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For the assay of the antidepressan t compound mianserin hydrochloride (Og GE 94) in 
human plasma. a mass fragmentographie _method, using the deubxabd analogue BS internal 
stindard arzd a high-performance liquid chromatographie sample clean-up procedure has been 
developed_ The assay specifications obtained are a lower limit for reliable measurements of 
1 nglmi. an accuracy of ca. 0.01 ngfml. a precision of 6-7 A and a capacity of about 60 
samples per day. The appiicability of the assay method is illustrated by measurements of 
single-dcxe and steadystate plasma levels in clinical experiments., demonstrating the pos- 
sibility of monitoring plasma levels during at least 24 h after a single dose of 25 mg of Org 
GB 94. TPre mean steadystate plasma leveis after a daily dose of 3 x 20 mg of Org GB 94 
appeared to be remarkably constant with time: 38. 36 and 34 n&n! after 2.4 and 6 weeks 
of treatment of 18 depressed patients. 

~._._.__.. .--. _ _~~__._ ---- ---- 

INTRODUCTION 

To permit a reliable pharmacokinetic and parmacological evaluation of the 
Dew antidepressant drug mianserin hydrochloride (Org GB 94; 1,2.3,4,10,- 
L4b-hexahyBEo-2-methyldibenzoCc,,fJp~oCL26] azepine monohydrochlo- 
ride), a method for its assay in human plasma has been developed. This com- 
pound, the chemical structure of which is depicted in Fig. 1, showed potent 
antidepressant activities in EEG profile an&~& and in therapeutic studies [I]. 

Fig_ L. stmirture of Org GB 94. 



In view of expected low levels after a therapeutic dose (nanogram per milli- 
l&e range) and the extensive biotransformation [2], a highly sensitive and 
specific assay method is required. Because of its sensitivity and inherent spec- 
ificity, mass fragmentography (MF) 131 was selected as the detection method. 
The applicability of the assay has been ihustrated by measuring plasma levels 
after a single oral dose and during chronic treatment. 

MATERIALS AND MJZTHO~ 

Interna standard 
[LOJO-*&]Org GB 94, used as an internal standard, was prepared by hy- 

drogen--denteriu.m exchange in the system hexsmethylphosphoric triamide 
(HMPT) with NaO*H and *Hz0 at 80”. According to mass spectrometric ansly- 
sis, the deuterium content was 4.2% *I&, 21.0% *Hz, 73.3% *HI, 1.3% -*H, 
and 0.2% *a. 

Solvents 
A!l solvents used were purchased from Merck (Darmstadt, G.F.R.)_n-Hexane 

and isopropanal were of Uvasol quality, ethanol and methanol were of analyt- 
ical-reagent grade and the ammonia was of Suprapur grade. 

Ten-milhlitre glass-stoppered tubes were cleaned uhrasonicslly and sub 
sequently rinsed with n-hexane and metharrol. One-millihtre disposable glass 
tubes were cleaned by rinsing with methanol and subsequent heating in a gas 
burner until red hot. 

Equipment 
A Waters Assoc. (lMilford, Mass., U.S.A.) high-performance Liquid chromato- 

graph equipped with a 30 cm X 4 mm I.D. ~Porasil column (I.0 pm, Waters 
Assoc.) and a 280-mn UV detector was used for sample purification. The in- 
strument was operated at a pressure of about 800 p.s.i. and a flow-rat2 of 2 ml/ 
min of nhexane-isopropanol (80:20, v/v) to which 4% of ethanol and 0.1% 
of concen+ated ammonia were added. 

The gas chromatogra~h-mass spectrometer-compu~ system f~onsist& Of 
the following: 

(i) A Varian Aerograph 2740 gas chromatograph equipped with a 4 m X 2 
mm K.D. glass co!umn filled with 1% JXR on Gss-Chrom Q (80--100 mesh). 
The injector, col- and detector oven temperatures w-e ce. 270,260 andi 
270”, respectively. Helium was used as the Currier gas at 8 flow-rate of 30 
ml/mm. The gas chromatograph was coupkd v$a a dual&age Watsorr--Eie- 
mann separator to a mass spectrometer (see below). 

(ii) A Varian-AMAT CD7 mass spectrometer equipped with a peak-matching 
device. The spectrometer was focused at mte 264 and the peak matcher was 
set to display akernativeiy the m/e 264 and m/e 266 sign&, representing 
the molecular ion peaks of Org GR 84 and the internal standard, respective&. 
A home-made filteE system a.&xwA cc)n~u~~, (pseucZu)si~ reg- 

:. if&ration of the two ,t$gnal~ on 8 6mgear potentiumefer reecorder. The mass 



spectrometer was operated at 
@A, ion accelerating voltage 3 
souree temperature 135”. 

ektron energy 70 eV, ionizing current -300 
IrV, electron mu&ipIier voltage 2 kV and ion- 

(iii) The computer system was a Varian-MAT SpectroSystem 100 MS with a 
2.4~M-word disc bxkhg store. C&X&&~• IIS were also perfonr& wif,h t& corn- 

puter system using a BASIC program. 

