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Abstract-Treatment of normolipidemic rats by alkylthiopropionic acid (CETID), resulted in a dose- 
and time-dependent increase in total dihydroxyacetone phosphate acyltransferase (DHAPAT) activity, 
in extent comparable to that of 3-thiadicarboxylic acid (BCMTD) and alkylthioacetic acid (CMTI’D). 
Thus, in CETTD- and CMTTD-treated rats, the specific DHAPAT activity increased in the microsomal, 
peroxisomal and mitochondrial fractions. In contrast, repeated administration of the peroxisome pro- 
liferator, BCMTD, decreased the specific DHAPAT activity both in the peroxisomal fraction and in 
purified peroxisomes. A three-fold-increase in specific activity was, however, revealed in the mito- 
chondrial fraction. Whether the variation of the DHAPAT activitv in the mitochondrial and microsomal 
fractions among the feeding groups can be explained by increased number of enlarged and small 
peroxisomes sedimenting in the fractions, are to be considered. Subcellular fractionation studies 
confirmed previous findings that rat liver glycerophosphate acyltransferase (GPAT) was located both 
in mitochondria and the microsomal fraction. BCMTD was considerably more potent than CMTTD in 
stimulating the microsomal and mitochondrial GPAT activities. Administration of CElTD marginally 
affected the isoenzymes of GPAT. Diacylglycerol acyltransferase (DGAT) activity was increased by 
35% in BCMTD and CMlTD treated rats, but by administration of CETTD the enzyme activity was 
decreased by more than 80%. The acyl-CoA cholesterol acyltransferase (ACAT) activity was marginally 
affected in animals treated with BCMTD, CMTTD and CETTD. Thus, the results indicate that the 
initial steps in the synthesis of triacylglycerols and ether glycerolipids as well as the last step in 
triacylglycerol synthesis could not be identified as mediating the fat accumulation or the lowering of 
triacylglycerol content in liver of CE’lTD, or BCMTD and CMTTD treated rats. On the other hand, 
CM’ITD increased the palmitoyl-CoA oxidation in mitochondria, and CETTD considerably inhibited 
the activity. Therefore, it is conceivable that the development of fatty liver with CETTD is mostly due 
to inhibition of mitochondrial /?-oxidation. 

Recently, we have reported that a number of changes striking effect of repeated administration of CETTD 
are observed in hepatic fatty acid metabolism and is accumulation of lipids in serum as well as liver 
morphology when male rats are given non-poxi- [1,21. 
dizable sulfur-substituted fatty acid analogues: l,lO- 
bis ( carboxymethylthioldecane ( 3 - thiadicarboxylic 

The effects of BCMTD, and especially CMTI’D, 

acid BCMTDS) and (CMTTD) [ 1,2]. The analogues 
are consistent with the lowering of plasma tri- 

are hypolipidemic, cause peroxisomal proliferation 
acylglycerol obtained with feeding fish oils containing 

and they lower the serum concentration of both 
long-chain w-3 fatty acids [4,5]. To characterize the 

cholesterol and triacylglycerol [3]. In contrast, a @- 
alterations taking place in hepatic lipid metabolism 

oxidizable sulfur substituted fatty acid analogue 
in the presence of fatty acid analogues we evaluated 

(CETTD), only marginally affects the peroxisomal 
the activity of enzymes which could modify the flux 

capacity to oxidize long-chain fatty acids. The most 
of fatty acids into ether lipids and triacylglycerols 
and subsequently into VLDL. GPAT and DHAPAT 
may have considerable potential for this regulation 

t To whom all correspondence should be addressed. as they catalyse the initial esterification steps in tri- 

$ Abbreviations: BCMTD, l,lO-bis(carboxymethyl- acylglycerol synthesis. Since it has been shown in 

thio)decane (3-thiadicarboxyiic acid); 0, l-(car- cultured rat hepatocytes that esterification of dia- 
boxymethylthio)tetradecane (alkylthioacetic acid) ; 
CETTD, 1-(carboxyethylthio)tetradecane (alkylthiopro- 

cylglycerol and cholesterol could be inhibited by 

pionic acid); s, the average sedimentation coefficient for a 
eicosapentaaenoic acid [6] it was also of interest to 

group of particles at 4”; M, heavy mitochondrial fraction; 
examine whether enzyme activities of DGAT or 

