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(12), showed that at no time did Cs137 re- 
tention of animals maintained on 10- and 
100-fold cesium intake levels differ signifi- 
cantly from the Cs13? retention of the control 
animals. However, significant differences ( P  
= <O.Ol) between retention of animals on 
the 1.000-fold cesium intake level and all 
other groups were found on day 23 and every 
day thereafter. Periodic weighings showed 
that 10-fold and 100-fold cesium intake lev- 
els had no deleterious effects on the growth 
pattern of the animals, but after 50 days 
there was no increase in body weights of ani- 
mals on the 1000-fold cesium intake level 
(Fig. 2). 

Computer analysis of the biological reten- 
tion data for the control group gave the fol- 
lowing retention equation: 
R, = 12.81 e-O.=*l + 39.21 e-O+08734 + 47.97 e-o.ors7r1 

where Rt is the average biological retention 
for cesium on any day t ;  the coefficient and 
exponent of each term are the intercept and 
rate constant, respectively; and e is the base 
of natural logarithms. Integration of this 
function from 0 to 00 times gives the total 
area which, in turn, is proportional to the 
equilibrium level attained during continuous 
ingestion to a constant dietary level of stable 
cesium. For example, the equilibrium level 
for stable cesium in the control animals would 
be about 14 times the daily cesium intake. 
Similar calculations show that the equili- 
brium concentration of cesium in the highest 
cesium intake group would be approximately 
half the LDSo toxicity value(l3) for a single 
intraperitoneal injection of cesum chloride. 
Presumably, the increase in retention and per- 

haps the disruption of growth pattern are re- 
sponses to cesium toxicity. These observa- 
tions suggest the possible application of 
whole-body counting technics to studies of 
metabolic responses to materials in sublethal 
toxicity ranges. 

Summary. Increased dietary cesium does 
not enhance excretion of parenterally admin- 
istered Cs137 by rats and, because of apparent 
toxic action, may decrease normal Cs137 ex- 
cretion at dietary concentrations exceeding 
6.5 X 103%. 

The authors wish to thank B. M. Cummins and 
G. A. Trafton for technical assistance and W. Le- 
Stourgeon for statistical treatment of the data. 
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Identification of a New Metabolite of Imipramine." (27462) 
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Recent studies indicate that imipramine rnann et al. ( 1,2), imipramine is subject to oxi- 
dative hydroxylation of the aromatic nucleus 

* This study was supported by a research grant 
from Nat. Inst. of Mental Health, U.S.P.H.S. 

(Tofranil) , which is employed for the relief of 
anxiety neurosis, undergoes substantial meta- 
bolic changes in the body. According to Herr- 
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F I G .  1. Structures of itnilmiiiiiiic (IP) and inii- 
prnmine-N-oxide (IPNO). 

as well as to side chain demethylation. 
Somewhat similar forms of transformation 
have also been demonstrated for chlorproma- 
zine( 3,4,5). By means of chromatographic 
technics the Swiss workers ( 1,2) were able to 
identify the following imipramine metabo- 
lites: (a) norlimipramine, (b) nor2imipra- 
mine, (c) 2-hydroxyirnipramine7 (d) 2-hy- 
droxy-norlimipramine and the glucuronic acid 
conjugates of (c) and (d).t 

Preliminary studies on the metabolism of 
imipramine have led us to identification of a 
new metabolite, viz., imipramine-N-oxide 
(IPNO, Fig. l ) ,  whose structure reflects side 
chain oxidation similar to that observed for 
chlorpromazine ( 6 ) .  The evidence for this 
compound as well as its urinary excretion val- 
ues are reported herein. 

Experimental. Urine specimens. Urine 
was supplied by Hillside Hospital patients 
who were receiving 150-300 mg of Tofranil 
daily. Rigorous precautions were taken to 
exclude all other forms of medication. All 
urine specimens were routinely checked for 
proper drug intake( 7), and creatinine deter- 
minations were carried out to verify the 24- 
hour collections. Control urines were pro- 
vided by hospital personnel who were not re- 
ceiving any medication. 

