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Abstract 

 
Most cardiovascular diseases need to be treated by more than a simple drug and the use of combination 
products diminishes noncompliance. Advicor® as a combination product of a vitamin and a fat lowering 
agent has no monograph in official pharmacopeias for its quality control purposes. In this study, first and 
third derivative signals for NA and LV quantitation at the two pairs of wavelengths, 261 and 273 nm; 245 
and 249 nm were monitored with the addition of standard solutions of NA or LV, respectively. The limits of 
detection were 0.03 and 0.32 mg/L for LV and NA, respectively. The limits of quantitation were 0.09 and 
0.78 mg/L for LV and NA, respectively. RSD% for both interday and intraday precision was lower than 2.6 
and 2.7% for LV and NA, respectively. Selectivity of the method was assessed for both degradation products 
produced in stress conditions and common excipients that may present in the pharmaceutical dosage forms. 
The recommended procedure was successfully applied to real samples. 
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INTRODUCTION 

 
Lovastatin (LV) is a cholesterol-lowering 

drug isolated from a Monascus and a strain of 
Aspergillus terreus, which competitively inhibits 
the biosynthesis of mevalonic acid by HMG-
CoA reductase (1). Niacin (NA) is a lipid-
lowering drug known for decades, which has 
recently attracted renewed interest, first 
because it is currently the most potent drug 
increasing HDL-cholesterol, and secondly, 
because it has recently been found to induce 
regression of atherosclerosis as measured by 
carotid intima-media thickness in patients with 
coronary heart disease (2). The combination of 
a statin with NA can be an attractive option 
because both have excellent records of 
improving cardiovascular outcomes and can 
effectively correct all abnormalities of 
atherogenic dyslipidemia in patients with 
diabetes. A combination product containing 
extended-release NA and LV (Advicor®; 
Abbott Pharmaceutical Co., USA) is approved 
for the treatment of dyslipidemia (3, 4). Over 

the last few years much attention has been paid 
in developing chromatographic, capillary 
electrophoresis (CE), and ion-exchange 
chromatographic methods for NA determination 
and its metabolites in human plasma and food 
(5-10). For determination of LV in human 
plasma or pharmaceutical formulations, 
spectrophotometric and HPLC methods has 
been published (11-14). However UV-
spectrophotometry methods have been 
reported for the quantitative determination of 
LV and simvastatin (11), or LV and 
antioxidants combinations (15). According to 
our knowledge, no method for determination 
of NA and LV in combination products 
appears to be reported. Simultanous 
determination of these two constituents 
without any preliminary procedure, especially 
considering that the amount of one ingredient 
(NA) is about 25 to 50 times more than the 
other (LV), would be of great importance. In 
1988, Bosch Reig and Campins Falco 
delineated the fundamentals of H-point 
standard addition method (HPSAM) (16, 17) 
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with which two species with mostly or even 
totally overlapping spectra can be determined. 
HPSAM is used where the error resulting from 
the presence of a direct interference in the 
presence of an analyte is transformed into a 
systematic error. This error can then be 
evaluated and eliminated. Therefore HPSAM 
can determine the two components in a binary 
system (16,18). High versatility and 
applicability of HPSAM has been documented   
(19-22). This work describes a novel, simple, 
inexpensive and accurate method for deter-
mination of LV and NA in their combinations. 

 
MATERIALS AND METHODS 

 
Reagents 

All reagents used were of analytical grade. 
Double distilled water was used throughout. 
LV and NA were kindly donated by Daru 
Pakhsh Pharmaceutical Co., Iran. Methanol, 
sodium hydroxide, and hydrochloric acid, 
were purchased from Merck, Darmstadt Co., 
Germany. Advicor® tablet manufactured by 
Abbott Pharmaceutical Co. was purchased 
from local market. Advicor® is supplied as 
unscored capsule shaped tablets containing 
different amounts of NA and LV as their 
contents have been summarized in Table 1.  

