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EVALUATION OF REVERSED-FPHASE, RADIALLY-COMPRESSED,
FLEXTBLE-WALLED COLUMNS FOR THE SEPARATION OF LOW
MOLECULAR WEIGHT, UV-ABSORBING COMPOUNDS IN SERUM

Sebastian P. Assenza and Phyllis R. Brown
Department of Chemistry
University of Rhode Island
Kingston, Rhode Island 02881

ABSTRACT

Redially-compressed, flexible-walled columns were compared
to rigid-walled columns for the reversed-phase separation of
twenty compounds of biological importance., The radially-com-
pressed columns were found to be efficient and reproducible, and
enable the analysis time of human serum to be ‘reduced by 50%.
The effect of pH, flow-rate, and changing methanol concentration
upon the separation of some compounds on the radially-compressed
column is also presented. ’

INTRODUCTION

High performance liquid chromatography (HPLC) has been wide-
ly used for the analysis of nucleic acid components in physiolog-
ical samples. GSeveral different packing materials have been used
in rigid-walled columns of varicus lengths and configurations (l-
16). With microparticle, chemically-bonded, reversed-phase pack-
ings in narrow~bore, stainless-steel columns ranging from 25 to
30 em in length, sensitive and efficient separations of nucleo-
sides and bases were achieved (17-22). However, problems have
surfaced in the routine analysis of large numbers of samples.
Since rapid analyses are required, high flow-rates (>2.0 ml/min)
must be used. With high flow-rates, the microparticle packings
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produce void volumes vif.h.in the column causing the reduction of
colum efficiency and peak doubling. In addition, during rapid
routine work, the adsorption of biological materials to the non-
bonded silica sites makes column regeneration difficult.

Recently, & new concept in analytical HPLC columm technology
vas introduced (23). The approach is similar to that used in &
preparative HPLC system (24) where a compression chamber is used
t0o radially-compress a flexible-walled cartridge packed with micro-
particle, spherical material. Theory predicts (25-29) that the
radial compression of the cartridge can create an efficient and
hamogenous packing which is non-voiding and enable rapid separa-
tions and short analysis times. In addition, the short, wide-di-
ameter, flexible-walled cartridges should allow high flow-rates to
be used wvithout the damaging effects of high back~pressures. Fur-
thermore, due to the versatility of the compression system, it
should be possible to ule-regeneration techniques with greater suc-
cess. Therefore, we invéstiga.ted & prototype radial compression
system for use in our laboratory where a large number of samples
muat be rapidly, reproducibly, and sensitively analyzed for the low
molecular weight, UV absorbing constituents in serum.

MATERIALS AND METHODS

gga.ra.tua

A Waters Associates (Milford, MA) ALC 204 liquid chromatograph
equipped with Model 6000A solvent delivery systems, Model 660 sol-
vent programmer, Model LLQ dual-wavelength detector, and Model U6K
injector was used throughout the study.

A Model SF T70 Spectroflow Monitor and a Model FS 970 L. C.
Flucrometer (Schoeffel Instrument Division, KRATOS Inc., Westwood,
NJ) were used for pesk identificstion. Retention times and peak

areas were electronically acquired on a HP 3380A integrator (Hew-
lett-Packard, Avondale, PA).
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Columns

The rigid-walled columns used vere obtained from Whatman,
Inc. (4.6 x 250 mm, Partisil-l0 ODS, Clifton, KJ), Waters Asso-
ciates (3.9 x 300 mm, uBondapak C,s), and Industries (4.6 x
300 mm, Chramegabond, Marlton, BJ). A prototype Radial Compres-
sion Separation Systemm from Waters Associates was used. The
system consists of a compression chamber which mechanpically com-
presses a flexible-walled cartridge. Three levers reside on the

top of the compression chamber. Each lever accuates a piston
which forces fluid around a Viton R jacket around the column.

As the fluid £ills the chamber surrounding the jacket, it compresses
the column along the column walls. Two or three pistons may be used
to radially-compress these flexible-walled cartridges. The cartridges
(8 x 100 mm) were packed with totally-porous, spherical, microparticle
reversed-phase material. This packing differs from the packings used
for conventional columns in having a spherical particle shuape

and a lower carbon loading.

Chromatographic Conditions

For the majority of the analyses, a linear gradient of
0.02 M KH PO4, DH 5.7, was used a8 the initial eluent and 3:2
methancl-water (by volume) solution as the final eluent. The
linear gradient was programmed from O to L40% of the methanol-
water eluent, over a 35 minute period at a flow~-rate of 1.5 ml/
min. The radial compression chamber was maintained at ambient
temperature and three pistons were used to exert the compression
preasure. Where different chromatographic conditions were used,
they are given in the text or in the legends of the figures.