Extraction and chromatography. The un- 
conjugated metabolite fraction containing 
IPNO was extracted with 3 volumes of ethyl- 

t The following abbreviations are used: IP =: 
imipramine, IPNO = imipramine-N-oxide, norl .= 
desmonomethyl, and nor? = desdimethyl. Abbrevia- 
tions for the chromatographic solvent systems are 
given in the footnote (*) to Table 11. 

ene dichloride (Eastman) from urine at pH 
10.7. Moderate alkalinity was used in order 
to minimize decomposition of the imipramine 
derivatives. The ethylene dichloride extract 
was washed with 0.1 N NaOH, dried over an- 
hydrous sodium sulfate and evaporated in 
vacuo. The residue was dissolved in metha- 
nol and suitable volumes were spotted on 
Whatman #1 or #3 chromatography paper 
for subsequent development. The following 
chromatographic systems were used: benzene- 
acetic acid-water (2 : 2 : 1 ), descending, 2 1- 
2 2 O C (4) ; ethylene dichloride-benzene-formic 
acid (887.) -water (3: 1 :4: 2 )  , descending 
(8):; and ammonia (58aJc)-methanol (1: l  
and 4: 1 ), ascending. For the first 2 systems, 
untreated chromatography paper ( # 1 )  was 
used. For the AmMe systems, Whatman #3 
paper was employed that had been treated 
with acetone containing 10% peanut oil. The 
chromatograms were routinely dipped in di- 
lute Dragendorff reagent (“spraying reagent”, 
ref. 9) or diazo stain. The diazo stain was 
prepared as follows: 0.4 g of Fast Red Salt 
GG (General Dyestuff Co.) was mixed with 
4.0 ml concd. HCl and diluted to 100 ml with 
water. One volume of this solution was added 
to 2 volumes of acetone just before staining. 
The chromatograms were dipped and then 
dried with an air blower. The nitroprusside- 
acetaldehyde reagent for secondary amines 
( 10) and ninhydrin-pyridine reagent ( 1 1 ) 
were employed as auxiliary stains. When in- 
dividual spots were to be rechromatographed, 
they were either eluted with methanol or 
woven on to fresh chromatography sheets. 
For the quantitative studies, urine extracts 
were chromatographed in the BzA system 
along with a series of IPNO standards of 
graded concentration which had been ex- 
tracted from control urine under similar con- 
ditions. The chromatograms were stained 
with Dragendorff reagent and the IPNO spots 
quantitated by visual comparison with the 
graded standards. 

EZectrophoresis. The samples were streaked 
at the anode end of Whatman #1 chroma- 
tography sheets and the electrophoresis con- 

Separation of the organic and aqueous phases 
was facilitated by working in a warm room and 
directing a hot air blower a t  the separatory funnel 
containing the solvent mixture. 
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TABLE I. Identification of the Unconjugated Imipramine Metabolites. 

Standards with 
Diazo Nitroprusside similar R,’s and 

Substance R, (BzA) Rr ( AmMe 1 : 1) R, ( AmMe 4 : 1) stain test color reactions 

From urine 
rose - 2-HO-IP 

1 9  2-HO-Nor1IP 
IPNO 
I P  

+ la .17 .75 .67 
l b  .17 .80 .75 
2 .57 .81 .79 blue - 

+ Nor,IP 
3a .70 .16 .O 
3b .70 .40 .05 

Misc. st’ds 
NorJP .64 .55 .15 
8-HO-IP .49 -57 .17 

3 9  

Y Y  

- 

Y ?  

Y7 

- 
- 

ducted between glass plates for 3.5 hours a t  
2 0  milliamps using a 1% KHC03 buffer me- 
dium. 

Imipramine was lib- 
erated from the hydrochloride salt (2.83 g) 
with dilute sodium hydroxide and then ex- 
tracted into ethylene dichloride. The organic 
extract was washed with dilute alkali, dried 
over anhydrous sodium sulfate and evapo- 
rated in vacuo. The syrupy residue was 
treated with a mixture of 1.35 ml of 30% 
hydrogen peroxide and 22 ml of ethanol. The 
clear solution was gently refluxed for 4 hours. 
At the end of that time it was evaporated in 
vacuo and the system was flushed out 4 times 
with ethanol. The residue was dried in a 
desiccator over P205 and then recrystallized 
from benzene. White needles were obtained 
which melted with decomposition at 120- 
123°C; yield, 5476 of theoretical. Anal. 
Calcd. for (&H24N20 (1.5 H20): C, 70.56; 
H, 8.42; N, 5.66. Found: C, 70.64; H, 8.22; 
N, 8.33. 

Results. Isolation and identification of 
IPNO.  The unconjugated imipramine me- 
tabolite fraction obtained from alkalinized 
urine was chromatographed using BzA. Three 
spots were noted (Table I.) The first yielded 
a rose color with the diazo reagent, which is 
indicative of a phenol. I t  was resolved into 
2 components ( #la  and #lb) using AmMe 
4 : 1, or by prolonged chromatography with 
EdBzF. These were identified as 2-hydroxy- 
imipramine and 2-hydroxy-n~r~imipramine 
by comparison with the reference standards. 
The second spot did not correlate with any 
established metabolite. The third spot was 
readily resolved by AmMe 1 : 1 into IP (#3a) 
and NorlIP (#3b). Aside from spot #2, the 

Synthesis of IPNO.  

indicated assignments for the 4 identified 
compounds are in agreement with the earlier 
studies of Herrmann( 1,2). 

