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Summary. This paper describes further exploration of the effect
of polysorbate 80 on the absorption, distribution, and elimi-
nation of methotrexate (MTX). This study has confirmed the
earlier finding that polysorbate 80 could increase the absorption
of MTX from the mouse gastrointestinal tract and enhance the
drugs uptake into the brain. The experiments reported here
suggest that polysorbate 80 has a direct effect on the blood-brain
barrier leading to the increased uptake of MTX, which is evident
following IV administration. Measurements of MTX excreted in
the urine and faeces confirmed the role of polysorbate 80 in
facilitating the excretion of MTX into the bile and urine.
Polysorbate 80 administered PO did not cause any reduction of
plasma volume, thus excluding the possibility that the higher
MTX concentrations measured in mice after concurrent admin-
istration of polysorbate PO might result from a reduction in
blood volume due to osmotic effects. At the doses given,
polysorbate 80 appeared not to have a damaging effect on the
gastrointestinal mucosa.

Introduction

There have been many reports highlighting the ability of the
non-ionic surfactant polysorbate 80 to increase the absorption
of drugs in animals and man [9, 12, 14, 15, 18]. Our previous
results [4, 5] suggested that polysorbate 80 increased both the
absorption of methotrexate (MTX) from the mouse gastroin-
testinal tract and the uptake of the drug into the brain. It was
not confirmed that the observed increase in the brain MTX
levels was due to increased permeability of the blood-brain
barrier, since the possibility remained that the enhanced drug
uptake was due to the increased plasma levels or to a reduction
in drug elimination from the circulation.

Non-ionic surfactants may increase the rate or extent of
absorption of a drug by increasing biomembrane permeability
[3, 17], in some cases due to the solubilisation of membrane
components [26], which eventually leads to the disruption of
the mucosal membrane [7, 25]. Harrison et al. [10], on the
other hand, have ascribed the higher concentrations of
adriamycin measured in mouse plasma to the apparent
reduction of plasma volume as a result of the osmotic effect of
high-dose polysorbate 80 when injected IP togehter with the
drug.

The aims of the present work were (a) to confirm that
polysorbate 80 can increase the absorption of MTX from
mouse gastrointestinal tract and enhance the uptake of the
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drug into the brain; and (b) to determine the mechanism of the
latter effect. Whether this is due to a more specific effect of the
surfactant in increasing the blood-brain barrier permeability
may be shown by administering the drug preparations IV to
ensure that each mouse receives the same systemic dose.

Experiments were also performed to investigate whether
the surfactant caused disruption of the mouse gastrointestinal
mucosal membrane, thus explaining the observed increased
absorption, and to find out whether this surfactant reduces
plasma volume when administered PO, resulting in an
artificially higher MTX concentration in plasma or serum.
Experiments to study the influence of polysorbate 80 on the
excretion of MTX were also performed.

Materials and methods

Materials. Methotrexate injection (25 mg - ml™!, Lederle) was
diluted with sterile normal saline (Travenol) or normal saline
containing polysorbate 80 so that 5 ml solution administered
PO or IV/kg body weight delivered the intended MTX dose in
milligrams per kilogram. Polysorbate 80 (Honeywill Atlas) was
obtained from Sigma Chemical Company. The aspartic acid
derivative used as an internal standard in high performance
liquid chromatography (HPLC) was a gift from Drug Synthesis
and Chemical Branch, NCI, USA. Female Porton mice
(BKW) 10— 13 weeks old and weighing 25~35 g were used in
the experiments, they were obtained from Bantin and
Kingman Ltd., England. All other chemicals and solvents were
of HPL.C grade.

