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High-performance liquid chromatographic analysis of
3'-azido-3' -deoxythymidine monophosphate
diglyceride, an anti-HIV glycerophospholipid*
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Abstract: A reversed-phase chromatographic method is described for the analysis of an experimental anti-AIDS drug 3'
azido-3' -deoxythymidine monophosphate diglyceride (AZT-MP-DG) [J.M. Steim et al., Biochem. Biophys. Res.
Commun. 171, 458-464 (1990)] [1], a phosphatidic acid derivative of AZT. Analytical conditions were based upon
conventional separations of glycerophospholipid species. Where AZT-MP-DG was monitored by UV absorption, there
were two wavelength maxima. The response was linear in the concentration range used in this study. The peak was
characterized by absorbance ratios with a rapid scanning UV detector.

Keywords: Reversed-phase chromatography; glycerophospholipid; liponucleotide; 3'-azido-S'-deoxythymidine mono
phosphate diglyceride (AZT-MP-DG).

Introduction

Several stages in the replicative cycle [2, 3] of
the human immunodeficiency virus (HIV)
have been established or identified [4, 5] as
molecular targets or potential sites for drug
intervention. At present the only FDA
approved drug for the treatment of AIDS/
ARC and early asymptomatic HIV infection
[6] is the antiretroviral analogue of thymid
ine, 3' -azido-2' ,3' -dideoxythymidine (azido
thymidine, AZT) which inhibits reverse trans
cription (polymerase). AZT and other clinical
dideoxynucleosides (e.g. ddI and ddC) exhibit
dose-limiting toxicity [7, 8] and drug-resistant
HIV are known. Further, clinical dideoxy
nucleosides exhibit less than ideal pharmaco
kinetics, as evidenced by short plasma half
lives of typically 30-60 min [8].

In an effort to decrease toxicity and increase
efficacy, new experimental anti-AIDS drugs,
stemming from earlier work on anti-cancer
liponucleotides [9-12], have recently been
developed [1] which are phosphatidic acid:
nucleoside conjugates. One of these drugs
is 3-azido-3' -deoxythymidine-5'-phosphate di
glyceride (AZT-MP-DG) in which AZT is
coupled to 16:0/18:1w9 phosphatidic acid)
(Fig. 1).

HPLC is a good techique for monitoring the
synthesis of new pharmaceuticals and for
assessing the purity of the final product.
Therefore, we are reporting an analytical
reversed-phase HPLC method for the analysis
of AZT-MP-DG. This method, which was
optimized for reproducibility, precision,
linearity and resolution was used to determine
the purity of AZT-MP-DG. The AZT-MP-DG

Figure 1
Structure of 3' -azido-3' -deoxythymidine monophosphate diglyceride (AZT-MP-DG).
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was purified by two different preparative
chromatographic methods [13].

Experimental

Reagents
All solvents (Fisher Scientific, Pittsburgh,

PA) were of HPLC grade. The water, filtered
through 0.45 urn Nylon-66 filters (AIITech.
Assoc., Derrfield, IL), was doubly distilled
and deionized. The mobile phase was degassed
with He before use.

AZT-MP-DG
The semi-synthetic AZT-MP-DG [1] was

obtained from the Department of Medicinal
Chemistry, University of Rhode Island. The
compound, a white powder, previously
purified by open column adsorption (silica gel,
70-230 mesh) chromatography was considered
to be an authentic standard. Purity was con
firmed by TLC, NMR CH, 13C, 'lIp) and
elemental analysis [1]. A 10 ml volume of a
stock solution of 20 ug /-L1- 1 was prepared. A
mixture of CHClrCH30H (8:2, v/v) was used
as solvent and 10 /-Ll of 0.01 % butylated
hydroxytoluene (BHT) in methanol was added
as an antioxidant. To prepare a 2 /-Lg /-LI-I
solution, a 2.5 ml aliquot of the stock solution
was taken and diluted to 10 ml with CHClr
CH30H (2:1) containing 25 /-LI of the BHT
solution. For the following standards the
solvent consisted of CHCI 3-CH30H (1:2, v/v).
A 1 /-Lg /-LI-I standard was prepared by diluting
5 ml of 2 u.g /-LI-I and 1 ml of the mobile phase
to 10 ml with CHClrCH30H (1:2). Serial
dilutions were made with the 1 /-Lg /-L1- 1 sol
ution for standards 1-4 in the following way:
appropriate volumes of the 1 /-Lg /-Ll-I solution
were diluted with 1 ml of the mobile phase and
brought up to the 10 ml mark with CHClr
CH30H (1:2). Subsequently, standards 5-7
were prepared in the same manner as 1-4, but
with aliquots from the 0.1 /-Lg /-L1- 1 solution. To
each standard, 10 p.l of 0.01 % BHT was
added. The standards spanned a range from
0.005 to O. 1 /-Lg /-Ll- 1•

Another batch of AZT-MP-DG was syn
thesized by the same synthetic route but
purified by the reversed-phase mode of HPLC.

