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Statins are effective and often-prescribed drugs for the treatment
of hypercholesterolemia. This study shows a simple and fast
method validation by reversed-phase high-performance liquid chro-
matography in the linear range 28 to 52 pwg/mL to quantify lovasta-
tin, pravastatin sodium or simvastatin in bulk drug or dosage forms.
Statins were determined using a C8 endcapped column (250 X
4 mm, 5 pm), isocratic mobile phase of acetonitrile and 0.1% phos-
phoric acid (65:35), 30°C, ultraviolet—diode array detection at A\
238 nm and 1.5 mL/min flow for lovastatin and simvastatin and
1.0 mL/min for pravastatin sodium. The developed method is fast,
simple, reliable and shows appropriate linearity (r > 0.999), accur-
acy (98.8—-101.6%), precision (relative standard deviation <2%) and
selectivity toward placebo and/or degradation products in very
similar chromatographic conditions for all statins.

Introduction

Statins are competitive inhibitors of 3-hydroxy-3-methylglutaryl
coenzyme A (HMG-CoA) reductase, which catalyzes a previous
and limiting stage to biosynthesis of cholesterol. These drugs
are well tolerated and effective for the treatment of hyperchol-
esterolemia to reduce plasmatic cholesterol levels (1). The
statin class is the most currently prescribed among cholesterol-
lowering drugs. Because of the increasing generic pharmaceut-
ical industry market in the world, the development of quantita-
tive methods is relevant to establish official methods to reach
uniformity in the assessment and interpretation of analytical
results.

Although the structures of lovastatin (LOV), pravastatin
sodium (PRV) and simvastatin (SIM) are similar (Figure 1), ana-
lytical methods described in the literature differ and have been
separately developed for each drug.

Reversed-phase high-performance liquid chromatography
(RP-HPLC) techniques have been described for determination
of LOV, PRV or SIM by using detection with ultraviolet (UV),
visible spectrophotometry, fluorimetry or mass spectrometry
(MS). However, a sample pre-treatment is necessary with
visible or fluorimetry detection (2, 3). Zhao and colleagues
developed a method by HPLC-MS tandem, with a
turbo-ionspray interface detection for simultaneous determin-
ation of SIM and its hydroxyacid in human plasma using
liquid—solid extraction (4). Although the method was sensitive,
precise and accurate for biologic matrices, sample handling and
clean-up procedure before analysis is laborious. Additionally,
the equipment is expensive and not accessible to many

analytical laboratories (3, 4). Other methods have been
reported, such as oxidation-reduction and complex formation
reactions for statin determination in bulk drug and pharma-
ceutical formulations by visible spectrophotometry (5, 6, 7).
These methods require several reagents for chemical reactions
and involve cost and time. Derivative UV spectrophotometry
has also been described for SIM determination in tablets
toward placebo and drug degradation products and compared
with HPLC (8, 9). However, none of the eluted degradation
peaks were identified or characterized. Although derivative UV
is effective to eliminate interferences, it requires an internal
software capable of performing derivation calculations. The
described methods were developed to quantify one statin at a
time.

Monographs of LOV, PRV and SIM have been included in
some compendia, such as the British Pharmacopoeia (BP2010),
European Pharmacopoeia (EP2010 or EP2009), United States
Pharmacopeia (USP32) and Japanese Pharmacopoeia 2006
(JP20006). In the RP-HPLC recommended method for raw material
or dosage forms, conditions differ regarding mobile phase and
type of reversed-column (octylsilane/RP8 or octadecylsilane/
RP18) at the UV detection is performed at X 238 nm (10-14).

The employed method conditions for LOV determination in
USP32, BP2010 and EP2009 are: 1.5 mL/min, RP8 column,
acetonitrile and 0.1% phosphoric acid (65:35) in isocratic
elution (USP32) (13) or gradient elution for 20 min (BP2010,
EP2009) (10, 12). For PRV, a mobile phase constituted of
glacial acetic acid, triethylamine, methanol and water
(1:1:450:550), isocratic mode, 1.3 mL/min in a RP18 column
are recommended in BP2010, EP2010 or JP2006 (10, 11, 14).
In addition, USP32 describes a gradient elution during 20 min
with variable ratios of 0.08M phosphoric acid pH 5.0 and aceto-
nitrile as mobile phase, 1.0 mL/min (13). Assay methods for
SIM raw material described in BP2010, EP2009 and USP32
employ a RP18 endcapped column, 3.0 mL/min and variable
ratios of 0.1% aqueous phosphoric acid solution and aceto-
nitrile (50:50) mixed with 0.1% phosphoric acid in acetonitrile
as mobile phase in gradient elution for 13 min (10, 12, 13).

