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Abstract

In this paper, we report the photophysical and spectroscopic properties of terbutaline in
different solvents and under different acidic conditions. Theoretical calculations were also used
to analyze the photophysical properties. It was found that terbutaline exhibits a characteristic
absorption band in the range of 252-287 nm and two emission bands at 302 nm and 624 nm (¢
=0.114, t =14.9 ns). The nature of solvent was found to affect significantly the position of these
bands as well as the fluorescence quantum yield which was found to be rather high in polar
solvents. The fluorescence intensity of the cationic species was significantly quenched in the
presence of strong acids such as H>.SO, and HCI, although the absorption and excitation band
shape remained unchanged. Both steady state and time resolved fluorescence measurements
show that the fluorescence quenching of terbutaline by acids is a dynamic process with
guenching rate constants, kq, equal to 1.5x10° and 1.02x10° in sulfuric and hydrochloric acid,
respectively.
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Introduction

Terbutaline sulfate, Figure 1, is a short-acting  receptor agonist that effectively
induces bronchodilation through betas-receptor-mediated relaxation of the airway
smooth muscles.™™ Terbutaline sulfate is used in the treatment of pulmonary disorders,
particularly in the treatment of bronchial asthma in humans as a therapeutic agent.*?
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Figure 1: Chemical stucture of terbutaline.

*  Corresponding author: raedag@aabu.edu.jo.
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In the recent years, there was a great interest in p-blocker drugs. However,
research focused thereby mainly on developing new analytical methods for the
determination of terbutaline sulfate in different dosage forms (these methods included
colorimetry spectrophotometry, electrophoresis gas chromatography and HPLC).[“O] A
few years ago, Siva et al. reported some photophysical characteristics of different
drugs molecules (including Terbutaline) and studied their inclusion with -
cyclodextrin;[”] they report the absorption and fluorescence spectra of terbutaline in
cyclohexane and methanol (Aaps ~272, 223 nm, As ~305 nm and Aaps ~278, 227 nm, A
~309 nm in cyclohexane and methanol, respectively)."" In this paper, we report the
detailed spectroscopic and photophysical properties of terbutaline using fluorescence
spectroscopy. Theoretical calculations were also carried out and used to explain the
experimental results obtained. The obtained results are believed to improve our
understanding of the spectroscopic properties of terbutaline which will allow us to
investigate its stability and drug interactions.****!

Experimental
Chemicals

Terbutaline  (1-(3,5-dihydroxyphenyl)-2-(tert-butylamino)ethanol, C;,H;gNOs3,
M.wt = 225.29 g\mol) was generously obtained from Jordan Pharmaceutical Company
in pharmaceutical grade (>98.5%) and was used as received without further
purification. All other chemicals were Sigma-Aldrich analytical grade reagents. Water
used was purchased from Merck and used as is. The stock solutions of all reagents
were freshly prepared and stored in darkness at 4°C to prevent light induced as well as
hydrolytic decomposition.

Acidity of the solutions was adjusted by adding appropriate amounts of a
commercial standardized solution of sulfuric acid, H,SO,, or hydrochloric acid, HCI.
The acid solutions were prepared by dilution with distilled water of reagent grade
concentrated acids. In all experiments, the concentrations of H,SO, or HCI were
maintained in the range between 0.0-2.0 M.

Appropriate mixtures of potassium chloride (0.20 M) / hydrochloric acid (0.20 M),
sodium acetate (0.20 M) / acetic acid (0.20 M), diethanolamine (0.20 M) / hydrochloric
acid (0.20 M), and sodium hydroxide (0.20 M) / potassium chloride (0.20 M) were used

as buffers.*®

Instruments

Absorption spectra were recorded using a Specord, S-600 Diode Array
Spectrophotometer interfaced with an HP computer. All solutions were accurately
weighed using electronically analytical and precision balance (Denver Instrument
GmbH). All results were analyzed using Origin software. The pH values were

measured using a pH (mV, Temperature) meter, P-500 standard pH meter.
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Emission spectra and fluorescence lifetime decay were collected using FL 900 S
spectrofluorometer from Edinburg Analytical Instrument equipped with time correlated
single photon counting on FL-900 CD. The excitation source was a nanosecond nF900
flash lamp filled with H, at 0.4 bar and operating at 40 kHz with 6 kV applied across 1
mm electrode gap. Fluorescence decay of the samples was acquired with 1x10* to
1.5x10* counts in the peak. The fluorescence decay data were fitted by reference
deconvolution to a sum of exponentials and the fitting quality was adjusted by the
magnitude of the reduced xz and the shape of the autocorrelation weight function of
the weighted residuals. A comparison method was used to determine the absolute
fluorescence quantum yields, ¢, where tryptophan was used as a reference sample
with an excitation wavelength of 280 nm and using a value of 0.14 for tryptophan
fluorescence quantum yield. Argus lab 4 software was used to conduct all theoretical
calculations.

