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CHROM. 5286 

Determination of th& urinary levels of a new trichomonacidal 
main metabolites by gas-liquid chromatography 

agent and its 

In the course of investigations involving nitroimidazole derivatives with anti- 
protozoan activity1 9 2, r-(N-/3-ethylmorpholine)-5-nitroimidazole (Nitrimidazine*) 
was found to exhibit particularly good trichomonacidal activity both i?z vitro and igz 
vivo3~” ; moreover this compound proved to be highly active in human giardiasis, in- 
testinal and hepatic amebiasis. From work” dealing with the isolation and identifica- 
tion of urinary metabolites of I-(N-/?-ethylmorpholine)-5_nitroimidazole, it appears 
that when humans are treated with I-(N-P-ethylmorpholine)-g-nitroimidazole, in 
addition to the said product, two of its principal metabolites, namely I-(N-P-ethyl- 
3-osomorpholine)-g-nitroimidazole and I-(N-/3-ethylmorpholine-N-oxide)-5-nitroimi- 
dazole, occur in urine; their structures, as determined b-y- their IR and NMR spectra, 
are shown in Fig. I. In order to estimate the amount of I-(N-P-ethylmorpholine)-5- 
nitroimidazole excreted unchanged in the urine of human subjects treated with it and 
the amount of the two metabolites mentioned above, we developed a specific procedure 
for the extraction of these compounds and a method, based on GLC, for their quanti- 

Fig. I. Structures of r-(N-P-cthylnlorpholina)-5-nitroimiclnzolc and its nlain mctabolitcs prcsclit in 

human urine. 

Substances and abbveviatiom. Throughout this paper, I-(N-~-ethylmorpholine)- 
5-nitroimidazole, ~-(N-~-etl~yl-~-oxo~norpl~oline)-5-nitroimidazole and I-(N-p-ethyl- 
morpholine-N-oxide)-g-nitroimidazole will be designated I, II and III, respectively; 
they were synthesized by methods described in literature 29 5. All three-products yielded 
a single spot in TLC on silica gel; the Rp values of I and II are 0.32 and 0.12, respec- 
tively, using benzene-acetone-diethylamine (170 : 20 : IO) as solvent system ; the Xp 
of III is 0.52 using +propanoL-ammoni.a (32 %) (190: IO) as solvent system. The 
detection of the chromatographic spots was effected by visualisation under UV light 
(254 m,u) and by reduction with titanous chloride followed by diazotization with amyl 
nitrite and coupling with N-(I-naphthyl)-ethylenediamine, The titer of the three sub- 

* Proprietary nainc : Nwcogin (Carlo Erba S.p.A. Milnn, Italy). 

J. Chrotrtnlogr., 57 (tg7I) -( 17-123 



41s NOTES 

stances (potentiometric titration with HClO, in nitroethane) was IOO y. for I and 11, 
and 99.4 “/” for III. 4-Hydroxydiphenyl (4-OH-DP) and cholesteryl acetate (CHOL- 
AC) used as internal standards for quantitation in the GLC determinations were ob- 
tained from Carlo Erba S.p.A. .and B.D.H. Italia S.p.A., respectively, and required no 
further purification. All other solvents and reagents were Carlo Erba R.S. 

Partition coeficients. Since the most effective solvent for the extraction of I and 
II from aqueous solutions was found to be CH,Cl,, we determined the variation of the 
partition coefficients of the said substances between CH,Cl, and aqueous buffers, as a 
function of the pH of the latter. To this end the two phases were mutually saturated 
before the partition ‘experiment; then the substances under study were dissolved in a 
suitable volume of the aqueous phase which was shaken for 12 h with the organic 
solvent; lastly the two phases were left to separate overnight. The whole procedure 
was carried out at 25 -& 2O. The initial concentration of the substances in the aqueous 
phase and their concentration in the same phase after partition were determined spec- 
trophotometrically. .The partition procedure was also carried out with III, which is 
much more water-soluble than the other two compounds. Fig. 2 shows the percentages 
(averages of three determinations) of I, II and III extracted by the organic solvent as 
calculated from their partition coefficients. 
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Fig. 2. Partition of r-(N-/3-cthylmorpholine)-s-nitroimiclazolc (I), r-(N-fl-ethyl-3-osomorpholinc)- 
g-nitroimidazolc (II) and x-(N-~-ethylmorpholine-N-oxide)-~-nitroi~~~icl:c~olo (1X1) betwecn aqueous 
buffers and CH,Cl, VS. pH of the buffers. 

