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THIN-LAYER CHRO~IATOGRAPHY 01: CHLO~WRO?VIAZINE 
METAI3OLITES 

ATTER/IPT TO IDENTIFY EACH OF THE ~IETABOLITES APPEARING 
IN BLOOD, URINE AND FECES 017 CHRONICALLY MEDICATED 
SCHI%OIJHRENICS’ 

Data amprescnted for thin-layer chromatographic behavior of chlorpromazine 
and thirty-five of its mctabolites, as well as for the thin-layer chromatographic 
behavior of forty-two still unidentified mctabolites found free or as glucuronides in 
plasma, crythrbcytes, urine or fcccs, Tables are given on the frcqucncy of occurrence 
of each compound in cacll source. The presence ancl identification of several new 
phenotlliszine rnetalmlites and their methoxylated analogs m-c reported, 

INTRODUCTION 

The metabolic fate of chlorpromazine (CPZ)*** leas beenexplored with increasing 
specificity and precision since 1954 1*2. The possibility that its metabolism would be 
related to its clinical effects has always hecn under consideration. FORREST ct nl.” 
have calculated that there are a theoretical 168 metabolites derivecl by formation 
of sulfosides, by hydroxylation, by N-oxidation, by mono- and didesmethylation, 
by oxidation of the side-chain ancl by conjugation with glucuronic acid 0; with 
sulfate, POSNlsR ct da raised the possibility that oxidation at positions 3 and 8, as 

l ‘l’hi~ work was supportccl in part by NIMI-I Grant No. 18465, 
*’ Acldrcsa reprint rcqucsts to P, TIJIWNO, IZcrtcwch Division, Cantml Islip Statc Hospital, 

Ccntrnl Islip, N,Y. 11722, lJ,S,h, 
l ” For nbbrcvintiom4 of the! vnrious phcnothhsino clerivntivcs studied, SW APIWNDIX. 



well as cliliyclrosylatio~~, iiiiglit occur. D,\l.Y AsI) RI~wl~\s~ rcprtccl on tlw eviclcncc 
for occurrence of O-nwthylntion of one ol’ tllc t!Vo Ii~drosy groups in 7,S-di-01-l-W%. 
Gor.rxNwzI~C w’n I~IsHh~,w~~ linvc revicwecl tlic fielcl up to 1970, 

l~or tlic separation, iclcntification, ant1 clunntification of tlic intlividual inetab- 
elites, thin-layer cl~roiiiato~rapli~ (TLC) lies lwconic t11c tcclwicpe of widest 
applicability, wliicii niorcczvcr lxrmits gas cl~ronlatcs~rnl~l~~ arid mass slwctrt)mctry on 
tlic isolated compuncls. This relmrt &niiuarizcs t11c cllromatogral)lii~ data on 35 
stanclarcls of pliciiotliiazincs, cacli of wliicli is it proven or potential iiictalxAitc of 
cl~lorproniazinc or proniazinc, ancl coinlmrcs this wit11 tlic cliroiiiatojiral~liically 
located mctabolitcs found, during scvcr;ll years of w+orI<, in blood, urine. and feces 
of clironic scliizoplircnics on clllorl”‘oiiiazilic iLllC1 no f~tlicr clrugs. 

Standards were gcncrousl>* suppliccl by tllc I’~_\~C1l~~]~1li~~lll~lCOlO~~ l;2CSCilITll 

Brancli, National Institute of Alental Mcalth, and by ,I. C~~~llCrllliUl Craig, Pll,D. of 
tile Scliool of Pllarmacy, Sit11 l~rancisco ihclicnl Ccntcr, San I;raiicisco, Cnlif, 

Bloocl, urine and feces of chronic scliizoplircnics wcrc obtainccl in tiic course 
of tliempy with clilorproma~iiic as Tliornir,ine’~ liquid concentrntc. 

TLC materials have been previously tlcscribcd ‘, TLC plates ol’ various nianu- 
facturcrs have been usccl from time to tinic but tliis report will ClCUl only with Brink- 
mann P,,, Silica gel platcS, 250 lllp tliick, 20 X 20 CIll. 

Blood plasma and crytllrocytcs 11;~~ been scl)aratcly cstractccl by mctllods 
previously clcscril~ed~-“. 