L, light mitochondrial fraction; P, microsomal fraction; 
ACAT might contribute to the lowering of plasma 

GPAT, glycerophosphate acyltransferase; DHAPAT, dih- triacylglycerol and cholesterol concentration. 

ydroxyacetone phosphate acyltransferase; DGAT, acyl- The present study was therefore undertaken to 
CoA:l.Zdiacylglycerol acyltransferase; ACAT, acyl- 
CoA:cholesterol acyltransferase. 

examine some of the possible mechanisms, including 
mitochondrial fatty acid oxidation, via which 
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BCMTD, CMITD and CETTD may influence con- 
centration of plasma and liver triacylglycerol and 
cholesterol. 

MATERIALS AND METHODS 

Chemical and drugs. [l-14C]Palmitic acid [l- 
14C]palmitoyl-CoA, [ l-i4C]oleyl-CoA, L-[ 1-‘4C]- 
carnitine , L-[l-14C]palmitoyl-L-carnitine and 
[l-‘4C]glycerol-3-phosphate, purchased from New 
England Nuclear (Boston, MA, U.S.A.), 
were mixed with unlabelled palmitic acid, palmit- 
oyl-CoA, oleyl-CoA, L-carnitine and glycerol3- 
phosphate (Sigma Chemical Co., MO, U.S.A.) 
to obtain a proper specific radioactivity. l,lO-Bis- 
(carboxymethylthio)decane (BCMTD, thiadicar- 
boxylic acid), l-(carboxymethylthio)tetradecane 
(CMTTD, alkylthioacetic acid) and l-(carboxy- 
ethylthio)tetradecane (CETTD, alkylthiopropionic 
acid) were prepared as earlier described [3,7]. All 
other chemicals were obtained from common com- 
mercial sources and were of reagent grade. 

Animals and treatments. Male Wistar rats from 
Miillegaard Breeding Laboratory, Ejby, Denmark, 
weighing 170-180 g, were housed individually in 
metal wire cages in a room maintained at 12 hr light- 
dark cycles and at a constant temperature of 20 + 3”. 
The animals were acclimatized for at least 1 week 
under these conditions before the start of the exper- 
iment. BCMTD, CMTTD and CE’ITD were sus- 
pended in 0.5% sodium carboxymethyl cellulose 
(CMS). The individual agents were administered by 
gastric tube feeding in a volume of 1 mL once a day 
and the animals were killed after 8 hr of starvation. 
The animals were separately treated with the fatty 
acid analogues and the doses were the same for all 
of them: BCMTD, CMTTD and CETTD 150mg/ 
day/kg body weight. The control animal groups 
received CMS instead of active compounds. All ani- 
mals had free access to water and food [8]. 

The body weights were measured daily. At the 
end of the experiments, the fasted rats were lightly 
anesthesized and cardiac puncture was performed. 
Then the livers were removed and immediately chil- 
led on ice and weighed. 

Preparation of total homogenate and the different 
subcellulurfructions. Livers from individual rats were 

homogenized in ice-cold sucrose-medium (0.25 M 
sucrose in 10mM Hepes buffer, pH7.4 and 2mM 
EDTA), centrifuged and the resulting nuclear plus 
postnuclear fractions were used as the total 
homogenate. 

For further analysis of postnuclear fractions dif- 
ferential centrifugation samples from three animals 
were pooled, and a mitochondrial-enriched fraction 
(M), peroxisome-enriched fraction (L), microsomal 
fraction (P) and cytosolic fraction (S) were isolated 
[9, lo]. Purified peroxisomes were prepared as 
described earlier [lo]. 

The variation of the response from animal to ani- 
mal was estimated separately for selected enzymes 
in the group of control animals. 

Enzyme assays. The subcellular marker enzymes 
were determined as previously outlined [9, lo] and 
protein was assayed by a Bio-Rad protein assay kit 
(Bio-Rad, Richmond, CA, U.S.A.). 

The enzymatic activity of glycerophosphate acyl- 
transferase (EC 2.3.1.15), and palmitoyl-CoA 
dependent dehydrogenase (usually termed peroxi- 
somal-fioxidation) were determined in accordance 
with earlier description [l-3,9, lo]. 