Chemicals

All standard compounds and enzymes were purchased from Sigma
Chemical Company (St. Louis, MO). Solutions of the standsrd com-
pounds and enzymes vere prepared in double distilled, deionized
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vater buffered with reagent grade potassium dihydrogen phosphate
(Mallinckrodt, Inc., St. Louis, MO).

S le aration

A standard solution of twenty low molecular weight, biologi~-
cally important compounds vas prepared at a c.oncentration of ap=
proximately 10" M. Serum samples were processed according to
protocol used routinely in our laboratory (22,30) and were stored
at ~20°C.

Peak Identification

Identification of the peaks was made on the basis of reten-
tion times, absorbance ratios, co-chromatography with reference
compounds (19), enzymic pesk-shifts (19,22), stopped-flow UV scan-
ning (31), and fluorescence (32).

RESULTS

The radially-compressed columns were found to be as efficient
as the rigid-walled columns, under the same chromatographic con-
ditions, as shown by the separation of twenty low molecular, UV=-
absorbing ccompounds which are of biological importance and may be
found in serum (Figures 1 and 2).

The efficiency of the radially-compressed column was calcu~
lated from triplicate analyses of an igocratic separation of cyto-
sine and cytidine using & flow-rate of 1.0 ml/min with the 0.02 M
KH,POy, PE 5.7, eluent. An average of 47,000 plates/meter was de=
termined. The rigid-walled columns were found to have 40,000 to
50,000 plates/meter.

In the gradient elution mode, peak widths and retention .times
are similar for both types of columns under identical conditions.
However, with the flexible-walled column significantly reduced
retention times and peak widths can be achieved by increasing the
flow-rate to 3.0 ml/min. No loss of resolution waas noted. In
addition, the high bdack-pressures which develop when high flow-
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Conditions are listed
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Twenty low molecular weight, UV-absorbing compounds important
to bioclogical systems separated on a reversed-phase radially-com-

pressed column.
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rates are used with the rigid-walled columns did not occur. Fig-
ure 3 illustrates the gradient separation of some biologically
important compounds on the radially-compressed column with a 3.0
ml/min flow-rate; all other parameters remained constant.

With the radially-compressed column, retention times and
pesk widths (shapes) remained constantly within 1% for 150 anal-
yses conducted over a period of several months time. However,
variations in efficiency were noted from one flexible-walled col-

3
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TIME (min)
FIGURE 3.

Separation of some important serum compounds on a radially-
compressed column using increased flow-rate. Conditions in text;
Flow-Rate: 3.0 ml/min. Peaks from left to right: wuracil, uridine,
hypoxanthine, 7-methyl xanthosine, inosine, guanosine, 2'-deoxy
inosine, l-methyl inosine, N®-methyl guanosine, N*-methyl guanosine,
Ni-dimethyl guanosine, and theophylline.
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umn to another. Therefors, conditions had to be adjusted for
maximm efficiency with each column.

The radial compression chamber is equipped with three platons
which force fluid into a Viton R jacket that compresses the
flexible-walled column, The chromatographer has the option of
exerting either 2 or 3 pistons compression pressure upon these
flexidble-walled columns. The maximum amount of column compressi-
bility depends on the amount of packing material contained within
the column and the rigidity of the column walls. Each column was
found to have different campressibilities under the same number
of applied pistons. This would account for the variations noted
from one columm to another,

The effect of compression pressure upon the retention times
and peak widths of some biologically important compounds was ob-
served. Figure 4 illustrates the relationship of the retention
times of the bases uracil, and hypoxanthine, and the nuclecsides
7-methyl xanthosine, inosine, guanosine, and N2-dimethyl guanosine
with the number of pistons used to exert the radial compression.
Three pistons exerted an estimated 320 kg/cm? pressure and two
pistons 200 kg/cm2 pressure upon the column used in this study.
The more tightly compressed column gave shorter retention times
and narrower peak widths (Figure 5).

Since the radially-compressed columns utilize a packing material
with lower carbon loading per gram, but higher loading per unit
area, parameters affecting capacity and resolution of nucleosides and
bases were investigated.

