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CHAPTER X
INTRODUCTION

In the animal body the maintensnce of a specific electrolyte
balance is eritical for the well-being of the entire organism. The
evolutionary mechanism for this control becomes inereasingly corplex,
reaching a paramount of complexity in the marmals., In the mammalian
body the sodium ion balance, one of the main constituents of the
electrolyte seriecs, is controlled by 2 response to the hormones of
the adrenal cortex (aldosterone and desoxycorticosterone). The level
of the former hormone is thought to be regulated by the direct effect
of the sodium ion concentration of the blood on the diencephalon of the
brain, while the latter is under the influence of one of the
pituitary hormones (corticotrophin). (Fipure 1; Guyton, 1961)

The excretion, or conversely, the conservation of sodium ions
occurs in four tissues in the mammalian body, _!_;.3., kidney, sweat
glands, salivary glands, and intestins (Borger, et al., 1960). Since
all thess tissuss should respond to a hormonal influence in a similar
manner, any of these tissuss mentioned could be utilized in a study of
electrolyte balance equally well, thourh the intestine better lends
itself to the investigation (Berger, et sl., 1960).



FIGURE 1, Ths Interactions of the Sodium Ion Content of the Elood
With the liinsralocorticoid Titer.
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It has been shown that a decrease in the ebsorption of sodium occurs
in adrenalectomized dogs (Dennis and Wood, 1940), presumably due to the
subsequent loss of aldosterone and desoxycorticostercne. It has also
been shown that the unidirectionsl flux of the sodium into and out of the
large intestine of the dog was 1x§£1uenced by desoxycorticosterone
acetate (DOCA), while a similar effect was not demonstrable in the small
intestine of the dog (Berger, et al., 1960). The work of Field, et al.
(1955) indicates that there normally is an absorption of sodium from the
small intestine of intact dogs.

Thus it has been shown that éodium is sbsorbed in the small in-
testine; and it has also been shown thet DOCA influences sodium sbsorpticn.
The effect of DOCA on the sodium sbsorption in the small intestine is
controversial. Therefore, the present study was designed to investigate
the relationship between DOCA and sodium retention in the small intestine.
A method was devised by which the effect of DOCA on the sodium £flux in
the small intestine could be measured, Radicactive sodium (sodium-22)
was used as a tracer to discern sedium transfer subsequent to DOCA
administration, while colorimetric analysis was used to ascertain total
sodium. Utilizing this technique, a ‘bwa fold study was mades: 1) te
determine the effects of DOCA on the sodium flux in the small intestine
and; 2) to determine any possible regional differentisl in sodium
transfer in the small intestine.

Since terminology varies with the investigator, the terms
"unidirectional influx", "unidirectional outflux" and "net outflux"
deserve definition. "Unidirectional influx® will refer to the ons-way
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passags of electrolyte (sodium 4ons) from the ecirculating blood supply to
the intestinal lumen. The sodium ions which travel from the intestinel
lumen to the ¢irculating blood will be referred to as the *wnidirectional
cutflux”, The change in the sodium content of the intestinal lumen
without regard to the above mentioned fluxes is defined as the ™net
outflux®,



CHAPITR IX
MATERIALS AND 1ITIIODS

Male rats of the Holtzman strein weighing from 200 to 250 grams
were used in this investigation. For each region of the small intestine
studied, twenty rats were paired sccording to weight, and allowed to
become adjusted to their new environment for two weeks prior to actusl
experimentation. Male rats were used to avoid any possible interaction
of the cyclic blood titer of estrogen, which is present in the femsle
of the specics, cu the sodium flux (Turner, 1960).

The previocus study involving DOCA (Berger, et al., 1960), utilized
a small nuber of animals (6) prepared with chronic Thiry fistulss as
the experimental population. The gurrent studty involves the use of
terninal, paired experiments with isclated in vivo intestinal sections
on & totel of sixty snimals; twenty animnls being used in each of the
areas of study, i.e., duodenum, jejumm, and ileum.

In each of the three experimental pgroups, there were ten controls
and ten treated animals; each pair, consiszting of a control and a
trested animal, was given feed (Purina Laboretory Chow, Appendix 4)
and water ed 1ib, The treated animals were given intramuscular in-
jections (25 gauge by 1 inch needle) of DOCA (Appendix A) at a rate of
two milligrans per kilogram of body weicht (Borger, et al., 1960) at
twenty four hour intervals for three consccutive injections. Prior to
the third injeotion, both animals (control and treated) were taken off
feed and allowed only water for a period of twenty four hours; this
insured the removal of chyme from ths upper gastrointestinal tract.



