September 2009

Trade Science Ine.

04)20.4//:640.[ CH

Volume 8 Issue 3

EMISTRY
A Judian Joaraal

s Pt P aper

ACAIJ, 8(3) 2009 [334-341]

Spectrophotometric determination of captopril and ethamsylate

in pharmaceutical preparations

N.El-Enany**, F.Belal!, M .Rizk?

Department of Analytical Chemistry, Faculty of Phar macy, Univer sity of M ansour a, 35516, M ansour a, (EGYPT)
2Depar tment of Analytical Chemistry, Faculty of Phar macy, Univer sity of Helwan, Cairo, (EGY PT)

E-mail : nelenany1@yahoo.com

Received: 4" July, 2009 ; Accepted: 14" July, 2009

ABSTRACT

Two simple and sensitive methods were devel oped for the determination of
captopril (CPL) and ethamsylate (ESL) in pharmaceutica preparations. The
method isbased upon investigation of the oxidation reaction of these drugs
with alkaline potassium permanganate. In the first one, the absorbance of
the coloured manganate radical was measured at 610 nm. Alternatively, the
decrease in the absorbance of potassium permanganate after addition of
the drugs was measured at 525 nm. The absorbance-concentration plotsin
both methodswererectilinear over therange of 4-24 ug/ mL and 2-15 pg/ mL
at 610 nmand 525 nm, respectively for captopril. Asfor ESL the range was
1-7 pg/ mLand 0.5-4 pg/ mL at 610 nm and 525 nm respectively. The lower
detection limitswere0.41 pg/ mL and 0.38 pg/ mL for captopril at 610 and 525
nm respectively. Asfor ESL, thelower detection limitswere 0.04 pg/ mL and
0.06 pg/ mL at 610 and 525 nm respectively. The different experimental pa-
rameters affecting the development and stability of the colours were
carefully studied and optimized. Both methods were further applied to the
determination of CPL and ESL informulations.
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Captopril (CPL), 1-(3-mercapto-2-methyl-1-
oxoproppyl)-L-proline(S,S) Figure 1., isused thera-
peutically asan antihypertensve agent. It isused inthe
management of hypertenson, inheart falure, following
myocardid infraction and in diabetic nephropathy. As
for ethamsylate (ESL), 2,5-Dihydroxybenzenesulfonic
acid (compound with N-ethylethanamine) Figure 1., it
isahomeostatic agent that appearsto maintainthe sta-
bility of capillary wallsand correct abnormal platel et
adhesion. Itisgivenfor theprophylaxisand control of
hemorrhagesfrom small blood vessals™
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Figure 1 : Sructural Formulae of captopril (CPL), and
Ethamsylate(ESL)

Severa methods have been reported for the quan-
titative determination of captopril informulationsand
biological fluids, including: spectrophotometry,2#
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GC.MS® HPL C,[1%9 el ectrochemistry,2>24 chemi-
[uminescence® and capillary e ectrophoresis.?! The
officiad method involvesthetitration of captopril with
potassium iodatein acidic medium.?

Regarding ESL, various methods have been ap-
pliedfor itsdeterminationinformul ationsand biologica
fluids. Thesemethodsincl ude spectrophotometry, 52629
HPLC,¥ e ectrochemistry,*--* chemiluminescence™
and fluorimetry.®8 A Kinetic spectrophotometric
method based on oxidation of CPL and ESL with lo-
dine and sodium azide has been reported.™

Theam of the present work wasto study thereac-
tion of CPL or ESL with dkaine potass um permanga-
nate, in an attempt to evaluatethesetwo drugsintheir
different dosageforms.

EXPERIMENTAL

Apparatus

UV- VIS 1601, Shimadzu recording Spectropho-
tometer (P/ N 206-67001).Recording range from O
tol1.0, wavelengths 610 and 525 nm.

Reagents and Materials

All thereagentswere of Analytical Reagent grade.

CPL waskindly supplied by Squibb Egypt Co. Giza,
Egypt. Pharmaceuticd preparationsincluding: Capozide
tabl etslabel ed to contain 50 mg of captopril and 25 mg
of hydrochlorothiazide each (Batch# E11477); and
Capoten tabletslabel ed to contain 25 mg of CPL each
(B10401204). Both are products of Squibb Egypt Co.
Giza, Egypt. Ethamsylate was provided by Memphis
Chemicd. Co. Egypt.

