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SUMMARY 

The reversed-phase mode of high-performance liquid chromato_mphy was 
used to investigate the profiles of low-molecular-weight, W-absorbing compounds in 
human serum. Identification techniques are described which sllow for the identi- 
fication of picomole amounts of the nucleosides, bases and other compounds in 
several microliters of serum ultrtiltrate. 

T&e sera from 3 1 normal subjects (17 males, 14 females) showed very consistent 
profiles. A total of 12 compounds were identified and qua&tied in normal serum. 
The analysis of sera from over 150 patients with various types of neoplasia and 
other diseases showed serum profiles significantly different from normal profile. 

lNTRODUCTION 

In recent years, efforts have heen made to tlnd biochemical markers for 
various diseases, especially neoplastic diseases. Such markers could be useful for 
early detection of the disease state or for confirmation of a diagnosis. In addition, it 
may be possible to use the markers to monitor the progress of the disease and the 
patient’s response to therapy. The methylated nucleosides and bases, which have been 
found at elevated concentrations in the urine of patients suffering from several types 
of cancer, have been suggested as possible markers for leukemia, breast cancer and 
other malignancies 1--ts _ Increased amounts of the modsed nucleosides and bases have 
also been found in the urine of laboratory animals subjected to radiationlg~zo. It has 
been postulated by Borek and others21~22 that increase d excretion of the mod&d 
nucleosides and bases may reelect the turn-over rate of the tBNA, since many of 
these compounds have been found in this nucleic acid=. 

Although the nucleosides and bases in urine have been extensively studied, the 
presence of these compounds in serum has not been system.stically investigated. 
Studies involving these compounds in serum have been hampered by the lack of an 
adequately sensitive methodolom. The recent development of microparticulate 
chemically bonded packing materials in high-performance liquid chromatography 



(HPLC) has made possible the routine analysis of the nucleosides and bases in 
biological samples such as serum-. 

Recent studies by several -hers have shown that certain of the nu&o- 
sides are present in detectable amounts in serum. For example, Agostoni et aZz6 
and Rubio et ~1.~’ have found that serum concentrations of the demy&o- 

nucleosides and adenosiue iucrease with myocardial infarction and reactive hypermia. 
Senftler et aZmzs have recently employed HPLC to study the serum as well as the 
hemodial,yzate of uremic patients_ 

As nucleosides and bases have been found in detectable concentrations in 
human serum, it was felt that serum might serve as a useful physiological fluid in 
which to examine the overall nucleoside and base profiles and to study alterations of 
these profiies during neoplastic and other disease states. 

As a lirst step in this long-range goal of studying alterations in serum nucleo- 
side and base pro&s in patients with cancer, it was necessary to determine the 
compounds which are found in normal serum and variations in these profiles due to 
sex, age, diet, etc. In addition, it was necessary to study effects of sample prepa- 
ration and handling on the stability of these compounds. Only after these initial studies 
were done could the sera of patients with various types of malignant and non- 
malignant diseases be studied and the sera from healthy subjects be compared with 
those with disease states. 

The purpose of our research was to determine the compounds found in normal 
sera and to investigate the sample handling techniques and identilication procedures 
developed. In addition, preliminary results of studies involving patients with several 
types of cancer are reported. 

MATERIALS AND METHODS 

Iizstrumentation 

The high-pressure liquid chromatograph (Waters ALC 204, Waters Assoc., 
Milford, Mass., U.S.A.) and the ancilliary equipment have been described in detail 
in Part I=. Instrumentation not discussed previously includes an on-line Model SF 770 
W-visible scanning spectrophotometer, with a model M-M 700 memory module 
(Kratos, Schoeffel Instrument Division, Westwood, N-J., U.S.A.). The W speckx 
were obtained using the stop-flow technique29. 

cozu??zrrs 
The reversed-phase (C,,) columns (30 cm x 4.6 mm I.D.) were obtained from 

Waters Assoc. Prexolumns (2.5 cm x 4.6 mm I.D.) used throughout the study were 
packed with pellicular Cl8 packing material (Whatman, Clifton, NJ., U.S.A.). 

Reagents 
Enzymes used in the enzymatic peak-shift identifications were of the highest 

purity available and were obtained from Sigma (St. Louis, MO., U.S.A.). The 
chromatographic standards were also purchased either from Sigma or from Vega- 
Fox Biochemical Co. (Tuscan, Ark, U.S.A.). 

The NaIo, used for the determination of c&ii01 group was purchased from 
Amend Drug and Chemical Co, (New York, NY., U.S.A.). KH=PO~ was of reagent 
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grade, obtained from Mallinckrodt (St. Louis, MO., U.S.A.). The spectral-grade 
methanol was from Burdick and Jackson (Muskegon, Mich., U.S.A.). 

