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Abstract

This report introduces a fully automated flow system for drug-dissolution studies based on the coupling of the sequential
injection analysis (SIA) technique with a conventional dissolution apparatus. The methodology described was used for monitoring
of dissolution profiles of prazosin hydrochloride (PRH) in pharmaceutical formulation. The very sensitive fluorimetric detection
of PRH was performed ate, = 244 nm ., > 389 nm). Under the optimal conditions, the calibration curve was linear over
the range 0.02-2.43 mgH of PRH with R.S.D. 1.89, 1.23, and 1.80% 4 10) when determining 0.02, 1.22, and 2.43 mg|
of PRH in standard solutions, respectively. Equation of the calibration curve was calculated giving the following Kaiues:
4.108& — 3.9 (n = 6), r = 0.9996. Detection limit was calculated 0.007 mg bf PRH. The dissolution test of Deprazdtin
tablets was programmed for 60 min, with a continuous sampling rate of*7@rder conditions required by USP 26. Results
obtained by SIA technique compared well with HPLC standard method.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction fined as the amount of drug substance that goes into
solution per unit time under standardised conditions of
About three decades ago, problems in biological liquid/solid interface, temperature, and solvent com-
availability of drugs were brought to attention of regu- position.
latory agencies and compendial standards groups. The Scientific evidence has shown that dissolution test-
rate of drug release from dosage form is one of the cru- ing provides the means to evaluate critical parameters
cial factors determining the availability of drug. The of pharmaceuticals such as adequate bioavailability,
rate of dissolution of drug from the solid state is de- and information necessary to the formulator in devel-
opment of more efficacious and therapeutically opti-
msponding author. Tel#420-49-5067294, mal ‘,jc?sage_ forms. Acc_:ording t(_),the FC,)Od.and _DruQ
fax: +420-49-5518718. Administration (USA) bioavailability testing in which
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by development and implementation of in vitro disso-
lution standards that reflect in vivo drug performance
[1].

Most drug-dissolution testing procedures involve
sampling from the dissolution medium using a rotat-
ing basket, paddle or flow-through approach. Samples
taken from the dissolution medium are usually anal-
ysed “off-line”. Automated “on-line” system enables
frequent sampling, low sample consumption, possibil-
ity of on-line sample pre-treatment, as well as simul-
taneous determination of agents in multi-components
formulations, etc[2-4].

Flow injection analysis (FIA) and sequential in-
jection analysis (SIA) has played an important role
in the automation of dissolution studies over the
last period. Compared with the FIA drug-dissolution
systems[5-8], the SIA systemg2,9,10] show out-
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Obviously, in case of analysis of only one active com-
pound in pharmaceutical formulation there is no need
to use separation techniques, moreover, the UV detec-
tion is not very specific and often not sensitive enough
in comparison with the fluorimetric detection.

A number of papers dealing with the assay of PRH
as pure substance or active component in pharmaceu-
tical formulations or in biological fluids have been
published during last decadé4-21] Besides, the
proposed fluorimetric detectioft4—16] PRH has
been successfully detected by various electrochemi-
cal methods, e.g. using voltammeffy7], differential
pulse polarographjl8], amperometric detection at a
glassy carbon electrod&9], further by radio-receptor
assay[20] or by densitometric metho@1].

The aim of our work was to develop a sensitive,
rapid and automated fluorimetric method for the de-

standing advantages of robustness, easy manipulationtermination and dissolution testing of PRH in tablets

and simplicity of the instruments. Owing to the use
of a reliable syringe pump, full computer control and
automated sampling, the SIA system provides higher
precision and more reliable and accurate results. Fi-
nally, it could be used for fully automated long-term
monitoring of not only dissolution profiles, but also
for a testing of liberation profiles from the topical
formulations[11].

