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Abstract

New improved types of analytical columns Zorbax Eclipse XDB-C18 (75 mm× 4.6 mm i.d., 3.5�m) and Zorbax Eclipse XDB-C18

(50 mm× 4.6 mm i.d., 1.8�m) have been tested for determination of estradiol (active substance), methylparaben, propylparaben (preser-
vatives) and estrone (degradation product) and compared with the conventional C18 columns (250 mm× 3.0 mm i.d., 5.0�m). The Zorbax
columns differ with their particle size, column length and ODS (octadecylsilica) type as well. Higher flow-rates (up to about 2.5 ml min−1)
could be applied regardless to back-pressure. The analysis – previously done at 40◦C – could be performed even at ambient temperature.
A tics.
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nalytical run was shortened to 3.5 min (from 12 min used for the conventional C18 column) with the same or better retention characteris
ystem suitability data for all Zorbax columns show the advantages of these columns for the practical use in routine quality
harmaceuticals, particularly from the point of view of speed of analysis and solvent consumption.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Speed of analysis has become of a great importance in
any application areas of HPLC like pharmaceutical, toxico-

ogical and clinical analysis, where it is important to increase
hroughput and reduce analysis costs. The simplest mode how
o shorten analytical run is column length shortening. How-
ver, that could be risky, because complex mixture of com-
ounds does not have to be separated well enough. Therefore

t is necessary to increase column efficiency by reducing par-
icle size, which means augmenting absorption surface of sta-
ionary phase. Thus the analysis could be performed during
shorter time with the same separation efficiency.
In our study analytical columns made by Agilent Tech-

ologies were tested and compared with conventionally used
DS analytical column. Agilent provides many types of an-
lytical columns with regards for the purpose of analysis.

∗ Corresponding author. Tel.: +420 49 5067294; fax: +420 49 5518718.
E-mail address:solich@faf.cuni.cz (P. Solich).

Different types of ODS stationary phase modified accor
the range of pH can be used[1,2].

For the mid pH region 2–9 serves Zorbax Eclipse e
Densely Bonded (XDB) column. At this range of pH
silanols are more active and tailing interactions are m
likely. To overcome this problem the columns are eX
Densely Bonded and in addition double endcapped so
cover as many active silanols as possible. The structur
be seen inFig. 1. They are recommended to be convenien
neutral, basic and acidic compounds in this pH range. X
columns are available with -C18, -C8 and -Phenyl stationa
phase[1,2].

For the low range of pH 1–6 the most convenient
Zorbax StableBond analytical columns. They are made
ing patented, unique monofunctional silanes with bulky
isobutyl (stationary phase C18) or diisopropyl (stationar
phases -C18, -C3, -Phenyl, -CN, and -Aq) that sterically pr
tect the siloxane bond. The structure can be seen inFig. 2. For
the improvement of peak shape, the high purity, low ac
silica instead of endcapping is used in order to provide b
021-9673/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
oi:10.1016/j.chroma.2004.12.039
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Fig. 1. The structure of Zorbax Eclipse eXtra Densely Bonded (XDB) sta-
tionary phase.

stability and to improve lifetime and reproducibility under
acidic mobile phase conditions. SB columns are compatible
with all common mobile phase, including very high aqueous
mobile phases[1,2].

For the high pH range Zorbax Extend-C18 analytical
columns should be used. They are made using new biden-
tate C18–C18 column bonding technology. At the high pH,
non-charged basic compounds do not interact with silica, so
the separation is done with high efficiency as well the peak
shape and resolution is improved. The Extend-C18 column is
stable from pH 2–11 with a good peak shape for all types of
compounds[1,2].

The above stated columns are available in all dimension
from capillary to preparative columns, containing particles
of usually 3.5�m or 5.0�m.

Rapid resolution high throughput (HT) HPLC columns
packed with 1.8�m particles are a new family of LC and
LC–MS columns. They are designed for very fast high-
resolution separations. As the particle size of the column
packing is decreased to 1.8�m, column efficiency is in-
creased. Therefore, these columns are very short (15–50 mm)
and are intended especially for the fast separations applica-
tions. They are available with two bonded phases—Zorbax
C18 Eclipse XDB and SB-C18, which means compatibility
with mobile phases from 1 to 9 pH range[3,4].

