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Modification of biomaterial surface characteristics by body
fluids in vitro
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Abstract

In practice, polyviny! chloride endotracheal tubes and polyurethane urinary catheters are located in areas where
they are exposed to the conditioning fluids saliva and urine, respectively. Samples of both biomaterials were incubated
in these conditioning fluids and, following treatment, dynamic contact angle measurement and surface roughness
assessment by atomic force microscopy were used to analyse surface characteristics. Over a 24 h period of contact
with the conditioning fluids, the surface of both materials became significantly more hydrophilic (p < 0.05) and
non-uniform changes in surface roughness were observed. This study has shown that in vitro treatment of polyvinyl
chloride and polyurethane with conditioning body fluids alters the surface characteristics of the biomaterials and this
effect is progressive with time as determined by surface advancing contact angle measurement. © 1997 Elsevier

Science B.V.
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Body fluids such as plasma and serum can
interact with polymers with a subsequent inhibi-
tion of microbial adhesion (Carballo et al., 1991).
In the case of polyvinyl chloride (PVC) endotra-
cheal (ET) tubes, the device is exposed to a sali-
vary liquid medium. The transient bathing of the
constituent polymer by a body fluid may result in
unexpected and undesirable sequelae such as

* Corresponding author.

colonisation by potentially pathogenic microor-
ganisms and subsequent infection (Gorman et al.,
1993a). Polyurethane (PU) catheters reside in the
urinary tract and are in regular contact with urine
conditioning the device surface, with encrustation
and microbial colonisation being reported (Keane
et al.,, 1994). It remains unclear whether such
conditioning is instantaneous or is progressive
with time. This investigation endeavours to ad-
dress the topic by examining surface roughness
and hydrophobicity, through dynamic contact an-
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Table 1

Mean ( + S.D.) PU advancing contact angle, receding contact angle and surface roughness following incubation in conditioning

fluids for 1 min, 4 h and 24 h

Condition- Advancing contact angle (°) Receding contact angle (°) Surface roughness (nm)

ing fluid

1 min 4h 24 h 1 min

4h 24 h Ih 4h 24 h

Volunteer 954404 574433 620+04 585103
urine 1

Volunteer 999405 492+15 744443 67.1+06
urine 2

Volunteer 101.94+03 47.74+22 591410 69.1+1.8
urine 3

Volunteer 97.74+09 518427 715+17 588405
urine 4

Patient 984408 951403 967411 7403406
urine 1

Patient 96.0+04 97.2+0.7 69.0+09 646+1.7
urine 2

Patient 979404 87.7+59 863+27 749+1.6
urine 3

Patient 96.5+04 940411 656+34 749+1.1
urine 4

Artificial 516407 485402 594402 499+0.2
urine
PBS 98.7+1.0 702+38 919403 615411

444101 6201401 595+11.0 493+9.2 18394205
48.1+06 63.0+0.1 61.1+10.7 784+93 225167
51.2+01 584401 351+64 869+34 369136

479+0.1 61.8+0.2 564+88 56.6+10.1 43.0+96

582+15 635104 47.1+£97 622+11.7 34070
574417 462106 407+113 366+11.2 392485
60.5+1.4 521405 31.7+78 358+79 3841105

61.8+1.5 520+03 41.1+108 4841121 483+13.0

484+02 603+0.1 562+100 709+90 632+82

462+t 1.1 585403 202443 566182 169136

gle measurement, of PU and PVC following incu-
bation in urine and saliva, respectively.

Saliva and urine samples were collected from
four healthy adult volunteers and additional
urine samples obtained from donors diagnosed
as having renal calculi; artificial saliva (Zampatti
et al,, 1994) and artificial urine (Tunney et al.,
1996) were also prepared. Sections -of PVC were
submerged in volunteer saliva, artificial saliva
and PBS and incubated at 37°C for periods of
1, 5, 10, 15, 30, 45 and 60 min and 2, 4, 8 and 24
h before removal from fluid to determine sur-
face roughness and dynamic contact angle.
Tabulated data shows results only for 1 min,
4 h and 24 h. These parameters were measured
as described previously (Jones et al., 1997). The
experimental procedure was repeated for PU
using volunteer, patient and artificial urine and
PBS. Results were analysed using two-way
analysis of variance (p <0.05 denoting signifi-
cance).

Advancing contact angles for both biomaterials
generally exhibited a significant decrease (p <
0.05) between 1 min and 24 h (Tables 1 and 2);
decreases observed in receding contact angle were
less in magnitude and in some cases an increase
was recorded.

In general, PVC incubated with human saliva
showed a significantly lower (p < 0.05) advancing
contact angle relative to treatment with PBS or
artificial saliva. Incubation of PVC with human
saliva produced no identifiable pattern in advanc-
ing contact angle initially. However, advancing
contact angle later decreased between 4 and 24 h.