DHAPAT was determined according to Schutgens 
et al. [ll], with minor modifications as described by 
Ruyter et al. (manuscript in preparation). The initial 
assay conditions were 75 mM sodium acetate buffer 
(pH 5.4), 8 mM sodium fluoride, 8 mM MgClz, 
0.4 mM palmitoyl-CoA, 41.7 mg/mL bovine serum 
albumin (BSA), 0.10 mM [U-14C]dihydroxyacetone- 
phosphate (30,000 cpm/nmol) and 20-80 pg protein 
homogenate in a total volume of 0.12 mL. Incu- 
bations were carried out for 40 min at 37”. 

DGAT was measured by the method of Coleman 
and Bell [12], slightly modified [6] using [14C]oleyl- 
CoA and 1,2-dioleoylglycerol as substrates. Enzyme 
activity was assayed at 23” in 500 PL of Tris buffer 
(175mM, pH7.8) containing BSA (15pM). After 
5 min preincubation, microsomes (20 pg/mL) and 
1,Zdioleoylglycerol (125 PM) dissolved in ethanol 
(10% v/v final concentration) were added and incu- 
bation continued for 10min. The incubation was 
terminated by adding 20 volumes of chloroform/ 
methanol (2: 1, v/v). Serum (20 pL) was added to 
supply triacylglycerol as unlabelled carrier. After 

Table 1. Liver parameters in controls and rats fed sulfur-substituted fatty acid acid analogues 

Parameter measured 

Peroxisomal poxidation 
(nmol/min/g liver) 

Mitochondrial /J-oxidation 
(nmol/min/g liver) 

Number of mitochondria 
per cell 

Triacylgl cerol 
(pm01 /’ g liver) 

Control 

450 f 20 

280 k 40 

3110 

BCMTD CM-fTD CE-ITD 

4500 + 50* 1800 f 200* 800 2 100* 

300?40 380 f 20* 90 f 30* 

5460* 3460 3095 

4.6 -c 0.4 2.5 + O.l* 3.7 f 0.2* 19.5 * 0.3* 

Values from the livers represent means 2 SD of nine animals in each treatment group (see 
Materials and Methods). The morphological data are the means of three animals. 

* P < 0.02 for comparison between control and other groups. 
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extraction [13], the residual lipids were redissolved 
in n-hexane and applied on TLC plates. 

ACAT was assayed using [14C]oleoyl-CoA and 
endogenous microsomal cholesterol as substrates 
[14]. The incubation mixture of 5OOpL contained 
potassium phosphate buffer (0.1 M, pH 7.4), defat- 
ted BSA (15 PM) and [i4C]oleoyl-CoA (0.1 &i/mL, 
30 PM). The incubation mixture was preincubated at 
37” for 10 min before microsomal protein (300 ,ug/ 
mL) was added and the incubation continued for 
2 min. The incubation was terminated by adding 
20 volumes of chloroform/methanol (2 : 1, v/v), and 
further treated as described for DGAT. 

Palmitoyl-CoA and palmitoyl-L-carnitine oxi- 
dation was evaluated by measuring appearance of 
acid-soluble products [15]. 

Morphological methods. Calculations to estimate 
cytoplasmic volume, per cent of cytoplasma occupied 
by peroxisomes and mitochondria, number of organ- 
elles per unit of cytoplasmic volume and average 
volume of peroxisomes and mitochondria were done 
according to current morphometric principles. 

Presentation of the results. The variation in the 
response from animal to animal was estimated sep- 
arately for selected enzymes in total liver homo- 
genates in the control group and treated animals 
(N = 3). Data on enzyme activities in total liver 
homogenates are presented as means * SD. For 
isolation of cellular fractions the postnuclear frac- 
tions from three animals were pooled. The tabulated 
values on enzymatic activities in cellular fractions of 
treated rats are given as means. In all tables and 
figures the observed differences are compared to 0, 
7 and 14 days, tabulated as means + SD to day 0 
(N = 12 in control group and N = 3 in the exper- 
imental group) as there were no significant changes 
in the control animals of the 1Cday period (varied 
between *5-10%). P > 0.05 was taken to be stat- 
istically insignificant. 

RESULTS 

Serum lipids 

Dietary intake and body weight of all animal 
groups were similar. Repeated administration of 
BCMTD and CMTID at doses of 150 mg/day/kg 
body weight for 10 days caused a reduction of serum 
triacylglycerols and cholesterol [3]. Treatment with 
CETTD in the same dose resulted in an increase of 
serum triacylglycerols level whereas the cholesterol 
concentration was unchanged, relative to control 
animals [3]. 

