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capable of detecting and analysing small concentrations of these drugs in bio- 
logical fluids free from interference from structurahy related endogenous com- 
pounds_ In particular, cytosine arabinoside (am-C), which iscone-of the most 
useful agents for treatment of acute myeloid leukemia (AML), has b&n a diffi- 
cult drug to assay in plssma 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 am-C has been principally studied using radio- 
labelled (tritiated) drug in selected patients [l-6] _ However, because of the 
difficulty in using radiolabelled drugs in man, the alternative approach has been 
the development of a number of biological and related assay t+n.iqu& for 
ara-C_ -These include microbiological 1741, radioenzymatic [lo], radio- 
immunoassay [ 11,123 , and other bioassay techniques [13-16 ] _ Whilst in some 
cases these techniques have a considerable degree of sensitivity (less than 50 
ng/ml 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 am-C in biological fluids. The first of these was an elegant 
technique by Fumer et al. [17] using ultraviolet spectroscopy to determine 
simultaneously cyclocytidine, araC and uracil arabinoside in plasma or serum, 
but this technique lacked the detection sensitivity for plasma analysis at con- 
centrations of am-C resulting from therapeutic doses in man. (Detection sen- 
sitivity of this method was approximately 2 pg/ml.) In recent times, high- 
pressure. liquid cbromatograpbic techniques have had increasing use in separa- 
tion and analysis, of naturally occurring nucleosides but with only little appli- 
cation for determination of am-C in biological fluids. Published reports using 
this technique [3,18] for am-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 am-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 @C-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 pg/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 physicochemical methods 
for direct and sensitive measurement of the. free drug in plasma this .report 
examines the application of gasliquid chromatography (GLC) using a nitro 
gen-sensitive flame ionization detector (N-FID) for enhanced sensitivity; and 
a coupled mass spectrometer for enhanced selectivity, to the measurement of 
am-C hi the plasma of leukemic patients receiving this drug. Various extr&tion 
methods were investigated and derivatization was by formation of acetyl- 
methyl derivative as previously described [ 20]_ 
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EXPEEUMENTAL _. . . 
i.- 

: Ara-C was~kindly supplied by Upjohn (Crawley, Great Britain). Cytidine was 
purchased from Sigma (St. Louis; MO., U.S.A.). Ethereal diazomethane was 
prepared from Diazald (Aldrich, Milwaukee; Wise., U.S.A.). Catalyst solution 
.of boron~ trifiuoride was prepared by diluting lOO.fll of boron trifluoride ether- 
ate (BDH, Poole, Great Britain) with 5 ml of diethyl ether. All solvents were 
redistilled before use. 

Gaschromatography 
GC was performed on a Hewlett-Packard 5750G gas cbromatograpb with a 

nitrogen-phosphorus-sensitive FID. The chromatograph was linked to a Hew- 
lett-Packard 3370 digital integrator for chart presentation and peak area deter- 
mination_ Glass columns (2 m-X’4mm I.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-FBI 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, hydra 
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-~1 injection of 
azobenzene (10 ng) and octadecane (5000 ng) in hexane when the instrument 
was in the ‘normal’ mode. For all subsequent analyses the instrument 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 GLCinstrument using 
1 or 2 m 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 ion-source. temperatures were 300 and 260”) res- 
pectively. 

Procedrrre forplksma extraction 
Blood (5 ml) was collected by an indwelling catheter before and at various 

time internals after a single intravenous bolus of araC (2 mg/kg) into a lithium 
heparin tube containing tetrahydrouridine (final concentration lO+M); The 
samples were kept over ice until centrifugation. The blood was centrifuged at 
2000 g for 10 mm and the plasma was removed and stored at -20” until re- 
quired- Before extraction the plasma was thawed and re-centxifuged to remove 
any suspended solids. Investigation into plasma extraction using various meth- 
ods showed the-following to be the most useful: 

Method 1. Plasma (1 ml) was treated with absolute ethanol (6 ml) in a glass 
test tube and mixed thoroughly on a vortex mixer for 15-20 sec. The extract 
was centrifuged for 5 mm, the supematant was transferred 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 &co- 
ho1 layer (containing most of the yellow pigments) was removed and discarded_ 
The aqueous residue was again extracted with isoamyl alcohol (2 ml) -and the 
isoamyl alcohol was discarded. The aqueous residue was then extracted twice 
with 3-ml volumes of ether and the ether was discarded. The aqueous phase was 
then evaporated to dryness under a stream of nitrogen at 60” and the-residue 
was derivatized as described below for GLC or GC-MS analysis. 

