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Oxidation of Intra-Arterially Administered Carbon"-Labelled Methane 
In Sheep. (31949) 
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In the ruminant, methane production ac- 
counts for a large fraction of the gas arising 
from anaerobic processes in the forestomach. 
Calculations from data oif Hoernicke et al( 1) 
indicate that methane production, under cer- 
tain dietary conditions, can account for 10% 
of the total carbon turnover of the animal. 

Methane is eliminated principally through 
the process of eructation ( 2). In  addition, 
some methane diffuses through the ruminal 
walls to the blood stream and is expired via 
the lungs. Analysis of expired air by gas 
chromatography indicates the presence of 
methane under both feeding and fasting con- 
ditions. Some of the methane, which is trans- 
ported via the blood to the lungs, may have 
been absorved from the G.I. tract. Dougherty 
et aZ( 3 )  have shown that a significant amount 
of methane can reach the circulation through 
absorption of ruminal gas in the lungs dur- 
ing and immediately following eructation. 
The metabolic fate of methane in the rumi- 
nant has not been explored, but generally it 
is believed that animal tissues are incapable 
of metabolizing methane although a number 
of reports of methane oxidation by bacteria 
have appeared (4-6). 

Methane is an important constituent of 
rurnen gas. It has been demonstrated that 
over one-half of the eructated gas is forced 
and inspired into the respiratory tract during 
normal eructation(3). I t  has been demon- 
strated that some of the gases(2,3) as well as 
other volatile constituents are absorbed as the 
blood passes through the pulmonary circula- 
tion(l2). Because of the variety of path- 
ways involved in the metabolism of other 
single carbon compounds, and the paucity of 
evidence in the case of methane, it was de- 
cided to explore methane metabolism in sheep 
using C14H4 and constant infusion techniques. 

Experimental procedure. Six sheep were 
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FIG. 1. Scheme for monitoring radiolactiivity in 
reqk-atory gas. 

FIiG. 2.  The curve rapresents slpecific actbity in 
expired air going through the counter. The bar 
graph represents specific activity of C'Q2 f m  the 3 
soda lime samples through which a metered part of 
the expired air was passed. 

surgically prepared with cannulas placed in 
the femoral artery and vein on one side and 
the femoral artery on the other side. Using 
a previously described technique ( 7 ) ,  tracheal 
cannulas were provided in the sheep to pre- 
vent rebreathing expired air and to colnfine 
exhaled air to a system which constantly 
metered portions of the stream to a C1" gas 
monitoring systemt and a carbon dioxide 
trapping manifold. A schematic diagram of 
the equipment is shown in Fig. 1 .  Samples 
of BaC1W3 obtained from the C1402 traps 
were counted as described by Cluley(8). 
Sheep plasma equilibrated with radioactive 
methane was infused into the abdominal 

t 4 Pi GM gas counter, Nuc1ea.r Daha, Inc., 
Palatine, Ill. Mods1 Nio. 1620BS Analptilcd Rate- 
meter and Model RlOOOA Reddinear Chart Re- 
Corder, Nudear Chioago Corp., Des Plaines, Ill. 
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FIG. 3. isipecific activity of expired Ci402 during 
and following ~C'~-mebhane infusion. 

aorta via a cannula inserted into the 
right femoral artery. The infusion rate was 
1.5 ml/min; however, in certain cases this 
rate was preceded by a priming rate of 5 
ml/min for a 10-minute period. In  the two 
studies described in Fig. 2 and 3, the infusing 
plasma contained 0.4 X 106 disintegrations 
per minute (dpm) per ml and 0.73 X l@ 
dpm/ml, respectively. 

Blood samples were obtained from the left 
femoral vein and artery, which contained dis- 
solved radioactive methane. These samples 
were counted in a liquid scintillation counter$ 
by layering 1.5 ml under toluene phosphor 
solution in glass vials and waiting until the 
radioactive methane diffused into the toluene 
phase. This process was observed to be com- 
plete in 6 or 7 hours. 

At the end of each experiment the animals 
were sacrificed and heart, liver, kidney, and 
striated muscle tissue samples were taken, im- 
mediately frozen with dry ice, and stored for 
chemical analyses. 

Results and discussion. The specific activ- 
ity of expired C1402 from sheep during and 
following the infusion of plasma containing 
C14H4 is given in Fig. 2 and 3. 

