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SUMMARY 

A sensitive and specific method for the simultaneous determination of imi- 
praminc and desipramine in the blood plasma of depressed patients under treatment 
that involves separation by gas chromatography and detection by mass fragmento- 
graphy is described. Concentrations were determined by focusing the mass spectrom- 
eter upon the ions at nl/e 280 and 235 for imipramine and 308. 236 and 114 for 
desipramine (N-acetyl derivative), while promazine was used as the internal standard 
(ions at 117/c’ 284 and 238). Determinations are possible at levels as low as IO ng/ml 
in plasma. 

INTRODUCTION 

In recent years, the determination of drug levels in plasma after a single 
administration or during chronic treatment in humans has permitted the accumulation 
of valuable information concerning the bioavailability of the drug and its therapeutic 
and toxic thresholds, thus forming the basis for more rational therapy1-5. 

In work on tricyclic antidepressant drugs, the pharmacokinetics of secondary 
amines, i.e., monomethylated compounds such as desipramine and nortriptyline, have 
been the subject of extensive studies”-‘z. However, little information is available on 
plasma level correlations between tertiary amines of tricyclic antidepressants and 
their major metabolites, the demethylated secondary amines’3-16. Several methods 
have been described for the simultaneous determination of imipramine and desi- 
pramine in biological fluids, but they lack specificity and/or sensitivity, require large 
amounts of blood or necessitate very long procedures’3*16~*7-22. 

In the clinical situation, the determination of drug plasma levels is often more 
complicated because of interactions with other drugs or because their metabolic prod- 
ucts may cause changes in. the metabolism of the drug under study. Therefore. 
sensitivity and specificity are important characteristics for the determination of tri- 

l Istituto di Clinica Psichiutrica di Verona, Univcrsitb di Padova. 37100 Verona, Italy. 
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cyclic antidepressants, especially because these drugs arc pl~armacologically active 
at very low levels. 

In the work described here, a simple mass fragmentographic method has been 
devised for the separation and specific simultaneous measurement of imipraminc and 
desipramine with a sensitivity of about 4 ng/ml in plasma. 

EXPERIMENTAL 

lmipramine and desipramine were obtained from Ciba Geigy (Basel, Switzer- 
land) and promazine (used as an internal standard) from Pierre1 (Milan, Italy). 

The following reagents were used: acetic anhydride and sodium hydroxide 
(Merck, Darmstadt, G.F.R.), pyridine. dicl~lorodimethylsilane, +hexane, tolucne, 
absolute ethanol and isoamyl alcol~ol (Carlo Erba, Milan, Italy). 

All glassware was silanized by soaking for 6 h in a 5’7” solution of dichloro- 
dimethylsilane in toluene and dried in an oven at 80”, then rinsed with ethanol prior 
to USC. 

A Finn&an Model 3100 quadrupolc mass spectrometer equipped with a gas 
chromatograph and a Model 6000 computer system W;IS used. 

The chromatographic conditions were as follows: column, glass tube, 1 m long 
and 2 mm I.D., packed with 3”/’ OV-1 on Gas-Chrom Q. 100-120 mesh (Applied 
Science Labs., State College. Pa., U.S.A.); oven temperature, 240”; injection port 
temperature. 260”: 2 md carrier gas (helium) flow-rate, 20 ml/min. The mass spectrom- 
etcr was set at the following conditions: separator temperature, 250”: ion source 
temperature. 100”; energy of ionization beam. 70 eV: and ionization current, 200 ,IAA. 

Measurements were performed by multiple ion detection focusing the mass 
spectrometer upon the ions at 117/e 280 and 235 for imipramine, t~t/e 308. 235 and 114 
for the N-acetyl derivative of desipramine and III/~ 284 and 238 for promazinc. 

A l-ml volume of heparin-treated plasma, previously acidified with 0.5 ml of 
0.1 N hydrochloric acid and stored at -2O”, was ,madc alkaline by adding 0.5 ml of 
1 N sodium hydroxide solution and extracted with 3 ml of n-hexane by shaking for 
30 min on an automatic shaker. 

After centrifuging at 1700 g for 10 min, 2 ml of the organic layer were care- 
fully transferred into conical glass-stoppercd tubes wit11 pipettes that had been rinsed 
with isoamyl alcohol just before use. Then 50 111 of pyridine and 100 ~1 of acetic 
anhydride were added and the stoppcrcd tubes allowed to stand for 30 min in a 
sand-bath at 70”. 

The reaction kinetics of the formation of the N-acetyl derivative of desi- 
pramine at room temperature (25”) and at 70” are reported in Fig. 1. The reaction 
yield was loo’%, and the derivative was also found to be very stable in acidic or basic 
aqueous solutions. 
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lime (min) 

Fig. 1. Rates and yields of dcsipntminc N-acctylation reaction at 25” (<I--__;I) and 70” (o---o). 

The stopper was then removed and the reaction mixture dried under a gentle 
stream of nitrogen at 70”. After cooling to room temperature, the dry residue was 
re-dissolved in 100 ,ul of absolute ethanol containing promazinc (I &kg/ml) and I, 2 
or 3 ,LLI of this solution were injected on to the gas chromatographic column. 

