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SUI\&MARY

A method for the deﬁenmnatmn of cytosme arabmomde in the plasme. of leukermc pa-
tlents bemg treated with this drug is described ‘using. exther gas——hqmd chmmatography with
a mtrogen-sensxtlve ﬂame xomzai:xon deteetor or gas chmmatomphy—mass spectzometry
(GC—MS) To increase volatilxty a double derivative of cytosine arabinoside was used pre-
pared by-acetylation and subsegiient methylation. ‘Cytidine was used a5 intérnal standard for
the GC ‘procedure.. GC—MS was performed with either cytidine as internal standard and
detectzon by single-ion monitoring- or-by the uge of [?H, ] acetate-methyl derivative of
eytosine arabinoside as internal standard and subsequent multxple—xon momtormg Attempt-
ed extraction of cytosine arabinoside from plasma’ ‘with various organic solvents. was un-
suecessful, ‘bet protein precipitation with ethanol‘or tm:hloroacetlc acid followed by wash-
ing of the squeous residue with organic solvents to remove as many of the interfering sub-
stances as possible gave satisfactory results. The minimum datectable quantity of pure cytosine

- arabinoside was similar for both techniques (approximately 500 pg). However, with GC using a
mtxogen-sens:twe detector, the lower limit of detection from plasma was found to he ap-
proximately “40--70° ng per ml, p!asma wlnlsf: GC—MS showed greater analytxcal selectnnty
vm‘.h'a etecﬁon lumt m some cases as low as 1 ng perml plasma. ‘ )

INTRODUCTION

" The study of the pharmacokmeﬁcs of the synthetic antitumour purine and
pyrimidine nuc}eosldes_has been limited by lack of suitable assay techmques
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capable of detecting and analysing small concentrations of these drugs in bio-
logical fiuids free from interference from structurally related endogenous com-
pounds. In particular, cytosine arabinoside (ara-C), which is ‘one of the most
useful agents for treatment of acute myeloid leukemia (AML), has been a diffi-
cult drug to assay in plasma and other tissues because of its high water solubili-
ty making selective extraction from plasma difficult and also because of its
structural similarity to naturally occurring pyrimidine nucleosides.

The clinical pharmacology of ara-C has been principally studied using radio-
labelled (tritiated) drug in selected patients [1—6]}. However, because of the
difficulty in using radiolabelled drugs in man, the alfernative approach has been
the development of a number of blologxcal and related assay techmques for
ara-C. These include microbiological [7—9], radioenzymatic [10], radio-
immunoassay [11,12], and other bioassay techniques {13—16]. Whilst in some
cases these techniques have a considerable degree of sensitivity (less than 50
ng/mi in plasma) they are subject to varying degrees of interference from endog-
enous substances. _

In contrast there are few reports of physical and chemical techniques for
measurement of ara-C in biological fluids. The first of these was an elegant
technique by Furner et al. [17] using ultraviolet spectroscopy to determine
simultaneously cyclocytidine, ara-C and uracil arabinoside in plasma or serum,
but this technique lacked the detection sensitivity for plasma analysis at con-
centrations of ara-C resulting from therapeutic doses in man. (Detection sen-
sitivity of this method was approximately 2 ug/ml.) In recent times, high-
pressure liquid chromatographic techniques have had increasing use in separa-
tion and analysis of naturally occumng nucleosides but with only little appli-
cation for determination of ara-C in biological fluids. Published reports using
this technique [3,18] for ara-C determination give insufficient data as to the
scope and sensitivity of the assay. Similarly, the application of gas chromato-
graphic (GC) techniques for analysis of ara-C have received little attention,
mainly due to the difficulty in applying these techniques to such highly polar
compounds. One report, that of Pantarotto et al. [19] described a method
using GC—chemical ionization mass fragmentography for determination of
ara-C and other cytotoxic bases in mouse plasma using permethylated derivatives
Although this approach was promising, only moderate detection sensitivity in
plasma (0.1 ug/ml) was reported by these workers because of high background
and the use of small plasma volumes.

