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brane, possibly by simple diffusion [3, 4], is not the rate-
limiting step in the oxidation of these metabolites under
the conditions used, or that the transport of these com-
pounds by simple diffusion is not stimulated by dibucaine.
These observations indicate that the properties of the trans-
port systems for 3-hydroxybutyrate and acetoacetate differ
in some respects from those of the system which transports
pyruvate.
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Triton WR-1339 induced changes in the fatty acid composition of serum lipids in
rats

(Received 18 March 1980; accepied 11 June 1980)

Hyperlipidemia induced by Triton WR-1339 is a frequently
used experimental model when studying hypolipidemic
agents. According to Garattini er al. [1], hepatic cholesterol
biosynthesis may be enhanced by activating hydroxyme-
thylglutaryl-CoA-reductase with intravenously adminis-
tered triton. Triton treatment results in considerably elev-
ated serum triglyceride concentrations due to the protective
coating developed on the surface of the very low density
(VLD) lipoproteins. Accordingly, they are shielded from
hydrolytic cleavage by lipoprotein lipase [2]. It has also
been reported [3] that triton. in addition to increasing
cholesterol biosynthesis, augments cell membrane perme-
ability and inhibits the postheparin clearing factor. In
Ilingworth’s {4] studies triton proved to inhibit the LCAT
activity in squirrel monkeys. As the triton-induced hyper-
lipidemic model has been frequently used in our studies
[5] we examined Triton WR-1339 for its effect on the
esterification of cholesterol as well as on the fatty acid
composition of different lipid fractions.

Methods. CFY rats of 180-200 g body wt were treated
intravenously with single 200 mg/kg doses of Triton WR-
1339. Ten animals per group were killed at 6-, 24-, 48- and
72-hr intervals. Blood samples were centrifuged and serum
lipid extracted according to Carlson [6] and total serum
cholesterol, free cholesterol [7], triglyceride [8] and
phospholipid [9] levels assessed.

In the second stage of the experiment, lipids were sep-
arated by thin-layer chromatography in a mixture of n-
hexane—diethylether—formic acid (80:20:2). Following
spraying with Rhodamine 6G, cholesterol ester, triglyceride
and phospholipid fractions were identified under a u.v.
lamp, and subsequently removed together with the coating.
The fatty acid composition of individual lipid fractions was

measured after treatment with methanol-hvdrochloric acid,
with a Hewlett-Packard gas chromatograph. type 5830A,
at 195° {glass column 1.6 m X 4 mm, stationary phase Sp
2340 Chromosorb W, AW 8(/100). The fatty acids were
identified using a set of standard fatty acid methyl esters
(KD Applied Science Laboratories. State College,
Pennsylvania).

Statistical evaluation was performed by applying Stu-
dent’s t-test. In cases of F-test positivity, the d-test was
used.

Results. Maximum concentration of total serum choles-
terol was observed in the sixth hour after Triton WR-1339
administration, thereafter it decreased reaching normatl
level by the 72nd hour. Cholesterol esterification charac-
terized by the cholesterol ester/free cholesterol ratio
showed, however, opposite changes (Table 1). This ratio
fell to minimum in the first 6 hr after triton injection,
thereafter increased progressively and by the 72nd hour
became identical with that of the control. Both serum
triglyceride and phospholipid levels showed an abrupt rise
during the first 6 hr and were found to have returned to
the normal level by the 48th hour.

The fatty acid composition of the cholesterol ester frac-
tion is represented in Table 2. The 6th hour and even more
the 24th hour after triton administration were characterized
by decreased proportions of both linoleic acid (18:2) and
arachidonic acid (20:4). in contrast to the rise observed in
the proportion of oleic acid (18:1). A moderate rise could
also be noted in the percentage of stearic acid (18:0). After
72 hr, however, the above values proved to be identical
with those of the controls. In these experiments no change
could be detected in the proportions of palmitic (16:0) and
palmitoleic (16:1) acids.
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Table 2. Fatty acid composition of serum cholesterol esters*

Serum following Triton WR-1339 treatment

Control

Fatty acid serum 6 hr 24 hr 48 hr 72 hr
16:0 184 +33 19.6 = 1.5 18929 19227 17.8 1.7
16:1 5.1+22 6.3x04 52%24 54+04 4.6x0.8
18:0 3319 59x0.7% 54x2.1 3.6 1.0 28+0.7
18:1 16.0 2.9 23.8 +£3.5% 29.5 438 14814 155+1.2
18:2 31.2+46 23.0 = 1.8% 21.6 = 1.6% 27.9x27 31330
20:4 26.0 3.4 21.4 £ 3.0 19.4+4.1 29.1+24 28.0+33

* Results expressed as percentages.

t P < 0.05.

P <0.01.

§ P < 0.001.

