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ABSTRACT

ELECTROLYTES AND WATER TRANSPORT IN TÏ-IE

OF SHEEP

by Somsak Borvorsin

T\,,ro experiments were conducted on mature ewes to

effects of two dietary levels of sodir-rn and potassiurn

INTESTINE

investigate the

and three rates of

perfusion on: i) the fhxes of Na, (using "*u), K, Cl and water from

a tempoïary Thiry-Vella loop of the jejuntun, and ii) the osmolality and

electrolyte compositions of intestinal contents and blood plasma.

Lower dietary intake of sodium and potassium resulted in lower

concentrations of K in plasma and intestinal contents. Significantly

lower rats.s of absorption of K and water from the fluid perfusing the

jejunal loop were found for the 1ow electrolyte intake period in which

the perfusion fluid simulated the electrolyte composition of intestinal

contents and was lower in potassiun but high in sodiun and osmolal

concentrations. These and other results suggest that K and water absorp-

tion were passive processes and occurred along concentration gradients.

Increasing perfusion rates from 7 m1 to 15 and to 26 ml/min reduced

the transit time for fluid passing through the loop, but in general

increased.the permeability of the loop to water and electrolytes. These

latter effects hrere preswrably due to the increased voh¡tes of fluid in

loop found for the higher perfusion rates. Sodiurn efflux, net flux and

infhx all i¡rcreased markedly but only the last resulted in statistically

significant (P< 0.05) differences. Potassium absorption did not change

significantly but chloride movement went from absorption at the low rate

of perfusion to increasing secretion into the loop at the higher perfusion
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rates. The variability of chloride fluxes was large and treatment

differences were not statistically significant. The fluxes of sodium

arrd chloride appeared to be linked. Statistically significant increases

in water absorption ï¡ere found for increasing perfusion rates. It was

concluded that the increased perneability of the loop with increasing

perfusion rates were due to the larger volumes of fluid in the loop

causing a larger fluid-mucosa interface and generally increased

mechanical and metabolic activity of the gut wall.

In the second. experiment two possible causes of the variability found.

in t-l-e first e:iperiment were examined. rt was found that rrse of r00

times the amount of 22Na 
used in the first erperirnent, gave rrcTe corìsistent

measures of transit tine and transfer rate constant. Also the data

obtained fron half-hour collections of effluent fluid fron the loop for
net flux Íþâsuïelrertts, which depend on the differences between input and

output, suggest that 1itt1e of the variability in net fluxes for.rrd in the

first e4periment could have been due to the length of collection period,

which was of one hour duration.
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INTRODUCTION

In natural circumstances, a living cell naintains internal

concentrations of electrolytes l,ühich differ fron those in the ambient

mediurn. It was pointed out by Claude Bernard that the extracellular

fluid is an tinternal environmentf of the body, and that its constituents

are regulated so that the cell can naintain its normal electrolyte

composition. The cells of the body can continue to live and finction

properly only as long as the composition of the extracellular fluid is
naintained within certain normal limits. ü/Ìren intake of electrolytes

is insufficient an animal carmot maintain extracellular fluid volume

because the kidneys cannot retain the water in the presence of insufficient

electrolytes.

Extracellular fluid, both that of plasma and of interstitial fluid,
contains large quantities of sodium and chloride, moderate amounts of

bicarbonate, and snal1 amotrnts of potassium, calcium, rnagnesium, phosphate,

sulphate and organic acid anions. These electrolytes nay be ca1led tthe

electrolyte frarneworkf of the fluids.

In the dynanic steady state of the body, there is a constant exchange

of ions between the cell and its environment. The rate of exchange into

and out of cel1s must be equal in order to maintain a constant internal

concentration and volume. Studies have shown the presence of a tsodium

punpt in cel1 membranes. The sodiun pt,urp removes sodium from the intra-

cellular fluid and is dependent on a supply of energy. The movement of

chloride into and out of ttre cell usually accompanies the movement of

sodiurn. Water movement into and out of the cel1 follows osmotic gradients

and thus occurs when concentrations are changed. An internrption of the

activity of the sodium punp leads to a loss of cellular potassiun ions
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and increases in intracellular sodium, chloride and water.

