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HIGH PERFORMANCE LIQUID
CHROMATOGRAPHIC ASSAY OF TERBUTALINE
FOR PREFORMULATION STUDIES

S. N. TENJARLA*, R. ALLEN, AND B. MITCHELL

Department of Pharmaceutical Sciences
Mercer University
Atlanta, Georgia 30341-4415

ABSTRACT

A reversed phase, stability indicating high performance liquid
chromatographic (HPLC) assay was developed for the evaluation of
terbutaline (TL) as a potential candidate for transdermal drug delivery.
TL was quantitated in the permeation diffusate and human skin
extract samples. The isocratic mobile phase was 30 % acetonitriie in
pH 5.6 phosphate buffer. The effluent was monitored at 225 nm.
Propranolol (PP, 2.5 ug/ml} was used as the internal standard. Baseline
separation of TL and PP was attained with a cyano column. The linear
range for the calibration curve was established at 5-15 pg/ml. The
assay was reproducible with low inter-day and intra-day variation of
the slopes of the calibration curves (3.5 and 4.2 % for diffusate
samples and 5 and 5.5 % for the human skin extract samples
respectively). The lowest detectable quantity was 0.1 yg/ml with a
signal noise ratio of 4. The application of the assay in various
preformulation studies was demonstrated.
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INTRODUCTION

Terbutaline (1-(3,5-dihydroxyphenyl}-2-tertiarybuty! amino ethanol
is is a beta-2 selective bronchodilator. Its structure is shown in Figure
1. It is indicated for the long term treatment of obstructive airway
diseases and in the treatment of bronchospasm. it is the only selective
beta-2 bronchodilator used parenterally in the emergency treatment of
asthmaticus. It is also indicated as a tocolytic agent. It is currently
delivered by the oral, inhalation and subcutaneous route. It has a
bioavailability of 14 = 2 %, a clearance of 3.4 + 0.6 ml.min™ and a
volume of distribution of 1.8 + 0.3 liters/kg. The low bioavailability
can be overcome by the noninvasive transdermal route of drug
administration. The advantages of transdermal route of drug
administration are well documented (1). This route increases
bioavailability by bypassing the hepatic first pass metabolism. It
provides prolonged duration of action. It improves patient compliance
by eliminating multipie dosing. In addition the dosage can easily be
discontinued if toxic side effects occur. Thus a transdermal dosage
form of terbutaline would be of great advantage. A number of
preformulation studies are required to evaluate the potential of
transdermal delivery of TL. These include partition coefficient,
solubility studies, pH stability and extent of drug permeation through

the skin. In addition determination of the amount of drug retained in



13: 49 24 January 2011

Downl oaded At:

TERBUTALINE FOR PREFORMULATION STUDIES 1605

HO
OH

CHCH,NHC(CHg) 5

HO

Figure 1: Chemical Structure of Terbutaline

the skin also provides useful information as to the depot effect of the
drug or in elucidating the mechanism of skin penetration enhancers.
The prerequisite for all these studies is a sensitive, stability indicating
assay method. There a number of assay methods reported in literature
for the quantitation of TL in plasma samples and solutions (2-9). These
include coupled column, GCMS, electrochemical detection. None of
these methods is specific for the quantitation of the drug in the skin.
The goal of this study is to develop a simple, sensitive, stability
indicating HPLC assay which can be used in all the preformulation

studies.

ATE
All chemicals and solvents were purchased from Sigma Chemical
CO. ({St. Louis, MO). The human cadaver skin {abdominal area, 65

white male) was obtained from the local hospital.
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METHODS
Hi f iqui r

The liquid chromatograph {Consta-Metric 1) was from Laboratories
Data Control, Riviera Beach, FL. It has a 100 ul injection sample loop
{Rheodyne, Berkeley, CA} and a variable wavelength ultra violet
detector (Spectro Monitor |11, Laboratories Data Control). The cyano
column used { Sphersorb, 4.6 X 250 mm, 5 ym particle size) was from
AliTech. The isocratic mobile phase was 30 % acetonitrile in pH 5.6
buffer. The effluent was monitored at 225 nm. The flow rate was 1.4
ml/min. Propranolol HCl was used as the internal standard at a

concentration of 2.5 yg/mi.

Degr mpl Extr H H ndition

A 15 ug/ml TL solution was boiled for 3 minutes in 0.1 Normal HCI
or 0.1 Normal NaOH to obtain the extreme acidic and alkaline
conditions respectively. The solutions were analyzed by the developed

HPLC assay.

ibration Cur
Calibration curves were constructed in the range of 5-15 ug/ml for
diffusate and skin extract samples. TL and PP stock solutions in

deionized water (100 yg/ml) were prepared. Appropriate dilutions were
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made either with the diffusate or the skin extract solution to obtain
standard solutions of cocentration 5, 7, 10, 12 and 15 ug/ml and an

internal standard concentration of 2.5 yg/ml.

Extraction Efficiency of TL From_the Skin (10)

The slope of the calibration curve {(obtained by adding known
amount of TL and PP to 400 mg of skin and homogenizing the
samples) was determined (X). The same amounts of TL and PP were
then added to the blank skin extract and its slope of the calibration
curve obtained was calculated. (Y). The extraction efficiency of the TL
was calculated from the equation:

Extraction efficiency {%) = (X/Y) X 100

Intr riations of the Sl libration

The slopes of six calibration curves (in saline phosphate buffer)
constructed on the same day (inter-day) were determined and the
coefficient of variation among them was calculated. Similarly the intra-
day variation was determined by evaluating the slopes of six
calibration curves constructed on different days over a period of 8
months. The inter and intra day variation was aiso determined for the
calibration curves constructed with human skin extract homogenate.