In view of the lack of assay techniques based on physmochemlcal methods
for direct and sensitive measurement of the free drug in plasma this report
examines the application of gas—liquid chromatography (GLC) using a nitro-
gen-sensitive flame ionization detector (N-FID) for enhanced ‘sensitivity, and
a coupled mass specirometer for enhanced selectmty, to the measurement of
ara-C in the plasma of leukemic patients receiving this drug. Various extraction
methods were investigated and derivatization was by formation of acetyl-
methyl derivative as previously described [20].
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Materzals :

-~ Ara-C was~ kJndly supplied by Upjohn (Crawley, Great Bntaln) Cytidine was
purchased from -Sigma (St. Louis, Mo., U.S.A.). Ethereal diazomethane was
prepared from Diazald (Aldrich, Milwaukee, Wisc., U.S.A.). Catalyst solution
.of boron ftrifluoride was prepared by diluting 100 ul of boron trifluoride ether-
ate (BDH, Poole, Great Britain) with 5 ml of dlethyl ether All solvents were
re-dlstllled before use.

Gas chromatog‘raphy

GC was performed on a Hewlett—Packard 57 50G gas ch:omatograph with a
nitrogen—phosphorus-sensitive FID. The chromatograph was linked to a Hew-
lett-Packard 3370 digital integrator for chart presentaticn and peak area deter-
mination. Glass columns (2 m X 4 mm 1.D.) were packed with 3% SE-30 on
80—100 mesh Chromosorb W (Pierce, Rockford, Ill., U.S.A.) or 3% OV-17
on 100—120 Gas-Chrom Q (Applied Science Labs., State College, Pa., U.S.A.).
The injection port temperature was 290° and the N-FID was maintained at
400°. The column oven temperature was 225° for the SE-30 column and 275°
for the OV-17 column. Flow-rates of helium carrier gas were 45 ml/min, hydro-
gen 28 ml/min and air 180 ml/min. The height of the rubidium bromide crystal
in the detector block was adjusted to give equal response to a 2-ul injection of
azobenzene (10 ng) and octadecane (5000 ng) in hexane when the instrument
was in the ‘normal’ mode. For all subsequent analyses the mstrument was used
in the ‘high sensitive’ mode.

Gas chromatography—mass spectrometry {GC—MS)

Single- and multiple-ion monitoring were performed with a V.G. Micromass
70/70F Mass Spectrometer interfaced to a Varian 2400 GLC instrument using
1 or 2m X 2 mm columns packed with either 3% SE-30.or OV-17. The column
oven temperature was set to give a retention time of 1.5 min (in the range of
230° for 1 m SE-30, to 265° for 2 m OV-17). The mass spectrometer was
operated at 70 eV with an accelerating voltage of 4 kV and a trap current of
100 pA. GLC-interface and 1on-source temperatures were 300 and 260°,

pectlvely.

Procedure for plasma extraction

~Blood (5 ml) was collected by an indwelling catheter before and at various
time intervals after a single intravenous bolus of ara-C (2 mg/kg) into a lithiom
heparin tube containing tetrahydrouridine (final concentration 10~%¢M). The
samples were kept over ice until centrifugation. The blood was centrifuged at
2000 g for 10 min and the plasma was removed and stored at - 20° until re-
quired. Before extraction the plasma was thawed and re-centrifuged to remove
any suspended solids. Investigation into plasma extractlon using various meth-
ods showed the following to be the most useful: -

Method 1. Plasma (1 ml) was treated with absolute. ethanol (6ml)ina glass
test tube and mixed thoroughly on a vortex mixer for 15—20 sec. The extract
was centrifuged for 5 min, the supernatant was fransferred to another tube and
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was evaporated to near dryness at 60° under a stream of nitrogen. The residue
was then redissolved in water (3 ml) and was extracted with isoamyl alcohol
(2 ml) by mixing on the vortex mixer. After centrifuging, the top isoamyl alco-
hol layer (containing most of the yellow pigments) was removed and discarded.
The aqueous residue was again extracted with isoamyl alcohol (2 ml) and the
iscamyl alcohol was discarded. The agueous residue was then extracted twice
with 3-ml volumes of ether and the ether was discarded. The agueous phase was
then evaporated to dryness under a stream of nitrogen at 60° and the remdue
was derivatized as described below for GLC or GC—MS analysis.

Method 2. Plasma (1 ml) was treated with cold 15% (v/v) tnchloroacetlc
acid (8 ml), thoroughly mixed on a vortex mixer for 15 sec, and was stood in ice
for 30 min to allow complete protein precipitation. The mixture was then cen-
trifuged for.10 min and the supernatant was transferred to a separate tube. The
supematant was then extracted four times with 3-ml volumes of ether (the
ether extracts were discarded), then once with isoamyl alcohol (2 ml). The iso-
amyl alcohol was discarded. The remaining aqueous phase was then freeze-dried
and the residue was derivatized as described below.