Considering that variable conditions for statins determination
are found in the literature, a validated single HPLC isocratic
method for the determination of LOV, PRV or SIM in bulk drug
or dosage forms using similar chromatographic conditions,
except for a flow adjustment for PRV, is described. A stress
study was performed for LOV and SIM to assess the drug in the
presence of degradation products and to evaluate the method’s
selectivity.

(© The Author [2012]. Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions@oup.com



H,C

Figure 1. Chemical structures of LOV, PRV and SIM.

Experimental

Material

LOV working standard (100.8% purity, batch 0612002) and
LOV raw material (99.9% purity, batch 07061205A) were
acquired from Galena Quimica e Farmacéutica (Campinas, SP,
Brazil) and Pharma Nostra Comercial (Rio de Janeiro, RJ,
Brazil), respectively. SIM working standard (99.1%, batch 0080/
00348) was donated by Medley Pharmaceuticals (Campinas, SP,
Brazil) and SIM raw material (99.2% purity, batch 2113002/
2007) was donated by Laboratorio Globo (Sio José da Lapa,
MG, Brazil). PRV working standard (98.8% purity, batch
IF070102) and PRV raw material (99.8% purity, batch
06081546A01) were acquired from Deg (Sdo Paulo, SP, Brazil)
and Pharma Nostra Comercial, respectively.

Placebo excipients were microcrystalline cellulose MC 102
Microcel (Colorcon do Brasil; Sio Paulo, SP); ascorbic acid
(Sigma; St. Louis, MO), citric acid, sodium starch glycolate and
colloidal silicon dioxide (Henrifarma; Sio Paulo, SP, Brazil),
buthylhydroxytoluene (InduKern do Brasil Quimica; Sdo Paulo,
SP, Brazil), magnesium stearate and directly compressible lactose
Tablettose 100 (Ipiranga Quimica; Sao Paulo, SP, Brazil); sodium
lauryl sulfate (Pharmacopeia Attivos Magistrais; Sao Paulo, SP,
Brazil), polyethylene glycol (PEG) 6000 (Labsynth; Diadema, SP,
Brazil) and talc (Proquimios; Rio de Janeiro, RJ, Brazil).

Acetonitrile (J.T. Baker; Phillipsburg, NJ), concentrated
hydrochloric acid, sodium hydroxide, phosphoric acid (Merck;
Darmstadt, Germany) and hydrogen peroxide (Labsynth) were
used. All chemicals and reagents were of analytical or chroma-
tographic grade and used without ulterior purification.

HPLC analysis was performed in a HP1100 chromatograph
(Agilent Technologies, Santa Clara, CA) coupled to a quaternary
pump, automatic injector, a UV—-diode array (DAD) detector
and column oven. An ultrasonic cleaner (1400, Unique;
Indaiatuba, SP, Brazil), a centrifuge (Jouan B4i; Thermo
Scientific; Waltham, MA), a dry oven (306/1, Fanem; Sio Paulo,
SP, Brazil) and a UV light with cabin (ENF-240C, Spectroline;
New York, NY) were used.
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Method

Chromatographic conditions for the determination of LOV, PRV
and SIM included an RP8 endcapped column (250 x 4 mm;
5 wm, LiChrospher Merck), acetonitrile and 0.1% phosphoric
acid (65:35), A 238 nm UV-DAD detection, 30°C with 1.5 mL/
min for LOV and SIM, and 1.0 mL/min for PRV. All solutions
were diluted in acetonitrile, except PRV, for which the first
dilution was in water. All solutions were filtered through
045-pm pore cellulose membrane (Sartorius; Goettingen,
Germany) and a 10-pL volume was injected into the chromato-
graph. All measurements were performed in triplicate.