Method 2. Plasma (1 ml) was treated with cold 15% (v/v) trichloroacetic 
acid (3 ml), thoroughly mixed on a vortex mixer for 15 set, and was stood inice 
for 30 min to allow complete protein precipitation. The mixture was then cen- 
trifuged for .I0 min and the supemataut 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.). I ml of 
water was added to 1 ml of the colourless ultrafiltered plasma and the mixture 
was then extracted twice with Z-ml volumes of ether. The ether extracts were 
discarded. The aqueous phase was then freeze-dried, and the residue was deriv- 
atized as described below. 

Derivatization 
To the dried plasma extract, acetic anhydride (60 ~1) and dried pyridine (30 

~1) were added and the mixture was stood at room 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 ml) and chloroform 
(2 ml) was added. The mixture wasthoroughly mixed on a vortex mixer for 
20 set 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 
(60 ~1) and ethereal diazomethane (200-300 ~1) was added together with boron 
trifluoride etherate in ether (1:50,2 ~1). The yellow mixture was stood at room 
temperature for approximately 30 set and then evaporated to dryness under a 
stream of nitrogen. The residue was dissolved in ethyl acetate (20-40 ~1) and 
aliquots (l-3 PI) were used for GLC or GC-MS analysis, 

Calibration 
Stock solutions (1 mg/ml) of am-C and cytidine were prepared in methanol 

and serial dilutions were made, Varying amounts of am-C (0.0’75-2 pg/ml) and 
a constqnt amount of cytidine (1 pg/ml) were added to plasma from normal 
subjects and a standard curve was constructed following extraction and deriv- 
atization as described above. 
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Recovery 
Recovery .of ara-C from .pla&a w& ietermind by a&in; known amounts 

of arae and [3H] -label&i ara-C (5-C3H] cytosine+D-arabinoside, 15 Ci/mmol; 
The Radiochemical Centre, Amersham, Great Britain) to drug-free plasma to 
give final. concentrations of 20,..200 and 2000 ng/ml-and an activity of 0.01 
pCi/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 In&age1 
(Packard) (8 ml) and the radioactive content was deteknined by Liquid scintil- 
lation counting. 

Reproducibility and stability 
Eight ahquots of a mixture of pure ara-C (100 pg) and cytidine(lOOpg) 

were derivatized to give the acetylmethyl derivatives, as described above. The 
derivatives were dissolved in ethyl acetate (100 ~1) in 9 stoppered tube and 
stood at room temperature for 24 hours. Aliquots (1~1) were chromatographed 
immediately and again after 24 hours. 

Storage 
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. 

Dertfemted denirrrtives of am-C 
I2 H3 ] acetyl and [*H3 ].methyl analogues of the ace&l-methyl derivative 

of araC were prepared by substituting [*Hs ] acetic anhydride or [*H2 ] diazo- 
methane, respectively, for the unlabelled reagents in the above preparations. 

RESULTS AND DISCUSSION 

Plasma extruction 
Am-C, unlike many of the clinically used drugs, presented a problem for 

selective extraction from plasma using conventional solvent extraction tech- 
niques. Clarke 1211 has indicated that am-C is extracted by organic solvents 
from aqueous alkaline sohrtion, however repeated attempts at extraction of 
araC from aqueous solution (neutral or-alkaline) with%a variety of water im- 
miscible organic solvents and mixtures of solvents gave poor recovery. This is 
not surprising since am-C has a considerable degree of water solubjlim and is 
barely soluble-in organic solvents_ However, the recovery was greatly enhanced 
by saturation of the aqueous solution containing am-C with ammonium sul- 
phate and using polar solvents such as n-butanol or propan-2-02, 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 
claaification was by initial protein precipitation using.ethanol or kichoroacetic 
acid solution, or by protein removal through centrifugation of the plasma 
through conical ultrafilters, and subsequent w&ring of .the aqueous residue 
containing the am-C with organic solvents to remove as many plasma compo- , 
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nents as possible whilst le%ing the ara-C in the aqueous phase. Lyophiiization 
of the aqueoti residue gave a su.itabIe extract for derivatization. 