Method 3. Plasma (3 ml) was ultrafiltered by centrifugation at 0° (250 g for
1 h) through a conical ultrafilter (Amicon, Lexington, Mass., U.S.A.). 1 ml of
water was added to 1 ml of the colourless ultrafiltered plasma and the mixture
was then extracted twice with 2-ml volumes of ether. The ether extracts were
discarded. The aqueous phase was then freeze-dried, a.nd the residue was deriv-
atized as described below.

Derivatization

To the dried plasma extract, acetic anhydride (60 ul) and dried pyridine (30
upl) were added and the mixfure was stood at rcom temperature for 40 min.
The acetylation mixture was then removed by evaporation at 50° under a
stream of nitrogen. The residue was dissolved in water (1 mil) and chloroform
(2 ml) was added. The mixture was thoroughly mixed on a vortex mixer for
20 sec and centrifuged. The top aqueous layer was removed and discarded. The
chloroform extract was washed again with water (1 ml) and the aqueous phase
was removed and discarded. The chloroform residue was then evaporated to
dryness under a stream of nitrogen. The residue was dissolved in ethyl acetate
(80 pl) and ethereal diazomethane (200—300 ul) was added together with boron
trifluoride etherate in ether (1:50, 2 pl). The yellow mixture was stood at room
temperature for approximately 30 sec and then evaporated to dryness under a
stzeam of nitrogen. The residue was dissolved in ethyl acetate (20——40 p#l)and
aliquots (1—3 ul) were used for GLC or GC—MS analysis.

Calibration :

Stock solutions (1 mg/ml) of ara-C and cytidine were prepared in methancl
and serial dilutions were made. Varying amounts of ara-C (0.075—2 pg/ml) and
a constant amount of: cytidine (1 ug/ml) were added to plasma from normal
subjects and a standard curve was constructed followmg extractlon and denv-
atization as described above.
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Recovery X

Recovery of ara-C from plasma was detemuned by addmg known amounts
of ara-C and [3H]-labelled ara-C (5-[*H] cytosine-g-D-arabinoside, 15 Ci/mmol;
The Radiochemical Centre, Amersham, Great Britain) to drug-free plasma to
give final conecentrations of 20,.200 and 2000 ng/ml-and an activity of 0.01
1Ci/ml. The plasma was then extracted by each of methods 1, 2 and 3, as de-
scribed. The dried extracts were redissolved in methanol (0.5 ml) and Instagel
(Packard) (8 ml) and the radioactive content was determined by hquld scintil-
lation counting.

Reproduc:bthty and stability

Eight- aliquots of a mixture of pure ara-C (100 ug) and cytidine (100 ug)
were derivatized to give the acetyl-methyl derivatives, as described above. The
derivatives were dissolved in ethyl acetate (100 gl) in a stoppered tube and
stood at room temperature for 24 hours. Aliquots (1 ul) were chromatographed
immediately and again after 24 hours.

Storgge .
. Plasma from patients receiving ara-C or drug free plasma containing known
amounts of ara-C were assayed immediately and after storage at -20° for 7

days.

Deuterated derivatives of ara-C

[?H; Jacetyl and [2H,; }methyl analogues of the acetyl—methyl denvatwe
of ara-C were prepared by substituting [2Hg ]acetic anhydride or [2H, }diazo-
methane, respectively, for the unlabelled reagents in the above preparations.

RESULTS AND DISCUSSION

Plasma extraction
Ara-C, unlike many of the clinically used drugs, presented a problem for
selective extraction from plasma using conventional solvent extraction tech-
niques. Clarke [21] has indicated that ara-C is extracted by organic solvents
from aqueous alkaline solution, however repeated attempts at extraction of
ara-C from agqueous solution (neutral or alkaline) with-a variety of water im-
miscible orgamc solvents and mixtures of solvents gave poor recovery. This is
not surprising since ara-C has a considerable degree of water solubility and is
barely soluble-in organic solvents. Howaver, the recovery was greatly enhanced
by saturation of the aquecus solution containing ara-C with ammonium sul-
phate and using polar solvents such as rn-butanol or propan-2-ol, but consider-
able salt residues together with large quantities of undesired plasma compo-
nents in the extract rendered this method unsuitable for GC work-up. Attempts
using charcoal adsorption and elution with methanol or methanol—pyridine
gave inconsistent recoveries. It was found that the best way to achieve sample
clarification was by initial protein precipitation using ethanol or trichoroacetic
acid solution, or by protein removal through centrifugation of the plasma
through conical ultrafilters, and subsequent washing of the aqueous residue
containing the ara-C with organic solvents to remove as many plasma compo- .
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nents as possible whilst leaving the ara-C in the aqueous phase. Lyophihzatxon
of the aqueous rwdue gave a smtable extract for denvatlzatxon. o