Validation

Method validation was performed for each drug. Calibration
curves were separately prepared by transferring 3.5, 4.25, 5.0,
5.75 and 6.5 mL aliquots of LOV, PRV and SIM stock standard
solutions (40 mg% in acetonitrile for LOV and SIM or water for
PRV) to a 50-mL volumetric flask. Final concentrations obtained
for each statin were 28, 34, 40, 46 and 52 pg/mL in aceto-
nitrile. Linear regression was performed using the least-squares
method of the concentration versus the average of absolute
peak areas. Statistical analysis was accomplished by analysis of
variance (ANOVA) of the regression at 5% significance level.

The precision of the method was evaluated through the
repeatability (intra-assay) and the intermediate precision (inter-
assay) at three levels of concentration (28, 40 and 52 pg/mL, in
triplicate) (15—17). The requirements were met if the relative
standard deviation (RSD) for each concentration did not
exceed 2% for repeatability or 5% for intermediate precision in
two days (15, 17, 19).

Limits of quantitation (LOQ), the lowest LOV, PRV and SIM
concentrations that can accurately be determined, were calcu-
lated by the equation LOQ = 10 s,/ b (where s, is the standard
deviation of the curve intercept, a; b is the slope of the calibra-
tion curve) (17, 20).



The accuracy of the method was evaluated by the standard
addition method. Standard solutions of LOV, PRV or SIM stand-
ard (40 mg%) were added to the placebo, diluted with 35 mL
of acetonitrile for LOV and SIM or water for PRV, sonicated for
15 min and completed with acetonitrile (LOV and SIM) or
water (PRV). Solutions were centrifuged (4 min, 4,000 rpm)
and aliquots withdrawn from the supernatant were transferred
to 50-mL volumetric flasks. Final concentrations corresponded
to 70, 100 and 130% of the working concentration (40 pg/
mL). The results were expressed in percentage of recovery
of drug. The average recovery of analyte must be within
98.0—102.0% at each level (15, 20).

Placebo constituents and their percentages were those com-
monly used in tablet manufacture: PEG6000 (12.5%), ascorbic
acid (0.05%), citric acid (0.8%), colloidal silicon dioxide (0.5%),
butylhydroxytoluene (0.5%), microcrystalline cellulose (43%),
magnesium stearate (0.5%), sodium starch glycolate (2.0%),
lactose (36.15%), sodium lauryl sulfate (0.5%) and talc (1.0%).

The selectivity was demonstrated by suitable separation of all
potential interfering substances, placebo or degradation pro-
ducts toward the peak of interest within a specified resolution,
Ry, usually >2 (17, 20). The purity of the peak of interest in
degraded sample was determined by the UV-DAD scanning.
Selectivity was accomplished by evaluating possible interfer-

ence of degradation products, yielded by stress degradation, for
LOV and SIM in different conditions to verify whether the
method can be considered a selective or a specific
stability-indicative assay method (18). The selectivity of the
method for PRV was evaluated in the presence of excipients.

The robustness of the method for the determination of LOV
and SIM was deliberately evaluated by moditying chromato-
graphic conditions and verifying their influence in the results.
Six sample solutions of LOV, PRV and SIM and their reference
solutions were separately prepared in the working concentra-
tion 40 pg/mL. The intentionally modified parameters were
organic solvent amount (+ 2%), temperature (+5°C) and flow
rate (£ 0.1 units) (13, 19). The results obtained after the modi-
fication of parameters were compared with those obtained in
the established (nominal) chromatographic conditions by
ANOVA and Tukey test.

Stress degradation

Accurately weighed amounts of LOV and SIM were separately
transferred either to volumetric flasks (containing 10% of
acetonitrile, for drug dissolution, and 50% of adequate
medium) for neutral, acid and alkaline hydrolysis, oxidation or
to Petri dishes for dry heat and UV exposure.
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Figure 2. Chromatograms: mixture of LOV (tg 5.1, T 0.98) and SIM (tz 6.5, T 0.97) with Rg 6.73 (A); PRV (tg 2.3, T 1.18) (B). Conditions: RP8-e column, mobile phase 65:35
acetonitrile and 0.1% v/v phosphoric acid, UV detection N 238 nm, concentration 40 g/ml in acetonitrile, 1.5 mL/min (LOV and SIM) and 1.0 mL/min (PRV).
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All samples submitted to stress degradation (neutral, acid and
alkaline hydrolysis, oxidation, dry heat and UV exposure) were
prepared at 300 pg/mL and evaluated by the chromatographic
method.

