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This study evaluates the performance of five different HPLC/UH-
PLC columns used to quantitatively screen steroids using HPLC/
UV. The goal of the study was to dramatically reduce conventional
analysis times while maintaining baseline resolution between 9 ste-
roids. This work resulted in a method that provided run times of
under 6 minutes and excellent separation of 9 steroids, all of which
can be attributed to the technology behind the Kinetex 2.6 um XB-
C18 core-shell HPLC/UHPLC column.

Introduction

Increased testing, coupled with the migration of ELISA based anal-
ysis to HPLC based assays, is forcing chromatographers to make
improvements to existing methods. Run times of 20 to 30 minutes
will no longer suffice for the throughput demands of broad range
quantitative steroid analyses. Therefore, the goal of this study is
to screen the latest in column technology in search of a faster and
more selective steroid HPLC/UV application as compared to con-
ventional approaches.

Materials and Methods

HPLC analyses were performed using an HP 1200 LC system (Agi-
lent Technologies, Palo Alto, CA, USA) with an upper pressure limit
of 600 bar, equipped with a UV DAD detector.

The HPLC columns that were screened included:
1. Kinetex XB-C18 2.6 ym, (Phenomenex, Torrance, CA, USA)
2. ACQUITY® BEH C18 1.7 pm, (Waters Corp., Milford, MA, USA)

3. ACQUITY CSH™ C18 1.7 um, (Waters Corp., Milford, MA,
USA)

4. XSelect™ CSH C18 3.5 pym, (Waters Corp., Milford, MA, USA)

5. HALO® C18 2.7 ym, (Advanced Materials Technology, MA,
USA)

Results and Discussion

Steroid analysis performed by LC/UV can be challenging because
UV detection requires adequate separation in order to be used for
quantitative analysis. Furthermore, steroids are related in terms of
chemical structure and are relatively non-polar, making it difficult to
achieve chromatographic resolution. To be considered baseline re-
solved, an R of > 1.5 between neighboring peaks must be reached.
This value can be calculated by using the resolution equation:

R=2(t;, -t )W, - W,

Historically, to maintain peak resolution of R_ > 1.5 using traditional
5 pum fully porous HPLC medias, long columns and subsequently

u Having trouble reproducing this method? We would love to help!
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long methods were required for steroid analysis via LC/UV. It has
been determined that these long analysis times are due to the low
efficiency, low resolving power of larger particle, fully porous me-
dia. In an effort to achieve faster run times and more resolved chro-
matograms, this study was performed to evaluate the performance
of several core-shell and sub-2 pm HPLC/UHPLC media (Figures
1 through 5 and Table 1).

Figure 1.
Steroids by LC/UV using Kinetex XB-C18 2.6 ym, 50 x 2.1 mm, 235 bar
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Figure 2.
Steroids by LC/UV using ACQUITY BEH C18 1.7 ym, 50 x 2.1 mm), 386 bar
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Figure 3.
Steroids by LC/UV using ACQUITY® CSH™ C18 1.7 um, 50 x 2.1 mm, 414 bar
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Figure 4.
Steroids by LC/UV using XSelect™ CSH C18 3.5 ym, 50 x 2.1 mm, 131 bar
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Steroids by LC/UV using HALO® C18 2.7 pm, 50 x 2.1 mm, 189 bar
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All column dimensions were 50 x 2.1 mm.
HPLC conditions were identical for all columns.
All analytes were supplied in methanol and were each present at a concentration of
200 pg/mL.
Mobile Phase: A: Water
B: Acetonitrile
Gradient: Time (min) %B
0.00 20
6.00 60
6.01 5
8.00 5
Flow Rate: 0.5 mL/min
Column Temperature: 30 °C
Detection: UV @ 220 nm
Sample: 1. Estriol 6. 21-Hydroxyprogesterone
2. Hydrocortisone 7. Estrone
3. Cortisone 8. 17-Hydroxyprogesterone
4. Cortisone-21-acetate 9. Deoxycorticosterone
5. Estradiol
Table 1.
R, values of critical pairs
Rs RS RS
Column (Analytes 2,3) | (Analytes 4,5) | (Analytes 7,8)
Kinetex® XB-C18 2.6 ym 1.52 1.60 2.89
ACQUITY BEH C18 1.7 pm 1.29 0.84 2.67
ACQUITY CSH C18 1.7 pm 1.15 3.79 0.79
XSelect CSH C18 3.5 ym 0.73 2.53 0.00
HALO C18 2.7 ym 1.54 0.74 2.39

