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CHAPTEE I

INTEODIICITIXSI

la atm anioal bodx the ealntenaoce of « epeelfie eleetro3jrte

balance la critical for the vell-belng of the entire orgánica* The

erolutlcoiary lœcbanla» for thla ecmtroX beeoinea Inereaalngljr coaplex^

reaching a paramount of cocplexltgr In the masmla* In the namalian

body the aodlum Ion balance^ one of the »ala conetituenta of the

eleotoo3yte aeriee^ la controlled b^ a reaponse to the hereonea of

the adrenal cortex (aldOBter<»Mi and deaoc^ortlooaterone)* Ihe level

of the former horstoo:» la thou^t to be regulated tgr the direct eff^t

of the aodlua Icai coneentratlaa of the blood ea the dienoephalon of the

brain» idiUe the latter is under the Infloence of one of the

pltultarjr horoonea (oortiootroj^iin)* (Figure I} Qujrtoa» 19<5l}
She excretion» or eonveraeljr» the conaervatlon of aodlun lone

oociira in four tiaauea in the aanmaltaa bod^» l*e • » kldnej» eweat
4 -

glaiuia» aallvarT’ glanda» and Inteatlne (B<n>ger» et al*» 1$60), Since

all theae tiaauea ahould reapond to a hormonal Influenoe in a alwllar

manner» aniF theae tleaiasa mentloocd could be utilised in a atud^ of

electrolyte balenee equally veil» thoa(^ Hm inteatlne better lends

itself to the isveatlgatlon (Beirger» et al*» 1^)*
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FIGURE 1, Ihd Ijataraotlooos of the Sodium lo» Cocitoixt of the Blood

V;lth the llioeralooortloold Titer*



FIGURE I

DECREASED POTASSIUM REABSORPTION
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It haa been shomi that a deereasa in the ebaorptlon of a odium occura

In adrenaleotomized dogs (Dennla and Wood^ i>resuii]ab37 due to tt»

eubaequent loss of aldoaterone and deaos^orticoaterone. It haa alao

been ahosm that the unldireetlonal flus of the aodlum Into and out of the

large Inteatina of the dog vaa Influenced hgr deaoocyeortie osterone

acetate (DCX«A), vhlle a similar effect was not demonstrable in the small

Intestine of the dog (Berger^ et al* ^ 1P60} « Ihe work of Field, et al*

(19^5) indicatea that there normaUT* la an absorption of sodium trm the

small intestine of intact dogs*

Ihua it has been ahown that eodluia la absorbed in the small in*

testlnei and it has alao been ahown that BOCA, influences sodium absorption*

The effect of DOCA on the sodium abaorptioc in the email intestine is

oontroveralaX* Therefore, the present stuu^ was deal^d to Inveatigate

the relationship between IKXXA and aodiun retention in the small intestine*

A method vas devlaed hgr which the effect of JXXik on the sodium flux in

small intestine could bo measured* Eadioactive sodium (sodiunv^S)

was used as a tracer to discern sodiisn transfer subsequent to OCXIA

adminlstz«tlen, while eolorimetrlo analgia was used to asoertaln total

sodium* Utilising this technique, a two fold studF was made t 1) to

determine the effects of DOCA on the sodium flux In the small intestine

tnd| 2) to determine argr possible regional diffezential in sodium

transfer in the small intestine*

Since terminóle^ varies with the investigator, the terma

•Huoidlrectlcaaal influx", "unidirectional outflux* and "net outflux*

deserve definition* "Ihvidirectional influx" will refer to the Qna*wâqr



passago tíC electrolTta (sodliin Ions) fron tho elrculâtlng blood stQ^Iy to

tho Intestiüaal Ixtmen* lha sodlua Ions tjbiob travel trm the Intestinal

lionen to the oiroulatlng blood vlU be refezred to as the *'unldlreetlffiQal

ontflmc*'* The change In the sodlnn content of the intestinal lianen

without regard to the tbove nentloned jCltixes is defined as the *h)ôt

outflmc"#



QUPTEa II

MiTSmiS iSD ICTICOS

lüala rats of tho Holtsman atrain vsI^lDg troa 200 to 2^0 grama

vera used in this inTeetigatlm* For each region of the aaall Inteattne

atudledy twenty rata vare paired aoeordlng to vei^t« and allowsd to

become adjnated to their nev enrircaiment for tvo veeks prior to actual

escperlmentatlon* Kale rata vare used to avoid argr posalble intezactlon

of the étoile blood titer of estrogen^ idxich la present in the femiale

of the apecleSÿ on the aodlun flux (Tumer» 1^60)»

prevloue study' involving WOk (Bergert et al*, 1^60}, utilised

a amall znaaber of aninala (6) prepared vltíi ehttuile Thiry fistulas aa

the experlstental population* The eurrent studÿ involves the use of

terwixial^ paired «otperiaenta vlth Isolated in vivo intestinal sections

on a total of slx^ anlmalsi tventgr animals being used in each of the

areas of studf# i*£*i duod«xam^ jejunum^ and ileum*
la each of l^e three esoperlmental grotzpsji there vera ten controls

and ten treated anlmalsi each palr^ consisting of a eontrol a»! a

treated anlmaljp vas given feed (Purina labcaratcrjr Chow^ Appendix A)
and water ¿(1 Itb* The treated anímala vero given intramuscular In-
Sections (Z$ gauge tgr X inch needle) of BOCA (Appendix A) at a rate of

two milligrams per kllogran of bod^ weight (Borger, et ¿1., 15^60) at
tventj four hour Intervals for three eonseoutlve Injections* Prior to

the third injection^ both animals (control and treated) were takm off

feed and allowed only water for a period of twenty four hours} tills

Insured the xmoval of chyme from the t:q::per gastrointestinal tract*
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Firt hour® iubsoquent to tha tí^lrd Injoetlcm» tba exjperlmentatloa ms