The effect of changing methanol concentration in the mobile
phase upon the retention times of some nucleosides and bvases was
investigated for these columns. Figure 6 illustrates the rela-
tionship between retention time and gradient slope (percent
methanol /min, at constant flow-rate) for selected compounds,

Each point represents triplicate values with less than 1% rela-
tive standard deviations. Thess values were obtained by holding
constant a 1.5 ml/min flow-rate and changing the time required to
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FIGURE 4.

Effect of radial-compression separation under different
applied compression pressures. Flow-rate: 3.0 ml/min.

49



19: 22 24 January 2011

Downl oaded At:

2 Applied Pistons

ABSORBANCE (254 am)

\n
-
n

25

3 Applied Pistons

ABSORBANCE (254 nm)

U >

} i -] o
3 g L3 21
Time (ain)
FIGURE 5.

Comparison of chromatograms obtained with a radially-cam~
pressed column under different campression pressures. Compounds
from left to right are as listed in Figure 3. Conditions in text.
Flow~Rate: 3.0 ml/min.
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FIGURE 6.

Effect of increasing methanol concentration.on the radial-
compression separation of caffeine (Caf), theophylline (Thp),
Ni-dimethyl guanosine (Ni-guo), N*-methyl gusnosine (N%¥-guo),
2'-deoxy inosine (2'd-ino), guanosine (Guo), inosine (Ino), 7-
methyl xanthosine (7M-xao), 7-methyl inosine (7M-ino), hypoxanthine
(Hyp), uridine (Urd), and uracil (Ura). Conditions listed in text.
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reach 100% of the final eluent (3:2 methanol-water) of the linear
gradient. Increasing the percent change of methanol in the mobile
phagse had no effect on the compound uracil. However, retention
times of the other compounds decreased dramatically.

The effects of pH of the initial eluent on the separations
were also investigated for the radially~-compressed columns. In
Figure 7 retention times are plotted versus pH of the initial
eluent in a gradient separation of selected compounds. To observe
the effect of pH changes, the buffer concentration was held con-
stant and the pH adjusted through the range 2.7 to 6.7 by addi-
tion of dilute KOH or HyPO,. Changing the pE of the initial
eluent had little affect on the retention times of the selected
compounds separated with gradient elution.

Based on these data, a rapid and efficient separation of the
low molecular weight, UV-absording constituentas of human sera was
obtained. A sample from a person with no known diseases and on
no medications was enalyzed in less than 20 nﬁ.nu’ces using the
radially-compressed colwan with a flow-rate of 3.0 ml/min and a
gradient slope of 1.45% methanol/minute (Figure 8).

DISCUSSION

The efficiencies and reproducibilities of the radially-com-

pressed columns used in this study were excellent. One radially-
compresaed column was used for approximately 500 analyses and
there was less than 5% variability in retention times. Frequent
and rapid solvent changeovers did not cause the radially-compres~
sed columns to void. Equilibration times were significantly more
rapid than with the rigid-walled columms because high flow-rates
could be used. In addition, reversing the direction of flow
through the column caused no ill-effects. These columns were
readily regenerated after deliberate fouling of the column with
the injection of high molecular weight materials. The use of
greater flow-rates enabled more rapid regenerations when desired.
Finally, improper handling, such as severs shocks, sonication, or
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FIGURE 7,

Effect of different pH of the initial eluent in a gradient
separation on a radially-compressed column. Conditions in text.
Compounds: 1l-methyl inosine (1-M-Ino), 2!'-deoxy inosine (2'd-Ino),
guanosine (Guo), inosine (Ino), 7-methyl xanthosine (7-M-Xao),
7-methyl inosine (7-M-Ino), hypoxanthine (Hyp), uridine (Urd), and
uracil (Ura).
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FIGURE 8.

Separation of human serum on a radially-compressed column.
Conditions: Initial eluent - 0.02 M KH;PO4, pH 5.7; Final eluent
- 60% Methanol-Water (v/v); Programming - 0 to 60% in 25 minutes;
Flow-rate - 3.0 ml/min; Applied compression pressure - 3 pistons.
Identifications: creatinine (A), uric acid (B), tyrosine (C),
uridine (D), hypoxanthine (E), xanthine (F), inosine (G), guano-
sine (H), tryptophan (I), theobromine (J), theophylline (X), and
caffeine (L).
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drying out, did not cause any reduction of efficiency of these
columns.

Opne problem noted with a radially-compressed column was the
change of shape in the column walls, after prolonged use under a
maximum pressure of 300 kg/cnz. Subsequent use of this column
showved that the compressibility of the column had decreased, thus
causing a reduction in efficiency. Although another column devel-
oped a seepage of eluents through the heat-sealed'fittings after
seversl months use, the seepage was cured by resealing the end-
fittings with heat.

