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AIM: To swmdy the phanmacokinetic behavior of 5-
fluorouracil (5-FU) in pancreatic juice in dogs and its
comrelation with 5-FU in plasma, and to evaluate its
penetration  characteristics. METHODS: After
placing a pancreatico-drainage tbe, 8 dogs were
injected 5-FU 250 mg iv. Blood and pancreatic
samples were collected and the 5-FU concentrations
were determined by HPLC. The phammacokinetic
RESULTS: The mean slopes of the terminal phase
{ Kyo) in plasma and pancreatic juice were 9.4 h™' and
10.2 h~!, respectively { # >0.05). The pharmaco-
kinetic behaviors of 5-FU in plasma and pancreatic
juice fitted a nonlinear model. Iits penetration index
was 3.39 + 2.84. The penetration of 5-FU from
blood to pancreatic juice was relatively rapid,
demonstrating a consistently higher concentration in
pancreatic juice than in plasma. CONMCLUSIONS:
The elimination phase of 5-FU in plasma was similar to
that in pancreatic juice, indicating that they were in the
same kinetic compartment .

fluorouracil; pancreatic juice;

Pancreatic cancer is a kind of gastrointestinal
necplasm with characteristics of concealed clinical
manifestation, rapid deveiopment and poor progno-
sist . 5-Fluorouracil (5-FU), mitomycin C, and
streptozocin are commeonly used in the treatment of
pancreatic cancer, but their results are unsatisfactory .

It was revealed that there was a barrier for some
of antibiotics in their distribution into pancreas, a so
called blood-pancreas barrier, which may caused
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concentration of drugs lower than expected® "% . But
it was rarely reported whether such a barrier existed for
chemotherapeutic agents and little ioformation was
available regarding the ease of drug transpert into the
pancreas. Therefore a series of investigations were
undertaken to evaluate the pharmacokinetic and

pharmnacodynamic behavior of these agents in plasma
and pancreatic juice in our laboratory. Omne of them,
53-FU was reported here.

MATERIALS AND METHODS

Subjects  Eight mongrel dogs (5 F and 3 M; weighing
179+ 1.9 kg, range 13 — 19 kg } were selected and had
pancrealic-drainage tube surgically being inserted for fluid
collection’® .

Drug and administration  Sterile ampouies of 5-FU for
clinical injection were obtained from Shanghai Xudonghaipu
Phanmaceutical Co, China (0.25 g/10 mL. lot 960307). A
single dose of 250 mg 5-FU was injected iv in a 5-min infusion .

Sample collecdon  Bloxd samples were obtained in
heparinized tubes from the femoral vein before and at 2, 10, 20,
30, 40, 55, 75, and 95 min after medication. Pancreatic juice
samples were collected before and at 5 min, 10-min interval from
5—45 min, and 20-min interval from 45 — 105 min after dosing,
with each blood sampling time at the mid-point. The plasma
and pancreatic juice samples were stored at — 70 C until assay.

Assay  The concentrations of 5-FU in plasma and
pancreatic juice were determined by an RP-HPLC assay with a
sensitivity of 10 pg+L~' and a linearity from 0.1 - 10 mg-L~*.
Sample processing was a simplified modification of the original
assay'® . Imtead of a triplicate liquid-liquid extrection. a
specimen 100 pL was extracted imto 1.5 ml of #-propyl alcohol-
ether {(25:75, vol/vol) and then evaporated to dryness under
N:. The residue was reconstitluted with mobile phase and 25 pl.
of supernatant was injected onto the column.

Data analysis A computer program PCNONLIN ( SCIT,
v.4.2; KY, USA) was used to obtain the major pharma-
cokinetic parameters of 5-FU in plasma and pancreatic juice.
The slopes of the terminal phase of both plasma and pancreatic
juice curves were cstimated by a least-squares regression
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analysis .

The dynamic pepetration matio from plasma to pancreatic
juice was measured by #he concentration in pancreatic juice vs
the simultancous plasma concentration.  The mean penetration
index (P1) was obtained by dividing the area under the pancreatic
juice curve { AUC )}y, by the area under the plasma curve
(AUC),, which was obtained by trapezoidal rule.

