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Dehydroepiandrosterone (DHEA), a lipid soluble steroid, administered to rats (100 mg/kg b.wt) by a 
single intraperitoneal injection, increases to twice its normal level in the liver microsomes. Microsomes 
so enriched become resistant to lipid peroxidation induced by incubation with carbon tetrachloride in 
the presence of a NADPH-regenerating system: also the lipid peroxidation-dependent inactivation of 
glucose-6-phosphatase and gamma-glutamyl transpetidase due to the haloalkane are prevented. 
Noteworthy, the liver microsornal drug-metabolizing enzymes and in particular the catalytic activity of 
cytochrome P45011El, responsible for the CC1,-activation, are not impaired by the supplementation 
with the steroid. Consistently, in DHEA-pretreated microsomes the protein covalent binding of the 
trichloromethyl radical (CCl,O), is similar to that of not supplemented microsomes treated with CCI,. 
It thus seems likely that DHEA protects liver microsomes from oxidative damage induced by carbon 
tetrachloride through its own antioxidant properties rather than inhibiting the metabolism of the toxin. 

KEY WORDS: Dehydroepiandrosterone, carbon tetrachloride, lipid peroxidation, covalent binding, 
antioxidant. 

INTRODUCTION 

Dehydroepiandrosterone (DHEA) is an human steroid hormone isolated over 50 
years ago, whose biological role has been intensively investigated. Epidemiological 
evidence has recently been obtained that DHEA exerts a role in the prevention of 
cardiovascular disease,'*2 DHEA levels are one factor in the prediction of both the 
development of breast cancer and the progression of HIV in fe~ t ion .~  Experi- 
mental studies suggest an antiproliferative effect,' a decrease of fat synthesis6 and 
an inhibition of the growth of spontaneous7 or DMBA - induced' rat tumours. 

Author to whom correspondence should be address: Dr. Manuela Aragno, Dipartimento di Medicina 
ed Oncologia Sperimentale, Sezione di Patologia Generale, Corso Raffaello 30, 10125 Torino, Italy. 

427 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/1
3/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



428 M. ARAGNO ET AL. 

Aragno et a1.' have recently demonstrated that a single intraperitoneal dose of 
DHEA, 17 hours before carbon tetrachloride (CCl,) poisoning, protects rats 
against CC1,-induced lipid peroxidation and the consequent necrosis of the liver. 
The observed protection against CCl, injury suggests a new role of DHEA as an 
antioxidant. We may thus hypothize that the peroxidative decomposition of 
structural lipids in the endoplasmatic reticulum of liver cells caused by CCl, is 
inhibited by DHEA through a radical-scavenging antioxidant process, rather than 
a prevention of free radical generation. 

In order to explain the antioxidant mechanism of DHEA we have investigated 
the CCl, metabolism and its consequences in microsomal suspensions isolated 
from normal and DHEA-pretreated rats. Our aim was to point out the mechanisms 
of the protective action of DHEA on CC1, induced toxicity investigating both the 
behaviour of some targets of CC1,-induced lipid peroxidation and the covalent 
binding to microsomal protein of the trichloromethyl-radical generated during the 
activation of carbon tetrachloride. 

MATERIALS AND METHODS 

Reagents 
Dehydroepiandrosterone; aminopyrine; 7-ethoxycoumarin; 2, amino-2, methyl- 
propan-l,3diol; L-y-glutamyl p-nitroanilide; cytochrome C; N-nitrosodimethyl- 
amine were obtained from Sigma Chemical Co. (St. Louis, MO, USA). 
Glucose-6-phosphate; glucose-6-phosphate dehydrogenase; NADP' ; NADH were 
from Boerhinger Mannheim (Germany). All other chemicals were from Merck 
(Darmstadt, Germany). 

