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A hen&he and accurefe spectmdensitometic method was developed for the determina- 
Lion of proeainamide and its major uefzbolite, M-acetyylpr o&mu&de. in plasma. The meth- 
od invoXves extraction into orgzmic sofveeet at alkaline pH, separation by thin-Iayer chromato- 
graphy and direct measurement OF the absorbance of the compounds on the phte at 275 nm. 
Quantities as low 8s IO rrg could be measued and a linear datioruhip was obtained between 
peak areas and accounts of the compounds in the spots from IO to 200 ng. The recovery of 
both drup from plasma wss from 95.4 to 104.8%. The method is sensitiue and specific. and 
procainamide was well separated from &aeetylp&namide at d investigated concentra- 
tions. The method is recommended for ciinica! assays and pbarmacokinetics studies. 

Pro&amide (PA) was sf~died in tie dog and Rhesus monkey and 50-67% 
was found to be excreted unchanged in dogs and 2249% in monkeys after 
intravenous administration. The main metabolite was identified as N-acetylpro- 
cainamide (NAPA) in the monkeys but not’in the dogs [I] _ When administered 
o.z&y to patienk and nomaE subjects, 19.2-48.8% of the drug was excreted 
unchanged in patients and 57.1~-79.5% in nomad subjecti and in both cases tie 
ma&~ nne&tbol&e was identified &s NAPA [Zl. Fur&er examination of the 
metahoftc patfmn of PA showed a subsfzntial amourit of NAPA in the plasma 
samples of patients recetig PA and also in some experimen@ an&&s 131. 
IVha NAPA was admini&md SraperiQmeaBy to mice, it preven&d coatse 
venticzdm &brilWion, caused by deep &orofoow armthea and r&tit 
hypoxia. HAPA t&d reduced acotiti~&xdtxced =+&hmi~ to at&i flutte?? OF 

Axi& ixhycardia in dogs. MAPA was not deaceiyIated during these testS In 
agi.m&and~ a2mzumed to be 8 better f&rapeMic agent than PA because it 
IS&’ kss t&k. The metabolism of PA 4. studied in cardiac patients receiving 
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PA and the ace#yIated drug accounted for 16+35% of the a dmmistered drug 
and it was considered to be the chief metabolite in man (plasma level befxeen 
1 and 15 ~g/ml, at times higher than that of PA) 142. The metabdite showed 
weaker effect than PA on tie maximal ektricd driving velocity of isolated 
atrial strips from guinea pigs. The pharmacokinetis of the Nacetylated metab- 
elite of ?A was studied in man and the assumption, ?zised by previous authors, 
about NAPA antiad@mic efficacy in mm 131 was strengthened, akhxq$~ 
the question of the NAPA effect in cardiac patients was left unsolved [5]. The 
acetylation of PA was stmiied in h&W~y volunteers and WAS found to be sub 
je& to the same genetic polymorphism as that of isonitid and some suEon- 
amides (slow/fast acetylafxxs) ES] . Since these results showed that NAPA may 
be similar in therapeutic effect to the parent drug and since the plasma concen- 
tration of NAPA may be as high as or even higher than that of the originai drug 
in patients, it becomes important to have a rehable method to measure both 
compounds from one sample of biological fluid. 

The first techniques used for PA determination in biological material have 
been spectrophotometric and fluorimetic ]7,8]. Both methods seem sensitive 
enough for routine measurement of PA in biological fluids but they do not 
provide for determination of NAFA. A gas-liquid chromatographic method 
was developed for PA determination in phobia [9] which gave good results at 
concentrations of 2 to 20 .ug/ml. Another specific gas chromatogmphic method 
was divised for the determination of PA and NAPA in plasma and urine using 
4-aminbN~2pipesidin~~y~)benzamide as internal standard [IO]. An attempt 
was made to compare the ffuorimetric method ]8] with the gas chromatography 
determination of PA [9,19] and it was conciuded that, if NAPA aJ.so has sjg- 
nificant antiarrhythmic activity in man, the different NAPA/PA plasma ratios 
may require concomitant determination of both compounds to ensure ade- 
quate therapy and dose reggen adjustments [II_] _ The gas chromatographic 
methods enabled one to measure both PA and NAPA in one sample of the bio- 
logical fluid, but they lack sensitivity having a lower limit of reliable reading at 
2 p&/ml plasma. Measurements of lower levels are frequently needed. The 
spectrophotometric and fluorimetric methods require separation of PA and 
NAE’A prior to measurement, making this procedure a tedious one. 