began* ea^ prooedure vu foUoved For each pair of anímala atodled*

îhe esperimcnta vero eondueted onior aodlun pentobarbital O^esûmtal^

Abbott) aneatbeala (Appendix A)f given intrsperltoaaeallj (26 gauge b7 h
inch zieedle vith a bevel) at a rate of 3$ idlllgrama per kilogram of

bodjr velf^t (A^jondlx B}* Once In aurgieal aneatheala^ tto abdominal

valla vere rcflDoted to expoae the abdominal caviar» Ihe i^lotrio regicxi

of the atomach vu then located j a Dleffonbadb aerrefine clamp vaa

placed apprcKimatelF six centimetera distal to ^e flzvt* Ih this
nani^r an isolated aeotion of duodemim vu rsade avallaUA for inveatlgatlim*

In securing isolated jejunal and Heal sections» the same general

procedure vu f«llevad vlth these exceptions t Hatl^r than uu the p^lorla

portion of t^ atomach as a landsmrk in isolating the jejunal aeotlon»

the fIrst loop of the avail inteatlna vaa used aa the end of tl»

duoduasa and tha clas^ placed distal to this point* Ihe caecum of the

large Intastine and ita ileoueoal valve vere used u the pointa of

refereme in locating tba ileu»» and Ibe tvo clai^ vere placed proKlmal

to this point* iba jejunum eopprises about ihree<*tentha of tJ^ small

intestine» and the ileum eosgiriaea an additLonal alx-tentha of the

total length* Thus» a great margin of la pruent vben using

these anatomical atructurea u referezee points in locating the varlou

portions of the small intutine*

After the animals vere jxtoperTy prepared» 0*3 c*c* of aodium-22

(Appendix A) in ibonaiol^ical saline vu injooted (27 gauge b^r 1 inch

needle) into the lumen of the lasted section* After a period of ten
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minutes (ÂppeiKHs B)« tho iuteatix»! odcilcn with tha «ttaohsd elatr^ tma

rewofved ^ t<^to fren tbs «niiaal* 3be Izxtostiztôf together with coo-

tentSÿ wee thon counted la o deep-well eointiHAtlon counter (Appendix C) •

Following thia the contents of tho section wore removedf tnd tho Intestlnsl

seetlm ee was washed la ruanlag water for a period of fire minutos

(Appendix B) » She wash^ section was counted again sxkI this count sub»

tracted fron tho total counts of the intestinal section with Its

contents* Ihls isf^wsted count was then tak^ to equal tho total counts

of the contend of the intestinal lustem at ^ md of the experimental

period. An aliquot (0.01 o.e.) of tho intestinal contenta waa then

anal^ed for total sodium hr a edorimetric detemlnatlcst (Appendix Cg B),
and the lolcroequlvalents of sodlvm present wore calculated (Appendix B)*

To eheolc the pMalbillty of occltalon of the blood at;^Í7 to the

Isolated intestinal aectlcn hr the described tcohnlque« the clais^ wore

inserted, as described, in a nonesperimental snlittl of the same strain

(Flats 1)| then 0.2 c.c* of Bxila ink (A^^pemdix A) was injected into the

femoral artezT'» After a time interval of three minutes, the entire

animal, including the Isolated intestinal section, was perfused to an

equal degree with the black residue (Flats 2), indicating that circula-

tloQ was still Intact*

A twowaj flux of sodium exists in the gastrointestinal in^ct*

Sodium ions from th» circulating blood travez^e the nuoosa and enter

the luQon of the intestine end vice versa, depending on the phralologlcal

condition of the organism* the use of a n^loactlve tneer (soditsa-22),
the amounts of the two flaxes can be determined (Appendix F) •
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Ax¡¡r ehan;::Q la the imounts of total soáiuai (radioactiva axui nota-radicw

active) la tha lm>)en of the laolated latestiaal aectloa vould« of

seeesaltjr^ have to ha attributable to eltlicr the movaraent of lona tato

or out of that aeotlon via tha blood vesaols aluce a aechanleal ob*

atruetlcai exlata at each ead of the aeotlosi attdy* Therafora» tt^ m%

change or not outflux of a given Inteetloal ocotlcai iroold be aquel to

tha ftaount of the total sodlisa injected silnua the laaount of total aodlic^

recovered divided bgr tha period of tifflo that tha aodlum waa left in th»

aactlon* iS^ytdïollaally It would bei

net Aitflux * ^1 * ?o
Tine

VIharai * total oodlun injected in1« the

lœiDn

IÎq » total aodlvBft recovered from the
lunca

Aa was prevlouslsr atated^ tha nain object of thla atudÿ vaa to detezrdne

the affoeta of DOGA m tha unldlreotletixil fluxsa of aodlua Into and out

of tho aaaU Intoatlnei therefore, tho not outflux per ^ la of llttlo
or no use*

The radioactive aodlua iaotopa pomlts tha aeleetlva ueaaur^isnt of

tha aodlm Iona leaving the Itanen of tha isolated aeetlon* The rata at

which the radlcaotlve aodlun leavea tho lunon of the Inteatinal aocid-on

waa determined b7 obtaining the dlfferexsce botuaen tha injected and tlM
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TLkTS !• Isolated Section of Rat B^stlna»