Animals and Experimental Protocol 
Male Wistar rats, 180-200g b.wt, from Nossan (Correzzana, Italy), were used. 
Animals were maintained on a standard pellet diet (Piccioni, Gessate Milanese, 
Italy) and water ad libitum. Normal rats were sacrificed under ether anesthesia and 
the liver was immediately excised, weighed in ice and utilized to prepare the 
microsomal fraction. Microsomes were isolated from 20% liver homogenates in 
saccarose-Hepes (0.25 M - 10 mM), pH 7.4. The homogenates were centrifuged 
once at 27,500g at 4°C for 10 minutes and the supernatant recentrifuged at 
105,OOOg at 4°C for 50 minutes. Microsomes were stored at -80°C. 

DHEA pretreated rats were supplemented i.p. with a single dose of the steroid 
(10-50-100-200 mglkg). DHEA was dissolved in 1 vol. of 95% ethanol, followed 
by the addition of 9 vol. of 16% Tween 80 in 0.9% in NaCI. Seventeen hours later 
the rats were killed and the liver removed to prepare the microsomal fractions. 

Biochemical Analyses 
Hepatic microsomes from normal and DHEA-pretreated rats were resuspended in 
0.15 M KCl: 10 mM TRIS-HCl buffer pH 7.4 (3 : 2 v/v) to a concentration of 20 mg 
proteidml, in order to evaluate oxidative stress. Microsomes (1 mg protein/ml) 
were incubated for 15 minutes at 37°C in the presence of a NADPH-regenerating 
system consisting of 5 mM glucose-6-phosphate, 0.25 mM NADP' , 10 I.U. 
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glucose-6-phosphate dehydrogenase, with or without the addition of 8.6 mM CC1, . 
Lipid peroxidation in microsomal suspensions was measured in terms of MDA 

production as described by Slater and Sawyer." Covalent binding of ['4C]CCl, to 
protein was tested by incubating aerobically normal or DHEA-pretreated micro- 
somes (100 mg/kg b.wt.) with a NADPH-regenerating system at 37OC up to 30 min. 
The reaction was started by the addition of 8.6mM ['4C]CCI,, specific activity 
61 mCi/mmol, (Amersham International, Amersham, U.K.) diluted in dimethyl- 
sulphoxide (DMSO). At the end of the incubation unbound radioactivity was 
removed by transferring the samples into conical tubes containing 8 ml 5% 
trichloracetic acid (TCA) in ice. The protein were separated and washed with the 
following centrifugates: once with 5ml 5% TCA and four times with 5ml of a 
methyl-ethyl ether (3/ 1 v/v) mixture. The remaining protein pellet was solubilized 
in 0.50 ml 1N NaOH and aliquots of 50 p1 used for protein determination according 
to Lowry et al." The remaining protein solution was added to 5 ml Ready Gel 
(Liquid Scintillation Cocktail, Beckman Instruments, Fullerton, CA, U.S.A.) and 
radioactivity counted with a LS 1801 beta scintillation counter (Beckman Instru- 
ments, Fullerton, CA, U.S.A.) 

DHEA concentration was evaluated in microsomal fractions from liver of 
DHEA-pretreated and normal rats as reported by Boccuzzi et a1.I2 

Microsomal total protein and cytochrome P,,, content were determined 
spectrophotometrically by the method of Lowry etal." and Omura and Sato,I3 
respectively. 

Aminopyrine demethylase and 7-ethoxycoumarin deethylase activities were deter- 
mined as described by Albano et al.I4 N-nitroso dimethylamine demethylase was 
measured by the method of Yang et al." and cytochrome C-reductase and glucose- 
6-phosphatase activities were determined as described by Slater and Sawyer.16 
Gamma-glutamyl transpeptidase activity was analyzed as described by Orlowsky 
and Meister." 

Statistical Analyses 
Student's t test was used to determine the statistical significance of the difference 
between the experimental groups. 

RESULTS 

In Figure 1 is reported the effect of increasing doses of DHEA, given i.p. to rats, 
on liver microsomal lipid peroxidation induced by CCl,. A good prevention 
(30-40%) of the MDA increased production due to the haloalkane is observed in 
microsomes isolated from rats pretreated with either 100 or 200 mg/kg body weight 
of DHEA. It is interesting to note that basal lipid peroxidation, in the CCl, 
untreated microsomes but enriched with the steroid, is even slightly lower than 
absolute controls (without DHEA-pretreatment). 