Just a few applications using 1.8�m columns were
described by the producer itself. They include analysis of
some antibiotics (lincomycin and klindamycin)[3,5] and
testing some standard sample mixtures containing acids,
bases and neutrals as well[6]. The only application found
in literature was describing the use 1.8�m ODS modified
particles in capillary chromatography[7]. Column frit
preparation and column packing procedure, optimisation of
mobile phase composition, acetonitrile content, surfactant
concentration, pH, ionic strength as well as study of column
efficiency was the objective of the paper.

Concerning 3.5�m particles, much more practical use
could be observed. The first use of packing with small parti-
cles (comparison of 3.5�m particle packed column and tra-
ditional 5�m particle column) was described in the early
1980s, but HPLC system compatibility and column lifetime
i ked
c s
a h et
a sid-
e rat
p ed
e cer
d last
f liq-
u rom-
e m
m -
o
[ eir
m the
u ro-
m

for
a ost-
m tical
f and
t this
p ause
e the
b atic
m

iol
( reser-
v ently
d
Fig. 2. The structure of Zorbax StableBond stationary phase.
ssues did not allow the wide use of small particle pac
olumns[8]. In 1997 the comparison of 1.5�m nonporou
nd 3.5�m porous silica columns was made by Paasc
l. [9]. Determination of Ro 48-3656 as a prodrug con
red to be an active antagonist of glycoprotein IIbIIIa in
lasma was made. 3.5�m particle packed columns were us
specially in biological analysis, particularly in antican
rug research[10,11]. Their use has increased during

our years with wider use of hyphenated techniques as
id chromatography electro-spray ionization mass spect
try (LC–ESI–MS)[12–15], liquid chromatography, tande
ass spectrometry (LC–MS–MS)[16,17], quadrupole time
f-flight spectrometry (Q-TOF MS)[18] and LC–UV–TOF

19] treating especially with analysis of drugs and th
etabolites in biological fluids. Some papers describe
se of 3.5�m particulate capillary columns in capillary ch
atography[20] and electrochromatography[21].
Estradiol is successfully used in clinical practice
treatment of climacteric syndrom symptoms and p
enopausal osteoporosis. Many different pharmaceu

ormulations, especially tablets, transdermal plasters
opical gels, containing estradiol were developed for
urpose. Topical administration is very convenient, bec
stradiol in transdermal form is absorbed directly into
lood circulation, there is no influence of primary hep
etabolism and fast degradation[22,23].
A novel analytical method for determination of estrad

active substance), mehylparaben, propylparaben (p
atives) and estrone (degradation product) was rec
eveloped in our laboratory[24].
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The aim of this work was to compare a performance
and retention data of different analytical columns containing
octadecylsilica as a stationary phase using the method pre-
viously developed for pharmaceutical formulation Estrogel
gel—examined substances are neutral compounds. Follow-
ing analytical columns were tested: Zorbax Eclipse XDB-C18
(75 mm× 4.6 mm i.d., 3.5�m) and Zorbax Eclipse XDB-C18
(50 mm× 4.6 mm i.d., 1.8�m).

2. Experimental

2.1. Chemicals and reagents

Working standards of estradiol, estrone, methylparaben,
propylparaben and hydrocortizone (internal standard) were
used for the purpose of this study. The standards were pro-
vided by Sigma–Aldrich (Prague, Czech Republic). All these
compounds were checked against European Pharmacopoeia
CRS standards (Strasbourg, France).

Acetonitrile, Supragradient, was obtained from Biotech
(Scherlau Chemie, Germany). HPLC grade methanol was
provided by Sigma–Aldrich (Prague, Czech Republic).

HPLC grade water was prepared by Milli-Q reverse os-
mosis Millipore (Bedford, MA, USA) and it meets European
Pharmacopoeia requirements.
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.2. Chromatography

Analyses were performed on Shimadzu LC-2010 C
em (Kyoto, Shimadzu, Japan) with built-in UV–vis detec
nd with column oven enabling control of temperature.
uilt-in auto-sampler was conditioned at 25◦C. Chromato
raphic software Class VP 5 was used for data collection
rocessing.

