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ABSTRACT:

Simple, sensitive and accurate spectrophotometric and atomic absorption spectrometric procedures were
developed for the determination of both diltiazem and dothiepin hydrochlorides in pure forms and in pharmaceutical
preparations. The first me.thod was based on the formation of ion-pair complexes between the two drugs and
tropeolin 0o using extractive procedures. The complex showed absorption maxima at 477 nm. Beer's Law was
obeyed inl the concentration range of (4-20) and (1.6-16) pgml" for diltiazem and dothiepin hydrochlorides
respectively.

The second method was based on formation of a temary complex between (copper(ll), rose bengal and drug).
This complex was extracted with methylene chloride and measured at 555 nm. Beer’s Law was obeyed in
concentration range (24-80) and (16-32) pgml™' for diltiazem and dothiepin hydrochlarides, respectively. The third
method depends on determination of copper content of the formed complex using atomic absorption procedure,
Beer's Law was obeyed in concentration range (16-24) and (32-68) pg ml™ ' for dothiepin and diltiazem
hydrochlorides respectively. The proposed methods hold their accuracy and precision well when applied to the
determination of diltiazem and dothiepin in their dosage forms.

INTRODUCTION: tographic determination HPLC technique™>?,

OMe The aim of the present work is to develop accurate
easy and sensitive procedures for the analysis of the
cited drugs in bulk form and pharmaceutical prepa-

H rations.

S b . HCI EXPERIMENTAL
o * Instrumentation:
N OAc A shimadzu UV and visible

MezN\// 0

Diltiazem HCI

recording
spectrophotomer (UV 260) with matched 10-20 quartz
cells was employed for all absorbance measurements.
Shimadzu atomic absorption spectrophotometer model
AA-640-B was used.

Materials and reagents:

Chemicals used were of the highest purity available
from their source:

1- Troeoplin oo (Prolabo), 0.1% aqueous solution.

2- Acetale buffer (pH 2.7, 3.6 and S) were prepared
according to BP®” by dissolving the calculated

Dothiepin HCI

Diltiazem HCl (2,5-cis)-3-(acetyl-oxy)-5(2-(di-

methylamino)ethyl-2,3-dihydro-2-(4-methoxyphynel)-
1,5-benzothiazepin-4-(5H)-one hydrochloride is used
as anti-anginal, antihypertensive and antiarrhythmic
drug,

Several procedures were reported in the literature
for the analysis of diltiazem HCI. These methods were
spectrophotometric using eriochrome black'), alizar-
e Red @S, bromocresolgreen®”, rose bengal™,
cobaltthio-cyanate®, chromotrope 2R and rose

be“gal‘"., Rotenliomerric and chromotographic
mﬂhods.[l:l-l ) )

; Dothiepin  HCI, 3(6H)-dibenzo-[b,e]thiepin 11
Ylidene) propyldimethyl amine hydro-chloride, -is

:ﬂdlCath in the treatment of depression and anxiety,
¢ few reported methods in the literature for the

Celemination of this drug were spectrophotometric

Slermination using chromazurol S, chra-motrope
" and rase bengal, flurimetrict™? and liquid chroma-

amounts of sodium acetate in distilled water ands
adjusted to the specific pH by acetic acid.

3- Copper (II) chloride solution 0.4% w/v solution in
distilled water.

4- Rose bengal (Aldrich) 0.25% w/v solution in
distilled water.

5- Diltiazem HCl pure drug and diltiazem SR
capsules containing 120 mg diltiazem HCI per
capsule, (Egyptian International Pharmaceuticals
Industries Company, EIPICo), Batch No.
199933301 A.

6- Dothiepin HCI pure drug and prothiaden® capsules
containing 25 mg dothiepin HCl per capsule.
(KAHIRA Pharm. & Chem IND. Co.), Batch No.
AH-9-01584. .

