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ABSTRACT

In this work an HPLC stability-indicating method was developed and applied to study the hydrolytic behavior of pravastatin in different pHs and temperatures. 
From the system suitability test, the selected chromatographic conditions were a C-18 column, acetonitrile-30 mmol L-1 phosphate buffer solution pH 2 (28:72) 
as mobile phase, 40ºC temperature column, a flux of 1 mL/min and 239 nm as wavelength detection. The developed method exhibited an adequate repeatability 
and reproducibility (CV 0.11% and 0.49%, respectively) and a recovery higher than 98%. Furthermore, the detection and quantitation limits were 3.4×10-7 mol 
L-1 and 3.7×10-6 mol L-1. The kinetic degradation of pravastatin fits to a pseudo-first order kinetic. The degradation was pH-dependent: alkaline pH < acid pH and 
the generation of degradation products was dependent of the media tested (one product in alkaline medium and 4 products in acid medium). Activation energy, 
kinetic rate constants at different temperatures, t1/2 and t90 values are also reported.
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INTRODUCTION

Pravastatin (Fig. 1) is a well-known cholesterol-lowering agent belonging 
to “statin” class and are now among the most frequently and efficient prescribed 
drugs used to treat hypercholesterolemia and significantly reduce the morbidity 
and mortality associated with coronary heart disease1. Pravastatin is quickly 
absorbed, goes through hepatic metabolism to give a 3α-hydroxylated isomeric 
compound that possesses 10 - 40% of the activity of the parent compound and 
furthermore, an isomeric 3α, 5β, 6β-trihydroxylated metabolite2.

Figure 1. Chemical structure of pravastatin

  Pravastatin acts inhibiting the 3-hydroxy-3-methylglutaryl coenzyme A 
(HMG-CoA) reductase, enzyme that participates in the endogenous cholesterol 
synthesis. The reductase inhibition is directly related with the structural 
similitude between the drug and the endogenous substrate, thus both the 
pharmacological and therapeutic activities of this drug have a close relationship 
with its structure, which is the basis to development studies about its stability.

The drugs stability investigation represents an important subject in drug 
quality evaluation. Many environmental conditions such as heat, light or the 
chemical susceptibility of substances to hydrolysis or oxidation can take part 
in pharmaceutical stability3,4. A testing of drug substance can help to identify 
the likely degradation products and to give important information on drug’s 
stability. Successively, it can be an essential contribution to the development 
and validation of stability indicating analytical method used in monitoring of 
quality of pharmaceutical products. Independent of the final dosage form, forced 

drug degradation by exposure of drug to different experimental conditions is 
useful to predict the potential degradation products. Hydrolysis is one of the 
most common degradation chemical reactions. Since water, either as a solvent 
or in the form of the potential moisture in the air, contacts most pharmaceutical 
dosage forms to some degree; the potential for this degradation pathway exist 
for most drugs and excipients5. In recent years, rigorous quality control in the 
pharmaceutical industries has given rise to a growing need for simple, selective 
and sensitive analytical methods for the study of the degradation products as 
well as of the impurities, and thereby to assure the quality of the drug. High 
performance liquid chromatography is a method with numerous applications 
for the quantitation of drugs in various matrices-preformulations, dosage 
forms, and in biological fluids.

Pravastatin has been determined by polarographic pulse polarography6 
and capillary electrophoresis (CE)7 in tablets, and HPLC-UV8-13 and HPLC-
MS14-17, HPLC-MS-MS18,19, GC-MS20 in urine, plasma and other matrix. 
High throughput methods (HPLC and CE) have been also developed to 
determine pravastatin in production media21. Reviews of analytical methods 
for the quantitative determination of HMG-CoA reductase inhibitors, including 
pravastatin, in biological samples and in pharmaceutical formulations have 
been also published22,23.

