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ABSTRACT

A novel nucleoside, in the amount of 400 Â¿Â¿g,was isolated
from a 24-h collection of urine of a chronic myelogenous leukemia

patient. On the basis of ultraviolet, nuclear magnetic resonance,
and mass spectrometry and chromatography, its structure was
established to be 7-j3-D-ribofuranosylhypoxanthine. The ultravi

olet and mass spectral data and the thin layer Chromatographie
mobilities of the natural material were identical to those of a
synthetic sample. High performance liquid Chromatographie re
tention times and the coinjection high performance liquid chro
matography of the natural material with the synthetic samples of
the Â«and /3-anomers of 7-ribofuranosylhypoxanthines further
confirmed the identity of the isolated material as 7-/3-D-ribofura-

nosylhypoxanthine.

INTRODUCTION

More than 40 purines and pyrimidine derivatives are excreted
in human urine (7). Some urinary nucleosides such as A/2-di-

methylguanosine, 1-methylinosine (10), and A/-purin-6-ylcarba-
moyl-L-threonine riboside (t6A) (6) are derived from turnover of
tRNA, while others, for example A/6-succinyladenosine (8), oro-

tidine, orotic acid, and 5-aminoimidazole-4-carboxamide riboside

result from the metabolism of purine and pyrimidine anabolic
intermediates. In the urines of colon carcinoma patients the tRNA
derived nucleosides, 1-methylinosine, A/2-dimethylguanosine,

and pseudouridine are excreted in elevated amounts as com
pared to the levels in the urines of noncancer subjects (32).
Elevated levels of A/2-dimethylguanosine have been observed in

breast carcinoma and in chronic myelogenous leukemia (17, 30).
Urinary A/6-succinyladenosine is elevated in the urines of patients

with prostate and liver adenocarcinoma (11). These and other
studies (14, 28) suggest that such modified nucleosides may be
useful for assessing tumor burden, as well as for determining
therapeutic effectiveness. As part of our overall program on the
structures of nucleosides and related substances present in the
urines of cancer patients, we have isolated 32 new compounds.
The present paper deals with the isolation of one of these
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compounds from the urine of a CML patient, and its identification
as 7-0-D-ribofuranosylhypoxanthine (I) (9) (Chart 1).

MATERIALS AND METHODS

Neutral charcoal (Norit) was purchased from Fisher Scientific Co.
Celite 545 was obtained from Johns-Manville Co. and was washed with
N MCI, water, ethanol, and then dried before use. DEAE-cellulose (DE-
23) and AG-1 x 8 formate (200-400 mesh) aniÃ³nexchange resin, were
obtained from Whatman and Bio-Rad Laboratories, respectively. Deu
terium oxide (99.96 atom % D) and dimethyl sulfoxide-cfe (99.5% atom

D) were purchased from Aldrich Chemical Co. and Merck Isotopes,
respectively. Glass distilled acetonitrile, and methanol were obtained
from Burdick & Jackson. Deionized distilled water for use in HPLC was
prepared in our laboratory. Acid washed papers (grade 589) were ob
tained from Schleicher and Schuell. Sybron polygram Silica Gel G/U.V.
254 with indicator and polygram cellulose 300/U.V. 254 nm used for TLC
were obtained from Brinkman Scientific Co. Authentic samples of 7a-
and 7-/3-D-ribofuranosylhypoxanthines were prepared according to the

reported procedures (22, 23).
Ultraviolet Spectrophotometry. UV spectra were recorded on a Gary

Model 219 spectrophotometer which was set to zero with water using
the autobase line feature. Spectra were determined with a scan rate of
1 and absorbance range of 0.5 as full scale.

NMR5 Spectrometry. NMR spectra were determined on a Bruker

Model WP-200 (200 MHz) spectrometer by utilizing the Fourier-trans
form-quadrature phase detection mode. Sample temperatures were
maintained at 30Â°Cwith a BVT-2000 temperature controller of the WP-

200 spectrometer. Unless stated otherwise, the chemical shifts reported
here are given in (6) ppm, and are measured from internal sodium 3-
trimethylsilylpropionate-2,2,3,3-c/4. NMR spectra were also determined
on a Varian Model XL-100 (100 MHz) spectrometer and the chemical

shifts were measured relative to external tetramethyl silane. These values
based on external tetramethyl silane were 0.47 ppm higher than the
values reported in this paper measured with reference to internal sodium
3-trimethylsilylpropionate-2,2,3,3-d4. The urinary unknown nucleoside (I)

in the amount of 6.0 A258units was lyophilized three times from 99.5%
D2O and then dissolved in 99.9% D2O. NMR measurements were made
on 18 A258units of synthetic 7-fJ-o-ribofuranosylhypoxanthine and 1.5