Analysis of MTX in mouse serum, tissue, urine and faeces by
high-performance liquid chromatography (HPLC). The HPLC
instrument used comprised an ALTEX single-piston pump
(Model 110A), an ALTEX-HITACHI variable wavelength
detector (Model 155-00/100-00), an ALTEX 210 valve injector
(loop volume 100 pl or 200 ul), and a KIPP and ZONEN
recorder (Model BDS8, 015 mV to 100 V). The stainless steel
analytical column (0.46 cm 1.d., 25 cm length) used contained
(Hypersil-5-ODS HPLC Technology Ltd.) reverse-phase
packing material with a mean particle size of 5 um.

To every millilitre of serum or urine and every gram of
brain or faeces, 1.5 ml of 9 : 1 acetonitrile : water was added.
Brain and faecal samples were homogenised in the presence of
acetonitrile : water by a Citenco variable speed homogeniser.
The serum or urine-acetonitrile : water mixture and the
homogenised tissue or faeces samples were shaken in a
tabletop Buchler vortex (Buchler Instrument, USA) for



20 min. These samples were then centrifuged for 30 min at
2,000 rpm in a Minstrel centrifuge. An equal volume of
chloroform was added to the supernatants and the mixtures
were shaken for further 30 min. The samples were then
recentrifuged for 30 min to separate the supernatants from the
chloroform phase. A volume of 100 pl or 200 pl supernatant
containing MTX was applied to the column and eluted with
15% methanol in 0.5 M Tris-phosphate buffer, pH7, at a
constant flow rate or 1 ml min~!. Concentrations of drug were
detected by UV at 303 nm, by comparison with a standard
curve.

Absorption of MTX from mouse gastrointestinal tract. Two
groups of 48 mice were given 2.7 mg MTX - kg~! as a solution
with or without 6% polysorbate 80. At intervals six mice from
each group were sacrificed and blood samples were collected
from the hearts. The brain samples were dissected and washed
twice with ice-cold normal saline. Once the excess fluid had
been blotted off the net weight of each brain samples was
determined and the samples were stored at —20° C. Both
serum and brain samples were assayed by HPLC for MTX
content.

Blood and brain levels of MTX after IV injection. Groups of
Porton mice received injections into the tail vein of MTX
solutions equivalent to 0.5-8 mg MTX - kg™! and 0—8 mg
polysorbate 80 kg~! body weight. The animals were sacrificed
at 2 h after the injection, and the blood and brain samples
collected and analysed for MTX.

In another experiment two groups of 48 mice were given
2.7mg MTX -kg™! IV in solution with or without 6%
polysorbate 80. Six animals from each group were sacrificed at
intervals to collect blood and brain samples to determine MTX
content.

Plasma volume. Normal saline solution was administered PO
to the control mice. The test animals were given 6 ml - kg™! of
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6%, 12%, or 24% polysorbate 80 solution. Six animals from
each group were sacrificed at intervals, and blood samples
were collected into heparinised capillary tubes. These samples
were spun in a haematocrit centrifuge for Smin and the
percentage of plasma volume determined.

Gastrointestinal mucosa membrane. Control mice were given
normal saline, while test animals were given 6 ml - kg™ 6% or
12% polysorbate 80 with or without 8 mg MTX - kg™! admin-
istered PO. At intervals, three animals from each group were
sacrificed. About a 6-cm length of the stomach and upper
intestine was dissected out, opened up, and washed in normal
saline solution in each case. The specimens were fixed in 10%
formal-saline solution, followed by routine histological prep-
aration of paraffin-embedded tissue blocks. Approximately
5-um-thick sections were cut and stained with haematoxylin
and eosin. These specimens were examined by light micro-
scopy for any histological abnormalities.

Excretion of methotrexate in mice. Groups of eight mice were
given 2.7 mg MTX - kg~! with or without 6% polysorbate 80
either PO or IV. After the administration the groups of mice
was kept in separate Metabowls in which urine and faeces were
collected separately. These were collected and analysed for
MTX.

