
Jownd of Chromatography, 239 (1982) 32I%334 
Elsevie~ Scientific Publishing Company, Amsterdam - E%inted in The Netheriznds 

CHROM. 14,512 

DETERMINATION OF TOCAINIDE IN HUMAN PLASMA BY GAS CHRO- 
MATOGRAPHY WITH NITROGEN-SELECTIVE DETECTION AFTER 
SCHIFF BASE FORMATION 

LARS JOHANSSON ad JiiRGEN VESSMAN’ 

Ana&ticaI Chemistrv. A5 HEirIe, S-431 83 Miindzl (SW&IX) 

SUMMARY 

Tocainide is a primary amine with antiarrythmic properties derived from lid- 

ocaine. For biophartnaceutical and pharmacokinetic purposes an assay was de- 
veloped that made use of Schiff base formation with methyl isobutyl ketone and gas 
chromato_mphy with nitrogen-selective detection_ The derivatization procedure was 
performed at 85°C for 10 min, although a longer time at this temperature caused 
degradation of the product. Of several structural analogues the p-methyl one was the 
internal standard of choice. 

The amine was extracted from alkaline samples with dichloromethane and, 
after evaporation, reconstituted in methyl isobutyl ketone. From p!asma the yields 
were lower than those from aqueous samples but the addition of hydroxylamine 30 
min before the extraction process resulted in the same yields. Hydroxylamine prob- 
ably acts as a competitor for carbonyl groups in the biological sample. In addition to 
the enhanced yields patients’ samples extracted after hydroxylamine treatment were 
analysed with better precision. 

With nitrogen-selective detection 500 nmol/i in a 0.5~ml sampie could he quan- 
tified, which is well below the therapeutic levels_ The method compared favourably 
with a liquid chromatograpbic assay- 

INTRODUCTION 

Tocainide [2-amino-N-(2,6-xylyl)propanoic acid amide], is an antiarrhythmic 
drug, that is active after oral administration and has a suitable duration of eftect. 
Previous bioanalytica1 data have been obtained with gas cbxomatograpbic methods 
using either &me-ionization’ or electron-capture detectior?. Liquid chromatography 
with fluorescence detection of a Dns derivative was reported to give high sensitivity3, 
although methods without derivatization might su&&. During clinical and bio- 
pharmaceutical studies ~of this drug large numbers of samples had to be assayed, 
which.required a reliable and simple method that could be at ieast partially auto- 
mated. This paper presents a gas chromatographic method based on nitrogen-selec- 
tive detection of the Schiff base from tocainide and methyl isobutyi ketone. The 
derivatization reaction and experiences with the biological material are. discussed. 
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EXPERlsf EN-r-&L 

Apparatus 
k He-wlett-Packard 5730 gas chromatograph with 2 nitrogen-selective detector 

was used at 2WC with 2 1 m x 2 mm I.D. glass column 611ed with 10% Carbowax 
20M on 120-140-mesh Gas-Chrom Q_ The temperatures of the detector 2nd the 
injector were 300 2nd 200”C, respectively. The carrier gas (helium) 2nd the detector 
gas (hydrogen-helium. 8:92) had flow-rates of 30 mljmin. Prc-purified air for the 
detector was used at 50 ml/min_ A Hewlett-Packard Autoinjector was used_ 

Chemicals and reagents 
Meth_vlene chloride_ Merck (Darmstadt, G.F.R.) p-a_ (No. 6050) material was 

purified by distillation_ 
.!Ver@-l isobzttyi ketone (MIBK). Merck p.a_ (No. 6146) material was purified 

by distillation. then dried twice with 2nd stored over molecular sieve 4A (Fluka, 
Buchs, Switzerland; 69834). 

Tocainide standard solution_ Tocainide (molecular weight 192.3) was obtained 
2s the hydrochloride from the Department of Organic Chemistry. AB Hassle (Miiln- 
dal, Sweden). A 2_5-mg amount of tocainide hydrochloride was dissolved in and 
diluted to 100.0 ml with dilute hydrochloric acid (0.01 mol;l) to give 2 final conccntra- 
tion of 10 moi,!l_ In this solution tocainide is stable for several months when kept in 
2 refrigerator. 