Up to date, no HPLC stability indicating analytical method applied to a 
systematic study focused on pravastatin degradation have been described in 
the literature. For this reason, the aim of this paper is to study the hydrolytic 
behaviour of pravastatin in different pHs and temperatures and to develop an 
HPLC analytical method for determination of pravastatin in the presence of 
its hydrolytic degradation product(s). The novelty of this work is based on the 
description of a new analytical method, suitable for monitoring the purity of 
drug substance, and the obtained results can be helpful to assure the quality, 
safety and effectiveness of pharmacotherapy.

EXPERIMENTAL

Reagents and drugs. Sodium pravastatin (99.4% chromatographically 
pure) was obtained from Gentec, S.A. (Barcelona, Spain). All other reagents 
employed were analytical or HPLC grade. The water was double distilled and 
deionised (Milli-Q quality).

Pravastatin stock solution. Pravastatin pure drug was weighted and 
dissolved in deionised water to obtain a concentration of 1.0×10-2 mol L-1. This 
solution was stable for at least one week keeping at 8°C.

Buffer solutions. 30-mmol L-1 buffer phosphate solution was adjusted at pH 
2 with 30% phosphoric acid or 30% NaOH solutions and employed as mobile 
phase for HPLC experiments. For the degradation trials, 30-mmol L-1 buffer 
phosphate solution was adjusted at different pH (2-9) with 30% phosphoric 
acid or 30% NaOH solutions.

High Performance Liquid Chromatography (HPLC). HPLC measurements 
were carried out by using a Waters assembly equipped with a 600 model 
Controller pump and a 996 model Photodiode Array Detector. The acquisition 



and data treatment were made by means of the Millenium version 2.1 software. 
As chromatographic column a µBondapak/Porasil C-18 column, 10-µm-
particle size (3.9 mm×150 mm) and as column guards a C18 µBondapak (30 
mm×4.6 mm) were employed. The injector was a 20 µL Rheodyne valve.

Chromatographic conditions. An isocratic elution system composed by 
acetonitrile-30 mmol L-1 phosphate buffer solution pH 2 (28:72), at 40°C 
temperature, flow 1 mL/min and at a wavelength detection of 239 nm was 
employed.

HPLC system suitability test. A 1.0×10-4 mol L-1 pravastatin solution (30-
mmol L-1 buffer phosphate solution at pH 7) was heated at 80ºC during one 
hour, with the purpose to obtain both the corresponding peak to pravastatin 
and its degradation product. This sample was employed to assess the system 
suitability test. The effects of different concentrations of acetonitrile (40%, 
50%, 60%, 70% and 80%) on the capacity factor (k’), resolution (R), relative 
retention (α) were tested to determine the best analytical conditions24,25.

Degradation trials. phosphate buffer solutions (30-mmol L-1) at each 
selected pH (3, 5, 7, 9 and 12) were spiked with pravastatin to obtain an initial 
concentration ranging between 1.0×10-3 mol L-1 and 5.0×10-5 mol L-1. Solutions 
were divided in a number of 2 mL amber vials (at least two for each point of the 
degradation curve) and then placed in a oven at 80.0, 60.0 and 40ºC (± 0.2 ºC). 
Vials were taken from the oven at selected time intervals depending on both pH 
and temperature (each 5-10 min for pH 3-5 and 20-30 min pH 7-12 at 80ºC). 
Immediately each sample was cooled on ice to quench the reaction and assayed 
by HPLC. Experiments were carried out in duplicate, and the degradation was 
monitored over at least three half-lives. 

Thin layer chromatography. Preparative TLC experiments were carried 
out using RP 18 F254 as stationary phase and acetonitrile-water (30:70) as 
mobile phase. Samples solutions from the alkaline hydrolysis trial (1×10-3 
mol L-1 pravastatin standard solution) were chromatographied and the isolated 
residue was dissolved in d-DMSO and analyzed by 1H-NMR and 13C-NMR 
(Bruker, Advance DRX 300).

