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SUMMARY 

A method is described for measuring the concentrations of apovincamm~ - ‘cacid 
and vincaminic acid (internal standard) in blood plasma and urine by hi&-perform- 
ante liquid chromatography using ion pair extraction. The main metabolite of ti- 
pocetine, apovincaminic acid, and vincaminic acid were extracted from I ml of 
plasma and urine into chloroform as an ion pair using tetrabutylammonium hy- 
droxide as counter ion_ Analysis was carried out on a reversed-phase column of RP4 
with acetonitrile4MO75 M phosphate bi,&r (28172) at pH 3.5 as mobile phase. The 
duted derivatives were detected by UV absorption at 254 EM. The sensitiviq of the 
method is 20 ng/mi for AVA in p&ma and urine samples. The relative recovery of 
these compounds added to pkzsma was about SO%_ 

Apotincamuu _ ‘c ad (AVA) is the main metabdite oi Vinpo~W @winton., 
apovincaminic ethyl ester) and is produced by non-speciEc esterascs in living orga- 
nisms (Fig. i)_ 
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After administration of [3H&inpocetine, AVA in blood plasma and urine of 
rats was isolated by thin-layer.chromatography (TLC) and identified by mass spec- 
trornetry (MS) and infrared (IR) spectroscopy I. In order to study the pharmacoki- 
netics of AVA in humans, it was necessary to develop a highly sensitive aud‘specific 
method of monitoring AVA produced from unlabelled drug in biologica sampIes. 

AV_4 (mol. wt. 322) is a hydrophilic acid, the pK values of the functional 
groups being 2.4 and 8.3 respectively. The maximunr UV absorbance occurs at 260 
nm, and does not depend on the p&L value. AVA is very soluble in water and metha- 
noi; therefore it cannot be extracted with or,oanic solvents from biological media. 

In the present paper we report on a method of extraction for AVA and a 
separation procedure in blood plasma and urine by high-performance liquid chroma- 
tography (HPLC)_ The influence of ionic strength and pH on retention was investi- 
gated. 

EXPERIMENTAL 

A Hewlett-Packard 108 1 B high-performance liquid chromatograph, equipped 
with a fured-wavelen_ti UV detector (254 nm) and a 3380 S integrator, was em- 
ployed. The separations were performed on a reversed-phase Hewlett-Packard 
column (200 x 4.6 mm) of LiChrosorb RP-S (particle size 10 m). 

Apovincaminic acid and vincaxninic acid (VA) were produced by Gedeon Rich- 
ter (Budapest, Hungary). Tetrabutylammonium hydroxide (40 “/,) and acetonitrile 
were obtained from E_ Merck (Darmstadt, G.F.R.). All other chemicals (p-a_ quality) 
were purchased from Reaual (Budapest, Hungary)_ 

Estractiox procedure 
A 400-ng amount of vincamini c acid (internal standard) and 0.3 ml of 0.005 IM 

tetrabutylammonium hydroxide (TB) were added to 1 ml of plasma and urine. The 
samples in test-tubes were extracted vriith 5 ml chloroform for 5 min. After centrifu- 
gation at 3000 g for 10 min at 4°C the aqueous phase was removed and the chIoroform 
phase was extracted with 1.5 ml of 0.1 N HCl, with shaking for 5 min. The chloroform 
was discarded and 2 N NaOH was added to the acid phase (to adjust the pH to 8-9) 
followed by 0.2 ml of 0.005 LW TB. The solution was extracted with 2 ml chloroform 
fer 5 min. The chloroform was evaporated in a stream of nitrogen at 50°C in Hewlett- 
Packard sample vials. 

Chromatographic conditions 
The eluent was potassium phosphate buffer-acetonitrile (72:28) at various pH 

values (3.0,3_3,3.5, 3.7,4-l) and ionic strengths (0.0025,0.005,0.0075,0.01 M)_ The 
flow-rate was 0.9 ml/min at a pressure of @-bar, temperature 29%. For analytical 
pm-pose, 100 ~1 of extracts prepared from plasma or 10 fi of urine samples were 
injected. 
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RESULTS AND DISCUSSION 

E_xtraction 
AVA from blood plasma and urine could be extracted as an ion pair into 

chloroform, using tetrabutylammonium hydroxide as counter ion’. We found that 
200400 ng of AVA or VA could be extracted if 0.1 ml of 0.005 M TB was added to 
the samples. Raising the amount of TB solution to 0.5 ml did not influence the peak 
heights of AVA and VA. Direct extraction gave insut&ient prepurification for chro- 
matography, therefore the re-extraction procedure described in the Experimental sec- 
tion was adopted. After this procedure the tinal recovery of the compounds relative to 
direct injection of a standard solution was 50 %; it was consistent in the concentration 
region studied_ 

