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Abstract
The possibility that loss of intestinal motility occursas a result of
potassium or sodium depletion has been investigated,
A new technique, based on the passage of a solution confaining the dye,
gentian viélot, was developsd for estimating upper bowel motility, Lower

bowel motility was not objectively studied. The sodium and potassium content

of various portions of the gut from rats on a low sodium, low potassium
diet and on a high sodium, low potassium diet have been determined and
compared with that of similar portions of the gut of animals on a control
diete, The poésibility that excess adrenal cortical or medullary hormones
m3y cause or permit electrolyte and motility changes has been studied,
The response to dietary potassium restriction in the pi-esence of a high
sodium intake were also determined after adrenalectomy, both with and
without medullory or certical hormonal supplemsntation, The-electrolyte
pattern of plasma liver and of skeletsl mmscle from different portions of
the body were analysed and compared in order to aid in understanding the
overall electralyte shiftse Analyses of the selscted tissues of the body
indicated that initial electrolyte concentrations and responses to diets
and hormones vary within similar tissues as wdll as between different
organsy

It was not poséi-blo to correlate alterations in the gastro-intestinal
tract content of sodium and/or potassium with changes in motility,

Distary potassium deprivation led to deplation‘ of potalssiun only in
plasma, skeletal muscle and certain portions of the- gastro-intestinal
tract in intact animals. This effect was prevented by adrenalectomys

Evidence is »ﬁesented that cortisone can influence ths electrolytes

of the body by acting in the cells of peripheral tissues as well as on
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the kidney and that the high dose administered (4 mgm/day) had direct
dietary potassium’ dsf:lciencj actions in addition to permitting depletion
to occur in the- preseace otcortain tissues, The hypothesis that excess
adrenal cortical-homoneé canse intestinal immotility through loss of
potassium or a gain of sodium in-this tissue was not confirmed by the data.
Evidence is presented indicating that adrenalin can partially restore
the gbility to excrete potassium and-the @bility ‘-of tissues to undergo
potassium depletion in adrenalectomiged animals on a potésaiwh deficient
diet, It does not carrect the electrolyte levels in adrenalectomigzed
animals on & control diet, The possibility that adrenalin may play soms
role in maintaining electrolyte homsostatis is discusseds |
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J. A STUDY OF THE EFFECTS OF DIETARY ELECTROLYTE CHANGES ON THE
ELECTROLITE CONTENT OF SELECTED TISSUES IN THE RAT

A, Introduction

The role ofs potasaium in the functioning of smooth mscle and the
influence of various conditions and subaﬁances on the potassium content of
tissues containing smooth muscle have not been extensively investigated.
The effects of similar procedures_ on the electrolytes of skeletal muscle
have been subj_ected. to much study. fi'his subject has been reviewed by
Manery, '54, Overman, '51, and Danowski, !S5l1, In general a 1os§ of
potassium from skeletai muscle is éccoinpaﬁied by an increase of muscle
sodium, This exchange of ions does not impair the activity of the skeletal
mscle (Héppel, '39). Previous investigators (Kornberg, i116, -Skinner, '45,
and Henrlkson, '51) have reported that animals placed on low potassium
diets became a.n&re:d.c and constipated. Upon post-mortem examination, the
gut was described as being hypomotile, 7a_nd distended with gas and fluid,.

From these studj.ea several basic questions arise. Why ahonld_ the
gut become relatively inactive following a lack of dietary potgssim? Are
the electrolyte changes produced in the gut by potassium deficiency similar
to the changes produced in striated mscle? Striated muscle retains its
-ability to contract, even after a loss of ﬁpproﬁ;nately 50 percent of its
potassium (Fuhrman, '51). Is the inactivity of the. gut due to changes in
its electrolyte content? Steinbach, 'Sk, postulated that an increase in
the muscle sodium may be inhibitory t6 contraction. Is hypombtility in

the bowel the result of an increase in sodium, a decrease of potassium, or



-2 - 1%
are both changes required? Does the gastrb-intestinal tract respond as a
whole to electrolyte imbalance or do its various portions differ in the
degree of thelr response? '

It seemed of Iinterest to analyse the effects of potassium depletion,
and of other procedures tending to impair motility on the electrolyte
content of the gut wall., Some of the animals on Athe potassium depleted
diet were subjected to decreased sodium intake as well, whereas others
were placed on a diet of high sodium content. The tissues of potassium
deficient animals wére compared with those of animals on a normal diet.
ILiver, and several samples of akeletgl muscle also were analysed to
compare the degrée o.t‘ potassium depletion with that reported by other
workers. The effect of the various diets on. gutl motility was also in-
vestigated,

Chronic dietary electrolyte alterations would appear to constitute a
"stress" which might well activate the adrenals.’ Extensive work has re-
vealed the importance of the adrenal glands (Woodbury, '5‘3, and Drury,
153) in the metabolism of electrolytes and water of the body. The present
experiments were designed to study what role the adrenals might play in
producing or modify'i.ng the changes produced by potassium deficiency. An
attempt was made to answer the following questions:

1. Were the adrenals essential fqr the appearance of any or all of the
effects of potassium deficiency; i.e. did adrenalectomy slow or prevent the
loss of potassium-ﬁ'om tissues caused by low potassium diets?

2, Did cortical or medullary hormones have the greater tendehc’y to return
the electrolyte §attern of tissues to that of intact rats on the various

diets? Did the hormones have any direct action on electrolyte patterns

unrelated to diet?
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3. ﬁas the electrolyte pattern of these tissues related to motility?

In order to investigate the effects of both cortical and medullary
hormones of the adrenal gland on the electrolytes of the gastro-intestinal
tract, cortisone and adrenaline were individually administered to adrenal-
ectomized animals, fed diets varying in potassium content. The effects of
these hormones on motiiity was also investigated. The ability of indivi-
dual hormones of the medulla and the cortex to maintain life and affect
growth bf the animals is also reported.

Be Methods
Male albino Wistar rats were used throughout these experiments. The

initial weights of the animals were 175 to 200 gm. Diets (Table I) varying
in sodium and potassium content were used in the experiments and were
offered to the rats ad libitum. The rats were divided into two major sec-
tions:
| ] Section I. Intact Animals
Group A. Low potassium, low sodium diet -
Group B, Low potassium, high sodium diet
Group Ce Control diet,
In each of the several runs of animals in Section I, the animals were
grouped as follows: _
1. A group of animals subjecfed to the experimental diet (Table I).
2, Two rats placed on the experimental diet plus added potassium.
3. Two rats placed on the control diet (Tsble I)s
Since no significant variation was seen between animals on Fox Chow (control
diet), and the‘animals on the experimental diet plus added potassium, the
data from these animals were combined.
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. Section II. Adremalectomized Animals and Hormone Treated Animals

Group D. Adrenalectomized rats on low potassium, high sodium intake
| (Table I)
Group: E, Adrenalectomized rat on control diet : -
Group F. Adrenalectomized rats on low potassium, high sodium intake plus
adrenalin#
Group G. Adrenalectomigzed rats on control dist plus adrenalin
Group H; Adrenalectomized rats on low potassium, high sodium intake plus
cortisone
fooup I. Adrenalectomized rat on control diet plus cortisone
Group_ J_. Intact rats on low potassium, high sodium intake plus cortisone
Group K. Intact rats on control diet plus cortisone . = =
Groups A, B, and C were maintained for an average of 35 days. One

~ animal of group A was maintained for 81 days with no significant change in
the eleétroly'ﬁe pattern as compared with others in the group. The food,
but not wat_ef, was removed 2l hours before sacrificing the various animals.

| .“I'he gut motility of the animals was estimated by force-feeding the
animals a one percent solution of gentian violet. The animals were given
one cc.. of soluticn 'per 100 gme body weight. After 15 minutes, they were
anassthetized with ether and exsanguinated by heart. puncture with a hep-
arinized gyﬁ.nge. ,' The abdomen was opened and the sharp demarcation be~
tween that part of the small intestine containing gentian violet and the
untraversed portion was clamped with a haemostat. The time from the force-

feeding of the gentian vioiet solution to the placing of the haemostat was
noted. The entire gut was then removed and the distance the dye had

# Adrenalin refers to the Adrenalin 1:1000 solution of Parke Davis & Coe



. -5-
travelled from the py_loric sphincter to the point of demarcation was mea-
sured (Table Ii). The percent distance travelled (Table II, Figure IV)
was obtained by dividing the distance the dye travelled by the total
length of gut measured from the pyloric sphix_lcter to the ﬂeg-caecal
vélve, multiplied by 100, The tissues were divided, trimmed of all visible
fat a.nd'mesentri\c attachments, and the luminal cortents were géntlydex-
pelled. . The samples of skeletal muscle and liver were removed immsdiately
afterwards. All the tissues were gently blotted, placed in tared beakers
and weighed, The entire procedure, from the time of heart puncture to
ﬁ.nél weighing took approximately twenty minutes per animal., .The following
tissue samples were removed: ,
A. 1. Right rectus abdominus muscle

2. Right thigh muscle

3. Right lobe of liver

4. Stomach muscle, stripped of micosa

S. Duodenum

g. Ileum

7. Large intestine

8. Rectum .
) 4_ The mucosa was stripped from the duodenum, ileum, large intestine and
;fecﬁmn of three of the rats in Group A. It is difficult to be certain that
all the mcoaa_had been removed; no significant change between the tissue
electrolytes with or without the mucosa was noted, The procedure was aban-
doned. However the easy and complete femoval of the mucosa from the stomach
was carried out on 211 stomach tissues. After the wet weights of the tis~
sues were obtaiﬁed, the tissues were dried in an oven (temperature‘ 95 to
105° C.) for a minimum of five days. ‘.The tissues were then removed, and
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the dry weights obtained, The dried tissues were pulverized in a mortar
and poi'tions of the powdsr were used for analysis, The portion for sodium
and potassium anaslyses were digested with nitric acid, redissolved with a
mininmm amount of one N hydrochloric acid, diluted, and analysed in dup-
licate on a Jahnke flame photometer using lithium as an internal standard,
The tissue chlorides were analysed in duplicate by the Wilson et al, 128,
modification of the Van Slyke method, '23.

" The exsanguinated blood was centrifuged, the plasma removed and placed
in a refrigerator for analysis which was completed withing 2} hours. The
lsodium and pot.assium analyses were done on the Jahnke flame photometer
using lithium as an internal standard, the chloride analyses were done by
the. Schales and Schales method. - ' ‘

The rats in Groups D to I were bilaterally adrenalectomized in a

, single stage operation by:,g}_ dorso-lumbar approach. Untreated,. q,a!‘dﬁrenalec-
tomlzed rats (Group D andE),due to a high mortality réte, were sacrificed
at the';gnd of 14 da:yé. Adrenalin and cortiscne treated rats (Groups F to
K)i were sacrificed at the end of 21 days. The adrenalectomized animals
were maintained on their respective diets plus 0.9 percent sodium chloride
and one percent glucoée in demineralized water, |

_ Two hormones were used in order to investigate the individual roles
of the medulls and the cortex since the sites of both adrenaline and corti-
cal horrione production were removed. Of the cortical hormones available,
cortisone was chosen because it is known to be one of the hormones produced
by adrenal cortex. It was given in the form of cortisone acetate® in a |
dose of four mg. per day. Adrenalin was administered in a 1:1000 solution;

# Cortisone acetate — Cortone, Merck and Co., was used.
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the dose being LO micrograms per day per 100 gm. of body weight. Both

drugs were injected subcutaneously at 24 hour intervals.

C. Diet
Composition of the synthetic diet with respéct, to sodium ;nd potas~ |
sium is shown in Table I. The low potassium synthetic diet was made up
as follows: (gm. per 1000 gm, diet).
Starch (Canadian Corn Starch) 665 gm

Casein . 270 g

‘Fat (Mazola 0il, Crisco) . 20gm
Mineral Mix ‘ : 12 gnm |
Calcium Carbonate 7 em
Vitamins (Litrison)# 2 capsules

Mineral Mix was made up in bulk, and aliquot portions were taken from
the diet. The mixture was made up as follows:

Ferric citrate | ' 100gn
Copper sulphate(hydrated) 13 gm
Manganese sulphate L gm
Magnesium sulphate (hydraied) 10 gn
Zinc sulphate » | 2 gm
‘Calcium chloride (hydrated) 1lgn
Sucrose | 870 gm

Six gm. of sodium chloride per 1000 gm. of diet were added to the diets
designated as high sodium low potassium diet (Table I). 3.l gm. of
~ potassium mono acid ortho phosphate (K HPO)) waas added to the synthetic

diets when potassium supplement was required.

# Litrison was kindly supplied by Hoffman La Roche Ltd.
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The synthetic diet was analysed for phosphate content. It was
found to contain the equivalent amount as found in the control diet.

