet with no other lipid added (IV).
Here the lipid droplets were uniformly distributed
throughout the liver and were deposited in both the
Kupffer and hepatic cells. When the section was ex-
amined under the polarizing microscope, refractile
granules and small needle-like crystals characteristic
of cholesterol were visible mainly in the Kupffer cells,
with an occasional granule seen in the hepatic cells
(Fig. 2b). The addition of cottonseed oil to the choles-
terol diet (IT) produced a marked increase in the amount
of demonstrable lipid and cholesterol in the liver (Fig.
3a, b); the lipid droplets and globules as well as the
refractile (cholesterol) crystals were massed in the
Kupffer and hepatic cells. In addition, free lipid
droplets and refractile granules and crystals were ob-
served in the sinusoids and central veins.

When the various fatty acid esters were added to the
cholesterol diet, there were differences in the appearance

F1G. 2. Frozen section of liver from a rat fed cholesterol and
1%, cholic acid with no other fat (IV): a, note uniform distri-
bution of lipid droplets; b, under polarized light, refractile
granules of cholesterol are visible in the Kupffer cells.

of the liver in relation to lipid and cholesterol. I'ig. 4a
and b illustrate the marked differences in the distribu-
tion of both lipid and cholesterol in the liver of an
animal fed cholesterol supplemented with methyl
oleate. There is no uniform distribution to the demon-
strable lipid; rather, it is in the form of irregular masses
found in both the Kupffer and hepatic cells or lying
free in the sinusoids. This section, when observed
under the polarizing microscope, exhibits only very
fine refractile granules of cholesterol located mainly in
the hepatic cells.

No lesions were observed in the coronary arteries of
animals on the cottonseed oil and fat-free diets (I and
IIT). Marked atherosclerotic changes were observed
in the group fed cholesterol plus cottonseed oil (II),
as illustrated in Iig. 5a. Similar but less extensive
lesions were noted in the animals of all the groups fed

Fi6. 3. Frozen section of liver from a rat fed cottonseed oil plus
cholesterol (II): a, increased amounts of lipid droplets and
globules are present; b, under polarized light, refractile crystals
of cholesterol are seen massed in the Kupffer and parenchymal
cells.

cholesterol with or without the various methyl esters of
fatty acids (IV-1X), as illustrated in Fig. 5b by a typ-
ical lesion from an animal fed the oleate-supplemented
diet. Both figures show an intimal thickening resulting
from an increased proliferation of both cellular and
fibrillar elements. In addition, lipid droplets are visible
in the ground substance and macrophages of the intima.

No aortic atherosclerosis was observed in any of the
groups, although occasional fatty streaks were noted
in the aortae.

Liver Lipid Fractionation. Total lipid analyses and
silicic acid chromatography data are summarized in
Table 2. Liver total lipids were markedly increased
in the group fed cottonseed oil plus cholesterol (II).
There were no differences in amounts of total lipid
when cholesterol was fed alone or in combination with
any of the methyl esters.
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Fic. 4. Frozen section of liver from a rat fed cholesterol plus
oleate: a, irregularly distributed masses of lipid are present;
b, polarized light reveals very fine, uniformly distributed re-
fractile granules of cholesterol.

The percentages of sterol esters of the cottonseed oil
(I) and fat-free (III) groups were low, rising approxi-
mately 8-fold in the group in which cholesterol was
added to the cottonseed oil (IT) and 3-4-fold in the
groups fed cholesterol plus the various methyl esters,
there being no significant difference between Groups IV,
V, VI, VII, VIII, and IX.

Percentages of triglycerides and free sterols of the
various groups were not different, but there were in-
creases in the absolute amounts of both of these lipid
fractions in the group fed cottonseed oil plus cholesterol
(IT). In this latter group, the phospholipids showed a
decrease in both percentage and total amount. All the
other groups receiving cholesterol showed smaller
decreases in percentages and similar decreases in
amounts of phospholipids.

The fatty acid composition of the sterol esters, tri-
glycerides, and phospholipids are shown in Tables 3,
4, and 5, respectively.

