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EVALUA-FIQN OF MICROPARTICLE CHEMICALLY BONDED REVERSED- 
PHASE PACKINGS M THE HIGH-PRESSURE LIQUID CHROMATO- 
GRAPHIC ANALYSIS OF NHCLEOSIDES AND THEIR BASES” 

SUMMARK 

The reversed-phase part&ion mode of high-pressure liquid chromatography 
was used for the analysis of seven of the naturally occurring nucleosides and their 
bases. With microparticle chemically bonded packings, nucleosides and their bases 
can be quantitativeiy determined in the presence of nucleotides in 30 mm with high 
sensitivity, accuracy, and reproducibility. Peaks in chromato,srms of cell extracts 
were identiiied by absorbance ratios and enzymatic peak shift methods. Applications 
of this technique to biochemicai studies are reported. 

Many procedures have been used for the analysis of nucleosides and bases by 
high-pressure liquid chromatography (HPLC) 1 - I’. The ma..ority of these techniques 
were used for the separation of hydrolysates of DNA and RNA; thus &he only com- 
pounds of interest in the samples were either the nucleoside or base pairs. Other 
analyses were developed to separate ah the UV absorbing constituents in urinels-zo. 
However, the time required for these analyses prevents their use in metabolic studies 
involving multiple samples. Furthermore, in celI extracts large concentrations of 
nucteotides and other UV absorbing components may be present which interfere 
with the desired analyses. ‘Lherefore, these compounds either must be removed prior 
to the chromatographic analysis or have retention times which do not coincide with 
those of the nncleosides and bases. In addition, for routine work in studies of normal 
and abnormal metabohsms, the analytica! technique must be reliable, rapid, quantita- 
tive, and sensitive and require a minimum of sample preparation. 

While ion-exchange chromatography has been the method of choice for the 
separation of nucleic acid components, limitations have been encountered using the 
totally porous or pellicular anion or cation exchangers for nuckoside and base 
separations. The development of microparticle chemkahy bonded reversed-phase 

l Abbzwiations: Ade = adenine; Ado = adenosine, Gua = gumhe; Guo = gmnosine; 
Hyp = h_ypOxznthke; fno = inoske; Tbym = thy&e; Ura = uracil; Urd = uridine; Xan = 
xulthne; x30 = xan&osilIe. 



partition packings for HPLC has opened new possibilities for- these analyses. 
Since the nucleosides and bases do not possess the ionic phdsphate groups 

which made possible the excelent HPLC separation of the mideotides on micro- 
particie ion-exchange resins, th- p use of -the partition mode for the separation of 
nucleosides and bases was investigated_ Various applications of the-partition mode 
of Liquid-Liquid chromatography have been applied to the nucleosides and bases2L-3”. 
However, prior to the devefopment of chemically bonded packings, the partition 
mode was difficult to use becarrse of cohtmn instability caused by bleeding of the 
liquid phase from the support. Thus, packings in which the liquid stationary phase 
is chemically bonded to an inert support have advantages over packings previously 
used because the stability of the packings makes it possibIe to obtain reproducible 
separations over a period of time. Fttrthermore, the use of microparticle packings 
was investigated, since it has been predicted by theory3’-35 and shown to be true in 
adsorptio@ and ion-exchange chromatography 37 that cohmm efficiency increases 

with decreasing particle size. 
Therefore, microparticle, chernicaliy bonded reversed-phase partition packings 

were investigated for the development of a rapid, sensitive, and reliabIe analysis for 
the quantitative determination of the nucleosides adenosine, guanosine, xanthosine, 
inosine, cytidine, uridine and thymidine concomitantly with their bases in the presence 
of nucleotides in plasma and cell extracts. 

EXPERIMENTAL 

,4ppffrariis 
A Waters Assoc. AModel ALC 202 liquid chromatograph (Waters Assoc., 

Milford, Mass., U.S.A.) with 2 micro UV detector with a &xed wavelength at 254 nm 
was used. Gradients were generated by a solvent programmer accessory. 

Peak areas were e!ectronically integrated using a Hewlett-Packard Model 3380- 
A inte_mtor (Hewlett-Packard, Avondale, Pa., U.S.A.) and a Model SF-770 Spectro- 
fiow Monitor variable-wavelength detector (Schoeffel Instrument, Westwood, N-J., 
U.S.A.), was used to obtain absorbance ratios for peak identification. 

cohiwls 
The columns used were 4 mm x 25 cm Partisil IO-ODS (Whatman, Clifton, 

N.J., U.S.A.) or 4 mm x 30 cm PBondapak C,s (Waters Assoc.). The columns were 
pre-packed with IO-pm, totally porous s&a particles to which octadecyl groups were 
bonded through a St0-Si bond. 

