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VNi I' NE, EDGAR NI., JR. Resp'iraitisn Jod oxidhrtion oJ i-'atiou. anesthetized with Neiitbutal. A scgtinent of iletut wst
'uhýtreit,s hi deuw in vitro. Amn. J. PhYsiol. 20()(2): 329-332. qitickly excised and placed inl an oxygenated btttle(I'erCl
i o6 . T he respidratlion of iletinin fromn the rabbit, mionkey, salt soluition at roomt tenmperature that wvas identical to

hamister, guineca pig, and rat in vitro wvas studied. NMeasure- thle solution used ill the experimtental period except that
nients* were also miade of the rate of oxidation of labeled glucose, no0 substrate was added. The set- mclii was 0!)t'ti'( b\ a
glitlaminne, acetate, and pal initate to C110O. by ileti n inl these
species.. Added glutamnine and acetate are oxidized at a faster lniuia niinadpae )1aIorlwt h
rate than added glueose b\ rabbit ilettmn. '[ he guinea pig and inticosal side tip. D iscs of ilcuti were obtained b\ itising
mionkey ileumn gave Values similar to the rabbit excep~t that the a cork borer that cut ouit pieces \W igluitg a lplroxitilatelv
gttinca pig tissue had a higher rate of respirationi. 'Ihe hlamster I oo ing. Fresh wet -weight was dtetermtiited riteti
and rat ileumi both oxidized glutaitine and gltucose at nearly call-, and the tissue was tni uncliately, tranisferred to thle
the samne rate. All species oxidized acetate vigorously All incubation flask. I leal segnituetts front the mionikey were
,necies oxidized labeled paltnitate which wasit added at low, obtainted iii the sam %\itt\a as ttsed for the rabbit. Guinea
toncenurations. Mltlosal cells of rabbit ileumn oxidized the pig's, rat's, and hatutsters were anesthetized witth ether and1(
v'ariotus sttbst rates at ia tes that w\ere proportional to ftull- se~gnucuits were citt wvith scissors. Miucosal cells were pre,-
th ickness ileut i. It is conchluded that ilem n fromt variottS spec~it'

ofainalsca oxdie anube o~ffren sbstat, i \il. , paredl by pushiiig it iticroseope slidle down the serosal
animls cn oidiz a uimbr ofdileren subtraes i xiiO. urfae o a sgmet of ileutiu antd expressing the( cells

T here arte dit ere nces in rates ouf oxidat ion by variotus species. sufroncte cfut selt, ofieln ic soewudsIi

oxidatlion of glucose glititamnine glitutmalnae a tithe of toothpaste. Microscopic examiniationi of the in-
p altmi ta Ic acetate in test inal metabolism iletit m test inc revealed that onily apical cells had beein removed.

Conventional \Varbttrg flasks with triple side armis
were uised except for the dleterminiiatioin of the respiratory
quiotient; in thc latter determiniiation, I ixoiu-Keilin

T flasks were tised (5). The gas phase was oxygen. After
IN A PREVI01tS COMMUINICATION fromt this lab~oratory, introduction inito the 37 C tuetabolic bath, 20 tMin was
evidence was presented that glucose did not stiniutlate allowNed for thermial equtilibratioin; thens the stubstrate
sodium transport in the everted sac prepared froiii rabbit was tipped in fromt a side armi At the end of the iitctiba-
ileumi, gititamimue, however, did stimuitlate sodiumt trans- tion, the reaction was stopped b\ tipping in 0. niI'l 50 ';
port (4). This raised the possibility that gluttamniine ituight phosphoric acid. The flasks we're allowed to shake ant
be a better sutbstrate than glticose for oxidative ittetabo- additional 15 imlin to ensutre complete trapping, of the
li~sii of' rabbit ilemmn iii vitro. Therefore, some olbserva- CO., by the alkali in the center well. All oxygen con-
tions were muade of the oxidative and respiratory stmmtsption values are expressed as microliters per too ni-
characteristics of rabbit iletiiii and iletun fromt other wet wt per hr except for the apical cell preparation. In'
species and these are reported in this comnmuinication. the latter, the cell dispersions were utneven and therefore

rates of oxygen consumption were not comparable, so
EXPEFRIMENtAL. ME.THODS the radioactivity in the CO2- is expressed as cottnts per

