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Thus the variations in white blood parameters of the 
infected host in this study, leucopenia, neutropenia, 
lymphocytosis, eosinophilia and monocytosis, indicate 
the various defense mechanisms adopted by the host 
to combat the H. nana infection. The values of all 
the parameters in the treated batches of host blood 
are nearer to the uninfected control host blood value, 
which clearly proves the efficacy of the anthelmintic 
praziquantel as a single oral dose regimen in restoring 
normal haematological profile in the infected host. All 
of these results are tabulated.
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Desai, et al.: 8-Chlorotheophylline using LC-MS

A simple isocratic reversed phase high performance liquid chromatography was used to separate three impurities 
present in the sample of 8-chlorotheophylline. LC-MS was used for the characterization of impurities. Based on 
mass spectral data, the structures of these impurities were characterized as 3,7-dihydro-1,3-dimethyl-1H-purine-
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The bulk drug industry forms base of all 
pharmaceutical industries, as it is the source of 
active pharmaceutical ingredients (APIs) of specified 
quality. The major challenge for bulk drug industries 
is to produce the final drug of required quality and 
purity, economically. The purity of APIs depends 
on several factors such as raw materials, their 
methods of manufacture and type of crystallization 
or purification process. However, it is almost 
impossible to obtain absolutely pure materials, as 
impurities get incorporated into them either during 
manufacture, purification or storage[1]. An impurity 
is any component of a drug substance (excluding 
water) that is not chemical entity defined as drug 
substance[2]. For the drug substance produced by 
chemical synthesis, ICH classifies impurities into 
three categories such as organic impurities, inorganic 
impurities and residual solvents[3]. The impurities 
present in the substance may be toxic, may change 
physical or chemical properties of the substance, 
thus making it medicinally useless. Impurities may 
lower the shelf life of the product and may cause 
difficulties in the formulation[1]. Therefore, not 
only control of impurities but also the qualification 
of impurities is a critical issue to the bulk drug 
industries.

Antihistamines such as dimenhydrinate and 
promethazine theoclate are widely used drugs in the 
treatment of motion sickness. 8-Chlorotheophylline, 
chemically 8-chloro-1,3-dimethyl-2,6(1H, 3H)-
purinedione, is an intermediate which is used in 
the preparation of salt form of these drugs[4,5]. It is 
essential to ensure purity and safety of dimenhydrinate 
and promethazine theoclate. In order to achieve this, 
8-chlorotheophylline must be obtained with the highest 
purity and with a known impurity profile.

From literature survey it is found that Wadke et al. 
studied the interactions of 9-methylisoalloxazine and 
3,9-dimethylisoalloxazine with 8-chlorotheophylline[6]. 
8-chlorotheophylline was used as internal standard 
for determination of urate by HPLC method[7]. 

It was also determined potentiometrically[8]. 
Simultaneous determination of chlorphenoxamine 

hydrochloride, 8–chlorotheophylline and caffeine in 
multicomponent dosage form was conducted by a 
thin layer chromatography–densitometric method[9]. 
Gil et al. investigated the electroanalytical behavior 
of 8-chlorotheophylline by cyclic voltammetry and 
by differential pulse polarography and determined 
its content in pharmaceutical preparations by 
differential pulse polarography[10]. Stability indicating 
RP-HPLC method was developed and validated for 
8-chlorotheophylline along with diphenhydramine and 
caffeine[11]. Ratio-spectra zero-crossing first-derivative 
spectrophotometric and chemometric methods were 
also developed for simultaneous determination of 
caffeine, 8-chlorotheophylline and chlorphenoxamine 
hydrochloride in ternary mixtures[12]. So far no 
chromatographic and spectroscopic method has 
been reported for separation and characterization 
of impurities present in 8-chlorotheophylline. 
Therefore the present work was undertaken with 
aim to isolate and characterize impurities present 
in 8-chlorotheophylline using modern analytical 
techniques.

8-Chlorotheophylline was a gift sample from Kores 
(India) Ltd., Thane. All the other chemicals and 
reagents were procured from S. D. Fine Chemicals 
Ltd (Mumbai, India). The solvents used for TLC and 
preparative TLC studies were of analytical grade and 
those used for HPLC studies were of HPLC grade. 
Sodium acetate trihydrate of AR grade was used for 
preparation of buffer.

Initially TLC studies were carried out in order 
to know the number of impurities present in the 
sample. Precoated TLC plates of Silica gel 60GF254 
(Merck) were used as stationary phase. The sample 
was dissolved in minimum amount of ethyl acetate 
and this solution was used for spotting the TLC 
plates. Various mobile phases were tried. Ethyl 
acetate:toluene:glacial acetic acid (10:0.3:0.5 v/v/v) 
showed better separation as compared to other mobile 
phases. Four components were separated from the 
sample of 8-chlorotheophylline using TLC with the Rf 
values of 0.029, 0.132, 0.198 and 0.852, respectively. 
8-Chlorotheophylline had an Rf of 0.852.

