
THE REVERSIBILITY OF N-OXIDATION IN VW0 

THE FATE OF ‘~C-~-HYDROX~CHLORPHENT~RMINE AND 
I~~-N~TRO~HLORPHENTERMINE IN THE RAT’” 

A number of the metabolic transformations under- 
gone by foreign compounds irr tG1.o are potentially 
reversible reactions. Among Phase I reactions, the 
oxidation of propan-Z-o1 to acetone is reversible f 11% 
while the body possesses :t range of hydrulytic 

enzymes able to cleave conjugates of several types, 
including sulphates. glucuronides and N-acetyl con- 
jugates. The array of metabolites of some com- 
pounds found in the tissues and body fluids will thus 
reflect the balance of forward and reverse reactions 
where these latter can occur. 

In recent years, there has been much interest in 
the oxidative rn~t~~bolist~~ of nitrogen centres in for- 
eign compounds. The interrelationships of such 1% 
oxidized metabolites can be difficult to define, since 
these reactions are frequently reversible. Fuller Ed ul. 
121 have shown that iV-hydroxy-~-chloroampheta- 
mine is extensivelv rcduccd to -C-chltlroamphetarnine 
in the rat. and i’ho ct frl. 1-31 similarly report the 
reduction of both N-hydroxy-amphetnmine and 
-phenterminc in the rat to the rcspcctive parent 
amines. More recently, Sum and Cho 1-11 have char- 
acterized a microsomal reductase from rat liver which 
reduces ~-hydroxyptlel~tertni~le to phenterminc. 
Beckett and EManger I-i] have proposed a complex 
scheme for the ~i~et~~b~~lis~~~ of phentermine in rabbit 
liver which involves both the oxidation of the nitro- 
gen atom and subsequent reduction of the products. 

The N-oxidation of a primary amine may give rise 
variously to nitro and nitroso compounds. hydroxyl- 

amines. nitrones and nitruxides, but the extent to 
which these possible products are interconvertible 
itl tkzo has not been studied. This paper presents 
results of an investigation of the possible intercon- 
version in vivn of two of the N-oxidized metabohtes 
of chlorphentermine, namely N-h~droxychlorphen- 
termine and its nitro analogue, nrtrochlorphenter- 

mine Il-(il’-chictrophenyi)-l-mcthyi-2-nitl-opro- 
pane], in the rat. These studies were perform& using 
“C-lahelled material in order to examine the total 
fate of the compounds, and the rat was chosen since 
it does not appear to metabolize ~hlorplientertniile 
hv /V-~~xi~~ation [6] and thus any reduction which 
might occur would not be obscured by subsequent 
N-oxidation. 

Ct7nrpound.s. Chlorphentermine hydrochloride. 
mp 225”. was a gift from H. Lundbeck B Co., 
Copenhagen, Denmark. “‘C-Chlorphentermine 
h~~dro~h~oride, fabelled in the a-methyl groups and 
of specific activity 0.07 pCi/mg, mp 225”. was the gift 
of Warner-Lambert Research institute. Morris 
Plains. NJ. U.S.A., research affiliate of Warner- 
Chiicott Laboratories. iii-hydrox)ichiorphentertnin~ 
hydr~~chioride, mp 145.. and I-(1’-chloroph~r-r~i)-3- 
methyl-2-nitroprc~pane (nitroohlorpllent~rtlli~le). an 
oil. were samples synthesized previously in this lah- 
oratory [C,]. Purified beef liver P-gltfortronictasc 

(Ketodase) was purchastd from Clcncrnl Diagnos- 
tics, Eastleigh, fjants.. U.K. 
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Caldwell PI ai. f6j. Reverse isotope ~{iluti~~Il analysis 
for chlorphenternlii~e was performed ns described 

by Caldwell et (I(. [ct]. 
Chmmatogrq&v. The chromatogr~tphic proper- 

ties of ~hlorphentcrf~inc and related c(~rnp~~un~ts are 

shown in Table I. Portions of urine or bile, before 

and after treatment with /3-glucuronidase. sulphatase 
or acid hydrolysis as described by Cnldwcll E[ al. [(,I. 

containing lo’.-ll)i d.p.m.. wore uhromatogr;~phed 

on Silica gel hOF~~.i ~lturnini~lln backecf sheets, layer 

thickness 0.2 mm (E. Merck. D;lrmxt;idt, West 
Germany). 