All animials were fed ad libittim, except where noted. mtnitte per inicrotnole oxygen consttmied.
Rabbit ilenmn was obtained fromn local rabbits that were Inctubation ineditini was composed of sodiumii phos-

Received for publication 19 October 1064. phates :3 nmu, NaCI 70 mms, KCI 5 mnim, and M902Iz
I This study was supported in part b .y funding under Publie nim Gltttainine, glitcose, and acetate were added at a

Lalw 48o. Section 104(c), Bureau of Medicine and Surgery. Navy concentration Of 74 tm~. Palinitate was 0.037 rm~ and
IDepartinclnt. Project MRoo5.oq-io 4o. was added as the alibtinin complex (6). All acidic com-

IThe opinions and assertions herein are those of the author and
are( not to be construed as official or reflecting the views of the ponients were converted to the sodittin salts, except for
Navy D~epartmnent or the Naval Service at large. palinitate which was the potassittin salt. The total voIL~lme
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(hx~er Co,,,urnitun, C10- Coni in with mtethanol -xith the use of it techniquei described
AtidI Sustrae p,si t mg per lir per -~ ng per hr esw ee (j.T i oid idc t h tte m tra

A H A described in the rest of this paper as -pahinitate" is at
least -tc amixtu nd oflbled acids hand fatty acfids, if'n.

Noe45 10 uephiae notuae\ a iudchroinatotra-

Glucoe-('"+ 81 Not dne 4,,l Ntedo

Gluanine aboatov. he lucse ndi.-gliitaniiiie were raimdoinlv

Gluosetion. Sodium acetate was labeled ons the carlbox\lI carboni.
.\cetatc-C." Not done 1()5 Not done :3.o All flasks were preparedi ill duplicate. Each experimenit

was repeated three times except for nuonke%, ilelniu \\hich
A:; respiration of rabbit ileuin and conversion of glucose-C'1 was performed twice. In the hamster antd guinea pig, in

and glutJaanary e,-4). one experiment lower rates of oxvge n consump11~t ion thani
B: respiration of rabbit ileutti and conversion of various sub- shown in Table 4 were noted; these lower rates are ten-

itmedicutt was composed of sodiumi phosphate 37~ ni, NaCI 70 aieyatiuedt ndetttaoxad rttpe
0I. K(:I 5 nitist and \IgCl- t nins. Glutaittine. glucose. attd ace- ration of the tissue. The data portrayed in the table,
tate were added to at conicentration Of 74 ii1xM. Palinitate was represent valuies fromt one typical e~xperimenlt wthich art
0-.037 tim~ and was added ats the albuimin comtplex. The total validated b\ the replicate experiments.
volutime of the intcubation miixtu re wats .2.7 itt ; the pt I was 8.o;
the gas phase wa-is oxygen. Duplicate flasks yielded valutes with
no tmore than at 5", variation. Comtplete replicate experititeits RES~L'TS
yielded values with no tttore than at 12'~ variation when done at
thei samec tinite of the y'ear. tDespite this variation, the propor- The data in Table .-\A, otn rabbijt iletitt comipare' the
tional response to the various added substrates was the sanitt. oxidation of glttcose-( ' and glutatniite-( . Althiotgh
All values are expressed ats titicroliters Or counits per ittinute per glucoise is oxidized to (:140., gltitainine is oxidized tonoK tIng fresh wet svt/hr.

