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Enantioanalysis of Tertatolol in Plasma
and Pharmaceutical Formulations with

Immobilized Polysaccharide-Derived HPLC
Chiral Column at Nano-detection Level

Mohamed Hefnawy, Abdulrhman Al-Majed, and Aymen Al-Suwailem

Department of Pharmaceutical Chemistry, College of Pharmacy,
King Saud University, Riyadh, Saudi Arabia

Abstract: A sensitive and selective high performance liquid chromatography
(HPLC) method has been developed for the simultaneous determination of terta-
tolol enantiomers in plasma and pharmaceutical formulations. Enantiomeric
resolution was achieved on cellulose tris(3,5-dichlorophenylcarbamate) immobi-
lized onto 5 mm, spherical porous silica chiral stationary phase (CSP) known as
Chiralpak IC with UV detection set at 254 nm. The mobile phase which consisted
of n-hexane-ethanol-triethylamine (60:40:0.1%, v=v=v) was used with a flow rate
of 0.3mL=min. Bentazepam was chosen as internal standard to guarantee a high
level of quantitative performance. The assay involved the use of solid phase
extraction procedures for human plasma samples prior to HPLC analysis; C18

cartridges gave good recoveries for both enantiomers without any interference.
The stability of tertatolol enantiomers under different degrees of temperature
was studied. The result shows that the drug was stable for at least 7 days at
70�C. The method was validated for its linearity, accuracy, precision, and robust-
ness. The calibration curves in plasma were linear over the range of
25–1000 ng=mL for each enantiomer with a detection limit of 3 ng=mL. The mean
relative standard deviation (RSD) of the results of within-day precision and accu-
racy of the drug were �2. There was no significant difference (P> 0.05) between
inter-and intra-day studies for each enantiomer, which ensure the reproducibility
of the assay method. The percentage recovery for both enantiomers from plasma
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was in the range of 91.3–98.7% at 75�800 ng=mL level for each enantiomer. The
overall recoveries of tertatolol enantiomers from pharmaceutical formulation
were in the range of 98–101% with %RSD ranged in 2.74–2.9%. The assay method
is supposed to be suitable as therapeutic drug monitoring and chiral quality
control for tertatolol formulations by HPLC.

Keywords: Chiralpak IC, Human plasma, Pharmaceutical formulations, Solid
phase extraction, Tertatolol

INTRODUCTION

Amino alcohol drugs, such as beta-blockers are chiral hydroxyl-amine
containing compounds. Some of the clinical uses of these drugs are treat-
ment of hypertension, angina pectoris, supraventircular, and ventricular
arrhythmias and also, they are known to reduce the intensity of migraine
headaches.[1] Most of amino alcohol drugs are marketed as a racemic
mixture. Given the fact that these drugs have many side effects such as
gastrointestinal disturbances, dizziness, depression, asthmatic wheezing
(which is most likely induced by the (þ)-enantiomer); therefore, there is
undoubtedly a great need to develop quick methods for their
enantiomeric resolution.[1] Tertatolol, (�)-hydroxy-2-tert-butylamino-
3-propyloxyl)-8-thiochromane, is a powerful, long acting, and non-
cardioselective b-blocker without partial agonistic activity.[2] Tertatolol
differs from other b-blockers in that it increases renal blood flow in both
hypertensive and normotensive patients.[3] Tertatolol is marketed as a
racemic mixture of the two optical isomers. The (�)-enantiomer is about
100 fold more potent than the (þ)-enantiomer; the b-adrenoceptor block-
ade and renal vasodilatation induced by tertatolol have been demon-
strated to be stereospecific for the (�)-enantiomer.[4] Several analytical
techniques for the determination of tertatolol have been reported. The
GC-MS technique has been used for the determination of tertatolol in
human plasma and urine.[5] Musch et al. reported the HPLC method
for the determination of b-blockers in plasma using solid phase
extraction.[6] A gradient high performance liquid chromatography for
simultaneous determination of thirteen b-blockers and one metabolite
using photodiode-array UV detection was published.[7]

Direct and indirect chiral methods for analysis of tertatolol have
been reported. An indirect method involves solid phase extraction fol-
lowed by derivatization with S-(þ)-naphthylethylisocyanate to form the
urea derivative, which was separated by RP-HPLC.[8] Direct methods
used chiral stationary phase consisting of the b-cyclodextrin bonded
phase,[9] or 3,5-dichlorophenyl-L-carbamate chiral column.[10] Reviewing
the literature revealed that up to the present time, nothing has been
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published concerning analysis of tertatolol enantiomers utilizing a
Chiralpak IC column.