Normal reference sera (Seronorm) were obtained from Nyegaard (Oslo, Nor- 
way). Filter cones used for the ultra.lIltration procedures were obtained from Amicon 
(Lexington, Va., U.S.A.). The nominal molecular weight limit of these filters was 
25,ooS. Vacutainer serum tubes (no anticoagulant) were obtained from Be&ton & 
Dickenson (Rutherford, NJ., U.S.A.). 

Selection of normal sdjects 
Donors who had no apparent manifestations of disease were selected. Subjects 

were not maintained on a pm-k-free diet; however, histories were obtained con- 
cerning their dietary intake for at least 12 h prior to blood collection. Histories con- 
cerning vitamin intake, drug regimens, etc., were also noted. 

Samples of patients with various diseases 
Sera from cancer patients were obtained from the serum bank of the National 

Cancer Institute, at the Mayo Clinic, Rochester, Minn., through the courtesy -of Dr. 
Ronald Her-berman, Chief of MH. Cancer sampies were also obtained from Dr. James 
Crowley and Dr. Patricia Fames at the Rhode Island Hospital. 

Blood collection and handing 
Sera were collected by subcubital veinipuncture into lO-ml (red top) 

Vacutainer tubes. Clot formation was allowed to proceed for 15-20 min at room 
temperature, after which the tubes were centrifuged at 1145 relative centrifugal force 
(RCF) for 5-10 min. Sera were then transferred to disposable plastic tubes and 
allowed to remain at room temperature (24-26”) for 3.54.0 h. They were then filtered 
through Amicon cone filters for about 20 mitt at 500 RCF. Sera filtrates were placed 
in polyethylene sample vials and stored at -20c. 

Development of sample protocol 
E@ct of clot removal. The eff&s of variations in the handling procedures of 

serum samples were investigated. Two groups of samples were monitored at room 
temperature (25”) for periods of up to 10 h. One group was allowed to remain in 
contact with the clot while in the other grcup the sera were removed from the clots. 

Effects of storage. The effects of storage conditions were examined by splitting 
a total of six sera samples into two groups, one control and one experimental. These 
sample pairs were further divided into two groups; one group of samples was 
frozen immediately after the blood cIotted and the serum removed, and the other was 
incubated at 25” for 3.5-4 h (see Table III) before being frozen. The frozen samples 
were stored at -20° for periods up to 17 days. After thawing, the first set of samples 
was allowed to remain at 25” for 3.54 h, then processed. The second set was pro- 
cessed immediately upon thawing. All samples were compared with their controls 
and processed according to Table III_ Thus, the experiment was designed to 
simulate two different handling procedures; one in which sera were stored frozen 
before the 4-h incubation time, and the other in which sera were incubated prior 
to freezing. 
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Chromatogr-qhic comlitims 

The optimization of tke ckromatograpkic cunditions kas been discus& in 
detail in Part I==_ To s-, the conditions select&I were as foilows: low strength 
e!uenG 0.02 M KH~PO,, pH 5.6; kigk strength ekxent, 60 % methanol-water solution, 
degzsed using a stream of helium gas; gradient, O-lOO”~ of tke kigk strength eluent 
in 87 min (linear gradient); flow-rate, I.5 mi/min; temperature, ambient Any wm- 

_ bin&ion of gradient times and methanol concentratio~~s may be used to produce a 
gradient slope of O.69o/C,& methanol increase. 

Peak identz~cation procedures 
SpectraI L&U. Absorbance ratios were obtained by measuring tke peak keigkt 

of a solute passing tkrougk two detectors in series using a dual-pen recorder. UV 
spectra were made using the stop-flow technique, over the rauge 220-320 run. 
FIuorescence data were obtained at an excitation waveIer@k of 285 mu, with a cut- 
&Y filter of 320 nm. With tke exception of tke UVspectra, wkickrequireda separate 
injection, the detectors were in series so that pertinent spectral information could be 
obtained simukzmeously in a single analysis using tkis bank of detstors. 

Enqmatic peak shift. An aliquot of a sample (40-80 ~1) was incubated at 2.5” 
with an equal volume of enzyme solution. Tke incubation time necessary is dependent 
upon the concentration of the solute in the sample and tke enzyme activity of tke 
solution. The enzymes commouIy used in our Iaboratory for identification are listed 
in Table I together with tke reaction conditions and necessary cofactors. 

