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SUMMARY 

Ethaverine can be measured in the plasma of human subjects by reversed-phase high- 
performance liquid chromatography employing W detection. The Ihit of detection was 
2 ng/ml, and the precision was f 14. f 6 and t 2% at concentrations of 5,25 and 50 nglsnl 
respectively. A peak mean pkasma drug concentration of 20 ng/mI occurred at 1.5 h after 
single oral doses of a capsule formulation to human subjects, and declined with a half-life 
of 2.9 h. 

INTRODUCTION 

Ethaverine (Fig. I) is an antispasmo&c agent stmc~y and phannticolog- 

ie&y &&XI ti the benzylisoquinoline alkaloid papaverine; it is used as a 
smooth mmcle xx&mu& and wasodilator and is dakned to he more potent and 

-less toxic than papaverine [II_ Due to the rapid rate of metabolism of this 
type of-compound, they are frequently qbninistered as sustained-release for- 
rnu&atioxk [Z-5], which pr&i& relatively lower blopd concentrationk of &I- 
changed dkug that ark maintajned, hbyever, over longer periods of time IS] . In 
order to generat& m&able p+acokinetic da& accurate, -@e&e, sensitive 
(CQ.01 yg/kl) and specifk methods of measurement of &rug conce&&ions in 
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plasma are required, Very few methods are available for the ~meazure ment of 
this Qpe of drug in biological fluids; early me&hods [‘I-_rO} were either non- 
specific or lacked sensitirity. Papavde has been deixanked using ion-pair 
extraction followed by @q.dd chromatography (GLC) with a sensi~ 
of O-01 trg/ml when analysing a~ &ml plasma sample [II]. It has also been 
measured by gas chromatography utilising mass spectrometric detection (GC- 
MS), with a sen&ivity of 0.005 pg/ml when analysing a 3-d blood sample 
[12] _ More recently, a column extraction p_rocedure using Amberlie XAD-7 
followed by GLC achieved this same level of sensitivi~ from I ml of whole 
blood [L3]. Ethaverine has been mea&red by high-performance liquid chro- 
matography (HPLC) in zn adsorption mode with W absorption detition at 
254 nm 6141; a method sensif&i~ of 0.025 pg/ml could be achieved from 
3~1 plasma samples. 

This paper describes an HPLC method in the reversed-phase mode for the 
measurement of ethaverine from phzsma This mode of chromatography was 
preferred because of its high stability and reproducibility when analysing 
biological extracts. The method is simple, incorporates papaverine as internal 
tstandard and is more sensitive than any of the previously reported methods 
for this type of compound, achieving 0.002 pg/ml from a 2-ml plasma sample. 
The method can also be used for the analysis of papaverine from biological 
fluids in which case ethaverine could serve as an internal standard. 

Fig. 1. Chemical structure of ethaverine (R = OC,H,) and papaFerine (R = OCH,). 

All reagents were of analytical grade and all inorganic reagents were prepared 
in Wy glass-di&i&d water_ Diethyl ether was freshly redistiuea prior to use. 
Ethaveicide hydrochloride C1-(3,4_diethoxsrb)~~7~e~o~o~o~e 
hydrochloride] and papaverine hydrochloride [1-(3,4&methoxybenzy&6,7- 
‘dimethoxyisoquinole hydrochloride], used as internal standard (Fig. I), were 
supplied by Dr. Kade Pharmaz eutische Fabrik GmbH, Konstanz, G.F.R Stan- 
dard sohtions of ethaverine Ha and internal sizmdarci were prepared in metha- 
nol at concentrations of 1 rug/ml and 2 pg/ml respectively and stored at 4°C. 

Plasma samples (2 ml) wex tmnsferred into Ml-ml pointed centrifuge tubes 
and spiked with internal standard (15 ~1, co&Ming 30 ng pap&erine HCl). 
Sodium hydicxide solution (200 &4 M) was added and the mixture ~ZIS ex- 
tracted by shaking it with diethyl ether (5 ml) using a vortex mixer. After 
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ceutrifugation of the extract at 2000 g for IO ruin, the organic layer was bans- 
fezred to another pointed cent&kge tube and the aqueous layer extracted with 
more ether. (2 ml)_ After centziftq@on, the organic layers were combined and 
extracted for 1 min by vortex mixing w-321 hydrochloric acid (0.5 ml, 1 M). 
After centrigugation at 2000 g-for IO III& the ether layer was discarded and 
the-aqueous acid lsryer made al!k&ne with sodium hydroxide solution (0.5 n.& 
4 M). The alkaline solution was extracted with diethyl ether (5 ml) as previous- - 
ly described. The ether layer was transferred to a pointed centxihge ttzbe and 
evaporated to dryness under a stream of nitrogen at 37°C. The sides of the tube 
were rinsed w&h more ether to ensure that the residue was at the bottom of the 
tube, and the ether again evaporated. The residue was d&solved in methanol 
(25 ~1) and aiiquots injected into the chromatograph. 