In order to study in detail the mechanism responsible for the protection exerted 
by DHEA on CC1,-induced lipid peroxidation, further experiments were per- 
formed on the microsomal fractions isolated from rats pretreated with a single dose 
of DHEA (100 mg/kg b.wt). DHEA concentration in liver microsomes of pretreated 
rats was strongly increased with respect to that present in microsomes of con- 
trol animals (42 ng/g liver vs 17 ng/g liver). Under this condition, DHEA did not 
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FIGURE 1 Protective effect of DHEA-pretreatment on lipid peroxidation. A range of DHEA doses 
(10-50-100-200 mg/kg) was given to animals by single i.p. injections. DHEA was dissolved in 1 vol. 
of ETOH plus 9 vol. of 16% Tween 80 in 0.9% NaCI. Seventeen hours later normal and pretreated rats 
were killed. Microsomes (1 mg proteidml) were incubated with the NADPH-regenerating system, con- 
sisting of 5 mM glucose-6-phosphate, 0.25 mM NADP' , 10 I.U. glucose-6-phosphate dehydrogenase, 
with or without the addition of CCI, (8.6 mM), for 15 minutes at 37°C (3 rnl final volume). Values are 
the means rt SE of three experiments in duplicate. Statistical significance: * vs CC1,-untreated group 
without DHEA, * vs internal CCI4-untreated group; Q vs CCI, without DHEA. 

interfere with liver cytochrome P450 content or NADPH-cytochrome C-reductase 
activity. However, the supplementation with the steroid does not protect micro- 
soma1 preparations from CC1,-induced impairment of both hemo- and flavo- 
proteins (Table 1). In a similar way, the activities of aminopyrine demethylase, of 
7-ethoxycoumarin deethylase and of the marker of cytochrome P45011E1 catalytic 

TABLE 1 
No effects of DHEA-pretreatment on CCI, activation. Cytochrome P450 content and NADPH- 
cytochrome C reductase activity in liver microsomes obtained from normal or DHEA-pretreated 
(100 mg/kg) rats. Microsomes (1 mg prot/ml) were incubated with the NADPH regenerating system con- 
sisting of 5 mM glucose-6-phosphate, 0.25 mM NADP' , 10 I.U. glucose-6-phosphate dehydrogenase, 
with or without addition of CC14(8.6 mM) diluted in DMSO, for 15 minutes at 37°C (3 ml final volume). 

~~ 

Groups Cytochrome NADPH-cytochrome C 

protein) (pmol/min/mg protein) 
P450 (nmol/mg reductase 

- DHEA 

Control 

+ DHEA 

Control 
CCl* 

CCI, 
0.466 =k 0.030 
0.225 f 0.015* 

0.460 f 0.020 
0.209 f 0.010* 

125.17 f 6.03 
79.25 f 3.93* 

118.27 f 6.02 
74.65 f 8.26* 
- 

Data are means f SE of three experiments in duplicate. Statistical significance: * vs control (P < 0.001). 
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action, i.e. dimethyl-nitrosamine demethylase were not modified by DHEA 
treatment, which on the other hand did not provide any protection against the 
marked enzymatic changes exerted by the haloalkane (Table 2). 

While, inefficient versus the CC1,-dependent derangement of cytochrome P,,, 
related enzyme activities, the enrichment of hepatic DHEA content afforded 
complete protection against glucose-6-phosphatase and y-glutamyl-transpetidase 
(Table 3) inactivation by in vitro treatment with the toxic agent. 

The covalent binding of CCl, metabolites to microsomal protein in the presence 
or absence of DHEA, at different time (5-15-30 minutes) of incubation, is reported 
in Table 4. The presence of DHEA did not significantly interfere with the 
trichloromethyl-radical binding to microsomal protein. 

TABLE 2 
No effect of DHEA-pretreatment on impairment induced by CC14 on microsomal P,,,dependent 
enzymes. Aminopyrine-demethylase, 7-ethoxycoumarin deethylase and dimethyl-nitrosamine demethy- 
lase activities in liver microsomes obtained from normal or DHEA-pretreated (100 mg/kg) rats. 
Microsomes (1 mg proteidml) were incubated with the NADPH regenerating system consisting of 5 mM 
glucose-6-phosphate, 0.25 mM NADP' , 10 I.U. glucose-6-phosphate dehydrogenase, with or without 

CCI, (8.6 mM) diluted in DMSO, for 15 minutes at 37°C (3 ml final volume). 