HPLC-ESI-MS. Solutions from the acid hydrolysis trial at pH 2 (1×10-4 mol 
L-1 pravastatin standard solution) were chromatographied in a HPLC (Agilent 
1100 Series) coupled to ESI-MS (Bruker Esquire 4000) using a µBondapak/
Porasil C-18 column, 10-µm-particle size (3.9 mm×150 mm) and an isocratic 
elution system composed of  acetonitrile-1% formic acid (30:70)17, 22.

Activation Energy (Ea). Each Ea value was obtained from Arrehnius 
model by plotting ln k vs. 1/T for each concentration tested. The final Ea value 
represents the average of the Ea calculated for 4 concentrations between 1×10-3 
mol L-1 and 1×10-5 mol L-1. In all cases regression coefficients values higher 
than 0.996 were obtained.

RESULTS AND DISCUSSION 

In order to develop an analytical methodology for pravastatin and its 
hydrolytic degradation products, different proportions of acetonitrile were 
assayed. The selection of the optimal working conditions was established 
through the system suitability assay.

According to the experimental results (Figure 2), while the acetonitrile 
concentration decrease, the k’ value diminishes in parallel. Besides, using a 28% 
of acetonitrile in the mobile phase, the R value increases to the highest value. 
In the same way, the α value peak is gotten using around a 35% of acetonitrile. 
In addition, while the mobile phase acetonitrile concentration decreases, the 
pravastatin and its hydrolytic degradation products chromatographic signals 
separate in equivalent way. Taking into account the above summarized results, 
the selected optimal conditions (R=2.1, k’=5.5, α=1.6) were: acetonitrile-30 
mmol L-1 phosphate buffer solution pH 2 (28:72), 40ºC and 1 mL/min flow 
rate. Under this conditions, pravastatin exhibited a retention time of 8.95±0.05 
min (Figure 3A) and its corresponding degradation products, retention times 
of 10.21±0.087 min; 11.83±0.064 min; 15.91±0.39 min; 17.60±0.17 min and 
19.47±0.17 min for hydrolysis at pH < 7 (Figure 3B) and only one signal at 
1.902±0.0095 min for the hydrolysis at pH > 7 (Figure 3C).

Figure 2. Dependence of percentage acetonitrile on (A) capacity factor: 
(k’), (B) resolution (R) and (C) relative retention (α) values of pravastatin and 
it degradation products. All eluents were acetonitrile-30 mmol L-1 phosphate 
buffer, pH 2.



Figure 3. Chromatograms of a 1×10-4 mol L-1 pravastatin standard solution 
at t = 0 min (A), after 1 h. of hydrolysis at pH 3, 80ºC (B) and 6 hrs of hydrolysis 
at pH 12, 80ºC (C)  Insert: UV-spectra of each peak.

In Table 1, the analytical evaluation of the new HPLC procedure for 
pravastatin is summarized. From the obtained analytical parameters we can 
conclude that the developed chromatographic assay fulfils the analytical 
requirements, exhibiting an adequate repeatability and reproducibility (CV 
0.11% and 0.49%, respectively) and a recovery higher than 98%26. On the 
other hand, the concentration range for calibration curves seem to be adequate 
to follow degradation with detection and quantitation average limits of 
3.4×10-7 mol L-1 and 3.7×10-6 mol L-1, respectively. The detection (LOD) and 
quantitation limits (LOQ) of the method, were calculated by using the average 
(Yb) and standard deviation (Sb) of the blank estimated response, calibration 
curve slopes (m) and with a signal/noise ratio of 3 and 10, respectively, 
according to the following expressions25: 

and        

Thus, the developed method is sufficiently selective to discriminate 
pravastatin from its corresponding hydrolytic products, representing a useful 
tool to follow this type of degradation and to assess pravastatin in the presence 
of its active metabolite.

