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SUMMARY 

Nat induce the release of Kt from mitochondria through a process that is 
accompanied by a high respiratory rate. With succinate as substrate, octyl- 
guanidine, an inhibitor of oxidative phosphorylation at Site I, blocks the Na 
stimulated oxygen uptake and the Nat induced release of Kt . These findings 
indicate that mitochondria have a guanidine sensitive system that is involved 
in the translocation of Na+ andl? . 

During the last years evidence that indicates that guanidine derivatives 

interfere with a wide variety of biological processes involving metal ions has 

been accumulating (l-4), but with respect to the site specific action of gua- 

nidines in mitochondria, the mechanism through which they inhibit respiration 

(5-8) is still a matter of discussion (9,lO). However, it is possible that in 

mitochondria guanidines affect also a system involving metal ions mainly be- 

cause octylguanidine inhibits the action of Na+ in an apparently competitive 

form (ll), and also because guanidines have been shown to inhibit the uptake 

of Mg 2+ (12). Along the same line Davidoff (9) reported that cations inhibited 

the accumulation of guanidines by mitochondria. 

In this work, the possibility that guanidines affected a cation transport 

system in mitochondria was investigated by measuring the effect of octylgua- 

nidine on the Na t stimulated oxygen uptake and on the Na+ induced release 

of K’ that occurs when mitochondria are incubated with Na+ , EDTA (ethylene 

diamine tetra acetate), phosphate and succinate (13). The results obtained 

indicate that in the presence of succinate, octylguanidine, an inhibitor of 
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oxidative phosphorylation at Site I (S), diminished the Nat induced loss of K’ 

and the Nr? stimulated oxygen uptake. These findings strongly suggest that 

mitochondria possess a guanidine sensitive system involved in the movement 

of Na+ and I? across the membrane. 

Material and Methods 

The technique for the preparation of liver mitochondria in 0.25 M sucrose 

and 1 mM EDTA, as wells as the methods for measuring oxygen uptake and K’ 

release have been described (13). 

Results 

The results of Table I show that octylguanidine inhibits the Na+ induced 

+ 
release of mitochondrial K when either glutamate or succinate (the latter in 

,the presence of rotenone) support the process. Nevertheless, in the presence 

of glutamate the system, on a concentration basis, is more sensitive to octyl- 

guanidine than when succinate is the oxidizable substrate. 

As coupled respiration is more sensitive to octylguanidine at Site I (5), 

these findings could suggest that the inhibition of the Na+ 
+ 

induced K release 

was a consequence of the inhibition of electron transport. However, when the 

effect of several concentrations of octylguanidine was assayed on the ADP and 

+ 
on the Na stimulated oxygen uptake, it was found that the ADP stimulated 

oxygen uptake was less sensitive to octylguanidine than the stimulation of res- 

piration induced by Na (Fig. 1). These results would indicate that the pri- 

mary action of octylguanidine is on a cation transport system . 

Nevertheless, the polarographic traces of Figure 1 show that in an octyl- 

guanidine poisoned system, N$ induces a gradual increase in the respiratory 

rate. This could be due to a gradual displacement of octylguanidine from its 
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TABLE I 

EFFECT OF OCTYLGUANIDINE ON THE Na+ INDUCED LOSS OF K+ 
+ 

nmoles K lost per mg of protein 

Octylguanidine (uM) Glutamate Succinate 

106 110 

78 77 89 

156 57 72 

312 43 77 

Mitochondria from approximately one half of rat liver were incubated in 
12.5 ml of a reaction mixture that contained 10 mM phosphate, 10 mM Tris- 
HCl (pH 7.3), 10 mM substrate, 1 mM EDTA, 80 mM sucrose, and 50 mM 
NaCl. In addition the mixture contained the indicated concentrations of octyl- 
guanidine and 20 uM rotenone when the mixture contained succinate. 

