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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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precision data showed good reproducibility. This method was applied to a single dose bioequivalence study. Log 
transformed values were compared by ANOVA followed by classical 90% confi dence interval. Confi dence limits 
for C

max
, AUC

0-t
 and AUC

0-inf
 ranged from 98.6 to 102.8, 101.8 to 105.3 and 102.4 to 105.5 respectively. These 

results suggested that the analytical method was linear, precise and accurate. Test and reference product were found 
to be bioequivalent.
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Torsemide [1-isopropyl-3-[(4-m-toluidino-3-pyridyl)]
sulfonylurea, a loop diuretic. Following oral 
administration of torsemide, peak concentration is 
usually achieved within 1-2 h with an elimination 
half-life of approximately 3.5 h (http:// www.rxlist.
com accessed on Aug 2005). Literature survey 
revealed various methods for the estimation of 
torsemide from human plasma1-8. Reported methods 
involve complicated time-consuming multi-step liquid-
liquid extraction techniques. The present paper reports 
on the development of a rapid, sensitive and validated 
HPLC method for quantiÞ cation of torsemide from 
human plasma after single step treatment of the 
plasma sample. The developed and validated method 
was successfully applied to a pharmacokinetic study 
in healthy human volunteers. 

Standard torsemide was obtained from Macleods 
Pharmaceuticals Ltd. Acetonitrile (HPLC grade), 
was purchased from Qualigens, Mumbai. Potassium 
dihydrogen phosphate, ortho phosphoric acid, 
perchloric acid (all analytical reagent grade) were 
purchased from S. D. Fine Chem. Ltd., Mumbai.  
Pooled human plasma was purchased from the 
National Plasma Fractionation Center, K.E.M. Hospital 
Mumbai, and was stored at -20° until used. 

Stock solution of torsemide were prepared at 1 mg/
ml in methanol and stored at 4°. The stock solution of 
torsemide was further diluted with methanol to give 
series of standard solutions with concentration of 100, 
250, 500, 1000, 2000, 3000, 4000 ng/ml. A standard 
curve consisting of seven points ranging from 100 to 
4000 ng/ml and quality control samples consisting of 
lowest (100 ng/ml) median (1000 ng/ml) and highest 
(4000 ng/ml) were prepared by spiking appropriate 
amount of standard solution in blank plasma and 
stored at -20° until analysed. 

The HPLC system consisted of a Jasco�PU980 
intelligent pump (Jasco Ltd., Japan), manual injector 
port with 50 µl loop (Rheodyne, USA) and Jasco 
UV/Vis 975 intelligent detector (Jasco Ltd., Japan). 

The wavelength of the detector was set at 290 nm. 
Detector output was quantiÞ ed on Jasco face (Version 
2.0). The samples were separated by chromatography 
on a C18 column (HiQ Sil®, 4.6 mmφ × 250 
mm), using acetonitrile and potassium dihydrogen 
orthophosphate buffer (0.05 M) in proportion of 40:60 
(pH 4.0), respectively as a mobile phase, at a flow 
rate of 1 ml/min. 

One millilitre of drug free blank plasma spiked with 
torsemide, 0.8 ml of 10% perchloric acid in methanol 
was added and vortexed for 30 s. The mixture was 
centrifuged at 10500 × g for 10 min. The supernatant 
(20 µl) was injected in the column.

Validation was carried out as per CDER guidelines 
(http://www.fda.gov/cder/guidance/index.htm accessed 
on Dec 2003). The developed method was validated 
for selectivity, limit of detection and quantitation, 
linearity, precision and accuracy, recovery, stability 
in plasma, system suitability and robustness. Quality 
control samples were used for inter-day and intra-
day precision and accuracy of the assay. Spiked 
concentrations and peak area of torsemide were fit 
by linear regression equation (y=mx+c). Precision is 
reported as % CV of the estimated concentrations and 
accuracy expressed as [(mean calculated concentration/
spiked concentration)×100]

