
DETER_MINATION OF TRIMETHYLSELYL METHYLATED NUCLEIC ACED 
BASES IN URIPJJ BY GAS-LIQUID CHROMATOGRAPHY* 

A method for the determinatron of the urinary excretion felef of methylated 
nucleic acid bses by gas-Iiquid chromatogr&~y (GLC) has been developed. A clean- 
up procedarF prior to GLC analysis consisted of hydrolysis, filtration, charcoal ad- 
sorption, and anion exchange. Studies to determine optimum derivafizatron condi- 

tions for conversiorr of the methylated bases to their trimethykilyl derivatives and to 
evaluate CC&C parameters and calumns to obtain the best separation were conducted. 
Application afthe method was shown by determinmg the excretion levels afmethylated 
bases in urine of normal controls artd of patients w&h various types of malignancy. 

Biomedi& interest in the methylated nucleic add bases has been stimukited 
by reports of efevated levels of the methylated bases in ma&nant tumors’-9, com- 
pared with nom& control tissues 1-2*4.5*16. These methylated bases, which are found 
as minor constituents of transfer ribonucleic acrd (tRNA)L1-15 and to a lesser extent 
in riboso_maJ. RNAL6, resuit from tie modificztion of tRNA by specific tRNA 
methy&es at i2ie enzymatrc levet Li-2u AbnornxBy hioJz feuek of tRNA methyiase _ 
zictivity has been noted by Borekf2 in studies of thirty different maiignant h.EMOrS 

compared with their corresponding normaf tissues. 

Althaugh methylated nucleic acid bases have been shown to be normal excre- 
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tion products in human urir~e as a resuit of the metabofic degradation of tRNA”, 
Boretiz noted elevated excretion levels for meth>Iared bases by patients with 
ma!iEnant tumors. Weissmann er oL9, Adams et &.‘, Fink et af_**“, and Park et Q[.'~, 
fia~e*skown that increzs& merhqtated base excretron occurs in patients with acute 
leukemia. 

To establish of a relationship between the Zevets of methylated bases in urine 
ai;d neoplastic growth etists and to deter&Se if the measurement of these com- 
pounds might serve as either a diagnostic nlethod or for momtoting the effects of 
tre;tmen& an accurate, sensitive, and comenient method of ar;a&ssis is necessary. 
Methods for the analysis of methylated bases in urine have been developed by 
W&ssmann ef al.‘;, Xdms ef ai.‘. and by Fink ei aL5 and consist of ionexchange 
chromatography for sample cleanup, paper chromatography for separation. and 
uIt_=avrolet (UV) spectroscopy for detection. A number of rnethylated bases in normaE 
and cancer-patient urine have been detected and semr-quantlratively acalyzed using 
these methods: however, these procedures iacked spectficity and seensitisity, acd were 
too time consummg for extensite cf:nicai studies. High-pressure anion-exchange 
chromatography has beex used by Waa2kes et aL” for the analysis of minor nucieosides 
and bases in unne and gale quantitative results, bzt the method does not fend itself 
to the frequent rapid analyses for dir;ical studres. 

Gas-liquid chromatographic (GLC) methods for the an&is% of the major 
nucleic acid bases have been reported by Lakmgs and Gehrke3*“, and the anatysis 

of minor nucleosides by GLC has beert developed by Chang et a!.". GLC. because 
of its sensitrvity, specificity, and speed of ana/qsis. presents 2 quantitative arralytical 
tool with the abrtitqr of raprd, frequent analyses necessary for a study of the excretion 
le\ds of the merhylated bases in urine. This investigation describes the development 
of such a procedure 

X Model 402 biochemical gas chromatograph (F & M. Division of Kewfett- 
Packard, Avon&it?, Pa_, U.S.A.) equipped with duai electrometers, dual hydrogen 
Same detectors. and an Electronix 16 dual pen strip chart recorder was used In this 
study. 

For elevated temperature reactions, c ? sand-bath with a varrable temperature 
control (&ZO) was used. 

Standard calibr~ttioz~ SointioEs of the methygated bases, prepared from stock 
solutions, and samples were dried on a hot @ate (75”) under a stream of pure niuogen 
gas. 