Molecular chirality plays an important role in the biological
processes by involving stereospecific interaction of enantiomers such as
distribution rates, metabolism, excretion, antagonistic actions, enzymes
interactions, and receptor recognition.[11] That is why enantiomers show
different pharmacological effects in the biological system.[12–15] Nowa-
days, the chiral separation has become an essential and urgent need in
pharmaceutical industries to provide safe medication to the society.
Among many analytical tools for enantiomeric separation, chromatogra-
phy is the best technique due to its wide range of applications, efficiency,
reproducibility, high speed, resolution, and sensitivity. Many modalities
of chromatography such as thin layer chromatography (TLC), high per-
formance liquid chromatography, and capillary electrochromatography,
have been used for chiral drugs separation, but (HPLC) has a wide range
of applications due to the availability of different chiral stationary
phases, besides good efficiency, and low limits of detection.[16]

Polysaccharide derivatives, being coated or immobilized on silica
matrix, have become the first and broadest choice of selectors to be used
as chiral stationary phases (CSPs) for both liquid and supercritical fluid
chromatography. Polysaccharide-derived CSPs are currently playing an
essential role in both analytical and preparative separation of enantio-
mers.[17–20] For over two decades the coated polysaccharide-derived
supports were routinely used by most of the scientific and industrial
groups working in the field. Since 2004, three immobilized polysaccharide-
derived CSPs have become commercially available: Chiralpak IA,
Chiralpak IB, and Chiralpak IC. They are based on tris-(3,5 dimethylphenyl
carbamate) of amlyose, tris-(3,5 dimethylphenyl carbamate) of cellulose, and
tris-(3,5 dichlorophenyl carbamate) of cellulose, respectively.[21–24] Cellulose
and amylose polysaccharide are naturally occurring polymers, which incor-
porate various levels of chiral information in their structure. In the early
1980s, a group of Japanese scientists came up with the idea of derivatizing
them in order to enhance their chiral recognition abilities, and then coating
them on a silica gel support.[25,26] This important step forward has resulted in
polysaccharide derivatives that have become the first and broadest choice of
selectors to be used for liquid and supercritical fluid chromatography (LC)
and (SFC), for both analytical and preparative separations of enantiomers.
With the motivation to further enhance the scope of application of these
CSPs, various research groups have investigated possibilities of immobiliz-
ing the polysaccharide derivatives onto the chromatographic matrices
(most often silica gel).[27–29] The methods used to render the polysaccharide
derivatives insoluble in any mobile phase solvent are based on two
general approaches: the direct covalent linkage of the derivative on the
support[30–33] or the reticulation of the polysaccharide by a cross linking
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reaction.[34,35] Some of the reported immobilization technologies aimed to
combine both strategies.[36–39] After more than a decade of research into this
challenging topic, a new series of immobilized polysaccharide-derived CSPs
has become commercially available, they are Chiralpak IA, Chiralpak IB,
and Chiralpak IC. Owing to their immobilized nature, these CSPs combine
the benefits of the coated polysaccharide-type CSPs, namely the broad
applications scope and the high preparative potential with enhanced robust-
ness, practically unlimited solvent compatibility, and extended range of
applications.

In this article, we report the development and validation of tertatolol
analysis in plasma and pharmaceutical formulations using HPLC with
UV detection after enantiomeric resolution on a Chiralpak IC column.
The importance of the present work is the ability of the selected immobi-
lized Chiralpak IC CSP to separate and determine tertatolol enantiomers
in plasma and in pharmaceutical formulations, whereas the complemen-
tary Chiralpak IA and IB CSPs failed to separate these enantiomers.
Moreover, the method is linear in the range of 25–1000 ng=mL and pro-
vides the required sensitivity for monitoring the blood level of tertatolol
(70–160 ng=mL). In addition, this method should be used as chiral formu-
lations quality control for tertatolol to check the purity of the (�)-isomer,
as well as for plasma analysis. With the present broad range of available
CSPs and advances in column technology, the present enanioselective
HPLC can be considered as the method of choice.