The method described in this paper was applied to 
a bioequivalence study of two oral formulation of 
torsemide 20 mg tablet, Macleods Pharmaceutical 
Ltd., Mumbai (Test formulation) versus that of 
Dytor, Cipla Ltd., Mumbai (Reference formulation). 
Institutional Ethics Committee of Bombay College 
of Pharmacy approved the study protocol. Twelve 
healthy male Indian subjects were included in the 
study. The study was 12×2 single dose, randomized, 
open, and crossover design. Subjects were fasted 
overnight before drug administration. Five millilitre 
of blood samples were collected at 30, 45, 60, 75, 
90 and 120 min and thereafter at 3, 4, 8, 12 and 
24 h post drug administration through an indwelling 
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cannula into heparinised tubes. The blood samples 
were immediately centrifuged, plasma was separated 
and stored at �20° until analysed. The plasma samples 
obtained at various time intervals were analysed 
by HPLC method developed.  Pharmacokinetic 
parameters (Cmax, Tmax, T1/2, Kele, AUC0-t and AUC0-inf) 
were calculated by Basica (V 1.12). 

The purpose of the present paper was to develop 
a simple, rapid with simple sample preparation 
and simple mobile phase. Protein precipitation by 
perchloric acid gave no endogenous interference 
(selective) from plasma at the retention of the drug 
but recovery was low; while precipitation with 
methanol gave good recovery but the method was not 
selective. Hence, we tried a mixture of perchloric acid 
and methanol not only to get better selectivity as well 
good recovery of the drug. The mixture of perchloric 
acid and methanol was later optimized to 0.8 ml of 
10% perchloric acid in methanol. 

The selectivity of the method was evaluated by 
analysis of drug-free human blank plasma, which 
did not show any interference at the retention time 
of torsemide i.e. 5.00±0.20 min. The tailing factor 
of the torsemide peak is not greater than 1.5. The 
method was linear in the range of 100 - 4000 ng/ml. 
The regression coefÞ cient �r� was 0.999. The limit of 
detection and quantiÞ cation was 50 ng/ml and 100 ng/
ml, respectively. Intra day precision and accuracy was 
determined by analyzing quality control samples (100, 
1000 and 4000 ng/ml) in no fixed order. Inter day 
precision was determined from quality control samples 
once each on Þ ve different days. The precision of the 
assay calculated as % CV and was less than 8.37% 
at all concentration studied. The accuracy of the assay 
was found in the range of 88.32 to 107.01% (Table 
1). The percent recovery (n=5) was found to be more 
than 82% at all concentrations. Stock and working 
solution of torsemide in methanol were stable for 
at least two months when stored at 4º. The plasma 
control of torsemide also found to stable to three 
freeze-thaw cycles. The plasma controls stored in 

polypropylene tube stored at �20º were stable for at 
least 30 d. A relative standard deviation, calculated for 
Þ ve replicate injections of standard preparation is not 
more than 2.0%. The method showed good ruggedness 
in fact, little change in either mobile phase ratio or 
in normal laboratory condition of humidity, light, 
air exposure and temperature did not influence the 
retention time of torsemide.

The mean peak plasma concentrations for 20 mg 
torsemide tablet were found to be 3175.9±428.9 ng/
ml and 3399.4±581.5 ng/ml for the reference and 
test formulations respectively. These values were 
achieved at 1.0±0.4 and 0.8±0.2 h, respectively, for 
reference and test formulations. AUC0-24 was found to 
be 8123.3±2628.6 ng.h/ml and 8204.6±3447 ng.h/ml 
for the reference and test formulations respectively 
(Table 2). The bioavailability of the test formulation 
as judged from AUC0-24 was found to be 101.0% as 
compared to the reference formulation for torsemide. 
The 90% confidence limits for the ratio of the log 
normal transformed data of Cmax, AUC0-24, and AUC0-inf 
of test product and reference product were found to 
in the range of 98.6 to 102.8, 101.8 to 105.3 and 
102.4 to 105.5 and are within prescribed limits (80 
to 125) (Table 2). Test formulation was found to be 
bioequivalent with the reference formulation 