Results

The results schown in Fig. 1a and ¢ confirm that polysorbate §0
increases the absorption of MTX from mouse gastrointestinal
tract and enhances the uptake of the drug into the brain. The
levels of MTX in serum and brain measured after PO
administration are significantly higher in mice given the drug
with 6% polysorbate 80 at 0.5,1, 3, and 0.5, 1, 2, and 3 h. The
increased uptake into the brain observed might have resulted
from a direct effect of the increased levels in serum. The results
shown in Table 1 and Fig. 1d, however, show higher brain
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Fig. 1 a—d. Levels of MTX measured after administration of MTX solution without surfactant (———) and MTX in 6% polysorbate 80 solution
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). &, b Levels in mouse serum after PO and IV administration, respectively; ¢ levels in brain after PO administration; levels in brain after IV
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levels of MTX in mice given MTX together with polysorbate 80
than in mice given the drug without the surfactant after IV
injection, but the reverse is true for serum levels (Table 1 and
Fig. 1b). This indicates that polysorbate 80 has a direct effect
on the blood-brain barrier, resulting in an increase in MTX
uptake into the brain. Although the differences were not
significant, Fig. 1b indicates the generally lower serum levels
of MTX in mice given the drug with polysorbate 80 IV than in
mice given the drug without the surfactant, which suggest that

Table 1. Levels of serum and brain methotrexate in Porton mice 2 h
after IV injection of methotrexate solutions with or without polysor-
bate 80

Dosage mg - kg™ Methotrexate concentration

polysorbate 80 might have an effect on elimination of the
drug.

There is no significant difference in the plasma volume of
the control and test mice (Table 2), indicating that polysor-
bate 80 at the doses administered PO did not cause any
reduction in plasma volume; therefore, enhanced levels [10]
are not osmotically induced artefacts. Histological studies on
mucosal tissue of stomach and intestine suggested that
polysorbate 80 did not cause significant damage to either
tissue. There was a slight loss of stomach mucosal border
caused by 12% polysorbate 80 solution at 4 h after adminis-
tration, but the mucosa was found to have recovered at
24 h.

Figure 2a and b shows the average amount of MTX
excreted in urine murine during the first 24 h after PO
administration and IV injection of MTX solutions. The results

Methotrexate Polysorbate 80 Serum Brain
. m]-! Lol
(ng - ml™) (ug-g™) Table 3. Total amount of methotrexate (ug) excreted in the faeces after
0.5 0 0.20 0.0 PO and IV administration
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32 0.14 0.08 stration
8.0 0.11 0.14
8.0 0 0.42 0.10 Solution of free MTX 14.6 2.3
3.2 0.23 0.15 MTX in 6% polysorbate 80 16.6 4.0
8.0 0.17 0.18 solution
Table 2. The effect of polysorbate 80 on the apparent plasma volume after oral administration
% wiv Polysorbate 80 % Plasma volume
in solutions administered:
dose = 6 ml - kg! Duration (h) 1 2 4
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Fig. 2 a, b. The amounts of methotrexate excreted in mouse urine during the first 24 h after PO administration of a(i) MTX solution w‘ithout
surfactant; a(ii) MTX in 6% polysorbate 80 solution and after I'V injection ot b(i) MTX solution with no polysorbate 80; b(ii) MTX in 6%
polysorbate 80



suggest that polysorbate 80 enhances urinary excretion of
MTX. Table 3 shows the amount of MTX excreted in the
faeces after PO or IV administration. If the amount measured
in the faeces of mice given the drug IV could be taken as the
amount excreted through biliary excretion, the results show
that polysorbate 80 increases the excretion of MTX into bile.
These results confirm the suggestion (Fig. 1b) that polysorbate
80 might influence the elimination of systemic MTX.