Urine, collcctecl in glass, frozen at wicc and storccl at - I0 to -220’ until 
analysis, has 11ecn treated in a variety of ways. Iii cvcry instance incliviclual spcciniens 
were analyzed for non-plienolic and 13luznolic nwtnholitcs according to a lwcviously 
publislied metliod10 and an aliquot taken for extraction contained 5 pniolcs of total 
metabolites. In some instances apple-jaclicd urine %Vi1S estmctccl. No material which 
had been subjected to nclsorption on ClliWCOd or ion-csclinngc resin \ViLS used in 
~ixf2parir-g this report. To obtain all of tlic iclcntiliable mctal~olitcs from uriiic it was 
essential to conduct cstraction serially at various 131-l levels: iLC1CClUiLt.C cstractions 
were made first wit11 tlwce volumes of dicllloronxtlwlc (DCX) at pI-I 12 tlwicc, tllcn 
at pH 8.5 with three volumes of DC&I-isoamyl alcol~11 (gS.5 : 1.5) (DC&II), and finally 
tlwicc at pH 2 with tlwce volumes of DChI, These estractions were followed by lly- 
drolysis. @Glucurnnidase (Ketodase, Warner-Cllilcott) for 4s 11 permitted total cstrac- 
tion by DC31 of tile remaining metabolites, lirst at pH 12, then nt pI_I S.5 with 
DCMI. Traces of further aciclic metabolitcs were occitsionally found at pE_I 2, par- 
icularly in apple-jacked concen tratesll, 

Plasma hns been estractcd by tlx mctllocl of Cr_xzrt~l*, by tlie same nietliocl 
moclified by use of DCRI, or by ether cstr;tction, botll bcforc and afterfi-glucuroniclnse 
hydrolysis, Estracts have been preprccl at ]>I-I 12, IO, CJ ancl S.5, Within tllcsc 
variations no real qualitative cliffcrcnccs liavc been found. Quantitatively, no IiiglicI 
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yields of Cl’% ancl each of the mctabolitcs prcsant hnve been rccovcrccl than at 
pEI g-g.5 with DCMI. 

Erythrocytcs have been hcmolyzccl and extractccl also in a variety of ways, 
including the cthcr mctllocl of %I~GAJJZS 13Jh1, both lxforc ancl after /3-glucuroniclasc 
hyclrolysis. 

Feces hnve been cstractecl by ethanol and ctlicr until a further extraction 
yields no color reaction with Io-8 M l;eCl, in 18 .fV EI,S04, a.nd when no other means 
of cstraction, bcforc or after hyclrolysis, produces a sulxtance acting like a. pheno- 
tliiazinc, Scpnration from non-plicnotl~iazinc compouncls has been carried out in a 
variety of ways. which wc propose to report on at a later clatc. 

In every instance, cstracts have been finally brought into methanol or ethanol 

d\v15Icr\Glz. Ii!/*. RANGI?: OIZ Cl’% I~ISI~lVA’I’l\‘ICS 

Co~i~pouiicls itlcntificcl by number, we AIv~NI~Is. 
-__-_ _---- .._- .____ 
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for Spotting on TLC ]hteS, as ]iaS hX!n ChXribCd by ‘hMN0 AND ‘~ulrNIm7. &St 

separations were obtained by development in two dimensions with the follow- 
ing solvent systems : (I) Acetone-methanol-tricthanolamine (100:30:x); (II) ace- 
tone-methanol-ammonia (Ioo:40:r); (III) isopropyl-alcohol 05% ethanol-ammonia, 
(II :x:1) Solvents 1 and II were lirst climcnsion alternates, Solvent III was used 
for the second dimension. 

Identification has been in the first instance dependent upon use of synthetic 
stanclarcls run side-by-sicle with unknowns, Occasionally a standard hns been added 
to an aliquot of unknown, particularly when a spot suggested presence of two com- 
ponents. hletabolites have been calculatecl as RF values in the usual way, as well as 
with reference to an internal standard. I&. 

Examination of plates has hen by direct csaminntion in visible and under 
UV light before and after spraying with the a1co1~l-H,SO,,-I?cC1:, rcagcnt of 
Wxnsr.on ANI3 l;onrzIWP and after hating the sprayed plates. 