PUTS 2» Isolated Section of Rat Intestine After an

mtreartorial Injection of India Ink*
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racovorod sodiu¡>22 and dividing thia quantity ty the duration of tis^ that

the aodluQ»^2 rcstalned in the Imoen* At the outset^ ^ia would appear to

equal the unidirectional outfluz of eodluni however» it suet be tal»»i

into consideration that not onl/ la aodluE>>2S leaving the aeotiffii» but

aoB» of this Bodiissn nay return via the eireulatlon to the lumi of the

gut. la addition to this» the rate at which the total aodiun ohanc^se

Bust be tallan Into account*

T!h& mt outfluz of the aodiTsa*22» as wee previously stated» is

equal to the 8odliin»22 Injected into the Itsxn ainua the aodiuHH22

reoorored from the Ixsma divided by the tiac interval* In order to

calcúlate tho uoldirectlcnal outfXise» this net outlluz of ■odiuiih>22 is

divided by tho ratio of aodiuB»»22 to the nGn»radioectiv8 codiun of a

apeeific tis» interval* Slnoc the tim the eodiia»-22 la in the Itcrm

of the email intestine is amallj and» einee the ratio of the non^s^ llv

active sodium to 8odiUB»22 is e(zistantiy’ changing» the average of this

ratio at tha beginning and at the end of the run is taken to give an

approximation of the ratio throu^out the tlr^o Interval* Ibis fonmils

tai»a into account tho feet that tfa» êyei/ssa is in dynaaio equilibrium*
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Graphlsally It «ân be shotm est

tmldireetlcauil «nitHox *

•Ç-Î
TíST"

Vt’heret ■* totsl sodlm lo^dcted loto the Itxsm

* totfil 0odlm recovered from the

IffiSCS

* eodl^£»>22 injected into the Iturien

hJ - «odliïa^n r«ovw«d ir« tto tom

Having detcridned the net cetflux «nd the nnllirectional outflux^ the

nnidi2^tl<xnhl influx can be obtalnsd taldLng the difference between

these two quantities*

uoidirectional influx "* unMiroctlonal outflux • net outfinx

All values obtained troa the foregoing ju^edures «ere submitted

to an analysis of variance and H* test on the ISH 1620 Data Processing

^tena*



CHá-PTES m

ESSULTS

ïîtô tmidiroctlooiX influx of sodium t?' sôotlons in ths rst smsll

inteetiju» is as foUomt

Duodeiawt

Xn order to detsralns ths efjfects of IKXIÀ on ths unidireotionsl

influx of sodium in ths duodénum^ tventy enirsûs vers uasdt ten ecntrols

and ten treated (opsraticsui perfonoed five hotixrs subssqv^t to the third

intramusottlar injeotion of WCk)* Sodium ion eoncsntration decreased in

ths duodenal lumen of tbs treated animals as a result of the increased

outflux in that region* The man oontrol valise of the midireetional

influx of sodium in the duodenum vas 13*^ mieroequivalents per

minute^ «hile the man OOCA^treated valuó of the unidirectional Influx

of aodium vas decreased to 7•SI alcroequivalenta per minute (Table Z)«

ThuSÿ it can be assumed that the BCKIA. had a si^ifioant effect

(p > 0*001) on ^e unidirectional influx of sodium in the duodenum

of the rat (Table 17)*

Jejumtni

Tmsnisx animals vers studied* Tan pairod experiments were eon-

ducted in vhicdt sodim transfer vas measured* The man values£«> tîm

unidireoticnal influx of sodium in the vere 16.87 mlcroequivalents

per minute a^ 12«2I( mlcroequivalents per mimte for the control and

treated animals^ resiJeotlvel^f (Talla II}* A¡;^arent27 the DOCA accounted

for the si^^nlfie^uit increase (p > 0*001) in the absorption of soditea
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TABLS I

TECS ETOCT OF DOGA OS THS MDJiæsCTÏim ISFUIX OF SODIIEÎ

IS m Dooom! of tecs rat

(raluss* expressed in Biloroer¡[uÍ7eleixts per minute)

cciiJTm TÏÏEATSQ

aii.iF 6.88

P.12

7.13

1Í4*36 P.85

IT.Wt 8.PP

10.75 5.67

11.po 5.72

ik*1k 8.6p

12.53 8.75

13.73

ims

8.P0

13.85 7.97

# bU valtten are roxmded to the nearest hundreth*
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from the of these tninals (Table 17).

Ileuwt

The ctean Taltie of the influx of eodlm tap the ten oontr<¿l animals

was 8.^2 sdoroequlvalents per minute^ i^Ue the ii^an value of the influx
of sodim for the ten BCX>A>treated animals was increased to 10.2^

ttdcroequivaleats per alnute (Table IH). The great amount of fl^lct^^ation

observed (Table XU), in boldsi control and treated groups» accounted for

tíxe lack: of eignifleanoe (Table 17) •

Jn Figure 2 the unldireetlonal flux of sodium into the small

intestine of the eontrcl groups at the three levels of study (duod^isn,

JeJusm^ and eleum) is sunsiarlsed* The analysis of variance indicated

highly significant differences between the various sections (TaWle V).
The unidirectlcxml Influx of sodium in the small Intestine of the

DOCUUtreated rats at tíu» various levels of stu^ (duod^um» Jejuoum^ and

lletmi) is eusanariaed in Figure 3« ^ hic^ level of significanoe bet^m

the duodenum and the ;}ejunum (Table 71) was indicated by the analysis

of variance^ a similar elgnlficance was not deaossstumble between the

jejunum and the lleum» and between the duodenum and the Ileum*

X7 Is summarised the effect of COCA csi the unidirectional

influx of eodliim in lâie rat small intestine in cos^rlsmi with the

control eoaaditl(»i| while Tables 1, 11, and HI give ell the values ob»

tained in the duodenum^^ jejunum^ and lleiun» respeotlvely* COCA

signifioantly alters ^e influx of sodium in tbye duodenum and the jejunum

(p> 0.0Û1 $tpd p> 0.001^ residetively) « At the level of the Hem^ COCA

did not significantly alter the unidireotlaQal influx of sodium (based
on statistical analysis)*
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TABLB XX

