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Figure 1-The effect ofaconitic acid on the transition temperature of 
citric acid glass. 

on prolonged exposure of molten citric acid to tempera- 
tures above its melting temperature. I t  has been shown 
previously that the sample preparation techniques used 
in this study did not adversely affect citric acid (12). In 
addition, the data also imply that low levels of impurities 
(<5% w/w) cannot be readily detected by DSC. 

In preparation of citric acid glass, care should be taken 
to use the minimum amount of heat necessary to melt the 
citric acid, to avoid prolonged heating at  temperatures of 
its melting point, and to employ a procedure in which there 
is some means of temperature control. Although these 
suggestions for the preparation of citric acid glass may 
make this material unsuitable for use in the commercial 
preparation of solid dispersion systems, it should not 
eliminate the use of this glassy vehicle as a tool for the 
examination of the compatability, miscibility, and stabi- 
lization of the glassy states of materials. 
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Dose-Dependent Decrease in Heparin 
Elimination 

Keyphrases 0 Heparin-dose-dependent pharmacokinetics 0 Phar- 
macokinetics-dose-dependent decrease in heparin elimination 

To the Editor: 
Studies on the pharmacokinetics of heparin have re- 

vealed dose-dependent (1-4), time-dependent (5), and 
assay-dependent (4) characteristics. The mechanisms 
underlying these characteristics are unknown but are likely 
to reside in the heterogeneity of heparin. Heparin is a 
natural mammalian glycosaminoglycan consisting of 
polymeric constituents arranged linearly, with different 
chain length and chemical composition and with a mo- 
lecular weight ranging from 3000 to 45,000 (6-8). Recent 
studies have demonstrated that the antithrombin-I11 
binding site of heparin, which is necessary for its phar- 
macological action, appears to reside in an oligosaccharide 
segment of the molecule that has a specific sequence of four 
to eight monosaccharides, i.e., iduronic and glucuronic 
acids and glucosamines, with N-sulfate, 0-sulfate, and 
N-acetyl groups being required at  specific sites (9-11). The 
metabolism of heparin is not well understood. Although 
the metabolic processes involved are thought to include 
depolymerization and desulfation, the relationship be- 
tween different metabolic processes and the decline in 
anticoagulant activity is unclear. 

The biologic half-life of heparin increases with in- 
creasing dose in humans and animals (1-4). This dose- 
dependence is without any indication of Michaelis-Menten 
type kinetic characteristics (3, 4) and recently has been 
demonstrated in humans to be due to a dose-dependent 
decrease in the total clearance of the anticoagulant (4). The 
total clearance of heparin in humans usually is reported 
to be between 0.5 and 2 mllminlkg, while the apparent 
volume of distribution is usually reported to be between 
40 and 100 ml/kg (2,4,12-14). However, reported values 
for both of these pharmacokinetic parameters vary widely 
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among studies. Although this variability in part may be 
due to the nonlinearity in the elimination kinetics of 
heparin, it is in part due to differences in heparin assay 
methods used, since recent studies in humans have shown 
that there are significant differences among values of in- 
dividual pharmacokinetic parameters obtained, depending 
on heparin assay methodology (4). This applies primarily 
to total clearance and apparent volume of distribution, 
both of which were on the average -1.5- to twofold larger 
when based on hexadimethrine bromide' neutralization 
assay of heparin than when based on bioassays using the 
coagulation tests activated partial thromboplastin time 
and thrombin clotting time. However, no significant dif- 
ferences were noted in values of biologic half-life. The 
immediate practical consequences of the assay-dependent 
pharmacokinetics of heparin are that when summarizing 
published pharmacokinetic parameters for heparin, the 
assay methods have to be specified, and only data obtained 
by the same heparin assay can be treated together. This 
becomes particularly important when exploring relation- 
ships between dose and individual pharmacokinetic pa- 
rameters of heparin. Two studies have been published on 
heparin pharmacokinetics in normal subjects using hep- 
arin assays based on thrombin-induced clotting times, with 
doses ranging from 50 to 400 U/kg (1,4). Therefore, it was 
of interest to use data from these two studies to explore 
relationships between dose and pharmacokinetic param- 
eters of heparin, particularly since one of the studies had 
not provided values for the latter. 

The subjects studied in these two studies were four 
healthy males, ages 27-35 years, who received intravenous 
injections of heparin of 50 and 75 U/kg body weight each 
(4), and six healthy males and seven healthy females, ages 
19-45 years, who received intravenous injections of heparin 
of either 100 (five subjects), 200 (four subjects), or 400 (four 
subjects) U/kg body weight (1). Multiple blood samples 
were collected after each dose, and plasma heparin activity 
was determined by bioassays based on thrombin clotting 
time. These assays are described in detail elsewhere (4,151. 
They involve first establishing the relationship between 
the thrombin-induced clotting times and heparin added 
to plasma in uitro, and then deriving the plasma heparin 
activity in the samples obtained after the dose from the 
observed clotting times. One of these assays uses addition 
of bovine plasma to the plasma sample (15). While this will 
attenuate intersubject differences in the relationship be- 
tween clotting time and added heparin, it will not affect 
the determination of heparin activity in plasma. It should 
be noted that the relationship between thrombin-induced 
clotting times and heparin activity in plasma is log linear 
(4, 15, 16). 

The pharmacokinetic parameters, biologic half-life ( t 1 / 2 ) ,  
total clearance (CL), and apparent volume of distribution 
(Vd), were calculated as described previously (4). As is 
shown in Fig. 1, the biologic half-life of heparin increases 
with increasing dose. The average (&SO) t 1/2 values for the 
50,75,100,200, and 400 U/kg doses were 42 f 5,49 f 15, 
57 f 8,96 f 10, and 153 f 10 min, respectively. The posi- 
tive relationship between the biologic half-life and dose 
of heparin is statistically highly significant ( p  < 0.001). 
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Figure 1-Relationship between biologic half-life and dose of heparin 
in humans when heparin activity in plasma is determined by a bioassay 
based on thrombin-induced clotting times. (Data are from Refs. 1 and 
4) .  The line represents the best-fitted line for the relationship between 
these parameters (intercept, 26.2 min; slope, 0.323 min  kg U-I; r = 
0.952). 

Figure 2 shows that there is also a statistically highly sig- 
nificant positive linear relationship between the biologic 
half-life and total clearance of heparin ( p  < 0.001). The 
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Figure 2-Relationship between the elimination rate constant and total 
clearance of heparin in  humans when heparin activity in plasma is 
determined by a bioassay based on thrombin-induced clotting times. 
(Data are from Refs. 1 and 4.) The  line represents the  best-fitted line 
for the relationship between these parameters (intercept, 0.030 hr-l;  
slope, 2.025 t ml-' kg-1, where t is a time unit correction factor; r2 = 
0.739). 
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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 

Renal Excretion of R -  and S-Epimers of 
Moxalactam in D~~~ 

Keyphrases Stereoisomers-arylmalonylamino 1-oxacephern, renal 

ylamino I-oxacephem, comparison between stereoisomers, relation to 
plasma protein binding Protein binding-dog plasma, arylrnalonyla- 
rnino 1-oxacephem, comparison between stereoisomers, relation to renal 
clearance 

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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