Groups Aminopyrine Ethoxycournarin DMN demethylase 
demethylase deethylase (nmol/min/mg prot) 

(nmol/min/mg prot) (nmol/min/mg prot) 

- DHEA 

Control 2.43 f 0.16 0.15 f 0.02 
CCI, 0.53 f 0.01; 0.03 f 0.01; 

2.11 f 0.14 
0.94 f 0.15; 

DHEA 

Control 2.53 f 0.18 0.16 f 0.02 2.02 f 0.09 
cc1, 0.48 f 0.05* 0.03 f 0.01; 0.79 f 0.08; 

Data are means f SE of three experiments in duplicate. Statistical significance: *vs control 
(P < 0.Oool). 

TABLE 3 
Protective effect of DHEA-pretreatment on markers of CCf4-injury. Glucose-6-phosphatase and 
gamma-glutamyltranspeptidase activities in liver microsomes obtained from normal or DHEA pretreated 
(100 mg/kg) rats. Microsomes (1 mg proteidml) were incubated with the NADPH regenerating system 
consisting of 5 mM glucose-6-phosphate, 0.25 mM NADP', 10 I.U. glucose-6-phosphate dehydro- 
genase with or without CC14(8.6 mM) diluted in DMSO, for 15 minutes at 37°C (3 ml final volume). 

~ 

Groups Glucose-6-phosphatase 
(pmol phosphorus/l5 min/mg prot) 

Y GT 
(UI/mg prot) 

- DHEA 

Control 

+ DHEA 

CCl, 
2.51 f 0.26 
1.36 f 0.25; 

3.74 f 0.20 
2.81 f 0.14; 

Control 
CCI, 

2.93 f 0.35 
2.59 f 0.51 

3.78 f 0.23 
3.77 f 0.17 

~~ 

Data are means f SE of three experiments in duplicate. Statistical significance: *vs control. 
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TABLE 4 
No effect of DHEA-pretreatment on covalent binding to protein of CCI,. Covalent binding of 
[‘4C]CCI,(8.6 mM, specific activity 61 mCi/mmol) to protein in liver microsomes obtained from 
normal and DHEA-pretreated (100 mg/kg) rats. Microsomes (1 mg proteidml) were incubated with the 
NADPH regenerating system consisting of 5 mM glucose-6-phosphate, 0.25 mM NADP’, 10 I.U. 

glucose-6-phosphate dehydrogenase, at 37°C up to 30 min (3 ml final volume). 

Time 
(minutes) 

~~ 

“4CJCC1, 
(nmol/mg protein) 

“4C]CCl, 
(nmol/mg protein) 

5 
15 
30 

1.24 f 0.23 
1.65 f 0.25 
2.19 & 0.38 

1.23 ~t 0.19 
1.78 f 0.25 
2.18 & 0.35 

Data are means f SE of three experiments in duplicate. 

DISCUSSION 

It has been clearly established that carbon tetrachloride is activated through the 
microsomal drug-metabolizing enzymes and that the haloalkylation, i.e. the 
covalent binding of reactive metabolites to macromolecules, and lipid peroxidation, 
i.e. the peroxidative degradation of polyunsaturated fatty acids, are the two events 
mainly responsible for the liver injury produced by Cc1,.l9 

Many physiological and synthetic antioxidants have been found to be effective 
inhibitors of lipid peroxidation induced by CCl, , including vitamin E,” silybin,21 
propyl gallate” and pr~methazine.’~ 

Dehydroepiandrosterone, the main steroid produced by the human adrenal gland, 
has recently been shown to exhibit, in the whole animal,9 a strong protection 
against CC1,-induced hepatic lipid peroxidation and necrosis. 

Reported here are the attempts to characterize the antioxidant activity of DHEA 
using rat liver microsomal suspensions. 