Dicynone tablets each containing 250 mg of
ethamsylate (Batch # 301296) and dicynone ampoules
each containing 250 mg of ethamsylate/ 2mL (Batch#
010030B); both are products of Minapharm Pharm.
Co. Cairo, Egypt. All pharmaceuticd preparationswere
obtained from commercia sourcesintheloca market.
- Potassum permanganate (Merck, Darmstadt, Ger-

many): 5x 102 mol L-*and 7.6 x 10*mol L *aque-

oussolutionswerefreshly prepared.
- Sodium hydroxide (BDH, UK). 0.5 mol L*aque-
ous solution was prepared.

—= Fyll Paper
Sock solution

Stock solutionswere prepared by dissolving 20.0
mg of CPL or 10.0 mgof ESL in 100 mL of distilled
water, and werefurther diluted with the same solvent
asappropriate. The standard solutionswere stablefor
oneweek when kept intherefrigerator.

General procedures

Construction of calibration curve
i-First Method

Transfer diquot volumesof the standard solutions
intoaseriesof 10 mL volumetricfask. Add 1 mL of 0.5
M NaOH solution, followed by 2.6 mL of 5x 10°M
potassium permanganate sol ution. Shakethe mixture
well and completeimmediatdy to thevolumewithdis-
tilled weter in caseof CPL while,dlow thereaction mix-
tureto stand for 15 minin case of ESL. Measurethe
absorbance of theresulting solutions at 610 nm against
areagent blank prepared s multaneously. Plot theva -
ues of the absorbance vsthefinal drug concentration
(ug/ mL)to get the calibration graphs. Alternatively,
derivethe corresponding regress on equations.

ii-The Second M ethod

Transfer diquot volumesof the standard solutions
into aseriesof 10 ml volumetric flasks. Add 1 mL of
0.5M NaOH solution, followed by 0.6 mL of 7.6 x 10
3 M KMnO4, then shakethe mixturewell. Complete
tothevolumewith distilled water immediately in case
of CPL and after 15minin caseof ESL. Measurethe
decreasein the absorbance of theresuling solutionsin
both cases at 525 nm. Plot the decreasein the absor-
bancevsthefina content of thedrugsin pg/ mL to get
thecalibration graphs. Alternatively, derivethe corre-
sponding regression equations.

Procedurefor theTablets

Weigh and pulverize twenty tablets. Transfer a
wel ghed quantity of the powder equivalent to 20 mg of
CPL or 10mgof ESL intoasmall conical flask, extract
with 3x 30 mL of distilled water. Filter theextract into
100 mL volumetric flask. Wash the conical flask with
few mLsof water. Passthewashingsintothesamevolu-
metric flask and complete to the mark with the same
solvent. Transfer diquot volumes covering theworking
concentration range (cited in TABLE 2) into 10 mL
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volumetric flasks. Proceed asdescribed under the Gen-
eral procedures, adopting either methods. Determine
thenominal content of thetabletsether fromthecali-
bration curve or using the corresponding regression
equation.

Procedurefor theampoules

Mix the contentsof 5 ampouleswell. Transfer ali-
quot volumes of the solution equiva ent to 10.0 mg of
ESL into 100 ml measuring flask, dilute and complete
tovolumewith distilled water. Transfer aiquots of this
solutionwithinthe concentration rangecitedin TABLE
2intoaseriesof 10 mL volumetricflasks. Proceed as
described under the Genera procedures, adopting ei-
ther methods. Determine the nominal content of the
ampouleseither fromthecdibration curveor usingthe
corresponding regression equation.

