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INTRODUCTION

A human model exhibiting increased generation of dimethylamine (DMA),
a precursor of nitrosodimethylamine (NDMA) was investigated in order to
identity possible NDMA farmation therefrom. Patients with chwonic renal
faillure (CRF) fullill the criteria for such a model (Simenhotf et al., 1963,
1976) but, because of rapid degradation of NDMA bn the liver, possibie NDMA
formation would not be accwrately reflected by the biood NDMA levds
(Simenhoff et al., 1982). Seeking NDMA formation i wemic patients in par-
ticular, is additionally desirabic because of the reported increased incidence of
cancer in patients with cwonic renal fallure. The presencs of upper intestinal
bacterial overgrowth adds further to the possibility of in situ NDMA produc-
tion (Sienenholf et al,, 1973). The probable metatolic steps that ocour i the
intestine are illustrated in Figure 1.

MATERIALS AND METHODS

Fifteen patients with chronic renal fadure (CRF) (Izd whom were on
tivice weeldy hemodialysis) and eight mm stufied by sam-
pling blood and duodenal aspirate. The latter was obtalned by intubation under
sterile conditions (Simenhol! et al., 1973). From a pool of 36 CRF patiems, 39
were sdlicited randomly for the study but only 2) consented. Of these, only 13
were success{ully intubated.

Methylamines and volatile nirosamines were ed in blood. Bac-

terial cuture, pH, methylamines and volatile nitrosamines were measured ln

the duodenal aspirate.




Patients blood and duodenal specimens were always distilled at the same
tme. With every group of specimens a water blank was also run. The water
blank was “subtracted® from the corresponding specimens. All d&wate was
rirsed with DCM prior to use. The dichloromethane that was used was
checked for TEA positive peaks by evaporating 200 ml © 1.0 ml and assaying
tor TEA positive peaks (Pensabene, J.W., 1930 personal communication). The
6N HCL, 3N NaOH and IN NaOH and water were extracted with DCM %
remove any TEA positive peaks. Only polypropylene, glass or teflon stoppers
were used to cicse reagent bottles,

Conditions far Amalysis by Gas Chlromotography (GC) - Thermal Encrgy

Analyzes (TEA)
Conditions for GC-TEA analysis were the same as reported by Fiddler et

aly, 1931,

Specimens that gave positive nitrosamine peaks were contirmed by the
photaiytic technique described by Doerr and Fiddier (1977) and when enough
airosamines was present, by mass spectrometry according to the technique
described by Kimoto and Fidder (1932).

Aliphatic amines: The aliphatic amines, DMA and TMA, were assayed
for in serum and duodenal aspirate using gas-liquid chromatography. Frozen
serum or duodenal aspirate was thawed, mixed and centrifuged. Amines were
sepacated from bidogical fluds by adopting a modification of the procedure
described by Canway (1950). A sealabie porcelain mico diffusion cell (Asthar
H. Thomas, Phila, PA USA) was set upin duplicate (Figure 2). The center well
{#1) contalned 250l of G.ION HZSO~. Weil #2 contained 500 of “amine-
free” deionized water and 1000 or 500 3 of either serum or duodenal asgirate.
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The outermost well (#3) contained 2.0 mi of a mixture of 50% YN of saturated
KzCO, and 12N KOH (called the alkaline solution). This well acted as the
sealing well, To the #2 well .00l of the alkaline solution was carefully
added and the cover lmmediately placed on dish, The dish was gently rocked
for about 10-15 seconds and allowed 10 set overnight (18 hours). Each speci-
men was run in duplicate. Standards, usually four, were run with cach set of
specimens. After |3 howrs the covers were carefully removed. The center
wells (#1) were separately transierred to tared polypropylenc migocentrifuge
tudes, The volume of each center well was determined by weighing, and tested
to assure it was still acidic. This solution containing the liberated walatile
dighatic amines from the specimens (ow as acid sats of the amines) was
assayed for DMA and TMA. A porticn (304) of the acidic solution from the
center well was added to glass micro fest tubes that contained the dry alkaline
residuc from 304 6f IN KOH that had been previowsly put into these tubes
and allowed $0 evaporate bn an over at 90-300°C. One micraliter of resuiting
alkaline solution was immediately injected a gas comatograph wsing condi-
tions similar to thase employed by Dunn et al. (1976). The colunn has changed
slightly. It is now §2% Amine 220 and 3% KOH an, 100/120 Chromasorb WA W.
The columa was run at 75° isothermal with N, at 17 mi/min.

