
Journal of Applied Sciences Research, 7(4): 470-475, 2011
ISSN 1819-544X
This is a refereed journal and all articles are professionally screened and reviewed

ORIGINAL ARTICLES

470

Corresponding Author: Ahmed A. Hussain Al-Amiery, Biotechnology Division, Applied Sciences, Department,
University of Technology, Baghdad-Iraq.
E-mail: ahmed1975@gmail.com

Novel Analytical Method for the Determination of Theophylline in Pharmaceutical
Preparations

1Yasmien K. Al-Majedy, 2Ahmed A. Hussain Al-Amiery, 3Hiba H. Almoussaoy and 4Ragad
Khweter

1,2,3,4Biotechnology Division, Applied Sciences, Department, University of Technology, Baghdad-Iraq.

ABSTRACT

The aim of present work is to develop an accurate and sensitive novel method for the determination
of theophylline in pharmaceutical drugs. The complex formation between copper(II) and theophylline was
studied in  methanolic media. Complex formation depends on reaction conditions at different metal-to-
ligand molar ratios. The mononuclear violet complex Cu(Theophylline)4 contains four ligands in a neutral
form bound monodentately (through the nitrogen) with an octahedral geometry. The new analytical
method based on measuring absorbance in UV-visible at λmax 400nm. Optimum pH was estimated.
Linearity (40-250), detection limits 07*10-7M. were determined. The complex was characterized with UV-
visible and IR spectra in addition of CHNM analysis. The molar ratio also investigated and found
1:4(Cu: Theophylline).
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Introduction

Several methods are available in the literaturse for the determination of theophylline. Most of these
methods are not acurate like our novel methods, some of the methods are complecate and others are
simple like TLC method (Senanayake, U.M. & Wllesokera, R.O.B; 1968). The antibacterial activity of
theophylline is well known, especially as this alkaloid is present in tea leaves (Dreosti I.E., Bioactive;
1996). Its primary mode of action is inhibiting phosphodiesterase, thus causing relaxation of the
bronchiole walls. Theophylline also exerts excitatory influences on the skeletal muscle, gastric secretion,
kidneys and fatty acid metabolism in addition to inhibitory effects on smooth muscle. It is well known
that excessive administration of Theophylline occasionally produces serious toxicity, including vomiting,
tachycardia, and central nervous system excitation including seizures(Auritt W.A., MeGeady S.J. and
Mansmann H.C.; 1985; Hirose M., Yokoyama H., and Iinuma K, 2004). Furthermore, Theophylline has
biological importance which can be used in anticancer drugs(Shohreh N., Abolfazl S., Shokrollah Z.,
and Maryam D., 2003; Francesco V., Rao Ole A., Kalpit A., Julie A., and Aalten D. M. F.V., 2005;
Jacek P., Anna G., Katarzyna U., Jakub O., Agata C.and Grzegorz W., Methylxanthines; 2005; Kiriaki
M., Duclerc F., Parra Maria José A. Oliveira Oscar V; 2007). The purines including theophylline,
theobromine and caffeine, constitute an important class of anti-inflammatory agents (Marwaha S.S., Kaur
J., and Sodhi G.S.; 1995). Theophylline has biological importance as it is structurally related to nucleic
acids components (Nafisi S., Sadjadi A.S., Zadeh S.S. and Damerchelli M; 2003).

Experimental:
General: 

All chemical used were of reagent grade (supplied by either Merck or Fluka) and used as supplied.
The FTIR spectra in the range (4000–200) cm-1 were recorded as cesium iodide disc on FTIR 8300
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Shimadzu Spectrophotometer. The UV-Visible spectra were measured in ethanol using Shimadzu UV-Vis.
160 A spectrophotometer in the range (200-1000) nm. 

Standard Solutions:

An accurately weighed quantity of theophylline was transferred into a 50 mL volumetric flask,
diluted up to the mark with methanol to get a standard stock solution of 1000ppm. Stock solution of
copper (1000ppm) from CuCl2.H2O was prepared in distilled water.

Optimum Conditions for the Complex:
Concentration of Metal Ion: 

Optimum concentration of the metal ion determined by the additions of 0.2- 0.4 mL of 1000ppm
solution of metal ion to 4mL of 1000ppm Theophylline then extracting the complex after each addition
and measuring the absorbance at λmax =480nm (as shown in fig.1).

pH:

Optimum pH for the complex were determined by changing the pH, of the reaction solution (1-9)
by the addition of 0.1N HCl to the solution of metal ion and the drug. The complex is extracted after
each addition and measuring the absorbance at λmax =480nm (as shown in fig.2).