Chromatography 
After acidic purification, three endogenous compounds from plasma still re- 

mained which interfered with the AVA and X peaks. The main problem was therefore 
the separation of these peaks from AVA and VA. The determination of vincaminic 
acid derivatives was achieved by the HPLC method3 using a reversed-phase RP-8 
column. The influence of ionic strength and pH on the retention and capacity factor 
had to be investigated in order to separate AVA and VA from endogenous com- 
pounds in plasma and urine. As a result of preliminary experiments, the best chroma- 
tographic conditions were chosen for the study of the pharmacokinetics of AVA in 
humans. 

Fig. Z ReIationship bctwxen capacity fartocs of AVA and VA and ionic strength of the buffer. 
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Fig_ 3_ InfIuence of ionic strength on the sekctivity factor, z, between endogenous compounds and AVA 
Z?.dVAtipH3_5 

Fig_ 8 Inhence of pH on the capacirs; factors of AVX and VA in OXKUS M buffer-aaxonitrile (7X8). 

At first a methanol-ethanol-water (20:10:70) solution was used for elution, the 
separation was insufficient_ By using acetonitrile-water (30:70) as eluent, the elution 
order ;vas changed: in the solution containing methanol, AVA was eiuted first, while in 
acetonitrile VA appeared somewhat before AVA. The peak shapes were reasonably 
good, but a satisfactory separation could not be obtained in either of the above 
eluents After considering the physicochemical properties of these compounds: a 
series of acidic phosphate buffers of different pH values and ionic strengths was 
prepared_ 

Efficr ofionic strength on retention. At first the ionic strength of the buffer was 
changed, O-O!, 0_0075,O_OO5 and 0.0025 M buffer mixed with acetonitrile (72:28) at 
the same pH 3.7_ The variation of capacity factors (k’) with ionic strength is shown in 
Fig. 2_ The highest k’ values were found between 0.005 M (VA, K = 2.5; AVA, k’ = 
4.5) and 0.0075 M buffers (VA, k’ = 1.4; AVA, k’ = 3.8). 

Fig_ 3 shows the selectivity factors between VA and AVA and the nearest 
endogenous peaks in plasma_ The best selectivity was obtained between 0.005 and 
0.0075 hl buffers, but VA was not separated su8iciently from the endogenous peaks 
nearest to it. Therefore different pH values had to be investigated. 

Effect of pN on retention. Fig. 4 shows the K values of AVA and VA at 
different pH values. At pH 2 4.1 AVA and VA are not separated from each others, 
but they are well separated at pH < 3.. _ 7 On the other hand, separation of these 
compounds from the nearest endogenous peaks is optimal near pH 3.5 (see Fig. 5) 

The following chromatographic conditions were chosen for pharmacokinetic 
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Fig. 5. Effect of eluent pH on ihe selectivity factor between 
0.0075 M phosphate buffer-acetonitrile (72:X9_ 

a b 

endogenous compounds and AVA and VA in 

Fe Q Chromatograms of human plasma exits: a. blan!c plasma estract; b. plasma and vincaminic acid 
extract: c, plasma extract after per as administration of 15 mg vinpocetine (Cavinton)_ 
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Fig. 7. Human plasma AVA concentration vs. time curve after oral administrati& of IS mg vinpocetine. 

invesGgations in k-o: eluent, 0.0075 M phosphate buffer-acetonitrile (72:28) at pH 
3.5; flow-rate 0.9 mljmin at a pressure of 40 bar; temperature, 29’C. 

Fig. 6 shows chromatograms of AVA and VA and a plasma extract. The 
method can be used with success for the analysis of AVA in humans and animals. Fig. 
7 shows the mean plasma concentration W_ time curve of AVA in five healthy volun- 
teers after per OS administration of 15 mg vinpocetine (Cavinton) using the method 
described. The udcnown amounts of AVA were evaluated by measuring the peak 
heights relative to that of the internal standard. AVA and VA were identified by their 
relative retention times- The reproducibility of the determination of AVA in our 
parallel GLC and HPLC investigations was within 10 %. in urine collected over 24 h, 
1.5 mg of -\VA were detected, 20 % of the administered dose. 
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