Chromatography
The chromatographic system consisted of a

Waters 6000 pump (Waters Chromatography
Division, Millipore Corp., Milford, MA) a
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Rheodyne injector with 10 ul Ioop (Rheodyne,
Berkeley, CA), a variable wavelength detector
(Schoeffel Instrument Division, Kratos Inc.
Westwood, NJ) and a rapid scanning UV
detector (Barspec, Rehovot, Israel). For the
linearity determination, the variable detector
was used throughout at 267 nm at 0.02 AUFS
The mobile phase, at a flow-rate of 1.5 ml
min -I, consisted of CH30H-l mM potassium
dihydrogen phosphate (KH2P04 ) (95:5, v/v) at
pH 2.4. All separations were performed iso
cratically at ambient temperature on a 5-/-Lm,
25 X 0.40 ern, LiChrospher® 100 CIt' column
(EM Science, Gibbstown, NJ). All sep
arations, except those monitored with the
rapid scanning UV, were recorded on a HP
3393A integrator, 0.2 em min-I (Hewlett
Packard, Avondale, PA) and an OminiScribe
strip chart recorder (Houston Instrument,
Austin, TX).

Results and Discussion

Liponucleotides such as AZT-MP-DG are
analogues of glycerophospholipids. Like
naturally occurring glycerophospholipids, they
have a polar head group and two non-polar
fatty acyl chains esterified to the glycerol
moiety. The physical properties of the lipo
nucleotides are more similar to glycerophos
pholipids than nucleotides. Thus, separation
conditions were based on phospholipid sep
arations in which reversed-phase supports have
been used with a mobile phase composed of
90-95% CH 30H and 5-10% of 1-2 mM
KH 2P04 [14, 15]. This solvent system, which
permits detection in the low UV range (200
210 nm), is required, since phospholipids do
not contain strong UV absorbing chromo
phores. However, detection methods for AZT
MP-DG can be based on the nucleotide moiety
of the molecule, since the pyrimidine sub
stituent absorbs strongly in the 250-280 nm
region. Therefore, we were not limited in our
choice of eluents to organic solvents that are
transparent in the low UV region.

Methods development studies
Since the AZT-MP-DG purified by open

column adsorption chromatography was not
completely soluble in the mobile phase, chloro
form was needed to dissolve it. In the three
dimensional chromatogram of AZT-MP-DG
(Fig. 2) which was obtained with the rapid
scanning UV, two absorbance maxima are
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Figure 2
Three-dimensional chromatogram of 10 ~g powdered
AZT-MP-DG standard. Chromatographic conditi on s.
mobil e phase : 95:5 methan ol-I mM KH1PO.\ (pH 2.4).
flow-rate: 1.5 ml min-I . column: LrCh rospherw IOU C 1)I ,
detector : Barspec rapid scanning UV. scan rate : 10 spectra
S- l. Lambd a maxima: 208 and 267 om . Peak at 2.5 1 min is
due to CHCIJ.

seen, one at 208 and the other at 267 nm.
Either wavelength is suitable to monitor the
separations. The wavelength maximum of
267 nm was used because of the strong absorp
tion by the pyrimidine moiety at that wave
length. The UV spectrum of the AZT-MP-DG
was identical to the nucleoside starting
material, AZT, and the nucleoside inter
mediate, AZT-5'-MP. However, all three
compounds have different retention times. The
separation was also monitored at 220 and 208
nm for the purposes of peak characterization
and to detect impurities that do not have a
chromophore that absorbs in the 250-280 nm
region of the UV. Therefore the low UV
region must be used to detect these impurities.
However, the CHCI 3 used to solubilize the
AZT-MP-DG produced a large solvent peak at
low wavelengths. Thus , impurities eluting near
the solvent front may be obscured; on the
other hand at 267 nm there is little absorption
due to the CHCI3 . Peak splitting at all concen
trations was observed when the AZT-MP-DG
was dissolved in CHClrCH30H due to the
presence of the CHCI3 •

Another means of determining the purity of
a compound is the ratio of absorbances at two
wavelengths. Since reference values are not
available for the AZT-MP-DG, the mean
values of the three sets of ratios at (267/220,
2671208 and 220/208 nm) were 1.24, 0.855 and
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0.690 with per cent RSDs of 3.4U, 2.91 and
5.10, respectively (n = 5).