Neutral, acid and alkaline bydrolysis
For neutral hydrolysis, LOV and SIM were separately heated (steam
bath, 4 h) in volumetric flasks in aqueous medium. Samples were

Table |
Statistical Results for Calibration Curves of LOV, PRV and SIM by HPLC*

cooled and the volume was completed with acetonitrile. The
same procedure was repeated for acid or alkaline hydrolysis,
except that 1 N HClI or 1 N NaOH medium was added,
respectively.

Oxidation

Accurately weighed amounts of LOV and SIM were separately
transferred to volumetric flasks containing 10% of acetonitrile,
50% of distilled water and 10% of hydrogen peroxide (30% v/v).
After heating (steam bath, 4 h), the samples were cooled and
the volumes were completed with acetonitrile.

Parameters Lov PRV SIM
Equation y =2231x-17.98 y = 28.11x+0.73 y = 21.594x-5.02
Correlation coefficient (r) 0.9998 0.9991 0.9994
RSD (%) . 0.40 0.93 0.82 Dry beat and UV exposure
Intercept p value 0.093 0.958 0.579 . -
Slope p value’ 266 x 102 203 x 10~ 19 367 x 10-2 Accurately Welghcfd .amounts of LOV and ?IM were separatfly
transferred to Petri dishes. Samples were left in a dry oven (105°C,
*Note: critical value o = 0.05; conditions are shown in Figure 2. 4 h) or exposed to UV radiation in a short Wavelength ()\ 254 nm,
+ S
i'snltemept ”_?_t S'gi'f‘cim ‘fOP 05> 0.05. 4 h). The samples were quantitatively transferred to volumetric
< 0.05. . -
ope signiicant for flasks and the volume was completed with acetonitrile.
Table Il
Precision and Accuracy Results for LOV, PRV and SIM by HPLC* Results and Discussion
Precision (%RSD) In Figure 2A, profiled chromatographic results are retention
LoV PRV S time (tg), 5.1 £ 0.2 min and retention factor (&), 4.18 for LOV;
.5 + 0.2 min an .51 min IM. Th ; n
Concentration Day |Intra-day Inter-day Intra-day Inter-day Intra-day Inter-day R 65+ 0.2 min and & 55 for ¢ Ry b?twee the
(g/mL) peaks was 6.73. The PRV chromatogram resulted in tg 2.3 +
2 ] 110 0.8 069 064 069 106 O.Z.mm and & 1.30 (Figure 2B). Found k& values obtained were
2 0.71 0.72 135 satisfactory and met the recommended range (0.5 < & < 20),
40 ; 8.32 053 }.[21(; 1.21 ?-ig 132 as described by Snyder and colleagues (19). All peak tailing
52 1 023 048 097 118 084 099 factors (T) were bel(.)vs.f 1.2,. c?mpared to the U.nlt.cd States
2 0.07 1.55 1.00 Food and Drug Administration’s recommended limit of less
A ” than 2 (20).
\verage recoven . . . .
¢ v The linearity of the method for all statins was evaluated in
28 101.6 100.1 99.7 the concentration range 28-52 pug/mL (n=15) in triplicate
gg 131% 188'5 wgg'g (Table I). Correlation coefficient (r) values greater than 0.999
- - - (20) and significant slope at 5% of significance level were
*Note: Conditions are shown in Figure 2. verified.
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Figure 3. Overlaid chromatograms for placebo (full line) and a mixture of PRV, LOV and SIM reference solutions (hatched line). Conditions are the same as those shown in

Figure 2, except for flow rate, 1.5 mL/min.
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Figure 4. Chromatograms obtained after: acid hydrolysis of LOV (tg 5.20 min) (insert: UV—DAD spectrum of unidentified degradation product) (A); acid hydrolysis of SIM (tg

