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Introduction

Amlodipine (as besylate, Fig. 1) is a long-acting calcium channel
blocker used as an anti-hypertensive and in the treatment of angina. Am-
lodipine acts by relaxing the smooth muscle in the arterial wall, decreas-
ing peripheral resistance and hence reducing blood pressure; in angina it
increases blood flow to the heart muscle [1,2]. Valsartan (Fig. 1) belongs
to a class of drugs called angiotensin II receptor antagonists. Valsartan
works by blocking angiotensin hormone thereby relaxing blood vessels,
causing them to widen which lowers blood pressure and improves blood
flow [2,3]. Valsartan is also used for the treatment of hypertension. It
was noted that the combination of an angiotensin receptor blocker and
a calcium channel blocker provides an effective option for patients with
hypertension [4].

Several HPLC methods have been described in the literature for de-
termination of amlodipine [5-16] and valsartan [17-29] in biological fluids.
All these methods differ with respect to the mobile phase, columns and
detection methods used for the analysis of compounds (Table 1 for am-
lodipine and Table 2 for valsartan). Although there is an LC-MS method
[30] described in the literature for the simultaneous analysis of 6 beta-
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Figure 1
The chemical structures of amlodipine besylate and valsartan

blockers, 3 calcium-channel antagonists (including amlodipine), 4 angio-
tensin-II antagonists (including valsartan) and 1 antiarrhytmic drug, this
method is not specific for the determination of amlodipine and valsartan
in liver perfusion studies and it requires a mass detector. Therefore, the
aim of this study was to develop a new method for the simultaneous
determination of these compounds by UV detection. In this study, an
HPLC method was optimized and validated for this purpose. According
to the ICH description, the developed method was precise and accurate
[31]. After known amounts of amlodipine and valsartan were spiked into
blank rat liver perfusate samples, the newly developed HPLC method was
applied and it was confirmed that this method could be easily utilized for
the determination of amlodipine and valsartan in real rat liver perfusate
samples.

Experimental
Apparatus and Analytical Conditions

The LC system consisted of a Spectra-SYSTEM P2000 gradient pump,
a SpectraSYSTEM SCM 1000 degasser, a Rheodyne manual injector with
a 20 pL injection loop and a SpectraSYSTEM UV2000 detector (Thermo
Separation Products, USA). The detector was set at 240 nm and peak ar-
eas were integrated automatically by an online computer equipped with
ChromQuest software. The experiments were performed on a reversed-
phase HICHROM Nucleosil 100-5 (Berkshire, England) C18 column (250
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mm X 4.6 mm [.D.). The LC system was operated isocratically at room
temperature using a mobile phase consisted of phosphate buffer (pH 3.6;
0.01 M): acetonitrile: methanol (50:40:10 v/v). After mixing, the mobile
phase was filtered through a 0.45 pm membrane filter and run at a flow
rate of 1.0 mL.min"".

Chemicals

Methanol and acetonitrile were of analytical reagent grade from Mer-
ck (Darmstadt, Germany). Milli-Q water system (Barnstead, USA) was
used for the preparation of buffer and other aqueous solutions.

Standard solutions

Standard stock solution of amlodipine (as besylate) and valsartan
were prepared as 100 pg.mL! in methanol. For this purpose, 100 pg of
amlodipine besylate and valsartan were dissolved in two different 100 mL
of volumetric flasks. The standard stock solutions were kept in dark at 4
9C. Standard solutions were prepared daily by appropriate dilution of the
stock solution with mobile phase.

Preparation of Perfusion Medium

The perfusion medium was Krebs bicarbonate buffer (mM; NaCl, 118;
NaHCO,, 24.9; CaCl,.6H,0, 2.5; KCl, 4.7; MgSO,. 7H,0, 1.2; KH,PO,, 1.2)
containing 16.7 mM glucose and 0.01 mM sodium taurocholate. Freshly
prepared perfusion medium was filtered through 0.22 pm filter and then
adjusted to pH 7.4 after at least 30 min oxygenation with 95% O, and
5% CO,,.

Phosphate buffer

1.74 g of K,HPO, was dissolved in 1 L of deionized water and pH was
adjusted to 3.6 by ortho-phosphoric acid.

