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The action of bacterial endotoxin on the pharmacokinetics of war-
farin was investigated in rabbits injected with bacterial endotoxin
from E. coli. High doses of endotoxin were able to change the kinetics
of warfarin in rabbits by changing its volume of distribution. It is not

ossible to conclude whether the changes in elimination rate of war-
arin in rabbits were mediated through changes in liver blood flow
or through impairment of the metabolic capacity of the liver cells.
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More and more attention has been drawn to the pharmaco-
kinetics of drug in pathological and abnormal physiological states
during the last few years (Kato 1977). The influence of dysfunc-
tions in the liver and the kidney on drug pharmacokinetics has
mainly been investigated for the obvious reason that these two
organs are the most important for the disposition of drugs.

The incidence of and mortality from gram-negative bacterial
sepsis is increasing in humans (Wolff & Bennett 1974), and
may be so also in the veterinary clinic. The mortality associated
with infections caused by gram-negative bacteria is considered
to be related to the endotoxins. Patients with endotoxemia need
an intensive treatment with different sorts of drugs. The occur-
rence of endotoxemia in infectious diseases poses potential thera-

* The work was supported by the Danish Agricultural and Veteri-
nary Research Council.



480 0. Ladefoged

peutic problems if endotoxin alters the pharmacokinetics of
drugs administered for the treatment of the infections. The im-
plications of bacterial endotoxins in disposition of some drugs
have recently been reported (Song et al. 1972, Elin et al. 1975,
Ladefoged 1977, 1978). The aim of the present investigation
was to clarify whether drug pharmacokinetics would be changed
in rabbits with circulation disturbances caused by endotoxin
injections. Four experiments were also performed to investigate
if the pharmacokinetics could be changed in pigs after single
injections of endotoxin. Warfarin, a compound mainly meta-
bolized in the liver and highly bound to plasma albumin (Bach-
mann & Shapiro 1977), was used as test substance.

MATERIALS AND METHODS

Twelve clinically healthy male rabbits weighing 3—4 kg were
used in the experiments. A control experiment was performed
for the determination of the pharmacokinetic parameters. War-
farin, 3 mg/kg b. wt., was injected intravenously into the left
ear, and 10—14 venous blood samples (1 ml) were taken from
a vein in the right ear in the time range of 5 min. to 400—600
min. after the injection of warfarin. One week later endotoxin
from E. coli (Sigma®) was injected to eight rabbits in an amount
of 0.5 ng/kg b.wt. Four rabbits were injected with a dose of
endotoxin correspondent to 0.2 pg/kg b. wt. One hour after the
endotoxin administration 3 mg/kg b.wt. of warfarin was in-
jected and blood was sampled as described above.

In the experiments on pigs four female pigs of Danish Land-
race weighing 23—30 kg were used. Two animals were injected
intravenously with 3 mg/kg of warfarin. The two other pigs were
dosed with 1 mg/kg b. wt. The injection of warfarin was followed
by blood sampling in the time range of 5 min. to 160 min. After
that time endotoxin, 2.5 pg/kg b. wt., was injected intravenously,
and blood sampling continued for further 270 min.

Warfarin was determined in the plasma by means of a spec-
trofluorometric method described elsewhere (Ladefoged 1979).
The two-compartment model:

C,=A- et L B-eft

with central compartment (V,), peripheral compartment (V,),
distribution rate constants (k,,, k,,) and elimination rate con-
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stant (k,) was used to calculate the pharmacokinetic parameters
in the experiments with the rabbits.
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The non-linear iterative curve fitting computer program, which
has been described by Ladefoged (1975), was used for the calcu-
lation of the pharmacokinetic parameters.

RESULTS

The averages of the pharmacokinetic parameters of warfarin
from the control experiment in rabbits are shown in Table 1.

As seen from Figs. 1, 2 and 3 the two-compartment model
fits well to the plasma concentration versus time data in the con-
trol experiments. It is seen from the figures that the theoretically
calculated plasma concentration deviates only a few g from the
observed values. Treatment of the rabbits with endotoxin changed
the pharmacokinetic parameters in some rabbits as seen from
Figs. 1, 2 and 3. It was not possible to fit the two-compartment
model to all the data from the experiments with endotoxin in-
jected rabbits. Therefore, all the log plasma concentrations ver-
sus time curves for the 12 rabbits are shown in Figs. 1, 2 and 3.
The effect of endotoxin on the plasma concentration versus time
curve of warfarin is not only dependent on the dose of endotoxin
but also related to the response of the rabbits to the endotoxin.
The greatest change in the kinetics of warfarin is seen in the

Table 1. Pharmacokinetic parameters of warfarin in control rab-
bits. The results given are the mean of the control experiments =+ s.e.m.

