
CHHOXI. 0503 

GAS-LIQUID CI-II~OhlA1’OGIZAPEIY OF PI-Il~i\iOTHIA%INE 

DEIIIVA’I’IVISS AND Ii15LA’l’I~D COivIlWUNDS 

Analytically packed columns prcpiltTd witli SE-30, OV-I, OV-17, Lcsnn, 
STAP, QI;-I, SE-Go, FFAP, Vcrsamid cjoo and Carbowas 2031 as liquid pliascs were 
compared for the gas-liquid cliromatogral~liic sclxxation of pl~enothiaaincs and 
chemically related drugs, On the kiwis of better separation efficiency, higher plate 
number and shorter analysis time, two systems wit11 cliffcrcnt polarities were prefcrrcd 
for qualitative analysis: a. so/” OV-1 and a zDA, iTAP column coated on Chroniosorb 
W (acicl-washed ancl silanc-treated, zoo--I20 nicsh), Aeropak-30 (100-120 mcsli) or 
Diatoport S (So-100 1iics11). By using suitable internal stanclarcls, calibration factors. 
R, of some representative compounds wcrc clcterniinecl and the lincarities of rcsl)onsit 
wit11 respect to mass or cclnccntrntion ratios wcrc chcclcecl. 

Several worliers have described gas-liquid clironiatogral~l~ic (GLC) separations 
of some plienotliiazine drugs in their pure form’-I’ or in relatively siml~le niixtures7-‘B. 
The GLC determination of some cl~lorpron~~r.inc mctaboliWP-1” and their tllcrmal 
decomposition products 1% has been described. I;oN*r,\N el al.14 csarnined the gas 
clironiatogral~liic lxolxrtics of tlic pyrolysis products of plienotliiazincs. The ana- 
lytical toxicological applications of the GLC of psychoactive phcnotllinzinc drugs 
have llecn consiclercc116Jt1. Chlorpromazine inetabolitcs were cletcrniinccl in human 
urine” and plasnia18-*1, and the rnetalxAisnl of clibenzepine o’L and iniilx+arninca~~ was 
partly clucidatecl by GLC, 

The prcscnt stucly involvccl a searcli for better liquid phases tliat woulcl lwrmit 
the selmration of a wide range of StrUcturilll~ rclatccl conil~ouncls. By using two ana- 
lytically packed columns with different polarities, wc attemptccl to improve both 
the qualitative and quantitative annlyscs of l~llenothiaxines and related compounds. 



An Acrogral~ll I-Iy-Fi hIoclc1 600-D cl~romntogr~pl~ cquilqxxl with R flame 
ionization clctcctor, coml~ii~ccl with an Aerogrnpll Hy-I:i hloclcl Ggo hydrogen gener- 
ator ancl a Sargent hlodcl-Sl< rccordcr, o-1 mV range, was used. 

A Ncwlett-I’ncl~arcl I~cscnrcl~ 5750 gas cllromatog~~pl1 cquippccl wit11 dual 
flame icmisl,ntion dctcctora and ollcratcd with an I~lliygcn liydrogcn generator and ;1. 
I-lcwlctt-I’nckarcl 712S.A recorder, o-1 mV range, was also usccl. 

lhfl!l’l!llce sollrtiolls 
I;v~!e bnses. A 100.0-mg snmple of tllc salt form was dissolved in 20 ml of 0.005 N 

I-ICI; after saturation wit11 nitrogen gas 1 ml of 10 N NaOH was nclclccl and the solution 
was estrnctecl with two 50-ml volumes of pcrosiclc-free dictliyl cthcr (freshly clistillecl 
over reagent gracle hyclrcxluinonc) ; the combined cthercal layers were dried Over 
NnES04, lilterccl, cvapomtccl under a stream of nitrogen to cn. I ml, and finally dilutecl 
with ctlianul to x0.0 ml. The solutions wl*rc kept iii a clccp frcczcr at --zoo. The con- 
centration of the uctivc substance was calculatccl 15, multiplying by the correction 
factor, fc = molcculnr wAglit of free lx~sc/molccular weight of salt form. 