This paper describes a thin-layer chromatographic method based OR the 
~~aration of PA and its major N-acetylated metabolite on silica gel plates 
fobowed hy direct determination of their absorbaxes. The method of quantita- 
tion on a chromatoplate has the advantage of greater precision and sensitivity : 
because the compounds are concentrated over a smal.l surface area. It may be ’ 
used t0 measure very smal.l amounts of PA and NAPA (10 ng) and therefore the 
determination can be made with small votumes of plasma. The procedure is a 
fast, requiring l-5-2 h from receipt of the samples to the output of final 
results for a group of samples, 

PA is compIetely resolved from NAPA and interfering biofogical contanmi- 
nants and both compounds appear as distinct spots on the chromatopl&es. The 
spots are seanned at a f&d wavelength and the absorbance is recorded, v&Se 
peak areas are iritegrat& automati~&y. 

The described method was applied to pEasma samples f&m p&ients &%r _ora~ 
doses of 250 mg of PA and typic& res&ts are presented. 
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PA (250~mg Prone&y1 cap&es) was obtained from Squibb & Sons, F&me- 
ton, N.J., L’.S.A. and NAP_4 was synthesized from PA by the method of 
Dreyfuss et al. [lj . AU other chemicak were of a.i&ytical grade. Sokent. used 
were ~&ted by thin-layer chromatography ti assure that no traces of W-ab- 
sorbing substances were present. Thin-layer plates were 20 X 20 cm silica gel 
60 on glass (E. Merck, Darmstadt, G.F.R.), which were activated at 100” for 20 
min and coded in a desiccator prior to use. 

Stock solution of PA and NAPA contained I mg/ml in methanol. Standard 
solutions were prepared by dilution of the stock solution to yield eoncentra- 
Cons of LOO &ml of PA and NAFA. 

Application of standard solutions and extracts was achieved with a mechani- 
cal spotter which enables application of IO spots simtitzneously and automat- 
i&y, leaving blank channels between spots, and yielding small spots of uni- 
form diameter. No additional drying time was needed for the spots since gentle 
heat was applied to the plate during spotting. 

Excellent movement and separation of PA and NAPA was achieved with a 
developing solvent consisting of benzene-am monium hydroxide .ZS%-dioxane 
(20:25:8Q). 

The plates were air-dried after devefopment and scanned a& moderate speed 
on a chromatogram analyzer at 275 N@ recording the absorption cme and 
integrating the peaks simultaneously with an automatic integr&or_ 

For automatic spotting of plates the Multi-Spotter AIS (Analytical Ins&u- 
ment Specialties) supplied with temperature and speed control was used. ul&a- 
violet -scanning was done with a UV-VES-2 Chromatograph Scanner (Farrand) 
coupled with a strip chart recorder Model 100 (Farrand), and a CDS PO1 
Chromatography Data System (Varian). 

Extmcfion and development procedures 
To 0.5-1.0 ml of plasma in a 20-ml glass eentrifuge tube was added O-5 ml 

of 0.5 N sodium hydroxide and the mixture was mechanically shaken for 10 
min with 3-4 mf of dichloromethane as extracting soivent. The tube was then 
centraged at 1300 g and the organic layer was transferred to a second tube. 
The aqueous layer was re-extra&ed in the same manner with 3 ml of dichloro- 
methane and the combined organic layers were evaporated to mess at 40” 
under a stream of nitrogen. The solid residue was dissolved in I.00 iL1 of ethyl 
acetate. Three spots of 1 ,ul each of the ethyl acetate solution were applied to a 
thin-layer pbte dong with a serk§ of extracts fmm plasma spiked with 
measured amounts of PA and NAPA, covering the concentrzttion rage of 0.10 
to 20 gg/ml and standards of PA and NAPA in methanol. The plate was devel- 
oped in the solvent detibed above in a saturated tik &owing the solvent to 
migrate abotrt *5 cxi3 (time: &xt 25 +I). 

A c&bratiun we of&&griitf& peak zueas fsquare mUme&@ against con- 
centration QmiCTro@am per mGEi.tibr of plasma) of PA and NAPA obtained from 



-i&~nqx&iive standards was constructed and it was used for defiermmation of 
the drugs in plasma specimens of patients by interpolation. 

