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Abstract 
A derivative spectrophotometric procedure for the simultaneous determination of atenolol- 
amlodipine and haloperidol-trihexyphenidyl HC1 in combined tablet preparations was 
developed. 

Tablet extracts of atenolol-amlodipine and haloperidol-trihexyphenidyl were prepared 
in 0 . 1 ~  HC1. The zero crossing point technique was used to estimate the amounts of 
individual drugs in the combined preparations. 

The results were found to be accurate, reproducible and free from interference. 

A combination of atenolol and amlodipine in a 
tablet preparation is widely used for hypertension 
and angina. Haloperidol and trihexyphenidyl HC1 
combined tablet preparations are used for schizo- 
phrenia and psychosis. The official monographs 
describe the procedure for individual assays of 
atenolol (British Pharmacopoeia 1993), haloperidol 
and trihexyphenidyl HC1 (US Pharmacopeia 1995). 
There are a few reports available for the individual 
assay of amlodipine (Avadhanulu et a1 1996; 
Lokesh et a1 1996) and a HPLC method for 
simultaneous estimation of haloperidol and trihexy- 
phenidyl HC1 has been reported (Sane et a1 1993). 
However, there are no spectrophotometric methods 
available for the simultaneous determination of 
both drugs from their combined formulations. 

In recent years, derivative spectroscopy has been 
found to be an important technique in the estima- 
tion of two or more drug substances with over- 
lapping spectra, and in eliminating the interference 
from the formulation matrix (Talasky et a1 1978; 
Rojas et a1 1988; Morelli 1995). We have pre- 
viously reported the use of derivative spectroscopy 
for the quantitative determination of various drugs 
in combined preparations (Prasad et al 1996, 1997a, 
b, c). Here, we describe a simultaneous assay 
procedure for the determination of atenolol- 
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amlodipine, and haloperidol-trihexyphenidyl HC1 
in combined tablet preparations. 

Materials and Methods 

Apparatus 
A JASCO model 7800 UV-vis spectrophotometer 
with a 1-cm quartz cell was used. A scan speed of 
480nmmin-' and a band width of 3nm were 
maintained. Ordinate maximum and minimum 
were adjusted to the magnitude of derivative 
values. 

Standard solutions 
Atenolol and amlodipine. Stock solution of atenolol 
(Lupin, India) was prepared by dissolving 5 mg 
pure drug in 10 mL methanol. Appropriate amounts 
of the stock solution were transferred to 10-mL 
volumetric flasks and volumes were made up with 
0.1 M HC1 to give a series of solutions containing 
15-30 pg mL-' atenolol. Similarly, the stock solu- 
tion of amlodipine (Torrent, India) was prepared by 
dissolving 6.93 mg amlodipine besylate equivalent 
to 5mg active amlodipine in lOmL methanol. 
Appropriate amounts of the stock solution were 
transferred to 10-mL volumetric flasks and volumes 
were made up with 0.1 MHC1 to give a series of 
solutions containing 2.5-10 pg mL-' amlodipine. 
Various 10-mL solutions of atenolol and amlodi- 
pine were also prepared from the stock solutions. 
The first series contained a constant concentra- 
tion of amlodipine (2.5pgmL-') and a varying 
concentration of atenolol (15-3Opg mL-'). The 
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second series contained a constant concentration of 
atenolol (25 p g  mL-') and a varying concentration 
of amlodipine (2.5-10 p g  mI-'). 

Haloperidol and trihexyphenidyl HC1. Stock solu- 
tion of haloperidol and trihexyphenidyl HC1 (Tor- 
rent, India) were prepared by dissolving 5mg of 
each pure drug in 10mL methanol. Appropriate 
amounts of the stock solution were transferred to 
10-mL volumetric flasks. The volumes were made 
up with 0.1 M HCl to give a series of solutions 
containing 7.5-15 p g  mL-' haloperidol and 5- 
20 p g  mL-' trihexyphenidyl HC1, respectively. 
Various 10-mL solutions of haloperidol and tri- 
hexyphenidyl HC1 were also prepared from the 
stock solutions. The first series contained a constant 
concentration of trihexyphenidyl HC1 (5 p g  mL-I) 
and a varying concentration of haloperidol (7.5- 
15pgmL-'). The second series contained a con- 
stant concentration of haloperidol (12.5 p g  mI-') 
and a varying concentration of trihexyphenidyl HC1 
(5-20pgmL-'). In the final series, 15 solutions 
containing constant concentrations of haloperidol 
(12-5 p g  mL-') and trihexyphenidyl HCl 
(5 p g  d-') were also prepared. 

