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Abstract

Olaparib is a potent PARP inhibitor in clinical use for cancer therapy. A bioanalytical assay was developed and
validated for quantitation of intracellular level of olaparib in cells exposed to the drug. The assay involves an
optimized and straightforward sample pretreatment with acetonitrile for olaparib solubilization, cell lysis and
protein precipitation, and a high performance liquid chromatography (HPLC) method with ultraviolet detection.
Several parameters in both the sample preparation and the detection steps were investigated. Optimal
chromatographic conditions were achieved with a 5 puL injection on a Nova-Pak® C;g column (150 x 3.9 mm, 4
um) using a mobile phase consisting of acetonitrile and ultra-pure water in gradient mode, at a constant 1.2
mL/min flow rate, at 35 °C. Detection was carried out at 254 nm and a diode array detector was used to insure
purity of the olaparib peak. The method was validated according to Food and Drug Administration guidelines.
Linearity, accuracy and precisions were satisfactory over the concentration range of 200 — 2000 ng/mL. Limits
of detection and quantification for olaparib were 50 ng/mL and 200 ng/mL, respectively. Good stability was
showed in three relevant analytical conditions. Finally, the validated analytical method was successfully used to
estimate the intracellular level of olaparib in SUM1315 breast cancer cells. A significant difference was
observed in intracellular drug level after 1 and 3 hour incubations. This method permitting measurement of drug

level in tumor cells would allow dosage optimization and improvement of treatment response predictions.
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1. Introduction

Over the last decade, the inhibition of poly (ADP-ribose) polymerase (PARP), a nuclear enzyme involved in
many processes including DNA repair and cell death, has become a promising personalized therapeutic strategy
in cancer treatment [ 1-4]. PARP inhibitors, a new class of antineoplastic drugs, can induce tumor-specific
synthetic lethality in cancer cells with defective DNA damage repair system, like those associated to mutations
of the BRCA tumor suppressor genes [5-8]. Olaparib (AZD2281, Figure 1), veliparib (ABT-888), niraparib (MK-
4827) or rucaparib (AG014699) are examples of potent PARP inhibitors having recently reached advanced
clinical trials as combination and/or standalone targeted therapies, especially in breast and ovarian cancers.
Olaparib (Lynparza) was the first to gain the European Commission (2014) and the United States Food and Drug

Administration (2015) regulatory approvals for use in patients with BRCA-mutated ovarian cancer [5,9,10].

PARP inhibitors have great therapeutic potential and are anticipated to have broad clinical application in future
cancer therapy [10]. However, both preclinical and clinical studies have revealed that tumor cells sensitivity
towards PARP inhibitors can vary widely, and that treatments efficacy needs optimization. PARP being an

intracellular target, the sensitivity of tumor cells and the effectiveness of a PARP targeted therapy are influenced



by a key factor, namely the amount of PARP inhibitors reaching the intracellular compartment [11]. As for any
drug with an intracellular target, the disposition of PARP inhibitors is greatly affected by processes such as
elimination, metabolism, drug uptake, and expression/upregulation of transmembrane drug efflux transporters.
The latter, particularly relevant for PARP inhibitors, was identified during early preclinical studies as a major

resistance mechanism [3,12,13,14].

In this context, methods that provide measurements of PARP inhibitors concentration, especially in tumor cells,
have potential for drug dosage optimization and improvement of drug response predictions. Overall, such data
would lead to the implemented therapeutic potential of PARP inhibitors. Therefore, a reliable methodology to
assess intracellular level of PARP inhibitors in cancer cells is warranted, and could ultimately provide a mean to

assess relationships between PARP inhibitors intracellular level and treatment efficacy.

Measuring intracellular concentration of a drug is challenging and has relied most of the time on the use of
radiolabeled analogues. However, the main limitation of this methodology originates in the fact that such
compounds are not readily available [15,16]. Mass spectrometry is a very sensitive and specific technique to
determine drug levels in cells [16,17]. Accordingly, liquid chromatography-tandem mass spectrometry (LC-
MS/MS) is the method of choice for low drug level detection but still requires high-cost instruments and time-
consuming sample preparations. Regarding PARP inhibitors, LC-MS/MS methods were only reported for
quantitative measurements in cell culture medium, human plasma, tumor and brain homogenates [19-23].
Oplustilova et al. recently mentioned the intracellular level determination of an olaparib analog by LC-MS but
no technical details were given on the analytical method that was employed [24]. Finally, flow cytometric
analysis was used recently to perform single-cell analysis and assess intracellular concentration of fluorescent
drugs [11,18,25,26]. Although promising, the development of this technique is still at an early stage and the low
number of drugs with intrinsic fluorescence represents a major limitation. Reversed-phase high performance
liquid chromatography (HPLC) with Ultraviolet Diode Array Detector (UV-DAD) analyses allow for sensitive
quantitation of many compounds with accessible equipment. However, to the best of our knowledge, no
validated method based on this technique for the determination of intracellular drug was ever reported in the

literature.

