
Simple, sensitive, rapid, and accurate high-performance liquid
chromatographic (HPLC) method is developed and validated
for the simultaneous determination of diltiazem, metformin,
pioglitazone, and rosiglitazone hydrochloride in raw materials,
their pharmaceutical formulations, and human serum. In HPLC,
all the above drugs were chromatographed using acetonitrile–
methanol–water (30:20:50, v/v, pH 2.59 ± 0.02) as the mobile
phase at a flow rate of 1.0 mL/min at ambient temperature. The
separation is carried out on a Hiber, 250-4.6 RP-18 column,
equipped with a UV–vis detector at 230 nm. All the antidiabetic
drugs eluted at different retention time and each showed a good
resolution from diltiazem. The method is successfully applied to
pharmaceutical formulations because no chromatographic
interferences from the tablet excipients are found. The method is
found to be linear, accurate, and precise with apposite detection
and quantification limit. Suitability of the method for the
quantitative determination of the drugs is proven by validation in
accordance with the requirements laid down by International
Conference on Harmonization (ICH) guidelines. The validation
results, together with statistical treatment of the data,
demonstrated the reliability of this method.

Introduction

Hypertension in diabetics represents an important health
problem as the combination of the two diseases is common, car-
ries significant morbidity and mortality, and is frequently diffi-
cult to treat. The prevalence of hypertension in diabetic people is
probably 1.5–2 times higher than in the general population (1).
Reduction of cardiovascular risk is therefore a high priority in
the management of diabetes. Microalbuminuria is an important
predictor of cardiovascular events and forms one of the compo-
nents of insulin resistance/metabolic syndrome, which confers a
particularly high risk of cardiovascular death (2). Diverse classes
of antihypertensive prescriptions may be used for blood pressure

management in diabetes, among these are calcium channel
blockers, angiotensin-II type 1 receptor blockers (ARBs), thiazide
diuretics, and ACE inhibitors are common (3). Cheung demon-
strated that the calcium antagonists have been extensively used
in hypertensive patients with diabetes (4). Use of verapamil, a cal-
cium channel blocker, significantly reduced the risk of devel-
oping diabetes (5). Similarly diabetic patients often take
anti-hypertensive medications and are co-administered with
antidiabetic drugs (6). Treatment of patients with hypertension
and diabetes with ARBs improved both macrovascular and
microvascular alterations (7).

Diltiazem is a peripheral and coronary vasodilator with limited
negative inotropic activity inhibiting cardiac conduction, partic-
ularly at the sino-atrial and atrioventricular nodes (8,9). The cur-
rently available glucose-lowering agents or hypoglycaemic drugs
for treating type II (non-insulin-dependent) diabetes mellitus are
sulphonylurea derivatives, α-glucosidase inhibitors (metformin),
and thiazolidinediones (pioglitazone and roziglitazone).
Metformin appears to have little effect on microalbuminuria
expressed as urinary albumin/creatinine ratio, while the thiazo-
lidinediones have unique effects on this risk factor, in parallel
with their effects on insulin resistance (10).

Literature survey revealed that a number of assay methods
have been used for analysis of diltiazem in bulk drug, pharma-
ceutical preparations, and serum using different techniques
including Raman spectroscopy (11), capillary electrophoresis
(12), spectrophotometry (13), and reversed-phase high-perfor-
mance liquid chromatography (RP-HPLC) (14–16). However,
several analytical procedures have also been described for simul-
taneous separation and enantio-separation of diltiazem, its
analogs, possible degradation products and metabolites (17–19).
Similarly, a number of assays have been reported for the quanti-
tative determination of antidiabetic drugs using spectrophotom-
etry and RP-LC (20–24) in pharmaceutical dosage forms, bulk
material and human plasma or serum. Kolte et al., established
simultaneous HPLC methods for the determination of pioglita-
zone (25) and rosiglitazone (26) in a combined pharmaceutical
dosage form with metformin.
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Since diltiazem can be used for cardiovascular dealings in dia-
betes and co-administered with antidiabetic drugs, there is a need
for the simultaneous determination of metformin, rosiglitazone,
and pioglitazone hydrochloride with diltiazem. There was no
HPLC method reported for the simultaneous determination of all
the listed co-administrated drugs. The projected method was
effectively applied to the determination of these drugs in finished
product and in human serum. The established method was vali-
dated with respect to linearity, limit of detection and quantifica-
tion, precision, accuracy, specificity, and robustness.