A25sunits of Â«anomer, both dissolved in 0.4 ml of 99.9% D2O.
Mass Spectrometry. Mass spectra were acquired using a Finnigan

Model 4000 and a Varian MAT 731 instrument with ionizing energy 70
eV, ion source temperature 250Â°C. Low resolution mass spectral data

reported in this paper were determined with the Varian MAT 731 spec
trometer. The samples were introduced by direct probe after removal of
reagents in the probe vacuum lock. Exact mass values were determined
on a Varian MAT 731 by peak matching (resolution, 10,000) with per-

fluoralkane as internal standard.

5The abbreviations used are: CML, chronic myelogenous leukemia: TLC, thin
layer chromatography; HPLC, high performance liquid chromatography; NMR,
nuclear magnetic resonance.
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NOVEL NUCLEOSIDE IN HUMAN URINE

HO OH

N'-e-D-RIBOFUMNQSYLHYPOXANTHINE

Chart 1. Structure of the nucleoside isolated from urine of a CML patient.

Chemical Oerivatization.Trimethylsilylationof the urinaryunknown
and the synthetic standards was carried out by heating approximately
10 jug of vacuum dried material with N,O-bis(trimethylsilyl)acetamide:
trimethylchlorosilane:dimethylformamide(Regis Chemical Co., Morton
Grove, IL) (100:1:10) in a sealed melting point capillary tube for 1 h at
100Â°C.

HPLC. HPLC was carriedout on Altex Model 330 gradientliquid
Chromatograph,equipped with an Altex Model 420 system controller
programmer and an Altex Model 153 analytical UV detector with a 8-^l
flow cell set at wavelength 254 nm, and with the C-RIAAltex integrator.
An ODS-C,B(5 ^m Ultrasphere)0.46- x 25-cm column fitted with a 200-
n\ loop injector was used. The HPLC solvent systems are described in
Table 4.

TLC. AscendingTLC was performedon Silica Gel G or cellulose
sheets in solvent saturatedchambersusingthe following solventsystems
(v/v): (a) 2-propanol:water:concentrated NH4OH (7:2:1); (b) ethylace-
tate:2-ethoxyethanol:16% formic acid (4:1:2) (upper phase); (c) 2-pro-
panol:HCI:H2O(68:17.6:14.4); (of) 1-butanol:glacial acetic acid:water
(4:1:2); (e) 1-butanol:water:concentratedNH4OH(86:14:5); (f) ethyl ace-
tate:propanol:water (4:1:2) (upper phase).

Paper Chromatography.Descendingpreparativepaperchromatog-
raphy was carried out by using the systems described above. The UV
absorbing spots on TLC plates and on paper were located by viewing
the chromatograms in a Chromatovueequipped with a short wave lamp
at 254 nm and a long wave lamp at 280 nm.

Diagnosis, History, and Treatment of the Patient

Urine was collected from a 25-year-old male patient, who was diag
nosed to have CML at the age of 18. At the time of diagnosis he had
marked leukocytosis with WBC of 43,000 with 11% blast cells. His bone
marrow was hypercellularand hewas Philadelphiachromosomepositive.
During the first 2 years of the disease he was treated with Myleran,
arabinosylcytosine and 6-mercaptopurine. During the third and fourth
years in addition to the above chemotherapeutic agents he was given
N6-A-2-isopentenyladenosineand Bacillus-Calmette-Guerin.Five years

after the diagnosis the patient became resistant to the above chemo
therapy and developed anemia. He was then treated with hydroxyurea,

Colcemid and prednisone. The patient had developed splenomegaly
during the fifth year and underwent splenectomy.At this time he showed
differential count of WBC 4% blasts, 4% promyelocytes, and 18%
myelocytes. The urine was collected during the seventh year of the
disease,while the patient was receivingcytoxan for chemotherapy.The
patient survived a total of 7 years and 10 months after the diagnosis.

