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SUMMARY 

A specific and sensitive gas-liquid chromatographic method has been de- 
veloped for the assay of maprotiline in biological fluids. Maprotiline is isolated from 
the biological sample by base-specific extraction followed by conversion into the 
heptafluorobutyramide. The derivative is determined quantitatively by gas-liquid 
chromatography with an electron capture detector, nortriptyline being used as the 
internal standard. Amounts below 10 ng per biological sample can be measured. 

_ . . _ _ . ._ ._. _ _... .._. ._ .._ _ ___._ __. . .__ _, . . _. ,. ̂ .... ,_ 

INTRODUCTION 

Maprotiline {Ludiomil@; 1-(3-methylaminopropyl)diben~o[b,e]bicyclo[2.2,2]- 
octadiene: CIBA 34,276-Ba} is an antidepressive agent that has been used thera- 
peutically for several years I. The method described in this paper is based on the gas- 
liquid chromatographic (GLC) assay of nortriptyline, using maprotiline as the internal 
standard, developed by Borg& and Garle2 , and on the double radioisotope derivative 
(DRID) assay of maprotiline described by Ries9. 

In order to permit the quantitative assay of maprotiline in biological fluids 
such as whole blood, plasma or urine by laboratories that are not equipped with the 
instrumentation necessary for the DRID method, a sensitive and simple analytical 
method had to be developed. The method presented here permits concentrations of 
maprotiline in blood, plasma and urine to be measured down to the low nanograms 
per millilitre level, and is thus suitable for pharmacokinetic studies in man. 

DEVELOPMENT OF THE METHOD 

Derivative fonnatiort 
Maprotiline and nortriptyline, which serves as the internal standard, can easily 

be converted into their heptafluorobutyramides 2. In contrast to the trifluoroaceta- 
mides, which have also been prepared, these derivatives yield electron capture detector 
(ECD) signals that are sufficiently sensitive for quantitative assay. The molar detector 
.-... 
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response of heptafluorobutyric (HFB)-maprotiline is about 70”/;: of that of HFB- 
nortriptyline. 

A suitable method of preparing the HFB derivatives consists in heating the 
free bases of maprotiline and nortriptyline in acetonitrile-/+heptane-heptafluoro- 
butyric anhydride (I :93:6) at 70-75” for 90 min. The kinetics of this reaction are 
illustrated in Fig. I. 

R-CHp- 
(F,C, CO),0 

70°c 
t R-CH2-N*CH3 

*C- C3F7 

:: 

MAPROTILINE NORTRIPTY LINE 

0 1 2 3 h 

Fig. 1. Kinetics of the formation of the HFB-&ides of 100 ng of niuprotiline and nortriptylinc in 
lOO/rl of acctonitrilc-n-hcptanc-hcptafiuorobutyric anhydride (.I :93:6) ut 70”. shown as the peak 
ares1 ratio of the HFB-derivatives of maprotilinc and nortriptylinc. 

For the extraction of maprotiline from water, urine, plasma or blood. /+hep- 
tane-isopropanol (99:l) was found to be suitable3. This solvent shows little tendency 
to form emulsions with the biological material. As can be seen in the partition curves 
in Fig. 2, the pH of the aqueous phase must be greater than 9 in order to extract the 
amines in high yield. To avoid the formation of emulsions with blood or plasma, a 
concentrated borate buffer of pH IO was chosen 3. This buffer must be replaced with 
sodium hydroxide solution when urine is to be extracted. 

The amines can be re-extracted from the solvent with 0.1 N sulphuric acid. 
111 the extraction steps, when the amines are to be extracted from an alkaline aqueous 
phase into a solvent, certain precautions must be taken in order to prevent uncontrol- 
lable losses. The polycyclic amines have a tendency to adhere to acidic glass surfaces. 
If the tubes are wetted with aqueous alkali prior to the transfer of the amine-contain- 
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Fig. 2. Partition of 500 ng of [“H]nwprotilinc (0) and [Wlnortriptylinc (A) (internal standard) 
bctwccn IO ml of rr-hcptanc and G ml of ~~LICOLIS phase. with or without blood, after mechanical 
shaking at IS0 rpm for 30 min, The pH villllcs wcrc nicasurcd after equilibration and the yictds wcrc 
dctcrmincd by liquid scintillation counting”. 

ingaqueous solution, these losses can be prevented. Further, in the alkaline extraction 
steps, it is advisable to use tubes with a capacity of at least twice the volume of liquid 
to be shaken. 

In order to correct the variable overall yields of the extraction and derivation 
processes, it is necessary to add an internal standard to the original sample prior to 
extraction. Ideally, this compound should fulfil the following requirements: 

(1) its partition behaviour at the pH values chosen should be the same as, or 
at least proportional to, that of maprotiline: 

(2) the proportion of the derivatives of maprotiline and of the internal standard 
formed upon reaction with heptafluorobutyric anhydride should reach and remain at 
a steady state for a reasonable period of time (e.g., 1 h); 

(3) the derivatives of maprotiline and of the internal standard must be sepa- 
rated completely on the gas chromatogram; 

(4) the specific detector responses of the two derivatives should be close to each 
other. 