Our attention was now focused on the sec- 
ond spot. This substance appeared to be 
homogeneous by available criteria, resisting 
all attempts at further resolution. I t  yielded 
negative primary and secondary amine tests, 
and was found to occupy the same position 
relative to imipramine on the BzA and AmMe 
chromatograms that chlorpromazine-N-oxide 
occupies relative to chlorpromazine (6). I t  
was therefore carefully compared with syn- 
thetic IPNO in 8 solvent systems (Table 11). 
The 2 substances could not be distinguished 
from each other by chromatography or co- 
chromatography. Their color reactions were 
identical. When subjected to paper electro- 
phoresis, the two substances moved at  similar 
TABLE 11. Chromatographic Identification of 

Imipramine-N-Oxide in Urine. 

Urine metabo- IPNO 
Solvent system* lite (#2) standard 

BuEt 
BzA 
AmEtA 
AmMe 4 : 1 
BzF 
BuA 
AmMe 1 : 1 
EdBzF 

.80 

.57 

.70 

.79 

.11 

.81 

.81 

.52 

.80 

.57 

.70 

.79 

.11 

.80 

.81 

.52 

* BuEt = n-butanol-ethanol-water (15 : 2 : 5),  as- 
cending. BzA = benzene-acetic acid-water (2 : 2 : l), 
descending. AmEtA = ammonia (2.5%) -ethanol- 
acetic acid (200:15:3), ascending. AmMe 4 : l  = 
ammonia (58%)-methanol (4 : l), ascending. BzF 
= benzene-formic acid (88%) -water (1 : 1 : l), des- 
cending. BuA = n-butanol-acetic mid-water (12 : 
3 : 5), ascending. AmMe 1 : 1 = ammonia (58%) - 
methanol (l:l), ascending. EdBzF = ethylene di- 
chloride-benzene-formic acid-water (3 : 1 : 4 : 2), des- 
cending. 
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rates towards the cathode ( 6  cm. in 3.5 
hours). All other standards tested, including 
IP, NorlIP, Kor21P, 2-HO-IF, 2-HO-NorlTP 
and fl-HO-IP, remained at  the origin. From 
these data we conclucle that compound $2 is 
imipramine-N-oxide. 

Stability of I P S O .  Urine specimens from 
patients on imipramine therapy were ana- 
lyzed immediately after collection and again 
after storage for 7 days in the refrigerator. 
There were no indications of any change in 
the IPNO content. The IP and 2-HO-IP con- 
centrations also remained constant, which 
shows that TPNO does not arise spontanp- 
ously from these compotinds. When I P S 0  
was dissolved in normal urine and stored in 
the cold for 2 weeks, no qualitative or quanti- 
tative changes could be demonstrated. Re- 
frigerated solutions of IPNO standards which 
had been extracted into ethylene dichloride 
(see Experimental) remained stable for 2 
weeks or more. 

Urinary IPNO excrction values. The daily 
IPNO excretion values for 5 patients on imi- 
pramine medication are given in Table ITI. 
The patients excreted an average of 1.7y of 
the administered drug as the X-oxide. The 
excretion was independent of the drug dosage 
in the limited range indicated. 

Discussion. The imipramine metabolites 
isolated from human urine (Table I) exhibit 
ring hydroxylation, N-oxidation and mono- 
demethylation of the side chain. There was 
no evidence in this pilot study for the pres- 
ence of nor2imipramine, which has been re- 
ported in rabbit urine (2 ) .  Our failure to de- 

tect Nor,IP in human urine is probably due 
to the difference in species. However, it 
may be significant that the synthetic prepara- 
tion was unstable in solution. As a conse- 
quence, there is some question whether 
NorJP would be detected if present as a 
minor metabolite in urine. I t  may be noted 
for purposes of comparison that humans do 
not excrete chlorpromazine as norl- or nor?- 
chlorpromazine, but rather as the desmethyl 
sulfoxides( 5 ) .  

Summarjf . Imipramine-N-oxide ( IPNO) 
has been identified as a metabolite of imipra- 
mine. The product was isolated from human 
urine by solvent extraction and chromato- 
graphy. Its identity with authentic IPKO 
was established by their similarity in color 
reactions and electrophoretic behavior, and 
by paper chromatography and cochromato- 
praphy in 8 solvent systems. Approximately 
2 yi. of administered imipramine is voided as 
the N-oxide. 

\Vc are grateful to Dr. Paul Greengard (Geigy 
Pharmaceuticals) fcr providing us with the imipra- 
mine standards used herein, and for his continuing 
interest in this work. 
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