Results and discussion
Absorption and Emission electronic spectra of terbutaline

Figure 2 shows the normalized absorption and emission spectra of terbutaline
recorded at pH ~ 5.6. The absorption spectrum exhibits two characteristic bands at
~224 nm (5.3 eV) and a second broad band in the range of 252-287 nm (4.93-4.32
eV), respectively. These bands arise from the n—n* and n-n* transitions, respectively.
The second band (252-287 nm) embodies the spectral characteristics of 1,3-
benzenediole chromophore. The substituent on C5 seems to have a minor effect on
the benzodiene chromophore. The molar absorptivity of terbutaline was determined to
be 1.01x10° M"cm™ at 277 nm in water. The excitation of terbutaline at the maximum
absorption wavelength (277 nm) in aqueous solution at 293 K afforded a strong
luminescence centered at 302 nm and 624 nm with an overall emission quantum yield

(¢r) of 0.114 and a single emission lifetime (t) of 14.9 ns. Moreover, an excitation
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Figure 2: Normalized absorption & emission spectra of Terbutaline in distilled water,
[Terbutaline] = 8.88x10™ M, Agscitation= 278 nm.
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spectrum was recorded at the emission wavelength A.,=320 nm; the obtained
spectrum was found to be superimposable with the absorption spectrum and
independent of the emission wavelength.

The photophysical properties of terbutaline are listed in Table 1 and graphically
presented in Figures 3 and 4. The results indicate that the nature of solvent used has
no effect on the position of the absorption bands of terbutaline in both protic and
aprotic solvents; however the molar absorptivity of terbutaline was found to be solvent
dependent. On the other hand, the emission spectra of terbutaline are clearly affected
by solvent properties such as solvent viscosity and polarity index. In protic polar
solvents, the maximum emission wavelength is blue shifted as the solvent viscosity
increases from 303 nm in methanol (viscosity=0.544 Pa.s) to 298 nm in glycerin
(viscosity=934 Pa.s). The solvent polarity index seems to have an opposite effect; the
maximum emission wavelength is red shifted as the solvent polarity index increases. It
is important to mention that the maximum wavelength of terbutaline in ethylene glycol
and glycerin is comparable which could be attributed to their viscosities. In aprotic
polar solvents, the maximum emission wavelength is also red shifted with the solvent
polarity index. The observed blue shifts are in full agreement with Kasha rules (that
emission occurs mainly from the lowest excitation state).!*® Furthermore, the ability of
terbutaline to form hydrogen bond in aprotic solvents affects also the position of the
maximum emission wavelength. It is important to mention that, in ethylene glycol and
acetonitrile a new shoulder appears at 320 nm which could be attributed to excimer
formation. These results indicate that in ethylene glycol and acetonitrile, and under the
experimental conditions mentioned above, both species (mono and excimer species)
coexist in equilibrium resulting in fluorescence spectra corresponding to the sum of
emissions of the two species. Accordingly, as Figure 5 shows, these fluorescence
spectra can be excellently reproduced (r2 > 0.94) re-convoluting the emission band at
300 nm observed typically for terbutaline with another emission band at 330 nm.
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Figure 3: Absorption of terbutaline in different protic solvents, [terbutaline] = 8.88x10™ M.
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Figure 4: Emission spectra of terbutaline in polar solvents, [terbutaline] = 8.88x10™ M,
Aexcitation= 278 nm.
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Figure 5: Re-convolution analysis of the fluorescence spectrum of terbutaline in ethylene glycol,
[terbutaline] = 8.88x10™ M.

Solvent properties were found to affect the fluorescence quantum vyield and
fluorescence lifetime. It can be seen in Table 1 that, for example, terbutaline in glycerol
shows the maximum fluorescence quantum yield (¢: = 0.152, t= 3.1 = 0.3 ns).
However, it is not easy to correlate the values of fluorescence quantum yield directly
with any of the solvent properties, since it was found that the fluorescence guantum
yield in glycerol (high viscous protic polar solvent) is equal to the fluorescence
quantum yield of terbutaline in the low viscous acetonitrile (¢ = 0.150, t = 8.9 + 0.2 ns),
Table 1. In general, we can say that the fluorescence quantum yield is relatively high in
polar solvents compared to nonpolar solvents, of course with a clear exception in the
case of cyclohexane. From its chemical structure, terbutaline is expected to show an
amphoteric behavior in agueous media due to the presence of basic nitrogen group
and acidic phenolic group, being protonated or deprotonated depending on the pH of