Gfass iori-exchange cchrins (fzsher and Pozer, Warminster, Pa., U_S_A.) 
used for sample cleanup were 5 x 150 mm with a 50-ml reservoir, 9 x 150 mm. and 
IS x 250mm. 

The methytated purine and pyrimidlne bases <M&3) were obtained from Cycle 
fI.os Angeles. Cal%., U.S.A.): f -methykdenime ( I-hGAde& %x~eth> Iadenfne @- 



MeAde), I-methylhypoxanthinee (L-MeHypo). hf-.W-dimethyIguanine (?Y’,W-DiMe- 
Gus), W-~~~ethylguanine (NWfeGua), I-meth>lguanine (I-rtZeGua), and 7-methyi- 
guaniae (‘T-MeGua): from Mann Research Labs. (New York, NY., U.S.A.~ : thymine 
(Thy), 5methyQtosine (5_MeCy’), N6,~s-dimeEhyIadenine (W,W-Di&%eAde), and 
W-methyfadenine (W-MeAde); and from Sigma (St. Lorris, Mo_ U.S.A.): W-(Y- 
isopentenyl)adenine (IV-Lf’-IsoAde). Bis(trimethylsiIyl)triRuoroacetamide (BSTFA) 
was purchased from Regis (Chicago, Itl., U.S.A.) in PTFE-lmed screw-cap via!s. 
Acetonitrile arrd dichloroethane Here of ‘%anograde’^ puriEy and were purchased 
from Malfictckrodt (St. Louis. MO., U.S.A.) as wefe formic acid, acetic acid, and 

pyridine. Tire charcoal (LX-100 mesh. Cat. No. 926043) was obtamed from Regis. The 
AG I X 2 ai%on-exchange resin was purchased from Bio-Rad Labs. (Richmond. Calif., 
U.S.A.) The water i\Tas prepared by passing distrfled water through a water 
deminerafizer (Ion Exchange Products, Ch;cags, 111.. U.S.A.). The other reageeats and 
materials used were of the hrghest purity avadabIe. 

The chromatographic cofumn and instrumenta! settings described earlies were 
used in Ehe initial part of this study. Also, the optimum silylating conditions and sot- 
tent developed for the major basesI v,ere used. Initial studres showed that the 
me&l-g&ted bases \vere siEyfaEed by BSTFA and were chromatograptiicaity stable. 
However, some Mef3 gave multiple peaks with the BSTFA-acetomtrxie mixture. and 
complete separation was not obtained on the I .O m x 4 mm I.D. coltrmn (ZO ?/, SE-30 
on Srrpelcoport, 100-120 mesh)_ 

To determine the optimum srlyIating conditions for the MeB that would give 
single reproducible peaks. an evaluation of acetomtrile, dfrchloroethane, hesane, and 
benzene as the silylation solverrt at temperatrrres of 100” and 150” and for IS and 30 
min was conducted. To obtain the best separation of the MeB, the following cohnm-~s 
were studied: 3,5. and 10 7: SE-30; 3 and 5 yO OV-3; and 3 and 5 yf: OV-7 OE f00-I20 
mesh Supelcopoti:. 

Pie\ ious reports’-‘a have shown that the excretron level of methylated bases in 
wine was quite low, i.e. I-IO ng per 24-h urine volume. Because of this low cxcretron 
tevef and the presence of many utinaq compounds that interfered with the GLC 
analysis of the &feB, a cleanup step was reqaired. Many methods for sample cfeanup 
were available ar,d iscluded Liquid-liquid extraction, culumn chromatography, amon 
and cation exchange_ and adsorption chromatography. Each of thes:: methods wag 
evalatcated independently and in combination with the other procedures 10 develop a 
total cleanup method for the analysrs of the MeR in wine that gave good recovery 
results and yet removed most of the interfering compounds from the urine sample. 

Arralysis of norinal and tamer-pafiePi f uriire 
Normal 24-h urine specimens coIIected Without preservative but refrigerated at 

afl times were obtained from Iaborato,ry personnel and from the NaEionaI Cancer 
Institute, NIK. Cancer-patient D-h urine specimens were obtained from the Nation& 
Cancer fnstitute, NW. Aliqrrot samples were frozen and stored at -20” or loser. The 
normaI and cancer subjects were maintained on a regufv diet s ittr restricted protein. 