Experimental

Instrumentation
A Shimadzu HPLC system equipped with LC-10 AT VP pump

and SPD-10 A VP UV–vis detector was utilized (Shimadzu, Kyoto,
Japan). The chromatographic system was integrated via
Shimadzu model CBM-102 to P-IV computer loaded with
Shimadzu CLASS-VP software (Version 5.03) for data acquisition
and mathematical calculations. Rheodyne manual injector fitted
with a 20 μL loop, a Hiber, RT 250-4.6 Purospher STAR RP-18
column (Merck, Darmstadt, Germany), and DGU-14 AM on-line
degasser (Rohnert, Park). In addition, Mettler Toledo electronic
balance (Columbus, OH), microliter syringe, and micropore fil-
tration assembly were used in this study.

Materials and reagents
Diltiazem, was kind gift from Hilton Pharma (Private)

Limited. Metformin (Neodipar 250 mg), pioglitazone (Poze 45
mg), and rosiglitazone (Rosita 8 mg) were of Aventis pharma
(Pvt.) Ltd., Ali Gohar pharmaceuticals (Pvt.) Ltd., and Pharm Evo
(Pvt.) Ltd., and respectively and were purchased from the
market. Reference standards of all these statins were supplied by
lab-9 of Department of Chemistry, University of Karachi. Each
product was labeled and had an expiry of not less than 365 days
at the time of study. All reagents used were of HPLC grade.
Acetonitrile, methanol, and phosphoric acid 85% (Merk) and
HPLC-grade deionized filtered water was used to prepare the
mobile phase. Stock solutions of all drugs were prepared in the
mobile phase. Fresh working solutions were prepared daily. All
solutions were filtered (0.45 μm) and degassed using sonicator.

Preparation of solutions
Standard solutions of diltiazem and each antidiabetic drugs

were prepared by dissolving appropriate amounts of drug in
mobile phase [acetonitrile–methanol–water (30:20:50, v/v)] to
yield final concentrations of 100 μg/mL. Seven calibrators of
each drug were prepared by making serial dilutions from stock
solutions. For the assay preparation, the content of 20 tablets
were powdered and a weighed portion of the powder equivalent
to suitable amount of drug (according to the labeled claimed)
was transferred into a 50 mL volumetric flask. The drug was fully
dissolved in mobile phase and then diluted with this solvent up
to the mark, seven dilutions of each drug were prepared, portion
of this solution was filtered through a disposable 0.45 μm filter
and then injected.

Serum drug analysis
Blood samples were collected from healthy volunteers and

then centrifuged at 3000 rpm for 10 min. The supernatant
obtained was stored at –20°C. After thawing, serum was deproti-
nated by acetonitrile and spiked daily with working solutions to
produce desired concentrations of diltiazem and antidiabetic
drugs. A 20 µL volume of each sample was injected and chro-
matographed under the described conditions.

Chromatographic conditions
The chromatographic analysis was performed at ambient tem-

perature with isocratic elution. The mobile phase consisted of
acetonitrile–methanol–water (30:20:50, v/v) with a pH adjusted
to 2.59 ± 0.02 with phosphoric acid (85%) and pump at a flow
rate of 1 mL/min, using a column Hiber, 250-4.6 RP-18 column,
sample volume of 20 μL was injected in triplicate onto the HPLC
column and effluents were screened over the dative UV region at
230 nm.

Results and Discussion

Method development
Method development and validation are very momentous for

pharmaceuticals and pathological laboratories such as drug
quality control, stability, metabolism, pharmacokinetics, and
toxicity studies. This is always desirable to select and develop a
simple, efficient, validated, and economical analytical methods
are very critical requirements for all these investigation (27).

