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INTRODUCTION

This report describes the results of resc~rch performed under the

auspices of the Office of $al,i.ne Waker Grant NO, 14-01-001-364 OVtr the

~WO year period ending %prember ~, 1965. The primary p~lrposc of these

studies was to investigate some of the fundamental aspects of ion

transport across biologic membranes. One of the most characteristic

f~atures of living cells is the ability to maintain a constant volurn~z

of water within the Iimltirq+cell membrane and simultaneously to preserve

the concentrations of sodium and potassium In cell water at I,CVCIScompat.

lble,with life; these levels differ stri.k?ngly from those maintained in

the f~Uid SLI~rOllndin~ tb Ce~~Sm Thus virtually all li.vin~ cells, from

those of singl~-celled or~anisms in a marine environment Lo the complex

cells of the most highly ordered mammalian spec~es maintain a high potass-

tum and low sodium concentration in cell water, while ~he cx~racellular

fluid characteristically is sodium rich and potassium poor. It is well

known that the ma$ntcnance of these alkali metal cation concentra~tons fn

a steady state condition that i.sfar removed from equilibrium r~qutres

the active extrusion of sodium ions from the cell water and in many cell

systems, the active transport of potassium into the cell water agafnst

their respective electrochemical ~radien~s. Tt also is known that I:hQse

ion transporr processes are among the most important energy requ$rtng

funct~ons of living cells. While the ener~y requirements for electro-

lyte transport across cell membranes of the cell types that are conce~ned
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was measured at 30 mfnute intervals. When the hi-directional movements o:

Ffafrom mucosato serosa and vice versa were measured simultaneously, Na
22

24
was added to the mucosal meiii.umand Na to the serosal medium. when Na22

alone was used, 200 micro~iter samples were plated and dried in aluminum

planckw$@ and radioactivity was counted using a thin end -window gas flow

counter (Tracerlab). klhen the two isotopes of sodi.urnwere used sim~.[ltane

o~sly, an auto-gamma spectrome~er (Packard Model 410A) was used and F/a22

and Na24 activities were counted ustng the appropriate wfndows on the day

24
cIfthe experiment and again after well over 997.of the Na had decayed.

Chemical determinations of sodium were performed using a flame photometer.

A second basic prot~col was used for a number of these stud%es.

In these expe.~%mentsp metabolic observations were obtatned on bladder

tissue segments. In general Tndfvidua]. Ilrfnary bladders were cut into 9

tcI12 segments> each approximately 1.cmz in area. These were di.vtded intc
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Lions.

10 ml

Dubmff nw~abalfc shaker. Durfng the initial 30 to 60 minutes of study,

100% oxygen was used as the gas phase in all flasks. Thereafter for the

anaerobic studles3 the gas phase was changed to 100% nitrogen in half

of the flasks and oxygen was continued tn the control set. TIw studies

were continued for one to two hours thereafter. These experiments were

performed to measure the tissue levels of adenosinetripl~ospl]ate(ATPj, and

glycogen axldeo measure the rate 05 lactate formation by the tissue slices.

control ATT and glycogen concentrations were measured on tissue segments

frmnediately after removal of the bladders from the turtle. These served

as a franw of reference for tissues analyzed after incubation under a

variety of experimental conditions. Experiments were performed with and

without exogenous substrate (glucose) in the Rlnger$s solution. Lactate

formaticm was measured $n the superrmtent RingerTs solution and the total

amount of lactate formed could then be cormlazed with the rate of glycogen

Utilfzat%on. Tissue Am levels could be correlated with both measurements.

A detailed descriptba of the methods used for ATT, glycogen, and

lactate .analysfshave been included fn previous publications from this

3,4,5
laboratory .
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RXSULTS

A photo~raph of the luci~e chamber with bladder mounted between

the two herni-chambers is shown in Figure 1. The electrodes closest to

the bladder aye employed for the measurement of Lransbladder potential

difference; the electrodes entering at the two poles of the chambers

are used for the external (i.e. “bucking”) current which provtdes a

nwasure of the short-circuit current as defined by IJssing and Zerahn2.

