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Relationship between peroxisome-proliferating sulfur-substituted fatty acid 
analogs, hepatic lipid peroxidation and hydrogen peroxide metabolism 

(Received 30 March 1992; accepted 19 October 1992) 

Abstract-The effect of the administration of three peroxisome-proliferating sulfur-substituted fatty 
acid analogs on hepatic antioxidant status and lipid peroxidation was studied in rats. After 14 days of 
treatment, the ratio of induction of peroxisomal fatty acyl-CoA oxidase to catalase was 4.2 and 3.5 in rats 
treated with 1 ,lO bis-(carboxymethylthio)decane (BCMTD) and l-mono (carboxymethylthio)tetradecane 
(CMTTD), respectively, while the corresponding ratio was 1.3 in l-mono (carboxyethylthio)tetradecane 
(CE’ITD)-treated rats. As compared to the controls an increase in hepatic hydrogen peroxide content 
was noted in BCMTD- and CMTID-treated rats, but not CETI’D-treated rats. Hepatic lipid 
peroxidation was increased in all the three treatment groups in a manner not related to the potency of 
the compounds to induce the peroxisomal hydrogen peroxide metabolizing enzymes. Hepatic glutathione 
content increased while the activities of its associated enzymes such as glutathione transferase, 
glutathione peroxidase and glutathione reductase decreased in all the treated rats. Taken together, our 
data show a relationship between the levels of hydrogen peroxide and lipid peroxidation in rat livers 
treated with BCMTD and CMTTD. However, increased hepatic lipid peroxidation in CETTD-treated 
rats cannot be accounted for by the changes in the peroxisomal enzymes. 

Previous works in this laboratory have shown that 
the sulfur-substituted fatty acid analogues, 1,lO bis- 

(GRD) was obtained from the Sigma Chemical Co. (St 
Louis, MO, U.S.A.). All other chemicals were of analytical 

(carboxvmethvlthio)decane (BCMTD*), l-mono (car- grade. 
~oxym~~hylt~o)tet;adecane (‘CMTTD),‘&d l-mono (car- 
boxyethylthio)tetradecane (CE’ITD), act as peroxisome 
proliferators to different extents in rodents. At a dose of 
150mg/kg body weight the order of their potency with 
respect to peroxisome proliferation was BCMTD > 
CMTID > CETTD [l]. In addition, both BCMTD and 
CmD have been shown to be potent hypolipidernic 
compounds, thus lowering the levels of both serum 
cholesterol and triacylglycerol [2]. In contrast, the most 
striking effect of CE’ITD was the accumulation of lipids 
in the liver with marginal effects on serum lipids [2]. 

Several studies have previously shown that hypolipidemic 
compounds such as clofibrate cause peroxisome pro- 
liferation when administered to rodents [3,4]. In addition, 
long-term administration of these compounds is followed 
by increased hepatic neoplasia [3,5,6]. As suggested by 
Reddy and co-workers [3,7], excess production of H202 
and genesis of free radicals due to enhanced Hz02- 
generating peroxisomal poxidation is thought to lead to 
uncontrolled lipid peroxidation [8] and damage to DNA 
[9]. Ultimately, these may be important events that lead 
to the initiation of carcinogenesis in the rat liver treated 
with hypolipidemic peroxisome-proliferating compounds. 

The aim of the present work was to investigate the 
relationship between the extent of increase in peroxisomal 
poxidation and changes in cellular antioxidant important 
in scavenging Hz02 in rat livers treated with the sulfur- 
substituted fatty acid analogs, BCMTD, CMlTD and 
CETTD. Furthermore, the effects of these changes on 
hepatic lipid peroxidation will be discussed. 

Materials and Methods 
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Chemicals. BCMTD, CMTTD and CETTD were 
prepared as described earlier [lo]. Glutathione reductase 

* Abbreviations: BCMTD, 1,lO bis-(carboxymethyl- 
thio)decane; CETTD, l-mono (carboxyethylthio)tetra- 
decane; 
decane; 

CMTTD, l-mono (carboxymethylthio)tetra- 
GPx, glutathione peroxidase; GRD, gluta- 

thione reductase; GSH, reduced glutathione; GST, 
glutathione transferase; TBARS, thiobarbituric acid 
reactive substances. 

Animuland treatments. Male Wistar rats from Miillegaard 
Breeding Laboratory (Ejby, Denmark) weighing 170- 
200 g, were housed in groups of three in metal wire cages 
in a room maintained at 12 hr light and dark cycles and at 
a constant temperature of 20 2 3”. The animals were 
acclimatized for 1 week under these conditions before the 
start of the experiments. 

Stock suspensions (3%, w/v) of BCMTD, CM’ITD and 
CETTD were prepared in 0.5% carboxymethylcellulose. 
The drugs were administered by oro-gastric intubation at 
a dose of 150 me/kc bodv weight (0.85-1.0 mL) once a dav 
for 14 days. Azrn& in-the &nt;ol group redeived e&l 
volume of the vehicle carboxymethylcellulose. 

