This document only includes an excerpt of the
corresponding thesis or dissertation. To request a
digital scan of the full text, please contact the Ruth
Lilly Medical Library’s Interlibrary Loan Department

(rimlill@iu.edu).




NEMBRANE POTENTIALS IN THE

‘ISOLATED SMALL INTESTINE OF THE BULLFROG

by

John F., White

Submitted to the faculty of the Graduate School
in partiszl fulfillment of the requirements for
the degree of Doctor of Philosophy in the
Departument of Physiology, Indians University.

Decenoer, 1970



Dr.
Dr.
Dr.

Dr.
Dr.

SUPERVISCRY COMMITTEE

William McD. Arumstrong (Chairman)
Kalman Greenspan

Carl F. Rothe

"Paul V. Blair

Ralph A. Jersild, Jr.

Major Subject: Physiology

Minor Subjects: Biochemistry
Life Science

Physiology
Physiology

~Physioclogy-
- Biochenistry

Anatomy



Acceptance of this dissertation has been approved by:

' Dr. William McD. Armstrong /1/) gﬂécwp /"47 /fhs b‘“%s_
Dr. Kalman Greenspan /L/,ﬂzzk

- o~

Dr. Carl F. Rothe

_ Rt
Dr. Paul V. Blair %/ ///é//ﬂ

Dr. Ralph A. Jersildl, Jr. | /\/Z/ﬁ,«/ i Q/ﬂvza// Oo/




-104-

V. SUKMARY

Using microelectrodes filled with 1 molar potassium
citrate and with tip resistances between 50 and 150 megohms,'
mucbsal andAserosel mewmbrane potentials weré reasured in
epithelial cells,of,isolatedrbullfrog small intestine.

‘ Simultaneously, the potential across the entireAepithelium
(the transmural poténtial)rﬁas measured. Experiments were
conducted in the presence and absence -of the amino -acid-
valine and a number of sugars.,

_In sodium sulfate Ringer's, in . the absence .of trans-
. ported solutes, .the mucosal membrane potential was -49?2 mV (SEM)
. {cell interior negative to mucosal and serossl-bathing
solutions) end the seroszl membrane pbtential wasA»51il mVe
In sodium chloride"media,lthe,mucosaf membrane potential was
: -43§2,mv,and,the serossl membrene potential was ~4i¥2 mv..
In all instances, éhe:reporded transmurél P.D. equalled the
- algebralc sum of the mucesal - and serosalAP.D.'s measured in
the sane preparation.

---Several solutes were tested for their effect on the -
membrane potehtials in sodium sulfate med;a. The actively _
transported sugars, glucose and galactose, aecreased the
mucosal membrane potential and elevated the transmural
potential (the serousa becoming more positive with respect

2ge in the mucosal membrans

o))

to the mucosa). The decre
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potential exceeded the incresse in the transmursl potential
iﬁplying 2 real but smaller decrease in the serosal membrane
-potential. The sugar sorbose, which is not activeiy trans-
"ported, did not alter either the mernbrane potentisls or the
trensmural potential. Valine, an actively transported amino.
acid, altered these electrical potentisls in a manner
qualitatively similar to that of the actively transported
sugars. A -
Phlorizin, an inhibitor of intestinal sugar transport,

. prevented or reversed these electricsl changes. The membrene
«mandftranSmufal,potentiéls—wete unzltered when the tissue wasA
~ exposed to Ringer's containing glucose and phiorizin.

- - Phlorizin, which reduces the transmural potentiszl elevated
" by galactose, increased the mucosal and serosal mewbrane
.potentials previously reduced by the-same-sugar. The-
electrical responées pro@ucédlby»fhe:émineeaciéﬁvaiiﬁeawéfe -
- not-inhibited by phlorizin. This inhibitor alone did not
aitef:théée electridéirparamégéps at the concentrations _
uéed. |
The depélariZation by actively transported solutes of
the mucosal membrane potential, found in this investigation,
is consistent with en incressed permeabllity of this membrane
to sodium., The overzll effect of these.two solutes on the
mucoszal and serossl) membrane potentials are interpreted in

terms of three possible physiological mechanisms:
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1. Actively transported solutes decrease both membrane
potentials equally, the transmural potentizl arising
from current flow across series resistaznce elenments

located below the tell surfsce.

2. Actively transported solutes elevaté the trensnural
potential by reducing both membrane potentials, the
change in the pucocsal membrane potential exceeding

that of the serosal,

-+ 3. Actiwely transported solutes reduce the mucosal
membrane potential but attenuation of the resulting
increase in k... occurs due to the existence of

extracellulsry ionic shunts.

These findings sre not consistent with the hypothesils
that an. electrogenic sodium pump in the serosal membrane 1is
solely responsible for the elevation of the transwmursl

potential .in the presence of actively transported solutes.
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