8ingbdase esperirxents were performed by administration of 15 mg of Org 
GB 94 to three heaPthy male volunteers aged between .ZI and 35 years under 
the supervision of Prof. M. Fink, New York, U.S.A. Each volunteer was treated 
twice with a minimum time interval of 10 days between the two sessions. 

Chronic therapy was performed by administration of a daily dnse of 60 mg 
of Org GB 94 (20 mg three times a day) for 6 weeks to 18 patients suffering 
from depressive illness, under supervision of Dr. -4. Coppen, Epsom,Great Britain. 
Blood samples were taken with heparinized syringes at the time intervals indi- 
cated in Tables II and TIE. After the addition of saturated sodium c&r&e solu- 
tion, the blood 1~8s centrifuged and the plasma was -transferred to separate 
sample tubes and stored at -20” until required for furtker analyses. P&ma was 
prepared within 40-100 min after withdrawal of each blood sample. 

Assay methods 
From the administered dose znd the sampling time, the Org GB 94 concen- 

tration was estima’ced. For expected levels of less than E ng/ml in plasma, 2-ml 
samples were processed, while for higher levels l-ml samples were used. An 
amount of [lO,lO-*Hz ] Org GB 94 more or less equal to the expected Org GB 
94 concentration, dissolved in 0.1-2 ml of water an& 100 ~1 of concentr&d 
ammonia (to obtain pH II) wzs added to the sample. After equilibration for at 
least 3 h, the plasma was extracted with tho 5-ml portionsofn-hexane by thor- 
oughly mixing snd centrifuging for 5 min at 1200 g. The combined extracts 
were evaporated to dryness in a IO-ml conical tube at 45’ under a gentle stream 
of nitrogen. 

The residue was re-dissohxd in 0.5 ml of the solvent system used for sample 
clean-up by high-performance liquid chromatography (HPEC). The collected 
fraction containing the Org GE 94 and internal standard was evaporated to 
dryness at 45” under nitrogen. 

The residue was transferred into l-ml glass tubes using one 2OO_crl portion 
and one IOOjcl portion of methanol. The contents of each &ss tarbe were again 
evaporated to dryness at 45O under nitrogen and the residue was subsequently 
redissolved in’ 8 & of methanol. From *;fiis methztnolic solution, the ma&mm 
possible amount (6-7 ~1) was inject& inta the $BS chromatogtaph-msss spec- 
tmmeter for qua-&ification_ Lntemi&entiy, 2-& portions of &nda.rd solutions 
eontalning Qrg GB 94 and [10,f0-*H2% Org GE 94 in concentration ratios of 

4:P.2:1.1:1, I:2 and I:4 fng/& were an&yzed in tripiicate for gtabWunent 
of the c&bzz&on graph. Peak heights (occurring at the retention time for‘both 
compcxmds: ci3. 2.5 min) were measured manually. From these results. the 
mortfit of erg GE 94 per mi2lilitxe of plasma was caicufatecf using 8 BASK! com- 

Put= progrun, Because tke amount of inter& standard was adapted to each 



individual sample in order to achieve optimal accuracy and precision, a relative 
czlibration graph had to be used. 

A tide-range calibration graph (concentration ratio may vary hy a factor of 
16) rvas obtained by plotting the fractional peak height lz(m/e 264)/[&m/e 
264) c h (m/e 26611 vtzs?ms the fqsctiond concentration [Org GB 941 /[Org GE3 
943 •i- [[lO,lO*,Y,]Org GB 941) in the rang? I:4 to 43. A typical esample 
of such a calibration graph with calculated slope of 0.89 is shown in Fig. 2. 

Using this calibration graph, the measured peak heights-and the dati on sam- 
ple volume and amount of internal standard added, the program calculates the 
level of Org GB 94 (free base) in nanograms per millilitre of plasma. Samples 

in which +Ae actual concentration ratio of Org GB 94 to internal standard ex- 
weds the boundaries of the calibration graph have t.o be re-processed with dif- 
ferent amounts of internal standard. 

2 

RESULTS AND DISCUSSION 

The merits of mass fragmentographic analyses have been discussed elsewhere 

rot fractional 

peak height 

h(264) x 10056 

h(264) + h(266) 
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131, and the discmsion of the present method is limited to the description of 
the assay specifications. 