Fic. 5. Frozen sections of coronary arteries from a, a rat fed
cholesterol plus cottonseed oil (II) and from b, a rat fed cholesterol
plus oleate (VII). Both figures show intimal thickening and
lipid deposition in the ground substance and macrophages of
the intima.

Sterol Esters. The cottonseed oil group (I) showed
low percentages of palmitoleic and stearic acids and
rather high percentages of palmitie, oleic, linoleic, and
arachidonic acids in the sterol ester fraction (Table 3).
Feeding cholesterol with cottonseed oil (II) resulted in
a decrease in the percentage of palmitic acid and a 7-fold
decrease in the percentage of arachidonic acid. Con-
sidering that the amount of liver sterol ester of Group
II was more than 16 times that of Group I, it can be
concluded that there was actually an increase in the
absolute amount of arachidonic acid. Two eicosatri-
enoic acids were identified in small amounts, the 8,11,14-
isomer appearing in the group fed cottonseed oil plus
cholesterol (II) and the 5,8,11-isomer appearing in the
fat-free group (III). The identities of these two Cy
fatty acids were established by catalytic hydrogenation,
graphic representation of retention times, and compari-
son of the retention times with known standards. The

TABLE 2. Liver Lipip CoMPOSITION

Cholesterol
+Lino-
Diet Cso CSO +Chol. Fat-Free - +Palmitate  +Stearate +Oleate + Linoleate leate+E
Group No. I 1I 111 v v VI VII VIII IX
Total lipid
mg/g* 216.9 +£15.11 418.4 £24.0 210.8 +18.8 228.7 =15.9 226.7 = 17.1 223.2 £32.9 231.3 = 8.4 224.0 £ 17.6 232.3 £ 15.4
Sterol ester, %T 4.6 1.4 38.8x 3.2 5.3+ 0.7 16.7+ 5.6 16.7+ 3.0 19.6 = 3.2 159+ 3.8 18.2+ 5.0 16.6 £ 5.7
mg/g 10.0x 3.0 162.3 = 13.4 11.2+ 1.5 38.2+12.8 37.9+ 6.8 43.8+ 7.1 36.8+ 8.8 40.8+11.2 38.6 =13.2
Triglyceride, % 23.5x 3.7 27.2%+ 2.2 21.9+ 3.0 25.5+ 1.1 26.0+ 4.1 26.1%* 3.3 26.8%* 3.1 27.9+ 4.6 25.5% 2.3
mg/g 51.0+ 8.0 113.8+ 9.2 46.2+ 6.3 58.3+ 2.5 58.9+ 9.3 58.3+ 7.4 62.0x 7.2 62.5+10.3 59.2* 5.3
Free sterol, % 5.2+ 0.5 5.0+ 0.6 4.9+ 0.7 5.1+ 0.7 5.3+ 0.8 5.2+ 0.9 5.6 0.9 6.0+ 0.7 58+ 1.2
mg/g 11.3+ 1.1 20,9+ 2.5 10.3+ 1.5 11.7+ 1.6 11.2+ 1.8 11.6*+ 2.0 13.0%+ 2.1 13.4+ 1.6 13.5% 2.8
Phospholipid, % 62.9 + 5.0 24.74+ 2.4 63.8+ 3.1 4744+ 6.5 46.14+ 7.4 44.94 5.9 44.7+ 5.7 43.84+ 7.4 45.8+ 5.3
mg/g 136.4+10.9 103.3+10.0 134.5+ 6.5 108.4 +=14.9 104.5+=16.8 100.2 +=13.2 103.4 =13.2 98.1 +=16.6 106.4 = 12.3

* Mg/g dry weight of liver.
t % of total lipid.