Cont‘entrution of wimrr meM~olitt~ fiv dirormr- 

togruphy. Metaboiites pl-esent in urine were concen- 
trated by the use of columns of Ambcrlitc XAD-2 

resin as described by Caldwell 1’1 al. [hi, the concen- 

trated methanol eluntes being used for chromn- 

tography. 
Gns c~~~(~~~~u~~~~(~pl~~ (g.f.c. ). A P~~ck~lrd-,.~cck~s 

Mode1 417 gas chr(~rn~~ogr~ph lvith flame ionization 
detection was used. The column W;IS of ghss. I .2 m 
long x 3 mm i.d. packed with 3 per cent OV-I on 

Chromosorh G AW DMCS (8%100 mesh). The 

conditions used were injection port temperature 
200”. oven temperature 1X0”, cfetector temperature 

205”. N> air and t-i? pressures. X1. 2X and 30 lb/in’ 

respectively. flow rate of N, 30 mUmin. The retention 
times (min) in this system were: chlorpRer7tcr~~;~7~ 

7.0. ~~-iiydroxychiorphet~~ei mine triii~eth~lsil~f ethet 
8.0 and nitrochlorp17entct-minc -1.8. 

GUS chroM?ato~rtrph~-r,Itrss S[“i”‘OtFlC”l’~ (<<. (‘. - 

IKS. ). A Varian CW5 mass spectrometer (n1.s. ) wss 
used. coupled to a Varian Aer~)~r~~ph 1700 g.1.c. with 
a two-stage ~iern~~iin-W~~s(~li separator. The g.1.c. 
had ;I glass column. 2 tn long x 2 mm i.d.. packed 
with 1.5 per cent OV-I on C’hromosorb Ci AW- 
DMCS (80-100 mesh). The g.1.c. oven temperature 
wax 190”. the helium ttow rate 30 rn~/rnii~ and the 
electron energy 70 eV. all other conditions being as 



described by Caldwell ef al. (71. In this system. the 
retention times (min) were: chlor~~llentermin~. 1.9. 
nitrochl[~rphentermille~ 5.2 and ;C’-hycir-oxyuhlor- 
~~ent~r~lin~ triiTletll?~sii~l rthcr, 8.0. 

Proceduri~s for ~.~~~~fft~~~~~ uttd ~~~~li~t~~~l of tuirzrrq 
~~t~~?~~i~t~.~. Urine (5 ml) was treated with j3-glucu- 
ronidase as described by Caldwefl ~1 rzI. 161 and 
metabolites concentrated using XAD-2 columns. 
The methanol eluate was evaporated in a stream of 
IN?, the residue taken up in water (5 ml) and this 
treated as follows: 

R~ff~~f~ti~~~. Zn dust ( ItHI mg) and 2 VI lic’l (3 ml) 
were gadded and the suspension stirred at room temp. 
for 1 hr. after which it was adjusted to pki 1-I (10 M 

N&H). extracted with ether (15 ml), the etherevap- 
orated and the residue taken up in methanol ( 100 ,A) 
for examination by t.1.c. and g.1.c. 

O~~~~~ur~f~~~. To the above solution was added ace- 
tone (10 ml) and MgSCL (20 mg) and five portions 
of KMnO~ (21) mgf were added over I hr with stir- 
ring. After stirring at room temperature overnight. 
the mixture was filtered. 100 vol. I-ilO: added drop- 
wise to destroy excess KMnO,. the mixture tiltered 
and the acetone removed by rotary evaporation. The 
aqueous residue was extracted with CFIC13 f It) ml), 
this dried (anhyd. Na$33,), evaporated and the resi- 
due taken up in methanol ( IO0 pl) for examination 
by t.1.c. and g.t.c. 

