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A rapid spin through oil results in

higher cell-associated concentrations of
antiretrovirals compared with conventional
cell washing

Background: Determination of cell-associated antiretroviral drug concentrations is
necessary for research into reservoirs of HIV. Variation exists in cell-associated drug
concentrations among research groups. One cause for this may be washing cells
during processing. We explored spinning cells through oil to minimize this variability.
Methods & results: Raltegravir, atazanavir, darunavir, efavirenz, lopinavir and ritonavir
concentrations were assessed in CEM.ss T cells washed with HBSS and oil-spun cells. Oil-
spun cells had significantly higher concentrations for all drugs compared with samples
washed with HBSS. Conclusion: The decline in cell-associated drug concentrations
with saline washes compared with a single spin through oil shows the utility of a spin
through oil. Qil centrifugation results in high cell-associated drug concentrations, and
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can be done in a fast, efficient manner.

Accurate determination of cell-associated
drug concentrations is an important goal
for research in sanctuary sites of HIV [1-s).
These are sites in the body where subthera-
peutic concentrations of antiretroviral medi-
cations may result in reservoir sites for cryp-
tic viral replication (5-7]. There is, however,
the potential for considerable variation in
reported cell-associated drug concentrations
among laboratories [8-12]. These differences
in reported drug concentrations among sites
may be due to a variety of factors, including
differences in sample processing methodolo-
gies. Some of these differences in processing
methods include variations in the number
and duration of cell washes, the cell process-
ing buffer, the delay before cell processing
and the temperature at which the samples
are kept during and prior to processing. One
proposed approach to minimize the variabil-
ity associated with the number of washes and
the type of wash buffer utilized is to centri-
fuge cells through an oil solution, rather than
the buffered saline solutions that are tradi-
tionally used. While this spin through oil
methodology has been described previously
in the literature, it is not a standard in the
processing of samples for cell-associated drug

quantification [13]. Here we report our modi-
fication of this approach, as well as an investi-
gation of cell-associated drug concentrations
with traditional processing methods, consist-
ing of multiple washes with an aqueous solu-
tion compared with a rapid spin through oil
technique for a number of commonly utilized
antiretroviral medications.

Methods

Cell culture

The immortalized T4 lymphoblastoid cell
line CEM.ss (NIH AIDS Reagent program,
Germantown, MD, USA) was utilized for
all experiments [14]. This cell line is com-
monly utilized in experiments in HIV, and
has been shown to be phenotypically very
similar to primary CD4+ T cells. Low pas-
sage cells were cultured in RPMI + 10%
fetal calf serum (Life Technologies, Grand
Island, NY, USA) at 37°C with 5% CO,.
CEM.ss cells were plated in T-75 flasks at
an initial concentration of 4 x 10° cells/ml.
Raltegravir (RAL), a gift from Merck &
Co. Inc. (Rahway, NJ, USA) was added to
the flasks with a final concentration of 3 UM
to approximate average peak plasma con-
centrations [11]. In additional experiments
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Spin through oil: Technique where cells are spun through
an oil solution, rather than through a series of aqueous
washes.

Raltegravir: Integrase inhibitor used in the treatment
of HIV. The drug works by inhibiting the viral integrase
enzyme.

Efavirenz: Non-nucleoside reverse transcriptase inhibitor
used in the treatment of HIV. The drug works by inhibiting
viral reverse transcriptase.

HIV-1 protease inhibitors: Class of antiretroviral drugs
used in the treatment of HIV, which include atazanavir,
darunavir, lopinavir and ritonavir that inhibit the activity of
the viral protease enzyme.

cells were treated with a combination of 5 nM of the
HIV-1 NNRTI efavirenz(EFV) as well as the HIV-1
protease inhibitors 0.5 nM atazanavir (ATV), and
1.25 nM darunavir (DRV), lopinavir (LPV) and rito-
navir (RTV) simultaneously. Concentrations for this
set of experiments were chosen to assess cell-associated
drug concentrations in samples with low drug concen-
trations in order to assess the utility of the oil wash over
a range of different drug concentrations. Efavirenz was
purchased from the USA Pharmacopeia (Rockville,
MD, USA). All other drugs were obtained from the
NIH AIDS Research and Reference Program (Ger-
mantown, MD, USA). Cells were cultured with drugs
for 24 h before harvesting.