 
Table 1.  Advicor® tablet products with their labeled 
niacin and lovastatin contents. 
Niacin content (mg) 500 750 1000 1000 

Lovastatin Content (mg) 20 20 20 40 

 
Apparatus 

A Perkin-Elmer Lambda 25 double beam 
UV-Vis spectrophotometer with 1 cm quartz 
cells with a fixed slit width (2 nm) connected 
to a PC computer loaded with UV-Win Lab 
Software equipped with a HP 1200 printer was 
used for absorbance measurements and 
treatment of data.  
 
Standard solutions preparation and calibration 

LV and NA stock standards (1000 mg/L) 
were prepared by dissolving 10.0 mg of each 
compound in 10 ml of methanol. The working 
standards were prepared by dilution of the 
stock standards with methanol. To determine 
optimum pairs of wavelengths (WLs) 
applicable for HPSAM, working standards of 

50 mg/L and 1 mg/L of NA and LV were 
prepared respectively. For measurement of  
NA and LV contents of commercially 
available tablets, working solutions consisting 
of 25-75 mg/L of NA and 1-3 mg/L of LV 
were prepared from stock solutions. 

All solutions were prepared freshly and 
protected from light. Standard solutions 
containing 25 mg/L NA and 1 mg/L LV were 
tested for stability during the actual analysis. 
All measurements were performed at room 
temperature.  
 
Selection of wavelength couples 

The first and third derivative spectra of the 
working solutions were recorded against blank 
(methanol) at 200 to 700 nm. Then the first 
and third derivative signals were measured at 
261 and 273 nm (when standard NA solutions 
were added) or at 245 and 249 nm (when 
standard LV solutions were added) for NA and 
LV, respectively, and the H-point determining 
graphs were obtained. The magnitudes of CH 
and (dA/dλ)H were obtained from the point of 
intersection of the two straight lines plotted for 
each H-point determining graph. 
 
Validation 

Specificity of the method was evaluated for 
both probable interferences of excipients that 
are present in the dosage form and the 
degradation products which may appear in the 
product during storage. To measure 
interferences from degradation products, 
standard solutions of NA or LV with final 
concentration of 25 or 1 mg/L, respectively, 
were refluxed in HCl 0.1 N and NaOH 0.1 N 
as chemical stress condition that may produce 
degradation products faster than normal 
conditions. The probable interferences of the 
degradation products with parent molecules 
analysed by the developed method were 
assessed. The linearity of the methods were 
evaluated by calibration curves ranging from  
1-120 mg/L and 0.1-25 mg/L (n=5) of the NA 
and LV, respectively. 

Accuracy, recovery, precision, LOD, and 
LOQ were evaluated by standard procedures. 
LOD was calculated as LOD= X + 3 SCH 
where, X is the average concentration 
calculated from calibration curve of HPSAM 
for 25 blank solutions (NA blank contained all 
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ingredients except NA), and SCH is the 
standard deviation of 25 replicated 
measurements of blank with HPSAM (23). 

 
Pharmaceutical dosage form analysis  

For the analysis of real samples, four com-
mercially available tablets (Advicor®) containing 
NA and LV were weighed, ground and a certain 
amount of ground tablets was dissolved in the 
methanol. The resultant solution was then 
filtered. A 5 ml sample of the prepared solution 
containing NA and LV (diluted to 100 ml) was 
analyzed (n=3) using the proposed method. 

 
 

RESULTS 
 

Spectra of NA and LV in dimethylformamide, 
acetonitrile, ethanol, chloroform, dichloro-
methane, methanol, and water showed that 
methanol with sufficient solubility for both 
drugs and UV cut off point lower than 210 nm 
is an appropriate solvent and therefore used 
throughout this study.  
 
Zero, first, and third derivative spectra 

The Zero, first and third derivative spectra 
of NA and LV are shown in Fig. 1.  

 

 
 

Fig. 1. Different orders of derivation of NA and LV, I) Zero order derivative spectra of a: NA (50 mg/L) and b: LV    
(1  mg/L); II) first derivative spectra of a: NA (50  mg/L) and b: LV (1  mg/L); III) third derivative spectra of a: NA    
(50 mg/L) and b: LV (1  mg/L). 