Sulphoxitlcs, A 100.0~mg amount of fret base or salt was trnnsfcrrccl to a IO-ml 
graduntecl cylinder, clissolvccl in I ml of 15% H,O, ancl 0.2 ml of acetic acid was 
aclclecl; after a reaction time of 30 min in a wntcr Ml1 at Go’, the reaction misturc 
was diluted to IO,O ml with water. 

A cclylald hyi’i~nlicL~t!s. To ;1. 10.0~mg sample of each suhstancc in a conicnl 
siliconizecl tub of 15 ml capacity, 0.2 ml of pyriclinc (reflusecl ancl clistillecl ovfh 
KOH) and 0,~ ml of acetic anllyclriclc (rcfluxecl :mcl clistillecl over cnlcium carbicle) 
were :~clclccl; after a reaction time of 1 11 in a P,O, desiccator, the reaction mixture was 
cvaporatecl under n slow stream of nitrogen and the rcsicluc chtninccl was dissolved 
in 10.0 ml of ethyl acetate. 

A/l~.vlzrr*tis. Ihm the “free base” solutions, four mistures, 313, N4, 315 nnd JIG, 
were lxeparccl: 313, 20 ~1 of o&go/O isotl~ipcnclyl + 20 ~1 of o.S~~/” l~rotliipcnclyl -I- 
20 PI of o,SS”/o imipraminc; Rl4, 20 ycl of o,SS”/o desrnctliyliriiipramine + 20 ~1 of 
o.SST(, imilxaminc -j- 20 111 of o.SS”/ ,L, amitriptyline + 20 1~1 of o,SS”k, nortriptyline; 
w5, 20 PI of o.Sg”/o prometliazinc + 20 141 of 0,+0/O aliniemazinc + 20 ~1 of o.~-JI~A, 
trifluproniazinc + 20 ~1 of o.Sg”A, isotl~ipenclyl + 20 ~1 of o.SSO/~ imiprstniinc; MG, 
20 /A of o.SgO/” clictliazine + 20 ~1 of o.Sgo/o profenaminc + 20 ~1 of o.Sg”A, amino- 
promazine + 20 PI of o.Sgo/;, promazine i- 20 ,ul of 0.58~~ iniilxx.rninc _1- 20 ~1 of 
0.72 o/o trimeprimine. 

Cnlibrnliorl sohlio?rs. Nsecl volumes of tlic “fret base” solutions of the com- 
pound to lx cleterminecl am1 of internal standard were transferred with a 50-,ul 
Hamilton 705N syringe into cnpillnry tubs ancl thoroughly mixed; for cacll cali- 
bration, four cliffcrcnt solutions of equal mass, A (w~~/M~), or coixxntration, LI (cLC/cN), 
ratio increments wcrc preparccl. 

In ;I 250~ml Iiotavapor flask, .t’ g of liquid pliasc were clissolvecl in an cscess of 
suitable (according to manufacturers’ recommendations) solvent and were misccl with 
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%ABLE I 

RRTIcNTION TIMES, /jr (lllh) OP I~llliNOTll1A%1NPS AND RF,LATBD DRUGS DIZTRRMISED ON A Z”/” 

SE-30 ox CllR0~10S0Rl3 W (ACII~-WASIIED AND SILAM+T~~I~ATED), x00-120 MEYI~, COLUMS (1,50 m 

LILNGTH ASIJ 3 IlllTl I,D,) Ol’I~1~ATIEI~ UNlJldR IYOTllURhlAL CONDITIONS AT 20’ ISTERVALS 
.__-.-- .--..-I- -_. ._.... -. ..__._... -.._ _...... ,. -_ __. .._. . . ..- --- ..- .-- -.-..-.-... ..-. ..--.... - ._______ - __.__._ _____._ 

avcn te7rtjJ~YatllYc (“C) 

I. r ~1 niinocdlryl plrcwtl~iazirres 
(a) Viallylanri twclhyl 

devivdivrs 
Dictlmrino 
I-)imcthosanatc 
13imctiot,7ainc 
Profcnaminc 
Iyroniethazinc 
Propioniazinc 
Thi;rainnmium 

