
25 

JowMTofC#zromcrtognzphy.181(1980)25-31 
Biomedical Applicafions 
Q Eilsevier Scientific Publishing Compury, Amsterdam -Printed in The Netherlands 

CHROMBIO. 443 

SIMPLIFIED METHOD FOR DETERMINATION OF THE TETRACYCLIC 
ANTIDEPRESSANT MIANSERIN IN HUMAN PLASMA USING GAS 
CHROM.ATOGRAPHY WITH NITROGEN DETECTION 

JANVINK*ardKENKJ.M.VANHAL 

Organon International B.V., Drug Metabolism R&D Lubs, P-0. Box 20. 5340 BH Oss (The 
Netheriimds) 

(Recei%ed July2nd,1979) 

A simplified gas chromatographic method for determination of the antidepressan td=% 
&rue&in bumen plasma isdeseribed. Applicationofanitrogeosensitivedet~torreduces 
the assay procedure to extraction, concentration and gas cbromatographi~ determination. 
The method is suitable to determine mianserin in human p&ma at the 1 ng/rnl level on a 
routine bask At tke 20 &ml level tbe deviation of the mean from the true value and the 
relative standard deviation amount to 1.0% and 6.8%, respectively_ 

INTROBUCT'ION 

Until now, quantitation of mianseti (Fig. 1) in biological samples for clh& 
Cal studies and animal experiments has been performed using mass fragmento- 
graphy at oqur laboratories. Although the assay for mianserin [I, 21 has been 
gradually improved over the past five years, and the analyses have become 
more and more automated to handle a large number of samples per year [3], 
the use of mass fkagmentography itself hampers the general applicability of 
the Way method. Gas chromatography (GC) using a specific nitrogen-sex&- 
tive detector is a possible aRernative for mass ~entography, Hdwever, the 
use of alkali flame ionization detectxxs (AFID) for gas chromatographic & 
k&ton-of nitrogen-containing compounds has never become wide-spread be- 
cause of the signal instability observed during daily routine operation [4] _ 

The introduction of ti new generation of nitrogenjphospporus-sensitive 
detectors (NPD) has d.ramaticaIly changed the situation, [5-71. With these 
types of detector, also referred to as thermionic ionization detectors, signals 

*To whom correspondence should be addressed 



26 

of high stability during long-term operation are obtained. Although the detector 
design differs from manufacturer to manufacturer 15-73 and the principle of 
operation is still rather obscure, all these nitrogen-sensitive detectors have an 
independent elect&ally-heated bead as alkali source, which is operated in 
an .&-hydrogen environment. The supply of hydrogen is not enough ti provide 
a self-sustaining hydrogen- flame, thereby generating a flame zone around 
the glowing alkali bead only. In the low-temperature plasma surrounding the 
bead, o-mnic molecules are pyrolyzed; the highly reactive radicals fo_rmed are 
involved in reactions tith alkali atoms, while the ions formed are responsible 
for the detector signals observed [5-l 2] _ Regardless of the mystic surrounding 
the reaction mechanisms, the NPD has already found many applications in the 
Eeld of drug research [13-251. 

The sensitiviQ and specificity of the nitrogen-sensitive detector and the 
general acees$Kii~ of gas chromatography in other laboratories, forced us 
to investigate in detail the merits of the GC assay with nitrogen detection for 
determination of mianseti in plasma. In this paper, the assay method is de- 
scribed in detail. A comparative study of the present assay method and the 
previously used method employing mass fragmentography [I, 21 will be pub 
lished elsewhere f26] _ 

M.AmRiALS AND METHODS 

AR solvents were purchased from Merck (Darmstadt, G.F.R.). Ammonia, 
n-hexane and methanol were of Suprapw, Uvesol and anatytical-reagent grade 
qualiw, re~ectively. 

Glesswcre 
The glassware was cleaned using normal laboratory washers (Miele type 

Gl9) and standard washing agents (Neo&her F, N and S, Chemisehe Fabrik 
Dr. Weigert, Bunburg, G.F.R.). After this washing procedure, the glassware 
was cleaned uhmsonicelqr in a hydrochloric a&Wed water bath, rinsed with 
distilled water and dried. Before use, the glassware was rinsed thoroughly with 
the orgzzc solvent to be used in the assay procedure. 
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For the GC assay method, 7-methyhnianserin was chosen as internal seWi- 
dard, Because or their stru@tural relationship, mimserh and 7-methybian- 
seriu behave chemically quite similarly duriig the assay procedure. 