Sample preparation 
Atenolol-umlodipine tablets. Twenty tablets of 
Stamlo beta (Stangen, India) and Amlong-A (Micro 
Labs, India) (label claim: 50mg atenolol, 5 mg 
amlodipine plus excipients) were accurately 
weighed, well powdered and a weight of each 
powder equivalent to 25mg atenolol and 2.5mg 
amlodipine was dissolved in methanol by thorough 
mixing and made up to volume in a 50-mL volu- 
metric flask. Suitable dilutions were prepared with 
0-1 MHC1 using filtrate to obtain samples having a 
concentration of 25 p g  mL-' atenolol and 
2.5 pg mL-' amlodipine. 

Haloperidol-trihexyphenidyl HC1 tablets. Twenty 
tablets of Relianse plus-5 (Reliance, India) and 
Combidol-5 (Intas, India) (label claim: 5mg halo- 
peridol, 2 mg trihexyphenidyl HCl plus excipients) 
were accurately weighed, well powdered and a weight 
of each powder equivalent to 2-5 mg haloperidol and 
1 mg trihexyphenidyl HC1 was dissolved in methanol 
by thorough mixing and made up to volume in a 25- 
mL volumetric flask. Suitable dilutions were per- 
formed with 0.1 M H C ~  by using filtrate to obtain 
samples having a concentration of 12.5 pgmL-' 
haloperidol and 5 pg mL-' trihexy-phenidyl HC1. 

Procedure 
The absorbencies of the sample and standard 
solutions of atenolol and amlodipine were recorded 

from 220 to 300 nm against the blank solution. The 
first derivative spectra for each set of atenolol and 
amlodipine solutions were subsequently recorded 
and no smoothing was necessary. Thereafter, the 
absorbencies of the solutions were measured at the 
zero crossing wavelength of the other drug. Simi- 
larly, the absorbencies of sample and standard 
solutions of haloperidol and trihexyphenidyl HCl 
were recorded from 205 to 280nm against the 
blank solution. Second derivative absorption spec- 
tra for each set of solutions were subsequently 
recorded and no smoothing of spectra was neces- 
sary. The absorbencies of the solutions were mea- 
sured at the zero crossing wavelength of the other 
drug. The final series of mixture solutions were 
used to measure the absorbencies at 226.6 nm and 
at the zero crossing points of the other drug. 

Results and Discussion 
The normal spectra of both the pure drug combi- 
nations were found to overlap (Figure 1). However, 
the use of first derivative spectra for the atenolol 
and amlodipine combination facilitated their 
simultaneous determination with the existence of 
zero crossing points (Figure 2A). The zero crossing 
points considered for their determination were at 
239-0nm for atenolol, and at 250-0 and 273.4nm 
for amlodipine. The derivative curves showed a 
linear response to analyte concentrations at the 
selected wavelengths. 

Similarly, the second derivative spectra of pure 
haloperidol and trihexyphenidyl HC1 resulted in 
zero crossing points at 241.2 and 261.4nm for 
haloperidol, and at 265.4 nm for trihexyphenidyl 
HC1 (Figure 2B). The standard mixture solution 
containing varying concentrations of haloperidol 
was found to be linear at 265.4nm. The mixture 
solutions containing varying concentration of tri- 
hexyphenidyl HC1 showed a constant absorption 
with a low derivative value of 0.001 at 241-2 and 
261.4nm. In order to quantify the amounts of tri- 
hexyphenidyl HC1 from both the standard and 
sample mixtures, they were also measured at 
226.6 nm, the maximum wavelength of trihexy- 
phenidyl HC1. 

To study the possible interference and pro- 
portionality of the derivative values to different 
concentrations of pure drugs, different mixtures of 
both combinations were examined at the zero 
crossing wavelength of the other combined drug by 
measuring ten pairs of pure solutions and mixtures. 
The presence of distinct isosbestic points at 
239.Onm (Figure 3A) and at 250.0 and 273.4nm 
(Figure 3B) suggested that there was no interference 
in the estimation of atenolol and amlodipine. 
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Figure 1. A. Zero order spectra of 2.5pgrnL-' arnlodipine 
(0), 25 pgmI-' atenolol (0) and atenolol-aplodipine (0) in 
0.1h.I HCl. B. Zero order'spectra of 5 pg rnL- trihexyphenidyl 
HCl (0), 12.5 pg rnL- haloperidol (0) and haloperidol- 
trihexyphenidyl HCI (0) in 0.1 MHCI. 
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Figure 2.  A. First derivative spectra of 2.5 pg mL-' arnlodi- 
pine (0) and 25 pg mL-' a tenopl(0)  in 0.1 M HCI. B. Second 
derivative spectra of 5 p g  mL- trihexyphenidyl HC1 (0) and 
12.5 pgrnL-' haloperidol (0) in 0.1 MHCI. 
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Figure 3 .  A. First derivative spectra of 25 pg mI-' atenolol 
and 2.5 (H), 5 (O), 7.5 (0) and 10 (0)pgmL-' amlqdipine in 
0.1 MHCI. B. First derivative spectra of 2 .5pgmI-  amlodi- 
pine and 15 (0), 20 (O), 25 (0) and 30 (W)pg mL-' atenolol 
in 0.1 M HCl. 
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Figure 4. A. Second derivative spectra of 5 pg mL-' trihexy- 
phenidyl HFl and 7.5 (0), 10 (0), 12.5 (0) and 15 
(W) pg mL- haloperidol in 0.1 M HCl. B. Second derivative 
spectra of 12.5 pgmI- '  haloperidol and 5 (0), 10 (O), 15 (0) 
and 20 (W) pg mL-' trihexyphenidyl HC1 in 0.1 M HCl. 
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Statistical analysis of the determination of atenolol-amlodipine and haloperidol-trihexyphenidyl HCI in combined tablet Table 1. 
preparations by derivative spectroscopy. 