(Ir) Dictll?tllnnri,rop~~~~l~ 
devivdivcs 

Accproniaainc 
Alimcmwino 
Aminopromazinr! 
Clilorprocthaxino 
Chlorpromazine 
1,cvomcproiiinzinc 
AMctliiomcprnninc 
Oxomcmnsinc 
I’romn2inc 
l’ropiopronlaainc 
‘l.kiflupromi~airle 

I,3 Pipevcr=ir~~~lnll~~~I 
~trcnol?rinzirrcs 

Acctophcnneiiw 
Disymainc 
Pluphcnaeinc 
Pcrnainc 
Fcrphcnazinc 
I?rochlorpcrflzinc 
Thiopropnantc 
Thiopropcmainc 
‘I’riilnopcraxino 

II.2 ~ooptre~rolkio~ir~rs 
Ivotliipcnclyl 
I+othipcnclyl 

Il.2 l’hioxa~rthoies 
Chlorprothixcnc 
Mcthixcnc 

zgS.L+G 

35847 
391.5G 
312.4s 
284.43 
340449 
299.4G 

11.8 G.o I.5 

12.3 
19.1 5.7 1 ..+ 

4.1 
f:Y 

- 

320.47 
29S,4G 
327.50 
346.93 
3ltl.85 
328.48 
344.55 
33o.4G 
284.43 
340-49 
3 5 2 * 4 3 

4.4 

f;:: ::i 
3.1 
2.0 

2.3 

3.8 
4.3 

5-o I.4 
5.3 

11.9 307 1.0 

3lC’.47 
3G5.50 
370.59 

2.3 

12.2 

411.57 
427.62 
4376~ 
339.5 1 
403.99 
373.96 
44G.03 
446.65 
407.5 1 

- 
4.7 

- 

7.7 
.- 

3.G 

285,42 4.3 I.1 

285.42 1.3 

315.9s 
309.48 

2.0 

1.9 

380 300 320 
. .._ . . _ ._.. _- 

340 2do 280 
-. _.. _. _. _.._. . ___________._,_._ 

I.9 
- - - 

I.9 

I.5 

1.a 

2.0 

0.R 

24 

12.2 ‘V.0 1.G 

5.5 2.5 1.0 

- - - 

- - - 
2.3 

- - ‘. - 
3.8 1.8 

2.8 

3.7 
I.7 

- 
(Continrted on p, 34a) 



J/d. wt. OVCJl ,lvJl~wl~lrl~l! (“C) 
--- 

zso 200 320 -“JO 160 2YO 
. .-. __ 

93.51 - - - - 

I I I .3 13ib~~rr;oc~~clolr~~~titdirr~~~s 
Aniitriptylino 2774 1 ‘)A 2.7 o,H 
Nortriptylinc 1-03.38 3.2 0.g 

- . ‘i--.-_-- .___ _ -___ _..--_- .___ ---_l_.---_.l_ 

a g of Cllromosorl~ W (acid-washed and silane-treated, Ioo-120 mesh), Aeropak-30 
(Aerogrnph, x00-120 mcsll) or Dizttoport S (I-Icwlctt-Pacltarcl, So--100 mesh) support 
material. Tile flask was connected to ;1. rotatory evaporator and the solvent rcmovecl 
under reduced pressure. Rotation was stoppccl wl~~n particles moved freely without 
sticking. The complete packing was dried for I 11 in a porcelain dish in a drying oven 
at 205O, After pouring it into ‘;I 2.5 x 30 cm glass column, the finest particles were 
removed by blowing them off with a strcnm of nitrogen. 

T11c miscd packing involved tllc application of KOH in methanol and subse- 
qucnt coating with il polar liquid phase, 

The percentage of liquicl phase, P, was calculatccl from the equation 2 = 100X/ 
(n+WV). 

Spiral silanizecl glass columns of 3 or 4 mm I.D. and 1.50 or x.80 m length were 
filled with column packings by applying a vacuum unidircctionallv from the detector 
site. Rftcr connecting the column with the injector port, conditioning was carriccl 
out ns follows: first fo,r 1 11 :Jt 120~ with a 10 ml/rnin nitrogen stream, then for 12 11 
at IO’ below the maximum permissible temperature of the liquid phase with no 
nitrogen flow, and finally for 3 11 unclcr the appropriate operating conditions. 