solution. We have systematically examined the absorption and fluorescence spectra of
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terbutaline in aqueous buffered solutions of different pH values (Figure 6 and Figure
8). Obviously, increasing the acidity of solution causes a blue shift in the absorption
maximum from 291 nm at pH=10 to 276 nm at pH=1 (Figure 6). The obtained results
are in a good agreement with those of Siva et al. where the reported blue shift with
increased acidity was attributed to the protonation of the oxygen atom and/or to the

promotion of ©* states to higher energy levels.*"
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Figure 6: Absorption spectra of terbutaline (4.4><10'4 M) in buffered solution. pH ranged from
pH =1(....) to pH = (10 - - -). Inserted figure: plot of Amax Versus pH.

At pH=1, two absorption maxima at 220 nm and 276 nm were observed due to
the formation of the mono cation. On the other hand, above pH=3.5 the spectrum
becomes more structured and a maximum at 220 nm has clearly appeared. As the pH
increases, absorbance of the 276 nm band begins to decrease and its maximum shifts
to 291 nm. Moreover, a new band starts to appear at 237 nm. Above pH=8, the
absorption spectra exhibit bands at 220 nm, 237 nm and 290 nm. As shown in Figure
6, the spectra show two isosbestic points at 261 nm and 278 nm. Since terbutaline is
an amphoteric compound, it is expected to be present in four different species (Figure
7). protonated mono cation (around pH=1), neutral (above pH=3.5-6), deprotonated
(above pH 8) and a zwitterionic species as shown in Figure 7 and scheme 1.

The variation of maximum wavelength (Anax) Of terbutaline with pH was used to
determine the pKa values of terbutaline. The plot of Amax Versus pH shows a sigmoidal
shape with the pH at inflection points giving the ground state values of pKa to be 8.34
+ 0.2 and 3.93 £ 0.06. Two pKa values were obtained for the cation-neutral and
neutral-anion equilibria. The value obtained for neutral-anion equilibrium is comparable
to the pKa of p-benzendiol (~ 9.3) and is also in good agreement with the one obtained
by Siva et al. (~9.4).[”] The pKa values of terbutaline indicate that it exists in cationic

form in a pH range of 1-3.5.%
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Table 1: Photophysical properties of Terbutaline.

Dielectric 1 112 3 Aabs Aem 4
Solvent constant Pl (cP) RI (log £)* (nm) (90 To(NS)
Protic solvents
Water 80 10.2 0.89 1.333 276 (3.00) 303 (620) 0.114 14.9
Glycerol 465 3.0 934 1.4729 279 (3.25) 299(624) 0.152 3.1
Ethylene glycol 37.7 6.9 16 1.4385 283 (3.14) Sﬁggl(gesféégfr‘:vm 0.143 11.5
Methanol 33 5.1 0.544 1.3314 278 (3.19) 303(624) 0.0801 6.5
Isopropanol 20.1 3.9 1.96 1.3776 278 (3.21) 301 (626) 0.126 10.0
Polar Aprotic solvents
Dimethyl
formamide 38.3 6.4 0.85 1.4305 279 (3.26) 305(618) 0.0243 1.8
(DMF)
Acetonitrile 36.6 5.8 0.38 1.3460 283 (3.11) Sﬁgzl(gesrlgéfgr‘:vm 0.150 8.9
Acetone 20.7 48 0.31 400 0
None Polar solvents
Benzene 2.3 2.7 0.61 286(550) 0.00495 --
Chloroform 4.6 4.1 0.57 -- 275(550) 0.0099 --
Cyclohexane 2 0.2 1 276 276(620) 0.104 -

1- Polarity index, 2- Viscosity, 3- Refractive index, 4-Quantum yield, *maximum wavelength in nm, ¢ is molar absorptivity in L.mol™.cm™
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Figure 7: Normalized Absorption spectra of Different prototropic species of terbutaline.
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Scheme 1: Protonation equilibria of terbutaline.

The changes of the fluorescence spectrum of the terbutaline with pH are shown
in Figure 8. The Figure shows also two bands at 310 nm and 610 nm the intensity of
which was found to decrease as the pH is increased for the most part of the pH range.
The intensity decrease of this fluorescence band is mono exponential with a lifetime
around 14 ns. The emission spectra of different prototropic species show the same
characteristic band of terbutaline; the emission maximum spectra do not get affected
with protonation of terbutaline. However, using a buffer solution affects strongly the
fluorescence quantum yield of terbutaline; the quantum yield decreases from 0.114 in
water to 0.001 for the cationic species (at pH below 2) and it is 10 times lower (¢ =

0.0001) for the neutral species (at pH ~5).
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Figure 8: Emission spectra of terbutaline (8.88><1O'4 M) in buffered solutions; Aexcitation= 278 nm.