1 Standard deviation of the mean = V
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TABLE 3. Farry Acip ComposiTION OF LIvER STEROL ESTERS*

Cholesterol
CS0 +Lino-

Diet CSO + Chol. Fat-Free — ~+Palmitate -+Stearate +Oleate + Linoleate  leate+E
Group

No. 1 11 111 v \% A1 VI VIIT IX
Fatty Acid

14:0 009402 03+0.1 0802 08+01 07401 1002 0500 07+01 0802

16:0 203 £29 11,2418 293 +28 234 £87 21.1 %23 21635 19.2+2.5 21.3 £5.0 269329

16:1 45404 3407 10321 17.9+46 19025 15627 18019 201 £2.5 186 1.9

18:0 51%+02 1.7+03 30403 1.9x05 1.6+£01 23=%x04 16=x03 1807 20=x0.1

18:1 18816 374415 487 4.1 526 +£20 54.1 £3.2 51.6 1.2 545 +1.5 50.2 3.4 46.9 = 2.1

18:2 308409 435417 43%x21 2517 24+03 18411 36=+1.0 42=+05 3508

20:37 L 1.2+0.2

20:3% 0.9 +0.3

20:4 105420 1503 30x07 11405 1.2+0.8 Tr. 1.94£0.8 1.7x02 1.7+09

* Percentage of total fatty acids including standard deviation of the mean.

1 5,8,11-cicosatrienoic acid.
1 8,11,14-eicosatrienoic acid.

retention time of a known, synthetic 8,11 14-eico-
satrienoic acid was 15.1 min, as compared to 15.1 min
for the eicosatrienoic acid in the sample of Group II.
A known, isolated 5,8,11-eicosatrienocic acid standard
had a retention time of 13.9 min, as compared to 13.9
min for the eicosatrienoic acid in the sample of Group
111.

The groups fed cholesterol alone or with the methyl
esters of the various fatty acids showed higher per-
centages of the monoenoic acids, palmitoleic and oleie,
and lower percentages of linoleic and arachidonic
acids than the fat-free group. There were no signifi-
cant differences among the groups fed the various
methyl esters.

Triglycerides. The fatty acid patterns were es-
sentially similar to those of the sterol esters with a few

exceptions (Table 4). Small amounts of an octade-
catrienoic acid appeared in both groups receiving cot-
tonseed oil. In the group given cottonseed oil plus
cholesterol, there was no decrease in palmitic or increase
in oleic acids as was seen in the sterol esters. Small
amounts of a tetradecenoic acid occurred in the groups
fed the fat-free diet supplemented with cholesterol alone
or with cholesterol plus the methyl esters of fatty acids.

Phospholipids. The fatty acid pattern of the phos-
pholipid fraction differed from that of the other frac-
tions in that longer chain, highly unsaturated fatty
acids appeared. Group 1 (CSO) contains 1.3, 4.2,
and 2.19, of Cy acids with 4, 5, and 6 double bonds,
respectively.

The group fed cottonseed oil plus cholesterol (II)
showed decreases in absolute amounts as well as in

TABLE 4. Farry Acip ComrosiTioN oF Liver TRIGLYCERIDES*

Cholesterol
CSO + Lino-

Diet CS0 + Chol. Fat-Free — +Palmitate <+ Stearate +Oleate +Linoleate  leate+E
Group

No. 1 11 111 v A% VI VII VIII IN
Fatty Acid

14:0 1.1£02 08x£01 1002 1.3+£02 1.2+x061 14%+04 0903 1.4=%+01 13=+0.1

14:1 Tr.g Tr. Tr. 06+02 05+x01 06%+02 0502 0501 08=£0.1

16:0 204 £33 23324 27223 26624 27419 29621 256 1.3 285 +4.0 28.8 1.6

16:1 28407 1.8+04 11410 18611 20222 17420 16.74+1.7 180419 208 2.0

18:0 41405 26+03 29411 1.74+03 18402 23+04 1.9x05 20x064 2.1=x0.5

18:1 2003 1.8 21.7 1.7 46.4 =21 47.2 1.1 448+ 1.9 446 =21 482 1.5 43.8 3.1 40.8 £ 1.7

18:2 35,3056 45842 71436 3309 28402 25+08 4.2+02 4403 4510

18:3 20410 12304

20:3t 1.2 £0.7

20:3% 1.4 0.2

20:4 5414 1504 2808 13+04 15404 16=x02 1.8+04 13=x0.2 1_3:&:0.@

* Percentage of total fatty acids including standard deviation of the mean.

