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have greater influence on esterification of 
cholesterol. 

Whel her gammexane brings ahout inhibi- 
tion of cholesterase, the enzyme system re- 
sponsible for esterification of cholesterol in 
liver (1 7 )  iznd pancreas( 18), in a manner re- 
versible by excess inositol is under investiga- 
tion. 

Lowering of total cholesterol and increase 
of ester fraction has been observed by Avigan 
and Steinberg(19) by feeding rats with un- 
saturated fa1 ty acids. Klein( 20) demon- 
strated that serum cholesterol is preferentially 
esterified with Polly-unsaturated fatty acids. 
Therefore the possible role oif inositol directly 
or indirectly influencing the liver to bring 
about unsaturatio-n of fatty acid deserves fur- 
ther study. 

Summary. Tissues of Corcyra cephalonica 
and serum of albino rats fed a diet containing 
gammexane axumulated more free cholesterol 
with concomitant decrease in ester fraction. 
Inositol aimo s t  completely counteracted the 
effect of gamriexane. Inositol thus appears to 
have great influence on esterification of cho- 
lesterol. 
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Metabolism of Chlorpromazine : Organic-Extractable Fraction 
From Human Urine.* (25741) 

VIVIAN FISHMAN AND HARRY GOLDENBERG 
(With technical assistance of Grace Rittel and Susan Rea) 

Dept. of Biochemistry, Hillside Hospital, Glen Oaks, N .  Y .  

Despite its, widespread clinical use, no de- 
tailed data ar'e available on the n2,etabolisni of 
chlorpromazi ne in humans. Experiments with 
dogs have leid to isolation of chllorpromazine 
sulfoxide froin urine( 1) and to renewed em- 
phasis on sulfoxidation as a major metabolic 
pathway common to the phenothiazines( 1,2, 

*Supported in part by a research grant from 
Nat. Inst. of Mental Health, U.S.P.H.S. Presented a t  

3). More recently, Walkenstein and Seifter 
(3) have demonstrated that the side chain of 
promazine (and chlorpromazine) undergoes 
N-monodemethylation in animals. This find- 
ing would probably account for the release of 
C1402 following administration of chlorpro- 
mazine- (N-methyl) -C?* to rats (4) .  

The present work was undertaken prepara- 
tory to a more general study on biochemical 
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chlorpromazine metabolism in psychiatric dis- 
orders. As indicated I~elow, iml)roved cliro- 
i m  tograph ic met hock have enal)led 1 hc a i i -  

thors to demonstrate 2 new major metabolites 
in organic extracts of human urine, in addi- 
tion to other phenothiazine derivatives. The 
urinary excretion patterns obtained appear to 
differ significantly from observations based 
on animal studies in other laboratories. 

Experimental. Urine specimens. These 
were collected from 40 male psychiatric pa- 
tients a t  the Creedmoor State Hospital who 
were receiving 3001-600 mg of chlorpromazine 
orally per day. To eliminate specimens from 
noncooperative patients, each urine was first 
screened with Subetest reagent (Subet Labo- 
ratories, New York), which was employed to 
coinfirm chlorpromazine intake. Control urines 
were provided by laboratory personnel who 
were not on medication. 

Chromatographic work-up. Urine ( 100 ml) 
was mixed with 4 ml of 3 N NaOH and 
shlaken mechanically with ethylene dichloride 
(1.20 ml), which proved to be superior to 
ether as an extractant.t The organic extract 
was washed with 0.1 N NaOH (60 ml) , dried 
over sodium sulfate and the volume measured 
before being taken to dryness. The residue 
was redissolved in 01.003 of its original volume 
of ethylene dichloride and appropriate ali- 
qiiots ( 5  to 50 lambdas) were spotted on 
IVhatman #1 sheets marked “for chromatog- 
ra.phy.” The following 3 chromatographic 
systems were used: (a)  Benzene-acetic acid- 
water ( 2 :  2 :  1) ,  descending, 2 1 - 2 2 ° C  (tem- 
perature critical). For optimal results, the 
jar (rectangular, provided with paper cur- 