Gaschromatography RENTI : ) ' e

Among the various chromatog'aphlc denvatxves that were prevmusly exam-
ined [20] the acetyl-methyl derivative was chosen because of the relative ease
of preparation and because- of the water stability of the nucleoside acetates
enabling partial purifieation of the extract by extraction from the aqueous
phase with chloroform. Furthermore, the acetyl-methyl derivative of ara-C
could be well separated by GLC from the acetyl-methyl derivative of the major
metabolite, uracil arabinoside, and from other structurally similar pyrimidine
nucleosides on either OV-17 or SE-30. The N-FID gave enhanced detection
sensitivity over the conventional flame ionization, with minimum detection of
500 pg for the derivative of the pure nucleoside with a 3:1 signal-to-noise ratio.
Because of the clcse structural similarity to ara-C, cytidine (the epimeric ribo-
nucleoside) was used as an intemal standard since cytidine has similar solubility
properties te ara-C and undergoes the same derivatization reaction.

The chromatograms from normal individuals or from leukemic patients
prior .to receiving ara-C (pre-dose plasma) contzined many chromatographic
peaks, mainly at earlier rétention times than that of ara-C. Examples of chro-
matograms of drug-free plasma are shown in Figs. 1A and 1C. The chromato-
gram in Fig. 1B shows plasma from a normal individual to which 0.5 pg/ml
ara-C was added. Analysis of plasma from normal individuals or from leukemic
patients prior to receiving ara-C showed little or no response for the presence
of endogenous cytidine, allowing cytidine to be used as internal standard. The
chromatogram in Fig. 1D shows plasma from a leukemic patient who had re-
ceived ara-C and to which cytidine (1 ug/ml) had been added as internal stan-
dard. The concentration of ara-C in that sample was 0.58 ug/ml. The tetrahy-
drouridine (a deaminase inhibitor) added fo the blood on collection to prevent
deamination of ara-C during storage did not give a chromatographm peak under
the conditions used and hence did not interfere with the assay.

“The percentage recovery of added ara-C from plasma by extractlon methods
1, 2 and 3 is shown in Table 1. For each recovery method the percentage did
not vary significantly in the concentration range of 0.02—2 ug/ml. Furthermore
the percentage recovery of ara-C and that of cytidine was the same since peak.
height ratios of extracted plasmas containing known amounts of both these
compounds were the same as that of identical quantities of derivatized stan-
dards. After acetylation of the plasma extract, extraction with chloroform gave
near quantitative recovery (98%) of the acetate into that solvent, hence there
was little further loss of ara-C after the initial plasma extraction procedure.

To test the reproducibility of the derivatization reaction and relative stabili-
ty of the derivatives, eight aliquots of 100 ug each of ara-C and cytidine were
derivatized and 1-ug quantities were injected into the gas chromatograph: The
mean peak height ratio of ara-C to cytidine was 1.19 £+ 0.08 (standard ‘devia-
tion) from sixteen determinations. After standing at room temperature for:24 h
the samples were re-analysed and showed little change in peak height ratio
(mean 1.205 £ 0.053). An identical: exnenment usmg O.a yg each of a.ra-C and
cytidine gave similar results. L :
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Fig. 1. Gas chromatography after derivatization of plasma extracts. Chromatograms A and
B were obtained on SE-30 at 225° and were from drug-free plasma from a normal individual
(A) and the same plasma after 0.5 ug/ml ara-C had been added (B). Chromatograms C and
D were obtained on OV-17 at 275° and were from plasma ‘of a leukaemic patient prior to
receiving ara-C (C) and 10 min after a single dose of ara-C (2mg/kg) (D). In addition to ara-
C, chromatogram D contains a peak produced by cytidine (1 pzg/ml) added as an internal
standard. -

TABLE I

PERCENTAGE RECOVERY OF ARA-C FROM PLASMA

Extraction Mean percentage n

method recovery + S.D.
1 71+ 54 9
2 84 + 4 6
3 85*x 4 6
*Recovery per ml of filtrate.