6.61 min) (B); alkaline hydrolysis of LOV (C); alkaline hydrolysis of SIM (100°C, 4 h, 10% acetonitrile plus 1 N HCI or 1 N NaOH) (D). Arrows show hydroxyacids LOV-H and
SIM-H.
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The precision of the method was expressed by the RSD
values of a series of measurements in two days by different ana-
lysts. In Table II, the results are summarized for repeatability
(intra-day) and intermediate precision (inter-day) for three
levels of concentration (triplicate). RSD values obtained for
repeatability and intermediate precision were satisfactory, not
exceeding the maximum acceptable value of 2% (15, 17, 19).

LOQ values found by the equation LOQ = 10s,/b were
1.97 pg/mL for LOV, 4.81 pg/mL for PRV and 4.08 pg/mL for
SIM.

The accuracy, evaluated by the standard addition to placebo,
was expressed as the recovery percentage (Table II). The
average recovery was within the range (98.0—102.0%) recom-
mended by Green (15) for all statins at each concentration
level.

Selectivity to excipients was attested (Figure 3) by the super-
posed chromatograms of the placebo with the LOV, PRV and
SIM reference mixture solution. The presence of UV-absorbing
interferences in the same retention time of LOV, PRV or SIM
was not detected. The peak purity for LOV, PRV and SIM was
proven by the UV-DAD detector scanning, which presented
similarity indices (SI) greater than 99.0%.

The robustness varied conditions (mobile phase compos-
ition, temperature and flow rate) tested and compared by
means of the Tukey test at 5% significance level were: 63 and
67% acetonitrile; 25 and 35°C; 1.4 and 1.6 mL/min for LOV and
SIM, 0.9 and 1.1 mL/min for PRV. The average values obtained
with different conditions did not differ for LOV and SIM; hence
the method is robust in all tested conditions. On the other
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350
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100

hand, the average peak areas obtained for PRV determination
were statistically different after flow rate change to 0.9 or
1.1 mL/min. These results indicate that the flow rate is critical
for PRV determination using the proposed method, because
the highly polar sodium salt drug is less interactive with the
column and quickly eluted.

Stress degradation

Figures 4 to 6 show the chromatograms obtained after stress
degradation for LOV and SIM. PRV stress degradation was not
performed because the drug and its possible degradation pro-
ducts are considered to have low retention times. As a confirm-
ation of this hypothesis, Onal and Sagirli (21) conducted a
forced degradation study with PRV in acidic, alkaline, neutral
and oxidative conditions (80°C, 1 h) and thermal (105°C, 5 h)
and photolytic stresses in PRV solution (10 h, A 366 nm). The
study was performed with a RP18 column, methanol —0.02 M
phosphate buffer, 57:43, pH 7. PRV showed complete degrad-
ation after acid hydrolysis. For all conditions, the degradation
products eluted before the PRV elution time (tg approximately
5 min), which is evidence of the method’s selectivity in the
presence of degradation products.

In the present work, all generated degradation products and
tested excipients from the placebo (Figure 3) were satisfactor-
ily separated from statin peaks with Ry > 2. After acid hydrolysis
(10% acetonitrile plus 1 N HCI, 100°C, 4 h) LOV and SIM were
still detected in the presence of their degradation products
(Figures 4A and 4B). However LOV and SIM were more sensi-
tive to alkaline hydrolysis (Figures 4C and 4D), yielding

Lov

200

150 I

100

50

5 3 7 8 £ min

5IM-H

SIM

U N

o 1 4

5 6 7 8 9 min

Figure 5. Chromatograms obtained after neutral hydrolysis (10% acetonitrile, 100°C, 4 h) for LOV (tg 5.18 min) (A); SIM (tg 6.55 min) (B). LOV-H and SIM-H are hydroxyacid

forms of LOV and SIM, respectively.
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Figure 6. Chromatograms obtained after oxidation for LOV (tg 5.19 min) (A); SIM (tg 6.57 min) (10% H,0,, 100°C, 4 h) (B). Arrows show degradation products (DP).

complete degradation. These results are in accordance with
previous studies (22, 23).