Five hours subsequent to the third injcction, the experimentation was
beguns The sam procedure was followed for each pair of animals studied.

The experiments were conducted unicr sodium pentcbarbital (Newbutal,
Abbott) snesthesia (Appendix A), given intrzperitoneally (26 gauge by
inch noedle with a LS° bevel) at a rato of 35 milligrams per kilogram of
body weizht (Appendix B). Once in surgical anesthesia, the abdominsl
walls wore rcflected to expose the abdowminal eavity. The pylerie region
of the stomach was then located; a Dieffonbach serrefine clamp was
placed approximately six centimeters distzl to the first. In this
mannes en 4isclated section of duodenum was made avajlable for investigation.

In securing isolated jejunal and ilcal sections, the same gensral
procedure was followed with these exseptionst Rather than use the pyloric
portion of the stomech s & landmark in $solating the jJejunal sestion,
the first loop of the small intestine was used as the end of the
duodenum and the elamps placed distal to this poeint. The cascum of the
large intastine and its ileocasecal valve were used a&s the points of
reference in lecating the ileum, and the two clamps were placed proximal
to this point. The jejunum comprises about three-tonths of the small
intestine, and the ileum comprises an additicnal six-tenths of the
total length. Thus, a greet margin of safety is present when using
these anatonical structures as referencs points in locating the variocus
portions of the swmall intestine.

After the animals were properly preparsd, 0.3 ¢.c. of sodium-22
(Appendiz A) in physiological saline was injocted (27 gauge by 1 inch
needle) into the lumen of the isclated scction, After a period of ten



winutes (Appendix B), the intestinal soction with the attached clarps was
removed in toto from the animal. The intastine, together with its con-
tents, was then counted in a deep-well scintillation counter (Appendix C).
Followinz this ths contents of the section wore removed, and the intostingl’
section per 89 was washed in running wator for 8 period of five minutes
(Appendix B). The washed section was counted again and this count sub-
tracted from the total counts of the intestinal section with its

contents, This sdjusted count was then taken to equal the total counts
of the gcemtents of the intestinal lumen at the end of the experimental
period. An aligquot (0.01 c.c.) of tho intostinal contents was then
analyzed for total sodium by & colorimetris determination (Appendix €, D),
and the microcquivalents of sodium presocnt wore caleulated (Appendix E).

To check the possibility of occlusion of the blood supply to the
isclated intestinal section by the described tochnique, the clamps were
inserted, &s dascribed, in 8 nonexperimental snimal of the same strain
(Plate 1); then 0.2 e.c. of India ink (Appendix A) was injected into the
femoral artery. After a2 time interval of thvee minutes, the entire
‘animal, including the isolated intestinal scction, was perfused to an
equal degree with the black residus (Plate 2), indicating that eirculs-
tion was still intact.
A two-way flux of sodium exists in the pastrointestinal trect.

Sodium fons £rom the circulsting blood traverse the mucosa and enter

the lunon of the intestine and vice versa, depending on the physiolozical
condition of the organiem. By the use of a radicestive tracer (sodium-22),
the amomnte of the two fluxes can be detornined (Appendix F).



Any chanze in the smounts of total sodium (radiosctive and non-radio-
active) in the lwaien of the isolated intestinel section would, of
necessity, have to be sttributable to eithor the movement of ions into
or out of that section via the blood vesscls since & mechanical ob-
struction exista at each end of the section study., Therefore, ths net
change or not outflux of a given intestinal scection would be equal to
the anount of the total sodium injected minus the emount of total sodiun
recovered divided by the period of time that the sodium was left in the
ssction, Syubsolisally it would bes

131-3

net outflux = o
Time

Where: Ny = total sodium injected into the
Lwem
Ky = total sodium recovered from the

Juen
As was previcunly stated, the main objoct of this study was to determine
the effocts of DOCA on the unidirectionsl fluxes of sodium into and out
of the emall intestiney therefore, tho not outflux per se is of little
Or no use,

The radicactive sodium isotope permits thoe selective measuroment of
the sodima dons leaving the lumen of the isclated ssction. The rate at
which the radicactive sodium leaves thc lumon of the intestinal section
was determined by obtaining the differencs botireen the injected and the
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PLATE 1. Isclated Section of Rat Intestine.