The liquid chromatograph consisted of a Waters M6000A pump (Waters 
Assoc., Northwich, Great Britain) coupled to a Cecil 212 variable-wavelength 
UV detector (Cecil Instruments, Cambridge, Great Britain) operated at 238 nm. 
Injection was by syringe (25 ~1, Precision Sampling Corp., Baton Rouge, LA, 
U.S.A_) via a U6K universal injector (Waters Assoc.). The column was con- 

9 Mkt& 0 

Fig. 2. Chromatogram of a standard mixture containing papaverine (1) and etkaverine (2). 
Cohmn: 250 x 4.6 mm I.D., p-packed with PartisiI 10 ODS; Bow-rate, 2 mi/min; solvent 
system: 65% (v/v) methanolaqueous potassium dikydrogen ortkopkospkate- (0.1% w/v), 
detector: W at 238 nm. attenuation O-01 auks. 
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strutted of stainless s@el (25 cm X 4.6 nxn I.D.), prepacked with Partisil 10 
ODS (mean pvticle size IO pm) (Whatman, Maidstone, Great Britain). 

Chromatography was performed in a reversed-phase mode using a mobile 
phase of 65% (v/v) methanol in aqueous potassitrm &hydrogen orthophosphate 
(0.1%) with a flow-rate of 2 ml/mi~~ The retention times of ethaverine and 
papaverine (internal standard) under these conditions were 8.5 miu md 3.5 min 
reqxctively (Fig. 2). 

Calibration lines of peak height ratio measure ments of ethaverine HCI to 
- internal‘ standard against mncmhtion of ethaverine HCl were con!&n&ed 

over the concentration range up to 50 ng/mL Samples of blank (drug-free) 
plasma (2 mf) were spiked with ethaverine HCl at concentrations of 5,15,25, 
35 and 50 ng/ml and with internal standard at a fixed concentration of 15 ng/ 
ml. The samples were taken through the extraction procedure described pre- 
viously. 

Plasma samples were obtained from six human volunteer subjects dosed oral- 
ly with a su&ained-release formulation of 30 mg ethaverine HCl and analysed 
by the foregoing procedures. The studies in volunteers were carried out under 
conditions similar to those described by Brodie et al. [ 151. 

RESULTS AND DISCUSSION 

Precision 

EWzaction and measurement at each concentration was repeated on five 
occasions. The precision of the method for the measure ment of ethaverine HCl 
in plasma as indicated by the coefficient of variation of peak height ratio 
mezments of drug to internal standard (Table I) were + 14%, t 6% and 
+ 2% at 5 ng/ml, 25 ng/ml and 50 ng/ml respectively. 

The coefficient of vziation of peak height ratio measurements of a non- 
extracted mixture of ethaverine and internal standard anaiysed routinely was 

TABLE I 

RECOVERY AND PRECISION OF M?ZAS UREMl3W-i’ OF ETEAVERINE FROM PLASMA 

Cuslcentration of Fkcovery* Coefficient of 
ethaverine HCI added (461 variation 

to pL2sma (%I 
(ngl~) 

1: 80 86 14 2 

3”: 81 82 6 3 

50 79 2 

Mean 82 + 3 SD. 

*Means of 5 determinations at each co-ilcentration. 
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+ 2% throtrgho~t the analysis of all the plasma samples analysed during a six- 
week period. 

Accumcv 
The &lib&ion line for the measurement of ethaverine HCl in plasma was 

constmcted f&m five replicate measurements at five concentrations over the 
range, and plots of peak height ratio against concentration were linear (y = 
0.0271 x f 0.0210, correlation coefficient r = 0.9970) and the value of the 
intercept was shown to be not signiScantly different from zero (P > 0.05). 
Tbe equation for the line forced through the origin was y = 0.0277 (2 0.0002 
S-D.) r, where y is the peak height ratio and x is the concentration of et&a- 
verine HCI (ng/ml). The accuracy of the method as defined by the 95% con- 
fidence limits of the least-squares regression line forced through the origin, 
i.e., taking the calibration line as an estimate of the concentration of ethaverine 
HCI in plasma, was C_ 4890, * 9% and -C 5% at 5 ng/ml, 26 ng/ml and 50 ng/ml 
respectively. 

