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Each of the pharmaceutical formulations both
liquid and solid forms (tablets, capsules, oint-
ments) requires at least one of the pharmaceutical
excipients to be added. Therefore, pharmaceutical
excipients should be carefully examined in respect
of incompatibilities and their influence on the acti-
ve agent stability should be assessed, whether they
accelerate or delay its degradation and affect the
release profile (1-8). Lactose, stearate magnesium
and polymers (povidone, hydroxypropyl methyl-
cellulose, hydroxylpropyl cellulose) are widely
used as excipients in the manufacture of pharma-
ceutical solid dosage forms. Quinapril hydrochlori-
de belongs to a class of dipeptide angiotensin co-
nverting enzyme inhibitors (ACE) (9, 10). Like
many of these dipeptide angiotensin converting en-
zyme inhibitors, quinapril hydrochloride in phar-
maceutical dosage is unstable, especially in the
presence of humidity and temperature (11). The li-
terature does not refer to research into the kinetics
of quinapril hydrochloride in the presence of phar-
maceutical excipients. 

This work aimed at studying the effect of
povidone, hydroxypropyl methylcellulose, hy-
droxypropyl cellulose, lactose and magnesium
stearate on the stability of quinapril hydrochlori-
de and the pathway to characterize its degrada-
tion in the solid phase with respect to temperatu-
re and humidity. 

EXPERIMENTAL

Material, reagents and apparatus

Quinapril hydrochloride, QHCl; quinaprila-
te, QAT; diketopiperazine, QDKP were delivered
by Biofarm Ltd; benazepril was delivered by No-
vartis; povidone, PVD; hydroxypropyl methylcel-
lulose, HPMC; hydroxypropyl cellulose, HPC;
lactose, LS; and magnesium stearate, SM were ob-
tained from Sigma-Aldrich. Water was bidistilled,
and all other chemicals were of analytical reagent
grade. 

Instrumentation and Chromatographic Condi-

tions

QHCl, QAT and QDKP in the presence of
excipients were analyzed using a HPLC (Shimadzu
Scientific instruments), consisting of a Rheodyne
(7125, 100 ml fixed loop injector), a detector (UV-
-VIS SPO-6AV), a pump (LC-6A) and an integrator
(C-RGA chromatopac). An analytical column (Hy-
persil MOS, 5 mm particle size, 250 mm ¥ 4 mm ID
Merck) was used as the stationary phase. The mobi-
le phase composed of acetonitrile ñ phosphate buf-
fer pH = 2.0 (50: 50 v/v); the separations were achie-
ved by isocratic elution with a flow mobile phase ra-
te of 1.0 mL/min; benazepril (internal standard, me-
thanolic solution 0.10 mg/mL) and a UV detector
with a wavelength set at 220 nm were used.
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Phosphate buffer solution was prepared by dis-
solving 0.0680 g of potassium dihydrogen phospha-
te in 450 mL of water in a 500 mL volumetric flask.
The pH value of the solution was adjusted with 80%
phosphoric acid to pH = 2.0 and made up the volu-
me with water to a total of 500 mL.

Preparation of stock and working standard solu-

tions

Stock standard solutions of quinapril hydro-
chloride, QHCl, 8.42 × 10-4 mole/L, quinaprilat,
QAT, 6.71 × 10-4 mole/L and diketopiperazine,
QDKP, 6.56 × 10-4 mole/L, were prepared by disso-
lving appropriate amounts of the compounds in me-
thanol. These solutions were stored in the dark under
refrigeration at 277 K and were found to be stable for
two weeks. Mixed working standard solutions of
QHCl, QAT and QDKP in the ratio (1: 1: 1) were
prepared by the appropriate dilution of the above
mentioned stock standard solutions in methanol.

Calibration Curve 

Calibration curves of QHCl, QAT and QDKP

were conducted using the series of working standard
solutions described previously. The concentration ran-
ge was: from 8.42 × 10-5 mole/L to 8.42 × 10-4 mole/L
for QHCl, from 6.71 × 10-5 mole/L to 8.42 × 10-4 mo-
le/L for QAT and from 6.56 × 10-5 mole/L to 6.56 ×
10-4 mole/L for QDKP. For the analysis, 1.0 mL of so-
lutions was mixed with 1.0 mL of the internal standard
solution (benazepril). All solutions were analyzed im-
mediately after their preparation. A volume of 100 mL
of each sample was injected into the column. All me-
asurements were repeated three times for each concen-
tration. The calibration curves were constructed by
plotting the peak area of analyte to I. S. corresponding
to the drug concentration. 

Drug ñ excipient mixtures

The drug ñ excipient mixtures were prepared in
a mortar by slowly adding approximately 0.500 g of
QHCl and approximately 2.0 g of the selected exci-
pient (povidone, hydroxypropyl methylcellulose, hy-
droxypropyl cellulose, lactose and magnesium ste-
arate), mixed using a hand pestle until homogeneous.