Approximately 300 mg of skin was weighed and the appropriate



13: 49 24 January 2011

Downl oaded At:

1608 TENJARLA, ALLEN, AND MITCHELL

amount of internal standard and drug solution was added to it. The
membrane was then homogenized with methanol. { with 5 ml of
methanol four times). The homogenate was combined filtered,
evaporated to dryness, diluted with the mobile phase and quantitated

by the developed assay.

In_vitro Skin Permeation Study (11}

To evaluate the extent of TL permeation through the human skin,
Franz diffusion ceils (FDC 108 Series with FDC 128 manifold and FDC
127 magnetic bar, Crown Glass CO., Somervilie, N.J.). The receptor
chamber was filled with saline phosphate buffer {pH 7.4) to simulate
the physiological pH. A circulating water bath maintained the cell at
37°C. The defatted human cadaver skin was placed between the
donor and the receptor chambers of the difusion cell with the stratum
corneum facing outward and the dermis facing the buffer solution.
200 pl of the test solution (TL in propylene glycol with or without
penetration enhancer) was applied to the stratum corneum. Aliquot
samples were taken at predetermined time intervals and analyzed for
drug content by the developed HPLC assay. An equal volume of buffer
solution was always added back to the receptor chamber to ensure

contact between the buffer and the skin.
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Skin Permeation Data Analysis(11)

A plot of the amount of drug permeated vs time was constructed.
The slope of the linear phase of the profile yielded the flux {J) of the
drug. The X-intercept of the linear phase was the lag time (T). "C"
was the concentration of the drug solution added to the skin. The
thickness of the memebrane {d) was assumed to be 50 um. The
diffusion coefficient (D), permeatbility coefficient {Kp), partition
coefficient between the solution and the skin (Km) was calculated
from the follwing equations:

D/d* = 1/6T
Kp = J/C

Km#*d = Kp/(D/d?

Reservoir Effect Study

The amount of drug retained in the skin at the end of the skin
permeation study provide insight into the mechanism of skin enhancer.
The drug exposed skin was washed thrice with 3 m! of water to
remove any residual drug. The skin was then homogenized with 5 ml
of methanol using a polytron homogenizer. The homogenate was
filtered and the process was repeated thrice with the residue. The
filtrates (15 ml) was combined, evaporated to dryness. The residue
was reconstituted with the mobile phase, internal standard solution

added and suitably diluted and analyzed for drug content.
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Figure 2: Typical Chromatograms of terbutaline a} in diffusate samples
b) base degraded sample c) acid degraded sample d) blank
skin extract

DI |
Baseline separation of TL from the internal standard PP was
obtained with the cyano column and the mobile phase used. Typical

chromatogram for TL and PP in the diffusate are shown in Figure 2a.
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Figrue 3: Calibration curve of terbutaline in the diffusate medium

The retention times of TL and PP were 3.3 and 7.9 minutes
respectively. The calibration curve was linear in the range of 5-15

ug/ml with a r? > 0.98 {Figure 3}.

F Degr les

Baseline separation of TL was obtained for the base-degraded
sample (Figure 2b) and acid-degraded sample (Figure 2c),
demonstrating the stability of the assay under those conditions of

degradation. There was no interference from the blank skin extract at

1611
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the retention times of either the drug or the internal standard (Figure

2d).

Assay Sensitivity
The sensitivity of the assay was determined to be 0.1 yg/ml when
5 ul of the sample was injected. A higher sensitivity can be attained

by increasing the volume of the injection.

Linearity
The calibration curves were linear in the range of 5-15 ug/ml for
the diffusate and skin extract samples. The regression coefficient was

0.98 and 0.96 for the diffusate and skin extract samples respectively.

Inter and Intra Day Variation

The inter and intra-day variation was 3.5 and 4.2 % respectively
for the diffusate standard curves. The corresponding values for
standard curves constructed with human skin extract samples were b

and 5.5 % respectively.

racti ficien
The extraction efficiency of TL from the human skin was
calculated to be 92 £ 11.5 %. This suggests that both the drug and

the internal standard were well extracted from the skin.
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Figure 4: Permeation profile of terbutaline through the human cadaver

skin

Table 1: Terbutaline Permeation Parameters through

the Human Cadaver Skin
Flux(J} Lag-time (T) Permeability Partiton Coeff | Diffusion
Coeff (Kp) {Km*d) Coeff. (D/d%)
pglem?.hr hr cm/hr cm cm?/hr
1.3 £ 0.1 6.6+2.2 0.34+ .03 13.3+4.5 .03x.02
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Permeation Study

The permeation profile of terbutaline through the human cadaver
skin was shown in Figure 4. The TL flux through the human skin was
1.2 ugl/cm®.hr. The permeation parameters were reported in Table |.
Approximately 3.8 % of the dose was retained in the skin. Based on
the preliminary studies it appears that terbutaline is a good candidate

for transdermal delivery.

HPLC Assay Application

The developed HPLC assay was useful in the skin permeation
study. The assay was also useful in quantitation of TL in the pH-
stability study, solubility studies, partition coefficient study and in the
evaluation of the rabbit skin as a suitable model for the human skin
(12). The assay was also useful in screening of various skin

penetration enhancers.
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