PLATE 2. Isclated Section of Rat Intestine After an
Intreartorial Injection of India Ink.
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recovored sodiuw22 and dividing this quantity by the duration of time that
the sodiun-22 remained in the lumen. At the outset, this would gpposr to
equal the unidireetionsl outflux of sodium; however, it mist be taken
into eomsideration that not enly is sodiun-22 leaving the section, but
some of this sodium may return via the circulation to the lumen of the
gut. In addition te this, the rate at which the total sodium chances
mst be talen into account,

The net outflux of the sodium-22, 8s wes rreviocusly stated, is
equal to the sodium~22 injected into the 1m minus the sodium-22
recovered from the lumen divided by the tize interval., In order to
caloulate the unidirectional outfluwx, his not outflux of sodiun-22 is
‘divided by tho ratlo of sodium-22 to ths nm-radicsetive sodium of 2
specific time interval. Since the time tho sodiume22 is in the Juwmn
of the small intestine 1s smally and, eince the ratio of the non~raiie
active sodium to sodium-22 i{s eonstantly chansing, the sverage of this
ratio at the beginmning and at the end of tho run is taken to give an
approximation of the ratio throwshout the tine intervel, This formla
takes into sccount the fact that the system is in dynamic equilibriunm,



Graphically it can be shown ast

unidirectional outflux = TTne

L ]
! Nl + NO
v &
Wheret Hl = total sodium injected into the lLumen
N, = total sodium recoversd from the
Tunen
§) = sodiun-22 injected into the luncn
N: = godlummc? rocovered from the lumen

Having detormined the net outflux and the unilirectional outflux, the
unidirectionsl influx ¢an be obtained by taidng the difference betw=en
these two quantities,

unidirectional influx = wmidircetionsl ocutflux - net outflux
A1l values obtained from the forepoing procedures were submitted

to an analysis of variance sand "t* test on the IBM 1€20 Date Processing
Systen,



CHAPTER IIX
BESULTS

The wnidirectional influx of sodium by sections in the rat small
intestine is as followss
Duodernims

In order to determine the effects of DOCA on the unidirectional
influx of sodium in the duodenum, twenty esnirmls were used: ten controls
and ten treated (operations performed five hours subsequent to the third
intrammscular dnjection of DOCA). Sodium ion concentration decreased in
the duodenal lumen of the treated animals as a result of the increased
outflux in that region. The mean control value of the wnidirectional
influx of sodium in the duodenum was 13.85 microequivalents per
minute, while the mean DOCA-treated veluo of the unidirectionsl influx
of sodium was decreased to 7.97 microequivelents per minute (Table I).
Thus, it can be assumed that the DOCA had a significant effect
(p> 0.001) on the unidirectional influx of sodium in the duodenum
of the rzt (Table IV).
Jejurmimt

Twenty animals were studied. Ten poired experiments were con-
ducted in which sodium transfer was measured. 7The mean values for the

unidirvectiomal influx of sodium in the jehurnm were 16.87 microequivalents

per minute smd 12.2}; miervequivalents per nimte for ths control and
treated animels, respectively (Table II). Apvarently the DOCA accounted
for the sirnificant increase (p ) 0.,001) in the absorption of sodium



TABLE I

THE EFFTCT OF DOCA ON THE UNIDIRTCTICIAL INFLUX OF SODIWY
IN THE DUODENU! OF TIIT RAT
(values* expressed in microccuivzlents per minute)

CONTROL TREATED
.19 6.88
%47 9,12
14.38 7.13
1h.36 9.85
170 8.99
10,75 5.67
11.90 5.72
W7 8.69
12.53 8.75
13.78 8.90
MEAN
13.85 7.97

# gll valucs are rounded ¢¢ the nearest hundreth,
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from the jejunum of these animals (Table IV).
Ileun:

The mean value of the influx of sodium for the ten control animals
was 8.52 misroequivalents per minute, whils the mean value of the influx
of sodium for the ten DOCA-treated animals was increased to 10.25
microequivalents per minute (Table III). The great amount of fluctuation
obgserved (Table III), in both control and treated groups, accounted for
the lack of siznificance (Table IV).

In Figure 2 the unidirectional flux of sodium into the small
intestine of the control groups at the thres levels of study (duodenum,
jejunum, end eleum) is sumerized. The analysis of varisnce indicated
highly significant differences between the various sections (Table V).

The wnidirectional influx of sodium in the emall intestine of the
DOCA~treated rets at the varicus levels of study (duodenum, jejunum, end
ileun) is swamarized in FPigure 3« A high lovel of significance between
the duodenum end the jejunum (Table VI) was indicated by the analysis
of variance, a similar significance was not demonstrable between the
Jejunum and the ileum, and between the duodermm and the ilsum.