A range of standard solutions. each containing 100 ng of promazinc and 
5-200 ng of imipramine (free base), were made up in 100 ,uI of absolute ethanol. 
A standard calibration graph was prepared by injecting l-c~l aliquots of these solutions 
prior to determining imipramine in the test samples (Fig. 2). The ratio of the peak 
area of imipramine to that of promazine was linear over the range 50 pg to 2 ng of 
imipramine on injection. The standard solutions were found to bc stable over a period 
of several months when stored at 4” in a refrigerator. 

As this drug is deternlincd as its N-acetyl derivative, standard solutions were 
prepared as follows. To a range of samples, each containing 5-200 ng of desipraminc, 
50 ,uI of pyridine and 100 ,uI of acetic anhydride were added. After reaction. as prcvi- 
ously described, 100 ,uI of a I /l&ml solution of promazitle in ethanol were added to 
the dry residue. A standard calibration graph (reaction yield 100%) was prepared by 
injecting l- or 2-,ul aliquots of these solutions (Fig. 2). The ratio of peak area of 

-AC a ii&&azr_AC 

0 0.5 1 1.5 2 0 50 100 150 200 

n2 ng/ml 

Fig. 2. (A) External calibration graphs for imipraminc (IMI) and dcsipraminc (N-acctyl derivative) 
(DMI-AC). (l3) Calibration graphs obtained by adding known amounts of imipramine and dcsi- 
pmmine to 1 ml of human plasma and processing them as described under Extruction procehrc arrd 
ckrirafive fonmtiorr. R = ratio of the peak arcas of imipraminc and dosipraminc (N-acctyl derivative) 
and the internal standard promazino. 
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desipramine to that of promazine was linear over the range of 100 pg to 2 ng of 
desipramine on injection. The standard solutions were found to be stable for several 
days when stored in a refrigerator at 4”. 

Recovery studies 
The separate and combined addition of imipramine and desipramine hydro- 

chloride to drug-free plasma at concentrations ranging from 5 to 200 ng/ml for each 
drug resulted in over-all recoveries of 80 & 3 y0 for imipramine and 76 f 4% for 
desipramine. A linear response was found over the range 4-200 ng/ml in plasma 
(Fig. 2). 

Stability studies 
The stability of plasma samples on storage was investigated as follows. Plasma 

samples were divided into two l-ml aliquots, one being stored at -20” and the other 
analyzed for imipramine and desipramine content by the method described, just after 
blood samples were withdrawn. No differences in the samples stored at -20” for 
2 months were found, indicating that no decomposition of either drug had taken place. 

RESULTS AND DISCUSSION 

The gas chromatogram of imipramine, the N-acetyl 
and the internal standard promazine is shown in Fig. 3. 

The acetylation reaction was chosen because of the 

derivative of desipramine 

suitable retention time of 

.AC 

-L-t2 3 0 
Time (min) 

Fig. 3. Gas chromsltogram of imipramino (IMI), dcsipramine (N-acetyl derivative) (DMI-AC) and 
the intcrnnl standard promazino (PRO). 
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m/e 

Fig. 4. Muss spcct~‘u ol’ imiprominc (above) ;111rl clcsiprm~inc (N-i~cctyl rlcrivativc) (hclwv). 

the dcrivativc formed anti in order to avoid absorption of dcsipraminc on tbc station- 
ary pbusc of f11c gas cilromatograpilic column. The mass spectrum of imipraminc 
(Fig;. 4) shows tbc base peak at III/C> 58, corresponding to a [I-bond lission with rcspcct 
to tile nitrogen atom of tilt side-chain, giving rise to N.N-dimethylformiminc with 
rctcntion of the positive ciiargc. Otilcr intcnsc pcaits are present at /RI/C 194. 208 and 
222, arising as shown in Fig. 4. The pcslk at 111/e 85 is due to a cicavagc of the bond 
betwccn tix ring nitrogen and tllc first carbon of tile side chain. wit11 ;I rcarrangcmcnt 
of a llydrogcn atom onto tile ring nitrogen. 

Dcsipraminc (N-acctyi derivative) (Fig. 4) and promazinc (Fig. 5) sbowcd 
analogous beilaviour. 

Qc:a CH 
&,-Cl.+H,-N' ’ 

Lf!e- 
‘CH, 

,a$ +’ 1 Promaine U .W. 284 

CH2-CH-CH2-N, 
GLC 70CV 

~;H:i&_+-J”--~..,_ 

m/e 

Tllc origins ol‘ the peaks at IV/C 235 and at IV/C 238 arc explained in Fig. 6. 
lmipraminc and desipraminc (N-acetyl derivative) undergo a I ,4-rcarrangcmcnt and, 
by losing N,N-dimcthyiaminc and N-meti~yiacctamidc. rcspcctivciy. give rise to tilt 
fragment ions at /II/C 235 with subsequent loss of ;I bycirogcn radical to form tilt 
frsigmcnts at 117/c 234. 