Beverages cantzti~ing caEeine or tkeaphylline were excfuded the day before and during 
the colhXtion aeric&. 

C&~&ion of the excretion Ievets of the methyl&+ bases were as fafIows: 

where Hsr,a and HI_,_ = height of peak of metkyfated base and icternal standad, 

RqiXtiVe~y. and RFVRweB,rr_s_ = relatrve werght response of the metkylated base to 
an internal stand.zrd. 

To caleillate the m,o per 24-h unne voltnze excretion level of the methylated 
bases : 

The recovery of the MeB added to urine was determined by analyzing LIEI aliquat 
of urine and eatculating the mii~,~m amount per 24-k urine of each metkyfated bz+se. 
Anctker zZiquat of the same sample w.zs then “spiked” witk a ICIIOWII amount of tke 
MeB and aaalyzed. 

The cieterminztion of tke opeimum reaction canditrons for converting the MeB 
ia their vatztiie trinzetkylsifyl (TMS) derivatives consisted of experiments on silylation 
sa!vents and various reaction times and temperz-ztrrres. Of the solvents evz&xted, only 
dxtlaroethane and acetonitrile gave good symmetrical peaks fur mast of the &leB 
x%!~en s&&ted wrxk BSTFA at 150’ far 15 min. DOE&& peaks fur same MeB were 
obtiined v&k acetonitrile zs sotvent; 2nd dic’kloroetkane, which gave single peaks 
for til the &es except 3-MeCyt, showed incomplete sily&tion. One base. I -~MeHypa, 
did not gve a good ck~omatogrzq&tic peak under any of tke experimental conditions 
and wzs therefore not included in ffitiher studies_ However, dicbloroe’chane-aceeto- 
nitrile (I :I) zs solvent gave good single peas far all the MeB except SMeCyt, wkick 
was il doublet. 

Tke repraduc&iiity of silylxion and stabSty of the derivatives were deter- 
mined -by_ anafyzmg stzndarcl mivtrrres crf the MeB at the optimum silytatiing candi- 
tiers (BETAS--a~~anit~te-dickEaroethane mixture, 2: 1 :I, v/v. heated in a cfosed 
tuba? at L5Q’ for 15 min). Four independent samples were used to determine the 
rep_-odudtsIlity: the zve_xSe refztive molar response (l&W&~,,, S ).. srandard deviation 
(Sf).). and retention times zre presented in Table I. One of tke samples used in the 
rep:oducib$q study was arzagyzed on t-he Izext three days ta determirre the sfabiIity 
of tke derivatives, and these dab are presented in Table 33. 
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REPRODUCLBlLlTY OF DEREVATZATION AND CHROMATOGRAPHY OF THE T-MS 
METlX’YLA-I-ED BASES 

Detwor fame ionization detector. S&tation with BSTF_A III dichIorozthane-acetor;i:rile (2-I :I, 
v/v) at 150” for 15 min. Retention times on a 10% SE-30 on supeicoport (100-120 mesh) co!umn; 
initial temperature, 90”; progammed at a rate of 7.Scjmin. &WJ&,H,~ s.: fo.Jr independent deter- 
~&~&ions, reIative molar response ta acenqhthene es internal stmdard; R2W&re,r s. = [area MeB/ 
moks MeE&[area I.S.lmoIes CL]. Standard deviation c&&ted from four independent defermina- 
tians; axrag;: re!atiwz SD. = 3.8 %. 

Compound 

P-W=Ade ” 
WW-DiMeAde 
W-Lf Z-lsoAde 
2-kfeAde 
N=M&ua 
NjP-DiMeGua 
FMeGua 
5-MeQt 
Thy 

Rerentim fime 

13.2 
13.0 I 
18.4 
16.4 
17 2 
18.0 
19.6 
9.6-12.0 
6.8 

Rf~&d3lLs_ 
-- 

0.58 
0.64 
0.86 
0.57 
0.58 
11.83 
0 39 
0.73’ 
0.63 

* Two peaks xsere obtained for S-Ma%, each was mte_ated independently then added to ob- 
tain total ariz for RWEZ calculation. 