All of tlic anal+~~s were carried out under isothcrmnl conditions in tlic tcmper- 
ature range 150-2S0° with tcmpcratures that were 20’ liiglier for the injector ancl 
detector blocks, Nitrogen was used ns the carrier gas at a flow-rate (bubble flow meter 
measurement) of 25-30 and Go-So ml/min for 3 and 4 nm I,D. cc~lu~~~ns, rcspectivcl) 
(inlet pressure CCL 4 kg/ems), The air zmcl hyclrogen flow-rntcs were adjusted so as to 
give goocl stability and optimum sensitivity: air, 360-370 or 750 ml/min: hydrogen: 
23-24 or 70 ml/min. The electrometer settings usccl were : range x 10 and attenuation 
x 4 or x 2 for the Aerograph Goo-D instrument ; and range x IO and attenuation x IG 
br x 8, range x I and attenuation x32 for the Hewlett-Pack~rcl Model 5750 instru- 



Rl3LATlVR I~l:.TI1STlOSS, I’*,, Olr I’1l1SSc~‘~IIlA%ISl~ SlJLl’IIOSlDIzS WITI-I f~ISYl’IXX’ TO l’R131r. Hr\SlfS 

LllbAYURl:,I> OS h 2” A, s&j0 OS ~1(l~OhlOSOI~I3 \f’ (ACID \VASl113~ AXI> SILAS13 TRRATIZD), 100-120 

~lfsfl, co~unts (i.go In l.I3sc;Til ASI> 3 lnni l.D,.) 0lwl~~~~rRl~ USI,IZR IsoTl-II~RMAL COSDJTJOSS AT 

LOa lNTl~1IVAl.S 
. _. _. _ _.. ..__ ._....... ..- . ..___ _- 

Sdxlnncr ‘I’cirlplwtlrr~e (“C) 

ment. l’lic rccorclcr spcecls wrc 0.3 in./min for the SnrKcnt and 0.25 in./niin for the 
Hewlett-Paclcnrd Xloclcl 7x25.‘\. 

. 

Volun~cs vurying from 0.5 to 2.0 p1 oi’ solutions uerc injcctccl on to the top of 
the Columns wit11 I-pl (7ooxN) or IO-pl (701X) Hanlilton syringes. 

Retention titncs, ,?I(, wcrc cvnluntecl I.I~ measuring the time intervnl bctwcen 
the solvent front ant1 the pcnlc III~N~I~ILIIII. Relative retentions, rzl, were calculatccl 
from the equation Yql = I[,1 (If thC Conlpmicl Cx~~tiiiIiCCl diViCb2d 1Jy 1 Jt CIf thC rC!fcXenCC 



II. I .~l~af~lrr~11olllicc~i11~~s 

l~c~thipcnclyl 
IJrotliipcntlyl 

I I I.2 l~ibeal~odin:rpillc~s 

Dilwiscpinc 

I Jr,3 I~ilrc~l;vc~~clolrcplrc- 

dir 1w.s 

Amitriptylinc 
Nortriptylinc 

I<ctuntion time, /jr (min), 
of imipraminc 

I’PI 
_._.. 

I.01 

I .oo 

I.lj 

I .?j 

1 .c$ 

Is3i 
I .oj 

1.18 

1.45 

I *07 

1.00 

1.00 

.\ I’Pl A’ I'!31 
-. . ..-. -- -..-.. - .-_._. . . _.._.._. 

5eiI7 - 

3*700 1.00 

3,‘.?0.? 0.92 

- - - 
j,OOfi 1.00 1s; 

a,855 

.I.8 1 I..& 1Z.G 

s 
. . . . -..._ 

12.7 
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I-St 3,091 

1437 2,527 

a.% 3,GI I 

J,IS ..#771 I,25 2,230 J ..tG 2,zo‘t 1.38 J vN3.t 1.51 3,525 
I.51 34JO 1.02 203.17 I.rJc., 2483 l.Y7 1,951 I.99 3.G23 

I.23 ?,GiG 
I,00 2,oWt 

447 ‘-1,gG.t 

0.8-t I,sGg a.85 1 &Is 0.8~ 2,8Sl 
1 I,11 1,907 1.15 2,750 I.19 2,780 

14.3 J ,832 J *97 2,711 2.a1 1,509 
1.Gg r ,520 1.9 21773 l.Gd 1,15H 
1.,tG 2,180 1.4s 2,725 ‘*4-t 1 ,YSo 

I .3!, 
2.11. 

