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PZ-51 (Ebselen) in viuo protection against Adriamycin-induced mouse cardiac 
and hepatic lipid peroxidation and toxicity 

(Received 9 March 1992; accepted 20 April 1992) 

Abstract-Adriamycin@ (Adr)-induced cardiotoxicity occurs most likely via an oxidative mechanism of 
action. Moderation of this activity may result in an improved therapeutic index for this compound. PZ- 
51, 2-ohenyl-1,2-benzoisoselenazol-3(2H)-one, is a selenoorganic compound with thiol-dependent, 
peroxi’dase-iike activity. We tested this .compound alone and in combination with N-acetylcysteine 
(NAC) for its effect on Adr-induced in vivo toxicity in Balb/c mice. These studies demonstrated that 
$Z-5l’protects against Adr-induced lipid peroxidatidn in heart and liver tissue and Adr-induced toxicity 
in general, as measured by total serum creatine kinase activity and body weight. 

Adriamycin” (Adr*) is used as a primary chemotherapeutic 
agent in the treatment of a broad range of neoplastic 
diseases. The therapeutic efficacy of Adr in the treatment 
of human cancer is limited, however, by a variety of side- 
effects, two of which are bone marrow suppression 
and cardiotoxicity. Although the pathogenesis of the 
anthracycline cardiac toxicity remains uncertain, recent 
studies have suggested that drug-induced oxygen radicals 
are involved in damaging the heart [l-5]. The finding that 
cardiac cells have a limited capacity to enzymatically 
detoxify oxygen radicals [6-81 is further evidence that heart 
tissue may be particularly susceptible to injury by 
anthracvcline-induced oxygen radicals. 

Recently a novel seleh;organic compound, 2-phenyl- 
1,2-benzoisoselenazol-3(2H)-one (PZ-51: Ebselen), was 
synthesized. This compound has been found to have 
antioxidant activity [9],- and has been shown to be thiol- 
deoendent and oeroxidase-like in activitv 1101. It inhibits 
lipid peroxide adcumulation in both micro\imil membrane 
preparations [lo] and isolated hepatocytes [ll]. Further 
studies have shown that the combination of N-acetylcysteine 
(NAC) and PZ-51 protects isolated hepatocytes against 
diquat-induced oxygen radical cytotoxicity [ 121. From these 
previous studies, it appeared that PZ-51, either alone or 
in combination with NAC, may be a good candidate for 
moderating the toxicity of Adr. In this paper, the effects 
of NAC and PZ-51 on Adr-induced lipid peroxidation and 
toxicity were tested in vivo using Balb/c mice. 

Materials and Methods 

Ebselen was a gift of the Ciba-Geigy Corp. (Summit, 
NJ). Adriamycin (D 5642) and N-acetylcysteine (A 9165) 
were ourchased from the Sigma Chemical Co. (St. Louis, 
MO).’ 

Lipid peroxidation studies. Female Balb/c mice were 
treated i.p. as described in Table 1. Forty-eight hours 
following Adr treatment the animals were killed. Heart 
and liver tissues were rinsed to remove excess blood, 
weighed, homogenized and subsequently assayed for lipid 
peroxidation by the thiobarbiturate acid test [13]. 

Total serum crearine kinase (CK) activity. Female 
Balb/c mice were treated identically to those in the lipid 
peroxidation studies. Blood samples, collected 48 hr post 
Adr injection, were centrifuged for 15 min in a refrigerated 
microcentrifuge and the serum was collected. Total CK 
activity was determined spectrophotometrically using a 
diagnostic kit purchased from the Sigma Chemical Co. 
(Diagnostic Kit 47-50). 

* Abbreviations: Adr, Adriamycin; CAT, catalase; CK, 
creatine kinase; DMSO, dimethyl sulfoxide; NAC, 
N-acetylcysteine; PZ-51, 2-phenyl-1,2-benzoisoselenazol- 
3(2H)-one; and SOD, superoxide dismutase. 

Body weight change studies. Male Baib/c mice were 
treated as described in Fig. 2. Food and water were 
provided ad lib. The animals were observed daily and 
weighed periodically for up to 20 days. 