Method optimization and isocratic scouting
An HPLC–UV method was developed and successfully vali-

dated for the simultaneous quantitation of diltiazem, metformin,
pioglitazone, and rosiglitazone. Chromatographic parameters
were isocratically optimized on a set of different C18 stationary
phases with different lengths and particle sizes. Isocratic
scouting does not involve re-equilibration of column (28). Firstly
a Hypersil, ODS, C18 (150 × 4.6 mm, 5 µ) column was tested
with a variety of mobile phases, but the results were still not ade-
quate. Analyte peaks were not efficient or reproducible with
short analyses time (< 10 min) and acceptable resolution was not
reached because of peak tailing and placebo obstruction in the
formulations. The best choice of the stationary phase that pro-
vided satisfactory peak shape, resolution, and run time was based
on a Hiber, RT 250-4.6 Purospher STAR RP-18 endcapped (5
μm). A variety of mobile phases were investigated for optimiza-
tion of chromatographic conditions with respect to the quantity
and different rates of organic modifier. In order to select an
appropriate organic modifier, different compositions of acetoni-
trile and methanol were tested. Beneficial partition was estab-
lished with acetonitrile. Various mobile phase compositions were
attempted to separate diltiazem and other antidiabetic drugs.
The amount of acetonitrile varied when it was less than 20% of
the total volume of mobile phase, and diltiazem was retained on
the column. Mobile phase between 20–27% of acetonitrile
showed that the antidiabetic drugs could not be separated, but
each showed a good resolution from diltiazem. The optimum
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results [capacity factor (k'), specificity, good resolution and short
omega peak] were obtained when the compositions of acetoni-
trile in the mobile phase was 30%. The fitness of the mobile
phase was achieved on the foundation of the sensitivity, suit-
ability for stability studies, run time required for the investiga-
tion, simplicity of preparation, and utilization of readily available
cost-effective solvents. Variation in pH of the mobile phase had a
great influence to the retention time, chromatographic peak,
and efficiency of the chromatographic system. The mobile phase
pH varies between 2.5 to 3.5, and the best results were attained
at pH 2.59 ± 0.2; if the pH was less than 2.59, peak tailing was
observed while; at a higher pH, the peak of diltiazem and antidi-
abetic drugs merged and the retention times were higher. For
detection wavelength, UV spectra of both diltiazem and antidia-
betic drugs overlap to each other. It was found that both the
drugs exhibited the highest response (maximum UV absorption)
at 230 nm and offered a greatest intensity with the smallest inter-
ference. In RP Chromatography, any analyte will elute earlier
when it is in the ionized form as oppose to the neutral form.
Metformin is more basic than any other drugs present in the
sample, so it was more ionized at this pH of mobile phase and
eluted earlier than other drugs. Rosiglitazone and pioglitazone is
less basic than metformin and these were the less ionized forms,
so these eluted latter than metformin; rosiglitazone is little less
basic than pioglitazone, and diltiazem is more acid than any
other drug so it might be its neutral form or less ionize form, so
it eluted last.

Peak identification
At the selected chromatographic conditions, the peaks of dilti-

azem, metformin, pioglitazone, and rosiglitazone were identified
using retention times by matching their values with those of
standard solutions. The method was established to be a rapid and
universal approach for the identification as diltiazem, met-
formin, pioglitazone, and rosiglitazone eluted out at 2.34, 3.1,
3.8, and 5.3 min respectively, which is important for routine
analysis (total run time < 10 min). All the antidiabetic drugs
eluted with a good resolution.

Method validation
Method validation has received considerable attention in the

literature and from industrial committees and regulatory agen-
cies. Although there is general agreement about what type of

studies should be done, there is great diversity in how they are
performed (29). The developed method was validated according
to the ICH guidelines (30) under such parameters as system suit-
ability, selectivity, specificity, linearity (concentration–detector
response relationship), accuracy, precision, sensitivity, detection,
and quantification limit.

System suitability parameters
System suitability test parameters are evaluated by analyzing

the repeatability, peaks symmetry (symmetry factor), and theo-
retical plates of the column, resolution, mass distribution ratio
(capacity factor), and relative retention. All the outcomes for the
system suitability were within acceptable boundary (31). The
system suitability studies were carried out by analyzing the sym-
metry of the peaks (symmetry factor < 2), theoretical plates of
the column (> 3,500), retention factor was found from 2–7, and
resolution between the peaks was greater than 2.

