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Separation and Quantitation of Polyamines in Plant Tissue by
High Performance Liquid Chromatography of Their Dansyl
Derivatives
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ABSTRACT

High performance liquid chromatography in combination with fluores-
cence spectrophotometry can be used to separate and quantitate polya-
mines (putrescine, cadaverine, spermidine, spermine), prepared as their
dansyl derivatives, from plant tissue. The procedure gives sensitive and
consistent results for polyamine determinations in plant tissue. In a
standard mixture, the minimal detection level was less than 1 picomole
of polyamines.

Several methods have been employed to analyze polyamines
in biological tissues. Chromatographic procedures including
TLC, ion exchange, and HPLC have been used to separate
colored or fluorescent derivatives of polyamines (2, 6). The most
sensitive method for detecting polyamines is through their dansyl
derivatives (8). Dansylated polyamines are highly fluorescent and
detectable in small quantities. However, dansyl chloride (1-
dimethylamino-naphthalene-5-sulfonyl chloride) is nonspecific
since it reacts with amino groups of many compounds and with
phenols and some alcohols (8). Generally, dansylated amines are
separated by TLC. The advantage of this method is it allows the
simultaneous separation of multiple samples, but they are diffi-
cult to quantify directly, so sensitivity is less. Several workers
have reported successful separation of dansyl amines from ani-
mal tissues and fluids by HPLC (1, 5, 7). HPLC provides several
advantages for the separation of dansyl amines including easy
column regeneration for repeated separations of large numbers
of samples over a short period of time, and the detection of low
quantities ofpolyamines (previous reports have been in the order
of 20 pmol). In this paper, a reverse phase HPLC method is
described for the separation of dansylated polyamines prepared
from plant extracts.

MATERIALS AND METHODS

Plant Material. G2 pea plants (Pistm sativum) were grown in
clay pots containing a soilless mixture of vermiculite, peat moss,
limestone, and fertilizer. After 3 weeks in the greenhouse, seed-
lings were transferred to growth chambers with full light (200
,uE/m2.*s at pot level) provided by a combination of fluorescent
and incandescent lamps. Plants received an 18-h photoperiod
and 19°C day and 17°C night temperature conditions.

Chemicals. Putrescine dihydrochloride, spermidine trihy-
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drochloride, spermine tetrahydrochloride, and dansyl chloride
were purchased from Sigma. Methanol and acetone (HPLC
grade) were purchased from J. T. Baker (Phillisburg, NJ). Tolu-
ene used was distilled in glass from Burdick and Jackson (Mu-
skegeon, MI).

Extraction of Tissues. Apical bud tissue was usually homoge-
nized in chilled mortars with pestles in 0.2 N HCI04 (100 mg
tissue/ml acid). Smaller quantities of tissue were ground in 5-ml
centrifuge tubes with ground glass conical bases using matching
pestles (Kontes, Vineland, NJ). Hexanediamine at 1 gmol/g fresh
weight of tissue was added to the extracts as an internal standard
(7). The homogenates were centrifuged at 4°C in a clinical
centrifuge. The supematants were analyzed for polyamines. Sam-
ples were usually derivatized immediately or stored for no more
than 2 weeks at -200C.

Dansylation. The polyamines were derivatized according to
the methods of Flores and Galston (3, and personal communi-
cation). Fifty- to 100-Ml aliquots of the supernatant were added
to 200 u1 of saturated sodium carbonate and 400 ul of dansyl
chloride in acetone (7.5 mg/ml) in a 5-ml tapered reaction vial.
The mixture was incubated in a thermal reaction block at 60°C
for 1 h in the dark. One hundred Ml of proline was added to the
mixture to remove the excess dansyl chloride. After 0.5 h, the
polyamines were extracted with 500 ,d of toluene with vigorous
vortexing for 30 s. The mixture separated into two phases,
aqueous and organic. The lower, aqueous phase was removed
with a l-ml syringe and discarded. The organic phase, containing
the polyamines, was completely dried under nitrogen. The pol-
yamine residue was dissolved in 1 ml of methanol, ultrafiltered
through nylon membranes (0.2 Mm pore; Rainin, Woburn, MA),
and assayed immediately or stored (no more than 1 week) at
-20°C. Aliquots of samples were diluted 5- to 20-fold before
injection into the HPLC.
HPLC Analysis. HPLC was performed on a system consisting