Stat&Cal analysb. Student’s t-test was used to assess the 
differences between experimental groups. 

Results and Discussion 

Lipid peroxidation studies. One of the potentially toxic 
consequences of oxygen radical generation is lipid 
peroxidation. Adr has been shown to induce lipid 
peroxidation in a number of systems [4,5,8,14-161 and 
therefore studies were conducted to determine whether 
pretreatment with PZ-51, alone or in combination with 
NAC, had any effect on Adr-induced lipid peroxidation in 
our in vivo system. The results of these studies are shown 
in Table 1. Similar results were obtained for both heart 
and liver tissues. In each case, treatment with Adr resulted 
in a significant increase in lipid peroxidation over control 
values. Pretreatment with PZ-51, NAC or the combination 
of both prior to Adr treatment resulted in a significant 
decrease in lipid peroxidation in these Adr-treated animals. 
Lipid peroxidation values for all three of the pretreatment 
groups were not significantly different from the control 
values in the cardiac tissue. The combination of PZ-51 and 
NAC was the most effective in protecting against lipid 
peroxidation in the mouse hepatic tissue. These studies 
demonstrate that in this model, pretreatment with PZ-51, 
NAC or the combination of both is capable of reducing 
Adr-induced lipid peroxidation. 

Crearine kinase studies. Measurement of CK released 
into the blood is used diagnostically to indicate tissue 
damage. We measured blood serum CK levels in our 
treated mice as a measure of general tissue damage 
following Adr treatment to see whether the pretreatment 
with PZ-51, NAC or the combination of both would 
decrease this damage. The results of these studies are 
shown in Fig. 1. The data show that Adr treatment alone 
significantly increased serum CK levels as compared to 
control animals (P < 0.001). Pretreatment with NAC, PZ- 
51 or the combination of both significantly decreased serum 
CK activity in Adr-treated animals (P < 0.001). The 
combination of PZ-51 and NAC was the most effective at 
reducing serum CK activity. These studies therefore suggest 
that Adr-induced tissue damage, as measured by serum 
CK activity, can be inhibited significantly by pretreatment 
with PZ-51, NAC or the combination of both. 

Body weight change studies. The data presented in Fig. 
2 show the body weight changes resulting from pretreatment 
with PZ-51, alone or in combination with NAC, 1 hr prior 
to Adr treatment as a measure of toxicity. Animals 
receiving no Adr treatment gained 6-10% of their original 
body weight. Adr treatment alone resulted in a decrease 
in body weight throughout the course of the study. 
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Table 1. Effects of PZ-51 and N-acet lcysteine (NAC) on Adriamycin-induced 
lipid peroxidation in Balb ly c mouse heart and liver tissue 

Malondialdehyde 
(nmol/g wet wt tissue) 

Drug Pretreatment Heart Liver 

None None 34.7 2 2.4 70.5 * 12.9 
Adriamycin None 49.1 * 6.8* 119.0 f 17.1’ 
Adriamycin NAC 35.0 + 2.2t 97.1 -+ 12.6*t 
Adriamycin PZ-51 37.1 f 5.0t 85.1 ? 19.4t 
Adriamycin PZ-51 + NAC 34.4 f 4.9t 73.0 -e 8.7t 

Female Balb/c mice were treated i.p. with either control solvent [dimethyl 
sulfoxide (DMSO)] or PZ-51 (4mg/kg body wt) and NAC (50mg/kg body wt) 
dissolved in DMSO 1 hr prior to i.p. treatment with Adriamycin (20 mg/kg body 
wt) dissolved in sterile water or sterile water alone. Forty-eight hours following 
drug treatment the animals were killed. Each value is the mean + SD obtained 
from at least ten animals. 

* Significantly different from the control group value, no drug, no pretreatment 
(P < 0.001) by Student’s r-test. 

t Significantly different from Adriamycin-treated, no pretreatment value 
(P < 0.001) by Student’s r-test. 

Pretreatment with PZ-51 or PZ-51 and NAC prior to Adr 
treatment resulted in a recovery of weight not observed in 
the non-pretreated animals. These pretreated animals, 20 
days post Adr treatment, had a significantly (P < 0.01) 
greater percentage of their initial body weight than the 
Adr-treated animals. These results are consistent with the 
hypothesis that pretreatment with PZ-51 or PZ-51 and 
NAC protects against Adr-induced toxicity in Balb/c mice. 

