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The Effect of Different Routes of Administration
of 5-Fluorouracil on Thymidylate Synthase
Inhibition in the Rat

C.L. van der Wilt, A. Marinelli, H.M. Pinedo, J. Cloos, K. Smid,
C.J.H. van de Velde and G.]. Peters

A rat colon tumour model of liver metastases was used to administer 5-fluorouracil (SFU) by intraperitoneal (i.p.)
bolus injection (50 mg/kg), isolated liver perfusion (ILP, 150 mg/kg) and hepatic artery infusion (HAI, 50 mg/kg).
The biochemical effect of SFU, delivered by different routes, on its target enzyme thymidylate synthase (TS) was
studied in both tumour and normal tissues of the rat. In tumour tissue, only small differences were observed in
the extent of TS inhibition. A pronounced inhibition of TS was observed 3 h after SFU administration by all
routes, but was followed by a recovery of TS activity within 24 and 48 h. Effects of SFU on normal tissues were
diverse. In liver, TS activity increased 6-fold after ILP and HAI administration of 5SFU, and a 2-fold increase of
FdUMP binding to TS was seen for all routes of administration. In intestinal mucosa, both induction of TS
activity (by ILP) and inhibition of TS activity (by HAI) were observed, while i.p. injection did not cause major
changes. TS activity and FAUMP binding to TS in bone marrow was strongly inhibited after administration of
SFU by all routes, but administration by ILP seemed slightly advantageous, since a smaller extent of TS inhibition
was observed compared to the other routes of administration. SFU given by ILP had a small antitumour effect in
this colon tumour model, while HAI administration had no antitumour activity. Since this difference in antitumour
activity could not be related to differences in TS inhibition in the tumour, the RNA-directed mechanism of action
of SFU could be involved. Focusing on the effects of TS, we may conclude that the ILP administration of SFU
offered the important advantage of a lack of severe TS inhibition in normal tissues, which corresponds with the
low systemic toxicity observed.
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INTRODUCTION

5-FLUOROURACIL (SFU) is used for the treatment of several types
of human cancers, either as a single agent or in combination with
other drugs. Its biochemical effects that finally cause cell kill are
related to three main metabolites, FAUMP, FUTP and FdUTP.
FUTP and FAUTP can be misincorporated into RNA and
DNA, respectively. FAUMP is a potent inhibitor of thymidylate
synthase (TS), an essential enzyme in the process of DNA
synthesis [1].

The antitumour effect of fluoropyrimidines, such as SFU, is
dependent on dose and duration of exposure. Dose and time
dependence has been shown in experimental model systems
[2-4] and in patients [5, 6]. In vitro resistance against SFU could
be overcome by using high concentrations of SFU, up to 2040
fold higher than those clinically achievable during systemic
therapy [7]. The toxic side effects of SFU in patients depend on
dose, schedule and route of administration of the drug. For
bolus injections, bone marrow toxicity is the dose limiting
toxicity, whereas continuous infusion is limited by gastrointesti-
nal toxicity [8].

Regional treatment allows the use of higher doses of drug than
that used in systemic treatment, without increase in toxicity [9].
It is often applied to expose liver metastases to higher doses of
fluoropyrimidines. SFU is one of the drugs suitable for regional
administration due to its favourable extraction ratio [10, 11].
The high catabolism for SFU in the liver allows administration
of a high dose without increasing systemic plasma concentrations
[12]. The most common route of regional administration is
hepatic artery infusion (HAI). Often, 2’-deoxy-5-fluorouridine,
a more potent fluoropyrimidine, is used for HAI [13,14]. This
compound has an even higher extraction ratio than SFU [10].
Toxic side effects of this method of administration of fluoropyr-
imidines include gastrointestinal symptoms, hepatobilary tox-
icity and less frequently myelosuppression [15, 16]. After SFU
administration by HAI, no serious hepatic toxicity has been
reported [17].