Figure 1 shows that DHEA-pretreatment (100 or 200mg/kg of boby weight) 
significantly reduced the absolute extent of lipid peroxidation both in controls and 
in CC1,-treated microsomes. 

To assess the role of DHEA in protecting against damage induced by CCl,, we 
investigated some microsomal mono-oxigenase P,,,-dependent enzymes. The pre- 
sence of DHEA did not appear to modify the microsomal PA50 content nor the 
NADPH-cytochrome C reductase activity (Table 1). Likewise, the entire function 
oxidase system (assayed as aminopyrine demethylase and ethoxycoumarin de- 
ethylase) appeared not to be influenced by the presence of DHEA. In both systems, 
with or without DHEA, CCI, determined high and consistent inhibition of all 
these activities. 1 6 s 2 ,  

With the aim of excluding any interference of DHEA with CCI, metabolism, the 
cytochrome P45011E1 was determined in our experimental conditions. 

P45011E1 is an active catalyst for the oxidation of many xenobiotics, including 
CCl, .” Dimethylnitrosamine (DMN) has been shown to be a specific effective 
substrate for Pd5JIEl. DMN demethylase activity was thus taken as an index of 
the catalytic activity of P45011El on CCl, activation (Table 2). DHEA enrichment 
did not inhibit DMN demethylase activity compared to control microsomes. The 
presence of carbon tetrachloride in either system, with or without DHEA, provoked 
a similar decrease in DMN demethylase activity, so indicating that CC1, was nor- 
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mally metabolized by the P,,,-dependent monooxigenase system even in the 
presence of relatively high amounts of DHEA. 

It is known that the addition of CCI, to microsomes induces a strong decrease 
of glucose-6-phosphatase and y-glutamyl-transpeptidase activities.’6*26 In our 
experimental model the loss of activity of both enzymes, caused by CCI,, was 
completely prevented in microsomes enriched with DHEA (Table 3). 

Finally, the covalent binding of CCl, metabolites to proteins was not modified 
by the presence of DHEA supplementation, at least up 30 minutes of incubation 
(Table 4). 

Previous works on the mechanisms of protection against CCl, by defined anti- 
oxidants, showed that both vitamin E and promethazine, inhibit the CC1,-induced 
enhancement of lipid peroxidation but are completely inactive in protecting the 
protein covalent binding of CC1,.27928 

Consistently, DHEA does not prevent the loss of cytochrome P450 and of related 
enzymes (aminopyrine demethylase, NADPH-cytochrome C reductase, DMN- 
demethylase, ethoxycoumarin- deethylase) which are known to be impaired through 
haloalkylation rather than lipid per~xidat ion.~~ On the other hand, DHEA affords 
full protection against the decrease of glucose-6-phosphatase and gamma- 
glutamyltranspetidase, targets of lipid per~xidat ion.~~ 

In conclusion, relatively high concentrations of DHEA affords protection against 
CC1,-dependent lipid peroxidation triggered in isolated rat liver microsomes. Since 
the supplementation with the hormone does not show any interference with the 
microsomal production of CC1,-radical metabolites, DHEA appears to act as a 
chain-breaking and not like a preventive antioxidant. 

Acknowledgements 

This study was supported by the Minister0 dell’Universita e della Ricerca Scientifica (Progetto Nazionale 
Cirrosi Epatica ed Epatiti Virali and Progetto Patologia da Radicali Liberi e da Equilibri Redox) and 
by the Consiglio Nazionale delle Ricerche (Progetto Finalizzato Invecchiamento, SP Gerontobiologia 
contract n. 92.00357.PF40, and Progetto Finalizzato Applicazione Clinica della Ricerca Oncologica), 
Rome Italy. 

References 
1. D.M. Herrington, G.B. Gordon, S.C. Achuff, J.F. Trejo, H.F. Weismann, P.O. Kwiterovich and 

T.A. Pearson (1990) Plasma dehydroepiandrosterone and dehydroepiandrosterone sulfate in patients 
undergoing diagnostic coronary angiography. Journal of the American College of Cardiology, 16, 

2. A.N. Nafziger, D.M. Herrington and T.L. Bush (1991) Dehydroepiandrosterone and dehydroepian- 
drosterone sulfate: their relation to cardiovascular disease. Epidemiological Reviews, 13, 267-293. 