EXPERIMENTAL

Apparatus and Reagents

Chromatography was performed on a Waters Corporation system
(Milford, MA 01757 USA) consisting of a 1500 series HPLC pump
and 2487 UV-Vis spectrophotometric detector. Data collection and inte-
gration was accomplished using a Dell computer. The CSP used in this
study was the cellulose tris-(3,5-dichlorophenyl-carbamate), which is
immobilized on 5 mm silica gel known as Chiralpak IC (250� 4.6mm
ID), purchased from Chiral Technologies Europe (Cedex, France). The
mobile phase was n-hexane-ethanol-triethylamine (60:40:0.1%, v=v=v).
The mobile phase was filtered through a Millipore membrane filter
(0.2 mm) from Nihon, Millipore (Yonezawa, Japan) and degassed before
use. The flow rate was 0.3mL=min with UV detection at 254 nm.
(�)-Tertatolol, (�)-tertatolol, and (þ)-tertatolol were purchased
from RBI (Natick, MA, USA). Bentazepam was purchased from
Sigma-Aldrich (St. Quentin Fallavier, France). HPLC grade n-hexane,
ethanol, and analytical grade triethylamine were purchased from BDH
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chemicals (Poole, UK). Analytical grade sodium hydroxide was
purchased from WINLAB (UK). Deionized water was purified using a
cartridge system (Picotech Water System RTP, NC, USA). Water Oasis
HLB and Sep-Pak C18, C8, C2, and CN cartridges were obtained from
Water Corporation, (Milford, MA, USA). Human plasma was obtained
from King Khalid University Hospital (Riyadh, KSA) and was kept
frozen until use after gentle thawing.

Preparation of Stock and Standard Solutions

Stock solutions containing 1mg=1mL of individual (�)- and
(þ)-tertatolol were prepared in methanol. Its purity was found to be
99.7� 0.31 by spectrophotometric measurement at 254 nm. Working
standard solutions (10 mg=mL) were prepared by dilution of individual
aliquots of stock solution with the same solvent. The internal standard
bentazepam was prepared in methanol to give a concentration of
400 mg=mL and was further diluted with methanol to give a working solu-
tion of 40 mg=mL. The solutions were stable for at least seven days if kept
in the refrigerator. Appropriate dilutions of the individual working
solutions of tertatolol and internal standard were made and used for
constructing the calibration curves and spiking human plasma.

Preparation of Plasma Quality Control Samples

The quality control (QC) samples at three concentrations 75, 500, and
800 ng=mL were prepared by spiking the drug free plasma with appropri-
ate volumes of individual (�)- and (þ)-tertatolol, and stored frozen until
analysis. Before spiking, the drug free plasma was tested to make sure
that there was no endogenous interference at the retention time of (�)-
and (þ)-tertatolol, as well as the retention time of the internal standard
betazepam. The QC samples were extracted with the calibration
standards to verify the integrity of the method.