The thiol-dependent, glutathione peroxidase-like activity 
of PZ-51 makes this antioxidant different from those 
previously tested against Adr [17-211 and potentially the 
most effective, as it is capable of detoxifying organic 
hydroperoxides and hydrogen peroxide. Studies using 
CDFl mice [7] showed that cardiac tissue had relatively 
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Fig. 1. Serum creatine kinase (CK) activities in Adriamycin- 
treated Balb/c mice. Female Balb/c mice were treated 
identically to those described in Table 1. Forty-eight hours 
post Adriamycin treatment the animals were killed, blood 
samples were taken, and CK activities were measured in 
serum. Values are means + SEM from at least six animals. 
Key: (*) significantly different (P < 0.001) from control 
group; and (**) significantly different (P < 0.001) from 

Fig. 2. Percentage of initial body weight of pretreated 
and drug-treated male Balb/c mice following drug 
administration. The experimental conditions are similar to 
those described in Table 1 with the exception that the 
Adriamycin treatment dosage was 12 mg/kg body wt. Initial 
body weights (ranging between 20 and 25g) were taken 
prior to the antioxidant pretreatment and designated as 
100% initial body weight on day 0. Subsequent body weight 
measurements were compared to the initial weight and 
expressed as a percentage. Values represent an average 
obtained from at least twelve animals per group. Key: 
(H) PZ-51, no drug; (U) PZ-51 + NAC, no drug; 
(A-A) Adriamycin, no antioxidant treatment; (O-O) 
PZ-51 + Adriamycin; and (C-Q) PZ-51 + NAC + 

Adr-treated group. Adriamycin. 

low levels of the antioxidant enzymes superoxide dismutase 
(SOD) and catalase (CAT) as compared to liver tissues. 
Cardiac SOD and CAT activities were 4 and 150 times 
less, respectively, than their corresponding liver activities. 
Glutathione peroxidase activities were similar in both 
tissues. These data lead the authors to conclude that SOD 
and glutathione peroxidase are the primary antioxidant 
enzymes involved in cardiac tissue defense against oxidative 
stress. Further studies [7] showed that a single dose of Adr 
administered i.p. results in a decrease in glutathione 
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peroxidase activity 24 hr after injection to <44% of control 
values for cardiac tissue. These decreased enzyme activities 
were observed for up to 72 hr after drug administration. 
No effect was observed on SOD activity in these studies. 
Studies from our laboratory have extended these findings 
to show that Adr administered therapeutically in Balb/c 
mice not only causes a decrease in cardiac glutathione 
peroxidase activity, but also causes a decrease in glutathione 
reductase activity and reduced ghrtathione levels.* The 
peroxidase-like activity of PZ-51 may, therefore, be 
particularly effective at cardiac protection against Adr- 
induced toxicity as it may serve as a replacement for the 
lost glutathione peroxidase activity as well as a supplement 
for the catalase activity. 

PZ-51 was observed to be more effective in protecting 
against diquat-induced toxicity in hepatocytes when used 
in combination with NAC [ 121. The PZ-51 in vivo protective 
effect is shown in Figs. 1 and 2 where serum CK activities 
and body weight measurements are recorded. In both 
studies, the combination of PZ-51 + NAC gave greater 
protection against Adr toxicity than either agent alone, 
although the differences were not as dramatic as those 
observed in the in vitro studies [12]. Differences between 
our in vivo results and previous in vitro studies may be 
due to differences in in situ sulfhydryl levels and or 
pharmokinetics. However, all pretreatment regimens did 
provide significant protection when compared to non- 
pretreated;Adr-treated animals. It is highly-significant that 
a low dose of PZ-51 alone could moderate Adr toxicity as 
well as, if not better than NAC alone (in our studies). 
Cardioprotectant NAC dosages cause patients extreme 
discomfort through nausea and vomiting. It may be possible 
to pretreat with PZ-51 alone prior to Adr treatment in 
order to reduce the Adr toxicity and avoid NAC discomfort. 
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