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Abstract

A rapid high-performance liquid chromatographic method for determination of the dansyl derivative of pentaazapen-
tacosane (PAPC) pentahydrochloride has been developed. The chromatographic system uses a reversed-phase C, column, a
mobile phase of acetic acid buffer and acetonitrile and UV detection. The dansylation conditions were optimized with a pH
of 11.0 and a 20-fold dansyl chloride excess. The yield of dansyl PAPC increased 10-fold as the reaction pH was changed
from 9.5 to 10.5. Under derivatization conditions of pH 8.5-11.0 and 1-30-fold excess dansyl chloride only perdansyl PAPC

was found.
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1. Introduction

Pentaazapentacosane pentahydrochloride (PAPC:
HCI) is a synthetically produced aliphatic penta-
amine that is being investigated for use as an
anticancer agent. As shown in Fig. I, it is analogous
in structure to several naturally occurring poly-
amines, e.g., spermine and spermidine, that have
been implicated in the regulation of cell growth [1].

Like spermine and spermidine, PAPC does not
absorb in the UV region and therefore, for most
assays, it must be derivatized. Because dansyl chlo-
ride is frequently used for aliphatic polyamines [2-4]
it was chosen as the derivatizing agent. Dansylation
procedures for aliphatic polyamines have used buf-
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fers with pH values of less than 9 to greater than 11
[2-13]. Over this range significant differences in the
yield of dansylated product and assay sensitivity are
expected. Preliminary work with PAPC showed that
the typical conditions for amine derivatization (ex-
cess dansyl chloride and pH 9-10 [5-7]) were
inadequate for analytical purposes. Therefore the
effect of pH, damsyl chloride concentration and
reaction time on the dansylation of PAPC was
investigated in this study.

It has been suggested that partially derivatized
polyamines can be formed, especially at low pH or
low dansyl chloride concentration [6,10]. However
the presence or absence of partially dansylated
products has not been specifically demonstrated
because most procedures require sample extraction
following dansylation and partially dansylated prod-
ucts may be lost in this step. In this study, dansyl
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Fig. 1. Structures of PAPC, spermine and spermidine.

PAPC is analyzed without an extraction step to allow
detection of partially dansylated products should they
exist.

2. Experimental
2.1. Chemicals

PAPC-HCI was supplied by the National Cancer
Institute (Bethesda, MD, USA). Piperazine-HCl,
98% and piperidine-HCI, 99% were purchased from
Aldrich (Milwaukee, WI, USA). Dansyl chloride
(Dns-Cl), 95%, glycine, 99% and horse skeletal
muscle myoglobin, 95-100%, were purchased from
Sigma (St. Louis, MO, USA). Triethylamine (TEA),
HPLC grade, and glacial acetic acid, ACS reagent
grade, were purchased from Fisher Scientific (Fair
Lawn, NJ, USA). Ammonium hydroxide GR, was
purchased from EM Science (Gibbstown, NJ, USA).
Spectrometric grade acetonitrile was purchased from
Baxter (Muskegon, MI, USA).

2.2. Derivatization procedure

Duplicate samples of PAPC-HCI (molecular mass
539.9) were derivatized at five different pH values
and six different Dns-Cl concentrations. The follow-
ing solutions were prepared; stock solution of 38.8
g PAPC-HCl/ml water (equal to 72 nmol/ml); 1.2
mg/ml of dansyl chloride in acetonitrile (equal to 4.4
pmol/ml) and a buffer of 3 ml TEA to 250 ml water
(equal to 85.5 pmol TEA/ml). The TEA solution
was adjusted to pH 8.5, 9.5, 10.0, 10.5 or 11.0 with

glacial acetic acid (TEA buffer was used to minimize
precipitation in the mobile phase).

Dansylation was carried out by adding 2.0 ml
TEA buffer (at pH 8.5-11.0), 2.0 ml PAPC solution
and 0.2, 0.5, 1.0, 2.0, 3.0 or 5.0 ml dansyl chleride
solution to a 10-ml volumetric. The samples were
then diluted to volume with acetonitrile and water to
give a final ratio of 60:40 organic to aqueous. The
final concentrations in the derivatization solutions
were 14 nmol/ml PAPC, 17 pmol/ml TEA, and
0.09, 0.22, 0.44, 0.88, 1.3 or 2.2 wmol/ml dansyl
chloride. The samples were protected from light and
allowed to react at room temperature for 4, 8 and 24
h. The reaction was stopped by adding a 2.0-ml
aliquot of the reaction solution to 2 ml of glycine (2
mg/ml) in a 10-ml volumetric. After 10 min the
neutralized solutions were diluted to volume with
0.04 M pH 5 acetic acid-acetonitrile (30:70).