The transport of sodium ions across the intestinal mucosa also occurs

in a similar manner to that in other tissues. Potassium, drloride as well

as other ions and water are found transported across the i¡testinal membrane,

The duodenun and jejunun appear to have a process of secretion of sodiun

into the lumen since hypotonic solutions introduced into the gut

tend to become isotonic with blood prior to absorption taking place. In

other regions of the gut, on the other hand, the absorption of sodium

and chloride takes place fron hypotonic solutions.

The transport of sodiun from intestinal lumen into blood appears to

be against electrochemical potential gradients, ffid is thus an active

process, requiring energy from metabolic processes in the cells. Chloride

transport generally seems to occur passively, following the active transport

of sodir.un. Water movement across the intestinal mernbrane is believed to

be passive secondarily to the inward movement of solutes such as sodiun

and ctrloride. The transport of potassir.rn is also apparently a passive

mechanism. However, ttrere is evidence that the potassiun and sodium

transport nechanisms in the intestinal mucosa may be linked.

There are only few rgports on the transport of electrolytes and water

across the ruminant sma1l intestine. The present report is on art

investigation of the movements of monovalent electrolytes and water into

and out of the sheep small intestine. Studies on the unidirectional fluxes

of sodium, net fluxes of sodium, potassium, chloride and water in rtenporaryl

Thiry-Ve1la loops of sheep jejtrnm were ttre objectives of the present

experiment. Related parameters studied were the intestinal volunes,

osmolalities of intestinal contents and blood plasma and plasna electro-

lyte concentrations.



LITERATTJRE REVIEW

l_.

BODY FLUIDS A¡ID DISTRIBUTION OF ELECTROLYTES TI-IEREIN

The water of the body and its dissolved (inorganic and organic) 
,.r,., .,r,

so1utesisca11edbodyf1uid(75).Anadu1tarrima1consistsofabout60

per cent of weight of water (57193). Forty-three per cent of the body

weight is represented by intracellular fluid (ICF) while extracellular 
. ...;,

fluid (ECF) accounts for about L7 per cent. The ECF is composed of 4% of. , ,:

blood plasma, L3e" of interstitial fluid and srnall amounts of transcellular .,,,t.,, 
,t 

,,

fluid, e.g. digestive secretions, slnleat, cerebrospinal fluid (146).

The total body water (TBW) of a sheep is about 43 to 68% by weight of

the body weight (22,5Lr140) . The ECF volume accor.mts f.or T5%; of which 4 to

5% is plasma (52,81,140). In sheep, unlike monogastric animals, the

alirnentary fluids account for about 25% of TBW, or 8% of the body weight

(22) .

The major cations of ICF are potassium* (K*) and rnagnesiun (lvtg++) ;

the major anions are proteins and organic phosphates. The major cation

and anions of ECF are Na*, Cl- and HCO;. Potassiul, Cu**, Mg**, PooE i:¡',.i..;,',,;',

S0o:arrdorganicacidionsaTepreSentingna11arnormtintheECF(110)

Approximate1ysimi1arconcentrationsofNa+,K+,arrdC1-havebeen

found in the plasna of ruminants, swine and equine (29,77187). Sodiun

and K concentrations in sheep plasna are about 144 attd 5 mEq/l respectively 
ì,:.::.::.:

(25178). The plasma concentration of Cl is approxìmately 108 ñq/t (103). ,,,1.,,,,

*
For convenience, in this context:

K refers to potassium,
K+ refers to þotassium ion,
[K*] refers to potassium ion concentration,
Na refers to sodium, md so forth.



Fr-rtctions of Electrolytes and Water

It was pointed out by Claude Bernard that the ECF is at "internal

environment" of the body, and that its constituents are accurately

regulated so that the ce1l can maintain its properties and fimctirons with

ninimal changes in spite of general environmental fluctuations. The

'rinternal environment'r is maintained in a dynanic state of equilibriun by

the constant expenditure of energy derived from cellular metabolism (146).

Carrron i¡vented the term thomeostasis't to describe the same process (75).

Water is the solvent of electrolytes (and other solutes), and is

distributed passi.vely along with electrolytes (146) . Thus their firnctions

are cilosely related.