In sonic instances gas cliromatogra]~1~y (GC) has hen used in parallc] with 
TLC to follow tllc breakdown of highly unstxhlc compounds such as y,S-cli-OH-Cl’%. 

MOI~ILITIIES OS YILICA CPL T1.C I’LhTltS CJV CM ,\Nl> 35 Mw,\tJoLmx+ 1215LATlVIc *ro IMCH 01’ 1’1a1?: I~OUll INT&IZSI\L 
STASDARDS (I?#) 

See mlws~31s for compound corrcsponcling to cacli nunibcr, 
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Table I lists the Xl,v values in each of the three solvent systems described above 
of all 35 synthetic phenotlAazincs which wc liacl available. Table II lists mobilities 
for the non- and monollydroxylated compounds, relative to an internal standard (&) 
in each of the three solvents (the standards were CPZ, 7-OH-W%, 7-OH-CPZSO, 
ancl7-OH-Nor,CP%SO) ; ancl for tile clil~ydro.xylatecl substances their RN in Solvent II. 

Some stanclarcls ancl tllcir derivatives changed character more or less rapidly 
in solution. Tables III ancl IV conclensc results of examinations of these unstable 
compouncls, chiefly by recorcling observations: (I) in long and short wave UV before 
spraying with any reagent; (2) by color of each spot in visible light before and after 
spraying with the color developing reagent clescribcd above, but before lleating; 
and (3) by color in visible li&t after heating the sprayed plate. 

Table IV, which clctails tlx characteristics of each of the metabolic com- 
pouncls, is an appalling si,&t, but workers with these compounds must experience 
vast frustration and confusion, which this table may allcviatc. This table requires 
sonic csplanation. The pure compouncls were dissolved in absolute ethanol previously 
purjiecl_ with N,. The solutions were immecliately spotted under N, and run in sancl- 
withes, and again spotted at intervals of hours or clays thereafter. Each standarcl 
was maclc up repeatedly, with or without N,, spotted with or without N,. All were 
run in the dark, at temperatures varying from 2z" to 30”. Previous work had rcvealecl 
no effects on RF, on resolution. or brcakclown of other stanclards’ by change of room 
tenipcratwrc or humidity. 

On the first run of the clil~yclroxylatecl compounds r?. variable number of spots 
appcarccl, and these tcndecl strongly to increase in number ancl intensity on the 
first 24-48 11, even With tlic SdUtiOn maintained at -zoo in the dark. Further, the 
prcscncc of the unstable compouncls are given in Table IV, colurt~ns 2 and 3. In 
columns z ancl 3 are also given the RI.* values in Solvent I (first dimension) ancl 
Solvent III (second dimension). Each value throughout the table is the average of 
at least five cllromatoqaphic runs. Columns 4 ancl 5 give the mobilities rcferrccl to 
CPZ (R,), columns 6 and 7 to (g)*; 8 and 0 to (IO); and IO and II to (14)~ The colors 
given under column I rcfcr to color in visible light after heating the sprayed plate, 
LUV refers to a spot, usually fluorescent, seen under long wave UV bcfcrc heating, 
Superior 0 indicates the main spot due to parent compound. SIT refers to solvent 
front. I;rcclucntly a spot other than that clue to the parent compound was seen only 
once or twice in five or more experiments; these are identified by the symbols I x 

orzx. 

Table V proviclcs data on GC of the unstable compounds. GC was carried out 
with a Packard gas cl~rornatograpl~“, S-ft, glass column, packed with 3% OV-17 
using N, as carrier gas, and a flame ionization detector. It was programmed to start 
at 250' for I min, then to rise z.5”/min to maximum 255", and hold. Sensitivity was 
I x 10-10. Twice the runs were maclc as soon as the standard was preparecl in ethanol ; 
a tllircl time the ruri was made S clays later. Major peaks are unclerlined, It appears 

’ Numbers in brncltcts rcfcr to the numhrctl compounds in the ,\I~~CSI,IIS, 
l ’ Dunl flow controller. Moclcl 8.24, tcmpcrnturc point progrnmmcr Moclcl 8q6, clcvintion 

tcmpcmturc contrnllcr AIodcl 873, clual clcctronwtcr Moclcl 843, and Dunl l3ipohr HV Supply 
1M0clc1 534. 
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8\19;21:24;35 