Standard solutions:

Solution of 0.4 mgml” of diltiazem HCl and

“dothiepin HCI were prepared by dissolving 10 mg
~drug in distilled water and completed to 25 ml.
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General procedures:

I- Spectrophotmetric method usin
(method A):
Aliquots of each standard drug Wwere |ransfcr'red

into 100 ml separating funnel, then the appropriaté

volumes of dye and buffer were added, exlracled. twice
with 5 ml organic solvent complete to volume with the

solvent in 10 ml volumetric flasks and meafuring the
absorbance at the suitable wavelength against blank

solution omitting the drug.
(Table 1).
[l- Spcclrophotomclric method using (copper =

rose bengal) (Method B):

Appropriate volumes of the standard solution were
pipetted into 100 ml separating  funnel, then
appropriate volumes of copper chloride, rose bengal
and buffer were added, extracted twice with 3 ml

organic solvent, complete to volume with the same
flasks, measuring the

g tropeolin 00

solvent in  volumetric
absorbance at suitable wavelength against blank.
(Table I).

I1l- Atomic absorption spectrometric method

(method C):

The procedure applied as was mentioned under
method B, the organic layer for dothiepin and
diltiazem hydrochlorides were extracted twice with 5
ml IN HCI. The volume was completed to 10 ml with
distilled water and the absorption was measured for
both drugs at the following condition:

Analysis wave length 3247A
Lamp current  7mA

Slit width J8A

Bumner height 4 mm

Burner slot, flame 1 cm, air C;H,
Fuel gas Now 2.3/min”"
Absorption sensitivity 0.13 ppm

The concentration of the consumed copper was
calculated from calibration graph of standard copper

chloride solution.

Assay of pharmaceutical prepa rations:

The contents of ten capsules were weighed,
pulverized into fine powder, then a specific quantity of
powdered capsules equivalent to 10 mg drug were
dissolved in 20 ml distilled water, solutions were
filtered and diluted to 25 ml.

Aliquots from this final solutions were used for
application of proposed methods by using standard
addition techmque for methods | and (1. Also method
I was epplied for the analysis of the 1wo drugs
their commercial capsules and was found to be nfmost
quantitative (table 3A.B)

RESULTS AND DISCUSSION

The dye-salt separation technique was employed to
estimate different drugs in pure dosage forms™**" the
cited drugs being cationic in nature can interact easil
and quantitatively with the anionic dye l"ldey
favourable conditions forming coloured ion pairsr

extractable with organic solvent. (Fig. 1)

Also ternary complexes pr general formul
LuM,S,  was widely used in §pcctrophotm¢tﬁ:
nnalysis““"" L is the cited drung. S is rose bengal t
M is copper (1), -These triple complexes ey
extracted with organic solvent, whereas the bip,,
systems (metal — drug and metal ~ dye) cannot pe
extracted in that way- (Fig. 2)

Optimum conditions affecting the reaction ey
studied. ]
+ Method I (drug - tropeolin 00):

. Effect of reagent volume:
2-3 ml of 0.1% dye were sufficient to give maximum

absorbance with diltiazem and dothiepin hydre-
chlorides res-pectively (Fig. 8).

. Effect of solvent:

Many organic solvents e.g. toluene, chloroform,
mythylene chloride and benzene were tried, it was
found that chloroform, methylene chloride give maxi-
mum absorbance with dothiepin and diltiazem
hydrochlorides respectively.

- Effect of buffer:

3 ml buffer of pH 2.7 and 2 ml buffer of pH 3.7
were sufficient to give best results with diltiazem HCI,
and dothiepin HCI respect-ively (Fig. 9).

. Effect of number of extrac-tion: . .

There was no difference in results between single,
double or triple extraction with organic solvent, the
absorbances was stable in the three cases for at least 2
hours. So double extraction was done,

* Method (11) (Drug — CuCl, - rose bengal)

- Effect of reagents concentra-tions:

1 ml CuCl, 0.4% was sufficient to give maximum
absorbance with both drugs 1; 1.5 ml dye wer
sufficient to give best results with dothiepin
diltiazeme hydro-chlorides respectively (Fig. 10, 1)

- EfTect of buffer:

Many buffers were tried at the pH, range (L1-
9.7), the highest absorbance values were obtained
using 0.5 and | ml buffer of pH § for diltiazem HC
and dothiepin HCI, respectively (Fig. 12).

- Effect of solvent: '
Methylene chioride gave best results with both drug*
- Effect of number of extraction:

double extraction was sufficient to give bes
stable results.

t and

- Effect of order of addition:
ye []'lcn

It was found that adding drug, metal, d
bflflfer was the best order of addition in case ©
diltiazem HCI, while in case of dothiepin HCl dr:
buffer, metal, then dye gave the best result.