2,6-dione (impurity I), 3,7-dihydro-1,3,7-trimethyl-1H-purine-2,6-dione (impurity II) and isomer of 8-chloro-
1,3-dimethyl-2,6(3H,1H)-purinedione (impurity III).
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Once the mobile phase for TLC was developed, 
an attempt was made to separate the mixture using 
preparative TLC. Sample was dissolved in minimum 
amount of ethyl acetate and spotted in the form 
of band. All three impurities were separated from 
8-chlorotheophylline by preparative TLC using 
the same chromatographic conditions used in TLC 
studies. The different bands were collected separately 
and extracted using ethyl acetate. Since quantities 
of each isolated impurity I, II and III were very 
less, it was decided to isolate these impurities 
collectively. Impurity I, II and III were collectively 
designated as fraction I. Fraction I was isolated 
from 8-chlorotheophylline by preparative TLC. As 
each impurity was not isolated separately, different 
identification techniques such as IR, NMR could 
not be undertaken. It was decided to carry out 
further investigation using LC-MS, which allows 
simultaneous separation and characterization. Prior 
to LC-MS analysis, HPLC profile for fraction I 
was developed. A Tosoh high performance liquid 
chromatograph equipped with reciprocating pump 
CCPM, a pump controller PX8010 and UV 
detector was used for HPLC studies. A loop of 20 
µl capacity was fitted to the injection valve unit. 
Fraction I was dissolved in acetonitrile and was 
subjected to reversed phase HPLC analysis with 
mobile phase comprising of acetonitrile: sodium 

acetate trihydrate (pH 3.57; 0.01 M) (5:95 v/v).  
The column selected was Phenomenex ODS (250×4.6 
mm I.D.; particle size 5 µm). The flow rate was 
1.5 ml/min and the detection was monitored at 
a wavelength of 280 nm. The mobile phase was 
filtered through G5 sintered glass filter under 
vacuum prior to use and sonicated to remove air 
bubbles. HPLC analysis of fraction I also revealed 
three peaks with the mean retention times of 8.324 
min, 14.275 min and 20.933 min, respectively  
(fig. 1). Peak with mean retention time of 2.086 min 
was the solvent peak.

Fraction I was then subjected to LC-MS analysis 
for characterization of impurities. LC–MS studies 
were carried out on a system in which LC 
part consisted of 1100 series HPLC (Agilent 
Technologies, USA) comprising of a vacuum 
degasser (G1322A), quaternary pump (G1311A), 
an auto sampler (G1313A) and a UV/visible 
detector (G1314A) and MS part consisted of 
triple quadrupole mass spectrometer Quattro II 
(Micromass UK Ltd., UK).

In LC-MS studies, Liquid chromatographic 
separations were achieved by Phenomenex C18 
column (250×4.6  mm, 5  μm) at room temperature 
with the mobile phase of acetonitrile: sodium acetate 

Fig. 1: HPLC profile of fraction I. 
Peak with mean retention time of 2.086 min is solvent peak
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Fig. 2: Mass spectrum of the component eluting at 8.324 min. 
Peak with m/z value of 180.9 is [M+H]+ peak. 

Fig. 3:  Mass spectrum of the component eluting at 14.275 min. 
Peak with m/z value of 195.7 is [M+2H]+ peak 

buffer (5:95, v/v) at a flow rate of 1.5 ml/min. The 
mass spectrometer was run in positive electron 
spray ionization (ESI) mode with mass/charge (m/z) 
ratio in the range of 120–500 m/z. Nitrogen was 
used as nebulizing gas. Data were acquired and 
processed by Masslynx software. Mass spectral data 
of the impurities were obtained (figs. 2, 3 and 4). 
Fragmentation pathway for three peaks is characterized 
by loss of methyl group and/or carbonyl group. 

Peaks with m/z values of 180.9, 195.7 and 214.9 are 
corresponding to [M+H]+, [M+2H]+ and [M]+ peaks 
respectively. According to the MS data obtained, 
the impurity eluting at 8.324 min, 14.275 min and 
20.933 min were theophylline (mol. wt. 180), caffeine 
(mol. wt. 194) and an isomer of 8-chlorotheophylline 
(mol. wt. 214.5), respectively (Table 1). Thus, three 
impurities were separated and their structures were 
elucidated based on mass spectral data (Scheme 1).



www.ijpsonline.com

Indian Journal of Pharmaceutical Sciences 83January - February 2011

ACKNOWLEDGEMENTS

Authors are thankful to Kores (India) Ltd., Thane for 
providing gift sample of 8-chlorotheophylline.

REFERENCES

1.	 Kasture AV, Wadodkar SG, Mahadik KR, More HV. Pharmaceutical 
Analysis. Vol. 1. Pune: Nirali Prakashan; 1997. p. 12-4.