Extmction,ihroced,ure. From the data shown in Fig. 2 it is apparent that the most con- 
venient pH, range of the aqueous solution for the estraction of I lies between 4 and IO 
and that this compound cannot be extracted by CH,Cl, from aqueous solutions at 
pH’s near I. Furthermore the same,data show that II is easily extracted by the or- 
ganic solvent over the whole pH range examined while III cannot be extracted from 
the aqueous solution at any of the pH values taken into consideration. For this last 
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reason, we sought a reaction by which the N-,oside group of III could be selectively 
reduced and, consequently, III transformed into I. On the other hand, all reducing 
agents currently used to de-osidize N-oxides in aqueous solutions (for example, TiCl,), 
in addition to the desired reaction, also reduce to a variable degree the nitro group at, 
position 5 in the imiclazole ring of III. The only reagent, among those tested, which 
carries out the de-osidation without side reactions was found to be Na,S,O, in an 
acidic medium (pH = 1-1.5) ; under these conditions, both in aqueous solutions and 
in urine, the N-oxide group is reduced quantitatively within 15 min at room tempera- 
ture and III is converted to I. lkrthermore, TLC confirms that this treatment does 
not cause any other transformation in the structure of III. On the basis of the findings 
reported above, we found that the procedures described in the following paragraphs 
afford effective extraction of I, II and III from urine, yielding extracts that are free 
from interference when subjected to GLC. 

Extrnctio?t of I and II. From a xc) ml sample of urine, adjusted to p1-T I (con- 

trolled by pH meter) with 2 N hydrochloric acid, II is extracted for 15 min by me- 
chanical shaking with two 40 ml portions of CH,Cl,. While the residual aqueous phase 
is set aside for the subsequent estraction of I, the combined CH,Cl, extracts are 
washed with 0.1 N sodium hydroside (2 x 4 ml) and distilled water (2 x 4 ml), then 
evaporated to dryness under a stream of nitrogen. The residue is redissolved wit11 
0.2 ml of a solution containing I mg of CHOL-AC per ml of CH,Cl,: a suitable aliquot 
of the solution thus obtained is submitted to GLC for the determination of II. 

For the &~iractioii?%‘lY~ 5 ml of the r&XiiZ Ziijiiebus phke (set aside from ab?iEJ- 
is brought to pH 8-9 with 2 N sodium hydroside and extracted for 15 min by me- 
chanical shaking with two 20 ml portions of CH,Cl,; the combined organic extracts are 
washed with distilled water (2 x 2 ml) and evaporated to dryness under a stream of 
nitrogen. The residue is redissolved with 0.2 ml of a solution containing 0.25 mg of 
4-OH-DP per ml of CH,Cl 2: a suitable aliquot of the solution thus obtained is sub- 

10 ii11 urine (contg. I, I I, I II) acitliliccl ‘to pI-I 1 with 3 Ar I-ICI 

cstnrctcd with’2 X 40 ml CT-I&l, 

r----.-A! aqucoussc (conth!. I III) 5 1111 orgmic phase (coutg. ‘II) .- 
I ’ 

: . 
I 

wnsl~ecl with 2 x 4 ml 0.1 LV NaOH illnclc alkaline with 2 ml 2 .iir NaOI-I 
I I 

w~~shecl with 2 x 4 ml I-I,0 cstmctecl with 2 x 20 nil Cl-I&I, - 
I I 

ac~ucous phase 

organic phase : to clryncss organic phase (contg. 1) 
(contg. III) 

I 
I I discarded 

rcsiclue: 0.2 1111 soln. CI-tOL-A-\C aLlclccl ~vasliccl with 2 x 2 ml H,O 
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GLC cl&n. of tl orgalric phase : to dryness 
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residue: 0.2 ml soln. 4-OI-T-DP added 

I 
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Fig. 3. Scheme for the extraction of r-(N-P-cthylmorp~zolinc)-5_nitroimi~~~ole (I) a.nd I-(N-/?-ctl~yl- 
3-osomorpholine)-g-nitroiniiclazole (II) present in urine also containing I-(N-p-etl~ylmor~~l~oli~~e- 
N-osicle)-5-nitroimiclmolc (III). CHOL-AC = cllolestcryl iKctntC I mg/rnl CH,C.I,. 4-OH-DP = 
f-l~~~tlro~yclipl~ctlyl 0.25 nqg/nil CH,C12. 
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knitted to GLC for the determination of I..The details of the operations described in . . 

,this paragraph are summarized in the scheme reported in Fig. 3, 
Extraction of III. A IO ml sample of uti,ne is freed of I and II by extraction with two ,: . 

x0 ml urine (contg. I, II, III) 
I 

extracted with 2 x 20 ml CHzCl, 
I 

aqueous phase (contg. III) : 5 ml 
I 

aciclified to pH 1-1.5 with I lV HCl 
I 

organic phase (contg. I, II) 
I 

discarded . . 