RESULTSAND DISCUSSION
Both of CPL and ESL were found to react with

KMnO4in dkalinemedium producing abluish-green
colour (manganateradica) which absorbsmaximally at

]

1, OO0,

Absor bance
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Figure2: Absorption spectraof:
A)KMnO4(12.5x10*moal L*) and 0.05mol L
NaOH,
B) Reaction product of captopril (24 ng/ mL) after
reaction with KMnO4 and NaOH

610 nm (Figure 2). The absorbance of the reaction
product remains stable for at least 40 min in case of
CPL and 60 minin case of ESL. The spectrophoto-
metric propertiesof the coloured product aswell asthe
different experimenta parametersaffecting the colour
devel opment anditsstability werecarefully sudied and
optimized. Suchfactorswerechangedindividudly while
theotherswerekept constant. Thefactorsinclude, ef-
fect of different oxidants, effect of different solvents,
concentration of the reagents (KMnO4 and NaOH),
temperature, time, sendtizersand surfactants.

Optimization of thereaction conditions

At roomtemperature, the green colour of thereac-
tion product wasformed immediately in case of CPL
and remained stablefor about 40 min. In case of ESL
the colour wasformed immediately and increased up
to 15 min, then remained stablefor one hour Heating
thereaction mixturewasfound to increasetherate of
the reaction but a brown precipitate of MnO2 was
formed, therefore, room temperature (25°C) was se-
lected asthe optimum temperature.

Theabsorbance of thereaction productsincreased
upon increasing KMnO4 concentration. It wasfound
that 2.6+0.2 mL of 5 x 10 M KMnO4 was adequate
for the maximum absorbance (Figure 3).

0.8

0.6+

0.4+

Absorbance (1cm)

0.0 T T
0 1 2 3

Volume of 5 x 10-3 mol L-1 KMnO,4 mL

Figure3: Effect of volumeof 5x 10°mol L*KMnO4onthe
absor banceof thereaction product of captopril (20 ng/ mL) at
610 nm.

Oxidation of CPL and ESL with KMnO4 wascar-
ried out in presence of NaOH. Trials were made to
determine these drugs through their oxidation with
KMnO4 in neutra or acidic media, but very little oxi-
dation of thedrugswas observed.
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Theinfluence of NaOH concentration on the ab-
sorbance of the reaction product wasalso studied us-
ing 0.1-3 mL of 0.5 M NaOH. It was found that in-
creasing thevolumeof 0.5M NaOH, would increase
the absorbance of the reaction product upto 1.2 mL,
further increase, resulted in very dight decreaseinthe
absorbance of thereaction product, thus, 1+0.2 mL of
0.5M NaOH wasfound to be the most suitable vol-
umefor maximum absorbance. (Figure4).
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Figure 4 : Effect of volume of 0.5 mol L NaOH on the
absor banceof ther eaction product of captopril (20 ug/ mL ) at
610 nm.

Effect of different oxidising agents

Different oxidantshave been used through out this
gpproach such as, H202, potassium persulphatein al-
kaline medium, cerric ammonium sul phate and potas-
sumdichromatein strong acid medium. Incaseof each
of H202 and persulphate, oxidation of the drug re-
sultedin ahypsochromic shift and hypochromic effect
of thereaction product. In caseof cerric anmonium
sulphate and dichromate, very little oxidation was at-
tained asreveal ed by the very low absorbance.

Effect of diluting solvents

Theeffect of diluting solventswasad sosudied. Usng
different solvents such aswater, ethanol, acetonitrile,
acetone, dimethyl sulphoxideand dimethyl formamide.
It wasfound that water wasthe best solvent asit gave
the highest absorbance readings, moreover itschoice
addsto the adventages of the method. However in case
of dimethyl sulphoxide, dimethyl formamide and
actonitrile, theabsorbance of thereaction product was
lessthan that in case of water. On the other hand, tur-
bid green solution was obtained immediately in case of

—— Fyll Peper
acetoneand ethanol.
Effect of different sensitizer sand surfactants

Different sensitizers (quinine, fluorescein and
rhodamine-B), a concentration of 5 ug mL weretested
by adding to the reaction mixture before measurement
of theabsorbance. Outstanding inhibitory effectswere
observed as these sensitizers reacted strongly with
KMnO4/ NaOH system. In the same manner, the ef -
fect of surfactantson the col our devel opment was stud-
ied. Different surfactants (cetrimide, gelatine and so-
dium lauryl sulphate) at three concentrations, 2.5, 7.5
and 15 pg/ mL, were tested by adding to the reaction
mixture prior to measurement of the absorbance. All
these compoundsreacted strongly with the KMnO4/
NaOH system with inhibitory effect, asevident from
thelow absorbance readings. Potassium permangan-
ateisconsumed by the surfactants, being reduced to
reduction products other than the measured species.

