
The separation of I ,2-dimethylhydrazine, zzamethane, azaxymethane, meth- 
ylazoxyme+;lanal, methylazoxy~ethano~ acetate, formaldehyde and methanol by 
high-pressure liquid chromatography an columns of C1,jCarasiI, ,..uBandzpak CIS 
and Aminex A-27 is described. The separations are highly reproducible and rapid 
and mzy be used for kinetic studies. An example of an application of these methods 
to the analysis of metabolites in rat urine derived from [L’C&I,2-dimethyihydrtine is 
reported. 

ENTRODUCTION 

As an essential parr: of our attempts to ciarify the metabolism and mechanism 
of action of I,2_0imethylhydrulne (L,ZDMK), a highly potent and specitic colon 
carcinogen in vsrrious rodent speciesl, we have devoted considerable effort towards 
devezaping suitable methods for the separation and detection of its metabatic prad- 
ucts. fn a previous communication? we have described an efficient thin-layer chro- 
matagrzphic merhad far the separation of E,2-DMH from hydr&ne, manamethyl- 
hydrazine and I, I-dimethylhydrzzine, compounds which are frequently encountered 
zs con’amninating by-products during the synthesis of E,2-DMH. fn +&e present report, 
we describe methods utilizing high-pressure liquid chromatography (KPLC) to e!??ect 
separations of 1,2-DMK from azomethane (CK3--X=N-CK,; AM), azoxymethane 
(CH3-N=N-CH,; AOM), methyIazoxymethznoI (CK3-N=N-CH,OK; MAM), 
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formaldehyde and methanof, compounds which have bceen postufatedl*’ as inter- 

mediates HIT the metabolic activation of I,2-DMK. 

[1”Qfarmaldehyde and [f4C]-methanof were obtained from 
(Boston, Mass., U.S.A.). AOM and methylazoxymethanof 
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acetate (MAhfOAc) were Gb’aitined from -MicrGbioIGgica~ Assoc. (Bethesda, &Id., 
U.S.A.) through t&e courtesy of Dr. E. Weisburger, Carcinogenesis PrG,srams, Na- 
tional C2SBXi InsthEe (BesfIesda, Md., U.S.A.). MAM was prepared by the enzy- 
matic hydrolysis of MAMOAc at pH 7.4 (Fig. I) rtsing prrrifred hog liver esftrase 
(Type 11, Sigma, St. Louis, MG., U.S.A.). Since MAM is unstabIe (Fig. 2), decomposing 
spontaneozrsly into products, including formaldehyde, nitrogen and methanoIS, this 
compound was kept at 0' 2nd used within about 2 h of its preparation. AM was 
prepared by the oxidation of %,2-DF&E with sodium chmom2te5_ Because ofits vola- 

t&y (b.p. Y) and t i s toxic and explosive propekes, A-M was not isolated brat rather 
prepared as a solution by bubbling nitrogen through tie reaction mixture arLd cof- 
letting the gas in ethanol cooled to -70”. 
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Fig. i. Pxp.x~tion of _MAM from MA_MOAc by enzymatic hydro!ysis. 7CQ.mxoIes of MAkfOAc in 
1 mi of 0.1 M po’~sic_m phosphate b *&?eer fpH 7.4) was kcubated with .Za ~1 of a sus~nsion of co=- 
nxrcia! porcke iiver esterax at 37”. Aliquots (5.ui) were %&err periodic&y and as_wyed using a 
C~&or=_sii column (see Fig. 3). Rdative amoums of MAM and MAMOAc were determixd by 
xixasui-ing the area under the respective pe&s obtzked from 2 recordin, = of absorbance at 217 m-n. 
Emyze protein in the samp!e a pplied to the c&umr: did not iarerfere with the assay sixe it eIuted 
in the void voiume. ah~d of MAM. 