Promazinc, after a similar I .4-rearrangement. loses N,N-dimethyiamine, giving 
rise to tile fragment at r~/e 239 and, with tbc subscqucnt loss of ;I hydrogen radicui. 
the fragment at 111/e 238. 

According to tile mass frugmcntograpiiic tccilniquc’“. tilt mnss spcctromcter 
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Fig. G. Fragmcntntion pitthways for imipraminc (IMI), desipraminc (N-acctyl dcrivativc) (DMI-AC) 
and promazine (PRO). 

is used as a detector for the ctflucnt from the gas chromatographic column. The mass 
spectrometer can be set to detect one or more characteristic fragment ions of the 
compounds under study, thereby introducing a further parameter of identification in 
addition to the retention time in the gas chromatograph. Thus the method combines 
the high resolving power of the gas chromatograph with the high sensitivity snd 
specificity of identification provided by the mass spectrometerzJ.zs. 

A typical mass fragmentogram of a plasma sample taken from a patient 
receiving chronic treatment with imipramine is rcportcd in Fig. 7. Quantitation was 

IMI 

II PRO 

DML-AC 

J 
2 3 

Time (min) 

Fig. 7. Mass fragmcntogram obtained from plasma of n patient undergoing chronic trcatmcnt with 
imipraminc. IMI. DMI-AC and PRO as in Fig. G. 
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performed by hocusing tllc instrument (at 70 cV) first upon the ions at /II/C 308, 284, 
280 and 235 and then upon the ions at III/CJ 280, 238. 235 and 1 14. 

Endogenous compounds were found not to intcri’cre in the analysis, and no 
interfercncc was observed from concomitant treatment with bcnzodiazcpincs or bar- 
biturates. 

The validity of this analytical procedure was tcstcd in two difl’erent cxpcri- 
mental situations involving acute and chronic treutmcnt with imipraminc, whcrc it 
was possible to follow plasma levels of both imipraminc and dcsipramine (Figs. g-12). 
ITIle clinical significance of these results will be discussed clscwhcrc. 

hrs hrs 

Fig. 8. Plasma levels of imipmminc (IMI) nnd dcsipramine (DMI) in two healthy volunteers clftcr n 
single oral dose of imipraminc. A---A, IMI: A-A, DMI: A-*-A, (MI -i. DMI. (A) Subject: P.I., 
fenialc. age 31. weight 51 kg; dose. 75 my (I .47 mg/kg). (l3) Stlbjcct: P.C.. malt. age 23. wcigllt 55 
kg; dose, 75 ml: (.I 26 mg/kg). 

. . 

Days 

Fig. 9. Dlilsnla levels of imipraminc (IMI) :md clcsipruminc (DMI) of one subject during chronic 
trcmtmcnt with imipraminc. Curves as in Fig. 8. Subject : P.M.G., fcmalc, age 27. weight 47 kg; dose, 
75 m&day (1.59 mg/kg): diagnosis. rcactivc dcprcssion: clinical judgcmcnt. good improvement, 

However, from the results obtained, this work bus demonstrated not only that 
the tcchniquc described seems to satisfy the requirements for its applicability to 
monitoring imipramine and desipraminc plasma levels in depressed patients under- 
going chronic treatment, but also that, with four subjects, rcpcatcd oral dosing with 
imipramine llydrocllloride led to a gradual build-up of both imipramine and dcsi- 
pramine, plasma contents until a “steady-state” level was established. 
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Fig. 10. As Fig. 9. Subject: C.I.. fcmalc. age 48; weight 62 kg: dose. 75 mg/day (I.21 mg/kg); ding- 
nosis, dcpressivc neurosis; clinical judgcmcnt, good improvcmcnt. 

2co- 

z 
150- . ..o 

*_.....- 
. . . . A* . . . . . _. . ..._&’ ..-* 

_.a- 

c” 
,&‘A 

& loo- 
/ /A”-- 

,-A-,_ 
-‘-Ad M* 

9 

b 
,#V 

0 ’ 

5D_ ;;r,’ 

I 
7 14 21 28 

Days 

Fig. 1 I. As Fig. 9. Subject: B.A.. fcnx~lc. age 63. weight 75 kg: dose. 100 nlg/dily (I .33 m&kg); 
diagnosis, cndogenous dcprcssion; clinical judgcmcnt. modcratc improvcnwnt. 
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Fig. 12. As Fig. 9. Subject: A.T., female, age 45. weight 56 kg; dose, 100 mg/&y (I .78 
diagnosis. dcprcssivc neurosis: clillical judycmcnt, good improvement. 

m&kg): 
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Contrary to common belief, in three out of four patients. imipraminc plasma 
levels were significantly higher than those of desipramine. As imipramine and desi- 
pramine show direrent inhibitory activities on the presynaptic uptake of scrotonin 
and noradrcnaline in the brain Zh--2M, their rtttio in the brain may nccessitatc thcrapcutic 
alterations or product diffircnt side-ctlbcts. 
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