In a rat model, in which liver metastases from syngeneic
colorectal cancer could be induced, an isolated liver perfusion
(ILP) technique was developed to allow exposure of the tumour
to still higher concentrations, while systemic exposure associated
with systemic toxicity remained minimal. ILP allowed adminis-
tration of a 3-fold higher dose of SFU than tolerated with HAI
[18, 19], but it required a complicated surgical procedure [20].
Currently, patients with irresectable colorectal cancer metastases
confined to the liver have been treated with ILP in a phase II
study [21]. Systemic toxicity of ILP was minimal, but the risk
of complications due to surgical procedures was higher compared
with systemic or intraperitoneal (i.p.) administration. The high
dose of drug caused some hepatotoxic side effects, monitored
by transient elevation of alkaline phosphatase (AP), glutamic
oxaloacid transaminase (SGOT) and glutamic pyruvatic acid
transaminase (SGPT) levels [22].

The aim of this study was to determine whether regional
SFU administration, either by ILP or HAI, had a different
biochemical effect in terms of inhibition of TS than i.p. adminis-
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tration. The value of TS and TS inhibition as important para-
meters in the evaluation of SFU treatment has been indicated in
different studies [23-28]. The SFU-mediated inhibition of TS
was measured in both tumour and normal tissues in order to give
an insight into the benefits of selective high dose administration
of 5FU into the liver. Additionally we studied the antitumour
activity of regional SFU administration on liver metastases in
the rat.

METHODS

Materials

SFU was obtained from Hoffman-La Roche (Mijdrecht, The
Netherlands). [6-*H]-FdUMP (specific activity 20 Ci/mmol) was
purchased from Moravek Biochemicals Inc. (Brea, California,
U.S.A.)and [5-*H]-dUMP (specific activity 10.9 Ci/mmol) from
Amersham International (Buckinghamshire, U.K.). All other
chemicals were of analytical grade, and were commercially
available.

Rats

Male WAG/Ola rats (Harlan/Olac; C.P.B., Zeist, The
Netherlands), 3 months of age, weighing approximately 300 g
were used for this study. Four/five animals were housed per
cage, and they received food and water ad libitum. The selected
tumour line, CC531, was derived from a dimethylhydrazine-
induced, moderately differentiated, colon cancer [29]. It was
cultured in RPMI 1640, supplemented with 10% heat-inacti-
vated fetal calf serum, 2 mM glutamine, 50 pg/ml streptomycin
and 50 U/ml penicillin. Liver metastases were induced by
subcapsular injection of 5 X 10 cells in 0.05 m10.9% NaCl into
the right and left main lobe of the liver, and single tumours
formed in each lobe. Injection of cells via the portal vein
gave rise to many micrometastases. Ten days after inoculation,
tumours with a cross sectional area of about 40 mm? were visible.

Regional administration

Two different routes of administration were used, HAI and
ILP which were applied as described previously [19, 30]. SFU
was given at the maximal tolerated dose (MTD) for each route
of administration in these rats, 50 mg/kg for HAI and 150 mg/
kg for ILP. Treatment was given once. The protocol was
approved by the institutional ethical committee.

For HAI, the gastroduodenal artery, a branch of the common
hepatic artery, was cannulated. During the infusion of 50 mg/
kg SFU, the common hepatic artery was clamped to prevent
retrograde flow into the aorta. Infusion time was approximately
2 min [30].

ILP in the rat was performed as described [19, 30]. The inflow
of the isolated circuit was by cannulas in the pyloric branch of
the portal vein and in the gastroduodenal branch of the common
hepatic artery, while a cannula inserted in the caval vein served
as outflow. The circuit was isolated by clamping the caval vein
above and below the liver, the aorta above the coeliac axis and
the common hepatic artery and the portal vein just below the
tips of the cannulas. A dose of 150 mg/kg SFU was injected into
theisolated circuit and the perfusate was recirculared for 25 min.