Ara-C in plasma showed no decomposition on storage in that samples of
plasma from patients or drug-free plasma to which ara-C had been added
showed no change in peak height response when assayed immediately or after
storage at - 20° for seven days or longer.

.For calibration, analysis of drug-free plasma containing known amounts of
added ara-C showed a linear response (peak height ratio) up to 2 ug/ml with a
minimum detection from one mi of plasma of 0.04—0.07 ug/ml (twice signal
strength above background). The precision of the assay at 0.5 ug/ml of added
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ara-C to drug-free plasma was 7.6% (coefficient of variation from ten deter-
'minations). This value increased at the lower concentrations. Each of methods

1, 2 and 3 for plasma extraction gave similar results, with little difference in
' background or sensitivity. Attempts at further clean-up of the plasma by pre-
chromatography on ion-exchange columns or by thm-layer chromatography did
not significantly improve the background response or increase the detection
limit. Similarly use of either SE-30 or OV-17 showed no significant difference
in sensitivity. Repeated injection over a period of 6—8 h into the chromato-
graph of plasma extracts gave diminished absolute response from the N-FID
due to contamination of the rubidium crystal but the peak height ratios of ara-
C to standard did not alter. Optimum detection response was readily regained
by removing the rubidium crystal from the detector block and removing the
accumulated deposits from the crystal.

Gas chromatography—mass spectrometry : ’

Single-ion detection. The detection limit from plasma was rmproved by the
use of the more selective mass spectrometer as the GC detector. Using single-
ion monitoring for the [M -15]" ion it was possible to achieve a limit of 3—10
ng/ml from plasma and an absolute detection limit of 0.5 ng for the pure deriv-
ative. Although better sensitivity could be achieved with the drug alone by
monitoring the more abundant ions in the lower mass range.(e.g., m/e 169;
Fig. 2), when these ions were monitored in the presence of plasma extracts the
mcreased background produced by endogenous plasma constituents at these
masses resulted in-poorer overall performance. At the mass of the [M-15]" ion
(m/e 410) there was a dramatic improvement in the background. at-the reten-
tion time of ara-C with OV-17 compared with SE-30 (Fig. 3). However, a small
residual peak was present and this limited the sensitivity of the assay to about
8—10 ng/ml. The nature of the compound producing this. peak is unknown.
More polar columns such as OV-25 and OV-210 were also investigated but these
produced. broad peaks. with ara-C and no improvement in sensitivity [20]. OV-
17 was:thus used for measurement-of ara-C in: plasma. As with GLC, cytidine
could still be used as an internal standard.at levels: of -about:50 ng/ml as its
spectrum also contained -an ion' at-m/e 410. Fig. 4 shows the single-ion trace
(m/e 410) from 0.5 ug/ml ara-C and 2 pg/ml of cytidine extracted from plasma.
Fig. 5 shows a comparison between the plasma levels of ara-C found using an
N-FID detector: and -by:-MS monitoring of m/e 410 in the plasma of an AML
patient. who had :received a sirigle dose of-the drug (2 mg/kg). The ara-C was
exfracted using method 2. The limit of detection using N-FID was.approxi-
mately: 40 ng/ml: whilst single-ion monitoring could achieve: greater sensitivity
(detection limit: 20 ng/ml) and ‘enabled measurement of ara-C for a longer
penod -of time (G0 min).after drug administration. = - .-

. :Multiple-ion: ‘mornitoring. ‘Below -about 50 ng/ml, cytrdme proved to be a
poor internal standard for monitoring ara-C levels because of interference: by
endogenous compounds ‘(probably-cytidine -itself) at: the:same retention time.
At thisilevel it ‘was thus necessary to subfract the contribution:of the endo-
genous substances. ‘Also, as only one ion was: momtored the selectivity of the
' assay, in the presence of mterfenng compounds was' poor at low levels Thus :
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Fig. 3. Companson of the single-ion traces of m/e 410 recorded from drug-ftee plasma on
3% SE-30 (left) and 3% OV-17 (right). The position at which ara-C elutes is indicated by the
arrow. The ‘amplifier gain was different during the recording of each trace; the compounds
producing the major peak and the. peak at the retention tune of: cytldme are of equal con-
centrations. : . . .