Isolationof the UnknownUrinaryNucleoside. Urinefroma patient
with CML was collected for 24 h in a glass jug containing 50 ml of
toluene. Before processing the urine the toluene layer was separated in
a separatory funnel. The 24-h pooled urine (1340 ml) was adjusted to
pH 3 and passed through a column(2.54 x 50 cm) of charcoahCelite(50
g each) (8). The column was washed with water (3 liters) until the
washings were chloride free and the column bound material eluted with
3 liters of 2 NNH4OHin 50% aqueous ethanol. The eluate was concen
trated to a small volume (50 ml) and applied to a column (2.54 x 35 cm)
of 125 g of AG-1X8 formate. The column was washed with 2.5 liters of
water and the wash was concentrated to about 50 ml, and then passed
through a column of DEAE-celluloseequilibratedwith 0.14 M boric acid
(12, 25). The latter column was first washed with 3 liters of 0.14 Mboric
acid and then eluted with 4 liters of 0.70 M boric acid to obtain the
desired nucleoside fraction. The 0.70 M boric acid fraction was evapo
rated to dryness after repeated addition of methanol (4 x 100 ml). The
residue from this fraction was chromatographed on Whatman 3 MM
paper (4 papers, 24 x 57 cm) in solvent b (descending)for 7 h at room
temperature.The bands with the R,of 0.65 were cut out and eluted with
water. The eluate was concentrated to 500 n\ and then rechromato-
graphedon WhatmanNo. 1 (acidwashed paper)successivelyin solvents
f, a, and c. The eluate from the last paper chromatographedin solvent e
containing 23 A2S7units was lyophilized,and the residue was dissolved
in 500 p\ of water and purified by HPLC on a reverse phase Cie
^Bondapak column using 7% methanol 16 A257units (0.4 mg) of a
hitherto unknown nucleoside (I) was obtained. The unknown urinary
nucleoside(I) had UV spectra similar to those of 7-methylhypoxanthine
with Aâ„¢,(nm)at 257 (H2O),252 (pH 1.0), and 263 (pH 11.0) (Chart 2a).

Stabilityof 7-<>-and7-^-D-ribofuranosylhypoxanthine.Thefollowing
control experiments were carried out to assess the stability of 7-Â«-and
7-/}-D-ribofuranosylhypoxanthinein water, 2 N NH4OHand 3 N formic
acid. In each case 0.02 A257unit of material was allowed to stand for 48
h in 100 p\ of the solvent, i.e., water, or 2 NNH4OH,or 3 Nformic acid.
The resulting mixtures were investigated by HPLC in solvent I specified
in Table 4. In each case the Â«or /i compound remaineda single peak,
precludingany hydrolysis to hypoxanthineor anomeric interconversion.

Control Experiments.Two male volunteersages 50 and 32 were
given, p.o., tablets containing 250 ^g of vitamin B12.These individuals
while abstaining from coffee, tea, and cola were on normal routine diet
containing70-80 g of protein, 175-225 g of carbohydrates, and 80-100
g of fat 2 days before and on the day of urine collection. Urines were
desalted, purified, and fractionated on a DEAE-cellulose:boratecolumn
in a manner similar to the one described above. The 0.7 M boric acid
fraction was dissolved in 10 ml of water, filtered, and applied in two
injections to a reversed phase Dynamaxpreparativecolumn (2.54 x 25
cm) (Rainin Instrument Co.). A 0 â€”Â»25% methanol in 0.1 M ammonium
acetate, pH 7.0, buffer gradient for 1 h with a flow rate of 8 ml/min was
used. (Initiallya small sample (0.5 ml) of the borate fraction was spiked
with 2 A257units of authentic urinary nucleoside I and run through the
above column to determine the position of elution of this nucleoside
under these experimental conditions.) Among a total of 35 peaks col
lected, the four fractions with retention time between 28-32 min were
pooled from the two injections.These were concentrated to 2.0 ml each
and were desalted and purified on a Ultrasphere semipreparative re
versed phasecolumn (1 x 25 cm). The conditions used for desaltingand
purificationwere water for 30 minfollowed by a 0 â€”Â»25% watermethanol
gradient for 1 h with a flow rate of 4 ml/min. Thesepurified fractions with
a retention time of unknown urinary nucleoside I did not show the
presenceof 7-ff-D-ribofuranosylhypoxanthine.
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NOVEL NUCLEOSIDE IN HUMAN URINE