N-ll~dro~vc~llov~~oI?Pnremline. Thin iayer chro- 
matograms of partialfy purified {XAD-1 resin) urine 
developed in solvent 1 showed on radi(~~hr~~~n~~to* 
gram scanning two ‘“C peaks with U, values 0.69 
(minor) and 0.25 (major). The peak at R, O.hY cor- 
responded with .~-hydr(~x~chlorphent~rmine, and 
gave a red colour with the tet~~~i~urn spray and a 
black colour with arnrn(~nj~~~a~ silver nitrate. On 
treatment of the urine with B-~luctirc~nicl~tse. but not 
sulphatase. the peak at R, 0.3. which gave a blue 
colour with naptltl7nresorcinol. ~iis~~~p~ilr~~i Bith a 
corl~[~mitant increase in that at R, 0.60, and the peak 
at R, 0.15 was thus assigned to ;l’-hydr,)Yychlttr- 
phenterminc plucuronide. Similar chromatoprams 
developed in solvent 2 showed “C peaks at R, 0.00 
(major) and 0.07 (minor), the former, which yive 
a positive reaction with nat.‘htharcsorcinol, drsap- 
pearing on /3-pli~curonidase treatment. and the latter 
having the COlOUl reactions of Ai- 
hydroxy~~~ior~~hent~r~~line. 

G.1.c. examination of extracts of urine prepared 
and derivatized as described rcvraled a peak with 
retention time 8.0 min. identical with that of authen- 
tic N-hydroxychlorphcntermine trimcthylsilyl ether 
and not present in blank estracts. G.c.--.m.s. of these 
extracts showed that the mass spectrum of the peak 
corresponding in retention time to h’-hydroxychlor- 
phentermine trimethylsilyl ether was identical with 
that of the authentic compound (Table 2). 

Treatment of urine with oxidizing or reducing 
agents as described converted the ~-hydroxychior- 
phentermin~ present to nitr(~chlor~hentermine and 
chlor~hentermine. respectively. as shown by com- 
parison of the t.1.c. and g.1.c. properties of the prod- 
ucts with those of~~uthentic samples. Reverse isotope 
dilution analysis for ~~i~)rpheriterm~ne was negative. 

$ II Extracted from urine after atltninisrr;ttion of 

nitrochlnrphenterminc. 
9 III Extracted from hilt after administration of 

nitro~hlorph~nternl~ne. 

Nitrochlarphent~m2inr. C~lrorn~~t~~~rapllic inves- 
tigation of urine from rats given nitrochlorphenter- 
mine showed the same picture described above for 
~-hydroxy~hlorphentermine. with two compounds 
present, ~-hydro~ychior~henterniine and its plucu- 
ronide. ~ie~nt~nst~~te~~ using the methods described 
above. Reverse isotope dilution analysis for chlor- 
phentertll~ne was negative. Similar analysis of bile 
showed the presence of one naptltharesorcinol-pos- 
itive peak, with R, 0.25 in solvent 1 and 0.00 in 
solvent 2, which dis~~ppe~~r~d upon tre~~tIT~elit with 
~-~lucLlron~d~~se, being replaced by a new peak of 
R, 0.69 and 0.07 in solvents 1 and 2. rcs~~e~t~v~~~, 
which corresponded in R, and colour reactions with 
~r-hydro~y~hi(~rj~hent~rmin~. The identity of the 
c~)rnp~~und resulting from ~-~lu~uroxii~i~~se tr~~~tinelit 
of bile was confirmed by g.1.c. and g.c.---tn.s. of its 

~ritnethylsii~l derivative, the m.s. of which is shown 

in Table 2. 

RESULTS 

Ehthnfion of “C. The pattern of elimination of 
“C by rats dosed with ‘%I-R;-hydroxychlorphenter- 
mine was very different from that after administra- 
tion of ‘“C-nitrochlorphentermine (see Tables 3 & 
4). With ~“h~droxy~hlor~hentermine. the urine was 
by far the most important route of elimination. with 

66 per cent of dose being excreted in h days, and 

small amounts of lJC were found in the faeces f3 per 
cent) and in the expired air as ‘“CO? (5 per cent). 
In the case of nitro~hiorphentermin~. however. the 
major route of excretion was as ‘“CO? in the expired 
air (50 per cent of dose in 2 days) with it fltrther ~1 
per cent in the urine and 1 per cent in the faeces 
over 4 days. 