Assay Method

A human plasma sample (0.3mL) was placed into 1.5mL Eppendrof tube
and accurately measured aliquots of 7.5, 50, and 80 mL of the individual
working standard (–)- and (þ)-tertatolol solutions were added. Then
25 mL of internal working standard solution was added to each tube
and diluted to 1mL with methanol and sonicated for 5 minutes to give
final concentrations of 75, 500, and 800 ng=mL for each tertatolol
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enantiomer. Blank human plasma samples were processed in the same
procedures using methanol instead of tertatolol enantiomers. Water
Oasis HLB and Sep-Pak C18, C8, C2, and CN cartridges and different
elution solvents consisting of a different ratio of n-hexane with a different
ratio of ethanol, isopropanol, tetrahydrofuran, ethyl acetate, acetonitrile,
or dichloromethane, with or without a different ratio of triethylamine,
have been tested for best separation of enantiomers. Cartridges were
attached to a vacuum manifold (VacElute, Harbor City, CA, USA)
and conditioned with four equal volumes (250 mL) of absolute methanol
and two equal volumes (250 mL) of deionized water before applying the
plasma samples. Care was taken that the cartridges should not run dry.
Blank and spiked plasma samples were transferred into the cartridges
and vacuum was applied to obtain a flow of 0.5mL=min after the entire
plasma samples had been aspirated through the cartridges; the cartridges
were washed with 4� 250 mL deionized water. The cartridges were then
dried under vacuum for five minutes. All cartridges were eluted with
4� 250 mL of 90% methanol, 10%, 1M NaOH, then the eluted solutions
were evaporated till dryness under gentle air then reconstituted by 1mL
with absolute methanol and 100 mL was injected into the HPLC system.

The absolute recoveries of each enantiomer from plasma were
calculated by comparing drug peak area of the spiked analyte samples
to unextracted analyte of stock solution, which has been injected directly
into the HPLC system.

Calibration curves were constructed by diluting stock solutions with
pooled human plasma to yield six concentrations over the range of
25–1000ng=mL for each tertatolol enantiomer. Linear regression analysis
of normalized drug=internal standard peak area ratio versus concentration
gave slope and intercept data for each analyte, which were used to calculate
the concentration of each analyte in the human plasma sample. The
within-run and between-run precision (reported as % RSD) and accuracy
(reported as % error) of the assay in plasma were determined by
assaying three quality control samples over a period of three days. The
concentrations represented the entire range of the calibration curve.
The regression equations were used to determine the concentrations in the
quality control samples.

Preparation of Tablet Solutions

Ten prepared tablets were powdered. An accurately weighed portion
equivalent to 3mg tertatolol was transferred to a 100mL volumetric flask
diluted to the mark with methanol. The solution was sonicated for 15
minutes, centrifugated at 3000 rpm for 10 minutes. Accurately measured
aliquots of the supernatant were transferred to three 5mL volumetric
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flasks to get the final concentration of tertatolol equivalent to 100, 400,
and 900 ng=mL for each enantiomer.

RESULTS AND DISCUSSION

Optimization of the Chromatographic Conditions

The chemical structures of chiral selectors Chiralpak IA, IB, and IC
are shown in Figure 1. The chemical structures of (–)-tertatolol,
(þ)-tertatolol, and bentazepam (IS) are shown in Figure 2. The chemical
structure of both Chiralpak IC column and the drug tertatolol and its
resolution is widely affected by several factors, one of the strong factors
is the mobile phase used and it’s components, plus the ratio of those com-
ponents. The nature of mobile phase can affect enantioselectivity, reten-
tion factors, resolution degree, and some other system operating
parameters, as well as the CSP stability and column life time, particularly
with those based on polysaccharide derivatives.[22] Two groups of sol-
vents, which can be distinguished with regard to the nature of the CSP,
are listed in (Table 1). In principle, the solvents in the first group, denoted
as ‘‘standard’’ solvents, can be safely applied on coated
(non-immobilized) polysaccharide-based CSPs. These solvents are either
non polar solvents, such as hexane and heptane, or polar solvents, like
alcohols and acetonitrile. The coated CSPs, however, are not compatible
with the solvents in the ‘‘non-standard’’ group.[22] The solvents of med-
ium polarity, such as tetrahydrofuran (THF), ethyl acetate, and chloro-
form, may cause a damage of the CSP. Once immobilized, the CSP
becomes compatible with the whole range of solvents (standard and
non-standard) and its enantioselective capacity can be further exploited
without compromising the CSP stability.[22] In this study, different sol-
vents and different ratio of solvents with or without additive have been
tested, and finally the suitable mobile phase observed is n-hexane-
ethanol-triethylamine (60:40:0.1%, v=v=v), which gave good resolution

Figure 1. Chemical structures of the chiral selectors.
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for both enantiomers and reasonable separation factors. The importance
of ethanol in this mobile phase is to improve peak shape, shortening of
retention time, and enhancement of selectivity. However, a further
increase in the ethanol ratio in the mobile phase causes a dramatic
increase in the retention time of the drug, which may be related to hydro-
gen bonding between both enantiomers of tertatolol and CSP. On the

Figure 2. The chemical structure of (a) (�)-tertatolol, (b) (þ)-tertatolol, and
(c) bentazepam.