A second colunn, six foot coiled glass packed with 4% Carbowax 20 M
and 0.3% KOH on 60/30 Carbopack B (Supleco Inc. Belicfons, PA USA) oper-
ated at 75° isothesmal was used to (urther conlinm the presence of DMA and
TMA,

All specimens were corrected for recoveries of TMA and DMA since the

diffusion of each in the Conway cells Is temperature depend Appropeiate
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Matas et al. (1975) have described an increase ia the incidence of cancer
in patients with CRF. This has beea subsequently reported by others (Lindner
et al, [981). There is no direct evidence that these findings of cancer are
related o the increased conceatration of NDMA ia the duodeun. It is dear
m;_::-he;tisammdnw dsodenal levels, such that some pa-
tients who have dusdenal NDMA conceatrations within the aonmal range would
probably be at Jess potential risk than patients with increased concentrations,
if these single measwrements are representative of the daily levels (Figwe €)-
We d not have information on the diunal variation or month to manth varia-
tion.

Two CRF patiests agreed to ingest six grams of Vitanla C per day for
two weeks and be reiatubated. Vitamin C should be capable of blocidag aitro-
sation via interaction with available nitrite thus decreasing NDMA formation.
In one patient we were able to demonstrate a decvease in duodenal NDMA
levels from 1.22 to 0.20 pg/ig, but in the other, NDMA levels were not signif-
icanty different (0.23 1o 0.25pg/kg). A larges series of patients will be nec-~
essary to demonstrate if an antioxidant effect is present, and if it is sufficient
to reduce NDMA formation ia the duodenun,

NDMA formation might be anticipated in the presence of DMA, nirite,
and an appropriate pH (3.4 is optimal for NDMA foamation (Micvish, 1970). In
normal man these conditions are not usually met simutaneously., There is
much discussion and disagreement on these optimal conditions.

Ouwr results desnanstrate significant inareases in duodenal DMA in chvon-
ic renal fallure, the levd always being higher than that seen for bicod. This
suggests that DMA reaches the lumen by ingestion or is produced in situ, In
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view of the fact that these were fasting subjecs, the latter is more likely.
Quantitatively salivary DMA would not account for this rise. Normally, non-
absorbed choline in the large gut is degraded in part to trimethylamine by
bacterial activity (Zeisel, 1981). TMA is then demethylated, probably in the
liver to DMA, which is an end metabadlite. However, the potential enzymatic
activities of lhmtmhﬂmepaimshvetheamdtywdem;
thylate TMA sequentially and has beca shown to do 30 in vitro (Colby &
Zatmus, 1973).

With large Increases of DMA in the intestine are the conditions optimal

for NDMA formation? Measured nitrite levels have been variable and have not

costelated with the measwed NDMA levels. The pli of the duodenal aspirate
Is usually alkaline (although contamination of the acid of the stomach
have sometimes occured). Thus the coaditions ae not optimal for NDMA
tormation in the duodenum and speculation is that the metabolic bacterial
activity is an essentiadl condition for NDMA formation In this location (Klubes
& Jondort, 19713 Mills & Alexander, 1976). We have not yct had the oppor-
tunity to repeat the ts following the administration of non-absorb-
able antitiotics,

The siggestian from animal experiments (Asatoor & Simento!l, 1965) is

that DMA has both an endogenous and an cxogenous sowce. This paper ad-
&mu only the e»gm«n tarmation of NDMA ia the gut, We have no dau o

TN - e - T e e v e . T e,

eadogenous DMA fompation,
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Figwe ¢

Figwe 7

Figwe 3

Proposed metabolic steps leading 1o the formation of NDMA in the
intestine

Conway micro diffusion cell. Well #1 (collection well) contairs
25040 of O.IN H,SO,. Well #2 (reaction welt) contalms specimen
(100-300 1), wates (3001} and KOHIKICO, (10008} Weil 73
Gealiag well) contalns 20004 of KOH/K CO,

Mean DMA concentration is expressed in micrograms per lter. For
blood, control m = §, CRF = 15 for duodenal aspirate, qﬁwd a=7,
CRF = 1§

Mean TMA concestration is expressed in micrograms per liter. For
blood, contral s 3, CRF = 13 for duodenal aspirate, contral n = 7,
CRF= ¥

Mean NDMA concentration is expressed in micrograms per lilo-
gam, For blood, control n =3, CRF » 15 for duodenal aspirate,
control ns7,CRF = 14

Individual NDMA levels in blood and duodenal aspirates expressed
In micrograms per killogram.

Numnerator stows the sumber of patients with the respective
ni trasamine. Denominator shows the total number surveyed.
Acsobic and anaerobic bacteria counts are expressed as log of colo-
nies per ml.
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