It is important to stress that the radially-compressed columns
used were prototypes and as with all prototypes, improvements can
be expected in the final product.

These colummns have great potential where analysis time is a
major factor. Since the time per analysis can be reduced by 50%,
these columns can be valuable wherever the analysis of large num-
bers of samples is required.

In addition, the long life of these columns, as well as the
feproducibility obtained over extended usage, make them suitable
for use in the clinical laboratory or in large scale biomedical
investigations.

ACKNOWLEDGEMENTS

The authors ackncwledge Paul Champlin of Waters Associates
{(Milford, MA) Zor technical agsistance, Hubert Scoble and Melcolm
McKeag for valuable comments and assistance. Special thaniks are
given to Waters Associates, Whatman Inc., and £S Industries fcr
the use of their columns,

This work was supported in part by United States Public Health
Grant 5-R01-CA17603 and by Eaviro-Control Contract NC1-CP-55666.



19: 22 24 January 2011

Downl oaded At:

56

L

3.

~3

10.

ASSENZA AND BROWN
REFERENCES

Horrath, C. G., Preiss, B. and Lipsky, S. R., Fast liquid
chromategraphy: an investigation of operating parsmeters
and nucleotides on pellicular ion exchange, Anal. Chem., 39,
1h22 (1967).

Horvath, C. G. and Lipsky, S. R., Rapid analysis of ribonu~
cleosides and bases at the picomole level using pellicular
cation exchange resin in sarrow-bore colums, Anal. Chem.,
b1, 1227 (1969).

Brown, P. R., The rapid separation of nucleotides in cell ex-
tracts using high presgure liquid chromatography, J. Chroma-
togr., 52, 257 (1$70).

3rowvn, P. R., Bobick, S. and Hanley, F. L., The analysis ct
purine and pyrimidine bases and their nuclecsides by high
pressure liquid chrematograpny, J. Chromatogr., 99, 587 (197T4).

Kirkland, J. J., High speed separatisns of nuclectides and
nucleic acid bases by column chrcmatography using centrclled
surfice porosity ion exchangers, J. Chromatogr. Sci., §,

72 (1970).

Henry, R. A., Schmidt, J. A, and Williams, R, C., Applicaticn
of a mev chemically bonded, superficially porous anicr-exchange
packing to nucleotide analysis, J. Chromatogr. Sei., 11, 358
(1973).

Uziel, M. Koh, C. K, and Cohn, W. E., Parid ion-exchange
chromatographic microanalysis of ultraviclet-atsorbing
materials and its applications to nauclecsides, Anal. Bioschem,,
25, 77 (1968).

Khym, J. X., An analytical system for rapid separaticn of
tissue nuclectides at low pressures on conventional anion ex-~
changers, Clin. Chem., (Winston-Salem, NC), 21, 1245 (13975).

Singhal, R. P. and Cohen, W. E., Analysis and isolation of
nuclecsides by ion-exclusion chromatography, Biochim. Sicphys.
Acta, 262, 565 (1972).

Knox, J. H. and Pryde, A., Performance and selected applica-
tions of a new range of chemically bonded packing materials
in high performance liquid chromatography, J. Chromatogr.,
112, 171 (1975).



19: 22 24 January 2011

Downl oaded At:

RADIALLY-COMPRESSED, FLEXIBLE-WALLED COLUMNS 57

.

13.

15.

20.

Floridi, A., Palmerini, C. A. and Fini, C., Simultaneous
analysis or bases, nuclecsides and zucleoside mono- and
polyphosphates by high performance liquid chromatography,
J. Chromatogr., 138, 203 (1977).

Singhal, R. P, and Cohn, W. E., Analytical separatior of
nuclecsides by anion-exchange chrcmatograpky. Izfluence
of rH, solvents, temperature, concentration, and flow-rate,
Anal. Biochem., 45, 585 (1972).

Burtis, C. A., Munk, M. ¥. end MecDonald, F. R., Rapid sep-
aration of the components of rucleic acids and urine by high-
resolution liquid chromatography, Clin. Chem., (Winston-Salem,
Nc), 16, 667 (1970).

dartwick, R. A. and Brown, P. R., The performance of micro-
perticle chemically-bonded anion-exchange resins in the
analysis cf nuclectides, J. Chromatogr., 112, 651 (1975).