Fig. 2, a representative experiment, relates 
the course and magnitude of total radioactiv- 
ity to carbon dioxide radioactivity in the ani- 
mals' expired gas. Although the expired air 
was counted in the gas phase and recorded as 
dpm/l, this value approximates dpm/mmole 

$ Model 314 EX, Piackard Inskrument CQ., Dlown- 
ers Grove, Ill. 

by the following calculation Analysis of ex- 
pired air in the sheep indicated CO2 concen- 
trations of 2.5 to 3.576, or 25 to 35 ml of 
CO2/l. Since one mmole of any gas is 22.4 
ml, the relationship of dpm/l to dpm/mmole 
BaC03 is of the same order of magnitude. 

It is apparent from Fig. 2 that C1402 in 
the expired gas is only a minor fraction of 
the total radioactivity and that most of the 
C14H4 is expired unchanged. The very rapid 
fall in the expired radioactivity upon the ces- 
sation of infusion indicates a rapid clearance 
of methane. 

The persistence of C1402 in expired air 
after the C14H4 infusion is ended suggests 
a delay consistent with a metabolic process 
converting a fraction of the labelled methane 
to carbon dioxide. This is particularly evident 
in the experiment shown in Fig. 3 where car- 
bonate samples were prepared at  more fre- 
quen't intervals during a longer infusion 
period. 

The fraction of infused methane that was 
converted to carbon dioxide during the period 
of observation can be estimated from the data 
of the experiment shown in Fig. 3. The mean 
C1402 specific activity of the collected C1402 
during the 9 hours and 401 minutes of obser- 
vation was 160 dpm/mmole. If the average 
sheep excretes 10 mmole C02/min (9), total 
C1402 excretion during the experiment ap- 
proximated 160 dpm/mmole X 10 mmole/ 
min X 580 minutes = 928,QOO dpm. The 
infusion contained 756,000 dpm/ml and an 
infused volume of 369 ml = 0.756 X 1@ X 
369 = 280 X lo6 dpm. The percentage of 
conversion during 9 hours and 40 minutes 
of observation was 0.928 X 1@ t 280 X 
106 = 0.33%. 

The thesis was considered that diffusion of 
C14H4 occurred from the arterial blood 
through the ruminal walls and into the rumen 
contents thus exposing labelled methane to 
microbial action. This possibility was ex- 
plored by obtaining rumen ingesta via a fis- 
tula from a sheep receiving a 30-minute in- 
fusion of plasma containing C14H4. Al- 
though the ingesta did contain small amounts 
of radioactive methane, the ingesta carbonate 
had a specific activity of only 5 dpm/mmole 
compred to 201 dpm/mmole for expired C 0 2 .  
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A methane-oxidizing organism has bceen iso- 
lated from an enrichment culture from the 
rumen of a cow( 10). Since the active rumen 
microiflora is strictly anaerolbic, methane-mi- 
dizing bacteria obtained from the rumen may 
not have been functional but merely casual 
passengers brought in with the food( 11). In  
this work, i t  was found that C14H4 was trans- 
ported from the blood to ruminal contents 
but since the specific activity of carbonate in 
the rumen was much less than the specific 
activity of carbonate from expired air, the 
oxidation of CH4 in the rumen seemed 
unlikely. 

With only a small fraction of the total C14 
recovered as C02, it is important that the 
Cl4HH4 infused did not contain C1402 or other 
labelled compounds. The NaOH washes of 
the C14HH4 infused were radioactive, butt the 
radiolactivity was probably dissolved CH4 as 
it disappeared from the NaOH sollution after 
bublbling with cold carlrier methane and did 
not precipitate as BaCOs when carrier car- 
bonate was added. 

Under the conditions of the experiments, 
the calculations from these experiments sug- 
gest that the quantity of methane that is oxi- 
dized by ruminants is too small to be consid- 
ered as an important factor in energy metabo- 
lism. The evidence for the oxidation of CH, 
by animal tissue, however, is of considerable 
interest from the viewpoint of comparative 
biochemistry. Information concerning the size 
of the methane pool in body tissues, its turn- 
over rate, and intermediary metabolic prod- 
ucts will be presented in a later report. 

Summa~y. Oxidation of methane was dem- 
onstrated in intact mammals by trapping 
radioactive respiratory carbon dioxide follow- 
ing arterial infusion of C14-labelled methane 
( C14H4). Only a small amount of the infused 
C14H4 was oxidized. 
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