The main functions of body water and electrolytes are to provide the

nedium for the f'vital processes"by maintaining relatively constant acid-

base equilibriun, osmotic concentration and body ternperature.

The role of electrolytes in biological systems hras discussed by Black

QZ). These ftnctions may be sumnarized as following:

1. Maintenance of electroneutrality. Electrolytes carry positive

or negative charges uñich attract each other. The total positive and

negative charges must be equal in order to maintain the electroneutrality.

2. Maintenance of osmotic equilibrium in the body. Sodiurn is the

rnajor ion in accounting for any change of the osmotic concentration of

the ECF. Despite the 20 tfunes smaller rnass relative to that of protein

by weight, Na contributes about 140 milliosmoles per liter (n0sm/l) of the

osmolality wtrereas protein osmolality is less than 2 r0sm/l (24). Further-

more, the anions neuttalizing sodiun have a similar osmolality, so that

electrolytes contribute almost all of the osmolality of plasma, which is

about 280 to 310 milliosmoles per kilogram of water (mOsm/kgHro).



3. Relation to energy metabolist. Calcium, magnesium and potassiun

are required for errzpe activities. Potassium is also related to carbohy-

drate netabolism (143).

4. Special finctions. Na and K are involved in the nnintenance of

membrane potential drich is necessary f.or the propagation of nerve impulses,

muscle contraction and other body function. Ca is involved in blood

coagulation, irritability of contractile tissue and, with the appropriate

proportion of phosphate, Ca plays a role in bone formation (75).

Bicarbonate and phosphate ions are important in buffer systems of the

EcF (114).



II

REQUIREMENTS, BAI.ANCE AI{D CONTROL MECI.TANISMS

FOR ELECTROLYTES AND WATER

A. Requirements

The Na, K, C1 and water needs of the anirnal depend on the requirements

for growth, maintenance, lactation and pregnancy and the necessity to

compensate for losses due to excretion via urine, faeces and sweating.

In addition, Na requirement is dependent upon K content in the diet.

Water intake depends on rn¿my factors. Anong these factors are the dally

intake and output of electrolytes.

Sodiun requirement in sheep is approximately 0.5% of the diet fed in

the form of NaCl (91). Potassium requirement is 0.3 to 0.5% of the air

dry ration (23). Dietary leve1s of K a¡rd Na higher than 0 .6% a,nd 0.2L%

respectively do not affect the growth of 1a¡nbs (46). Sodiun intake as low as

I Sn/ðay concomitant with I.2 gn of K in the diet meet the requirement for

mai¡tenance in wether lambs (41). Daily water consunption in sheep varies

fron 1 to 4 liters (88).

B. Balance

The external balances of water and electrolytes depend on the intake

and output. Absorption of ninerals and hrater occurs along tJre alimentary

tTact, while levels above requirement are excreted via the urine and faeces.

In dairy coI^IS, faecal K and Cl are the result of endogenous excretion (94) .

C. Control mechanisms

1. Antidiuretic hormone (ADH). ADH from the posterior lobe of the

pituitary gland controls water excretion. Tuttle and Schottelius G32)

state that an increase in plasna osmotic pressure of only 2% stimulates
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the secretion of ADH, and conversely a decrease in osmotic pressure

inhibits the secretion. ADH exerts its hrater conserving effect primarily

by increasing the penneability to water of the distal convoluted ttùules

and collecting duct cells of the kidney. A sjmilar effect of ADH on

water conservation has been shown in sheep (17).

2. Renal mechanism. The kidney adjust the urinary losses of Na, K

and Cl accordi:r.g to variations in intake relative to body requirements.

Pitts [110) states that r,vtren the Na intake is severely limited, reabsorp-

tion by the renal tubules can reduce the Na concentration of urine

virtually to zero. Sodium is actively reabsorbed in the renal tubules.

The reabsorption of chloride is passive in the proximal tr:bule and

probably active in the distal nephron. Pickering (109) cited the

results of other workers indicating that all the K filtered is reabsorbed

in the proximal tubules. Thus , aîy K that appears in the urine is the

result of secretion by the tubular cells of the distal segment; this K

secretion is believed to be by an ion-exchange rechanism involving

concomitant reabsorption of Na from the ttùular urine.