Selectivity/specificity
The selectivity and specificity of the projected method was

appraised for the intervention of impurities caused by excipients
existing in the finished product. Specificity was evaluated by
matching up to the chromatograms attained from the drug and
the most frequently used excipients mixture with those attained
from blank samples. Figure 1 represents chromatograms of
plasma containing all drugs. Four distinct, sharp, and symmet-
rical peaks were obtained with good baseline resolution. Column
elutions were obtained as 2.34, 3.1, 3.8, and 5.3 for metformin,
rosiglitazone, pioglitazone, and diltiazem, respectively. Figure 2
represents a typical chromatogram of human serum containing
all drugs respectively. A typical chromatogram of blank serum is
shown in Figure 3.
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Figure 1. Representative chromatogram showing resolution between dilti-
azem and NIDDMS drugs (Concentration 3.12 µg/mL).

Figure 2. Representative chromatogram showing resolution between dilti-
azem and NIDDMS drugs in human serum (Concentration 3.12 µg/mL).

Figure 3. Representative chromatogram of blank human serum.
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Linearity and sensitivity
In order to evaluate the linearity of the proposed method, cal-

ibration curves were constructed in the range of investigated
concentrations and were found to be linear relationships within
the quantification ranges for all the assayed drugs. Linearity was

satisfactory for all the analytes as confirmed by the correlation
coefficients (r2) of greater than 0.9992 and characteristic param-
eters for regression equation (y = a + bx) obtained by least
squares treatment of the results. LOD and LOQ for each com-
pound, along with linearity data, are reported in Table I–II.

In order to estimate the limit of detection
and limit of quantification, the mobile phase
was injected six times and the noise level was
determined. The limit of detection was cal-
culated to be three times the noise value and
ten times the noise which gave limit of quan-
tification and also cross checked by formulas
given as under.

LOD = 3.3 σ/S
LOQ = 10 σ/S

where σ is the standard deviation of the
lowest standard concentration and S is the
slope of the standard curve.

Repeatability, intra-day, and inter-day
precision and accuracy

Method precision, articulated as repeata-
bility and inter- and intra-day precision,
was determined for each of the analytes.
Repeatability was established by scheming
the relative standard deviation (% RSD) of
six replicate determinations. The same trial

was completed on two different days for evaluating intermediate
precision. The relative standard deviations ranged from 0.56 to
1.31% and 0.56 to 1.39% for intraday and inter-day repeatability,
respectively. The results are shown in Table III.

Accuracy/Recovery
Accuracy tests were conducted at three different concentra-

tion levels (80%, 100%, and 120%) within the operational range,
for each compound by measuring the recovery of known
amounts of each drug which were spiked into their corre-
sponding formulation, and these spiked matrices were expressed
as percentage. For this purpose, placebos were prepared of all the
drugs and known quantities of drugs were added. The percentage
of recovery was calculated by comparing the determined amount
of these standards with the added amount. The consequences
obtained for the measured concentration and the accepted
recoveries indicate that the method is accurate; the results are
shown as in Table IV.

Ruggedness
The degree of reproducibility or ruggedness of the proposed

method was established by determining diltiazem, metformin,
pioglitazon, and roziglitazone using same chromatographic con-
ditions by two analysts on two different days with two different
HPLC systems (same model). Results of coefficient of variation
(%CV) of two different days ranged from 0.59–1.39% verified the
ruggedness of the projected method (Table III). Additionally, the
elution order and the resolution factors of the compounds were
not affected.
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Table I. Linearity and Accuracy of the Proposed Method

Conc. Formulations (%) Raw Materials (%) Conc. Formulations (%) Raw Materials (%)

(µg/mL) Recovery RSD Recovery RSD (µg/mL) Recovery RSD Recovery RSD

MET DLZ

0.39 98.8 1.31 100.27 1.17 1.56 99.37 0.54 101.25 0.57
0.78 99.32 0.95 99.22 1.36 3.12 98.47 1.06 100.69 1.07
1.56 100.61 0.74 100.72 0.84 6.25 100.47 0.84 100.77 0.85
3.12 99.52 0.93 99.16 0.39 12.5 99.17 1.11 98.66 1.08
6.25 100.33 1.28 101.29 0.58 25.0 98.85 0.97 99.37 1.47
12.5 99.28 0.79 99.34 0.66 50.0 101.52 0.77 100.84 0.94
25.0 100.97 0.43 99.77 0.84 100.0 99.84 0.92 101.34 0.78