Hepatic pleiotropic response 

The relative liver size [3], peroxisomal @-oxidation 
and the number of peroxisomes and mitochondria 
per hepatocytes increased in BCMTD-treated rats, 
whereas the hepatic triacylglycerol content was 
decreased (Table 1). Administration of CMITD also 
decreased the concentration of hepatic triacyl- 
glycerol. In addition the alkylthioacetic acid 
increased the peroxisomal oxidation of fatty acids, 
accompanied with proliferation of peroxisomes, 
although to a much lesser extent than observed with 
3-thiadicarboxylic acid. Formation of enlarged mito- 
chondria was also observed [l-3]. The most striking 
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effect of alkylthiopropionic acid was increased hep- 
atic tria~yl~y~rol content and inhibition of mito- 
chondrial /I-oxidation amounting to 70% (Table 1). 

The distribution of protein and marker enzymes 
for mitochondria, peroxisomes and microsomes were 
for all groups essentially similar to our previous 
findings for rat liver homogenates [l, 21. High purity 
of the cellular fractions, was found, as judged by the 
distribition of marker enzymes. Contamination of 
the peroxisomal fraction with mitochondria and 
microsomes amounts to 2-3% and 5-S%, respect- 
ively, whereas 2-4% contamination with mito- 
chondria and peroxisomes was found in the micro- 
somal fraction. Based on total activities, the amount 
of rotenone-insensitive NADPH-~~o~hrorne c 
reductase and urate oxidase suggest a S-10% con- 
tamination with microsomes and peroxisomes in the 
mitochondrial fraction [l-3], 

Effect on DHAPAT activity 

In homogenates of rat liver the highest specific 
DHAPAT activity was found in the peroxisomal 
fraction amounting to 52-&t% of the total enzyme 
activity (Table 2). The peroxisomes were enriched 
lo-fold in the L-fraction and 25fold in the perox- 
isomal pellet as compared to the homogenate, 
whereas only 10-W% and 23-26% of the activity was 
observed in the mitochond~al (M)- and microsomai 
(P)-cautions, respectively. Administration of the sul- 
fur substi~ted fatty acid analogues increased the 
DHAPAT activity in total liver homogenates. Alkyl- 
thioacetic acid, and especially the potent peroxisome 
proliferator 3-thiadicarboxylic acid, altered the 
appearance of the DHAPAT activity among cellular 
fractions (Table 2). First, the recovery (as percentage 
of total activity) and the specific activity of DHAPAT 
in the M-fraction was significantly increased. 
Secondly, the enzyme was enriched only 5-fold in 
the L-fraction and 9-fold in the peroxisomal pellet 
as compared to homogenate in BCMTD-treated ani- 
mals (Table 3). 

The ~st~bution of DHAPAT activity among 
cellular fractions in CETID-treated rats was mostly 
similar to untreated control rats, except that the 
specific enzyme activity was increased in the mito- 
chondrial and peroxisomal fractions (Fig. 1). 

Repeated administration of the three sulfur sub- 
stituted fatty acid analogues caused a dose-related 
increase of DHAPAT activity in the total 
homogenate (Table 3) and mitochondrial fraction 
(data not shown), which was already revealed during 
the first two days of treatment (Table 4, Fig. 1). 
Subsequently, with longer feeding periods, the 
enzyme activity in the BCMTD-, CMTTD- and 
CETTD-treated rats continued to increase up to 10 
days feeding and amounted 3-fold, 2.5fold and 2- 
fold, respectively in mitochond~al DHAPAT 
activity (Fig. 1). A lower increase of enzyme activity 
was observed in total liver homogenates (Table 4) 
and microsomal fractions (Fig. 1). The dose- (Table 
3) and time- (Fig. 1) course showed that CMTID 
and CETTD administration increases the DHAPAT 
activity in the peroxisomal fractions, whereas the 
enzyme activity in this fraction and purified perox- 
isomes was decreased in BCMTD exposed rats 
(Table 3, Fig. I). 
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Effect on GPAT-activity 

2009 

In homogenates of rat liver the highest specific 
GPAT activity was found in the microsomal and 
mitochondrial fraction amounting to 28-33 and 53- 
57%, respectively, of the total activity (Table 2). 
BCMTD was considerably more potent than 
CMTTD in causing stimulation of the GPAT activity 
in mitochondrial and microsomal fractions. Fur- 
thermore, maximal induction of GPAT activity 
occurred at different dose levels for the two induc- 
tors. CETTD feeding did not alter the GPAT activity 
(Table 3). 