The histiolo~ic appearance of the isolated bladder is shown in

17i,glre2.
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Potential Cradient and Ehort-circuit current:

The intact ~urtle bladder cxhibi.ts electrical asymmetry

characterized by a trans-bladder potential gradienr(P,D.j. Tile

serosal surface is electrically positive to tlhe rmlcosal sllrface, ‘l’he

magni.tud(. of this trans-bladder P.1), varies from 10 to ove~ 100 milliv-

olts in aerob$c studies and fn the majority of $nstances, the steady

state values range from 36.)to 60 millivolts. Figure 3 depicts the values

for P*D. fn a representative

The drop in the P.D. that i.s

characteristic and so, also,

ments, the decrease occurred

bladder studied under aerob$c conditions.

evident during the firs~ 30 minutes is qul’ce

is the recovery. Tn the majority of experi-

over approximately a 30 to 60 min~lte inter-

val, and recovery was complete wirhin 90 minutes, Once steady srate

1.2.
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B!OELECTRIC CHARACTERISTICSw’ THE i$oLATED TURTLE BLADDER
IN THE ABSENCE m soDiuM TRANSPORT



frmreased in 8 of the 9 exper$nmnts by an average of 57X. In one

<~xperiment the value fell and for the &roIIp the increase avera%ed

36%.

The rote of lactate fo~aLion also was studied with and without

oxygen ?n the R%ngerts in 25 experiments. Tn 24 of these lactate

formation increased after the gas phase was chan~ed from 100% oxyzen

to 100% nitrogen, The mean value was 162 x 103 I.Lmper 7 cm2 per hour

in oxygen compared to 347 fn nitrogen. The fncrease was 1147 and the

Cltfference is hiEhly significant (p< O.01).

Glyco8en Utilization Versus ~odimn T.ranspoYt:

The glycogen concentrations of bladder segments were measured

under control conditions (i.e. immediately after removal from the turtles),

after two hours of incubation fn oxygenated IHngerfs solutions, and after

2 hours of incubation in anaerobic Ringer’s solLItions. No glIIcosewas

used in these sLudies. Glycoge.n concentrations were significantly de-

creased after aerobic incubation in relation to control and glycogen

utilization was greater fn anaerobic than fn aerobic environment. This

difference also was statistically significant (p<O.01).

Lactate Formation Versus Glycogen Utilization:

Lactate formation and glycogen utiliza~ion were measured simultane-

cmsly in 19 experiments. Glycogen was measured as glucose residue; hence

if all the glycogen utflized were converted to lactate, 2 moles of lactate

should be evolved for every mole of glucose utilized. The results tn the

19 experiments were as follows. GlycoEen utilization averaged 10.4 pm

per gram of tfssue per hour (standard deviatton~ 1.2); lactate evolution

averaged 21.9 ~~mper gram of tissue per hour(standard d~viation ~ 3.1).
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The Eff~cts of Inhibitors of Electron Transport on the T3ehavtor of the

Turtle Bladder IJnderAerobfc Conditions:

The capacity of the turtle bladder to furmt%on when the gas phase in

the bathing Ringerrs solutions is 100% nitrogen wo~lld support. the view

that this st.ructu~e is capable of sustainin~ sodium trtinsport. via .anerobic

metabolism, The preservation of A’1~ levels under anaerobic conditions

would prov~de additional support for ~his thesis and ffnally the relat%on-

sbips between sodium Cransport and anaerobic glycolysfs depfcted Tn Figure 6

would seem to document thts phenomenon. Nevertheless it is possible that

trace quantities of oxygen are present in the Rin~erTs solutions and chat

the metabolism is at least in part oxidative. TO examine this thesis

experhnen,tallyp studies were performed on,turtle bladders suspended in

oxy~enated l+inger~s and inhibitors of mitochond-rial electron transport were

employed. T%etie should render this system ope~ationally anaerobic.

Twelve experiments were performed to examine the behavior of sodium

flux and short-circu$t current and the relationship between these two
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$ormation and with sodium transport. ‘These were the results thaL were

observed. TOdOacetate produced a fall in lactate forma~ion towarcls0,
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TITSATP studies document the abillby of the isolated bladder to

maintafn tissue ATT’concentrations at approximately the same level,

under anaerobic as uder aerobic cond%c%ons. This occurs despite the

fact that MT utilization from sQdiurn transport remains relatively

unchanged “ Thus Elycolytic ener~y production must ‘beextremely effic-

ient. It is possible on the basis of tk data obtained to examine the

sodium transport. In

studies and lactate

accumulation measurem~nts were made sim711taneously (Fisure 6J Lhe average
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