Gas ehromuidgmphy : .~. : 
Among .the--various chromatographic derivatives- that were previousIy &am- 

ined [ZO] the z&et&-methyl deriv%ve was choseri because OF the relaki& e&e 

of preparatioti and because of the, water stability of the.nucleosid& ac&&es 
enabling-.pa&ial purification of the extract by extraction -from the.aqueous 
phase with chloroform. Furthermore, the ace-l-methyl derivative of ara-C! 
could be web separated by GLC from the acetyl-methyl derivative of the major 
metaboIite, ursciI arabinoside, and from other structurahy similar pyrimidine 
nuckzosides on either OV-17 or SE-30. The N-FID gave enhanced detection 
sensitivity over the conventional flame ionization, witb minimum detection of 
500 pg for the derivative of the pure nucleoside with a 3:l sign&to-noise ratio. 
Because of the close structural similarity to arae, cytidine (the epimeric ribo- 
nucleoside) was used as an internal standard since cytidine has sim&r so1ubiI.i~ 
properties to am-C and undergoes the same derivatization reaction. 

The chromatograms from normal individuals or from leukemic patients 
prior .to receiving am-C (predose plasma) contained mauy cbromatographic 
peaks, mainIy at earlier retention times than that of ara-C. Examples of chro- 
matograms of drug-free plasma are shown in Figs. 1A and 1C. The cbromato 
gram in Fig. U3 shows plasma from a normal individual to which 0.5 pg/mI 
era4 was added. Analysis of plasma from normal individuals or from leukemic 
patients prior to receiving am-C showed IittIe or no response for the presence 
of eudogenous cytidine, allowing cytidiue to be used aS internal stanc&ard. The 
chromatogram iu Fig. 1D shows plasma from a leukemic patient who had re- 
ceived am-C and to which cytidiue (1 pg/mI) bad been added as internal stan- 
dard. The concentration of a.raC in that sample was 0.53 pg/mi. The tetrahy- 
drouridine (a deaminase inhibitor) added to the blood on collection to prevent 
deamiuation of ara-C during storage did not give a cbromatographic peak under 
the conditions u&d and-hence did not interfere with the assay. 

The percentage recovery of added ara-C from plasma by extraction methods 
1; 2 and-3 is shown -in Table I. For each recovery method the percentage did 
not vary significantly in the concentration range of 0.02-2 pg/mI.- Furthermom 
the percentage recovery of am-C and that of cytidine was the same since peak 
height ratios of extracted plasmas -containing- known amounts of. both -these 
compounds Were tbe same as that of identical quantities of derivatixedstan~ 
da&s_ After acetyIation of the plasma extract, extraction with cbloroformgavc 
near quantitative recovery (98%) of the acetate into that soIvent, hence the&z 
was littIe .further’loss of am-C after the initiai plasma extraction- procedure. 

To test the reproducibility of the derivatization reaction and relative stabih- 
ti of the derivatives, eight aliquots of 100 pg each of ara-CandcyMine were 
de&at&d and l%g quantities we& injected into the gas ChromatOgraph; The 
niean peak height ratio of am-C to cytidine was 1.19 + O-OS- (stendarddevia- 
tion) from-sixteen determinations. After standing at room temperature’for24 h 
the samples were re-anaiysed and showed Iittie change in peak height rhtio 
(meen 1;295 +. 0.053). An identical experiment using 0.6 &I each of am-C and 
cytidine gave similar resuhs; 1 .. 

. . . .: 
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Fig. 1. Gas chro&tography after derivatization of plasma extracts. Chromatograms A and 
B were obtained on SE-30 at 225O and were from drug-f&e plasma from a normal individual 
(A) and the same plasma after 0.5 fig/ml ara< had been added (B). Chromatograms C and 
D were obtained on OV-17 at 275” and were froni plasma :of a Ieukaemic ‘patient prior to 
receiving ara-C (C) and 10 min after a singie dose of ara-C (2mg/kg) (D). In addition to ara- 
C, chromatogram D contains a peak produced by cytidine (1 gg/ml) addedas an internal 
standard. 