of two solvent metering pumps (Altex, model 1lOA) pro-
grammed with a microprocessor controller (Altex, model 420).
Samples were injected into a fixed 20-,ul loop for loading onto a
reverse phase C18 column. The columns used in these investiga-
tions included ODS2 hypersil (5-Mm particle diameter, 5 x 250
mm; Shandon, Cheshire, England) and ODS ultrasphere (5-Mm
particle diameter, 4.6 x 250 mm; Altex, Berkeley, CA). Samples
were eluted from the column with a programmed water:methanol
(v/v) solvent gradient, changing from 60% to 95% in 23 min at
a flow rate of I ml/min. Elution was completed by 27 min. The
column was washed with 100% methanol for 5 min and reequil-
ibrated at 60% methanol for 5 min before the next sample was
injected.

Detection and Quantification. Eluates from the column were

2Abbreviation: ODS, octadecylsilane.
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detected by an attached fluorescence spectrophotometer,
equipped with an 8-,ul flow through cell (model 650-lOLC, Perkin
Elmer). For dansyl polyamines, an excitation wavelength of 365
nm was used with an emission wavelength of 510 nm (7). Eluant
peaks with their areas and retention times were recorded by an
attached integrator (model 3390A, Hewlett Packard).
The scheme for extracting and assaying polyamines according

to the method described above is shown in Figure 1.

RESULTS AND DISCUSSION

A typical chromatogram of dansyl polyamine standards sepa-
rated by a C,8 reverse phase HPLC column is illustrated in Figure
2A. Retention times in minutes shown at the tip of each peak
are stable and consistently reproducible. Major side products of
the dansyl reaction on the left side of the chromatogram are
eluted by 12.5 min and are separated very clearly from deriva-
tized polyamines. Two ofthese products may be dansyl ammonia
and dansyl dimethylamine as the former occurs in high concen-
trations in tissues and the latter is the most abundant product of
the dansylation reaction (7). Dansyl polyamines are completely
eluted from the column by 27 min. The naturally occurring
amines are putrescine, cadaverine, spermidine, and spermine.
Hexanediamine was used as an internal standard (7). The
amount of individual amine represented at each peak on the
chromatogram is 2.5 pmol. As the fluorescence spectrophotom-
eter sensitivity was set at 1.0 detection unit, 1/30 of the
maximum sensitivity, lower amounts of polyamines could still
be determined. The lowest levels tested and detected were 0.8
pmol for putrescine, cadaverine, spermidine, and spermine, in-
jected as an aliquot from a dansylated mixture containing 200
pmol of each amine. Theoretically, the lower limit should be
about 26 fmol. As tissues contain in the order of 1 Mmol of

Homogenize tissue in cold 0.2 N perchloric acid (100 mg tissue/ml acid)

Incubate I hr

Centrifuge 20 min at 40C

Supernatant Pellet
(polyamines) (discard)

To 100 ul aliquot add 200 1 saturated Na2CO3 t 400 I dansyl-Cl (7.5 mg/ml) in acetone

Incubate at 600C for 60 min in the dark

Add 100 u I proline (100 mg/ml)

Incubate 1/2 hour

Extract with 500 Pi toluene

Organic phase Aqueous phase
(discard)

Dry under stream N2

Take up in I ml of 100% methanol and millipore

Dilute 5 to 20 X

Apply 20 t1 aliquot to HPLC (CIg column)

Elute with water:methanol (vlv) gradient (60% to 95%)

Detect with fluorescence spectrophotometer
(Excitation at 365 nm; Emission at 510 nm)

