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Papaveriie (6,7dimethoxy-1-veratrylisoquhroline) is commonly used as a 
peripheral vasodilator_ A number of analytical methods for the determination 
of papaverine in biological fluids such as plasma and urine have been described 
in the literature. The turbidimetric method 111, which involves phosphomolyb- 
die acid, lacks in specificty for papaverine, whereas the differential specfro- 
photometic method 1.21 exhibits a specificity for papaverine, but unfortunate- 
ly the limit of detection for papaverine is about 0.5 &g/ml. The gas cbromato- 
graphic methods C3-5 j for the determination of papaverine have the sensitiv- 
ity necessary to detect low concentrations in plasma, however, these methods 
generahy require jarge sample volumes and involve various extraction and puri- 
fication steps. This ~~LcI.s to a considerable increase in the analysis time. 

This paper reports a rapid and simple high-performance liquid chromato- 
graphic (HPLC) assay for papaverine in plasma and tie. The assay is quite 
specific for papaverine and requires a short sample preparation procedure prior 
to tTile chromatographic analysis. 

EWE-T& 

Reagents 
Chloroform, isopropanol, methanol and sodium borate decahydrate were all 

reagent grade and purchased fkom Fisher Scientific (Fair Lawn, NJ, U.S.A.). 
Laudanosme, the internal standard, was obtained from Aldrich (Milwaukee, WI, 
U.S.A.). Papaverine was obtained from S.B. Penick & Co. (Lyndhurst, NJ, 
U.S.A.). 

,9 Milton Roy Mini pUrr;p (Milton Roy, Laboratory Data control f)iv’ision, 
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Riviera Beach, FL, U.S.A.) was used to deliver the mobile phase to a high- 
pressure Ioop ;nie&or (Model No. 7120 injector, Bheodyne, Berkeley, CA, 
U.S.A.-), fitted with a 26-~d loop and a C, reversed-phase column (25 cm X 4.6 
mm I.D., 10 pm particle size, Brownlee Labs., Santa Clara, CA, U.S.A.). Tbe 
chromatography was carried out at ambient temperature. A variable-wavelength 
UV-Vis detector (V&-&nom, Varian Instrument, Palo Alto, CA, U.S.A_) was 
used to monitor the column effluent at 239 nm. The output from the detector 
was connnectecl to a I-mV potentiometric recorder (Linear Instrument, bvine, 
CA, USA)- The HPLC mobile phase was methanol-O.015 M sodium borate, 
pH 8.5 (58:42). This was pumped through the HPLC system at a rate of 2.7 
ml/min and the resulting pressure was approximately 1.517 - 10’ Pa 

The plasma or urine sample (1.0 ml) was pipetted into a 16 X 125 mm 
culture tube and mixed with 0.3 ml of laudanosine solution (0.2 mg/l), 
followed by the addition of 10 ml of a mixtnre of chloroform-isopranol 
(95:5). After sealing the tube with a PTFElined screw cap, it was vortexed for 
2 mm and centrifuged for 30 min. The supernatant aqueous layer was aspirated 
and 8 ml of the organic phase were transferred to a clean tube. The organic 
phase was evaporated with an air stream at room temperature and the 
evaporated residue was reconstituted with 100 ~1 of methanol. A 20-,eI ahquot 
of this solution was injected. The standard curves were developed by spiking 
blank plasma or urine samples with known amounts of papaverine to give 
concentrations from O.O- 10.0 pg/ml. 

Calculation 
A standard curve was developed for each series of analyses by plotting the 

ratio of the height of papaverine peak to the height of laudanosine peak versus 
the concentration of papaverine, The concentrations of the unknown samples 
were subsequently determined from the standard curve. 

RESULTS AND DISCUSSION 

The cbromatographic conditions for the analysis of papaverine in plasma and 
urine were selected after appropriate preliminary investigations with a number 
of different mobile phases. It was observed that the elution of papaverine from 
the KPLC cohnnn was considerably influenced by the pH and methanol 
concentration of the mobile phase. 

The chromatograms resulting from the analysis of a blank plasma sample and 
a plasma sample spiked with a known amount of papaverine are shown in Fig. 
1. Fig. 2 presents the ehromatograms from blank and spiked urine samples. 
Under the chromatographic conditions selected for this assay, papaverine 
&ted from the HPLC column with a retention time of 5.0 min while 
laudanosine, the internal standard, eluted at 9.5 min. No endogenous 
components with a retention time similar to either papaverine or laudanosine 
were observed during the analyses of the plasma or urine samples. The 
specificity of the assay was tested by spiking the plasma and Fe samples with 
theophylhne, caffeine, theobromine, tetracycline, oxytetracycline, gentamycin, 



Fig_ l_ cxlromm of blank plasma(A) and phsmaspiked with 0.5 pgjmlpapaverine 
(B).Peaks.-papaveri11e(1)a~1dhdanosine(2). 