( 3 :  l :4:  2 )  ,$ descending, 20-22” .  The spotted 
sh cc t s w er c cv I ui 1 i‘t , r a t ecl o vc r ni gh t wit 11 the 
aqueous phase. ( c >  IZutai.lol-ari71i7onium ace- 
tate ( 1 111, pH 7 )  (2 : 1) , descending. Chro- 
matograms were routinely dipped in Dragen- 
dorff -ethyl acetate reagent ( 5 ) to visualize the 
various chlorpromazine metabolites. The fol- 
lowing color reagents were also employed: 
ninhydrin-pyridine dip (ref. 6, p. 66), for 
detecting primary amines ; nitroprusside- 
acetaldehyde dip ( 3 ) ,  for secondary amines ; 
acidic iron dip, prepared from 1 vol. methanol 
plus 1 vol. FeCIH 6H20 (1% in 2.5 N 
HN03)  ; and persulfate dip (ref. 6, p. 1 2 5 ) .  
For the spectrophotometric studies, the indi- 
vidual components were eluted from unstained 
duplicate chromatograms with 0.1 N HC1 and 
read in the Beckman DU spectrophotometer. 
Methanol was employed for elution when the 
individual spots were to be rechromato- 
graphed. The various standards employed 
for reference purposes in this study were ob- 
tained from the Smith Kline and French 
Laboratories through the courtesy of Dr. Van 
Loon. 

Results.$ Preliminary studies carried out 
in our laboratory ( 7 )  indicated that organic 
extracts of urine voided by subjects on CP 
therapy could be resolved into 3 fractions by 
paper strip electrophoresis using 1 % KHCO, 
as the solvent. The first fraction remained a t  
point of application, similar to the behavior 
of CP. A second fraction showed moderate 
movement towards the cathode and had a 
principal UV absorption peak a t  2 5 5  mpa 
The third fraction migrated rapidly to the 
cathode; in this respect, as well as in its IJV 

-- tain) was equilibrated Over the - $Separation cf organic and aqueous phases is 
with both the aqueous phase and 
Organic phase (in trough)- * run” was 
then made with a blank sheet of paper before 

facilitated by permitting the mixture to sit over- 
night in a separatory funnel. Note that the phases 
have almost identical specific gravities and may in- 

the spotted sheets were hung from the vert with small changes in temperature. 
troughs, using a fresh change of organic 
phase. After terminating the run, it was pos- 
sible to re-use the same jar for successive 
chromatographic separations. (b)  Ethylene 
djchloride-benzene-formic acid (88 “/o ) -water 

~ ~~ 

t In  our more recent experiments, urine is ex- 
tracted a second time to remove additional amounts 
of metabolic material-particularly compound #4, 
u’hirh is voidrd in large quant itirs (r f .  K r  \ z r h  1 . 

0 The following abbreviations are used: Bz.4 Z I  

benzene-acetic acid-water ; EdBzF I ethylene di- 
chloride-benzene-formic acid-water ; BuAmA = bu- 
tanol-ammonium acetate ; CP = chlorpromazine 
z 10- (3’-dimethylaminopropyl) -2-chlorophenothia- 
zine ; S o r ,  CP = desmethylchlorpromazine ; Ncr,CP 
z desdimethylchlorpromazine. Chlorpromazine sulf- 
oxide (CPSO) and its sulfone (CPSO,) are assigned 
similar prefixes (Norl o r  Nor,) to designate des- 
met  hv 1 drrivatives. 
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* All reference staritlards were treated likc urine, 
i . ~ . ,  extracted with ethylene dichloricle f r o m  aqueous 
alkaline solution. R,’s obtaiiied iii this i n ~ i i i i ~ r  
were slightly greater than wlieii stariclards wcre 
spotted directly. Nor,CPXO, Nor,CPXO and CPSO 
were vompared with corresponding uriiie spots in 3 
solvent q-steins, .z‘iz., Rz,4, EdRzF  aiid BuAniA : 
(‘P w,is  tested i n  o m  system (DzA). 

t 1\7 = ninhydrin; X-a 1 iiitroprussidc-acetalde- 
1iTde; 1 = i r o n ;  P = persulfate. 