Nowadays hypertension is one of the most fre-
guent civilisation diseases in developing countries.
Antihypertensive therapy improves the quality of life
of hypertensive patients. A variety of antihyperten-
sive agents contain quinazoline and quinazolidinone
ring systems as, e.g. prazosin hydrochloride (PRH),
1-(4-amino-6,7-dimethoxy-2-quinazolinyl)-4-(2-furoyl)
piperazine monohydrochlorideFig. 1), which has
been proven efficient for a long time in the clinical
treatment, acting as;-adrenoceptor antagonifit?].

The current USP 26 refers using HPLC method with
UV spectrophotometric detection for the determina-
tion and monitoring of dissolution profile of PRH3].
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Fig. 1. Chemical structure of prazosin hydrochloride.

using a SIA technique and compare the acquired re-
sults with official HPLC method.

2. Experimental
2.1. Apparatus

The proposed SIA manifold used for the determi-
nation of PRH (seéig. 2) consisted of a 2.5 ml vol-
ume CAVRO XL 3000 syringe pump, 10-port VICI
VALCO selection valve NDU0048 (Valco Instruments
Co., Houston, USA) with electrical actuator and hold-
ing coil (volume 1.2 ml). All connections and the hold-
ing coil were made of a0.75 mmi.d. PTFE tubing (Up-
church Scientific, USA). A peristaltic pump (Gilson
Minipuls 3, France) was employed to achieve a contin-
uous flow of the dissolution medium through a closed
circuit during the dissolution test, with the aim to have
ready in any time the actual concentration of the dis-
solved drug close to the sampling port of the selec-
tion valve. The communication between the closed
circuit and the sampling port was enabled by using
a home-made double connector—screw with bore for
two tubings reaching the bottom of the screw which
was fixed directly to the selection valve. The dead vol-
ume of the double connector is less thanul0The
total volume from sampling inlet in the dissolution
vessel to the selection valve was about g¥.0A flu-
orimetric flow detector Schoeffel Instrument (Model
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Fig. 2. Scheme of the SIA system.

FS 970, Germany) with gl flow cell was applied.
The length of tubing connecting the selection valve
and the detector cell was 150 mm. PC equipped with
a data acquisitions card AT-MIO-16E10 and an in-
terface card AT-232/4 (National Instruments Corpora-
tion, USA) served as a control unit. The operational
software FaFSIA version 1.1, written in LabVIERY
enables the control of the moving of syringe pump,
selection valve status and signal processing.
According to USP 26 for the performance of the
dissolution study, the following instruments were

used—dissolution vessel, rotating basket (Pharmatest,

Germany) and digital rotating device (Labortechnik,
Germany). The thermostat (Type NBE, Germany)

2.2. Reagents

All chemicals for the optimisation procedures and
final determination of PRH were of analytical grade
and they were used without further purification. All
solutions were prepared with distilled-deionised water
(Millipore, Milli-Q, USA).

An amount of 0.01mott! hydrochloric acid
(Lachema a.s., Czech Republic) containing 3% (w/w)
sodium lauryl sulphate (Taurus a.s., Czech Republic)
was applied as dissolution medium.

Fresh stock solution of PRH (Lééiva a.s., Czech Re-
public) (2.43mg1?!) was prepared by dissolving the
substance in 0.01 mott hydrochloric acid containing

was used for keeping the constant temperature of the 3% (w/w) sodium lauryl sulphate. Working solutions

dissolution medium throughout the dissolution test.
The modified PTFE on-line microfilter (pore size
0.45um, ECOM s.r.0., Czech Republic) was used for
the filtration of the solution from a dissolution vessel.
The filter was fixed halfway between the rotating bas-
ket and the surface of the dissolution medium, 10 mm
from the sidewall of the vessel.

The HPLC system, used for comparison of meth-

ods, consisted of a pump (Ecom LCP 4100, Czech Re-

public), autosampler (Waters 717), UV detector (Wa-

of PRH were prepared immediately before the exper-
iments by diluting the stock solution with dissolution
medium.