FIG. 1. Scheme for the extraction and assay of polyamines.
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FIG. 2. Separation of dansyl amine derivatives by HPLC. Column:
reverse phase (Cis ODS Hypersil). Gradient: water:methanol (v/v) 60 to
95% over 23 min at a flow rate of I ml/min. V,O = 2.03 min. Detector.
Perkin-Elmer fluorescence spectrophotometer (excitation 365 nm, emis-
sion 510 nm). Numbers above peaks designate elution times in minutes
from injection, starting from the left. A, Peak areas ofstandards represent
2.5 pmol. B, Polyamine derivatives from apical buds of mature G2 pea
plants (7 weeks from sowing) growvn under an 1 8-h photoperiod.

amine/g fresh weight, higher concentrations of amine standards
were dansylated and used to prepare standard curves.
The chromatogram in Figure 2B shows the separation of

naturally occumrng polyamines from apical tissue of a mature
G2 pea plant including the hexanediamine internal standard.
The identities of the peaks were confirmed by adding polyamine
standards to the extract of the plant tissue.
The procedure used in this study to separate dansylated poly-

amines appears to be faster and more sensitive, at least for plant
tissues, than the HPLC method reported by Seiler and Knodgen
(7) for mammalian tissues. Using a Lichrosorb RP-8 reverse
phase column with a different methanol-water gradient, these
investigators separated dansyl derivatives in less than 20 pmol
amounts in 40 min. Detection of putrescine from mammalian
tissues in the order of 10 to 20 gmol/g fresh weight required
purification of the dansyl derivative on silica gel columns before
HPLC. In addition, separations were recorded at two different
sensitivities to detect putrescine, and the other two amines (sper-
midine and spermine) at the wide range of con'centrations found
in animal tissues. Other workers, using a Micropak CN-10O col-
umn (5) separated dansyl derivatives prepared from animal
tissues in 22 min with sensitive detection of putrescine at 40
pmol amounts and spermidine or spermine at levels on the order
of20 pmol. Differences between the procedure used in this study
and other HPLC methods may be related to the type of tissue
being analyzed and the sensitivity of the detector.

Quantitation Procedure. Polyamines in tissues were quanti-
tated by using a relative calibration procedure according to
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FIG. 3. Correlation graph for the determination of(A) putrescine, (B)
spermidine, and (C) spermine. Each line was generated from the dansy-
lation of 10 nmol of hexanediamine of which 1/2000 (or 5 pmol in 20
igl) was injected into the HPLC. The linear relationship between the area
and weight ratios is (A) y = 0.0 14 + 0.792x, r2 = 0.998; (B) y = -0.0049
+ 1.13x, r2= 0.999; (C) y=-0. I 10 + 1.55x, r2= 0.977.

McNair and Bonelli (4). Known weights (nmol) of individual
polyamines and the internal standard, hexanediamine, were dan-
sylated and chromatographed. Weight ratios of individual poly-
amines to the internal standard were plotted against area ratios
as determined from the area units given by the integrator attached
to the fluorescence detector. Three curves were generated by this
procedure, one each for putrescine, spermidine, and spermine
(Fig. 3).

Quantifying the unknown amounts of amines in the samples
required adding accurate amounts ofthe internal standard to the
tissue at the time of extraction. The mixture was chromato-
graphed and area ratios were determined. Weight ratios were
determined from area ratios and the regression equations for the
standard curves. The nmol ratios were then multiplied by the
nmol of internal standard added to the extract. The internal
standard was generally added in the order of 0.20 to 1 itmol/g
fresh weight. This method of quantification eliminates the need
for exact measurements of the injection quantities and avoids
problems encountered with changes in detector response, since
area ratios are constant (4). Hexanediamine appeared to be an
appropriate internal standard, as it resolved well from other
substances in the mixture, and eluted close to the naturally
occurring amines.
The HPLC method in combination with fluorescence spectro-

photometry allowed the separation and quantitation of polya-
mine levels in plant tissues similar to those detected by UV by
Flores and Galston (3), although increased sensitivity over UV
detection is clearly possible. The analysis is fast and allows for
repeated assays in a short period of time. Amounts as low as 0.8
pmol of standard polyamine were detected, although higher
amounts are found in plant tissues. The method was used rou-
tinely for measuring hundreds of samples from pea tissues.
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