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Abstract

GTI-2040 is a 20-mer phosphorothioate oligonucleotide complementary to the mRNA of the R2 subunit of ribonucleotide reductase (RNR).
is under clinical development as an anti-cancer agent. A reverse phase high-performance liquid chromatograph (HPLC) method was establi
for the quantitative analysis of GTI-2040 in human plasma. Plasma samples were prepared with an initial solid-phase extraction (SPE) follov
by a liquid—liquid extraction step. HPLC analysis was performed with a gradient system on a Water§ MiB@48 column. The mobile phase
consisted of acetonitrile—tetrabutyl ammonium hydrogen sulfate (TBAS) buffer (pH 9.0, 20 mM) at a flow rate of 1.0 ml/min, and the detector w:
set at a wavelength of 260 nm. A cationic pairing reagent, tetrabutyl ammonium hydrogen sulfate was added during plasma sample clean-up:
solid-phase extraction, resulting in significant improvement in extraction recovery. In addition, TBAS addition to the mobile phase improved tt
peak symmetry of GTI-2040. This method was successfully used in the analysis of GTI-2040 in clinical plasma samples.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction bound to plasma proteins, therefore, proper sample clean-up
is critical in separating them from endogenous interferences.
Antisense oligonucleotides are short single-stranded DNASample extraction with methanol or phenol/chloroform is gen-
designed to be complementary to specific MRNA sequencesrally time consuming and causes significant material loss,
They form duplexes with the target mRNA, thereby interferingresulting in low and/or variable extraction recove;7,8].
with gene expression and production of target proteins. Ther8olid-phase extractions (SPE) have been used to simplify and
have been a growing number of antisense oligonucleotides iimprove the efficiency of sample preparation. Early SPE meth-
clinical development as anti-cancer ageits4]. Various ana- ods generally required a two-step extraction followed by an
lytical methods, such as gel capillary electrophoresis (GCPadditional desalting ste[®]. More recently, one-step SPE has
[1], high-performance liquid chromatograph (HPL[5] and  been described in conjunction with LC/M8]. A major lim-
HPLC-mass spectrometry (LC/M$J], have been developed itation of previously described SPE methods is low extraction
and used in quantitating antisense oligonucleotides in patiemecovery.
samples from clinical studies. Ribonucleotide reductase (RNR) is an essential enzyme that
One common problem in developing HPLC methods foris required for the reductive conversion of ribonucleositie 5
guantitating antisense oligonucleotides is the extensive sangiphosphates to correspondingdzoxyribonucleotides, a cru-
ple clean-up requireff]. Antisense oligonucleotides are highly cial rate-limiting step during DNA synthesis and repair. RNR
is composed of two subunits, R1 and R2, which are encoded
on different chromosomed.0]. R2 over-expression is associ-
* Corresponding author. Tel.: +1 416 946 2263; fax: +1 416 946 2082.  ated with enhanced malignant transformation and drug resis-
E-mail address: eric.chen@uhn.on.ca (E.X. Chen). tance, hence R2 inhibition has become a promising anticancer
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strategy{11]. GTI-2040 is a 20-mer phosphorothioate oligonu-2.3. Sample preparation
cleotide complementary to the mRNA of the R2 subunit. It has
shown activity against a broad spectrum of tumor cell lines Plasma samples were thawed at ambient temperature. A
and tumor xenograftfl2]. At present, GTI-2040 is undergo- 200wl volume of plasmawas transferred to a polypropylene tube
ing clinical evaluation in multiple phase Il studies in com- (100 mmx 14 mm), and 2@l of working IS solution was added
bination with other chemotherapeutic agents. To support itand mixed for 30 s on a vortex-mixer. The mixture was mixed
clinical development, there is a need for sensitive and spewith 600ul of CPS buffer (25 mM CPS adjusted to pH 10.75
cific analytical methods for quantitating GTI-2040 plasmawith 2mM EDTA) and 80Qu! of TBAS buffer (100 mM TBAS
levels. adjusted to pH 10.75 with TBAH). The samples were loaded to
Here we report a simple and robust method of quantitatingVaters Oasf® HLB 1 ml (30 mg) extraction cartridge (Waters
GTI-2040 using a combination of solid phase and liquid-liquidCo., Milford, MA, USA) conditioned with 2 ml of methanol and
extractions and high-performance liquid chromatography witl2 ml of a mixture of CPS buffer and TBAS buffer (v/v, 9:1). The

UV detection. cartridges were washed with 3.0 ml of a mixture of CPS buffer
and TBAS buffer (v/v, 9:1). Samples were eluted with 1.2 ml of

2. Experimental acetonitrile: CPS buffer: water (v/vlv, 50:25:25). After addition
of 1.5 ml MTBE to the elution tubes, these tubes were capped,