Table 1. Analytical parameters for the developed HPLC–UV method.
Parameter HPLC-UV (λ = 239 nm)
Repeatability, CV (%)a 0.11
Reproducibility, CV (%)a 0.49

Recovery (%)b, s.d. 98.6 ± 0.9

Concentration range (mol L-1) 1×10 -3 - 1×10 -6

Calibration curve AUC = 2.74×1010 [c] + 72267   (r = 
0.99992; n=7)

Detection limit (mol L-1) 3.4×10-7

Quantitation limit (mol L-1) 3.7×10-6

a Concentration level of 5×10-5 mol L-1 

b Average on a concentration level of 5×10-5 mol L-1 

Applying different pH hydrolysis to pravastatin, its degradation products 
maintain the same UV-spectrum of the parent drug (239 nm), evidencing that 
the chromophore structure remains unaltered, which permits us conclude that 
only the ester moiety could be affected after the hydrolysis processes (insert in 
Figure 3). Our results obtained in the acid hydrolysis are not in agreement with 
a previous report, in which only one degradation product was obtained after the 
pravastatin hydrolysis at a short retention time, lower than pravastatin. Such 
study deals with a HPLC method develop for the determination of pravastatin 
in tablets and the hydrolysis carried out corresponds to a forced degradation or 
stress testing included in the selectivity probes of the HPLC method, and the 
corresponding chromatograms were followed only in short times (7 min.)12. As 
can be seen in Figure 3B, in our stability study, all the hydrolytic products in 
acid medium exhibited retention times higher than pravastatin, which indicates 
that the generated products are more lipophyllic than the parent drug and can be 
due to a successive esterifications and lactonization of pravastatin rather than 
the loss of the ester group. The full-scan MS/MS mass spectra of each peak in 
positive mode indicate that the most abundant product ion is found at m/z 269 
for all peaks, and corresponds to a second fragmentation product as has been 
reported previously17-19, 27. By using HPLC-MS/MS we have assigned the main 
degradation product (peak 2) as the pravastatin lactone form (M+H+ = 407; M-
C5H10O2 = 287; M-C5H10O2 -H2O= 287)18, but due to the similar fragmentation 
pattern, the other peaks could not be assigned.

In alkaline medium only one hydrolysis product was generated with a 
retention time of 1.9 min (Figure 3C). This product was isolated by preparative 
TLC and as is expected, identified as the 8-hydroxy derivative (loss of 2-
methylbutanoic acid moiety) by 1H-NMR (CH-8 at 4.2 ppm, 8-OH at 4.7 ppm) 
and 13C-NMR (loss of 12-carbonyl signal at 185 ppm).

 
The time-course of products generated in both alkaline and acid hydrolysis 

are shown in Figure 4. As can be seen, the generation of products is dependent 
of the media tested. Thus in alkaline medium, the only one degradation product 
appears linearly as the pravastatin concentration decreases and is detectable 
after 50 hrs of alkaline hydrolysis. Different behaviour is observed in acidic 
medium, in which the product 2 is quickly generated during the first minutes of 
hydrolysis and then 4 new products are generated. Also, a dissimilar behaviour 
of pravastatin decay is observed in both media.



Figure 4. Decay evolution of 1×10-4 mol L-1 pravastatin solution and 
appearance of it degradation products at 80 ºC. (A) pH 12, (B) pH 3.

In order to determine the pravastatin stability at different pHs and 
temperatures, the developed analytical method was successfully applied. First 
of all, experiments under constant oxygen bubbling for 3 hrs. at different pHs 
(3, 7, 10) were carried out, obtaining that pravastatin was not oxidized in 
such experimental conditions. Therefore, a nitrogenous atmosphere was not 
necessary to perform the degradation trials.  

For the purpose of testing the kinetic order of the hydrolytic degradation, 
experiments at both different initial concentration and pH were performed. As 
can be seen from Figure 5, the ln c vs t plots were linear (r > 0.9991) and the 
changes in the initial concentration of pravastatin did not affect the slopes of 
the decay curves. Furthermore, all the curves were parallel and their slopes 
were not statistically different applying F-test (variance proportion) and the 
t-Student test (P = 0.05, n = 7). In consequence, a pseudo-first order kinetic for 
the hydrolytic degradation of pravastatin can be assumed28. 

