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A methad is described for the measurement of tie antidepressant drug dothiepin in 
human plaslra 

The procedure involves the addition of deuteemdothiepin as an internal standard, extrae- 
tion and mea.surem&t by chemical ionisation mass fragmentigraphy_ The minimum measur- 

*able concentration of 0.5 ng/ml enabled the pharmacokinetics of dothiepin in man to be 
studied after a single orai do-se of 75 mg of dothiepin hydrochloride. 

Unlike other tricyciic antidepressan ts the apparent half-life of elhination (approsimate- 
ly 24 h) sbowed very little intersubject variation. However, the apparent volume of distribu- 
tion was much more variable and could account for the aide range of steady state concentra- 
tions which have been found in patients taking dothiepin. 

mTR0DUcTl0N 

Although the tricyclic antidep ressant, dothiepin hydrochloride or dosulepin 
hydrochloride, Frothiaden El1~3~e~yl~opropy~dene)-6,llclihydro- 
dibens[b,e]thiepin hydrochloride], has been in clinkal use for a number of 
years, the phamnacoti&ics after a single dose in man have not been skiied, 
as a method with suitable sensitivi& has not been adable. This is because 
dotbiepin, like other ticyclic antidep resszmts, is extensively metabolised in 
man resulting in very low plasma concentrations of unchanged drug. 

We have predicted from shzdies in laboratory animals, that in order to study 
the singie dose pharmacokinetics in man, an analytical method capable of 
meafluing subnanogram amounts of dothiepin is required. 

WMst _techz@ms u&g gas-liquid chromatography [1,2] or high-perfor- 
nxuzce liq&l chromatography [3] are suitable for tht? measurement of steady 
st&e levels of dothiepin (range 20420 ng/&) they are not sufficiently sen- 
sitive to enable a cpmplete plasma profile to be obtained after a single dose of 
2545 rng of the -drug. 
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For the measurement of terf&ry t&y&c amines, mass fmgmentograpbic 
methods have been developed. &c&on impad (EI) mass fragmentographic 
methods have been published for many tricyclic antidepressan ts [43 and more 
recently chemical ionisation (CT) mefhods have been reported [5J_ However, 
tiere is no published mass fragmentographic method for dothiepin. 

EXPERIbiEZNTAL 

Six healthy male volunteers within 4 105% of the Metropolitan Life &surance 
tables of de&rable we&t&s for III&S and females (age 22-36 years, mean 26; 
weigh* 65-76 kg, mean 71.0; height 178.5-185.5 cm, mean ISLO) gave 
w&ten consent to participate in the study. AJ.l vohmteers undertook a screen- 
ing procedure which included a full physical examination, electrocardiogram, 
urinalysis, haemoglobin, white blood cell and d%ferential count, platelets, 
serum gh&ami~xaloacetic f * ase (SGOT), serum gh&amic-pyruvic 

c - m (SGPT), b-bin and sodium and potassium levels. 
Each-volunteer rec&ved 75 mg (3 25-mg caps%%&)-&of~ dothiepin hydro- 

chloride with 100 ml of water after an over&ht fast. Breakfast was allowed 
3 h after taking the dose. Blood samples were taken immediately prior to drug 
ingestion and after 0.5, 1, 1.5, 2, 2.5,3,3.5,4,6,12,24,36,48,72 and 96 h. 
Samples were taken into heparh&ed containers, the first ten by indwelling 
cannula and the remainin g samples by repeated venipuncture. For the f&t 8 h 
of the test the volunteers were under con&an& medical supervision. Plasma was 
separated by centrifugation at 850 g for 20 min and stored at -20°C unti 
3SZZlyed. 

Gus chmmafogmphymms specimmetry 
Au analyses were carried out on a Hewlett-Packard Model 5982A gas chro- 

m&ograph--mass spectrometer fitted v&b a dual EI/CI source and coupled to 
a Hewlett-Pa+ard hZodel5947A multiple Ton detector. 