Sample preparation

Under intraperitoneal anaesthesia, the portal vein of a male rat was
cannulated with a 16GA catheter. The liver was perfused (15 mL.min)
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in a single-pass mode with Krebs bicarbonate buffer. After stabilization
of the exposed liver (15-20 min), the blank perfusate was collected via a
tubing inserted into the thoracic vena cava [32]. All spiked samples were
prepared by adding 50 pL of 100 pg.mL! standard stock solutions of
amlodipine and valsartan to the 100 pL of blank rat liver perfusate and
making up the volume to 1000 pL by mobile phase. The samples were
filtered through a 0.45 pm membrane filter and then 20 pL injected into
the LC system.

Results and Discussion
Method optimization

Various mobile phase combinations were tried initially to separate
amlodipine and valsartan on C,, column. Preliminary experiments indi-
cated that using different concentrations of acetonitrile or methanol with
water was not able to separate the peaks of amlodipine and valsartan
or to obtain suitable retention and peak shape. In order to achieve ac-
ceptable peak shapes and perform the separation on a suitable run time,
various buffer systems were tried systematically. The mixture of acetoni-
trile and phosphate buffer (pH 3.6; 0.01 M) was capable of a good separa-
tion and short run time. The retention times of amlodipine and valsartan
obtained for different phosphate buffer: acetonitrile ratios (40:60, 45:55,
50:50, 55:45, 60:40 v/v) indicated that the resolution between amlodip-
ine and valsartan increased using higher phosphate buffer ratio (Fig. 2).
However, even for a phosphate buffer: acetonitrile ratio of 60:40 (v/v), it
was not possible to prevent interference between amlodipine and matrix
components (rat liver perfusate). Since the retention time of valsartan
increased more than desired, it was not suitable to raise the phosphate
buffer proportion more than 60%. Therefore, it was decided to add an-
other organic solvent, methanol, to the mobile phase. With methanol ad-
dition, the peaks of both amlodipine and valsartan were eluted properly
and also there was no interference between amlodipine and matrix com-
ponents. Thus, the final composition of the mobile phase was chosen as
phosphate buffer (pH 3.6; 0.01 M), acetonitrile and methanol (50:40:10;
v/v) and defined as the optimum conditions. The retention times for am-
lodipine and valsartan using optimum conditions were 8.23 and 10.43
minutes, respectively. For both compounds, the peak symmetries were <
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Figure 2
Effect of phosphate buffer (pH 3.6; 0.01M) proportion in the mobile phase on the
separation of amlodipine and valsartan
Phosphate buffer:acetonitrile ratios (40:60, 45:55, 50:50, 55:45, 60:40 v/v)

1.5 and the theoretical plates numbers were > 2200. These values within
the acceptable range of USP definition and the chromatograms taken un-
der optimum conditions (Fig. 3) clearly show the ability of the method to
assess the analyte in the presence of matrix components.

Method validation
Stability

The standard stock solutions of amlodipine and valsartan were stored
at +4 °C for 1 month and protected from daylight. During this period, it
was analyzed periodically and no unexpected peak appeared which might
indicate the degradation. In addition, the peak areas were not changed
remarkably for both compounds when they were compared with freshly
prepared ones.
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The chromatograms obtained in optimum conditions (a: amlodipine and valsartan
standard solutions (5 pg mL!); b: spiked sample; c: blank perfusate solution)
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Linearity

The calibration curves for amlodipine and valsartan were constructed
under optimum conditions and the linearity of the method was determined
by performing injections at eight different concentration levels in the linear
range over 6 different days. The peak areas of amlodipine and valsartan
were plotted against the corresponding nominal concentration to obtain
calibration graph. The peak shapes and symmetries worsened after injec-
tion of 60.00 pg.mL! concentration for both compounds. Thus, the method
was evaluated linear in the range of 0.05 to 60.00 pg.mL! for both amlo-
dipine and valsartan. The regression equation data are given in Table 3.

Sensitivity

The sensitivity of the analytical method was evaluated by determin-
ing the limits of detection (LOD) and quantitation (LOQ). The signal-to-
noise ratios of 3:1 and 10:1 were taken as LOD and LOQ, respectively [33,
34]. The values of LOD and LOQ for both amlodipine and valsartan were
0.02 and 0.05 pg.mL-1, respectively and given in Table 3.

