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ABSTRACT

To improve the efficacy of amantadine (AMD) in chronic hepatitis C therapy, various prodrugs were designed and
synthesized to enhance its hepatic delivery based on the incorporation of AMD into modified bile acid or cysteine
derivatives. A new sensitive and selective HPLC method with fluorescence detection has been developed and vali-
dated for determination of AMD in human plasma for evaluation of the pharmacokinetics of these prodrugs. Be-
taxolol hydrochloride (BTX) was used as internal standard. AMD and BTX were isolated from plasma by protein
precipitation with acetonitrile and derivatized by heating with 1,2-naphthoquinone-4-sulphonate (NQS) in alkaline
medium (0.01 M NaOH) at 9015 °C for 45 min. Separations were performed in isocratic mode on Nucleosil CN col-
umn (250 mm length x 3.9 mm i.d., 5 um particle diameter) using a mobile phase consisting of acetonitrile:10 mM
sodium acetate buffer (pH 3.5):methanol (20:70:10, v/v) at a flow rate of 1.5 mL min . The derivatized samples
were extracted with chloroform and reduced with 0.03% potassium borohydride. The reduced fluorescent AMD-
NQS derivative was monitored at emission wavelength of 382 nm after excitation at 293 nm. Under the optimum
chromatographic conditions, a linear relationship with good correlation coefficient (r = 0.9989, n = 5) was found
between the peak area ratio of AMD to BTX and AMD concentration in the range of 30-3200 ng mL™". The limit of
detection and limit of quantification were 6.7 and 21 ng mL™, respectively. The intra and inter-assay precisions
were satisfactory; the relative standard deviations did not exceed 1.57%. The accuracy of the method was proved;
the recovery of AMD from spiked human plasma were 97.51-100.95 + 0.26—1.57%. The method had higher
throughput as it involved simple sample preparation procedure and short run-time (<15 min). The results demon-
strated that the proposed method would have a great value in the pharmacokinetic studies for AMD released
from the synthesized produgs.
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INTRODUCTION hepatitis C. Interferon costs approximately $S500 per

Hepatitis C virus (HCV) is a major cause of chronic liver month, and must be administered for at least six

disease and hepatocellular carcinoma, and is the lead-
ing indication for liver transplantation. HCV infection is
a major global health problem with an estimated
worldwide prevalence of 3% corresponding to about
170 million infected persons. Treatment of chronic
hepatitis C continues to be an important and growing
challenge. AMD has been suggested to be useful in the
treatment of patients with chronic hepatitis C who
have previously failed therapy with interferon a-2b.
AMD costs only $20 per month, a tiny fraction of the
cost of interferon, the conventional treatment for
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months (Eldrup, 2004; Smith, 2004).

One of the goals of effective drug delivery is to control
and optimize the localized release of drug at the target
site and rapidly clear the non targeted fraction. The
various carriers that are being proposed for hepatic-
specific drug delivery are based on incorporation of the
drug to modified bile acid or cysteine derivatives
(Wermuth, 2003). Accordingly, improvement of the
efficacy of antiviral therapy for chronic hepatitis C with
AMD and minimization of its systemic side effects can
be achieved through conjugation of AMD with cysteine
derivatives or bile acid salts as hepatic delivery systems
(Fig. 1).

For detection and kinetic study of the release of AMD
from these prodrugs in the liver, a reliable sensitive
analytical method was necessary. Unfortunately, AMD
does not have a chromophore or fluorophore in its
molecule which are the essential requirements for its

151



Ibrahim A. Darwish et al. | Int. J. Res. Pharm. Sci. Vol-1, Issue-2, 151-157, 2010

NHR

Amantadine, R=H
Hepatic Chemical Deliveray System R =

(0]
Il

Figure 1. Amantadine (AMD) and its synthesized prodrugs.

analysis by HPLC methodology with either spectropho-
tometric or fluorimetric detection. Therefore, derivati-
zation of AMD was necessary. Many derivatization me-
thods coupled with chromatography have been estab-
lished for the determination of AMD in biological ma-
trices: TLC (Darwish, 2008), HPLC (Duh, 2005; Higash &
Fuji, 2005; Higashi, 2006), GC (Leis, 2002), and capillary
electrophoresis (Reichova, 2002).

