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Abstract

Essential fatty acids such as gammalinolenic (GLA) and eicosapentaenoic (EPA) acids have been proposed as anticancer drugs.
The aim of this study was to test the effect of a lipid emulsion containing both GLA and EPA in a novel chemical formulation of
1-ylinolenyl-3-eicosapentaenoyl propane diol on the growth of human pancreatic carcinoma in vitro and in nude mice. This com-
pound had a dose-dependent growth-inhibitory effect on human pancreatic cancer cell lines MIA PaCa-2 and Panc-1 in vitro. The
concentration necessary for 50% growth inhibition was 25 pmol/l for MIA PaCa-2 and 68 pumol/l for Panc-1 (95% CI 20-29 and
59-77 umol/l respectively). Nude mice bearing subcutaneous pancreatic tumours produced with the MIA PaCa-2 cell line were
treated with the maximum tolerated dose (6.75 mg GLA and 7.3 mg EPA per g of body weight) administered over 10 days by daily
intravenous (i.v.) bolus injections. No antitumour effect or major alteration in tumour lipid fatty acid composition was seen in
comparison with control animals. Concurrent treatment with parenteral iron (iron saccharate, 5 pg/gram body weight daily) did not
make a significant difference. Further improvements in fatty acid delivery mechanisms are necessary before they can become useful
anticancer agents. © 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Pancreatic carcinoma is a common cause of cancer
deaths and results of chemotherapy are disappointing.
Essential fatty acids (EFAs) that belong to the n-6 and
n-3 groups, such as gammalinolenic acid (GLA) and
eicosapentaenoic acid (EPA) are growth inhibitory to
pancreatic cancer cells in vitro [1,2]. The antitumour
effect is considered to be due to increased tumour lipid
peroxidation and free radical damage [3-5]. GLA, as a
lithium salt, has been reported to prolong the survival
of patients with irresectable pancreatic cancer in a dose
dependent fashion [6] and fish oil containing EPA has a
beneficial effect on the cachexia that accompanies pan-
creatic cancer [7].

Free fatty acids and their salts are irritant to the
endothelial surface causing thrombophlebitis and also
cause haemolysis by their detergent-like effect on the red
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cell membranes, limiting the amount of fatty acid that
can be administered parenterally [6]. To administer lar-
ger doses of EFAs a non-toxic (or less toxic) formula-
tion is needed. In addition, in view of the fact that both
EPA and GLA have individually proved effective in
pancreatic cancer both in in vitro and clinical studies, a
combination of both fatty acids may prove more effec-
tive than either alone. Here we have studied the effect of
a lipid emulsion containing both GLA and EPA in the
form of a propane diol on the growth of human pan-
creatic carcinoma in vitro and in nude mice.

2. Materials and methods
2.1. In vitro study

The pancreatic ductal carcinoma cell lines MIA PaCa-
2 and Panc-1 (European Collection of Animal Cell
Cultures, Salisbury, UK) were grown in Dulbecco’s
modified Eagle’s medium (DMEM) with 10% fetal
bovine serum (FBS) and 1% v/v L-glutamine-antibiotic
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solution (G-1146) (all from Sigma, Poole, UK), at 37°C
in the presence of humidified 5% CO, in air. Cells were
harvested using trypsin-EDTA (Sigma), viability was
established by trypan blue exclusion, cells were counted
using a haemacytometer and seeded at 2500 cells in 100
ul of medium per well in 96-well flat bottom cell culture
plates.

The EFA containing lipid emulsion (Efamol Research
Inc., Kentville, Nova Scotia, Canada) consisted of 20 g
1-ylinolenyl-3-eicosapentaenoyl propane diol and 2 g
oat galactolipid made up to 100 g with 2.3% (w/w) gly-
cerol in water, homogenised in an Emulsiflex C-30
homogeniser for 5 min at 11x10% psi and stored
between 0 and 5°C under nitrogen. The final gas chro-
matography analysis revealed a GLA concentration of
9 g/100 ml and an EPA concentration of 9.7 g/100 ml.
24 h after the seeding of cells, this lipid emulsion in 100
pl of medium was added to the wells to achieve final
GLA concentrations varying from 2.5 to 640 pmol/l.
The corresponding EPA concentrations were very simi-
lar (2.48-635 umol/l).

Control experiments were carried out with a com-
mercially available lipid emulsion used for parenteral
nutrition (Ivelip 20%, Baxter, Norfolk, UK) to exclude
a non-specific effect of lipid emulsion on the cells. Ivelip
20% consists of Soya oil 20 g and glycerol 2.5 g/100 ml.
This contained no EPA or GLA and the predominant
fatty acids were linoleic and oleic acids. There were also
control wells containing culture medium only (no addi-
tives).