2.1. Chemical and reagents shaken on a shaker (New Brunswick Scientific Corp., Eddison,

NJ, USA) for 10 min and centrifuged at 784g¢ for 10 min at

GTI-2040 (Lot# 0600101) was provided by Lorus Thera-ambient temperature. The organic layer was discarded and the
peutics Inc. (North York, Ont., Canada). The internal standaréqueous layer were transferred to 1.5 ml polypropylene micro-
(IS), a phosphorothiate oligonucleotide composed of 27 thymitubes and evaporated at ambient temperature for 1 h using the
dine nucleotide residues, was obtained from the Center foBavant Universal Vacuum System (Thermo Electron Corp., Mil-
Applied Genomics at the Hospital for Sick Children (Toronto, ford, MA, USA). After the sample microtubes were centrifuged
Ont., Canada). HPLC grade methybutyl ether (MTBE) at704x gfor 30 min atambienttemperature, a volume of $00
was purchased from Fisher Scientific Inc. (Nepean, Ontwas transferred to a 250 polypropylene auto-sample vial, and
Canada). Methanol and acetonitrile were purchased from EN6O .l was injected onto the HPLC system for quantitative anal-
Science (Gibbstown, NJ, USA). Tetraethyl ammonium acetatgsis.
tetra hydrate (TEAA), tetrabutyl ammonium hydrogen sulfate
(TBAS), ethylenediaminetetraacetic acid disodium salt (EDTA),2.4. Chromatographic conditions
3-cyclohexylamino-1-propane-sulfonic acid (CPS), tetrabutyl
ammonium hydroxide (TBAH) were purchased from Sigma The chromatography system consisted of a LC-10ADvp
Chemical Company (St. Louis, MO, USA). Purified deion- liquid chromatography equipped with an SPD-10Avp UV
ized water was prepared with the Milli-Q Academic Quantumdetector (Shimadzu Corp., Kyoto, Japan). Separation of
Purification System (Millipore, Milford, MA, USA). Human the analytes was achieved at ambient temperature using a
plasma used for the preparation of controls and standards wa¥aters XTerr@MS C18 reversed-phase analytical column
obtained from the Canadian Blood Services (Toronto, Ont.(50 mmx 4.6 mm, 3.5um particles) protected by a matching

Canada). Waters C18 guard column. The detector was set at a wavelength
of 260 nm. A gradient elution was applied. The binary mobile
2.2. Standard stock solutions phase consisted of mobile phase A: 20 mM TBAS and 30% ace-

tonitrile, pH 9.0 and mobile phase B: 20 mM TBAS and 70%
GTI-2040 stock solutions were prepared separately in dupliacetonitrile, pH 9.0. The mobile phase was 60% A and 40% B
cation by dissolving 10.0mg GTI-2040 in 10ml of purified for the first 3.5 min, it was changed gradually to 10% A and
deionized water to a concentration of 1.0mg/ml, and store®0% B by 13.5min and kept constant until 22.0 min, at which
at —20°C. The IS stock solution was prepared by dissolvingtime point it was changed gradually to 60% A and 40% B by
1.0mg IS in 5.0 ml of purified deionized water to a concentra-23.0 min. The flow rate was 1.0 ml/min. Data were collected and
tion of 200ng/ml, and stored a+20°C. analyzed using the Shimadzu Class VP software (Version 7.1.1
Calibration standards were prepared by diluting stock soluSP)
tions further with blank human plasma each day to obtain GTI-
2040 concentrations 0f 0.20, 0.40, 1.0,2.0,4.0,10.0,48/0l. 2.5, Method validation
The internal standard was further diluted with purified deionized
water to a final concentration of 4@/ml. Calibration curves Method validation runs were performed on nine consecutive
were computed by linear regression using ratios of peak areafays, and included calibration curve and QC samples at low,
of GTI-2040 to IS. Pools of quality control (QC) samples weremedium and high concentration. The accuracy or percent devi-
prepared by mixing appropriate amounts of stock solutions angdtion (DEV) of the assay was calculated as:
pooled blank human plasma to obtain GTI-2040 concentrations ,
of 0.5, 2.0 and 1Q.g/ml, and stored in batch at20°C for the  pgv(%) = (obse_rved concentra_UoD 1) % 100 1)
duration of validation procedure. nominal concentration
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Estimates for the between-run precision (BRP) were obtainetteatment. The specimens were centrifuged at<@4or 15 min
by one-way analysis of variance (ANOVA) using the run dayatroom temperature. Plasmawas separated and stor@@a€C
as the classification variance. The between-groups mean squaretil analysis.