Fig. 2. Stab%% of MAN at pH 7.4 at 37” _ 2O~moles MAM, prepared by the enzymatic hydrolysis 
of MAMOAc and purified by HPLC en C,&orasiI. was incubated at 37” in I nE of 0.1 M potassium 
phosphate bfier (pH 7-G}). Aliquots were t&en petiodical~y zw.2 assayed. on Czs/Co_czsii as In Fig. 1. 

A Waters Assoc. HPLC system equipped witb Model 6OOfj pumps and a Model 
U6K sample Ioop injector was used in conjunction witb a Schoeffel Model SF 770 
dual-beam variable-wavelength few analyzer. C,,/Com_siT (37-50 pm; Waters 
Assoc., MiXord, Mass., U.S.A.) was dry packed wi’th mechanical vibration in t/S x 
36 in. stainless-steer columns. ,uBoodapak crs cGlumBs (4 mm x 30 cm) were Gb- 
tained prepacked from Waters -4ssoc. Amine~ A-27 (Bio-Rad Labs., Richmond, Calif., 
U.S_A.), 2 polystyrene-&vinyl benzene strong anion-exchange resin (parti& size 13.5 
,um) was packed in 2 3/S x 24 in. stainfess-steel column rrsing the slurry me&ad, and 
converted to the acetrite form prior to rrse. Afl aqueous eluents were filtered through 
2 MiIlipore 0.45 p m f&r. FBondapak CL6 and C,,/CGrasil columns were stored under 
2cetonittiIe or metifianof when not in us2 to r2tard deteriorarion. 
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RE!XJLls Ah?3 DISCUSSION 

Separation of MAM, AOM, AM and MAMQAc was efktiue GEL both C,,/ 
Cora.9 and .uBondapak CIg using either water or l:< ethanof as efuent (Figs. 3 and 
4)_ A-l-O/, ethurol sofrrtion in water was used routinely, however, since it decreased 
trailing of MAMOAc. With either eluent, I,ZDrvlE was strongly retained on both 
columns and co&d be eluted O&J; when the pH of the eltient was towered, e.g., with 
the use of 0.05 iti acetic acid which apparently suppresses dissociation of residual, 
non-substituted siianol groups on the Corasif and pEondapak sifica matrix, or, 
afternate&, when the pH was increased as with the use of I % ammonium arbonate, 
to decrease the ionization of I,%DMH @I&’ = 7.52; ref. 6). Thus both types of 
cotumns evidently function not only by partition in the reverse-phase mode? but 2Iso 

by virtue of ion exchange. Separations of the azo and azoxy compoitnds obtained 
with pEondapak Clg were superior to those obtained with CIB,Korasil. Thus, for ex- 

1% ethanol to 20 ml --++ D.35M acetIc cc16 i I 

ELLJTION VOLUME, ml 

Fig. 3. Resofutioon ofa test m&we of [‘“C]-Z ,2-DMK and probable metabolitcs cm CL8/Corasil. Two 
218 x 35 io. coiumns connected in series \\ere eluted with 1% ethznof (I mljmin) for the first 20 ml 
to eiute the first four compounds. After 20 mt the elrrent was changed to 0.05 &f acetic acid to elute 
~C&I,%D_Mf-E. Radioactivity uas detected in co&c&d I-ml fractions by liquid scintiliometry. Azo 
and azo~y compolrnds were detected by monitoring the efZiuent at 205 nm. Pressure, 1200 p.s.i. 

Fig_ 4 R&of&ion of 9 test mixture of probable L,Z-DMH me’abolites on ,&ondaapak GE_ Two 
&&~1dap2k c&mms, each 4 mm x 30 cm, connected in series, were efuted isocratically with I 7: 
e&anof at a mte of I mI;miz_ Absorbency of the efi%uent was monitored at 205 nm Eoselrts show the 
elution votmzes of [ L4C&formaIdehyde an4 F’Cj-methanol which were run separafely. Pressure, 
2003 p.s.i. 



