
INTRODUCTION
Di clo fe nac so dium, so dium 2-[(2,6- dichlorophenyl)amino]

phenyl]-ac etate, is a po tent non- steroidal anti- inflammatory
drug, thera peu ti cally used in the treat ment of acute and
chronic pain, rheu ma toid ar thri tis and re lated con di tions
[8,14]. Pa pav er ine hy dro chlo ride, 1-(3,4- dimetoxybenzyl)
-6,7- dimetoxyisoquinoline hy dro chlo ride, as a spas mo lytic
agent is used [8]. In or der to in crease the thera peu tic ef fect,
and de crease the number of ad verse re ac tions, the tab lets
com bin ing di clo fe nac so dium and pa pav er ine hy dro chlo ride 
were pre pared and pat ented [7]. How ever, sim ple and rapid
si mul ta ne ous de ter mi na tion of these two ac tive sub stances
was not easy us ing a spec tro pho tomet ric method. 

Di clo fe nac so dium alone is re ported to be es ti mated by
spec tro pho tomet ric method in the phar ma ceu ti cal prepa ra -
tions [1, 12] and in the dis so lu tion me dia at dif fer ent pH
which was used in the re lease stud ies from the sus tained re -
lease tab lets [2] or ma trix tab lets [17]. 

Pa pav er ine hy dro chlo ride can be de ter mined by spec tro -
pho tomet ric method in phar ma ceu ti cal dos age forms and in
the dis so lu tion me dia [10, 11]. 

The si mul ta ne ous es ti ma tion of di clo fe nac so dium and
pa pav er ine hy dro chlo ride in dos age pow ders us ing spec tro -
pho tomet ric method has been de scribed pre vi ously. This
method was de vel oped for de ter mi na tion only in al ka line so -
lu tion and a step of the ex trac tion of pa pav er ine hy dro-
chlo ride with chlo ro form was re quired [6].

A sim ple and rapid spec tro pho tomet ric method for si mul -
ta ne ous es ti ma tion of two ac tive sub stances was de scribed
[4, 5, 13]. The method in volv ing for ma tion and solv ing of si -
mul ta ne ous equa tion is very sim ple for rou tine analy sis of
two drugs in com bined dos age forms. Once the equa tions are 
formed, then only meas ure ment of the ab sor bance of sam ple
so lu tion at two wave lengths and sim ple cal cu la tions are re -
quired [4].

The aim of this study was to de velop and vali date the
spec tro pho tomet ric method based on si mul ta ne ous equa tion
for si mul ta ne ous de ter mi na tion of di clo fe nac so dium and
pa pav er ine hy dro chlo ride in tab lets and in eight dis so lu tion
me dia used in the re lease stud ies.

MATERIAL AND METHODS
S u b s t a n c e s  a n d  r e a g e n t s. Di clo fe nac so dium

(DIC) pro duced by Cae sar and Lo retz, GmbH, Hil den, Ger -
many, pa pav er ine hy dro chlo ride (PAP) ob tained from
Gal farm PPH, Ce farm Lublin, Po land, poly vinylpyr ro lidone 
(PVP), man ni tol (M), po tato starch (PS), tri so dium cit rate
de hy drate, cit ric acid mono hy drate, po tas sium di hy dro gen
phos phate, metha nol and wa ter were the prod ucts of Merck,
Ger many. So dium hy drox ide so lu tion (0.1 mol/L) and hy -
dro chlo ric acid so lu tion (0.1 mol/L) were freshly pre pared.
All other rea gents used were of ana lyti cal grade (pure for
analy sis). The com po si tion and prepa ra tion of the tab lets has 
been pre sented in the Pol ish Pat ent [7]. One tab let (300 mg)
con sisted of 50 mg DIC, 20 mg PAP, 70 mg PVP, 70 mg M
and 90 mg PS.

A p p a r a t u s. UV- visible spec tro pho tome ter Spec tro -
mom 195, Hun gary, was used.
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S o l u t i o n s. An accu rately weighed 10 mg of DIC and
10 mg of PAP were trans ferred into a 100 ml volu met ric
flask us ing 30 mL of metha nol. Af ter dis solv ing these sub -
stances, the flask was com pleted to vol ume with metha nol
and ob tained the stock so lu tion at con cen tra tion 100 µg/mL
of DIC and 100 µg/mL of PAP.

Ac cu rate vol umes of this stock so lu tion were di luted with 
metha nol un til ob tain ing six fi nal con cen tra tions of so lu -
tions in the range from 5.0 µg/mL to 50.0 µg/mL.

These metha nolic so lu tions were mixed with the dis so lu -
tion me dium in ra tio (1:1, v/v), so those fi nal con cen tra tions
of DIC and PAP in the range from 2.5 µg/mL to 25.0 µg/mL
(stan dard so lu tions) were achieved.

