DARU, VOL. 9, No. 1 & 2, 2001 &

THE EFFECTS OF POLYSORBATE SURFACTANTS ON THE
STRUCTURE OF MUCUS GLYCOPROTEINS

ABOLGHASEM. SAJADI TABASSI", GARY P. MARTIN" and CHRISTOPHER
MARRIOTT”™

*School of Pharmacy, Mashhad University of Medical Sciences, Mashhad, Tran
#*¥Department of Pharmacy, King's College London, London, UK

ABSTRACT

A dynamic oscillatory technique was used to assess the effect of polysorbate non-ionic surfactants
on mucus rheology. Adherent mucus gel was scraped from the surface mucosa of pig stomachs
and purified by gel exclusion chromatography followed by ultrafiltration and gelation. Rheological
measurements of this gel were carried out on a Carri-Med Coentrolled Stress Rheometer
Appropriate velumes of surfactant solution were added to weighed samples of mucus gel so that a
final concentration of 20 mM surfactant was achieved in a gel containing 8% w/w solids content.
Polysorbate 20 (PS20), polysorbate 40 (PS40), polysorbate 60 (PS60) and polysorbate 80 (PS80)
all decreased both storage (elastic) modulus G° and loss (viscous) modulus G*” significantly at 10
Hz {(p=0.05, ANOVA), The extent of rheological changes induced by the four polysorbates could
be ranked as; PS80 > PS20 > PS60 > PS40. The mechanisms by which surfactants disturb the
mucus structure are not fully understood, nonetheless, they could possibly affect the mucus gel
properties by causing depletion of the glycoprotein constituents such as non-mucin proteins and
mucin associated lipids. This might lead to the conclusion that polysorbates, by reducing the
viscoelasticity of mucus gel could alleviate its barrier properties and facilitate the diffusion of
concomitantly administered drugs via mucus gel.
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INTRODUCTION
Mucus is o viscoclastic Muid lning e epatheliom of
the  gastroentestinal,  respieatory and  reproductive
tracts. Gastrointestinal mugus ooours as i waler-n-
soluble 2ol adherent 1o the muecosal surfaces and as a
viscous, mobile solution in the lwmen (1) The muocus
gel is composed of more than 93%, waler, 0.5-3%
mucns alveoprolcin (omcing, (03-1% [ree proteins,
clectrolvies and bacteria (23, Mucins are large glveo-
protein molecules which are the major contribiloers 10
the rheological properties of mucns. The mocos pgel
laver (MGLY. in addition to protection and Tubrica-
tion. is a potential barricr o drog absorption (3, 4, 3,
G, Tho Gastrointestinal muocios are glycoproteins of
large molecular siee {(~10x10° kDay, which are com-
posed of more than 80% by weight carbohvdrate (8)
and carev a net negative charge due to ester sulphate
and sialic acid moieties as 1the wenminal sugars of the
carbolvdrate side chains (9. Apart from covalent 5-5

bonds, intra and imter-molecular non-covalent bonds
arc also believed to be responsible for the formation of
the gel matrix (100 Reduction of the disulplide bonds
by thiol reagents has been shown to result in solubili-
sation af the mucns gel with loss of s viscoclastic
properties (11, 120, This could lead 1o the climination
of the barrier properties and hence the protective role
of the MGL as the reflux of bile from ducdenum back
to the stomach has been nroposed as one polential
cause ol peptic uleer due 1o the mucolviic effects of
bile salts (13, While the effcot of the anionic surface-
i, sodim dodecy] sulphate (5051 o0 mncus stouc-
ture has also been reported (13). the eftect of non-
onie surfactants on nogus struchire appears (o love
been neglected as a lopic of study despile ther wide-
spread vse in pharmacentical Tormulaiions,

Polvoxvethylene  sorbiian esters (polvsorbates or
Tweens ) {Fig 13 are a group of non-ienic surfactants
which arc uscd as solubilizers, croulsiliers and wetting
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-spreading agents. They have shown little disrapting
effects 1o biological membranes (14}, In a recent study
by Nani Roodi and Sajadi Tabassi (not published) all
bt PS200 induced  liitle hemolysis to hoinan
ervihrocytes al concentrations well above their cme
values.