The cell culture plates were inspected daily under a
microscope. After 7 days of incubation, the plates were
removed and the number of live cells in each well was
estimated using the microculture tetrazolium (MTT)
assay [8]. This assay had been previously validated
against these cell lines in our laboratory. Cytotoxicity
or growth inhibition (cytostasis) was calculated as
the percentage optical density of test wells relative to
the control wells containing cells in culture medium
only.

2.2. In vivo study

6 to 8-week-old BALB/c nude mice (Harlan UK Ltd,
Bicester, Oxon, UK) were housed in groups of four to
six in polycarbonate cages fitted with filter lids and
sterilised wood chip bedding in a dedicated pathogen-
free clean isolation unit with controlled temperature
(19-21°C) and humidity (>50%) with 12 h light/dark
cycles. Throughout the experiment they were allowed
free access to sterilised standard mouse diet (Rat and
mouse breeding diet no: 3, Special Diet Services Ltd,
Essex, UK) with water ‘ad libitum’. All experiments
were conducted in conformity with the laws and reg-
ulations controlling experiments on live animals by the
Home Office, UK.

2.3. Tumour transplantation

A tumour was generated from MIA PaCa-2 cells by
innoculation into the flank of a nude mouse. Small
fragments of this tumour were placed subcutaneously
over the left flank of nude mice. This tumour model was
characterised by a progressive increase in tumour
volume without local invasion, distant metastasis or any
significant loss of host body weight. When two sub-
sequent tumour volume measurements at weekly intervals
showed progressive growth, the mice were randomly
divided into treatment and control groups.

2.4. Treatment

One treatment group (n=11) received the diol at a
total dose of 6.75 mg of GLA/g of body weight and
7.275 mg of EPA/g of body weight, administered over
10 days by daily intravenous (i.v.) bolus injections in the
tail veins. This was found to be the maximum tolerated
dose by the nude mice in preliminary experiments.
Another group (n=26) received a similar dose of EFAs,
but in addition received parenteral iron (as iron saccha-
rate, Veno-Ferrum, Vifor (International) Ltd, Switzer-
land) at a dose of 5 ng/g of body weight daily, for 10
days, dissolved in 0.9% saline. The first day’s dose of
iron was given 1.v. as a loading dose followed by 9 daily
intraperitonial (i.p.) injections. The control group
(n=38) received 10 daily injections of normal saline in
the tail vein.

2.5. Tumour response

Tumour response was assessed from relative change
in the tumour volume in relation to the volume at the
beginning of therapy. The tumour volume was calcu-
lated from the greatest transverse (width) and long-
itudinal (length) diameters of the tumour using the
formula: volume = length xwidth?/2 [9]. Tumour volume
was measured at the beginning of treatment, at the end
of treatment and then weekly for 4 weeks.

2.6. Adverse effects

The mice were inspected daily during the period of
experiment for any signs of disease or distress. Each
mouse was weighed at the beginning of the treatment, at
the end of treatment and then weekly for 4 weeks.

2.7. Fatty acid analysis of tumours

Six animals with tumours not taking part in the study
were treated in a similar manner (diol n=3, control
n=13). They were Kkilled at the end of the treatment per-
iod. At the end of the 4-week follow-up period 3—4 mice
from each group in the study were also killed. Tumours
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were quickly removed, snap frozen in liquid nitrogen
after discarding the central necrotic portion and stored
at —80°C. These were shipped in dry ice to Efamol
Research Laboratories in Nova Scotia, Canada where
the analysis was performed without knowledge of the
treatment groups [10]. Briefly, the total lipids were
extracted from the tumours with chloroform-—methanol
[11], the phospholipid fraction was separated by thin
layer chromatography, and fatty acids of the total lipid
and phospholipid fractions were methylated and the
resulting methyl esters of fatty acids were analysed at
room temperature by reversed-phase high performance
liquid chromatography (HPLC). The results are pre-
sented as the percentage of total fatty acids.

2.8. Statistical methods

The difference in tumour volumes and body weights
between treatment and control groups was studied using
the Mann—Whitney U test. The tumour fatty acid
content was compared between groups using the ¢-test
for two independent samples. P<0.05 was considered
significant.