Assay specifications 
To test the method, I-ml samples of human plasma pods spiked with I or 

15 ng/ml of Grg G2 94 were processed. A possible disintegration of Grg GB 
94 during storage was investigated by analyzing a pool of plasmaspiked with 15 
ng/ml, after 7 months of storage at -20” .The results of these analyses are pre- 
sented in Table E and are discussed in terms of accuracy, precision and sensitivi- 
ty- 

Accuracy and precisfm 
The accuracy of the measurements, defined as the deviation from the true 

value, was found to be independent of the concentration in the range investi- 
gated. During 7 months of storage at -20” the plasma concentration of 15 ng/ 
ml decreased by not more than 5%. The high degree of accuracy, inherent in 
MF assays with internal standardization, is even enhanced by the use of a 
sliding relative calibration graph, which allows adaptation of the amount of 
internal standard to each individual sample. 

The precision, expressed as standard deviation, was 6-7s and was indepen- 
dent of the concentration and storage time. From these precision data, it can 
be derived that fOF a level of I ng/ml the measurements have a probability of 
only 0.05 of being outside the range O.S6--1.13 ng/ml. Et should be borne in 
mind, however, that these analyses mere performed with a 1~1 ratio of COM- 
pound to internal standard. In separate experiments, it was demonstrated that 
a I:4 or 4: I. ratio does not affect the precision significantly. 

The relatively high accuracy and precision are due mainly to the method of 
internal standardization employed, with the stable isotope-labelled analogue 
added directly to the plasma sample. Because of equal recovery of drug and 
internal standard from plasma, any loss of drug is automatically corrected for 
by proportional Iosses of the internal standard, which makes the accuracy in- 
dependent of the Org GB 94 recovery. Further, it should be realized that by 
using the same stock solution of [IOJO-*Hz] Qrg GB 94 for addition to the 
sampIes as for preptiag the calibration graph, any inaccuracy in concentra- 
tion of the stock solution is cancelled out in the calculations. 

TABLE I 

ACCURMX z%i‘JD PEtECLSION OF THE ASSAY OF Org GB 94 TN HUMAN PLASMA 

Org GB 94 hternai Mean of Nunrber of Accuracy Precision 

plMIU3 standard measured determinations (5%) (SD.) 

concentration added concenttation WI 
(ng/mil k/ml) (Qfdd) 

I 1. 1.OP 10 I 6.5 

15 15 15.01 20 0.1 6.0 

IS 15 14.26 IO -4.9 6.S 

*X&is pc~oP had Ex2en prepared 7 m5nths hefare aadysis ancf had heen stored at.-20” in 
order to inpsstigate passibte disstegrzticm of Org GB 94 derring starage. 
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The sensitivity of the ass2y method is determined by (i) the detection limit 
of the gas chromatqgraphic-mzss spectrometric (GC-MS) system Bnd (ii) the 
percentage recovery of Grg GB 94 from the p5hsm2 in the extraction, purifica- 

tion and concentration procedure. The extreme sensitivity of the mass spectrom- 
eter in principle allows the detection of picogram amounts provided that the . 
instrument is running under optimal conditions. In combination with 2 gas 

chromatograph, however, 2 decrease in sensitivity occurs owing to adsorp- 
tion to the GC column packing materiai znd disappearance of substance 
through the helium separator. Nevertheless, &andard sohxtions containing 50 
pg of Grg GB 94 per injection yielded mass fragmentograms with 2 signd-to- 
noise ratio of better than 10:X_ 

The sensitivity is afforded by the relatively high abundance of the molecular 
ion of Org GB 94, as shown in Fig. 3. The use of the base peak at m/e 193 for 
quantitation should improve the sensitivity to only a small extent. In that event, 
however, the specificity is lost because ions with m/e 193 are also common 
fragments for Org GB 94 metabolites. 

The percentage recovery in the sample working-up procedure was measured 
by processing pkstsma samples to which 1 ng of [*‘Cl Org GB 94 had been add- 
ed_ It was found that the extrztion yield was almost 100% 2nd that the 

HPLC purification was quantitative. Losses of IO-20% were observed during 
the various ample transfer, concentration 2nd evaporation steps. Although in 
many instances amounts of less than 1 ng tit? be quantified (depending on the 
conditions of the equipment), for routine analyses of L-mi samples with 2de- 
quate 2ccur2cy 2nd precision 2 level of 1 ng/,ml in plan2 is considered to. be 
the lower limit for reliable measurements. When even lower levels 2re to be 
andyzed, decreased accuracy and precision must be accepted or larger plasma 
samples should be processed (permitting quantifications down to ca. 0.25 ng/ 
ml with 2 4-ml sample). 