1.81 
1.13 

283J5 1..t0 
I ,cM 2.17 

3.G.5 
2,277 I#92 
1 BY59 0.97 

- 

2,791 I.38 
2,780 2.12 
2,718 3.21 
2,741 1,HI 
.3,000 o.cJa 

- - 

J ,925 
1,176 
1,881 
I #‘to7 
1,GyY 

- 
- 
502 

- - - 
- - - 
2,310 4.52 J,85I 

I..p Z,HG.? 
I ,a0 2,212 
0.85 2,043 

145 
I.00 
a.82 

-1.17 

2,Ho.t 1.37 I&3 
2,875 1.00 I *Go3 
2.781 o&t 827 

2.954 4.05 

0.87 
1.12 

2,38!l 

I ,SN2 

1,807 

*.,,I 3.0 2.3 S-J la.3 J 3 0 4 
_-_- ~.-_._-_l.l__._.-~~-~-.~~~~-~~-~ _____- 

00 3,593 

1.5J 3,705 
1.00 3,310 

O.fJS .3441 
1.21 3456 



substnncc, ‘1’11~ cwlunin cfficicwy was cstiriiatctl in terms of tlw nutnbcr of tllcoretical 
plates, .\ == 5.53 (~I/lC’“,Gh)z, wlicrc d is the distance in millimctres on the cliromatogmm 
from the point of injcctioii to tlic lwk niasimuni and xb.fih is the peak width at 
Iwlf-liciglit. 

hIcan calilxxtion factors, A, were clctcrriiiriccl I>\, clironiato~rapl~iii~ cacli cali- 
bration solution of a given scrics three times and using the follo&g ccluations: 

where A :rr An and 7~!:~, 7~‘~ arc tlie pi. d 3 c arcas ant1 wciglits of tlic comlxn_mcl to lx 
cnlibratetl and tlic internal standnrcl, rcspcctivcly. Peak arcas were nicasurecl by tlic 
mctliod of lxx& liciglit multiplied by peals width at half-liciglit’, .4 =f /Jnlnx wg.bh. 

Preliminary* results on tile cllromntojir~~pliic hliaviour of l~l~ciiotliia.zincs awl 
rclatcd drugs wcr,7 obtained on it 2% SIG30 on Cliroinosorl~ M’ (uc:icl-wasliccl and 
sihc-trcatccl), Ioo-120 mcsli, column (r.5o m lciigtli and 3 mm I.D.) ant1 ikrc sunimn- 
rizccl in l’nl~lc I. Iii the cslwimcnts , it tcmI>eraturc range of x80--28c~” at zoo inter- 
vals was coverccl. Most cc~mlx~uiicls clwomatograpli s:~tisfnctoril~ at 220’ and slinN 
retcntiori tinics corrcslwicling to tlicir Iwiling points or molecular wciglits, Ikceptions 
arc substances with lwanclwtl alipliatic siclc-chains (l~rofciiamiiie, alimcmnzinc, iso- 
tliipcnclyl and trinicpriminc) or n Cl:, suhtitucnt on the tricvclic systciii (triflupro- 
ninzine and trifluoIwwinr), wliirli slicw clc~7xxisccl retciition times. Most coniIxx.mcls 
that contain n free Iwininr>* ;~lcoliol group (arcto]~llellil~inc, clisyrnzine, iluphenazine 

and pcrI~liciinxinc) c-iiiinot bc clutcd cvcn at 2So”, hut cliroiiiatogmI~li easily as the 
ncetatcs. l’l~iaainnmium, with a quntcrnnr\* ammonium structure, and climetlicxs- 
anate, which posscss’cs ;1. cc~mbinccl cstcr-ctlw function, iIlT irreversiMy aclsorl.xcl 
because of their liigli polnritic~s. Plicnotliiuzinc~ sulI~liosiclcs, for which relative retcn- 
tions, yIl, arc givcii iii ‘I’nlh I I, are rcaclily sclxwatccl at 240° and show cliromnto- 
graphic cliaractcristics sillliliw to those of corresponding free l~licnc~tliiazincs. 

