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EVALUATION OF REVEFSED-PHASE , RADIALLY-COMPEIESSED, 

MDLECULAR WEIGHT, W-ABSORBING C O W U N L S  IN SERUM 
FLEXIBLEGlwED COLUMNS FOR THE SEPARATION OF LOW 

Sebastian P. Aerenza and Phyllis R. Brown 
Department oS Chemistry 

University of &ode Is land 
Kingotoo, Rho& Island 02881 

ABSTRACT 

Radially-compressed, flexible-walled column0 were compared 
t o  rigid-walled columns fo r  the  reversed-phase separation of 
twenty compounds of biological  importance. The radially-com- 
pressed columns were found t o  be e f f i c i en t  and reproducible, and 
enable the analysis t h e  of human serum t o  be’reduced by 505. 
The ef fec t  of pH, flow-rate, and changing methanol concentration 
upon the separation of some compounds on the  radially-compressed 
column is a lso  presented. 

INTRODUCTION 

High perfonnance liquid chromatography (HPLC) has been wide- 

ly used fo r  the analysis of nucleic ac id  components in physiolog- 
i c a l  samples. Several d i f fe ren t  packing materials have been used 

in rigid-walled columw of varioua lengths and configurations (1- 
16). With microparticle,  chemically-bonded, reversed-phase psck- 
lngs in narrow-bore, s ta in less -s tee l  columas ranging from 25 t o  
30 cm in length,  sensi t ive and e f f i c i en t  separations of nuclco- 
s ides  and bases were achieved (17-22). 
aurfaced in the  routine analysis of la rge  numbera of samples. 
Since rapid analyaeo - required, high flow-rates (>2.0 ml/min) 
must be used. With high flow-rates, the microparticle peckinga 

However, problem have 
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42 ASSENZA AND BROWN 

produce void mlums within the  column causing the  reduction of 
column efficiency and peak doubUng. In  addition, during rapid 
routine work, the adaorption of  biological  materials t o  the non- 
banded s i l i c a  rites makes column regeneration d i f f i cu l t .  

Recently, a n w  concept in analy t ica l  HPLC colum technology 
WM introduced (23). 
preparative BPLC system (24) where a compression chamber Is used 

t o  radially-compress a fludble-valled car t r idge packed with micro- 
pa r t i c l e ,  spherical  material. Theory predicts  (25-29) tha t  the 

radial compression of the cartridge can create  an e f f i c i en t  pad 

h-genous packing which i r  non-miding and enable rapid aepark 

t i O M  and short  analysis timer. 
-tor, flexible-walled cartridges should a U o w  high flow-rates t o  
be used vithout the a g i n g  ef fec ts  of high back-pressures. F’ur- 
theamore, due t o  the ve r sa t i l i t y  of the  compression system, it 
should be possible t o  use regeneration techniquer with greater suc- 
cess. Therefore, we investigated a prototype rad ia l  compression 
system for  u e  In  our laboratory where a large n-er of samples 
muat be rapidly, reproduclbly, and senei t ively -zed for  the l o w  
molecular weight, W absorbing consti tuents in serum. 

The approach is slmilm? t o  t ha t  used in a 

In addition, the rhort ,  wide-di- 

&Ppaxatua 

A Watem Associatea (Milford, MA) ALC 204 l iqu id  chromatograph 
equipped with Modal 6000A solvent dellvery sys tem,  Model 660 sol- 
vent programer, Model 440 dual-wavelength detector,  and Model U6K 
in jec tor  waa uacd throughout the study. 

A Model SF 770 Spectroflow Monitor and a Model FS 970 L. C. 

Fluorometer (Schoeffel Instrument Mvision, 
NJ) were uaed f o r  peak i&nt i f lc r t ion .  
emem were electronical ly  acquired on a Hp 338011 integrator  (Eew- 
lett-Packard, Amndale, PA). 

Inc., Westwood, 
Retention times and peak 
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RADIALLY-COMPRESSED, FLEXIBLE-WALLED COLUMNS 43 

Columnr - 
Th8 rlgid-walled column8 w e d  were obtained from Whatman, 

Inc. (4.6 x 250 mm, Ptu-tiril-lO ODs, Clifton, HJ), Water8 hro- 

c ia t e r  (3.9 x 300 PIPL, Wondaprk Cia), m d  Es Induatr ler  (4.6 x 

300 nm. Chrauegabond, Marlton, HJ). A prototype %dial Cqres-  
r ion Separation SystemM from Waters h s o c i a t e r  WM used. 

ryrtem consist8 of a cospprerrion chamber which mechanically cam- 

preseee a f lexible-wUed cartridge.  Three levern re r ide  on t he  

top  of the  comprerrion chamber. Eoch lever  accu8ter a pir ton 
which forces f luid around a Viton jacket  around the column. 