~~et~b~~li~~?z qf N-hvdrsp~hl~~phrr~tc~~~~~it~~. ‘The 
metabolism of ‘~C-~-hydroxy~hlor~henter~nine is 
shown in Table 3. Two “C-l;tbrfled ~(~~npounds could 
be detected in the urine, free N-hl”droxychlorphen- 
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Iv-Hydroxychlorphenterminc free 
glucuronide 
total 

Nitrosochlorphcnterlninc 
Nitrclchlorphcntertnine 
Chlorphenterrninc 
Total metabolites 
?/c “C dose in (!-24 hr exreta 

4 (3.2-h 0) 

6 (1.2-7.7) 
I(1 (KS-13.2) 

il.& 
n.d. 

0 ((&O) 
IO (KS-13.7) 
IO (S.5-13.21 

n.d. 
71 (17-Z) 
2 (17-18) 

l1.d. 

n.d. 

0 (GO) 

23 ( 17-78) 
2’ (17-2X) 

This study has shown that after the administration 
of both N-hydroxychlorphentermine and nitrochlor- 
phentermine to rats. the urine contains free N- 
hydroxychlorphentermine and its plucuronide. dem- 
onstrated by comparison of t.i.c., g.1.c. and g.c.- 
m.s. properties with authentic material. and by 
oxidation and reduction studies. The presence of the 
glucuronide was sho\vn by specific enzyme hydrolysi\ 
of the major mctaholite to ;V-hydroxychlorpherlt~r- 
mine. A5 reported earlier in our study of chlor- 
phentermine metabolism [6]* /%plucuronidase lib- 
erated N-hydroxychlorphentermine fl-on1 its 
glucuronide quantitatively, and the results with this 
treatment were the same as for acid hydrolysis. Thih 

is at variance with the findings of Beckett and BeIan- 
ger [X] who have noted that more free h’-hydroxy- 
chl~)rph~ntermine was produced when urine was sub- 
jected to acid hydrolysis than when incubated with 
/3-glucuronidase. 

The principal route of metabolism of N-hydroxy- 
chlorphentermine was by conjugation of the free N- 
hydroxy group with glucuronic acid. No evidence 
was found for its oxidation to either nitroso- or nitro- 
chlorphentermine or for its reduction to chlorphen- 
termine. If cblorphentermine had been produced. 
it would have been expected to appear in the urine, 
since when given to rat> [6] it was excreted unchanged 
to a major extent. In addition. there was a small 
amount of “CO: excreted in the expired air, which 
presumably arose from oxidation of the two cY-methyl 
groups in the chlorphentermine side chain, and a 
very small amount of “C was elimatcd in the faeces. 
the nature of which was not investigated. 

By way of contrast. nitrochl~)r~~hctit~rmine was 
metab(~lized extensively alo~~g two pathways. reduc- 
tion of the nitro group and side chain oxidation. The 
only urinary me&Mites found were N-hydroxy- 
chlorphentermine and its glucuronide. so that the 
nitro group is only partially reduced iti \sit,o. Again 

neither chlorphentermine nor its other possible N- 
oxidation products were detected in the urine. The 
most important route of elimination of “C was as 
!‘COz in the expired air. arising from oxidation of 
the side chain a-methyl ~rou~,s.~Studi~s in bile duct 
cannulated rats showed that ,~-h~droxychl~lrphen- 
termine glucuronide was excreted in the bile to ;I 
considerable extent (~1. 22 per cant of dose) ivhich 

would be expected from its molecular weight (375.5) 
and amphipathic character, both of which would 
favour its biliary excretion in the rat 191. Since intact 
animals excreted only 1 per cent of the administered 
dose in the faeces. it appears that N-hydroxychlor- 
phentermine glucuronide may undergo entero- 
hepatic circulation in the rat. probably involving 
hydrolysis of the /3-glycosidic linkage by the gas- 
trointestinal ffora [IO]_ From data presented in Table 
4, it is suggested that the balance of “C is accounted 
for by the elimination of “CO:, which was not col- 
lected from bile-duct cannulated animals. 

