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result of both methods lies within the prescribed limit 
of 98-102%, showing that both methods are free from 
interference from excipients. The results obtained from 
the intra-day and inter-day precision study were less 
than 2% (i.e., in the range of 0.590-1.070 and 0.845-
1.234% for intra and inter day for proposed methods, 
respectively) indicating that the proposed methods 
were sufficiently precise for the analysis of drug. 
Both the methods were robust enough under different 
conditions as indicated by% RSD (i.e., in the range 
of 0.784-1.012% for proposed methods).

The applicability of the proposed methods for the 
determination of DOX, PYR and FA in commercial 
dosage forms was examined by analyzing marketed 
products. From Table 1, it is evident that there 
is good agreement between the amount estimated 
and those claimed by the manufacturers. Percent 
label claims are very close to 100, with low value 
of standard deviation. The proposed methods are 
sensitive, simple, and accurate and can be successfully 
applied for the quality control of pure DOX, PYR and 
FA in pharmaceutical dosage forms.

REFERENCES

Reynolds JEF, editor. In; Martindale; the Extra Pharmacopoeia,1.  31st ed. 
London: The Pharmaceutical Press; 1996. p. 443. 
The United States Pharmacopoeia,2.  23rd ed. Rockville, MD: The US 
Pharmacopoeial Convention, Inc; 1995. p. 1347. 
Reynolds JE, editor. In; Martindale, The Extra Pharmacopoeia,3.  31st ed. 
London: The Pharmaceutical Press; 1996. p. 1384.
Indian Pharmacopoeia4. , 4th ed. Vol. 2, New Delhi: Government of India, 
The Controller of Publications; 1996. p. 644. 
British Pharmacopoeia, Vol. 2, London: Her Majesty�s Stationary OfÞ ce; 5. 
1993. p. 565.
The United States Pharmacopoeia, 23rd ed. Rockville, MD: The US 6. 
Pharmacopoeial Convention, Inc; 1995. p.559. 
Lacroix R, Eason E, Melzack R. Nausea and vomiting during 7. 
pregnancy: A prospective study of its frequency, intensity and patterns 
of change. Amer J Obstet Gynecol 2000;182:93-7.
Dinc E, Onur FA. A comparison of matrix resolution method, ratio 8. 
spectra derivative spectrophotometry and HPLC method for the 
determination of thiamine HCl and pyridoxine HCl in pharmaceutical 

preparation. J Pharm Biomed Anal 2000;22:915-23.
Agrekar AP, Sawant JG. Simultaneous determination of pyridoxine 9. 
hydrochloride and oxylamine succinate from tablets by ion pair 
reversed-phase high-performance liquid chromatography (RP-HPLC). 
Drug Devlop Ind Pharm 1999;25:945-50.
Argekar AP, Sawant JG. Simultaneous determination of pyridoxine 10. 
hydrochloride and doxylamine succinate in tablets by HPTLC. J Liquid 
Chromtogr Rel Technol 1999;22:2051-60.
Abera-Sturi FJ, Jime AI, Arias JJ, Jime F. Simultaneous 11. 
spectrophotometric determination of folic acid, pyridoxine, 
riboß avin, and thiamine by partial least-squares regression. Anal Lett 
2002;35:1677-91.
Sena MM, Chaudhry ZF, Collins CH, Poppi RJ. Direct determination 12. 
of diclofenac in pharmaceutical formulations containing B vitamins 
by using UV spectrophotometry and partial least squares regression. J 
Pharm Biomed Anal 2004;36:743-48.
Vladi OC, Nelson RM, Magalha JF. First-derivative spectrophotometric 13. 
determination of pyridoxine hydrochloride in pharmaceutical 
preparations. Anal Lett 2001;34:1875-88.
Surmenian M, Aboul HY. Simultaneous analysis of pyridoxine and 14. 
melatonin in tablet formulation by derivative ultraviolet spectroscopy. 
Anal Lett 1998;31:1731-5.
Monferrer PL, Esteve JS, Garcia MC. Spectrophotometric determination 15. 
of B[6] vitamins by coupling with diazotized P-sulfanilic acid in 
micellar medium of N-cetylpyridinium chloride. Anal Lett 1999;32:51-
63.
Surmenian M. Simultaneous determination of ascorbic acid, pyridoxine 16. 
hydrochloride, and tyrosine by derivative UV spectrophotometry. Drug 
Dev Ind Pharm.1998;24:691-96.
Abdollahi H, Sororaddin MH, Naseri A. Simultaneous 17. 
spectroß uorometric determination of piroxicam and pyridoxine using 
generalized rank annihilation method. Anal Sci 2006;22:263.
Abdine HH, Gazy AA, Abdel-Hay MH. Simultaneous determination 18. 
of melatonin�pyridoxine combination in tablets by zero-crossing 
derivative spectrophotometry and spectroß uorimetry. J Pharm Biomed 
Anal 1998;17:379-86.
Capella ME, Bossi A, Esteve JR. Optimization by factorial design of a 19. 
capillary zone electrophoresis method for the simultaneous separation 
of antihistamines. Anal Biochem 2006;352:41-5.
Portela JG, Costa AC, Teixeira LS, Determination of vitamin 20. 
B6 in pharmaceutical formulations by flow injection-solid phase 
spectrophotometry. J Pharm Biomed Anal 2004;34:543.
International Conference on Harmonisation, ICH Harmonised Tripartite 21. 
Guideline-Validation of Analytical Procedures: Methodology. Fed Reg 
1997;62:27463.