Quenching of the excited state

As shown in Figures 9, the fluorescence intensity of the cationic species is
appreciably quenched in the presence of strong acids such as H,SO, and HCI,
although the absorption and excitation spectra remain unchanged. Moreover, the
fluorescence spectrum is not affected when inorganic salt is added (i.e. NaCl). The
guenching of the fluorescence intensity in the presence of a strong acid could be

attributed to the protonation of terbutaline or to collision quenching by hydrogen ions in
the excited state.
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Figure 9: Quenching of terbutaline fluorescence by acid: (A) [H,SO,;]=0.0 M and (B) [H,SO4]=2.0 M.
[Terbutaline] = 4.44x 10° M, Agscitation = 278 Nm. Inserted Figure : The Stern-Volmer plots of ¢o/d or 19, T
against acid concentration.
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In the presence of sulfuric acid or hydrochloric acid, the fluorescence decay
curves always gives a good single exponential fit with a lifetime decreasing as the
sulfuric acid concentration increases. Again, salt has no effect on the lifetime of the
cationic species.

As shown in Figures 9 (inserted figure), the Stern-Volmer plots of ¢o/¢ or 1o /T
against acid concentration are linear with slopes of 2.24 + 0.02 and intercept of 1.43 +
0.03 for sulfuric acid and a slope of 1.51 + 0.11 for hydrochloric acid indicating a
somewhat smaller the quenching constants.

Both steady state and time resolved fluorescence measurements show that the
guenching of terbutaline by protons is a dynamic process. The average values for the
guenching rate constants, kg, calculated from the Stern-Volmer equation are 1.22x10°
and 8.3x10" in sulfuric and hydrochloric acid, respectively, taking into account that tq

for terbutaline is equal to 14.9 ns.

3.3 Theoretical Calculations

Analysis of the excited states orbitals, lowest electronic states and electrostatic
potential surface (ESP) of terbutaline were made using the semi-empirical ZINDO
methods through the Argus lab 4 software. The 1,3-benzenediol portion of the
terbutaline is the most interesting portion of the molecule where both the HOMO (1T
orbital) and the LUMO (1m* orbital) are localized, Figure 10 and Table 2. As can be
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Figure 10: HOMO and LUMO of terbutaline.

Table 2: Analysis of the first excites state.

Singlet Excited | Wavelength Oscillator Comments
State (nm) strength
2 285 0.00167 TT—T0*
3 226 0.033496 T—T0*
4 203 0.283510 T—T0*
5 202 0.736442 TT—T0*
6 202 0.879394 T—Tok
7 197 0.01639 T—T0*
8 178 0.003344 T—Tok
9 172 0.000074 TT—T0*
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seen from Figure 10, the HOMO of terbutaline is localized mainly on the benzenediol
and the butylamine moiety of terbutaline. However, the LUMO is localized mainly on
the benzenediol moiety of terbutaline. The energy of HOMO (-0.348252 hatree; -9.5
eV) is 59 time lower than that of the LUMO (0.005886 hatree; 0.16 eV) and LUMO +1
(0.007684 hatree; 0.21 eV); the latter two being relatively close to each other. From the
analysis of the excited states, it appears that they mainly correspond to single
excitations from the HOMO to the two lowest unoccupied T* orbitals (LUMO and
LUMO+1).

Conclusions

In this work, some spectroscopic and photophysical properties of terbutaline
were reported. Terbutaline exhibits a band in the range 252-287 nm characteristic of
the 1,3-benzenediol chromophore. The reported fluorescence quantum vyield is
relatively high in polar solvents compared to non-polar solvents. The spectroscopic
properties of terbutaline in ethylene glycol and acetonitrile are interesting since a new
shoulder appears at 318 nm which could be attributed to excimer formation. The
emission spectra of both cationic and neutral species show the same characteristic
band of terbutaline. However the presence of the terbutaline in a buffer solution
strongly affects its fluorescence quantum yield. The quantum yield of terbutaline
decreases from 0.114 for the cationic species in water to 0.001 in buffer solutions and
it is 10 times smaller (¢=0.0001) for the neutral species. We also found that the
fluorescence intensity of the cationic species is appreciably quenched in the presence
of strong acids such as H,SO, and HCI, although the absorption and excitation shape
of peak in spectra remain unchanged. Both steady state and time resolved
fluorescence measurements show that the quenching of terbutaline by acids is a
dynamic process. The average values for the quenching rate constants, kq, calculated
from the Stern-Volmer equation are 1.5x10% and 1.02x10° in sulfuric acid and

hydrochloric acid, respectively.
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