A compound that largely meets these r&quirements is nortriptyline. The phy- 
sical and chemical behaviour of the internal standard is shown in Figs. I and 2. 

EXPERIMENTAL 

All of the chemicals used were of analytical-reagent grade and were specially 
tested for purity in blank runs. 

Extraction nrrcl dcrivafive forrnariotl 
Step /. A 20-ml ground-glass stoppered centrifuge tube is wetted tiith I ml of 
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borate buffer of pH 10 (24.74 g of orthoboric acid, 29.82 g of potassium chloride, 
14.05 g of sodium hydroxide plus water to 1000 ml) or, if the biological fluid is urine, 
with 1 ml of 1 N sodium hydroxide solution. A I-ml volume of the biological fluid, 
diluted if necessary, containing not more than 200 ng of maprotiline plus 0.4 ml of a 
250 mg/ml solution of nortriptyline in water (amount of nortriptylineadded = 100 ng) 
plus 7 ml of rt-heptane-isopropanol(99:1), is added and shaken for 30 min at 150 rpm, 
then centrifuged. 

Step 2. A maximum aliquot of the solvent phase from step 1 is transferred by 
pipette into a lo-ml ground-glass stoppered centrifuge tube, 1.3 ml of 0.1 N sulphuric 
acid are added and the mixture is shaken for 15 min at 150 rpm, then centrifuged if 
necessary. The solvent layer is sucked off completely and discarded. 

Step 3. A 20-ml ground-glass stoppered centrifuge tube is wetted with 0.5 ml 
of 1 N sodium hydroxide solution. A maximum aliquot of the sulphuric acid extract 
from step 2 is transferred carefully by pipette into the sodium hydroxide solution, 
5.5 ml of rt-hexane are added and the mixture is shaken for 30 minutes at 150 rpm. 

Step 4. A maximum of the Jr-hexane extract from step 3 is evaporated in a 
gentle stream of nitrogen at room temperature, not to dryness, because the fret amines 
are volatile, but until a volume of about 50 ,ul remains. To the concentrated /+hexane 
extract 100,ul of a freshly prepared mixture of acetonitrile, rt-heptane and hepta- 
fluorobutyric anhydride (I :93:6) are added. The reaction tube is well stoppered and 
immersed in a water-bath at 70-75” for 90 min. After cooling, the reaction mixture is 
evapqrated in a gentle stream of nitrogen at room temperature until dry and odourless. 
The residue is dissolved in 1.3 ml of n-hexane and shaken with 0.5 ml of 1 N sodium 
hydroxide solution on a high-speed mixer for 20 sec. A maximum aliquot of the II- 
hexane phase is evaporated to dryness in a gentle stream of nitrogen at room temper- 
ature. The residue is dissolved in 200 (~1 of n-hexane and 3 ,uI of the resulting solution 
are injected into the gas chromatograph. 

Gas-liquid c~lr,‘ot?latog,,apll~, 
GLC analysis was carried out on a Perkin-Elmer Model 900 A gas chromato- 

graph equipped with a non-linear 63Ni ECD, which was operated at a pulse rate of 
20 kHz and a temperature of 300”. The column used was 4 ft. x 3 mm I.D., filled 
with 3’Y” JXR (methylsilicone) on Gas-Chrom Q. The carrier gas was nitrogen at a 
flow-rate of 45 ml/min. Before it entered the detector, nitrogen at the rate of 40 ml/min 
was added to the effluent gas. The temperatures were 250” at the injection port, 230” 
in the column oven and 280“ in the manifold. The peak areas were integrated with an 
electronic integrator (Infotronics CRS 208 E) equipped with an angular baseline 
corrector. 

Three typical gas chromatograms obtained with extracts from human whole 
blood are shown in Fig. 3. 

QUANTITATIVE EVALUATION OF GAS CHROMATOGRAMS 

As a non-linear ECD was used and the relative extractability of maprotiline 
dithered from one biological fluid to another, several precautions had to be taken in 
order to overcome the factors that rendered quantitative analysis difficult. 
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Fig. 3. Gas chromatoyrams obtained with extracts from 0.5-I ml of whole blood samples containing 
0, 50 or 200 ng of maprotiline and 100 ng of nortriptylinc (internal standard). The amounts injected 
wcrc 0.375 and I .5 ng of dcrivatizcd maprotiline (M) and 0.75 ng of derivatizcd nortriptylinc (S). 