A o« B Bk, k k, V, V, Vva,

e

pg/ml min—' pg/ml min—! min—! min—! min—! 1/l:g 1/kg 1/kg

I ®

10.1  0.072 21.6 0.0022 0.0497 0.0032 0.021 0.100 0.041 0.140
s.eem. 1.0 0.010 1.4 0.0001 0.0068 0.0002 0.0036 0.007 0.003 0.009
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Figure 1. Warfarin concentration (pg/ml) in plasma as a function

of time (min.) after intravenous injection of 3 mg/kg b. wt. The curves

represent four control experiments (%/) and the results from experi-

ments with the same four rabbits after endotoxin injection (0.5 pg/kg

b. wt.) (¥). All the rabbits died within 24 hrs. (One rabbit (+) died
during the sampling time).

rabbits in which the endotoxin caused severe intoxication, and
when the rabbits died from shock within 24 hrs. after the endo-
toxin injection (Fig. 1). In all the rabbits which died, lesions
characteristic of endotoxin shock i.e. “shock lung” and edema
and hemorrhagic ulcerations in the gastrointestinal tract were
found. In the surviving rabbits, less changes in disposition of
warfarin were seen (Fig. 2), and at dose level 0.2 pg/kg b. wt.
of endotoxin two rabbits handled warfarin very similar to what
could be seen in the control experiment (Fig. 3).

Endotoxin did not cause shock in the pigs, and all the pigs
survived in spite of the 10 times higher dose used. No differen-
ces in the B slopes calculated before and after the endotoxin in-
jections or in the calculated volume of distribution could be
shown. Just after the endotoxin injection a short rise in plasma
concentration of warfarin occurred. This phenomenon was seen
in all the pigs.
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Figure 2. Warfarin concentration (pg/ml) in plasma as a function

of time (min.) after intravenous injection of 3 mg/kg b. wt. The curves

represent four control experiments (V) and the results from experi-

ments with the same four rabbits after endotoxin injection (0.5 pg/kg
b. wt.) (). All the rabbits survived.

DISCUSSION

The results of the present experiments in rabbits show that
the pharmacokinetics of warfarin is influenced by high doses of
endotoxin. It seems to be the circulation disturbances as de-
scribed by others (Landy & Braun 1964) which are responsible
for the changes in the pharmacokinetics, since the greatest
changes are seen in the rabbits dying from endotoxin induced
shock. Similar changes in the pharmacokinetics of warfarin are
obvious in the two rabbits injected with 0.2 pg/kg b. wt. of endo-
toxin, while two others getting the same dose did not get shock
and did not show changes in kinetic parameters. Little is known
about pharmacokinetics of drugs in serious illnesses with severe
circulation disturbances, and this holds thrue in both animal
and man, nor are the pharmacokinetics of drugs in the dying
patient or animals well known. The present results indicate that
in severe disease states the pharmacokinetic of a drug may
change and in patients given repeated doses of drugs overdosing
or even toxic plasma concentration might well occur,
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Figure 3. Warfarin concentration (pg/ml) in plasma as a function

of time (min.) after intravenous injection of 3 mg/kg b. wt. The curves

represent four control experiments (%/) and the results from experi-

ments with the same four rabbits after endotoxin injection (0.2 pg/kg

b. wt.) (¥). Two rabbits (+) died during the sampling time, the two
others survived.

From the present results it cannot be concluded whether the
metabolism of warfarin is decreased. However, it is obvious that
a contraction of the distribution volume and a redistribution of
warfarin explain the rise of the plasma concentration at the end
of the experiment, in the deadly intoxicated rabbits.

Lidocain is the drug which has been studied most extensively
in cardiac failure and circulation disturbances in human (Beno-
witz & Meister 1976). Under such circumstances the volume of
distribution and the clearance of lidocain are decreased. The
clearance of lidocain in heart failure is mainly reduced because
of the changes in liver blood flow, but also impaired hepatic
metabolism appears to play a role. Whether endotoxin will have
a direct toxic effect on liver cells, and in that way delay the
elimination of warfarin, is not obvious from the present experi-
ments, but such an effect has been indicated for other drugs by
results in rats and rabbits (Gorodischer et al. 1976, Ladefoged
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1978). In endotoxin injected animals a reduction of the protein
binding of warfarin can be seen (own unpublished results), and
a small reduction in protein binding can shorten the half-life of
warfarin in rabbits (Ladefoged 1979). The change in protein
binding would have an opposite effect on the half-life of a re-
duced liver blood flow and a direct toxic effect of endotoxin on
the liver cells. This might be the explanation for an almost nor-
mal elimination rate of warfarin in some of the rabbits at the
lowest endotoxin dose level.

In the pigs it was not possible to show any changes in phar-
macokinetic parameters with the dose of endotoxin used, and
this may be related with a species difference in response to endo-
toxin as reported by others (Brass 1963, Miert & Frens 1968).
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SAMMENDRAG

Endotoxin inducerede forandringer i warfarins farmakokinetik hos
kaniner.

Warfarins farmakokinetik blev undersggt hos kaniner, der fik
injektioner af endotoxin (E. coli). Store doser af endotoxin forirsa-
gede chok, og hos kaniner med chok sndredes eliminationen og for-
delingen af warfarin. En stor @=ndring i fordelingsvolumen medfgrte
plasmakoncentrationer, der var hgjere end begyndelsesveerdien. De
foreliggende resultater tyder pa, at der hos patienter med cirkulations-
forstyrrelser induceret af endotoxin kan vezere risiko for toksiske
plasmakoncentrationer eller overdosering af legemidler efter gentagne
doseringer.
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