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To detezmine drugs or their tietabolites at low levels in biological fluids, sen- 
sitive- and selective assay methods are required. In general, it is assumed that 
mass speckomekic methods offer a high degree of specificity and sensitivity. 
Application of assay methods using mass speckomekic detection can, however, 
be hampered because not everyone has access to mass speckomeky, the equip- 
ment is costly, is susceptible to occasional breakdowns, and requires in gen- 
eral mars attention from the average laboratory technician for the method to 
be employed on a routine basis. For the tekacyclic antidepressant drug mian- 
serin (Org GB 94, the lab. code, is used to denote the salt mianserin hydro- 
chloride), a mass fraaentographic method haz been described [1,2]. The 
2ssay method includes extraction, plasma extract clean-up by liquid chroma- 
tography and quantitation by gas chromatographymass speckomeky (GC-_ 
MS). A novel assay method for m&uzseti 131 using gas chromatography and 
a nitrogen-sensitive detector (GC-NPD) applies only extraction followed by 
injection of the raw. plasma exkact into the GC-NPD system for qua&it&ion. 
Themeritso~thesimplified ~-~DassaymethodwithrespecttotheG~- 
MS method have been discussed 131. 

The present paper deals in detail with the statistical evaluation of data ob- 
tained’ after application of both assay methods to plasma samples from patients 
receiving mianserin keatment, and to blank plasma samples spiked with mian- ._ 
serin. 
__- 
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Assay procedkes 
Mass rfnzgmentogmphy (G&MS). The assay method used is in essence the 

same as described earlier [1,‘2]. The method has been slightly modified accord- 
ing to the assay procedure for the determination of mianserin in dog phsma 
c41- 

Gas chromatogmphy with nitrogen sensitive defectin (GC-NPD)). The assay 
method as desctibed recently [31 has been used. 

Samples analyzed for comparison 
Spi.%ed sunples~ Over a period of six months, three artificial preparations A, 

I3 and C wele made by spiking human plasma free of drug (blznk) with approx- 
imately 20 ng of mianserin per ml plasma. 

CiinicaZ plasm samples. Patients’ plasma samples from a clinical mianserin 
study with 20 mg three times daily or 60 mg nightly 153 have been used. 

Dur!?g mianserin analysis using N-MS or GC-NPD, each series of measure- 
ments consisted of analysis of blank plasma samples, calibration samples, spik- 
ed samples, and clinical samples in a-random order. 

RESULTS ANI) DISCUSSION 

_ In&a-!abcmfory varia5ion in the GC-NPD and GC-MS methods 
%%e intra-laboratory variation in both assay methods can be judged from 

the repeated determinations of the spiked samples of which a number ranging 
from 1 to 10 pcras irxludecl in each daily series of plasma samples to be analyz- 
ed. 

In discus&g the precision of a method it is important to distinguish between 
within- md betzveen-day variation. IE the same spiked sample is measured 
repestedly on each different day using the same method, the logarithm y of 
the irpdividual observation Is assumed to be btit up as follows: 

y=@%&weeadays +%!?ithinday (1) 

where 

“t&xveezl says = random error, inherent to alI y values that might be observed on 
the day considered. It is assumed to ‘be randomly drawn from a population of 
sucherrorswithzeromeanand v~cea2(abe~_~~$_ThisistEzevariance 
responsible for the day-to-day variation, 
Em hy = individual random error, independent from observation to observa- 
tion and assumed to be randomly drawxz from a normally distributed popula- 
tion of izx5vizlual random errors with zero mean and variance o2 (ewi* -)_ 

A usefi.J measure for the combined variation of a method is the total vari- 
2nce: 

G&_& = “2be’een a& 4- a%vi*in day) 

This is the variance in 8 population of y values, each obt&ned on a different 
day, In this population the mean (or expected value) E(y) will be: 
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E(Y) = E(i-c + Qbe*n days + GiT&i.liII day) = P 

which *ows the meaning Of p in the model eqn. 1. 
From. each -set of observations obtained from one spiked sample on succes- 

sive dap using one method, estimates .s* (q,,=heen days), s* (eWifhb day) and 
s*& were calculated from the analysis of variance. 

S( 
For each method the estimates s2(t_xbeta_ hys) ‘as well as the estimates 
etia -) were combined over +31e three preparations, the latter combina- 

tion following the standard method for pooling mean square estimates of the 
same varianc& 161. For the comlqhiation of the three estimates sz(crbetween days) 
the reciprocal of the estimated variance of s*(cc~~_~ aaYs) was used as weight- 
ing factor. The combined value for Safe was obtained by addition. Finally, 
all estimated variances of y (= log observed plasma Ievel) were converted to 
r&Mive standard devktions (or coefficients of variation) of the observed plasma 
level itself, d&o&d F stibetween days, sd wie day ad sdbd (SCZ Table I). 