Thymidylate synthase assays on tissues

The effect of SFU therapy was analysed biochemically at the
level of TS: TS inhibition following regional SFU therapy
was compared with the effect of systemic administration. The
systemic treaunent consisted of a bolus injection (i.p.) of 50 mg/
kg SFU, which is the MTD for weekly treatment. Forty rats
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were used for this study. At least 3 rats were used per time point
for each route of administration. Tumour, liver, intestinal
mucosa and bone marrow cells of the rats were removed 3, 24
and 48 h after treatment and immediately frozen in liquid
nitrogen. Samples from untreated rats served as controls. Tissues
were homogenised with a microdismembrator (Braun, Mel-
sungen, Germany) as described previously [31], and suspended
in a buffer of 0.2 M TRIS/HCI (pH 7.4), 20 mM mercapto-
ethanol, 100 mM NaF and 15 mM CMP. In the samples from
treated animals, all free FAUMP was absorbed with 10% neutral
charcoal before TS assays were performed.

TS inhibition was evaluated with two assays, a ligand binding
assay, which determined the free binding sites for FAUMP, and
a *H-release assay to determine the catalytic activity of TS
(conversion of dUMP into dTMP) as described [32, 33]. The
ligand binding assay was performed with [6-*H]-FAUMP as a
substrate. Briefly, 50 ul enzyme suspension was incubated with
50 pl 6.5 mM 5,10-methylenetetrahydrofolate, 135 ul TRIS/
HCl buffer and 10 pl 0.57 uM [6->*H]-FAUMP for 1 h at 37 °C.
The reaction was stopped by the addition of 500 pl 10% neutral
charcoal and 250 wl of the supernatant was used for radioactivity
counting. Detection limit for this assay was 45 pmol/mg protein.

For the 3H-release assay, [5-3H]-dUMP was used as a substr-
ate. Two concentrations of dUMP was used in this assay, 1 pM
which is around the Km, and 10 pM a saturating substrate
concentration. Two substrate concentrations were used because
the ratio between the catalytic activity at 1 and 10 p.M dUMP
shows whether the substrate specificity and affinity character-
istics of the enzyme are preserved during SFU treatment. Briefly,
for this assay, 25 pl enzyme suspension (at different dilutions)
were incubated with 5 p16.5 mM 5,10-methylenetetrahydrofol-
ate, 10 ul TRIS/HCI buffer and 10 pl [5-*H]-dUMP (1 or
10 pM final concentration) for 30 min at 37 °C. In control
samples, we measured the potential inhibition of TS by adding
10 pl 0.05 uM FdUMP, instead of the TRIS/HCI buffer. The
assay was stopped by addition of 50 pl ice-cold 35% trichlo-
roacetic acid and 250 wl 10% neutral charcoal, and 150 pl of
the supernatant was used for radioactivity counting by liquid
scintillation. The detection limit of this assay was 2.5 pmol/h/
mg protein. Protein content of the samples was measured using
Coomassie-blue (Bio-Rad, Veenendaal, The Netherlands).

Antitumour effect

Tumour bearing rats with two tumours were randomly
assigned to 5 groups: (1) untreated control (n = 8), (2) HAI
without drug (r = 4), (3) ILP without drug (n = 4), (4) HAI
with 50 mg/kg 5FU (» = 8), (5) ILP with 150 mg/kg 5FU
(n = 6). When the SFU dose regionally delivered was elevated
(higher than the MTD used for these experiments), rats died of
systemic toxicities (low white blood cell counts, diarrhoea,
pneumonia). The antitumour effect of SFU was evaluated on
days 0 (day of treatment, 10 days after tumour inoculation), 14,
28 and 42. Rats were weighed and, in order to measure liver
tumours, laparotomy was performed. Cross sectional areas of
the tumours were estimated by calliper measurements, and
calculated as w X 0.25 X maximal diameter X perpendicular
diameter [34]. Rats were sacrificed at day 42 because the tumours
in untreated groups became too large (>500 mm?). Toxicity
parameters studied included survival, weight, serum levels
of SGOT, SGPT, AP and bilirubin. At day 3 after drug
administration, rats were sampled by retro-orbital puncture
under ether anaesthesia to collect serum for the blood chemistry.
This was repeated at day 7 and weekly thereafter.

C.L. van der Wilt ez al.

Staristics

The antitumour effects were evaluated using the
Mann-Whitney U test. The FAUMP binding data and results
on catalytic activity after SFU exposure were evaluated with
Student’s ¢-test for unpaired data.

