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SUMMARY: The inhibitory action oF adriamycin against two NADP- 
linked dehydrogenases of rat heart was investigated. In heart 
muscle, isocitrate dehydrogenase activity is particularly high, 
whereas that of glucose-6-phosphate dehydrogenase is very low. 
Adriamycin inhibited the activity of both mitochondrial and cyto- 
plasmic isocitrate dehydrogenase dose-dependently, but had no 
effect on glucose-6-phosphate dehydrogenase. The inhibiton by 
adriamycin was noncompetitive. Pre-incubation of the crude 
cardiac enzyme preparations with adriamycin enhanced the inhibi- 
tion of isocitrate dehydrogenase time-dependently for 45 minutes. 

INTRODUCTION 

Adriamycin and daunomycin, anthracycline antibiotics, possess 

a high chemotherapeutic effectiveness against acute leukemia and 

many solid neoplasms(l-4). However, the clinical usefulness of 

these antibiotics has been limited by their undesirable cardio- 

toxic side effects(5-9). Several hypotheses have been proposed 

to explain the mechanism of the cardiotoxicity caused by adria- 

mycin, :such as the inhibition of DNA-dependent RNA synthesis(lO), 

the inhibition of Na-K ATPase(ll), the increase of ventricular 

tissue 'calcium concentration(l2), the inhibition of oxidative 

phosphorylation in mitochondria(l3,14) and peroxidation of cardiac 

lipids(l51, but the precise mechanisms remain unknown. 

The facts that the NADP-linked ICDH level in muscle is de- 

creased in vitamin E deficient rabbits(l6) and adriamycin cardi- 

otoxicity is reduced by prior treatment with vitamin E(15) 

prompted us to study the effect of adriamycin on cardiac NADP- 

linked ICDH. 

In this paper, we report the effect of adriamycin on two 

cardiac NADP generating enzymes, ICDH(E.C.1.1.1.42) and G6PDHtE.C. 

* To whom correspondance shoud be addressed. 
Abbreviation used: ICDH, isocitrate dehydrogenase; GGPDH, 
glucose-6-phosphate dehydrogenase. 
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1.1.1.49) and we suggest that an inhibitory action of adriamycin 

against NADP-linked ICDH could be one of the most important 

factors causing cardiotoxicity. 

MATERIALS AND METHODS 

Materials Male Wistar rats weighing about 200g were used. 
DL-isocitrate Na 
triethanolamine ydrochloride were purchased from Sigma Chemical 4' 

glucose-6-phosphate, NAD, ADP, proteinase, and 

co.. Adriamycin was a gift from Kyowa Hakko Co.(Tokyo). A 
Simazu double beam spectrophotometer(UV-2lOA) was used for the 
enzyme assay. 
Assay for the enzyme activities NAD- and NADP-linked ICDH 
were assayed according to the methods of Bernt et a1.(17) and Alp 
et a1.(18) respectively. G6PDH was assayed as described by Gloch 
et a1.(19). 
Tissue preparations Rats were killed by decapitation. The 
heart were dissected immediately and minced on ice cold Petri 
dishes. (1) 20% homogenates were made by loose glass-teflon 
homogenization using 0.25 M sucrose. Mitochondrial fractions 
were then prepared according to the methods of Hatefi et a1.(20). 
Final mitochondrial pellets were suspended in 10 mM triethanolamine 
buffer(pH 7.5) and they were sonicated for 1 min. at an amplitude 
6 urn. The sonicated fluids were used for the assay of both NAD- 
linked and mitochondrial NADP-linked ICDH. (2) 20% homogenates 
were prepared by Polytron at 4'C using 10 mM triethanolamine 
buffer(pH 7.5). The homogenates were then sonicated under the 
same condition as described above and were used for the detection 
of total(mitochondria1 plus cytoplasmic) NADP-linked ICDH. (3) 
10% homogenates were made by Polytron at 4'C using 0.25 M sucrose. 
The homogenates were centrifuged at 20,OOOg and the supernatants 
were used for G6PDH assay. 
Protein determination Proteins were determined by the method 
of Lowry et a1.(21). 

RESULTS AND DISCUSSION 

Fig.1 shows the comparisons of the activity of NADP-linked 

ICDH and GGPDH in several organs in the rat. Heart muscle is a 

particularly rich source of NADP-linked ICDH, whereas GGPDH acti- 

vity is very low. 