Internal standard. H 155173 (molecular weight 206.3) was obtained as the hy- 
drochloride from the Department -of Organic Chemistry, AB Hiissle. An aqueous 
solution was prepared in dilute hydrochloric acid (0.01 mol/l) to give 2 fin21 concen- 
tration of ZOO /fmol/l_ 

Hydro_@znzi~e solution- A 2.5-g amount of hydroxylammonium chloride (mo- 
lecular weight 69.5) (IMerck. p-a_, No. 4619) was dissolved in 100 ml of water. This 
solution is stable for sever21 months. 

Gfassware 
AlI glasswxe was washed in 2 laboratory dish-washer at pH 12 (Extran APl2; 

Merck, No. 7563)_ The glassware was then rinsed at pH 2 (Extran AP21; -Merck_ No_ 
7559). The glass was finally rinsed with de-iomzed water and dried at 6O’C. All 
pipettes were siltied with dimethyldichlorosilae-toluene (1:9) overnight, washed 
with methanol and dried at 12O’C 

Analytical procedure 
The fiGZen sample is allowed to thaw at room temperature. After mixing, OS g 

of plasma is transferred into a 15-ml centrifuge tube, 100 d of the internal standard 
solution 2nd 100 fi of the hydroxylamine solution are added and the sample is mixed. 
After standing for 30 min, 0.3 ml of sodium hydroxide solution (I moI/I) 2nd water to 
2 total volume of 2.0 ml are added. This aqueous phase is extracted with 6.0 ml of 
dichloromethane. The tube is shaken mechanically for 10 min 2nd centrifuged. 

The organic phase is transferred into another 15-ml centrifuge tube 2nd evap- 
orated to dryness under 2 gentle stream of dry nitrogen. A 200~d volume of MIBK is 
added to each tube, which is then tightly sealed with 2 screw-cap. The tube is placed in 
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a water-bath (SYC) for 10 min and then cooled with water to room temperature. A 3- 
~1 volume of this sohrtion is injected into the gas chromatograph. 

Quantitative evaluation 

A calibration graph was prepared by addition of various volumes (0,50 and 200 
~1) of the tocainide standard solution to 0.5 ml of plasma then analysing these sam- 
ples according to the procedure given above. The peak-height ratios of tocainide to 
internal standard were calculated and the average of these values was then used for 
the quantitative evahration of the sampIes taken for analysis. 

RESULTS AND DISCUSSION 

Tocainide is a primary amine (compound I in Fi g. 5) that can be converted into 
derivatives that are more easily gas chromatographed than the free amine. Even if the 
primary amine itseJf can be chromatographed on stationary phases such as Carbowax 
20M i potassmm hydroxrde, the handling of trace amounts of free amincs can create 
adsorption problems in the steps before gas chromatography6. 

Primary and secondary amines can be acylated with pertluorinated reagents to 
give the corresponding amides, which are easily detected in picogram amounts using 
gas chromatography with electron-capture detection’.‘. This approach has been re- 
ported for tocainide in small samples from rats 2_ Primary amines have also been 
derivatized in condensation reactions that are specific for this group of amines, e.g., 
reaction with carbon disulphide and formation of Schiff bases with aldehydes and 
ketones’. The latter approach has mainly been used for qualitative purposes, the so- 
called peak shift technique _ lo Studies by Homing and co-workers”-‘” have shown 
the favourable gas chromatographic properties of the Schiff bases of several important 
amines. The separation of, e-g_, isomeric compounds can also be facilitated13. How- 
ever, only a few quantitative methods have been reported. Amphetamine has been 
determined in dosage forms after condensation with cyclohexanone in a two-phase 
system’“. Hoshika’5*‘6 studied the quantitative formation of Schiff bases from lower 
aliphatic primary amines with benzaldehyde and pcntafluorobenzaldehyde. 

The combination of a selective detection system such as the alkali flame-ioniza- 
tion detector with a simple derivatization reaction such as Schiff base formation could 
be used favourably for large series of samples that occur in pharmacokinetic studies. 

Choice of condensing agent 

Initial studies were performed with acetone as condensing agent. A single 
derivative was formed, which, however, coeluted on the columns studied with a 
major peak originating from an endogenous plasma component The choice then fell 
upon methyl isobutyl ketone, which is also available in good quality. Its volatility is 
lower than that of acetone, which is advantageous if the reaction mixture has to be 
stored for some tune, such as in an auto-injector system. 