TABLE 1 

RESULTS CALCULATED FROM DIFFERENT ARTIFICIAL PREPARATIONS A, B AND 
C, WHICH WERE INCLUDED SN EACH DAILY SERIES OF PLASMA SAMPLES TO BE 
DETERMINED 

Means are geometric means. d-f. = degrees of freedom. 

GC-APD method 

A B C Combined 

ToA& No. of obse~ations 37 14 41 
No. of me&g days 8 4 11 
freL v&bat day 5.4 % 2.4 % 4.2 % 4.5 % 

5.6 %*** 
(69 d-f_) 

s al. between days 4.2 % l * 6.2 %“’ 5.2 % 
s total 
Welghkd rej. mean observed (ng/ml) 

6.8 % 6.6 % 7.0 % 6.9 % 
X3.11 20.80 19.76 

S.D. of this mean (ng/ml) 0.37 - 0.60 0.34 

GC-MS method 

Total No. of observations 20 10 22 
No. of measuring days 6 3 a 
s n?I. wimn day 4.8 % 3.0 % 7.4 % 6.0 % (40 d.f.) 

s rel. bettween days 4.5 x* 1.8 %/I +5.4 WfJ 2.6 Yo 
=reLtcw 6.6 % 3.5 % 7.0 % 6.5 % 
Weighted mean observed (ng/ml) 18.61 21.15 20.54 
SD. of this mean (ng/ml) 0.33 0.52 0.42 

//Level of significance P > 0.05. 
*Level of significarrcc 0.05 > P > 0.01. 

**Level of significance 0.01 > P > 0.001. 
***I&we1 of significance 0.001 > P. 

Clearly the total scatter of the two methods, as applied in our laboratory, is 
Grtualiy the same, but there is a rather marked difference in the scatter com- 
ponents: the GC-NPD method shows the smallesi within-day fluctuations but, 
in contrast to the GC-MS method, very pronounced-day-Way errors. 
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SysMnati deviation between the m.suPts obtained by GC--MS and GC4V.D 
Table 1 also shows the mezm and-its stanm eEMI: ofeach spi&d s+nple per 

method. Each mean was’celcuk&d as a weighted mean of.the day means,~using 
the re&procal of f&e estimated vsriance of the day me&n as a weight&j f~tor. 
As can be seen, the difference of any two weighted means pert&kg to the 
same preparation is small in comparison to the standard error of‘these means. 
Tl-.e weighted mean of the three differences is cakuJ_&zd to be 0_50 with a 
s’;idz% ezzr of 0.33, again suggqting no significant difference. 

For a better .uldy& of a possibk existing systematic difference between the 
sc--Ms and GC-NPD assay method, 74 human plasma samples from a clinical 
misnserin study (51 were analyzed by W-MS (including clean-up by liquid 
chromatography) s well as by GC-NPD. The mianserin steady state levels 
encountered during ‘his study were’ &.hin the range of 6 to 120 ng of mian- 
serinpermlpknl&IIlFig_1,tb&p~asmn levels of each &ple determined by 
the two different assay methods are represented by 2 dot, using logarikhnii~ 
scales in order to equalize the scatter over the whole rzmge. The straight line 
minim&s ‘the sum of squares of the perpendicular distances from f&e points 

mianserir; plasma level (rig/ml) clete:mined by GC-NPD 

Fig. I_ A plot of the rnhns&n levels of ‘74 paa samples from a cEnkal study determined 
by GC-_EITPD and GC-MS. -The straight line minimi f&e sum of squa;red perpendicular 
distance8 from the points to the line. 
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to the line. Its slope (in log units/log unit) is 0.992, very close to 1 and there- 
fore compatible titb the assumption that a systematic deviation, if auy, from 
unity in the ratio betprreen the results of analysis applying both assay methods, 
does not change with the plasma level in the range considered. 

Analysis of variance of tie observed plasma levels (in log units) reveals that 
the geometric meau ratio GC-NPD/GC-MS = 0.995 with 95% confidence 
limits of 0.977-1.014. Therefore, systematic deviation betwtien the tie assay 
methods, if existing at all, can only be very small. 

CONCLUSIONS 

For the determination of mianserin in human plasma, it is demonstrated that 
the GC-MS and GC-NPD assay methods are virtually the same with respect to 
the overall precision. A statkkically significant day-to-day variation of the GC- 
NPD assay method is found. Because at present no explanation for this pheno- 
menon can be @ven, it is recommended to analyze a particular plasma sample 

with the GC-NPD assay method on different days whenever possible. Avemg- 
ing the results will lead to a still better estimate of the actual mianseriu plasma 
level. 

By application of both assay methods to plasma samples from depressed 
patients, no systematic difference between the results in mianserin plasma 
levels is observed. 

Q&g to the simplkity of the assay procedure, the GC-NPD method has 
advzzkges over the GC-MS assay method for routine mianserin p&ma level 
determiu~tions. 
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