TABLE I 
ENZYMES USEFUL FOR THE IDENTIFICATION OF SOME UV-ABSORBING COM- 
POUNDS FOUND IN HUMAN SERUM 

Su&frute fs) 

Hypo.~thi!l~ 
Xanthine 
Imsine 
Guzuosine 

Guaninc 
L-Tryptophan 

Uric acid 

Adenosine 

Reagent or cofactor Reactfon Pr&cz(s) 

PH 

H&k 02 xznihine oxidase 7.8 xanthine 
HzO, 9 (E-C. 1.23.2) 7.8 Uric acid 
Phosphate Puke nuckoside 7.4 H,vpoxanthine 
Phosphate Phosphoryiase 7.4 Gumine 

(EC. 24.21) 
Guanase (E-C. 3.5.4.3) 8.0 xanthii 

~oxaK+phospbate T~ptophanase 8.3 Indoie 
(EC. 4.21.E) 

J320.4 Uricast 8.5 Allantoin 
(EC. I .7.3.3) 

Hz0 Adenosine dean&se 7.5 Ixmsine 
EC. 3.5.4.4) 

Afkr incubation, the enzyme was deactivated prior to rzchromatography of 
tke incubation mixzur e by a brief exposure to a boiling water-bath. The minute amount 
of enzymic protein remaining in the sampIe was not removed. 

Qualitative chernicaf tests. For the periodzte reactions, 8O-,ul aliquots of the 
samples were reacted with equal volumes of 0.01 mole/i &IO4 solution. Reactions 
were complete within 15 min. If desired, tke excess of periodate can be removed by 
tke addition of etkyIene glycol. Aliquots of tke reaction mixture were injected directly 
on to tke column a&r reaction with no apparent effects on column performance. 
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Fig. 1 shows a chromatogtam of a se- Mtrate from a normal donor_ The 
peaks which were present ti tke majority of the sera are lettered A-O. Fig. 1 is 
typical of&e profiles which were observed for most of the normal sera. The peaks 
eluted prior to peak A a& subject to interferences from a iarge number of com- 

CONTFtOL SERUM 

ULTFiAVIOLET 
254 run 

FLUORESCENCE 

2851un Excifaficm 
32om Cl&Off 

Fig. 1. chromatogram of the serum tiltrate from a normal donor using both W (254 nm) and 
fluoresoence (ZSSnmex&ation, 320 nm cutofF) detection. Injection volume: SO gd. Column: reversed- 
phase. H?qn pzkrtkk diameter. El uents: low strength. 042 mole/l KH2PG4, pH 5.6; high stnngth, 

60% methanol-~_ Gradient: Enear, &lOO% of high strengtE~ eluent in 87 min, slope 0.69 % 
metknoljmin. Flow-rate: 1.5 mI/min. 



pounds not retained on a reversed-phase column. Therefore, no attempts were made 
to identify or qnanti@ these peaks_ 

For preliminary identi&ation, the reteution times of the peaks -A-O were 
ampared to -over 100 reference stankds. For flier identikation, standards 
havhg ret=ntion times witbin 10% of the retention times of ‘rfie serum peaks were 
co-iujW with the serum (Fig. 2). The absence of any shoulders or unusual peak 
broadening imikati that the standards had the same retetrtlontimes as the serum 
compounds. 

Tih4E (mid 

Fig. Z EGezum sample of co-injected with a solution containing create, uric acid. tymke, 
hypoxanthine, uridine, inosine. guanosine, tryptophan, theobromine and caEeine. 

The retention times of peaks labeled as F, G and 3 in Fig. 1 did not corre- 
spond to any of the reference standards. Peak F is composed of at least two co-e@ng 
compounds. Peak J, w’hich is present only occasionally, occurs in insignificant 
aniounts_ Peak G is consistently present in every normal serum sample. Its identity is 
still under investigation. 

PeaX- height ratim. Peak height ratios were obtained on-line for every sample. 
These ratios can be useful for the identi&ation of peaks and for the routine con- 
firmation of peak purity”. Table II lists the peak height ratios of the semm peaks 
iabeled in Fig. 1 as well as the ratios of the standards. Excellent agreement was found 
between both groups, with np simat differences between the two groups at the 
95% significance level. The one exception is peak E, which showed a ratio inter- 
mediate between nridine and xanthine. 

FZU~XS~&~~. The highly seIective response of a ffuorescence detector to the 
serum components is illustrated in the lower chromatogram of Fig. 1. Only four 



TABLE II 

COMPARI!WN OF AVERAGE PEAK HEIGHT RATIOS h3R !ERWM P&&S L&D S&N-: 
DARDCOMPOUNDS . . 
The lettered peaks correspond to &use in Fig_ 1. Nuhers in parentheses he the standard de&tic& 
from five rando& s&z&d samples. Cl&uMed t values us& the two-group cmqwison test are 
reported at the 95% cmfkfestce level. 