Ae the  fluid fi l ls  t he  chamber surrounding the jacket ,  i t  compresses 
the column along t h e  colunm w a l l s .  Two or  three pistons may be used 

t o  radially-compress these flexible-walled car t r idges.  The car t r idges 

(8  x 100 mm) were packed with totally-porous, spherical ,  microparticle 

reversed-phase material. 

fo r  conventional columns i n  having a spherical  ka r t i c l e  shape ' 

and a lower carbon loading. 

The 

This packing d i f f e r s  from the packings used 

Chromatographic Conditions 

For the  majority of the  a n 4 8 e 1 ,  a linear gradient of 
0.02 M KHIPOI,, pH 5.7, ma used M t he  initid eluent  m d  3:2 
methanol-water (by volume) solut ion M t he  f inal  eluent .  The 
Urnear gradient WM programed from 0 t o  40% of t he  methanol- 

water eluent,  over a 35 minute period at a flow-rate of 1 .5  m l /  

An.  
temperature and three pir tons were used t o  exert t he  compression 

pressure. Where different  chranretographic conditions were used, 

they are glven in the  text or in the  legends of t he  figurer. 

The radial comprerrion chamber WLL~ msintrined at  ambient 
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44 ASSEN24 AND BROWN 

water buffered wlth reagent grade potanrium dihydmgen phorphate 
(Msllinckrodt, Inc., 8t. huir, m). 

S m l e  Prep u a t i o n  

A rtrndard rolution of twenty low molecular weight, biologl- 
c i u y  important campound8 V M  prepared at  h concentration of a p '  
proximately 10" M. 
protocol wed  routiaely in our laboratory (22.30) and were s tored 
at -2Q.C. 

serum sunpler were procesred according t o  

Peak Ident i f lcat ion 

I&ntif lcat ion of the p8rlU wa8 mado on t he  baais of reten- 
t i on  timer, abrorbance r a t lo r ,  co-chromstography with reference 
compoundn ( l g ) ,  enzymic perk-rhifta (19,221, stopped-flow W scan- 
ning (3). and fluorarcence (32). 

RESULTS - 
The radially-campreared colurmss were found t o  be M a f f l c i en t  

M the rigid-walled column.8, under the sane chromrtographic con- 
d i t io lu ,  M sham by the 8epUatiOA O f  LOW molecular, w- 
hbsorbing ccun~ounds which are  of biological importance and may be 
found in serum (Figures 1 and 2) .  

The efficiency o f t h e  radially-compressed column vaa calcu- 
la ted  iram t r i p l i ca t e  analyrer of an i socra t ic  reparation of cyto- 

sine and cytidine wing a flow-rate of 1.0 ml/mln v i t h  the 0.02 M 
K&Po~,  pH 5.7, eluent. 
termined. 
50,000 plater/meter. 

An average of 47,000 platcs/meter was de- 

The r Igid-vUed c o l w  vere found t o  have 40,000 t o  

In the gradient elution mode, peak widths and retention timco 

are r W a t  for  both types of c o l w  under ident ica l  conditione. 
However, with the flexible-walled col- r i w f l c a n t l y  reduced 
retention timcs and peak widths can be achieved by increasing the 
now-rate t o  3.0 mllmin. No l o r r  of resolution vam noted. I n  
addition, the high back-preorurer which develop when high flw- 
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RADIALLY-COHPRESSED, FLEXIBLE-WALLED COLUMNS 45 
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FIGURE 2. 

I b n t i c d  conditions reparation o r  twenty biological ly  im- 
portant coslpounds wing a conventional rigid-walled reversed- 
p h u e  calm. InJoetion wlm:  50 pl. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
2
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



RADIWY-COMPRESSED, FLEXIBLE-WALLED COLUMNS 47 

rater are wed vi th  the rigid-walled colunnu did  not occur. Flg- 

w e  3 i l lustrates  the gradient seprration of  some biological ly  
important compounds on the radially-compressed column with a 3.0 
ml/min f l O W - r a t C ;  all other pprnmtem remdned COMtant. 

peak wldtha (ehaper) remained constantly wlthin 1% for 150 anal- 
yres conducted over a period of reveral months tims. 

variations i n  efficiency were noted f'rom one f lcdble-walled col- 

With the radially-camprerred column, retention timer and 

However, 

I I I 
I I 

0 11 18 
TIME (mid 

FIGURE 3. 

Separation of some important rerum compounds on a radially- 
comprersed colunm using increased flow-rate. 
Flow-Rate: 3.0 ml/min. Peaks f r o m  left t o  right: uracil, uridine, 
hypoxanthine, 7-methyl xanthosine, inosine, guanosine, 2'-deoxy 
inosine, 1-methyl inoeine, N' -methyl guanorinc, "-methyl guanosine, 
Nk-dimethyl guanosine, and theophylline. 

