Kinetics of Heparin Removal from
Circulation of the Minipig

P. A. HARRIS* and K. L. HARRIS

Abstract 00 Techniques were developed for kinetic studies in
unanesthetized, unrestrained minipigs weighing less than 45.4 kg
(100 1b). By using 35S-heparin and 3H-heparin, the disappearance
from the plasma of different amounts of heparin injected intrave-
nously into the minipig was determined. Serial plasma samples
were assayed for radioactivity, and the resulting plasma radioac-
tivity-time curves were analyzed for calculation of half-lives of
disappearance (t1,2) and volume of distribution (V). The plasma
radioactivity followed a monoexponential decay. Over the 1-50-
mg heparin range, an increase in t1,2 from 3.4 to 39 min was ob-
served. Essentially no differences in the V,; were observed among
the various doses. This volume was approximately 1.5 times the
estimated plasma volume. The observed kinetics are consistent
with previous suggestions that the reticuloendothelial system may
be involved in the disposition of heparin.
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Heparin, a strongly acidic mucopolysaccharide, is
well known and is exploited for its pharmacological
properties as an anticoagulant and a lipemia-clearing
factor. Although these effects of administered hepa-
rin are well characterized, the physiological role of
endogenous heparin remains unclear. Little also is
known regarding the relationship between heparin
blood concentrations and its pharmacological effect.
The kinetics of heparin removal from the blood were
reported in a retrospective study and literature anal-
ysis (1). It appears clear that there are species differ-
ences in both quantitative and qualitative parame-
ters of heparin removal. In man, the ¢y,2 of removal
varies with the dose. With a dose of 100 units/kg iv,
the t1/2 is approximately 1 hr; with 400 units/kg iv,
it is approximately 2.5 hr. The plasma concentra-
tion-time curves decline exponentially in any case;
therefore, a saturation mechanism does not seem
likely.

Another report (2) showed that, although the ¢,,2
of heparin removal is inversely related to dose, the
ti,2 of heparin’s anticoagulant effect is not affected
by dose. The former was measured by bioassay with
a whole blood partial thromboplastin time assay,
while the latter was estimated by heparin’s effect on
the whole blood partial thromboplastin of patients.
Recently, a study (3) showed that heparin is re-
moved biexponentially in man. The method utilized
for heparin analysis was a metachromatic assay com-
bined with aminoacridine precipitation of heparin
from the plasma. This study did not examine the
dose dependency of heparin kinetics. Nearly all dose
dependency studies to date have used coagulation
assays such as blood clotting time or partial throm-

138 / Journal of Pharmaceutical Sciences

boplastin time for heparin, which only indirectly es-
timates heparin concentration (1).

The present study was undertaken as part of an
effort to define the suitability of the minipig as an
experimental animal in investigations of the physio-
logical role of heparin.

EXPERIMENTAL

Animal Procedures—Techniques were developed for kinetic
studies in unanesthetized, unrestrained minipigs! weighing less
than 45.4 kg (100 lb). The animal was placed on its back in a V-
shaped trough and held in position while a 13-gauge needle was
introduced into the jugular vein by percutaneous puncture. A
Teflon catheter was passed through the needle for a distance of 20
cm toward the heart. The needle was removed and a stopcock
was attached to the catheter. The catheter extending from the
skin was placed dorsally around the neck to the back and pro-
tected by securing it to the neck with adhesive tape. After the
catheter and stopcock were secured, the animal was returned to
its feet and released. It was then possible to approach the animal
at any time to administer the dose or collect blood samples with-
out unduly disturbing it. The dose of heparin was injected into
the catheter, and the catheter was flushed well with 0.15 M sa-
line. Twelve to 15 blood samples (3 ml) were collected serially up
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Figure 1—Radioactivity in the plasma with time resulting
from the intravenous injection of 2.76 X 10¢% cpm of *H-
heparin at two dose levels of heparin.

1 The minipigs used were of the genetic line produced by the Hormel In-
stitute of the University of Minnesota.



to 180 min. At the end of the experiments, the catheter was re-
moved. No evidence of infection developed at the site of catheter-
ization. In subsequent experiments, catheters were positioned in a
similar manner. Five animals were studied, three of them with
both 3H-heparin and 3%S-heparin.

