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A Auman model exhidtiaZ inaease0 generation ot 6metAylamiee taMA),

a precusor ot nitrosodrnethyiamine (NDMA) was investigated in order to

identlty possible NDA/A tormation therefrom . Patients with dronic renai

failure (CRF) fdti)i the criteria tor sudt a aodd t5imenhott et ah 1963,

1976) but, bccame ot rapid degradation ot NDIiA in the tiver, possible ND1AA

iomtstian woatd not be accurately reflected by the biood NDMA levels

(SYn+ntwtt et al~ 19t'23 . Seeidag NDW1 fataatiqn in sremic patients in pr-

tlular, is sddtianaYy desua0le becauce ot the teported increased incidence ot

cancer in patiants with dronic renat tailve. The presanat ot upper Intestinal

pactsrial overgrowth adds further to the possibility ot in situ NDUA produc-

tion (Statqihott e„t at 197g). The proDiNe rnesapdic steps ttig oon+r in the

Intestine .re ittustrated in Figure 1.

MATERNIS AND itETt10D5

Rwdn6Titte - Intestinal mdaDolism and anatysis ot nitoao preassors

Key Rotds - Nitoso6mattyrlamine, dimethylawine, trLndAyiamint, lntertine,

dipdenun, hunan, cMoidc renaf failure, cancer, gas eAramatogr+PAy

Fitteeq patients witb chronic reqat taiure 6CRF) (12 ot whom were on
.. .rw~..r . . .--:

tFrice veeay hdpodialysis) and eight control subjects were stuQled by aam-

p4ni blood and dindeaal aspirate. The latter was obtataed by Intubadon under

sterile conditioas (Simadwtt d d ., 197g) . From a pool at % CRF pstients, 39

were solicited randornly for the study but only 21 consented . Of these, only 15

were successtutlyintubated.

MdAyiaraines and volatile nitrosaraines were measured In blood . Bac-

terial culture, pH, methytasainess and volatile nitrosamines were measured In

the duodenai aspirate .
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Patients blood aod duodeuat specimens were always distitlea at the same

time. iYitb every g/°up of specimens a water <1lii1k was also rt/1. The water

blank was'subtracteQ' irom the eorrespond'ieg spedmem. Ali glassware was

riased witb OCU prior to use . The 6cKorometbane that was used was

dheclmd tar TEA positire peaia by evaporatiqg 700 ml t° 1 .0 mt and assaying

for TEA pwitive peaia (Ppisabase, 3 .W., 1990 ppersonal aoemtnicatioa). The

6N HCI, 3N NaUH and IN NaOH and water were extracted witb DCM to

rem°ve any TEA positlve paala . Oaly pulypropykue, gtass or tetlon stoppers

were used to dose reagent botdes .

Conditiaa !or Aualysis by Gas ChromotopFaphy (GC) - Thermal gMa

(TEA) •Analyzer

Caadttiosr tor GC-TEA aualysis were the same as reported by Fiddler et

~ 19g1 .

Specimens that gave positive aitfosaroiK peaia were confirmed by the

photalytic tecbaique dacriDcd by Doerr and Fidder (1977) aad when enough

aitosamines was p:esmt, by mass spectromdry according to the tedrtique

desaibed by Kimoto and Fidser (i9g2).

Atlpiwtic aminess The atiphatie amines . DLIA and TAIA, were assayed

for in saum and duodmal aspirate ua°g gas-liqiid ctromatograpby. Frozen

serum or d+odepal aspirate was tbawed, miaed and acntrifuged. Amines were

separatedlrom blobgicat lluidc by adopting a rnodfication of the prooedure

desvibed by Coaway (1930k A seala6ie porcelain adcro ddiusiat cell (Arttsr

H. Thomas, Phila, PA l1SA) was set up fw duplicate Wigure 2). The center well

(0I) contained 250pi of 0 .10 N H25O,, . Well /2 eontained 300pi of •amin~,

tred Oeionized water aod 1000 or 300){ of eitber serun or dzidnsal aspirate .