3. Results
3.1. In vitro studies

GLA/EPA emulsion showed a dose-dependent
growth-inhibitory effect on both human pancreatic
cancer cell lines in vitro (Fig. 1). The concentration
necessary for 50% growth inhibition was 25 pmol/l of
GLA and EPA for MIA PaCa-2 cell line and 68 pmol/l
for Panc-1 cell line (95% CI were 20-29 and 59-77
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Fig. 1. The effect of 1-ylinolenyl-3-eicosapentaenoyl propane diol on
the growth of MIA PaCa-2 and Panc-1 cell lines. The growth of cells
exposed to the diol for 7 days (only the corresponding GLA con-
centrations are shown) is expressed as a percentage of the growth of
cells exposed to culture medium only. The values are the means of
three separate observations, each consisting of 6-12 test wells; with
standard error of the mean (SEM).

pumol/I respectively). In contrast, the control lipid emul-
sion with a similar lipid load did not have any effect on
the growth of these cells (data not shown).

3.2. In vivo studies

In nude nice the tumour volumes and mouse body
weights were not statistically different between treat-
ment and control groups at the beginning of the treat-
ment. Administration of EFA diol did not result in
tumour growth inhibition (Fig. 2). Concurrent adminis-
tration of parenteral iron also did not make a significant
difference although the tumours were generally smaller
than the other groups. No adverse effects or significant
difference in the host body weight were seen between the
treatment and control groups throughout the experi-
ment (Fig. 3).

Fatty acid analysis revealed no significant differences
in n-6 and most n-3 fatty acid contents of tumour
phospholipids and total lipids between the treated and
untreated groups, even at the end of the treatment
period (Table 1) with the exception of 22:5n-3 which
was high in the treated group at the end of the treatment
period (P=0.03, paired t-test).

4. Discussion

Administration of a large amount of free fatty acids
(FFA) (or their salts) i.v. can cause both local (throm-
bophlebitis) and general (haemolysis) toxic effects [6,12],
and the half-life of FFA is extremely short in the circu-
lation [13]. Administration of EFAs in the form of a
lipid emulsion can overcome these difficulties.

The emulsion, which contained both GLA and EPA
in a novel chemical formulation of propane diol, was
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Fig. 2. The effect of intravenous (i.v.) 1-ylinolenyl-3-eicosapentaenoyl
propane diol (total dose=6.75 mg GLA and 7.3 mg EPA/g of body
weight given over 10 days) with and without parenteral iron (iron
saccharate 5 pg/g daily for 10 days) on tumour volumes in nude mice.
The tumour volume is expressed as a percentage of the volume at the
beginning of treatment (day = 0). The treatment period was from day 0
to 9. Means; with SEM
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growth inhibitory to both human pancreatic cancer cell
lines tested in vitro in a dose dependent fashion. Both
EPA and GLA, on their own, also have a similar
growth inhibitory effect on these cancer cell lines with
the ICsy values in the low micromolar range [1,2].
Unlike many other fatty acid preparations used in pre-
vious in vitro studies, the diol allows the administration
of a relatively large amount of EFAs parenterally. In a
previous study using the same nude mouse—human
pancreatic tumour model and the lithium salt of GLA,
it was found that the maximum dose of GLA that could
be administered over a 10-day period was 1 mg/g of
body weight [12]. This did not influence the tumour
growth or the tumour fatty acid composition. Using the
diol a dose of approximately 7 mg of GLA and 7 mg of
EPA/g of body weight was administered over a 10-day
period in this study. Despite this higher dose and the
fact that the MIA PaCa-2 cell line used in tumour pro-
duction was highly sensitive to the diol in vitro, no
tumour growth inhibition was seen in mice. This was
consistent with the failure to influence tumour fatty acid
composition even at the end of treatment. Modification
of tumour membrane fatty acid composition appears to
be necessary for the antitumour effect of EFAs [14].
This failure may be due to either an inadequate dose of
EFAs or inadequate delivery of EFAs to tumours when
administered in this chemical formulation. It may be
feasible to increase the dose administered by continuous
1.v. infusion, as there were no adverse effects and the
dose tolerated was limited only by the volume that can
be infused safely as a bolus. However, other factors
such as albumin binding of fatty acids and antioxidants
[1,15,16] may have interfered with the growth-inhibitory
effect of EFAs in vivo.

Iron, a potentiator of lipid peroxidation both in vitro
and in vivo, increases the cytotoxic effect of fatty acids
on pancreatic and other cancer cells in vitro [2,3,17-20],
but more physiologically relevant transferrin-bound
iron is ineffective in this respect [1]. However, con-
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Fig. 3. The mean body weights of mice treated as in Fig. 2, presented
as a percentage of the body weight at the beginning of therapy
(day=0); with SEM.

current oral administration of iron has been reported to
improve the antitumour effect of fish oil on human
breast cancer in mice [20,21]. In this study, animals
treated with both EFA emulsion and iron showed a
similar increase in tumour volume to the other two
groups supporting our in vitro findings [1]. Concurrent
administration of iron to enhance the effect of fatty
acids administered in this form does not appear to be of
value.