T3Z EFPDCT OP DOGA OS THS VmDIZXTmUiL IHPUJX OP SODimi

IS Tas JBJDSIM OP m EAT

(ftilaies''^ «xpressed In mloroe<|tdv&lent« per nizmte)

cosnaot THSATSD

1Í.58 12.25

16.^ 12.10

I6.iil lit.87

19.03 15.33

20.10 11.10

U,$2 10.51

I6»li9 13.51

19.31 9.23

13.03 13.58

1^.71 9.87

HEAS

16.87 12.23

«all value# ara roxnaded to the nearest hundreth
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TABLE m

ras mrxys or doca osr ras umrrjicmai mtm or sodoti

js tbs xleq!! or ras bat

(TBluas* eapressdd in mlarocqoltmlents |»r slzrate)

ccarnoL TSEATSa

10,17 5.42

33.57 3.72

6.€$ llt.57

4.57 5.55

12.73 32.23

1*34 1.25

$n2h 16.56

5.83 5.33

7.85 13.83

31.60

HEAS

11.56

8.52 10,25

« «11 valma aro rounded to the neareat hundreth»



1?

TABLE 17

THE EFEGCT OF DOGA OH THE BKIDEUSTICaiAL IHPtOX OF SODIDIÍ

IH THE RAT Slîâïl. TITOTIHB

{H&ssx Tfilues ex|»rea8ed In sleroo^tilvalents per nlmte)

SECTICSH CQH7R0L TREATED t*

Ouodexnsi 13.85 7.97 7.8872 O.OCXL

Jejtmm 16.87 12.23 li.97Q5 o.oca

neum 8.52 10.25 0.9372 0.U

♦ stta3oat*a “t*

*» BlipitfioanBe
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ÎABLS T

CCSIPAII3CSI BT wsim 0? m wminscmmL imm o? soom

231 m BÂT IBTSSTIIIB 25 TUS CCmOL CQÜDITXG»

(sieân veX«je« eaQsressed in idnr«â<3uiv«ileat8 per stmite)

SECTIŒÎ comoL t* P**

Ouodentoi X3.8Í
3.î;387 0.01

«lejtsxu» 16.87

Jéjunum 16.87
6.2îi56 0.001

2]|,iÿxniin 8.57

Ottodoiua 13.85
li.ni» O.OQl

HeuBt 8.52

♦ Stoideot*# H" iaet
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TABLE VI

CCSmi3C3 BT RK5I0KS OF THB BUDEUmOSSL ÏSFLIJX OF SODIDIÎ

13 IHB RAT IRTESTQîB IB THS tRuATH) CKSBDITIC^

(sean raima expressed in mleroeqolvalents per ntnute)

SECT1D3 CONTROL
«»

Daodenm 7*97

Jejimua 12.23

JsjtmuiB 12.23

10,2$

Duodeouai 7*97

neua 10,2$

5*2VS

l,2$2h

i4m

0,001

0,3

0,2

eStodeni’s H" test

•ffslgnlfleame
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nam 2* Üia XodlvlcîaâX I^idireotloisal lóifliac of Sodlua

la tha Ddodeamaf JeJ\am«« «nd Hem la tho

Control Condition*



SODIUMINFLUXINMEQAMIN.
RUN NUMBER

FIGURE 2
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PIGÎRE 3. Slie 3DE«!lvlduûl Calâlrectlcaaal Ihíltoc of Sodim

in tîtô Suodcnon, tod Uma in tho

Troated Ccndlilon#



RUN NUMBER

FIGURE 3



ch&peh 17

DISOTSaiOH

Sodlm lorn ara deflnltelj retatncd (absorbed) following the ad*

miniatratlosi of Q0CA» Stadiea on the foeál eodioa of rata Isdioated a

decrease la toditim excretion following .the acbuinlatratlon of IK3C1

(Berger, et tl., li^)# A synthetic iaiixîi«locortlcoid, 9- «(-fluoro*

hydrooortis(%;te, also produced a decrease in the sodium content of dog

feces (PoxrtsialsK, Thomas and Linegar, I!)!;?}* Other vori»» (Davis
and HcKiell, 1^31 Davis, Bovell and Soul^Tcrth, 1^3| and Davis, Ball,

Bahn and Goodldb:^, 19$9) have ^own that in the dog the a odium content

of the feoes is interrelated with the amount of torinarf aldoateroo:»»

2h man tha asiount of aodium in the stod following the ad*

ninistration of DOGA ia deoreased (Helr!3cn and Schwarts, Tcstini;

of the sodiism eotitent of the feoea of individuals who lacle the sodium»

retaining hmicnos («•£» in Addiaion’s disease or after bilateral
adrenalectoisiQr) indicatea a large excretion of aodium in the stools, tMch

was reduced by' tt^ administration of ZXXIA (ibiorsm, Kahn and Jenldns,

19^3} • A small sodium content of tí» feces is sssociated with a high

urinary aldost^rcaia, l«e., tbs nrlQBr7 aldoetoroaos seems to be a funetlcai

of the feoal aodium present (Duncan, Ilddlo and Bartter, lS$6)é

Ihus, It has been well documented that sodium retention occurs

fcllowing the admlni8trati<si of DOCA, aití that the sodium level in man,

d(^, and rot is governed to some extent, at least, by the circulating

titer of the mitienloeoriicoids» This investigation is confined to the

regiooal absorptlGsi of sodium from the small intestine*
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Ü13 current data lodicata that there la a definite abeorptlcKi gradient