The aim of the present study was 1o investigate the
effect of polvsorbates namely, polysorbate 200 (PS20},
polvsorbate 40 (PS403, polysorbate 60 (PS60) and
polvsorbate 80 (PS80) on the struclure of mucus as
reflected by the changes in the rheological properties
ol the mucus glvcoprotein gel,

MATERIALS AND METHODS

Materials:

Lthvlenediaminetetraacetic  acid (EDTA).  PS20,
PS40, P60 and PSEO were from Aldrich Chemical
Company (Gillingham, Dorset, UK, sodivm chloride
Wils from BIOH (Pools. Drorset, LIk
phenvlmethy lsulphonylouride (PMSF) and sodivm
azide were from Sigma Chemical Company {Foole,
Darset. UKD All chemicals were used as suppliad.
The stomachs of Treshly slaughtered pigs (Suis scrafe
domesticay were collected in ice from Anglo-Dulch
Meat (Kent, UK.

Prepavation of purified nuews gel.

The adherent mocus which was gently scraped Trom
the surface mucosa of pig stomach wilh the aid of a
wooden  spatula was  homogenieed  with protease
mhibating selution (200 mM sodium chloride, 002%
sodium azide. 3 md EDTA and 1T mM PMSF), Carc
was laken o avoid scraping arcas ol (the mucosd
which were bile stained or ulcerated. Mucus from a
batch of 6 stomachs was pooled and homogenieed
with five volumes of protease inhibiting solution in a
domestic blender for one muinute. The mixture was
then centrifuged at 20000xp for 1.5 hoat 4°C 1o
remove food and cell debris. The sopernatam was
flicred twice through glass woeol o remove any
remaining insoluble debris and stored at 450 prior 1o
gl fillration.

Mucin purification was carried oul by gel exclusion
chromatography in a glass column (40 cm height x
9.5 em el filled with Sepharose CL-4B (Pharmacia)
using protease inhibiting solutidn as the eluant, 200
ml aligquats of the fltered mucin selotion were loaded

oo cach column at 4°C and cluied at a flow rate of

400 ml W' with the ecluate being monitored
spectrophotometrically al 280 nm. using a flow-

through cell. Two peaks were menitored, the frst
excluded fraction (peak A) was collected while the
second included fraction (peak B) was discarded. The
solution from peak A was concentrated 1o 25% of its
original volume by ultrafiliration in a Millipore
Minisette systemm and  then dialysed  exhaostively
against distilled water. The concentrated solution was
further concentrated 1o a gel using an Amicon cell
fitted with 1000 KD membrane (Omega). The total
solid content of pels was determined by triplicate dry
weisht  determinatons. This was carmied  out by
determining the dry weight of the gel by incubation of
preweighed aliquots of the gel at 120°C for 2 b {or
undil constant weights were achieved).

Approprizie volumes of each surfactanl solution wer
added to a known weight of the mucus gel so that a
final concentration of 200 mM of each test compound
was achieved inoa pel sample containing 8% mucus
glveoprotein. Distilled water was used as the control
throughout the study. Samples were then mixed gently
with the aid of a glass rod and lell overmight at 4 °C
to ensure the proper diffusion of the test compound
infe 1he gel and also to achieve a homogenous
preparalion.