Solvent System 1 
(first dimenslonl 

0 pink 

@ purple 

f@ blue 

Fig, I, This is a cuniprAtc of all otanclartlx (25, 27, 28. and 34 cxcluclccl) run in Solvent I for the 
lirat dinwnsion and Solvcnt I It for tlic accond mllltiplc spots (e.g., compound nuriibcr ~5)~ rg 
nncl 9 occupy the snn-w spncc, m2 color of the spot after spraying with tlic Forrest spray ‘is incli- 
cntccl by the lwy. Dotnils we yivcn in tlw tat. 

that the minor Ix91 c c at 263”~2G4” is derived from 7,s disubstituted z-chlorophcno- 
tlhzincs, including one with no aclduct at N-IO, whcrc indeccl it is the major pcrtk (35). 
Possibly then the other compounds (18), (19). (zo), (23), (24), break down by loss 
of the N-lo adcluct. In the CRSC of (35) the minor peak nt z5g”could be clerivcd by 
methylation mcl the peaks at 265” ancl zGG” by loss of one molecule of I-I,O, 

Solvent system II 
(first dimension) 

Fig. 1. A simplilicntion of Pig, I, Main, constant spots of oacll of tlw 35 stnnclnrtls stuclicd in this 
report as run in Solwnt [I in the first clinwn?rion Wltl Solvent 111 In the ~cconcl climcnsion: color 
of spots wc given in tlic lrcy in Fig. x. 
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Table VI is a reworking of the data in Table IV showing that there are evidently 
a number of compounds which appcnr as common derivatives of diphcnolics. It is 
beyond the scope of this paper to propose what these derivatives arc, but in so far as 
any of them may 1x2 found in biological sources, wc propose to attempt identification, 

Fig. I is a composite of all primary spots on TLC of pure standards available 
to us by the USC of Solvent I for the first clirncnsion, Solvent III for the second. The 
numbering of spots agrees with the numbering of compouncls in the APPENDIS. 
Fig. 2 is n composite of all primary spots in TLC of the pure standards using Solvent II 
for the first climcnsion, Solvent III for tile second. The improved separation is evident. 

Fig, 3 is a composite of all still uniclentificcl spots ol)taincd from biological 
sources. Table VII gives their RF values and Table VIII lists sources, perccntagc 
frcqucricy of rxxurrcncc of cnc11 of 17 iclcntiiiccl and 19 “uniclentifiecl” nietahlitcs 
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Co~tzportrld Nor/-h vdvo/y;c!d 

/.a r2’( y,) ’ 
Norr-Ilvtlvol~~;Cd. 

pr_I 8.j (‘Ji,j 
~~0~7-h~droZ~~~td, 

pl-r 2(-y,) 
Hydrolyzed, Ij:~drolvz~d, %‘r~ttntivc 
p1-l rL?(!‘<,) PN S.S(fb) iclerrlijicittiou 

_..._ _ ._.__.__,_ .,_ __._.._. - .,.__.____.. __. .._. . ..-_.. .._ _.. . . _ . . . ._ . -. . . . 

30 4.I I2 

M or I’ 2 0 30 35 2‘). 

3: 

al 0 

50 
6 B-4 GZ 

ci‘l 

G 
I 100 4’ 4 ’ 
2 85 -14 
i t 97 74 32 

44 15 
1-I 2fj 53 i.3 94 
A :\ 59 G 32 
J-I 12 2G 5.5 76 29 
II I:! 56 9.5 68 

; 

21 24 

15 0 

II 20 D 2 3 ZG-27 

G I5 
:: 

59 23 

b% 
4 7 

79 59 94 *7 
__.I____,________.._______._.. __ _._.._. _... ..___...__ _- ..-._ .._._ _ . .._ ..-.-- _-.. ..-..-.._... . _ __. _ _... ._..__.._,. __.__..~__ .,___. .-. ..-_. ,_ ._ _. . ______“._ -..___ 
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--.-I--- ..--..- - .-.. -_-.-- . .._ .._ .___._.. -- _... -__. .._..___.__ _...... ._-...._.. .-. .__- .._. _. __ .._.... . . . - _.._-.-.. ._....... - ._.._... --. ._..... - .._ 