(:4(. to a far greater extent. Glucose does not depress-

rBE..Oxidation of C'4-labdled substrates bly ajicalinbt the conversion of labeled g lucoseti b to (:'taii( do~ves
lumninal cells of rabbit ileuniiniithcovrinolaedguostoC(),w n

both substrates are added together.
AdtdSbtaeCounts, 'i in (iIC02 TaleBeri

AedSustat le 0. As shown in TbeiBrabbit ilenim is also capable
Glucose-C"1 172 of oxidizing palinitate and acetate to C:()L.-\lthoiigh the
Glutaitiince.Ci 1.240 labeled palinitate was added in essentially tracer coti-
Palinitate-C." 51.1300 centration, the acetate was added at a concentration
.\cetate-C'' 1,400 that was equimiolar with gluttamnine. Since the radio-

.\pical ittucosal cells were sispended in at buffered salt solo- activity in the co,' is nearly identical for bo0th acetate
tion ats described in Table i . The substrate concentrations were and glutamine, acetate is as vigorously oxidized as ghn-
ats noted in Table i. The cell dispersions were uneven and there- tainine. Similar data are included in .Tab~le ý2 its which
fore oxygen consuitiption v-aried considerably, but when the
data were expressed as counits per minute in CO._/,iiiole 0., apical lunminal cells were studied. It is apparent that the
consumted. there was excellent agreemient between replicate apical cell has oxidative characteristics very sitmilar to
flasks. the segments of ileuim.

In Table 3, 4 and B, are data which indicate that tin-
of the incubation mixture was .2.7 ml and the pH was labeled gltucose does not depress the oxidations of labeled
8.o. acetate or labeled palmitate. Unlabeled gltitamnine does

Although the medium tised here is hypotonic, several depress the oxidation of both acetate and palinitate.
key experiments were repeated with an isotonic meditum As shown in Table i, C, glutamate stimulates respira-
(N'aCIl = 140 mm) and essentially identical results were tion of rabbit ileumo but its conversion to C1402, is only
obtained. i o ', of the conv-ersion of glsitainine to Ct 402. Unlabeled

The radioactivity in the CO2_ was determined by pre- glutamine depresses the conversion of glutamate to C.O.,
cipitation as BaCOI and counting as an infinitely thick whereas the addition of glutamnate does not markedfly
sample in a proportional gas-flow Counter (5). depress the oxidation of ghttamine. Even if the gutaitaate

Tracer amounts of labeled compounds were added at values are increased twofold on the assumption that only
abouit jMe~/flask. The initial activity of each stubstrate the L isomer is oxidized, the general observations are
was imeasuired and the radioactivity in the CO 2 was ad- still valid.
juisted on the basis of an initial 250,000 counts per flask. Since the rabbit iletum had a very appreciable respira-

Substrates were obtained from commercial sotirces. tion when no stubstrates were ad~ded, the respiratory
Only the palinitic acid-iCI4 was checked for purity. On qtsotient was estimated several times uising fttll-thickness
thin-layer chromatography this material had a RF iden- segments of ileum without added substrate. On all oc-
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casions the RQ values were unitv or greater (1i .1- 4) paliiitate; the higbeist rate- was otoiid with hiaiister
for normial rabbits. Single experimients (in di iplicate ) ilenin Although palinitatc was added at tract, colleeni-
gave valuies of 0.83, for nionkev, o.8.7 for rat, 0.7o for trationis, acetate "as added ait the sailie conicentrationi as
gguineca pig, n .7frhmtr glucose, and acetate is vigorolisk oxidized to 0 ~

Ini Table 4 are valuecs for the oxidation of various sub- Ili the in vitro preparations, the oxidation of added
strates by ileumn froiii the rat, guinea pig, hamnster, and substrates is i, tile followvina order:
mionkey. The oxvg en consumiption for thle rat and mlonikey- acetate > glutainule > gli icose
mionkey are in the samne range as that for thle rabblit, haitister: acetate > gliitamiiiie = gluicose
whereas the oxvfgen consumiption of guiinea pig and guineca pig: acetate > aliitaminen > gli meose
hamister is niiich greater. Onl several occasions lower rat: acetate > g~lkitaniiiie =gilucose
rates of oxyg~en consmunption were observed for the latter rabbit: acetate gliitainiiiim > glucose

two species; this inay have b)een caused by unintentional
periods of anoxia during preparation of the tissue. DISCUSSIONs