3. Role of the adrenal glands. The mineralocorticoid hormones,

aldosterone and deoxycorticosterone, from the adrenal glands, cause an

increase in the reabsorption of Na and the excretion of K fron the distal

and collecting fl;ibules of the kidne-y. In addition, mineralocorticoids

regulate Na secretion by the salivary glands, the intestinal glands and

the skin (56).

4. Role of ttre Intestine. Many studies have shor¡n the role of the

intestine in the regulation of

Phillips (101) srared rhat rhe

substances occurs mainly along

water and electrolyte losses from the body.

absorption of water and osmoticaLly active

the large j¡rtestine in steers. During



hrater restriction there is an increase in water absorption frorn the tenninal

gut. The work performed by English (51) indicated that during water

restriction, the faecaL water content of sheep decreased by 7eo. Faecal

losses of Na, K and Cl were also reduced during this period of water

restriction. Sirnilar evidence of an intestinal role in water and electro-

lyte regulations has also been shov¡n in both sheep and cows by Renkema and

his associates (115), Van l\leerden (133) and Devlin and Roberts (41) .

Besides these effects, an increase in the osmotic pressure value of faecal

press-juice of heifers was found by Weeth et al.(I42) as a result of water

intake restriction.

The influence of deoxycorticosterone on the intestine in the conserv-

ation of Na and the excretion of K has been shown j¡ the dog (10). Crocker

and ltltmday (3Ir32), claimed that aldosterone and angiotensin can .increase

the mucosal water and soditnn transfer in rat jejunum.

5. Neural mechanism. Forbes (56) states that neural medranisms

can influence Na netabolisn and its effect on the kidney, sweat glands,

circulation and corticotropin. Bradley (16) pointed out that denervation

of the kidney leads to an increased urine flor,u and excretion of sodium

and other osmotically active solutes.
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III

K AND Cl TT]RNOVER BETWEEN THE

BODY AND THE GASTROINTESTIML TRACT

Water and ninerals such as Na, K and C1 passing through the alimentary

tract of runinant are not only obtained by ingestion but also from secretions

of the glands along the tract. Y,ay QÐ states that in sheep, about 10 to

20 liters (1) of fluid secreted by the glands along the tract pour into

the alimentary canal. These fluids, containing electrolytes and other

substances, assist il maceration, digestion and transport of food. Parts

of the canal gain- water and electrolytes by secretions whereas other parts

lose these substances and fluid by absorption. Generally, the intestines

firnction to absorb the ingested electrolytes and water, and to reabsorb

these substances secreted by the previous parts of the gut and by the

intestine per se. ConcomitaffiTy, the jntestine has to adjust the composi-

tion of the digesta to the requirements of digestion and propulsion of the

digesta (74).

In an average-sized sheep (feed intake 700 - 1000 gms/day), 2 L of. dal1y

water intake (107) and 5 to 12 I/day of saliv¿ pour into the approxirnately

4 1 of rumirral fluid (50). The net movement of water in the rumen is not

lcrorrm C50). About 7 I of rrrninal fluid flow into the omasun and 40 - 60eo

is absorbed therein [107). Thus it can be estimated that dalLy omasal

absorption of water in sheep amounts to approximately 3 1 (15). In the

abomasum, the output of gastric juice from the fundic area is estirnated

to be 4 to 6 1 per day (106) . It is assrmed that there is little or no

absorption taking place in the abonnsr.m since the quantity of water passing

into the duodenum is approxinately equal to ttre sun of that passing into

and that secreted by the abomasal mucosa.



Water secreted into the intestine in bile, pancreatic juice and

intestinal secretions amount to about 1.0, 0.5 and 2.0 L respectively, per

day QÐ. Most of the approxirnately 10 1 of water passing into and being

secreted into the iltestine is absorbed along the intestinal tract. This

is illustrated by the calculation of Phillipson and Ash (107) which shows that

the amount of digesta fluid passing from the terminal ileum into the caecum

arnoults to about 3.5 l and that leaving the body as faecal water amounts to

about 0.5 per 24h. Thus about two-thirds of the intestinal water absorp-

tion is achieved in the small intestine.