TABLE1 c 

PERCENTAGE RECOVERY OF ARAC FROM PLASMA 

Extraction Mean percentage n 
method recovery f S.D. 

1 71 f 5.4 9 
2 84*4 6 
3 35**4 6 

*Recovery per ml of filtrate. 

Arab in plasma showed no decomposition on storage in that samples of 
plasma from patients or drug-free plasma to which ara-C had beeri 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 yg/ml with a 
minimum detection from one ml of plasma of 0.04-0.07 yg/ml -(twice signal 
strength above background). The precision of the assay at 0.5 pg/ml of added 
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Arab to-dnr&ee plasma was 7.6% (co&frcient of variation from ten deter- 
minations). this vdae inixeased at f;he lo&r con&nkations. Each of methods 
I, 2 and 3 for plssma extraction gave similar res&, with little difference in 
background or sensitivity. Attempts at further clean-up of the plasma by pre- 
chromatography ou ion-exchange columnS or by thin-layer chromatography did 
not significantly improve the background respons& or increase the detection 
l&i*. Similarly use of either SEX30 or OTT-17 showed no significant difference 
in sensitivity. Repeated injection over a period of 6-8 h into the chromato- 
graph of plasma extracts gave dimiui&ed absolute response from the N-FID 
due to contamination of the rubidium crystal butthe peak height ratios of ara- 
C to standard did not alter. Optimum detection.re&onse was readily regained 
by Wnoviug the rubidium crystal from the dete+r block and removing the 
accumulated deposits from the crystal. . 

Gas chromatography-mass spectrometry : 
Single-ion detection. The detection limit from‘plasma was improved by the 

use of the more selective mass spectrometer g-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 detect& 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; 
Fjg.. 2), when these ions .were monjtored .jn the presence of plasma extracts the 
mcr&sed .backgro&produced by endogenous plasma constituents at these 
masses .resuhed m-&o& owe&L performance. -At the massof -the CM- 151: ion 
(m/e 410) there was a dramatic improvement in the background at-the reten- 
tion time of am-C with OV-17 compared with SE-30 (Fig. 3). However, a small 
residual peak was present aud this limited the seusitivity of the assay to abo-ut 
3~10 ng/ml; The nature of. the Compouud producing this peak is uukuown. 
More-polar Columns iruch as OV-25 and OVi210 were also investigated but these 
produced. broad peaks with era-C aud u0 improvement id &sitivi~ [20 1. OV- 
17. wasthusused form easurement- of -ar&Z .iu plasm&. ,As-with GLC, cytidine 
could .&ill be -used as an .-in’iernai standard- at !evels- of Iabout -50. ng/ml as its 
spectrum also- contaiued -ax--ion. &-m/e 410. Fig. 4 shows the single-ion trace 
(m/e-410) .fr& 0.5.pg/ml ara-C aud 2 &g/ml of Cytidine &ti- &om plasma. 
Fig. 5 shoves a comparison between the plasma leveLs.of-am-C found using an 
N;FID. detectorend~by- MSmo&oring of in/e’-410 inthe plasma of an AML 
patient- .whoY had received .a- sirigle dose of-the drug (2 mg/kg). The am& was 
extracte&using method ‘;2; The- limit- of detectien using N-FID was. approxi- 
mately L 40 .ngjml: whjl&single-i6n monitoring could achieve: greater sensitivity 
(detection.. limit. 26 : rig/d)) rand enabled measumment -of am-C for a longer 
p~od~:olEtime~(~Omin).aftei:.~gRdminis~ion..~~. y ; .-: --:z : .' 