Glucose is oxidized by ilettim of all four species. \\henl Fri these studies of the ileumni in vitro it is evidhent
the radioactivity in thle C0. - is calcula .ted as counts per that ileal tissue is capable of oxidizinig a variety of sulb-
unit of oxygen consumied, there is v-er\ little species dif- tae.Guineis\gril odzdb\heabt
ference. strn)ats. %Nellaimmw s enaningro xize h teabt

Gluitaminiie is oxidized to C0.2. 0On thle basis of units of ilir swl sehnigsodiuiim, aiid water transport

oxygen consumied, the nionkev and guinea pig oize inl vitro (4). The iiiechanisuin for the preferential coin-
ghitmin attwic th rae o tha fo thba istradiz b ustion of glittainine comipared to glucose has not vet

ruat.The rabbt ticeu, thowraevr oxidizfotes batista er ata been elucidated, but it is reasoniable to postulate that 'bv

faster rate than all species tested. All four species oxidize deamiidation and transainiulation gliitainiiue is converted
intracellhilarlv to a-ketogluiita rate and enters the citric
acid cycle. The less mnarked oxidation of glmitaimuate miay

TABL.E 3well be attributed to the dicarboxvlic mioietyý and reduced
A~ir~iso..trac tg~n ('on- Clqiý, C,,.nt,' cellular perineability dlue to the terniiiinal charges at each

mgr er hr oer hir end of thle miolectile. (:onfirination of this speculation
.I.- Oxidaltion of atrttate-!-C'' by rabbit ileum mnust await experimients with cell-free preparations.

None- 75 Although it is temipting to suggest that in v"itro glucosse
.\cetate-C'' 75 4,000 is a sttbstrate of mninor imnportauuce, it mutst be kept in
A\cetate-C'' + Glucose 854, 60(0 ind that ileuini fromn all of the species studied has a very

Acette-C + Gotauimue0 ~ 8oo appreciable oxygen constiniptiomi in thle absence of added

B. Respiration anud oxidation of patmitate-C'' by rabbit ileurn substrates; furthermnore, rabbit ilciuin has anl RQ of unity
None 80 or greater iii the absence of added suibstrates. Therefore,
pautuuutate-04' 78 50.000 if there is endogenouis carbohydrate intracellularlv in the
ralmilitate-C, + Glucose 9854 - My ilettmn, there miay well be a vecry significant intracellular

Palnitae-C' + iutmnie i0 15500 dilution pool. Thus, the \-allies reported here miay he

C.: Respiration and oxidationi of glutamatf-C'' andg*lutarnine-C'' onily true miiinimal valuies for glutcose. Also, thle present
by rabbit ileum studlies did not include any mneasturemient of lactate for-

None 74 niation. D~ickens and WVeil-Malherbe (i ) reported very
DL-G l tam1a te-C'' 9q 2.300 high rates of glN colvsis both aerobically and anaero-

DL-Glmutaiatcn-(:'
4 9+ L22,400 70 bically for rat iletumn in vitro with andwihuade

DL-(lutanateC''+ L luta miglucose.

* L-Glutaniine-C" + DL-Gluta- 18.800 Therefore there iiiav well have been considerable enm-
utmate ergy for mectabolic purposes occurringz froiiu glvIcol1i "I
.\If experinients conducted in March 1964. For details see the present studies that was not detected. It is of sonic1

'fable i. interest that in the rat ileal preparation lDickensan

TABLE 4. Oxidation of various substrates by ileutm from various sp~ecies of animals

Monkey namster Guainea Pigr Rat

Added Substrate- -

"10.I h (0 , 010 Als 0_i CN)ý t'o 0,

None 52 133  155 60
Glucose-(:" tug m8ob 164 4,30() 139 2,377 77 1,827
Glutatnmine-C. 72 5,038 154 5 .200 149 10,289 66 37