Calculations
The method of calculations was based on Manery, '39, Manery, 'Sk



TABIE I

Composition of Diets per 1000 gm. of Diet

Diet Sodium Potassium
(mEq. ) (mEq.)
“Low potassium, low sodium 00L 005
High sodium, low potassium «20 «005
Control diet ok 22




TABLE IT
Motility Data

+ Normal Diet

L

Treatment Distance Total Percent
and Dye Intestinal Distance
Diet Travelled Time Travelled
(em.) (cme) :
Low Na, Low K 32 80 19 min, 26 sec. L40.0
39 88 19 38 Lhe3
ko 90 23 07 Ll
38 93 19 38 L0.9
40 8L 19 21 4746
35 83 20 15 k2.1
Average 37.3 8643 20 3k h3.§
1,

" High Na, Low K 61 100 19 Lo 61.0
Th 91 22 138 81.3
81 107 19 58 75.7
61 96 20 51 63.5
6L 87 20 73.6

Averages 6842 9642 20 33 67.0
. 9.2
Control 68 109 21 In 62.1
69 97 22 20 7.1
72 109 20 25 66,1
81 109 22 10 The3
53 80 19 50 66.3
90 1ns 20 L2 78.3
58 83 19 Ll 69.9
Average 70.4 100.3 20 58 69.8
. 1.9
Adrenalectomized ss 93 21 I 59.1
+ Low K Diet L8 8L 21 55 57.1
W9 87 21 ol 5643
Average 5047 88 21 20 575
) 0.8
Adrenalectomized 38 106 20 55 35.9
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Table IT (cont!'d)

Motility Data

Treatment Distance Total Percent
and Intestinal Distance
Diet Travelled Time Travelled
(cme) (cme)
Adrenalectomized | 2l 98 2 min. L2 sec. 2L.5
+ Low K Diet ‘ 2L 10l 23 51 23.1
+ Adrenalin 2l 88 25 L7 27.3
- 1.0
Adrenalectomized - L6 103 26 13 Lhh.7
+ Normal Diet 30 105 18 10 28,6
+ Adrenal:ln : :
Average 38 1ok 22 12 36,7
| ., 8,0
Adrenalectomized 35 112 21 26 31.3
» Low K Dlet 27 92 22 30 29.3
+ Cortisone - 21 97 21 55 21.7
2 103 20 Lo 23.3
Average 26.8 101 20 53 26,1
2.3
Adrenalectomized 22 106 23 2 20,8
+ Normal Diet 33 17 22 51 28,2
+ Cortisone 21 109 19 Sh 19.3
Average 25,3 10,7 22 6 22.2
2e
Intact
+ Low K Diet 29 m 195 2 26,1
+ Cortisone
~ Intact 27 105 22 30 25.7
+ Normal Diet 2 99 ral 59 2he2
+ Cortisone
Average 25.5 102 22 15 25.0

0.7
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TABLE TIT
Mortality Data

+ Cortisone

Treatment Percent Duration of
and Survival Experiment
Diet (days)
Low Na, Low K 100 35 (average)
High Na, Low K 100 35 (average)
Control 100 35 (average)
Adrenalectomized 50 1k
+ Low K Diet
Adrenalectomized 17 1
s Nomal Piet
Adremalectomized 50 21
+ Low K Diet
+ Adrenalin
Adremalectomized
» Normal Diet - 50 21
+ Adr_enalin
Adrenalectomized 67 21
+ Low K Diet
+ Cortisone
Intact 50 21
+ Low K Diet
+ Cor_l;isone
Adrenalectomized 75 21
+ Normal Diet
+ 00;'t180ne
Intact
4+ Normal Diet 100 21
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+ Cortisone

TABLE IV
Blood Analyses
,\ = .
Treatment Nos of L. mEqe per litre
~ and Diet Samples | -Sodium Potassium |Chloride

Low Na, Low K 10 14943 2464 10044

) +1,2 +062 1.5
ngh Na, LOW K 5. 14709 3.02 98.1

-+-405 i002 i4.0

Control 10 - 15049 4445 1079

- 0.7 iO.‘2 +1.9
Adrenalecfomized
+ Low K Diet 3 152,6 577 11%.4

+1.6 0.1 2,6

Adrenalectomized 1 152,8 el 11445
+ Normal Diet ’
Adrenalectomized 3 1574 1.84 84e5
+ Low K Diet 1'007 1'004 i206 ‘
4+ Adrenalin : .
Adrenalectomized 3 15042 2463 91.8
+ Normal Diet - -+-3¢8 . 1007 10.5
+ Adrenalin
‘Adrenalectomized 4 16144 1.59 94.3
+ Low K Diet il.9 1002 t209
+ Cortisone
Intact .
+ Low K Diet 1l 1508 1,22 91.0
+ Cortisone
Adrenalectomized 3 161.5 3.03 101,3
+ Normal Diet *2.8 +0.,7 +1,1
+ Cortisone
Intact
+ Normal Diet 2 156.7 1,90 96,0
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TABEE v
THIGH MUSCLE.
ANALYTICAL DATA DERIVED DATA
| mEq./Kgm.
Tregz’:im and mEq./Kgn. WET WEIGHT | mEq./Kgm. DRY WEIGHT | Total INTRACELLULAR WATER
: | : Eq/Kem Water
e, of , % Tissue | No.. of | -Tissuefin C1 {Cellulan
Tissues | Ja K | .Total | Na K Total | Water |Water |Tissues| Cl |Space | Water| Na K Total
Low Na, Low K Diet .5 48.9 87.8 13647 186.7 335.5 522.2 | 738.2 185.2 5 14.6 |134.1 - 604.1 46.7‘ 145.4 182.1
3.1 +3,2 8.4 2.6 844 3,2 | 8,5 $14.1 15.8 +3.1
High Na, Low K 5 45.9 80,7 126.6 185.6 3264 512.0 | 752.7 168.2 5. 11.7 [ 107.6 64446 46,2 124.7 170.9
£1.8 2,1 +4,6 $4.2 5.7 0.8 | 18,1 7.0 +3,3 3.4
Control 7 3.7 117, 141.5 85.2 447.5 532.T7 | 753.3 187.8 T 14.2 | 118.4 634.9 8.4 184.9 193.3
. 2.6 2.0 *4,3 +7,1 +3.4 1.1 +7.7 - 19.4 +3,5 4.6
Adrenalectomized 3 28,9 108.3  137.2 P27.9 480.7 608.6 | 7747 177.1 3 19.7 | 157.3 617.4 Tl.3 174.1 245.4
+ Low K Diet 2.5 *2,5 $10.1 9,3 +2.8 ' 2,1 | ¥14.1 +13,1 13,7 +7.0
Adrenalectomized ' -
+ Normal Diet 1 41,4 118.,2 159.6 174.2 496.6 670.8 | 7619 209.5 1 13.4 | 106.4 655.5 3642 179.4 215.6
Adrenalectomized 3 58.4 913 149.7 | 251.9 393.9 645.8 | 764.2 195.9 | 3 15.9 [166.1  602.2 | 52.2  151.1 203.3
+ Low K Diet 0.9 +0.9 : +6.2 +7.0 4,2 +1,7 | ¥20.9 +22.7 15,2 4.0
+ Adrenalin
Adrenalectomized 3 29.5 107.0 - 136.5 139,1 503.,5 642.6 | T87.6 173.3 3 17.6 {17446 612.9 4,2 173.6 177.8
+ Normal Diet 0.7 4.6 A +1.9 4.5 +8,3 2.3 (23,6 $15.5 16.8 +3.5 '
+ Adrenalin ‘ .
Adrenalectomized 4 49.1 95.5 144.6 197.9 384.8 582,7 | 752.0 192.3 4 19,0 | 183.0 569.0 337 167.7 201l.4
+ Low K Diet +2,0 3.4 18.6 +8.9 3.7 ’ +1.9 [ #17.1 *16.6 6.6 6.8
|+ Cortisone '
Intact . )
+ Low K Diet 1 58.0 97.9 - 155.9 245.0 413.7 658.7 | 763.3 204.2 1 15.9 | 158.6 604.7 55.6 161,6 217.2
+ Cortisone .
Adrenalectomized 3 48‘6 94.7 143.3 195.0 380.3 575-3 750-7 190-9 3 22.8 20408 545.9 26.9 - 17244 199-3
+ Normal Diet 0.7 0.6 +1.4 5.6 3,2 .9 6.2 +7.2 +1.2 +1.8 '
+ Cortisone
Intact 2 48,6 8642 134.8 258.8 422.9 681.7 | 797.0 169.1 2 28,7 (268.1 528.7 11.3.  160.9 172.2
+ Normal Diet :
+ Cortisone “
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TABLE

VI

ABDOMINAL MUSCLE

ANALYTICAL DATA DERIVED DATA
Treatment and . -mEq./Kgm.
Diet uEq./Kgn. VET WEIGHT | mEq./Kgm. DRY WEIGHT Total _ INTRACELLULAR WATER
. = : mEqZ/Kgm| Water
No. of % | Tissue |No. of |Tissue| in Cl1 | Cellular]
Tissues| Na X Total | Na K | Total | Water| Water |Tissues| Cl | Space | Water Na K  Total
Low Na, Low K 11 45.6 8346 129.,2 | 176.7 323.9 500.6 | T41.8 174.2 7 18.7 | 1709 . 573.5 313 14444 175.7
: 1.2 1.8 6.0 5.1 4.0 31,3 | 411.9 #11.6 5.3 5.1
High Na, Low K 5 5047 71,0 121.7 | 219.9 289.2 509.1 T54.8 16l.2 3. 19.9 | 173.0 577.8 46,8 125.5 ° 172.3
2.3 12,2 1 #9.1 4,2 4.5 3.2 | 226.7 $24.0 +6.2 5.8
Control 10 34:08 106.1 14009 14305 4‘36 «0 579'5 75507 18604 lO ) 1804 15504 600.3 ‘ 1708 175 08 19306
12,2 3.4 9.8 *11.4 13,3 “+1.,5 | *12.0 *10.6 3.7 5.2
Adrenalectomized 3 37«5 10,1 138,6 | 170.7 460.3 631.0 T83.7 176.9 3 19.3 153.8 629.8 21,3 159.6 180.9
+ Low K Diet 2.0 2.3 - 29,7 5.2 7.7 $2.5 i18.2 $22.4 +1.5 7.8
Adrenalectomized 1 387 110.4 149,1 | 167.8 478.2 646.0 731.0 204,0 1I 21,9 | 174.0 557.0 20.8 196.6 217.4
+ Normal Diet ' - . ‘ :
Adrenalectomized 3 5066 TTe9 128.5 | 226.1 35049 576.8 T76.2 165.6 3 2led | 2309 545,2 3241  132.6 16447
+ Low X Diet +1.0 #0.2 13,2 +1.0 #1.3 $1.2 | £19,7 119.1 2,7  15.4
+ Adrenalin
Adrenalectomized 3 45.6 - 110.6 15642 | 212.8 517.5 730.3 T86,2 198.7 3 194 | 191.7 5943 27,3 185.2 212.5
+ Normal Diet 2.1 +2.4 +4,.6 4.7 6.7 $1.,8 | ¥18.5 #15.1 6.5 +4.8
+ Adrenalin ‘
Adrenalectomized 4 5045 80,0 130.5 | 199.0 313.7 513.4 745.4 175.1 4 23.1 | 229.3 522.4 25.6 153,55 1791
+ Low K Diet 2,0 +2.7 110.3 57 ' t4.4 2.1 4.6 +24,2 9.4 11.4
+ Cortisone .
Intact : : :
+ Low K Diet 1 536 T8.1  131,7 | 2308 33643 567.1 767.9 171.5 1 26,3 | 262.7 505.2 26,1 154.0 180.1
+ Cortisone’ ' ”
Adrenalectomized 3 | 45.7 80.2 125.9 | 182.5 321.1 503.6 750.1 '167.8 3 21.8 | 195.6 .554.5 24.2  143,7 167.9
+ Normal Diet 2.5 +2,8 6.2 4.8 5.4 $1.2 | #11.4 #10.5 5.4 5.1
+ Cortisone
Intact 2 | 48.8  95.1 143.9 | 232.6 445.6 678.2 | T88.1 182.6 2 27,5 | 271.9 516.2 | 10,0 182.1 192.1
+ Normal Diet - ‘ : .
+ Cortisone
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TABLE VII
- "S.TOMACH
ANALYTICAL DATA DERIVED DATA
Treatment and nEq./Kgn.
Diet mEq./Kgm. WET WEIGHT | mEq./Kgm. DRY WEIGHT Total INTRACELLULAR WATER
SpThGH £ | totar | ma- | &k | Toter mir%%EZM.d rissue] in 1 | Cellulen
issues) A& . Lote : ° ' ‘Water | Tissues| Cl |[Space Water Na X Total
Low Na, Low K Diet | 10 | 57.6  66.2 ..123.8 | 239.5 285.9 525.4 |765.0 161.8 | 4 ~ 52.6 | 491.4 .281.5 |-46.3 233.0 186.7
' . 2.4 1.7 8,5 % 7.4 ° + 6,0 $1.8 | $£20.3  £26.5 |#16.6 - *26.7 :
High Na, Low K 5 T4e6  65.8 140.4 | 366.6 31643 682.9 | 795.1 176.6 3 5243 | 493¢2 294.8 | 131.3 235.6 246.9
+3,6  #5,9 ' 7.2 *l4.1 +6,9 0,4 | 326,5 %17.5 | £30.6  126.4
| Control 10 5346 69.5 123.4 | 247.3 316,9 564.2 | 773.6 159.5. 7 5542 | 473«3 310.7 | T1e3 252.6 181.3
1,1 *1.3 1 5.9 5.5 7.3 $3.3 | £36.7 %35.3 | +10.4 £23.4
Adrenalectomized 3 72.0 6608 138.8 351.4 326.0 67704 795-2 174.5 3 . 61.1 489.4 30508 . 1400 206.6 220.6
+ Low X Daet 0.9 $0,7 .5 15,5 2.4 30,8 | *4.8 12,6 | 18,3  12.5
Adrenalectomized 1 63.8 80,0 143§8 273.8  342.4 615.6 | 766.5 - 187.6 1 60.8 | 487.4 482.5 [-40.1 2729 232.8
+ Normal Diet '
Adrenalectomized 3 83.8  62.6 146.4 397.7 297.0 694.7 | 789.0 185.6 3 62.1 | 667.7 121.3 |-237.7 572.9 335.2
+ Low K Diet 3.6  $2,1 +3,3 15,1 ‘ 10,7 +2,7 | +25.3  +31.4 [£100.1 #169.0
+ Adrenalin A ‘ .
Adrenalectomizes 3 76.6  63.8 140.4 | 385.9 321.2 7T07.1 | 801.5 175.2 3 59.3 | 586.7 214.8 | -60.3 290.8 230.5
+ Normal Diet +0,9: *1,8 6.0  +7.8 +4.,0 +0.4 | #3.0 7.0 | #6.0 #19.4
+ Adrenalin
Arenalectomized 4 86.2 T1.7 157.9 | 364.2 302.4 666.6 | 763.3 206.9 4 60.9 | 588.6 174.7 | =91.6 425.1 333.5
+ Low K Diet +1,0 $2,7 3,2  $9.8 $1.5 +0.6 | #23,1  #22,3 | #45.2 %56.9
+ Cortisone
Intact . o .
+ Low K Diet 1 83,9 81,6 165.,5 | 417.8 383.6 T0l.4 | 787.1 210.% 1 59.0 | 588.6 198.5 | -33.8 407.6 373.8
+ Cortisone '
Adrenalectomized 3 74,3  T4.3  148.6 | 298.9 313.4 612,3 | 762.6 194.9 3 61.5 | 561.4 201.2 | -94.2 363.7 269.5
+ Normal Diet 2.7 0.7 20,8 18,3 *4.5 *1.4 | 10,2 #13,9 | 28,3 #21.4
+ Cortisone )
Intact L ' , - -
+ Normal Diet 2 66.9 52,3  119.2 | 336.6 254.7 591.3 | 804.3 148.2 2 63.3 | 602.4 201.,9 [-154.5 384.4 229,9
+ Cortisone .
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TABLE