A 
B 
c . . 
D 
E 

G 0.375 (0_0286) 
II o_a955 (0.0102) 
I 0.386 (0_0406) 
K vs. - 
L *. 1 As (0.0859) 
M 126 (0.0239) 
0 128 (0_0801) 

-VS.’ 
2.21(0x4) 
2.42 (0.0592) 
0_4225 (0.00191) 
0.278 (0.0254) 

- 
8.33 
2.44 
4.49 
9.14 

7.63 
10.7 
10.5 
- 
5.80 
1.90 
6.23 

Creatinine 0.001- 
Uric acid 216 (0.104) 
TyrosinC 247 (0-m). 
Hypoxantie 0 
Uridine 0.215 (0.0120) 
Xan-&he 0.459 (O.Olao) 
- - 
l&sine o.a920 (0.0067) 
Guano&e 0.373 (O.OzaO) 
Hippuric acid O_oOl * 
Tryptophan” 1.43 (0.0480) 
lheobromine 1.27 (0.0290) ~. 
CXTeinei 1.26 (0.0561) 

l VS.: peak height ratio is too szull to measure accurately. 
l * Indicates that the pea!c was flu0 rescent at 285 nm excitation, 320 nm cutoff filter. 

major fluorescent peaks, C, F, J and L, were found in the serum of subjects with no 
known disease. Of these, only peaks C and L have been unambiguously identified 
as being L-tyrosine and L-tryptophan, xspectively. 

UV spectra. The W absorption curves for several of the serum peaks and 
reference standards are shown in Fig. 3. These spectra were obtained using the stop- 
flow techniques described earlieS”. The agreement of spectral det&!s between the 
serum peaks and the standards is evident from Fig. 3. 

The UV spectra of peak E in Fig. 1 is compared with both uridine and 
xanthine in Fig. 3 since both of these standards had retention times similar to that 
of peak E. Close examin’ation of the spectra showsthat the J&- of peak E is similar 
to that of uridine, but shifted bathochromically towards that of xanthine. From the 
peak height ratios and from the complete W curves, it is evident that mk E is 
composed of a mixture of both xanthine and uridine. 

The W spectrum of peak G is presented in Fig. 4. This peak, which appears 
normally in every normal serum sample and is elevated occasionally in serum of 
patients with chronic lymphocytic leukemia, has not yet been identi6ed. Initial studies 
using both chemical ionization and eIectro&mpact ionization mass spectrometry have 
been inconclusive. However, further mass spectral studies are currently underway in 
an attempt to identify this compound. 

Eizrymcitic peak shzjk The identification of compounds in bitilogical samples 
czn be aided by the use of the enzymatic pe& shifiz9_ In this technique, the dis- 
appearance of. a peak and/or the appearance of new peaks can be used to indicate 
tbatanenzyme-ca~~reactionhasoccmd. 
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Fig. 3. UV spectra of several of the serum peaks ideh%ed in Fig- 1, obtained using the stopped- 
%ow tsimiquc. Skmsitiviti are indkated in the individual spectra. 

The following enzymes were used to con&-m the peaks identified in Figs. I 
md 2; w&se for uric acid; tyrosinase for tyrosine; xanthine oxidase for hypo- 
xanthine and xanthke; p-mine nuckmside phosphorylase for inotie and guano&e; 
@ptophamse for tryptophan; and adenosine d&amine for adenosine. Although 
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wAvsEffirn 
Fig. 4. W scan of peak G in Fig. 1. 

the technique is usually used qualitatively, enzyme-catalyzed reactions can be used 
for quantitation if proper care is taken. 

C&uical rests. Many classical qualitative organic tests are compatible with 
HPLC and can be,used to determine the presence of functional groups in compounds 
at tke picomole level. Aliquots of the samples are reacted in a micro-vessel. A change 
in retention times or tke disappearance of a peak is taken as an indication of a 
reaction. Tke periodate reaction, which is kigkly specific for any &-diol groups, was 
found to be useful for the identification of compounds containing tke ribosyl moiety. 
Fig. 5 skows tke serum sample presented in Fig. 1 after reaction with periodate. The 
peaks IabeIed as H and I (Ino and Guo) are completely removed, indicating the absence 
of any co-eluting compounds not containing tke diol group. The reaction products 
are eluted in tke th-st part of the chromatogram_ 

Peak E in Fig. 1 is seen to decreas e in Fig. 5 by 50-70% after reaction with 
periodate. From tke UV spectra and retention data, it has been found that peak E 
consists of both uridine and xantkine. Tke periodate reaction was used to determine 
quantitatively the amounts of uridine by subtraction of peak areas after reaction. 

Use of combiheddara for peak i&ntijkztion. The peak identification procedures 
outlined on previous pages, while not conclusive in themselves, can be very powerful 
when used in combination. Thus a sequence of tests can be used in place of a single 
more definitive method (suck as mass spectral data) when the sample amounts preclude 
the collection of sufficient amounts for such analyses- 

Development of sample protocol 
Fig. 6 shows the changes in areas of serum peaks over a 10-k _Deriod at 25”. 

Substantial changes in several of tke peaks occur during tke first several hours before 
sample processing. Most of tkese changes are probably enzymatically cata&zed. For 
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Fig_ 5. Cbrotratogram of 80~1 of the same sample as in Fig. 1, zfter reaction with Eopl of 0.01 
mole/l NdO. solution. Total injection volume: 16Opi. 

example, the rapid decrease in adenosine is catalyzed by endogenous adenosine 
deaminaz. Inosine (the product of adenosine) increases simultaneously, and then 
later decreases. Hypoxanthine, as the product of the purine nucleoside phospho- 
rylase deribosylation of inosine, also increases after a short lag time. 