In a later study on the optimum sigyiation of the five MeB (N”,W-DiMeAds, 
W-MeAde, W-_MeGrra. W,W-DiMeGua, and 7-MeGua), It was found that the 
BSTFA-acetonitrite (I : f ) mixture heated in a closed vial at t 50” for I5 min gave singIs, 
reproducrble peaks. f-he RfifR%i,sfr s_ vafrres For these five bases were the same as 
&own in Table I. Further, the greater solubility of the MeB and the ease of handlrng 
.z smgle solvent made acetonitrile the s&vent of choice. 

Once reproducible chromatogaphic peaks had been obtained for the TMS 
hfeB, experiments were conducted to obtain a GLC column that would separate these 

TABLE IE 

STABILTTY OF TMS METHYL_4=D EASES 

Sampks u_zd in reproducibility study. Detectcr, frame io~tktron detector. Sampies s&Iated with 
BSTFA in &cNoroetIxne-acetotitrile (2:I :I. v/v) at 150” for I5 tin_ RIMR~~~,~ s. = rciative molar 
response to aceEaphthcne as internal standard; &VfR trCa,l s = Iarea MeB,‘mo!es MeE]/[area ES./ 
moles kS.& SrtyIated sampks kft at room temperature LIZ a closed reaction vial betueen mjections. 

After f dq After -1 days Afrer 3 dqjs After 4 dgrs 

N6-MeAde 
NW-DiMe_bLde 
W-&-IsoAde 
2-_Mehde 
W-MeGrtT- 
N=,W-DiMeGua 

7-MeGua 
S-M&>-t 
Thy 



D. 5. LAKEXGS. C. W. GEHRKE. T. P. WAALKES 

Fig. 1. GLC dys~s of methyizted bz-s m 2 st2nd2rd mxtwe. Column: 5% OV-5 on 1oOlXI 
mesh Supekoport, I .O m x L mzz I.D. Sample: EfXflg of each MeB S&Won with 200,uf BSTFA 
2nd 200[tI acetonrtriie at 150” for 15 min. Chromatogrzphic toad&ions: vo!ume injected, 3pl; 
k&al temr;erz:ure, 90”, initia! hold, 4 mm; progrzq r&e, 7_5”kna, FRY temperzztme, 2SW; at- 
ter.uztron, I.3 1: IO-’ Afs. 

compounds. A baseline separation of aft the commercially avaiiable rvieB was not 
considered essential in ik i e&y stages of this research 2s the MeB cornpos~tion of 
urine had not previously beeen \%e:l defined. Of the three liquid phases investigated, 
o-r&y OV-3 gave separation of 211 the MeB, but not baseline separation. The best 
chromatograms were obtained ~iith 2 1 0 m x 4 mm 1.T). @lass cohmn packed =,Gth 
5 7; QV-3 ori lW--129 mesh Supt~coport. A typica! chromatogram of ten MeB deriva- 
tives Is sho~+n m Fig. 2. 

Each of the cleanup methods evaluated, rncluding hquid-liquid extraction, 
column chromatography, catror, and anion exchange and adsorption chromato,gaphy, 
provided partial cleanup of urine for methyla& base analysis. Liquid-fiquid extrac- 
tions removed man) urinary campamds f&m the MeB. but urinary salts remained 

in :he aqueous phase with the MeB. No organic solvents \vere found that would 
extract the MeB quantrtatively from the urine sampks. The MeB v,ere not adsorbed 
by any of the column chromatographic materials evaluated and were thus separated 
from urinary coapourrds that were retained by the adsorbent. However, urinary salts 
&so were not adsorbed and thus not separated from the MeB. Cation- and ation- 
exchange chromate-gaphy (CEE and AiE, respectively) did retain the h4eE5 under 

pro_ser conditions, but the hzigk ieve of s&s present in urine prevented the use of 
CE...aarrdAIE 2c2r~Init~Ide2n~ps~e~.r2~so~~2onc~~om2ta~2ph~ provedrobethe 
mcs: poaerfuf cfears_up method For MeB analysis in trrine. The MeB were stron,ofy 
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adsorbed to charcoai, and the urinary salts and many organic compounds were re- 
moved from the sample by washing the charcoal with drlute acid or base and organic 
solvents. The cleanup method which provided the best sample cleanup with the 
lowest loss of MeB is presented below. 