Ketones were preferred to aliphatic aldehydes, which gave rapidly degrading 
products. As pointed out by VandenHeuvel et QL'~, an advantage of the stable ke- 
tones is their dual function as solvent and reagent. The reaction mixture can be 
injected directly into the gas chromatograph. 
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Reaction conditiorz 
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Scab bzse formation is considered to be a two-step reaction (Fig_ I). This 
sequetxx has been suggested for the reaction between cyciohexanone and amphet- 
amine bzsed on infrared measurements”. 

\ 
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i- H2M-Rj L_ 
*2\ ,Nf-% 

[ I 
R/‘O” = 
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R,’ 

ZN-R, -I- Hz< 

Fip I_ Equaiion for the formation of a Schiff base. 

Fktious studies oq Schiff bases (from ketones) for gas chromatography have 
demonstrated that the corrdensation reaction is a siow process’*. With methyl iso- 
butyl k&one the reaction at room temperature required at least 60 min for tocainide 
(Fig. 2A)_ Elevation of the reaction temperature increased the rate considerably (Fig. 
2B and C)_ It was possible, however, even at 50°C to dbserve the start of degradation 
of the derivative formed_ At 3O’C the derivative was formed in apparently quantita- 
tive yield almost instantaneously (Fi g. 2D), but after 120 ruin all of the derivative had 
disappeared A number of extra peaks appeared early in the chromatograms from the 

fig 2 sehiff base formation at (A) ??=C_ (B) 5OT. (C) 70EC. (D) 90°C 8. T ockide S&S base; 0. 
inter& standard S&X base; 4, peak-h&&t ratio- 
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Fig. 3. Effect of pre-treatment of MIBK on peak height. (A) No treatment; (B) distillation; (C)distillation 
and treatment with molecular sieve; (D) as for C but with I “/_ of water present. 0. Tocainide Schiff base; 
18, internal standard Schiff base; e, peak-height ratio. 

degraded solutions of the Schiff bases of tocainide and of the internal standard 
studied in parallel. Reaction at 85°C for 10 min was chosen for the method. 

The formation of the derivative in the hot injector could be a possibility. This 
was ruled out, however, after an experiment with a so-called “sandwich” injection 
of methyl isobutyl ketone and tocainide dissolved in diethyi ether showed up only the 
free amine. 

Initial studies with methyl isobutyl ketone gave high and reproducible yields of 
the Schiff base. It was observed, however, that single batches of the ketone gave fairly 
low yields, down to only 15 “/d of the normal vah~es. Purification of the ketone with 
drying agents such as a molecular sieve and/or distillation revealed that distiliation 
was’ most effective in improving the yield (Fig. 3). The derivative is apparently sensi- 
tive to impurities in the ketone, as the derivatives rapidly disappeared from the ketone 
solution when a small volume of the distillation residue was added to it. The nature of 
these components has not been studied- 

The presence of water would in principle effect the reaction, as seen from the 
reaction formula (Fig. 1). Hwang er nZ_lq reported for the reaction of some tluoro- 
genie aldehydes with primary amines that it was essential to remove the water formed 
during the reaction. On the other hand, Schiff base formation from cyclohexanone 
and amphetamine in a two-phase system was possibIeiS. The present SchiE base 
seemed to be insensitive to the presence of water up to at least I.5 %, as the same yield 
was obtained as with the dried solvent (with less than 0.01 o? of water (Fig. 3); see also 
the study of Rergei et a1.l’ on amphetamine and acetone. 

Stubility of the derivative and reaction pieId 
As indicated above, the derivatives are prone to decomposition at elevated 

temperatures. At room temperature the stability was sufficient to allow storage in the 
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Fis 3. Schiff base formation and disappearance of the primary amine at room temprature. (A) Tocainide 
( 0) and its SchiE base (V); (B) compound III ( e) and its S&E base (V); (C) internd standard (II) ( 0) 
znd its Schiff base (5’). 

auto-injector cabinet for up to at least 24 h. Even if minor decomposition occurs this 
will not affect the quantitative evaluation as the internal standard used behaves simi- 
larly (see the peak-height ratios in Fig 2B and C). 