Mobile phase for the HPLC measurements
was prepared by mixing of 70.0ml of methanol
(Chromasol?, for HPLC, Sigma-Aldrich, Czech
Republic), 1.0ml of acetic acid 99.8% (Lachema
a.s., Czech Republic), 0.02ml of triethylamine
(Sigma—Aldrich, Czech Republic), and 30.0ml of
distilled water, pH 3.83, degassed and used in chro-

ters 486) and data processing software CSW version matographic system.

1.7. A Purosph& RP-18 column (Merck, Germany)
(125mmx 4mm i.d., 5um) was used for the HPLC
analysis.

Tablets of Deprazolfi formulation (L&iva a.s.,
Czech Republic) contain PRH as active substance, and
excipients—microcrystalline cellulose, corn starch,
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calcium stearate, sodium lauryl sulfate, calcium talline cellulose, corn starch, calcium stearate, sodium
biphosphate dihydrate. lauryl sulphate, calcium biphosphate dihydrate) of
Deprazoliff tablet.
The official HPLC method, required for determina-
tion of PRH according USP 26, was performed for the
Following assays were carried out according to the comparison of the results obtained by proposed SIA
current USP 26 because there is no other pharma-system. The samples and standards were dissolved in
copoeia describing a dissolution assay of PRH. 0.01 mol I'* hydrochloric acid containing 3% sodium
The uniformity of content for uncoated and lauryl sulphate. The volume of 30 of sample (stan-
film-coated tablet§22] is performed as followed. The dards, respectively) was injected onto the column and
content of 10 units is determined individually and measured in triplicate. In this case, the method of ex-
the requirement is met if the amount of the active ternal standard was applied. PRH dissolved in dis-
ingredient in each of the 10 dosage units lies within solution medium was determined on the Purospher
the range of 85.0-115.0% of the label claim and the RP-18 column (125 mnx 4 mm i.d., 5um) using a
R.S.D. is less than or equal to 6.0%. mobile phase, which composition and preparation are
Conditions forthe dissolution studies of PRH for- described in th&ection 2.2 The HPLC was operated
mulations following the USP 2§2,23] required the in a constant flow mode and the flow rate was kept at
rotating basket method with agitation speed 100 rpm, 1.0 mImirrL. UV detection was performed at 244 nm.
when 900 ml of water, thermostated at@# 0.5°C,
is used as a dissolution medium. Six tablets are tested
when not less than 75% of the labelled amount of PRH
is dissolved in 60 min.

2.3. Assays of PRH in pharmaceutical formulation

'3. Results and discussion
3.1. Optimisation of variables

2.4. Procedure Sodium lauryl sulphate included in the dissolution

medium (composition: see iBection 2.2 was found

The following procedure was carried out in the pro-
posed SIA system in connection with the dissolution
equipment. The SIA systenfig. 2 employed a peri-
staltic pump generating continuous flow of the test
solution through the closed circuit at a flow rate of
0.5mImin! during the whole dissolution test. Every
50 s the syringe pump was filled (500 by carrier so-
lution (0.01 mol i1 hydrochloric acid containing 3%
(w/w) sodium lauryl sulphate). The pre-defined vol-
ume of the test solution (30) was taken from the cir-
cuit every 50 s by aspiration through the double con-
nector, transported at a flow rate of 15! to the

detection system and the signal was measured by flu-

orescence detector agm, > 389 nm fex = 244 nm).
Previously, the aspirated 20 of the sample was dis-
pensed directly to the waste whereby the dead vol-
ume (10ul) of the sample in the double connector had

to exhibit interfering fluorescence signal by PRH de-

termination. Using carrier solution of the same com-

position as dissolution medium eliminated the prob-

lem. The influence of sodium lauryl sulfate contained

in tablets as an excipient is inconsiderable in respect
with its content per tablet.

Excitation wavelength 244 nm was found in litera-
ture and affirmed experimentally as optimal.