In case of atomic absorption procedure, it was %
practical to aspirate the organic solvent of the !
complex in the atomic absorption spectrom®
high chlorine/ carbon ratio would lead ©
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formation of a large quantity of HC] i the flame
which would damage the instrument™-®_ T avoid
that, ternary complex was extracted with organic
solvent, and then with INHC] and aspirated directly
The effect of reagents, pH, time, order of addilion.
solvents with respect to maximum sensitivity was
found to be the same as the extractive procedure,

Composition of the complex:

In order to ascertain the stoichiometry of the
reaction, Job’s method of continuous variatjon(® and
molar ratio were carried out, results indicated that the
stoichiometry ratio of drug; tropeolin oo was (I:1)

(Fig4).

The results of applying this method for ternary
complex can be summarized as follow: the [Cu(11):
drug] ratio in presence of excess rose bengal was (1:1)
(Fig. 5), while the [rose bengal: drug] ratio in presence
of excess Cu(Il) chloride was (2:1) (Fig. 6), and the
[rose bengal: Cu Il] ratio in presence of excess drug
was (2:1) (Fig. 7). Hence the composition of the
ternary complex formed may be expressed as: drug :
Cu (1I): rose bengal (1:1:2).

Quantitation, accuracy and precision;

A linear correlation was found between absorbance
and concentration in the range given in table (2). The
correlation co-efficient, intercept and slope for the
calibration data for each, ion pair were calculated
using the same table containing the detection and
quantification limits obtained by applying the
proposed method. Also the relative standard deviation
and the analytical error were calculated. Results of
application of the cited technique on pharmaceutical
preparations were incorporated in table (3 A,B).

The proposed methods were compared with
official non-aqueous titration methods®” using non-
aqueous titration method. The results obtained showed
that the calculated t and F values didn't exceed the
theoretical values, (Table 4) from which we ‘can
conclude that the proposed methods don’t differ
significantly from the official methads.

CONCLUSION

The data given reveal that the proposed methods
are simple, accurate and sensitive, method A is more

preferable as it is more sensitive, gives precision and
accurate results.

Table (1): Analytical parameters for determination of
diltiazem and  dothiepin

hydrochlorides  using
tropeolin oo (method A) and CuCl,, rose bengal
method B)
Method (A) Method (B)
Parameters [Diitiazem |Dothiepin| Dilliazem Dothiepin
HCl HCl HCl ~“HC
Dye 2ml 3ml I 5mi Iml
concentration| 0.1% 0.1% 025% 025%
Metal Iml 0.4% | Im!0.4%
concentration - - CuCl, (o
Bufler 2ml Iml 05ml 1 mi
pH3.7 | pH2T | pHS pHS
Solvent CHzCh CHCl, CH!CI] CH.Cl;
Wave length | 477 an 555 555
Beer's Law 4-20 1.6-16 24-8I)Pgml‘ 16-32
limit pemi™® | pgm pemi™

The development methods are suitable for analysis
of the cited drugs in pure and dosage forms in control
laboratories.

Table (2): Optical characteristics and statistical data of the regression equations for method (A) _using trop_colin 00,
method (B) using CuCl,, rose bengal in spectrophotometric determination and method (C) atomic absorption

method. _
Method (A) Method (B) Method (C)
Parameters Diltiazem | Dothiepin | Diltiazem | Dothiepin | Diltiazem | Dothiepin
HCI HCI HCI HCI HCI HCl
Beer’s Law (pg m1™) 4-20 1.6-16 24-80 16-32 32-68 16-24
Molar absorptivity (Imol em™) 1.8 x 10° 2.1 x 10* 34x10° | 6.7x10° 1.8 x 10°¢ 1.6 x 10°
SundelT's sensitivity (Og em™) | 4022 102 | 6.5x 107 | 7.59x10-" 202x107 040 0.50
Regression equation:
Intercept (a) 0.04 -0.001 -0.22 -0.57 102.94 - 62.57
Slope (1) 0.04 0.06 0.01 0.04 172 8.28
| Correlation coefficient (r) 0.99 0.99 0.99 0.99 0.99 0.99
Variance 0.26 021 096 0.07 0.11 0.14
| Standard deviation 0.51 0.46 0.98 0.27 0.33 0.38
.
Relative standard devintion 051 0.46 0.97 - 027 0.33 0.37
_‘Sﬁt-a-“—'d-ﬂ-l;d_.jalyﬁcal error 0.21 0.17 0.04 0.11 0. |6 0.19
 etection limit (Og mf™) 0.25 0.19 0.36 0.13. | 025 ‘ 0.28
| Confidence fimiy 100.010.199| 100.0740.147 | 100.56£0.27 |100.1240.102| 100.0240.20 | 100.06£0.23 |
LM (Mean) - 100,01 100.07 100.56 100.12 100.02 100.06 -
: .__E‘i'i"_-f_.':xpcrimcms) ; 6 7 8 6 4 4
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Table (3-A): Application of stand