TABLE 1: PRECISION AND ACCURACY OF QUALITY CONTROL STANDARDS OF TORSEMIDE 
Spiked Conc.                                          Intra day                                                Inter day
(ng/ml)  Mean Concentration±SD Accuracy %CV Mean Concentration±SD Accuracy %CV
 (ng/ml)   (ng/ml)
100 89.54±5.02 89.54 5.60 88.32±7.40 88.32 8.37
1000 1070.12±85.67 107.01 8.00 955.35±40.64 95.53 4.25
4000 4118.0±203.9 102.95 4.95 4176.13±135.93 104.40 3.25
The table gives mean percent recovery, calculated from Þ ve samples at each of the concentrations mentioned (n=5) along with their coefÞ cient of variation 
(%CV).% Accuracy = [Measured concentration / spiked concentration]×100.

TABLE 2:  PHARMACOKINETIC PARAMETERS OF 
TORSEMIDE 
Parameters Test Reference 90%CIϕ P
   (80-125%) valueΨ

Cmax (ng/ml) 3399.4±581.5 3175.9±428.9 98.6 to 102.8 0.21
Tmax (h) 0.8±0.2 1.0±0.4   0.10
T1/2 (h) 3.8±2.6  3.2±1.7   0.28
Kele 0.24±0.1 0.27±0.1   0.29
AUC0-t 8204.6±3447 8123.3±2628.6 101.8 to 105.3 0.92
(ng.h/ml)
AUC0-inf   9035.0±4195.7 9061.7±3552.8 102.4 to 105.5 0.97
(ng.h/ml)
The table gives mean±standard error for comparative pharmacokinetic 
data of torsemide 20 mg tablet in 12 healthy volunteers along with the 90% 
conÞ dence interval for log transformed data of Cmax and AUC. The table also 
gives the p value, applied on log-transformed data (n=12). ϕStatistics were 
applied on logarithm transformed data, n=12. ΨNon-signiÞ cant difference at 
95% conÞ dence limits.
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The method described in this paper is simple and 
rapid HPLC-UV method for determination of 
torsemide in human plasma and found to be precise 
and accurate; the proposed method was successfully 
applied for pharmacokinetic studies. 
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Khokra, et al.: Antibacterial Studies of Vitex negundo Linn. extracts and essential oil

Essential oils from fresh leaves, fl owers and dried fruits of Vitex negundo were obtained by hydrodistillation. Using 
Soxhlet extractor fi ve successive extracts from dried and powdered leaves were also taken. The chemical constituents of 
essential oil of leaves, fl owers and dried fruits were analyzed by GC-FID and GC/MS techniques. Main constituents 
identifi ed in leaves oil were δ-guaiene, carryophyllene epoxide and ethyl-hexadecenoate; in fl owers oil - α-selinene, 
germacren-4-ol, carryophyllene epoxide and (E)-nerolidol while fruit oil showed β-selinene, α-cedrene, germacrene D 
and hexadecanoic acid as the main constituents. β-Caryophyllene was only the constituent identifi ed as common to 
all three oils. α-Guaiene and guaia-3,7-diene were identifi ed as common constituents in leaf and dried fruit oil while 
leaf and fl ower oils showed p-cymene, valencene, caryophyllene epoxide and (E)-nerolidol as common constituent. 
All the essential oils and successive extracts were evaluated for antibacterial potential against Staphylococcus aureus, 
Bacillus subtilis, Escherichia coli and Pseudomonas aeruginosa bacterial strains. Each of the essential oils and extracts 
were found to give promising results against B. subtilis and E. coli. Ethyl acetate and ethanol extracts showed 
prominent antibacterial activity against all the tested strains. Fruits and leaves oil were found to be most active 
against E. coli and S. aureus, respectively. Only fl owers oil was found to be active against P. aeruginosa.

Key words: Vitex negundo, essential oils, antibacterial studies, α-selinene, germacren-4-ol, carryophyllene oxide, 
δ-guaiene, carryophyllene epoxide
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