The univariant method of optimisation was used
in order to achieve optimal SIA variables. The peak
height and R.S.D. resulting from the aspiration of
2.43mgl?! of PRH at a constant sample volume of
20l was the optimisation criterion.

Flow rate for aspiration of sample into the carrier
was optimised. Values in the range 10+88~1 were
tested, 3Quls~1 was applied as optimum in the final
procedure. Flow rate 18ls~! was selected for the

been removed. The resulting signal was recorded in passage of flow-through the detector from tested val-
the form of peaks; the peak heights were calculated ues in the range 10-30s™1, the optimal volume of
automatically and the data were stored for subsequentsample was found to be 20.

processing.
The determination of PRH was not affected by the

presence of supplementary compounds (microcrys-

With respect to high intensity of PRH fluorescence
no pH adjustment was necessary for improving the
limit of detection.
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3.2. Calibration

The calibration for SIA determination of PRH was
carried out under the optimised conditions. The cal-
ibration curve relating the intensity of fluorescence
to the analyte concentrations (measured in triplicate)
involved six calibration points (minimal value 1%
of labelled amount, maximal value- 100% of la-
belled amount of determined substance in pharmaceu-
tical formulation) Calibration was linear over the range
0.02-2.43 mgt! of PRH. The R.S.D. was 1.89, 1.23, .
and 1.80% § = 10) when determining 0.02, 1.22, No. of measurement
and 2.43 mgt! of PRH in standard solutions, respec- Fig. 3. Experimental values of prazosin in tablets={ 10).
tively. It was described by the following equations:

F = 4.108& — 3.9 (whereF is the intensity of fluo-
rescence andis the PRH concentrationj (= 6); the The dissolution studies of the commercial prod-
correlation coefficient was 0.9996. The detection limit ycts of Deprazolifi tablets were executed using the
(30) was 0.007 mgmi* of PRH for a sample volume  mentioned method with the optimised conditions (see
20l measured atex > 244nM fem = 389 nm). Fig. 4. The sampling intervals are initiated from the
time of lowering of the basket into the dissolution
3.3. Determination of PRH in pharmaceutical medium. The resulting signals were recorded in the
(tablets) form of peaks; the peak heights were calculated auto-
matically and the data were stored for subsequent pro-

The above-mentioned procedures (see chapter 2.3)cessing. According to the USP 283], not less than

were carried out with Deprazoffh(2.19 mg of PRH 75% of the labelled amount of PRH should be dis-

Content of PRH [%]

per one tablet). solved in 60 min. In the case of Depraz§litablets,
The content of PRH in each of the tablet & these criterions has been fulfilled.
10) analysed fothe uniformity of content [22] lied Using HPLC method, PRH was determined in the

within required range of 90.0-110.0% of the label dissolution medium under the described chromato-
claim (minimal value= 98.42% and maximal value graphic conditions and was eluted as a symmetri-

= 107.06%), with the R.S.D. 2.56% (s€@&. 3. cal peak at retention timety) 3.13min after the
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Fig. 4. Dissolution profiles of prazosin in Depraz8litablets formulation f{ = 6).
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Table 1
Determination of prazosin hydrochloride in pharmaceutical preparation

Preparation Nominal content (mg) Contentd% S.DP) found Student'g-tesf
SIA (na =3) HPLC (g = 3)
Prazosin hydrochloride 2.19 99.39 0.02 99.83+ 0.54 0.576

a percentage value of nominal content of PRH.
b Standard deviation of the mean value.
¢ At 95% confidence level, = 2.776 (see [24])na andng are the number of results.

injection onto the RP-18 column. Results of assay of Education, Grants FRVS No. 3000/2003 and No.
of PRH in preparation obtained by the SIA method 2991/2003 and also the Grant Agency of the Charles
compared with the results obtained by a standard University, Grant No. 250/2002/B-CH.
pharmacopoeial method are documentedaible 1

The Student'st-test [24] did not reveal any statis-
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