1,2-Naphthoquinone-4-sulphonate (NQS) has been
used as a derivatizing reagent for analysis of many
compounds (Gallo-Martinez, 1998; Wang, 2005; Dar-
wish, 2005) prior their analysis by spectrophotometric,
fluorimetric, and HPLC. In our previous study (Mah-
moud, 2009), we demonstrated the reactivity of AMD
with NQS, and the AMD-NQS derivative was found to
be highly fluorescent after its reduction with potassium
borohydride (KBH,). The present study was devoted to
adopt this reaction in the development of sensitive and
selective HPLC method with fluorescence detection for
determination of AMD in plasma samples.

EXPERIMENTAL
Chromatographic system

HPLC apparatus consisted of a Shimadzu system (Shi-
madzu Corporation, Kyoto, Japan) equipped with LC-
10AD VP pump with FCV-10AL VP low pressure flow
control valve, SCL - 10A VP system controller, Rheo-
dyne-7725 injection valve with 20 pL loop, SPD-10A
VP,UV-visible detector, RF-10A XL fluorescence detec-
tor. The chromatographic separations were carried on
Nucleosil CN analytical column (250 mm length x 4.6
mm i.d., 5 um particle size) manufactured by Machery

©Pharmascope Foundation | www.pharmascope.org

Nagel (GmbH, Germany). The column temperature was
kept constant at 25+2 oC. Separations were performed
in isocratic mode. The mobile phase consisted of ace-
tonitrile - 10 mM sodium acetate buffer (adjusted to
pH 3.5 with 100% acetic acid) - methanol (20:70:10,
v/v). The mobile phase was filtered by a Millipore va-
cuum filter system equipped with a 0.45 um filter, de-
gassed by ultrasonic bath, and by bubbling helium gas.
The flow rate was 1.5 mL min™. The sample injection
volume was 20 pL. The fluorescence detector was set
at 293 nm as an excitation wavelength and 382 nm as
an emission wavelength. The system control and data
acquisition were performed by Shimadzu CLASS-VP
software, version 5.032 (Shimadzu Corporation, Kyoto,
Japan). The ratio of peak area of AMD to internal stan-
dard (BTX) was used for the quantitation.

Chemicals and materials

Amantadine hydrochloride (AMD; Sigma-Aldrich Che-
mie GmbH, Steinheim, Germany) was obtained and
used as received. Betaxolol hydrochloride (BTX; Sigma
Chemical Co., St. Louis, CA, USA) 1,2-Naphthoquinone-
4-sulphonate (NQS; EI-Nasr Pharmaceutical Chemical
Co., Abo-Zaabal, Egypt). Potassium borohydride (Sig-
ma-Aldrich Chemie GmbH, Steinheim, Germany). Hu-
man plasma samples were collected from normal
healthy volunteer at King Khaled University Hospital
(Riyadh, Saudi Arabia), and they were stored in deep-
freezer at —20 2C until analysis. All solvents were of
HPLC grade (Merck, Darmstadt, Germany). All other
materials used throughout this study were of analytical
grade. Double distilled water was obtained through
Nanopure Il water purification system
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Figure 2: Scheme for the reaction pathway of AMD with NQS

(Barnstead/Thermolyne, Dubuque, 1A, USA), and used
throughout the work.

Preparation of solutions
AMD standard solutions.

An accurately weighed amount (25 mg) of AMD was
quantitatively transferred into a 25-mL calibrated flask,
dissolved in 20 mL distilled water, completed to vo-
lume with the same solvent to produce a stock solution
of 1 mg mL™". This stock solution was further diluted
with water to obtain working solutions in the range of
20-3200 ng mL ™.

BTX internal standard solution.

Accurately weighed amount of BTX (25 mg) was quanti-
tatively transferred into a 25-mL calibrated flask, dis-
solved in 20 mL distilled water, completed to volume

with the same solvent to produce a stock solution of 1
mg mL™". This stock solution was further diluted with
water to obtain working standard solution of 1 g
mL ™.

NQS derivatizing reagent.

Accurately weighed amount of NQS (50 mg) was quan-
titatively transferred into a 25-mL calibrated flask, dis-
solved in 20 mL distilled water, completed to volume
with water to produce a solution of 0.2% (w/v). The
solution was freshly prepared and protected from light
during use.

Preparation of plasma samples and derivatization
procedure.