RESULTS

From UV, NMR, and mass spectral data, as well as from HPLC
and TLC mobilities, the unknown urinary nucleoside is identified
as 7-0-D-ribofuranosylhypoxanthine as discussed below. The
structures of authentic 7-Â«-and 7-0-D-ribofuranosylhypoxanthine

have been unequivocally established previously (22, 23, 26).
UV Spectrophotometry. As shown in Chart 2, the UV spectra

of the urinary unknown and the authentic 7-/Ã®-D-ribofuranosylhy-

poxanthine are similar. At neutral pH the unknown exhibits
inflections around 277 and 267 nm, while in acidic media the
inflection at 267 disappears. These features are unique for 7-

alkylhypoxanthines and aid in establishing identification.
Mass Spectrometry. Chart 3 shows low resolution mass

spectra of the trimethylsilyl derivative of the unknown urinary
nucleoside (I) and of authentic 7-/3-D-ribofuranosylhypoxanthine.

High resolution peak matching of the molecular ion of the tri
methylsilyl derivative of the urinary unknown gave an exact
molecular mass of 556.2374, indicating it to be isomerie with
the tetrasilyl derivative of inosine (calculated, 556.2388 for
CzahUN^OsSit). The major fragment ions in the mass spectra
can be assigned to the known fragmentation products of tri-

methylsilylated nucleosides. Twelve members of the base series
of ions were observed, including m/z 209 (B+2) 281 (B+74), 309
(B+102), and 323 (B+116), further demonstrating the base
fragment to have a mass of 207, corresponding to hypoxanthine.
The ions m/z 349, 259, 244, and 230 show the sugar to be an
unmodified pentose (24). A mass spectrum of the authentic
silylated 9-0-D-ribofuranosyl isomer was obtained under the

same conditions for comparison. This spectrum also shows the
same fragment ions as in Chart 3, but the relative intensities of
selected characteristic ions are very different. Table 1 lists the
ratios of some of these ions in the spectra of the B-ÃŸ-and the 7-
jS-ribofuranosyl isomers along with those obtained from the

urinary nucleoside. This information shows that the site of at
tachment of the sugar moiety to the base can be readily distin
guished by these mass spectra, and demonstrates that the
unknown urinary nucleoside is a 7-ribofuranoside. The mass
spectra, however, could not readily distinguish between the 7-ÃŸ-
and 7-tt-anomeric structures in this case (24).

NMR. NMR spectra of the unknown urinary nucleoside (I)
exhibit resonances which are compatible with a purine nucleo
side. Resonance at 6.34 with a coupling constant of 4.5 Hz
suggests the presence of an anomeric proton, while singlets at
8.22 and 8.54 indicated aromatic protons of a purine moiety
such as hypoxanthine. The resonances at 3.90 are derived from
the 5'-CH2 protons and the multiplets at 4.39 and 4.21 ppm are
assigned to C3'H and C/H, respectively. Comparison of the

NMR spectra of the 7-a- and 7-j3-D-ribofuranosylhypoxanthine

reveal a close similarity of the ÃŸanomer to the urinary unknown
(Table 2). The resonances at 6.33 in the ÃŸanomer and that at
6.74 in the a anomer are derived from the anomeric protons as
reported earlier by Montgomery and Thomas (22, 23). Clearly
the chemical shift at 6.34 of the anomeric proton of the urinary
unknown was similar to that of the ÃŸanomer.

TLC and HPLC Determinations. As shown in Table 3 the
mobilities of the urinary unknown and authentic 7-ÃŸ-D-ribofura-

nosylhypoxanthine are identical in five solvent systems in TLC.
Both individual and mixed samples moved as a single discrete
spot, indicating homogeneity and supporting the identity.

Table 4 lists the individual and coinjection retention times of
the samples on HPLC. The results indicate that urinary sample
and the authentic 7-/S-r>ribofuranosylhypoxanthines have closely

similar retention times under three solvent conditions. In addition
to that, when two samples were coinjected, the mixture eluted
as a single peak. Furthermore, the a anomer was easily sepa
rable from the ÃŸanomer under these conditions, thus establishing
the material isolated from the urine is the ÃŸanomer.