The original chromatographic conditions for determ
ion of Estrogel gel, (Discovery C18 (250 mm× 3.0 mm i.d.
�m), column oven temperature 40◦C, mobile phase ac

onitrile, methanol, water (23:24:53) pumped isocratic
t the flow-rate 0.9 ml min−1 detection at 225 nm injectio
olume 10�l, using hydrocortizone as an internal stand
IS) for quantitation) were applied to Zorbax Eclipse XD
18 (75 mm× 4.6 mm i.d., 3.5�m) and Zorbax Eclips
DB-C18 (50 mm× 4.6 mm i.d., 1.8�m). Then the highe
ow-rates were tested as follows: for the 3.5�m particle
ized column 2.5 ml min−1 was chosen as a maximum,
he 1.8�m particle sized column 1.2 ml min−1 was chose
s a maximum flow-rate because of some system instab
t higher flow-rates. System suitability data and repeata
ata of all columns using different analytical conditions (◦
25◦C, original and extreme conditions) were checked

ompared.

.3. Reference standard preparation

The stock solution of internal standard was prep
y dissolving 50 mg of hydrocortizone in 100 ml of a



L. Nováková, P. Solich / J. Chromatogr. A 1088 (2005) 24–31 27

tonitrile. Reference standard solution for Estrogel anal-
ysis was prepared in 100 ml volumetric flask by dis-
solving of 1.5 mg of estradiol, 2.5 mg of methylparaben,
1.25 mg of propylparaben and 0.5 mg of estrone in ace-
tonitrile. Finally 2.0 ml of internal standard was added into
the solution and filled up to the mark with acetonitrile,
thus the final concentration of internal standard hydro-
cortizone was always approximately 10 mg l−1. The final
concentrations of compounds in standard solutions were:
estradiol (14.8 mg l−1), estrone (4.7 mg l−1), hydrocorti-
zone (10.4 mg l−1), propylparaben (13.9 mg l−1) and methyl-
paraben (26.7 mg l−1). It was necessary to prepare fresh so-
lutions every day.

2.4. Analytical repeatability testing

The sample of standard solution was injected six times
into the chromatographic system. Peak retention times and
peak areas were checked for all compounds using flow-
rates 0.9 ml min−1 for conventional C18 column, 0.9 and
2.5 ml min−1 for 3.5�m particle sized Eclipse XDB col-

umn and 0.9 and 1.2 ml min−1 for 1.8�m particle sized
Eclipse XDB column. Eclipse columns were tested at 25
and 40◦C. The mean values of retention times and peak ar-
eas were calculated and the standard deviations were deter-
mined.

3. Results and discussion

The chromatographic conditions originally developed for
Estrogel analysis are described above. Under these condi-
tions the analysis was repeated, all tested compounds (estra-
diol, methylparaben, propylparaben, hydrocortizone (IS) and
estrone) were separated well. System suitability parameters
(Table 1) meet all necessary criteria. Analytical run took
about 11–12 min with typical back-pressure of about 24 MPa.
That is quite a high for series of routine analyses. For these
reasons, the use of high-throughput columns, which allows
using of higher flow-rates, while the separation of compounds
is unaffected or even better and the analytical run is much
shortened has been proposed.

F
m

ig. 3. Estrogel analysis on Zorbax Eclipse XDB-C18 (75 mm× 4.6 mm i.d., 3.
ethylparaben, PP: propylparaben.
5�m) analytical column using different temperatures and flow-rates. MP:
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Zorbax Eclipse XDB-C18 (75 mm× 4.6 mm i.d., 3.5�m)
and Zorbax Eclipse XDB-C18 (50 mm× 4.6 mm i.d., 1.8�m)
were used for these experiments, the same analytical con-
ditions were applied, using normal flow-rate 0.9 ml min−1

and two extreme flow rates 2.5 ml min−1 for 3.5�m par-
ticle sized columns and 1.2 ml min−1 for 1.8�m particle
sized columns. System suitability parameters and repeata-
bility data were observed. The results can be seen in tables
and in chromatograms—Figs. 3 and 4.

When using 1.8�m particle columns, several instrument
variables should be considered, so as to obtain optimum per-
formance[25]. These are system volume, mobile phase flow-
rate and data acquisition rate, which is probably the most
important. With increasing column efficiency peak width de-
crease, therefore it is required to collect sufficient amount of
data points of the peak. The rate should be higher than com-
monly used data collection every 1–2 s, for example 0.1 s.
System volume reduction includes replacing standard 0.17
id mm tubing by 0.12 mm id tubing for all connections and
replacing standard 13-�l detector cell by using Semi-Micro
(8�l) or Micro High Pressure (1.7�l) cell with increased

efficiency. The optimum flow-rate should be higher than for
larger particle size columns. We were not able to try the mod-
ifications because the Shimadzu 2010 instrument is validated
as a whole, therefore we tested 1.8�m particle sized column
at the common conditions. The results were excellent even
without above mentioned modifications.