D i s s o l u t i o n  m e d i a. Wa ter, HCL 0.1 mol/L, phos -
phate buffer at pH 4.5; 6.5; 6.8 and cit ric buffer at pH 4.5;
6.5; 6.8 were used as a dis so lu tion me dia.

S o l u t i o n s  f r o m  t a b l e t s. Ten tab lets were
weighted and av er age mass of these tab lets was cal cu lated,
next tab lets were pow dered. An ac cu rately weighed of the
pow der mix ture (equiva lent to about 40 mg DIC and 16 mg
PAP,  50 mg DIC and 20 mg PAP, 60 mg DIC and 24 mg
PAP) was trans ferred to a 100 mL volu met ric flask us ing 50
mL of metha nol and shaken about 5-7 min. The flask was
com pleted to vol ume with metha nol. The ob tained so lu tion
was fil tered by the What man fil ter pa per. An ac cu rate vol -
ume of the ef flu ent was di luted with metha nol (to ob tain ing
con cen tra tions of ac tive sub stances in the range from 2.5
µg/mL to 25.0 µg/mL). The ob tained so lu tion was mixed
with the dis so lu tion me dium in the ra tio 1:1 (v/v).

Simi larly, the  so lu tion from tab lets with out ac tive sub -
stances (ob tained from pow der mix ture about 244 mg, 230
mg and 216 mg) was pre pared and de ter mined. 

D e t e r m i n a t i o n  o f  U V  s p e c t r u m. The ab sor -
bance of the metha nolic so lu tion of DIC and PAP at
con cen tra tion 10 µg/mL mixed with each of the dis so lu tion
me dium in ra tio 1:1 (v/v) were meas ured in the range of UV
spec trum from 230 nm to 330 nm. At the ana lyti cal wave -
lengths for DIC and PAP the maxi mum ab sor bance was
achieved. The ana lyti cal wave lengths of ac tive sub stances
(max)  in each of the dis so lu tion me dium are pre sented in
Ta ble 1.

Ta ble 1. Val ues of the San dell’s sen si tiv ity (a) cal cu lated for ana lyti cal 
wave lengths (max) of DIC and PAP in eight dis so lu tion me dia

Dissolution
media

 max, nm aD, µg/cm2 ap, µg/cm2

Water
1 = 276 
2 = 239 

aD1= 0.02929
aD2= 0.01886

ap1= 0.01298
ap2= 0.12374

HCL 
0.1 mol/L

1 = 274
2 = 251 

aD1= 0.01054
aD2= 0.00657

ap1= 0.01534
ap2= 0.16758

Phosphate buffer 
pH 4.5

1 = 274 
2 = 240 

aD1= 0.02908
aD2= 0.02281

ap1 = 0.01645
ap2= 0.09289

Phosphate buffer 
pH 6.5

1 = 278 
2 = 238 

aD1= 0.03078
aD2= 0.02497

ap1= 0.01650
ap2= 0.10998

Phosphate buffer 
pH 6.8

1 = 278 
2 = 238 

aD1= 0.03276
aD2= 0.02433

ap1= 0.01692
ap2= 0.12728

Citric buffer 
pH 4.5

1 = 276 
2 = 238 

aD1= 0.03190
aD2= 0.02346

ap1= 0.01526
ap2= 0.10037

Citric buffer
pH 6.5

1 = 278 
2 = 238 

aD1= 0.03402
aD2= 0.02693

ap1= 0.02063
ap2= 0.14696

Citric buffer
pH 6.8

1 = 278 
2 = 238 

aD1= 0.03939
aD2= 0.02838

ap1= 0.01861
ap2= 0.10773

C a l c u l a t i o n  o f  t h e  S a n d e l l’s  s e n s i t i v i t y (a). 
The San dell’s sen si tiv ity is the con cen tra tion of the ana lyte
(c, g/mL) which will give an ab sor bance (A) of 0.001 in
a cell of path length (l) 1 cm and is ex pressed as g/cm2. It
was cal cu lated from the fol low ing equa tion:

a A
l c


F o r m a t i o n  o f  s i m u l t a n e o u s  e q u a t i o n. Based
on Beer’s Law for cal cu la tion of the con cen tra tions of DIC
and PAP two equa tions were cre ated [9, 13]. When  = 1 cm
equa tions can be ex pressed:

A a C a CD D p p1 1 1   

A a C a CD D p p2 2 2   

hence

C
A a A a

a a a aD
p p

D p p D


  

  
1 2 2 1

1 2 1 2

C
A a A a

a a a aP
D D

D p p D


  
  

2 1 1 2

1 2 1 2

where
A1 – is the ab sor bance at ana lyti cal wave length 1

A2 – is the ab sor bance at ana lyti cal wave length 2

1 is max  – for DIC, nm
2 is max  – for PAP, nm
aD1, aD2 –  are San dell’s sen si tiv ity of DIC at ana lyti cal wave lengths

1 and 2, re spec tively, µg/cm2

ap1, ap2 –  are San dell’s sen si tiv ity of PAP at ana lyti cal wave lengths
1 and 2, re spec tively, µg/cm2

CD, CP  – are con cen tra tions of DIC and PAP, re spec tively, µg/mL.
The val ues of San dell’s sen si tiv ity of DIC and PAP at

ana lyti cal wave lengths in eight dis so lu tion me dia are shown
in Ta ble 1.

