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Metabolism of Nitrous Oxide by Human and Rat 
Intestinal Contents 
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Nitrous oxide labeled with a stable heavy nitrogen isotope was 
used for i11-vitro studies of nitrous oxide metabolism in man and 
rat. At 5 per cent oxygen tension, which is comparable to normal 
oxygen tension in the intestine i11 vivo, each gram of intestinal 
contents during a 16-hr i11-vitro incubation produced 47 ± 13 
nmol of molecular nitrogen for the rat and I 03 ± 17 nmol for man. 
Active reductive metabolism of nitrous oxide by intestinal 
contents was significantly inhibited by antibiotics and by 20 per 
cent oxygen tc,nsion. It is suggested that the reduction of nitrous 
oxide to nitrogen may proceed through a single-electron transfer 
process with formation of free radicals. Under these circumstances, 
metabolism of nitrous oxide could produce toxic intermediates, 
even though the end-metabolite is inert. (Key words: Anesthetics, 
gases: nitrous oxide. Biotransformation: nitrous oxide. Metab­
olism: metabolites; free radicals.) 

NIT Rous ox JJ>E, the mosl commonly usecl in ha lat ional 
anesthetic, has long been consiclerccl chemically inert 
in the bod>·· Sawyer I'/ a/. 1 concluclecl that nitrous oxide 
was not metabolized by the liver af'ler a slucly demon­
strating thal the fraclion of' nilrous oxide removed 
from the blood during a single pass through the liver 
was only 0.03 ± 0.05 per cent al 4.65 ± 0.21 per cenl 
alveolar concelllration. However, i\fatsubara and 
Mori~ have shown thal nitrous oxide is an intermediate 
in lhe reduction of nilritc to nitrogen by lhc soil bacteria, 
Pw11do111011as d1•11itrifir.a11s. Metabolic rcduclion or 
aromalic nilro compoi.mcls has also been shown to 
occur in vitro and in vivo in both mammalian tissue and 
gastrointcslinal microflora. Compounds lhat arc 
reel uced in I he intestine were shown to be reabsorbed 
into the blood, and tlrns may be toxic lo lhe animal.u 
Recent evidence that nanomolar amounls or certain 
nitrogenous substances, such as N-nitroso compounds, 
may be carcinogenic" or leratogenicn has suggesled 
I hat metabolism of' nitrous oxide might be potentially 
toxic even if' this were to occur in very small amounts. 

It has been suggested lhat transition metal complexes 
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such as lhc cobalt-ligand complex prcsenl in vitamin 
B12 mar cleave nitrous oxide' arid thal vitamin B12 

may be inactivalcd by nilrous oxidc."· 111 It has been 
proposed thal the lauer effect of' vitamin B12 may 
relate to lhc action of' nitrous oxide in producing 
mcgaloblaslic anemia. 11

•11 This clcmonstraled reactivity 
of nitrous oxide suggests the possibili1y of' its inler­
action with olher declron-transport syslcms in the body. 

A m,~jor problem in investigating the metabolism 
of nitrous oxide is lhat living systems are already rich 
iq nitrogen-containing compounds. A search for 
metabolites of nitrous oxide using chromalographic 
separation lechniques would involve searching for 
nanogram quantities of' melabolite among the grams 
of' amino acids and rclalcd amines found in the body. 
There is no useful long-lived radioactive isotope of 
nilrogen thal can be used in a tracer study. Forlunately, 
although stable isolopes are more difficult to delect 
and quantify than radioisotopes, we were able to use 
rnN-labeled nitrous oxide, 1"N 20, for our studies of' 
nitrous oxide metabolism. 

The possibility that the intestinal conlents of man 
,,nd rat can reduce N20 to N2 was tested by exposing 
illleslinal contenls to rnN 20 . Then all the headspace 
gases above the incubalion mixture were removed. 
Nitrogen gas was analyzed for any increased incorpo­
ralion of 1"N, following the removal of the remaining 
nitrous oxide, waler vapor and oxygen in the head­
space gases. 

Materials and Methods 

The sensitivi~y of our analytic techniques was suf­
ficiently high that lhe 1r•N 20 used could conlain no 
more than IO ppm of contaminating 1"N compounds. 
The commercially prepared~! 1"N20 was purified by 
the manufaclurer by successive condensation into 
phosphoric acid, basic potassium permanganate, dry 
sodium hydroxide, followed by three distillations at 
high vacuum. We subsequemly redistilled the 1"N 20 
on a vacuum line before use to ensure removal of any 
residual 1"N- impurities. Testing the end-product 
for nitrate or nitrile impurities or for volatile nitrogen 
compounds showed no detectable impurity. 