Repeatability

In order to measure repeatability of the developed HPLC method, 10
consecutive injections were made with standard solutions containing

TABLE III
Linearity data of the developed method (n=6)
Amlodipine Bes. Valsartan

Regression equation* y = 45477 x - 6035 y =48114 x - 6768
Standard error of intercept | 424 494
Standard error of slope 2116 3565
Correlation coefficient (r) 0,9996 0,9995
Linearity range (pg mL™) 0.05 - 60 0.05 - 60
Number of data points 8 8
LOD (pg mL") 0.02 0.02
LOQ (pg mL7) 0.05 0.05

*where y is peak area and x is concentration in pg mL ! of amlodipine bes. and valsartan
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10.00 pg mL! of amlodipine and valsartan. The results were evaluated by
considering retention time and peak area. Neither the peak areas, nor the
retention times changed more than % 2, which shows the high repeat-
ability of the method.

Precision and Accuracy

Three different concentrations of standard amlodipine and valsartan
solutions (within the linear range) were analyzed three consecutive days
(inter-day precision) and three times within the same day (intra-day pre-
cision). The relative standard deviation (RSD) and the Bias of intra- and
inter-day studies were within the acceptable range (<%5) indicating that
the precision and accuracy of the method were satisfactory [33,34]. The
results are also given in Table 4.

TABLE IV
Precision and accuracy of the developed method
Intra-day Inter-day
Added Found® Precision™ | Accuracy Found® Precision™ | Accuracy
(pg mLY) (pg mLY) RSD % Bias % (pg mLY) RSD % Bias %
y 1 1.08 = 0.03 4.55 8.33 1.10 = 0.03 5.02 9.67
&
0
.g 10 9.79 +0.11 1.91 -2.10 10.24 = 0.17 2.89 2.40
£
S
5 40 39.72 + 0.47 2.05 -0.70 41.06 = 0.66 2.79 2.65
1 1.13 £ 0.03 4.19 12.67 1.12 £ 0.03 4.39 12.33
=t
5
g 10 9.90+£0.13 2.20 -1.03 10.14 = 0.17 2.93 1.37
G
>
40 40.08 = 0.52 2.25 0.20 40.36 = 1.10 4.74 0.89

" mean = standard error (n=3)
“ Relative standard deviation
Bias %: [(Found - Added) / Added] x 100




26 HACETTEPE UNIVERSITY JOURNAL OF THE FACULTY OF PHARMACY

Selectivity

The chromatogram obtained from standard solution was identical
with that obtained from spiked solution containing an equivalent concen-
tration of amlodipine and valsartan. The representative chromatograms
(Fig. 3) show no other peaks on the retention time of amlodipine and val-
sartan and the retention times did not change. Accordingly, the proposed
methods can be considered selective.

Sample analysis

The spiked amlodipine and valsartan samples (5 pg.mL!; n=5) were
analyzed using the developed HPLC method. The mean values determined
were 4.82 = 0.11 pg.mL"! for amlodipine and 5.08 = 0.07 pg.mL"! for val-
sartan, while the RSD values were 5.25% for amlodipine and 3.35% for
valsartan. The Bias values were 3.35% for amlodipine and -1.72% for
valsartan.

Although there is an LC-MS method [30] described in the literature
for the simultaneous analysis of 6 beta-blockers, 3 calcium-channel an-
tagonists (including amlodipine), 4 angiotensin-II antagonists (including
valsartan) and 1 antiarrhytmic drug, our method has brought simplicity
for simultaneous determination of amlodipine and valsartan in bioldgical
samples. Our method does not require preanalytical extraction proce-
dures, complex mobile phase mixtures and mass spectroscopic analysis.
Moreover, the analysis can be easily carried out at ambient temperature.

Conclusion

In this study a simple, fast and reliable HPLC method was developed
and validated for the simultaneous determination of amlodipine and val-
sartan in spiked liver perfusion samples. The developed method was suc-
cessfully applied for the analysis of amlodipine and valsartan in spiked
rat liver perfusion samples indicating that it could be easily applied to the
in situ rat liver perfusion studies. The method shows a good performance
with respect to linearity, sensitivity, accuracy, precision, selectivity. By
this way, it provides the necessaries in order to determine the amount
of amlodipine and valsartan for liver perfusion studies to investigate the
pharmacokinetic profiles of these compounds.
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Summary

Validated HPLC Method Development: The Simultaneous Analysis of
Amlodipine and Valsartan in Samples for Liver Perfusion Studies