61lniacC' i 31.470 143 i 10,000 180 22,855 45 io, 186

.clrC'58 9,806 142 20, 200 156 30,100 71 4.434

.\I v.alues are pl/ioo ing per hr or counts/nmin in C02/100 Ing per hr. For details see Table i.
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Weil-Maiherbe founid anl RQ Of 0.7 - thle presence of' a seasonal v ariation -withi respect to gl\vcolN sis (. I I.
added glucose 0t ). ]in our studies ileini front the normal present Studies were he-gim in) winter and' dilimiii the
rabsbit has consistently had an RQ of unity or greater; msoderately cold period the enidogenious respiration wias
only rabb~it ileumi that has bseen damiaged by cholera in the range Of 40-50 Al 1oo ilig wet wt per ir. A\S fth-
vibria has anl RQ of o.89 (unpublished data). stuidies were continued throu'sthespin and early

The low RQ fouind by D~ickens and lWei-Malherbe for summer (95 F), the eridogenotis respiration rose to at
rat iletun suggested that fatty acid oxidation might he a range of approximately ioo tl oo mng wet \%st per hr.,
comnponenit of the respiratory metabolism of this tissute. Although added glucose and glutainine still stmitiiilatcd
Rao and Hansens reported, however, that steara te-C',4  respiration, the proportional response was iutici less. No
was not converted to (:14( )., despite the fact that it was change in technique or diet could be determined and
incorporated into tissue lipids of ileumn in vitro (8). In therefore this niav represent a seasonal variation.
the present studies various preparations of labeled pal- The present observation that ileititi in vitro hats an
nsitate have been used and there has been consistent appreciable endogenous respiration is not new. I )ickcins
oxidation to Ct

'
4( )-. Also this samec paliniitate is incorpo- and WVeil-Malherbe 0t) measured appreciable ()X\gt

rated into tissute lipids from which the radioactive coni- consumption by rat ileitini without added substrate
ponent eats be hydrolyzed by alkali and after acidifica- Newev et al,. (7) made sitmiila r ob serva tiotns ats wllI as,
tion extracted by h ,exa ne ,(unpublished data). The deniotistratintg that rat ileuni in vitro can eutivert labeled
radioactivity in the hexane can be re-extracted with glucose to C14( )2..

alkaline ethanol (6). Thsese facts lead uts to conclude that Additional experimnetts iii this laborator\ (11p tb-
we are probably observing trite oxidation of the added lished data) have shown that after at 72-hir fast rab bit
paltuitate to C'4( )2 in the svstens that we utsed in the iltuin still has a marked endogettoits respiratiotn
present studies. One experiment was performed that was (70 mld too tug per hir). The response to qlucose and ilt
identical to that shown in Table 3jB except that stearie famine is the same ats found withi tissue froit dlit. led
acid- 1 -'.1 was the labeled suabstrate. Similar results wvere aninial. This wouild appear to indicate that the rabibit
obtained althoutgh the radioactivity in the C( )2was only iemi o aiy elt' fedgiirssoe fsit

otne-half of that found for paltaitate. Althouigh palmitate strate for the support respiration I-- hr of starvniti.
was added at tracer concentration, acetate at substrate The findings of species differ.C11111ca
concentrations was vigorously oxidized by ileal prepara- tion are compatible with earlic :;, :Is the d if-
tions of all species studied. Although free acetate prob- ferences in sstccinoxidase activity r --t and 'gittmta
ably is not a phvsiological substrate in these animials in pig intestine (2) and the varvit'ig S.. "'iL\s Of tites-

vivo, it seetiss reasonable to conclude that ileitim fromt tinle of various maiiiials to daniage I)- afnillopterml ().
somec animials canl oxidize fatty acids.

In their report onl the metabolism of the rat intestinal The tech~nical asi5sjtan~ce of' Susan S. S. W~ang :s gr,;tmefiullv
mutcous tmembhrane, D~ickens and Weil-Malherbe noticed acknowledged.
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