H~&oi’ysLs. (f) Pface 4.0 mt of trrine in a I6 x 75 mm Pyrex c&are tube and 
make to i N in HCI by adding 1.0 ml of 5 N HC!. (2) Seal the tube tightly with a 
PTFE-lined screw cap and heat at E 10” for 4.0 h. (3) Coot the sample and add I.0 ml 
of 4.0 N KOH to partially neutiahze the excess HCI. 

Filtration. (1) Place the hydrolyzed sample in a IO-m! syringe with a 0.5-~m 
Solvrnert filter (MiIEIpore, Bedford, Mass., U.S.A.) and pass the sampfesfowiy through 
the fifter which retains the partrculate matter present after sampfe hydrolysis. (2) Wash 
the hydrolysis tube and syringe wirh two l-ml washes of 0. E N HCI and add the washes 

to the previous filtrate. 
Ch~rco~l~7ds~~rpfion deanup_ (I) Piace the filtered sample direct& an a 70 x 5 

mm charcoal column (8U-100 mesh) and pass it throrrgh the column at a flow-rate 
(CO. 0.2 mfjmin) slow enough to allo* complete adsorption of the methyfated bases. 
(2) Wash the charco21 cofrrmn with 60 mi of de-Ionized waIer, 30 ml of pyridrne-95 7: 
ethanol (i :I), 50 ml of de-ionized water, and 25 ml of acetic acid at a Bow-rate of ca. 
I.0 mI/min. (3) EIute the methylated bases from the ch2rcoal with 40 rnf of formrc 
acid-acetic acid (I :I) at a flow-rate of ca. 0.5 ml/m&. (4) Dry the eluate on a hot pfate 
(75”) under a stream of pure nitrogen gas. 

Anion-e.uchmge cleanrrp. (I) Dissolve the dried sample from the charcoal col- 
umn III 2.0 ml of 0.1 N KOH and place it on a 70 x 9 ZIM AG I X 2 anion-exchange 
resin (acetate form) at a flow-rate of ca. 0.2 mljmin. (2) Wash the sample container 
with two Z-ml rinses of de-ionized water and place them on the resin after the sampte 
is completely on the resirr. (3) Wash the column with IO0 mI of de-ionized water at a 
flow-rate of ca. 1.0 ml/min. (4) E&e the methyIated bases from the resin with 40 ml 
of 0.02 N acetic acid at .Z ffow-rate of ca. 0.5 mf/min and collect the eluzte in a! 50-ml 
beaker_ (5) Add the internal standard (uraciE) ii~ dilute acetic acid (CQ. 50 ,ug/ I .O mi) to 
the efuate. 

S&q& &~$ng md siZykztio~z_ (1) Concentrate the efuate from the AIE column 
to approximately 2.0 ml on a hot plate (55”) under 2 stream of pure nitrogen gas, then 
transfer it to 2 4.5mI culture tube with 2 PI-FE-lined screw cap. (2) Rinse the beaker 
with two I-ml portion of 0.02 N acetic acid and add to the culture tube. (3) Evaporate 
the sampIe to dryness on a hot plate (75’) under a stream of pure nitrogen. (4) To 
ensure complete dryness. add ca. I ml of dichloromethane and evaporate to azeo- 
tropical& remove any remaining traces of water. (5) SilyIate the dried sample with 
0.2 ml of BSTFA and 0.2 mE ofacetonitrrIe heated in a closed tube at 150” for I5 min. 
(6) Analyze the sifyIated sample on a 1.0 m x 4 mm I.D. 5 % (IV-3 on f00f20 mesh 
SupeIcoport column. 