NADP-linked ICDH is present both in mitochondria and cyto- 

plasm(l7), whereas NAD-linked ICDH and GGPDH are located only in 

mitochondria(l8) and only in cytoplasm(l9) respectively. cyto- 
plasmic NADP-linked ICDH activity was estimated by the subtraction 

of mitochondrial NADP-linked ICDH activity from the total(mito- 

chondrial plus cytoplasmic) ICDH activity. The rate of mito- 

chondrial and cytoplasmic NADP-linked ICDH activity was 4:l by 

protein bases. Adriamycin inhibited approximately equally both 
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Fig. 1 __- The comparisons of the activity of total(mitochondria1 
plus cytoplasmic) NADP-linked isocitrate dehydrogenase and glucoce 
-6-phlosphate dehydrogenase in several organs. 

mitochondrial and cytoplasmic NADP-linked ICDH. Fig.2 shows 

that the total NADP-linked ICDH of the rat heart was inhibited by 

adriamycin dose-dependently. However, cardiac NAD-linked ICDH 

and G6PDH were not inhibited by adriamycin. The pyridine-linked 

dehydrogenase which requires either NAD or NADP as the electron 

acceptor, is one of the major oxidative-reductive enzymes which 

participate in the main stream of electron transport from organic 

substances to molecular oxygen. NADH, the reduced form of NAD, 

is primarily used for the generation of ATP through the oxidative 

L, , 

25 50 100 200JJM 
Adriamycin 

Fig.2 Dose-dependent inhibition of adriamycin against NADP- 
linked isocitrate dehydrogenase. 20% homogenate of heart(w/v) 
was prepared as described in Tissue preparations (2) in MATERIALS 
AND METHODS. APP. 0.3% homogenate(diluted by homogenating buffer 
) was incubated for 30 min. at 37OC with various concentration 
(shorm in abscissa) of adriamycin. The reference cuvette in the 
double beam spectrophotometer contained the identical solution as 
the reaction cuvette except for NADP. 100% represents NADP- 
linked isocitrate dehydrogenase activity after the preincubation 
for 30 min. at 37OC without adriamycin. 
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Fig.3 A double-reciprocal plot of enzyme kinetics in the 
presence and absence of 100 uM of adriamycin. 

Fig.4 The enhancement of the inhibition of adriamycin against 
NADP;linked isocitrate dehydrogenase by increasing preincubation 
time with heart homogenate prepared as described in Tissue prepa- 
ration (2) in MATERIALS AND METHODS. APP- 0.3% homogenate (di- 
luted by homogenating buffer) with or without 100 uM adriamycin 
were incubated at 37OC before the enzyme assay for various times. 
100% represents NADP-linked isocitrate dehydrogenase activity 
without adriamycin at each time as indicated in abscissa. 

phosphorylation system, whereas NADP, which is reduced by NADP- 

linked dehydrogenase is used almost exclusively for the reductive 

biosynthesis. Accordingly, in the case of ICDH, NAD-linked ICDH 

is important for the citric acid cycle and this is not affected 

by adriamycin. The role of the high level of NADP-linked ICDH 

is not yet fully known in heart tissue where the biosynthesis of 

fatty acid and steroid is not so active. However, the fact that 

adriamycin inhibits cardiac NADP-linked ICDH may have some re- 

lationship to its cardiotoxicity because cardiotoxicity is reduced 

by prior treatment with vitamin E(15) and vitamin E deficiency 

induces a decrease in NADPH concentration(22) and a decrease in 

NADP-linked ICDH levels(l7). 

Fig.3 shows that the inhibition of NADP-linked ICDH by adria- 

mycin is kinetically distinguished as non-competitive inhibition. 

The Km value of cardiac NADP-linked ICDH is 66 uM for isocitrate 

and 30 uM for NADP, respectively. 

Fig.4 shows that the inhibition of NADP-linked ICDH by adria- 

mycin is enhanced by the incubation of adriamycin with the cardiac 

enzyme preparation before the assay of enzyme activity. One pos- 

sibility is that adriamycin metabolites act as inhibitors of NADP- 
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linked ICDH. Adriamycin metabolites resulting from the C-7 re- 

ductive cleavage of adriamycin which requires NADPH as the sole 

electron donor for the enzymatic catalysis, are known(23-25) but 

the estimated endogenous NADPH concentration in cardiac tissue 

during incubation with adriamycin is negligible(26). These 

metabolites are unlikely to be formed in our system, although 

there maiy be other unknown metabolites. Recently Lucacchini et 

al. reported evidence of soluble protein binding of adriamycin 

(27) . It is possible that NADP-linked ICDH is inactivated during 

the incubation by an interaction between adriamycin and the enzyme 

protein and the binding of adriamycin to this protein may be one 

of the reasons for the cardiotoxicity. In order to elucidate the 

enhancement of the inhibition by pre-incubation, further studies 

required to see if this protein has a high affinity for adriamycin. 

NAD.PH, which is formed in the reaction cuvette during the 

assay of ICDH activity, may act with adriamycin to form the re- 

duced adriamycin metabolites as described above. To exclude 

this possibility, exogenous NADPH was added in the reaction 

cuvettes which contained the same mixture used in the ICDH assay 

but without NADP and the decreased rate of NADPH in the reaction 

with adriamycin was investigated. As no decrease of NADPH was 

observed during the same reaction time as used in the ICDH assay, 

there is no possibility of this kind of interference. 
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