* Red coloration denotes unresolved critical pairs

In order to achieve efficient separation of the 9 steroids analyzed in
under 6 minutes, excellent efficiency and unique selectivity must be
combined for maximum resolving power.

As shown in Figures 1 through 5 and Table 1, the Kinetex XB-C18
core-shell HPLC/UHPLC column gave the best performance for
this separation. In fact, the Kinetex XB-C18 was the only column of
those tested that was able to achieve complete baseline resolution
of all critical pairs involved.
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The two fully porous sub-2 pm columns evaluated, ACQUITY® BEH
C18 and ACQUITY CSH™ C18, were each only able to resolve one
of the critical pairs. Sub-2 ym columns are implemented for high ef-
ficiency but even so, it was not enough to separate the compounds
analyzed in this study. It was also seen that the larger particle size
3.5 ym XSelect™ CSH C18 HPLC column yielded similar results as
the 1.7 ym counterpart.

The other core-shell HPLC column in this screen, HALO® C18, fair-
ed better than the three fully porous particle columns but was still
unable to separate peaks 4 and 5.

The improved performance of the Kinetex® XB-C18 column may
be due to the technology incorporated into the core-shell particle
design. The Kinetex technology is comprised of a nearly monodis-
persed 1.9 pm solid silica core and a 0.35 pm porous silica shell.
This particle design results in a very tight particle size distribution,
as seen in Figure 7, and a more homogeneous packed column bed,
which significantly reduces peak dispersion due to eddy diffusion
(the “A” term of the van Deemter equation) (Figure 6). Additionally,
the short diffusion path of the 0.35 pm porous silica shell allows
for faster kinetics of diffusion, thereby minimizing peak dispersion
due to resistance to mass transfer (the “C” term in the van Deemter
equation) (Figure 8).

Figure 6.
Effect of Eddy Diffusion

. ceceeeeee
: .

Kinetex Core-Shell Particle

. LasIN] T S T
. 2 L0 N N

Fully Porous Particle

Figure 7.
Uniform Particle Size Distribution

3000 A

Kinetex 2.6 ym

2000 A

Number

10004 AcQUITY

1.7 ym
Leading 3 pm

Particle Diameter (um)

n} Having trouble reproducing this method? We would love to help!

Visit www.phenomenex.com/LiveChat to get in touch with one of our Technical Specialists

*)phenomenex’

... breaking with tradition™

Figure 8.
Increased efficiency through faster mass transfer
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Figure 9 shows an SEM image of the Kinetex core-shell particle
compared to the HALO core-shell particle. Kinetex provides a
smoother, more uniform particle while the HALO particle is less
consistent in terms of uniformity and smoothness. This difference
between the two particles may account for the improved perfor-
mance seen with the Kinetex column due to improved mass trans-
fer and decreased band broadening due to eddy diffusion.It should

Figure 9.

Electron micrographs comparing Kinetex core-shell media to HALO core
shell media. Kinetex media is shown on the right. Note the spherical shape
and improved surface smoothness of the Kinetex media.

HALO Kinetex

also be noted that this separation on the Kinetex XB-C18 column
was performed at 235 bar, which makes it easily amenable to vir-
tually every HPLC system while the sub-2 pm columns result in
backpressures close to or exceeding 400 bar.