An aternative spectrophotometric method for the
determination of CPL and ESL based upon measuring

1.30

1004

Absor bance

Wave length (nm)
Figure5: Absor ption spectra of captopril after reaction with
KMnO4/NaOH at 525 nm at different concentrations (ng
mL ).

(B) KMnO4 (1) 2 png/ mL (2) 4 ng/ mL
(3) 6 ng/ mL (4) 8 ng/ mL (5) 10 pg/ mL
(6) 12pg/mL  (7) 15 pg/ mL
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the decreasein the absorbance of KMnO4 at 525 nm
(Figure5) was d so developed. Thedifferenceinthe
absorbance was pl otted agai nst the concentration of
thedrugs.

Applications

After optimizing thereaction conditions, thetwo
proposed methods were applied to the determination
of the studied compounds in pure form. The absor-
bance-concentration plots were rectilinear over the
range 4-24 pg/ mL, 2-15 pg/ mLfor CPL at 610 nm
and 525 nm respectively, and over therange 1-7 pg/
mL, 0.5-4 pg/ mLfor ESL at 610 nm and 525 nm re-
spectively (TABLE 1).

Linear regression analysisof thedatagavethefol-
lowingequations:

1- For CPL:

A=-153x103x0.03C
A=-1.48x103x0.04C

2-For ESL:
A=-857x10%x0.09C (r=0.9999) at 610 nm,
A=-1.12x10%x0.14C (r=0.9999) at 525 nm.

where A is the absorbance and C is the concentration in ug/
m.

Thelimitsof quantification (LOQ) weredetermined
by establishing thelowest concentrationsthat can be
measured and werefoundtobe 1.38 ug/ mL,0.14 pug/
mL for CPL and ESL respectively at 610 nmand 1.27
pg/ mL,0.2 ug/ mL for CPL and ESL respectively at
525 nm. The limits of detection (LOD) were deter-
mined by establishing the minimum leve at which the
anaytes can bereliably detected, and werefound to be
0.41 pg/ mL, 0.04 ng/ mLfor CPL and ESL respec-
tively, at 610 nm and 0.38 pg/ mL, 0.06 pg/ mL for
CPL and ESL respectively at 525 nm. The precision of
the methodswereevaluated by anayzing standard so-
lutionsof CPL and ESL. Theresultsfor pure samples
werein accordance with those obtained by therefer-
ence methods[6,29] for CPL and ESL respectively.

Thevdidity of themethod wasevduated by Statis-
tical analysisof theregression dataandtheresultsare
represented inTABLE 1.

Validation of themethod

Themethod wastested for linearity, specificity, pre-
cisonand reproducibility. By using the above spectro-
photometric procedures, linear regression equations

(r=0.9997) at 610 nm,
(r=0.9997) at 525 nm.

were obtained. Theregress on plots showed that there
wasalinear dependence of the absorbance value on
the concentration of thedrugsover therangecitedin
TABLE 1.

Thevdidity of themethod wasevauated by Statis-
tical analysisof theregression linesregarding the stan-
dard deviation of theresduads (Sy/x), thestandard de-
viation of theintercept (Sa) and standard deviation of
thedope (Sh). TheresultsaregiveninTABLE 1. The
small valuesof thefigurespoint out to thelow scatter-
ing of the pointsaround the calibration curve and the
high precision of the proposed method.

TABLE 1: Analytical performancedatafor thedeter mination
of captopril and ethamsylatein pureform.