Series of 1.0 mL portion of plasma were spiked with
AMD (20-3200 ng mL™") and BTX (100 ng mL™). The

Table 1: Summary for the optimization of variables affecting the reaction of AMD with NQS employed in the
development of the proposed HPLC method with fluorimetric detection

Variable Studied range | Optimum
NQS (%, w/v) 0.05-1.5 0.2
NaOH (mM) 1-50 10
Temperature (° C) 25-100 90+5
Time for reaction of AMD with NQS (min) 5-75 45
Solvent for extraction of AMD-NQS Varying ° Chloroform
KBH, (%, w/v) 0.01-0.1 0.05
Time for reduction of AMD-NQS with KBH, (min) 2-20 5°
pH of injected solution 1-7 2°¢
Excitation wavelength (A.,, nm) 270-370 293
Emission wavelength (A, Nm) 300-470 382

% Solvents were carbon tetrachloride, chloroform, dichloromethane, ethylacetate, toluene, and benzene.

® At room temperature (25 + 5° C).

“ This pH was attained by diluting the reaction mixture with 0.025 M HCI ethanolic solution
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Figure 3: Representative chromatograms of blank
plasma spiked with 100 ng mL™ of BTX internal
standard (red tracing, 1) and the same plasma sam-
ple spiked with 5 ng mL™ (blue tracing, 2) and 40
ng mL™ (green tracing, 3) of AMD and 100 ng mL™"
of BTX. mV is the detector response in millivolts.

spiked plasma samples were treated with 1.0 mL of
acetonitrile and shaken by the aid of vortex for one
min. The samples were centrifuged for 20 min at 13000
rom. The supernatant (1 mL) was transferred into a
test tube, and 1 mL of 0.01 M NaOH was added fol-
lowed by 1 mL of NQS reagent (0.2%, w/v), and the
contents of the test tubes were heated in a water bath
(MLW type, Memmert GmbH, Co. Schwa bach, Germa-
ny) at 901£5° C for 45 minutes and then cooled in ice
water for 2 min. KBH, solution (0.2 mL of 0.05%, w/v in
methanol) was added and the reaction was allowed to
proceed for 5 min at room temperature (255 °C). The
solution was diluted to 5 mL with 0.025M methanolic
HCI. A volume of 20 pL of the resulting solution was
injected into the HPLC system.

Calibration curve using standard AMD- spiked plasma

The calibration standard samples were prepared by
spiking blank human plasma with AMD to yield final
concentrations of 25, 50, 100, 200, 400, 800, 1600, and
3200 ng mL™. The samples were prepared as described
under Preparation of plasma samples and derivatiza-
tion procedure and the supernatants were isolated and
manipulated as described under HPLC method. An
eight-point calibration curve was constructed by plot-
ting the peak area ratio of AMD to BTX versus AMD
concentration (x). Analysis of calibration samples at
each concentration was performed in triplicate. Slope,
intercept and correlation coefficient (r) were calculated
as regression parameters by linear regression. The li-
near regression equation was used to calculate the
concentrations of AMD in spiked plasma based on their
peak-area ratios.
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Table 2: Chromatographic parameters of AMD
spiked in human plasma

Parameter Value
Retention time of AMD (min) 5.67 £0.07
Retention time of IS; BTX (min) 8.80 £0.10
Capacity factor of AMD, K™ (min) 1.434
Resolution, AMD and IS peaks 5.123
Peak asymmetry 1.333
Number of theoretical plates 635
Height equivalent to theoretical
393
plate (um)

RESULTS AND DISCUSSION

Reaction involved and optimization of experimental
conditions for method development

A two-step reaction was involved, the first one was the
reaction of AMD with NQS in alkaline medium (with
NaOH), while the second one was the reduction of the
AMD-NQS derivative with KBH, in acidified medium
(with HCI) after its selective extraction step. The excita-
tion and emission spectra of the reduced AMD-NQS
derivative were performed on RF-5301 PC spectrofluo-
rimeter (Shimadzu, Kyoto, Japan) and it was found to
exhibit the highest fluorescence intensity at Ao, of 382
nm after excitation at As of 293 nm. The scheme for
the reaction is given in Fig. 2. The optimization of expe-
rimental conditions affecting this reaction was investi-
gated by altering each reaction variable in a turn while
keeping the others constant. A summary for the results
of this study is given in Table 1. The optimization of the
chromatographic conditions was performed in isocratic
elution mode. The separation of AMD and BTX (internal
standard; IS) could be adjusted by changing the com-
position of the mobile phase. Several experiments
showed that the employment of an appropriate ratio
of sodium acetate buffer solution in the mobile phase
may improve the chromatographic peaks (Ding, 2003;
Ding, 2007). Reciprocal variations of sodium acetate
and acetonitrile contents in the mobile phase from
40:60 — 80:20 (v/v) were employed. Both AMD and BTX
were eluted in very short time from the column as the
aqueous content of the mobile phase decreased, how-
ever AMD was affected more than BTX. The best reso-
lution was achieved when the content of aqueous so-
dium acetate:acetonitrile was 70:30 (v/v). It was found
that the use of methanol in the mobile phase (at 10%
on the expense of acetonitrile) improves the resolution
and gives more symmetric peaks. Different concentra-
tions of sodium acetate buffer solution at levels 10, 20,
and 30 mM were tested in the mobile phase.