 
 

 
 
Fig. 2. Plots of H-point standard addition method for determination of NA (50 mg/L) in the presence of LV (1 mg/L) 
when different standard NA solutions (5, 10, 15, 20, and 25 mg/L) were added. 
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Fig. 3. Plots of H-point standard addition method for a) fixed LV concentration (1 mg/L) and different concentrations of 
NA; and b) fixed NA concentration (50 mg/L) and different concentrations of LV. Standard additions are performed by 
NA standards. 

 
 

 
 
Fig. 4. Plots of H-point standard addition method for determination of LV (1 mg/L) in the presence of NA (50 mg/L) 
when different standard LV solutions (0.2, 0.4, 0.6, 0.8, and 1 mg/L) are added.  
 
 

 
 
Fig. 5. Plots of H-point standard addition method for a) fixed LV concentration (1 mg/L) and different concentrations of 
NA; and b) fixed NA concentration (50 mg/L) and different concentrations of LV. Standard additions are performed 
with LV standards. 
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Application of HPSAM for determination of 
NA and LV 

HPSAM applied for determination of NA at 
first derivation and LV at third derivation 
spectra to avoid any preliminary separation 
process. Results of applying HPSAM for 
determination of NA are shown in Figs. 2 and 
3. In Fig. 2, determination of NA has been 
evaluated by addition of standard solutions of 
NA using the selected wavelengths (261 and 
273 nm) at first derivative spectra.  

To evaluate HPSAM in determination of 
NA, different standard NA solutions were 
added to the fixed initial concentration of LV 
and NA solutions. In the first three set of 
samples, to the initial fixed amounts of NA 
and LV (LV concentration was kept fixed in 
all three set of samples while NA was used 
with three different initial levels), standard 
solutions of NA were added (Fig. 3a), whereas 

in the second two set of samples, to the initial 
fixed amounts of NA and LV, (in these sets, 
LV was used at two levels and NA was kept 
fixed), standard solutions of NA were added 
(Fig. 3b). LV was determined by measuring 
the amplitudes of the third derivative spectra at 
245 and 249 nm, and applying the results as 
shown in Figs. 4 and 5. The plot of HPSAM 
was constructed by standard addition of LV to 
standard solution mixtures of LV and NA. 
Developed method was evaluated in terms of 
the linearity, precision, and accuracy. Obtained 
line equations at two wavelengths of 273 and 
261 nm for NA and 249 and 245 nm for LV 
determination, linearity parameters and 
calculated concentrations based on the related 
equations are  summarized in Table 2. In Table 
3, results of linear equations, accuracy (by 
means of Error %) and precision (by means of 
RSD %) are summarized. 

 
Table 2. Results of determination of NA in a) different concentration ratios of NA-LV and b) LV in different 
concentration ratios of NA-LV mixtures  

a b  

Present 
(mg/L) 

Present 
(mg/L) A-C equation R2 

NA LV 

Found 
NA 

(mg/L) 
A-C equation R2 

LV NA 

Found 
LV 

(mg/L) 
A273=0.0141Ci+ 0.6947 0.9972 A245= 0.4501Ci + 0.6279 0.9955 
A261=0.0020Ci + 0.0906 0.9977 50.0 2.00 49.8 A249=-0.4699Ci - 0.2879 0.9977 1.00 25.0 0.99 

A273=0.0139Ci+ 0.6896 0.9995 A245= 0.435Ci + 0.6963 0.9967 
A261=0.0019Ci + 0.0888 0.9995 50.0 1.00 50.0 A249=-0.4605Ci - 0.1997 0.9983 1.00 37.5 0.99 

A273=0.0146Ci + 0.5397 0.9974 A245= 0.4903Ci + 0.8314 0.9950 
A261=0.002Ci + 0.0722 0.9980 37.5 1.00 37.1 A249=-0.5106Ci - 0.1496 0.9954 1.00 50.0 0.98 

A273=0.0137Ci + 0.3417 0.9997 A245= 0.4436Ci + 1.228 0.9956 
A261=0.0018Ci + 0.0438 0.9998 25.0 1.00 24.9 A249=-0.4537Ci - 0.5527 0.9979 2.00 50.0 1.98 

 
 
