
The reaction was filtered and spin evaporated in U ~ C U O  to give white 
crystals. These crystals were collected, washed with ether, and recrys- 
tallized. 
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Abstract 0 Emetine has long been recognized as a cardiotoxic drug, but 
its mechanism remains unknown. Since many studies reported an effect 
of emetine on cardiac metabolism, permanent damage to the heart could 
result from such treatment. To investigate this action of emetine in 
relation to the cardiotoxicity seen after a therapeutic regimen, New 
Zealand albino rabbits were given 2 mg/kg/day ip of emetine for 9 days. 
Heart and liver mitochondrial metabolism was assessed polarographically 
using pyruvate, pyruvate plus malate, or succinate as the suhstrate. Heart 
mitochondrial metabolism was reduced in emetine-treated rabbits in 
comparison to the normal controls. However, the metabolic activity of 
the pair-fed control group was equally reduced. Only the liver mito- 
chondrial metabolism of the pair-fed control group was reduced in rela- 
tion to the normal controls, while the liver mitochondrial metabolism of 
emetine-treated rabbits remained unchanged. These data indicated that 
the reduction in heart mitochondrial metabolism resulted from the ina- 
nition induced by the chronic emetine treatment and not from a primary 
effect of the drug. 

Keyphrases 0 Emetine-effects of chronic treatment on heart and liver 
mitochondrial metabolism 0 Mitochondrial function-effects of chronic 
emetine treatment 0 Cardiotoxicity-effects of chronic emetine treat- 
ment on mitochondrial function 

Emetine remains important in the treatment of ame- 
biasis. Its role, however, has been reduced to an alternative 
drug choice, primarily because of its numerous side effeds, 
the most serious affecting the cardiovascular system. Many 
studies reported adverse effects of high concentrations of 
emetine on cardiac metabolism (1-4), although the 
mechanism of this cardiotoxicity remains unknown. 

BACKGROUND 

In a series of experiments, rats injected with -2 mg/kg/day of emetine 
for 14-17 days showed a reduction in heart homogenate respiration with 
butyrate, P-hydroxybutyrate, citrate, a-ketoglutarate, malate, pyruvate, 
or lactate as the substrate (5-7). Since no effects were observed on the 
liver homogenate respiration, Appelt and Heim (5-7) concluded that 
emetine appeared to be selectively toxic to the heart. However, they re- 

ported that animals chronically treated with emetine reduced their food 
intake and lost weight. Since pair-fed controls were not included in their 
study, their conclusion must be reevaluated. 

Few studies investigated the action of emetine on mitochondrial me- 
tabolism, but two reports indicated that therapeutic doses of emetine 
may affect heart mitochondria. Brink et al. (8) found a reduction in 
oxygen uptake and [14C]carbon dioxide formation from glucose, pyruvate, 
and palmitate. If these effects are not secondary to the reduced con- 
tractility observed, a reduction in heart mitochondrial metabolism must 
be postulated. Pearce et al. (9) described the mitochondrion as the pri- 
mary structure in the cardiac cell to be affected morphologically in re- 
sponse to therapeutic doses of emetine in dogs. 

Since metabolic changes in the heart could indicate cardiac damage, 
further study of emetine is important in the overall evaluation of the 
cardiotoxicity seen clinically. Thus, heart mitochondrial metabolism was 
assessed in rabbits treated with therapeutic doses of emetine. Since 
emetine is toxic to the heart yet exerts a major therapeutic effect in the 
liver, liver mitochondrial metabolism was studied for comparison with 
the heart. 

EXPERIMENTAL 

Male New Zealand albino rabbits were given 2 mg/kg/day ip of emetine 
hydrochloride for 9 days. Since emetine-treated animals ate less, pair-fed 
controls were included to exclude effects due to inanition. Normal con- 
trols were fed ad libitum, and water was freely available to all groups. 

Heart mitochondria were prepared as described previously (10). After 
removal of the heart, a piece of ventricle was removed and prepared for 
electron microscopy according to techniques outlined by Hayat (11). 
Rabbit liver mitochondria were prepared similarly. The homogenization 
and suspending media consisted of 0.25 M sucrose plus 1 mM ethylene- 
diaminetetraacetic acid (pH 7.2). 