The results showed that the lowest concentration of 10
mM sodium acetate buffer was able to improve the
shapes of the chromatographic peaks of both AMD and
BTX, resulting in more symmetric peaks. The acidic pH
of the mobile phase was beneficial to maintain the pH
at the optimum to obtain the highest fluorescence. In
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Table 3: Intra-assay and inter-assay precision and accuracy for estimation of AMD in spiked human plasma

. Intra-assay Inter-assay
Nominal conc.

(ngmL™) Measurt_eld conc. Recovery Measure_:ij conc. (ng Recovery

(ng mL™" £ SD) (% + RSD) mL ™+ SD) (% + RSD)
50 489+0.5 97.82+1.04 48.8+0.8 97.51+1.57
100 99.4+1.2 99.44 +1.16 100.9+1.3 100.90 + 1.25
200 201.4+2.0 100.72 + 0.97 201.1+2.4 100.55+1.2
400 403.8+3.3 100.95 + 0.83 397.8+5.4 99.44 +1.36
800 800.5 5.5 100.06 + 0.69 803.8+9.1 100.47 £1.13
1600 1590.1 £9.3 99.38 £0.59 1602.6 + 13.0 100.16 + 0.81
3200 3175.8 +8.2 99.24 £ 0.26 3193.0+19.2 99.78 £ 0.60

the present study, BTX was chosen as the internal
standard as it is quantitatively derivatized by NQS un-
der the same conditions required for AMD. Most im-
portant, the derivatized BTX has the same excitation
and emission fluorescence maxima, and has shown
good resolution and good chromatographic profile with
the applied chromatographic conditions. Another col-
umn was tested: p-Novapak Ci;g column, 150 mm
length x 3.9 mm i.d., 5 um particle diameter (Waters,
Milford, MA, USA) but the separation and resolution of
the AMD and BTX was not good. Therefore, the Nuc-
leosil CN column was selected for all the subsequent
work. Under these chromatographic conditions, the
run time of the sample was 12 min, and the retention
times were 5.67 + 0.07 and 8.8 = 0.1 min (n=5) for
AMD and BTX, respectively (Fig. 3).

METHOD VALIDATION
Selectivity and performance parameters

The selectivity of the method was evaluated by carry-
ing out blank experiments in the mobile phase and
different batches of blank human plasma to identify
the reagent peaks and the peaks due to the derivatized
biogenic plasma components. Typical chromatograms
obtained from blank plasma (containing 100 ng mL™"
(BTX) and plasma spiked with AMD (5 and 40 ng mL_l)
and BTX (100 ng mL™") are shown in Fig. 3. The chroma-
togram showed complete separation of AMD and BTX
from the reagent and endogenous plasma constitu-
ents. The chromatographic performance parameters of
the AMD and BTX are presented in Table 2.

The interferences from amino acids with the assay pro-
cedures were also investigated using glycine as a mod-
el example for the amino acids. The results revealed
that there was no interference coming from the amino
acids after the extraction step of the AMD-NQS. The
absence of interferences from amino acids was attri-
buted to the fact that their NQS derivatives are water
soluble, rather than the AMD derivatives (Pesez & Bar-
tos, 1974; Zhao, 2006). Therefore, the extraction step
of the AMD-NQS with chloroform was necessary before
its reduction with KBH,4. This extraction step, in addi-
tion to its advantage in avoiding the interferences of
amino acids, it was found to enhance the sensitivity as
well. The improvement of the sensitivity by extraction
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for AMD-NQS prior its reduction with KBH,; was attri-
buted to the reducing of the background signal without
affection the analytical signal.