When a constant amount of internal standard (100 ng of nortriptyline) is 
used, the ratio of the amounts of the derivatives from maprotiline and from nor- 
triptyline is a funclion not only of the amount of maprotiline originally present in the 
analysis, but also of the type of biological fluid in which it is dissolved. It therefore 
appeared advisable to add, in each series of analyses, a number of samples of the same 
type of biological fluid containing known amounts of maprotiline. Thus an overall 
calibration graph was obtained that could be used to evaluate the analyses of unknown 
concentrations. Typical calibration graphs obtained from different biological fluids 
are shown in Fig. 4. 

In order to make allowance for the non-linearity of the ECD, it is necessary to 
choose the volume to be injected into the gas chromatograph so that the area of the 
internal standard peak is kept within certain limits (e.g., f 2073. 

Reproducibility of the method 
The results of test analyses on water, urine, plasma and human whole blood 

samples containing known concentrations of maprotiline ranging from 12.5 to 200 
ng/ml are shown in Table I. 

In addition, clinical samples of human whole blood were analyzed by means of 
the GLC method and also by means of the DRID method described by Ries9. The 
results obtained with the two methods were virtually identical (Table II). 
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Fig. 4. Calibration graphs for four diffcrcnt starting fluids containing 12.5-200 ng of maprotilinc 
and 100 ng of nortriptylinc (internal standard). The graph obtained from water is drawn on the orig- 
inal scale. For cast of legibility. the other graphs arc shifted on the abscissa by a factor of 10-1000, 
as indicated. 

TABLE 1 

TEST ANALYSES TO ASSESS THE REPRODUCIBILITY OF THE METHOD 
Four indcpcndcnt analysts per concentration and per starting fluid. which was I ml per sample. 
Results arc concentrations of maprotilinc found (nyiml) in the dill’crcnt samples, 
-_.- _.-. __.. - ..-_ ._. ..- . - . ..-...._ _ ._. ., 

snrr1prc Cirriccvrtmtiorr of nrrrpro f i fim* p&P~rl (u&p/Al). 

o- - G.S 
_ _ . . -.-. . 

‘5 50 /OO .?ofJ 
____. - .__. -.-.--.-_..-. ..- - . _._.. . . . . _ . _ _ _ .._,._ _ ._. .._.... . . .-. - .-__. . 

Water 0.0 
-0.9 
-0.7 

I .5 
Mean + S.D. o.oi I.1 

Urine I .I 
0.0 

-0.6 
-0.5 

Mean & S.D. 0,OrtzO.H 
Plasma 0.4 

-1.6 
-0.2 

1.2 
Mean % S.D. -0.1 &I.2 

Whole blood -0.2 
0.2 

-0.2 
-0.4 

12,G 
13.0 
Il.9 
12.2 
12.4:I;O.S 
Il.5 
I I,3 
14.6 
11-G 
12.5:t:l.S 
12.7 
12.5 
11.9 
IO.0 
I l.8& I .2 
12.4 
12.5 
12.1 
I I.6 

262 50 
26.0 so 
25.0 53 
24.8 47 
25.5 *0,7 SO.O& 2.4 
2s. I 49 
24.5 49 
26.0 51 
2s. I 51 
25.2 rk0.6 SO.O,k 1.2 
25.0 51 
23.8 so 
27.5 4x 
254 ” 49 .d 

25.43: 1.5’ 49.5 & I .3 
23.9 4c 
25.0 48 
25.5 4G 
24.0 51 

104 
100 
97 
9G 
99.3-13.6 

IO1 
97 

IO1 
103 
lOO.Srt:2.S 
10s 
99 

, ;; .u* 

101 aOk4.2 
93 
9G 

106 
100 

210 
209 
208 
190 
201.3 k9.S 
197 
201 
206 
200 
20l.Of3.7 
212 
209 
197 
19s 
203.3 f 8.5 
19s 
200 
202 
19s 

Mean =l: S.D. -0.1 S&0,2S 12.2kO.4 24.GzkO.8 47.8 zt2.4 98.8:l:S.G 198.0& I .8 
..- . _ _ _ * . . . --- .._ _ .._- _ .._... _- . . 
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TABLE11 

ANALYSES OF HUMAN WHOLE BLOOD OBTAINED FROM A CLINICAL STUDY 

The GLC analysis was carried out with 0.5-I ml of blood. The DRlD analysis was carried out with 
3 ml of blood. 
-.- -.-_.. --..-._--_ .__.-. -.._._ --__--- -..-. - -._...._.-.. 
Sa fnp tc Anrow? of rtraprolifiric forrtrd 
No. itr blood (trg/nlt) 

____ ._.,..__ - ..__ _._- __.. - .._.._. __--._.-_ .._ 
CC rmthod DRJD tnefhod3 

---.._- __ _..... ___.- ..-. ._- __... - . _. - _... .._._. - . . 
1 0 <5 

z 
322 321 
225 243 

4 279 291 
5 0 t5 
6 183 190 
7 239 256 
8 185 190 
9 87 86 

10 210 204 
II 327 326 
12 433 435 

. . ..__...___ __ _._. __ _.__ . . .._.. .._.... - .._.. _... 
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