Rheolagical testing:

A dyninmic method of rheological measurcinent was
carried out using @ Carri-Med Controlled  Stress
Eheometer (OS50 1000 on all control and test samples
of mucns gel over a frequency range of O.1-10 He
The mstrument was emploved in oscillatory mode
using a steel parallel plate (4 cm diametery as the
upper member of  the  measuring system. The
temperature of 1he lower plate was set ar 20:0.1°C
and the gap adjusted o 130pm. The required quantity
of the sample was loaded centrally onto the lower
parallel plate by means of a steel spateda. The Tower
plate was then rased gently 1o the pre-sel distance
fronn the upper plate. Sinuseidal deformation of the
smmple under test was produced by an electronically
controlled svstem driving the measuring peometry.
The amplitudes and  frequencies used during (he
rheological assessment of the mucus samples werg
carefullv sclected by walidation of the methoed. The
{requency sweep was carried out with assumplion that
the collected data were produced within the lincar
viscoclastic region. The storage modulus G {clastic
componenty and  the loss medulus G770 (viscous
componenty  were caleulated by the oscillation
soflware al a constant stress of L0 Paoat cach
frequency, Statistical analysis on all measurements
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PGl R=CI17TH3I5 Polvesovethylene (200 sorbitan monostearate
PSE0 R= CITH33 Polvorovethylene (200 sorbitan monooleate

Fipure 1. Chemical stmuciure of polysorbates

Table 1. Percentage decrease in the storage and loss moduli (mean values of six measurements) of partially
purified porcing gastric mucus (PGM) at three different frequencies treated with various polvsorbates at 4°C
compared to water as the control

Test — :
l;"om;::umi Percent decrease in GG Percent decrease in G
0.1 Hz 4.5 Hz 10 Hx ]_}__,_; Hz 4.5 Hz 10 He
PS20 -35.35™ a5 kDR b g -24.88" -14.96™ -12.91
PS40 -14,58% -10.33" 2.73® -11.67® -5,449™ 3,639
PSall =29 42 220,71 -18.98% Y -15.08 -3, 13
PS80 -34 47 2497 23139 227 a0 -17 80" -15.35%

a:p=000, b p=0l0ba, o Not significant (p=0.05)
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regarding control and lest samples was carried out
psing analvsis of varance (AN A),

RESULTS

The results of the rheological studies are expressed as
plots of G° and G of contral and samples as o
function of frequency. In order 10 characternze the
viscoelastic propertics ol the purified gel, G and G
measurements were made on an 8% mucus gel over a
frequency range of 0.1-10 Hy and il was found that
both G and G increased by increasing frequency
and the values of G were alwavs greater than the
respective values of G showing the predominance of
the elastic component over the viscous component of
mucus gel ifig 2],
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Fie, 2. Plois o mean storage and loss meduli of an
B% porcine gastric muocus (PGMY as a function of
frequency measured by dynamic oscillation testing on
a controlled stress rheometer {Carri-Med CLS 1000 al
2001 °C (n=6),

Figures 3. 4. 5 and 6 show (the plots of G and G for
the mucus samples treated with the four polvsorbates
compared with the contrel samples. As table 1 shows,
G was decreased significantly by all polysorbates al
frequencies 0.1 and 10 Hz (p=0.03) cxcepl for PS40
and PS5G0 at 01 He (p=003) and G decreased
sigoificantly at both 0.1 and 10 Iz by all polvsorbates
tested (p=0.03).

DISCUSSION
The resuliz of this study showed that purified muocus
glycoproteins from porcine stomachs can produce a
viscoelastic gel in which the elastic response 1o
deformation predominafes over the viScous response
even at the lowest tested Trequency, e, 0] He ifig 23
The G and G walues showed g small frequency

dependence especially at higher lrequencies. These
are characteristics of a weak, cross linked but stable
viscoelastic gel which [lows and anoeal of it s
sectioned. Partally purified porcine gastric mucus
(PGM) has beoon used extensively inorecenl years as a
maodel for human mucus in the rheological and
bicchemical studies of mucus (5. 15, 16, 17) due 1o
the shortage of human muoces and by the fact that
PGM has shown mechanical properties similar to
those of human gastric mucus (10,
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Fig. 3. Plots of mean storage and loss moduli of an
8% porcinge gastric mucus (PGM) treated with 20 mb
PS5 20 as a function of frequency measured by
dvnamic oscillation testing on g controlled  stress
rheometer (Carri-Med CLS 1007 at 2040.1 °C (n=6).
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Fie, 4. Plois of mean storage and loss medol of an
K% porcine gastric mucus (PGM) treated with 20 mM
PS5 40 as a function of frequency measured by
dvnamic oscillation testing on a controlled stress
rheometer (Carmi-Med CLS 1007 at 2040,1 °C (n=6),

