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Recently, the presence of kinetin in an extract of the
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In contrast to the current view of kinetin (K, N 6-
urfuryladenine) as an unnatural and synthetic cytoki-
in, recently it has been identified in plant DNA and
lant extract. Here we describe identification of K in
uman urine using chromatography/mass-spectrometry
nalysis for the first time. The amount of kinetin in urine
aken from unhealthy patients lung carcinoma was es-
ablished to be 0.5 ng in 20 ml and a 100-fold reduced
mount in healthy subjects. Since this rare base is a
otential source of structural constrains it has to be
emoved from DNA by enzymatic DNA-repair reactions.
t seems that the presence of kinetin in human is linked
o oxidative damage processes. © 2000 Academic Press

Key Words: kinetin; cytokinin; animal tissues; urine
nalysis.

Cytokinin is the generic name used to designate
lant growth substances, which constitute a collection
f naturally occurring N6 substituted adenines (1, 2).
hese hormones are involved in cell division, differen-
iation, and other physiological processes. The model of
ytokinin regulation in plant cells has been proposed
3–5).

About forty years ago kinetin (K) was isolated from
utoclaved herring sperm DNA and shown to act as a
lant growth hormone (6). Although kinetin was orig-
nally purified from DNA, it has been assumed to be an
rtificial product of its rearrangement and not to occur
aturally (7). Since K discovery this compound has
een widely used as a cytokinin in various aspects of
lant research, including applications in biotechnology
nd cell biology (2, 3). Some years ago, kinetin has been
hown to delay the onset of many age-related charac-
eristic that appear in normal human skin fibroblasts
ndergoing ageing in vitro (8, 9).

1 To whom correspondence and reprint requests should be ad-
ressed. Fax: 0048618520532. E-mail: jbarcisz@ibch.poznan.pl.
69
oot nodules of Casuarina equisetifolia, a multipurpose
ree produced by the inoculation of Frankia have been
eported (10, 11). Actinomyces that make up the genus
rankia are distinguished by their ability to induce
-fixing root nodules on certain nonleguminous plant

10). Also palmarosa (Cymbopogon martinii var. motia)
oots contain 6-furfuryladenine which increases the
mount significantly after inoculation of Glomus spe-
ies (G. aggregatum, G. fasciculatum, G. intraradix,
nd G. mosseae) (11).
The new findings of kinetin in DNA and the cell

xtracts (7) raised an obvious question about its syn-
hesis pathway (12). Furfural has been suggested to be

putative precursor of kinetin and is formed during
ydroxyl radical oxidation C59 of deoxyribose in DNA
13–17). The presence of that aldehyde in the extracts
f various cells was confirmed by its reaction with
-(2,3,4,5,6-pentafluorobenzyl) hydroxylamine hydro-
hloride (18). Once furfural is formed in the vicinity of
NA it can efficiently react with the exocyclic amino
roups of DNA components and to form the Schiff base
ith adenine residue, and possibly also cytosine moi-
ties [J.B., unpublished]. This bulky substituent in-
uces some structural constrains and should be enzy-
atically repaired in DNA (19). A reaction of furfural
ith plasmid DNA and AT-rich oligonucleotides leads

o the destabilisation of DNA secondary structure. Al-
hough reaction products have not been analysed, this
bservation suggests the formation of a large modifi-
ation of adenosine residues in DNA (20, 21). To learn
ore about the role of kinetin we are looking for new

xamples of its occurrence.
In this paper we analyse a presence of it in human

rine.

ATERIALS AND METHODS

The analysis was carried out on Hewlett Packard gas chromatograph
odel 5980/II equipped with mass selective (GC/MS) detector model
0006-291X/00 $35.00
Copyright © 2000 by Academic Press
All rights of reproduction in any form reserved.
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071A and fused to silicon capillary column DB-5 from J&W (30 m 3
.25 mm internal diameter). Helium at flow rate 1 ml/min was used as
arrier. The column temperature gradient was programmed from 140°C
held for 2 min) at 5°C/min to 300°C which was held for 5 min. The
njections were made in split mode (1:10) at temperature of 250°C. For
uantification of kinetin integration of two main ion signals at 215 and
86 m/z in mass spectrum was done. Calibration was performed for
ample quantities between 100 and 300 ng. Each sample was injected
wice. Single ion chromatography was used to identify mass signals
haracteristic to kinetin and to its quantitative analysis.

Kinetin was bought from Sigma. Human urine was collected
rom patients at F. Raszei Municipal Hospital in Poznan, Poland and
tored at 220°C. Then 20 ml was acidified to pH 1–1.5 with HCl and
ncubated for two 2 h at 55°C. After adjustment of pH to 4–5.5
inetin was absorbed on a C-18 cartridge, activated and eluted with
ethanol. After evaporation under nitrogen the sample was dis-

olved in pyridine and analysed on GC/MS.