The outermost weC (/3) contained 2 .0 mi da mizture of S09b vN of saturated

KjC03 aM 12N KOH (called the alkaline s°tution). This weU acted as the

sealing well. To the /2 weN 1 .00 nd of the alkatine solution was cardulty

added atd the eover Immediately placed oo (As0. The dish was gertly rocSned

tor about 10•I3 secmdc aad atiowed to set overnight (Ig Iioutsl Each speci-

pKn was na iw dupticatea Standardtr ususlly lotr, were run with eacA set of

specintea. Atter 1g hours tbe qavers were cardupy rerwved. The oeaeer

wells S!1) rxre sepwatety .tsamLeur.d to tared-potyppopyton° miarooentrilige

tubet. The rolune d each center welT was deterali+kd by weiaiwyi, and teste0

to sasure it was stiil acidic. This solutlon aolttaidng the liberated volatile

etipbatic amisei trar the specimens 6ao.r as idd salts of the amiaes) was

assayed for WIA and TAM. A p°rtiou (i01i) of the aciae solutios from the

eenta well was added to glass miao test tubes that contained the dry alkaline

residue lram 70pi 6[ IN K4H that Aad been previoasly put i°to these tubes

and allowed to evaporate ia an over at 90-t00°C . Q°e miaoliter of resuiting

aUcaiLne sdutioa was Immediately Iajected a gas dromatograpb using eadi-

tioas simitar to those employed by Dtwn et_I . (1976). TAr cdunn has changed

sli#*tly. It is now 12% Amtne 220 anQ 9% KOH mt 100/120 Cisomas°rbWAM .

The coiuuw was rur at 73° isothamal with N2 at 17 mt/min .

A lanond column, si : toot coiled giass pxkcJ with 4% Carti°waz 2D At

and 0.994 KOH on 60/i0 Carbopack 6(Supioco iuc . Bdldont, PA USA) oper-

ated at 73° isotircrmal was used to turther confirm the presence of DMA and

TAM.

A1i specimens were corrected for recoveries of TW1 and DMA since the

6lfusion of each In the Conway cells is teanperature dependent . Appropriate
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Matas et al . (1973) have desaibed a+t Increase ia the inddenae ot cancer

!a patients with CRF . TAfs has been sotiseyuantly reported by others ddndner

et at, E96t). Ttiae is no that these fiaLwg of aoer~are

related to the increased eoneeem•ation of NDMA in the dsndeuas . it is dear

trowever, there is a spzetrum of NOMA dndenat leveis, such that soae pa-

tbents who have dundeoal NDMA ooncewtrations within the normat range wo4d

probably be at less potential tisk than pxients with Increased aonaentratia+s,

it tAese dngle measurac.ents are represeatat[ve of tAe . daly 1£yd3 (fisut!e SL

We do not have intaratatim cn the Qisnat wriatian or .ocatA ta onttk wria-

twn.

Two CRF patients ageed to logest ai: ga+ws o[ vltawtnC per day fcr

two weeks and be rdotuDated. Ytta .in C s/wild be capable ot Nockina aitro-

sation via iateractim with available nit[te tfas deaeasirg NDMA fanwatian .

In one patient we were able to dtmonstrate a decrease In duodenal N011A

lerels t.om 1.22 to 0.20y+g/Ig, but in the otdar. NOMA levels were not s[VU-

icantty dstereat (0.23 to 0.Z3p&1kg). A laraer series of patients will be nec-

essary to denwnstrats U aw awtiaaddaM atfect is presert, and il it Is suffltient

to redree NDMA torwatioa in the duoda.u».

NDMA tcrmatian wdgkt be antitipated in the presence of D0tA, nittite,

and an appropriate pH (3.t is optbnal tor NOMA tormatlan AUrvish, 19701L la

normal non these eonditioas are not +auatty .net sundtancously. There {s

mucA 6scussian and disagreemau on these optimal eurditions.

O,r tesuits dananstrate signiticant inaeases in duodenii DMA in dron-

k: renal ta9urc, the level always being Aigher than that seen for blood. This

suggests that DMA reaches the tunea by Ingatim or is produced in si ta . in

view of the fact that tAese were fasting suljec.s, the iatter !s more likely .

Quantitatirety sa4lwry DMA wodd not acoouK tar this rise . Normally, aon-

abiortrod chooline in the large tut Is degaded In part to trimetpylaaine by

bacterial activity (Zdsei. 19i1). TMA is theq demetAyiated, probably in the

/iver to DMA, wpicA Is an ead metaEdite. However, the potential enzrnatic

activi8ef of the baGterfa taand In these patieats have the capacity to daao-

tAytate TMA sequentlally and has Oeps shown to do so in vitro bCdby 4

ZitsAUS,.1973?

With large increases of DMA In sAie Intestine are the aaidtims optimal

tor NDNA formation? Measrred dtrite levels have been variable and Aave not

ooacrelated with tba aetstsed NDYIA levds. Tlu pH of the drodtaat aspirate

Is uw,10y alkaline (alt4agA eoata+ainatkr a the add contents of the stomach

have sometimes oecnrcd). TAus the oon0itlans are not optiutal tar NOMA

ta'matSpn iw tAe duadeiww and speciJadoa Is t1W the meulbdic t.auerfal

activity Is an essenttal eondtian for NOMA farmatian In this loasion dUutcs

B 7aNdort, 19711 Milts & Aksaidar, 1976) . We have not yet had the oppor-

tanity to repeat the aieisureaents tcUowing the admiAistration of ewn-aborts

aNe antitlotics.

The s%aesttaw Iraa anl,aat eaperiwaw (Asatoor & Simaatqtl, 1%3) is

that DMA has both an endaseno,s and an e3ogerout sp.ree., This paper ad-

, dresses only the emgenous tormation of NOMA in the aut . We have no data on

endoge.rous DMA totapation .

