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The Effect of End-to-Side Portacaval Shunt on Cyclosporine
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INTRODUCTION

Variability in the clearance of cyclosporine (CS) prohib-
its standard dosing regimens both in patients after organ
transplantation and in patients suffering from autoimmune
diseases. Even continuous blood-level monitoring and dos-
age adjustments do not guarantee the achievement of thera-
peutic blood concentrations.

In adult patients the clearance of CS is, on average, 0.3
liter/min calculated from a specific measurement in whole
blood (1). Since CS is eliminated predominantly by hepatic
metabolism (2) and because hepatic blood flow in adults av-
erages 1.4 liters/min, one can infer that CS should have a low
extraction ratio. In a 4-year-old child hepatic and portal ve-
nous blood samples were obtained simultaneously just be-
fore a transplanted liver was removed due to hepatic artery
thrombosis. In these rather uncharacteristic circumstances
an extraction ratio of 0.16 was directly measured 1 month
after initiating CS therapy (3).

A better understanding of the hepatic extraction ratio
can help to anticipate and to control variability in CS clear-
ance. To this end we conducted the following pharmacoki-
netic experiment in rats whose portal veins were shunted
from the liver to the vena cava.

MATERIALS AND METHODS

Male inbred Lewis rats weighing 350 to 450 g were pur-
chased from Harlan Sprague Dawley (Indianapolis, Ind.).
Twelve rats were subjected to an end-to-side portacaval
shunt operation according to a previously published proce-
dure (4) 3 days before the pharmacokinetic study. Another
12 rats were sham operated by opening the abdomen and
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clamping the portal vein for 15 min. During a 3-day recovery
period the rats had free access to regular chow diet and
water.

On the study day six shunted and six sham-operated rats
received either 1.0 mg CS intravenously or 6.0 mg CS orally,
resulting in 24 applications in 24 different rats. Prior to dos-
ing a catheter was placed into a jugular vein under light ether
anesthesia. The intravenous dose (Sandimmune i.v. diluted
with saline) was given into a contralateral jugular vein
shortly before the animals awoke from anesthesia. The oral
dose was administered by gavage after homogenization of
Sandimmune oral solution in 1 ml of chocolate milk. Blood
samples were collected through the venous catheter into
EDTA-containing tubes at the following times after dosing:
0, 5, 10, and 30 min and 1, 1.5, 2, 4, 6, 8, 12, 20, 24, and 28
hrfori.v.and 0, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 6, 8, 12, 20, 24,
and 28 hr for p.o. All blood samples were obtained from
awake animals and they were stored refrigerated until anal-
ysis with the specific monoclonal radioimmunoassay of San-
doz, East Hanover, N.J., whose performance characteristics
were recently published (5). Each rat was sacrificed after the
28-hr blood sample.

Noncompartmental pharmacokinetic analysis was per-
formed by calculating the area under the concentration-time
curve according to the trapezoidal rule. The area was ex-
trapolated to infinity by using the rate constant obtained by
fitting a straight line to the terminal part of the semilogarith-
mically plotted concentration-time profile. The extrapolated
area was, on average, 34 = 14% of the total AUC. Clearance
(CL) or clearance over bioavailability (CL/F) and half-life
(t1,,) were calculated according to standard methods for each
data set separately.

RESULTS

The weights of rats in the control and shunt groups were
not statistically different and ranged from 350 to 450 g. How-
ever, 3 days after the operation the weight loss in the shunt
group (—4.9%) was significantly larger than that in the con-
trol group (—1.5%). The administration of standard doses
(1.0 mg CS i.v. and 6.0 mg CS p.o.) resulted in weight-
normalized doses ranging from 2.6 to 3.1 and from 13.6 to
16.9 mg/kg for intravenous and oral dosing, respectively.
Figure 1 displays four pharmacokinetic profiles (i.v. control,

0724-8741/89/0300-0255$06.00/0 © 1989 Plenum Publishing Corporation



256

Grevel, Rigotti, Citterio, Plebani, and Kahan

control shunt
10000
. —~ 1000
V. §
~
o
C
£
E 100 + t t + t ~= T t t——t —t il
2
(=]
e
s
C 10000 7
<
Q
C
(=]
Q
3 !’HJ\D\\#A,
0 1000 -+
p.O s
100 + + + + t i t + —- + + +—
1] 5 10 15 20 25 30 0 5 10 15 20 25 30
time (h)

Fig. 1. Representative pharmacokinetic profiles after intravenous and oral
doses of cyclosporine to sham-operated rats and rats with an end-to-side por-
tacaval shunt. Concentrations were measured in whole blood by a specific

monoclonal radioimmunoassay.

i.v. shunt, p.o. control, and p.o. shunt), each a typical ex-
ample of a group of six animals, except for the i.v. shunt
group, where one rat died due to unknown causes 5 hr into
the experiment, leaving only five data sets for analysis. Ta-
ble I summarizes the parameters under different conditions
and their statistical comparison. Only CL/F changed signif-
icantly due to shunting. Since CL remained unchanged, F
must have decreased, on average, from 24 to 9%.

DISCUSSION

It is well documented that rats lose weight after end-
to-side portacaval shunting but at the same time they appear
healthy and do not show an increased mortality rate for 25
weeks after the operation (6). It can therefore be assumed
that any change in pharmacokinetics in our experiment was
due to the shunt and not to a general deterioration in health.

Differences between the average CL (1.5 ml/min/kg) and
the average F (24%) reported here for control animals and
values (CL = 6.8 ml/min/kg; F = 99%) published previously
(7) seem to be caused by the difference in concentration
measurements (specific measurement in whole blood versus
nonspecific polyclonal radioimmunoassay in serum).

It was reported that hepatic blood flow is reduced by

33% 3 days after the shunt operation (8). The fact that CL.
was not influenced by the shunt in our experiment indicates
that CL of CS in rats seems to be independent of liver blood
flow. Already this observation points toward a low extrac-
tion ratio for CS.

The reduction in bioavailability due to the shunt opera-
tion (F control = 24%; F shunt = 9%) is likely to be caused
by a decreased absorption. Sufficient bile flow into the small
intestine is a prerequisite for maximal absorption of CS (9).
In shunt-operated rats it was shown that bile flow is signif-
icantly reduced (10). Thus decreased absorption seems to be
a reasonable explanation for our observations. The missing
peak in the p.o. profile (Fig. 1) further supports this hypoth-
esis. The absence of the first pass through the liver in
shunted animals could not compensate for the reduced ab-
sorption. It can be concluded that the first-pass effect and,
for that matter, the hepatic extraction ratio of CS must be
small.
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Table I. Pharmacokinetic Parameters

Dosing Parameter Control Shunt Statistics®
iv. Cl (mi/min) 0.58 = 0.20 0.42 = 0.04 NS*
iv. CL (ml/min/kg) 1.49 * 0.48 1.15 = 0.03 NS?
iv. ty, (hr) 104 =49 128 = 1.9 NS¢
p.o. CL/F (ml/min) 2.51 +0.97 6.87 = 3.21 P = 0.02¢
p.o. CL/F (ml/min/kg) 6.07 = 2.15 18.20 = 8.12 P = 0.01°
p.o. ty, (hr) 17.2 =5.1 194 =119 NS¢

“ All groups contained six rats except for i.v., shunt with five rats.

& Unequal variances ¢ test.
¢ Equal variances 7 test.
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