ESULTS AND DISCUSSION

Kinetin has remarkable biological properties, which
nclude stimulation of plant growth, retardation of leaf
enescence, and modulation of the plant response to
arious environmental stresses (1, 2). It also delays the
nset of ageing in human cell cultures (8, 9) and in
nsects (22, 23). Until now kinetin was believed to be an
rtefactual cytokinin originating from the autoclaving

FIG. 1. Gas chromatography/mass spectra (GC/MS) analysis of
ponding to kinetin (commercial product). (B) Electron impact spect
inetin identification.
70
f herring-sperm DNA (6) or formed on DNA storage
ver a long period of time (7). Recently we have used
igh-performance liquid chromatography combined
ith an electrochemical detector to analyse kinetin as
natural component both of DNA and a plant cell

xtract (12, 24). The same type of approach showed
hat K is present in commercially available calf thymus
NA and in freshly extracted DNA from human cell

ultures (24). The proposed mechanism for the
-furfuryladenine formation (12) is consistent with all
he available data and links the modified base with
xidative damage processes occurring in the cells for
he first time. Thus, it can be recognised as a marker of
NA damage. In this paper we analysed the presence
f kinetin in human urine using gas chromatography
inked to mass spectrometry system.

The commercial sample of K yields a single GC peak
Fig. 1A) and gave m/e signal of 215 units and two
ther characteristic mass signals at m/e 186 and 81
Fig. 1B). The m/e 186 corresponds with the fragmen-
ation of a five-member ring sugar by releasing 29
ass units and the latter is specific to breaking the
-C bond in the side chain of 6-furfuryladenine and

eleasing the furfuryl group (Fig. 1B).

etin. (A) The GC chromatogram shows peak with Rf 20.36, corre-
of kinetin. Mass signals of 215, 186, and 81 m/z were used to an
kin
rum
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The gas chromatography spectrum of human urine
hows peak shifted to Rf 20.36 (Fig. 2A). Precise iden-
ification of kinetin was possible after its coinjection
Fig. 3). The mass spectrometry analysis (Fig. 2B)
learly confirmed a presence of 6-furfuryl adenine in
rine. Identity of the modified DNA base was proved by
ppearance of a set of mass signals of 215, 186, 135,
nd 81 derived from the GC peak Rf 20.36. To establish
reliable method for K analysis in natural products, a

FIG. 2. GC/MS analysis of kinetin in human urine. (A) GC of hu
f 20.36. (B) MS of human urine shows the ms signals of 81, 135, 186
erived from the compound with Rf 20.36.
71
uantitative relationship of the signal area and
mount of K was obtained (data not shown). Integra-
ion of two peaks provided very similar data. Using the
tandard curve we established amount of K in urine of
nhealthy patients with diagnosed cancer to be 0.5 ng

n 20 ml of urine, but in healthy subjects is 10–100
imes less. This analysis was done for 20 patients.
ssuming 1.5 l of urine from a person per day, it means

hat the affected produced 38 ng (174 pmol/kg/day) of

n urine. The peak marked with arrow corresponds to K appeared at
d 215 m/z. (C) An integration of ion signals of 215, 186, 135, 81 m/z
ma
, an
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. Interestingly a total amount of 8OH-dG obtained
rom normal subjects was up to 300 pmol/kg/day (25). It
eans that the level of 8OH-dG is approximately two

rder of magnitude higher than kinetin. It contents in
ealthy patient was within the limits of detection. This

s reasonable because 8OH-dG, the primary product of
he nucleic acids reaction of with hydroxyl radical but
inetin is a secondary product of DNA damage.
A presence of free kinetin in coconut also suggests its

nzymatic repair as we could isolate it from plant ex-
ract (12). One of repair enzymes could be a eukaryotic
NA polymerase b, which catalyses DNA synthesis
uring base-excision repair and also the release of 59-
erminal deoxyribose phosphate residues from incised
purinic-apyrimidic sites (12).
Finding of kinetin in urine support a view that re-

aired molecule can induce a synthesis of enzymes
hich remove modified bases from DNA and/or is in-
olved in protection against oxygen stress (hormesis)
26). It is known that the kinetin–Cu(II) complex very

FIG. 3. Gas chromatography analysis of human urine (A) en-
iched with 2.8 ng kinetin (B).
72
H (27). These properties of kinetin help us to under-
tand why kinetin, added exogenously to various cells,
as several positive effects including anti-ageing prop-
rties (28).
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