Otf aodim in the smll inteatine of the ccKitrol groupa* The transfer'of

aodim is greater in tbs jeJunuBB than in the duodeæmn w in the ileum*

Intrasmsoular adminlatratloo of OOCA has a significant affeet on the ah-

aorptlm of aodiu» tgr the duodemm and the jejunum* This effect of COCA

in the small tntostlns vas ioglled Isgr the vortc of Field* et al* (1^5)
vhlch demonstrated that nonsally sodium ahsorption exists in the Ileal

region of the dog; hy Clark (193^) vho found Ihat fdloving the ingestion

of sodium chloride* mere chloride vas found in the intestine of

adrenaleotomised rats than in the nozsaal oossditioni and by Beimis and

Wood (l5%0) vho* veu'king with adrenaleetomisod dogs* found a decrease

in the ahsorptlm of sodium from chronic loeor ileal Thlry fistulas*

A significant effect of intramuscular cdninlstered DOCA on tb^

•odium transfer in the ileum vas not suppeerted hy tíie data in this in*-

Testigaticn* This duplicates the results ro2>art^ by Berger* et al*

(I960).
Tba tmidireotlcnal influxes recended in the current research seem

to correlate quite veil vith the i^qraldogical aotirity of the section

under study* Xn the duodentm most of digestion occurs and a quantity

of hila and digestiré enzymes (pancrestic) enter st this point slcng

vith the seoretiou of lar^ amounts of scams (Bruzmer’s glands) t littla

sb8Qrp^<^ of digested food occurs here* The amount of sodium absorbed

vas relatively lev (Table X)* 13*8^ microoqulmlents per minute* as Slight

be esQpoctod. The majority of absorption of the digestive products tal®s

place in the jojunum* and its unidirectional influx of sodium vas oorre»-
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pondlnj^ olaratedÿ 16*87 Blcroequlvalczïts per aalnate (TaliL« ZI}* Sime

the surface tres per unit length of the ilmsi Ss less tibian the other tuo

seotioîja (Qrlffiÿ 2S6Z)$ It vœtld foUos that Its absorption rate vouldl be

less* This assTsription vas bonM oat \ff the data^ 8*^2 nioroecpilTalcnts

per idnute (Table XU)*
Ih a prevlcRíS study (Berger* el. * lX<î) an affect of DOCA on the

unidirectional influac of sodioa in smU Intestine was not decuanstratod*

The fact that sn effect vas obserred in this study ms* in all ja^diabillty*

dus to the ^Tpe of soqperlraent p«rfor8m1« Ixi Bex^er*s vork the expezl&tcntal

population had chTtmic Ihiry fistulas tdiich* at best* sre srtlfioal* fy

hsving a section Isolated in this tmnmr its nornal funetiona* i.e**

digestion axid absorption* are impaired* Xh^ of food (ehyoe) in this

region eculd quite easily lead to an atrophy nr* at least* a {»rtlal de*

generation of the gastrointestinal llnioc;* A ooc^^nnble procedure is

utilised in nedicine to sUov for the }K>aling of injtired intestixnl

segnonts foUeving resections* Althou^ a ssochandcsl obstruction «as

caused by the Bleffenbaoh serrefins ola^ used in this study* the intestinal

lining retained Its natural integrity* In &>rcer*a vork the use of

anesthesia during experiaentation vas not ncodod; hovever* in this stu^

the naturo of the procedure neoessltatod the use of sodium pentobarbital*

It is veil to note that Code* et al* ÇJSCO) have reported that anesthesia
with sodim pentotMurbltal did not aff^t the rate of "insorptlen*^

(unidlrmstlonal influx) of either vaW or sodiim In the small ixstcstlne

of the dog.

l^hen a physiological (isotonie) solution Is Instilled vlthln the
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Xxxnen of m isolated seetlan, no net títínia^ of the constituents is e^qxsctcd

to occur; s new Chaz^ in tlie ca^xosmts was notent Ibe ctnrloos

question is I Vlmt is tho foroo that oausos a flux of sodium when there

is no osr^ic ccazcmtraiioa differonec? ieoording to Qrim {l9èZ)g the

meobanism which ml^t aaplain the net movosmt under these eonditi(»us are

as foUosss 1) difihslon as a oonsequ^e of a eomentration difference;

2) bulk flow as a eoxisequenee of bordroatatlo or oanotls pressure

differences; 3) eleetr<^:/tlo tzansport as a oonsequence of potential

differences; or It) active tz^nsport* Since phsralologlcal aoLutions

were utilised, there ia no eoncentraticsi difference; h^e, diffusion

cannot be tl^ mcchazilsa» On the aama basis, no oaaotie pressuro

differences existed, azui no hydrtwtatio preosure was present in the ex-

periœnt (quantities of pi^lologlcal aalino injected were not aufftetent

to dlatend lumm), therefore, bulk flow can be eliminated* Further^»

more, alnce an isotonic aolution was imtiXlsd, there can be no sicnificant

potential difference serosa tee intestinal wall; consdqueiztljr, alee»

teoljrtlc teansport, though in*esent, is proboH^ minlBAl* It is probaM-o

that active transport Is the chief nechanlsia Sinrolved*

She exact chemical sechanisn for the action of anor homatta is not

known; howev^, certain facta eozzeeznins hormone action have been and are

being elucidated and working eonoepts aro being foraed* lb pz'ovious work

with isolated. In vitro rabbit ileum (Sohute, «t al*, 1963, IPáít),
changes ia the tzwumural potentlsl, the short circuit current, and the

sodium fluras were attributed to tbs active teansport of aodlum fre^ tte

Duooaa to the aerosa* It vat also fouod (^hute, et al», 196k) that
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this «ctlTO transport vas dei>ea)d0nt m tho presence of intact aerobic