The differences of above parameters were evaluated by
ANOVA and a paired-samples i-test.

RESULTS

The plasma and pancreatic juice concentrations of
5FU vs time as well as its penetration ratuo were

shown in Fig 1. Their phammacokinetic parameters
were listed in Tab 1.
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Fig 1. Plot of 5-FU in plasma, pancreatic juice, and
its penetration ratio after iv 250 mg in 8 dogs.

Tab 1. Pharmacokinetic parameters of 5-FU in plasma

and pancreatic juive in 8 dogs. x + 5.
Pharmacokinetic Plasma Pancreatic fluid
Cr/mg-L"1 29.3x11.1 37.1+15.9
T’ - 0.17+0.14
Kwh™! 9.4+5.9 0.2+7.1
K./h™! - BA4x36.4
Va/Lokg! 0.61£0.11 0.18+0.14
Vmo/mg*L™"-h~! 106441 057 21091 689
Ky mg-L~! 159.6+176.1 254.0% 300.3
AUC,. ,/mg-h-L-! 4.2+2.§ 9.545.2
Pl - 3.39+2.84

K, = Total pepemration rate constant of 5-FU from blood 10

pancreas plus from pancreas to fluid.
Pl = Penetration Index = AUC,e/ AUCqizema -

The pharmacokinetic behavior of 5-FU in plasma

was fitted to a nonlinear model with bolus input and
Michaelis-Menten  output, Its rranspositon  in
pancreatic juice was fitted to a Ist-order input
Michaelis-Menten output nonlinear process 9

The 5-FU concentrations in pancreatic juice were
higher than its simultaneous level in plasma. The
mean penetration index was 3.39+2.84.

DISCUSSION

The modified HPLC assay for 5-FU in biological
fluids was sensitive, reproducible, and reliable, with
the intraday and interday coefficient of variation less
than 5 % . No potentizlly medication concommitant
use with 5-FUJ was found to interfere this assay.

5-FU in pancreatic juice was consistent higher
than its corresponding blood level obtained
simultaneously after reaching its peak concentration in
pancreatic ( Fig 1), as those reported ™). The
statistic difference between AUC ( P < 0.05) proved
that a mechanism of specific binding or an active
ransformarion in pancreas might be involved in
distribution and elimination of 5-FUU. The elimination
phase of 5-FU in pancreatic juice vs time was parallel
with that in blood and showed no difference in their
slopes { P >0.05}, indicating that 5-FU in the blood
and pancreatic juice was in the same kinetic
compartment.

A plot of apparent distribution volume ( V,} and
the area under curve ( AUC) 1w the plasma peak
concentration ( C, }, did pot appear to be linear, and
the elimination of 5-FU in both blood and pancreatic
Juice followed the same non-linear pattemn.

Since there were no statistical difference (P >
0.05) for the maximum elimination rate constant ( V,,)
and the Michaelis-Menten constant { K, } in the two
biological fluids, it could be concluded that 5-FU in
blood was in the same compartment as that in
pancreatic juice.

The penctration ratio was 2.8 = 1.6 from 0.5 -
1.5 h after administration { # > 0.05), indicating that
the penetration would be over-estimated if only a
penctration ratio near the C,,,, was obtained, The
over-estimation would mislead the evaluation of drug
penetration behavior.  Clinical efficacy must be
considered along with the actual concentration of a drug
at the local area. It was important to find out that the
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blood-pancreas barrier did not adversely influence the
penerration of 5-FU into the pancreas in dogs. Further
investigation in patients regarding its permeation into
pancreatic juice was ongoing.

It was difficult to collect tissue sample vs time.
The available concentrations so far are not actual
concentrations at actual tumor sitest>?' . Thus the
drug in pancreatic juice may represent penetration of
5-FU from blood into pancreatic tissue and this
penetration should be the only way that drug can get
into pancreatic juice.

In summary, the eliminations of 3-FU in both
plasma amd pancreatic juice displayed similar
pharmacokinetic behavior and were consistent with a
nonlinear process. It was suggested here that the
blood-pancreas barrier did not influence the diffusion of
5FU from blood intc pancreas. The higher
concentrations of 5-FU in pancreatic juice than plasma
post iv administration might play a positive role in
chemotherapy .
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