Table 3. Results of four replicate experiments for the analysis of a) NA, 50 mg/L in the presence of LV, 1 mg/L, and b) 
LV, 1 mg/L in the presence of NA, 50 mg/L. 

a b 

A-C equation R2 Found NA 
(mg/L) 

Relative 
error (%) A-C equation R2 Found LV 

(mg/L) 
Relative 

error (%)
A273=0.0135Ci+ 0.6958 0.9972 A245= 0.4381Ci + 0.7647 0.9994 
A261=0.0020Ci + 0.1147 0.9962 50.6 1.3 A249=-0.4524Ci - 0.0956 0.9962 0.96 3.0 

A273=0.0137Ci+0.7091 0.9968 A245=0.4903Ci+0.8314 0.9968 
A261=0.0019Ci+0.0903 0.9969 52.2 4.4 A249=-0.5106Ci-0.1496 0.9969 0.98 2.0 

A273=0.0139Ci+0.6975 0.9984 A245=0.3999Ci+0.7915 0.9984 
A261=0.0019Ci+0.0892 0.9983 50.6 1.1 A249=-0.4048Ci-0.0335 0.9983 1.02 2.5 

A273=0.0139Ci+0.6896 0.9995    
A261=0.0019Ci+0.0888 0.9995 50.0 0.1     

Mean  50.9  Mean  0.99  
SD  1.0  SD  0.02  

RSD%  2.0  RSD%  2.10  
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Determination of NA and LV concentrations 
in commercial tablets 

To determine NA and LV in real samples of 
Advicor®, developed methods were applied, 
and the results are given in Table 3.  

 
DISCUSSION 

 
Zero, first, and third derivative spectra 

In Fig. 1-I, as revealed by the absorbance 
spectra, HPSAM cannot be applied with 
sufficient efficiency for the simultaneous 
determination of LV and NA. This is due to 
the high overlap between the two zero-order 
derivative spectra. According to Reig and 
Falco (16), there aren’t any couples of 
wavelengths in normal spectrum of NA where 
the absorbances in the spectrum of LV are 
constant. Therefore, to quantify NA in NA-LV 
mixtures by HPSAM, we tried to find pairs of 
WLs needed in the higher orders of derivative 
spectra. Fig. 1-II depicts many pairs of WLs 
showing the same D1 for LV and different D1 
for NA. In order to obtain the highest possible 
accuracy, the maximum possible D1 
differences at the two wavelengths for the NA 
must be considered (24). One pair of WLs 
which appear to be optimal is 261 and 273 nm 
when standard solutions of NA are added. 
Third derivative spectra were used for LV 
quantification in the presence of high amount 
of NA (Fig. 1-III). As illustrated in Fig. 1, 
spectra were suitably resolved, and it is 
possible to find two wavelengths with different 
D3s for LV and constant D3s for NA. 
Wavelengths of 245 nm and 249 nm were used 
when standard solutions of LV were added to 
determine LV at low concentrations of 1 or 2 
mg/L in the presence of NA with high 
concentrations. 

It should be noticed that, as revealed by the 
absorbance spectra (Fig. 1-I), it was possible 
to quantify NA at 262 nm without any 
interference from LV, while it was impossible 
to quantify LV in the presence of NA even by 
HPSAM. The main aim of this study was to 
develop generalized HPSAM for the 
simultaneous determination of NA and LV, as 
reported by other researchers for similar 
situations where one ingredient could be 

determined directly, but HPSAM was 
developed for both ingredients (24). 

  
Applying HPSAM first derivative spectro-
photometry for determination of NA  

Figs. 3a and 3b clearly show the effect of 
changes in the concentration of NA and LV on 
the position of H-point. As shown in this 
figure, the value of (dA/dλ)H is independent of 
the amounts of NA in the samples.   

Results showed that the method has a good 
linear relationship in the range of 1-120 mg/L 
(r2=0.998) between concentration of added 
standard solutions and D1 with high accuracy 
(error% <4.4) and acceptable precision 
(RSD%< 2) (Table 3). The corresponding 
values of LOD and LOQ obtained for NA 
were 0.32 and 0.78 mg/L, respectively.  
 