T 5,8,11-eicosatrienoic acid.
1 8,11,14-eicosatrienoic acid.
$ Present, but not measurable.
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TABLE 5. Farty Acip CompositioN oF Liver PHosPHOLIPIDS *

Cholesterol
CSO -+ Lino-
Diet CSsoO +-Chol. Fat-Free - +Palmitate +Stearate +Oleate  +Linoleate leate+E
Group
No. 1 11 111 v A% VI VII VIII IX
Fatty Acid
14:0 0.2=+01 0301 03=*x01 04=%£01 04=£01 05+01 03+x00 0401 0502
16:0 16019 168403 183 1.1 194 +2.2 19204 196 =+=0.9 17.8 0.7 21.1 =16 19.8+0.9
16:1 05+01 067x+01 38+03 7.5x08 74402 70407 5809 62x14 69=x1.5
18:0 264 1.3 233 4+0.7 21.2+04 161 20 168 +1.8 18904 16.2+2.1 16413 163 1.1
18:1 43406 67406 155+08 21.4+05 20209 184+1.9 199+1.1 16.8*1.1 16,56 *£0.8
18:2 15104 274 +£24 66x14 7420 71%£06 67+12 7913 93=x08 10,1 £1.1
20:31 .. 45+16 48x+17 3.7%x15 4725 3.2=x+09 19+04 1.2=+06
20:3% 08403 3705 14=+x02 23zx10 28+07 23=%x23 22z4+03 2305 1.9+04
20:4 290418 203416 22832 17.1 £3.3 19017 187 £3.2 221 x£20 23.2x£1.9 23.3 0.9
22:4 1.3£0.5 Tr.§ Tr. Tr. Tr. Tr. Tr. Tr
22:5 4.2+09 ... Tr. Tr. Tr. Tr. Tr. Tr. Tr.
22:6 21407 10=x03 5509 36=x1.2 3415 3206 4706 25=x05 3.8=x06

* Percentage of total fatty acids including standard deviation of the mean.

1 5,8,11-eicosatrienoic acid.

1 8,11,14-eicosatrienoic acid.

§ Present, but not measurable.
percentages of arachidonic, docosatetranoic, doco-
sapentanoic, and docosahexanoic acids; and a 4.5-fold
increase in 8,11,14-eicosatrienoic acid. The latter
fatty acid was also slightly increased in the other groups
receiving cholesterol. The 5,8,11-eicosatrienoic acid iso-
mer appeared in the groups lacking essential fatty acids
(Groups III through VII) but occurred in smaller
amounts in both groups receiving methyl linoleate
(VIII and IX). The latter groups also showed a lower
percentage of oleate and higher percentages of lino-
leic and arachidonic acids than Groups V, VI, and VII.

Docosahexanoic acid was higher in the Groups IIL
through IX than in either group receiving cottonseed
oil (I and II).

As in the sterol esters, the phospholipids of the groups
fed cholesterol with and without the methyl esters
showed lower percentages of the dienoic and tetraenoic
acids and higher monoenoic acids than the fat-free
group.

No alteration in any of the lipid fractions or in their
fatty acid composition was observed after supplementa-
tion with excess amounts of a-tocopherol.

DISCUSSION

An abnormally large amount of hepatic lipid, con-
sisting primarily of sterol esters, was demonstrated both
histologically and chemically in groups II and IV-IX.
The excess sterol ester was most marked in the group
receiving cottonseed oil with cholesterol (II). This
probably was due to the greater availability of fatty
acids for esterification to cholesterol in this group, re-

sulting from the larger amounts of fatty acids in the
cottonseed oil diet (209, oil by weight) as compared to
the 100 mg/day of methyl esters of fatty acids received
by the animals in groups V-IX, the different form in
which the fatty acids were fed (triglycerides in cotton-
seed oil vs. methyl esters), or the different means of
intake (cottonseed oil incorporated in the diet wvs.
methyl esters force-fed daily). Comparison of the
liver sterol esters in groups IV-IX seems to indicate no
differences in deposition produced by supplementation
with the C; methyl ester, with the C,s methyl esters
of fatty acids of different degrees of unsaturation, or with
excess a-tocopherol.

