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Abstract: Medical device standards recommend using both a polar and non-polar solvent to extract materials
prior to in vitro testing. Testing lipophilic extracts in cell culture systems is limited by the toxicity of the
lipophilic solvents used in extraction. Use of agar overlay and direct contact methods do not directly address the
problem of testing for highly lipophilic leachates from device or material extracts. This particular problem was
approached by 1) use of hydrotropes, and 2) by sealing the suspended cells in dialysis tubing and placing it
directly in oil or media. The use of hydrotropes to eliminate micelle formation and increase the solubility of
lipophilic compounds was not useful as the hydrotropes themselves were toxic to the cells at concentrations that
significantly increased analyte solubility. Diffusion of hydrophobic compounds from either peanut oil or cell
culture media into the dialysis tubing, where the test cells resided in media, was significantly higher for the cell
culture media than the peanut oil. There were significant differences in toxicity for cells in dialysis tubing from
devices extracted between peanut oil and media. This study illustrates the importance of examining if cell

toxicity is due to micelle formation or to the soluble chemicals from lipophilic extracts.
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Introduction

The Food and Drug Administration requires medical devices
and materials be tested for safety. Biocompatibility testing is
necessary for all devices requesting FDA clearance'”. The
standards used by the Agency for biocompatibility testing
recommend using at least 2 different extraction solutions of
different polarity™. Lipophilic solvents, such as DMSO and
vegetable oil, are recommended extraction solvents for
medical devices and materials prior to cell culture assay™.
However, mammalian cells used in biocompatibility testing
are affected by low concentrations (approximately 1% or
less) of lipophilic solvents’. The ability to perform in vitro
tests on lipophilic analytes is limited by the solubility of the
analyte in aqueous solutions.

To attempt to address this problem, a system of indirect
exposure of cells to oil was developed. By placing cells in
dialysis tubing, then putting these cells directly in oil, it was
expected that exposure to lipophilic compounds would
increase. In addition, diffusion and solubility of the lipophilic
analytes limits the amount of the analyte reaching the test
cells. To attempt to increase exposure of the cells to
hydrophobic leachates, 2 detergents were examined for their

ability to increase the diffusion of lipophilic leachates into
the cell culture test system. The use of hydrotropes to
increase solubility has previously been applied to drugs® and
its application to device leachate testing was a logical step.

Materials and Methods
Cell Cultures and Conditions

Jurkat cells, a human lymphoma cell, were obtained from
ATCC (ATCC CRL 8163). The Jurkat cell line was chosen
because it is a suspended cell line, not requiring surface
attachment in order to grow. Although not commonly used
for biocompatibility testing, this cell line is appropriate to use
for toxicity testing because it is derived from human blood
cells and blood cells have great potential to be exposed to and
transport most drugs and leachates of devices. Cells were
grown and maintained in CO, independent medium (Gibco
Laboratories) supplemented with L-glutamine and 10% heat-
inactivated fetal bovine serum (FBS, Sigma Chemical Co.).
Stock cells were maintained at 37-C.



Chemicals

Peanut oil and virgin olive oil were purchased from a local
supermarket. Cottonseed oil, Dulbecco’s phosphate buffed
saline (DPBS), atrazine and tween-20 were purchased from
Sigma-Aldrich. Polyethylene glycol 4000 was obtained from
Mallinckrodt Chemicals, diethylhexyl-phthtalate (DEHP)
from Fluka, and actonitrile from Fisher Scientific. A
commercially available enzymatic cleaner for reprocessing
medical devices was used to deliberately contaminate GI
biopsy forceps.

Dialysis tubing was obtained from Spectra/Por (3500, 6000-
8000, and 1200-14000 Dalton mwco, semipermiable
regenerated cellulose); nominal flat width of both 32 mm
(‘large’) and 10 mm (‘small’) were used. Tubing was rinsed,
then boiled in distilled water to remove any glycerol residues
and any other contaminates prior to use; the dialysis tubing
could then be autoclaved.

Cell Exposure

Exposure of the cells to various oils was accomplished by
placing usually 5 ml of cells in media directly into the
dialysis tubing with the ends of the tubing tied tightly and
any excess material was trimmed off. Cells were then put
directly into a 50 ml polypropylene test tube with the
appropriate extraction solution (Figure 1). Initially, 25 ml of
the extraction oils (cottonseed, olive, or peanut oil) were
tested to select the best oil with cell culture media as a point
of comparison. After selecting the oil best tolerated by the
cells, chemicals and extracts of medical devices were then
assessed for cytotoxic response. The test device or materials
was placed directly in the extraction solution, then 5 to 10 ml
of cells enclosed in the large (32 mm) dialysis tubing was
added. The potential effect of the dialysis tubing on the cells
themselves was explored by placing a 16 cm long piece of
tubing in a 50 ml polypropylene test tube with 10 ml of
media. To this 10 ml of cells in media were added; the
control for this experiment was 10 ml of media and 10 ml of
cells in a 50 ml polypropylene test tube. Different pore sizes
and nominal flat widths of various dialysis membranes were
also evaluated.
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Figure 1: Picture of the test system: cells enclosed in dialysis
tubing, placed in peanut oil with a device.