.-::M~~iple-ion.--mol~ito~ Below yabout 50 rig/m.... cytidme .proved:tc--be a 
&or iutemal &au&d for monitoring ara-C levels becake ofrinterference. by 
endogenouS Compounds (probab~ycytidine -its&) at the: same, retention time. 
A&;thi&3q1& it: ‘was Xhus necessary to -subtract the--contribution :of the--endo- 
genous~_subst&ces; Also, as only one ion %s-monitor&d;. the selectivh$ of the 
ss@y,.m- the :presence- of. interfering~cOmpouhds:waS @or- at Low. levels. -Thus 

. . :._.i -, , _ _: . __ _!_._ -. -. : _. . .- _. ‘.> _il ,-.c;-. -_. -. I..- .,__;_ . “,I_ __:I_ -“:~_~-:~ ‘: _. ._ __-:_ .. 
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Fig. 3. Comparkoiiof’the siiigle-ion traces if m/e 410 recoidei f&m drug& plaxC& 
3% SE-30 (left) and 3% OV-17 (right). Tlxe position at wb&h ark-C kh~tes & in&ated bjr t& 
arrow. The amplifier gain was different- during the recording of each trace;-the compounds 
producing the major peak and the peak at the retexxtion time of .qCdiie are of equal con- 
centrations. 

multipleion monitoring using a deuterated standard was u&d to overcome 
these difficulties. Deuterated ant-C -itself Was not available but the derivative 
incorporating four [‘H3 ] acetate groups was readily prepared and wasadded as 
an internal standard and carrier to the-plasma samples after conversion of the 
plasma araC -to -its. unlabelled acetate derivative. An -attempt to prepare the 
deuterated methyl analogue by reaction of am-C with deuterod&omethane 
give a mixtureof. [*HI ] -, [*Hz ]-, and [ 2H3 ] - derivatives and was not -invest% 
gated further.. The. recovery of am-C! from -plasma. before- derivatization w& 
measured radiochemical.ly (Table I) -and the plasma vah&s- found by tiulti@l& 
ion monitoring were .correctecC accordingly_- Monitoring -ws -performed ul;ing 

four ions, the. molecular and [M~3_5]+ ions from bothnormal add deuterated 
derivatives m/e- 425,410,437~- and 419 (M-CDS ),..respectively.-Fig. ~6 shows a 
typical trace recorded from a.l-m 3% OV-17 column; the~deuteratedstandard 
can be seen eluting just ahead of the unlabelled-derivative, The ~&&b&ion 
curve of peak height ratio against concentition was J.inearoverthe:range lng 
toatleastlOOng; . . : .- .: 

Although aza_C could be detected in plasma atlevels of around &g&the 
. . _ 

presence of endogenous compounds made qua&it&ion diffidtat-FevekWow 
about -3+lO ng. depending on the -background; level in’the- pat&nt’splssma: 
When measurin g the plasma-Xev&- foilovvingl a &ingIe dose; 8 value for the back; 

_ ground was obtained before admC&&ion of am-C and this was then subtrac- 
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Fig. 6. Typical multipleion trace of the molecular and [M-15r ions from the acet$-methyl 
and [‘H, lacetyl-methyl 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 ahout 2 ng injected into the chromatograph. 

ted from the total value found after drug administration. In most cases, this 
method seemed to give a good value for am-C levels as the height of the back- 
ground ion was generally unchanged when the araC could no 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 the drug. Fig. 
‘7 shows a typical plasma level curve for araC found following a single dose and 
extraction using method 2. From this patient am-C was detected in the plasma 
to 5 h after the dose was given, although at this level the contribution of &aC 
present was only 20% of the total peak height and .was therefore difficult to 
quantitate. At 6 h the height of the peak& the retention time &am-C eqiial.led 
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 detection discussed, allof which gave an equivalent 
detection limit of approximately 500 pg with pure’ drug, the N-FID was the 
least sensitive for me asuring N-FID :in plasma because,of the presenceof inW- 
fering substances rendering detection <belo+ ‘40-70:~ng/nildifficult. MSconi 
siderably reduced the signal produced by these endoge&&s com$otids &the 
retention time of ara-C giving an enhanced detection limit (1 ng/ml) in plasma. 
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Fig. 7. E’k Ievks 6f- -z&a-C f&and u&g‘ &.Itipk-ion monitoii& 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 [*H12 ]acetyl-methyl derivative as inttial standard and carrier en- 
abled ara-C to be measured to a lev&l of 3-10 ng/ml and detected at the l-ng/ 
ml level. This is a sign&x& hwrease in the sensitivity of detection over the 
biological assay techniques and because of the specificity df GC-MS this 
method is suitable for pharmacokinetic studies of ara-C and for plasma moni- 
toring of long-term infusion of I&is drug. 
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