It is clear from these investigations that neither 
of the N-oxidation products of chlorphentermine are 
reduced to chlorphentermine irz I+IQ. and that this 
N-oxidation process is not fully reversible. Nitro- 
chlorph~ntertnine does undergo a partial reduction 
to ~-hydr(~xychl(~rphenterRiilie. but is not excreted 
unchanged even though small amounts of this com- 
pound are found in the urine after administration of 
chlorphenterminc to rabbits and human volunteers 
161, Sum and Cho [4] have suggested that the inability 
of the rat to excrete N-hydroxychlorphentermine 
after chlorphentermine administration is due not to 
the absence of the appropriate N-oxidizing enzymes 
in that species but to the high hydroxylamine reduc- 
tase activity which it possesses. The present study 
presents strong evidence that this is not the case itz 
viw. and that the observed species differences in 
chlorphentermine N-‘-osld;rtion 16. 1 I] do not reflect 
real species differences in the activities of the N- 
oxidizing enzymes. 

The oxidatton of the side chain methvl groups of 
nitrochlorphentermine, which is also a minor metab- 
olic pathway of f~-hydr~~~ychl(?rphentermine. is a 
reaction of considerable interest. Possible interme- 
diates have not been identified. but it would seem 
likely that the nitrogen atom is lost prior to the 
oxidation. Three potential reaction sequences can 
be suggested. It is known that the denitration of 
nitroparaffins involves glutathione (12. 131 but in this 
case transformation products of S-alkyl glutathione 
are excreted in the urine ( 121 and this would therefore 
be expected to occur in the present case rather than 
subsequent oxidation of the arylalkyl moeity to give 
YO2. 

II’wo report\ have recently appeared suggesfing 
that some aliphatic nitrocompounds can undergo 
oxidative denitration by the hepatic microsomal 



enzymes, yieldmg a carboxyl corn~~~und and nitrate: 
this has been observed with I- and 3-nitropropane 
1141 and 2-nitro- i-phen~lpr[)~~lIl~ (the nitro analo?ue 

of amphetamine [ 151). Since nitrochlorphentern~~r~~ 
lacks a proton on the carbon u- to the nitro group. 

this route of metaL >lism would not yield a carbonyl 

compound. but could perhaps result in side chain 

oxidation yielding “CO:. 

It is to be assumed that in the reduction of nitro- 

chlorphentermine to corresponding hydroxylamine. 
the analogous nitroso compr)und is an obligatory 

intermediate. although this has not heen shown in 

the present irk t%w studv. Indeed. in a study of the 

reduction ofnitrophcnter.mine hy rabbit liver lO.OO(~ g 
supernatant. nitro~opher-itert-tline was detcctcd by 

g.1.c. analysis in addition to ,li-hl;drox~phentrrmine 
and phenttrmine itself (5). It has hecn estahiishcd 

that such nitroso compounds arc liable to autuxi- 

dation, particular in the presence of Cu”ions. and 

lose the nitroso group to give ;I dimcthylstyl cnc [ 161 

and if a similar oxidation were to occur in the body, 

the ~‘-chl(lrodimeth~lstvrenc so formed could he 

further oxidized to ~-chlorobenzaldeh~cle and ace- 
tone. It is known that acetone is extensively met& 

olizcd to CO2 /I ) and Gnce the w-methyl go-oups of 

I-ritrochlorphenterniinc wuuld be in the :tcrtone SO 
produced. this lll~ch~i[iisiii provides an ot-i&n for the 

‘“CCk liberated from this compound. 

It is worthy of note that when nitrosctpheliterniinf 
was administered to rahbit~, only IO per cent of the 

dose was rccovcred ;ts the sum of ail A”-oxidized 

metabolites and the parent amine It;]. r\en though 
when N-hydrox)rphenternline was given some 55 per 

cent was excreted. principally as the glucuronide of 

N-hydroxyphentermine. The discrepancy between 
the results with thew cc~mp~~~nds was attrlhuted to 

the greater lipid soluhility of the nitroso compound 
causing its retention in the tiysurs. However, in view 

of our tindings with the N-oxidized metnbolites of 

chlorphenterminc. it is conceis;tblc that nitrow- 
ph~ntermin~ undergoes Gdc chain oxi&tion. thus 

~~c~until~~ for the absence of ~i~t~~b(~lit~s retaining 

the nitrogen atom. 
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