Colrs/x~rrlltl rVo~t-lr~,cl~oZ.~~~cd 
/a I3’( ;yJ ’ 

Nori-ll~~d~ol~~zcr1, 
p1-J Y.j( ‘%,) 

Norr -It \ulr~ol~lwrl, 
PI-r -li%) 

I~~~lvol_vzcd, l~yi~o~wcrl, l'enlfr five 
fil4 la(%) p/T S,s(‘%,) ~idoili~cctliou 

-.. .-. . ..- __.._ -_.-.-...-_.. - .._.. _.._ _... _ ,.__. ___ __ ,_ .____._ _ ._._..^. .-...- ..__..... - ___ . ..__ -.-.___- .._. ___-_.. __.,_, -_.- ______._. -_.- ._^___ 

x.1 

35 
2 . } 

. 

Solvent system I 
(first dimension) 

‘J ‘7 
0 17 
9 ‘7 

Pig, +. I’hcnotlkuAnc spots on TLC, which ha~a been tlcrivccl from fccnl snmplcs 
long tcrtn chlorpromazine tlwrnpy, a.54 seen in Solvrmt I in tlic first climcnsion and 
the sccontl climcnsion. Color of spots it4 in Pig. I, 

of patients 0’1 
Solvent II I ilt 

once evident, The major interest of clinicians has been in tl~e blood and tissw levels 
of the unchanged drug. However, thcsc metabolitcs are evidence of many cellular 
activities of sequences involving N-dcmcthylation, N-oxidation, S-oxidation, osida- 
tion of the side-chain, hydroxylation and 0-mcthylation. 

Our study supports the previously suggcstecW presence of, and identifies for 
the first time, various clil~ydrosylatecl plienothiazine mctabolites ancl their methoxyl- 
ated analogs from biological samples from chronic schizophrenics on .CP% therapy 
only. Support for 3,7-clihydroxylation of (3% ilz VI%YJ had been mncle by COCCIA AND 

. 
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C..d. numbering ror phcnotl~ii~zincsi. I-lyclrogcn on positions 2, 3, 7, nncl S unless otlicrwisc notctl. 
CM = Clllorpromaeinc; T’A = propionic a&l; Pr = I~rom:rzinc; :\A = acetic ncid; PI1 -f 
plwnothinsinc; hc = ncctyl. 
__- -._._ ______.._. _._.... __. _.--. - . ., _, ..--.. .._..__... ._.._, . 

NO. .~zbbJwirihJlJ 2 3 5 7 cv IO 

Cl’% 
Cl?%SO 
Xor,CI% 
Xor,CP%SO 
Xor,CLJ% 
Xor,CP%SO 
CPZNO 

7-DI-I-CI’% 
7-Ul-I-Cl’%S< 1 
7-OH-Nor,C 1% 
7-01-I-Nor,CI%SC) 
7-OkI-Nor&P% 
7-OH-Nor,CI%SO 
7-0C1-1,-C1’~ 
8-01-I-cI~‘% a 
j,S-JX-OH-CIU 
;-OI-I-Y-OCI-Io-Cl% 
7-c3cI-l,-Y-oI-I-cI’% 
7.8.13i4Xl~1,4I’% 
3,7-1X-OI-l-CIJ% 
3,7-l)i-(Xl-I,-Cl% 
7-01-l-8-OCI-I,-Sor,CI’% 
Al-n-oCl-I~-~or,CI’% 

. *-i-O/\C-Nor,CI’%SO 
2-C1-10-P.&1’l1 
2-C1-ro-P:\-l’llSC, 
;r-Cl-ro-AA-l’ll 
*_CI_;_ 01-I-r 0.I’:\-I’ll 
.2-Cl-I.‘11 
2-a-7- OI-I-P11 
2.j-Di-01-LPr 
2-c1-I’llscl 
2-cI-lo-r\:\-1’1lsc~ 
2_CI_p (~1-1-5-0c1-1,-1’11 