Discussion

It is generally apparent that chemotherapy against malignant
brain tumours is usually ineffective because of the lack of
penetration across the blood-brain and blood-cerebrospinal
fluid barriers. Levin et al. [16] generalised that drugs which
cross the blood-brain barrier and produce appreciable brain
levels are either hydrophilic, with molecular weights of less
than 160, or lipophilic, with molecular weights of less than 400.
Thus MTX, a drug with molecular weight of 454, is unable to
penetrate the blood-brain barrier readily in appreciable
amounts. Shapiro et al. [23] have shown that administration of
a dose of 50 mg IV is followed by a peak level of only 108 M
MTX in the ventricular cerebrospinal fluid, but even less is
detected after PO administration.

To increase the penetration of MTX into the central
nervous system, the drug has to be given in high doses IV to
create a high concentration gradient between blood and the
brain [6, 22]. It is necessary to achieve a brain MTX level of
more than 1077 M for the drug to be effective in the treatment
of brain tumours and meningeal leukaemia. Brain levels of
greater than 1077 M can be achieved with an IV dose of more
than 500 mg - m~2 infused over 1 h or 24—42 h [23]. Metho-
trexate is also administered by other routes to achieve the
required therapeutic levels. Albelson et al. [1, 2] used
intraventricular injections to achieve cerebrospinal fluid levels
of 5%x107¢ to 2 x 107> M MTX. Intrathecal and lumbar
injections [23] have also been used. Only about 0.007% of
capillary surface needs to be breeched to produce a 10-fold
increase in permeability [16]. Many workers have exploited this
to increase MTX uptake into the brain. Neuwelt et al. [19] and
Hasegawa et al. [11] used hyperosmolar mannitol administered
via the artery to cause reversible disruption of the blood-brain
barrier; MTX injected IV soon afterwards was thus able to
enter the brain readily. The procedure also works for adriamy-
cin [20].

The major problem of high-dose MTX, however, remains
to be solved. Renal failure results from a direct toxic effect of
MTX on renal tubules [8] and from precipitation of MTX and
its 7-hydroxy metabolite in renal tubules [13].

The results presented show that polysorbate 80 increases
the absorption of and enhances the uptake of MTX into the
brain. Higher levels of MTX in the serum do not necessarily
lead to higher brain levels (Table 1). The results suggest that
polysorbate 80 might have a direct effect on altering the
blood-brain barrier. The lower serum levels of MTX in mice
given the drug with polysorbate 80 seem to strengthen the
earlier suggestion [5] that polysorbate 80 also enhances the
excretion of MTX by the kidneys and liver. This is confirmed
by the measurement of MTX excreted in urine and faeces, as
shown in Fig. 2a and b and Table 3. The ability to increase the
elimination of MTX might be a useful means of reducing the
toxicity observed with high-dose MTX.

Oral polysorbate 80 at the dose levels used did not cause
any reduction in plasma volume. The increase in MTX
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absorption from the gastrointestinal tract observed and
reported here was therefore not due to the artefactual levels
resulting from the reduced blood volume, as noted by Harrison
et al. [10]. Experiments with mice have shown a minimal loss of
stomach mucosal border caused by 12% polysorbate 80, but no
significant disruption of intestinal mucosal membrane was
observed. These results are in agreement with the observation
by Nissim [21] and Yamada and Tamamoto [27]. The lack of
polysorbate 80 effect on intestinal mucosa may be due to the
fact that this surfactant is metabolised in the intestine by
pancreatic lipase. Our results [4] suggested that only about
3.2% of the total *-labelled polysorbate 80 dose adminis-
tered PO is excreted unchanged into the urine. Treon et al. [24]
observed that polysorbate 80 was extensively metabolised in
the rat gastrointestinal tract into oleic acid and polyoxyethy-
lene sorbitol.

In conclusion, the animal experiments confirmed the
ability of polysorbate 80 to increase the absorption of MTX
from the mouse gastrointestinal tract. Polysorbate 80 was also
shown to have a direct effect on the blood-brain barrier,
resulting in an increase in MTX uptake into the brain.
Polysorbate 80 also has an additional effect, in that it enhances
the excretion of MTX into both bile and urine.
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