Peak F (Fig. 1) dxreases rapidly during the Grst 2-3 h, after which it remains 
constant at the concentration shown in Fig. 1. Although peak F is not positively 
identified as yet, from preliminary work the compound appears to contain adenine 
and is tentatively identified as NADH_ 

Creatinine and uric acid remain essentially constant throughout the 10-h 
period, along with peak G, theobromine and guanosine. 

The peaks in the chromatograms of sera which was left over the clot 
showed similar changes to those presented in Fig. 6. The major difference was in 
the inosine concentration, which increased substantially after 4-6 h. 

Although there were considerabie interconversions in the peaks in the serum 
profiles, it is important to note that no new large peaks were found dming the 
10-h studies. Occasionally, two small peaks were observed when the sera had 
remained at room temperature for more than 5-6 h. These peaks eluted just after 
tyrosine aud immediately before &sine. The absence of sign&ant qualitative 
changes is important in the cancer stidies, where the appearance of new compounds, 
rather than changes in the concentrations of existing compounds, might be used to 
indicate the presence of neoplastic changes. Following these studies, the protocol 
presented in Table III was adopted for all subsequent work. 

Effect of storage wnditfons 
!kum samples which were frozen immediately after collection for periods of 
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incubated at 25” (removed from the clot) for 
pe&s lettered in Fig. 1. 

Fig. 6_ changes in peak areas of a serum sample 
pesiods of ‘-lp to LO h. Curves represent the senun 

SUMMARY OF STANDARD PROTOCOL CONDlTiONS ADOFFED FOR PROCJZSSING 
AND STORAGE OF SERUM SAMPLES PRHJR TO ANALYSES BY KPLC 

Step Proedkre 

1 Collect blood in 3erIlm (red top) tubes 
2 After clot&g (15-20 min at 25”), centrifuge for X5-20 min at 1145 RCF. 

: 
Witidnsv sesusn into a plastic vial. J&x&ate at 25’ for 3.54.0 h. 
Add intemd standard if used. 

5 Place sampb in Centriflo membrane filter (previous!y soaked iu distilled water for 1 h). 
6 Centrifuge for 20 min at 500 RCF. 
7 Remove filtrate. 

Fnxze immedkdy at -20”. 
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up to 21 days and then processed showed no s&n&ant changes over control samples 
which were processed immediately according to Table JJJ. The&ore, whole sera may 
be stored frozen without substantial changes, as long as the totai time spent at 
25” remains constant. However, it would appear to be more rek_ble to process the 
sera in MU without prior storage &c&ding to the proto& of Table JJI where 
possible_ 

The reproducibility of peak areas was investigated by performing rephcate 
analyses of individual sampies of serum Ghrate. The results of this study are shown 
in Table IV. For compounds found in the serum at relativeiy high concentrations, 
e.g., uric acid, the average relative standard deviation averaged between 1 and 3%. 
For peaks of smaher areas, the precision was in the range of 3-6% RSD. 

TABLEIV - 

PRECBION OF QUANJFlTATION FOR A SiNGLE NORMAL SERUM FILTRATE 
Five comecutive 8Gpl iajectioas. 

CoRYpod BtiiW4 - RsD 61 

crratinine 76.4 (238) 3.11 
Uric acid 221 (2.92j 1.32 
-W-i= 70.4 (4.31) 6.13 
Hypoxanthine 7.69 (b.09i9) 1.20 
Iaosiae 4.70 (O&q 3.49 
GiBIXEik 0.544 (O_m73) 5.01 
mypt0pha.u 142 (0.653) 4.60 

* Stamhrd deviations for five replkxte i+cti~ns are given in parrnthescs. 

UV-absorbin, coinpowzds in normal serum 
A tabulation of the average concentrations of the compounds identikd in the 

sera of 3 1 normal donors (14 females, 17 males) is presented in Table V. 
Most of the nucleosides and bases found are present at concentrations 

between 0.001 and G-1 times that of compounds such as uric acid and creatinine 
which are commonly analyzed in the clinical laboratory. Concentrations of dietary 
compounds such as theobromine and caffeine are also listed in Table V. Where 
possible, iiteratnre values for compounds of interest have been compared. The 
agreement between the literature values and those obtained here indicate the 
general reliability of the methodolo_ey used. 