Alvarez-Lueje and colleagues (22) evaluated the stability of
LOV under different media (simulated gastric medium without
pepsin, 0.06M or 0.1M HCI; phosphate buffer pH 7.4 with or
without sodium laurylsulphate) and temperatures (37, 60 and
80°C). They reported that the LOV degradation product keeps
UV signal similarity to the parent drug, which is evidence that
the chromophore structure remains unaltered. A rank-order
LOV stability in different media was: simulated gastric medium
without pepsin > 0.06M HCI > 0.1M HCI > phosphate buffer
pH 7.4 with sodium laurylsulphate > phosphate buffer pH 7.4.

In the work conducted by Yang and Hwang (23), it was
reported that the statins’ lactone forms converse to their corre-
sponding hydroxyacid forms by the ring opening. This conver-
sion can be delayed in acidic medium, but occurs almost
completely in alkaline solution (0.1 N NaOH prepared with 25
or 50% acetonitrile, 45°C for 1h) for which the statin peak
was not detected, but peaks of hydroxyacid were evident. The
conversion is reported to occur in a lower proportion in
neutral medium (70% acetonitrile, up to 48 h, room tempera-
ture or, in water, up to 2 h, 100°C).

Therefore, the observed peaks at tg approximately 3.5 and
4.2min in the chromatograms obtained after alkaline and
neutral hydrolysis (Figures 4C, 4D, 5), whose UV spectra were
identical to that of LOV and SIM can be identified as their
hydroxyacid forms (LOV-H and SIM-H), respectively.

Nevertheless, in the present work, a further conversion of
the LOV and SIM corresponding hydroxyacid forms was

observed after alkaline hydrolysis, compared to the milder con-
ditions reported by Yang and Hwang (23). Because the hydro-
xyacid forms (LOV-H and SIM-H) resulted in very small signals
after the drastic alkaline hydrolysis (100°C, 4 h, 10% aceto-
nitrile plus 1 N NaOH), they must have been further degraded
or yielded non-detectable products by HPLC-UV-DAD.

Following LOV and SIM oxidation, degradation product peaks
were detected at tg 2.18 and 2.55 min, respectively (Figure 6),
and did not interfere around retention times tg 5.2 min (LOV)
or 6.5 min (SIM). In addition, the statins showed no interfering
degradation after heating at 105°C or UV exposure in the solid
state during 4 h. LOV and SIM chromatographic profiles after
heating and UV exposure were similar to that obtained in
Figure 2A.

Conclusion

The validation of a single developed method for the determin-
ation of LOV, SIM (flow rate 1.5 mL/min) or PRV (flow rate
1.0 mL/min) was accomplished by RP-HPLC, showing acceptable
linearity, precision, accuracy and selectivity towards placebo and
degradation products from the stress study. Moreover, the devel-
oped method was adequate because it provided satisfactory
results regarding resolution, peak symmetry and time-course of
analysis in very similar chromatographic conditions for all statins.
The statins were quantified in the presence of the drugs’ degrad-
ation products and/or formulation excipients; hence, it can be
considered a specific stability-indicative assay method, according
to Bakshi and Singh (18).

Development and Validation of a Simple and Fast HPLC Method for Determination of Lovastatin, Pravastatin and Simvastatin 837



Acknowledgments

The authors are grateful to FAPEMIG for the research financial
support and to CNPq (Brazil) for the fellowship to T.D.S.

References

1.

6.

838

Goodman, L., Gilman, A; The pharmacological basis of thera-
peutics. 10th edition, McGraw-Hill, Rio de Janeiro, (2003),
pp- 739-744.

. Ertiirk, S, Onal, A., Cetin, S; Analytical methods for the quantitative

determination of 3-hidroxy-3-methylglutaryl coenzyme A reductase
inhibitors in biological samples; Journal of Chromatography B,
(2003); 793: 193-205.

. Nirogi, R.,, Mudigonda, K. Kandikere, V,; Chromatography-mass

spectrometry methods for the quantification of statins in biological
samples; Journal of Pharmaceutical and Biomedical Analysis,
(2007); 44: 379—-387.