Chemicals 
Aqueous buffers were prepared using reagent-grade potassium dihydrogen 

phosphate from MaWnckrodt (St. Louis, MO., U.S.A.) and distihed water, which WSIS 

first filtered through a membrane filter (Whatman). Uniess otherwise indicated, the 
buffem were prepared in the concentrations of 0.010 F, after which the pH was ad- 
justed to 5.5 using dilute potassium hydroxide. 

Standards of the nucteosides adenosine, guano&e+ inosine, xanthosine, 

thymidine, uridine, and @dine, and the bases adenine, gutine, kypoxanthine, 
xanthine, thymine, uracil, and cytosine wer, p obtained from Sigma (St. Louis. MO., 
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U.S.A.). Standard solutions were prepared at a concentration of I mM in a solution 
of 0.010 _F KH,pO+ Before analysis, ah cell extracts were filtered using a membrane 
fiber, pore size GS, from Miiiipore (Bedford, Mass., U.S.A.). 

For the ceil extracts under Applications, the extraction procedure described 
by KhynP was used, The proteineous material was precipitated by the addition of 
two parts of cold trichloroacetic acid (TCA) (6% by weight)_ The solution was 
centrifuged and then Ehered. To 1 mI of the supernatant fluid 1 ml of a solution of 
0.5 Ptri-N-octylamine in Freon was added. After vortexing and centrifuging the solu- 
tion, the aqueous solution which was the top layer was withdrawn and stored at -4”. 

Recovery experiments were carried out by adding known amounts of 
thymidine to a pIasma matrix. These solutions were extracted according to the 
procedure outlined above, and per cent recovery was calculated to average 97 %. 

With ceil extracts, initial peak identification was made on the basis of retention 
times. Standard solutions were run daily before and after the samples to monitor 
reproducibility of retention times. The standard addition method was also used to 
determine peak identities. A known quantity of a standard compound was added to 
the cell extract and a quantitative increase in the area of a specified peak was taken 
as further identification of the peak. 

Some peaks in the chromatograms of cell extracts were identified by the 
enzymic peak-shift technique. Xanthine oxidase was used to characterize the peak 
with the retention time of xanthine and hypoxanthine in cell extracts. This enzyme 
catalyzes specifically the conversion of xanthine and hypox’anthine to uric acid. 

xanthine 
Hypoxanthine + 0, + H,O A xanthine f HzOz 

oxidase 

xanthine 
Xanthine f O2 f H,O -----+ uric acid + H20-, 

oxidase 

Thus both the xanthine and the hypoxanthine peak can be quantitatively moved in 

the chromatogram. A solution of standards and an erythrocyte sample were incubated 
with xanthine oxidase at 25O and a pH of 9.2 for 5 min. The reaction of the enzyme was 
stopped by the addition of TCA, which was subsequently removed by extraction with 
water-saturated diethyi ether. 

Ratios of peak areas at various wavelengths were aIso employed to aid in 
identification. In such instances, triplicate runs were made at each wavelength used 
and the ratios of the unknown peaks in a cell extract were correlated to those of 

known compounds. 

Optimal resolution of the seven nucleosides and their bases was achieved using 



gradient eiution, with 0.010 I?ZH,FO,, pH 5.5 as a low-strength duent and asol.ution 
of methanol-water (SO:ZO) as a high-concentration el?nenf. The sfope .iS the Enear 

gradient was from 0 % of the methanol n&Sure to 2.5 % over a period of 30 min and 
the flow-rate was I.0 ml/mm The cohmm temperature was ambient. _ 

The separation of the seven nucleosidcs (in order of eiution) cytidine, uridine, 
xanthosine, inosine, guanosine, thymidine, and adenosine is shown in Fig. 1A and 
that of the bases of these nuckosidcs in Fig. LB. Under the couditions used the bases 
hypoxanthine, xanthine, and guanine are not compIete!y resolved. A chromatogram 
of standard solutions of both the nucleosides and the bases is shown in Fig. LC. 

In most cell extracts the nucleotides wiII be present in subskmtialiy higher con- 
centrations than the nucleosides and bases. Thus, either the nucleotides must be re- 
moved prior to the HPLC analysis, or it is important to be able to separate the bases 

A. 