Cell processing

After 24 h, cells were collected on ice, and enumerated
with a Countess cell counter (Life Technologies, Grand
Island, NY, USA). Cells were centrifuged at 400 rcf for
7 min. For the oil wash conditions, cell pellets were
resuspended in 1 ml of supernatants, and the rest of
the supernatants were discarded. The resuspended cells
were then carefully layered over 150 pl of oil (Nyosil
M25 oil, TAI Lubricants, Hockessin, DE, USA) in a
1.5 ml microcentrifuge tube. Samples were then centri-
fuged at 20,130 rcf for 1 min. After centrifugation, the
cell pellet is at the bottom of the microcentrifuge tube,
the oil solution is above that and the supernatant floats
above the oil solution, ensuring that the cell pellet and
extracellular drug are separate. The supernatant was
aspirated, and the sides of the centrifuge tubes were
washed twice with 1 ml of Hank’s buffered saline solu-
tion (HBSS) (Fisher Scientific, Waltham, MA, USA)
careful to not disturb the oil layer. This was done to
ensure that no residual drug is left on the side of the
microcentrifuge tube. After the second wash the oil
was carefully removed without disturbing the cell pel-
let. The use of a single 1.5 ml microcentrifuge tube,
followed by washing the sides of the tube offers a con-

siderable time improvement over previously described
approaches to an oil wash, which require multiple cen-
trifuge tubes nested in each other [15]. Samples were
lysed with 0.5 ml of ice-cold 70% methanol (Fisher
Scientific), and stored at -80°C. For other conditions,
cells were resuspended and washed with 5 ml of cold
HBSS. After centrifugation at 400 rcf for 7 min, the
wash buffer was discarded. Cells were washed between
one- and three-times, depending on experimental con-
ditions. Cells were lysed in 0.5 ml of ice-cold 70%
methanol.

Sample quantification
Cell-associated RAL sample extracts were analyzed using
a validated method published previously [11.12]. Briefly,
methanol extracts were centrifuged to remove cellular
debris. Samples were spiked with 13C6 RAL (a gift from
Merck & Co Inc., Rahway, NJ, USA), and injected onto
a Shimadzu Shim-pack XR-ODSII 2.0 mm x 75 mm
column (Shimadzu Corp, Kyoto, Japan). RAL was sepa-
rated using a gradient method and was detected using
mass spectrometry on an API 5000 (AB SCIEX Cor-
poration, Foster City, CA, USA). The assay standard
curve has a range from 0.00562 fmol/pl to 22.5 fmol/pl
and is linear over this range. HBSS wash samples were
treated using a plasma sample protocol as published [11].
An aliquot of sample was spiked with 13C6 RAL, and
extracted with methanol. The precipitate was centri-
fuged and the sample diluted and subjected to separation
and detection using the API 5000 as described above.
The assay has a range from 2.25 to 16,876 fmol/pl.
Cell-associated ATV, DRV, LPV, RTV and EFV
were analyzed using a validated method previously
published [16]. In brief, extracts were precipitated with
a formic acid:acetonitrile mixture. Stable-isotope inter-
nal standards for ATV (used to track ATV/DRV),
RTYV (used to track LPV/RTV) and EFV (used to track
EFV) were spiked into the precipitated samples. Cel-
lular precipitants were removed by centrifugation and
supernatant was diluted with water and injected onto
an AP1 6500 (AB SCIEX Corporation, Foster City, CA,
USA). Analyte separation was achieved with reversed-
phase chromatography utilizing an ACE® 3 C18 col-
umn (3 mm x 100 mm). Detection was accomplished
by multiple reaction monitoring mass spectrometry in
both positive (ATV, DRV, LPV and RTV) and nega-
tive (EFV) ion mode. The analytical method was lin-
ear over the following ranges: 0.0200—-10.0 fmol/pl for
ATV, 0.0500-25.0 fmol/ul for DRV, LPV and RTV
and 0.200-100 fmol/ul for EFV.