RESULTS

Biochemical analysis of TS levels in control tissues, measured
with the FAUMP binding assay and the 3H-release assay (Table
1), showed clearly that TS levels in tumour tissue were much
higher than in liver and intestinal mucosa. Comparison of control
tumour and control bone marrow revealed that FAUMP binding
and TS catalytic activity in bone marrow was higher than in
tumour. The potential inhibition by 10 nM FAUMP, added to
control samples, was approximately 60-70% for all tissues, when
measured at 10 uM dUMP and even higher when measured at
1 uM dUMP. At 1 pM dUMP, the TS inhibition was less
pronounced in intestinal mucosa compared with other tissues.

The various routes of SFU administration caused different
effects on TS levels in tumour and normal tissues of the rat.
Both an elevation and an inhibition of TS were observed.
FAdUMP binding to TS in tumour tissue was inhibited at 48 h,
irrespective of the route of administration. All values, except
HAI 48 h, were significantly lower than control values
(P < 0.001). The most pronounced inhibition was observed 3 h
after i.p. administration. No notable differences in the retention
of TS inhibition were observed for the different routes of
administration, as measured by FAUMP binding or TS catalytic
activity. The maximal extent and retention of the inhibition of
TS catalytic activity (Figure 1a) in tumour tissue was less than if
measured by FAUMP binding. The maximal extent was 57%
compared with 85% for FAUMP binding. In contrast to FAUMP
binding, TS catalytic activity, measured at 1 pM dUMP substr-
ate concentration, had completely recovered 48 h after 5FU by
ILP or i.p., and had nearly recovered after HAI. Inhibition of
TS catalytic activity, measured at 10 pM dUMP (not shown),
was more pronounced than at 1 pM and recovered more slowly.

In liver tissue, no significant inhibition of TS was found for
either route of administration with the FAUMP binding assay
(Table 2). The more sensitive 3H-release assay showed that the
TS activity 3 h after treatment was lower than control values
(Figure 1b). The increase of TS activity and FAUMP binding,
observed at 24 and 48 h after treatment was striking (Table 2,
Figure 1b). This was most pronounced for HAI and ILP
administration of SFU, with a more than 6-fold increase of TS
activity in the liver.

We could not detect significant changes in FAUMP binding
in intestinal mucosa between control and treated samples nor
between ILP, i.p. and HAI administration, due to variation
(Table 2). Evaluation of the catalytic activity (Figure 1¢) showed
a clear 3-fold increase of activity for administration by ILP at
48 h, while HAI caused a 5-fold decrease. Values of samples
obtained after i.p. administration were not significantly different
from control.

TS activity and FAUMP binding in bone marrow cells were
markedly decreased by SFU treatment. Administration of SFU
by ILP resulted in less inhibition of TS in bone marrow than
HAI or i.p. administration, but the differences were only
marginal (Table 2, Figure 1d).

The antitumour effect of regional administration of SFU was
very small (Table 3). HAI administration of SFU had no
antitumour activity and ILP delivery had only slight antitumour
activity (Table 3). Tumour growth for animals that underwent
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Table 1. FAUMP binding and TS catalytic activity in untreated rat tissues

Tumour Liver Intestinal mucosa Bone marrow cells*

FAUMP binding 34.4 * 4.6t 9.2 + 0.7¢ 8.6 + 6.11 110 + 13t
TS catalytic activity
at1l uM dUMP 215 = 115§ 36 = 9§ 55 + 31§ 154 = 579

+ 10 nM FAUMP 51 + 29§ 1.5 + 1§ 23 + 4§ 21 + 59
at 10 pM dUMP 961 + 271§ 119 + 33§ 206 + 65§ 1078 + 1699

+ 10 nM FAUMP 321 + 92§ 45 = 6§ 88 + 62§ 353 * 329
Protein content 60|| 125 504 25+

* 105 cells = 1 mg wet weight; Values are means + SD of 3-5 experiments, { pmol/g wet weight, $ fmol/10° ceils, § pmol/h/mg protein, | pmol/h/

106 cells, | mg protein/g wet weight, ** ug protein/108 cells.

Table 2. Inhibition of FAUUMP binding to TS in rat colon tumour and normal tissues after administration of SFU by different routes

t HAI ILP ip.