. Zhao, JJ., Xie, LH., Yang, AY. Roadcap, B.A, Rogers, ].D,;

Quantitation of simvastatin and its 3-hydroxy acid in human plasma
by liquid-liquid cartridge extraction and liquid chromatography/
tandem mass spectrometry; Journal of Mass Spectrometry, (2000);
35: 1133-1143.

. Arayne, M.S, Sultana, N., Hussain, F, Ali, S.A;; Validated spectro-

photometric method for quantitative determination of simvastatin
in pharmaceutical formulation and human serum; Journal of
Analytical Chemistry, (2007); 62: 536-541.

Basavaiah, K., Devi, O.Z.; Cerimetric determination of simvastatin in
pharmaceuticals based on redox and complex formation reactions;
Eclética Quimica, (2008); 33: 21-28.

. Basavaiah, K., Tharpa, K,; The development and validation of visible

spectrophotometric methods for simvastatin determination in pure
and tablet dosage forms; Chemical Industry and Chemical
Engineering Quarterly, (2008); 14: 205-210.

. Gomes, EP., Garcia, PL., Alves, ].M.P., Singh, AK., Kedor-Hackmann,

ERM., Santoro, M.LR.M. UV-derivative spectrophotometric and
stability-indicating  high-performance liquid chromatographic
methods for determination of simvastatin in tablets; Latin
American Journal of Pharmacy, (2009); 28: 261-269.

. Wang, L. Asgharnejad, M,; Second-derivative UV spectrometric

determination of simvastatin in its tablet dosage form; Journal of
Pharmaceutical and Biomedical Analysis, (2000); 21: 1243—1248.

Silva et al.

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

British Pharmacopoeia. The Stationary Office, London, UK, (2010),
pp- 1298, 1746, 1893, 3023, 3080.

European Pharmacopoeia. Supplement 6.6, 6th edition, Directorate
of Quality of Medicines of the Council of Europe, France, (2010),
pp- 5279-5318.

European Pharmacopoeia. Supplement 6.4, 6th edition, Directorate
of Quality of Medicines of the Council of Europe, France, (2009), p.
46806.

United States Pharmacopeia, 32 rev. National Formulary, 32 rev.
United States Pharmacopeial Convention, Rockville, MD, (2009),
pp- 3081, 3645, 3855.

Japanese Pharmacopoeia. 15th edition, Society of Japanese
Pharmacopoeia, Japan, (2006), p. 1018.

Green, J; A practical guide to analytical method validation;
Analytical Chemistry, (1996); 68: 305A—309A.

United States Food and Drug Administration (US/FDA). Guidance
Sor industry, bioanalytical method validation. US Department of
Health and Human Services, Food and Drug Administration,
Rockyville, MD, (2001).

International Conference on Harmonisation (ICH). Guidance for
Industry. Q2B Validation of Analytical Procedures: Methodology.
Food and Drug Administration, Rockville, MD, 1996.

Bakshi, M., Singh, S,; Development of validated stability-indicating
assay methods-critical review; Journal of Pharmaceutical and
Biomedical Analysis, (2002); 28: 1011-1040.

Snyder, LR., Kirkland, JJ., Geajch, J.L; Practical HPLC method
development, 2nd edition, John Wiley & Sons, New York, NY,
(1997), pp. 685-713.

United States Food and Drug Administration (USFDA). Reviewer
guidance validation of chromatographic methods. Center for
Drug Evaluation and Research (CDER), Rockville, MD, (1994).

Onal, A, Sagirli, O.; Development of a selective LC method for the
determination of pravastatin sodium; Chromatographia, (20006);
64: 157-162.

Alvarez-Lueje, A., Pastine, J., Squella, J.A., Nunez-Vergara, L]J;
Assessment of the hydrolytic degradation of lovastatin by
HPLC; Journal of the Chilean Chemical Society, (2005); 50:
639-0646.

Yang, D., Hwang, LS; Study on the conversion of three natural
statins from lactone forms to their corresponding hydroxy acid
forms and their determination in Pu-Erh tea; Jowurnal of
Chromatography A, (2006); 1119: 277-284.