The aim of the present study was to develop a simple, sensitive and reliable HPLC-UV-DAD procedure for
quantitation of intracellular PARP inhibitor levels. The assay provides the advantage of working with un-labeled
compounds and includes a straightforward and reliable cell sample pretreatment developed by varying the nature
and the volume of the solvent used for solubilization of intracellular drug. The optimized analytical method was
validated according to international guidelines for bioanalytical method validation and applied to the estimation

of olaparib intracellular level in SUM1315 breast cancer cells.

2. Material and Methods
2.1. Chemicals and Reagents



Olaparib was purchased from Sequoia Research Products (Pangbourne, UK). All chemicals were acquired from
Sigma-Aldrich (France). Dimethyl sulfoxide (DMSO) was of molecular biology grade. Water and acetonitrile
were of HPLC gradient grade (VWR Chemicals, France).

2.2. SUM1315 cell culture

SUMI1315 cells were obtained from Asterand (Royston, UK) and maintained by weekly serial passage in a 5%
CO, atmosphere at 37 °C. Cells were cultured in Ham’s F12 medium (GIBCO™, France) supplemented with 5%
fetal bovine serum, 10 mM HEPES buffer, 20 pg/mL gentamicin, 10 ng/mL EGF and 4 pg/mL insulin [26].

2.3. Stock solutions, calibration standards and quality control samples

A 1 mg/mL stock solution of olaparib was prepared by dissolving an appropriate amount of olaparib in DMSO.
By dilution of this solution with acetonitrile, separate 10000 ng/mL stock solutions for calibration standards and
quality control samples (QC samples) were prepared and stored at -20 °C. Both stock solutions were further
diluted to obtain working solutions. Calibration standards were prepared daily before each validation run. These
were prepared by adding the appropriate amount of the 10000 ng/mL stock solution to acetonitrile to obtain
concentrations of 200, 400, 600, 800, 1000 and 2000 ng/mL for olaparib. QC samples were prepared in a similar
manner to obtain olaparib spiked solutions in acetonitrile used for sample preparation. Final olaparib

concentrations at QC-low, QC-mid and QC-high were 300, 800 and 1800 ng/mL, respectively.
2.4. Chromatographic equipment and conditions

Analytical HPLC experiments were performed on a HP 1100 series LC system equipped with an online degasser,
a quaternary pump, a column oven, a photodiode array detector (DAD) and an autosampler. Water and
acetonitrile (ACN) used for the preparation of the mobile phase were filtered through a 0.45 um Durapore
Polyvinylidene difluoride (PVDF) membrane filter (Merck Millipore, UK) before being used in the
chromatographic system. The temperature of the column oven was kept at 35 °C. A gradient elution was applied
at a flow rate of 1.2 mL/min through a reversed-phase Nova-Pak® 4 pm C,g column (150 x 3.9 mm; Waters
Corporation, Milford, MA, USA) with an additional Nova-Pak® guard column. The following gradient was
employed: 0 — 13 min, 5 — 35% ACN; 13 — 16 min, 35 — 95% ACN; 16 — 21 min, 95% ACN; 21 — 22 min, 95 —
5% ACN; 22 — 28 min, 5%. A sample volume of 5 pLL was injected. UV spectra were recorded from 210 to 400
nm from 0 to 14 min and the monitoring wavelength for olaparib was set to 254 nm. Agilent ChemStation
software (version B.04.03-SP1, Agilent Technologies, France) was used for acquisition of chromatograms,

spectra and integration data.
2.5. Sample preparation

SUMI1315 cells were seeded at a density of 250 000 cells/mL in 5 mL of culture medium and incubated at 37 °C
during 24 h for cell adhesion to the flask. The culture medium was removed. Cells were subsequently washed

with ice-cold PBS (2 x 2 mL) and then lysed by scraping in acetonitrile (2 mL) in conjunction with sonication (5
x 3s). After centrifugation of the samples at 4 °C (350 g, 10 min), the supernatant was filtered through a 0.45 pm

PVDF membrane filter and pipetted into a 1 mL autosampler vial for injection.