Each of the volunteer urine samples had little
effect on the advancing contact angle of PU ini-
tially. A significant decrease (p < 0.05) between 1
min and 4 h was consistent with each sample and
measurements significantly increased (p < 0.05) by
24 h. With patient urine, the general path fol-
lowed by advancing contact angle of PU was
non-specific in the first 4 h; by 24 h, a significant
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Table 2

Mean ( + S.D) PVC advancing contact angle, receding contact angle and surface roughness following incubation in conditioning

fluids for 1 min, 4 h and 24 h

Condi- Advancing contact angle (°) Receding contact angle (°) Surface roughness (nm)
tioning
fluid
1 min 4 h 24 h 1 min 24 h 1h 4 h 24 h

Volunteer 84.7+18 89.6+1.3 553423 56.0+0.1
saliva |

Volunteer 86.7+0.3 63.7+43 524424 609405
saliva 2

Volunteer 89.0+0.2 71.2+2.1 66.8+2.8 58.1+0.3
saliva 3

Volunteer 85.6+ 1.4 856+0.6 51.6+1.2 583+0.1
saliva 4

Artificial  97.0+1.0 907403 647418 646+1.2
saliva
PBS 949 +1.7 735421 683407 699402

559402 591+£00 21671253 1647490

530401 544403 653+8.1

59.9+0.1 598401 11474129 1179+18.0 110.6+14.2

101.4 +£8.9

1321 +12.1 1453 +11.5

60.4+03 599404 649+79 40.6 +4.2 84.0+7.1
628+02 56.0+0.1 101.5+135 1094+96 63.7+38
59.54+0.2 580101 384144 150+ 1.6 498 +£52

decrease (p < 0.05) in advancing contact angle was
observed with three of the patient urine samples.

Biomaterial surface roughness was measured
after 1, 4 and 24 h. Following incubation with
controls and saliva or healthy urine, surface
roughness values lacked consistency and no over-
all trends were identified during the 24 h period.
However, measurements of microrugosity were
more consistent for PU which had been incubated
in patient urine and, generally, significant differ-
ences in surface roughness were not observed
between incubation times.

Irregularities in the surface of PVC appear in
unused ET tubes and these areas are more prone
to accumulation of microbial biofilm (Gorman et
al., 1993a). Where tubes are colonised, microor-
ganisms preferentially adhere to a biological film
of human origin rather than to the constituent
polymer itself (Poisson et al., 1991). In previous
work, treatment of PVC with saliva reduced the
adherence of saliva-treated respiratory isolates
and decreased PVC contact angle and surface
microrugosity (Jones et al., 1997). In this study it
was observed that incubation of PVC for 24 h
with PBS, artificial saliva or human saliva led to a
significant decrease in contact angle. However,
initial measurement of contact angle revealed pat-

terns which were non-uniform and a definite de-
crease as a result of saliva treatment was not
observed until after 4 h. Changes in contact angle
of PVC were not reflected in surface microrugos-
ity.

When PU was incubated with volunteer urine,
an earlier onset in decreasing advancing contact
angle and a tendency to an increasing contact
angle after longer periods of incubation in urine
were observed. These findings signify the com-
plexity of the interaction between the body fluid
components and the biomaterial surface. Treat-
ment of catheter materials with body fluids such
as plasma and serum albumin significantly re-
duced bacterial adherence (Carballo et al., 1991),
an action attributed to the adsorption of compo-
nents of the body fluids on to the surface of the
biomaterials. A significant decrease (p < 0.05) in
contact angle was observed between 1 min and 24
h with each of the volunteer samples, indicating
the change to a more hydrophilic biomaterial
surface in practice.

After exposure to volunteer urine, PU showed
considerable variation in surface roughness and
no firm conclusions could be drawn from these
data. However, PU which was incubated with
patient urine displayed a more consistent mi-
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crorugosity. Surface roughness irregularities ob-
served on peritoneal catheter materials can be
inherent as a result of the manufacturing process
and can also be induced through long term use in
the patient. Such changes to the catheter surface
allows increased bacterial adherence and hence
catheter-related infection (Gorman et al., 1993b).
Interestingly, this study showed that treatment of
the material with spent peritoneal dialysate signifi-
cantly reduced microbial adherence.

In conclusion, the in vitro development of con-
ditioning films on polyvinyl chloride and
polyurethane by saliva and urine, respectively, has
been shown to progress with time. Contact angle
measurement of surface characteristics appears to
be a useful method of assessing changes arising in
biomaterial surfaces in contact with conditioning
fluids but further studies are required to deter-
mine the nature and influence of ‘conditioned’
surfaces in respect of medical device use in clinical
practice.
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