-Sayed

ard addition techniq
arations using spectrophoto

ue for the determination of diltiazem and dothiep,
metric methods

hydrochlorides in plmrmnccuticn| prep DetiemnTICH —
itiazem HCI ot o]
Commercinl o CuCl, - rose bengal Cnmm!crc'lni Tropeolin oo method zm:::‘s:dbmw
alin oo method produc
product | Trope method Prothinden® | = 2 . z _3‘—‘--.._|
Ditliazem = = E z . capsules 2~lZ2~] ¢ el -
capsules E - é -~ & 2~ | 3~ i Containing25 | €7 | =7 e Ev =71 %
ink ET | a7 [ £l “ & dothiepmn | s 2 | = B : il2z| ¢
Containing s - = ] 3| 2E > mg dothiep Te| E HE IR
120 mg 3 ?‘ 'E E S ?J o 5 e 1 HCl per cnpsulc -§ E é g g .E g ‘g g §
e Hool EE| 22| € EE| 2 & (KAHIRA F - 2 [E<]|33| ¢
e e |3 |27 % |8 z Prorm& Chem | O | < ° |=
(EPICO). - Ind Co.) ;
). 6 = [9612] 16 | - 17
(EIPICO). ~ | 9868 | 32 - | 9938 CAH- 03
Batch No.: - ] 07 58 — 2 9933 Bm;'j(;‘:gh 1.6 |9398 - 16 100
199933301A .l e 0 10040 3 0897 - N P
4 99.71 -
§ | 9868 48 | 93.18 . 20 116033
12| 9122 56 | 9967 , = [ 2 [is
14| 97.58 68| 10053 14| 10089 s 0_24 %A
Mean £ 5D 98022 0.79 09.62 £ 0.948 g‘} 80£0.86 - +() 397 i
n 5 3
035
v 0.62 0.89 0.74
5D 0.79 0.94 0.86 0.59 |
RSD 0.80 0.951 g gg gzz !
SE 0.35 loa2 2 !

Table (3-B); Determination of diltiazem and dothiepin hydrochlorides in their pharmaceutical preparations by using

alomic absorption

Diltiazem HCI

Dothiepin HCI

Commercial product b clf |'m Found % Commercial product Label df :m Found %
pue ml pg ml
Diltiazem capsules contain- |32 98.00 Prothiaden ® capsules |18 97.00
ing 120 mg diltiazem HCl |40 99.90 containing 25 mg 20 96.30
per capsule (EIPICo.) Batch |72 98.50 dothiepin HCI per capsule |24 97.30
No.: 1999333 01A 80 99.50 (KAHIRA Pharm & |32 96.90
Chem. Ind. Co.) Batch
No.: AH-9-01584
Mean £ SD 98.97 96.87
n 4 4
SD 0.87 041
RSD 0.88 0.43 j
v 0.76 0.17
SE 0.43 0.20

Table (4): Determination of diltiazem and dothie

official methods

pin hydrochlorides through the proposed methods compared with

3 . 4__#
N T Diltiazem HCJ Dothiepin HCl
mel';:)ad Mef\hod Method | Method | Official | Method | Method | Method
IOU(DI):E - (B) (C) | method | (A) ® | (€
Mean * (p=005) | 99.69:0.48 |'*"C 3(100.56£0.1100.02+0.[99,840.5] 100.0720.] 100, 12£0.2| 100.0603
: : o8 33 0 16 7 S
3 6 8 1 5 E 6 4
9
v 023 026 | 09 | o1 | 025 | o3 0.07 o
0.48 031 | 09 | 033 | o050 | oas | o027 | 08
F-test - [LsEan| 71203 -
(“35) | (928 | - (.‘1'_13, 025 226)| 17807
e - oswasn égg 1103 0.82 5T
* Mean = SD (Mean of three different experirnnnts)' A1 Q4 - (222) k2 '-Q:ELJ