Symbols of drug ñ excipient mixtures: drug
with povidone ñ QPVD; drug with hydroxypropyl
methylcellulose ñ QHPMC; drug with hydroxypro-
pyl cellulose ñ QHPC; drug with lactose ñ QLS and
drug with magnesium stearate ñ QSM.

Kinetic procedure

Accurate weighed samples (0.050 g) of the mo-
del drug ñ excipients mixtures (QPVD, QHMC,

QHPMC, QLS and QSM) and 0.010 g of QHCl

alone were transferred into 5 mL glass vials. 
Samples, QHCl alone and in the presence of

selected excipients, destined for investigation of ef-
fect of temperature at a relative humidity of 0% we-
re placed in a sand bath and kept at a temperature
318 K. 

Samples, QHCl alone and in the presence of
selected excipients, destined for investigation of ef-
fect of temperature at a relative humidity of 76.4%
were placed in desiccators containing a saturated
aqueous solution of sodium chloride and kept at
a temperature of 318 K. After definite time intervals,
determined by the rate of degradation, the respecti-
ve vials were withdrawn from the chamber, cooled
to room temperature. The contents of vials were
transferred into a measuring flask (50 mL), 25.0 mL
of methanol was added and the contents were
extracted by means of shaking for 15 min. The solu-
tions were then filtered. For the analysis, 1.0 mL of
this solution was mixed with 1.0 mL of the internal
standard solution and the so obtained solution was
analyzed by the HPLC method.

RESULTS AND DISCUSSION

The HPLC method was: 
ñ selective ñ the applied method was found se-

lective for QHCl and for an internal standard in the
presence of degradation products of QHCl and the
excipients (retention times were observed as fol-
lows: QHCl 10 min, products of its degradation 3
min ñ QAT and 5 min ñ QDKP and internal stan-
dard 8 min) (Figure 1a, b, c, d, e).

ñ linear ñ all the calibration plots showed
excellent linearity with correlation coefficients of
better than 0.999; standard deviation ≤ 0.1; b ñ was
statistically nonsignificant.

ñ precise and accurate ñ the overall percent re-
covery of QHCl in the presence of excipients was
98.95% with a relative standard deviation of 0.91%.
The overall percent recoveries of QAT and QDKP

in the presence of excipients were 96.4% and
101.12% with relative standard deviations of 1.31%
and 1.86%, respectively. 

Drug stability in the presence of excipients

Model drug ñ excipient of mixtures stored for
6 months at 318 K in absence and presence of humi-
dity. During the experiments, in presence of humidi-
ty, the colour of model drug ñ excipients mixtures
QPVD, QHPC and QSM have been changing from
white to cream and the mixtures of QHPMC and
QLS have been changing from white to brown; in
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absence of humidity the colour of all mixtures remai-
ned white.

The analysis of concentration changes of
QHCl as a function of time, in the presence of: 

● povidone, hydroxypropyl methylcellulose
and hydroxypropyl cellulose, indicates that
degradation of QHCl proceeded according to
the first ñ order reaction, the plots ln (ct ñ ce)
= f (t) (for 76.4%RH) and ln ct = f (c) (for
0%RH) according to the equation: ln (ct ñ ce) =
ln (ct ñ c0) ñ k × t (for 76.4%RH) and ln ct =
ln ct ñ k × t (for 0%RH).

● lactose, indicates that degradation of QHCl

proceeded according to the following equ-
ation: ln ct = ln c0 ñ k × t (for 76.4%RH). 

● magnesium stearate occurs according to the
autocatalytic reaction. The relationship c = f (t)
was characterized by a sigmoid of curve. For
interpretation of this autocatalytic process,
the equation of Prout-Tomkins was used:
ln ct/(c0 ñ ct) = C ñ k × t 

where: ct, c0 and ce represent the concentration of
QHCl at time t, 0 and infinite, respectively; C deno-
tes a constant related to the induction period;
k (s-1) is the first order rate constant.

The relationships: ln ct = f (t), ln (ct ñ ce) = f (t)
and ln ct/(c0 ñct) = f (t) were linear (see Figures 2 and
3).

The following statistical parameters of respec-
tive equations were estimated: a ± ∆a, b ± ∆b, SD
and the correlation coefficient. The values of Da and
∆b were estimated for f = n-2 degrees of freedom,
with a = 0.05.

CONCLUSIONS

The degradation of QHCl in the presence of
typical excipients can be studied by the HPLC stabi-
lity indicating method. The HPLC method was fo-
und to be selective, linear, accurate and precise for
QHCl assay either in substance or in the presence of
povidone, hydroxypropyl methylcellulose, hydroxy-
propyl cellulose, lactose and magnesium stearate.
The major degradation kinetics of QHCl in the pre-
sence of excipients was observed to be the first ñ or-
der kinetics model, only degradation of QHCl in the
presence of magnesium stearate in a humid atmo-
sphere proceeds according to the first order autoca-
talytic kinetic model.