Exsteen, R., Xraek, J. C. and Linssen, 7., Conditions fcr
rapid separations of nuclecbases and nuclecsides by high-
pressure anion-exchange chromatography, J. Chromatogr., 1u3,
Li3 (1978).

Xato, Y., Seita, T., Eashimoto, T, and Shimizu, A., Separa-
tion of nucleic acid bases and nuclecsides by high-perferz=-
ance affinity chromstography, J. Carcmatogr., 135, 204 (1977).

Hartwick, K. A. and Brewn, P. R., Zvaluation of nicroparticle
chemically bonded reversed-phase packings in the nigh pres-
sure liquid chrcmatographic analysis =f nuclecsides and their
bases, J. Chrometogr., 126, 679 (1976).

Gehrke, C, W., Xuo, X, C., Davis, G. E., Suits, R. D., Wealkes,
T. P. and Borek, E., Quantitative high performance liguigd
caromatography of nuclecsides ia biolcgical materials, J,
Ctromategr., 150, 455 (1978).

Krstulovic, A. M., Brown, P. R. and Rosie, D. M., Identifi-
cation of nuclecsides and bases in serum and plasma sarmples
by reversed-phase high performence liguid chromatography,
Anal. Chem., 49, 2237 (1977).

Davis, G. E., Suits, K. D., Kuwo, K. C., Gehrke, C. W.,
Waslkes, T. P, and Borek, E., High-performance liquid chro-
matographic separation and quantitation of nuclecsides in
urine and some other biological fluids, Clin. Chem., (Winston-
Salem, NC), 23, 1b2T (1977).



19: 22 24 January 2011

Downl oaded At:

58

22.

23.

2k,

27.

28.

29.

30.

ASSENZA AND BROWN'

Hartwick, R. A., Assenza, S. P, end Brown, 7. R., The identifi-
cation and quantitation of nuclecsides, bases and other UV
absorbing compounds in serum, using reversed-phase high per-
formance liquid chrozatography. I. Chromatographic methodology,
J. Chromatogr., in press.

Hartwick, R. A., Xrstuwlovic, A. M. and Brown, P. R., The
identification and quantitation ¢f nucleocsides, bases and
other UV absorbing compounds in serum, using reversed-phase
nigh performence liquid chromatography. 1I. EZvaluation of
normal sera, J. Chromatogr., in press.

Fallick, G. J. and Rausch, C, W., New HPLC column technology,
& revolution in resolution, Paper presented at the 1979 Pitts-
burgh Conference on Apalytical Chemistry and Applied Spec-
troscopy, March 5-9, 1979.

Little, J. N., Cotter, R. L. Prendergast, J. A. and McDonaid,
P, D., Preparative liquid chromatography using radially-ccm~
pressed columms, J. Chrematogr., 126, 439 (1976).

Knox, J. d., Zvidence for turbulence and coupling in ckro-
matographic coluzns, Aral. Chem., 38, 253 (1966).

Knox, J. H. and Parcher, J. F., Effect of column to particls
diameter ratio on the dispersion of unsorted sclutes in chro-
matography, Anal. Chem., 41, 1599 (1969).

Xnex, J. H., Laird, G. R. and Raven, P. A., Interaction of
recdial and axial dispersion iz liquid chromatography in rela-
tion to the "infinite diameter effect”, J. Chromatogr., 122,
129 (1976).

Eon, C. H., Compariscon of broadening patterms ia regular and
radially-coxpressed large diameter columns, J. Carcmatogr.,

19, 29 (1978).

Eon, C. and Sharrock, P., Thecretical arnd experimental study
of radial concentraticn profiles originating from a non-
puncttal injection sowrce, J. Liq. Chromatogr., 2(k), u85
(1979).

Hartwick, R. A., VanEaverbeke, D., McKeag, M. acd 3rown, P. R.,
Sample preparation techniques prior to HPLC analysis of serum

nucleosides and their bases, J. Lig. Chromatogr., 2(5), 725 (1379).



19: 22 24 January 2011

Downl oaded At:

RADIALLY-COMPRESSED, FLEXIBLE~WALLED COLUMNS 59

3.

Krstulovie, A. M., Hartwick, R. A., Brown, P. R. and Lohse,
K., Use of UV scanning techniques in the identification of
serum constituents separated by high performance liquid chro-
matography, J. Chromatogr., 158, 365 (1978).

Krstulovic, A. M., Brown, P. R., Rosie, D. M. and Champlin,
P. B.,, High performance liquid chromatographic analysis for
tryptophan in serum, Clin. Chem., (Winston-Salem, NC), 23,
1984 (1977).