Proposed method Proposed method
Parameter at 610 nm at 525 nm
CPL ESL CPL ESL
rgﬁg‘;(eﬂg/aﬂg)” 424 17 2-15 0.5-4
-LOQ (pg/ mL). 1.38 0.14 1.27 0.20
-LOD (pg/ mL). 0.41 0.04 0.38 0.06
Oogf‘;rli‘f';t"{r‘) 0.9997 0.9999 0.9997 0.9999
- Slope 0.03 0.09 0.04 0.14
- Intercept -1.53x10°%  -8.57x10* -1.48x10° -1.12x10°
-Syix 7.48x10°  1.19x10° 6.98x10° 2.07x10°
-S, 456x10°  1.26x10° 5.32x10°  2.74x10°
-S 447x10*  2.29x10*  6.25x10*  7.22x10"
-% Error 0.41 0.14 0.59 0.28

N.B.: -Sy/x =standard deviation of the residuals.
-Sa = standard deviation of the intercept of regression
line.
-Sb = standard deviation of the slope of regression line
-% Error =RSD% /v n.

Accuracy

The accuracy of the proposed method was evalu-
ated by analysing standard solutionsof CPL and ESL.
Theresultsobta ned by the proposed method were com-
pared with those given by thereference methodg®2
for CPL and ESL respectively.

Statitical analysiS* of theresults obtained by both
methods and reference methodg®?% using the Student
t-test and Varianceratio F-test, showsno significant
difference between the performance of thetwo meth-
odsregarding theaccuracy and precision, respectively
(TABLE2).

Precision
Thewithin-day precisonwaseva uated through rep-
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licate analysis of authentic samplesof CPL at concen-
trationsof 4, 8, 16, 20 pg/ mL. The percentage recov-
eriesbased on the average of four separate determina
tionswere 99.24-+0.86 thus, indicating the high preci-
sion of themethod.

Theinter-day precisonwasaso evd uated through
replicate analysisof authentic samplesof CPL at con-
centration of 8 pg/ mL on four successive days. The
percentage recoveries based on the average of four
Separate determinationswere 99.74+1.03. Therepest-
ability and reproducibility of the proposed method are
fairly good asindicated by small value of standard de-
vidion (SD).

Robustness of the method

Therobustness of the method adopted is demon-
strated by the constancy of the absorbance valuewith
theddiberated minor changesin the experimental pa-
rameterssuch aschangein theconcentration of NaOH,
1+0.2 mL of 0.5 mol L* and changein KMnO4 con-
centration, 2.6+0.2 mL of 5 x 10*mol L. These mi-
nor changesthat may take place during the experimen-
tal operation didn’t affect the absorbance value.

TABLE 2: Application of theproposed method for thedeter-
mination of CPL and ESL in pureformusingtheproposed
methods.

Parameters Proposed method at Reference
Compound 610 nm 525nm M ethods/®2]
1-CPL
-Mean found (%) +SD.  100.40+0.97 100.50+1.07  99.89+0.78
-Variance. 0.94 114 0.61
Student’s t-Value.  0.81(148)  0.83(L31)
-Variance ratio F-test. 1.55(4.74) 1.88(9.55)
2-ES
-Mean found (%) +SD.  100.03+0.03 100.24+ 0.62  100.26+0.53
-Variance. 0.12 0.38 0.28
“Student’s -Value,  0.80(2.37)  0.05(2.37)
-Variance ratio F-test. 2.28(5.79) 1.37(5.79)

N.B.: Figuresin parentheses are the tabulated values of t and
F respectively (at p = 0.05 )B7.

Phar maceutical applications

The proposed methodswerefurther appliedtothe
determination of CPL and ESL initstabletsand am-
poules. Common tabletsexcipientssuch astalc, lac-
tose, starch, avis|, geaineand magnesum stearatedid
not interferewith the assay. Hydrochl orothiazide, which

—— Fyll Peper

isfrequently co-formulated with captopril did not inter-
ferewiththeproposed method. Itispracticaly insoluble
inwater and isremoved by filtration. Theresults ob-
tained werecompared with those given using reference
methods.52% Statistical anadysi§%" of theresultsusing
Student’s t-test and variance ratio F- test, revealed no
significant difference between thetwo methodsat the
95 % confidencelevel regarding accuracy and preci-
sion, respectively. Theresultsobtained areabridgedin
TABLE 3. Moreover, the proposed methodsare more

TABLE 3: Application of theproposed method tothe of CPL
and ESL in dosageforms.