It is laiown from previous Work tliut it is not possible to scparnte complcs 
rnisturew by using only OIW aplw SE-30 column. ITor this reason, we performed n 
systcniatic starch for two-colunin systems wjtli cliffererit polarities but which com- 
plcment ench other in terms of their scparntion capabilities. In order of increasing 
polarity, the following columns (r&o iii Icngtli and 3 mm I.D.) were tcstccl : 50/;1 OV-I 
(mctliylsilicoiic I~olymcr), Jcx, OV-17 (iiictl~y1I~liciiylsilicorie polymer), 5’2, Lcsnn 
(I~olycarbonate resin), 50/;‘, STAP (“steroid analysis phsc”, Aerograpli), 5% QF-I 
(fluoronlkylsilicotle plymcr), 50/ SE-Go (nitrilcsilicone gum), 5 “/o ICOH + 2.5 %, 
l:l:AP (rcnction product nf Carlmwas 2031 and ,m-nitrotcrephthalic ncicl), 5 % KOH + 
2.5% Vcrsamid go0 (cliiiicr of linolcic acid copolynicrisecl with etliylenecliaminc), 5% 
KOH + 2.5 y. Carbows 2oBl (lmlyctlI3flcmc glycol pc~lyiiicr), nil coated on Aeropalc- 
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Fig. I. Gas-liquid chromntogram of synthetic mixture M3 clctcrminccl on a 5% OV-I on Acro- 
pale-30, Ioo-I20 mesh, column (fdo In length iintl 3 mm I.D.). I 3 imipraminc; 1s = isothipcn- 
dyl; P = protliipcnclyl. 

Pig. 2. Gas-liquid chromr~togram of Synthetic mixture M4 clctcrminccl on u 50/o 1(01-I + 2.5% 
FFAP on Acropnk-30, 100-120 mesh, column (r,Eo m length nncl 3 mm I.D.). A = amitriptylinc: 
I = imipraminc; N = nortriptylinc: ‘II = clcsmcthyllmipmminc. 

30, Ioo--120 mesh. The relative retentions, yzl, with imipramine as the reference sub- 
stance, and plate numbers, N, obtained for representative compounds are given in 
Table III. Furthermore, in order to obtain an insight into separation efficiency we 
examined under identical conditions on several columns the synthetic mixtures M3, 
M4, MS and MG. The results arc shown in Figs. I and z and in Table IV. OV-I appears 
to be the best apolar liquid phase, wlleresls Fl;AP and Carbownx zoM seem to be 

NUMBTSR OV DISCXRNAIILIE I’RAKS OBTAISED WITH SYNTI~IlbTIC MIXTURISS M3, iM4, iM5 AND iM6 OS 
EIGFIT DIWIZRENT COLUMNS (1.80 m LXNCTH ANIJ 3 lllm I.D.) 
All liquid phases coatccl on Acropalc-30, 100-120 mesh. 
“__.___“__-__-.---..~ . ..-. _..--A_._-.--.-___. .- ___.._ - .__.” _._.___ - ._.. -._. . . . _... ____ 
Liquid phnse J43 M4 MS MG 
__ ____ _._._ . .._....___..... ____- _._-___-. _ .---... - .._._ _._ .._._..__.._..__..... ______._______ 

5% ov-1 3 2 3 4 
5% ov-17 3 3 3 5 
5% STAP 3 2 3 5 
5% qF-1 3 3 4 
5% XE-Go 3 a 4 5 
5% KOI-I -I- 2,5% FFAI’ 3 4 2 5 
5% KOI-I -t- 2.5% Vcrsamicl go0 3 4 3 5 
5% ICOEI + 2.5% Carbowax 2oM 3 4 3 
_--A--. _-_._--_-..-. .___ .__. _.._I--__._-.___.., 
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equivalent as polar systcnis. The latter show a comparable separation efficiency but 
FFAP requires a shorter analysis time and was therefore preferred for subsequent 
UMl.~S. 