El 

TIME (mid 

F&S 1. <A) Separation of 5 nmolcs each of the seven nucieosides cytidine (I), tidixxe (2), m&mine 
(3), inoske (4), gumsine Q, thymidine (6), and adenostie (7). Cohmn, ,uBondapak Gs; temper- 
ature, ambient; detector sensitivity, 0.02 au.fs.; integktor setting zt 254 nm, 64; eIuents, (low) 
0.010 PKEI,POI, pH 5.5. (high) me&an&water (80:20); gr%dient, lizear, O-25 % ofki&hxonozntra- 
tioo eluent in 30 mixi; flow-rate+ 1.5 mEnii~ @) Separation of 5 nmok c&x of-the miresponding 
hazes mder the same conditions as under (A). 8 = Cytostie; 9 = uracil; 10 = hypoxmtixine; 
11 = gmnine; 12 = xanthine; 13 = thymine~ 14 = adenine. (CT) Separation of both the nucIeos6ics 
#5x5 the b&x% 



and nuckosides in the presence of the m&e&ides. Since it is preferable to have as 
few steps as.possibie in an analysis, we chose to investigafe_the latter possibility. The 
chromafogram in Fig. 2 shows the separation of- 5 nrnolek each of the seven 
nucfeosides and bases in the presence of approximately 64 nmoles total of the mono-, 
di- and triphosphates of the seven nucleosides. The numbering of the peaks is the 
same as is used in Fig. 1C. As can be seen from the chromatogram, the nucleotides 
(peaks not numbered) were not retained on the column. For the nucleosides and 
bases, the capacity factors (k’) were high enough for good separation from the 
nucleotides. 

0 5 IO 15 20 25 30 35 

TiklEk¶in) 

Fig_ 2. Sepa=xtion of 5 nmoles each of the nucleosfdes and bases in the presence of 64 nmoles of mouo-1 
di-, and triphosphate nucleotides. All conditions are tJze:same as in;Fig_ 1. 

Reproducibility 
The retention times and peak shapes were reproducible, and remained constant 

for sample sizes up to NO nmofes. Variations in retention times over a month’s time 
averaged I.5 %. 

The reproducibility of peak areas is directly related to the precision of the in- 
jection and to the integration of the peak areas_ Using standard solutions and syringe 
injection, the average variation in peak areas was 2 %. 

sensifr’vity 
Fig. 3 shows the detection of aoproximately 80 pmoles of each of the seven 

nucIeosides. The lower limit of de&on for the purine nucleosides, which have a 
higher molar absorptivity than the pyrimidines at 254 nm, was approximately 50 
pmoles. The limit depends upon three parameters, viz. tie sharpness of the peaks, the 
molar absorptivity of the compound of interest, and the noise of the system. 

Because gradient elutionlis used for the separations, it is not possible to caf- 
&ate the number of theoretical plates. However, because the time of analysis was 
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Fig. 3. Detection of approximately SO pmoles each of the seven nuckosides. Detector sensitivity, 
0.02 a.u.f.s.; integrator setting, 1. All conditions as in Fig. 1, but with the low-strength eluent at pH 
5.8. Peak identitkation follows t&at in Fig. 1. 

greatly shortened and the peaks decreased in width, a signiticant increase in efficiency 
was obtained over the same separation on totahy porous conventional ion-exchange 
resins”. 

Methanol concentration 
The effect of methanol concentration in the mobile phase upon the retention 

volumes l/VR* of the nucleosides and bases was investigated. Fig. 4 shows graphicahy 
the relationship between I/ VR# and the molar concentration of methanol for the three 
nucieosides adenosine, guanosine, and xanthosine, and for the bases adenine and 
guanine. Each data point represents duplicate runs, with a precision of 2% or better. 
The retention volumes were obtained by multiplying the flow-rate by the retention 
times. 

In order to stndy the ef%ct of ionic strength upon ffie separation of the 
nucIeosides and bases, the ionic strength of the mobile phase was altered by the addi- 
tion of known amounts of KCl. The pH of the mobile phase was held constant with 
0.005 F potassium phosphate b&et. The ionic strength in a range from 0.014.20 
Debye units had no effect upon the retention volumes of any of the nucieosides or 
bases. Therefore, the ionic strength of the mobile phase was not a critical factor in 
obtaining optimal resolution of these compounds within this range. 

pW of the mobile phase 
To observe the efkt of pH changes, the ionic strengjh of the eluent was held 
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Fig. 4 Efikt of increasing methanol concentration upon the retention vohunes of several of the nu- 
cleosides and bases. Data were obtained under isocratic conditions. Retention volumes were c&u- 
lated by muitiplytig the flow-rate (volumetrically measured) bjr the retention times. 

approximaFely constant during isocratic elulion by making all solutions 0.10 F in 

MCI and 0.005 Fin KH,PO,. The pH of the system was then varied in the range of 
2.8-6.8 by the addition of HCI or KOH. 