(h) (50 mg/kg) (150 mg/kg) (50 mg/kg)
Tumour (pmol/g wet weight) (n)

0 344+ 4.6 (5 344 x46() 344 + 4.6(5)

3 7.6 294 7.7 £ 0.7 (9)* 5.3+ 08"

24 19.7 £ 433 142863 144 £30(5

48 2202 11.1(3) 174 = 6.9 (4 11.4 + 6.2 (3)
Intestinal mucosa (pmol/g wet weight) ()

0 8.6+61(5) 8.6=6.1(5) 8.6 + 6.1(5)

3 155+99@3) 81+420) 6.2 +2703)

24 443014 49+34@14) 6.8 +3803)

48 25+18@) 7.6%68(@3) 48+ 253

t HAI ILP ip.
(h) (50 mgrkg) (150 mg/kg) (50 mg/kg)
Liver (pmol/g wet weight) ()
0 9.2+073) 92073 9.2+0.703)
3 59+27(3) 77x35@3) 11.0 + 3.3(3)
24 7.8 145t 15.8x73(5) 17.2 + 3.2 (3t
48 10726 17.7x85(4) 137 +£580@3)
Bone marrow
cells (pmol/10° cells) (n)
0 110 = 13 (3) 110 + 13 (3) 110 = 13 (3)
3 31 £17(3) 57 £ 23 (3)t 22 +3(3)%
24 17+7@ 21 £ 13 (4) 14 +4(3)
48 4+ 103§ 13 + 8 (4)§ 3+103)%

Values are means + SD of 3-5 experiments. Statistics: * 3 h after SFU administration, there was a significant difference in FAUMP binding to TS
in tumour tissue between ILP and i.p. (p < 0.01). 1 At 24 h after HAI administration of SFU, FAUMP binding in liver was significantly different
from FAUMP binding after i.p. administration (p <0.01). 3 h after ILP, FUUMP binding to TS in bone marrow was significantly higher than
after i.p. administration. § 48 h after ILP, FAUMP binding was significantly higher in bone marrow than after i.p. or HAI administration

(P < 0.03).

Table 3. Antitumour activity and toxicity of regional SFU administration

Relative cross sectional area of tumours* Weight changes (g)t
Daysi Control HAI ILP Control HAI ILP

0 +21 +13 +13

14 3.78 = 1.12 421 + 1.29 2.52 + 0.90§ +21 +13 +13
28 9.40 + 2.91 8.39 + 2.13 6.42 + 4,18 +24 +18 +15
42 15.03 + 4.18 13.32 + 3.91 11.43 = 7.01 +25 +22 +22

* Values are the ratio to control values, and are means = SD of 6 (ILP) or 8 {control, HAI) animals. Doses of SFU by HAI and ILP were 50 and
150 mg/kg, respectively. Results were expressed relative to the initial surface of each tumour, thereafter the means were calculated (absolute initial
values: control 27 mm?, coefficient of variation (CV) 50%; HAI 37 mm?, CV 40%; ILP 46 mm?, CV 50%. + Weight at tumour inoculation was
approximately 300 g. 1 Days after treatment. § Significant reduced tumour growth compared to control (P < 0.05).

HAI or ILP without drug was comparable with controls (data
not shown). Weight changes after treatment were positive,
indicating that no long-term SFU therapy-associated weight loss
occurred (Table 3). Regional administration of SFU, either by
HALI or by ILP, did not result in increases of SGOT, SGPT, AP
or bilirubin (data not shown), so 5SFU did not cause hepatic
toxicity.