Eirr,ple, fGr AUM, the number of theoretica! plates wils found to be 330 per m OIZ CT& 
Ccrasil and iZ~pFGXki&,_& EZ,m per m GIE @oizdapak Cl,. T&e hi& e&iency of 
‘rL%XK!qXk C,, pa&ted Sep.z&ons such aS those of formaldehyde and methanoI 
(Fig. 41, not possible 06 C&3rasiI. 

For some pmposes, the characteristic stmng retention of I,2-CMIl by Crs/ 
Ccrzsll and @Qmdap~.k C,S proved to be a disadvan’age. fn part&&r with samples 
containing C’“Cf- I ,2-DM H comiderable traifln g of [1fCj-E,2-DMK resulted (Fig. 3) 
wit5. both 0.05 Ivf acedc acid and I % anmonium carbonate elutiion. The extensive 
eh&on of the columns necesszy for the compkte r2ccouery of [“C]-1,%D?&H in- 

cre2sed the time requited for a sep aration. Moreover: 2 further wahing of the colnmn 
w%:h the initial solvent, i o/o ethaL 301, svas necessap in order 03 remove the acetic acid 
or amnaniunz carbonate ptior to the application of the zr=xt sanzpfe. 

In a search for 2 cc&mm p&&g which WX_& not exhibit these undesirable 
characteristics, we observed that _40M and MAM0_4c were adsorbed, In aqueous 
solution, to polystyrene type resins (e.g., Amber&e XAD-3; Rohm & Haas, PhiIadet- 
phia, Pa., U.S.A.). T&s su~ested that a polystyrene anion-exchange resin would 
serve well In this appfic2tion sine= -, at pH below neutrality, protonated I,ZDMK 
worrld elute early due to ioil excfulion while the am 2nd azoxy compounds would be 
retained. ?-his expectation was borne out; a separation of I,tDMR, fumzIdehyde, 
M-4%%, AOM, AM and MAMOAc on a cohmn of&ninex A-27 (acetate form) elated 
wi:h O&l M sodium acetare (pH 5.6) is Shown in Fig. 5. Whife methanol was not 
separated fFQm form~dehyde, adequate separztion of the 2zo and azoxy CUIRpGUndS 
14th 2 full recovery OF [W]-J,2-D_MH was obtained. For reproducibfe etution vol- 

~1ntes, especially of the late &utiog MfAMOAc, close temperature control of the Ami- 
nes A-27 co!umn w2.s found to be necessary. This was achieved by ckcrrtating wzrter 

at 24.5” iq _ s &ss jacket surrGundin,o the colcrmn. 
An zpplitition of the Aminex A-27 column to the detection and separation 

of utinary metzboiites detived from [“Cj-1,2-DMH is shown in Fig. 6. Tt shoutd be 

IO 20 3G CO 50 t?O BG 100 

ELUTION VOLUME, i7, 
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Fig. 6. Elution proBe of [zTj-Iabekxl urinary metabolites derived from [“Cj-i,ZDhiH. A 10+x1 
tie sanp[e freshly CoIIected frxn a male nt injeccted 2 h previously with IO&i of [‘“C]-I,Zf3MH 
~subcukxr~eo~~~~ tot& dose 200 mg per kg body weight) w;is 2ppiied to .m Aruinex A--27 column and 
eflrted w&h 0.01 Msodium acetite (pH 5.6) as in Fig 5. f-ml fractions were coltected end radioactivity 
detaxrGm& by i&id scintilIom&y. 1 = I._ 7-DMK: 2 = MAM; 3 = A0M: 4 = AM. 

noted that up to about six consecutive LOO-,ul samples of urine could be run without: 
noticeable degradation of performance of this coIumn. After six fws, the column was 
regenerated ovekght using 4 84 sodium acetate @E-E 5.6) usuaHy at a low Bow-rzte 
(fx f-O.2 m&x&). 

The HPLC methods described are currently being used for the zr~alysis of 
physioIogicaI fluids and tissue extracts of atim& treated with 1,ZDMM as weEI as 
to zssay for enzymes c~tiyting the activation and detwifxation reactions of this 
powerful carcinogeen. 
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