Rf’s given in  parentheses refer to st:riiilarcls in  
t1iii.d colunin. Color reactions of spots #3 and #3’ 
were determined after separation with EdBzF. 

spectrum, it corresponded to CPSQ. How- 
ever, analytical tests revealed the presence of 
a t  least 2 phenothiazine derivatives in the first 
and third fractions. Further separation via 
electrophoresis could not be obtained by vary- 
ing t:he buffer pH or other parameters. Alter- 
native attempts a t  a complete fractionation 
by paper chromatography using butanol- 
acetic acid-water and BuAmA were also un- 
successful. 

A more effective resolution of the urine ex- 
tracts was obtained upon introduction of the 
BzA system. Paper Chromatography, under 
the conditions outlined in Experimental, 
yielded 7 discrete spots (#1 to #7, Table I )  
with both the Dragendorff and persulfate re- 
agents. These substances were shown to be 
related to chlorpromazine since they did not 
appear in the normal controls. Furthermore, 
the first, second and third spots yielded UV 
absorption maxima similar to CPSO and its 

desmethyl derivatives, viz., 240, 275, 300 and 
340 mp, in contrast to the spectra obtained 
from normal urinary chromatograms. 

When the third spot was eluted with meth- 
anol and rechromatographed with EdBzF or 
BuAmA, 2 components were noted, designated 
#3 and #3’. EdBzF proved to be especially 
useful for separating the sulfoxide metabo- 
lites. With this system (as with BzA), CP 
and related non-sulfoxides were as a rule 
carried along more rapidly than the sulfox- 
ides. However, the bulk of the Dragendorff- 
positive material remained behind close to the 
starting point. By allowing the solvent to 
run off the paper for a period of 24-48 hours 
the slow-moving compounds could be effec- 
tively separated. This procedure revealed 2 
new minor metabolites, #8 and #9. These 
metabolites flank spot #4 in the BzA chro- 
matogram (Table I) but were not previously 
detected because of their proximity to this 
major metabolite. The spots obtained with 
EdBzF have the following order of increasing 

7 % ) .  

Ultraviolet studies revealed that 6 corn- 
pounds, viz. #1, #2, #3, #3‘, #8 and #9 ex- 
hibit the sulfoxide spectrum. Compounds #4 
through #7 are apparently not sulfoxides, but 
their absorption spectra could not be accu- 
rately plotted due to background interference 
from aromatic material normally present in 
urine. No evidence was found for CPS02, 
whose UV absorption maxima (235, 270, 295 
and 335 mp), Rf and persulfate reaction failed 
to correlate with any of the observed metabo- 
lites (Table I).  

The ninhydrin and nitroprusside reagents 
were used to determine whether demethyla- 
tion had occurred. One compound (#2) re- 
acted as a primary amine and one compound 
( # 3 )  reacted as a secondary amine. From 
their Rf’s and color reactions the following 
tentative assignments have been made: #2 = 
Nor2CPS0, #3 = NorlCPSO, #3’ = CPSO 
and #6 = CP (cf. Table I). Definitive evi- 
dence for presence of Nor,C‘P and Nor&P 
on urinary chromatograms could not be 
found. However, it  should be noted that 
Nor2C‘P, as judged by the behavior of the 
standard supplied to us, was either impure or 

Rf’s: (#2 ,  #4) <#9  <#3 <#3‘ <#8 < ( # 5 ,  
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unstable in aqueous solution and yielded 2 
spots on the chromatogram (Table I ) .  The 
second. anomalous spot was ninhydrin-nega- 
tive and apparently an impurity. but it was 
of interest that its Rf (0.87) and color re- 
actions matched urine compound #7. The 
significance of these observations and their 
relevance to origin of compound #7 is now 
being studied. 