VIII

DUODENTUNM

+ Normal Diet
+ Cortisone

ANALYTICAL DATA DERITVED DATA
Treatment -and , mEq./Kem.
Diet MEq./Kgm. WET WEIGHT | mEq./Kgm. DRY WEIGHT Total INTRACELLULAR WATER
: mEq/Kgm Water —
No. of , % | Tissue |Nos of | Tissue|in C1 |Cellular
. Tissues| -Na K Total Na K Total |.Water| Water |Tissues| Cl |Space| Hater. Na K Total
Low Na, Low K 11 547 9347 148.4 | 233.2 403.6 636.8 [769.0 193,0 4 37T | 352.4 413.9 8s4 221.9 230.3
' 1.8 1.3 5.1 7.7 2.8 1.1 | $13.4 14,8 [%10.9 9.1
High Na, Low K 5 51.9 80.1 132,0 |250.4 395.9 646.3 |788.9  167.3 3 27.3 | 244.7 534.4 | 36.9 154.4 191.3
2.2 *1.4 3.5 t4.4 2.7 2.0 | +12.1 *11.5 0.4 +0.5
Control | 10 523  92.4 14447 [232.0 40946 641.6 |T7442 186.9 5 41,2 | 348.6 425.9 8.5 216.7T 225.2
$1,5 - #2,3 6.1 7.8 | *4.6 +0.7 [*18.4 #16.0 | #8.8 *$15.2
Adrenalectomized 3 5T7Te4 9402 151.6 | 281.8 461,77 T43.5 |796.2 190.4 3 41,0 | 328.3 467.9 1347 197.6 2113
+ Low K Diet 2.2 18,6 13%.4 18.6 13,2 1.8 7.9 *10.,7 13,5 11,3
Adrenalectomized 1 40.7 115.6  156.3.|189.2 S537.7 726.9 [785.0 199.1 1 35¢5. | 28149 503.1 ~6e6  226.8 '220,2
+ Normal Diet . ‘ :
Adrenalectomized| 3 = [64.5 91.8 156.3 | 320.8 456.2 TT7.0 (798.9  195.6 3 45.1 | 485.3 313.6 |=59.7 313.1 253.4
+ Low K Diet 1.6 2,1 *2,1 8.2 +2.2 T 35,8 | $66.4  320.3 [$39.8 #58.7
+ Adrenalin
Adrenalectomized 3 59,0 111.3 172.3 | 299.1 563.4 862.,5 |802.,4 214.7 3 39.5 | 39042 412.2 1.9 . 267.6 265.7
+ Normal Diet 1.8 *4.3 7.0 4.9 : 7.9 18.8 $8.9 4.5 *5.4 *10.8
+ Adrenalin ' :
Adrenalectomized| 4 63.5 103.4 166.9 | 25T.9 42044 67843 [754.1 221.3 4 4247 | 411.5 342.7 ~Te4 = 3012 293.8
+ Low K Diet 1.7 *2.0 $5.6 7.1 t1l.4 2,1 | ¥12,7 12,2 |% 1.7 £14.5
+ Cortiscne
Intact : 1 577 10344 . 161lal | 281,1 503.7 784.8 [794.8 202,7 1 36e4 | 362.7 4321 4e4  238.1  242,5
+ Low K Diet ' ’ ) : :
+ Cortisone ‘
Adrenalectomized 3 | 6247 113.6 17643 | 2527 458.,1 T710.8 |76348 23048 3 4446 | 409.1 354.6 19.7 318;4 33841
+ Normal Diet 2,9 3.1 6.8 +4.0 2.1 13,7 | $24.5 - ¥24.0 6.3 $29.9.
+ Cortisone )
Intact 2 69.4 104.1 173.5 | 376.5 548.5 825.0 [808.3. 214.6 2 44077 | 421.4 38648 TeS5 267.7 275.2
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TABLE IX
ILEUM
ANALYTICAL DATA DERIVED DATA
Treatment and N mEq./Kem.
Diet ‘uEq./Kgn, WET WEIGHT | mEq¥/Kgm. DRY WEIGHT Total INTRACELLULAR WATER
: ' mEq/Kgm Water :
No. of % | Tissue | No, of |Tissue] in C1{Cellular|
Tissues Na K -Total | Na K Total |.Water | Water | Tissues| Cl Space | VWater Na K Total
Low Na, Low K 8 54¢3 8566 139,9 | 193,0 30742 510,2 | T723.1 193.5 5 22.5 | 29142 424;5 2441 200.7> 234.8
L 2.9 *1.0 19.8 6.7 +6,.1 *1.8 9.4 15.9 9.8 +6.9
High Na, Low K 5 517 84,6 136.3 | 2114 334.8 . 54642 | 754.7 - 180.6 4 © 32,6 | 293.3 460.5 15,0 181,8 196.8
1.8 +1.5 9.8 7,0 7.5 - 2,4} *13,8 *21.5 $4.5 19.6 :
Control 5 5842 90,9 149.1 | 261.5 407.8 669,33 | 777+1 191.9 5 3444 | 32243 47448 2344 192,7 216.1
1,9 2,9 1.4 11,5 35,0 2.8 1 $27.3 30,5 5.1 *17.1
Adrenalectomized 3 5900 98.2 15702 284.6 47406 759.2 792.8 . 198.3 3 34.8 278.9 513.9 30.2 188,0 218.2
+ Low K Diet *1.8 +1,7 +1.6 +9,2 5. ‘ +048 26,8 15,7 5.7 +2.3 '
Adrenalectomized 1 53.6 104.1 15747 | 2709 474.9 745.8 ‘780.9 201.9 1 5149 | 41144 369.5 |=268 276,0 249.2
+ Normal Diet
Adrenalectomized 3 69.1 89:4 15845 | 3541 45745 811.6 804»9 19649 -3 4603 | 48245 322.4 |-2842 273.8 245.6
+ Low K Diet 0.1 *4,1 19,35 7.7 +3.9 +1.1 139 *1,6 +1.,1  *14,0
+ Adrenalin
Adrenaleétomized 3 65¢0 102,8 167.8 | 312.7 494.8 807.5 | 792.4 211.8 3 3Tel | 36648 42546 1443 '244.3 258.6
+ Normal Diet +2.0 +1.8 48,9 4.7 +2.6 .1 ] 41,1 42,1 64,5 ¥25,7
+ Adrenalin :
Adrenalectomized 4 59.8 95.4 155.2 | 216.6 345.6 < 562,2 | 723.9 214.4 . 4 34e3 | 333.6 39043 12,1 - 243.9 256,0
|+ Low K Diet 2.1 +1,.1 8.9 +4.8 2,1 - +1.8 ] 113.2 - *11.8 2,9 10,2
+ Cortisone '
Intact 1l 5849 99.2 158.1 249.,6 420.1 669.7 763.9 207.0 1 34.9 | 348.7 415.2 12.5 238,0 25045
+ Low K Diet ' '
+ Cortisone
Adrenalectomized 3 60.2 10843 168e¢5 | 225.0 404,6 629.6 | 73243 23%0.8 3 351 314.8 417.4 19.7 2574 277.1
+ Normal Diet +0.8 +0,9 . +3.1 +7.9 6,1 1.3 +10,9 *13%,2 6,4 +7.4
+ Cortisone '
Intact : .
+ Normal Diet 2 62.9 9642 159,1 | 288.1 429,1 T17.2 | 773.0 205.8 2 40,91 386.6 38644 4,1 248,9 253.0
+ Cortisone
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T A B L E X

LARGE

INTESTINE

| DATA DERIVED DATA
Treatment and » wEq./Kgm.
Diet : 1Eq./Kgm. WET WEIGHT { mEq./Kgme DRY WEIGHT Total INTRACHLLULAR WATER
uEq/Kgm Water
o, of % | Tissue| Noe of |Tissue| in C1{ Cellwlar|
Tissues Na K Total Na K Total Water| Water | Tissues| Cl Space| Water Na K Total
- |Low Na, Low K_ 11 5049 8404 13503 206.4 342.2 54806 75267 179'06' 4 3406 32241 43203 6-5 18742 19307
’ 1.1 +2,0 +4,9 +9.2 15.5 #,9 | #15,0 $14.2 {*17.2 #13,1
.f High Na, Low K 5 53.1 82,5 135,6 | 216.0 33%36,0 552,0 751.8 180.4 3 4448 | 401.9 . 347.9 20,7 227.3 228,0
: +1.0 +1.4 15.6 6.2 - +8.6 +1,3 2.4 120.4 +2.,1  *18,1
Control  10 52;5 91.0 143.5 | 223.6 386,7 610.3 756.4 18947 4 40,1 | 351.9  413.9 55  234.2 239.7
Adrenalectomized 3 579 89.3 147.2 | 307.3 474.5 781.8 811l.7 181.3 3 371 | 2973 514.5 2247 | 170.1 192.8
+ Low K Diet : 1.5 +2.,0 F*l.4 +7.9 15.3 *1,0 5.2 3.6 | %5.3 *1.2
| Adrénaléctomized 1 45,2 102.6 147.8 | 235.7 535.0 770.7 | 808.2 182,9 1 26,0 | 285.2 523.0 1.3 193.3 194.6
+ Normal Diet :
Adrenalectomized 3 749 84.8 162.7 | 400.2 434.8 835,0 804.9 202.1 3 42.6 | 459.5 345.4 9.4  246.8 256,2
+ Low K Diet 0.5 2.3 +10.5 #10.2 4.4 2.7 | £38.9 13644 [*15,2 *17.9
+ Adrenalin :
Adrenalectomized 3 57.3 98,2 155.5 | 287.2 . 517.5 804.7 801.5 194.0 3 %9.0 | 3860 415.4 -4.2 235.9 231.7
+ Normal Diet 1.1 33,9 ' 8.0 +6,7 +2,6 ‘ 2,0 | 21,3 £23,7 +6.,4 19,3
+ Adrenalin '
Adrenalectomized 4 67.5 9342 16047 | 263.4 372.5 635.9 T47.5 215.0 4 41l.4 | 399.3 348.2 47.5 266.4 313.9
+ Low K Diet $1.6 +1.0 5.1 2.6 ’ 3.1 1.4 | $13.4 $£10.5 8.5 +6.4
+ Cortisone :
Intact .
+ Low K Diet 1 7042 85,0 155.2 | 248,0 300.3 548.3 716.8 21645 1 33.4 | 333.8 383.,0 49,1 220,9 270.0
+ Cortisone : '
Adrenalgctomized 3 54.8 92,6 147.4 | 20l.0 38l.3 582.3 760,4 19%.8 3 321 ] 332.6 427.8 |=-14.2 213.6 199.4
+ Normal Diet - 11,5 +0.5 - 18,5 7.1 +2,9 +1,0| *12.6 9.7 *4,5 15,6
+ Cortisone -
Intact . , : '
+ Normal Diet 2 60.5 90.3 150.8 | 284.8 426,7 - T1l.5 787.8 191.4 2 39.9 1 378,4 409.4 -0.,1 218.,9 218.8
+ Cortisone ’ :
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TABLE XI