2.3. HPLC analysis

Samples were analyzed with a Beckman System
Gold M406 liquid chromatograph. The system in-
cludes a 100-ul injection loop, a Beckman 110B
solvent delivery pump and a Beckman 168 diode
array detector (Beckman Instruments, Fullerton, CA,
USA). Data analysis was performed using System
Gold Chromatographic Acquisition Software (Beck-
man Instruments). The column was an adsorbosphere
RP-C; column, 5 pwm, 150X4.6 mm I.D. (Alltech
Associates, Deerfield, IL, USA).

The mobile phase was 0.04 M pH 5 acetic acid-
acetonitrile (10:90). The acetic acid buffer pH had
been adjusted with ammonium hydroxide. The
HPLC conditions included a flow-rate of 1.5 ml per
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Fig. 2. Chromatogram of dansylated PAPC (Dns-PAPC). The amount injected was 0.3 nmol. The sample had been dansylated in a solution
containing TEA buffer (pH 10.5) and 2.2 pmol/ml dansyl chloride for 24 h. For separation conditions see Section 2.3.

minute, UV detection at 254 nm, and an injection
volume of 100 pl. As shown in Fig. 2, dansylated
PAPC (Dns-PAPC) eluted at 6 min under these
conditions.

2.4. Quantitation of dansylated PAPC

The amount of dansylated PAPC detected is
reported as percent relative recovery. This is calcu-
lated by assigning a value of 100% to the Dns-PAPC
peak with the greatest peak area. The amount
detected for all other samples is then calculated
relative to this value.

2.5. Mass spectrometry

The fraction of HPLC mobile phase corresponding
to the 6 min peak was collected. Mass analysis of
this sample was done with a Finnigan TSQ 7000
(Finnigan, San Jose, CA, USA) by electrospray mass
spectrometry. Calibration was against the mul-

ticharge envelop of equine skeletal muscle myoglo-
bin.

3. Results and discussion
3.1. Dansylation time

No significant difference was seen between sam-
ples derivatized for 4, 8 or 24 h and therefore the
average values for these time points are used. This
result indicates that at room temperature dansylation
is completed within 4 h.

3.2. Dansyl chloride concentration

An excess of Dns-Cl is typically added in order to
compensate for side reactions [3,14]. In aqueous
solutions significant amounts of Dns-OH are formed
as the pH is increased above pH 9.5 [15]. On the
other hand, reagent peaks may interfere with the
assay if too large an amount of Dns-Cl is used [8]. In
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this study the concentrations of Dns-Cl in the
reaction solution (0.09-2.2 pmol/ml) correspond to
stoichiometric ratios of approximately 1-30 based
upon five amines per PAPC molecule. Fig. 3 shows
the effect of Dns-Cl concentration on Dns-PAPC
recovery at several different pH values. Each data
point in the figure is the average of six measure-
ments. As expected, when Dns-Cl concentrations are
low an increase in Dns-Cl results in an increase in
Dns-PAPC. However, for every pH tested, the effect
of increasing Dns-Cl concentration levels off at
about 0.9 pmol/ml (a 13-fold Dns-Cl excess).

3.3 pH

The pH of the solution, as well as the amine pK,,
are critical factors for dansylation. Because Dns-Cl
will only react with uncharged amines, dansylation
increases as the pH is increased. However, as
mentioned above, the formation of Dns-OH also
increases with pH. Therefore, the solution pH should
ideally be well above the analyte pK, but not so high
that significant Dns-OH is formed [15]. Fig. 4 shows
that the amount of Dns-PAPC formed consistently
increases with pH. In all cases, very little Dns-PAPC
is formed below pH 9.5. However, as the pH is
increased from 9.5 to 10.5 the amount of Dns-PAPC

95 4

increases and, at high Dns-Cl concentrations this is
quite dramatic (a 10-fold increase). For these samples
a slight change in pH could result in significant
analytical variability. Finally, for the high Dns-Cl
concentrations no significant change in the amount of
Dns-PAPC is seen from pH 10.5 to 11.0. Therefore,
using a pH within this latter range, along with
sufficient Dns-Cl, should give both a good yield and
consistent results.