In order to cot&m the accuracy of the sampIe preparation and HPLC 
procedures, commerciahy available standard reference sera were anaIyzed. Table VI 
shows the restits of the average values obtained from three independent reference 
sera. The HPLC technique avera=gcd 6.96% lower for the creatinine than the vabxs 
obtained by the JaE method (reference sera) and 12.0% lower for the uric acid 
than the values obtained by the uricase method. The lower concentration for 
creatinine measured by HPLC is in agreement with that of other researc hers=, who 
have found that the widely used JaE alkaline picrate method is subject to inter- 
ferences from other serum componnds. 
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TABLE v:: 

coMPouNix IDENTIFED IN NORMAL HUMAN SERUM 

Sera were processed by membrane centrifuge cones (nominal inokcular wzight 25,OtN). Means re- 
present 31 donors (17 males. 14 females). NA = Not available. 

Sex LiteraWre values 
(wnoleli) gcw 

Reference 

Creatiuine F 
(4 M 
UricA F 

(B) M 

z 

N.S. 5 

:z? 

N.S. 

Urd Q NS. 

X=(E) NS. 

Ino (H) N.S. 
Guo f.I) N.S. 
Hipp A. (K) NS. 
Trp (U N.S. 

Dietary wmpoundr 
Thb(M) - 
Caf(0) - 

633.4 (8.7) 
83.1 (11.8) 
171 (30) 
295 (39) 
62.2 (16.3) 

7.16 (2.81) 

3.17 (1.11) 
2.62 (1X%) 
5.62 (287) 
0.881(0.515) 
0.613 (0.477) 
13.7 (3.57) 

- 
- 

46.0-80.8 
59.5-107 
lfu-232 
217-373 
W&94.8 

1.56-12.8 

09514.39 
0.542-4.70 

0.0-11.4 
o.u-1.98 
o_u-1.57 

6.63-20.8 

0.0-6.35 N.A. 
0.0-12.2 N.A. 

71-106 
8U-133 

Is-357 
2084W 
44-71 
71-(4) 

3.08-19-O (male) 
1.84-25 (female) 
N.A. 
1.64 
N.A_ 
N.A. 
N-AA. 

1742) 
9.16-(10.4) 

31 
31 
31 
31 
31 
32 
33’s 

- 
- 
- 
- 

34 
35 

- 
- 

* Letters correspond to the identification of serum pxks given in Fig. 1. 
** Standard deviations of triplicate analyses are given in parentheses. 

l ** All literature values have been converted to micromoIes per liter. Standard deviations are 

given in parentheses. Ranges are indicated by dashes. 
’ No signCant sex-related differences. 

If Other literature vah~es are. presented in this paper. 

TABLE VI 

COMPARISON OF CREATININE AND URIC AClD CONCENTRATIONS IN THREE 
REFERENCE SEIW SAMPLES, ANALYZED BY HPLC AND BY THE ZAFFE METHOD 
(CREATININE) AND URlCASE/PHOTOMETRY (293 nm) METHOD 

Rerekerxe sera were from Nyegaard (Oslo, No_rway) (Seronorm, batch 136). 

CompoKnd Diflerence (%) 

HPLC mehod Seronorm 

tZrear.inine 107 (3)” 115 0 6.96 
Uric acid 42g (5) 440 (12) . 120 

l The means represent three independent sampks. 
*I Standard deviations are given in parentheses. 

The reproducibility of the pro&s and the fact that the same peaks were 
found to occur in all of the 31 normal samples is important in our work. Normal 
dietary variations and vitamin intake did not alter the serum profiles to any large 



extent, except for the compounds c&bine (peak O), theobromine @eak M) and an 
apparent ca@ine metabohte (peak PI)_ The. mge of vcaridiom t&it- did occur are 
p_msented in the data in ‘Fable V. It should be noted that although the vaiues for the 
concentrations of the W-absorbing compounds in serum are highly reproducible, 
a normal range of values which is statistically valid can only be obtained with a much 
larger sampling (300-500 sample@‘. Work is now in progress to establish these 
VdWS. 

AnaIVsirofs~rafrompaZients with neophsia andotlier diseases 

In prehmu~ary work, the sera from a total of approximately 150 patients with 
various types of cancer have been examined. Those types of cancer which produced 
the greatest changes in serum pro&s were examined in more carefully controlIed 
studies. The preiiminary rest&s of sever& of these studies are presented below. 

Fig. ‘7 shows the cbromatogram of the serum ultraSltrate from a patient with 
chronic renal failure and chronic Iymphocytic leukemia (CLL). The tremendous 
changes over the normai profile shown in Fig. 1 are evident, and are similar to those 
alterations observed by Senftler et al. =. Most of the compounds in Fig. 7 have not 
been identi&zd, although many are highly guorescent The profiles of 21 patients with 
CLL above were examined in a seprate study. The CLL prof%s were very similar to 
the normal protile shown in Fig. 1, with only one compound (peak G) being 
eIevated. Thus, most of the changes observed in *Fig. 7 appear to be due to a 
build-up of compounds from the renal failure, rather than from leukemia. 