S

-a- -S-

~'~'l;



50487 8369

LhARer, AiA., Farewell, vJ. dc Shvrard, D.J. (1991) 1ii6p luddence al oeo.

plasia In uremMc patknts recd .ie; loWterm dalysis. me a n

292-295

8iatas, AJ., Siarmads, R .L., K)dlstraad, C.M., Busdmder, TJ. 4

Najarfaa, 7S. (197A laaeased Mddaace ol maUpnincy dndft¢propic

renal tai/ure. Lancet.1 ii3-ii6

Ni1s„ A.L. dc Aiexaader, M. (1974 N-NiYosaarine lormatim ol wlhres ol

several miaoocpnisms App[. Environ. MiaoOid» 31,E92-i93

Mk.is14 SS. (1970) _ Kimits- oi ,3+netAyl niirosatian in telation to nilros-

amine carc3no6eenesis. J. N:n. Caneer lnst» 4N 633-639

SseaAo/i, Ml., lkaa, SA, Fiddler, YI. aod PensaOaie, 7.4. (1S4 P/eaaKae

ol dorowaines in blood ol normal and dseasod Awan au6Jeca. 4aopwy

Report 12, Nitaaam[aes and liuaan Cancer, PJO . Mapee, ed, Cdd Spring

Harbor LaEoratory, NY, pp 2=3-293

SimaiAoll, M.L., Mine, M .D. tr/lsatoor, A.M. (1963) Retentlm at aiipAatic

sminaln uremia. Chat. 1163-77

Siniadnlf, ifl., Sauldoooew, 3.J ., Harloe, :P o-ssan, LG. &Sdiaedler, R.O .

(1974 Aoiae mdabdism apd the ma0 bowet In uremia . Lsncet. hl

11L-i2/

SimeNioll, M1., SauW6onpi, 3 7 ., Bur{oe, IF., Y esson, L.G ., Sduaeder, R.W.

& Gordoa, S. (1973) Bacteriai poprtatLoas ot tAe small bowel In ure+ala .

Nedron. 2,1 "0064

Zelsd, S.ti. (1931) Diecary CholLm 64ocinm%istry, pA)sidoa and pAatma-

cdoay. Ann. Reviews NutriBon, b 93-121

1

LEGENDS6 FOR FIGURES

Flpre 1 Pro(roaea mesa6olic stepc leadng to tdr /armation d NOMA in the

incestlae

Fioua 2 Canway miao diliusiw cell. Well P/ (cdlectioa weU) con"M

23R jA d 0.1N H250+ . Well rl (rsacHon weR) caKiiea spedmen

(1o(r300p1X water (SOO)I) and K0NIK2C03 (100p)iL Well 03

(sealinj we1) co+Kiims 2006 ji at KQN/KP03

Ripse 3 Meary D1~{A oonoeaGratian !s"exprsFseQ In mictogaips per Uter . For

61ood, control a . i, CRF :13i tor dtq0caal aspirate, qpntrd a= 7 .

CRF s 14

Pips4 4 Mean T1AA mwoe.tsailun is expressed in miaogams per liter . For

blood, oontrd a : i, CRF =1311or duodenal atQitate, control n- 7,

CRF : 14

Fisure S Meaa NDMA concc+Kratloa is expressed In miarogaiws

gam. For dood, control a s i, CRF * 15; lor duo4aaat

contr0l a= 7, CRF s 14

per ldlo•

aspirate,

Flaure 6 1n0ividwf NDMA levels In blood and duodenat aspirates expressed

in mtaog- Per kiitogam.

Figre 7 Nwwator shows the numLer o/ pstients with the respeetive

d vowalne. Deroaanawr shows tAe total nunnDer svveyed .

Fisute i Aerobic and anaeroEic ba cterla cvnts are expreued as loa ol eolo-

aies per d.

.13-

~~'~;



NDMA IN BLOOD AND DUODENAL ASPIRATE

CONTROL CRF
BLOOD

CONTROL CRF
DIIODENAL

rw<

SEM
+ MEAN

Ls, NDMA IN BLOOD AND DUODENAL ASPIRATE

H

CONiROL CRF
BLOOD

INDMDUAL VALUES
.
0

CONTROL CRF
DtJODENAL

SEY
MEAN

50487 8369

14

13

12

11L

DUODENAL MICROFLORA IN
CHRONIC RENAL FAILURE

+ SEM
MEAN

APPEARANCE OF NDMA AND NPIP IN BLOOD AND
DUODENAL ASPIRATE FROM CONTROLS AN D CRF

PATIENTS IN 9G

NDMA

NPiP
4/14

.
CaAt CRF Coau. CRF Co.t. CRF CoOt CRF

6LOOD DUODENAL

NOMA
14//4

I