2.6. Bioanalytical method validation

The described method was validated according to internationally accepted recommendations for bioanalytical

method validation [28].
2.6.1. Selectivity

Six different cell samples processed without olaparib were analyzed for peaks of substances interfering with that
of olaparib at 10.1 min. The chromatograms were compared to those obtained with the 200 ng/mL calibration

standards and to blank samples (HPLC gradient grade acetonitrile).
2.6.2. Carry over effect

Carry over was investigated by injecting a blank sample (HPLC gradient grade acetonitrile) after each QC-high

sample injection in each analytical run.
2.6.3. Recovery

The recovery of olaparib over the whole process from cell samples was determined using QC samples (QC-low,
QC-mid, QC-high) and olaparib standard solutions in acetonitrile at the three validation levels (QC-low, QC-
mid, QC-high). The recovery was calculated by comparing olaparib peak areas from QC samples (n = 12 for
each concentration level) submitted to sample preparation (cell scraping and sonication, centrifugation, filtration)

with the corresponding mean peak area of the unprocessed standard solutions (n = 4).
2.6.4. Calibration curves

The 200 and 2000 ng/mL calibration standards were processed in duplicate for each daily calibration, whereas
the levels in between were processed only once. Linear regression analysis was employed to define the
calibration curves using the olaparib peak area versus the nominal concentration of the calibration standard
(ng/mL). For each analytical run, the calibration curve was accepted if all calibration standards had a deviation
within £15 % of the nominal concentration. A deviation of £20 % for the 200 ng/mL calibration standards was
accepted. Subsequently, the determined linear regression formula was used to measure concentrations of QC and

unknown cell samples after integration of the olaparib peak area on the corresponding chromatogram.
2.6.5. Precision and accuracy

QC samples were used to assess the precision and the accuracy of the method. Each QC sample was processed in
a quintuple analysis in four analytical runs on four separate days. The relative standard deviation (RSD) was
calculated to determine the within day precision (repeatability) and the between day precision (reproducibility).
The deviation of the mean measured concentration from the nominal value in percentage (bias %) was calculated

to determine the within and between day accuracies.
2.6.6. Limit of quantification and limit of detection

The sensitivity was evaluated by determining the limit of quantification (LOQ), defined as the lowest

concentration of the standard curve that can be measured with acceptable inter- and intra-day precisions and



accuracies. RSD values lower than 20% and bias values within + 20% were considered acceptable for precision

and accuracy, respectively.

The limit of detection (LOD) is defined as the lowest concentration of a compound that an analytical process can
reliably differentiate from background level. LOD was determined by visual evaluation of chromatograms of

standards on which olaparib could be reliably detected.
2.6.7. Stability

The stability of olaparib in acetonitrile was investigated in QC-low and QC-high samples stored in HPLC glass
vials. Quadruplicate analysis of these samples was performed after storage at room temperature (20 °C) for 24 h
after thawing, three freeze-thaw cycles (thawing at room temperature during 12 h and freezing again at -20 °C

for at least one day), and storage at -20 °C for one month.
2.7. Method applicability: determination of intracellular concentrations of olaparib in SUM1315 cells

SUM1315 cells were seeded at a density of 250 000 cells/mL in 5 mL of culture medium and incubated at 37 °C
during 24 h for cell adhesion to the flask. The cell cultures were then exposed to 50 uM olaparib. For each
experiment, the required volume of a 50 mM olaparib stock solution was added so that the final DMSO
concentration remained always constant i.e. 0.1%. In parallel, untreated cells were cultured as control. The
intracellular concentration of olaparib in SUM1315 cells was evaluated after 1 and 3 h of 50 uM olaparib
exposures. After each incubation time, the culture medium was removed. Cells were subsequently washed with
ice-cold PBS (2 x 2 mL) and then lysed by scraping in acetonitrile (2 mL) in conjunction with sonication (5 x
3s). After centrifugation of the samples at 4 °C (350 g, 10 min), the supernatant was filtered through a 0.45 pm
PVDF membrane filter and pipetted into a 1 mL autosampler vial for injection. The intracellular concentration of
olaparib in cells was subsequently determined by HPLC-UYV analysis. All experiments were performed in
triplicate (n = 3) and each sample was analyzed three times. Statistical analyses were performed with Microsoft

Excel using a two-sided Student’s t test with p < 0.05 considered significant.