Heart and liver mitochondrial metabolism was studied polarographi- 
cally with an oxygraph. Pyruvate (5 mM), pyruvate (5 mM) plus malate 
(0.1 mM), and succinate (5 mM) were the substrates. The reaction me- 
dium for the heart mitochondrial studies contained 0.25 M mannitol, 10 
mM KCl, 10 mM tris(hydroxymethy1)aminomethane hydrochloride, 0.1 
mM ethylenediaminetetraacetic acid, and 5 mM phosphate buffer (pH 
7.2). The reaction medium for the liver studies consisted of 0.25 M su- 
crose, 0.1 m M  KCI, and 10 mM tris(hydroxymethy1)aminomethane 
phosphate buffer (pH. 7.2). Small volumes of concentrated adenine di- 
phosphate and magnesium chloride were added to reach final concen- 
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Table I-Effect of Chronic Emetine Treatment on Pyruvate a Oxidation by Heart Mitochondria 

Magnesium 
Initial Rate State 3 Chloride State 3 RC Ratio ADP:O Ratio 

3.1 f 0.1 Normal control (n = 10) 27.5 f 3.4 433.3 f 49.2 202.2 f 15.0 523.7 f 47.8 12.8 f 0.4 

Pair-fed control ( n  = 81 18.7 f 1.6d 306.0 f 22.5d 147.6 f 16.4d 351.9 f 24.Be 11.2 f 0.6 3.2 f 0.2 
135.6 f 12.1 3.4 f 0.3' 3.6 f 0.2c 

106.8 f 11.3 3.0 f 0.3' 3.8 f 0. lc  
Emetine treatedf (n = 8) 18.2 f 1.5d 271.0 f 9.3e 137.4 f 8.7e 324.0 f 14.4e 10.9 f 0.5 3.3 f 0.2 

96.4 f 3.7e 3.3 f 0.2c 3.7 f 0.2' 

Includes 0.1 mM malate. Mean f SE expressed as n atoms of oxygen consumed per minute per milligram of mitochondrial protein. After the addition of 1.4 mM 
MgC12. p < 0.05 from normal control. p << 0.05 from normal control. f Given 2 mg/kg/day ip for 9 days. 

Table 11-Effect of Chronic Emetine Treatment on Succinate Oxidation by Heart Mitochondria a 

Magnesium 
Initial Rate State 3 Chloride State 3 RC Ratio ADP:O Ratio 

Normal control (n = 8) 119.7 f 12.0 656.0 f 43.9 359.7 f 23.2 764.8 f 74.4b 4.6 f 0.2 2.3 f 0.1 
Pair-fed control (n = 3) 92.6 f 8.7 508.3 f 48.1 347.6 f 33.7 523.5 f 69.1 3.9 f 0.5 2.5 f 0.2 
Emetine treatedc (n = 3) 83.4 f 5.3d 466.9 f 28.9 310.7 f 40.7 506.9 f 15.2d 4.4 f 0.3 2.6 f 0.1 

Mean f SE expressed as n atoms of oxygen consumed per minute per milligram of mitochondrial protein. b n = 4. c Given 2 mg/kg/day ip for 9 days. p < 0.05 from 
normal control. 

trations of 0.3 and 1.4 mM, respectively. All reactions were run a t  28'. 
Protein determination was by the method of Lowry et al. (12). 

RESULTS 

With pyruvate plus malate or pyruvate alone as the substrate, the 
respiration rates of heart mitochondria isolated from the pair-fed control 
and emetine-treated rabbits were significantly lower than those recorded 
from normal control mitochondria (Table I). (Since both results were 
similar, only those with pyruvate plus malate are shown). This same trend 
was observed with succinate, but only the initial rate and postmagnesium 
State 3 respiration rates were significantly lower in the emetine-treated 
group than in the normal control group (Table 11). In both cases, the 
respiration rates of mitochondria isolated from the pair-fed control group 
did not differ from the rates observed in the emetine-treated group. Also, 
as shown in Tables I and 11, the respiratory control (RC) and adenosine 
5'-phosphate-oxygen (ADP:O) ratios did not differ significantly in any 
of the three groups. 