Preparation of tissue homogenates. At the end of 
the experiment, the livers from individual rats were 
homogenized in ice-cold sucrose medium (0.25 sucrose in 
10 mM HEPES buffer and 1 mM EDTA, pH 7.4) using a 
Potter-Elvehjem homogenizer with a loosely fitting Teflon 
pestle. The resulting total homogenates weie useafor the 
enzyme assays. Liver homoeenates (10%) in 1.15% KC1 
and- 5% shfoslicylic acid were. prepared for the 
determination of lipid peroxidation and glutathione, 
respectively. 

Enzyme assays and other analytical methods. The activity 
of peroxisomal fatty acyl-CoA oxidase [ll], catalase [12], 
glutathione peroxidase (GPx) [13], glutathione transferase 
(GST) [14], glutathione reductase [15], reduced glutathione 
(GSH) [16], H202 [9] and lipid peroxidation [17] was 
determined as described in the literature. Protein was 
assayed by Bio-Rad protein assay kit (Bio-Rad, Richmond, 
CA, U.S.A.). 

Presentation of results. Data are presented as means f 
SD from three rats. Statistical analysis was performed using 
a one-way analysis of variance and Scheffe’s F-test for 
multiplecomparison. P < 0.05 wasconsideredasstatistically 
significant. 

Results and Discussion 

Our previous work has shown [l, 21 at a fixed dose of 
150mg/kg body weight BCMTD, CMTTD and CETIT) 
act as hepatic peroxisomal proliferators and enhance 
peroxisomal /I-oxidation in descending order. In line with 



Table 1. Changes in hepatic peroxisomal H&metab&zing enzyme activities in rats treated with 
sulfur-substituted fatty acid analogs for 14 days 

Enzyme activity 

AcyX-CoA oxidase 
( ~oi/min~mg protein) (%) 

Catalase 
( ~~I~~n~rng protein) f%) 

A@-CoA oxidase/cat&ase 
(ratio of induction in %) 

Control CETlTl 0 BCMTD 

5.8 f 0.3 12.2 2 0,6* 36.5 2 3.0’ 49.6 a 4.75 
(W (210) (629) (855) 

24.2 ‘t 5‘3 38.2 “- 3.3’ 43.8 I 4.P 49.5 * 3.P 
W-W (158) (W (2W 

I 1.3 3.5 4.2 

Values are means -+ SD of three animals. 
* P < 0.05 compared to controls. 

this observation, the activity of hepatk fatty aeyECoA 
oxidase, the marker enzyme for peroxisoma$ &oxidatioo, 
was ~~~c~t~y increased in ah rats treated with the sulfirr- 
substituted fatty acid analogs (Tabhe 1). The increases were 
by about 8-, 6- and 2-fold in BCMTD, CMTTD and 
CETTD fed rats, respectively. Similarly, catalase activity 
was induced significantly in all the treated rats (Table 1). 
However, the ratio of induction of fatty acyl-CoA oxidase 
(H,O,-producing enzyme) to catalase (H&-degrading 
enzyme) was 4.2 and 3.5 in BCMTD- and CMTTD-treated 
rats, while the corresponding ratie was 1.3 in CETTD- 
treated groups. The respt~se obtamed with BCMTD and 
CMTTD is sidar to &at seem with other h~~i~idemi~ 
pero~ome-prolifera~n~~m~o~~~4,11,18,19f.~~, 
a structura;Hy similar compound to both BCMTD and 
CMITD but which has a non-hypohpidemic effect 121, 
caused no such large differential induction of the two 
peroxisomal enzymes. 

One of the principal arguments on the mechanism 
of toxicity by hypalipidemic peroxisome-proliferating 
compounds is whether the H&&-degrading capacity of 
eat&se is exceeded by the H$&-generating cap&y of 
a+CoA oxidase during such treatment f191k As illustrated 
in Table 2, hepatk HzOz content was increased on@ in 
BCfa- and CMTTD-treated rats {Table 2). This fmding 

thus shows an associatiotl between an imbalance in the 
induction of the peroxisomal enzymes and the accumulation 
of H&..& in the &er, But, contrary to our expectation, the 
extent of increase in hepatic H+& was more in rats treated 
with the less potent pemxiwme protiferator CMTTD than 
those given XMTD. There is no apparent explanation to 
this finding at present. 

It was also of interest to study whether the changes in 
cellular antioxidants and parameters of oxidative stress 
such as lipid peroxidation parallel the peroxisomal events. 