The gas chromatographic separation was carried out on siianised glass col- 
IUIUIS (1 m X 2 mm LD.) packed witi 3% OV 17 on 100-120 mesh GasZhrom 
Q (Chromatography Services, Merseyside, Great Britain). 

The injection port, column oven and transfer lines were maintained at 250, 
220 and 250°C respectively. Research me methane (B.O_C., Derby, Great 
Btitain) was used both as carrier gas and as CI reactant gas. The flow-rate of 
me*&ane was adjusted to optimise the source pressure (80-93 Pa), which 
corresponded to a flow-rate of 8-10 ml/min through the column and gave 
satisfactory chron&ography. The source temperature was 15O”C, the electron 
beam energy was 250 eV and the filament current 200 ,uA. other parameters 
were adjusted to optimise the performance of the instrument. 

Intenzal standard. Deuterodothiepin HCI (2 mg) dissolved in cii&Ued water 
(10 ml) diluted 1 to 100 with di&iUed water to give a solution containing 20 
ng/lO ~1. 

@?T&. Imip - ranine HCL (Courtine and Warner, Ewes, Great Britain) (25 
mg) dissolved in di&JJed water (10 ml) diluted 1 to 10 with dr’istiled water to 
give a solution containing 250 ng/lO ~1. 
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SfQndard. Do’thiepin HCl (The Boots Company, Nottingham, Great Brim) 
(11.2 mg) dissolved in d.isti&d water (10 ml) diluted 1 to 1000 with dis@led 
water to give a solution containing 1 ng/~l of dotbiepin free base. 

Reagents and solvents used were 1 N sodium hydroxide solution prepared 
from sodium hydroxide AR (BJXH., Poole, Great B&&n), Nanograde hexane 
(Camlab, Cambridge, Great Britain) and methyl acetate (B.D.H.). 

The N-methyl-Nethoxycarbonyl derivative (I) (Fig. 1) of dothiepin was 
prepared by reaction of dothiepin (II) with ethyl chloroformate 161. The 
carbamate was reduced to deuterodothiepin (III) with lithium aluminium 
deuteride and isolated as the hydrochloride. 

Fig. l.Stzuctural formthe ofdeutemdothiepin and intennediates.I= N-methyl-N-ethoxy- 
earbony detivative;II= dothiepin;IEI=deutemdothiepin. 

E;rfnretion md measurement 
To 1 ml plasma in a 15-ml glass stoppered centrifuge tube were added IO ~1 

internal standard solution, 10 ~1 carrier solution, 200 yl l N sodium hydroxide 
solution and 10 ml hexane. Extraction was effected by rotation on an extrac- 
tion wheel (ScientiEc Industries International, Loughborough, Great Britain) 
at 45 rpm for 30 min. After centrifugation (1500 g for 10 min), the hexane 
phase was transferred to a lo-ml pointed glass tube and evaporated to dryness 
at 45% under a stream of nitrogen to concentrate the extract into the point 
of the tube. The residue was finally redissolved in 5 yl of methyl acetate and 
injected into the gas chromatograph. 

To minimise adsorption losses aJl glassware was soaked overnight in 0.1 N 
sodium hydroxide solution, rinsed with distilled water and dried in an oven 
at llO°C. 

The multiple ion detector was set to monitor approximately m/e 296 (M t- 
1 ion of dothiepin) and approximately m/e 299 (M f 1 ion of internal stan- 
dard). Fractional mass settings required to give maximum response were de- 
pendent on the mass marker offset at the time of operation. Optimum mass 
settings and gain settings were therefore determined for each batch of samples 
by examining standard solutions of dothiepin and deut-erated dothiepin. 

The peak height for dothiepin (m/e 296) and deuterodothiepin (m/e 299) 
were measured and the ratio m/e 296/m/e 299 used to calculate the concentra- 
tion of dothiepin relative to a stzmdard calibration curve. 