Dose Preparation—335S-Heparin? was purified by a procedure
involving precipitation with 9-aminoacridine. A literature method
(4) was modified slightly to redissolve the 3-aminoacridine-hepa-
rin complex with 4 M NaCl instead of a strongly alkaline solu-
tion. The high salt concentration was removed by dialysis. Recov-
ery was approximately 90%. 3H-Heparin® was purified in a simi-
lar manner with 75% yield. The authenticity of the purified la-
beled heparins was verified by agarose gel electrophoresis* against
a reference standard of nonradioactive heparin?. Solutions of hep-
arin containing 1 ug/ul in barbital buffer (0.1 M, pH 8.6) were
prepared and subjected to electrophoresis according to the meth-
od of Jaques et al. (5). The electrophoretograms were stained with
toluidine blue and scanned for radioactivity with a silicon ava-
lanche detector®. Doses were prepared in 0.15 M saline. Appropri-
ate amounts of unlabeled heparin were added to the 3H-heparin
and 35S-heparin for total dosage adjustment.

Sample Analysis—Blood was collected into tubes containing
edetate (EDTA) as an anticoagulant. The plasma was separated
by centrifugation. One milliliter plasma was added to 12 ml scin-
tillation fluid® for analysis by liquid scintillation spectrometry?.
Counts were corrected for quenching.

RESULTS AND DISCUSSION

The purified 3H-heparin and 35S-heparin on electrophoresis
vielded a single band each when stained with toluidine blue. The
radioactive heparin mobility and the hue of their stains corre-
sponded to unlabeled heparin. All radioactivity was associated
with the band corresponding with the stains.

Curves of plasma radioactivity versus time are shown in Fig. 1.
The plasma radioactivity followed a monoexponential decay.
Data utilizing the 3H-heparin are shown, but similar curves were
obtained with 35S-heparin.

The resulting plasma radioactivity-time curves were analyzed
for calculating t;,2 and Vy (Table I). It is apparent that ¢1,2 in-
creases with increasing dose, but at higher doses there appears to
be much less change in t1/2 as indicated by the similarity in the
t1,2 of the 0.95-2.80-mg/kg doses. There was no significant change
in the V, after different doses. The V; was approximately 1.5
times the plasma volume. Results obtained with 3H-heparin are
similar to those obtained with 33S-heparin.

The results of the electrophoresis of the labeled heparins
suggest a high degree of purity and authenticity of the heparin
used in these experiments. The magnitude of the V, suggests also
that the measured radioactivity was associated with intact hepa-
rin because the volumes are similar to those reported by others
using unlabeled heparin (2, 3, 6).

The lack of differences in the kinetics of removal of 2H-heparin
and 35S-heparin suggests that heparin is removed from the circu-
lation intact rather than being broken down by sulfatases or
mucopolysaccharidases in plasma. The kinetics in swine are simi-
lar to those reported in man in that the t;,2 increases with in-
creasing doses while the V,; remains unchanged. The removal rate
in swine appears to be more rapid than those reported in man (2).
However, the dose range used in this study was much smaller
than those studied in man. The upper range in this study corre-
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Table I—Disposition Kinetics of *H-Heparin and
#S-Heparin in the Minipig

Ani- Dose, Va,
mal Isotope mg/kg t1/,, mMin ml/kg

1 S 0.06 3.4 65

*S 2.80 38 65

2 *S 0.30 9.2 68

%S 1.47 32 71

3 #8 0.20 8.5 69

#S 0.95 28 i

4 ®S 0.32 13 61

*S 1.27 25 59

5 sH 0.33 14 53

‘H 1.00 28 60

1 *H 0.25 11.6 65

sH 1.25 31 67

2 SH 0.25 12.6 72

sH 1.25 22 66

3 sH 0.05 4.3 58

‘H 2.50 39 65

sponds with the lower range studied in man. The t1,2 of these
higher doses in swine approach those encountered in man.

Estes et al. (1) believed that their compiled data were consis-
tent with the hypothesis that heparin may leave the plasma by
uptake into the reticuloendothelial system. Piper (7) and Monk-
house (8) also suggested involvement of the reticuloendothelial
system in the elimination of heparin. Another study (9) implicat-
ed mast cells in the uptake of heparin. It has been speculated
that the combination of the large ‘“stiff” heparin molecule with
plasma protein molecules may be capable of uptake as a foreign
particle (1). If this is true, then models for the uptake of particles
(10) may be expected to apply to heparin. Our kinetic data are
consistent with previous studies in that they indicate that hepa-
rin may be removed from the plasma by the reticuloendothelial
system in the minipig.
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