Effect of Temperature: 

Optimum temperature degree for the complex were determined by changing the temperature of
solution (30 to 65oCo) and extracting the complex and measuring the absorbance at λmax =480nm (as
shown in fig.3).

Molar Ratio of Metal to Theophylline (M:L): 

(By using the Mole-Ratio method), the addition of 1mL (0.002M) standard metal solution to the
same concentration of Theophylline solutions (3.5, 4, 4.5, 5) mL. then extracting the complex and
measuring the absorbance at λ max = 480nm, (as shown in fig.4).

Preparation of Standard Curve: 

The complex was standardized by the reaction of (0.1-1mL) 1000ppm Theophylline standard solution
with 1000ppm (0.5mL) cupric chloride standard solution and extracting the complex and measuring the
absorbance at λ max = 480nm (as shown in fig.5).

Extraction Procedure: 

The complex was synthesized by the reaction of the Theophylline solution with copper ion solution,
then extraction of complex by methanol and measure the absorbance at λ max, 480nm.

Results and discussion

The Copper ion reacts hardly with the ligand in molar ratio 1:4. The molar ratio 1:4 produce the
light green crystal of the complex CuTh4 in ethanolic medium, The complex Cu:(Theophylline)4 is
soluble in pH 5 and denaturized at pH over 9. The chemical structure of the ligand has more than
one coordination center because there is oxygen and nitrogen atoms. When we compare the IR spectrum
of ligand with that of complex
we found:
1. Shifted of N-H band from the higher absorption band 3360cm-1 at ligand  (Theophylline) to lower

absorption band at 3315 cm-1 for the complex spectrum.
2. In the structure of theophylline the absorption band for(-N=C) bond appear at 1612cm-1, but in the

complex spectrum absorption band was shifted to1604cm-1, that mean shifted to higher frequency.
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3. Novel absorption band appears at 473cm-1 in the spectrum of the complex for (Cu-N),it indicates
the coordination of Copper ion with theophylline with the through the nitrogen atom.

4. Changing of carbonyl band from 1724 cm-1 (in the ligand) to 1658 cm-1 (in the complex) and that
may refer to the stability of the carbonyl group, moreover it is a good evidence for the formation
of the complex.

Scheme 1: The structure of Theophylline.

Scheme 2: The structure of Theophylline Complex.

Optimum Conditions for the Complex:
1. Concentration of Metal Ion: 

Optimum concentration of the metal ion determined as it found form Figure1 (Concentration vs
absorbance). The best concentration were given from the highest absorbance.

2. pH:

Optimum pH of the complex formation determined as it found from Figure 2 (Concentration vs pH)
The best pH (pH = 5) were given from the highest absorbance

3. Temperature:

Optimum Temperature (Co) of the complex formation determined as it found from Figure 3
(Temperature vs Absorbance). The best temperature (t = 65C0) were given from the highest absorbance

4. Molar Ratio of Metal to Theophylline (M:L): 

The Mole-Ratio of metal ion to the theophylline (in the complex) is found from Figure 4 (Volume
vs Absorbance) at λ max = 400nm.
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Standard Curve for Our Complex: 

Fig.5 represents the concentration of Theophylline vs absorbance under Beer Law, Showing the
linearity.

Fig. 1: Concentration vs. absorbance.

Fig. 2: Absorbance vs. pH.

Fig. 3: Absorbance vs. Tremperature.

Fig. 4: Molar ratio of Metal ionto Theophylline at (0.002), show that M:L equal to 1:4.



474J. Appl. Sci. Res., 7(4): 470-475, 2011

Fig. 5: Standard curve or determination of theophylline in pharmaceutical preparations at λ max =
400nm.

Fig. 6: The FT-IR spectrum of the complex.

Table 1: The IR spectrum (cm-1) of the ligand and the complex.
Compound N-H C=O C=N Cu-N
Theophylline 3360.11 1674.72 1612.54 -
Cu(Theophylline)4Cl2 3315.74 1658.84 1604.83 473

Table 2: The wave length and ABS of the ligand and the complex.
Compound λ max(nm) Abs
Theophylline 275 1.54

350 0.63
Cu)Theophylline(4Cl2 280 1.62

465 0.71
605 0.031

Table 3: The λ max, Linearity, Detection limit and Sensitivity of the complex.
λ max in nm Linearity μg/ml Detection limit Sensitivity
400 35-250 07*10-7M 0.129

Table 4: The results of theophylline determination in pharmaceutical drug.
Drug Stated Found Recovery %
Theophylline tab. 100mg 95 mg 95
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