3 .  K.J. Helzlsouer, G.B. Gordon, A.J. Alberg, T.L. Bush and G.W. Comstock (1971) Relationship 
of prediagnostic serum levels of dehydroepiandrosaterone and dehydroepiandrosterone sulphate to 
the risk of developing breast cancer. Cancer Reserch, 52, 1-4. 

4. J.W. Mulder, P.H. Jos Frissen, P. Krijnen, E. Endert, F. de Wolf, J .  Goudsmit, J.G. Masterson 
and J.M.A. Lange (1992) Dehydroepiandrosterone as predictor for progression to AIDS in asymp- 
tomatic human immunodeficiency virus-infected men. Journal of Infectious Diseases, 165, 413-418. 

5. R.S. Kim, C.L.F. Zaborniak, A. Begleiter and F.S. La Bella (1992) Antiproliferative properties of 
aminosteroid antioxidants on cultured cancer cells. Cancer Letters, 64, 61-66. 

6. M.P. Cleary (1991) The antiobesity effect of dehydroepiandrosterone in rats. Proceedings of the 
Society for  Experimental Biology and Medicine, 196, 8-16. 

7 .  M.S. Rao, A.V. Subbarao and J.K. Reddy (1992) Inhibition of spontaneous testicular Leydig cell 
tumor development in F-344 rats by dehydroepiandrosterone. Cancer Letters, 65, 123-126. 

8 .  G. Boccuzzi, M. Aragno, E. Brignardello, E. Tamagno, G. Conti, M. Di Monaco, S. Racca, 0. 

862-870. 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/1
3/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



434 M. ARAGNO ET AL. 

Danni and F. Dzi Carlo (1992) Opposite effects of dehydroepiandrosterone on the growth of 
7,12-dimethylben(a)anthracene-induced rat mammary carcinomas. Anticancer Research, 12, 

9. M. Aragno, E. Tamagno, G. Boccuzzi, E. Brignardello, E. Chiarpotto, A. Pizzini and 0. Danni 
(1993) Dehydroepiandrosterone-pretreatment protects rats against the pro-oxidant and necrogenic 
effects of carbon tetrachloride. Biochemical Pharmacology, 46, 1689-1694. 

10. T.F. Slater and B.C. Sawyer (1971) The stimulatory effects of carbon tetrachloride and other 
halogenoalkanes on peroxidative reactions in rat liver fractions in vitro. I. General features of the 
system used. Biochemical Journal, 123, 805-814. 

11. O.H. Lowry, N.J. Rosebrough, A.L. Farr and R.J. Randall (1951) Protein measurement with Folin 
phenol reagent. Journal of Biological Chemistry, 193, 265-275. 

12. G. Boccuzzi, E. Brignardello, M. Massobrio and L. Bonino (1987) Breast duct fluid dehydroepian- 
drosterone sulphate in fibrocystic disease. European Journal of Cancer Clinical and Oncology, 23, 

13. T. Omura and R. Sat0 (1964) The carbon monoxide-binding pigment liver microsomal. I. Evidence 
for its hemoprotein nature. Journal of Biological Chemistry, 239, 2370-2378. 

14. E. Albano, K.H. Cheeseman, A. Tomasi, R. Carini, M.U. Dianzani and T.F. Slater, T.F. (1986) 
Effect of spin traps in isolated hepatocytes and liver microsomes. Biochemical Pharmacology, 35, 

15. C.S. Yang, C.J. Patten, H. Ishizaki and J.S.H. Yo0 (1991) In: Methods in Enzimology, Vol. 206, 
(ed. M.R. Waterman and E.F. Johnson) Academic Press, London, pp. 595-603. 

16. T.F. Slater and B.C. Sawyer, (1969) The effects of carbon tetrachloride on rat liver microsomes 
during the first hour of poisoning in vivo, and the modifying actions of promethazine. Biochemical 
Journal, 111, 317-324. 