astabolio path»a^ and vas inhibited b^ a Xov eonoantratioa of cniabain

ia the sexKMial aodiun» Thua» the asswiptlon cm be nade that the aodlnm

is transpcnrted via a earrier->faeilitatod tnveiment and OCXSA smy be in*

ducing the active transport of aodiua \jy a soohaniaa sinilar to tíiat of

the insuXin~gXueoee transport theorjr (Hgttree k and 5}«
Hormones are capable of eauaing great ohangea in eellolar activity

even tdxen present in anaU titer* Host hormones have been ahoun to bind

<2aite tenseious3;f to proteins^ and OOC& is no exception CWesl^haX^ 1^7)*
Aeoording to ling (1^)« it ia presumed that the asaoolatiOQ of the

horeone with its Harget celia” affect these celia throng chants ia

their free enex^ (f<»effeet8) created tty the haraone*a adsorption oato

^e cellular protein and the conseqiuant electron distribution change*

Thia^ in effect^ creates an activated state vMch ia hi|d^ labile for
/

reaetiona* Shos^ it ia possible that tho adsorptitm of D0CÀ mto the

eellular protein resulted in the ii^ttia for the increased sodloet

retenticn oteerved*

Cafrunyi et al». (1^7) demonstrated a decrease cf reaetivitir la

reapmse to IXXIÂ in aulfbjrdryl gronp-eontaining protein of kidx^ tissue

(a sodlnm-regulating tissus)* She dlffercmces in tea fluxes of the

three intestinal seotions could possibly be ox|ûained by the amounts of

aulfhydryl groq»3 present in tee protein of the duodemaa^ dejunam« and

ileum*

She exact nechanisn for the differences in tee sodium flux in tee

small intestine must «mit the elucidation of tee mechanism of seleotlve
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nXKIRB U« PlagrftRBaetl» Repres^tatlaa of • Carrier Sehorao

for « GIuboso Tntzutpori Thiou^ Va& Coll Kenbrtne*

(Sioenateljrif 1^}



FIGURE 4

■ OUTSIDE-

FREE GLUCOSE

Go

INSIDE

FREE GLUCOSE

Gl

G = GLUCOSE

x= unoccupie:d "carrier"
GX= occupied "carrier"

0 = ON OUTSIDE SURFACE

I = ON INSIDE SURFACE

i^= REACTION CLOSE TO EQUILIBRIUM
RATE-LIMITING PROCESS
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fIGUHS Dlagmsaatid Bepreo^tatlon of « Carrier Sohem

tor ft Sodlon Tr«n5p<»rt ihrottg^ the Ckill lisi^>rtnet



FIGURE 5

FREE

Na

No =

X =

NaX =

o =

I =

SODIUM

UNOCCUPIED "carrier"

OCCUPIED "CARRIER"
ON OUTSIDE SURFACE

ON INSIDE SURFACE

REACTION CLOSE TO EQUILIBRIUM
RATE-LIMITING PROCESS

INSIDE

SODIUM



Qecâxrana pena&abilltyf and ot the mschfinism of hormona action*



(mPTC3 V

smiàsx

la (arder to dteteraloe the etfeoto of descGQreortloeterfaae acetate

on the imldirectloBiBX InAœe of eodiusf « technique for the atudy of

in -yivo isdeted Inteetlnal seetlons va» dcnrieed* Utilising this t^h*

nique» a total of aix^ sale» albino rats vore studied t tuent/ each in
the duodenal» <uid ileal regions*

A definite absoarptlon gradient of sodium «as noted in the eontrol

condition with the greatest absorption in the jejunum* DOGA vas found

to aignifieanti/ decrease the unidix^eticauLl influx of sodium in the

duodenum and the jejunum» iriiile a similar effect vaa not demonstnted

in the ileum*

A carrier-facilitated movement» similar to that of the insulin-

glucose transpeart theor/» is postulated and discussed as a possible

nechanlsm for the action of SOCA and th» actlre transport of sodlim*
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mtshxâls ra vÁxmmsss m rBEArmrs o? àimms

Purina Laboratox^ Chew

Cruda protala not laaa than 23*^

CrtM^a fat not Xeaa than k»$%

Cruda fiber not mor* than 6.0^

Ash not nora than 2*0^

Sx^redlantst I&at and bona nealf dried skimaad milk^ «heat gam

Btealÿ fish moalf anltaal liver neal^ drlod beet pulpy ground eac»

truded eomy <»tt niddlin^y adgrbean nealy dehydrated alfalfa

mealy ease molaseesy animal fat preserved vltíi BBAy vitamin

auipleœnty ealeiisa pantothenatey eh<¿Line ehlorldey folie aoldy

riboflavin si^lementy brenier'a dried yeasty thiaminy niaoiny

vitamin A eupplementy D aotivated pdaixt sternly vitamin £

0,$% deflaorinated phosphatey i^iaed salty

0*07^;^ ferrie amoniua eitratey aeuif^aneae aullóte asd a

tracQ of zim œdde*

Obtained fromi Ralston Purine

Checkerboard Square

St* Louis 2y Hisaourt

Oe8Qaiyeortlee»terone acetate

Xnjoctabley aqueous aaeroauapension five nUllgrams per e.e*

Bach e«e* oontalnat deaooqmortieoetsraM aeetate ïï.S«P* ^ ng»|

atethooely 0*1 mg*j aorbltoly $%i P.Y*F*y O.^^i procaine WL, 0»$%$

216432
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dlsoâimBDZâ^ thlooar^müSÿ 0*2$ lag*} and beaethonliia»

chloridâi O.OíXt*
Obtalnod Jtzmt Vltamix Hiaroaoeaticsla lisearporatad

FhiladQlphla« Pams^Xvanla

Nassbutal

Sodium pootdbax^ltal ia^setlaoi» 2$0 mlUlsrasa 'pw e*a«

Each $ ««e* eoatainat aodlua pentobarbital# 2$0 iag*| alcohol#

IQçÎf pronrX^^ glF«oX|i 20îi| water for tn^cctiaa# to maka $ «.o.|

pH ad^uatcd vlth aodla» i^srárcesldo#

Obtalnod tvmt Abbott iJiboratorica

Hortti (Mcago# Blimoia»

Sodltsi»^

In dilute reduced ItlOO vith ph^alolí^cal salina befera

use. Xhia «as equal to 0.003 uC/injociloa (0.3 a.c.) or

approriaatûîjr $$t000 aounts/mln*# i¿m xtzp&r llMt of the acalcr.

