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A simple indirect atomic absorption spectrophotometric (AAS) method is described for the analysis
of nimodipine in tablet formulations. The method is based on the reduction of the antihypertensive drug
substances including an aromatic nitro group by boiling them with cadmium metal in 0.05 N HC?71
medium under COgz atmosphere for 1 h under reflux. The amounts of the drugs were calculated by
determining the atomic absorbances of the released Cd*?. The calibration graphs were plotted between
the absorbance Cd*2concentrations in the range of 0.242 to 1.209 pg.cm ™2 for nimodipine. As a reference
method, the spectrophotometric procedure was developed. The 2 methods developed were applied to
the assay of nimodipine in commercial tablet formulations, and a statistical comparison of the results
with those obtained from the reference method showed good agreement. The method has the advantage

of being simple, inexpensive, and easy to perform.

Key Words: Aromatic nitro compounds, Cadmium ion, Pharmaceutical analysis, Indirect determina-

tion.

Introduction

Nimodipine is a cardioselective drug used in the treatment of hypertension. Its formula is presented in 1. For

the assay of nimodipine liquid chromatographic methods have been reported! as official methods. For the

determination of this drug in dosage forms, various analytical techniques including spectrophotometry?—12,

spectrofluorometry'?, gas chromatography'?, thin layer chromatography'®, high performance liquid chromato-

graphy'6=22 and polarography?® have been reported.
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(H5C),HCOO COOCH,CH,OCH,
H,C N CH,
H
1

There is no atomic absorption spectrophotometric (AAS) method in the literature for the analysis
of this drug. In the present study 2 analytical methods, a spectrophotometric method and an indirect
AAS method, were developed for nimodipine®*25. The reductions of the nitro and nitroso groups with the

cadmium metal were determined as follows?6—28;

Ar-NOy + 3Cd + 6HC1 — Ar-NH, + 3CdCl; + 2H50

Ar-NO + 2Cd + 4HCI — Ar-NHs +2CdCly + H2O

Experimental

Materials

A pharmaceutical grade sample of nimodipine (Bayer, Turkey) was used as received and other analytical
grade chemicals were purchased from Merck, namely, Hydrochloric acid (HCI), acetone, ethanol (EtOH),
methanol (MeOH), cadmium granules, cadmium sulphate, a-naphthylamine, ammonium sulphamate, glacial

acetic acid and sodium nitrate. Bidistilled water was used.

Instrumentations

A Varian SpectrAA-20 spectrophotometer was used for atomic absorbance measurements. A cadmium
hollow-cathode lamp was used under the following operation conditions: wavelength 228.8 nm, slit-width
0.5 nm, lamp current 4 mA, laminar flow burner, air flow 3.5 L/min, and acetylene flow 1.5 L/min. A
Philips PU 8700 UV-Visible spectrophotometer and 10 mm quartz cells were used for spectrophotometric
measurements.

Calibration procedure

0.2282 g of cadmium sulphate was weighed for the stock solution of Cd*2. Standard solutions for the
preparation of the calibration curve were obtained by diluting the stock solutions appropriately. Standard

solutions for nimodipine were obtained by following the AAS method. Standard solutions were prepared in

the range 0.3 to 1.5 ug.cm 3.
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AAS method

A total of 15 mg of nimodipine was weighed accurately and diluted to volume with MeOH in a 10
cm3calibrated flask as stock solution. A solution equivalent to approximately 3 mg of nimodipine was
prepared by adding 2 mL of the stock solution, 10 mL of 0.05 N HCI and a Cd granule. The mixture was
boiled for 60 min under CO, atmosphere. The mixture was transferred into a 50 cm? calibrated flask and
the volume was completed with H2O. The solution was prepared by diluting this solution to the desired
concentration. The atomic absorbance of the Cd?* in this solution was measured at 228.8 nm against a

blank prepared under identical conditions.

Spectrophotometric method

The amine group determined by the reduction of the aromatic nitro group by following the AAS method was
spectrophotometrically determined by using diazotization-coupling. After the reduction of the aromatic nitro
compound, the 2 mL samples taken from the standard solutions in different concentrations were prepared

with 1 mL of 2.5 N HCI and 0.5 mL of 1.0% sodium nitrite solution. The mixture was shaken and allowed to
settle for 2 min. Then 1 mL of 1% ammonium sulphamate was added and the mixture was allowed to settle

for 2 min. Finally, 1 mL of 0.2% a-naphthylamine solution was added. The absorbance in this mixture was

measured at 526 nm against a blank prepared under identical conditions after 10 min.