Conditions in text; 
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48 ASSWZA AND BROWN 

umn t o  another. Therefore, conditions had t o  be s d j u t e d  for 
muirmrm e fYlc i eW With ~ r c b  ~ 0 1 - a  

The radial comprerrion chanber I8 equipped with three plstona 
vhich force f lu id  into a Viton 
fludble-walled coluan. The chroumtographer hM the  option of 
exerting e i ther  2 or 3 pir toar  conrprerrion pressure upon these 
f l e ~ b l e - w a l l e d  cdumnr.  he muinnam emount o r  column compressi- 
b i l i t y  dcpenda 00 the  amount of packing material contained within 
tho colunm and tho r ig id i ty  of the  column WU. Each column was 

found t o  have different  ccnnprerribilities under the  same number 
of applied plrton8. 
f rom one colunnr t o  another. 

jacket that  compresres the 

Thl8 would account for  the V a r h t i O M  noted 

The e f fec t  of camprerrlon presrure upon the retent ion timer 
and peak v l d t b  of 8- biologically Important CompO~dS was Ob- 
served. 

times of the baaer uracil, and hyporanthino, sod the nucleoaldes 
7-methyl urnthorine, lnorlne, guanoslne , and Bf-dimethyl guaaosine 
v l t h  the number or pirtoru umed t o  exert the  radial compression. 
Three pistono exerted au ortimated 320 kg/cm2 prerrure  and two 
plstom 200 kg/cm' presrure upon the  column used in t h i s  study. 
Tho more t igh t ly  ccdnprerred column gave shorter  re tent ion times 
and narrower peak widths (Figure 5 ) .  

mgure 4 i l h u t r a t e r  the  relat ionship o r  the  retent ion 

Since t h e  radially-compressed columns u t i l i z e  a packing marerial 

with lower carbon loading p e r  gram. but higher loading pe r  uni t  
area, parameters affect ing capacity and resolution of nucleosides and 
bases were investigated. 

The ef fec t  o r  changing methanol concentration in the  mobile 
phase upon the retention timar of romb nuclecaider m d  banes waa 

investigated for there  c o l w .  
t ioMhip between retention t i m e  and gradient slope (percent 
nmthPllal/mln, at conrtant flow-rate) for selected compounds. 
Esch point reprerentr  t r i p u c a t c  vi lucs with less than l% rela- 
tive rthndard deviations. 
conntant a 1.5 ml/min flow-rate and changing the t i m e  required t o  

Figure 6 i l l u s t r a t e s  the rela- 

There values were obtained by holding 
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RADIALLY-COMPRESSED, FLEXIBLE-WALLED COLUMNS 49 

I I 
1 2 

I 1 
bWWMBER OF APPLIED PISTONS 

Eirect of radial-camprearion reparation under different 
appUed ccmprearion preraurea. Flw-rate: 3.0 ml/min. 
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2 Appllod Pistons 

1 -  

1s 2 5  

3 Applied Plstons 

I I 1 I 
1 5  21 I 4 
I 

Time Lain) 
3 

FIGURE 5. 

Cornpariaon of chroaatogratna obtained with a radially-com- 
pressed column under different compreselon pressures. Compounds 
from left  to right are as Listed in  Figure 3 .  
Flow-Rate: 3.0 d/min.  

Conditions i n  t e x t .  
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RADIALLY-COMPRESSED, FLEXIBLE-Warn COLUMNS 51 

l9 1 

2 Ura 
3 1  

I I I I I 
1.0 2.0 3.0 4.0 

Gradient Slope (;(methanol/mln) 

FIGURE 6. 

Effect of increasing methanol concentration.on the radial- 
compression separation of caffeine (Caf), theophylline {Thp), 
Nf-dimethyl guanosine (Nf-guo) , N2-nmthyl guanosine (N'-guo), 
2'-dcoxy inosine (2'd-ino). guanosine (Guo), inosine (Ino), 7- 
methyl xanthoeine ('IM-xao) , 7-methyl inosine ('IM-ino) , hypoxanthinc 
(Hyp) , uridine (Urd), and uracil (Ura). Condition8 listed in text. 
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52 ASSENZA AND BROWN 

reach 100% of the  final eluent (3:2 nuthaool-water) of the  linear 
gradient. 
phase had no ef fec t  on the  compound uracil. However, retention 
tlmer of the other ccrmpounb decreased dramatically. 

The effects  of pH of the initial eluent on the separations 
I n  

Increaring the percent change of methanol in the mobile 

were elno investigated for  the radially-compressed columa. 
Ffgure 7 retention timer are plot ted veraua pH of the i n i t i a l  
eluent in a gradlent reparation of selected conrpounds. 
the e f fec t  or pH changer, the  buffer concentration waa held con- 
s t an t  and the pH adJusted through the range 2.7 t o  6.7 by addi- 

t i on  of dilute  KOH or HIPOI,. 
eluent had l i t t l e  affect on the  retention times of the  selected 
compounds separated with gradient elution. 