Obtaimd fromt Atomic Labaratorlea# Xc^«

Saa Baem# Callforsda.

Standard dxaftamaii'a ink# Hlggina Astorlcaa Ihdia Ink

Obtain^ tvmt Hlgglna Ink

llsir Ttnrk# Hev York



àmmu B

Dosuastaor o? inoos cssd

Sodlun pm^tiârbital «doiiilstrstioat

25 isg» per îs^* of bodly V8Í^t»*»««.**t*«*«*«srogg3rf re«etl^

30 ® » «Il « « sloiied «arkôiDy,
idld eyo reflœc

3^ « • « n K « ♦aur^ioal ti»«ths«l*

ItO « « « « » »

Burstl >it csf for «odlaa-^2 in %im Xmm. ümi gott

1 üdüQ# 2jci lus»a of th» giit •••••••«•«««•m «ffeot

g « « « « « • « « *•

it®"****** *•«««.•«•••»«80GVi

6®®®"""® optako

*«.•*•••*«•• .Bnocisaia tjptake
" •

« "

îlt"""»"*" içïtai®

Durttlcsi of rmmtng water lœi^ for t&e iistostloal «eetlmi

X nîxi* lu rismipg *••««••»•»*•#«*••«* lesa oounta

3 " ® ® ««*•«*•*•«•«•«•*««* • "

^ " ••«tt»*******»**»»» m effect

7 " * " *«•*•••••#•»•»««**# " ■

lô « » " 4*.« "



JLPPEKDIX C

ScintiUatlûa <»o\iatert

Kodol 3511. 0«cad9 Soaler in «onjtmcilon MiXh

)QS-200(7} Seiniillttioa Detector*

Obtained trmi Suelear-Chlesgo Cca^Mm^tlon

DecFlslm» mincia*

Coloriaetort

Baosoh ca^ I>onb Spectronlc 20 C<¿L(a>lsicter*

Obtainod trmt Bauseh & Losib Optical Ccr^^anir

Rocheater 2g Hoir Tork*



ApmDn D

coLoaEffiTaic Amissis or sodium

(Sxwn and Sqo1I« 19)û)

‘PP&PST9 c ttriBisrl six»» seetats reacesA 1^ aixing 60 seam of uraz^X

acetato diJb^drate vltb a aoluUon eontaiolixs 3ii nl* cdT glacial acetic

acid in h27 sil» ai water* Ihtc amümr eobAlm d 7 ml* at glacial

acetic acid in 2Sh nl* cf vatar^ stir 220 grasss at sine acetate dil^rate*

Heat the two scOntiona aepazotely on a water bath tc dissolve* IMx

while hotf eod^ and add 0.2 gram of eodion tiraxigrl sine acetate existais*
To obtain ttose exTstala^ add 125 cl* d hrom^l sine acetate reagent to

5 si* of a 2 por eont aodlvra chloride eolntion and filter through a

ptnrous p<»<celain crucible* Wash several times with glacial acetic

acid and then with ether* axai dry in a dosclnator over calcium ehl^ido

for 1 hour* Allow the uranr^* sioo acetate x<cag€axt to atand ovarnight*

atore in a dark bottle* and filter Itisiodlatcly before use*

To 1 el* of aamile add $ nl* of freshly filtered reagent* ills

veil axid lot atand* At 5Hdnute intervalS| add a&mci 0*>hb1* s>crtlcais

of 9$ por osnt cthan^* Mix after tha first five additions ly roHing

the tidDe between the hands* Wash down the aides of the tidxe with the

last two addition» and let then lajer m the surface* Finallor centrifuge

at 2000 rpn* for 10 ninutes* decant* invert* and drain for five siinutes*

Wipe the math of the tube dry and agitate the pirecipitate with 2 sl« of

a mixture of 30 ml* athyl acetate dilu^ to 100 d* with glacial

acetic acid* Wash dowx the vail of the iuho* eentxlfuge* and c<»!çlete



«s before* Weoh ttie jarselpltate and tbo mill ef tbs tube with $ «I*

ether* This tl&ae in eo6Q>leting> drain for caû^ one minute ae the pre<>

eipltate maj othertriae dn^pout* Bepeat HtB ether vaah and evaporate

the last traces of ether tgr putting in a mtm place for $ minutes*

TSmsQ procipitatea are diaaolved and the aolor developed in the

foUo^lnc mannort

Prepare a reagent bjr dlaaclving 2 grans of allaarin per liter of

9$ per eont ethanol* Store this at hO^G for 2k houra and filter* Piascd.va

the precipitate in water and dilate to about nl* in a 100»nl* volumotric

flaak* Add 7 ml* of the reagent solution ani dilute to Tolune* Bead the

transmlttsnse with a j^TO-an filter* Tho eoro aetting on the instrument

la talim with 7 af rea^nt and kO sl« of 9^ per cent ethanol diluted

to 100 si* Tlmi plot obtained la a strai^^t lins^ ahcwing that Beer’s
law applies^ but does not paaa throu^ the origin beoauae the reagent