RECTUM
ANALYTICAL DATA ' DERIVED DATA
Treatment and - ' . HEq./Kegu.
Diet mEq./Kgme WET WEIGHT mEq./Kgn. DRY WEIGHT ot | INTRACELIULAR W ATER
mEq/Kgm Water
Noe of % Tissue |No. of |Tissue| in Cl | Cellulan :
Tissues{ Na K- Total Na - K Total Water | Water |Tissues{ Cl Space | ; Water Na |- K Total
LownNa, Low K 11 6l.2 80.7 141.9 [229.3 346.5 575.8 T67.4 184.9 4 37.4 | 349.1 414.6 43,1 196.4. 239.,5
' 1.0 *l.4 _ *7.% 7.9 . +10,0 . 2.1 | #¥19,7 %20,9 +6.,0 t1l4.6
High Na, Low K . 5 8.1  T5.4 133.5 [264.1 342.2 606.3 780,0 171.2 3 31l.2 | 27444 478.3 43,7 173.4 217.1
3.4 +4,4 +6.0 +3,2 +11.6 , 2,2 | 18,5 +18.5 3.9 +7.5
Control - : 10 . 5601 91.5 14706 24508 39505 641.3 77306 . 19008 | 4 4105 359-1 417-0 12.6 230.1 242,7
$1.9 2.4 18.8 7.3 +4.5 1.4 | *23.7 27,7 18.4 i20,2
Adrenaiectomized 3 63.3 '93.8  157.1 |334.1 498.6 832.7 T99.7. 196.4 3 35.6 | 284.9 514.8 ' 36,8 18045 21743
+ Low K Diet 2.1 +2.3 +6.8 +7.1 +16,5 +1.4 7.5 14,7 7.5 8.4
Adrénalectomized 1l 61.9 ‘94.4 156.3 |311.8 475.3 d81.3 80«4 195.0 1 26,2 | 207.4 | 594.0 49,8 157.1 20649
+ Normal Diet , '
Adrenalectomized 3 69.6 85.5 155.1 |362.3 444.6 806.9 807.,7 192.0 3 444 478.9 328.8 | =234 259.1 235,7
-4 Low K Diet 1.0 *2,8 8.9 5.0 4.5 +1.6 | ¥28.4 $24.0 | *15.3 $12.7
+ Adrenalin ” ‘
Adrenalectomizéd 3 63.4 9l.7 155.1 {346.,1 499.6 845.7 81l6.4 190,0 3 - 4048 | 403.1 413.,3 ~3.S 219.5 216.0
+ Normal Diet 0.1 +3,0 +10.8 6.7 +6.9 1.7 | £16.8 *13.8 4,3 7,3
+ Adrenalin
Adrenalectomized 3 T0.1 89¢4 159.5 [273.1 347.8 620.9 T42.7T 214.8 3 3602 | 303.1 439.6 46,8 204.,2 251.0
+ Low K Diet 1.3 +1.9 + 8.0 5.8 +9,5 : 6,3 | 18,4 *26.8 +0.,6 *16.5 .
+ Cortisone . .
Intact
¥ Low K Diet 1o 1.4 7.2 196.6 [325.9 48l.5 80Te4 | T56.5 259.9 3 28,1 | 280.7 475.8 | T6.1 245.5 321.6
+ Cortisone
Adrenalectomized 3 63,0 108B,6 171.6 |25242 434,0 68642 | T49:8 228,9 3 39,0 | 349.8 399.9 13.4 é69.2 282,6
+ Normal Diet 1,5 2,5 : +4.0 +3.5 +7.6 1.3 | £1%3.9 10,5 +4,7 . 9.5
+ Cortisone . ) S
Intact _
+ Normal Diet 2 6543 8841 153.4 | 3306 439.1 T769.7 T98.8 192.0 2 45.3 | 425.4 373.4 38,0 235.1 273.1
+ Cortisone o ‘ " :
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TABLE XI1I
LIVER
ANALYTICAL DATA DE R IVED R DATA
Treatment and ) mEq./Kgme
Diet nEq./Kem. WET WEIGHT | mBq./Kgme DRY WEIGHT T:}al INTRACELLULAR WATER
mEq/Kgm Water |n_1vy..74+
No. of % | Tissue | No. of |Tissud in C1 ic;g:iar .
Tissues) Na K | Total Na X Total | Water| Water | Tissues| Cl | Space | _ Na K Total
1.6 "14.4 : 5.4 7.5 7.7 +1.0 (1046 +11.7 5.9 115.5
ngh Na, Low K 5 36.5 88.9 12504 12803 31000 43803 713.8 175'7 3 27.6 263.1 . 44503 ~Te7 20709 20042
2.3 2.8 5,2 7.9 +3.5 : 0,1 322,37 *24.0 +0.8 +1.3
Control 10 34,9 8048 115,7 | 122,8 288.7 411.5 |715.2 161.8 8 2975: | 252.6 . 46363 |=10.,1 176.2 166.1
+1.0 2.9 347 3.0 +3,6 +1,2 8.1 18,1 2,1
Adrenalectomized. : 3848 99.2 138,0 | 152,35 391.1 543.4 '745.8 185.0 3 23.1 . 185.0 560.1 18.0 175.5 193.5
+ Low K Diet 3 2.5 0.7 4,2 *12,8 39,7 +1.4 | 741 *16.9 +3,0 6.1
Adrenalectomized 1 52+6 1004 153,00 | 196.4 374.8 5T71.2 {769.1 198.9 1l 25,0 198,2 570.9 38.0 173.6 21146 |
+ Normal Diet ' ‘ : !
Adrenalectomized 3 46.1 101.1 147.2 185.3v’ 406.,1 591.4 |750.8 196,1 3 2244 | 241.2 509,6 13,4 198,77 212.1
+ Adrenalin : '
Adrenalectomized 3 | 4744 - 1105 15769 | 194e3 452,0 64643 [755.5 209.0 3 25¢4 | 251.0 504.6 173 219.,5 23648
+ Normal Diet +0.8 5.2 5.1 1.2 1.1 - 3,2 | $32.8 130,9 8,0 *16.,9
+ Adrenalin '
Adrenalectomized 4 51.6 106.5 158.1 | 15644 32644 482.8 |669.7 2%6¢1 4 ‘28.6 274.1 39846 13.9 272,33 286.2
+ Low K Diet +3,1 1.3 . +8,0 +9,9 +15,1 33,2 | ¥27,0 *34.0 4,6 123,9
+ Cortisone
Intact .
+ Low K Diet 1 3646 102.1 138.7 | 13344 371.9 505.3 [725.5 191,2 1l 2044 20345 522,0 10,2 195.0 20632
+ Cortisone . » .
Adrenalectomized 3 50,6 98.6 149.2 | 159.2 3094 468.6 |680.8 219.2 3 24.5 | 223.3  457.6 30.3 214.4 244.7
+ Normal Diet 10,2 +1,.6 +6.2 6.1 +11.2 +0.8 2,0 #10.,3 2.4 8.3
+ Cortisone i
Intact , ' .
+ Cortisone
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D.l Limits and Sources of Errors

The magnitude of changes observed in the tissue sodium and potassium
content greatly exceeded the possible sources of errors in chemical deter-
niinatién,' or in procurement of specimens. In the case of the chloride
determination, there was less agreement in duplicate samples, but this error
was random and probably would not .,si@iﬂcantly alter the results.

The use of the chloride ions for fhe &termination of extracellular
space is questionable (Ambefaon et al, '38, Manery and Hastings, '39,
Crismon et. al, ')3, and Comway, 'i5). As yet.there is no idesl chemical
available for déterm:lm.ng extracellular space. The boundaries and nature
of the extracellular space are’ still poorly defined. ‘The mechanism of
muvemhts of electrolytes from extracellular apacé into the cells are based
on hypothesis rather than‘ unequivocal proof. The influences of hormonal
inbelance and alteration of water retention on the extracellular fluid is
even less clearly undérstodd. | Rece;itly White et al, '55, have studied the
- influence of adrenalectomy on extracellular fluid. These workers concluded
- that current methods for determining extracellular fluid in vivo are not
sufficiently accurate to permit comparison of total intra- and extracel-
lular electrolytes before and after adrenalectomy. Although the derived
data of Section I'and_ IT were recorded, no attempt was made to interpret
t.he-se results.' As a result of the imability to derive any secure informa-
: tibn copcerning the int.racellula‘r goncehtfétion of elect_rol’ytes, one is
faced iit.h the task of obtaining alterat:_l.ons in the total tissue electro-
lytes that are significantly differenjb in order to give some demonstration
of the effects of various experimental procedures. Grollman, 'S, has per-
formed chronic experiments on adrenalectomized dogs and obtained signi-
ficant changes in the total tissue electrolytes. These changes were not
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dependent on any assumption regarding the coincidental changes in the
reiative volumes of the extracellular and cellular compartments based
on chloride determinations, -

- Another possible source of error ié .the variable fat content of the
tissues, Howe_ver; even after several extractions with ether and other
nfat" solvents, some lipid residue remains., This is because the indivi-
dual members of the 1lipid group show large individual variations in their
solubility (Hawk et al, 'L48). Substances like cholesterol, and compound
lipids, like the phospholiplds, glycolipids, would be extracted as well as
neutral fats. These substances form an intriéate part of the tissue struc-
fnre. Removal of these substances ﬁay introduce a greater error in elec-
trolyte determination than is present by including the small amount of
neutral fat that may remain with the tissue after the _mcrosqopicq.lly
visible fat, if any, has been removed.. Cotlive et al, 151, have done fat
determinations on skeletal tissues of potassium defj.cient and control |
animals and found the total fat extract to be less than one percent, | Thus
the fat content of the tissues analysed was not considered to be an impor- |
tant factor in causing an error in the results. -

The blood content of the tissues may be a source of incorrect estima-
tion of the electrolyte values. However, there is no simple accurate
technique aﬁﬂable for carrying out tissue blood determinations. Manery -
et al, '38, and Gardner et al, '50, have reported that in animals which
were decapitated, or as in the present study, bled by heart puncture, many
tissues do not contain a méasureable amount of bloods Blood determinations
were not carried out on the tissues in the present investigation,

The question arises as to whether the low potassium diets may be 80

poorly palatable as to lead to starvation., Evidence against this possibility
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is seen in the ﬁeighi charts. The control animals on the diet with added
potassium had normal weight gains. While the animals on low potassium
diets did not gain weight,none of the animals involved showed a marked
loss of welght. The weights of the diets consumed were recorded at regu-
lar intervals, but due to loss of diet from the cageé, the recondings were
- not accurate. Though the animals on the low potassiﬁm diet became anorexic
tcma.i‘ds the _latter portion of the experiments, there was a continued con-
sumption of the diet.
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Section I
EFFECT OF DIETARY CATION CHANGES ON THE ELECTROLITES
OF SE'LECTED TISSUES OF THE BODY

_ Resﬁts _
1. Bffect of Diet on the Weight of the Animals
The animals were studied at a stage of development normally accom-
panied by active growth (Controls, Figure I). This weight gain was
complétgly prevented by placing the animals on a low potassium diet,
whether the sodium content of the diet was restricted or increased (Figure
I). Addition of 0.15 percent potassium chloride to the low potassium diet

resulted in restoration of the growth curve to a normal pattern.

