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SUMMARY 

A method for the simultaneous quantitation of imipramine and its N-demethy- 
lated metabolite desipramine at the nanogram level in a single gas chromatograph 
peak is presented, utilizin g gas chromatography-mass spectrometry with selected ion 
recording_ The assay is specific and quantitation is achieved using [“H,]imiprarmine as 
the internal standard_ 

The method involves the in sirrr methylation of desipramine with 
[‘H,]formaldehyde and sodium borohydride to give [‘HJimipramine. Quantitation is 
then achieved by selected ion recording at tn/-_ 280,282 and 2%. whence the ratio of 
the ion currents at 280/254 and at 282/284 gives the quantities of imipramine and 
desipramine respectively. 

INT’RODUCTION 

The four most widely used tricyclic antidepressants are imipramine and ami- 
triptyline and their N-demethylated analogues (and metabolites) desipramine and 
nortriptyline, and recent studies indicate a relationship between blood levels of these 
drugs and therapeutic response’_ Because of wide interpatien: differences in the he- 
patic elimination of tricyclic antidepressants, the lack of response observed in about 
30-40 % of patients’*3 may be due to non-therapeutic plasma levels, and sensitive and 
specific analytical methods for both the tertiary drugs and their secondary metabo- 
lites are required in order to measure their low (nanogram range) plasma or cerebros- 
pinal fluid concentrations for pharmacokinetic studies with single doses or for clinical 
evaluation. 

A number of drug assay procedures have been developed using thin-layer 
chromatography3, spectrophotometry with fluorometric technique?‘, radioisotopic 
derivatization methodssV9, and radioimmunoassay’“*l’_ Gas chromatography (GC) 
with electron-capture or nitrogen-specific flame-ionization detectors has been 
used’“‘4 as has high-performance liquid chromatography’5*16, but (like most of the 
other methods) is prone to problems of sensitivity and-or lack of specificity, mainly 
due to interference from coeluting compounds. The use of combined GC-mass spec- 
trometry (IMS) made it possible to obtain the required specificity by monitoring the 
identity of the peaks as they eluted from the gas chromatograph, and selected ion 
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recording brought the sensitivity into the 5-10 n_giml range using e.g. promazine as 
the internal standard for quantitation”~r*_ A fur& er improvement was achieved by 

the use cf the deuterated drugs as internal standards, whereby the internal standard 
was the actual drug itself in the form of an isotopic variant’9-z’. For maximum 
sensitivity and reproducibility of the assay, the secondary amine drugs had to be 
zcylated to the N-acetyl. N-trifluoroacety1. or N-heptafluorobutyryl derivatives”-‘“. 

This report describes a simple and convenient method for the simultaneous 
measurement of imipramine and desipramine in a sing/e GC peak- The assay involves 
the in situ methylation of desipramine with [‘HJformaIdehyde and sodium borohy- 
dride to give [‘H,]imipramine_ Quantitation is then achieved by selected ion recording 
at the molecular ions of imipramine and [‘HJimipramine, using [‘HJimipramine as 

an internal standard in a single GC peak_ Imipramine N-o-tide, a known metabolite 
af imipramine’5-‘6 _ IS not reduced to imipramine by this methylation procedure. The 
same method has heen applied successfully to the conversion of nortriptyline to 
amitriptyline to achieve the simultaneous measurement of these two drugs in a single 
GC peak”. 

E_XPERIIIEXi-AL 

S~~w&zrd solutions and reagents 

Standard solution A (5.92 nmofes [‘H,]imipramine Per pi) was prepared by dis- 
solving 9.5 mg of [‘HJimipramine - HCI (KOR Isotopes; 9s “/d ‘H,. 2 “/, ‘H, by elec- 
u-on impact MS analysis of the molecular ion) in 5.00 ml of degassed water. This 
solution was stored in an amber hypovial (Pierce) under nitrogen for several months 
at 4C without noticeable decomposition_ 

Standard solution B (1_022 nmoles per ,uI of imipramine (Ciba-Geigy) and 
1.093 nmoles per JLI of desipramine (Gei_e Pharmaceuticals) was made by dissolving 
32.4 mg of imipramine - HCI and 33_ 1 mg of freshly recrystallized desipramine - HCI 
in 100.0 ml of degassed water_ This soIution was stored in a standard hypovial under 
nitrogen at 4°C After one month there was a noticeable loss (about 5%) of des- 
iprdmine. 