Figure 5. Ln C vs t plots of pravastatin hydrolysis at pH 3, 80ºC ( 1×10-3 

mol L-1; ▲ 5×10-4 mol L-1; ● 1×10-4 mol L-1;     5×10-5 mol L-1)

Degradation of pravastatin is dramatically influenced on both pH and 
temperature. As can be appreciated in Figure 6, at 80ºC of temperature, 
k values diminish 11, 74 and 5 folds between pH 3-9 and then increases 38 
folds between pH 9-12. In Table 2 constants values (k) for the hydrolytic 
degradation of pravastatin at different temperatures are summarized. The 
stability of pravastatin increases concomitantly with the increasing of pH and 
this behavior is summarized in Figure 7, in which the pH-rate hydrolysis profile 
for the pravastatin at 80ºC is presented. As can be seen, k values below pH 5 are 
relatively small and constant compared with pH 3.

Table 2. Constants values (k) for the hydrolytic degradation of pravastatin 
at different temperatures.

pH
Degradation constant (k, min-1)*

40ºC 60ºC 80ºC

3 5.13×10-3±6.94×10-4 3.62×10-2±1.90×10-3 4.76×10-2±3.20×10-3

5 9.76×10-5±2.99×10-6 5.10×10-4±7.15×10-5 4.21×10-3±4.99×10-4

7 4.16×10-6±2.75×10-6 1.04×10-5±1.43×10-6 5.69×10-5±9.04×10-6

9 No determined 2.41×10-6±3.87×10-7 1.11×10-5±1.62×10-6

12 3.18×10-5±9.74×10-6 6.99×10-5±7.98×10-6 4.19×10-4±3.83×10-5

*k represents the average of four concentrations, (p <0.05)

Figure 6. Effect of pH on 5.5×10-5 mol L-1 pravastatin concentration at 
80ºC (■ pH 3, ● pH 5, ▲ pH 7,  pH 9, ♦ pH 12).



Figure 7. pH-rate hydrolysis profile of pravastatin at 80ºC

Similar effects were obtained when pravastatin is exposed at different 
temperatures; k values increases 4.1 and 2.3 folds parallel with the increase of 
temperature from 40ºC to 80ºC at pH 3 (Figure 8). The calculated activation 
energy at pH 6 (60ºC) was 19.9 Kcal/mol, a value which is consistent with the 
break of ester or lactone moieties28. Furthermore, the enthalpy had a value of 
19.2 Kcal/mol and the free energy had a value of -25.5 Kcal/mol. The value 
of ∆G < 0 implies that the hydrolysis under these experimental conditions was 
spontaneous.

In Table 3, both kinetic parameters at 80ºC and the extrapolated ones at 
25ºC are summarized. From the extrapolated data at 25ºC, it can be seen that at 
pH 3 and pH 5, a 10% decrease of the initial concentration decay within 5 min. 
and 1 hour, respectively. In contrast, at pH 7 pravastatin was about 70 and 800 
fold more stable than at pH 5 and pH 3, respectively. 

Figure 8. Effect of temperature on 1×10-4 mol L-1 pravastatin concentration 
at pH 3

Table 3. Kinetic parameters at 80ºC and extrapolated at 25ºC for the 
hydrolytic degradation of pravastatin.

pH
T = 80ºC T = 25ºC

k (min-1) t1/2 (h) k (min-1) t1/2 (h) t90 (h)

3 4.76×10-2 0.24 2.05×10-2 0.56 0.09
5 4.21×10-3 2.74 1.81×10-3 6.38 0.97
7 5.69×10-5 203 2.45×10-5 471 71.43
9 1.11×10-5 1040 4.78×10-6 2416 366
12 4.19×10-4 28 1.81×10-4 63.81 9.67
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