2., EBffect of Diet on Gut Motility

Animals on a iow sodium, low potassium diet showed a highly signi-
ficant decrease (L3.2 percent) in their gut motility as compared with the
‘cantrols (69.8 percent) (Table II and Figure IV), The animals on a high
aodium,_ low potassium diet showed no significant difference in the
motility (_67.9 percent) compared with the controls. There was a significant
difference between the gut motility of the animals on a low sodium, low
potassium diet and the animals on a high sodium, low potassium diet.

B 3, Electrolyte Analyses
‘a) Plasma Electrolytes
From Table IV, it can be seen that alterations in the electrolyte con-
tent of the diet had no effect on the godium levels of the plasma. The

potassium and chloride levels were significantly lowered in the rats fed
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low sodium low potassium, and high ﬁodium low potassium diets as compared
ﬁth the controls. There was no significant difference between the potas-
sium and chloride levels of either group of rats on the low potassium
diets, The plasma electrolytes of the controls and the potassium deficient
animals are in agreement with the results reported by Schwartz, '53, and
others, Therefore #ltering sodium intake had no sig;:ificant effect on the
godium, potassium or chloride levels of plasma.
b) Skeletal Muscle Electrolytes

Skeletal Muscle of the Control Animals Significant differences were

observed in the content of the various electrolytes when skeletal mscle
from the thigh was compé.red t<l>. .tl‘mi’:, of the abdomen (Tasie ¥ and VI). The
abdominal mmuscle contained‘ more sodium (34.8 mEq. per Kg. wet weight) and"
less potassium (107.1 nEq. per Kg. wet weight) than the thigh mscle (23.7
mEq. per Kg. sodium wet weight and 117.8 niq. per Kg. .potassium wet: weight).
The abdominal muscle also contained a significantly higher level of chloride
ions. This may be due to a higher content of chloride-rich tissue in thg
abdominal muscle. The ionic pattern of the control thigh muscle was in
general agreement with that reported by Lowry et al, '42, Darrow, 'L6, and
Muntwyler et al,'50. The difference between our data and that of other
workers was no gi'eater than has been shown to exist between contrgls of
different strains of animals of different ages (Lowry et al, 'h2)._

Effect of Altering Sodium and Potassium Intake on Skeletal Muscle

In addition to their initial differences in :I.opic pattérns, the electro-
lyte content of thigh and abdqmina.i miscle differed in the degree of
alteration produced by changes in electrolyte’ intake, On decreasing the
potassium intake of the rats, épprox:lmately 30 percent of the inj.tial
potassium content ‘of the tissues was lost and was only partially replaced
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by sodium in both the abdominal and.thiéh muscle as has been repofted by
several workers (Heppel, '39, Conway et al; t48). The shift was quanti-
tatively different for the two muscle samples. The thigh muscle exchange
'ﬁas 25.2 nEq. per.Kg. sodium increase for a 30 mEq. per Kg. potassium de-
crease. -In the abdominal muscle, the content of sodium uptake in exchange
for potassium loss was even less complete (10.8 for 22,5). As shown by
Holliday, !55, an increase in sodium ingestion.accentuated the mscle
changes- produced by potassium deficiency. However, the increase in sodium
intake did'nof affect skeletal muscle uniformly. The exchange of sodium
for potassium in the thigh miscle was 22,2 for 37.1, values which are not
significantly different from those found with a low sodium intake. -The
abdominal muscle sodium:potassium exchange .ratio was 15.9:22.5. For the
same degree of potassium loss, the sodium uptake was significantly.in-
creased, 7 e

The voluntary muscle of the Body did respond to a potassium deficiency
regardless of the amount of sodium intake. However, the electrolytes of
skeletal muscle from different parts of the body responded differently when
the electrolyte ihtake was altered. The thigh miscle, which had more
potassium initially, experienced ; éreater potassium depletion in response
to a potassium deficiency, than did abdominal miscle, and also a corres-
pondingly greater sodium intake. ﬁonever, when the dietary sodiﬁm was
increased, an altered degree of sodium - potassium exchange was found in the
abdominal muscle, rather than the thigh muscle. These differences between
muscle of thigh and abdominen were largely due to differences in the pro-
portion of extracellular material which they contained since shifts in cal-
culated cellular electrolytes were more nearlyvidentical in the two muscles

than shifts in tissue electrolytes.
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¢) Gastro-Intestinal Tract Electrolytes

Electrolytes of Rats on Control Diet The data presented in Tables

'VII to XI indicate that the electrolyte and the water content of the
various segments of the gastro-intestinal tract responded differently to
the dietary regimes and were also different from striated muscle., The
total electrolyte content, per kilogram of wet weight of various segments
of the gut in the control animals with the exception of the stomach, is
approximately the same. The concentration of cations in the stomach was
lower than the 'rest-oi' the gut, possibly as a result of rémova.l of the |
micosa, With the exception of jbhe stamach, the various sections of the
intestinal trac£ cont.ained a higher total concentration of electrolytes
than striated muscle; the ileum showing ‘the highest concentration, This
high tissue electrolyte concentration is due to t'.he‘ low content of non-
_electroly_te-contgining solids, since calculated in terms of niEq. per
kilogram tissue water no differences between striated miscle and gut are
observed, .The sodium concentration per kilogram wet weight of gastro-
intestinal tract was approximately the same (52.3 - 58.2 niEq. per kilo-
gram) throughout the gut, with the duodemum containing the highesﬁ con-
centrations In cantrast; striated muscle had a lower and more variable
sodium concentration, (thigh muscle, 23.7 mEq., abdominal muscle 3L.8 mEq.
per kilogram wet weight)e The potassium levels per kilogram wet weight of
various portions of intestinal tract were quite uniform (90.5 - 92.L)
except for stomach which contained a markedly lower content of potassium
('69.5). From these data it is not possible to decide whether stomach
smooth muscle actually contains less potassium than other intestinal mus-
cle or if the mucosa generally possesses a high potassium contenf.. The
striated muscle had a higher and more variable potassium content (117.8
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nMEq. peér kilogram in thigh muscle and 106,1 mEq. per kilogram in abdom:ihal
muscle),
.Effects of Low Potassium, Low Sodium Diet
Alterations in Sodium On placing the animals on a low sodium, low

potassium diet, there was no slignificant change in the sodium content
(59.0 - :61.2 ﬁEq. per kilogram wet weight) of the stomach, duodenum, large
intestine or rectum, but there was a significant decrease of sodium.in the
ileum, This response is in marked contrast to the stristed miscle which
showed a highly significant increase in sodium content in the presence of
potass%.mn deprivation. . | - \
Alterations in Chloride Tissus chloride wes significantly decreased

in the duodenum and large intestine, but unaffected in other regions of the
mlo . . - . -
Alterations in Potassium. The potassium levels in the gut.of the

animals on a low sodium, low potassium diet dld not change in stomach
~ muscle or duodenum, There was a significant decrease of pdbassiﬁm in .the
1leum, large intestine and rectum; the ileum having the greatest decrease.
The decrease in potassium content of ileal tissue, unlike that of large
intestine and rectum, was not accompanied by a decrease in cellular
potassium levels since there was a marked cellular dehydration. The de- .
crease in potassium in these tissues was significantly smaller (approxi-
mately eight percent of the initial value) than was shown to occur.in the
striated muscle (approximately 30 perceat).

. Thus the various segments of the gastro-intestinal tract responded
differently when the diet was low in both sodium and potassium. The elec-
trolyte pattern of the upper portion of the intestinal tract (stomach

. mugcle and duodenum) was not affected despite changes in motility. The



- 3} -

lower portions of the bowel had potassium loss, but in contrast to skeletal
miscle,. there was no cori'espondi.ng sodium uptake. The ileum was unique in
that although it loét both sodium, potassium and water, these changes in
tissue electrolyte concentratlons were not accompanied by similar changes
in caleculated cellular electrolyte concentrations,
Effects of.High Sodium, Low Potassium Diet -

Alterations in,Sodium On placing the rats on a high sodium, low

potassium diet there was a highly significant increase :an the sodium content
of the stomach (356.6 nEq. per kilogram) compared to the controls (247.3
mEq. per kilogram), and to the animals on low sodium, low potassium diet
(239.5 mEq. per kilo_gram);. The duodenum showed some increase or sodium
content in terms of tissue dry weight (250.4 mEq. per ld.logram) as com=
pared to the controls (232,0 mEq. pér kilogram) and the animals on the
low sodium, low potassium diet (233.2 mEq. per kilogram). The high sodium,
low potassium intake had no significart effect on the sodium level of- the
large: intest.ine or.rectum as compared to the controls. However, the
sodium content did tend to be higher per kKllogram dry weight than in
animals with dietary. restrictions of both sodium and potassium, There was
a decrease in the sodium content of the ileum, indicating that increasing
the dietary sodium content did not prevent the decrease in sodium ﬁhich
~potassium depletion had produced. Thus the ileum was unable to retain its
‘sodium content in the presence of a potassium deficiency regardleés of the
level of‘ sodium intake. o |

Alterations.in Potassinm The potassium levels in the duodenum of the

rats on a high sodium, low potassium diet decreased so that now the duodenum
as well as more anal regions became deficient. Again there was no change

in the stomach mmnscle, It should be recalled that these tissues were as
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motile as controls in spite of their potassium loss.

In sunma.z{v, in rats subjected to dietary potassium deficiency, the
stomach and dﬁodenum showed no change in ionic pattern when the sodium
intake was also restricted. Ileum, large intestine and rectum lost
significant quantities of potassium on both diets, but showed no increase
in sodium content. The ileﬁm actually lost sodium on both diets. No
relation between these ‘changes and motility was apparent.
4d) Liver Elecirolytes

Gardner et al, '50, and Heppel, '39, have shown that placing rats
on 8 low pof,assium éiet does not -can'se‘the liver to lose potaséium. The
results in.Ta,ble. XII shows that liver potassium was actually increased
in our rats on a low pota_ssiuﬁ diet, even when the sodium content of the
 diet was high, and that a dietary decrease of both sodium and potassium
caused a highiy significant increase of potassium concentration (325.0
mEq. per kilogram dry weight) compared to the controls (288.7 mEq. vper
Id1logran d_i-y'wéight). | | |

Gé.rdner et al, '50, reported a significant increase in liver sodium
in their potaasium‘ déﬁ.cient fa,ts. Our results showsd no significant |
alt;eratioﬁ in the iiver sodium,

Since the sodium levels did not alter, and the potassium levels were
increased wiﬁhout an accompanying increase in cellular water, the animals
on the low poﬁassium diet showed increases in the total electrolyte content
of the liver per kilogram wet weight. Thus placing an animal on a low

potassium diet caused a paradoxical inci'ease in liver potassium. A
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Section 1II
'EFFECTS OF VARYING DIETARY ELECTROLYTE INTAKE, ADRENALIN AND CORTISONE
ADMINISTRATION TO ADRENALECTOMIZED AND INTACT RATS

Results

1, Effect of Diet and Hormone Treatment on the Weight
| of Animals (Figure I to III)
Al adrené.lectomized, hormone-treated animals were maintained on a
“high sodium intake, both from the diet (Table I) and from 0.9 percent
sodium chloride as the sole source of fluid intake, This was done to aid
the maintenance of animals after adrenalectomy. Further, as was indicated
in the intact animals, the high sodium intake can cause a greater alteration
in the tissue electrolytes during dietary potassium deprivation,

The untreated adrenaiectomized rats lost weight on a high SOdi‘DJI;, low
pot,a"asium diet, as well as on a control diet (Figure II), _.‘fhe a.drena]in-
treated adrenalectomj;Zed rats on the control diet (Figure II) experienced
a gain in weight (+33.1 @.): almost equal to the weight gain (approximately
37 gm.) of 'i;he intact control aninials for the same period of time. A
similar, though more variable effect was obtained in adrenalin treated
animals on low potassium intake, Thus adrenalin was capable of pfoducing
a weight gain in the animals, Whether this weight gain is due to normal
growth or water retention will be discussed (page ). Both the intact and
adrenalectomized rats lost welght when treated with cortisone. Among the
cortisone treated animals, thé adrenalectomized animals on the low potas-
sium diet, lost the least weight (~B8.5 gm.), as compared with the intact
animals on the control diet (-18,0 gm.), intact animals on low potassium

diet (-20.0 gm.) and adrenalectomlzed rats on control diet (-17.L gne)e
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Therefore the results indicate that in the dosages administered, adrenalin

causes a gain in weight whereas cortisone causes a weight loss.

2. Effect of Diet and Hormone Treatment on Gut Motility
(Table II, Figure IV)
Adrenalectomy The gut motility of untreated, adrenalectomized

animals (57.5 percent) on a high sodium low potassium diet was not signifi-
cantly different from that of intact animals (67 percezit.) on the same diet.
Tﬁus the presence or absence of the adrenal glands had no s:igmificant
effect on gut motility when a high sodium, low potassium diet was used.

The decreased motility of the single, adrenalectomized animal on a normal
diet may have been due to its nearly moribund state. ‘.