Sample preparation

Twenty tablets were weighed and powdered. MeOH was added to an accurately weighed amount of the
powder equivalent to approximately 3 mg of nimodipine in a 10 cm? calibrated flask. The mixture was shaken,
and diluted to volume with MeOH and filtrate. The filtrate was used for AAS and visible spectrophotometric

determinations after the appropriate dilutions.

Results and Discussion

To determine the optimal conditions for this method, the solvent dissolving the substances, HCl concen-
tration and the boiling time were investigated and checked. Optimal conditions were chosen as 2 mL of
MeOH, 0.05 M HCI and 60 min boiling time, since this gives the highest absorbance value. Under the exper-
imental conditions described a linear relationship was obtained between atomic absorbance (A) and Cd*2
concentration (C) in the final solution over a 0.3 to 1.5 ug.cm™3nimodipine (0.242-1.209 pg.cm—2 Cd*+?)
range. A linear relation was also obtained between atomic absorbance value (A) and Cd*? concentration
(C) at 0.3-1.5 ug.cm~3. The regression equation of the calibration curve was calculated as shown in Table
1. The recovery the ratio of nimodipine was 99.6% at RSD of 1.1% . The solutions were stable at room
conditions for 3 months but were unstable under light. There were no significant differences between using
H50 or HCI to dilute. The amount of cadmium dissolved on the surface of the metal in acidic media is not
significant?6:28. All of the solutions were prepared by completing to volume with HyO.

Commercially available tablets containing 30 mg of nimodipine were successfully analysed using the
proposed method. The drug was also analysed using a visible spectrophotometric method as a method of
comparison based on diazotization- coupling of the amine group formed during the reduction of the aromatic

nitro group. The assay results obtained from both methods were statistically compared at a 95% confidence
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level using t- and F- tests. As shown in Table 2, there was no significant difference between the mean values

or precisions of the 2 methods.

Table 1. Calibration equation for AAS.

Nimodipine | Cd?* Concentration | Absorbances | Cd?T Concentration | Asorbances

Concentration in Nimodipine Nimodipine (ug.cm=3) Cdzt+
(pg.cm™?) (pg.cm—?)

0.3 0.242 0.062 0.3 0.085
0.6 0.484 0.125 0.6 0.163
0.9 0.725 0.187 0.9 0.239
1.2 0.967 0.242 1.2 0.312
1.5 1.209 0.310 1.5 0.393

A =0.254 C + 0.001 r = 0.9996 A =0.255C+0.009 r=0.9999

Table 2. Assay result of commercial tablets containing 30 mg of Nimodipine.

n AAS Method | Visible Spectophotometric
Method
1 29.9 30.2
2 30.1 29.8
3 31.3 30.5
4 29.1 30.1
5 29.9 29.7
6 30.3 30.9
7 29.8 29.1
8 28.9 29.3
9 30.2 29.9
10 31.1 30.2
11 30.4 30.1
12 30.1 29.9
13 29.7 29.4
Xort 30.1 29.9
S 0.67 0.49
S/ Xort.100 2.22 1.64
Xortt t.S/y/n | 30.1 £ 0.16 29.9 £ 0.12
t- test 0.87
F- test 1.87

“Amaz = 526 nm
b = 2.179, F = 2.690 for p = 0.05 and n = 13

The other functional groups and tablet ingredients do not impact used on this method. Therfore, it
can be used for analysis of nimodipine in pharmaceutical dosage forms. An important advantage of this
reduction reaction is that 4 different methods of determination can be applied to the same solution. These
are AAS, polarography, complexometric titration with EDTA and visible spectrophotometry. The other
advantages are reagent stability and reaction selectivity. Producing 3 mols of Cd™2per 1 mol of nitro group

causes the results to be more precise and accurate.

144



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

The Atomic Absorption Spectrophotometric Method for..., M. CANLICA, S. ISLIMYELI

References

Europan Pharmacopoeia. Third Edition. Council of Europe, Strasbourg (1998).

S.M. Zhu, X.Z. Chang, X.Z. Hu and C.Z. Deng, Yauxue Xuebao, 23(7), 527-531 (1988). Ref. Chem. Abst.
109, 156355z (1988).

D. Fan, H. Zhu, X. Chi and L. Han, Zhonggua Yiyuan Yauxue Zazhi, 12(1), 3-5 (1992). Ref. Chem. Abst.
118, 131869t (1993).

G. Ragno, M. Veronico and C. Vetuschi, Int. J. Pharm., 119(1), 115-119 (1995). Ref. Chem. Abst. 122,
274215v (1995).

M.N. Reddy, S.V. Saibaba, D.G. Sankar and A.V. Gopal, East. Pharm., 42(497), 105-107 (1999). Ref. Chem.
Abst. 131, 291378 (2000).