Eg_ 2_ Chmmatograms ofblank.urine(A)and urine spiked with 0.5 pg/znl papaverine(B)_ 
Peakszpapa verine(l)andIaudazosine(2). 

chlorothiazide and hydmcbIorothiazide_ These sampkswere car&d &rough 

the entire assay procedure and none of these drugs were found to interfere w-&B 
the analysis of papaverine. 

Tke standard cume forpapaverine fromtheplasrna~&durinesampksx&~~ 
linear over the concentration range studied (Table I). T&e lima&y of the 
stand& curve was s%m&d over a comentration range of0.05 -I.O~~~~xnl of 
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STANDARDCURVEDATAFOR PAPAVEZINE 
&&5___ . 

s‘ample cont. of R&Of Equ&iorr 

papatwine 
(Pgbl) 

Plasma 0.00 0.00 Y= 2.058X+ 0.01 
0.05 0.1858 r= 0.997 
0.10 0.3927 
0.50 1.2058 
1.00 2.1120 

Urine 0.00 0.00 Y= 1_567X+O.O2 
0.05 0.0973 r= 0.999 
0.10 0.1989 
0.50 0.8253 
1.00 1.5758 

*Ratio of papaverine peak height to laudancxine p&k height. 

papavetie, both in plasma and urine, and was found to be linear with 
correlation coefficients for linear regression of 0.997 and 0.999, respectively. 
The maximum sensitivity for papaver-ine detection was 25 ng/ml of plasma and 
urine, since at this concentmtion the signal-to-noise ratio was about, 4 or 5 to 1. 

The efficiency of the extraction step was checked by extracting known con- 
centrations of papaverine in replicates of five, from plasma and urine samples. 
The recovery of papaverine from plasma samples ranged from 78.6- -87.2% with 
a mean recovery of 84.3%, whereas the recovery from urine samples ranged 
from 78.57-104.46% with a mean recovery of 88.2%. 

The precision and reproducibility of the assay procedure was determined by 
analyzing papaverine at three concentration levels (0.1, LO, 10.0 gg/ml), in 

triplicate. In plasma, at these levels, the coefficients of variation were found to 
be 6.16, 1.93 and 7.5% while the coefficients of variation at the same 1evel.s 
from the urine samples were 3.39,X.13 and 0.8% (Table II). 

TABLE 11 

REPRODUC- YDATAFORPAPAVERINE 

Sample conc.of Ratio* 
papaveriae (mean f SD.) 
G&Ql) 

Plasma 0.10 O-4250* 0.0262 6.16 
1.00 1.9593 * 0.0378 1.93 

10.0 45.583 f 3.42 7.5 
Urine 0.10 0.5152 + 0.017 3.39 

1.00 4.0747a 0.0463 1.13 
10.0 39.3900 ir 0.345 0.8 

*ECatioofpapaverinepeakheightto laudancsinepeakheigh~ 
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The method described is the first HPILFmethod which is rapid, simple zmd 
with sufficient sensitivity for the quntit&ve determination of pqmmine jn 
plasma and urine. The lower i&nit of d&z&ion of papaverine in p&ma and 
mine is 25 &ml with excelknt reproducibility. The method is specific for 
papaverine and no interfereme from other drugs was observed. 

ACKNOWLEDGEM!ZNTS 

§~_~ported in part by FDA Contract 223-79-3004. The authors thank D.M. 
Chambers for reviewing the manuscript. 

S-R. Rkk and RX. Bergman, J. AppL PhysioL, 6 (1953) 168. 
J. Axelrod, R. Shofer, J.K. Insme, WM. King and A. Sjoerdsma, J. Pharmaazk Exp. 
Ther., 124 (1958) 9. 
D.E. Guttman, X&B. Kostenbauder and G-R_ Wilkinson, 9. Pharre Sci. 63 (1974) 1625- 
PL Mbini and A Mano, Biochem. BioL, 4 (1973) 3. 
J. de Grakve, J. van Cantfort and J. Giefen, J. Chmmatogr.. 133 (1977) 153. 