** Theoretical values for tand Fatp =0

.05
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Fig. (1): Absorption spectra of the ion pair formed
through reaction of tropeolin 0o with 10 pg ml ™'
diltiazem HCI (—), 15 pg ml =" dothiepin HCI (......),
Blank solution ( =.-.=.).

1.2

o
@

Absorbance

470 570
nm

Fig. (2): Absorption spectra of the temneray complex
formed through reaction of 32 pg ml~ ! dothiepin HCI
with Cu (Il)-chloride and rose bengal (—), blank
solution (......).
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- Fig. 3y, Absorption spectra of the terneray complex

formed through reaction of 56 pg mi deltiazem HCI

““h Cu l‘ . - . )
. solulion {(.:-)..r.;hlnridg and rose bengn? ( ) blankv

Absorbance

VitVi+ Vi)
Fig. (4): Continuous variation plot for deltiazem HCI,
(—) dothiepin HCI (......) and tropeolin oo (2x107)
complex ratio (Vi, Vm =Ligand and metal volume
respectively)

06

S 04

4]

2

o

202
[4+]

0 . :
0 1 2 3

Vu/Vi
Fig. (5): Mole-ratio plot for drug: Cu(ll) (1x10” M)
complex ratio (Vi , Vm = drug and Cu (II) volume
respectively) in presence of constant dye volume:
diltiazem HCI (—) and dothiepin HCI (......).

09

Absorbance
o o
W ()]

0 —
0 05 1

Vl(vl + vm)

Fig. (6a): Continuous variation plots for diltiazem:
rose bengal (1x10™ M) complex ratio in presence of
constant volume of Cu(ll) (Vi, Vm = drug and rose -
bengal volume respectively): ' L
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Absorbance

VitV
Fig. (6b): Mole-ratio plot for dothiepin HCI: rose
bengal (1x107? M) complex ratio (Vi, Vm = rose
bengal and dothiepin HC| volume respectively) in
presence of constant Cu(Il) volume.

03

202 SN

c

8

01

0 : .
0 2 4 6
ViV,

Fig. (7): Mole-ratio plot for Cu(l1): rose bengal (1x10°>
M) complex ratio (vi , Vm = rosebengal and Cu (I1)

volume respectively) in presence of constant drug

volume. diiltiazem HCI (—) and dothiepin HCI (......).
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Fig. (8): Effect of tropeolin oo volume on the
absorbance of the ion pair formed through reaction
withl6 jigml™” diltiazem HCI (.....), 8 pg ml”

dothiepin HCIl (—)
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Fig. (9): Effect of pH on the absorbance of (he ion pair
formed through reaction of 16 pgmi™ dilfiazen HOl
(-----), 8 pg mi™" dothiepin HCI (—) with tropeplip o0,

0.8 —_—
a
g
a2 | 2 emem—-——w -~
a -~
-604 ..""-...--
@ ~
F-]
<

0.2

0
0 0.5 1 15 2 5

ml
Fig. (10): Effect of Cu (1) chloride volume on the
absorbance of the ternary complex formed with 56
neml™ diltiazem HCI (.....), 26 pg mI™ dothiepin
HCI (—) in presence of rose bengal..

Absorbance
o
F-

0.2

0

2 25

0 05 1 1.5
mi

Fig. (11): Effect of rose bengal volume O{Lnu;
absorbance of the ternary complex through .m c:‘:piﬂ
56 pgml™ diltiazem HCI (.....), 26pg mi™" doth!

HCI (—) with Cu(ll) chloride. - .



SR ——

7agazig J. Pharm Sci,, June 2006
vol. 15, No, 1, pp. 1-8

08

Absorbance
g 2
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Fig. (12): Effect of pH on the absorbance of the
ternary complex formed through reaction of 56 pgml™
diltiazem HCI (......), 26 pg ml™" dothiepin HCI (—)
with Cu(1I) chloride rose bengal.
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