Hepatie lipid peroxidation was elevated in all the treated 
rats in comparison to cornroB (Table 3). The extent of 
increase was h&hest in rat Livers treated with CMTTD 
fogowed by BC!iQTD. This paraUef6 the extent of increase 
in H&z. Thus, increased lipid peroxidation in BCMTD- 
andC_-treated rats may, at least in part, be accounted 
for by Ha02-mediated oxidative stress, However, increased 
lipid peroxidation in CETTD-treated animals looks 
somewhat paradoxical as it cannot be attributed to the 
events in the peroxisomes or to the changes in hepatic 
H&I&, content, Our previous study has shown that the 
administ~tion of CETID is fohowed by the formation of 
fatty hver and inhibition of mitochondrial &-oxidation fljt 
a ph~~menou which was atso observed in rat Zivers 
exposed to et&nine [ZO]. It is, therefore, I&e&y that the 

Table 2. Changes in hepatic GSH, H202 content and lipid peroxidation levels measured 
as thiobarbituric acid reactive substance (TBARS) in rats treated with sulfur-substituted 

fatty acid analogs for X4 days 

GSH H&J, content 
Treatment group ( ynoi/g liver) (nmoI/g liver) 

controi 5.71 f 0.48 385 c 32 
CE7T-D 7.43 + 0.39, 367 ” 59 
CMTID 7.18 + 0.66* 710 r 82* 
BCMTD 7.25 zk 0.44* 5% -t 67* 

Values shown are means k SD from three animals. 
* P < 0.05 as compared to con&ok 

TBARS 
(nmorfg liver) 

197 It: 27 
308 ?; 43* 
578 f 37’ 
416 c 52* 

Table 3. Changes in ghrtathione associated enzyme activitks in rats treated with sulfur-substituted 
fatty acid analogs for 14 days 

Enzyme activity 

Glutathione peroxidase 
(nmol/min/mg protein) (%) 

Glutathione transferase 
( ~of/min/mg protein) (%) 

Glutathione reductase 
(~o~~rn~n~rng protein) (%) 

Control 

650 + 34 
(lW 

2.50 + 0.17 

CETTD BCMTD 

514 f 4414” 527 -c 39* 520 -’ 41* 
(79) (81) 

2,O + 0.14’ 1.9 * 0.21* 
(76) 

85 2 7.8* 
m 

Vahtes are means + SD of three animals. 
* P c 0.05 compared to controls. 
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increase in lipid peroxidation in CE’ITD-treated rats is 
linked to a decrease in the ATP-generating process in the 
mitochondria rather than the events in the peroxisomes. 

Hepatic GSH level was increased (Table 2), while the 
activities of GST. GPx and GRD were decreased 
significantly in all the treated rats (Table 3). Except for 
the extent of decrease in activity of GST in rats treated 
with BCMTD, no correlation has been found between 
extent of alteration in these antioxidant parameters and 
the potency of the compounds to induce the peroxisomal 
enzymes. 

in the liver during hepato carcinogenecity by methyl 
clofenapate and other hypolipidemic peroxisome 
prohferators. Cancer Res 42: 259-266, 1982. 

6. Lalwani ND. Reddv MK. Qureshi SA and Reddv 
JK, Develonment of hepatocellular carcinomas and 

7. 

increased pe-roxisomal fatty acid poxidation in rats fed 
14-chloro-6-(2-3-xvlidinl-2-ovrmidinvlthiol acetic acid 
(Wy-16,643) in the semipyhfied diec Carcinogenesb 2: 
645-650, 1981. 
Reddv JK, Azarnoff DLand Hignite CE, Hvpolipidemic 
hepa& peroxisome proliferators form a novelclass of 
chemical carcinoeenesis. Nature 283: 397-398, 1986. 
Geol SK, Lalwaii ND and Reddy JK, Peroxisome 
proliferation and lipid peroxidation in rat liver. Cancer 
Res 46: 1324-1330, 1986. 

the peroxisomes. Furthermore, alteration in the level of 
glutathione and in the activities of the glutathione- 
associated enzymes has no pattern with the potency of the 

In conclusion, the present study shows that peroxisomal 
/3-oxidation/catalase ratio increased 3.5-4 in total liver 

compounds inducing the peroxisomal enzymes. 

homogenates of rats treated with the two hypolipidemic 
compounds BCMTD and CM’ITD and this was 
accompanied by increased hepatic H,Or content and lipid 
peroxidation. However, lipid peroxidation was also 
increased in CETTD-fed rats where the ratio of induction 
was 1.3 and there was no increase in hepatic HzOz content. 
Thus, the increase is unlikely to be due to the events in 
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10. Berge RK, Aarsland A, Kryvi H, Bremer J and 

Fahl WE, Lalwani ND, Watanabe T, Gael SK and 

Aarsaether N, Alkylthio acetic acids (3-thia fatty 

Reddy JK, DNA damage related to increased hydrogen 
peroxide generation by hypolipidemic drug induced 

acids)-a new group of non-goxidizable peroxisome- 

liver peroxisomes. Proc Nat1 Acad Sci USA 81: 7827- 
7830, 1984. 

inducing fatty acid analogue+II. Dose-response 
studies on hepatic peroxisomal- and mitochondrial 
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