The effect of pH changes on the nucleosides and bases is shown in Fig. 5. The 
retention volumes can be correlated withFhe pK, and pK, values of the solute molecules. 
There was little or no effect ofpH on the bases uracil, xanthine, and hypoxanthine or 
on the nucleosides uridine, inosine and guanosine, whose pK, or pK, values-are either 
above or below the pH range of the eluent. 

Xanthosine, however, with a pK, of 5.7, showed a marked decrease in retention 
volume in this pH region. At a pH of 6.8, xanthosine was eluted essentially in the 
void volume. Howkver, it is interesting to noFe that the retention volume of xanthine 
did not change with pH. This is the only nucleosidebase pair studied in which the 
effect of pH on the retention volume of the base was significantly different from the 
elect cf pH on the nucleoside. With adenosine and adenine, which have pK, values 
of 3.50 and 4.15, respectively, the retention times were increased with increasing pH 
up to pH 5.8 although the slope of the rise was greater with adenosine than with 
adenine. 

The reversed-phase partition mode was used in the HFLC analysis of 
nucleosides and bgses in three biochemical studies. In a study of three samples of a 
substance which was iso&ed from iz marine invertebrate extract, initial UV and +&in- 
ray& &romaiographic data had indicated that the compound was thymine. However, 
2 was suspected that impurities might be present. 
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Fig. 5. E&Z of pH changes on the nucIeosides ud Ixscs. The data were ob&imzd as in Fig. 4. The 
ionic strengdx of the mobile phase wzs held cmstmt by making ali elumts 0.10 F in KCI. 

Sample No. I Sample No. 2 

Thym Ura 

UP3 
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TIME fminu:es) 

Fig. d Sepvation of +&one&s in marine invertebrate &xtrzt m&r ffie same chrarn&ognphk 
conditions as in Fig. 1. Yfmtrumcnt attenuation, 0.02 mz.f.s.; i+gzat& se-, 8, I4 and 32 for 
sanpks I, 2, aad 3, res&ctively ; injection voltie, 5 pi. 
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.- 



Xking the I3ZI.C conditions described in _&kethods, it was found that the sam- 
pies &tualiy contained iwo compound.& one with the retention &ne ofthymine, and 
the other k&k the retention time of uracil (Fig. 6). The percentage of uracil varied 
from 2 to 38%. 

In another study, the efkt of the drug tube&din upon &e free nucleoside 
levels in tie plasma of dogs (D-4) was observed. In the plasma of a control dog, one 
of the peaks present had the retention time of thymidine (Fig. 7). After treatment of 
the dog with tubercidin for three weeks, this peak was not present in the plasma al- 
though & the other peaks were unchanged. The total amount of thymidine contained 
under the p&k ins the control was 0.5 nmoles. 

0 10 20 30 
TIME(min) 

0 IO 20 30 
TIME(min) 

Fig.7.C~~~n~~onoft~~idineia~ep~ ofacantroi dog@~)(a)beforeand(b)aftertreat- 
ingthedogforthreeweekswiththedrugtu~~.Irniectionvolume,~~l;~,umentattenuation, 
0.02 a.u.f.s.; integrator setting, 4. AH other cmditio~~~ z&-e the same as iu Fig. 1. 

In a third study, the levels of free nuckosides and bases from an extract of the 
erythocytes of dogs (D-4) were investigated. It was found that one base or group of 
bases was present in significant quantities (Fig. Sa). This peak at 11 rnin had a retention 
time- similar to that of guanine, hypoxanthine, or xanthine. In order to identify the 
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Fig. S. (a) Detection of a peak tentatively identified zs being either xznthine, hypoxatbine, or guz- 
nine. Injection volume, 25 ~1; instrument zttenuatioa, 0.02 2.u.f.s.; integrator wsing, 4. All other 
conditions 2s in Fig. 1. (b) Separation of the sane extract after incubation with the enzyme xanthine 
elide. 

peak of interest, the euzymatic peak shift technique was used. Au aliquot of the cell 
extract was incubated with xauthine o_xidase, au enzyme which catalyzes the conversion 
of xanthine or hypoxanthine t-0 uric acid. As nay be seen in Fig. gb, the peak at 11 
rain totally disappeared after incubation with xanthine oxidase, providing evidence 
that the peak was not guaniue, but hypoxanttine or xanthiue. To determine whether 
the peak was hypoxanthiue or xauthiue, the ratios of the peak areas at different wave- 
lengths were determined. Usiug a variable-wavelength detector the area ratios (in 
triplicate) of standard solutions of hypoxanthine and xauthine were obtaiued at 
260/230 m-u and 250/230 mu. As showu in Table I, the ratio ofthe peak areas at 260/230 
&u and 250/230 urn of ‘&e uuknowu peak was similar to ffiat of hypoxauthine, and 
dissimilar to that of.xanthine; thus evidence is obtained that the identity of the extract 
peak is that of hypoxanthine. 