Linearity and sensitivity

Under the above optimum conditions, linear relation-
ship with good correlation coefficient (r = 0.9989, n =
5) was found between the peak area ratio of AMD to
BTX (Y) versus AMD concentration (X) in the range of
30-3200 ng mL™". The limits of detection (LOD) and
limits of quantitation (LOQ) were computed (ICH guide-
lines, 2005) using the formula: LOD or LOQ = kSDa/b,
where « = 3 for LOD and 10 for LOQ, SDa is the stan-
dard deviation of the intercept, and b is the slope. Cal-
culations on 5 replicate experimental injections, the
LOD and LOQ were 6.7 and 21 ng mL™".

Precision

Intra-assay precision was studied at three concentra-
tion levels (50, 200, and 1600 ng mL"l) of AMD and 100
ng mL™" of the internal standard (BTX). Three aliquots
were prepared from each concentration level, and in-
jected into the HPLC system. The RSD of the ratios be-
tween AMD and BTX peak areas were 1.04, 0.97, and
0.59% for 50, 200, and 1600 ng mL_l, respectively. The
RSD calculated for the values of the peak areas corres-
ponding to the IS during the study was 3.54% (n = 18).
The RSD calculated for the values of the retention time
corresponding to the chromatographic peaks was 0.75
and 0.82% for AMD and IS, respectively.

Inter-assay precision was carried out on five different
days at the same concentration levels for spiked plas-
ma samples freshly prepared daily. The RSD of the ra-
tios between AMD and BTX peak areas were 1.57, 1.20,
and 0.81% for 50, 200, and 1600 ng mL’l, respectively.
The RSD calculated for the values of the retention time
corresponding to the chromatographic peaks was 1.25
and 1.48% for AMD and IS, respectively.

Accuracy

The accuracy was determined by analyzing the quality
control plasma samples spiked at different concentra-
tion levels (50, 100, 200, 400, 800, 1600 and 3200 ng
mL™) of AMD and 100 ng mL™" of the IS. The values of
the ratios between AMD and IS were then interpolated
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in the linear regression equation computed in the li-
nearity study, to calculate the experimental concentra-
tion values. The accuracy was presented as a percent
recovery + RSD. The accuracy was 97.51-100.95 +
0.26-1.57% (Table 3) indicating the accuracy of the
proposed method.

Robustness and ruggedness

In order to measure the extent of the method robust-
ness, the most critical parameters were interchanged
while keeping the other parameters unchanged. The
chromatographic parameters were interchanged with-
in the range of 1-10% of the optimum recommended
conditions. The studied parameters were: the pH of the
composition of the mobile phase, percentage of me-
thanol, concentration and pH of sodium acetate buffer,
pH of the derivatization reaction mixture, and column
temperature. The chromatographic profile including:
capacity factor (k’), retention time (Rt), peak asymme-
try, resolution, and column efficiency were calculated
and compared with those of the system suitability (Ta-
ble 2). The results revealed that the method was ro-
bust for these small changes in methanol content, con-
centration of sodium acetate in the mobile phase, and
its pH in the range of 3.2—3.7. The increase in the col-
umn temperature generally decreased the k' values,
and the column temperature has to be maintained at
25+2 °C. The ruggedness of the method was evaluated
by applying the recommended analytical procedures
on the same HPLC system by three of authors of the
study (independently on different days) on the analysis
of series of AMD samples. The RSD values of the k', Rt,
and peak areas obtained from the three operators
were not more than 2%.

CONCLUSIONS

The study described the development of HPLC method
with fluorescence detector for determination of AMD
after its pre-column derivatization with NQS. The sam-
ple preparation procedure was very simple and robust
as it did not involve liquid-liquid extraction of AMD
from plasma samples. It was based on only protein
precipitation with acetonitrile followed by the derivati-
zation reaction. The derivatized sample was directly
injected into the HPLC system. The chromatographic
separation was based on a reversed phase mechanism
carried out under isocratic elution mode for only a 12-
min run time. The analytical results demonstrated that
the proposed method is suitable for the accurate quan-
tification of AMD in human plasma at concentrations
as low as 21 ng mL’l, and has a wide linear range. The
simple procedure involved in the sample preparation
and the short run-time added the property of a higher
throughput to the method.

©Pharmascope Foundation | www.pharmascope.org

ACKNOWLEDGMENT

The authors thank the Research Center at College of
Pharmacy, King Saud University for funding the work
(grant No. C.P.R.C. 181).

REFERENCES

Darwish IA. Kinetic spectrophotometric methods for
determination of trimetazidine dihydrochloride.
Anal Chim Acta 2005, 551: 222-231

Darwish IA, Khedr AS, Askal HF, Mahmoud RM. A sim-
ple quantitative thin-layer chromatographic method
for determination of amantadine hydrochloride. Intl
J Biomed Sci 2008, 4: 100-105.