Repeated administration of BCMTD caused a 
dose-related increase of GPAT activity in total liver 
homogenates and the microsomal and mitochondrial 
fractions (Table 3)) which was already revealed dur- 
ing the first day of treatment (Table 4). Adminis- 
tration of CMTTD also increased the GPAT activity 
within the first two days, whereas repeated adminis- 
tration of CETTD tended to decrease GPAT activity 
in total liver homogenates (Table 4). 

Effect on DGAT activity 

i i i i i lb li 14 

Time of exposure (days) 

Microsomal DGAT activity was significantly 
increased (35%) in 10 days BCMTD and CMTTD 
treated rats. Administration of CETTD, however, 
reduced the DGAT activity by more than 80% 
(Table 5). 

Effect on ACAT activity 
Fig. 1. Effect of CM’ITD (A), CETTD (B) and BCMTD 
(C) exposure on dihydroxyacetone phosphate acyltransfer- 
ase activity as a function of time. The enzyme activity 
in the mitochondrial fraction (O-o), in the peroxisomal 
fraction @-Cl), in the microsomal fraction (0-O) and in 
purified peroxisomes (W-m). No significant changes were 
observed in the control animals of the 1Cday period (5 to 
10% between 0, 7 and 14 days). The tabulated values 
represent the means f SD for twelve animals of three 
control groups and means of six animals for two feeding 

Repeated administration of the sulfur-substituted 
fatty acid analogues did not significantly change the 
ACAT activity (Table 5) and the hepatic con- 
centration of free cholesterol and cholesterolester 
(data not shown). 

Effect on fatty acid oxidation 

groups. 
Figure 2 shows that the oxidation of [l- 

14C]palmitoyl-L-carnitine (A) and [l-14C]palmitoyl- 
CoA (B) in the absence of KCN, decreased as a 
function of time in isolated mitochondria from rats 
administered CETTD. After 7 days of administration 

Table 4. Time-dependent changes of DHAPAT and GPAT activities in liver homogenates 

Days of 
treatment 

DHAPAT activity GPAT activity 

BCMTD CM-I-I-D CE-ITD BCMTD CMl-l-D CE’ITD 

0 
0.5 
1 
1.5 
2 
3 
7 
10 
14 

12.1 f 1.5 
13.3 f 2.6 14.6 2 1.2 16.5 f 0.8* 
14.0 + 0.8 14.0 ” 0.5 15.6 f l.O* 
19.0 2 3.1* 14.9 f 2.3 16.7 + 1.4* 
18.4 -+ 2.3* 16.6 2 1.9t 20.1 2 1.1* 
17.3 2 3.6* 14.8 f 1.4 15.7 -t 1.9* 
21.1 f 1.0* 21.5 2 1.7* 14.1 + 3.3 
23.3 + 2.6’ 20.7 -t- 1.6’ 18.1 2 4.3* 
17.7 2 1.1* 18.9 + 2.9* 17.3 2 2.9* 

188.1 f 15.6* 
205.6 2 8.6* 
245.7 * 20.1: 
280.6 f 28.7.t 
310.1 f 20.6t 
421.6 * 10.87 
485.1 ? 6.6t 
450.1 2 37.8t 

116.4 * 14.3 
150.6 + 15.6* 
175.2 f 10.6.t 
178.1 5 10.6t 
162.1 f 15.7t 
205.2 2 30.6t 
290.1 2 10.21 
280.6 + 26.2t 
285.9 f 31.4t 

118.6 & 12.6 
112.1 2 10.8 
106.6 f 15.1 
95.2 2 10.1 

101.6 f 8.8 
90.1 ” 10.6 
80.6 f 6.7t 
85.6 2 15.2t 

The tabulated values (nmol/min/g liver) represent the means ? SD of twelve control animals and three rats 
in each treatment group at a dose of 150 mg/day/kg body weight. 