Gas chromatography with nitrogen defect&z 
A E?ewIetWackard gas chromatograph Model 57lOA, equipped with a 3 

m X 2 mm I.D. glass cohunn packed with 1% OV-25 on Gas-Chrom Q (80- 
100 mesh) was used. The Hewlett-Packard N/P detector Model 1878?_~ wss 
operated at a voltage of 15-18 V for heating the bead, The temperatures of 
inje&or, column and detector oven were 300”, 240” and 300”, respectively. 
Nitrogen was used as a carrier gas at a flow-rate of 20 ml/m& The gas fIow- 
rate for the N/P detector was 3 ml/ruin for hydrogen and 50 mI/min for air. 

Assay procedure 
The internal standard, dissohed in water (40 ng/rnl), was added to the pIss- 

ma sampIe in approximately the same amount as the expected mianserin con- 
centration, together with 100 ;rl of concentrated ammonia to obtain pH > 11. 
After equihbration for at least 3 h, the plasma was extracted with 5 ml of n- 
hexane by thoroughly mixing and centrifuging for 5 min at 1500 g. The 
n-hexane extract was evaporated to dryness in a IO-ml conical tube at 45” 
under a gentle stream of nitrogen. The wall of the conical tube was rinsed 
thoroughly with 500 PI of methanol, the methanohc sol&ion was again evap- 
orated to dryness at 45” under nitrogen, and the residue finaIIy dissolved in 
S-20 ~1 of methanol. To avoid detector overloading and cross-over of previous 
injections, only an aliquot of l-7 ~1 from the methsnolic solution was in- 
jected into the gas chromatograph for qusntitition. The vohune of sample 
injected was dependent on the expected drug plasma Ievel; below 10 ng/ml 
the maximum solvent volume (7 PI out of 8 ~1) was injected; for plasma LeveIs 
within the range of 10-200 ng/mI 3G% or less of the 20 ~1 methanolic solution 
was used for injection. 

&miardizafkm and quality control on the results of cnalysis 
Standard solutions required for establishment of the cahbration curve for 

the GC-NPD method contained mianserin and 7-methylnianserin in the eon- 
centration ratios L:4; 1:2; 1:l; 2:l; and 4:l. The standard solutions were 
added to human plssma free of drug (blank) and analyzed by GC-NPD after 
sample processing as described previously in order to correct for the minor 
difference in yield of extraction from plasma between misnserin and its 7- 
methyl derivative. 

On each day of measurement, plasma samples containing un‘known concen: 
trations of the drug, samples for standardization, blanks-human pl;i-ma samples 
and blank human pIssma samples spiked with mianserin were analyzed ran- 
domIy. The blank human pIasma samples with and without misnserin added, 
served as controIs for the overaEanaIytica.I procedure. 



For calculation of the calibmtion f~&ions and nz%mmin Ieds, the mea- 
sured peak heights of mianserjn and internal standard kgether with reqyked 
da%a on calibration mktures origirral sample vohkne and amount of iuterual 
standard added, were fed in& a computer via a visual display kminal with 
keyboard CoMected to the DEC PDP-II RSTS computer _F@ities of Akzo 
Pharma, Oss, The Netherlands. 

The calibration curve for the GC-NPD method was calculated using polyne 
mial regression analysis. A typical exsmple of the calibration c-e (peak 
height ratio y versus concentration ratio 2) is represen+Gd by y = -&007~* 
+ 1.400x +I.025 where each concentration ratio was meas- in triplicate. 

Emgram amounts of pure miazserin can be detected with the N/P detector. 
However, the lower l&nit of d&e&ion for reliable mianserin dekermination in 
human plasma is not governed by the sensitivity for snianse’l’n of the N/P de- 
k&ioor, zloue. Also the work-up procedure and the endogenous components 
from the biological matrix could possibly contribute to the detector o&pu% 
signal. In these cases, the mianserin levels are influenced by the ratio of back- 
ground signal to native retiponse. 

During the assay procedure, the toti amount of mianserin injected into the 
GC-NPD system is determined by the yield of extraction (approx. 90%) and 
the so‘rveslt volume used for injection (maximum 7 ~1 out of 8 yl). Timefore, 
a EXX&NEI of approximately 80% of the amour& of mianserin origi4.l~ pre- 
sent in the plasma sample can be subjected to GC-NPD. The simplici~ of the 
ssay procedure, the high yield of extraction of mianseriu fkom plasma and the 
possibility of efficient solvent trausfer ens-. that the loss of mianserin during 
the assay procedure is Iow. However, upon determination of m&use& levels 
below 1 ng/ml problems are euco*uutered because at these levels tie GC peak of 
mknseti is superimposed on the tails of the solvent .and plasma impurify 
peaks. Cmsequentiy, the described assay method is sensitive enough to deter- 
mine, on a routine basis, miauseriu plasma levels above the I ng/ml level, 