Table 1. Classification of solvents according to their nature towards CSP

Standard Non-standard

Alkane (typically
hexane, heptane)

Chlorinated solvents (typically chloroform,
dichloromethane).

Alcohol (typically
ethanol, methanol).

Esters (typically ethyl or methyl acetate).

Acetonitrile Acetals (typically methylal, ethylal) ketones (typically
acetone). Aromatics (typically toluene).
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other hand, TEA (0.1%) is used in this mobile phase to play an essential
role for the separation of tertatolol (which is a basic drug), through
suppression of the deleterious effect of residual free silanols on the silica
surface, which consequently improve the peak symmetry, resolution, and
selectivity.[22]

The mechanisms behind separation of tertatolol using Chiralpak IC
columns are not fully understood. However, it is known that the interac-
tive forces such as hydrogen bonding, p-p interactions, Van der waal
forces, and steric effect are responsible for the chiral resolution using
these CSPs. However, native cellulose and amylose derivatives (non-
immobilized) are not efficient chiral selectors because of the insufficient
optical resolving power.[40]

Applications to Spiked Human Plasma

In the course of developing a solid phase extraction (SPE) procedure for
plasma sample cleanup, several types of cartridges were investigated (Water
Oasis HLB and Sep-Pak C18, C8, and cyanopropyl). The cyanopropyl car-
tridge showed interference endogenous plasma peaks at the retention time
of the analytes. An octyl (C8) SPE columnwas also found to be unacceptable
due to low recoveries (<60%) for tertatolol enantiomers and internal stan-
dard. Oasis HLB cartridges showed recoveries in excess of 70%, whereas
an octadecyl (C18) SPE column gave high recoveries for tertatolol enantio-
mers and internal standard (more than 90%), while at the same time remov-
ing endogenous interference. Figures 3a and b show chromatograms of a
blank plasma sample and a calibration sample, respectively.

Linearity, Precision, and Accuracy

The linear regression analysis of (�)- and (þ)-tertatolol was constructed
by plotting the peak area ratio of each enantiomer to the internal
standard (Y) versus analyte concentration (ng=mL) in the spiked plasma
sample (X). The calibration curve was linear in the range of
75–800 ng=mL for each enantiomer, with correlation coefficient (r)
of more than 0.998 for (�)-enantiomer and more than 0.997 for (þ)-
enantiomer. A typical calibration curve has the regression of
Y¼ 0.0017 x� 0.0030 for (�)-enantiomer and Y¼ 0.0016 x� 0.0024 for
(þ)-enantiomer (Table 2). A summary of the accuracy and precision
results are given in (Table 3). The acceptances criteria (within-run and
between-run %RSD of< 15% and accuracy between 85 and 115%) were
met in all cases. The precision and accuracy of the method were deter-
mined by using plasma samples spiked at three levels (Table 3). The data
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indicates that within-run precision and accuracy (N¼ 10) as expressed
by % RSD and % error were 0.9–2.0% and 1.3–6.0%, respectively, for
(–)-tertatolol and 0.9–1.8% and 2.3–7.9%, respectively, for (þ)-tertatolol.
The between-run precision and accuracy (N¼ 10) expressed by % RSD
and % error were 0.9–2.1% and 2.1–8.4% for (�)-tertatolol and
0.9–1.8% and 3.5–7.7%, respectively, for (þ)-tertatolol.

Table 2. Validation parameters for the determination of tertatolol enantiomers
using the proposed method in spiked human plasma

Parameters (�)-Tertatolol (þ)-Tertatolol

Concentration range ng=mL 25� 1000 25� 1000
Intercept (a) –3.00� 10�3 –2.40� 10�3

Slope (b) 1.70� 10�3 1.60� 10�3

Correlation coefficient (r) 0.998 0.997
Sy=x 1.90� 10�3 1.78� 10�3

Sa 7.08� 10�7 6.50� 10�7

Sb 3.90� 10�6 3.70� 10�6

LOD (ng=mL)a 3 3
LOQ (ng=mL) 25 25

aS=N¼ 3.