Rectron impact ion&&ion -res& in the complete fkagmentation of the 
iothiepin molecule ach &at no. ftagment ion greater than 2% of the base 
peak (m/e 58) is found (Fig. 2). Motitoring of the base peak was found-to be 
insufficiently selectiwe to alIow the r&able measurement of subnanogram 
amounts of dothiepin in plasma-or serum exfzacts, Chemical ionisation on the 
other hand gives rise to an abundant ~tiokcular ion at m/e 296 (Fig. 3) 
and motitoring of this ion results in the specific detection of dotbiepin v&h 
the minimum of sample preparation_ 

A calibration cuNe constructed from 40 measurements, &er a period of 
14 days, on control plasma to which had been added known amounts of do- 
thiepin in the range O-60 ngiml is shown in Fig. 4. R.egre&on analysis of these 
data gave a linear relationship between peak height ratio aud dokhiepin con- 
centration, viz., dothiepin concentration @g/ml) = (peak height rat;o) X 2,095 
- 2.225, with a relative standard deviation of 10.1%. 

‘Ike known- meiaboiites of dothiepin, which are present in blood at con- 
centrations greater than the parent drug 1’71 and which interfere with the 
gas-liquid cbromatograpbic assay, do not interfere with the mass fragmento- 
graphic assay of dothiepin when present at concentrations of 100 ng/mL 

The limit of detection of the method as reported is 0.5 ng/ml. 
-The main limitation on the sensitivi@ of the method described is the con- 

tribution at m/e 296 from the deuterated internal standard which is responsible 
for tie positive intercept of the least squares plot. This ion at m/e 296 does not 
r&kct the isotopic purity of the internal standard. One possible explanation is 
the. exchange of the -C[zH] 3 label with methane reactant gas in the mass 

Fig. 2. Eikctms-impact mzss speckrtmz of dothiepin IrpdmMoride. 



146 

Fig. 3. Chemical ion&&ion (methane) mass spe&um of dothiepin hydrochloride. 

Fig. 4. Calibration cm-we for dothiepin in pksma. Nurxbers in parentheses indiate number of 
ol-ats V&4 bus iudicati the range of replicate determinations - single or iden- 
tiCad values. The full line gives the least squares best fit. 

spectrometer sou-rce, a phenomenon first repo&ed by Ford et al. [S] . This 
e~~~remainedconstantatafixedsource temperatmeandwas notaffehd 
bysmdlchmgesinsource pressure. 
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No ~serious -adv& iffa& were observed in any of - _ 
admm&ration of 75 mg dothiepin hydrochloride. Side 
to slight drowsiness in alI subjects and a dry mouth in one individuaL Pulse 
and bkood pressure recordings taken throughout the study did not change to 
any. clinic&y signifimt extent. 

The plasma concentrations in six healthy male vohu~kers who had each 
received 75 mg of dothiepin hydrochloride are given in Table I and m&m 
results shown grapb.icaUy in Fig. 5. The results show that there was a large 
intersubject variation in peak plasma concentrations of dothiepin which oc- 
curred &om 1 to 3.5 h after the dose. In four of the six subjects secondary 
peaks occurred up to 4 h after-&.miG&&on of the do-se. We have also ob- 
served this effeca, which is -titUihut.ed to biliary recycS.ng, in baboons. Ozle 
consequence of this observation--was thak absorption parameters could not be 
accupately calculated. 

Non&ear regression analysis of the elimination phase showed this to be 
biphasic, and the data could be fitted to a biexponential equation C, = Ae*f + 
Be*’ where C, @g/ml) is the concentration at the t (h) and A = 210, a = 0.71, 
B= 42 and @ = 0.029 for the composite curve. The closeness of fit between 
experimental data and the computer generated curve (r = 0.999) strongly sup- 
ports the applicability of a twocompartment model to describe the eJ.imina- 
tion phatmacokinetics of dothiepin in man. The composite apparent distribu- 
tion and elimination half-lives were calculated as 2.9 and 23.7 h respectively. 