Analysis of Cells

Cytotoxic affects were analyzed using a flow cytometer
(FACScan, Becton Dickenson) as previously described” '°.
Cells were analyzed according to the side-scattering profile
(proportional to cellular granularity) versus the forward-
scattering profile (proportional to the cellular cross sectional
area). Changes in cell populations were evaluated by gating
on the normal cell population and comparing to the test
groups over time. The use of propidium iodide dye
(propidium iodide is actively excluded from viable, healthy
cells) to determine viability was not possible because of the
fluorescent background observed when 10 ml of media was
placed in with oil and analyzed. There was no background
observed in the gated region for dead cells. Experiments
were run in triplicate with the exception of range finding
experiments. Data are expressed as an average of the
percentage of dead cells, and the variability of the assay is
expressed as the standard error of the mean''. Student t-test
was used to evaluate significance.

Devices

Devices used for extraction were latex gloves and GI biopsy
forceps. For the latex, 3 different natural rubber latex (NRL)
standard examination gloves from 3 different manufacturers
were cut into pieces and placed in a polypropylene test tube
with oil or media (1 g/10 ml). 5 ml of cells in dialysis tubing
were placed directly in the oil or media with the glove pieces.
The test tubes were incubated overnight at 37°C. In the
preparation of the biopsy forceps, 6 cm pieces of a GI biopsy
forceps were placed in either water or a commercially
available cleaning agent for devices and diluted as per
manufacturer’s instructions. 5 pieces of the forceps soaked in



water were placed in a 50 ml polypropylene test tube with
peanut oil; 2 pieces were placed in culture media. 5 ml of
cells in dialysis tubing were directly added to the
polypropylene test tube with the pieces of forceps in oil or
media. The identical procedure was followed with pieces of
the biopsy forceps soaked in the cleaning agent; the cleaning
agent soaked forceps were not rinsed before use.

Evaluation of Hydrotropes and Hydrophilic Compound
Diffusion

Tween-20 and PEG were serially diluted in DPBS with 1%
acetonitrile to determine any increase in solubility of DEHP.
DEHP was initially examined as the test lipophilic analyte
due to its low solubility in aqueous solutions and its
prevalence in medical device materials. However, because
peanut oil came in a plastic container and many plasticizers
are ubiquitous low level contaminates, the herbicide atrazine
was also used as a model compound to evaluate the
movement of a lipophilic analyte from oil into the test cell
culture system. The use of acetonitrile with the detergent was
essential as stock solutions of DEHP and atrazine needed to
be made in organic solvents. The tolerance of the test cells
for the various concentration of Tween-20 or PEG in 1%
acetonitrile was also examined. To assess the actual
concentration of small analytes to pass from either the peanut
oil or the media into the dialysis tubing with cells, DEHP and
atrazine were spiked into the oil or media and measured
using HPLC'> .

Results and Discussion

Initially, the ability of cells to tolerate various oils was
examined. 10 ml of Jurkat cells were put inside the dialysis
tubing, then the cells were placed in a 50 ml test tube
containing 25 ml of cottonseed, olive, or peanut oil (Figure
1). Media was used as the negative control. In addition,
cottonseed, olive, or peanut oil was partitioned against an
equal volume of DPBS (‘washed’) to examine if any aqueous
components were responsible for any negative effects on the
cells. Both the cottonseed and the olive oil were toxic to the
cells. “Washing” the oil with DPBS did not acceptably
reduce the toxicity of the cottonseed or olive oil to the cells
(data not shown). The peanut oil showed minimal toxicity to
the cells at 24 hours, but toxicity insignificantly increased
after that, p<0.02 at 48 hrs and p<0.002 at 72 hrs (Figure 2).
There was a small, but significant, increase in the percentage
of dead cells in the PPE control when compared to that in the
PS flasks (data not shown). For the media samples, the
increase in dead cells was significant at 72 hrs (p<0.02).
When comparing the different size dialysis tubing to the PPE
control, there was not a significant difference in cell viability.
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Figure 2: The effect of extraction media on cells over time in the
test system. Student t-test indicated statistical significance between
the media and oil at 48 hrs (p<0.01) and 72 hrs (p<0.001).