Figure 3. Chromatograms of (a) Blank human plasma and (b) Spiked with
75ng=mL of (�)-tertatolol (I), (þ)-tertatolol (II), and 1000ng=ml bentazepam (III).
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Selectivity

The analytical figure of merit for this method is shown in (Table 4).
(�)- and (þ)-tertatolol were well separated under the HPLC conditions

Table 3. Accuracy and precision data for tertatolol enantiomers in spiked
human plasma

Analyte

Actual
concentration

ng=mL

Experimental
concentration

ng=mL
Recovery

(%) RSD (%)b Error (%)c

Within-daya

(�)-tertatolol 75 70.5� 1.4 94.0 2.0 6
500 456.5� 6.2 91.3 1.3 8.7
800 789.6� 6.8 98.7 0.9 1.3

(þ)-tertatolol 75 70.2� 1.3 93.6 1.8 6.4
500 460.5� 6.0 92.1 1.3 7.9
800 781.6� 7.1 97.7 0.9 2.3

Between-daya

(�)-tertatolol 75 71.5� 1.5 95.3 2.1 4.6
500 458.0� 6.2 91.6 1.3 8.4
800 783.2� 6.9 97.9 0.9 2.1

(þ)-tertatolol 75 71.0� 1.3 94.7 1.8 5.3
500 461.5� 6.2 92.3 1.3 7.7
800 772.0� 7.1 96.5 0.9 3.5

aMean� SD n¼ 10.
bExpressed as %RSD¼ (SD=Mean)� 100.
cCalculated as [(measured concentration� actual concentration)=actual
concentration]� 100.

Table 4. Chromatographic parameter data for tertatolol enantiomer and
bentazepam as internal standard

Analyte Rsa ab kc TR
c

(�)-tertatolol 4.5 1.7 0.41� 0.01 16.3� 0.10
(þ)-tertatolol 8.8 2.2 0.73� 0.01 20.3� 0.08
Bentazepam d d 1.64� 0.03 27.9� 0.18

aRs¼ (t2 � t1)=0.5(w2 þw1), where t2 and t1 are the retension of the second and
the first peaks while wb2 and wb1 are the half peak width of the second and first
peaks.
bSeparation factor, calculated as k2=k1 where k¼ (tr – to)=to, where tr is the
retension of analyte and to is the retension of solvents.
cTR is the retension time, mean� SD, n¼ 10.
dNot calculated.
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applied. Retention times were 16.3 and 20.3 for (�)- and (þ)-tertatolol,
respectively. No interferences were observed in drug free human plasma
samples (Figures 3a and b). Otherwise, there are no peaks detected at the
retention time of the individual tertatolol enantiomer and of internal
standard bentazepam. Excipients commonly coformulated with the
studied drug such as cellulose, magnesium stearate, calcium hydrogen

Figure 4. Chromatogram of 400 ng=mL of (�)-tertatolol (I), (þ)-tertatolol (II),
and 1000 ng=mL bentazepam (III) recovered from tertatolol tablets.
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phosphate, starch, silicone dioxide, also did not interfere with the
determination of tertatolol enantiomers, indicating the high selectivity
of the method (Figure 4).

Robustness

The optimum HPLC conditions set for this method have been slightly
modified for samples of tertatolol as a means to evaluate the method
robustness. The small changes made in day (time), wavelength, flow rate,
and temperature, ensure that the % recoveries of tertatolol enantiomers
were good under all conditions, and remain unaffected by small changes
of the experimental parameters (Tables 5 and 6). Variation in the experi-
mental parameters, as well as carrying the experiment at room tempera-
ture, provided an indication of its reliability during normal use and
concluded that the method conditions were robust.