Conclusions

Meeting the increased demands of the ever-evolving clinical diag-
nostic industry is an on-going challenge. In response, this study
provides a solution that can successfully separate 9 steroids in
under 6 minutes with back pressure compatible with a conven-
tional LC/UV system using a Kinetex XB-C18 core-shell HPLC
column. This solution allows all labs, including those that are not
equipped with an LC/MS system, to generate excellent chromato-
graphic results in less time. This allows labs to provide quicker
turnaround and reporting times than what was previously possible
with fully porous HPLC media.
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Ordering Information

Kinetex® 2.6 pm Minibore Columns (mm)

Phases 30x2.1

EVO C18 00A-4725-AN
Polar C18 00A-4759-AN
Biphenyl 00A-4622-AN
XB-C18 00A-4496-AN
C18 00A-4462-AN
C8 00A-4497-AN
HILIC 00A-4461-AN
Phenyl-Hexyl 00A-4495-AN
F5 00A-4723-AN

Kinetex 2.6 ym MidBore™ Columns (mm)

Phases 30x 3.0
EVO C18 —
Polar C18 —
Biphenyl —_
XB-C18 00A-4496-Y0
C18 00A-4462-Y0
C8 00A-4497-Y0
HILIC 00A-4461-Y0
Phenyl-Hexyl —_
F5 —
Australia

-

: +61 (0)2-9428-6444
auinfo@phenomenex.com

Austria
+43 (0)1-319-1301
anfrage@phenomenex.com

x4

Belgium
: +32 (0)2 503 4015 (French)
: +32 (0)2 511 8666 (Dutch)
beinfo@phenomenex.com

- oo

Canada
: +1 (800) 543-3681
info@phenomenex.com

-

China
: +86 400-606-8099
cninfo@phenomenex.com

-

Denmark
: +45 4824 8048
nordicinfo@phenomenex.com

-

Finland
: +358 (0)9 4789 0063
nordicinfo@phenomenex.com

-

France
: +33 (0)1 3009 21 10
franceinfo@phenomenex.com

-

Germany
+49 (0)6021-58830-0
anfrage@phenomenex.com

x4

India
: +91 (0)40-3012 2400
indiainfo@phenomenex.com

-

Ireland
+353 (0)1 247 5405
eireinfo@phenomenex.com

x4

Italy
+39 051 6327511
italiainfo@phenomenex.com

x4

Luxembourg
+31 (0)30-2418700
nlinfo@phenomenex.com

www.phenomenex.com
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50 x 2.1 100 x 2.1
00B-4725-AN — 00D-4725-AN
00B-4759-AN — 00D-4759-AN
00B-4622-AN — 00D-4622-AN
00B-4496-AN 00C-4496-AN 00D-4496-AN
00B-4462-AN 00C-4462-AN 00D-4462-AN
00B-4497-AN 00C-4497-AN 00D-4497-AN
00B-4461-AN 00C-4461-AN 00D-4461-AN
00B-4495-AN 00C-4495-AN 00D-4495-AN
00B-4723-AN — 00D-4723-AN

50 x 3.0

00B-4725-Y0
00B-4759-Y0
00B-4622-Y0
00B-4496-Y0
00B-4462-Y0
00B-4497-Y0
00B-4495-Y0
00B-4723-Y0

trs

-

-

-

T

-

-

-

-

13

13

14

00C-4496-Y0
00C-4462-Y0
00C-4497-Y0

Mexico
01-800-844-5226
tecnicomx@phenomenex.com

The Netherlands

: +31 (0)30-2418700

nlinfo@phenomenex.com

New Zealand

: +64 (0)9-4780951

nzinfo@phenomenex.com

Norway

: +47 810 02 005

nordicinfo@phenomenex.com
Portugal

+351 221 450 488
ptinfo@phenomenex.com

Singapore

: +65 800-852-3944

sginfo@phenomenex.com

Spain

: +34 91-413-8613

espinfo@phenomenex.com

Sweden

- +46 (0)8 611 6950

nordicinfo@phenomenex.com

Switzerland

: +41 61692 20 20

swissinfo@phenomenex.com

United Kingdom
+44 (0)1625-501367
ukinfo@phenomenex.com

USA
+1(310) 212-0555
info@phenomenex.com

All other countries
Corporate Office USA
+1(310) 212-0555
info@phenomenex.com

[C]