(MSbet), the within-group mean square (MSwit) and the grand

mean (GM) of the observed concentrations across runs were C&- Results and discussion

culated using S-PLUS (Version, Insightful Corp., Seattle, WA,

USA). The BRP was defined as: 3.1. Condition optimization
BRP= (Msbet_GI'\\A/lSWit)/n x 100 2 Early chromatographic methods for quantification of anti-

sense oligonucleotides in biological matrices require a signif-
wheren represents the number of replicate samples within eacl¢ant amount of sample handling including time-consuming
run. The within-run precision (WRP) was calculated as: protein digestion, phenol/chloroform extraction and ethanol pre-
cipitation [5,8]. Although solid-phase extraction is less time
consuming, the recovery rate reported is low, partially due to the
fact that a majority of antisense oligonucleotides are irreversibly

To determine the extraction recovery of GTI-2040 and IS, apound to the reversed phase solid-phase extraction column car-

least four QC samples at each concentration were processedtﬁg_?e[glt(':'g 123_” 2040 extraction f | |
described above. The recovery was determined by comparin 0 optimize extraction from plasma samples, we

areas obtained from QC samples with those spiked solutions udi eq the effect of pH and other F:on@tpns on GT.' 20.40
same concentrations, and expressed as a percentage. extraction recovery. GTI-2040 was first ionized by adjusting

The specificity of the method was evaluated using blanl,plasmasamplestodn‘ferentpstﬂh CPS buffer. TBAS wasthen
human plasma samples from six different donors. ChroY used to entrap GTI-2040 in cationic micelles to protect it from

I for th f inding with the SPE column. As expected, GTI-2040 recovery
matograms were visually inspected for the presence o endoggvas affected by the pH of CPS buffer usédy, 2). At pH<7,

nous interfering peaks. The stability of GT1-2040 in pIasmaGTI 2040 was minimally extracted due to non-ionization. By
luated C les foll two full f -th ; ; '
was evaluated using QC samples following two full freeze- aWgcreasmg CPS buffer pH to higher than 7, GTI-2040 was

cycles. The stability of sample solution as prepared above wa
evaluated at 6, 12, and 24 h under normal laboratory conditions.
In addition, the stability of GTI-2040 standard solutions was

evaluated after stored af@ for 24 h, 1 week, and 1 month. 4 L4

WRP — MSuit

x 100 ©)

GTI-2040 IS

mVolts

2.6. Optimization of SPE and chromatographic conditions

SPE extraction conditions were evaluated at the nominal
concentration of 2.Q.g/ml for GTI-2040 and 4.Q.g/ml for IS, 0 i
respectively. Recovery of the extraction was determined by com- o T 11416 18 20
paring the absolute peak areas of processed samples with those(A) Minute
of unprocessed spiked samples, expressed as a percentage. Th
processed samples were prepared by the extraction procedure 4]
described in 2.3 except for varying TBAS concentrations at 0, 5,
10, 25, 50, 100, and 150M; CPS buffer pH values at 4.5, 7.4,
9.0, 10.75, and 12.50; and the acetonitrile percentage of elution
solution at 30, 40, 50, 60, and 70%, respectively.
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2.7. Patient samples g 10 12 14 16 18
Minute

were collected at various time intervals from 13 patients par- 41
ticipating in a phase I/l study of GTI-2040 combined with
docetaxel in patients with advanced non-small cell lung can-
cer. GTI-2040 was administered as a continuous infusion for
14 days out of every 21 days. Docetaxel was administered intra-
venously over 60 min at either 60 or 75 m@/every 21 days. The 0_ bo

first three patients were administered GTI-2040 at 3 mg/kg/day, 8T 10 12 14 16 18 20

while the rest of patients were treated at 5 mg/kg/day. The proto- (C) Minute

col was approved by the Ethics Review Boards of participating-ig. 1. chromatograms of blank plasma (A), plasma spiked with GT12-2040 at
institutions, and patients gave written informed consent prior taLOQ (B) and a patient plasma sample (C).

Blood samples for steady-state GTI-2040 concentrations
J GTI-2040
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Fig. 2. Effect of CPS buffer pH on the recovery of GTI-2040 and IS. Fig. 4. Effect of acetonitrile concentration on the recovery of GTI-2040 and IS.

o ] Eluting solutions were usually vacuum evaporated under
gradually ionized and extracted. The maximal recovery wWageated conditions in previously reported analytical methods for
obtained at a pH near 10.75. The recovery started to decreaggantitation of antisense oligonucleotides. However, GTI-2040
at pHs greater than 10.75 due to degradation of GTI-2040, ayas found to be heat-liable during our study. To prevent and
observation consistent with results from studies examining othex,inimize such degradation, various organic solvents were used
antisense oligonucleotides. As a result of the high pH requireg, concentrate samples. Of all organic solvents tested, MTBE
for extraction, general ;iliga-_based solid phase cartridges coulghyes the highest yield. Other reagents either caused GTI-2040
not be used due to their limited usable pH ranges. The Watefg, pe partially oxidated due to the presence of trace peroxides
Oasi§’HLB sorbent is a macroporus copolymer with pH range(e g, diethyl ether) or caused tailing of the GTI-2040 peak due
of 1-14, making it ideally suitable for the current application. {5 the presence of trace organic acids (e.g., ethyl acetate). The