Limit of Detection and Limit of Quantitation

The limit of detection (LOD) and the limit of quantitation (LOQ) for
each enantiomer were 3 ng=mL and 25 ng=mL, respectively. The good

Table 5. Stability of tertatolol enantiomers at various experimental conditions

Analyte QC Sample ng=mL Stability condition % Recovery� SD

(�)-tertatolol 75 4 h at room temperature. 94.0� 6.3
3 freeze-thaw cycles 99.1� 6.3
48 h at room temperature 96.1� 7.3

500 4 h at room temperature 95.1� 3.4
3 freeze-thaw cycles 98.7� 3.4
48 h at room temperature 95.9� 4.3

800 4 h at room temperature 93.2� 2.1
3 freeze-thaw cycles 99.0� 1.9
48 h at room temperature 99.3� 1.4

(þ)-tertatolol 75 4 h at room temperature 96.1� 7.1
3 freeze-thaw cycles 98.8� 6.6
48 h at room temperature 96.6� 5.1

500 4 h at room temperature 93.9� 1.8
3 freeze-thaw cycles 98.7� 4.3
48 h at room temperature 96.6� 3.6

800 4 h at room temperature 96.1� 1.7
3 freeze-thaw cycles 98.0� 2.2
48 h at room temperature 99.9� 1.6
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linearity of the calibration graphs and the negligible scatter of experimen-
tal points are evident by the values of the correlation coefficient (r) and
standard deviation (SD) (Table 2).

Application to Pharmaceutical Formulations

The validity of the developed method was applied to various concentra-
tions of tertatolol tablets for determining their content of tertatolol enan-
tiomers. The values of the overall drug % recoveries and % RSD values of
both enantiomers are presented in Table 7, indicating that these values
are acceptable and the method is precise and accurate.

Stability of Sample Solutions

The stability of sample solutions was tested by HPLC over a period of
7 days. The freshly prepared solution at room temperature and the 7
day stored samples at 30, 50, and 70�C were analyzed by the proposed
HPLC method. The concentrations of the tertatolol enantiomers in the
stored samples were calculated and compared to that present in the
freshly prepared samples (Figure 5). From these results, we can con-
clude that there is no degradation products at elevated temperature

Table 6. Effect of experimental parameters on the percentage recoveries of
tertatolol enantiomers

Recovery (%)

Parameters Modification (�)-Enantiomer (þ)-Enantiomer

Temperaturea (�C) 30 99.1 98.6
50 98.6 97.1
70 96.9 95.4

Flow rate (mL=min) 0.2 97.9 98.2
0.3 99.3 98.8
0.4 96.9 97.1

Wavelength (nm) 250 98.1 98.3
254 99.3 98.8
258 97.9 98.1

Dayb 1 99.3 98.8
2 99.4 99.1
3 99.0 98.8

a7-day stored solutions at 30, 50, and 70�C.
bSolutions were stored at room temperature.
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and the drug is stable at 70�C for at least 7 days, indicating the possibility
of using tertatolol samples over a period of 7 days at 70�C without
degradations.

Table 7. Determination of tertatolol enantiomers in tablets

Pharmaceutical
preparation Enantiomer

Actual
concentration

ng=mL

Measured
concentration

ng=mL Recovery (%)

Tertatolol tableta (�) 100 98.0 98.0
400 404.0 101.0
900 909.0 101.0

Overall recovery (�SD)
RSD (%)

99.9� 2.90

2.9
(þ) 100 99.0 99.0

400 398.5 99.6
900 896.7 99.6

Overall recovery (�SD)
RSD (%)

99.5� 2.7

2.7

aTablets prepared in our lab.

Figure 5. Concentration recovery vs. time (days) of (a) (�)-tertatolol and (b)
(�)-tertatolol at 30�C, 50�, and 70�C.
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CONCLUSION

An enantioselective HPLCmethod that enables sensitive determination of
both tertatolol enantiomers in plasma and in pharmaceutical formulations
was developed. The method used an efficient solid phase extraction proce-
dure for sample cleanup of plasma. The method is selective where cofor-
mulated drug excipients do not interference. With the present broad range
of available CSPs and advances in column technology, the present
enantioselective HPLC can be considered as the method of choice.
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