To evaluate any background fluorescence or micelle
formation that would interfere with the flow cytometer,
cottonseed, olive, peanut oil, or media were placed in 50 ml
test tubes; however, 10 ml of media only was placed in the
dialysis tubing. Analysis of these background samples
indicated a large fluorescent background in the area where
live cells are gated. Nominal background (less than 0.25%)
was seen in the area where dead cells were gated, therefore,
the percentage of dead cells was used as an indication of
toxicity or the forward vs. side scattering profile. Addition of
dialysis tubing alone to cells did not exert a toxic affect on
the cells (data not shown).

Application of this interface of cells and oil in order to
evaluate the cytotoxicity of natural rubber latex gloves is
depicted in Figure 3. The gloves extracting in the media
showed higher toxicity than the same gloves extracting in
peanut oil. Cutting the gloves in pieces probably had no
effect on the cell toxicity, and was done to provide a uniform
size sample and to prevent air pockets. This system may be
useful in looking at surface contamination of devices.
Occasionally, reused devices contain residues of the cleaning
solution if the devices are not rinsed thoroughly. GI biopsy
forceps deliberately contaminated with a cleaning agent then
extracted in media showed significantly higher toxicity than
those extracted with peanut oil (Figure 4). GI biopsy forceps
soaked in water showed no toxicity using either peanut oil or
media to extract the device. However, when acetonitrile was
added to either media or peanut oil and the toxicity of the
cells in dialysis tubing was examined the next day, the cells
in peanut oil showed a much larger increase in the percentage
of dead cells (Figure 5).
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Figure 3: The toxicity of 3 different gloves on the cells in dialysis
tubing using either oil or media in extraction. Significant difference
was noted between extraction solutions for glove 1 (p<0.004) and
glove 2 (p<0.007).

The use of detergents to aid in the diffusion of lipophilic
analytes into the cell culture system was not successful; the
solubility of DEHP can be estimated by using the flow
cytometer to visualize micelle formation'®. Toxicity due to a
chemical in solution is different than toxicity due to micelles
in solution. Cell membrane damage from micelles is due to
the solubilization of cell membrane components, which is a
separate issue than a soluble chemical toxicity'>. Using
0.025% Tween-20 with 1% ACN in PBS increased the
solubility of DEHP to 25 ug/ml from 5 pug/ml in PBS alone.
However, at the 0.025% Tween-20 concentration, the cells
died. At the tolerable tween-20 level of 0.00625%, there was
no significant increase in DEHP solubility.
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Figure 4: The toxicity of a commercially available enzymatic
cleaning agent on cells in test system.

The HPLC analysis of DEHP from peanut oil into dialysis
tubing with media alone showed that no detectable DEHP
had diffused into the dialysis tubing with media. Atrazine is
slightly more water soluble than DEHP and was also
examined in diffusing from peanut oil or media into the
dialysis tubing with media alone. 15.5 ug/ml of atrazine was
present in the dialysis tubing that was placed in media with
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an initial concentration of 25 ng/ml of atrazine; 0.8 pug/ml of
atrazine was present in the dialysis tubing that was placed in
peanut oil. The hydrophobic/hydrophilic interaction appears
to prevent diffusion across the dialysis from the oil across the
dialysis tubing to the cells. The higher concentration of
atrazine in the media and the greater toxicity of the cleaning
agent in media (Figure 4), would support this hypothesis.
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Figure 5: The toxicity of acetonitrile on cells in test system.
Significant increase in the toxicity of oil compared to media was
seen at and above the 0.05% v/v level (p<0.005).

Conclusion

Medical device standards recommend using both a polar and
non-polar solvent to extract materials prior to in vitro testing.
To attempt to address this problem, a system of indirect
exposure of cells to oil was developed. By placing cells in
dialysis tubing then putting these cells directly in oil, it was
expected that exposure to lipophilic compounds would be
increased; however, this was not the case. Atrazine, a
lipophilic pesticide with limited solubility in water, actually
diffused 5 times more from the test system with media than
the test system with peanut oil. It is possible other semi-
permeable membranes may yield different results. Attempts
to increase exposure of the cells to hydrophobic leachates
using 2 detergents were examined for their ability to increase
the diffusion of lipophilic leachates into the cell culture test
system. The use of hydrotropes to increase solubility has
been applied to drugs® and its application to device leachate
testing using this in vitro system did not work at
concentrations that were non-toxic to cells. This study does
illustrate the importance of identifying toxicity due to micelle
formation versus that of a soluble chemical(s)
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Abreviations
DPBS | Dulbecco’s phosphate buffed saline
DEHP | Diethylhexyl-phthtalate
NRL | Natural rubber latex
PEG | Polyethylene glycol
HPLC | High performance liquid chromatography
PPE Polypropylene
PS Polystyrene
GI Gastrointestinal
ACN | Acetonitrile
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