Purity determination. In order to detect trace
contaminants in pharmaceutical analyses in
jections of high concentrations [16, 17J and the
use of high sensitivity detectors [18] are re
quired. For purity analysis, a high concen
tration of AZT-MP-DG was injected which
produced a large peak at 267 nm. Minor
components were detected , which eluted
before and after the AZT-MP-DG. The
impurities did not stem from the solvents used .
The highest amount injected was 20 .. g. The
levels of impurities present were 0.24 and
0.57% for injections of 10 and 20 ..g, respec
tively. The 0.57% was normalized with respect
to the IU .. g injection , which resulted in a level
of impurities of 0.29 % . Thus the average per
cent of impurities present was 0.26% . The
contaminants have not been identified .

Reproducibility and precision . Various con
centrations of AZT-MP-DG were injected to
construct a calibration curve and determine the
limit of detection . Each standard was injected
five times, beginning with the lowest concen 
tration . The calibration curve ranged from 55.0
to 1100.0 pmol. Representative chromato
grams are shown in Fig. 3(a ,b). Excellent
reproducibility was obtained for retention
times and the RSD ranged from 1.48 to 0.235.
Constant temperature is required in order to
obtain reproducible retention times as devi
ations were observed with fluctuations in tem
perature. Also, care must be taken when
preparing the mobile phase; minor variations
in either the organic or aqueous solvents can
cause significant changes in retention times .
Listed in Table 1 are the averaged retention
times and areas for the sta ndards . The relative
standard deviation for standards of lower
concentrations are larger than for those of
higher concentration . The intercept and slope
were - 433.6 and 2176.9 , respectively, with
R' > 0.9988. The absolute error, 17658 ±
4959, is relatively constant throughout the
working range . At approximately four times SI
N, the limit of detection was 27 pmol.

AZT-MP-DG purified by reversed-phase
HPLC

Fractions containing AZT-MP-DG were
collected during a semi-preparative RP -HPLC
separation [131 . The fractions containing the
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Figure 3
Representative chromatograms of AZT-MP-DG stan
dards: (a) 55 pmole and (b) 1100 prnol. Detector: variable
wavelength (267 nrn), AUFS 0.02, chromatographic con
ditions same as in Fig. 2.
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Figure 4
Analytical chromatogram of pooled AZT-MP-DG frac
tions isolated from preparative HPLC separation. De
tector: variable wavelength (267 nrn), AUFS 0.02.
chromatographic conditions same as in Fig. 2.

AZT-MP-DG were not reduced to dryness and
remained in the mobile phase used for the
preparative separation. Therefore, chloroform
was not present. A 1O-f.d aliquot of each
collected fraction from the preparative sep
aration was injected. The purest fractions were
pooled, concentrated and analysed (Fig. 4).
Trace impurities, 0.10%, were detected in the
pooled fractions. Since each fraction was in the
preparative mobile phase which consisted of
CH 30H-HzO, it was possible to monitor the
fractions at the low wavelengths without inter
ference from the solvent peak.

Table I
Calibration curve at 267 nm

Absorbance ratios at 267/220, 267/208 and
220/208 nm were determined for the pooled
fractions. The mean values were consistent
with those obtained previously and were 1.25,
0.893 and 0.713 with per cent RSDs of 2.88,
3.30 and 4.58, respectively (n = 3).

In summary, an RP-HPLC method for the
analysis of a new experimental anti-AIDS
drug, AZT-MP-DG, has been described. The
purity of AZT-MP-DG for the powdered form
was greater than 99.7%. The AZT-MP-DG
isolated from the reversed-phase separation
was greater than 99.8%. The compound was

AZT-MP-DG tR Area
(pmol) Mean SD %RSD Mean SD %RSD

55 8.29 0.12 1.48 118776 15971 13.4
82 8.59 0.071 0.83 200432 10510 5.24

110 8.82 (J.()46 0.53 269530 16338 6.06
275 8.69 0.047 0.54 575704 22652 3.93
550 8.65 0.074 0.85 1165700 13916 1.19
824 8.53 0.020 0.24 1719940 24685 1.43

1100 8.67 n.rrzz 0.82 2462900 19537 0.79

Each value is the average of five injections.
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characterized with a UV rapid scanning
detector with which absorbance ratios were
determined. Although commercial reference
standards are not available, our results were
consistent when our methods were used on two
different batches of AZT-MP-DG. The AZT
MP-DG behaved in a linear manner. The
analytical method described can be used to
analyse other synthetic liponucleotides [13].
This reversed-phase method has been scaled to
a preparative separation for the purification of
liponucleotides [13].
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