__ -. ._. __... 

WESTBIw~J.IP utilizing rat 

Cl 
Cl --Ml 

Cl 
Cl ->o 
Cl 
Cl --CO 

Cl 

Cl -->I> 

Cl 
Cl -.,‘, 
Cl 
Cl -90 
Cl 
Cl -GO 

C:1 
Cl 
Cl 
Cl 
C.1 
Cl 
Cl 01.1 OH 
Cl lx I-1, 
Cl 
Cl 
Cl -+O 

Cl 
Cl -.” 
Cl 
Cl 

:1 
Cl +0 

Cl ->O 

Cl 

01-I 
014 
01-I 
01-l 
01-I 
01-I 
OCI-I, 

0 I-I 
01-I C) I-I 
c’J1-I <‘x I-I 
OCI-I, (31-I 3 
UC I-l:, Oc. I-I 3 

o)c I-l 3 
0 I-I OCI-I, 
0 I-I OCI-I, 
C I.1 ,COO 

(Cl-I,),-N(CI-I,), 
(Cl-I,);,-N(Cl-!,), 
(C.:I-L&-NH (Cl-l,) 
(Cl-I,),,-NH((:I-I,) 
(CI-I&-NH, 
(CL-I&-NH, 
(Cl-I,),-yl,), 

(Cl.l,),-f-(C,,,,, 

0 
(C+,),--N ($ II;,), 
(C~l-I,),-N(CI~l:,o) 
(Cl-I,),-NH (W,) 
(Cl-I&-X 1-I (Cl-l,) 
(Cl-I&,-NIla 
(CI-l&-NH, 
(Cl-I&-N(CI-I,), 
(Cl-I&-N(CI-Ia), 
(CI-I&,-N(CI-I,)Y 
(CI~I,),-N(Cl-l& 
(Cl-I,),-N(Cl-I,), 
(Cl-I&-N(Cl-I,), 
(Cl-I,),-N(CH,), 
(CI-I,),-N(CI-I,), 
(Cl-1,),-X1-1 (Cl-l,) 
(Cl-I,),-NH, 
(CM,),-N(C1_I:,COO) 
cI-I,CI-I,cwwI 
cI~l,c1-I&CKM 
CI-I.COOI-I 
cl-I;C1-I,CooI~I 

ii 
[:I-I,),-N(CI-I,), 

Cl-I,CCx~F4 
1-I 

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

and human liver n~icrosonlill cnzytne systems. The 
finding of 7,S-di-OH-Cl’%, and of 7-OH-S-OCI-I&P% nncl its N-clinwtl~ylatccl forms, 
and of s-01-I-pax,CP% cstablislles tllc csistcxwc of ;I llyclro.sylntion inctabolic 
patliwny in lnmxms, similar in part to tlw one developccl and confirmccl in vilvo by 
Day AND &~ANIAN”~‘R. These investigators utilized preparations of rabbit and rat 
liver microsornes and employed an analyticnl mctlwcl specific for only vicinal cli- 
liydrosy compounds. What possible role these clisulxtitutccl plienothiazinc metab- 
olites play in the psychotropic activity of CPZ should be considcrccl nncl further 
biological evaluation studies on their activity may lx warranted, 

The fact that more than 75% of tllc administerecl Cl?%: has rarely been ac- 
counted for by the color tests in uscDJ*7, suggests that in some proportion of rnolc- 
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cules, the phcnothiazine structure is lost. FORREST lB claiined to rccovcr essentially 
Ioo”/” of radioactive CPZ as rnetabolites in urine and feces. CURRY et nLzO suppose 
that the loss occurs in the upper gastrointestinal tract, a supposition w*c sham, since 
some 30% of Cl’% is destroyed by incubation for I-Z 11 with gastric or duodenal 
washings, but less than 2% is lost by z-h incubation with feces”i. Thcrc is no positive 
cvidencc that degradation or rupture of the phenothiazine ring takes place igz vdvo, 
but the possibility cannot be cxclucled that Cl?% has, in part, been converted to a 
mctabolitc or metabolitcs not responsive to the color tests in use. It will be necessary 
to perform esperiment~with tagged CPZ to locate and identify the “lost Cl?%“. 

We arc deeply indebted to Mr. JOKN BRADY for his devotion and attantion 
to detail in assisting in much of this work, 
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