Ding L, Hao X, Huang X, Zhang S. Simultaneous deter-
mination of sibutramine and its N-desmethyl meta-
bolites in human plasma by liquid chromatography—
electrospray ionization—-mass spectrometry: Me-
thod and clinical applications. Anal Chim Acta 2003,
492:241-248.

Ding L, Li L, Ma P. Determination of azelnidipine in hu-
man plasma by liquid chromatography—electrospray
ionization-mass spectrometry. J Pharm Biomed Anal
2007, 43: 575-579.

Duh TH, Wu HL, Pan CW, Kou HS. Fluorimetric liquid
chromatographic analysis of amantadine in urine
and pharmaceutical formulation. J Chromatogr A
2005, 1088: 175-181.

Eldrup AB, Allerson CR, Bennett CF, Bera S, Bhat B,
Bhat N, Bosserman MR, Brooks J, Burlein C, Carroll
SS, Cook PD, Getty KL, MacCoss M, McMasters DR,
Olsen DB, Prakash TP, Prhavc M, Song Q, Tomassini
JE, Xia J. structure-activity relationship of purine ri-
bonucleosides for inhibition of hepatitis C virus
RNA-dependent RNA polymerase. J Med Chem
2004, 47:2283-2295.

Gallo-Martinez L, Sevillano-Cabeza A, Campins-Falco P,
Bosch-Reig F. A new derivatization procedure for
the determination of cephalexin with 1,2-
naphthoquinone 4-sulphonate in pharmaceutical
and urine samples using solid-phase extraction car-
tridges and UV-visible detection. Anal Chim Acta
1998, 370: 115-123.

Higashi Y, Fujii Y. Simultaneous determination of the
binding of amantadine and its analogues to synthet-
ic melanin by liquid chromatography after preco-
lumn derivatization with dansyl chloride. J Chroma-
togr Sci 2005, 43: 213-217.

Higashi Y, Nakamura S, Matsumura H, Fujii Y. Simulta-
neous liquid chromatographic assay of amantadine
and its four related compounds in phosphate-
buffered saline using 4-fluoro-7-nitro-2,1,3-
benzoxadiazole as a fluorescent derivatization rea-
gent. Biomed Chromatogr 2006, 20: 423-428

156



Ibrahim A. Darwish et al. | Int. J. Res. Pharm. Sci. Vol-1, Issue-2, 151-157, 2010

ICH guideline, Q2(R1), Validation of analytical proce-
dures: Text and Methodology, London, 2005.

Leis HJ, Fauler G, Windischhofer W. Quantitative analy-
sis of memantine in human plasma by gas chroma-
tography/negative ion chemical ionization/mass
spectrometry. J Mass Spectrom 2002, 37: 477-480.

Mahmoud AM, Khalil NY, Darwish IA, Aboul-Fadl T.
Selective spectrophotometric and spectrofluorome-
tric methods for the determination of amantadine
hydrochloride in capsules and plasma via derivatiza-
tion with 1,2-naphthoquinone-4-sulphonate. Intl J
Anal Chem 2009, 2009: 1-8

Pesez M, Bartos J. Colorimetric and fluorimetric analy-
sis of organic compounds and drugs. New York,
Marcel Dekker Inc., 1974, pp. 555-558.

Reichova N, Pazourek J, Polaskova P, Havel J. Electro-
phoretic behavior of adamantane derivatives pos-
sessing antiviral activity and their determination by
capillary zone electrophoresis with indirect detec-
tion. Electrophoresis 2002, 23: 259-262.

Smith JP, Riley Il TR, Devenyi A, Benjaman SI, Kunsel-
man A. Amantadine therapy for chronic hepatitis C:
A randomized double-blind placebo-controlled trial.
JGIM 2004, 19: 662-668.

Wang HY, Xu LX, Xiao Y, Han J. Spectrophotometric
determination of dapsone in pharmaceutical prod-
ucts using sodium 1,2-naphthoquinone-4-sulfonic
as the chromogenic reagent. Spectrochim Acta Part
A 2004, 60: 2933-2939

Wermuth CG. The Practice of Medicinal Chemistry.
Amestrdam, Academic Press, 2003, pp. 569-679.

Note: *Presented partially in the 237th ACS National
Meeting & Exposition, Salt Lake City, UT, USA, March
22-26, 2009.

©Pharmascope Foundation | www.pharmascope.org

157