Using equations derived for a twocompartment open model [9] individual 
data were used to predict the predose steady state levels of dothiepin which 
would be expected during a 50-mg three times a day dose regimen. The pre- 



dided vdue of 107 * 28 (SEAL) ng/ml is in good agreement with the mean 
value of 106 t 12 (S.EM.) ng/mf found in 16 patients receiving dothiepin 
hydkhloride 50 mg three times a day [IO]. . 

Volumes of distribution, areas under plasma concentration versus time 
curves (0-) and ckarances were calculated from the b&exponential constants 
of the individual profiles (Table II). There were large inte~bjeck variations 
in these p-e&s consi&ent wit&a drug that is extensively metabolised [II]. 
However, there was very little ink-subject variation in elimination half-lives 
of unchanged dothiepin in contzsst to reports published for other kicyclic 
a&depress&s [12-14]_ 

The vmiations in steady state concentrations of ticyclic antidepressants have 
been attributed to variations in half-life of elimination and theoretical voIume 
of distribution 115, 161. If the elimination k%netics of dothiepin in patients 
are similar to those in normal subjects, then the range of steady state con- 
centkations achieved ciini~y (20-420 ng/ntl) is more l&ely to be a con- 
sequence of variations in apparent volume of distribution. Since there is a 
lineax correlation (P = 024) between apparent volume of distribution and the 
calculated 11’71 fkaction of drug metabolised at first-pass, it is suggested that 
steady state levels of dothiepin are con&rolled primarily by the extent of first- 
piss metabolism_ 

ACKNOWLEDGEMENT 

‘Tka at&hors wish to thank Dr, K.J. Nichol, Research Department, The Boots 
Company for the synthesis of deuterodothiepin. 

REFERENCES 

1 
2 
3 

d 

10 
11 

12 
13 

14 

15 
16 
17 

R.Fairchild,TbeBookCompany Ltd_, unpublishedresulk. 
L_A_Giiford, P. Turner andC.M.B.Pare,J.Chromatcgr., 105(197E)107. 
R-R_ Brodie, LP. Chasszud, E.L. Crampton. D.RR. Hawkins and P.C. Rkdall, J. ht, Med. 
Res, 5 (1977) 387. 
J-T_ Big@, W.H_ Hotid, S. Chang, PP. Hipps and W.R. Sherman, J. Phwn. S&. 65 
(1976)261_ 
R-G. Jenkins md R-0. Freidel, J_ Pimrm. Sci., 67 (1978) 17. 
V. Seidlovti, M. Jhjser, E. AdlerovtX and M. Pro%, Monatsh., 96 (1965) 650. 
E.L. Crampton and R.C. Ghss, unpubhhed results. 
G-C- Ford, Sd_ Grigson sad N_ Hz&ins, Eiome& Msss &e&mm_, 3 (1976) 230. 
J.G. Wagner, Bipharma ceuti~and~ev~~Ph&~~~etig,DrugIntellig~~Publi- 
cations,ohio,lsted.,1971,p~295. 
E.Gordon,paperreadatXIthC.ENP.Congres;,Vienna,1978. 
B_ &&r&auk, E.L_ Crsnpton, W. Dickinson, G. Haran and G.J.A Oliver, &it. 3. Pharma- 
col., 64(1978)405. 
LJ?_Grem,Dan_Med_Bull_,21(1974)218. 
V.E. Ziegler, J.T. Biggs, L.T. Wylie, S.H. Rosen, DX Hmvf and W-H. Coryeil, C&I. 
Phmnxol. Ther., 23 (1978) 573. 
V_E_ !Ziegier, J.T. Big@, L.T_ WyIie, W.H_ Coryell, K&f_ Hmiff, D-9. Ehvf and SX_ 
Rosen, Clin, Ph mmacol. Ther,, 23 (1978) 580. 
B-AI exandersan,Q_ISo~~G_~v~.~_J_CZin_Phsrmae~.5(L973)181~ 
R.Braitbwaite,S.Montgomay and S.DawFiog,<3lin,Pharmacot~~.,23(1973)393. 
BB.Gibaldi,R.N.BoyesandS.Feldman, J. Pharm,S&, 60(1971)1338. 