TIME (min) 

Fig_ 7. Cixomamgmm of the serum uhaiiitrate from a patient with chronic renai failure and 
chronic Iynipbxytic leukemia (CLL). Injections vohme: SOpI. Chrom2tograpbic axxditions as in 
Fi& 1. 
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Fig. 8 presents a serum profile of a &year-old male with malignant lung 
cancer_ This profile was typical of the 16 lung cancer patients studied. The peaks 
labcllcd in parentheses (l-m-In0 and N,-m-Guo) have been tentatively identifkd by 
retention times only, and are subject to further verification. 

i0 $0 3’0 4’0 

TIME (mid 

Fig. 8. Chromatogram of the serum ultrafdtrate of a 46-y--old male patient with malignant lung 
caner. Injection volume: SO,& All o*&er conditions as in Fig. 1. Fe&s identified with parentheses 
represent tentative identifications by retention times and are subject to confirmation by other tech- 
niques. 

A study of I3 Fatients with malignant breast cancer and 9 patients with 
benign fibrocystic changes was undertaken. Fig. 9 shows the chromatogram of the 
serum profile of a breast cancer patient with bone metastasis. Two new peaks not 
found in normal sera were observed in the serum shown in Fig. 9. These peaks 
have been tentatively identified as I-m-In0 and N,-m-Guo. In all, 45.5% of the 
malignant breast caucer patients exhibited significant concentrations of I-m-Ino, 
while 22.7 % had detectable concentrations of N,-m-Guo39. Examination of 9 patients 
with benign fibrocystic changes showed essentially a normal serum profile, with no 
detectable amounts of I-m-In0 or N,-m-Guo39. 

From these and other studies, it is evident that alterations in the serum 
nucleoside and base pro&s do occur during some types of canctx However, these 
results are preliminary and it remains to be seen if specik changes cm be consistently 
correlated directly to neoplastic diseases. As yet, it has not been proven that the 



674 

AB @E 

H 

I 

0 IO 20 3a 40 
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Fig. 9. Rerun pro!iks of a post-operative breast cancer patient with metastasis to the bone. Injection 
volume: 80& Peaks identiCed with parentheses are tentatively based upon retention times done. 

changes observed are disease-specific and if they are, at what stage of the disease 
such changes are first detectable_ IMore comprehensive studies are currently underway 
in our laboratory concerning these c-banges. 

DISCUSSION 

The changes in the serum in profiles of the Iow-molecular-weight, TJV- 
absorbingcompoundscaused by cancer or other diseases has received relatively little 
interest, However, our preliminary investigations indicate that not only are the normal 
profiles consistent but that definite changes occur in sera of patients with several types 
of cancer. It should be emphasized, however, that at the present time variations in 
HPLC prof%zs cannot be used to denote the presence of a neoplastic state. It remains 
to be seen how consistent these changes are for large populations, the sensitivity 
of the changes to the earliest stages of a disease, and whether the changes noted are 
disease-S&C_ 

The HPLC methodology developed for this work is simple and precise with a 
miuimum of sample preparation steps required_ Studies of the various sample 
handling and storage techniques have indicated that the serum should be properly 
handIed for accurate quantitation. However, small variatiosn in the handling prclce- 
dures did not aiter the qualitative profiles of the normal sea. In addition, the 
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relatively general freedom from interferences permits sensitive deiectioz of riew 
cumpomds as well as substantial changes In the concentrations -of existing 
c4mpomdsinsermn. 

ACKFTOWLEDG EMENTS 

The authors thank Dr. James Crowley, Special Haematology, Rhode Island 
Hospital, and Dr. Ronald Herberman, Chief of Immnnodiagnosis Laboratory at the 
National Cancer Insti@te, for the sera of the cancer patients. Thanks are given to 
Mr. Cohn Rivers and the staff at tke University of Rhode Island Health Services for 
their cooperation in the procurement of normal sera. Acknowledgement is extended 
to Mr. Malcolm McKeag and Mr. Sebastian Assenza for their general assistance with 
the laboratory work involved. 

Appreciation is z&o extended to Paul Champlin (Waters Assoc.), Klaus 
Lohse (Schoeffel Instruments, Kratos) and Fred Rabei (Whatma~) for their technical 
Z3SSiStaQCe. 

Support for tbis work was provided in part by -an American Chemical Society 
Summer Analytical Division Fellowship, and by Grant No. 17603 from the 
National Cancer Institute. 

REFERENCES 

1 G. E. Davis, R. D. Suits, K. C. Kuo, C. W. Gehrke, T. P. Waalkes and E. Bore& Cfbz. Chem., 
23 (1977) 1427. 

2 M. Uziel, L. H. Smith and S. A. Taylor, Ciirz. Chem., 22 (1976) 1451. 
3 T. P. Waalkes, C. W. Gehrke, R. W. Zumwalt, S. Y. Chang, D. B. Lakings. D. C. Tormey, 

D. L. Alunarm and C. G. Moertell, Cancer- 36 (L975) 390. 
4 T. P. Waalkes, C. W. Gehrke, W. W. BIeyer, R. W. Zumwalt, C. L. M. Olweny, K. C. Kuo, 

D. B. Lakings and S. A. Jacobs, Cant. Ckenwtket-_ Rep_, 59 (1975) 721. 
5 T. C. Tormey, T. P. Waalkes, D. Ahmann, C. W. Gehrke, R. W. Zumwait, J. Snyder and H. 