In Table IV is sumarized the effect of DOCA on the unidirectional
influx of sodium in the rat small intestine in comparison with the
control eandition, while Tables I, II, and ITT give all the values ob-
tained in the duodenum, jejunum, and ileum, respectively. DOCA
significantly alters the influx of sodium in the duodenum and the Jejumum
(p> 0.001 and p> 0.001, respectively). At the level of the ilewr, DOCA
did not significantly alter the unidirectional influx of sodium (based
on statistical analysis).



TABLE II

TS EFFZCT OF DOCA ON THE UNIDIZCTICIAL INFLUX OF SODIWS
IN THE JEJUNIRM OF TS RAT
(values® expressed in microcquivalents per minute)

COLTROL | TREATED
15,58 12.25
16.51 12,10
1.1 1L.87
19.03 15,33
20,10 11,10
16.52 10,51
16.49 13.51
19.31 9,23
13.03 13.58
15.73 9.87

-
16.87 12.23

#all values are rounded to the nearest hundreth.



TAHLE ITI

TIE EFFCCT OF DOCA ON THE UNIDIDZICTICHAL INFLUX OF SODIUM
IN THE ILEUI OF TIT RAT
(veluos® expressed in micreequivalents per minute)

CONTOL TREATED
10,17 8.62
13.57 ' 3.72

6.65 . .97
é.or | 9.99
12,73 12,23
1.36 k.29
8.2} 16.96
5.83 9.33
7.89 13,88
11.80 11.56
MEAN
8.52 10.25

# all valuecs are rounded to the nearest lmmdreth,



TASLE IV

% TFFCCT OF DOCA ON THE VNIDITDCTIONAL TMFLUX OF SODIUM
IN THE RAT SMALL INTTSTING
(licen values expressed in wmicrocquivalents per minute)

SECTICN COITROL TREATED ¥ e
Duodenus 13.85 7.97 7.8872 0.001
Jejunum 16.87 12.23 L9705 0.001
# Student's BLn

¢ significance



TABRLE V

COIPARIGCH BY REGIONS OF THE UNIODINDCTIONAL IIFLUX OF SODIUM
I} THE RAT INTESTINE IN TIC CONTROL CONDITION
(mesn values expressed in microequivalents per minute)

SECTION CONTROL t* p*¥
3.4337 0.01
Je Junun 16,87
J 16,8
o Jumam . 62156 0.001
eun 8057
Duod 13.8
o g b2l 0.001
Tleun 8.52

# Student's "% tast
% significance



TABLE VI
CQUIPARICCH BY REGIONS OF THE TRIDINCCTIONAL IMFLUX OF SODINA

Il THE RAT INTESTINE IN 705 IRDATED CONDITION
(mean values expressed in microcquivelents per minute)

SECTION CONTROL | Tl p
Duodenun 7097

5.2715 0.001
Je Junua 12,23
Je junum 12,23

1.252) 0.3
Tleum 10.25%
Duodenun T+57

1.5070 0.2
Ieun 10025

#Student’s "L" test
wisignificeance
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FIGURE 2., The Individusl Unidirectional Influx of Sodium
in the Duodenum, Jejumum, end Ileum in the
Cantrol Condition.
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FIGIRE 3.

The Individual Unidirectionsl Influx of Sodium
in the Duodemum, Jejunum, and Ileum in the
Troated Condition.
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CHAPTL I7
DISCUSCION

Sodiun ions are definitely retaincd (absorbed) following the ade
ministration of DOCA., Studies on the focal sodium of rats indicated a
decrease in sodium excretion following +the administration of DOCA

- (Berger, et al., 1951). A synthetic mincralocorticeid, 9- «-fluoro-
hydrocortisone, also produced & decreasa in the sodfium sontent of doz
feces (Poutsisla, Thomas and Lineger, 1957). Other workers (Davis
and Howell, 17533 Davis, Howell and Southwerth, 19533 and Davis, Ball,
Bahn and Goodlcdnd, 1959) have shown that in ths dog the sodium content
of the feces 1s interrelated with the anount of urinary sldosterone.

In man the anount of sodium in the stool following the ad-
ninistration of DOCA is decressed (Relmen and Schwarts, 1952). Testing
of the sodiun content of the foces of inliviiuals who lack the sodlum-
retaining hormones (e.g. in Addision's discase or after bilateral
adrenslectomy) indicates s large excretion of sodium in the stools, which
vas reduced by the sdministration of DOCA (Dmorson, Kahn end Jenkins,
1953)s A small sodiunm content of the foces is associated with & hich
urinery aldostercns, i.e., the urinery sldostorome seems £0 be & function
of the fecal sodium present (Duncan, Liddle and Bartter, 1956).