K.P.R. Chowdary, K.G. Kumar and G.D. Rao, East. Pharm., 42(500), 141-142 (1999). Ref. Chem. Abst.
131, 204710 (2000).

S.N. Bharathi, M.S. Prakash, M. Nagarajan and K.A. Kumar, Indian Drugs, 36(10), 661-662 (1999). Ref.
Chem. Abst. 132, 156950 (2000).

K.P.R. Chowdary, K.G. Kumar and G.D. Rao, J. Inst. Chem., 71(6), 222-223 (1999). Ref. Chem. Abst. 133,
183141 (2000).

M.N. Reddy, K.V.K. Rao, A.V. Haragopal, N.R. Dutt and D.G. Sankar, Eastren Pharmacist, 43(515),
129-130 (2000). Ref. Chem. Abst. 134, 121052 (2001).

M.N. Reddy, T.K. Murthy, K.V.K. Rao, A.V. Haragopal and D.G. Sankar, Indian Drugs, 38(3), 140-142
(2001). Ref. Chem. Abst. 135, 185602 (2001).

V. Sankar, M. Balakumar, R. Shankaranarayana, A.M. Arul, V. Mavisalakshi , A. Shameem and V. Ravichan-
dran, Eastern Pharmacist, 44(517), 127-128 (2001). Ref. Chem. Abst. 135, 170890 (2001).

V. Ravichandran, S. Raghuraman, V. Kalaiselvan and P.B. Sundari, Indian Drugs, 2(17) 59-61 (2003). Ref.
Chem. Abst. 140, 117597 (2004).

F. Belal, A.A. Al-Mejed, S. Julkhuf and N.Y. Khalil, Parmazie, 58(12), 874-876 (2003),. Ref. Chem. Abst.
140, 22584 (2004).

R.T. Sane, M.G. Gangrade, V.V. Bapat, S.R. Surve and N.L. Chonkar, Indian Drugs 30(4), 147-151 (1993).
Ref. Chem. Abst. 119, 34455t (1993).

V.M. Shinde, B.S. Desai and N.M. Tendolkar, Indian Drugs, 31(3), 117-121(1994). Ref. Chem. Abst. 121,
181795 (1994).

S. Wang, W. Ma and X. Wang, Zhonggua Yiyuan Yauxue Zazhi, 11(2), 81-84 (1991). Ref. Chem. Abst.
115, 35836x (1991).

Y. Gang, P. San, G.He, Y. Yang and J. Zhu, Zhongguo Yaake Daaxue Xuebao, 27(5), 285-288 (1996).
Ref. Chem. Abst. 125, 309208m (1996).

Y.P. Patel, S. Patil, I.C. Bhoir and M. Sundare, J. Chromatogr., A 828(1+2), 283-286 (1998). Ref. Chem.
Abst. 130, 130081 (2000).

Y. Hu, Q. Tang and Q. Du, Sepu., 18(4), 376-377 (2000). Ref. Chem. Abst. 133, 183145 (2000).

145



The Atomic Absorption Spectrophotometric Method for..., M. CANLICA, S. ISLIMYELI

20.

21.

22.

23.

24.

25.

26.

27.

28.

146

X. Li, L. Guo and Z. Ren, Zhonggua Yiyuan Yauxue Zazhi, 22(2), 94-95 (2002). Ref. Chem. Abst. 136,
299857 (2002).

G. Zhang, J. Zhu, J. Hu and Z. Yan, Yaowu Fenwi Zazhi, 22(3), 231-233 (2002). Ref. Chem. Abst. 140,
134003 (2004).

Y.S.R. Krishnaiah, P. Bhaskar, B. Jayaram, B. Rama, V. Raju, P.Rao and M. Murali, Asian Journal of
Cemistry, 15(3,4), 1302-1306 (2003). Ref. Chem. Abst. 140, 65353 (2004).

J.A. Squella, F.C. Sturm, R. Lenac and L.J. Nunez-Vergara, Anal. Lett., 25(2), 281-292 (1992).

The United States Pharmacopeia XXI and National Formulary XVII. The United States Pharmacopeia Con-
version Inc. Rockville, 733 (1985).

M. Canlica and S. Islimyeli, Journal of Faculty of Pharmacy of Istanbul University, 34(1), 49-54 (2001).
S.S.M. Hassan, Talanta, 28, 89 (1981).
S.S.M. Hassan and F.Tadros, Talanta , 28, 20 (1983).

S.S.M. Hassan and M.H. Eldesouki, Talanta, 26, 531 (1979).