3.1. System suitability parameters

The results of system suitability testing could be seen in
Table 1. Retention time as an index of compound quality is
the most important parameter for the length of analysis. For
all compounds using all tested conditions the retention times
were shorter in case of tested Eclipse XDB columns than
those conventional C18. This means significant reduction of
analysis duration, reducing solvent consumption and more-
over, for routine series of analysis reduced time consumption.

For the definition of efficiency different parameters are
used. In our study theoretical plate number and height
equivalent of theoretical height were used. The later one is
necessary in case of great differences in column length as

F
m

ig. 4. Estrogel analysis on Zorbax Eclipse XDB-C18 (50 mm× 4.6 mm i.d., 1.
ethylparaben, PP: propylparaben.
8�m) analytical column using different temperatures and flow-rates. MP:
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Table 2
Analytical run repeatability—retention times

Column type Methylparaben Hydrocortizone (IS) Propylparaben Estradiol Estrone

x̄ S R.S.D. (%) x̄ S R.S.D. (%) x̄ S R.S.D. (%) x̄ S R.S.D. (%) x̄ S R.S.D. (%)

ODS 5�m 40◦C/0.9 ml min−1 2.89 0.00 0.00 4.17 0.00 0.00 6.28 0.00 0.00 8.70 0.01 0.09 10.69 0.01 0.10

XDB 3.5�m 40◦C/0.9 ml min−1 1.69 0.01 0.30 2.61 0.00 0.00 4.28 0.00 0.00 6.09 0.00 0.08 7.94 0.01 0.07
XDB 3.5�m 40◦C/2.5 ml min−1 0.62 0.00 0.00 0.97 0.00 0.49 1.54 0.00 0.00 2.23 0.00 0.00 2.89 0.00 0.00
XDB 3.5�m 25◦C/0.9 ml min−1 1.93 0.00 0.00 3.07 0.00 0.00 5.40 0.00 0.07 7.97 0.00 0.05 10.76 0.01 0.07
XDB 3.5�m 25◦C/2.5 ml min−1 0.70 0.00 0.00 1.14 0.00 0.00 1.95 0.00 0.00 2.93 0.00 0.00 3.92 0.00 0.00

XDB 1.8�m 40◦C/0.9 ml min−1 1.23 0.00 0.00 1.94 0.00 0.00 3.05 0.00 0.00 4.47 0.00 0.00 5.71 0.00 0.07
XDB 1.8�m 40◦C/1.2 ml min−1 0.93 0.00 0.00 1.46 0.00 0.00 2.29 0.00 0.16 3.37 0.01 0.28 4.31 0.00 0.11
XDB 1.8�m 25◦C/0.9 ml min−1 1.39 0.00 0.27 2.25 0.00 0.00 3.80 0.00 0.00 5.75 0.00 0.08 7.59 0.00 0.06
XDB 1.8�m 25◦C/1.2 ml min−1 1.05 0.00 0.00 1.70 0.00 0.00 2.84 0.00 0.00 4.34 0.01 0.12 5.70 0.00 0.07

x̄: mean retention time,S: standard deviation, R.S.D. (%): relative standard deviation, ODS 5: Discovery C18 (250 mm× 3.0 mm i.d.; 5�m), XDB 3.5: Zorbax Eclipse XDB-C18 (75 mm× 4.6 mm i.d., 3.5�m), XDB
1.8: Zorbax Eclipse XDB-C18 (50 mm× 4.6 mm i.d., 1.8�m).