DISCUSSION
The biochemical efficacy of SFU, evaluated at the level of TS
inhibition in tumour tissue, showed no notable differences
between ILP (150 mg/kg), HAI (50 mg/kg) and i.p. (50 mg/kg)
administration. A marked inhibition of TS was observed 3 h
after treatment, but within 24 and 48 h both TS catalytic activity
and FAUMP binding had recovered.
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Figure 1. Comparison of residuat TS catalytic activity (at 1 pM
dUMP) after ILP (150 mg/kg SFU) (- @ -), HAI (50 mg/kg 5FU)
- -) and i.p. (50 mg/kg SFU) (- A -} treatment in the rat. Values
are means + SD, a small SD is within the symbol, 2 = 3-6. (a) A
significant difference was observed between TS activity in tumour
tissue at 24 h after HAI and i.p. administration of FU (P < 0.01). (b)
Results of TS activity after ILP and HAI delivery differed significantly
from those after i.p. injection of FU at 24 and 48 h (P < 0.05). (c)
ILP administration resulted in significantly higher TS activity in
intestinal mucosa at 48 h than the activity measured after i.p. or HAI
administration (P < 0.05). TS activity in intestinal mucosa was also
significantly higher 24 h after ILP administration compared to HAI
(P < 0.02). (d) At 3 h, the residual TS activity in bone marrow cells
was significantly higher after ILP than after HAI or i.p. administration
(P < 0.01) and (P < 0.02), respectively.
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Unlike tumour tissue, TS in the liver of the rat was hardly
affected by SFU. Comparison of different routes of SFU delivery
showed that both regional delivery and i.p. administration
resulted in a minor inhibition of T'S in the liver. On the contrary,
an increase of TS catalytic activity and FAUMP binding to TS
were observed after 24 h. FAUMP binding values were given
per g wet weight; this showed that the increase was not due to an
overall increase in proteins. In addition, the protein content per
g wet weight remained constant.

Increase of TS after SFU administration has also been
observed in tumour tissue of other colon tumour models [33, 35].
In a murine colon tumour, the increase of TS activity after
repeated SFU treatment seemed to account for resistance of the
tumour against SFU [33]. Studies of Chu and associates [36]
showed that the elevation of TS in a colon carcinoma cell line
after exposure to SFU was related to an increased translation of
TS mRNA. The translation of TS mRNA is autoregulated by its
own protein, which binds to TS mRNA and blocks translation.
However, when the protein interacts with FAUMP (or dUMP,
or reduced folate), it can no longer bind to the mRNA and
uncontrolled enzyme synthesis occurs [37]. The liver and other
normal tissues have a strictly regulated metabolism, and there-
fore enzyme levels are low compared with tumour tissue [38].
FAdUMP binding to TS and TS catalytic activity were higher,
by approximately 3- and 6-fold, respectively, in tumours of
untreated animals compared with in liver and gut mucosal tissue.
Tumours already have an irregular metabolism, and may be less
sensitive to regulatory factors, such as the autoregulation of TS
mRNA translation. Thus, even a small deregulation of TS
mRNA translation in liver will have a relatively greater effect
than in the tumour, leading to the observed increase in TS
activity. Deregulation of TS synthesis in the presence of FAUMP
(derived from S5FU), leading to an elevation of TS activity and
possibly also of TS protein, could be a more general mechanism
to reduce the stress on cells caused by the inhibition of TS. This
hypothesis of an effective increase of TS, which would diminish
the sensitivity of liver cells for SFU-mediated TS inhibition, was
supported by the observation that, even at high concentrations
of SFU in the liver, such as occur at HAI (0.30 pmol/g) and ILP
(4.65 pmol/g) administration, liver toxicity in the rats was
absent. SFU concentrations in liver tissue, measured 15 min
after administration, were higher than in tumour tissue (0.30
versus (.20 pmol/g for HAI and 4.65 versus 1.06 pmol/g for
ILP [unpublished data]). Since initial SFU levels determine the
FAUMP levels [11], more FAUMP will be formed in the
liver, which binds to TS protein, thereby interrupting the
autoregulation of TS mRNA.

ILP caused a similar increase of TS activity in the intestinal
mucosa as was seen in the liver, while HAI caused inhibition of
TS activity in the intestinal mucosa. Administration of SFU by
HAI might be accompanied by leakage of a high concentration
of SFU to the blood supplying vessels of the gastrointestinal
track if the extraction of SFU by the liver is incomplete. The
latter is not unlikely due to the rapid administration of this dose
of SFU. In patients HAI of SFU is usually applied over a longer
period, e.g. 5 days [28], resulting in a better extraction. For
ILP, the extraction was possibly better because the circulation
of the liver was isolated from the systemic circulation; this
precluded high concentrations of SFU introduced into the liver
leaking into the systemic circulation. It has been shown that
SFU plasma levels in the systemic circulation were significantly
lower for ILP than for HAI [18]. The latter also explains the
greater extent of TS inhibition in bone marrow cells after HAI
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and i.p. compared with ILP. For ILP administration, a 3-fold
higher dose of SFU was used than for i.p. and HAI. This implied
that, with ILP administration, tumour cells could be exposed to
higher concentrations of 5FU, without an increase of bone
marrow toxicity.