*For correspondence
E-mail: kalidhar@hau.ernet.in

Accepted 12 August 2008
Revised 22 January 2008
Received 13 March 2007

Indian J. Pharm. Sci., 2008, 70 (4): 513-517

A New Coumarin from Citrus paradisi Macf.
MEERA AND S. B. KALIDHAR*
Department of Chemistry, Haryana Agricultural University, Hisar-125 004, India

Imran_S
Rectangle



www.ijpsonline.com

Indian Journal of Pharmaceutical Sciences518 July - August 2008

Kalidhar, et al.: Citrus paradisi Chemical Components

Phytochemical examination of the peel of grapefruit resulted in the isolation of fi ve compounds namely friedelin, 
β-sitosterol, 7(3’,7’,11’,14’-tetramethy)pentadec-2’,6’,10’-trienyloxycoumarin, limonin and cordialin B. These 
compounds have been characterized on the basis of spectral data, and 7(3’,7’,11’,14’-tetramethy)pentadec-2’,6’,10’-
trienyloxycoumarin is a hitherto unreported compound.
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Citrus paradisi commonly known as grapefruit and 
pahari nimbu belongs to the family Rutaceae. It is 
synonymous with C. decumana var. racemosa, C. 
decumana var. paradisi Nichols and C. racemosa 
Macf. The juice of the grapefruit is used for building 
up resistance to common cold and wound infections1. 
There is report of only one compound i.e. 6,7-
dimethoxycoumarin2 from grapefruit peel. In view of 
existing scanty data, the present study was undertaken 
(Þ g 1).

Melting points were determined on Ganson Electrical 
Melting Point Apparatus. IR spectra were recorded on 
Hitachi 570 Infrared Spectrophotometer using KBr. 
1H NMR spectra were recorded on Brucker AC-300F 
300 MHz NMR Spectrophotometer using TMS as an 
internal standard. Chemical shifts are given in δ (ppm) 
and CDCl3 was used as a solvent for recording NMR 
spectra. Fruits of C. paradisi (10 kg) were procured 
from Landscape, HAU, Hisar.

The peel of the fruits was removed and air dried. The 
peel was then reß uxed with hot methanol for 6 h and 
the process was repeated 4 times. Extractives were 
concentrated on water bath under reduced pressure 
and the viscous mass thus obtained was mixed with 
silica gel (60-120 mesh), dried on water bath and 
subjected to column chromatography. Petroleum ether 
was used as a solvent in packing the column. Five 
compounds were isolated.

Compound A crystallized from methanol, 25 mg, mp 
2680 (literature mp 267.3-269.50)3. It gave pale brown 
color on reaction with Ac2O/H2SO4; IRνmax (KBr, 
cm-1): 1720; 1H NMR (δ, CDCl3): 2.25-1.20 (25 H, 

m, 11*CH2 and 3*CH), 1.17 (3 H, s, CH3), 1.04 (3H, 
s, CH3), 1.00 (6H, s, 2*CH3), 0.95 (3 H, s, CH3), 0.86 
(6H, s, 2*CH3), 0.72(3H, s, CH3); GCMS: 426 (M+). 
This data settled compound A to be friedelin (1)3. 

Compound B crystallized from methanol, 20 mg, 
mp 1360 (literature mp 136-1370)4. It responded to 
Liebermann-Burchard Reaction. IRνmax (KBr, cm-1): 
3427; 1H NMR (δ, CDCl3): 5.34 (1H, br, H-6), 3.51 
(1H, m, H-3), 2.28-1.13 (29H, m, 11*CH2, 7*CH), 
0.92 (6H, s, 2*CH3), 0.83 (3H, s, CH3), 0.80 (3H, s, 
CH3), 0.78 (3H, s, CH3), 0.68 (3H, s, CH3); GCMS: 
414 (M+). This data confirmed compound B to be 
β-sitosterol (2)5 using a direct comparison.