17. M. Orlowsky and A; Maister (1965) Isolation of y-glutamyl transpeptidase from hog kidney. Journal 
of Biological Chemistry, 240, 338-347. 

18. K.H. Cheeseman, E. Albano, A. Tomasi and T.F. Slater (1985) Biochemical studies on the metabolic 
activation of halogenated alkanes. Environmental Health Perspectives, 64, 85-101. 

19. G. Poli, E. Albano and M.U. Dianzani (1987) The role of lipid peroxidation in liver damage. 
Chemistry and Physics of Lipids, 45, 117-142. 

20. G .  Poli, E. Albano, F. Biasi, G. Cecchini, R. Carini, G. Bellomo and M.U. Dianzani (1985) Lipid 
peroxidation stimulated by carbon tetrachloride or iron and hepatocyte death: Protective effect of 
vitamin E. In Free Radicals in Liver Injury (G.  Poli, K.H. Cheeseman, M.U. Dianzani and T.F, 
Slater eds.), IRL Press, Oxford: pp. 207-215. 

21. A. Comoglio, G. Leonarduzzi, R. Carini, D. Busolin, H. Basaga, E. Albano, A. Tomasi, G. Poli, 
P. Morazzoni and M.J. Magistretti (1990) Studies on the antioxidant and free radical scavenging 
properties of IdB1016 a new flavanolignan complex. Free Radical Research Communications, 11, 

22. K.H. Cheeseman (1982) Effects of scavengers and inhibitors on lipid peroxidation in rat liver 
microsomes. In Free Radicals, Lipid Peroxidation and Cancer (D.C.H. Mc Brien and T.F. Slater 
eds.), Academic Press, London: pp. 196-214. 

23. G. Poli, K.H. Cheeseman, F.T. Slater and M.U. Dianzani (1981) The role of lipid peroxidation in 
CC1,-induced damage to liver microsomal enzymes: comparative studies in vitro using microsomes 
and isolated liver cells. Chemico-Biological Interactions, 31, 13-81. 

24. T.F. Slater (1981) Interaction sites of carbon tetrachloride with the NADPH-cytochrome P,,, elec- 
tron transport chain in rat liver microsomes. In Recent Advanced in Lipid Peroxidation and Tissue 
Injury (T.F. Slater and A. Gardner eds.), Produced by Brunel Printing Services London: pp. 1-28. 

25. I. Johansson and M. Ingelman-Sundberg (1985) Carbon tetrachloride-induced lipid peroxidation 
dependent on an ethanol-inducible form of rabbit liver microsomal cytochrome P-450. Febs Letters, 

26. M. Mourelle, C. Villalon and J.L. Amezcua (1988) Protective effect of colchicine on acute liver 
damage induced by carbon tetrachloride Journal of Hepatology, 6 ,  337-342. 

27. F. Biasi, E. Albano, E. Chiarpotto, F.P. Corongiu, M.A. Pronzato, U.M. Marinari, M. Parola, 
M.U. Dianzani, G. Poli (1991) In vivo and in vitro evidence concerning the role of lipid peroxidation 
in the mechanism of hepatocyte death due to carbon tetrachloride. Cell Biochemistry and Function, 

28. G. Poli, K.H. Cheeseman, F. Biasi, E. Chiarpotto, M.U. Dianzani, H, Esterbauer and T.F. Slater 
(1989) Promethazine inhibits the formation of aldehydic products of lipid peroxidation but not 
covalent binding resulting from the exposure of rat liver fractions to CCI, . Biochemical Journal, 

1479-1484. 

1099-1 102. 

3955-3960. 

1-3. 

183, 265-269. 

9, 111-118. 

264. 527-532, 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/1
3/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



DHEA PREVENTS CCL, TOXICITY IN RAT LIVER MICROSOMES 435 

29. M.U. Dianzani and G .  Poli (1985) Lipid peroxidation and haloalkylation in CC1,-induced liver 
injury. In Free Radicals in Liver Injury (G. Poli, K.H. Cheeseman, M.U. Dianzani and T.F. Slater 
eds.), IRL Press, Oxford: pp. 149-158. 

Accepted by Professor H. Sies 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/1
3/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.