In summary, a propane diol containing both GLA
and EPA had a dose-dependent growth-inhibitory effect
on human pancreatic cancer cell lines in vitro but failed

Table 1
Tumour lipid fatty acid composition. Percentage of total fatty acids®,
mean of 3-4 tumours +/— SEM: (a) phospholipids; (b) total lipids

Fatty acid End of treatment End of follow-up
Treatment Control Treatment Control

(a)

14:0 0.6+0.1 0.56+0.02 0.63+0.2 0.42+0.3
16:0 (PA) 21.1+£0.6 19.0+0.7 19.5+£0.7 19.4+0.4
18:0 (SA) 15.4+0.3 17.0+0.1 16.1+0.5 15.84+0.4
18:1 n-9 (OA) 11.8£0.5 13.0£0.5 12.5+0.6 13.7+0.5
18:1 w-7 4.140.1 4.44+0.5 41+04 4.44+0.3
18:2 n-6 (LA) 10.7£0.2 11.0£0.9 11.3£0.6 12.0+0.8
18:3 n-6 (GLA) ND ND ND ND

20:2 n-6 1.0+0.1 1.3+0.2 1.2+0.1 1.5+0.2
20:3 n-6 (DGLA) 1.8+0.15 1.9+0.5 1.9+04 1.3+£0.1
20:4 n-6 (AA) 15.9+0.7 13.7+£0.9 142+1.0 143+1.2
22:4 n-6 1.5+£0.16 1.9+0.4 1.6+0.4 2.0+0.2
22:5 n-6 ND ND ND ND

18:3 n-3 (ALA) ND ND ND ND

20:5 n-3 (EPA) 0.72+0.02 ND ND ND
22:5n-3 2.4+0.1° 1.7£0.4 1.6 0.1 1.5+£0.1
22:6 n-3 (DHA) 7.3+£0.6 82+0.6 8.3+0.1 7.9+0.3
(b)

14:0 0.7+0.1 0.88+0.1 1.1£0.1 0.6+0.1
16:0 (PA) 20.0+0.4 19.0+£1.2 203+04 20.0+04
18:0 (SA) 122+1.0 11.6+£2.5 10.0£0.8 13.5+0.4
18:1 n-9 (OA) 18.5+1.8 18.5+£3.0 20.8+3.0 18.2+1.0
18:1 w-7 3.8+0.3 3.75+£04 3.5+0.3 4.2+0.1
18:2 n-6 (LA) 13.7+£0.7 149+2.4 14.4+0.3 13.8+0.4
18:3n-6 (GLA) ND ND ND ND

20:2 n-6 1.25+0.2 1.35£0.3  0.85+0.1 1.8+£0.2
20:3 n-6 (DGLA) 1.6+0.15 1.8+0.7 1.5+0.6 1.2+0.1
20:4 n-6 (AA) 11.0£1.2 10.7+1.2 9.3+£1.7 10.8+1.0
22:4 n-6 1.8+0.4 1.77+0.2 1.2+0.3 2.1+£0.3
22:5 n-6 ND ND ND ND

18:3 n-3 (ALA) ND ND 0.3+£0.02 ND

20:5 n-3 (EPA) 0.65+£0.05 ND 0.25+0.02 ND
22:5n-3 1.9+0.2 1.5+0.2 1.2+0.3 1.4+0.6
22:6 n-3 (DHA) 5.9+0.6 6.8+1.2 5.5+1.2 6.6+0.4

ND, not detected; PA, palmitic acid; SA, stearic acid; OA, oleic
acid; LA, linoleic acid; ALA, alpha linolenic acid; GLA, gamma lino-
lenic acid; DGLA, dihomo gamma linolenic acid; AA, arachidonic
acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid.

@ Total value for each group is less than 100% as irrelevant fatty
acids and those present in small amounts are omitted.

® P=0.03 compared with controls, paired ¢ test. Due to the small
numbers significance was also calculated using the ETA test. The
results were the same.
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to influence the growth and fatty acid composition of
tumours in mice with i.v. bolus dosing. Further refine-
ments of fatty acid delivery mechanisms to improve
tumour uptake of EFAs in vivo are needed before EFAs
can become useful in cancer therapy.
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