Phenomenex products are available worldwide. For the distributor in your country,
contact Phenomenex USA, International Department at international@phenomenex.com

100 x 3.0
00D-4725-Y0
00D-4759-Y0
00D-4622-Y0
00D-4496-Y0
00D-4462-Y0
00D-4497-Y0
00D-4495-Y0
00D-4723-Y0

Kinetex 2.6 pm Analytical Columns (mm)

Phases

EVO C18
Polar C18
Biphenyl
XB-C18

C18

C8

HILIC
Phenyl-Hexyl
F5
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SecurityGuard
ULTRA Cartridges*
150 x 2.1 3/pk
00F-4725-AN AJ0-9298
00F-4759-AN AJ0-9532
00F-4622-AN AJ0-9209
00F-4496-AN AJ0-8782
00F-4462-AN AJ0-8782
00F-4497-AN AJ0-8784
00F-4461-AN AJ0-8786
00F-4495-AN AJ0-8788
00F-4723-AN AJ0-9322
for2.1mm ID
SecurityGuard
ULTRA Cartridges*
150 x 3.0 3/pk
00F-4725-Y0 AJ0-9297
00F-4759-Y0 AJ0-9531
00F-4622-Y0 AJ0-9208
00F-4496-Y0 AJ0-8775
00F-4462-Y0 AJ0-8775
00F-4497-Y0 AJ0-8777
00F-4461-Y0 AJ0-8779
00F-4495-Y0 AJ0-8781
00F-4723-Y0 AJ0-9321
for 3.0mm ID

SecurityGuard

ULTRA
Cartridges*

3/pk

30x4.6 50 x 4.6 75x 4.6 100 x 4.6 150 x 4.6

00B-4725-E0 00D-4725-E0  00F-4725-E0 AJ0-9296

— 00B-4759-E0 — 00D-4759-E0  00F-4759-E0 AJ0-9530
— 00B-4622-E0 — 00D-4622-E0  00F-4622-E0 AJ0-9207
— 00B-4496-E0  00C-4496-E0 00D-4496-E0  00F-4496-E0 AJ0-8768
00A-4462-E0  00B-4462-E0 00C-4462-E0 00D-4462-E0  00F-4462-E0 AJ0-8768
— 00B-4497-E0  00C-4497-E0 00D-4497-E0  00F-4497-E0 AJ0-8770
— 00B-4461-E0  00C-4461-E0 00D-4461-E0  00F-4461-E0 AJ0-8772
— 00B-4495-E0  00C-4495-E0 00D-4495-E0  00F-4495-E0 AJ0-8774
— 00B-4723-E0 — 00D-4723-E0  00F-4723-E0 AJ0-9320
for 4.6mm ID

*SecurityGuard Ultra Cartridges require holder, Part No.: AJO-9000
*PREP SecurityGuard Cartridges require holder, Part No. AJ0-8223
**PREP SecurityGuard Cartridges require holder, Part No. AJ0-8277

If Kinetex core-shell technology columns do not provide at least an equivalent
separation as compared to other products of the same phase and dimensions,
return the column with comparative data within 45 days for a FULL REFUND.

Terms and Conditions
Subject to Phenomenex Standard Terms and Conditions which may be viewed
at www.phenomenex.com/TermsAndConditions.

Trademarks

Kinetex is a registered trademark of Phenomenex, and SecurityGuard and MidBore are
trademarks of Phenomenex, Inc. ACQUITY and Waters are registered trademarks of Waters
Corporation. CSH and XSelect are trademarks of Waters Corp. HALO is a registered trademark of
Advanced Materials Technologies, Inc. Agilent is a registered trademark of Agilent Technologies
Inc. PEEK is as trademark of Victrex plc.

Disclaimer
Phenomenex is in no way affiliated with Waters Corporation, Advanced Materials Technology,
Agilent Technologies, or Victrex plc. Comparative separations may not be representative of all
applications.

FOR RESEARCH USE ONLY. Not for use in clinical diagnostic procedures.
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