To observe 

Changing t h e  pH of the init ial  

Based on these data, a rapid and ef f ic ien t  separation of the 
low molecular weight, W-absorbing conatituenta of human se ra  waa 

obtained. A sample from a person with no known diseases and on 
no Mdications WM saalyzed in less than 20 minutes w i n g  the 
radially-conrpresred colrmnn with a flaw-rate of 3.0 mllnrin and a 
gradient rlope of 1.45% methanol/ninute (Figure 8). 

The eff ic iencier  and reproduclblllties of the radially-com- 

premed colxamr used in this study were excellent. 
compressed column w u  used f o r  approximately 500 analyses and 
there was less than 5% var iab i l i ty  in retention times. 
and rapid solvent chsngeovers did not cause the radially-compres- 
red c o l u m ~  t o  void. Equilibration times were significantly more 
rapid than with the rigid-walled columns because high f lw-ra tes  
could be used. I n  addition, reversing the direction of flaw 
through the colrrpnr caured no i l l -e f fec ta .  
readily regenerated after deliberate fouling of the column with 

the inject ion of hi@ molecular weight materlaL. 
p a t o r  flaw-rates enabled more rapid regeneratiom when desired. 
Finally, improper handling, such 88 revere shocks, sonicetion, or  

One radially- 

Frequent 

These columns were 

The use of 
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t 
2 'd- fno 

16 
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I I I I 1 
I t 

2' 3 4 $ 6 7 

pii OF INITIAL ELUENT 
IZGURE 7, 

Effect of different pH of the initial eluent i n  a gradient 
reparation on a radiilly-compnrred C O ~ = .  
Compounds: 1-methyl inorine (1-M-Ino), 2'-daorg inorlne (2'd-Zno), 
guanorinm (Guo) , inorine (Ino) , 7-methyl xanthorine (7-M-Xao), 
7-mathyl inorine (7-M-Ino), hypoxanthine (Hyp) , uridinc (Urd) , and 
uracil (Ura) . 

Conditionr in t a t .  
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ASSENZA AND BROWN 

G 

F I G U R E  8. 

Separation of human serum on a radially-compressed column. 
Conditions: Initial eluent - 0.02 M KH~POU, pH 5 .7;  Fina l  eluent - 60% Methanol-Water cv/v) ; P r o g r d n g  - 0 to  60% i n  25 minutes; 
Flaw-rate - 3.0 ml/min; Applied compression pressure - 3 pistons. 
Identifications: 
uridine 01, hypoxanthine b), ranthine (F), inosine (GI, guano- 
mine &), tryptophan (I), theobrdnc (J), thcophylline (K), and 
caffeine (L) . 

creatidne ( A ) ,  uric acid (B) , tyrosine ( C )  , 
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RADIALLY-COMPRESSED, FLEXIBLE-WALLED COLUMNS 55 

&ying out, did not cause any reduction of efficiency of these 
columns. 

One problem noted with a radially-compresred column w a s  the  
change of shape in the colunm w a l A ,  after prolonged use under a 
durn pressure of  300 kg/cm2. 
i h m d  tha t  the caupreroibility of the column had &CreMed, thus 
causing a reduction in efflciency. 
oped a seepage of eluent8 through the heat-sealed f l t t i n g s  after 
several. month8 ume, the ieepage was cured by resealing the end- 
fitti- v i th  heat. 

Subsequant use of t h i s  column 

Although another column devel- 

It is important t o  rtrers tha t  the radially-compressed columns 
u e d  vere prototypes and u with all prototypes, Improvements can 
be expected In the final product. 

These columns ha= great potent ia l  where analysis t i m e  is 8 

major factor. Since the time per analysis can be reduced by 50%. 

these columns can be valuable wheyever the analysis of large num- 
bers of samples is required. 

In  addition, the long Ufe of these columns, M w e l l  a8 the 
reproducibility obtained over extended usage, make them su i tab le  
for use in the c l in i ca l  laboratory or in large scale  biomedical 
investigations. 

The authors ackncwledge Paul Champlln of Watt,- Associates 

(Milford, MA) f o r  technical  808istance, Hubert Scoble and Malcolm 
McKeag l o r  valuable cormncats and assistance. Special thanks a r e  

given t o  Waters Associates. Whatman Inc. ,  and ZS Industr ies  f z r  
the u e  o r  t h e i r  columw. 

G r a n t  5-ROl-Cbl7603 and by E3viro-Control Contract 801-CP-5 5666. 
This work wan su3ported in p a r t  by United S ta tes  Public Health 
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