multiple-ion monitoring using a deuterated standard was used to overcome
these difficulties. Deuterated ara-C ifself was not available but the: derivative
incorporating four [*H; ] acetate groups was readily prepared and was added as
an internal standard and carxier to the plasma samples after conversion of the
plasma ara-C to.its'unlabelled acetate derivative. An attempt to prepare the
deuterated methyl analogue by reaction of ara-C with deuterodiazomethane
give a mixture of [2H, ]-, [2H, ]-, and [?H; ]- derivatives and was not investi-
gated further. The. recovery of. ara-C from plasma. before derivatization was
measured radiochemically (Table I) and the plasma values found by multiple:
ion monitoring were .corrected accordingly. Monitoring was performed using
four ions, the molecular and [M-~15]* ions from both .normal and deuterated
derivatives m/e 425, 410, 437 and 419 (M-CD; ), respectively. Fig. 6 shows a
typical trace recorded from a 1-m 3% OV-17 column; the deuterated standard
can be seen eluting just ahead of the unlabelled:derivative. The calibration
curve of peak height ratio agamst concentra"mn was. lmea: over: the range 1 ng
to at least 100 ng. .. ..

. Although ara-C could be detected in plasma. atleve_s of amund 1 nglml, the'
presence of endogenous compounds made quantitation difficult at levels below
about -3--10-ng depending on -the background:level in:the patient’s plasma.
When measuring the plasma-levels following a single dose, a value for the back-

_ground was obtained before administration of ara-C and this was then subtrac-
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Fig. 4. Single-ion chromatogram (m/e 410) of ara-C (0 5 yg) and cytxdme (2 ug) exttacted
from plasma and separated on 3% OV-17.
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Flg. 5. Companson of- the plasma levels:of am-C fzom a paf:lent who b.ad recenved smg!e dose
: (2 mg/kg) of the drug as measured by the N-FID (0) and by mass specttometry (O smgle~
ion momtarmg of m/e. 410) : - L
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Fig. 6. Typical multiple-ion trace of the molecular and [M-15} ions from the acetyl—methyl
and [?*H, Jacetyl-methy! derivatives of ara-C extracted from plasma. The trace represents a
plasma level of 47 ng/ml of ara-C and 50 ng/ml of internal standard and was recorded from
the equivalent of 0.04 ml of plasma or about 2 ng injected into the chromatograph.

ted from the total value found after drug administration. In most cases, thxs
method seemed to give a good value for ara-C levels as the height of the back-
. ground ion was generally unchanged when the ara-C could nc longer be detect-
ed. However, it was not possible at this stage to check if the concentration of
the interfering compound remained unchanged in the presence of fhe drug. Fig.
7 shows a typical plasma level curve for ara-C found following a single dose and
extraction using method 2. From this patient ara-C was detected in the plasma
to 5 h after the dose was given, although at this level the contribution of ara-C
present was only 20% of the total peak height and was therefore difficult to
quantitate. At 6 h the height of the peak at the retention time of ara-C equalled
that of the plasma sample taken before drug administration and thus it was
assumed that the background did not change in the presence of the drug-

CONCLUSIONS

Of the three methods of detectlon dlscussed all of whmh g‘ave an eqmvalent
detection limit of approximately 500 pg with pure drug, the N-FID was the
least sensitive for measuring N-FID:in plasma because of the presence of inter-
fering substances rendering detection -below 40—70-ng/ml -difficult. MS-con-
siderably reduced the signal produced by these endogencus compounds’ at the
retention time of ara-C giving an enhanced detection limit (1 ng/ml) in plasma.
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‘ Fig. 7. Plasma levels of ara-C’ found usmg multlple-mn momtonng ‘from the plasma of a
patient who had received a single intravenous dose (2 mg/kg) of the drug.

With single-ion monitoring, problems arose with the choice of an internal stan-
dard at low concentrations of ara-C, multiple-ion detection on the other hand
with the [2H,, ]acetyl-methy! derivative as internal standard and carrier en-

" abled ara-C to be measured fo a level of 3—10 ng/ml and detected at the 1-ng/
ml level. This is a significant increase in the sensitivity of detection over the
biological assay techniques and because of the specificity of GC—MS this
methed is suifable for pharmacokinetic sfudies of ara-C and for plasma moni-
toring of long-term infusion of this drug.
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