The effect of naturally ccourring surfactants, bile salts
andd lysophosphatidvicholing (LPCY, on the rheolo-
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eical properties of mucus has been studied by Martin
et al (13 who found that all the bile salts and sodium
dodecy]l sulphate (5D5) decreased both the viscous
and elastic parameters of mucus while phosphati-
dylcholine {PC) had little effect on the gel structure.
El-Hariri (171, by the use of an oscillatory theological
method, demonstrated that tale salis were able o
damage mucus structure by decreasing both the elasti-
city and the viscosity of the gel
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Fiz, 5. Plots of mean storage and loss modult of an
B% porcing gastric mucus (PGM) treated with 20 mM
PS 60 as a function of frequency measured by dyvna-
mic oscillation testing on a controlled stress rheo-
meter (Carri-Med CLS 1003 a1 20201 °C (n=06).

Although the absolue values of G and G were
different amongst the wvarious control batches of
mucus that were wsed 1o determune the effects of
surfactants, all the investigated polvsorbates induced o
decrease in G° and G over the range of {requencies
that were investipated {table 1y, The decrease in G
and G of the gel by the Toar tested polvsarbales i
lerms of percentage reduction at 10 He could be
ranked as PS80 = PRIO = PSGG > PS40 (able 1) The
four polvsorbates tested bear the same number of 20
ooovethivlene wunils with different byvdrocarbon chans
and their hydrophobacaty and melecular weight can be
ranked as PSR0 > PSo0 > PS40 = PE20 indicating that
no dircel relation conld be established between the
suclactant  stoucture and  as effect on the  pel
viscoelasticity.

While the mechanisms by which surfactants disturb
the mucus structure are not fully understood, it has
cen reported that bile salts might aflect (he muocus
gel propertics by cansing depleton ol the glveoprotein
constituents such as non-mucin profeins and mucin

10

associated lipids (18), These workers showed that
associated lipids and covalently bound fatly acids
impart a significant contribution 0 mucus viscosity
and it was demonstrated that extraction of the asso-
ciated lipids resulled inoa 80-85% decrease in mucus
viscosity and a further 39% decrease duc 1o the
removal of covalently bound fatty acids (18). Aono er
af (197 showed that bile salls are able o solubilive
mugns components, including proteins and glyco-
lipids. Since polysorbates like all surfactanis are able
to reduce the interfacial tension, it is concervable that
they could disrupt the electrostatic bonds between the
associated lipids and mucus glycoproteins causing the
extraction o lipids and consequently reducing the
viscoelasticity of mucus. Alternatively, the inlerlacial
activity of surfactants could also cause disruption of
inter and intra-molecular non-covalent interactions of
glveoprotein moleeules cspecially any  hyvdrophobic
interaction and hvdrogen bonds between carbobvdrate
side chains of the neighbouring mucus glycoproteing
which results o the disruption of the gel network, Tt
might be concluded that polvsorbates, bv reducing the
viscoclasticity of mucus gel could alleviate its barrier
propertics and as g result facilitale (he diffusion of
concomitantly administered drogs via mucus gel
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Fig. 6. Plots of mean sterage and loss moduls of an 8% porsine gastnc
mucus (PO treated with 20 md PS80 as a funcuion of frequency
measured by dvnamic oscillation testing o 2 controlled  stress
theameter (Carri-Med CLE L0 a1 200000 ™0 (n-6),
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