Itself la eolored*



APPENDIX E

CALCDUTIOH OP MICiœEqTOaJEînS OP SODIDM

In stiidjrlng the aXterattcsis in the eodiozm ecotcentratlon of the

luBien of the amsU inteetlne it does not natter how much the Iona vel^

hut rather hotf nanjr ions there sre« Ihe nieroequlvslent systea of

terminology Is an important tool in studying flaxes^ for it is Tirtually

inqposalblâ to foUoir the eleotrolyte shift «hen they are expressed as

mllligrsmis per eent* Dividing the number of mlcrograms of a monovalent

sid»tanoe its atonie wel^t gives the number of eoDábinlng power or

nicroequivalents. iha rule tot this oanvarslon can be esqpressedi

sdort^prama
times 10 • ffilorOoquivalexîtsAlter

atomía'" Wel^t' '
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jæ?mu F

mmATim of fuzmM

(Snellt et «1.,

tftiidlreotloQftl Influx Sida Z

4
4

k

ifinidireetif
t

nal outflu€ Sido X

llét outflux

îhQ Dût ÜXxpc of « eonatltoent aoroes a raoslxnme la tbo resnii

of a dlffez*«mc9 botMoen tw» unldlreotional Huxea proceeding alœuXtanaotisl^*

Suppose!

Ji la the diffosien flux

1 la the itôlea of auhetanee

diffusing/ utdi area/ unit il»»

d^crSpt 12 la dlffosloa trost eide 1 te aide 2*

eubooript 21 la diffusion froa aide 2 to aide 1«

©jon» ^1 • JÎ22 - JI21
or net outflux la equal to unldlreotlonal outflux

nlnua the unidlreotlonal Influx*

The flux of 1 from 1 to 2» *^^12* Inrolvoa BeCLeoulea of 1 eriglnatloi; la
I and ehould be proportional to the nuniber por unit rolune In aide ei^^*

Sbsai • (Pi®) clj^
tluret ^*1^2 * onidireetlonal outflux

PI® • peraeabllity eoefficlmt

di^ * eoneon^tion of 1 in aide X
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Tha n}£2 Qf 1 troñ t to molsoules of i» vhich otrlsioata

ía Z ond thorofox^ should bo prpportioiml to Oi^»
Thani * (Pt®) clg
tlKsrot JÍ2^ • untáiroottoíjal Influx

Pl® • persaeobllltjr coefficiBat

oÍ2 " tonocuktxvtloa of 1 in sido 2
This division of tho flux into t»o unidirootlonsl H-u^s is s puroi/

srtifloal dovloo unless aam sethod is found bf vhich it o«n bo distin-

gulshod fron uhidb sl(ki the mcdooulos oriciiasto* la addition to labellos

tho KoleculeSji tha oethod that is used should not othoxviso altear tha

moleouloa bc^vior* Badioaetivo iaotcpos fulfill these orlterie*

Tho isotopio eonoentratioa on aldo 1 oan bo designated aa ei

(o*£* ocamta/cn^) and then tho apeoifle iMstlvitgr nsgr bo defined as

“ *1 ■

îsJbsrot ol^ • aoles/oa^
«

The rate of isotopls flux from 1 to 2, <^1x2» ^ thent

or laotopio outflux is equal to tho unidirectional

outflux times tho apeoifis aotivltji

or solvix^ for tho unldireoticsial outflux

Them Jij^ * ^^12/^®^/®%^
Qjr suhstitutins tho fluxes in tho ^posits dlreetlun (2 to 1), tho

unidirectional influx eon bo oaloulated}

^^1 •



APPSÎDII O

SAISIE O? ilicî nm

Duodenal soctlaa^ «xporÍ;a«itatlon eooduetod on January 12^ 196^1

CC2ÎT20L laEATSD

Backgroixod eofuntt lf^3 counte/nin 1,73^ counte/mln

Total ocnxata injected i 61,373 59,129

Total coonta recovored

vltii intestinal aectloni 19,U7i 27,692

Total co^Qats of imsbed

intestinal sectlont 3,121 1,000
Total counts r^oreredt 31,736 21,957

Background at tl» flnisdit 1,700 1,^

Total aodlum injected t 319.71 uCO 119.71 u,m

Total sodium reectreredt 119.^4 ttSa 106.91 ifcEQ

Net outfliOEt 0.0 ti^EQ/aln 1.28 uSQ/nln
Iküdirectlonal outíluxi 3l.l7 lO.lO

Dnldlreotional Influx t 3l,l7 9.12
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J. Robert Mannino UNIDIREGTIONAL SODIUIÍ FLUX IN THE DUODENUM, JEJUNUM,

AND ILEUM OP NORMAL AND DESOXTCORTICOSTERONE ACETATE TREATED MALE,

LABORATORT RATS. (Under the direction of Everett C. Simpson) Department

of Biolog7, July 196?.

The purpose of this study Is to Investigate the relationship between

desoxycortloostercme acetate (DOGA) and sodium retention in the small

Intestine. A method was devised by which the effect of TX)CA on the sodlxua

flux In the small intestine could be measured. Radioactive sodlxun

(sodlum«22) vas used as a tracer to discern sodliim transfer subsequent

to DOGA aminlstratlon, while a colorimetric analysis was used to as-^

certain total sodium. Utilizing these two techniques together with

Isolated, In vivo Intestinal sections, a two fold study was made 1}
to determine the effects of DOGA on the sodium flux and; 2} to determine

any possible regional differential in sodium transfer in the small

Intestine.

It was found ttiat a definite absorption gradient of sodium was noted

In the control condition with the greatest amount of absorption in

jejunum. DOGA was found to significantly decrease the unidirectional

Influx of sodium In the duodenum and jejunum, while a similar effect

was not demonstrated in the Ileum*

A possible mechanism, similar to the glueose-Insulin transport

theory, Is postulated and discussed for the action of DOGA and the
I

active transport of sodium.