Thus, 1t has been well documented that sodium retention occours
following the aduinistration of DOCA, and that the sodium level in man,
dog, and rat is governed to some extent, 2t losst, by the cireulating
titer of the mineralocorticoids., This investigation is confined to the
regionzl sbsorption of sodium from the swsll intestine,



The current data indicate that there is a definite absorptiom gradiont
of sodium in tho small intestine of the control groups, The transferof
sodium is greater in ths jejunum than in the duodemum or in the {lecum.
Intraruscular adninistration of DOCA has a sipnificant effect on the abe
sorption of sodimm by the duodenmum and the jejumim. This effect of DOCA
in the swall intostine was implied by ths worlk of Field, et al. (1955)
which demonstrated that normelly sodium sbsorption exists in the ileal
region of the dogs by Clark (1939) who found that following the ingestion
of sodium chloride, more chloride was found in the {ntestine of
adrenalectomized rats than in the normal condition; and by Demnis and
Wood (1540) who, working with mdrenslectomizod dogs, found a decroase
in ths sbsorption of sodium from chronis lowor ileal Thiry fistulas.

A sicnificent effect of intramusculsr sdninistered DOCA on the
sodiun transfor in the {leum was not supported by the data in this ine
vestigation. This duplicates the results rcported by Berger, et al.
(19¢60).

The wnidirectional influxes recorded in the current research scem
to correlata quite well with the physiclogical setivity of the seotion
under study. In ths duodenum most of digostion occurs and a quantity
of bile and digestive enzymes (pancreatic) enter at this point along
with the secretiom of large amounts of mucus (Brummer's glands)s Little
sbsorption of dirested food occurs here. The amount of sodium absorbed
was relatively low (Table I), 13.85 microcquivalents per minute, as micht
be expected. The majority of ebsorptiom of the digestive products takes
place in the Johonm, and its unidirectional influx of sodium was eorres-
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pondingly clsvated, 1£.87 microequivalcnts por mimite (Table II). Since
the surface ares per unit length of the ilewm 48 less than the other two
sections (Crim, 1962), it would follow that its ebsorption rate would be
less. This assurption was borne out by the data, 8.52 microequivalonts
per mimite (Tabls III),

In & previcus study (Berger, et 2l., 10(0) an effect of DOCA on tho
wmidirectional influx of scdium in the suall intestine was not demonstrated.
The fact that an offect was observed in this study was, in all probability,
dus to the type of experiment performed, In Berger's work the experimontal
population had chronis Thiry fistulss which, gt best, are artificsl, DTy
having a section isolated in this mamner its normal functions, L.e.,
digestion and absorption, are impgired. The Lock of food (cw) in this
region could quite eesily lead to an strophy or, at least, a partial de
generation of the gastrointestinal lininz. A comparable procedure is
utilizaed in medicine to ellow for the hoaling of injured intestinal
segmonts follawing resecticns. Althoush a mechanical obstruction was
caused YLy the Dieffenbach serrefine elsrpa uscd 4in this study, the intestinal
lining retainod its natural integrity. In Borper's work the use of
anesthesia during experimentation wes not noadnd; however, in this study
the nature of ths procedure necessitatod the use of sodium pentobarbital.
It is well to note that Code, et al. (15¢0) have reported that ancsthesia
with sodium pentobarbitsl did not affect the rate of "insorptiom®
(unidirectional influx) of either water o sodium in the small intestine
of the dog.

When a physiological (isotonia) soluticn is instilled within the
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lumen of gn isolated section, no nst chince af the gonstituents is expocted
to occur; hawmver, & new changs in the caponomis was noted, The cbvious
question ist Vhat 1is the forsce that causos a flux of sodium when there

is no osnotis eoncentration differemce? According to Grim (1962), the
mechanisa which might explain the net movemcnd unda;- these conditions ere
as follows: 1) diffusion as a consequencs of & concentration difference;

2) bulk flor 83 & consequence of hydrostatic or osmotis pressure
differcnses; 3) electrolytic transport as a consequence of potential
differences; or L) active transport. Since physiolegicsl solutions

wers utilized, thore is no concentration difference; hence, diffusion
carmot be the mechanisme. On the sams basis, no osmotic pressure
differences existed, and no hydrostatic precsure was present in the ex-
periment (quantities of physiological saline injected were not sufficient
to distend the lumen), therefore, bulk flow san be elimineted. Furthore
more, sinco an isotonic solution was inotilled, thers ¢an be no sicnificant
potentisl difference across the intestinel wall; eomsequently, ¢lec-
trolytic transport, though present, is probobly minimal., It is probable
that gctive transport is the chief mechanism involved.