Preparations " §10m” a5z nm. Methoad:
1-Capoten tablets ? 99.37 100.55 99.64
(CPL, 25 mg/ tablet) 98.80 99.60 100.54
100.81 100.63 101.30
101.08 98.48
99.68 101.12
X £SD. 99.95+0.96  100.0.8+1.04 100.49+0.83
t-value. 0.80(2.45) 0.58 (2.45)
F-value 1.34(6.94) 1.57(6.94)
2-Capozide tablets 100.63 99.05 99.50
(CPL, 50 mg / tablet). 99.83 100.90 101.05
100.50 98.85 100.88
100.44 99.41
101.07 100.36
X £SD. 100.49+0.45 99.71+0.88 100.48+0.85
t-value. 0.02 (2.45) 1.21(2.45)
F-value. 3.57(6.94) 1.07 (6.94)
3-Dicynone tablets’ 98.90 99.25 99.31
(ESL, 250 mg/ tablet). 99.75 99.11 100.11
98.53 98.64 99.48
98.45 99.06
X +SD. 98.90+0.59  99.02+0.23 99.63+0.42
t-vaue. 1.80(2.57) 2.49 (2.57)
F-value 1.99(9.55) 3.32(9.55)
4-Dicynone ampoules® 99.20 100.30 101.44
Zréfggéhzgggﬂlg ) 10110 99.55 101.23
100.58 101.70 100.70
99.38 99.93
X £SD. 100.07+0.92  100.37+0.94  101.12+0.38
t-value. 1.82(2.57) 1.28(2.57)
F-value 5.90(9.55)  6.11(9.55)

aProduct of Squibb Egypt Co. Giza, Egypt (Batch # B10401204)

®Product of Squibb Egypt Co. Giza, Egypt (Batch # E11477)

°Products of Minapharm Pharm. Co. Egypt. ( Batch # 301296)

9Products of Minaphar m Pharm. Co. Egypt. (Batch # 10030B)

N.B. : Figuresin parentheses are the tabulated t and F values
respectively (at p = 0.05) [37].
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M echanism of thereaction

The stoichiometry of the reaction was studied
adopting thelimiting logarithmic method [38]. Theab-
sorbance of thereaction product wasdternaively mea
sured in the presence of either excess of KMnO4 or
thedrug. A plot of log absorbanceversuslog[KMnO4]
andlog CPL orlog ESL gavedtraight lines, thevalues
of the slopes were 0.8, 1.01 for KMnO4, CPL and
1.47,0.99for KMnO4, ESL respectively. Hence, itis
concluded that, the molar reactivity of thereactionis
0.8/1.01for CPL (Figure6) and 1.47/0.99 for ESL
i.e. thereaction proceedsintheratioof 1: 1incaseof
CPL and 1:2in case of ESL/KMnOA4.

TR
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Figure6: Limitinglogarithmic plotsfor themolar ratio.
(A)LogAvs.Log[ KMnO4]
(B) LogAvs.Log[Captopril]

Based on the obtained molar reactivity, and de-
pending on the presence of thiol (SH) group in CPL
and hydroquinonegroupin ESL, thereaction pathways
are proposed to proceed as shown in Scheme 1 and
Scheme 2, respectively:

2R-SH+2MnO4 +2 OH

|

R-S-S-R + 2 Mn0O4.2 + 2 H,0
Scheme1: Proposal of thereaction pathway between CPL and

KMnO4
OH
SO 2o - 20
HO SOzH

o)
/]ﬁ;]: +2 MnO42- + 2 H20
o SOzH

Scheme?2 : Proposal of ther eaction pathway between ESL and
KMnO4

CONCLUSION

Simpleand sensitivemethods have been devel oped
for the determination of captopril and ethamsylatein
pharmaceutical preparations. Themethods are more
senditivethan other reported spectrophotometric meth-
ods. They can measureaslow as1.37 and 0.2 pg/ mL
for CPL and ESL with good accuracy. The proposed
method can be used for routinequdity control studies.
Moreover it hasdigtinct advantagesover other existing
methodsregarding sensitivity, timesaving and minimum
detection limit. Moreover, it could be applied to the
determination of different pharmaceutica dosageforms.
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