2.	 United State Pharmacopoeia, Vol. 26. Rockville, MD: United States 
Pharmacopoeia Convention, Inc.; 1999. p. 2049-59.

3.	 Ahuja S, Alsante KM. Handbook of isolation and characterization of 

TABLE 1: HPLC-MS IDENTIFICATION OF FRACTION I
Peak
no.

Retention
time (min)

Fragment ions (m/z) Identification

1. 8.324 181.9 [M+2H]+, 180.9 [M+H]+, 150.8 [M+H-CH3-CH3]
+ Theophylline

2. 14.275 195.7 [M+2H]+, 180.9 [M+2H-CH3]
+,149.2 [M-CH3-CH3-CH3]

+, 137.1[M+H-CH3-CH3-CO]+ Caffeine
3. 20.933 216.9 [M+2H]+, 214.9 [M]+, 171.2 [M-CH3-CO]+,

157.7 [M+H-CH3-CH3-CO]+
Isomer of 8-
Chlorotheophylline

impurities in pharmaceuticals. California: Academic Press; 2003. p. 6.
4.	 Foye WO, Lemke TL, Williams DA. Principles of Medicinal Chemistry. 

4th ed. New Delhi: B. I. Waverly Pvt Ltd; 1995. p. 419.
5.	 Reynolds JE. Martindale-The Extra Pharmacopoeia. 29th ed. London: 

Pharmaceutical Press; 1989. p. 451,459.
6.	 Wadke DA, Guttman DE. Complex formation influence on reaction 

rate III. Interaction of some isoalloxazines with 8-chlorotheophylline 
as determined by spectral, solubility, and kinetic methods. J Pharm Sci 
1965;54:1293.

7.	 Bennett MJ, Patchett BP, Worthy E. A simple HPLC method for the 
determination of urate in serum and urine using 8-chlorotheophylline 
as internal standard. Med Lab Sci 1984;41:108-11.

8.	 Nikolić K, Medenica M. Potentiometric determination of 
8-chlorotheophylline. Microchimica Acta 1986;88:5.
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Peak with m/z value of 214.9 is [M]+ peak 

Scheme 1: Structures of theophylline, caffeine and 8-chlorotheophylline
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Nitazoxanide (NTZ), chemically, 2-acetyl-
N-(5-nitro-2-thiazolyl)benzamide, is a synthetic 
nitrothizole derivative and it is new antiprotozal 
drug used in treatment of cryptosporidiosis in 
immunocompromised patients, including those with 
AIDS or HIV infection[1,2]. It is not official in any 
pharmacopoeia. Ofloxacin (OFX), a fluorinated 
carboxyquinolone, is a synthetic broad spectrum 
antimicrobial agent for oral administration. The 
chemical name of OFX is 9-fluoro-2,3-dihydro-3-
methyl-10-(4-methyl-1-piperazynyl)-7-oxo-7H-pyrido-
[1,2,3-de]-1,4-benzoxazine-6-carboxylic acid[3,4]. A 
survey of literature revealed that chromatographic 
and spectrophotometric methods are reported for 
determination of OFX and NTZ individually[5-8]. There 
are few references to the determination of NTZ and 
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A reverse phase high performance liquid chromatography method was developed for simultaneous estimation of 
nitazoxanide and ofloxacin in tablet formulation. The separation and quantification was achieved by Hiq Sil C

18
 

V Size 4.6 mm Ø *250 mm column in isocratic mode, with mobile phase consisting of acetonitrile-methanol-0.4 
M citric acid, (60:30:10, v/v/v). Citric acid used to stabilize nitazoxanide and ofloxacin in mobile phase. The 
mobile phase was pumped at a rate of 0.6 ml/min and the detection was carried out at 304 nm. The retention 
time of ofloxacin and nitazoxanide was found to be 3.122 and 5.902 min, respectively. The method was validated 
for linearity, accuracy, and precision. Linearity for ofloxacin and nitazoxanide were in the range 2-36 mg/ml and 
5-90 mg/ml, respectively. The developed method was found to be accurate, precise and selective for simultaneous 
estimation of ofloxacin and nitazoxanide in tablets.

Key words: HPLC, nitazoxanide, ofloxacin tablet, validation

OFX in tablets by RP-HPLC and spectrophotometric 
method[9,10]. As the literature survey revels that no 
acid stabilized (presence of citric acid in mobile 
phase improves the stability of nitazoxanide) 
chromatographic method has been reported so far for 
the simultaneous determination of this OFX and NTZ 
in solid dosage form[11-13].

High performance liquid chromatograph instrument 
model-Jasco PU-1580 equipped with UV/Vis detector 
(Jasco UV-1570/1575), column dimensions HIQ SIL 
C18 column (250×4.6 mm i.d.) was used. Digital 
weighing balance model GR-200 (A and D Company 
Limited, Mumbai, India) and ultra sonicator (Enertech 
Electronics Ltd. Mumbai, India) was also used.

Working standard of OFX was obtained as gift 
sample from ONS Pharmaceuticals Ltd., Jaipur, India 
and NTZ was obtained as gift sample from Alembic 
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