As soon as the ketone is removed from the reaction mixture or a dilution made 
with another solvent, reversal of the reaction beginsi3_ The Schiff base from acetone 
and tocainide was available in crystalline form while the corresponding methyl iso- 
butyl ketone derivative was an unstable oil_ This makes it difhcult to validate if the 
reaction is quantitative_ A separate study (at room temperature) with some analogous 
compounds (see below) used chromatographic conditions more suitable for the free 
amine. This revealed that under the conditions employed the reaction yield is at least 
95:/,, as less than 5% of the tocainide base was found (see Fig. 4A). 

Re;rcf iofl with structural andogues 
Studies with four analogous compounds (Fig_ 5) revealed some interesting 

differences (Fig. 4A-C). IE these studies both the derivative and the intact primary 
amine were monitored. Only compound If reacted with the same profile as tocainide 
(I). Compound III, with an ethyl instead of a methyi group in the side-chain, reacted 
more slowiy, whereas compound IV, Iacking an alkyi substituent in that-position, had 
a reactivity in between those of I and III. Compound V, with an additional methylene 
group attached to the amide carbonyl, was considerabiy less reactive than the other- 
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Fig. 5. Structural analogues. 1, Tocainide (W 36095); II, internal standard H 155/73; III, W 361499; IV, W 
499167; V. W 36196. 

CH3 

amif;sb despite its more basic nature (pK, = S-7) relative to tocainide (pK, = 
7.8) ’ _ 

It is clear that an ideal internal standard should resemble tocainide in all 
respects around the functional group of interest for derivatization. Compound II, 
with an extra methyl group in the pposition, fuElled this requirement and was the 
internal standard of choice. This will also be shown in other aspects below- 

9 10 $0 minutes 

Fig;d Gas chrotttatogratn from a derivatized extract of a patient’s sample. 1 = Cotinine; 2 = toeainide 
Schiff base: 3-s internal stidard Schiff base; 4 = caffeine. 
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Gas chromatography 
The eartier doeumeMed excellent gas chromatograpkic performance of SchiiT 

basesI was found for the derivatives in thisstudy also (Fig_ 6)_ Some stationary 
phass were studied witk respect to their ability to separate cm _ -de, the internal 
standard and their S&E bases. The results are given in Table I_ Polar stationary 
phases are prefer&_& to less polar ones suck as OV-17, which shows some tailing of 
the base. Carbowax 20M (10 YJ was. used in the method, as the other acceptable 
stationary phase, nitrogenantaining OV-225, used with the nitrogen-selective detec- 
tor, show& much mono noise. Silar SCP did not show this b&&our_ With the 
polyester stationary phase neopentylglycol sutiate, the primary amine did not 
elute, probably owing to interaction with the carbonyl groups of the ester function. 

The collector of the thermionic detector had a practical lifetime of about 1 
month. At the end of this period the baseline began to drift and exhibited more noise. 

The therapeutic levels of t ocainide are within the range 10-30 ,~~~ol/l_ It is 
possible to analyse this concentration without any difEculty with the present system 
as the limit of quanti&ation is 0.5 mol/l. 

Elrtraction 
Dichloromethane has been used as the extraction solvent in earlier studies with 

Peak height vs_ 
azobenzene 

l.a 

Fig. 7. E&ct of time on the action of hydroqlamiue- Couditions as under Experimental with 0-I ml of 
hydroxykznine solution *, Tocaini de SchiEbase; V. internal standard SchiEbase; 0, peak-height ratio. 
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tccainide2”. With a K,, value of 8 and a phase volume ratio ( Voz$VX,) of 3 the 
extraction yield is about 96 OA_ 

The quality of dichioromethane could sometimes affect the derivatization reac- 
tion in that a new compound appeared in the chromatogram. This was identified by 
w chromato_mphy-mass spectrometry as 3-(2,6-xylyl)-5-methylhydantoin. This 
cyclized compound, which is easily formed in a reaction with phosgene, has also been 

- idenmed as a degradation product of a tocaulI -de metabolite if the pH is raised above 
12X.X _ The presence of the extra peak was found only in dichloromethane that was 
not properly stabilized towards phosgene. The storage of the tocaun _ -de extracts is 
therefore not recommended_ Smaller amounts of this by-product can be compensated 
for by the internal standard, which reacts in a similar way. 