Liver mitochondria responded differently than heart mitchondria to 
chronic emetine treatment with all substrates used. Liver mitochondria 
from the pair-fed control rabbits, respiring in the presence of pyruvate 
plus malate or pyruvate alone, had significantly lower State 3 respiration 
rates than did both the normal control and emetine-treated mitochondria 
(Table 111). In addition, the premagnesium RC ratio was significantly 
lower in the pair-fed control group than in the normal control group. With 
succinate as the substrate, only the premagnesium State 3 rate was sig- 
nificantly lower in the pair-fed control group in comparison to both the 

normal control and emetine-treated groups (Table IV). With any sub- 
strate used, the emetine-treated rabbits maintained mitochondrial res- 
piration at normal control levels (Tables 111 and IV). Nodifferences were 
detected in the ADP:O ratios in all liver mitochondrial preparations. 

DISCUSSION 

The results from the present experiments with heart mitochondria 
agreed with preliminary experiments using a-ketoglutarate as the sub- 
strate (13). In addition, they were similar to those obtained by Appelt 
and Heim (5-7) with rats and by Hanasono (14) with rabbits. The only 
discrepancy was that Appelt and Heim (6) observed no difference be- 
tween control and emetine-treated heart homogenate respiration with 
succinate as the substrate. Our results on the reduced respiration of rabbit 
heart mitochondria with succinate as the substrate agreed with those of 
Hanasono using rabbit heart homogenates (14). The discrepancy may 
be due to species differences. Nevertheless, the major observation from 
this study was that although heart mitochondrial respiration in the em- 
etine-treated group was reduced in comparison to the normal control 
group, respiration in the pair-fed control group was equally reduced. This 
finding indicated that the apparent depressive effects of emetine on heart 
mitochondrial respiration were not due to a direct action of the drug but 
were secondary to the nutritional state of the animal. 

Other evidence to support this hypothesis comes from work by Gold 
and coworkers ( I  5,16). In rats semistarved or totally starved for 7 days, 
the activities of myocardial enzymes, including those found in the mi- 
tochondria, were reduced. 

Table 111-Effect of Chronic Emetine Treatment of Pyruvate a Oxidation by Liver Mitochondria 

Magnesium 
Initial Rate State 3 Chloride State 3 RC Ratio ADP:O Ratio 

Normal control (n = 10) 8.3 f 1.0 38.9 f 2.4 22.1 f 1.4 55.9 f 3.3 3.8 f 0.3 3.2 f 0.2 
3.4 f 0.3c 

2.6 f 0.3c 

3.5 f 0.3c 

3.5 f 0.0' 
Pair-fed control (n = 8) 6.2 f 0.5 24.4 f 1.3d.e 17.9 f 0.8 34.3 f 3.0dne 2.8 f O.ld 3.7 f 0.2 

Emetine treatedf (n = 7) 6.3 f 0.5 35.8 f 2.5 19.2 f 1.1 51.8 f 4.3 3.5 1 0 . 2  3.4 f 0.2 
3.6 f 0.2c 2.9 f 0.2c 

0 Plus 0.1 mM malate. b Mean f SE expressed as n atoms of oxygen consumed per minute er milligram of mitochondrial protein. c After the addition of 1.4 mM MgC12. 
d p << 0.05 from normal control. e p  << 0.05 from emetine-treated rabbits. f Given 2 mglkgPday ip for 9 days. 

Table IV-Effect of Chronic Emetine Treatment on Succinate Oxidation by Liver Mitochondria 

Magnesium 
Initial Rate State 3 Chloride State 3 RC Ratio ADP:O Ratio 

2.4 f 0.1 Normal control (n  = 10) 17.3 f 1.6 66.3 f 4.6 31.3 f 2.0 61.87 f 4.04 3.6 f 0.2 
Pair-fed control (n = 8) 11.1 f 0.8b 45.3 * 1.7c 26.5 f 1.1 59.0 f 3.9 3.3 f 0.2 2.4 f 0.1 

2.3 f 0.1 3.8 f 0.2 Emetine treatedd (n = 3) 17.2 f 2.3 74.8 f 5.3 33.3 f 3.3 78.0 f 5.4 

Mean f SE expressed aa n atoms of oxygen consumed per minute per milligram of mitochondrial protein. b p << 0.05 from normal control. c p << 0.05 from normal 
control and emetine-treated rabbits. Given 2 mg/kg/day ip for 9 days. 
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Independent of the substrate used, the RC and ADPO ratios were 
similar in all three groups. This finding indicated that neither emetine 
nor malnutrition affected the coupling of oxidation to phosphorylation 
or the oxidative phosphorylation process, respectively. 