P r o c e d u r e  f o r  t h e  c a l i b r a t i o n  c u r v e. The ab -
sor bances of the standard so lu tions of DIC and PAP at
con cen tra tions 2.5-25.0 µg/mL were meas ured spec tro pho -
tomet ri cally at two ana lyti cal wave lengths for DIC and PAP. 
The cali bra tion curves are pre sented in Fig.1.

V a l i d a t i o n  o f  t h e  m e t h o d
Se lec tiv ity. To check se lec tiv ity, the ab sor bance of the so -

lu tions from tab lets with out ac tive sub stances were meas ured
in the range of UV spec trum from 230 nm to 330 nm.

Line ar ity. To evalu ate line ar ity, the stan dard so lu tions
were as sayed and the re gres sion equa tions and re gres sion
co ef fi cients for the cali bra tion curves for DIC and PAP were
pre sented. The line ar ity data are shown in Fig. 1.

Ac cu racy. To check the ac cu racy of the pro posed method, 
re cov ery stud ies were car ried out at 80, 100 and 120% of the
con cen tra tion of ac tive sub stances in pow dered tab lets. The
re cov ery study was per formed three times at each level. The
re sults are re ported in Ta ble 2. 

Pre ci sion. To check the de gree of re peat abil ity of the meth -
ods, suit able sta tis ti cal evalua tion was car ried out.
Re peat abil ity was per formed for six times with tab lets for mu -
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la tion. The stan dard de via tion, co ef fi cient of varia tion and
stan dard er ror were cal cu lated. The re sults of sta tis ti cal
evalua tion are given in Ta ble 2.

RESULTS AND DISCUSSION
For de ter mi na tion of DIC and PAP in dif fer ent dis so lu -

tion me dia used in the re lease study, a spec tro pho tomet ric
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Fig. 1. Calibration curves of DIC and PAP at corresponding analytical wavelengths in the dissolution medium: a) water, b) HCL 0.1 mol/L, c)
phosphoric buffer pH 4.5, d) phosphoric buffer pH 6.5, e) phosphoric buffer pH 6.8, f) citric buffer pH 4.5, g) citric buffer pH 6.5, h) citric
buffer pH 6.8



method for si mul ta ne ous as say of two ac tive sub stances
must be de vel oped. The cho sen spec tro pho tomet ric method
was based on si mul ta ne ous equa tion. This method was used
for si mul ta ne ous es ti ma tion of ibu pro fen and paraceta mol in 
gela tin cap sules [4], in tab lets [5] and for de ter mi na tion of
ace tyl sali cylic acid and paraceta mol in tab lets [13]. This
method is based on as says of ab sor bance of the so lu tion
com posed of two ac tive sub stances in their ana lyti cal wave -
lengths. 

Ta ble 2. Es ti ma tion of content of DIC and PAP in the pow dered
tab lets

Disso-
lution

medium

Amount
taken
(mg)

Amount found 
 (%)

% Recovery ± SD
CV (%)