 Adrepalin  Administration of adrenalin to adrenalectomized rats
reduced the gut motilify as eémpared with other adrenalectomized rats not
receiviﬁg hornonal treatment. Thus adrenalin, as might be expected from
its inhibitory effects on intestinal muscle in vitro, did not improve
motility.

~ Cortisone Cortisone treatment decreased motility (26.l - 22.8 per-
cent) in both intact and adrenalec‘t;omized rats as compared with similar
animals not recéiving hormonal treatment, The decrease in motility was

the same for adrenalectomized and intact animals regardless of electrolyte
content of diet. Therefore it appears that cortisone. exerts a direct
action on the gastro-intestinal tract.

3. Effect of Diet and Hormone Treatment on Mortality
('rable II1)
The adrenalectomized rats on a normal diet had the hlghest mort.ality.
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The temperature of the animals’ room was about 15° C. and this may have
contributed to the limited survival of these rats. Similarly the
adrenalectomized rats on a high sodium, low potassium intake had a tendency
to dle sooner and were ‘therefore sacrificed earlier than the animals that
were undergoing hormonal treatment, . |

The animals receiving adrenalin had a prolonged life span compared to
the untreated rats. These animals also appeared to be more vicious and
vigorously registed the subcutanecus injections of t.hé adrenalin,

The cortisone treated animals also had a prolonged life span com;pared
to the untreated rats. - These aﬁimals appeared quite docile and languid.
From the small se;'ies of rats used, it is not possible to savahether
adrenalin or cortisone was capable of maintaining life longer for adrenalec-

tomized rats.

L. Electrolyte Analyses
a.) Plasma Electrolytes (Table IV)

A significant increase in the plasma potassium and chloride levela
occurred in adrenalectonﬁzed snimals in spite of a high sodium, .:J,ow
pot_f,assitziirl diet, but there was no change in plasma sodium. Other workers
(ﬁhite Aet‘ al, !'55) have reported a drop in plasma sodium in adrenalec-
tomized rats. -However, ‘maintaining the animals on a high sodium diet and
on a 0.9 percent sodium chloride as drinking water, prevented the drop in
plasma sodium,.

Adrenalin in adrenalectomized rats on a high sodium, low potassium
diet caused an increase in plasma sodium and a decrease in plasma potassium
and chloride compared with the plasma level of these ions in lthe same diet,

Exogenous adrené.lin in the adrenalectomized rats on a control diet had no
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effect on sodium, but did cause a drop in the potassium and chloride
(Table IV).-oven below the levels found .in the intact'rat. Therefore,
adrenal:!.n. alone seemed to be capable of reversing the eleétrolyte changes
of advenalectomy (high potassium and chloride), and could stimilate the
 plasma slectrolyte pattern of hypochloremic hypokalemic alkalosise

Cortisone in the 'adrenalectom:i.zed rats caused a marked increase in
plasma sodium and‘ a decrease in potassium and chloride, compared -with the
corresponding valués in untréated adfenalectox'xﬁzed rats .as well as intact
rats on similar diéts. However, the reduction in plasma potassium and
chloride with cortisone admin:l.stration was much less marlned in animels fed
adequate amounts of potassium.

Cortisone in the imtact rats caused no increase in plasma sodium, but
reduced the plaama potassium and chloride even more than in the cortiscne
‘treated adrenalectomized rats. Thus cortisone seemed to produce a greater
change in the blood electroly'bes if the adrenals were intact, |

In summary, both adrenalin and cortisane caused an increase in plasma
sodium and a decrease in plasma potassium and chloride in adrenalectomized
rats on a high sodium, low potassium diet, However, the sodium increase
was greater with cortisone and the chloride decrease was more significant
when adrenalin was used. |
b) Skeletal Muscle Electrolytes .

The ékeletal nmscie was considered in detail to provide a ‘basis for
q_o_mparison with the gastro-intestinal tract. Also the effects of the
var:llous. prpcedures have been studied on skeletal muscle by' other workers.
Therefore these data permit a comparison of the status of these animals
with those of other investigators who used similar conditions.

Effects of Adrenalectomy _ | -
Normal Diet Due to the high degree of martality infbhe group of
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adrenalectomized .an:l.mals on the control diet and the desire to avoid
variation due to post-mortem changes, results from-.only ohe animal are
presented. The results are comparable to éimilar data for adrenalectomized
rats reported by Darrow et al, '46.

Adrenalectomy led to an increase of sodium and potassium cont:ent in
both abdominal and thigh muscle. The increase in sodium (+89 mEq. sodium
per kilogram dry weight) of thigh muscle was greater:than that of abdominal
mscle (+2L.3 mEq.: sodium per kilogram dry weight). The increase in
‘potassium in the two mscles are not markedly different (thigh mscle L9.1
mEq. per kilogram dry weight potassium, abduninai muscle 42.2 mEq, per dry
weight), | N | _

Low Potassium Diet. Since the untreated, adrenalectomized animals were

sacrificed only fourteen days after adi'enalectonw, the question arose as to
vhether these animals had sufficient time for the potassium deficient diet
to produce it.s effecte In s:_!.milarly—fed adrenalectomized rats » Darrow et
al, 'L8, reported levels of 10,9 mM. sodium per 100 gm. and 47.0 mM.
potéésium per 100 gm. of muscle tissue. These workers sacrificed their
animals fourteea days after adrenalectomy, at which time the muscle of their
intact animals did show the electrolyte pattern characteristic of potassium
deficiency. The results for thigh muscle shown in Table V (12.8 mEq.
sodium per 100 gm. and 48 mEq. potassium per 100 gm. dry weight of tissue)
are _simila:_p to those of Darrow et al. Thus adrenalectomy prevents the
development of potassium dei‘icienéy‘in ‘muscle as well as in plasma. The
muscle and the plasma potassium of the adrenmalectomized rats actually
remained high insteadj'of the usual decrease seen on a potassiim deficient
diet. The effects of adrenalectomy on plasma and muscle electrolytes were

not prevented by the diet. The increase of muscle sodium was small compared
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with the concentrations found in intact controls om a normal diet. These
results are in marked contrast to the intact animals on the low potassium
diet where there was a highly significant increase of muscle sodium along
with a marked décrease of potassium. Thus b&th adrenalectomy and the high
sodium, low potassium diet tend to cause an increase in muscle sodium. The
failure of muscle sodium to‘bé additively elevatéd, when these two experi-
mental procedures are combined, remains unexplai#ed. This situation
contrasts ﬁith.that of other tissues (gastrb-intestinal tract,'liver)
where the anticipated additive effects were obtained.,
Effects of Replacement with Medullary and Cortical Hormones'of the
Adrenal -Gland on Skeletal Muscle

. Adrenalin A comparison of the muscle electrolyte levels in adrenalin
treated adrenalectomized animals on a normal diet and on a low potassium
diet, to those of intact‘anigals'on similar diets reveaied that adrenalin
was able to restore the miscle electrolyte levels of ad;enalectpmized rats
towards those of intact rats only in the case of the rats on the potassium
deficient diet. In contrast, on a diet containing potassium there was no
marked -correction of the abnormalities in muscle electrolyte produced by
adrenalectomy, with the exception of the sodium levels of the thigh mscle,
In addition, adrenalin caused marked hydration of tissues in the animals
on 8 céntrol-diet.j ‘Therefore adrenalin alone, without dietary alterations,
did not mobilize the excess potasslum from tissues after adrenalectomy even
though it did produce hypokalemia. It appears that adrenalin permits the
low potassium diet to exert its usual effects on tissue poﬁassium rather
than‘itsélf directly altering tissue electrolyte levels,

Cortisane 1In the intact animals and the adrenalectomized animals,

regardless of diet, cortisone caused effects similar to the low potassium
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diet in untreated intact animals., In general, cortisone caused the
skeletal muscle to have a smaller loss of potassium than was caused by the
potassium-defj.gient diet alone. The potassium depletion produced by corti-
sone was not enhanced by the presence of a deficiency in the diet and is
resumably a direct action of the hormone. There is some indication that
the presence of ‘the adrenals interfered with potassium depletion by corti-
sone, These experimenfs do not support the hypothesis that cortical
hormones act simply by permitting the. effects of a low potassium diet to
be manifest. . | & |
. In summary, it can be seeﬁz thAatlboth adrenalin and corl;isoné can
alter the electrolytes of skeletal muscle. Both hormones, in the dosage
used, were incapable of correcting the water and electrolyte ‘disturbances
of adrenalectomy. Cortisone, in the dosage used, reduced the high plasma
and tissue levels of potassium seen after /adrenalecton& to levels beneath
_ those seen in the intact control animals, Adrenalin reduced plasma |
potassium levels and enabled the low potassium diet to produce its usual
depletion of tissue potassium, Cortisone duplicated these chahges by a
pharmacological action of its own independent of thé diet.
&) Gastro-Intestinal Tract Electrolytes (Table VII to XI)
Effect of Adrenalectomy
Control Diet The data of the adrenalectomized animals on the control.

diet are available for only one animal, This analysis is presented in the
tables, but no attempt was made to evaluate the results.

Low Potassium Diet When compared with intact animals on the same

- potassium deficient diet, adrenalectomy produced no further significant
change in the total electrolyte content or the tissue water levels of the
stomach, Potassium deprivation after adrenalectomy caused a marked increase
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in the total electrolyte content per kilogram dry weight in the remainder
of the gastro-intestinal tract. This effect is similar to that seen in
skeletal muscle under comparable circumstances. -Actually there was a
markedly greater increase in total electfoly‘hes in the tissues aboral to
the duodenum than in the stﬁated muscle. This increaée in total cations
v.w'as‘ quantitatively different in the various portions of the intestines .
with the increase being lest in the duodenum of the adrenalectomized rat
(+97.2 nEq. per kilogram éry weight), as compared with the remainder of
the intestines(213 - 229,.8 nEq. per kilogram dry weight).

‘In general, the tissue potassium content was relatively more elevated
after adrenalectomy than was _the sodium content, so that, in sp;L’_ce of
dietary restrictions, potassium depletion was preventéd in these tissues
as in striate muscle. In summary, adrenalectomy showed no effect on the
stomach, prevented the depletion of tissue potassium by a deficient diet
in those segments of the gastro-intestinal tract where it had previously
occurred, and elevated the sodium content of all segments except the stomach.
- Effects of Replacement with Medullary and Cortical Hormones of
the Adrenal on Gastro-Intestinal Tract

Adrenalin Treated Adrenalectomlzed Rats The adrenalectomized rats

treated with adrenalin, when compared with untreated é.di‘éna]sctomized rats
showed an increase.of sodium in the stomach, duodemu, ileum, large intes-
tine and rectum, beyond that caused by adrenalectomy alone whether dietéry
potassium was restricted or not. -As in skeletal muscle, adrenalin treat- .
me_nt of adrenalectomized rats on a potassium deficient diet produced a
decrease in the pdtassium content _throughont the entire gastro-intestinal
frgct, ‘toward the levels seen in intact rats on tﬁe same diet. The

potassiumldepletion was not significant in é.ll cases and was not as great
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as that seen in intact animals on the potassium deficient diet, The
change in potassium content was least in the duodenum, Thus adrenalin
caused a greater increase in tissue sodium than was caused by adrenalec-
tomy alone, and partially opposed the action of the potassium deficient
diet, reducing the dégree_ of tissue potassium depletion'in those portions
of the gut where it occurred. Thus, although adrenalin decreased the
motility of the gastro-~intestinal tract, '.i‘b did not- produce a corres-
ponding reduction in potassium content'.'

Jortisone Trested Intact Rats When imtact snimals were treated

with cortisone, regardless of diet, there was an increase of sodium
throughout the gastro-intestinal tract;' _The potassium levels of all
portions of the gastro-intestinal tract(with the exception of the stomach)
were increased to varying degrees., This gc’c.ion of cortiscne was not
accentuated by the low potassium diet (c.)nejanimal). Thus in the intact
animal treated with cortisone, the gastro-intestinal tzfacf. (except for the
stbmach) was seen to have an opposite eiectrolybe shift to skeletal muscle,
in that bcortisone decreased potassium content in skeletal mmscle t;ut
‘increased it in the gastro-intestinal tract. Both skeletal muscle and
a.l_jmentary trac? responded to cortisone in characteristic 'reéponsés
regardless of dietary potassiﬁm intake, There was decreased gastro=
intestinal motility in cortisone-treated animals even though'the potassium
content of the tissue was elevated.