The results from the liver mitochondrial studies also agreed with the 
findings of Appelt and Heim (6,7). Since the respiration rates were lower 
only in the pair-fed control group in comparison to the normal control 
group, liver mitochondrial metabolism apparently was reduced by mal- 
nutrition. This effect was overcome in the emetine-treated rabbits. 

Basically, it seemed that liver mitochondria were less susceptible to 
the effects of inanition than heart mitochondria. This result was con- 
sistent with observations in semistarved rats (17) and probably reflects 
the higher metabolic rates and energy requirement of the heart. 

As with heart mitochondria, emetine treatment did not affect oxidative 
phosphorylation in liver mitochondria. Since no consistent effects on the 
RC ratio were observed in the pair-fed control group, mitochondrial 
coupling probably was not significantly affected by malnutrition. 

In the present experiments, the heart mitochondria from emetine- 
treated rabbits appeared unaltered, except for a slight swelling of the 
cristae, when examined under the electron microscope. However, these 
observations appeared to reflect metabolic effects. Similar morphological 
findings also were noted by Hatt et al. (18) in rats chronically treated with 
emetine, but they differed from the results of Pearce et al. (9) and may 
reflect species differences. As seen by the treatment schedule used by 
Pearce’s group, the dog may be more sensitive to the actions of emetine 
than the rat and rabbit. 

Thus, the results of these experiments indicate that chronic therapeutic 
doses of emetine produced no direct detrimental effect on heart mito- 
chondrial metabolism. Any effects observed were secondary to the ina- 
nition induced by chronic treatment. The different response noted in liver 
mitochondria probably reflected the different metabolic states of the 
heart and liver, as well as the unique metabolic response of the liver 
during semistarvation or starvation (19). Thus, it appears unlikely that 
metabolic damage to the myocardium will result from chronic therapeutic 
doses of emetine. This view agrees with the clinical observation that after 

COMMUNICA TIONS 

therapeutic doses of emetine, most patients recover from cardiovascular 
side effects without any compromise in cardiac function. 
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General Equation for Assessing Drug 
Removal by Extracorporeal Devices 

Keyphrases D Pharmacokinetics-general equation for measurement 
of drug removal by extracorporeal devices 0 Extracorporeal devices- 
general equation for measurement of drug removal 0 Drug removal-by 
extracorporeal devices, general equation 

To the Editor: 
The efficiency of extracorporeal drug removal commonly 

is measured as dialysance or dialysis clearance. Such terms, 
however, do not correlate directly with the amount of drug 
removed by the device. Previous investigators (1,2) pro- 
posed an alternative parameter, f ,  defined as the fraction 
of drug in the body at the start of extracorporeal drug re- 
moval (EDR) that is removed by the device. This fraction 
is the product of the fraction of total elimination that EDR 
represents and the fraction of drug lost by all elimination 
routes during EDR and is given by: 

(Eq. 1) 

where Clo is the EDR clearance, C1 is the total body 
clearance in the absence of EDR, V is the apparent volume 
of distribution of the drug, and t is the duration of 
EDR. 

Equation 1 assumes one-compartment pharmacoki- 
netics; thus, for most drugs, it may yield inaccurate esti- 
mates of the fraction of drug removed by an extracorporeal 
device. An alternative general equation that can be used 
for drugs following single or multicompartment kinetics 
is developed in this communication. 

XS = XD + xel+ xf  (Eq. 2) 

where Xs and Xf are the amounts of drug in the body at 
the beginning and the end of EDR, respectively, and X, 
and X,I are the amounts of drug eliminated by EDR and 
by the body during EDR, respectively. Equation 2 may 
be expressed as: 

Xs st CLDAUC~ + ClAUCl+ ClAUC2 (Es. 3) 

where AUCl is the area under the plasma concentration- 
time curve during EDR and AUC2 is the area under the 

Consider the mass balance equation: 
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