DIC PAP DIC PAP DIC PAP

Water

40

50

60

16

20

24

98.88 ± 1.13

100.17 ± 0.85

99.26 ± 1.22

99.25 ± 0.78

99.87 ± 1.24

100.13 ± 0.67

99.44 ± 1.07

1.076 
99.75 ± 0.90

0.902

HCL 
0.1 mol/L

40

50

60

16

20

24

99.56 ± 0.80

100.23 ± 1.03

99.02 ± 0.76

98.55 ± 1.31

99.43 ± 0.85

98.87 ± 1.04

98.94 ± 0.86

0.869

98.95 ± 1.07

1.081

Phosphate
buffer 
pH 4.5

40

50

60

16

20

24

98.45 ± 1.25

99.69 ± 0.89

99.50 ± 0.64

99.21 ± 0.59

100.04 ± 0.61

100.15 ± 0.97

99.21 ± 0.93

0.937

99.8 ± 0.72

0.721

Phosphate 
buffer 
pH 6.5

40

50

60

16

20

24

101.13 ± 1.31

100.21 ± 0.76

99.43 ± 0.94

98.68 ± 1.20

100.05 ± 0.55

99.76 ± 0.74

100.26 ± 1.0

0.997

99.23± 0.83

0.836

Phosphate 
buffer 
pH 6.8

40

50

60

16

20

24

 99.56 ± 1.05

100.11 ±0.95

98.84 ±1.35

99.20 ± 0.95

100.07 ± 0.82

98.57 ± 1.14

99.50 ± 1.12

1.126

99.28 ± 0.97

0.977

Citric 
buffer
pH 4.5

40

50

60

16

20

24

98.93 ± 0.64

99.76 ± 1.14

100.21 ± 0.54

100.13 ± 0.68

101.03 ± 1.36

99.65 ± 1.05

99.3 ± 0.77

0.775

100.27 ± 1.03

1.027

Citric 
buffer
pH 6.5

40

50

60

16

20

24

99.58 ± 0.73

100.09 ± 0.55

100.25 ± 0.98

99.78 ± 0.54

100.00 ± 0.72

100.08 ± 0.65

99.97 ± 0.75

0.750

99.95 ± 0.64

0.640

Citric 
buffer
pH 6.8

40

50

60

16

20

24

100.53 ± 0.65

99.36 ± 1.28

100.18 ± 1.01

98.77 ± 0.91

99.58 ± 0.69

100.16 ± 1.24

98.36 ± 0.98

0.996

99.50 ± 0.95

0.955

As shown in Ta ble 1, the ana lyti cal wave lengths in which
ob served maxima ab sor bance for DIC and PAP are dif fer ent
in wa ter, HCL 0.1 moL/L, cit ric and phos pho ric buff ers at pH
4.5, in turn in cit ric and phos pho ric buff ers at pH 6.5 and 6.8
are the same and equal for DIC 278 nm and for PAP 238 nm.

The so lu tions from tab lets with out ac tive sub stances had
no ab sor bance. This fact in di cated that the aux il iary sub -
stances did not in ter fere with de ter mi na tion of DIC and PAP
and the method can be used for de ter mi na tion of two ac tive
sub stances. 

Saleh et al. [16] de ter mined maxi mum ab sor bance of DIC 
at wave lengths de pend ing on pH so lu tion: at 273 nm at pH
1.2; 2.5; 4.5 or at 275 nm at pH 5.3; 6.5; 7.2 us ing the UV
spec trum. 

Bucci et al. [3] es ti mated the UV spec trum for aque ous
DIC so lu tion (0.1 %, w/v) at pH 7.7. The data showed that
there are two maxi mum ab sor bances for DIC at wave lengths 
200 nm and 276 nm. 

For cal cu la tion of con cen tra tions of ac tive sub stances
from a si mul ta ne ous equa tion the San dell’s sen si tiv ity () val -
ues for DIC and PAP in their ana lyti cal wave lengths were
cal cu lated and shown in Ta ble 1.

Hav ing ana lyti cal wave lengths for DIC and PAP in each
of dis so lu tion me dium and the San dell’s sen si tiv ity val ues,
the stan dard so lu tions were meas ured and the cali brated

curves were done. As shown in Fig. 1, the line ar ity range for
DIC and PAP were 2.5-25.0 µg/mL. The cor re la tion co ef fi -
cients of cali bra tion curves (R2 > 0.99) and its con firmed
good line ar ity of the method are sat is fac tory. The val ues of
re gres sion equa tions show that the method is not charged
with a sys tem atic er ror. 

The re sults of the re cov ery stud ies are found to be sat is -
fac tory as shown in Ta ble 2. The re sults ob tained from
ac cu racy study in di cated that the per cent age re cov ery was in 
the range 98.36-100.26 % for DIC and 98.95-100.27 % for
PAP. Re peat abil ity stud ies were found to be sat is fac tory
withRSD 0.750-1.126 and 0.640-1.081 for DIC and PAP, re -
spec tively. Av er age val ues of re cov ery and av er age re lated
co ef fi cients were dif fer ent at no more than 2 % , which sug -
gests that the method is ac cu rate and pre cise [15].

The limit of quan ti fi ca tion (LOQ) was de ter mined to be
1.5 µg/mL for DIC and 1.8 µg/mL for PAP. The limit of de -
tec tion (LOD) was cal cu lated at 0.5 µg/mL and 0.6 µg/mL
for DIC and PAP, re spec tively.

 CONCLUSIONS
The pro posed spec tro pho tomet ric method for si mul ta ne -

ous es ti ma tion of di clo fe nac so dium and pa pav er ine
hy dro chlo ride in dif fer ent dis so lu tion me dia is sim ple, rapid, 
ac cu rate, and pre cise. The vali da tion method con firms that
the ana lyti cal pro ce dure em ployed for the analy sis is suit -
able and re li able for its in tended use. In the pre sented study,
all vali da tion pa rame ters for quan ti ta tive analy sis of di clo fe -
nac so dium and pa pav er ine hy dro chlo ride in tab lets were
tested and the data were ele vated ac cord ing to their ac cep -
tance cri te ria. 
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