Compound C (3) crystallized from methanol, 50 
mg, mp 700. IRνmax (KBr, cm-1): 1700; 1H NMR (δ, 
CDCl3): 7.64 (1H, d, J 10 Hz, H-4), 7.36 (1H, d, J 
7.5 Hz, H-5), 6.82 (2H, m, H-6, H-8), 6.25 (1H, d, J 
10 Hz, H-3), 5.50 (1H, 1H, t, J 7.0 Hz, H-2�), 5.10 
(2H, t, J 7.0 Hz, H-6�, H-10�), 4.61 (2H, d, J 7.0 Hz, 
2*H-1�), 2.34 (4H, m, 2*H-5�, 2*H-9�), 2.10 (6H, t, J 
7.0 Hz, 2*H-4�, 2*H-8�, 2*H-12�), 1.75 (3H, s, CH3), 
1.72 (3H, s, CH3), 1.65 (3H, s, CH3), 1.30-0.86 (9H, 
m, 2*CH3, CH2, CH); GCMS: 422 (M+).

Compound D crystallized from methanol, 40 mg, 
mp 297 (literature mp 298)3. IRνmax (KBr, cm-1): 
1758,1708; 1H NMR (δ, CDCl3): 7.41 (2H, m, H-2�, 
H-5�), 6.30 (1H, m, H-3�), 5.46 (1H, s, OCHCOO), 
4.77-4.47 (2H, m, 2*OCH), 4.02 (2H, s, OCH2), 
2.98-1.77 (10H, m, 4*CH2, 2*CH), 1.29 (3H,s, 
CH3), 1.17 (6H, s, 2*CH3), 1.07 (3H,s, H3); GCMS: 
470 (M+). The data proposed compound D to be 
limonin (4)3.

Compound E crystallized from methanol, 50 mg, 
mp 1140 (literature mp 114-1150)3. It responded to 
Liebermann-Burchard Reaction. IRνmax (KBr, cm-1): 
3358; Acetate: compd.+Ac2O+Py; 1H NMR (δ, 
CDCl3): 5.34 (1H, m, =CH), 4.28 (1H, m, CH-O), 
4.10 (1H, m, CH-O), 3.65(1H, m, CH-O), 3.39(1H, Fig. 1: Structure for the coumarin isolated from Citrus paradisi
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m, CH-O), 2.32-1.08 (20H, m, 8*CH2, 4*CH), 2.08 
(3H, s, OAc), 2.04 (3H, s, OAc), 2.01 (3H, s, OAc), 
2.00 (3H, s, OAc), 1.23 (3H, s, CH3), 1.10 (3H, s, 
CH3), 0.98 (3H, s, CH3), 0.92 (3H, s, CH3), 0.88 (3H, 
s, CH3), 0.86 (3H, s, CH3), 0.67 (3H, s, CH3), GCMS: 
490 (M+). A comparison with literature data3 suggested 
this compound to be cordialin B (5). 

Compound C showed fluorescence under UV 
indicating it to be a coumarin. The IR spectrum of 
the compound exhibited the presence of a carbonyl 
group at 1700 cm-1 which was a further support 
towards the coumarin nucleus. MS suggested 
its molecular mass to be 422. 1H NMR of the 
compound in CDCl3 showed a doublet at δ 7.64 (J 
10 Hz) which was typical of H-4 of a coumarin. 
Another doublet was observed at δ 7.36 (J 7.5 
Hz) which could be H-5 of a coumarin. There 
was a multiplet at δ 6.82 for two protons which 
represented H-6 and H-8 of the nucleus. A doublet 
at δ 6.25 (J 10 Hz) was assignable to H-3. A triplet 
at δ 5.50 (J 7.0 Hz) could be H-2� of an aliphatic 
chain attached at C-7 of the nucleus. Another triplet 
at δ 5.10 (J 7.0 Hz) for two protons could be due 
to H-6� and H-10�. A doublet at δ 4.61 (J 7.0 Hz) 
was assignable to 2 protons at C-1�. A multiplet at 
δ 2.34 for 4 protons could be 2*H-5� and 2*H-9�. 
A triplet at δ  2.10 (J  7.0 Hz), representing 6 
protons, could be 2*H-4�, 2*H-8 and 2*H-12�. 

Three singlets at δ 1.75, 1.72 and 1.65, each for 
3 protons, could be due to 3 methyls, one each 
at C-3�, C-7� and C-11�. A multiplet in the range 
1,30-0.86 for 9 protons could be 2 methyls, one 
methylene and one methine. The data suggested 
the compound to be 7(3�,7�,11�,14�-tetramethy)
pentadec-2�,6�,10�-trienyloxycoumarin (3) which is 
a hitherto unreported compound.
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A Simplified HPLC Method for Quantification of 
Torsemide from Human Plasma and its Application to a 
Bioequivalence Study
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Saraf, et al.: Quantifi cation of Torsemide from Human Plasma

A simple, rapid and selective method was developed. The method was validated and found to be linear in the 
range of 100-4000 ng/ml. Chromatographic peaks were separated by means of a 5 µm, C18 silica column using 
acetonitrile and phosphate buffer (0.05 M) in proportion of 40:60 (pH 4.0) as a mobile phase. The retention time 
of torsemide was 5.00±0.20 min. The chromatograms showed good resolution and no interference from plasma. 
The mean recovery from human plasma was found to be above 82%. Both inter-day and intra-day accuracy and 
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