Specificity 

The specificity of the method is obtained by the combination of all four 
successive steps in the analytical procedure: the n-hex2ne extraction, the 
I-IPLC purification, the Gc separation 2nd the MS detection. Analyses df 
blank pEasma samples reve2kd vanisbingly smali peaks in the MF t&es at 
m/e 264 and m/e 266 with Org GB 94 GC retention times. AMoreover, of ali 
known Org GB 94 metabolites, oniy the N-oxide shows a peak at m/e 264 in 
the mass spectrum and, owing to the decomposition into Org GB 94 at ele- 
vati temperatures, similar GC retention tinxe. The N-oxide, however, cannot 
be extmcted from phxsma with n-hexane and consequently does not interfere 
in the determtination. The specificity of the zs~ay is arrtomatically controlled 
during the detection by coincident onset and du&ion of both peaks in the 
mass fi-agmentog&m*. 



The method described permits routine measurements with a capcity of ca. 
60 saxpfes a day. The- capacity can be improved by automation of HJ?LC. and 
GC injection, automatic co&ction of the HPEC fmdions md computerized 
digitization of the mass fmgmentogram peaks. 

The applicability of the assay method to the pharmaeologieal and pharma- 
cokinetic evaluation of the drug was iiIustr2ted by the mezsurement of plasma 
levels in patients after 2, 4 or 6 weeks of treatment with 60 mg of Org GB 94 
per day and of plass levels as a function of time after a single oral dose to 
male volunteers. 

The steady-state plasma levels shown in ‘Fable If display a considerable 
inter-patient variation in the range 4-98 ngjml, which is covered by the sen- 
sitivity of the assay. The individual levels, however, were remarkably constant 
during the 6 weeks of treatment, as reflected by the constant mean plasma levels 
over t-his period: 38,36 and 34 ng/ml after 2,4 and 6 weeks of treatment re- 
spectively. 

The single-dose plasma levels in Table III demonstrate that the sensitiviw of 
the assay is sufhcient to monitor Org GB 94 in plasma from 1 h up to 24 h 
z&x a single dose of 15 mg. From these results, it can be concluded that the 
method permits measurements during at least 24 h following an oral dose of 15 
mg, which is a prerequisite for acceptable pharmacokinetic analyses. 

TABLE II 

INDIVIDUAL AND %IEAN EARLY MORNING 0% GB 94 PLASMA LEVELS IN 
DEPRESSED PATIENTS AFTER 2, 4, AND 6 WEEKS OF DAILY TREATMENT WITH 
3x 20mgOFOrpGJ394 

- 

Pztient Org GB 94 pl2z+12 levels (nglml; free base) after treatment for 

2 weeks 4 weeks 6 weeks 

G.H. 23.6 24.3 23.9 
M.Mr. 14.4 14.5 4.3 
H-0. 22.1 29.9 31.4 
E.T. 20.3 28.9 26.5 
W.F. 98 55 52 
N.L. 21.7 20.8 19.0 
V.G. . 35.2 - - 

R.L. 32.6 34.5 33.9 
EC. 41.3 45.6 
MMS. 36.3 ii.3 27.8 
D.K. 15.4 16.5 22.9 
MS. 56 49.4 43.0 
K-0. 28.5 23.6 20.4 
J.M. 21.5 25.5 20.4 
D.T. 69 64 60 
S.G. 28.1 28.5 29.0 
V-Hi. 35.8 44.2 48.7 
G.S. 84 69 65 -. : .. 

Mean * S.D. 38 + 24 36 2 IS 34 * 16 . 



TABLE m 

Org GB 94 PLASMA .LEVELS AFTER A SINGLB DOSE OF 15 mg OF Org GB 94 TO 
FOUR MALE VOLUNTEERS IN ‘IWO SESSIONS 

-Subject Session Org GB 94 (free base) plasma levels as a function of 
time f&awing administration (ng/ml) 

_ 
25min I h 2h. 3h 5h Th 24 h 

J.G. 1 0.6 13.2 19.4 13.2 9.2 7.4 1.6 
2 0.4 7.6 19.5 18.4 11.7 8.8 2.3 

MP. 1 0.6 4.9 $0.2 8.6 6.3 4.8 2.6 
2 1.5 6.5 Il.1 LO.9 8.6 5.1 I.1 

M.G. 1 0.6 3.3 6.5 5-6 5.1 3.4 I.1 
2 0 0.5 8.1 8.9 7.4 6.4 1.4 

SK. 1 0.1 4.0 10.8 8.7 6.1 4.4 1.3 
2 0.3 1.0 11.8 11.4 7.5 5.2 1.8 

CONCLUSIONS 

The method described for the assay for Org GB 94 in human plasma, based 
on HPLC purification and MF quantitation, meets the requirements for routine 
analyses for evaluating clinical experiments and for monitoring patients’ drug 
kinetics. 
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