25 mg, NazS z0‘ added 
I .’ _.- ..,.. . . .._, -.. . . . _.._” ..,.. . . .., ,._ . .__._....._ -_.._.-- 

after 15 min : made alkaline to pII S-g with I N NnOH . 
I 

extracted with 2 x +to ml CIIsCl, 
,’ I 
organic phase, (contg. I from III) 

I 
‘washed with 2 x 2 ml H,d 

I 

-_ aqueous phase . 
I 

cliscardcd 

organic phase: td dryness 
I 

. . . . .I... .,. . . ..a 

residue,; 0.2 ml soln. 4-OH-DP added 
‘, I 

GLC detn. of I from III . :. 

.Fig. 4. Scheme. for the extraction..of .~:(N-~-ethy~morpholine.-.M.crxicle}~~-nitro~~I~~ 
,ent in urine also containing I-(N-/3-ethylmorpholine)-g-nitroimiclazole (1) ancl I-(N-,9-ethyl-3-oxo- 
mdrpholinc) -g-nitroimidazole (II). 4-OH-DP = 4-hydroxydiphcnyl 0.25 mg/ml CM&l,. 

_J -- 
4 6 . .._..a .__._,, 

min mln 

.Fig. 5. Gas chromatogram of standard I-(N-JJ’-cthylmorpholine)~5-nitroimiclazolc (I) on a 2 m glass 
column packed with 0.6 o/0 CHDMS on Gas-Chrom I? (100-120). Column temperature, 200~; carrier 
gas (N,) flow rate, 60 ,ml/min; chart speed, 0.5 in./min. Peaks: I = I-(N-,9-ethylmorpholinc)-5- 

.nitrbimidazole’; IS = internal standard (4-hydroxydiphenyl). 

Fig: 6. Gas chromatogram of standard ‘r-(N-/?-ethyl-3-oxomorplioline)-5-nitroimidazole (II) on a 
2 m glass column packed with 0.6 o/0 CHDMS on Gas-Ch.rom I? (100-120). Column temperature, 

’ 240°; carrier gas (Np) flow rate, 60 ml/mix-i’; chart speed, 0.5 in./min. Pealcs: II = I-(N-p-ethyl- 
3-oxomorpholine)-5-nitroimiclazole; IS = intdrnal standard (cholesteryl acetate). 
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20 ml portions of CH,Cl,; 5 ml of the residual aqueous phase (now containing only III) 
are adjusted to pH 1-1.5 (controlled by pH meter) with I' N hydrochloric acid, and 
submitted to reduction by addition of 25 mg of Na,S,O,; after 15 min, the amount of 
I obtained by de-osydation of III is estracted from the aqueous phase (after adjusting 
to pH S-g with I N sodium hydroside) following the steps described above for the 
estraction of I. The details of the operations described in this paragraph are summa- 
rized in the scheme reported in Fig. 4. 

Gns-lz’qztia c/tronznlo~~~~lzy. The instrument employed in this investigation was 
a Carlo Erba model G.V. equipped with flame ionization detector (Hz = 35 ml/min, 

. air = 400 ml/min). A U-shaped glass column (length 2 m, I.D. 4 mm) packed with 
I. . . . . .-.-_ ._ . . . . .._ ._.-__ %Y6-~~~CHDRiIS’Zi kid washed sikZzeci_Ioo-x20 mesJl”Gas-Chroni 1’ was used ;‘coatitig 

of the support was effected by the filtration teclmique. Nitrogen was used as carrier 
gas. In the determination of I the temperatures were as follows: column 2oo", injector 
port 230°, detector 240’; in the determination of II the temperatures of the column, 
injector port and detector were 240, 260 and.2So” respectively; in both cases the carrier 
gas flow rate was 60 ml/min. 

Qzcn~zt~tnth~e evnlzcnlio~z. The area of the chrornatograpliic peaks was calculated by 
multiplying the peak height by the width of the peak at half its height. Quantitative 
evaluations were macle (as stated above) with reference to the area of internal stan- 
dards consisting of 4-OH-DP at a concentration of 0.~5 mg/ml CH,Cl, in the determi- 

:..natio.~._of_. 1 ..zm<l of.XIlL-AC at a concentration of I mglml CH,Cl, in the determina- . ..- __I .- ,.... _ . . .___,....., .._.^..._. a... .,.., .__.., .*,a.. a...__ ._ -a....--w.. . ..a 
tion of II. Under the GLC working conditions specified above, the retention times of 
the test substances and internal standards are as follows: I = S min; II = G min 20 set; 
.4-OH-DP = 5 min 40 set; CHOL-AC = IO min 40 set (Figs. 5 and 0). 