3.4. Perdansylated PAPC

PAPC-HCI has five secondary amines with esti-
mated pK, values ranging from 8.5 to >11.0.
Because dansyl chloride only reacts with uncharged
amines, a partially dansylated product might be
expected at a low pH. Also, incomplete derivatiza-
tion may be expected at low dansyl chloride con-
centrations [6]. However, for all the conditions tested
only one Dns-PAPC chromatographic peak is seen.
Since all other peaks on the chromatogram are also
found in the blank there is no evidence of partially
dansylated PAPC. In order to ensure that these
species were not missed due to interference, the early
eluting peaks were further separated by increasing
the aqueous portion of the mobile phase to 40%.
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Fig. 3. Dns-PAPC vs. Dns-Cl Concentration for five different pH values. pH 8.5 (¢), pH 9.5 (M), pH 10.0 (A), pH 10.5 (O), pH 11.0 (@).
The data point for pH 10.5 at 0.88 pmol/mi Dns-Cl was an outlier and is not shown.
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Fig. 4. Dns-PAPC vs. pH for six different Dns-Cl Concentrations. Dns-Cl concentration=0.09 (I, 0.22 (#), 0.44 (A), 0.88 (@), 1.3 (O)
and 2.2 (%) pmol/ml. The individual data points for the three highest Dns-Cl concentrations are not clearly visible due to overlap. The data
point for pH 10.5 at 0.88 pumol/ml Dns-Cl (O) was interpolated from the line in Fig. 3.

Again, under these conditions only one Dns-PAPC
peak was obtained.

Mass spectrometry of this peak gave a mass
number of 1522, which is equivalent to perdansyl
PAPC. In addition, the chromatographic peak area of
Dns-PAPC was compared with that of a dansylated
monoamine (piperidine) and a diamine (piperazine).
Assuming that UV absorbance increases linearly with
the number of dansyl groups, the peak area of
pentadansylated PAPC should be five times that of a
monodansylated compound. As shown in Table 1,
the results are reasonably consistent with complete
dansylation of PAPC. The slightly lower than ex-
pected values may be due to differences in the
chromatographic conditions. The absorbance of Dns-

Table 1

Relative peak area per picomole on column for a mono, di and
penta dansylated compound

Compound Relative AUC/ Mobile phase
pmol at 254 nm
Calculated Found
Monodansyl-piperidine 1.0 1.0 55:45 ACN-buffer
Didansyl-piperazine 2.0 1.8 55:45 ACN-buffer
Pentadansyl-PAPC 5.0 44 90:10 ACN-buffer

PAPC at 254 nm increases slightly in a solution of
ACN-buffer (55:45), the mobile phase used for the
other dansylated compounds. However, due to the
elution time a mobile phase of ACN-buffer (90:10)
was used for Dns-PAPC.

3.5. Method validation

3.5.1. Detection limit

The method validation was performed under the
optimized dansylation conditions of 4 h reaction
time, pH 11.0 and 1.3 pmol/ml Dns-Cl concen-
tration. The minimal detection limits for Dns-PAPC
were found by injecting 0.7 pmol on to the column.
The signal-to-noise ratio at this level was 2:1.

3.5.2. Linearity

The linearity between the polyamine concentration
and the measured peak area was determined by
analyzing PAPC concentrations of 6.1-122 pg/ml
(equal to 11.3-226 nmol/ml). Sample concentrations
of 2.4 pg/ml were not within the linear range. At
each concentration five replicates were dansylated
and assayed as described in experimental Section 2.2
and Section 2.3. This procedure was repeated a
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Table 2
Reproducibility of assay
PAPC Day 1 Day 2 Combined results
concentration Within-run (n=5) Within-run (n=5) Inter-day (n=10)
(png/ml) CV. (%) CV. (%) CV. (%)
6.10 3.7 29 5.6

12.20 1.6 6.5 4.6

24.38 7.6 1.9 6.7

48.76 2.5 1.3 25

121.9 1.9 1.4 1.7

second day. The regression equation for the con-
centration of PAPC standard solutions (y) vs. the
peak areas (x) is y=3.6143x+0.7128 (r=0.99995)
for day 1 and y=3.5847x+0.03599 (r=0.99972) for
day 2.

3.5.3. Reproducibility

Samples containing five different concentrations of
PAPC in water (five replicates each) were assayed as
described in experimental Section 2.2 and Section
2.3. This procedure was repeated a second day. As
shown in Table 2 the within-run coefficient of
variation ranged from 1.3 to 7.6% and the inter-day
coefficient of variation ranged from 1.7 to 6.7%.

4. Conclusion

The optimized dansylation conditions for PAPC-
HCl include a pH of 11.0, a Dns-Cl concentration of
1.3 pmol/ml and a dansylation time of 4.0 h. Under
these robust conditions samples containing 11-226
nmol of PAPC can be quantitated. Dansylation below
pH 10.5 will give smaller and, likely more variable
chromatographic peaks. Under a variety of deri-
vatization conditions only the perdansylated product
was found.
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