3. Results and Discussion

3.1. Method development

The aim of the present study was to develop and validate a simple and sensitive reversed-phase HPLC method

with UV-DAD detection for quantitation of intracellular PARP inhibitor levels.

Starting from cells in culture flasks, the method reported herein relies on a straightforward sample pretreatment.
For each cell sample, the culture medium was first removed and a wash step was performed in ice cold PBS in
order to avoid disturbance in drug equilibrium. Indeed, the low temperature limits active transport of intracellular
drug out of the cells during pretreatment. By analyzing the washing solution by HPLC, it was shown that a single
wash was not sufficient to ensure the total elimination of the remaining extracellular drug in the culture medium
and on the cell surface. For each sample, the wash was repeated twice with 2 mL of PBS, a volume which was

kept minimal but was sufficient to cover the whole surface of the flask.



With the goal of developing an assay with limited manipulations, the next step implied to identify an organic
solvent or a solvent mixture adapted to (i) lyse the cells when associated to sonication, (ii) solubilize intracellular
olaparib, and (iii) allow precipitated proteins and cell debris to be easily eliminated by centrifugation.
Acetonitrile and methanol were tested pure and as a 50/50 (v/v) mixture. A volume of 2 mL was chosen. Each
trial gave a different result regarding cell structure. Indeed, after a very short time in contact with the cells, it was
found by optical microscopy examination that pure methanol and the acetonitrile/methanol mixture led to
fixation of the cells. Acetonitrile gave satisfactory results and was therefore chosen for this critical step.
Subsequently, a simple filtration of the supernatant through PVDF membrane filters directly in HPLC vials
provided the samples to be analyzed. A volume of 2 mL chosen after flask surface consideration allowed
samples to be sufficiently concentrated for HPLC-UV detection, thus avoiding concentrating and reconstitution
steps before analysis. HPLC injectable samples were obtained from cell cultures after a short time and a limited

number of steps.

With regards to the chromatographic conditions, a usual UV-DAD detection system and standard
chromatography elution conditions were employed with a general purpose Nova-Pak® C,g column equipped
with an additional Nova-Pak® guard column. A water-acetonitrile mobile phase with a gradient elution was
tested. The gradient was optimized by varying the acetonitrile percentage in the initial mobile phase from 5 to
20% and the gradient slope. A low 5% acetonitrile starting mobile phase with a slow increase to 35% over 13
minutes was necessary for olaparib to be sufficiently retained on the column while keeping a reasonably short
retention time. The choice of the detection wavelength was crucial for the sensitivity and selectivity of the
method. A compromise was found and the detection wavelength was set to 254 nm, which corresponds to a
maximum on the UV absorption spectrum of olaparib (Fig. 2). Although a better sensitivity could have been
reached at a lower wavelength, too many peaks from co-eluting endogenous substances were observed when
recording chromatograms at 210 nm for selectivity assessment.

The use of acetonitrile during the sample pretreatment offers the opportunity of a small volume direct injection
in the chromatographic system. Initially, broad peaks were observed even with injection volumes as low as 5 pL.
Therefore, the influence of two parameters was investigated to optimize peak shapes: the mobile phase flow rate
was tested at 0.8 and 1.2 mL/min, and different temperatures of the column oven were applied, every 5 °C from
25 to 45 °C. Eventually, sharp and symmetric peaks were obtained with the following optimal conditions: 1.2
mL/min for the mobile phase flow rate and 35 °C for the oven temperature. In these optimized chromatographic
conditions, olaparib was detected at a retention time of 10.1 min, for a 28 min total run time, including the

column equilibration delay.