ROZI PIO

0.78 100.32 1.2 99.47 0.88 1.56 100.29 0.51 100.34 0.86
1.56 99.44 0.84 101.27 1.4 3.12 99.14 1.24 99.47 1.34
3.12 100.62 0.92 99.37 0.94 6.25 98.74 0.85 98.47 0.59
6.25 98.74 0.84 101.44 0.84 12.5 99.24 0.58 99.57 0.88
12.5 100.36 0.71 100.63 0.98 25.0 100.6 1.22 100.47 0.57
25.0 99.47 1.07 98.44 1.26 50.0 99.25 1.55 101.33 1.18
50.0 100.28 0.95 100.69 0.75 100.0 98.67 0.41 101.27 0.94

Table II. Regression Statistics and Sensitivity of this Method

Concentration Regression LOD LOQ
Drug range (µg/mL) equation r2 (µg/mL) (µg/mL)

Metformin 0.39–25 A = 20736x + 5043 0.9999 0.011 0.034
Rosiglitazone 0.78–50 A = 13663x + 6115.6 0.9998 0.033 0.102
Pioglitazone 1.56–100 A = 9885.8x + 9489.3 0.9999 0.033 0.101
Diltiazem 1.56–100 A = 9213.4x + 38905 0.9992 0.043 0.130

Table III. Intraday and Inter-Day Precision

%Working Conc. % CV
Analyte Range (µg/mL) Day 1 Day 2

Metformin 80 12 0.98 0.86
100 15 1.21 0.99
120 18 0.86 0.73

Rosiglitazone 80 24 1.08 1.06
100 30 1.02 1.1
120 36 0.59 0.86

Pioglitazone 80 20 1.04 1.11
100 25 1.28 1.39
120 30 1.31 1.29

Diltiazem 80 20 0.99 1.01
100 25 1.23 1.18
120 30 1.06 0.99
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Robustness
The robustness of the method was investigated by deliberate

modifications made to the method operational conditions
(32,33), for instance: flow rate, pH, and composition of the
mobile phase. Composition of solvent have a considerable effect
on the retention of analytes and flow rate as well but variation of
pH up to ± 0.2 do not have any great influence on chromato-
graphic behavior but any further change will affect the chro-
matographic behaviors.

Serum drug analysis
Recovery of all the drugs from human serum was determined

under the established chromatographic conditions. Blood sam-
ples were collected from 10 healthy 22–25-year-old volunteers.
They were non-smokers, were not involved in any exhausting
activity, and did not accept any other medications. Multiple

blood samples (10 mL) were collected in evacuated glass tubes
directly from a vein or using an indwelling forearm vein cannula.
After collecting, the blood was slightly shaken, centrifuged at
3,000 rpm for 10 min, and the plasma was separated. To 1.0 mL
of the plasma, 10.0 mL of acetonitrile was added. The mixture
was vortexed for 1 min, and then centrifuged for 10 min at
10,000 rpm. The supernatant was filtered through a 0.45-µm
pore-size membrane filter. The obtained serum was mixed with
drug solutions in a ratio of 1:1 to obtain the required drug con-
centration. The obtained solutions were stored at 20°C before
the analysis. They were injected into the HPLC system and chro-
matographed. The results are given in Table V.

Conclusion

The projected RP–HPLC method allows simultaneous quanti-
tation of diltiazem, metformin, pioglitazone, and rosiglitazone
permitting excellent separation and resolution of the chromato-
graphic peaks. This method provides, for the first time, a rapid,
simple, specific, sensitive, accurate, and reproducible quantita-
tive analysis of these drugs. There was no interference from
excipients in the tablets. The consequences found are in a first-
class agreement with the declared contents. Statistical analysis
showed the calculated value was established to be less than crit-
ical value.
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