Male and female Sprague-Dawley rals** weighing 
200-300 g were maintained on a normal laboralory 
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diet of unrestricted standard Purina Lab Chow® and 
water until the time of sacrifice. Tetracycline hydro­
chloride, neomycin sulfate, and bacitracin were ad­
ministered to two rats by gavage twice daily for three 
days prior to the metabolism studies. 12 

Human large-intestinal contents were prepared 
from f'eces from one of the investigators. Three speci­
mens obtained on different days provided material 
for the five homogenate studies. Rats were sacrificed 
and the small and large intestines were removed . 
The contents were removed and the walls were first 
washed thoroughly with 1.15 per cent KC! in 20 mM 
/1H 7.4 Tris-HCI buffer to minimize contamination 
with fecal contents, then homogenized at 4 C in three 
parts (w/v) 0.1 M j,H 7.4 potassium phosphate buffer 
containing IO mM sodium lactate. The separated con­
tents from both the small and large intestines were 
suspended and homogenized in three parts (w/v) of 
the phosphate-lactate buffer described above. The 
homogenates were diluted with the same buffers to the 
desired concentration before incubation with 1''N20. 

In a typical experiment 20 ml of a homogenate of 
2.5 g of intestinal wall or intestinal contents were slowly 
degassed on a vacuum line at room temperature. De­
gassing by a freeze-thaw technique was avoided to 
prevenl inacl ivation of l he bacleria, which we ob­
served to occur af'ter freezing. The 80-ml reaction 
vessel was then evacuated and either pure rnN 20 or a 
desired mixture of 15N20 and 0 2 was introduced unlil 
atmospheric prcssu re was reached. The reaction 
vessel was scaled and incubated at 37 C for three hours 
in the case of intestinal-wall homogenates and 16 
hours in the case of intestinal-content homogenates. 
Following the incubation period the reaction vessel 
was remounted on the vacuum line, and the head­
space gas that was incondensable at liquid nitrogen 
temperature was removed by distillation into an 
activated charcoal trap held at liquid nitrogen 
temperature. The headspacc gas was then released 
from the activated charcoal trap by heating. The 

• . 1"NO' I rema1mng ·• 2 111 t le heaclspace gas was removed 
by condensation, and any residual oxygen was 
removed by treatment of' the gas it1 a vacuum 
line with copper at 500 C. Sample runs showed that 
this treatment effectively removed all nitrous oxide, 
oxygen, and water vapor f'rom the headspace sample 
and provided pure nitrogen gas. A known amount of' 
N2 of normal isotopic abundance from (NH 4 ) 2S04 was 
added as an internal standard to this small amount of 
rnNrnN gas produced by metabolic reduction of 1''N 20. 
The nitrogen gas produced was then introduced into a 
Micromass 602C® isotope ratio mass spectrometei· to 
measure the amount of 1"N 15N produced by the ho­
mogenate in comparison with the N2 internal standard. 

TAIII.E I. l'rodul·tion of "'N"'N hy Intestinal Contents aud 
Intestinal Wall Following Exposure to "'N20* 

11111111111 l..;ir~t.·- Kal Kat 
lnf ul,a1i1111 inu·sthrnl c:111lll'llls lnt c..·stinal c:1ml t' n1s lntl'stinal \\'all 
c:11ntli1i1111s ( Iii 111') (Iii Ill') Cl ttr) 

Oxygen 
None 561 ± 3!i (:i)t 118 ± 14 (8) 0.0 ± 1.0 (4) 
:i per 

cent 103 ± 17 (4) 47 ± 1:1 (6) -
IO per 

cent - 6 ± 4 (3) -
20 per 

rent - 6 ± !i (:1) -
Antibiotics - iJ.I ± 0.4 (3) -
Hoilcd 0.:1 ± 0 .2 (:1) 0.0 ± 0.:1 (:1) -

* 1111101 "'N"•N produced per g .wet sample. A background 
rnntrihution corresponding to :i nniol/g is found when "N20 is 
exposed to buffer and the hcadspacc gases arc carried through 
the analysis. This amount appears to he from residual impurities 
in our vcrr highl)' purified "'N 20 . This amount has been sub­
tracted from each experimental value in the table. 

t Number of samples in parentheses. 

Two milliliters of gas were removed from the lumen 
of" the large intestine of three rats with a hypodermic 
syringe. The partial pressure of oxygen was deter­
mined with a Severinghaus oxygen electrode. 

Results 

The amounts of tr,N 15N gas produced by 20-ml 
homogenates of rat intestinal contents, rat intestinal 
wall, lniinan feces, and intestinal contents from rats 
pretreated with antibiotics indicated that both rat 
intestinal contents and human feces actively metabolize 
n!u:ous oxide (table I). Metabolism was greatly in­
h1b1ted by oxygen, IO and 20 per cent, and partially 
inhibited by a lower oxygen concentration (5 per cent). 
This finding is corisistent with a reductive route of 
nitrous oxide metabolism and with the previous 
studies of the soii bacteria, Pseudomonas denitrifiams. 2 

The very low rate of metabolism by washed intestinal 
wall demonstrates that the observed metabolism is not 
due to enzymatic activity of the intestinal wall. .. Essen­
tially complete inhibition of metabolism following 
treatment of the intestinal contents with antibiotic 
agents indicates tl1at metabolism is dependent upon 
an active metabolic role of intestinal bacteria. The 
absence of metabolism by boiled intestinal contents or 
by buffer alone further supports the role of active 
metabolism by intestinal microflora. The mean 
concentration of oxygen in the large intestines of 
these rats was approximately 4 per cent. 