At 318 K/76.4% RH, in the presence of povi-
done, hydroxypropyl methylcellulose, and magne-
sium stearate accelerate the decay of QHCl. Degra-
dation of QHCl in the presence of magnesium ste-
arate was approx. hundredfold faster than the de-
composition of QHCl alone. The results of the stu-
dy showed that the drug of QHCl has been stabili-
zed by the presence of lactose and hydroxypropyl
cellulose does not affect the rate of its degradation.
The determination results were given in Table 1.
The main degradation product of QHCl, in the pre-
sence of hydroxypropyl methylcellulose, hydroxy-
propyl cellulose and magnesium stearate, was qu-
inaprilat (QAT) (see Figures 1b, 1c and 1e; Scheme
1). 

During degradation of QHCl in the presence of
povidone and lactose, the following reactions were
observed: hydrolysis ñ product QAT and intramole-

Figure 1. Typical HPLC chromatograms of quinapril hydrochloride, its degradation of products and benazepril (I.S.) in the presence of:
a ñ povidone 
b ñ hydroxypropylmethyl cellulose 
c ñ hydroxylpropyl cellulose 
d ñ lactose 
e ñ magnesium stearate

I ñ quinapril hydrochloride; III ñ quinaprilat (product of hydrolysis); IV ñ diketopiperazine (product of intramolecular cyclization); II ñ
internal standard.
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Figure 2. Semilogarithmic plots for decomposition of QHCl in the
presence of PVD in solid phase at 318 K/76.4% RH (1), at 318
K/0% RH (2), and QHCl alone at 318 K/76.4% RH (QHCl).

Figure 3. Semilogarithmic plots for decomposition of QHCl in the
presence of LS in solid phase at 318 K/76.4% RH; at 318 K/
0%RH and QHCl alone at 318 K/76.4% RH (QHCl).

Scheme 1. Degradation of QHCl in the presence of hydroxypropyl methylcellulose, hydroxypropyl cellulose and magnesium stearate at
318 K/RH 76.4%

Table 1. Results of degradation of QHCl : Excipient (1:4) studies at 318 K

Symbol of model Kinetic parameters
drug-excipients mixtures

76.4% RH 0% RH

QPVD k = (1.030 ± 0.032) × 10-6 s-1 k = (1.044 ± 0.053) × 10-7 s-1

t0.1
1) = 28.4 h t0. 1

1) = 11.7 days
t0.5

2) = 7.7 days t0.5
2) = 76.8 days

QHMPC k = (7.153 ± 0.62) × 10-6 s-1 k = (2.051± 0.15) × 10-7 s-1

t0.1 = 4.1 h t0.1 = 5.9 days
t0.5 = 26.9 h t0.5 = 39.1 days

QHPC k = (4.45 ± 0.45) × 10-7 s-1 k = (4.49 ± 0.40) × 10-8 s-1

t0.1 = 2.7 days t0.1 = 27.2 days
t0.5 = 18.1 days t0.5 = 178.7 days

QLS k = (1.502 ± 0.07) × 10-8 s-1

t0.1 = 8.1 days
t0.5 = 53.4 days

QSM k = (6.835 ± 1.43) × 10-5 s-1

t0.1 = 21.5 h
t0.5 = 30.4 h

Kinetic parameters for QHCl alone

76.4% RH 0% RH

k = (4.21 ± 0.17) × 10-7 s-1; k = (3.56 ± 0.22) × 10-8 s-1;
t0.1 = 2.9 days; t0.5 = 19.1 days t0.1 = 34.1 days; t0.5 = 225.3 days

1) t0.1 ñ time needed for 10% degradation of QHCl in drug-excipients mixtures 
2) t0.5 ñ time needed for 50% degradation of QHCl in drug-excipients mixtures

Over the study period (196 days),
at 318 K/0%RH degradation, of
quinapril hydrochloride in drug-
excipients models have not been
observed
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cular cyclization ñ product QDKP (see Figures 1a
and 1d; Scheme 2).

The data shown in Table 1 indicate that at 318
K/0% RH, the rate of degradation of QHCl in the pre-
sence of povidone and hydroxypropyl methylcellulo-
se, hydroxypropyl cellulose (approx. tenfold) was
slower than at 318 K/76.4% RH, however (in period
of six month, at 318 K/0%RH) the degree of degrada-
tion of the QHCl in the presence of lactose and ma-
gnesium stearate was not observed. QHCl in the pre-
sence of acidic excipients was more stable than in the
presence of basic excipients. The major reasons of the
QHCl instability in model mixtures are the humidity
and pH of excipients. QHCl should particularly not
be exposed to humidity and temperature in the pre-
sence of basic excipients. It is recommended to keep
magnesium stearate absent in tablets to ensure proper
stability of QHCl in pharmaceutical dosage. 
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