Recovery 
The recovery of internal standard from plasma (15 ng/ml) was 86% C 4 SD. 

(n = 5). The mean recovery of etbaverine HCl from plasma over the concentra- 
tion range 540 ng/rnl was detemnined by comparison of peak height ratio 
measurements of non-extracted standards to those of extracted standards 
corrected for 100% recovery of internal standard, and was 82% r 3 8-D. (Table 

1). 

Stability of efhaverine in plasma 
The stability of ethaverine HCl in plasma under the storage conditions used 

was tested by storing spiked plasma samples (35 ng/ml) at -20°C for one 

TABLE 11 
CONCENTRATIONS OF ETHAVERINE HCI (ng/ml) IN THE PLASMA OFSXXHUMAN 
SUBJECTSA!TTERS~GLEORALDOSESOF30mg 

Figures in parentheses ztre repeat analyses up to one month after the first analysis. 

Time SubjectNo. Mean + SD. 
(h) 1 2 3 4 5 6 

0.5 <2 <2 <2 <2 <2 3 <2 
0.75 6 12(13) <2 i 2 10 5+ 5 
1 19 35 <2 3 17 14 c 13 
1.5 25 36(33) <2 24 8 24 20*13 
2 24(22) 29(27) <2 27 11 19 18elL 
3 18(16) 21 2(<2) lS(18) S(9) 19(20) 14* 7 
4 18 12(X1) 32(29) 13(13) 5(6) 15(14) 16= 9 
6 10 6 15 5 4 10 8* 4 
8 5 3 6 3 3 6 4% 2 

12 3 <2(<2) 3 c2 <2 4 <2 
16 <2 <2 <2 <2 <2 3 t2 

<2 <2 <2 t2 t2 <2 
<2 <2 <2 <2 <2 <2 
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month prior to analysis-Concentrations found (32 n&ml f 0.6 SD.) indicated 
that a slight decomposition had occurred during this time period. The repro- 
ducibility of the method was tested by the rednalysis of a minimum of 10% of 
the samples up to one month after the first analysis. Concentrations of ethav- 
erine Ha found were in very good agreement with results preVrousLy obtained 

D d 

Fig. 3. Chromatograms of. (A) control plasma extract used in calibration procedure; (B) con- 
trol plasma spike containing internal standard (I) 15 ng/ml and etbavetie (2) 5 r&ml; (C) 
con-i pkma spike cor~taining internal staudard (1) 15 ng/m.l and etbaverine (2) 25 &ml; 
(D) predose plasma extract; (E) 1-h --Axe plnann sample containing etbaverine at a con- 
centration of 35 @ml. Chromatographic conditions same as for Fig. 2. 

TABLEIII 

HALF-LASS OF THE TERMIMAL L&EAR SECTIONS OF THE PLASMA EXBAVERINE 
CONCEDJTRATION-TIME REXATIONSHSPS 

Subject Haif-!ife (h) r’ 

1 3.18 O-969 
2 2.00 1.000 
3 1.66 0.997 
4 1.88 0.986 
5 5-43 0.995 
6 3.05 0.998 

Mean = S.D. 2.87 2 1.41 
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Fig. 4. Mean plasma concentrations of ethaverine HCl during 8 h after an oral dose of 30 mg 
of drug. Semi-logarithmic scaie. 

Limif of defection 
Ekedose (blank) plasma samples taken from each subject showed no inter- 

fering peaks with similar retention times to either ethaverine or the internal 
standard (Fig. 3). The limit of detection of ethaverine under’the experimental 
conditions used (signal-to-noise ratio = 5:l) with a 2-ml plasma sample was 
2 ng/ml. 

Concent-mtions of efhuverine ~meusured us the hydrochloride salt) irz plasma 
After single oral doses of capsules containing 30 mg of ethaverine (as the 

hydrochloride), a peak of mean concentrations of 20 ng/ml was reached at 
1.5 h after dosing (Fig. 4, Table II). Mean concentrations remained between 
14-20 ng/mL during l-4 h &.er dosing, and thereafter declined to 4 ng/ 
ml at 8 h. The mean half-life of ethaverine in plasma was 2.87 h + 1.41 S.D. 

(n = 6) (Table III)_ After 8 h, mean coacentrations of ethaverine were below 
the Emit of detection. 
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