
total clearance of heparin ranged from 0.23 to 1.12 ml/ 
min/kg for the 400 and 50 U/kg doses, respectively, rep- 
resenting about a fivefold variation in total clearance for 
eightfold difference in dose. The reason for this linear 
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positive is that the apparent Of dis- clearance, dog, plasma protein binding 0 Renal clearance-arylmalon. 
Of heparin changes Only very with 

The average (*sD) v d  was 58 f 11 mlkg body weight Over 
the entire dose range, with small but statistically insig- 
nificant changes in V d  when it was evaluated with respect 
to dose (intercept, 55 ml/kg; slope, 0.018 ml/kg/U; r2 = 
0.046). To the Editor: 

The results presented in this report are in support of and 
extend recent findings that the dose-dependent increase 
in the biologic half-life of heparin in humans is due to a 
dose-dependent decrease in the total clearance of the 
anticoagulant (4). In humans, there is no significant in- 
crease in the apparent volume of distribution of heparin 
with dose. This is in contrast to findings in rats and dogs, 
which have shown a dose-dependent increase in v d  with 
dose (2,3). While the mechanism underlying the nonlinear 
pharmacokinetics of heparin in humans is presently not 
understood, however, the linear relationship between dose 
and dose-dependent pharmacokinetic parameters is 
noteworthy. 
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Moxalactaml (latamoxef2, I) is a mixture of R (11) and 
S (111) epimers, and both forms are usually eliminated 
unchanged by the kidney (1,2). Studies with humans (3) 
show that the biological half-life of the R-epimer is shorter 
than that of the S-epimer. To obtain a better under- 
standing of the elimination kinetics, we studied the renal 
clearance and binding of moxalactam epimers to plasma 
protein in beag\e dogs. 

Two male beagle dogs were anesthetized with sodium 
pentobarbital (30 mg/kg iv). After a tracheotomy was 
performed, an incision was made in the left flank. The 
retroperitoneal space was explored and the left ureter was 
cannulated. Urine was collected through the cannula (4). 
After completion of the operation, 20 mg of sodium p- 
aminohippurate/kg and 100 mg of creatinine/kg were in- 
jected as the priming dose into the axillary vein. As the 
sustaining dose, a solution containing 15% mannitol, 0.9% 
NaC1,0.25% creatinine, and 0.1% sodium p-aminohippu- 
rate was injected at  the rate of 5 ml/min/lO kg. Moxalac- 
tam“ was injected at a priming dose of 10 mg/kg followed 
by a sustaining dose of 5.0 mg/kg/hr. Approximately 1 hr 
after beginning the infusion, the urinary output was sta- 
bilized at  3-5 ml/min and urine samples were collected 
three or four times from the left ureter at 3-min intervals. 
Blood samples were taken at  the middle point of each 
clearance period. The same procedure was repeated in the 
presence of probenecid (30 mg/kg iv). Collected urine and 
plasma samples were analyzed for creatinine (5), p-ami- 
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Table I-Renal Clearance (ml/min/kidney) of R -  and  S-Epimers of Moxalactam in Anesthetized Male Beagle Dogs 

Dog 1 Dog 2 
Control phase" Probenecid uhaseb Control uhase" Probenecid uhase" 

Apparent clearances 
R -epimer, total 
S-epimer, total 

Clearance ratio RIS, I 
Corrected clearances 

K -epimer, 23.7% binding 
S-epimer, 44.9% binding 

Clearance ratio RIS, I1 
Statistical differences' of 

RIS values between I 
(total) and I1 (unbound) 

Glomerular filtration rate 
(Creatinine clearance) 

16.29 f 0.68" 
9.21 f 0.52 
1.81 f 0.11 

10.81 f 0.17* 17.52 f 1.18 15.90 f 0.58 
6.97 f 0.85h 10.48 f 0.43 10.76 f 0.25 
1.59 f 0.19h 1.66 f 0.10 1.48 f 0.07 

21.73 f 0.74 
16.68 f 0.95 
1.32 f 0.09 
p < 0.05 

18.16 f 0.19 

14.19 f 0.20b 22.57 f 1.55 20.01 f 0.26 
12.67 f 1.56h 19.03 * 0.82 19.52 f 0.44 
1.16 f 0.14h 1.19 f 0.07 1.07 f 0.05 

NS p < 0.01 p < 0.01 

14.33 f 0.88'' 18.67 f 0.37 17.04 f 0.44 

0 Value represents mean f SE (numher of samples: ri  = 4) .  * Numher ofsamples: n = 3. Student's I test. 

nohippuric acid (6), and moxalactam (7). The ratios of R- 
to  S-epimer in plasma and urine were determined using 
high-performance liquid chromatography (8). The frac- 
tions of the R- and S-epimers of moxalactam bound to dog 
plasma were determined a t  37" by an ultrafiltration 
me thod4. 

The renal clearances of the moxalactam epimers in 
Table I were calculated by dividing the urinary excretion 
(micrograms per milliliter) by the total (bound and un- 
bound) concentrations of the epimers. Clearance of the 
R-epimer was 1.4-1.8 times that  of the S-epimer. The 
clearance ratios of R -  and S-epimers to creatinine were less 
than unity. Since only unbound moxalactam would have 
been available for glomerular filtration, the clearance value 
based on the total concentration of the epimer in plasma 
may be underestimated. To determine the actual glo- 
merular filtration, the protein binding of moxalactam 
epimers was determined a t  concentrations of 25,50, and 
100 pglml of dog plasma. The mean percentage of the 
bound fraction calculated from these values was 23.7 f 
1.6% SEM ( n  = 3) for the R-form and 44.9 f 0.4% (n  = 3) 
for the S-form. 

As indicated in Table I, the data were corrected for the 
binding of the R-  and S-epimers, e.g. ,  the clearances were 
calculated by dividing the urinary excretion (micrograms 
per minute) by the concentrations of the unbound epimers. 
The calculated renal clearances of the epimers were nearly 
equal to  the glomerular filtration rate (creatinine clear- 
ance) and the R-epimer/S-epimer clearance ratio was 
closer to unity. When probenecid was given to Dog 1, the 
p-aminohippurate clearance decreased from 55.3 f 0.6: to 
17.0 f 1.0 ml/min/kidney (mean f standard error, n = 3), 
but the R- or S-epimer/creatinine clearance ratio was not 
affected. 

Stereospecific differences in protein binding have been 
reported for other drugs (9-1 2) and vary from one animal 
species to another (3,13).  Our findings indicate that in the 
dog, both epimers of moxalactam are excreted by glo- 
merular filtration, and the striking difference in renal 
clearance of the R-  and S-epimers is due mainly to dif- 
ferences in binding to plasma protein. 
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To the Editor: 
Lead poisoning is currently treated by chelation therapy 

using edetate disodium and dimercaprol, both of which 
have serious side effects. Few studies have been carried out 
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