Gas chromakgrams, which were obtaiued &XX iujection of an extract 
from black human plasma, blank human plasma spiked with a known amount 
of mianserin, arzd hum= plasma from a patient undergoing chronic mianserin 
tzeatment are shown 51 Fig. 2, No interference Zoom endogeuous plasma 
constituents elutiug at the retention times of mianseti and the im5erm.l &an- 
dard was found, Possible interference by ‘he metabolites of m&se& was also 
investiited_ The retention times of.&e rncjor m&abolites [27] relative to that 
of mianserin are presented in Table I. Otiiy the mianserin N-oxide could pos- 
sibly- titerfee with mianserin in the- GC-NPD assay owing to its thermal 
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Fig. 2. Gas chrolMtograms after injection of a n-hexane extract of 1 ml humzn plasma 
samples: (a) blank; (b) blank, spiked with 10 ng of timtin and 10 ng of the added internal 
standard, and (c) plasma from patients receiving mianserin treatment; to the sianpIe 10 ng 
of the in*- standard were added, the mianserin content was cakulated to be 11.5 ng. 

TABLE I 

RE%%NTION TIMES OF THE MAJOR MIAPTSERfi METABOLXTES RELATIVE TO 
MIANsERrN 

Compound ReIative retention time 

Mkxserira 1.00 
s-Hydroxymklszrin 3.27 
Desmethyknianserin 1.36 
Miar?serin N+xide 1.00’ 
Internal standard 1.24 
(7-methylmianxrin) 

*Decomposes thermally into miansxin ss confiied by GC-MS. 
c 

decomposition into mianserin. However, the N-oxide cannot be extracted from 
pkssma under the assay conditions employed, 

Othei drugs concomitantly Ln -use during mi2nseri.n therssy could possSbly 
interfere with mianserin or the internal standard 7-methyl-miamerk. The as- 
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say procedure does, however, ensure a reasonable spe&&ity; only drugs which 
can be extracted from basic plk?sn_~a can appear in the n-hexsne extract, most 
basic drugs can be separated fPom each other by GC 1251 and only nitrogen- 
(or phosphorus)-coni;ainin g compounds will be detected by the specific N/P 
de+&tor. 

The deviation of the mean from the true value and the relative standard 
deviation as a measure for, respectively, the accuracy and precision of the 
GC-NPD assay method, were determined by analyzing blank plasma samples 
sp-JJed with a known amount of mianserin. These spiked samples were analyzed 
intermittently over a period of three months during analyses of blank plasma 
samples and clinical samples. The accuracy and precision at the 20 ng/ml 
plasma level are shown in Table FI. 

TABLE II 

GC-NPD ASS_4Y CHARACTERISTICS OF REFERENCES SAMPLES CONTAINING 
20.0 KG MIANSERIN PER MILLILITRE OF PLASMA 

Mean 
Stsndsrd iieviation 
Deviation of the mEa from &he true value 
Relative standard deviation 
Number ot data 

EE’ 10.60 
? 1.34 

(46) - l.@ 
@I 6.8 
b) 41 

CONCLUSIONS 

The nove! GC-NPD assay method for the determination of mianserin in 
human plasma offers amph sensitivity and specificity to determine mianserin 
levels as low as 1 ng per ml plasma during long-term daily operations. Corn- 
pared with the previorisly described gas chromatograpbimass spectiometric 
(GC-MS) assay method [I, 21, the GC-NPD method involves only a simple 
extraction and concentration step, while the GC-MS method requires inter- 
mediate sample clean-up before introduction into the GC-MS system to en- 
able daily routine analysis [2] _ Furthermore, the GC-NPD assay method U~JZ“: 
medium-priced, general accessible and reliable analyticd instruments. Applica- 
tion of the GC-MS assay method requires the presence of sophisticated, costly 
analytic& instruments together with highly-skilled personnel to operate them, 
whi?e the equipment itself is subject to frequent breakdowns. Using packed 
GC cohunns the specificity of the GC-NPD method can, however, not be 
compared w&r the specificitg of a mass spectral method. Applicatiun of cap& 
lary GC coiumns can iucrease the specificity of the GC-NPD method, when- 
ever problems are encountered owing to a lack of specificity_ Et has been de- 
mon&&4 that GC-MS assay methods can be automated to a great extent 
23, 283. Using an autosampler for sample injection and a computer system for 
data acquisition, collection, processing and fmal drug ievel calculation, com- 

, 



plete automation will be easier with tie GC-NPD method than with a GC- 
MS method. 

The GC-NPD as well as the GC-MS assay method have been applied in our 
laboratory to plasma samples from depressed patients chrortically treated with 
miamerin [29]. The results of the statistical evaluation of both assay methods 
with respect to intra-laboratory variation and (possible) systematiti deviation 
between the results of analyses, are published separately [26]. ..- 
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