The exact choumical mechanism for the action of eny hormons is not
knownj however, eertain facta concerninz hormone action have been and are
being elucidated end working soncepts are being formed. In previous work
with isolated, in vitro rabbit fleun (Schutz, et sl., 1963, 1964),
changes in the transmural potentisl, the short eircuit current, and the
sodium fluxss were attributed to the active transport of sodium from the
micosa to ths serosa., It was also found (Sehuts, et al., 1964) that



30
this active transport was dependent on the presence of intact aerobic
metabolic pethways and was inhibited by a low concentration of ousbain
in the serosal modium. Thus, the assuption oan be made that the sodium
is transported via a carrier-facilitated movement and DOCA may be ine
ducing the active transport of sodium by & mochanism similer to that of
the insulin-glucome transport theory (Figures L and 5).

Hormones sre capable of causing preat changes in cellular activity
even when prekent in smsll titer. DMosd ﬁomanea have been shown ¢o bind
quite tenaciously to proteins, and DOCA 4s no exception (Westphal, 1957).
According to Ling (19€2), it is presumed that the association of the
hormons with its Ptarget cells® affect these cells through changes in
their free encrgy (F-effects) ereated by the hormone's adsorption onto
the cellular protein and the consequent electron distribution change.
This, in effoot, creates an activated state vhich is highly labile for
reactions, Thus, it is possible that tho adsorption of DOCA ento the
celluler protein resulted in the impetus for the increased sodium
retention observed.

Cafruny, et 8l..(1957) demonstrated & docresse of reactivity in
response to DOCA 4in ';ulrhydryl group-containing protein of kidney tissue
(a sodiumereculating tissue), The differences in the fluxes of the
three intestinal sections could possibly be oxplasined by the amounts of
sulfhydryl groups present in the protein of the duodenum, jejumum, and
leum,

The exact mechanism for the differencses in the sodium flux in the
small intestine smust await the elucidation of the mechanisa of seloctive
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FIGURE L,

Diagrammatic Representation of a Carrice Schems
far a Glucose Transport Through the Cell Mewbrane.
(Eisenstein, 19€L)



FIGURE 4.
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FIGURE 5. Diagramuatis Representation of a Carricr Scheme
for a s@dm_ Transport Through tho Cell lembrane.



FIGURE O
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membrane permeability, and of the mechonism of hormons sction.



CHAPILR V
SIRARY

In order to determine the effocts of desuxycortiosterone acetats
on the unidirectional influx of sodium, & technique for the study of
in vivo fsolated intestinal sections was dovised. Utilising this teche
nique, a total of sixty male, albino rats wore studied: twenty each in
the duodenal, jejunal, and {leal regiomns.

A definite sbsorption gradient of sodiunm was noted in the control
condition with the greatest absorption in the Jejumums DOCA was found
to significantly decrease the unidirectional influx of sodium in the
duodermm end the jJejumum, while a similar ei‘;ect was not demonstrated
in the ileun.

A carrier-facilitated movement, sinilar to that of the insulin-
glucose transport theory, is postulated and dlscussed as a possible
mechenism for the action of DOCA and the active transport of sodium,



APPEIDIX A
MATERIALS FOR MAINTENANCE AND TREATMENT OF ANTDIALS

Purina Laboratory Chow
Crude protein not less than 23.07

Crudae fat not less then 4
Cruds fiber not more than 6.07
Ash not more than 9.0%

Ingredientss Meat and bone meal, dried skimmed milk, wheat germ
meal, fish meal, animal liver meal, dricd beet pulp, ground ex-
truded corn,; cat middlings, soybean meal, dehydrated alfalfa
meal, cans wolasses, animal fat preserved with BHA, vitamin By,
supplement, calcium pantothenate, choline chloride, folic acid,
ribeflavin supplement, brewer's drisd yeast, thiamin, niacin,
vitamin A supplement, D activated plant stercl, vitamin E
supploment, 0,57 defluorinated phosphate, 0.5% iodized salt,
0.075% forris ammonium citrate, 0,027 monizanese sulphate and &
traco of sine oxide,

Obtained from: Ralston Purine Company
Checkerboard Square
St. Louis 2, Missouri
Desoxysorticosterone acetate
Injoctable, aqueous mecrosuspension five milligrams per ¢.c.
Each ¢.e. containst desaxycorticostorcne acetate U.S.P, S mg,}
methooel, 0.1 mg.j sorbitol, S%; P.V.P., 0.5%; procaine HCL, 0.57%;