Cnlz’bmhh~t CWVCS. Figs. 7 and S show the calibration curves for I and II. In both 

pg injected 
0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.1 

pg injected 

Fig. 7. Calibration curve for I-(i\T-P-ctl~ylmorpl~oliiic)-5-nitroi1l7iclnzoIc (I), 

Fig. s. Cnlibrntion Curve for 1-(~-~-eth~~~-3-oson~or}Jholine)-~-iiitroilnirlazo~c (11). 
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Pig. g. Gas chromatogram of the urinary extract of a hunlan subject treated with 500 mg of I-(N-p 
ethylmorpholine)-5-nitroimidnzole (I). Injection equivalent to 1/5oooth of the o-48 h urine after 
treatment. Peaks: I = r-(N-/_?-cthylmorpholine)-5-nitroimiclazole; IS = internal stanclarcl (4-hy- 
droxycliphenyl). Same conditions as Fig. 5. 

Fig. IO. Gas chrbmsto~ram of the urinary extract of a human subject treated with 500 mg bf 
I-(N-,&thylmorpholine)-s-nitroimiclazole (Ij. Injection equivalent to 1/5oocoth of the 0-4s h 
urine after treatment. Peaks: II = 1-(N-~-ethyl-3-oxomorpholine)-5-nitroimid~~~olc; IS = internal 
standard (cholesteryl acetate). Same conditions as Pig. G. 

NOTES 

TABLE I 

REPLICATE DETIZRMINATIONS AND RPCOV1~IZIIZS OF I-(N-~-~TI-~YL~I~I~P~-IOLINIS)-~-SITI~OI~~IL)A%OL~~: (I) 
FROM URINE 

pg of I added pg of 1 fowad Meait o/o recovwy 

to x0 8111 arvi~ze itt 4eplicatc dete~v~rri,zntz’o~as & standard dtwiatiou 

201.25 162.0; 153.2; 155.1 77.9 2.3 
100.62 77.1; 82~5: 77.4 78.6 3.0 
50.31 ; 

:2:: ; 
3G*Q; 39*9 76.9 3.3 

20.12 1$?J; 14UG 77.1 4.3 
Overall mean “/o recovery f standard deviation = 77.6 & 3,3 

--- -------.-- . . 

TABLE 11 

REPLICATE Dl%TERMINATIONS AND 1tIZCOVEI~Il3S OF I-(~-~-~TH~~L-~-osonroI~I~l~~oLI~~)-~-NrTI~OInII- 

DAZOLE (II) PROM URIN& 

2Of .oo 148.2; 145,G; 1~7~4 73.2 0.7 
100.50 70-G; 75.4; 77*4 74.1 3.5 
50.25 37.1; 3705; 36.8 73.9 o-7 
20. IO 15.2; 15.3: x4,0 73.7 3.6 

Overall mean (yO recovery f standard deviation = 73.7 & 2.5 
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r<I3I’LICA’rE I~&TISI~~IINATIONS AND IZEcOVI1RIES OF I-(N-~-u~rr~rYl~~Ionl~HoLl~IL-N-OSII~IS)-~-SI’~IZO- 

IivlIDA%OLIS (III) FROM URINE 

ZOO.62 I_+.+; 154.1 ; 143.0 73.7 2.9 
100.3 1 74.1; 71.1; 71.9 72. I 1.G 

so* 15 3-t.7: 35.8; 37.3 71.6 2.6 
20.06 14.6; 14.5; 14.5) 73.2 1.1 

Overall mmn I!/0 re.mwxy f stnnclarcl clcvi;Ltion = 72.7 & 2. T 

cases we obtained a linear plot over the range 0.125 to 2 pg passing through the origin. 
Rccovevz’es. In order to determine the recoveries of I, II and III from urine samples, 

we addecl increasing amounts of these substances to IO ml samples of urine from an 
untreated subject; we then submitted these samples to replicate determinations of 
the substances uncler study following the procedures summarized in the schemes 
reported in Figs. 3 and 4. The recoveries are shown in Tables I-III; 

Results 
Figs. g and IO show the chrornatograms reiative to the determination of I and II 

in the urine of a subject treated with 500 mg of I ; the chromatogram relative to the 
determination of III is quite similar to that obtained in the determination of I. By sub- 
mitting the urine of four human subjects treated with 500 mg of I to the procedures 
described in this paper, we found that the average per cent quantity of I, II and III 
excreted into the urine during 48 11 after administration, relative to the amount ad- 
ministered, are 1.23, 9.02 and 24.57 o/o, respectively. 
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