Hansen, cancer, 3s (1975) 1095. 
6 J. Mrocnek, S. R. D&more and T. P. Waalkes, J. Nut. Cancer fmf., 53 (1974) 1553. 
7 G. B. Cl&da, A. Mittelman and J. R. Grace, Jr., .l. Pharm. Sci, 58 (1969) 75. 
8 K. P. Heirwegh. C. Ramboer and J. De Groote, Amet. J_ h-fed_., 42 (1968) 913. 
9 K. Fink and W. S. Adams, Arch. Biochem. Biophys., 126 (1968) 27. 

10 E. S. lMcFarlane and 6. J. Shwa, Cpn. J_ MicrobioL, 14 (1968) 185. 
11 A. Dlugajczyk and J. J. Eiler, &UC. Sue. Erp. BiuL Med.., 123 (1966) 453. 
12 L. R. M&del, P. R Srinivasan and E. Bcrek, Natwe (btzcbn). 209 (1966) 586. 
13 S. hi. Weissman, M. Lewis and M. Karen, f. Hernato~., 22 (1963) 657. 
14 K. Fink, W. S. Adams, F. W. Davis and M. Nakatani, Cancer Res., 23 (1963) 1824. 
15 R. W. Park, J. F. Holland and A. Jenkins, Ca/wzr Rcs., 22 (1962) ~59. 
16 W. S. Adams, F. Davis and M_ Nakatani, Amer. J. Med., 28 (1960) 726. 
i7 M_ Adler, Science. 130 (i9fi9) 862 
18 B. Weismann, P. A. Bromberg and k B. Gutman, J. BrX Chem., 224 (1957) 407. 
19 1. W. <Ben, J. G. Kembkes, B. I. Friedman and E. L. Saenger* Radiology, 91 (1968) 343. 
20 C D. Guri and L. J. Cole, US. Navy Radial. Defence Lab., 12 April (1968) 1. 
21 E. Borek, Cancer I&r_, 31 (1971) 596. 
22 A E. Pegg, Advam Gmcer Resm. 25 (1977) 195. 
23 R A. Harts&k and P. R Brown, J. Chromrrtogr., 126 (1976) 679. 
24 C. W. Gel&e, K. C Kuo, G. E. Davis, R. D. Suits, ‘I. P. Wazlkes and E. Borek. 9. Chro- 

&utogr., 150 (1978) 455. 
25 A. M. Krstulovic. P. R. Brown and D. M. Rosie, Anal. Chem.. 49 (1977) 2237. 
26 A. Agostonl, B. Lomanto and L. Nat&, ACCQ cardrbl.. 22 (1967) 362. 



t7mR Rubio. R_ &K Beme and M E&f&, hner. A P&s&& 2I6 (1%9) 56, .. 
28 F. C &I&Z, A_ G. Hat&e, H__Veeu&and P--A_ Da-n, Ch. UEQZ. 22 (1976) iS2Z 
29 A_ _M_ K~~~ulov-ic, P. R Brown and D. M. Rasie, RnaE. Chm, 49 (1977) 2237. 
30 A_ M. Kssmlo* R A_ Hmtwkk, P. R Brown and K L&se, J_ Ch~mmgr_: 158 (1978) 365. 
3i N_ W. ‘l-&z (Editor), T&e F~ntaLs of clinical -fry, Sam& l%iI+eI~ hd cd_, 

1976, pp_ 1206-1226. 
32 R H_ McMenany. C_ C_ Lund and 3. L. On&y, J_ C&r_ Itwest.. 36 (1957) 1672. 
33 H, -, J. el3b-o~~?~., 81 (1973) 85. 
34 R H. McMemrny, C. C Land 3. Van Marcke! and J. On&y, Arch_ Eioehem. BtipI~ys., 93 

(1951) 135. 
35 A_ M_ Krstulovic, P. R Eko&, D. M. Rosk and P. B. Chnph, C&z. Ckem., 23 (1977) 1984. 
36 W. L. C&iou, G. W. Penz, M. A. F. Gaddla and S. T. Nereaburg, J_ Pham_ Sci_, 67 (I 978) 292, 
37 H. E himin, B. 3. Gadikowicz and 11. F. Fauger, Nornsrrl Valrvs in Clef Ckembny, Marcel 

DeWer, New Yorfc, 197.5. 
38 RA_H.zkck,S.P.- and P_ R Bsown, J. Chromfo~., 186 (1979) a7. 
39 A. M. Krstu!ovk, R. A_ Harhvick and P. R Browa, Clin. Ckim. Acta. in press_ 