An imtisl hydrolysis of the urine was found to be necessary to hydrolyze 
methylated nucfeosides present in urine to the free bases and to breakdown many 
large molecules which &owed for eaier sample clermup. Filtration of the hydrolyzed 
rrrine prior to placing rhe sample on the charcoal column prevented the particulate 
matter from plugging the charcoal cofumn and interfering with the cleanup method_ 



Previous reporEs ustig ioilzxcba~3ge chromatography, paper chromatography, 
and UV spectroscupy have shown that MeB are excreted in normal md in cancer- 
patient urine. Weissmann et al.’ have reported a number of methyfated purines In 
normal c&e rnchxding f-MeHypo at 0.4 mg per 24 h, 7-MeGua at 6.5 mg per 24 II, 
.%OH-7-MeGua at I.6 mg per 24 h, acid -W-tMeGua at 0.5 mg per 24 h. Park et oLro 
reported MeB excretion levefs for normaI humans: ‘i-MeGua at 5.4 mg per 24 h, S- 
OH-7-MeGua at E .O mg per 24 h. and N*-MeGua at 0.4 mg per 24 h; and for teukemia 
patrents: T-Me&a at S mg per 24 h, S-OH-ir-MeGua at 4 mg pm 24 h, and W- 
MeGna in quantities too smaH hr qzairtltation. These data indicate an increase in 
the average excretion of MeE by leukemia patrents as compared to normal Iswmans. 

Funk ef LzL~*~ were able to detect l-Me&e, N’-MeAde, and various meth:!ared 
nucleosides using a procedure sin&~ to thai: of Wewmann. Also, Fink reported that 
the methyiated nuc!eosides \*ere e-c A reted at higher levels than the free bases. Mirvisb 
et uLa also found MeB in nomat humarr urine at levels similar to those reported 
ear:icr. A study by Hein+egh et a!_‘, and is later sturdy by Waalkes er aLz8 showed that 
cafi’einateci beverages 2nd high-purme diets did not aEect the excretiorr of the MeB, 
but did &crease total purine excretion. 

The methylated base excretion leteIs of normat humans were determined by 
a&yzis,g ten normai wines by the cIeamzp and GLC method outined earlier. The 
excretion ~&RX obtained for the Eve bases detected (W-W-DiMeAde, W-MeAde, 
N’W-DiMeGu~ W-Me&a, and 7-MeGua) are presented iri Table EEL The average 
excretion and standard deviation of each base for the tea normals were catcnlated acd 
ransed from 5.3 & 2.4 mg per 24 h for W-MeAde to I. I + I .O mg per 24 h for N”- 
MeGuz These eormal excretion values agree quite weE wrth earlier reported values for 
these bases. A typica ckomatogmm for a nom& urine sampEe is shoun in Frg. 2. 

-1.3 
2.5 
5.8 
58 
6.2 

5.6 
7.7 
+- 

I;;_: 
5.8 
5.8 f 2.4 
zs-IO_6 
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Fig. 2. GLC ana.lysis of metbykted bases in nomd human urme Sampler 4.0 d. Attenuation: 
6.4 x lWz*A.f.s. ffeanup by hydrolysis, fXa-ation, chzrrcod, and AE. For furCLher conditions, see 
the fegznd to Fig. 1. 

To determine the excretion level of the methyl&cd bases from cancer patients, 
fomteen cancer-p&em urines were analyzed. Five different types of cancer were 
evafuated: three colon cancer, three breast cancer, three meianoma, three iung cancer, 
one kidney cancer, and one rectai cancer. The MeB excretion levels of the cancer 
patients were generalLy higher than the levels excreted by normaf humans. The 
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Fig. 4. GLC analysis of met&Wed bases in tie OF 2 mehnoma pztierrt. SunpIe: 4.0 ml. C&ump 
by hydrolysis, atration, cfizrcoal, and ATE. For Further candltions, see the Iegend to Fig. I. 