Table 3. Fatty acid composition of serum phospholipids*
Serum following Triton WR-1339 treatment
Control

Fatty acid serum 6 hr 24 hr 48 hr 72 hr
16:0 41.1+2.7 29.3 £ 7.4% 27.3£0.7§ 35.1+3.8 42.1x28
16:1 09=05 1.2+0.2 1.1=0.6 0602 05=0.1
18:0 33.0+24 34.1x46 242 £ 1.68 35467 33.6 83
18:1 9.2+0.6 10.5+2.4 13.4 = 2.0% 11.1 %39 9.0x4.4
18:2 12.6 £ 1.8 14540 243 +1.08 144+38 12045
20:4 32+13 10.4 = 4.3+ 9.7+x1.98 34x09 28=1.3

* Results expressed as percentages.

1T P <0.05.

1 P <0.01.

§ P<0.001.

Table 4. Fatty acid composition of serum triglycerides*
Serum following Triton WR-1339 treatment
Control

Fatty acid serum 6hr 24 hr 48 hr 72 hr
16:0 39.0+3.1 27.4 4.7z 342+3.8 32.9 £ 53¢ 37227
16:1 44=x1.1 3505 3.1+0.8 45+14 40=x0.9
18:0 7.5+ 1.8 73=x1.5 7.0+0.4 6.6 1.5 7.0+ 1.0
18:1 35.0+3.1 385+ 1.1 354+37 37.0+52 373x25
18:2 14.0 = 3.1 21.8 4.7+ 19.2 = 1.9% 18.8 = 1.61 143+03
20:4 0.1 £0.05 1.5+ 0.5§ 1.1 £0.4% 0.2+0.05 0.2 =£0.06

* Results expressed as percentages.

+ P < 0.05.

P <0.01.

§ P<0.001.
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The fatty acid composition of phospholipids compared
to that of cholesterol esters exhibited opposite changes
Table 3. The linoleic and arachidonic acid contents
decreased in the cholesterol ester but were elevated in the
phospholipid fraction. The most pronounced changes coutd
be observed after 24 hr. At this time there was a fall in the
percentage of palmitic and stearic acids and a rise in that
of the oleic acid. Percentage values of fatty acids measured
in the 48th and 72nd hours were identical with those of the
controls.

Table 4 demonstrates the fatty acid composition in the
triglyceride fraction. As carly as 6 hr after triton admin-
istration a significant rise could be observed in the pro-
portion of both linoleic and arachidonic acids and a decrcase
in that of palmitic acid. Control values were reached by
the 72nd hour only.

Discussion. A single i.v. injection of Triton WR-1339
resulted, in agreement with literature findings [1. 10], in
significantly elevated levels of serum cholesterol, triglycer-
ide and phospholipid. There is also a shift in the fatty
acid composition of the lipid {ractions 1solated. and a
decrease in the cholesterol ester/free cholesterol ratio, sug-
gesting that the esterification process of cholesterol had
been affected.

The conversion of free cholesterol into cholesterol ester
is of physiological importance for the significant difference
between the turnover times of free and esterified cholesterol
[11]. In addition. the saturated/unsaturated cholesterol
ester ratio has also to be considered since the deposit
formation in the intima is mainly affected by the degree
of unsaturation. These two types of cholesterol esters form
different gradients in the membrane [12].

The esterification of scrum cholesterol is induced by
lecithin-cholesterol-acetyltransferase (LCAT) which, when
bound to the apoprotein of high density lipoproteins
(HDL). catalyses mainly the transfer of polyunsaturated
(18:2, 20:4) fatty acids from the C-2 position of lecithin
to the free hydroxy group of cholesterol. In this process
lecithin is transformed into lysolecithin [ 13]. Consequently,
the presence of phospholipids, mainly lecithin, is needed
for cholesterol esterification. The lipids of VLDL also play
an important role in the process of cholesterol esterification
as LCAT esterifies mainly the cholesterol moiety in VLDL,
while in the case of HDL and LDL origin, the process
takes place at a reduced rate [14].

The changes induced by triton in the fatty acid compo-
sition of cholesterol ester. phospholipid and triglyceride
fractions involved mainly the polyunsaturated fatty acids,
linoleic and arachidonic acids. Up to 24 hr following injec-
tion there was a decrease in the proportion of linoleic and
arachidonic acids of cholesterol esters, and an increase in
that of both triglycerides and phospholipids. Altered fatty
acid composition induced by triton treatment is presumably
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due to inhibited LCAT activity. The amount of VLDL. the
best substrate for LCAT is, however, significantly increased
by triton [14]. Thus, our results suggest that in the choles-
terol esterification process of triton-induced hyperlipemic
state the enzyme inhibition is the prevailing factor com-
pared to the effect of the substrate [15].
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