Calculations & statistics
To determine the cell-associated antiretroviral concen-
tration, we first determined the amount of cells in each
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ul of cell lysate by dividing the cell count by the volume
of the lysate. This calculation resulted in a determina-
tion of the amount of lysed cells in each pl of lysate. Sta-
tistical analysis was performed using SPSS (Armonk,
NY USA). Results are reported as mean +SD of three
independent replications on multiple days. Compari-
sons were made via one-way ANOVA, with Tukey’s
post-test for individual comparisons. Differences were
deemed statistically significant if p < 0.05.

Results

Differences in cell-associated concentrations
with an oil versus an HBSS wash.

Figure 1 shows the differences in cell-associated drug
concentrations between samples centrifuged through
oil and those washed one-, two-, or three-times with
HBSS. Oil washed cells had significantly higher cell-
associated drug concentrations than cells washed three-
times with HBSS for all drugs investigated, and higher
drug concentrations than cells washed two-times for
all drugs except for ATV (Figure 1). Significant differ-
ences were also observed between an oil wash and a
single wash with HBSS for EFV and RAL, and non-
significant trends with reduced concentrations were
observed for all other drugs.

Antiretroviral concentrations in wash buffer
after one, two or three washes.

Figure 2 shows the concentrations of antiretrovi-
rals present in the wash buffer of the samples. As we
had observed large differences in the amount of cell-
associated drug between washes, we also assessed the
concentration of drugs in the HBSS wash buffer for
the drugs, to attempt to determine the destination of
lost cell-associated antiretrovirals between washes. We
observed significant declines in extracellular drug con-
centrations between the first wash and both second and
third washes. While second and third wash drug con-
centrations were undetectable for ATV, DRV, LPV and
RTYV, a significant decline was observed between sec-
ond and third washes for EFV (Figure 2). While detect-
able concentrations of RAL were observed in second
and third wash buffers, no significant differences were
observed between the two washes.

Differences in cell-associated concentrations
between oil washed samples and samples
washed with HBSS for variable amounts of
time.

Figure 3 compares an immediate oil wash with samples
left in HBSS for 2 h either on ice or at room temperature.
It is common during cell processing for delays to occur
preventing the timely processing of the samples. One
set of samples were centrifuged through oil, while the

Spin through oil for antiretrovirals Methodology

samples left in HBSS were washed one time under the
HBSS wash protocol. As anticipated, immediate process-
ing with oil showed higher cell-associated concentrations
than samples that were left in HBSS for 2 h for almost all
drugs. Significant differences were observed between oil
washed samples and both samples left at room tempera-
ture and on ice for RAL, ATV, DRV and EFV (Figure 3).
Significant differences were observed between oil pro-
cessing and samples left at room temperature for 2 h for
LPV and RTYV, with a nonsignificant trend observed
between oil and samples processed on ice.

Discussion

Protocols commonly utilized for quantification of cell-
associated drug concentrations involve between two to
three washes with either HBSS or phosphate buffered
saline (PBS) [9.10,17-19]. Here, we report that processing
samples through oil resulted in higher cell-associated
drug concentrations compared with standard tech-
niques utilizing multiple washes or even processing
samples on ice [8.11,12]. We did observe similar amounts
of antiretrovirals present in samples washed once with
HBSS and samples centrifuged through oil. However,
the large amount of drug present in the first wash buf-
fer suggests that much of the quantified drug in these
samples is due to incomplete washing of the sample as
well as continued diffusion of cell-associated drug into
the wash buffer, and thus may not provide a fully accu-
rate, reproducible result. This process would continue
in the repeated washes, and likely explains the contin-
ued decline in intracellular concentrations observed
in cell-associated drug concentrations observed after
washes two and three. Similarly, there is likely some
loss of cells that occurs with repeated washes. While
this may explain part of the decline in intracellular
drug concentrations that we observed with repeated
washes, the extreme decline in intracellular concentra-
tions between one and three washes (50-90%) cannot
be explained fully by a loss of cells.