Table 3
Analytical run repeatability—peak area

Column type Methylparaben Hydrocortizone (IS) Propylparaben Estradiol Estrone

x̄ S R.S.D. (%) x̄ S R.S.D. (%) x̄ S R.S.D. (%) x̄ S R.S.D. (%) x̄ S R.S.D. (%)

ODS 5�m 40◦C/0.9 ml min−1 165034 314.28 0.19 72163 114.91 0.16 67139 118.58 0.18 113796 162.79 0.14 50100 51.15 0.10

XDB 3.5�m 40◦C/0.9 ml min−1 198087 213.08 0.11 65120 129.54 0.20 132617 273.84 0.21 99176 167.58 0.17 45036 107.51 0.24
XDB 3.5�m 40◦C/2.5 ml min−1 71367 186.90 0.26 23535 218.47 0.93 47836 270.34 0.57 35567 125.98 0.35 16147 82.79 0.51
XDB 3.5�m 25◦C/0.9 ml min−1 197308 770.40 0.39 64054 304.68 0.48 132244 139.16 0.11 98590 103.57 0.11 44802 185.02 0.41
XDB 3.5�m 25◦C/2.5 ml min−1 71259 550.04 0.77 23387 195.63 0.84 47329 30.07 0.06 35226 29.28 0.08 16036 29.31 0.18

XDB 1.8�m 40◦C/0.9 ml min−1 196267 655.27 0.33 64291 475.03 0.74 131600 35.94 0.03 97500 44.62 0.05 44242 249.90 0.56
XDB 1.8�m 40◦C/1.2 ml min−1 146613 518.73 0.35 48076 376.57 0.78 98731 374.44 0.38 73123 207.02 0.28 33347 148.17 0.44
XDB 1.8�m 25◦C/0.9 ml min−1 186990 196.42 0.11 63548 55.67 0.09 131030 112.55 0.09 97288 40.12 0.04 44119 77.90 0.18
XDB 1.8�m 25◦C/1.2 ml min−1 140993 398.32 0.28 47878 143.86 0.30 98110 87.92 0.09 72821 210.94 0.29 33046 140.22 0.42

x̄: mean retention time,S: standard deviation. R.S.D. (%): relative standard deviation, ODS 5: Discovery C18 (250 mm× 3.0 mm i.d.; 5�m), XDB 3.5: Zorbax Eclipse XDB-C18 (75 mm× 4.6 mm i.d., 3.5�m),
XDB 1.8: Zorbax Eclipse XDB-C18 (50 mm× 4.6 mm i.d., 1.8�m).
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was ours, because theoretical plate number does not include
the column length. Apparently, the efficiency of tested
Eclipse XDB columns is incomparably higher in comparison
with conventionally used C18 column.

Peak resolution describes the rate of compounds separa-
tion. It was satisfactory for all tested compounds. The value
required by ICH is 1.5. Using the same conditions that mean
flow-rate 0.9 ml min−1 (regardless the temperature) the reso-
lution is even higher for tested Eclipse XDB columns compar-
ing to conventional C18 column. Using extreme conditions,
thus higher flow-rates (2.5 or 1.2 ml min−1) the resolution
decreases, but it is still sufficiently convenient.

Peak asymmetry is important for precise peak integra-
tion and thus for quantitative information. For all compounds
the peak asymmetry is better in case of tested Eclipse XDB
columns comparing to conventional C18 except of values for
hydrocortizone. Anyway, this value is still meeting ICH re-
quirements for validation, which recommend the value less
than 1.5.

3.2. Analytical run repeatability

The repeatability of analytical run was tested in two
levels—for retention time and for peak area repeatability.
All results meet the criteria necessary for validation accord-
ing ICH requirements that means relative standard deviation
i
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Table 4
Solvent consumption, system maintenance

Column type Solvent
consumption
(ml)

Duration of
analysis
(min)

Column
back-pressure
(MPa)

ODS 5�m
40◦C/0.9 ml min−1

9.90 11.0 26.0

XDB 3.5�m
40◦C/0.9 ml min−1

7.65 8.5 6.4

XDB 3.5�m
40◦C/2.5 ml min−1

8.75 3.5 17.4

XDB 3.5�m
25◦C/0.9 ml min−1

9.90 11.0 8.3

XDB3.5�m
25◦C/2.5 ml min−1

11.25 4.5 23.0

XDB 1.8�m
40◦C/0.9 ml min−1

5.40 6.0 13.4

XDB 1.8�m
40◦C/1.2 ml min−1

5.40 4.5 17.7

XDB 1.8�m
25◦C/0.9 ml min−1

7.20 8.0 17.5

XDB 1.8�m
25◦C/1.2 ml min−1

7.20 6.0 23.2

ODS 5: Discovery C18 (250 mm× 3.0 mm i.d.; 5�m), XDB 3.5: Zorbax
Eclipse XDB-C18 (75 mm× 4.6 mm i.d., 3.5�m), XDB 1.8: Zorbax Eclipse
XDB-C18 (50 mm× 4.6 mm i.d., 1.8�m).

and temperature 40◦C with the solvent consumption 8.75 ml.
Generally, from the point of view of analysis time, it is un-
ambiguously the most advantageous to use Zorbax Eclipse
XDB 3.5�m particle sized column at flow-rate 2.5 ml min−1

or Zorbax Eclipse XDB 1.8�m particle sized column at
1.2 ml min−1 and at 40◦C temperature. With the regard of sol-
vent consumption, the most suitable is to use Zorbax Eclipse
XDB 1.8�m particle sized column at any tested mode.