Similarly, Nâ, K and Cl from saliva are added into the rumen. The

concentrations of Na, K and Cl in mixed saliva of sheep are reported to be

160 to 180, 8 to 20 arñ1-7 ffiq,/t respectiveLy (I3,44,73), The rumenal

concentrations of Na, K and Cl, on the other hand, vary from 60 to 97, 39

to 7L, and 16 ffiq,/t respectiveLy (120,92) . This might suggest that there

is net absorption of Na, net secretion of K and no net movement of Cl across

the rumenal wall. The concentrations of these electrolytes in the abomasal

juice of sheep has been found to be quite variable. Phillipson (106)

compiled the data obtained by various groups of workers and reported the

electrolyte concentrations in the gastric juice of sheep as 2T to L67 f.or

N"*, 2 to 19 for K* and 138 to L72 ffiq/t for C1-.

In the small intestine, Nâ, K and Cl are added by the secretions of bile

and pancreatic juice and by intestinal secretion. The concentrations of

Na and K in the bile are higher than those in plasma whereas that of

chloride is slightly lower (67). In pancreatic juice, the concentrations

of Na and K appear to be similar to those of plasma, and that of Cl seems

to be slightly higher (I27). The electrolyte conposition of the intestinal

juice will be discussed in the section of "Intestirral Secretionff. However,

::f :i:;:ii:; ;ì:l;:;1:;r:::
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there is evidence that net secretions of electrolytes occur in the first
part of the snall iltestjrre and net absorption j¡r the rest of the tract

(r34, 89,99).



rV

INTEST II\TAL SECRETION

A. Definition

Hendrix and Bayless (70) in their revi-ew on intestinal secretion

defined "secretion" as the process by which material is separated, elaborated,

arrd discharged by cells, particularly by the epithelial cells of glands.

Secretion nay come via a duct or from a ductless gland. Saliva and enzymes

from stornach and intestine are the result of the secretory activity fron

the digestive tract. The components of the digestive tract secretions are

proteins, rmcopolysaccharides, and solutions of water and electrolytes.

B. Secretory Cells

Hendrix and Bayless (70) suggested that the intestinal fluids are

secreted by Goblet ce1ls, Paneth cells, argentaffin ce1ls (entero-

chrornaffin cells) and colurnar ce1ls vñidr are derived fron undifferentiated

crypt cells found in the crypts of Lieberkühn. Goblet ce11s produce a

mucus secretion containing Itlater, electrolytes and a mixture of several

different mucopolysacctrarides. Serous fluids are mainly the product of

Paneth cells. The fu:rction of argentaffin cells is believed to be the

regulation of gastrointestinal notility through the release of serotonin.

Colurnar cells secrete a mlnber of enzymeS, €.g. leucine amino-peptidase,

ATPase, dissacharidases, and alkaline phosphatase.

C. Regulation of i¡rtesti¡al secretions

Factors that influence the intestinal secretion can be swmarized

as follows:

1. Local stimulation. The presence of digesta or otfier source of

mechanical stimuli in any segu,3nt

the glands in that region and its

of the gastrointestinal (G.I.) tract causes

adjacent area to secrete digestive
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juice. The distension of the sma1l intestine causes copious secretion

fron the crypts of Lieberleim (ó4). A study by Harrison and Hill (68)

indicated that, in sheep fed once ðaíIy, the duodenal secretion is at an

average rate of L3 n1/hr whereas the rate of. 26 ml'/ht obtains in sheep

fedStimesaday.

2. Neural Regulation. Hendrix and Bayless (70) quoted the results

of earlier workers that parasyrnpathomimetic drugs such as pilocarpine and

physostigrnine produce copious intestinal secretion which is blocked by

atropine. Grryton (64) enphasized that parasympathetic stimulation can

jncrease intestinal secretion by 2 or 3 fold, but this is a small increase

in conparison to the effects of loca1 reflexes resulting from distension

or irritation of the mucosa. Splanchnic nerves may have some effects on

secretion (40).