Amlodipine (as besylate salt) is a long-acting calcium channel blocker
used as an anti-hypertensive and in the treatment of angina. Valsartan, an
angiotensin Il receptor antagonist, works by blocking angiotensin hormone
thereby relaxing blood vessels, causing them to widen which lowers blood
pressure and improves blood flow. It was noted that the combination of an
angiotensin receptor blocker and a calcium channel blocker provides an
effective option for patients with hypertension. The aim of this study was
to develop an HPLC method for simultaneous determination of these com-
pounds. The experiments were performed on a reversed-phase HHCHROM
Nucleosil 100-5 C,; column (250 mm X 4.6 mm [.D.). The LC system was
operated isocratically at room temperature using a mobile phase consisted
of phosphate buffer (pH 3.6, 0.01 M): acetonitrile: methanol (50:40:10 v/v).
After mixing, the mobile phase was filtered through a 0.45 pm membrane
filters and run at a flow rate of 1.0 mL.min!. The detector was set at 240
nm and peak areas were integrated automatically. Under these conditions,
the retention times for amlodipine and valsartan were 8.23 and 10.43 min-
utes, respectively. The newly developed method was found to be linear
within the range of 0.05 to 60.00 pg.mL*, LOD and LOQ values were 0.02
and 0.05 pg.mL! for both amlodipine and valsartan. The standard devia-
tion of intra- and inter-day precision studies was within the acceptable
range (<5%). Our findings indicated that, the developed HPLC method was
precise, accurate, specific and sensitive for the simultaneous determina-
tion of amlodipine and valsartan. In conclusion, the developed method was
successfully applied for the analysis of amlodipine and valsartan in spiked
rat liver perfusion samples indicating that it could be easily applied to the
in situ rat liver perfusion studies.

Keywords: Amlodipine, Valsartan, HPLC method development, Vali-
dation, Rat liver perfusion study
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Ozet

Valide Edilmis HPLC Yontemi Gelistirilmesi: Karaciger Perfiizyon
Calismalarn igin Numunelerden Amlodipin ve Valsartan’in
Ayni1 Anda Analizi

Amlodipin (besilat tuzu seklinde), ytiksek tansiyonu onleyici ve an-
jina tedavisinde kullanilan uzun etkili bir kalsiyum kanal blokérudir.
Valsartan, anjiyotensin hormonunu bloke eden ve bu yolla kan
damarlarim rahatlatan, onlan genisleterek kan basincim diistiren ve
kan akism iyilestiren bir anjiyotensin II reseptér antagonistidir. Bir
anjiyotensin reseptér blokoérti ve kalsiyum kanal blokértintin kombi-
nasyonunun, yiksek tansiyon hastalan icin etkili bir opsiyon sagladig:
bildirilmistir. Bu calismanin amaci, s6zii edilen bilesiklerin ayni1 anda
analizini gerceklestiren bir HPLC yontemi gelistirmektir. Calismalar,
ters-faz HICHROM Nucleosil 100-5 C ; kolon (250 mm x 4,6 mm 1.D.)
kullanilarak gerceklestirilmistir. LC sistemi, oda sicakliginda izokratik
olarak calistinllmis ve fosfat tamponu (pH 3,6, 0,01 M): asetonitril:meta-
nol (50:40:10 v/v) karisimi, hareketli faz olarak kullanilmistir. Hareketli
faz, kanstirildiktan sonra 0,45 pm membran filtreden stiztilmus ve 1,0
mL.min' akis hizinda gecirilmistir. Dedektér, 240 nm’ ye ayarlanmis ve
pik alanlar otomatik olarak integre edilmistir. Bu kosullar altinda am-
ve 10,43 dakikadir. Yeni gelistirilen metod amlodipin ve valsartan i¢in
0,05 - 60,00 pg.mL! araliinda lineer bulunmus, LOD ve LOQ degerleri
0,02 ve 0,05 pg.mL! olarak hesaplanmistir. Gtin ici ve glinler arasi kes-
inlik calismalarimin standart sapma degerleri kabul edilebilir smirlar
icerisindedir (<%5). Sonuclarimiz, gelistirilen HPLC ydnteminin amlo-
dipin ve valsartanin ayn anda tayin edilebilecegi kesin, dogru, 6zgun ve
hassas bir yontem oldugunu goéstermektedir. Sonuc¢ olarak, gelistirilen
yontem, amlodipin ve valsartanin spayk edildigi sican karacigeri per-
flizat numunelerinden analiz i¢cin basariyla uygulanmistir ve bu goster-
mektedir ki; aym yéntem kolaylikla in situ sican karacigeri perfiizyon
calismalarina uygulanabilir.

Anahtar Kelimeler: Amlodipin, Valsartan, HPLC yéntem gelistirilmesi,
Validasyon, Sican karacigeri perfiizyon calismasi
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