DISCUSSION

A substance isolated from the urine of a CML patient has been
unequivocally characterized as 7-ÃŸ-D-ribofuranosylhypoxanthine
(I). In a 24-h urine collection it is present in an amount of about

400 fig. Structure I was assigned on the basis of UV and NMR
spectroscopy and by high resolution mass spectrometry, and it
was confirmed by Chromatographie and spectral comparison of
the unknown urinary nucleoside with the authentic material. The
interesting feature of this new nucleoside is the attachment of
ribose moiety at N-7 of hypoxanthine rather than at N-9 as is the

Chart 2. a, UV spectra of the urinary un
known nucleoside (I). Â£>,UV spectra of an au
thentic sample of 7-0-D-ribofuranosylhypoxan-

thine.

0.9
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b)

pH XrmÂ»
N 5.6 257
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Chart 3. Mass spectra of the trimethylsilyl derivatives of: A, authentic 7-0-o-ribofuranosylhypoxanthine; B, unknown urinary nucleoside (I).

Tabtel
Selected ion abundance ratios ol trimethylsilyl derivatives of 7- and

9-t3-o-ribofuranosyl isomers of inosine

Ion ratiosforlon(m/z)/ionM-1

5(541 )/M"

M-103(453)/M-105
M-193(363)/M
S-H(348)/M
B+100(307)/B+102
B+74(281)/M
S-90(259)/M
B+30(237)/M7-0-D-Ribo-

furanosyl0.57

0.58
1.09
0.16
0.22
2.00
1.06
0.33Unknown

urinary
nucleoside0.69

0.66
0.97
0.19
0.31
1.34
1.03
0.259-/3-D-RÃŒOO-furanosyl2.5

2.2
0.36
1.51
1.9
6.3
4.3
2.5

Table 3

TLC comparison of the unknown urinary nucleoside with authentic
7-ÃŸ-o-ribofuranosylhypoxanthine

Chromatograms were developed in solvents a, b, and c for 2 h and in solvents
d and e for 3 h. The solvents are identified in "Materials and Methods." The

unknown urinary nucleoside was also chromatographed on cellulose plates in
solvents a and b, where R( x 100 values for both urinary and authentic samples
were 66 and 40, respectively.

R, x 100

Solvent Solvent Solvent Solvent Solvent
a b c d e

* M, molecular ion; B. base moiety; S, sugar moiety.

Unknown urinary nucleo
side7-/3-D-Ribofuranosylhy-poxanthine77776060666644441515

Table 2
Chemical shifts and J values for unknown urinary nucleoside and 7-a- and 7-ÃŸ-o-

ribofuranosylhypoxanthine in Df>

C2-H C,'-H C3'-H C4'-H C5'-H

Urinary nucleoside 8.22(s)a 8.54(s) 6.34(d) 4.39(m) 4.21(m) 3.90(m)

J 4.5 Hz

7-if-D-Ribofuranosyl- 8.22(s) 8.58(s) 6.33(d) 4.38(m) 4.26(m) 3.90(m)
hypoxanthine J 4.5 Hz

7-,.-D-Ribofurano- 8.19(s) 8.46(s) 6.74(d)
sylhypoxanthine J 4.3 Hz

4.45(m) 3.92(m)

8 s, singlet; d. doublet; m, multiplet.

case with ionosine. It Â¡sthe first A/7-glycosidically linked nucleo

side to be found in human urine.
In terms of origin and occurrence, vitamin B12 related com

pounds are the only known natural materials which contain 7-

substituted purine ribosides (2). Pseudovitamin B12,an analogue
of vitamin B12,upon deamination of its adenine component gives

a substance called factor G (3) which contains 7-a-o-ribofura-

nosylhypoxanthine (2). However, the latter has not so far been
isolated from any biological source. In contrast the material
isolated by us from the urine has the ÃŸconfiguration. It has
recently been demonstrated by a number of laboratories that
analogues of vitamin B12 are more prevalent in nature than
previously suspected (5,19,20). Only one-half of the vitamin Bi2
analogues are measured by microbiological assay, while the
radioisotope dilution method using nonintrinsic factor measures
the additional analogues in human sera (5,15).