A 37 “6 solution of [‘H,]formaldehyde-d, in ‘H,O was prepared by placing 195 
mg ofperdeuterioparaformaldehyde (98 “/;; ’ H, Stohler Isotope Chemicals) and 500 ~1 
of ‘HZ0 (99-S s; D. Stohler Isotope Chemicals) in a l-ml reaction vial and heating at 
IIWC for 3 h_ 

Extraction procedure 
To a 2 ml of sampIe of human plasma in a silanized (dimethylchlorosilane) S-ml 

glass cuhure tube fitted with a Teflon@ lined screw cap was added 5.00 ~1 of standard 
solution A (27.6 nmoIes of[‘H,]imipramine). 4 drops of 1 N aqueous sodium hydrox- 
ide (to adjust the plasma to pH 10) and 3 ml of l-5 7; isoamyl alcohol (aldehyde free) 
in rr-pentane. The sample was extracted by Vortex mixing for 10 min. The organic 
layer was removed and a second extraction of the plasma with 3 ml of isoamyl 
alcohol-pentane (I-5:98.5) was carried out. The combined organic extracts were 
evaporated to dryness at room temperature under a stream of nitrogen and the 
residue was submitted to the methylation procedure described below. 
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hfethy/ation procedure 

To the above residue was added 250 ~1 of methanol and 3 ~1 of 
[‘HJformaldehyde solution (37 o/O in ‘H1O, 35 moles). After 5 min at room tempera- 
ture, 3.2 mg of sodium borohydride (100 wales) in !50 ,ul of water was added. The 
mixture was allowed to stand for 15 min and was then extracted with 2 ml of dichloro- 
methane. The dichloromethane extract was shaken for 2 min with 1.5 ml of 0.1 N 
sulfuric acid in order to back-extract the organic bases_ The acidic aqueous layer was 
removed, brought to pH 10 with 10 drops of I5 T/, KOH. and extracted with 1 ml of 
dichioromethane. The sample was reduced to 10 ~1 under a stream of nitrogen and 
was then ready for CC-MS analysis_ 

Extenr of conversion of desiprar?line to imipramine 

A mixture containing 27.5 fig (86.9 nmoles) of imipramine - HCl and 28.1 ,ug 
(29.9 nmoles) of desipramine - HCl was subjected to the methylation procedure cie- 
scribed above and the product was analyzed by direct insertion electron impact MS. 
The peak height ratios of the ion currents at W/Z 282 and JIZ/Z 280 were determined by 
five repetitive scans, and when corrected for the (M + 2) isotopic abundance from 
natural imipramine- gave the yield for the conversion of desipramine to 
[‘Hl]imipramine. Five separate methylation experiments were carried out in this 
manner and gave values of 95.5 f 1 “/b for the conversion of desipramine to 
[‘H,]imipramine_ 

Extent of conversion of imiprumine X-oxide to impramine 

To each of four tubes containing 1 ml of water was added 25 ~1 of standard 
solution A (148 nmoles of [‘HJimipramine) and 32.5 pg (97.6 nmoles) of imipramine 
N-oxide - HCl (Dumex) in 25 ~1 of water. The solutions were made alkaline to pH 10 
with 2 drops of 1 N sodium hydroxide_ extracted with 1 ml of dichloromethane. and 
the extracts were evaporated at room temperature under a stream of r,itrogen. Sam- 
ples 1 and 2 were immediately subjected to thin-layer chromatography (Analtech 
silica gel GF plates) using benzene-isopropanol-conc. aq. ammonium hydroxide 
(9O:lO:I) as solvent, while samples 3 and 4 were subjected to the methylation pro- 
cedure described above and then to thin layer chromatography_ The imipramine 
bands (UV visualization) were scraped off from each plate (RF value 0.65 for imipra- 
mine and O-04 for imipramine N-oxide) and extracted with methanolaichlorometh- 
ane (1: 1). The extracts were reduced to 50 ftl volume under a stre& of nitrogen at 
room temperature and the ratio of imipramine to [‘HJimipramine determined by 
GC-MS by monitoring the ions at ITI/= 250 and mJr 284. Samples 3 and 4 showed a 
ratio 1.55 _t 0.08 y0 higher than samples 1 and 2, indicating that 9s % of the imipra- 
mine N-oxide had remained unaffected by the methylation procedure- 

Insmcmenrarion 

An Infotronics 2400 gas chromatograph coupled to an AEI (Kratos) IMS-12 
mass spectrometer via a single-stage ceramic frit molecular separator was used for all 
GC-MS work. A PDP 81 computer using the DS-30 software was used to record 
magnetically scanned mass spectra and a specially constructed accelerating voltage 
alternator was used to obtain selected ion records”s_ For imipramine ions at ml= 284, 
nt/z 282, and mn/z 280 were recorded using either a 1.3 m x 2 mm I.D. glass column 
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with 2 y; Dexyl XI0 on Gas-Chrom Q ( 100-l 20 mesh) at 235T (retention time 4 min) 
ora2m x 2 mm I.D. &ss column with 1 y0 SP 2250 on Supelcoport (100-120 
mesh) at 2WC (retention time 3.5 min). The mass spestrometer was operated at a 
nominal accelerating vroltage of 8 kV with 500 p-4 of trap current, an ionization 
potential of 50 eV and a source temperature of 250°C 