Appiicarions to bioiogicat samples 
The analysis of blank plasma samples spiked with tocainide differed from 

aqueous samples in that the recoveries were lower (N-95”/,). The reduction varied 
with samples of differeat origin. As the primary amine function might interact with 
endogenous compounds in the biological sample, the addition of a competing agent, 
hydroxylamine, was investigated. This resulted in recoveries that were comparable to 
those from pure aqueous solutions_ The addition should preferably be made about 20 
min before the sample is made alkaline and extracted (see Fig. 7). Again, the internal 
standard might compensate for minor digerences between time zero and the alkaliza- 
tion (so the ratio of tocainide to internal standard in Fig. 7). 

The results of a study of the effect of the addition of hydroxylatnine to a spiked 
blank and to pooled patients’ samples at two concentration levels are shown in Table 

Peak heisht vs. 

Hydrcxylamine 
I 

* nmol/l 
3.5 7.0 lz5 35 

Fig_ 8. Efkct of linal hydrosyiami ne commm-ation on the yield. Hydroxyiamine acted for 30 min before 
extr2ction of the pooled patient sample- 0. Tocam _ ‘de Schiff base; m, internal standard SchiE base. 
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II- The peak heights increase considerably by up to 30% for the high-level patients’ 
samples. The amount of hydroxylamine needed was studied with a pooled patient 
plasma sample. From Fig. 8 it is evident that a final concentration up to 25 mmol/l 
increases the recoveries..In practice 17.5 mmol/l is used. 

The addition of hydroxylamine also a&c&d the repeatability of the results, 
especially for those from real patients’ samples. Whereas aqueous and spiked samples 
analysed without any addition at the 25 mol/l level had a relative standard deviation 
of 0.9 and 2-7 ‘A, respectively, the figure for a true biological sample at 10 pmol/l was 
as high as I4 %_ The relative standard deviation of the peak-height ratios obtaiued in 
the study shown in Table II demonstrates that the addition of hydroxylamine im- 
proves the precision for the real patients’ plasma samples. 

The observations on the effect of hydroxylamine imply that tocainide is present 
in the plasma samples not only in free form but also as a complex or a condensation 
product with some sample comuonents. This resembles in a way what has been found 
for hydraltine, which reacts &h pyruvic acid to give a hydrazone that can be co- 
determined under certain conditions23*24. 

With the present method the internal standard is added prior to the work-up 
procedure and is present during treatment with hydroxylamine. As can be seen in Fig. 
7, even the absolute peak height of the internal standard increases during this treat- 
ment with the ratio between tocainide and the internal standard being almost con- 
stant. This indicates that the internal standard rapidly comes into equilibrium with 
the same components as tocainide and that the condensation products that they form 
are broken by the addition of hydroxylamine. It is not clear, however, why the 
patients’ plasma samples differ from the spiked samples, as the latter are in fact 
equivalent to the way the internal standard is treated. Further studies are needed on 
this aspect. 

0 
10 20 30 40 50 60pmdA GC 

fig- 9. Comparison ofgas chromatographic GC) apd liquid chromato_gaphic (LC) results. l&lean value = 
1.01; relative standard deviation = 10.1% (n = 160). 
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Validation of the method 
The method has been nsed for the analysis of thousands of patients’ samples 

with therapeutic concentrations in the range IO-30 ~ol/l. The repeatability was 
evaluated for three Ievels, SO, 24 and 1.5 mol/l, and was found to be 2.8, 3.? and 
IO.7 %, respectively (n= 10). The practical limit of quantitation for samples of 0.5 g is 
500 nmol/l (corresponding to 0.1 pg/g) and one person can handle about 4.0 samples 
in a day. 

The method has been compared with a liquid chromatographic assaf5_ The 
results agree fairiy well within + 10% of the mean (see Fig. 9). The method has also 
been applied to urine samples_ 

With the use of this Schiff base no interferences were observed_ However, as 
shown in Fig. 6, caffeine was often present in the samples, and sometimes aIs0 co- 
tinine. The !atter compound had a relative retention of 0.86 to tocainide. 
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