Discussion. The findings reported above 
are not in complete harmony with current 
concepts concerning the metabolism of chlor- 
promazine. Although CPSO may serve as an 
important metabolic intermediate, it consti- 
tutes but one (minor) component among the 
phenothiazine derivatives which may be 
detected in organic extracts of human urine. 
Compounds B 2 .  #3 and #4 appear from our 
studies to be the major extractable products 
of transformation. Compound #3 (Xor,  - 
CPSO) was reported earlier in urine of dogs 
(3 ) . However, the n’or2sulfoxide ( #2) and 
compound #4 are presented here for the first 
time. ( See il ddendum) 

Though there have been previous indica- 
tions that monodemethylation (of promazine) 
occurs in animals to yield Norlpromazine as 
well as its sulfoxide, complete demethylation 
to form the Xor2 derivatives has been denied 
( 3 ) .  In  our work with humans we have been 
unable to demonstrate S o r ,  CP, whereas 
T\;or.,CPSO was readily distinguished. The 
observed discrepancies may be due to differ- 
ence in species. However, it is noteworthy 
that Nor,CPSO is not readily extracted by 
ether-which is the solvent employed by other 
workers-and this may account for earlier 
failures to record this major metabolite. 

In  addition to the compounds present in  
organic extracts of alkaline urine, numerous 
metabolites may be demonstrated in the re- 
sidual urine( 8 ) .  These polar derivatives are 
readily adsorbed on Amberlite CG-50 car- 
boxylic acid resin and are responsible for the 

sidered, but involves sulfoxidation, demethy- 
lation, ring hydroxylation and other as yet 
undetermined chemical changes. 

During the present study, patients on chlor- 
promazine therapy tended to differ consider- 
ably in their metabolite patterns. Both quali- 
tative and quantitative variations were ob- 
served. In an  unusual case, urine extracts 
which gave characteristic sulfoxide UV ab- 
sorption spectra were later shown to be almost 
devoid of CPSO and its demethylated prod- 
ucts (spots #2, #3 and #3’) ,  in contrast to 
the relatively abundant substances #l and 
7%. Whether this variation is correlated with 
drug dosage, diet, clinical response to the 
drug. or psychiatric disorder, or reflects indi- 
vidual differences, has not been determined. 
Further studies along these lines are indi- 
cated. 

Summary. Chromatographic studies reveal 
the presence of 10 Dragendorff (+) com- 
pounds in organic (ethylene dichloride) ex- 
tracts of alkalinized human urine following 
administration of chlorpromazine. Six of these 
compounds appear to be sulfoxides. Included 
i n  this group are chlorpromazine sulfoxide-- 
which is a relatively minor product-as well 
as 2 major metabolites whose chromato- 
graphic behavior is indistinguishable from 
Sor ,  and Nor2chlorpromazine sulfoxide. A 
third major metabolite (compound #4) re- 
mains unidentified, but i t  is not a sulfoxide 
derivative. It is indicated that the residual 
urine remaining after extraction contains nu- 
merous additional (polar) metabolites. 

iVc are indebted to Drs. Walter Brinitzer and 
Raphael Greenberg (Creedmoor State Hosp., Queens 
I l l age ,  N. Y.) for providing urine specimens used 
herein, to Daniel White and Michael Miller for their 
assistance during initial phase of this study, and to 
Drs .  E. J .  Tan Loon and T. H. Lin (Smith Kline 
and French Laboratories) for their continued interest 
in our work. TheEdBzf system was kindly suggested 
by Irving Eisdorfer. 