The feeovary of the added PA and NAPA, separately and @ien tw@hheh, ~8s 
detezmmed by comparkon of tie absorbance peak areas obtained &am spiked 
plasma ~3% those of the standards scanned on l &e same plate. 

StanM awes relakg areas to drug amounts were cakulated using the 
method of least squares. 

Typical- recordings obtained by scsnnin g are illustrated in Fig_ 1. Calibration 
curves relating concentration of PA and NAPA t-o peak areas are shown in 
Pig. 2. The curves were consistently linear for spots containing 10 to 200 ng. 

Recovery from spiked plasma samples was calculated by comparison with the 
methanol standards which had been spotted directly on the plates, and those 
date are included in Table I. It &seen that recovery is essentially complete, but 
it is still recommended that both methanol standards and extracts from spiked 
plasma sampies be run concurrently with samples esntaimng unknown quanti- 
ties of PA and NAPA so that failure to extract eompletily might be detected. 

Table If presents data obtained by this method on two patienk at-2 and 4 h 
after administration of 250 mg of PA. In these cases, I-ml samples of plasma 
were used, although smaller samples would be equally suitable if the extraction 
residue is redissoived in a smaller volume of dissolving solvent or a larger 
volume is applied to the plate. 

The UV scantier used can be used else to meas fluorescence, and since 
both PA and NAPA are fluorescent, scanning in the fluorescent mode was com- 



Fig. 2. Procaintide and N-acetylpruchxunide standard in methanol. 

TABLE I 

RECOVERY OF PA ANTD NAPA FROi% aSPiECED HUMANPLASMASroMpLEs 

Amounts added Number Recovered Percent recovery * coeff. 
b Plasma G&?/w of ssnples @/ml) v%itEtion 

PA NAPA PA NAPA PA NA.PLt 

25 
50 

100 
200 
- 
- 
- 
- 

25 
50 

rot2 
200 

- 
- 
- 
- 

25 
50 

zoo 
200 

25 
50 

ma 
200 

6 
6 
6 
6 
6 
6 
6 

: 
3 
3 
3 

25.1 
48.9 
98.2 

291.6 
- 
- 
- 
- 

25.6 
50.2 
97.1 

194.4 

- 

- 
- 

22.7 
47.7 
95.9 

201.5 
26.2 
49.4 

109.1 
203.0 

100.2 * 2.49 
97.9 2 3.07 
98.2 2 0.55 
95.8 f 1.68 

- 
102.5 f 3.20 
100.4 t 1.27 

97.1 r 1.63 
97.2 + 2.70 

- 
- 
- 

90.6 * 4.78 
95.4 ? 2.40 
96.0 + 1.18 

100.8 i 1.43 
104.8 * 5.82 

98.8 r 3.20 
100.x r 0.79 
100.0 2 0.72 
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P&&&t ~NcXNFRA%ON OF PA ANI) NAPA AT 2 AND 4 h a AN Q= DO= 
OF 250 uq OF PA 

Patient Time 
.sfier 

iE= 

NAPA concentration 
@dml) 

” 

E.G. 2 4.8 3.0 * 
-c 3.0 2.0 

Lx. 2 6.0 3.8 
4 3.8 3.0 x 

TABLE I?LI 

COMPARISON OF THE DEZWBMiNATION OF PLasMA CONCENTRATIONS OF PA 
AND N-APA ULSNG QU AX&A’WE %BXl-+LAYER AND GAS CHROMATOGRAPHY 
~ ~.~ 
Qu+ities 
PA and NAPA 
aided 
(a/ml) 

m-Y GLC assay 
bt=?l=V bg/mt) 

PA NAPA PA NAPA 

0.5 
0.5 
I.0 
1-o 
2.0 
2.0 
5.0 
5.0 

10.0 
10.0 

0.45 0.51 not detected 
0.52 0.51 not detected 
1.20 0.95 not detected 
1.08 1.04 aat detected 
1.92 1.95 1.84 1.90 
1.98 2.03 1.98 1.90 
5.08 4.89 5.00 4.91 
5.0 5.04 4.92 4.95 
9.90 10.05 9.89 9.90 

IO.04 9.95 10.06 9.96 
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