When we assessed drug concentration in the
wash buffer, large amounts of all drugs were found
in the first wash buffer, with concentrations rapidly
declining in subsequent washes. For EFV there was a
detectable difference between concentrations in the
second and third wash, but for the rest of the tested
drugs there were no significant differences between
wash buffer concentrations between the second and
third wash, suggesting that there was little benefit
in washing samples three instead of two-times. The
large amounts of drug found in cell lysates that were
washed once with HBSS is most likely due to incom-
plete removal of media from cells after one wash.
This suggests a second wash is necessary to fully
eliminate extracellular drug. However, with repeated
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Figure 1. Cell-associated concentrations with an oil versus a Hank’s buffered saline solution wash. Cells were treated with
antiretrovirals for 24 h, harvested and centrifuged through oil or washed 1-3-times with HBSS. Lines between groups represent
significant differences in cell-associated drug concentrations (p < 0.05 via one way ANOVA with Tukey’s post-test).

HBSS: Hank’s buffered saline solution.

washes with HBSS, there is an increased possibility ~cell-associated concentrations of the drugs tested
for cell-associated drug to diffuse into the HBSS; than the samples washed twice with HBSS, as well
this is a key concern that centrifuging through oil as requiring less time, demonstrating the advantage
minimizes. The oil wash approach did show higher of this approach.
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While we report here a method using immortal-  Cells suspended in buffer (either PBS or HBSS)
ized cells in media, this approach can be easily mod- can easily be layered over the oil layer, and cells
ified for preparing peripheral blood mononuclear otherwise be processed in a manner similar to that
cells for cell-associated antiretroviral quantification.  described above.
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Figure 2. Antiretroviral concentrations in wash buffer. Cells were treated with antiretrovirals for 24 h, harvested and washed
1-3-times with HBSS. Concentrations in HBSS washes were quantified. Lines between groups represent significant differences in drug
concentrations (p < 0.05 via one way ANOVA with Tukey’s post-test).

HBSS: Hank’s buffered saline solution.

future science group www.future-science.com 1451



Methodology

6000.00 —

5000.00 —

4000.00 —

3000.00

2000.00

Raltegravir concentration
(fmol/million cells)

1000.00

0.00-

5.00

4.00

3.00

2.00

Darunavir concentration
(fmol/million cells)

1.00

8.00-
(=

S

T2

-g E 6.00—
c O

8=

S £ 4.00
8= 2.00
-

Cory, Winchester, Robbins & Fletcher

Tanaka ez al. reported a similar method for process-
ing samples for cell-associated quantification
via centrifugation through an oil solution [15]. They

Atazanavir concentration
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Efavirenz concentration
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(fmol/million cells)

similarly observed that the spin through oil technique
displayed higher cell-associated concentrations than

samples washed in PBS. They did this processing
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Figure 3. Cell-associated concentrations in oil and Hank’s buffered saline solution washed samples under different conditions.
Cells were treated with antiretrovirals for 24 h, harvested and centrifuged through oil, processed immediately with HBSS, or left
for 2 h in HBSS either on ice or at room temperature. Lines between groups represent significant differences in cell-associated drug
concentrations (p < 0.05 via one way ANOVA with Tukey’s post-test).
HBSS: Hank's buffered saline solution.
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utilizing a dual-tube system, with an inner tube with
the sample inside of an outer tube with the oil. By using
this method, they observed significantly higher efavi-
renz concentrations by using an oil wash than by wash-
ing three-times with ice-cold PBS. Our methodology
shows that high concentrations of cell-associated anti-
retrovirals can be collected utilizing only a single tube,
rather than the double tube system, minimizing the
time necessary to prepare for sample processing as well
as the difficulty associated with processing the samples.