3.2. Method validation
3.2.1. Selectivity and carry over effect

Control SUM1315 cell samples processed without olaparib were analyzed under the chosen optimized
chromatographic conditions to investigate the selectivity of the method. The chromatograms showed several
peaks from endogenous substances but revealed no interference at the retention time of olaparib (10.1 min),
indicating that the described method is selective. Typical HPLC chromatograms of a control cell sample

processed without olaparib, a blank sample of gradient grade acetonitrile, a standard solution of olaparib in



acetonitrile, and a QC-high sample are shown on figure 3a, b ¢ and d, respectively. The control cell sample
chromatogram (Fig. 3a) showed peaks of substances eluting before or after olaparib but no peak was observed at
10.1 min. The blank sample chromatogram (Fig. 3b) showed no peak and a flat baseline, and finally a well
resolved peak with symmetrical shape corresponding to olaparib appears at 10.1 min on both chromatograms 3¢
and 3d. For each sample in which olaparib was detected, the UV-DAD detector was used to assess the purity of
the peak at 10.1 min by comparing the corresponding UV absorption spectrum (210 — 400 nm) with that obtained
with a standard sample of olaparib. A perfect match was observed for each sample, which also indicates a good
selectivity. A typical HPLC chromatogram of a cell sample treated with olaparib 50 uM for 3h is shown on
Figure 4, with the corresponding well resolved peak appearing at 10.1 min. No carry-over effect was observed

when blank samples were analyzed after QC-high samples injections.
3.2.2. Recovery

The recoveries of QC samples over the sample preparation process were calculated as the % ratio of olaparib
peak area from processed QC samples and unprocessed standard solutions in acetonitrile. Percentages are shown
in Table 1. Recoveries were quantitative at QC-low, QC-mid and QC-high levels. As no analyte losses were
involved in our sample preparation, the use of internal standard was not necessary. Moreover, representative
chromatograms of a standard solution of olaparib in acetonitrile (Fig. 3¢) and a QC-high sample (Fig. 3d)
presented the same profile. These results proved the relevance of using olaparib standard solutions in acetonitrile

to construct calibration curves.
3.2.3. Calibration curves

The linearity of the method was then evaluated. Olaparib standard solutions in acetonitrile over the 200-2000
ng/mL concentration range were used to construct calibration curves, as quantitative recoveries were obtained
with QC samples over the 300-1800 ng/mL concentration range. Linear relationships were established from
olaparib standard solutions over the 200-2000 ng/mL concentration range, by plotting the olaparib peak area
versus the corresponding concentration in ng/mL. Concentrations of all standards were back calculated from the
olaparib peak area using the calibration curve in which they were included. In every case, deviations within +
15% of the nominal concentration were found (+ 20% at the LOQ, defined as the lowest concentration of the
standard curve that can be measured with acceptable inter- and intra-day precisions and accuracies). The average
regression parameters of the linear regression function (n = 4) were y = 0.0050(+ 0.0002) x + 0.41 (£ 0.13). All
calibration curves had correlation coefficient (r?) of 0.997 or better. For the method described herein, the LOD
was defined as 50 ng/mL. Visual evaluation of standards chromatograms on which olaparib could be reliably
detected and distinguished from the background noise was chosen among other accepted approaches for the
determination of the LOD. The sensitivity of the method was evaluated by LOQ determination. For the current
assay, the LOQ for olaparib was set to 200 ng/mL, the lowest concentration that could be measured with
acceptable precisions and accuracies following international recommendations. Lower values of LOQ were
previously reported for the quantitation of olaparib but only LC-MS/MS methods were employed for such
measurements, in cell culture medium, plasma, and tumor and brain homogenates [19,20,22,23]. With a LOQ of
200 ng/mL, the current HPLC-UV was sufficiently sensitive and was successfully applied to the intracellular

olaparib level determination in SUM1315 cells after various treatment times. The 254 nm detection wavelength



was indeed chosen during the method development as a compromise to obtain sufficient sensitivity while

keeping an excellent selectivity.
3.2.4. Precision and accuracy

Precision and accuracy of the current method were evaluated using three QC samples at concentrations ranging
from 300 to 1800 ng/mL. Samples were processed in a quintuple analysis in four analytical runs on four separate
days. Precision and accuracy values are summarized in Table 2. The within- and between-day precisions,
expressed as RSD (%), were below 11% at all QC levels. Similarly, the within- and between-day accuracies,
expressed as bias (%), were below 13% at all QC levels. Precision and accuracy therefore met the £15% required

for method validation by the U.S. Food and Drug Administration [28].
3.2.5. Stability