It is hard to predict whether high concentrations of SFU and
subsequently of FAUMP will cause prolonged inhibition of
TS or an increase of TS, due to deregulation of TS mRNA
translation. It is not yet clear at which SFU/FAUMP concen-
tration deregulation or increase of TS prevails, or whether the
TS level of the tissue plays a role. Probably we observed a dual
effect in most tissue samples, and in some of them one of the two
effects prevailed, in liver the deregulation and in bone marrow
the inhibition. Recently developed methods to measure TS
protein [39, 40] and TS mRNA [36, 41] could give more infor-
mation on deregulation of TS protein synthesis.

The antitumour activity study showed that the effect of
regional and i.p. SFU administration against this tumour was
rather limited. Initially, a significant difference in tumour cross
sectional area between control and ILP was observed. This
difference was lost during the experiment, when the growth rate
of tumours of ILP treated animals was comparable with the
control. This showed one of the disadvantages of ILP, in that
the treatment is given only once. HAI delivery allows repeated
administration of SFU, therefore ILP is often combined with
HAI when used in the clinic {42]. Several factors could play a
role in the SFU resistance. Firstly, it has been shown that the
sensitivity to SFU of CC531 transplantable rat colon tumour is
highly dependent on the tumour site [29, 43, 44]. Secondly,
there was no relation between the initial antitumour effect
obtained with ILP and the extent or retention of TS inhibition
in the tumour, since the latter was similar for all administration
routes. The other mechanism of action of 5FU, incorporation of
FUTP into RNA, might be more important for the antitumour
effect of SFU administration by ILP. Thirdly, it is known that
thymidine levels in the plasma of rodents are rather high
compared with humans [45]. This may reduce the antitumour
effect of SFU related to TS inhibition.

This study showed, despite the low antitumour activity of
SFU against this tumour, that regional treatment by ILP has
several benefits. The 3-fold higher dose that could be adminis-
tered, compared with HAI and i.p., achieved at least some
antitumour activity, although this was not biochemically associ-
ated with a greater extent of TS inhibition in the tumour. The
high dose did not cause an increase of TS inhibition in normal
tissues in and outside the liver, which seems to correspond to
the resistance of liver tissue and the low systemic toxicity of
this route of administration. ILP may therefore represent a
promising therapy for metastasis confined to the liver.
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Coenzymes Q, and Q,, in Skeletal and Cardiac
Muscle in Tumour-bearing Exercising rats

P. Daneryd, F. Aberg, G. Dallner, L. Ernster, T. Scherstén and B. Soussi

Physical exercise increases metabolic rate, and induces both adaptational biogenesis of mitochondria in skeletal
muscle and an increase in antioxidant capacity. The onset of experimental anorexia and cachexia can be delayed
by voluntary exercise. As skeletal muscle is the main target for cancer cachexia, we determined the levels of
coenzymes Q, and Q,, in skeletal muscle from tumour-bearing exercising rats, and compared them to those of
sedentary tumour-bearers and controls. Both tumour-bearing groups had increased levels of coenzymes Q, and
Q) in the anterior tibial muscle (P < 0.05 for exercised animals). In the soleus muscle, only the tumour-bearing
exercising animals demonstrated an increase in the levels of both coenzymes (P < 0.05). In cardiac muscle, the
presence of tumour and exercise reduced the levels of coenzymes below that of sedentary controls. Exercise
counteracted the anaemia in the tumour-bearing host (P < 0.05). In conclusion, the increase in antioxidant
capacity in skeletal muscle indicates a defence mechanism in the tumour-bearing hosts which is augmented by
physical exercise.
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