216432
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disodiws EDTA, 0.05%; thiocarbamide, 0.25 mg.; and besethonium
chloride, 0.01%.
Obtainod from: Vitamix Fharmeceubicsals Intcorporeted
Philadelphia, Pemisylvania
Nembutal
Sodius pontcbarbital injection, 250 nilligram per c.¢.
Each § ¢.c. contains: sodium pentobaxbital, 250 mg.; aleochol,
107; propylene glyeol, 2085 water for injestion, to make § ¢.0.}
1 adjusted with sodinm hydroxide,
Chtained fromt Abbott Laboratoriecs
Horth Chicago, Illinois.
Sodium=22
In dilute HCL, reduced 11100 with rhrsiclogical saline befors
use. This was equal to 0.003 C/injectiom (0.3 6.¢.) or
spproximately 55,000 ¢ounts/min,, the urper limit of the scaler.
Obtained froms Atomis Leboratorics, Tna,
San Ramon, California.
Indis Inic
Standard draftsmen's ink, Higgins Ancrican India Ink
Obtained fromt Higgins Ink Corperry
New York, New York



APPRIDIZ B
DOSDETAY OF DIUG3 TSID

Sodiun pontobarbital administrations

25 mg. per k3« of body welghbecseceeresonseaBroggy, reactive

3o mo® B BB iersseseseneBlowed markedly,
nild eye reflex
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Durati n of time for sodium-22 in the lunen of the guts
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APPEIDIX C
DBTREINTS USDD

Seintillation eounters
Yodol 151A Decade Scsler in emnjunction with Model
D3-200(V) Seintillstion Detector.
Obtainod from: Nuclear-Chicago Cormoration
DesPlaine, Illinois. '
Colorinmetors
Bausch end Lomb Spectronie 20 Colorincter.
~ Obtained fromt Bausch & Lomb Opti;al Corpany
Rochester 2, New Yark.



APPEIDIT D
COLORDETRIC ANALYSIS OF SODIW{
(snell and Snell, 10L9)

Prepere & weanyl sinc acetats repsent by mixing 80 grams of uranyl
scetate dihydrate with a solution eontaining 14 ml. of glacisl acetic
acid in 427 xl. of water., Into enother solution of 7 ml. of glacial
_ acetic pedd in 294 ml. of water, stir 220 prams of ginc scetate dihydrate.
Heat the two sclutions separately on & water bath to dissolve. Mix
while hot, eoecl, and add 0.2 gram of sodium uranyl sinc acetate crystals.
To obtain these crystals, add 125 ml. of uranyl sinc acetats reagent to
S ml. of & 2 por cont sodium chleride eclution and filter through a
porous porcelain erucible, Wash seversl times with glacial scetic
seid and then with ether, and dry in a dessicator over calecium chloride
for 1 hour, Allow the uranyl zinc acectate reagent to stand overnicht,
store in e dark bottle, and filter imwcdistcly before use,

To 1 wl. of sample add 5 ml, of frmchly filtered reagent. liix
well and lot stand. At S-minute intervals, add seven O.3-ul. portions
of 95 por ecnt ethanol., Mix after the firat five additions by rolling
the tubs betwesn the hands., Wash dowm the sldes of the tube with the
last two additions snd let them layer on the surface. Finelly centrifuge
at 2000 rom. for 10 minutes, decant, invert, and drein for five minutes.
Wipe the mouth of the tube dry and sgitats the precipitate with 2 ml, of
8 mixture of 30 ml., ethyl acetate diluted to 100 ml. with glacisl
acetic acid. Wash down the wall of the tubs, centrifuge, and complete



as before. Wach the precipitate and the wall of the tube with S wml,
sther., This time in completing, drain for only one minute as the pre-
cipitate may otherwise dropout. Repest the ethar wash and evaporate
tha last traces of ether by putting in 2 wara place for 5 minutes,

Thoso precipitates are dissolved and tho color developed in the
following mammert

Prepare & reagent by disseolving 2 grems of alisarin per liter of
93 per cont ethanol. Store this at L0°C for 2 hours and filter. Dissclve
the precipitato in water and dilute to about 90 ml, in 2 100~-ml, volumctric
flesk, Add 7 ml. of the reagent sclutliom and dilute to volums. Read the
transmitience with a 570-m £ilter. Tho soro getting on the instrument
is taken with 7 ml. of reagent and LO ml. of 95 per cent sthanol diluted
to 100 ml. The plot obtainsd is a straicht line, showing that Beer's
law applies, but does not pass through the origin because the resgent
itself 1s colored.