Cortisone Treated Adrenalectomized Animals Cortisone administration

caused an alteration in the electrolyte patterns of the gut, as compared
with that of untreated adrenalectomized rats. The sodium content of the
stomach increased, while the potassium levels in all tissues decreased

toward normal values regardless of diet. Though cortisone caused a



- 45 -
decreased in its motility, the sodium and potassium content of the tissues
of the gastro-intestinal treact was not reduced as compared with intact
controls, | | _ ]

In the cortisone treated adrenalectomized animals fed a potassium
deficient diet, the gé.stro-intestjnal'tract contained less potassium than
that of animals fed the control diet, but not all the differences were
significant. In all segments, excpet duodenum and large intestine, the
reduction in potassium content with cortisone treatment and deficient
potassium intake was sufficient to lower the levels of that of intact
controluanimals}on_the same diet., .Similarly, in all tissues except duo-
denum and rectum, tissue potassium after cortisone treatment and normal
potaséium intake was lowered to the levels observed in intact control
. animals on the same diet. Thus, in the gastro-intestinal tract, corti-
sone restbred potassium levels of adrenalectomized rats to those found
in intact animals on comparable diets, except in duodenum,
| On the potassium deficient:diet, cortisone restored ﬁhe sodium levels
which had been elevated by adrenaiectomy to those found in intact controls
in this diet, except that the sodium level of the large intestine was not
reduced -to control values. On the control aiets, sodium levels were
reduced to nofmallby cortisone in all tissues except stomach, in which
there was some residual elevation of sodium, and ileﬁm, in which the sodium
concentration was depressed below control levels,

The lack of relationship between potassium levels and motility was
again indicated by the fact that cortisone produced extreme reductions in
motility irrespective of diet or the presence or absence of the adrenal
gland, but did not correspondingly decrease the potassium levels of the

gastro-intestinal tract. Furthermore, in contrast to effects observed in
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skeletal muscle, the potassium deficient diet did have effects in addition
to those produced by cortisone alone, In the‘ gastro-intestinal tract of
adrenalectomized rats, cortisone partially restored the ability of the
various tissues fo lose potassium when on a potassium deficient diet, in
addition to correcting most of the increases in tissue potassium caused by
adrenalectony.
d) Liver Electrolytes
Effect of Adrenalectomy _

Adrenalectomy Ca'tsed‘én increase of sodium and potassium in the liver
as compé:ced with intect animals on similar diets. The greatest increase
occurred in the animals on the control diet,

Effect of Replacement with Individual Hormones of the Adrenal Gland:

Adrenalin Trested Adrenaléctomized Rate  Adrenalin caused a signifi-

cant inérease of liver sodium and no change in potassium content in
adrenalectomized animals on potassium deficient diets as. compa}ed with
untreated adrenalectomized animals on the same diet. Conversely, adrenalin
caused no inc_rea’se' in sodium, but an increase of potassium in the liver

of adrenalectomized animals on a control diet. Adrenalin did not return
the liver cation levels to those of intact animals. In fact, it caused a
furtﬁer retention of éations. It seems possible that adrenalin may reduce
potassium in plasma in animals on.a control diet pa.rtially by depositing it
in liver.. Dury, '53, has previocusly shown that adrenalin in proper amounts
can cause an :anréa_se in liver potassiume

Cortisone Treated Intact Rats When cortisone was administered to

animals with intact adrenals, there was a rise of both sodium and potassium
in the liver to 1evels__abave .those seen in untreated intact rats on

similar diets. The interpretation of these electrolyte disturbances is not
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Cortiscone Treated Adrenalectomized Rats Cortisone caused a dehydration

of the liver in adrenalectomized animals as compared with untreated adrenalec-
tomized animals and intact animals on similar diets, Thus diet had no
effect on the dehydrating action of cortisone, In relation to dry weight,
cortisone reduced the tissue potaasium levels, which had been enhanced by
adrenaiectonws It did not reduce tissue sod:i‘.uin values, |

Thus adrenalin alone intensified the liver sodium and potassium reten-
tion caused by adrenalectomy. In intact rats, cortisone caused a similar
increase of liver sodium and potassium but caused a reduction of potassium
and had no marked effect on sodium in livers of adrenalectomized rats as

compared with those of untreated adrenalectomized rats.
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Ee. Discussion
The basic probléms initially propés:ed will be discussed in the light
of the present results under the following headingss
1, The role of the electrolytes in motility, .
2 The comparison of the elecﬁrolyte chaxigas in the gut with that of
striated muscle and liver, |
30 The role of the hormones in the pattern of alterations of elsctrolytes
seen in poﬁassium and/or sodium deficiencye
' Rols of Electrolytes in Motility
Iimitations of the method of assessment of motility The problem of

measuring the gastrointestinal motility of rats led to the investigation
of various techniques of recording gut movement in vifo. The balloon
recording devices (Gruber et al, *35) and the intraluminal pressure devices
(uigley ot al, 52) were found to give too great a variability in their
results, if results waré obtainabley Other-workers, (Chapman et al, '50),
have emphasized the great variation in results obtained with balloon
techniques, Also the effect on motility of ths introduction of a foreign
object into the fluid or semi-fluid contents of the small intestine is
difficult to evalunate, lThe'uso of a mixture eonta.ining a high percentage
of charcoal and acacia (Nortmmp et al, '52) also would introduce a large
mass of fﬁrei@ material into the alimentary &wt. mmm,- the -

_ absorbtive properties ofj charcoal may have an‘adverso influence on the electro-
lyte levels of the gastro-intestinal tracts In our experiments a dilute
solution of gentian violet was used to follow the movement of solutions
through the gastro-intestinal tractey The gentian violet solution was
analysed for sodium and potassium content and was found to be free of these

ionse Thus the results were not influenced by the introduction of exogenous
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ions in the test solution, The possibility exists that minor decreases
in the electrolyte content of the gut wall might be produced by uptake of
water from or loss of ions into the dilute contents of the lumen, This
eiffect vould,l?e restricted to those portions of the bowsl which werelv
transversed by the dye solution. It is not expected that ths magnitude
of these changes would be appx_‘aciable. Since the same solﬁtion was used
in test and control animals, the composition of this fluid cannot account
f_ér differences in these results, In parficula_x' it seems unlikely that
potassium depletion was resp_onaibio for :l.;npa:‘lred motility where this
occurred but thatbthia effect was masked by a greater loss of potassium
into thel-test‘solntioz; in control animals, If poiv'.aasi.un.depletion actually
was respoﬁeible' for impairment of motility, then dilution of the test
"golution™ should reduce the intestinal motility of all ‘animah to. the
same level, since-the final potaésimn content was the sams in all animals
bot.hv experimntal and boﬁtrol. The preéont procadnre gafe-‘excelleng repro=
ducible results and appeared to provide a valid estimate of upper intestinal
motility in ﬂve (Tabls II)e It would seem likely that if any segment of
the upper intestinal tract showed significsnt decrease in motility this
would be manifested as an overall decrease in transit of the dye solution,
However, the technique did not permit a direct evalﬁation of variations
in motility in different portions of the upper intestins and provided no
indication of the activity of the lower bowel, :

- The large intestine and rectum of the animais on a low sodium, low
potassium diet were distended with a la;rgef quantity of faeces than was
present in the control animals, This suggests that the lower part of the
gastro-intestinal tract may also have bsen in a state of hypomotilitye
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" However, no objective method of noting the extant of this inactivity was
sovetopeds |

The- adrenalectomized animals and those that received ths hormones
cont.ained -yellowish semi«fluid material throughcmt their gastro-intestinal
tracts, Again, the mtﬂity of the upper portions of ths tracts were
evaluated with the gentian violet solution, The lower parts of the tracts
-were—agssumed to be hypomotile -dus to their marked distensions,

charx:gea in Electrolytes of Stomach Muscle in Relationship to lbtilitz.

There was no variation in the potassium level of the stomach, regardless of
diet of treatment, Therefore the overall loss of motility could not be
correlatsd with any potassium changes in the stomach. The tissue sodium
level of the-'stomach-was increased under certain conditions (intact animals
on & high sodium, low potassium diot.;'ndrenalin treated animals), . Stein-
bach, '54 in a review article, suggests that sodium uptake decreases the
force of a maximal contraction of skeletal muscley However, the atomaéh
mscles of the animals on & high sodium, low potassium diet, though increased
in sodium content, were apparently normal in motility, At least, no overall
change in motility in the upper bowel could be detecteds Therefore the
possibility that increased sodium concentration may be inhibitary was

not supported by thess results in the case of smooth muscle, -

The- stomach miscle, differed fron the other samples of gastro-intestinal
tract in that the-mucosa was consistently stripped from ite This raises
the-possibility that the changes in potassium level seen in the rest of the
gastro=inteatinal tract may be due to alterations only in the mucosa rather
than the smooth muscle, though this appears unlikely, Our methods do not
differentiate between mcosa ax':d‘ smooth muscle of the gastro-intestinal



tract cboral to the stomach,
Changes in Electrolytes in the Duodenum and Ileum in Relation to Activity

Thc duodenum and ileum like the stomach, in general, showed very few
instances in which potassium depletion occurred. Specifically the duodsrmm
had no loss of potassium or of sodium in any of the experimntal procedures
sven in those groups that showsd diminished intestinal activity. The
posaibility that a high tissue sodium may inhibit. motility is not supported
by this data, since the intact animals on a high sodium, low potassium diet
did not have a loss of motility, even tiiongh the duodenum sodium coai;cnt
was increased, Similarly, the duodenum of the adrenalectomized sninals

on a loi potassium diet contained a significat increase of sodinm,cnd
again, there was little indication of inhibition of motility, Finally,

" there were elevations in pot.ascium content in some groups of liormone-ti-eatod
animals but their intestinal motility was not different from other such
groups with normal potassium levels, Therefore, as in ths stomach, the
duodenum showed no correlation betwsen electrolyte levels and n_loﬁility.

The ileum was unique in that in several procedures sodium and potassium
ware both decreased, The depletion of both cations did not invariably
produce sn alteration of motility, For instance, motility was decreased on
the K deficient diet when sodium was also restricted, but not when the
dietary sodium content was elm;bed, although the pattern of ionic change
in the jleum was the same in both instancess Similarly, there is no
indication that an increase in cation levels alters motility, In fact
adrenalectomy alone causes a elevation in both sodium and potassium fcoﬁtent
of the ileum without causing an apprecisble decrease of motilitys

In view of the possibility that the overall changes which were recorded



- 52 =

in motility might have been due to diminished activity and altered electro=
lyte content in but one segment, it seems-worthwhile to inquire if such an
explanstion can be excluded by the data, These data taken togsther excluds
the possibility that decreases in potassium or in sodium in any segment
might be correlated with loss of motility ‘since;thero“m loss of motility
without depletion of sodium or potassium in any sélgment except the iieum in
the doubly deficient diet, but a similar alteration of ileum electrolybe
content on the low K, high sodium diet did not cause loas of motility, In
no instance where motility was impaired (intact anim:l.s on doubly deficient
diet) was there an increase in tissue potassium in any segment of the bowel,
The possiblie role of inecreased-sodium can ‘likewise be-eliminated since it
occurred only in the-stomach and duodenum and then oh a high_ sodium diet
where no loss of motility was recordeds v

Changes in Electrolytes of Large Intestins and Rectum in'Rolatioﬁ to

Motility In no experimental procedure was the sodium level of the ln-g;
intestine or-rectum significantly lower thsn the »levelé of the intact
control snimals which had normal motility, Several procedures did cause
an increase of tissue sodium, However, there was no -correlation between
these increases in tissus sodium and the decreases in motility which were
noted in the upper intestine of some groups., Furthermore, although both
increases and decreases in potassium content occur in the lower bowel, thers
is no correiation between- either-of these-changes-and motility changes
elsewhere in the large intestins orwrecimi as indicated by its distension,
The problem as to why the gut should become relatively inactive, whereas
the striated mscle retains its ability to contract, when the animals are



subjected to adrenalin or oortisbne treatment or to low sodium, low potassium
diets remains unanswored. “The- casuistic theories of Vaughn Williams, *54
Darrow, '50, snd Henrikscn, '51, thatperslytic ileus or gut distention is
due to the loss of potassium from the gastro-intestinal tract seem to be in-
correct, The date indicate that, though both adrenalin amd cortisone can
cause a marked fednction in gut motility, they do not céuse 8 drop in the
potassiun levels of the tissues In fact, in intact animals, cortisone
produces an increase in the potassium ;ontent of the gastro-intestinal
tract, While large doses of cortisone-like compounds can cause loss of
motility this 1s not accomplished by depletion of potassium in these tissues.