Investigations by Alfin-Slater ef al. (14) have sug-
gested a relationship between essential fatty acids and
the transport of cholesterol from the liver to the blood
plasma. The increase in serum cholesterol esters when
essential fatty acids were fed to rats (15, 16) may repre-
sent an increased transport of cholesterol caused by
essential fatty acids. The aceentuation of symptoms of
essential fatty acid deficiency when diets containing 19,
cholesterol were fed to rats (17, 18) provides additional
evidence for the utilization of essential fatty acids in
cholesterol transport.

In the present study, a more pronounced essential
fatty acid deficiency pattern in the liver (high monoen-
oic acids and low linoleic and arachidonic acids) was pro-
duced in the groups fed either cholesterol with no other
fat or supplemented with methyl palmitate, stearate,
or oleate than was observed in the completely fat-free
group.

The appearance of an eicosatrienoic acid in the livers
of fat-deficient rats was first noted by Nunn and Smed-
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ley-MacLean (19). Mead and Slaton (20) have re-
ported the isolation from fat-deficient rats of 5,8,11-
eicosatrienoic acid. Subsequent studies (21) have
indicated that oleic acid is the precursor of this acid
and that palmitoleic acid is the precursor of 7,10,13-
eicosatrienoic acid formed in smaller amounts under
the same conditions. In the present study, the 5,8 11-
eicosatrienoic acid observed in the phospholipids and
in smaller amounts in the sterol esters and triglycerides
appeared to be related to essential fatty acid deficiency,
thus confirming the previous reports. Although the
triene/tetraene ratio has been used in some investiga-
tions (22, 23) as a measure of linoleate deficiency or
requirement, a Cp triene, different from that observed
in essential fatty acid deficiency, has been identified
in groups of animals receiving adequate linoleate.
This 8,11,14-eicosatrienoic acid appeared in highest
amounts in the phospholipids of the group receiving
cottonseed oil with cholesterol.

The formation of arachidonic from linoleic acid by
chain extension and dehydrogenation has been demon-
strated by Mead et al. (24) with one of the postulated,
but not identified, intermediates being 8,11,14-eico-
satrienoic acid. If it is assumed that arachidonic acid
is involved in cholesterol transport, it seems probable
that in the present study the increased cholesterol load
caused an increased transport of arachidonate into the
blood, resulting in an increased arachidonate biosynthe-
sis and an accumulation of the immediate precursor in
the liver possibly because of a limitation in the rate of
the final enzymatic dehydrogenation.

The increased formation of cholesterol arachidonate
resulting from excess dietary cholesterol may account
for the decreased arachidonic and increased 8,11,14-
eicosatrienoic acids of the liver phospholipids. The
mechanism may be either a direct selective esterification
of arachidonic acid to cholesterol or a transfer of arachi-
donate from the phospholipids to cholesterol. The
decrease in the amount of liver phospholipids in the
animals receiving cholesterol in this study is consistent
with the demonstration of a depression of liver phos-
pholipid formation by exogenous cholesterol in an in-
vestigation by Perlman and Chaikoff (25) and may be
caused by the decreased availability of arachidonate,
which is probably a structural requirement of the phos-
pholipid molecule.

Kinsell (26) has reported that arachidonate seemed to
be more effective than linoleate in lowering serum cho-
lesterol in humans. Investigation of the serum choles-
terol esters of several species of animals has shown a
correlation between cholesteryl arachidonate levels and
resistance to spontaneous atherosclerosis (27). In the
study reported here, the increased hepatic cholesteryl

arachidonate in the group given cottonseed oil plus
cholesterol and the increase in the 8,11,14-eicosatrienoic
acid as discussed above provide evidence of increased
arachidonic acid synthesis induced by exogenous choles-
terol and further emphasize the vital role of arachidonic
acid in cholesterol metabolism.
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