In terms of absorption and plasma transport of vitamin Bu, it
has been well established that cobalamin and its analogues in
plasma are bound by granulocyte R-binding protein (rapidly

moving proteins in electrophoresis) released by white cells and
are delivered first to the hepatocytes (4,18). It has been postu
lated that liver may act as a scavenger organ, preventing the
dissemination of some of these analogues into normal tissues
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NOVEL NUCLEOSIDE IN HUMAN URINE

Table 4
Retention time (min) on HPLC system

The following solvent systems were used: solvent 1, watermethanol gradient 0
â€”Â»25%; 30 min, flow rate of 1 ml/min; solvent 2, 7% methanol in water, Â¡socratic,
flow rate of 1 ml/min; solvent 3, wateracetonitrile gradient 0 â€”Â»25%, 30 min, flow
rate of 1 ml/min. Equal absorbance unit (0.05 AZM) mixture of unknown and a
compound or /j compound was prepared and injected to verify the identity of the
urinary compound. The mixture of urinary unknown and 7-fi-ribofuranosylhypo-
xanthine gave a single peak in the above systems. A mixture of the unknown and
7-d-D-ribofuranosylhypoxanthine gave two peaks.

Retention time (min)

Unknownurinarynucleoside
(I)7-)i-o-Ribofuranosyl-hypoxanthine7-n-D-Ribofurano-sylhypoxanthineMixture

injection(Nucleoside
I +fianomer)Mixture

injection(Nucleoside
I +aanomer)Solvent

121.3921.4618.5121.3621.03,

18.51Solvent

216.3616.3011.3416.8815.86,

11.53Solvent

322.2322.1322.42

(18) by retaining and finally eliminating the metabolites of the
analogues into urine or bile.

It has been known for more than 25 years that in myeloprolif-

erative disease such as CML, abnormally high levels of bound
vitamin B12 are present in the plasma of these patients (1, 13,
21). Not only is this plasma capable of binding more exogenous
vitamin Bi2 than is normal plasma, but also the disappearance
rate of this vitamin Bi2 from the blood stream of these patients
is much slower than that in the normal subjects. This abnormality
is attributed to an elevated secretion of granulocyte R-protein

which binds to vitamin Bi2 and its analogues and then transport
them to the hepatocytes (16). The structures of these additional
analogues in terms of the type of purine moiety, linkage, and
configuration they contain remain unknown (20). As one of the
possibilities we suggest that the isolated unknown urinary nu
cleoside (I) may be derived from a vitamin B,2 analogue present
in sera of CML patients. Since liver appears to act as a scavenger
organ preventing the dissemination of some of these analogues
(18), it would not be unexpected to find elevated quantities of
metabolic products of previously unidentified analogues of vita
min B12in the urine of CML patients.

In view of the 7-substitution of hypoxanthine with ÃŸconfigu

ration of this urinary nucleoside, an alternate possibility of origin
of this nucleoside has to be considered. It is known that there
are transglycosylases which transfer sugar from a pyrimidine
nucleoside to purine bases or vice versa in biological systems.
For example, bacterial transglycosylase transfers arabinose of
arabinosyluridine to adenine base giving rise to 9-0-o-arabino-

syladenine in good yield (31). Transglycosylases which act at a
macromolecular level are also known. In mammalian system
there is a tRNA guanine transglycosylase which exchanges
guanine present in tRNA with unusual bases such as queine, 6-

thioguanine, and 8-azaguanine (27). Thus it is conceivable that

significant quantities of adenine and hypoxathine which are pro
duced in the process of purine metabolism could get ribosylated
through specific transglycosylases to give 7-substituted 0-nu-

cleosides. Adenine nucleoside may then get deaminated to give

7-0-D-ribofuranosylhypoxanthine. It is of interest to note that the
nucleoside phosphorylase from Escherichia coli cleaves the 7-ÃŸ-
D-ribosyl-3-deazaguanine to 3-deazaguanine (29). This suggests
a possibility of a synthesis of the components such as 7-ÃŸ-o-

ribofuranosylhypoxanthine by the bacterial enzymes. Thus the
studies on origin of this compound need to be experimentally
explored also through the use of bacterial enzyme systems.

Urines from three normal subjects, and from one patient each
with colon carcinoma, breast carcinoma, and lung carcinoma,
when investigated by procedures similar to the ones used for
the CML urine did not reveal the presence of this material. Two
normal subjects who were given a large oral dose of vitamin B12
also did not exhibit the presence of this material in their urine.
These studies suggest that the urinary nucleoside (I) may not be
excreted by normal subjects and by all cancer patients. Further
work remains to be done to establish the generality of this
observation for other CML cases and to define the source of this
nucleoside.
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