APPENDIX E
CALCULATION OF MICROEQUIVALENTS OF SODIUM

In studying the alterations in the sodium eoncentration of the
lumen of the small intestine it does not matier how much the ions weigh
but rather how many ions there sre. The microequivalent system of
terminology 4s an important tool in studying fluxes, for it is virtually
impossible to follow the electrolyie shift when they are expressed as
milligrams per cent. Dividing the nmumber of micrograms of a monovalent
substance by its atomic weight gives the number éf combining power or
microequivalents. The rule for this conversion can be expressed:

nicrograms
atauie weight

times 10 = microequivalents/liter




APPEIDIX ¥
DERIVATION OF FC-LAB
(snell, et al., 10%5)

Unidirectionsl influx 53da 2

| ¢+ 1
! I
Unidirectional Joutflux Sido 1
Noet outflux

The net flwe of a constituent across a mombrane is the result
of a differance botween two unidirectionnl fluxes proceeding simdltansously.
Surposes
Ji is the diffusion flux
1 is the moles of substance
dirfusing/ unit area/ unit time
gubseript 12 is diffusion from side 1 to side 2.
subscript 21 4is diffusion from side 2 to side 1.
Thens Ji = Jiyy - Jipy
or net outflux is equal ¢to wmidirectional cutflux
minmus the unidirectionsl influx.
The flux of 1 from 1 to 2, Ji,,, involves molecules of 1 originating in
1 and should be proportional to the murbor per unit volume in side 1, el .
Thent  Ji;, = (P1") oy
Wheret Jij, = unidirectional outflux
Pi® = permaability ceefficient
¢il; = concentration of 4 in side 1
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The flux of i from 2 to 1, Ji,;, involves molocules of 1, which originate
in 2 end therefore should be proporticnal to 612-
Thent Ji,, = (PL7) c4,
Wheret Jizy = unidirestional influx
Pi® = permeabllity coefficicnt
ci, = eoncentration of 1 in eide 2
This division of the flux into two unidirectional fluxes is a purely
artifical dovice unless some method is found by which it can be distin-
guished from which side the molscules orizinate. In eddition to labeling
the molecules, the method that is used should not otherwise alter the
moleculas behavior. Radiocsstive isotones fulfill these criteria.
The isotopic concentration on eido 1 omn be designated as oi
(e.ge counta/cx’) and then the specific sctivity may be definsd as
ol = ci.:/cll
Vhere: ey = noles/ou

The rate of isctopis flux from 1 to 2, me, 4a then:
Ay, = 3y, Gel/esy)
or isotopic outflux 48 oqual 49 the unidirectional
outflux times the specilic sctivitys
or solving for the unidirectional outflux
Then: Ji,, ® Jgnl(etllcil)
By substituting the fluxes in the opposite direction (2 to 1), the
unidirectionsl influx can be caleulateds
JHyy = dipy/(eT2/eL,)



APPEIDIX G
SAMPLE OF RAT DATA

Ducdenal section, experimentation conducted on January 12, 1965t

Background counts
Total counta injosted:

Total counts recovored
with intestinal section:

Total counts of washed
intestinal gectiont

Total counts recovereds
Background at the finishi
Total sodium injeeted:
Total sodium recoveredt
Net outfluxi .
Unidirectional outflux:
Unidirectional influxs

CQUTI0L

1,610 counts/min

€1,373
19,L75

3,121
14,736
1,700
119.74 w09
119,74 »E3
0.0 nEVmin
N
1447

TREATED
1,735 ccmrbs/min
59,429

27,692

4,000
21,957
1,6LL
9. 74 w29
106,91 wIQ
1.28 yZY/nin
10.40
9.12
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J. Robert Mannino UNIDIRECTIONAL SODIUM FLUX IN THE DUODENUM, JEJUNUM,
AND ILEUM OF NORMAL AND DESOXYCORTICOSTERONE ACETATE TREATED MALE,
LABORATORY RATS. (Under the direction of Everett C. Simpson) Department
of Biology, July 1965.

The purpose of this study is to investigate the relationship between
desoxycorticosterone acetate (DOCA) and sodium retention in the small
intestine. A method was devised by which the effect of DOCA on the sodium
flux in the small intestine could be measured. Radioactive sodium
(sodium-22) was used as a tracer to discern sodium transfer subsequent
to DOCA aministration, 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 DOCA on the sodium flux and; 2) to determine
any possible regional differential in sodium transfer in the small
intestine,

It was found that a definite absorption gradient of sodium was noted
in the control condition with the greatest amount of absorption in
Jejunum. DOCA 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 glucose-insulin transport
theory, is postulated and disoysaed for the action of DOCA and the

active transport of sodium.