We assessed the role of immediate versus delayed
processing of samples as well as the role of leaving pro-
cessed samples on ice as compared with samples left at
room temperature. Again, there was a nonsignificant
trend for all drugs with samples processed through oil
as compared with samples washed once immediately. As
expected, oil processing resulted in significantly higher
cell-associated concentrations compared with samples
processed either on ice or at room temperature for all
drugs except for LPV and RTV. Much of this difference
is likely due to diffusion of the intracellular drug into
the extracellular milieu. This process can be slowed, but
not prevented by leaving the cells on ice. The oil wash
procedure is considerably faster than traditional wash
processes, and ideally should minimize the need to
leave samples in wash buffers for extended amounts of
time. By changing the extracellular environment dur-
ing cell washes to an oil, rather than an aqueous solu-
tion, we can minimize the loss of intracellular drug due
to passive diffusion to the extracellular environment.
The log P value of the drugs that we assessed in these
experiments were RAL: -0.39, ATV: 4.08, DRV:1.76,
EFV: 3.89, LPV: 391 and RTV: 3.9, which represents
a common range of partition coefficients [20]. When
Tanaka et al. utilized their version of the oil spin on
efavirenz, they observed similar advantages of the oil
wash compared with washes with PBS [1s].

There are some limitations associated with this
research. First, we utilized cultured cells from an
immortalized cell line, rather than cultured T cells or
clinical samples from individuals receiving antiretrovi-
ral therapy. While utilizing primary preparing periph-
eral blood mononuclear cells would be more extrapo-
latable to clinical conditions, the CEM.ss cell line is
commonly utilized in many 77 vitro experiments and
has been shown to be phenotypically similar to pri-
mary T cells. 1421]. In clinical practice using samples
from individuals, collected mononuclear cells would
usually be washed, and the cells in their wash buffer
could then be processed according to the protocol out-
lined above. Second, in these experiments we washed
cells with HBSS, rather than with PBS. While PBS is
the wash buffer utilized for the vast majority of cell
processing, HBSS is used in many circumstances [10].

Spin through oil for antiretrovirals Methodology

Cell-associated quantification: Determination of drug
concentration within the cell or bound to the cell surface.

Our laboratory previously assessed differences in RAL
concentrations in clinical samples washed once with
PBS compared with cells centrifuged through oil,
showing similar results to what we reported here [12].
Here, we extended the previous data to five additional
drugs, utilizing an extremely similar isotonic buffer.
While these two buffers are not identical, they do
function similarly for these purposes.

Conclusion

The development of accurate, reproducible processing
methodologies is of key importance for studies of phar-
macokinetics and concentration—response relation-
ships. Once these accurate processing methodologies
have been developed, standardization of these protocols
is useful to allow fully accurate comparisons among
laboratories. When multiple sites process samples dif-
ferently, an additional source of variation is added, and
it becomes increasingly difficult to make valid com-
parisons between samples. Standardizing processing
methodology via separation through oil, rather than
repeated washes with HBSS provides an inexpensive,
fast and reliable method to minimize variability in the
quantification of cell-associated antiretrovirals.

Future perspective

Determining ways to minimize the loss of cell-associ-
ated antiretrovirals during cell processing is a concern
for the accurate quantification of drug concentrations
in reservoir sites or target tissues. The spin through oil
technique, coupled with other changes in the collection
and processing of samples, may lead to less variation
between samples. Differences in processing between
laboratories may result in different determinations of
cell-associated concentrations, making comparisons
difficult to perform. The antiretroviral pharmacoki-
netic and exposure-response relationship field would
benefit from standardization of processing methods
among laboratories.
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Executive summary

loss of cell-associated drug.

We centrifuged samples through an oil solution to minimize the loss of six antiretroviral medications,
raltegravir, atazanavir, darunavir, efavirenz, lopinavir and ritonavir.
Samples centrifuged through oil had higher cell-associated concentrations than samples washed two- to

three-times with Hank's buffered saline solution.

When we assessed drug remaining in the Hank’s buffered saline solution wash solution, we observed large
amounts of drug present in the first wash solution, with significantly less found in the second and third

washes.

Processing samples immediately with oil resulted in higher cell-associated concentrations than samples left on

ice or at room temperature during processing.

The spin through oil technique results in high cell-associated concentrations, in a fast, reliable and inexpensive

method to process samples.

¢ Traditional methods for quantifying cell-associated antiretrovirals can be time consuming, and result in the
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