* P < 0.01; t P < 0.005. BCMTD, the thiadicarboxylic acid; CMTTD, the alkylthioacetic acid; CEITD, 
the alkylthiopropionic acid. 
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Table 5. Time-dependent changes of diacylglycerol acyltransferase (DGAT) and cholesterol acyl- 
transferase (ACAT) in rat liver microsomes 

DGAT activity ACAT activity 
Days of 
treatment BCMTD CMTTD CETTD BCMTD CMTTD CETTD 

0 2.4 f 0.4 1.10 2 0.17 
0.5 2.2 2.3 3.0 0.97 1.08 1.36 
1.5 2.5 2.5 1.20 1.04 1.50 
2 2.3 2.1 2.7 1.01 0.99 1.24 
3 2.4 2.4 2.3 0.72 0.96 1.37 
7 2.6 3.2* 1.4-F 1.02 0.82 1.76 
10 3.2* 3.4* 0.4t 1.24 0.75 1.40 

The tabulated values (nmol/min/mg protein) represent the means SD of twelve control animals 
(see Materials and Methods) and three rats in each treatment group at a dose of 150 mg/day/kg 
body weight. BCMTD, the thiadicarboxvlic acid; CMTTD, the alkylthioacetic acid and CETTD, 
the glkylthiopropionic acid. 

* P < 0.05, t P < 0.01. 

a 60-80% inhibition of mitochondrial fatty acid oxi- 
dation was revealed. Notably, in the presence of 
KCN (Fig. 2C), the oxidation of [l-14C]palmitoyl- 
CoA remained unaffected within 2 days of feeding. 
In the 3 days fed animals, however, an increased 
cyanide-insensitive oxidation of palmitoyl-CoA was 
observed, probably promoted by stimulated perox- 
isomal @-oxidation (Table 1). 

DISCUSSION 

The liver is very active in esterifying and oxidizing 
long-chain fatty acids. Both mitochondria and perox- 
isomes are capable of oxidizing fatty acids via /3- 
oxidation. Peroxisomes appear to be of importance 
in oxidation of long-chain fatty acids which are found 
in fish oils, and dicarboxylic acids, but peroxisomes 
contribute overall only to a minor extent to the 
hepatic fatty acid oxidation. 

Mitochondria, peroxisomes and endoplasmic 
reticulum are reported to contain enzymes that cata- 
lyse the initial steps in the synthesis of glycerolipids. 
The importance of peroxisomes in ether lipid biosyn- 
thesis was confirmed after demonstrating that tissues 
of infants without peroxisomes (i.e. cerebro-hepa- 
torenal syndrome or Zellweger syndrome) were 
deficient in plasmalogen. This implies that perox- 
isomes play a major role in initiating ether glyc- 
erolipid synthesis. 

Results from this study, confirms earlier reports 
of a predominant peroxisomal localization of 
DHAPAT in rat liver [16-181. However, as in several 
other investigations, some activity was also detected 
in the mitochondrial and microsomal fractions, and 
there is still some controversy in the literature about 
the 

P 
ossibility of separate enzymes in mitochondria 

and or microsomes [16-181. The diverging effects of 
BCMTD, CM’ITD and CETTD observed on the 
specific act&ivies of DHAPAT in the different frac- 
tions may be taken to support the idea of separate 
enzymes. Thus, repeated administrations of all these 
compounds led to an increase in the specific activity 
of DHAPAT in total homogenate, in the M- and the 
P-fraction, while in the L-fraction and in purified 
peroxisomes an increase was observed in CMTTD 

and CETTD treated rats, and a decrease in rats 
treated with BCMTD. 

However, the order of potency of these 
compounds with respect to the increase in the 
mitochondrial fraction (Fig. 1) was similar to 
that observed for peroxisomal @-oxidation and 
increase organelle number (BCMTD > CMTT’D 
S CETTD) (Table 1). This increase thus seems to 
be coupled to the proliferation of peroxisomes. It 
has been shown that administration of clofibrate, 
a potent peroxisome proliferator led to a marked 
broadening in the size distribution of hepatic perox- 
isomes along with an increase in the average volume 
and diameter [19]. An increase in mean peroxisomal 
volume has been obseryed, especially in the BCMTD 
treated rats [3]. Consequently, it can not be ruled 
out that the increased specific activity of DHAPAT 
observed in the mitochondrial fraction may be due 
to an increased number of large peroxisomes sedi- 
menting in this fraction. This slight increase in the 
specific activity of DHAPAT in the microsomal frac- 
tion may likewise be explained by an increased num- 
ber of small peroxisomes, or it may be the result of an 
increased breakage of peroxisomes. Thus, treatment 
with peroxisome proliferators may increase the fra- 
gility of this organelle [lo, 191. 