Figure 1. Effect of Octylguanidine on the ADP and Na’ Stimulated Oxygen 
Uptake. Mitochondria (5 mg of protein) were added to an incubation mixture 
that contained 10 mM phosphate, 10 mM succinate, 20 mM Tris-HCl (pH 7.3), 
1 mM EDTA, 80 mM sucrose and 20 uM rotenone in a final volume of 3.0 ml. 
To the vessels in which ADP (1 mM) was added, the mixture contained 100 
mM KCl. The mixture also contained the indicated concentrations of octylgua- 
nidine. 100 mM NaCl was added where indicated. The numbers at the side 
of the trace indicate the respiratory rate (natoms 0 min -l). Th e respiratory 
rate of the last ‘two traces is not indicated since the respiration increased 
gradually with time. 

locus of action; further experiments are in progress to clarify this point. 

Discussion 

The experiments described in this communication are strongly suggestive 

76 



Vol. 52, No. 1,1973 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

that mitochondria possess a guanidine sensitive system involved in the ‘trans- 

port of N: and K’ across ,the membrane. Thus in the light of these findings 

it is of interest to point out that many transport system are affected by gua- 

+ 
nidines i.e. the transport of Na in the toad bladder (1) and axon membranes 

(Z), the K’ fluxes of perfused liver (3), the nigericin induced K’ influx in mito- 

chondria (4), and the uptake of Mg 2+ in mitochondria (12). Furthermore, tetro- 

dotoxin, the potent inhibitor of Na transport (14), is also a guanidine deri- 

vative . Therefore, it is possible that guanidine sensitivity is a common char- 

acteristic of a wide variety of biological systems involved in ion transport. 

At the present it is not possible to ascertain the relation of this cation 

transport system to oxidative phosphorylation, but it should be recognized that 

+ + 
the sensitivity of the Na induced K efflux to guanidines depends on the seg- 

ment of the respiratory chain that supports ,the process. This may suggest that 

each site of phosphorylation possesses a particular system for the transloca- 

tion of cations. 

Acknowledgements 

Part of thiswork was carried out at the Centro de Estudios Avanzados de1 

Instituto Politecnico National, Mexico, D. F.; the authors are indebted to 

the researchers of the Centro for their hospitality and discussions. 

References 

1. Bentley, P. J., J. Physiol. 195, 317 (1968). 
2. Yanaga, T. and Holland, W. C., J. Pharmacol. Exp. Ther. 171, 20 (1970) 

3. Soling, H. O., Moshagen, D., Skutella, E., Kneer, P., andcreutzfeld, 
w., Diabetologia 3, 318 (1967). 

4. Estrada-O., S . , Graven, S . N . , and Lardy, H . A., Fed. Proc . 2&, 6 10 
(1967). 

5. Pressman, B. C., J. Biol. Chem. 238, 401 (1963). 
6. Hollunger, G. , Acta Pharmacol. Toxicol., Suppl. L, ll(1955). 
7. Chappell, J. B., J. Biol. Chem. 238, 410 (1963). 
8. Chance, B . and Hollunger, G . , J. Biol. Chem. 238, 432 (1963). 
9. Davidoff, F., J. Biol. Chem. 246, 4017 (1971). 

77 



Vol. 52, No. 1, 1973 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

10. Schaffer, G. and Bojanowsky, D., European. J. Biochem. 27, 364 (1972). 
11. G6mez-Puyou, A., Sandoval, F., Tuena de G6mez-Puyou,M., Chavez, E. 

and Pinto, E., J. Bioenergetics 3, 221 (1972). 
12. Pressman, B. C. and Park, J. K., Biochem. Biophys. Res. Commun. 11, 

182 (1963). 
13. G6mez-Puyou, A., Sandoval, F., Chavez, E., and Tuena, M., J. Biol. 

Chem. 245, 5239 (1970). 
14. Moore, J. W. and Narahashi, T., Fed. Proc. 2&, 1655 (1967). 

78 