Applying HPSAM third derivative 
spectrophotometry for determination of LV 

As illustrated in Fig. 4, CH is independent 
of the concentration of interferent and AH is 
also independent of the analyte concentration. 
Fig. 5 clearly shows the effect of change in 
concentration of LV and NA on the position of 
H-point.  

This method was also evaluated for 
linearity, repeatability, reproducibility and 
accuracy (Table 2). Results showed that the 
method has a good linear relationship in the 
range of 0.1-34 mg/L (r2=0.995) between 
concentration of added standard solutions and 
D3 with high accuracy (error% <3) and 
acceptable precision (RSD % < 2.1) (Table 3).  

LOD and LOQ calculated by the same 
method as NA were found to be 0.03 and 0.09 
mg/L, respectively. 

 
Interference studies 

Some substances supposed to be present in 
pharmaceuticals were tested for their possible 
interferences. Absorbance, D1, and D3 
changes of a solution containing NA (50.0 
mg/L) and LV (2.0 mg/L) were analyzed. A 
species was considered as an interferent when 
its presence produced a CH. The following 
excipients did not interfere with the maximum 
tested concentrations (NA: 50 mg/L; LV: 2 
mg/L. Starch (18%), calcium carbonate (45%), 
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Table 4. Results for NA and LV quantification in pharmaceutical samples.  
Nominal (mg/L) Found (mg/L) Recovery (%) 

sample 
NA LV NA LV NA LV 

1 50.0 2.00 49.3 2.00 98.6 100.0 
2 50.0 1.00 51.8 0.98 103.6 98.0 
3 37.5 1.00 38.1 1.02 101.6 102.0 
4 25.0 1.00 25.8 0.98 103.2 98.0 

 
Hypromellose (4.6%), microcrystalline cellulose 
(27%), Tween 80 (1.8%), colloidal silicone 
dioxide (1.8%), magnesium stearate (0.9%), 
and Opadry (0.9%). The specificity of the 
method was also investigated by observing any 
interferences resulting from the degradation 
products that may have been produced in 
chemical stress conditions. The spectra of 
refluxed solution at different times up to 240 
min showed that absorbance of NA solutions 
in 0.1 N HCl were increased probably due to 
the evaporation of its water, while the shapes 
of the spectra were not changed. The spectra 
amplitudes of NA in 0.1 N NaOH were 
decreased, although similar to NA solusions, 
the shapes of the spectra remained unchanged. 
It can be concluded that NA was not degraded 
in the acidic and alkaline solutions and 
therefore the proposed HPSAM is applicable 
for long term studies of NA-containing 
products. Similar conditions were applied to 
LV solutions in 0.1 N HCl and 0.1 N NaOH 
solutions, respectively. The spectra of the 
refluxed solutions at different times showed 
that absorbance of both acidic and alkaline LV 
solutions were decreased probably due to the 
degradation of LV. However, probable 
degradation products do not interfere with the 
proposed method. The results suggest this 
method can be used in stability studies as a 
stability indicating method.  

 
Determination of NA and LV concentrations 
in commercial tablets 

The proposed method was applied to 
determine NA and LV in commercially 
available tablets. The quantitative results of 
this analysis are summarized in Table 4. As it 
is shown, NA and LV can be determined with 
satisfactory accuracy and precision in 
pharmaceutical preparations. 

 
 

CONCLUSION 
 

The literature compilation has revealed that 
there isn’t any method reported for analysis of 
NA and LV in combined pharmaceutical 
preparations. Proposed method was simple and 
reliable for simultaneous determination of NA 
and LV even in the presence of different 
excipients with good accuracy and precision, 
either in laboratory prepared samples or in 
pharmaceutical dosage forms. Finally, it was 
concluded that the short analysis time and low 
costs are the main advantages of these two 
HPSAM-derivative spectrophotometric methods 
for determination of NA and LV in routine 
analysis. High percentage recovery shows that 
the methods are free from interferences from 
the excipients commonly used in the 
formulations of drugs. Although HPSAM has 
been used for a long time in pharmaceutical 
analysis, this procedure is still simple and 
applicable in routine laboratory tasks.  
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