Performing the series of routine analyses it is important
to consider also column maintenance. That means choosing
of appropriate mobile phases, careful system washing and
application of adequate flow-rates with the regards of column
and system properties. The analytical conditions for tested
columns were chosen considering the method to be frequently
used in routine analysis. Therefore it is convenient to lower
the column back-pressure as much as possible. High through-
put columns are made for fast analyses performing, which
saves time and analytical system as well. The column length is
shorter than that conventional, thus the column back-pressure
is not so high as is was proven in this study. Thus, for the
shortening analysis time with regard to the back-pressure,
Zorbax Eclipse XDB analytical columns are more convenient
as it could be seen inTable 4.

4. Conclusion

-
c s
o
i

s not higher than 1%. For the retention times—Table 2, the
ighest R.S.D. 0.49% was in case of hydrocortizone rete

ime using Zorbax Eclipse XDB-C18 (75 mm× 4.6 mm i.d.
.5�m) at flow-rate 2.5 ml min−1 and temperature 40◦C. For
ost of analysis the R.S.D. is 0.00% or very close to 0.0
his value increases with retention time of compounds. T

or estrone as the last compound in chromatogram it is
lly more than 0.06%, but it is not higher than 0.11%.
.S.D. values for retention times are similar for all type
olumns.

Concerning peak area repeatability—Table 3, the diver-
ity of R.S.D. values was much greater. The highest R
.93% was again in case of hydrocortizone peak are

ng Zorbax Eclipse XDB-C18 (75 mm× 4.6 mm i.d., 3.5�m)
t flow-rate 2.5 ml min−1 and temperature 40◦C. For the
ethylparaben the R.S.D. values were found inside the r
.11–0.77%, for hydrocortizone 0.09–0.93%, for pro
araben 0.03–0.57%, for estradiol 0.04–0.35% and fo

rone 0.10–0.56%. Again, the R.S.D. values for peak a
re similar for all types of columns, there is not very sign
ant difference.

.3. Solvent consumption, system maintenance

Regarding analysis time and solvent consumptio
able 4– the choice of final chromatographic conditions m
e a compromise. The higher is the flow-rate, the high
sually solvent consumption as well. Thus the shortest a
es time we were able to perform with Zorbax Eclipse XD
18 (75 mm× 4.6 mm i.d., 3.5�m) at flow-rate 2.5 ml min−1
A comparison of conventional C18 analytical column Dis
overy C18 (250 mm× 3.0 mm i.d., 5.0�m) and novel type
f C18 columns Zorbax Eclipse XDB-C18 (75 mm× 4.6 mm

.d., 3.5�m) and Zorbax Eclipse XDB-C18 (50 mm× 4.6 mm
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i.d., 1.8�m) was made. All types of columns were able to
separate tested compounds well with sufficient resolution
and peak asymmetry, but they differed in analysis time and
column back-pressure.

The data presented in this article show explicit advan-
tages of the new types of analytical columns comparing
to conventional “long” C18 columns with 5�m particles.
These advantages are particularly a significant reduction of
analysis time, which means reduction in solvent consumption
as well. Retention data including peak asymmetry and peak
resolution values are preferable for Zorbax Eclipse XDB-C18
(75 mm× 4.6 mm i.d., 3.5�m) and Zorbax Eclipse XDB-C18
(50 mm× 4.6 mm i.d., 1.8�m) comparing to conventional
C18. The improvement of efficiency is apparently seen from
the height equivalent of theoretical plate values. It is clearly
seen, that high through-put analytical columns are more con-
venient and efficient performing complex analysis of phar-
maceutical preparation Estrogel gel.

Generally, they can be of substantial importance especially
in pharmaceutical industry, where it is necessary to perform
many analysis in the area of quality control of pharmaceuti-
cals and during stability studies as well.
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