The  possibility that the increased sodium content of the alimentary
tract might be inhibitory was definitely disproven for-tbs upper portions
of the gastro-intestinal tracte A;torlations in the cation content of the
lower bowel can not-be correlated-with changes -of motility, since objective
measurement of activity in this region was not achieved, Glinically;, the
infusion of potassium solution corrects the symptoms of-pu'alytic‘ ileus
(Darrow, '45). It would be of interest to analyse the gastro-intestinal
tissues after a potassium infusion in various conditions associated with
impaired :Lntestinal mobility to dstermine whet.her or not the motility would
be restored to normal and to observe any tiasue electrolybo changes which
might acoompar;y- this procedure,

The Comparison of_f;ie Electrolyte changes in th§ Gut with that of

Striated Muscle and Idver It is commonly assumed that the electrdlyte

content of ons tissue and its responses to different treatments are
representative of other tissues of the body, In agreement with Woodbury's
results our dat# indicate that the responses to a given exp erimental
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procedure of various tissms of the body are not uniform, For example,
cartisone, in our intact rats, decreases skeletal muscle potassium but
increases intestinal potassium, The results demonstrate that the two
sarples of skeletsl muscie, five ssmples of gastro-intestinal tract, and the
liver all contained different initial levels of sodium, potassium and chloride
ions, and these responded .differonﬂy to the variocus experimental procedures.
It is: posaible ‘that the varicus tissues may have containsd differing amounts
of extracellular material, especially commective tissue, This could account
for differences in the initial levels of electrolytes in the ssme type of
tissue, If this were the sole source-of variation, calculated cellular
cation contents should be-similar in all tissues, This was not the case,
since all gaatro-ﬁmteatinal tissues had higher calculated ce]iulor potassiun
values than did skeletal muscle, Since the calculation of cellulsr content
is based on the assumption that the chloride space is a msasure of extra-
egellular space, ‘conclusions mmst be tentative until this assumption is
verified or disproven, However, the electrolyte changes in the various
types of tissue produced by the varlious procedures differ far_too mach
from one another to be explained by differences in gross tissue structure,

The interpretation of tiam'~ele§t.rolyte-*~changes'~ in-terms of under-
lying intrgcellulm" ionic alterations is difficulte The changes in total
tissue electrolyte can result from changes in water or dectrolyte content
of cells or from changes of the ex_u‘acelinlar content of tissues, From a
functional point of vicw intracellular changoa are of primary interest,
Unfortunately the available metheds do not allow accurats assessment of
these changes, Nevertheless dubicus assumptions are commonly accepted in
an efforf to arrive at an estimate of cellular ionic concentrationse
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The results of such calculations must be evaluvated with a great deal of reserve,
Role of Hormones in the Pattern of Alteration of Electrdlytes seen in Sodium
and/or Potassium Deficiency.

Effects of Adrenalectomy In adrenalectomized animals, both sodium

and potassium content were increased in all tissue examined with the exception
of the stomach, After adrenalectomy dietary potassium reduction did not

have its usual effect on the electralyte pattern of the tissues., This
suggests that some portion of the adrenal gland is necessary for the

depletion of plasma and muscle potassium dwring dietary potassium deficiency.
Further, since the increases in tissue potassium following adrenalectomy

were general and occurred even in the face of diminished potassium intakee
The lack of tissue-potassium depletion under these circumstances as a

result of failure to excrete the potassium released ny tissue catabolism

seems to be anvacceptz-able hypothesis,

Response - of ‘Flasma and Tissues to Cortisone Cortisone caused a hypo-

chloremic, hypokalemic state in the animals regardless of diet, However, on
investigating the individnal tissues, a more- complex picture appeared, In
skeletal mnsglg ’ the electrolyte changes due to cortisone were independent
of potassium iﬁtake-.~ This suggests that cortisone can reduce muscle
potassium by direct action, Thus the hypothesis that low potassium diets
exert their influences by causing an excessive release of adreno-cortical
hormones is compatible with this evidence, |
Cortisone produced different changes in the gastro-intestinal tract
electrolytes of intact as compé.red with adrenalectomized animals, The
gastro-intestihal -electrciytes of the adrenalectomized-animals were-also |
different from those of striated muscle, In cortisone treated adrenalectomized
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. rats the potassium free diet produnced further potassium depletion in the
aut in addition to that caused by cortisone alone, and- the levels recorded
approximated to those found in intact animals on similar diets, Whereas
dietary potassium deficiency did not- enhance the potassium depleting effect of
cortisone in akeletal mmscle of adrenalectomized animalse These results
suggest that hypercorticism alone-could account for- the potassium depletion
of skeletal mséi:ewaeen in dietary potassium-~'daficiencyhbnt-~is :Lnadeqnite

to explain the potassium depletion of the bowel produced by a deficient
potassium intake, although cortisone -is necessary for dietary potassium
restriction to produce its usual effect in adrenclectomfsed animals.
Although the effects-of lgertiaone~‘on plasma and ‘skeletal muscle electrolytes
might be attributed-to iﬁ:prmd"“'rena" cépacity- to e xerete potassium, and

a decreased rate of sod:l.un"emetion,"xrbhfa:hechanism"cannot explain the
increased- potassivm content of gastro-intestinal tissues and liver in
‘cortisone<treated intact animals, Here-some direct -alteration of the tissue
distritution of electrolytes mst be inwvolved, This'"vﬁnding is perheps
worthy of emphasis-since it further -extends the evidence, presented by

' Woédbury; 153, that cortical steroids- have direct extra-renal actions.

In addition, some of the data-suggest strongly -that cortisone can
act-directly on the kidney to cause additional potassium-excretion, There
seems to be'-no'othar"bxplmation far the cértieone -induced ‘potassium
depletion in all tlssues-and the plasma of adrenalsctomized animals on
an adequate potassium intake, If cortisone. simply enabled the-kidney to
maks homeostatic adjustzents more efficiently (in this case to a potassium
load derived from tissue catabolism) then it would not lower tissue or
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plasma levels below those in the intact animal, 4

The needs of the body for cortical steroids véry widely depending
upon the activity and the environment of the organisme The dese which
would induce hypercorticism under optimal conditions, that is a dose which
might be classified as pharmacological, msy barely satiefy the needs of
an organism vigorously engaged in a homeostatis response to stress or an
organise lacking hormonal secretions, Therefore thralectro}.yto response
to the same dose of hormones under the varying circumstances of hyper-
corticism, eucorticism; or hypocorticism, may be ent:lrely different
and the stress induced by dietary potassium deficiency might have been
expected to increase the amount of cortisone fequjred for controlling
potassiun metsbolism, However, some of the effects of the doses of corte
isone used here (e.ge Weight loss, lowering of plasme potassium) are usually
considered to be evidence of pharmacological effects, A pharmscological
dosage was not undesirable for the purpose of testing thecries of ;notilj.ty‘
because other workers claim that symptoms seen in gut distention and
paralytic ileus are due to excessive activation of the adrenal cortex,
However, high' dosege~ makes interpretation of othsf- effects uncertain in
relation to nofmal physiologye For example, the difference in the response
between intact and adrenalectomized animals might be attributed to the use
of a fixed dose of corti_sone. Farthermore, the direct action of cortisone
oﬁ tissue electrolytes and on rén&'!. excretion demonstrated in this study
may be the-result of the high dosage used,

In any case the data contradict the theory that excess adrenalcortical
steroids are the cause of paralytic ileus following 'operat:l.vé procedures,
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a& a result of their effects on intestinal potassium, In no case did a dose
of cortisons which was so large as to produce weight 1088. intestinal
hypomotility and proncunced potassium loss from skeletal muscle, ceuse any
depletion of gastro-intestinal potassium beneath levels in intact snimals,
Why cortisone in this desags, antagonized the effects of adrenalectomy on
gastro=-intestinal petassium content but caused additional changes in skeletal
muscle potassium remains an enigma,

Responses of Plasma and Tissue to Adrenalin The animals were treated

with adrenalin simply to provide controls far complete :replacement therapye.
It was rather unexpected that adrenalin should cause adrenalectomized animals
to gain weight and to prolong their livess The drop in plasma potassium
produced by adrenalin has béen reported by Rogoff et al, '50., He concludes
that adrenalin can functioh as well as steroid compounents of the cortex
in maintaining normal blood plasma pétassium levels, It would be of interest
to investigate further the effects of cln'on:l.c pharmscological doses of
adrenalin on intact animala, and on the prolonged maintenance of adrenale
ectomized rats, The-doses of adrenalin used-in the experiment were
_ pharmacological in thap; they caused edema formation, and a kvpokalémia.
In future Q;pegi;gents it would jaxl;so ‘seem’ desifable to investigate the
effects of physiological doses of adrenalin on the maintenance of adrenal-
ectomized ratse

In adrsnalectomlzed animéls, adrenalin in the presence of a low potassium
- diet, lowered the electroljybe concentration of skeletal mmscle- to the |
valuss found in intact animals, an effect which could not be accomplished
by dietary pot;ssiun restriction aione. Adrenalin alone did not-prevent
the changes initiated by adrenalectomy, Adrenalin permits ths low potassiunm

diet to exert its usual effects on skeletal muscle potassium content despite
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adrenalectomy, The possibility remains that the potassium deficient diet
does cause a depletion in this tissue by a direct action provided that the
adrenal msdulla is functional, without the effect being wsdiated via one
of the mu hormones, The adrenal medulla may be essential for the
renal exeretion of potassium which accompanies potaésinm depletion dwring
distary potassium restrictions

In the géstro-intestinal tract, adrenalin had a different effect tian
in the skeletal muscle, Hsre adrenalin in the presence of the low potassium
diet could not completely carrect the électrolyu changes caused by adrenal-
ectonmye Mma, it can.séd an even greater increass of the sodium
content of the alimentary tract., Thus the adrenalin combined with low
potassium diet. counld partial'ly but not completely correct the electrolyte
changes caused by adrenalectomy in the gastro-intestinal tract, This suggests
that the presence of the adrenal medullary hormons alone is not sufficient
to permit potassium depletion to ocour in the lower bowsl of intact animals
deprived of dietary potassium, This suggestion is in agreement with the
previously mon:biomgl_pogsibility that cortical steroids are esse_ntial Lor
the development of potassium deplstion in the bowel, However, these data
are inconsistent with the theory that pot’assium' depletion from skeletal
muscle during deficient dietary intake is the result of hypercorticism,
since adrenalin alone 1is capa_ble of permitting depletion to vcowr in thi’a
tissue,

One other conclusion can be dramn from the data concerning the effects
of adrenaiin on tissue and plasma electrolytes, Most of the effects of
adrenalin on potassium levels could be explained in terms of ®improved®
renal potassium excretion, However, there is a suggestion that there is

actually an increase in tissue potassium, especially in liver, when adremalin
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is administered to adrenalectamiged animals with an adequate potassium
intake, ' The simplest explanation of this observation would be a direct
action of adrenalin on the tissues leading to potassium accumulation,

| Anatomically, the-site of production of adrenalin and cortisone are
related, bnt-chemically the two structures bear no relationship to one
another, This gives rise to an interesting problem as to-how two chemicals
so dissimilar in structure, can exsrt certain similar reactions (eege
hypokalemia, hypomotility) in the bodye, .As yet, no metabolic pathway
has been identified for the synergistic action of thsse two hormoneay
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F. Summary and Conclusions
1, The cétion content of various portions of the gut from rats on a low
sodium, low potassium diet and on high sodium, low potassium diet, have
been determined and compared with those of similar‘ portions of the gut of
animals on a cohtro]_. diet. The responses to a high sodium,low potassium
diet after adrenalectomy both with and without medullary or cortical
hormonal supplementation was also determined. The electrolyte patterns of
liver and of skeletal muscle from different portions of the body were
similarly analysed and compared.
2. A new technique based on the passage of a solution containing the dye,

- gentian violet, was developed for estimating uppér bowel moti]ity; but the |
procedure did not permit evaluation of motility of the lower bowele |
3; In none of the circumstances studied was it possible to correlate
alterations in the gastro-intestinal tract content of sodium and/or potassiuﬁx
with motility. The problem as to why the gut should become relatively
inactive when subjected tq various procedures remains unsolved,

L. Careful analyses of the selectéd tissues of the body indicate that
initia.l electrolyte concentration and responses to diets and hormones vary
within similar tissues and between different organs., Evidence is presented
to show that not all differences could be the result of initial differences
in extracellular ﬁaterial.

Se Adrenalectom'prevepted dietary potassium deficiency from decreasing ..
tissue potassium. Evidence indicating that adrenalectomy results in impaired
ability to'excrete potassium is discussed.

6. Although an excess of cortiscne did cause diminished alimentary tract
motility, and loss of potassium from strlated muscle, the .hypothesia that

adrenal cortical hormones cause immotility through a loss of potassium or
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a gain of sodium was disproven, '
.7». Evidence is presented that cortisone can influence the electrolytes of
"the body by acting on the cells of peripheral tissues as well as on the
kidney and that & high dose administered has direct as well aspermissi#e
effects.
8. Evidence is presented indicating that adrenalin can partially restore
the ability to excrete potassium and the ability of tissues to undei'go
potassium deplétion in adrenalectomized animals on a potassium deijicient
 diet. The possibility that adrenalin may play an important role in main-
taining electrolyte homeostagis is discussed. ' |
9. The possibility is suggested that the cortex and medulla of the adrenal

gland may exert synergistic influences on the elegtrolybes of the body.
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