Calibyation factors, h, were determinccl on a 2% SE-3o on Aeropak-30, IOCJ-IZO 

mesh, column (ISO m length and 3 mm I.D.) and a 5% OV-I or 2% WAI? on Diato- 
port S, 80-100 mesh, column (I-SO m length and 4 mm I.D.). The linenritics over the 
mass, n (W&Z,,), or concentration, d (cz/cw), ratio ranges obtained were checked by 
graphical analysis. Complete results arc prescntcd in Table V. Even with structurally 
related compounds, some of the calibration factors differ ntarkcclly from 1.00, un- 
doubtedly due to their cliffercnt ionization efficiencies. Pronounced differences occur 
especially for acetamidc derivatives, e.g.,clesrt~etl~vllevot~~eprontazir~eacetamicle (0.46), 
desnletliyllimiprantincacctamicle (3&j) and llortr~ptylineacetamide (I.43 and 1.55)). 

Detection limits are cstimatecl at a total amount of active substance of 0.5-3~0 
,ug with the Acrograph Moclel Goo-D instrument equipped with a 2% SE-30 on Acro- 
pal<-30, 100-120 mesh, column (1~50 nl length and 3 mm I.D.), operated at an electro- 
meter range of x 10 and attenuation x 2 for injections of 0.x-0.5 [cl of 1 o/o solutions, 
ancl at o.og-1.5 pg with the Mcwlett-Packarcl 5750 instrument ccluippccl with a 5% 
OV-I or 2% 1:1;AP on Diatoport S, So-100 mesh, column (1.80 m length and 4 mm 
I.D.), operated at an electrometer range of x I and attenuation x IG for injections 
of 0.1-3.0 ~41 of 0.05% solutions, 

1 &I. tV. ~\SDRRS ASD G. J. M,\SSlJRlSG, ./a C/rJwrJa/u~~.. 7 (rf#jz) 158. 
2 1;;. I>. PARICIJR, C, I<. I:OSTAS ASD I'. I.. 12IR#, .4IlUl. ChfW., 34 (tgcil) 757. 
3 \v. J. t\. VhSDRsMRlJVI~L, 12. 0. A. ~-IA\ , IITI ASIJ E. C. HOIWI~G, CZiJz. ClJcJJJ,, 8 (19Gz) 351. 
4 IS. I>. PARRRR, C:, Ii. IToSTAS r\sD I'. I,, ICIRR, .4JJnl. ClJeJJJ., 35 (tgG3) 356. 
5 1~. I<AZYAl< ASD 11. C. 1~SCll3I.OCl<, .-t JJd. ChWJ., 35 (IgG3) 1448. 
G u. J. GUDZINO\VIC%, .I, 6~~s C~YJJJJ~J~J’,, 4 (IgGG) 110. 
7 C. Ia. 13RALILIZTT, JR., _/. .-f&S, c>,lliC. ,d JU?/, C/lr7J7., 4g (IgGG) 557. 
Y C. L. BR~~nlr.wtT. JR,, J, .dIss, C?[lic, ,-!?~ctl, C~IJZ., so (1967) GYz, 
g C. CARDISI, V, QIJRRCIA ASU t\. C,tr.b, J. C/JYOJJJ~J~U~~J*., 37 (1968) rgo. 
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12 D. E. Jotrssos, C. 1:. T<o~~~aurra ASD W. Scrtr.AnrRus, ./. C;ICS C/JYOJJIN@J,., 3 (XCJGS) 345. 
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147. 
rG N. C. JAIS AND 1'. I.. KIRK, &~J'wuc/J~JJJ. .I#, ra (igG7) 2sG, 
17 D. E. JOIISSOS, c. F. l<ODRlGURs! ASD I-i, I'. BuRcllvr13Ll1, I3ioctwru, PI~(JJ*J~Jc~~~I., r.t (rgfig) 

1453. 
x8 S. H. CURRY AS!J B. D, J~RODII~., Fed, Pvoc., ZG (1907) 7Gr. 
I(3 C. C.i. WmlnlAR ASII R. MoLnwrnar, Es/xricrtlin, 2.1 (rgG8) gY, 
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