Concentration Regression Correlation Variance 
range (pg mL-') equation coefficient 

~~ 

Atenolol (239.0 nm) 15-30 D1=1.59 x lOP3C - 7.31 x 0.9999 1.22 x 10-10 

Trihexyphenidyl HCI (226.6 nm) 5-20 D2=241 x 10-~c+ 1.00 x lop3 0.9999 3.39 x 1 0 - ~  

Amlodipine (250.0 nm) 2.5-10 D1 = 2.00 x 1OP3C + 7.60 x lop4 0.9999 7.50 x lo-" 
Haloperidol (265.4 nm) 7.5-15 D2 = 1.20 x lOP3C + 1.67 x lop4 0.9999 1.49 x lo-" 

Table 1. Continued. 

Standard error 

Intercept Slope 

2.95 1 0 - ~  
1.36 1 0 - ~  
1.99 x 1 0 - ~  
1.44 1 0 - ~  

1.27 x lop6 
1.98 x lop6 
1.72 x 
1.05 x 1 0 - ~  

0.094 
0.020 
0.049 
0.178 

0.40 
0.10 
0.20 
0.60 

n = 10 samples; C =drug concentration (pg rd-'). LOD =limit of detection; LOQ = limit of quantitation. 

Table 2. Assay results of atenolol-amlodipine in commercial tablet preparations by first derivative spectroscopy. 

Atenolol Amlodipine 

Brand name Label claim Recovery (%) Label claim Recovery (%) 
(mg/tablet) (mg/tablet) 

239.0 nm 250.0nm 273.4 nm 

Stamlo beta 50 100.67 * 0.21 5 100.44f 0.95 99.64 f 1.08 
Amlong-A 50 98.56* 1.28 5 99.80 f 0.22 99.91 + 1.26 

Values are mean+ s.d. of seven determinations. 

Similarly, the distinct isosbestic points at 241.2 and 
261.4 nm (Figure 4A) and a constant absorption 
pattern after 240.0nm (Figure 4B) followed by 
linearity at 226.6nm (Figure 4) with both the 
mixtures proved that there was no interference in 
the estimation of the mixture of haloperidol and 
trihexyphenidyl HC1. The statistical analysis of the 
data obtained for mixture solutions with limit of 
detection (LOD) and limit of quantitation (LOQ) is 
shown in Table 1. 

The D1 values at zero crossing wavelengths for 
atenolol (25 p g  n-d-I) and amlodipine (2.5 pg 
d-') were used in the determination of the ana- 
lytes from the sample preparations. These results 
are given in Table 2. 

Similarly, the second derivative values at 
zero crossing wavelengths for haloperidol 
(12.5 pg mL-') and trihexyphenidyl HC1 
(5  pg nd-') were used in the determination of the 
analytes from the sample preparations. The second 

Table 3. Assay results of haloperidol-trihexyphenidyl HCI in commercial tablet preparations by second derivative spectroscopy. 

Haloperidol Trihexyphenidyl HCl 

Brand name Label claim Recovery (%) Label claim Recovery 

265.4 nm 226.6 nm 241.2nm 261.4nm 
(mg/tablet) (mg/tablet) 

226.6 nm 

Relinase plus-5 5 99.99f 1.11 100.40f0.69 2 100.01f0.23 100.23f0.89 100.40+0.69 
Combidol-5 5 99.93 f 1.40 99.77f 0.60 2 99.89f0.56 100.52f0.89 99.77k0.60 
_ _ _ _ _ ~ ~  ~ 

Values are mean f s.d. of ten determinations. 
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derivative height values of haloperidol and trihexy- 
phenidyl HCl mixture measured at 226.6 nm were 
also used to estimate the amounts of analytes from 
their sample preparation and these values were 
compared with those obtained by the zero crossing 
point technique. These results are given in Table 3. 

To conclude, this work has demonstrated that the 
complex problem of estimating the individual 
constituents of drug mixtures with overlapping 
spectra can be resolved by the use of derivative 
spectroscopy. The method is accurate, reproducible 
and can be used for routine analysis of combined 
drug preparations. 
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