purple noted when urine is treated with Addendum. present studies suggest that cornpond 
acid containing ferric or nitrite ions. Several ty4 mav not be a pbenothiazine derivative, This Con- 
compounds present in this Second fraction are clusi( n is based on two observations: (1) The corn- 
phenolic derivatives which are linked to glu- 1,ound has only heen observed in a small proportion 
curonic acid (cf. ref. 9 ) .  I t  therefore appears of patients a t  the Hillside Hospital, in contrast to 
that the pattern of chlorpromazine metabo- thr Creedmoor Hospital group; ( 2 )  Following its 
lism is not quite so simple as previously con- elution from the BzA chromatogram, purification, and 
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rechromatography in the EdRzf system, #4 appears to 
lose its persulfate-htaining propertics. This 01)- 
served change in staining behaviour has not been 
noted for the other compounds tested ( f 2  through 
# 6 ) .  There is tentative evidence that the presence of 
compound sf4 in urine may be related to the use of 
tobacco. 
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Effects of Tetrazotized Diorthoanisidine on Depressor Response to 
5-Hydroxytryptamine in the Rabbit. (25742) 

JORGE CATO* AND E. J. CAFRUNY (Introduced by M. H. Seevers) 
Dept. o f  Pharmarology, linivvrsity of Michigan Medical School, Ann Arbor 

Diazo and tetrazo salts react in vitro with 
5-hydroxytryptamine (5-HT) to form blue 
colored a m  dyes ( 1 ) . If similar reactions can 
occur in vivo these salts should block the 
pharmacological actions of 5-HT unless the 
coupled reaction by-product retains 5-HT ac- 
tivity. Results of previous studies indicate 
that the tetrazol salt, tetrazotized diorthoani- 
sidine (TDA) is an adrenergic blocking drug 
( 2 ) .  The blue colored complex formed by re- 
acting TDA with 5-HT does nolt possess 5-HT 
activity on blood pressure of dogs or rabbits 
even in doses equivalent to 200 p g  of 5-HT. 
lye, therefore, decided to determine whether 
TDA could block some of the effects of exoge- 
nously administered 5-HT. Rabbits were 
used in all experiments since 5-HT produces a 
hypotensive response in this species. Other 
workers have shown that sympatholytic 
agents can modify the pressor effects of 5-HT 
but do1 not significantly alter its depressor ac- 
tion in the rabbit(3). 

Albino rabbits weighing 2-3 kg 
were used. The technic of Horita(4) utilizing 
the pyretogenic effects od 5-hydroxytrypto- 
phane in animals pretreated with iproniazid 

Methods. 

* Present address: Dept. of Pharmacology, Univ. 
of Mexico City. 

was used as an index of central effects od 
5-HT. Rectal temperatures were recorded at  
various time intervals in unanesthetized con- 
trol animals and in others pretreated with 
TDA. Blood pressure responses to 5-HT, 1- 
epinephrine and 1-norepinephrine were re- 
corded continuously from a carotid artery of 
atropinized, vagotomized rabbits before and 
after treatment with TDA. These animals 
were anesthetized with pentolbarbital ( 2  5-30 
mg/kg) . Supplementary doses were given 
as needed. 

Results. Pyretogenic action of 5-HT.  
Iproniazid was administered subcutaneously 
in 50 or 100 mg/kg doses. Two to 3 hours 
later 20 mg/kg of 5-hydroxytryptophane were 
injected intravenously. Rectal temperatures 
of rabbits so treated were found to be in- 
creased markedly within one hour. According 
to Horita and Gogerty(4) this response is the 
resultant action of 5-HT accumulation in 
brain tissue brought about by monoamine oxi- 
dase inhibition with iproniazid. A total of 
14 rabbits received iproniazid and 5-hydroxy- 
tryptophane treatment. Seven of them also 
were injected intravenously with 20 mg per kg 
doses of TDA immediately before or following 
5-hydroxytryptophane administration. No 
apparent differences in rectal temperature 