RESULTS AND DISCUSSION 

In the mild reductive methylation procedure_ desipramine is first treated with 
[‘H,] formaldehyde and subsequently (after 5 min) sodium borohydtide is added 
(when the order of addition was reversed, the unreduced secondary amine was re- 
covered). Using imipramine as internal standard, the time course of the reaction was 
followed by electron impact MS at the molecular ions and showed that the reductive 
methylation was essentially complete in 5 min; additional samples taken at 10, 15 and 
30 mm showed no further changes in the mjz 282 to m/z 280 ratio. The conversion to 
[‘HJimipram‘ me proceeded to 95.5 & 1% completion in trials. It was also found that 
the reaction could be carried out with the same efficiency by using sodium cyanob- 
orohydride as reducing agent and methyl cyanide as solvent under the same experi- 
mental conditions_ 

In contrast, imipramine N-oxide remained unaffected by the methylation pro- 
cedure_ only t2 “/d. of imipramine N-oside bein, = converted to imipramine in du- 
plicate esperiments- 

TabIe 1 gives the results for the standard durve obtained for the analysis of 
desipramine and imipramine in human plasma over the therapeutic range of concen- 
trations (O-200 rig/ml)_ [‘HJmipramine is used as the internal standard for both 
drugs and the analysis is thus carried out on a single GC peak resulting from a single 
injection A least-squares analysis shows excellent linearity of the data with slopes 
close to unity and correlation coefficients of 0.997 and O-99% 

TABLE 1 

STANDARD CURVE DATA FOR THE SIMULTANEOLiS ANALYSIS OF IMIPRAMINE AND 
DESIPRAMINE IN PLASMA 

Mole raric f% j Rario ( 7;) of rhe ion currents* 

(Ccncenrrarion in ngjml) 
~- 

D f?SfpXminp Zmipramine 
[‘ff,_‘ji2H,; ‘~Ho_‘;~J~‘H ’ 2. 

0.00 (0-O) 0.00 (O-0) 
0.37 (IJ) 0.X (14) 
0.91 (3s) OS5 (36) 
271(10s) 256 (106) 
5.48 (216) 5.12(213) 

At m/z 182 lo At m/z 280 to 

m/z 281* m.k ZSf- 

I-35 & 0.01 0.49 + 0.01 
1.61 f 0.11 0.96 + 0.12 
220 * 0.06 1.13 f 0.09 
4.43 * 0.0s 3.46 + 0.06 
6.99 2 0.27 5.98 + 0.42 

* Average observed value (-triplicate kjections) obtained from 3 svnples & standard deviiation be- 

txen samples. 
fc Caicuhtion of a regression line gives _v = i-34 + I .048x nith i = 0.997. 

- Caku!ation of L\ regres ion line gives _r = 0.56 f 1.072~ with i = 0.998_ 
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TABLE II 

STANDARD CURVE DATA FOR THE SIMULTANEOUS ANALYSISbF JMIPRAMINE AND 
DESIPRAMINE. USING LABELED AND UNLABELED DERIVATIZATIONI- 

Mole ratio (7:) 1~ [‘H,i- 
impramine 

Ratio (%) of the ion currents” Ratio of the 
iorr currents** [“/,I 
- ~~~- .___-- 

Desipramke Imipramirte Al m/z 2882 to At m/-_ 280 to At m/z 280 to 
In/= 284 *, m/z 181 I, ml-_ 28.9 (, 
desipramine D p imipramine J 5 a total druz’ 

0.00 0.00 2.10 & 0.15 0.86 i 0.10 0.83 * 0.07 
1.34 136 3.81 + 0.28 2.54 & 0.17 3.83 i: 0.12 
3.36 3.14 6.27 & 0.33 ;_I?6 f O-11 S.81 f 0.12 

14.5 13.8 19.1 * 0.75 19.7 * 0.21 36.5 t 0.46 
36.9 34.5 47.3 f 3.3 47.4 * 0.51 92.9 &- 0.81 

l Using mixtures of standard solutions containing 41 pg [‘H&rnipramine as internal standard. 
* Experiment using [‘Hz]formaldehyde in the methylation step. 

*- Experiment using unlabeled formaldehyde in the methylation step. 
r Average value (triplicate injections) obtained from 3 samples 5 standard deviation between sam- 

ples. 
r a Calculation of a regression line gives I’ = 1.96 + l.ZOr with i = 0.9993. 

J p t Cakxlation of 3 reeression line eives i = 0.94 f 1.349s with i = 0.9999. 
t Calculation of a re&ssion line &es _r = 0.41 + 2.672~ with i = 0.9995. 

Table II gives data for two standard curves run under identical conditions 
except that unlabeled formaldehyde was used in the methylation step for one stan- 
dard curve while [‘H,]formaldehyde was used for the other. It is possible to calculate 
from the known weight ratio of desipramine to imipramine the expected increase in 
the slope of the line obtained for imipramine alone when total drug is measured_ The 
slope of the regression line for the last column in Table II is in fact 96% of the 

theoretical value_ Thus the use of the methylation procedure to obtain total drug by a 
single GC measurement from a single injection is not likely to fall short of the true 
value by more than a few percent. It would be possible to avoid this error entirely by 
carrying out a GC measurement of imipramine bejhe and after methylation, using 
the appropriate standard curves. 

In conclusion, the method described in this paper allows the simultaneous 
determination of imipramine and desipramine in a single GC peak, using a simple and 
rapid in situ methylation reaction_ 
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