Therecovery of GTI-2040 was also affected by the concentraayiraction recovery of the combination of solid-phase extraction

tion of the ion-pairing agent, TBAS, usefiig. 3). The optimal  and MTBE liquid-liquid extraction ranged from 65.2 to 73.8%
recovery was achieved with TBAS concentration in the range ofyr GT|-2040.

50-150 mM. Lastly, GTI-2040 recovery was influenced by the | aqdition to TBAS, TEAA was investigated as an ion-
concentration of acetonitrile in the SPE elution solutiBiy(4). pairing reagent. Both TEAA and TBAS showed the similar
The elution solution with 50% acetonitrile appears to be optimal sharacteristics for improving the recovery of GTI-2040 extrac-
Decreasing acetonitrile concentration weakens the eluting capggn and its chromatographic behavior. However, there were

bility, while increasing acetonitrile concentration reduces théngogenous interfering substances with TEAA.
solubility of GTI-2040, both of which result in lower extraction

recovery. As shown iifrigs. 2—4 the effects of these conditions 3.2, Chromatography
on the recovery of IS were similar to those on GTI-2040, con-

firming that it is a suitable internal standard of GTI-2040. Under The retention times of GTI-2040 and the internal standard

these optimized conditions, the recovery of GTI-2040 after g, o6 anproximated 12.5 and 15 min, respectively. The total run
one-step reversed phase SPE was higher than 8abte(J. time for each sample analysis was 30 min. Chromatograms of

HPLC analysis of a blank human plasma sample, a sample of

100 human plasma spiked with GTI-2040 at the lower limit of quan-

e GTI-2040 titation (LLOQ), and a patient sample were shownFig. 1
g There were no interferences from endogenous substances.
80 In human plasma, calibration curves of GTI-2040 were linear
5 over the range of 0.2-42g/ml. The mean slope and intercept
95 of the calibration curves were 0.320.02 and—0.02+0.02,
& 601
[o]
3 Table 1
° 404 Validation characteristics of GTI-2040 in human plasma
=}
2 Nominal concentrationgg/ml) 05@>4) 20@=>4) 10@=>4)
< 0 Accuracy (%DEV) 9.80 -10.4 5.66
Precision (R.S.D.%)
Intra 2.13 1.50 0.68
0 T . . T T T \ Inter 12.6 6.21 4.26
0 5 10 25 50 100 150 Extraction recovery (%) (SPE) 91.21 94.72 85.00
TBAS concentration (uM) Extraction recovery (%) (SPE 65.21 70.48 73.76

and MBTE extraction)
Fig. 3. Effect of TBAS concentration on the recovery of GTI-2040 and IS.
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4r concentrations are similar to those seen in a previous phase |
study of GTI-2040 in patients with advanced solid tumdis

3 4. Conclusion

In conclusion, the method presented here for quantitation of
GTI-2040 is robust and sensitive. By varying experimental con-
ditions, the recovery of GTI-2040 from a one-study SPE was
optimized, and the recovery was significantly improved. The
LLOQ of the current method is similar to that of a previous
reported capillary electrophoresis method. However, simplified
sample handling in the current method makes analysis consid-
; erably less time consuming than capillary electrophoresis. In
Dose Level 3mg/kg Dose Level 5 mg/kg addition, this method has been successfully applied in measuring
plasma samples from patients treated with GTI-2040. Finally,
as more antisense oligonucleotides are developed as therapeutic
agents, our results should contribute to development of efficient

. . 2 .
respectively, with the mean” being 0.9992:0.0009. The  anqreproducible analytical methods for quantitation of antisense
LLOQ of GTI-2040 was determined to be Qug/ml. Accuracy compounds in clinical samples.

and precision were 10.1 and 15.2% at LLOQ, an@l55 and
2.27% at upper limit of quantitation (ULOQ) of 12.@/ml, Acknowledgement
respectively. The between- and within—day precision values of

QC samples at three different concentrations range from 0.68 This study was supported by a clinical trials contract from
to 12.7%. The accuracy of QC samples for GTI-2040 rangeq;g National Cancer Institute, #N01-CM-17107.
from —10.4 to 9.8%. These values confirmed that this assay was
reproducible and valid. References
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Fig. 5. Steady-state concentrations of GTI-2040.
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