6 4 8- 16 26, YX 

Fig. 5. GLC analysis of methytated bases in urine of 2 Img-cancer pathit. SampIe: 4.0 mt spiked 
withr 50 ~_tg of each MeB. Attenuation: 6.4 X f O- lif kfs. Cleanup by hydrolysis, fiitratron, charcoal, 
znd ME. For further conditions, -se the Iegend to Fig. 1. 



pieseixt in taxer p2tient urines m2y be dt__ L -7~ +o the excretion of methylsted nucleosides 
whkch arehykolyzed to the fr22 bases &urlngthehydroIysis step in sampfeprepzrrz- 

tion. This is of particrrlar ~par~ncefor N’,N’-Di~~eGua as aoalysis afthe nucfeodde, 
N’.i4’*-dinrethyI_mranosiae, Eas b22en report& in taocer patient and ocrmat I_I&~~~~*‘“. 
3%~ cerr2sponding nucleeosides of the other me&fated bases reported here have not 

ken quantitatively analyzed in nom& or cancer patient xti,?e to date. Further 
research IS zcessary to determine whether the priary excretion prodiIct is the free 
base, nucleoside, or a combination sf boti_ 

The per cent recowxy of the MeI. through the ana!yt~cat method was deter- 
mixd by analyzing ‘-spiked” atEid Lc unspiked” &iqiroEs of the same urine sample. A 
total of twelvs recovery sam+s was anafyz2d, and the average per cznt recoveries 
uld ranges For the me’rhylzted bases were: N6..N6-DiMeAde, 49 “/a (43-S 7;); I+ 
lMeAde, 53 yO (43-50 o/o); NW’-Dl_XeGua. 96 oA (87-109 “/,t : W-MeGna, 53 T/, (4% 
65 %); and T-MeGna, JT ox % @O-l6? ya; a chr5matogram obtained from a iung caner- 
pa’:ient urine plus the added IWeB is shown In Fig_ 5. 

The Iow recovery obtained for the adenine derivatives and P-MeGua can be 
attributed to the p,yridine-ethanol (95 y!j (I :I) wash of the charcoal column. which 
partlzliy ekes these cotmpoumk Hotkeve-h, this wash was found to be essential in 
that it removed the methylat2d xanthmes fram the sample, and as stated earlier. xar~- 
thine and its metbylated derivatives interfere viith the chromatography of the methyl- 
ated bases. With better control over the intake of caffekd beverages, *&is pyridine- 
etbmot (95 %) wash would not be needed; acd the recovery of the adenine derivatives 
and IV-_MeGua would be similar to that obtained f5r $F,&5Di~MeGua and 7- 
IMeGua. 

A GLC method C5br the arralysis of methylated nucleic acid bases in human urine 
has b22r~ developed. The GLC and insrrumenti conditrons 5f tie methylated bases 
were first determined. The lT&eB were converted to their vofatile TMS derivatives with 
BSTFA in acetoni~ile as s5Evenr by heating in a closed viaE at 150” fcr 15 min. The 
derlvatized bases were &en anriqzed on a cbromato_mphic c5Iumri of 5% OV-3 OR 
Supekoport (ICKf-128 mesh). 

Prior to the GLC anaIysis of kfeB in urine, the sample must be cEeaned t5 
reB5ve saits and interfering componnds. The cleanup method developed consisted of 
fo-x steps: hydrotysfs, &ration, charcoa1 adsorption, and AfE. The hydrolysis step 
converted any methgated nucleosides present to the free bases. The fifkation step 
re.~oved particulate matter present after hydrolysrs wbicb would izterfere with krther 
cleannp. Charcoal adsorption and AIE remoled the s&s and many other urinar; 
compounds from the Metkylated bases and provided E rektirefy clean ssrmpfe w&h 
could be anaiyzed by GLC. 

Using this method, ten norm& human and fourteen caccer-patient urines were 
analyzed. AS increased excrerion level for some methylated bases by cancer patients 
oher normal hamans was observed, 2nd as footed iE: Table V, the overaH average in- 
crease & excretion was 2borA 7Oo/G. However, it is recognized that the number of 
sampIes am@zzed was iosufkienr for defknitive carrcIusions to be made. Whether this 
in~eased excretion Is due to greater tRNA methylation by tRNA methylases and/or 
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secondary to the more rapid t~~rnover of the tumor tissue tRNA for the czt~cer 
patients has ELO~ been ascertained. Future studies with determine whether excretion 
Eevels of metbyiated bases may be useful as a means for monitoriog tumor growth or 
in evaluating the response of patients with maIignaircy to treatment. 
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