Stability studies were also performed to ensure good reproducibility of the method. The stability of olaparib in
acetonitrile was evaluated in different conditions on high and low QC samples. Tested conditions included short-
term room temperature and long-term low temperature storage. For short-term stability, QC samples were
thawed and kept for 24 h at room temperature before analysis. Long-term stability was evaluated after a 30-day
storage period at -20 °C. Finally, data obtained after three freeze-thaw cycles was also collected. Results are
shown in Table 3. No variation higher that 8.4% or 3.2% of the initial measured concentration was found for
QC-low and QC-high samples, respectively. Hence, these results indicated that no stability issue would be

expected after short or long term storage of the samples for quantification studies.
4. Method applicability

The described method was developed to assess the intracellular level of a PARP inhibitor in cultured cells. A
suitable sensitivity for standard cell culture conditions was achieved while limiting the number of steps during
the sample pretreatment, namely culture medium removal, repeated wash step in ice-cold PBS, solubilization and
sonication in acetonitrile, centrifugation for precipitated proteins elimination, and PVDF membrane filtration.
Notably, no time-consuming sample concentration by solvent evaporation and subsequent reconstitution step are
required. The described method was then used to determine the intracellular concentration of olaparib, a
clinically relevant PARP inhibitor, in SUM1315 breast cancer cells after a 50 pM treatment. Olaparib was
detected in cell samples and the corresponding peak was integrated for quantitative analysis (Fig. 4). Results,
expressed in ng/total cell number, are shown in Figure 5. Olaparib level in cells increased significantly (p < 0.05)
from 1 to 3 h, which is in accordance with previous results [14]. Therefore, the described method allowed the
monitoring of intracellular level of olaparib over time. Such data will be of great interest when considering the

optimization of PARP inhibitor-based treatment efficacy.

5. Conclusion

In the present report, a simple, selective and sensitive reversed-phase HPLC method with UV detection was

developed for determining PARP inhibitors intracellular concentration, and validated according to



internationally accepted recommendations for bioassay validation. Importantly, the equipment required is readily
available and much less expensive than other quantitative techniques such as tandem mass spectrometry. The
proposed method has also the advantages of being straightforward and rapid, so that it was successfully applied
to the quantitation of intracellular PARP inhibitor olaparib in SUM1315 breast cancer cells at various times of
treatment. This analytical method could be extended to other cell lines and other PARP inhibitors to obtain

valuable data for the successful prediction of drug efficiency in cancer treatment.
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Figures
Fig. 1 Chemical structure of the PARP inhibitor olaparib

Fig. 2 UV absorption spectrum of Olaparib (the black arrow indicates 254 nm, the wavelength used to monitor olaparib)

Fig. 3 Typical HPLC chromatograms of a control cell sample (a), a blank sample (b), a standard solution of olaparib in
acetonitrile (1800 ng/mL) (c), and a QC-high sample (d)

Fig. 4 Typical HPLC chromatogram of a cell sample treated with olaparib 50 pM for 3h

Fig. 5 Intracellular olaparib concentrations in SUM1315 cells treated with 50 uM olaparib for 1 and 3 h (n = 3)

Tables

Table 1 Recovery (%) of olaparib

Recovery?
Concentration (ng/mL)
(%)
QC-low (300 ng/mL) 99.0+8.5
QC-mid (800 ng/mL) 99.7+3.7
QC-high (1800 ng/mL) 101.2+3.3

2 Mean =+ standard deviation, n =12

Table 2 Within and between day precision and accuracy of the HPLC analytical method, expressed as RSD and bias

percentages, respectively

Nominal concentration ~ Within day? Between day®
(ng/mL) Experimental concentration RSD Bias Experimental concentration ~ RSD Bias
(ng/mL) (%) (%) (ng/mL) (%) (%)
300 315+ 18 5.71 4.84 288 £ 21 7.18  -4.06
800 789 +19 240  -1.38 765 +45 592  -435
1800 1737 £34 197  -3.53 1762+ 101 574 -2.09

2 Mean =+ standard deviation, n =5

b Mean + standard deviation, n = 20

12



Table 3 Stability of olaparib drug concentration in acetonitrile (percentages of the

initial measured concentration)

QC-low? QC-high?
Condition
(%) (%)
24 h at ambient 108.4+7.5 96.8+3.6
3 freeze/thaw cycles 95.0£3.0 101.3+1.7
1 month at -20 °C 933+£53 97.0+ 1.8

2 Mean =+ standard deviation, n = 4
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