PACEZNGS IN HPLC OF NUCLEOSIDES 689 

IDE3I-KIEICA~ON OF THE UNEG’JOWN PEAK EN FIG. 8 USKNG ARE.4 RAIOS OBTAIN- 
ED AT 260/230 nm AND 250/230 mn 
The area ratios of the unknown peaks match closely those of an authentic sampIe of hypoxanthir,e- 
Ratios were obtain& by injecting sampies in triplicate with a SchoefTel SF770 variabIe-wavelength 
detector. All other conditions as in Fig_ 1. 

Nrrcleoside Area ratb 

xanthine 2.65 f 0.04 1.95-f 0.02 
Mypoxanthine 0.67 i 0.05 1.14 f 0.03 
SampIe D-4 (1 h incubation) 0.65 & 0.01 1.20 & 0.07 

DlSCUSSION 

The reversed-phase partition mode for the separation of nucleosides and bases 
offers several advantages over ion-exchange techniques used previously in HPLC. 
The majori of the naturally occurring nucleosides can be analyzed simultaneousIy 
with the bases in the presence of nucleotides in 30 min. Quantitative analyses were 
achieved at ambient temperatures with high sensitivity, sdectivity, and efficiency. In 
addition, the eIuents were very dilute salts and methanol which can be readily re- 
moved after fraction coIIections. The chromatograms were highly reproducible and 
column stability was good. In our laboratory columns have been used continuously 
for six months with no loss in el&iency. 

As with all microparticIe columns, proper care is essential to Iong life. 
Particulate matter must be removed from sampIes and solvents by membrane fdtra- 
tion. In addition, mechaniczd shock and extremes of pH and temperature must be 
avoided. The recommended pH range for silica-based packings is from 2 to 7.5. Due 
to the Iyophobic nature of the stationary phase, trace organics in the soIvents, as 
well as high-moiecular-weight organics in the samples, tend to accumulate on the col- 
umns over a period of time. Unless the column is periodically flushed with a 
moderately polar eluent such as ethanol or acetonitrile, ghost peaks and a rising base- 
line during gradient ehrtion may be encountered. 

The enzymatic peak shift technique is a sensitive and accurate means of peak 
identification for certain nucleosides and bases. Either the disappearance of a par- 
ticular peak, or the appearance of a newly formed peak, or both, may be used as a 
selective method of peak identification. En addition, interfering peaks may be re- 
moved by this technique. 

W&b a variable-wavelength detector, absorbance ratios at different wavelengths 

can be used as a method for peak identi%ation. A combination of absorbance ratios 
and enzymatic peak shift offers a selective technique for the identification of peaks 
in ceII extracts. 

Proper adjustment of pEi of the samples is necessary for reproducible retention 
times for xanthosine. If a c& extract is very acidic, the retention times of xanthosine 
WilI vary (Fig. 5) due to smah pH changes in sifu within the coIumn. Xanthosine is 
the only compound we fcund to be affected by small variations in pH. 

_* - Finahy, reversed-phase columns from difTerent manufacturers will produce 
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smaE diEreds iii selectiVii anti g&ention Irimes. For example, we Gnnd &at. & 
umns from tine manufacturer gwe e&=&d separdion of xa&bin&hypoxa&hin~~ 
guanine, but decn%sed resohz&a of &ymXi&-adeni’ne, _whereas siin&r cofumns 
from another manufacturer gave the opposite resuits, 

Therefoie, graphs in wEch reten6on~vohunes are piotted agamst conc&ra- 
tions of methanol and pH are helpful for the rapid optimization of conditions for the 
particular column and the compounds of interest. 
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cbromato~ph and for the @ondapak C,, columns, Whatman Inc. for the Partisil 
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erythrocytes, Dr. George Constantine of the Oregon State University for the marine 
invertebrate extract, Ante Krstulovic for his work with the enzyme peak shift and 
absorbance ratio methods, and Roberta Caldwell for help with the manuscript. 
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