Rats treated with BCMTD or CMTTD were found 
to decrease plasma and liver triacylglycerol levels 
and plasma cholesterol content, whereas CEl’TD 
treatment caused increased plasma and liver tri- 
acylglycerols [3]. The observed alterations in plasma 
lipids could result from either an impaired efflux of 
lipids from the liver, or BCMTD and CM’ITD may 
cause triacylglycerol-lowering effect by limiting the 
availability of free fatty acids for synthesis of tri- 
acylglycerol. Another possibility for the fatty acid 
analogues to lower plasma concentrations of tri- 
acylglycerol and cholesterol might be that they inter- 
fere with triacylglycerol and cholesterol biosynthesis 
in the liver via an inhibition of one or more enzymes 
involved in these pathways. 

GPAT, which is localized in mitochondria and 
endoplasmic reticulum (Table 2), may have regu- 
latory potential in the triacylglycerol esterification 
sequence, as the contribution of peroxisomal 
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decrease in triacylglycerol and cholesterol efflux 
from the liver. As can be seen Table 1, CMTTD 
treatment increased the cyanide-sensitive palmitoyl- 
CoA oxidation, whereas fatty acid oxidation was 
dramatically decreased in CETTD-treated rats. This, 
along with the finding that CMTTD lowered plasma 
free fatty acids (Berge, data to be published), indi- 
cates that the drugs may produce their tri- 
acylglycerol-lowering effect by acceleration of mito- 
chondrial fatty acid oxidation and subsequently lim- 
iting the availability of free fatty acids for VLDL 
triacylglycerol synthesis. Furthermore, it is evident 
that fatty liver formation and increase in plasma 
triacylglycerol level induced by CETTD might be 
due to inhibition of mitochondrial fatty acid oxi- 
dation (Fig. 2) which in turn increase the amount of 
fatty acids available for triacylglycerol biosynthesis. 
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Time of CETTD exposure (days) 

Fig. 2. Effect of CETTD exposure on [l-‘4C]palmitoyl-t- 
carnithine oxidation (A) and [l-%Z]palmitoyl-CoA oxi- 
dation (B) in liver mitochondria in the absence of KCN. 
[l-‘4C]Palmitoyl-CoA oxidation in the presence of KCN 
(C). The values represent means 2 SD of control animals 

(0, 7, and 14 days) and means of treated animals. 

DHAPAT in the liver for the overall glycerolipid 
synthesis appears to be minor [X-18]. DGAT and 
ACAT represent possible sites of regulating plasma 
triacylglycerol and cholesterol levels. DGAT is 
located at the branchpoint after which both tri- 
acylglycerol and phospholipid formation is possible, 
whereas ACAT is involved in the secretion of VLDL- 
cholesterol ester [6]. The mitochondrial and micro- 
somal GPAT activities (Table 3) and DGAT activity 
(Table 4) were increased in BCMTD- and CM’ITD- 
treated rats, whereas CETTD treatment decreased 
the above enzyme activities. The ACAT activity was 
marginally changed in the three experimental groups 
(Table 4). Thus, changes of DHAPAT, GPAT, 
DGAT and ACAT activities appear not to be co- 
ordinated to neither the development of fatty liver 
(induced by CETTD) nor the triacylglycerol- 
lowering effect in both plasma and liver (induced by 
BCMTD and CMTTD) [3]. 

Changes of fatty acid oxidation should also be 
taken into account when considering the mechanism 
for altered hepatic triacylglycerol content, and 
thereby changes of plasma lipids. We have recently 
shown that the hypotriglyceridemia and hypo- 
cholesterolemia obtained in BCMTD- and CMTTD- 
exposed rats were dissociated from induction of 
peroxisomai P-oxidation and peroxisome prolifer- 
ation [3]. An increased effect on mitochondrial fatty 
acid oxidation may be a plausible explanation for a 
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