Discussion 

Our in-vitro studies demonstrated that both rat and 
human intestinal contents possess high nitrous oxide 
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reductase activity under anaerobic conditions and 
moderate activity under low oxygen tension normally 
present in the intestine. We have established that the 
5 per cent oxygen tension used for our incubations is a 
good approximation of that normally present in the 
lumen of the intestine, although oxygen tension would 
probably be higher during clinical anesthesia. At the 
present time we are unable to determine whether 
the observed oxygen inhibition of metabolism is due 
to reoxidation of the reduced intermediate, inhibition 
of metabolic activity by an oxygen-sensitive control 
mechanism, scavenging of free radicals by oxygen, or 
decreased growth of bacterial nitroreductases. We 
also demonstrated that very little metabolism is carried 
out by enzymes of the intestinal wall, and that reduc­
tion within the intestine is · active metabolism and 
is inhibited by boiling the intestinal content or by 
treatment with antibiotics. This study confirms the 
previously reported 2 reduction of nitrous oxide by 
Pseudomonas denitrijicans. The inhibition of metabolism 
by antibiotics suggests that reduction is by bacteria 
and not through interaction with vitamin B12 • 7 

Although it is difficult to use our in vitro data to 
predict the amount of nitrous oxide metabolism oc­
curring during clinical anesthesia in a human patient, 
it may be approximated at 0.004 per cent of the amount 
taken up. This calculation assumes that at 5 per cent 
oxygen tension the rates of metabolism in vivo and in 
vitro are comparable, and that on a relative weight 
basis, the uptakes of nitqJus oxide in man and rat are 
similar, as are their average intestinal contents (3.3 
per cent of total body weighttt). Under these circum­
stances a 70-kg man breathing 75 per cent nitrous 
oxide for three hours at a total flow rate of 4 I/min 
would inspire 540 I and take up approximately 26.3 I 
of nitrous oxide. 13 Using our data obtained from 
direct in-vitro measurements of 15N20 metabolism by 
human intestinal contents, approximately 1.0 ml or 
1.3 mg of metabolic nitrogen would be generated 
from the nitrous oxide absorbed during a three-hour 
period of anesthesia. The calculated metabolism of 
0.004 per cent of nitrous oxide uptake (0.0002 per 
cent of the total inspired nitrous oxide) probably 
represents an underestimate, since it conservatively 
assumes steady production of N2 by the intestinal 
incubate over a continuous 16-hour in-vitro exposure 
period. 

There has been considerable interest in the toxico­
logic and pharmacologic implications of drug metab­
olism by gastrointestinal microflora. 14 ·t 5 Intestinal bac­
teria have been shown to be important in the metabo-

tt Rat intestinal contents were collected, weighed and averaged 
for three animals. 

lism of several classes of drugs. A study of I 5 homo­
thermic species, including man and common laboratory 
animals fed conventional diets, demonstrated that all 
tested species have similar gastrointestinal flora, 
although quantitative differences were found. rn 

Mason and Holtzman 17·t" have reported that enzy­
matic reduction of drugs containing nitro groups and 
other nitro aromatic compounds produces anion-free 
radicals. It is conceivable that the reduction of nitrous 
oxide may also proceed through such a single-electron 
transfer p.rocess. rn·20 If this were so, the pathway of 
nitrogen production might initiate free-radical reac­
tions even though the end-metabolite is inert. Previous 
studies of intestinal bacterial metabolism indicate that 
such intermediates may be toxic within the intestine 
or be transferred from the intestine to the blood stream 
and produce generalized toxicity. In a study of Esche­
richia coli K- 12 bacteria exposed to nitrous oxide and 
irradiated, long-lived radical species were observed 
in conjunction with a toxic effect on the E. coli.21 These 
investigators suggested that an OH radical was re­
sponsible for the toxic effect. This radical may be 
produced during nitrous oxide reduction in the 
following reaction scheme: 

Electron transport system 

Hydrogen donors, e.g., lactic acid 

This study indicates that N2 is the major metabolite 
of nitrous oxide in intestinal microflora. Inasmuch as 
there is evidence that the metabolic route from nitrous 
oxide may include free-radical intermediates, in future 
studies it will be important to search for these possible 
radical intermediates. It is well established that free 
radicals are important in the etiology of carcinogenesis, 
teratogenesis,22

•
23 and associated tissue damage. 
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