3. Hormonal control. It is generally accepted thatrrenterocrinin"

is a hormone that increasesthe secretion from intestine (70). It is

liberated from intestinal mucosa by the presence of chyme (40).

D. Composition of intestinal secretion

Brooks C17) classified the conposition of the secretions of the

digestive glands into three tpes: (1) proteins, particularly those

that constitute the digestive enzymes; (2) nucopolysaccharides, as in

mucus; and (3) solutions of water and electrolytes, as in hydrochloric

acid and bicarbonate.

Nulnbers of workers have been successful in obtaining the composition

of intestinal juice in different species by mea-ns of Thiry fistula or

some other nodified device. Dukes (47) recorded the composition as:

u¡ater 97.59e", protein 0,.80%, ottrer organic substances 0.73% and inorganic
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salr 0.88%.

The concentration of electrolytes in the intestinal secretions has been

investigated in the dog, man and sheep. Davenport (40) and Hendrix and

Bayless (70) quoted experiments which showed that the concentration of sodium

in duodenum, jejunun, ileum and colon of the dog and man is approximately

similar to that of btr-ood plasma. The concentration of potassiun is slightly

higher than that of plasma. Chloride concentration of duodenal secretion

varies from lower to higher concentration relative to plasna chloride, and

remains at a higher concentration in jejunal and then declines to slightly

lower than that in plasna in ileal and colonic secretions.

A study by Scott (119) as quoted by Phillipson (106) showed that the

concentrations of Nar.K and C1 in the intestinal secretions of sheep hrere

similar to those obtained in the dog and nan. In upper jejunal secretion,

the concentrations of Na, K and cl were found to be 1i6.0, 8.1 arñ rs4 ffiq,/t

respectively, r,ritrereas 135.0, 9.0 and 105.0 ffiq,/t were the concentrations of

these electrolytes in the lower ileum. The concentration of HCOI in thre

fluid secreted by the upper jejunun of sheep was 11.8 nEq/1 and in the lower

ileum it was 41.5 mEq/l. In the jejunal secretions of the dog and sheep,

the concentration of calcir.un appears to be a half that of plasma but is

similar in concentration to plasma in ilea1 and colonic secretions (401106).

The concentrations of Na and K in the intestinal content in runinants

have been investigated by a ntmber of workers. Horrocks and Phillips Uf)
Rogers and Vanrt Klooster (115) It4ylrea (90) and Perqr, et aL. (gg) for¡:d

that, in cattle, there is an addition of sodiun in the upper intestine.

Prestrnably this sodium is contributed by bile, pancreatic and intestinal

gland secretions (115). The concentration of Na in intestj¡ral contents

declines progressively along the rest of the intestinal tract (7I,70,99).
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Sfunilarly, the concentration of K in the intestinal content increases

in the first part of the smal1 iltestine compared with tkrat in the

abornasum and decreases along the rest of the ttact (99). On the other

hand, it has been shown that the concentration of sodirm in digesta of

the horse and pig tended to increase going from the jejum.un to the ventral

colon and then decreased appreciably in the rest of the gut (2).

The concentrations of Na, K and Cl in the duodenal contents of sheep

have been reported as 7L, 2I atñ 116 mEq/kg water respectively (21). In

the ileum, the concentrations of Na, K and Cl were shown by Bnrce et 31.

QÐ and Goodall and Kay (60) to vary fron 134 to T37 , fron'l3 to L7 and

fron 60 to 69 nEq/kg water respectively. Bruce et al. (21) reported faecal

concentrations of Na, K and Cl of 4I, LI6 and 16 mEq/kg water respectively.

Scott (119) quoted by Phillipson (106), reported that the concentrations

of Na, K and Cl in the supernatartt fluid of jejunal contents in sheep hlere

101, 25 arñ 140 mEq/l respectively.



V

TRA}ISPORT ACROSS BIOI,OGICA], MEMBRANES

A. Transmembrane concentration ald electrical potential differences.

The differences in concentrations between internal and external fluids

of a ce11 reflect the ctraracteristics of its membrane. Ce1ls maintain low

internal concentrations of Na+ and Cl- differing from that of the environ-

ment which has higher concentrations of these electrolytes. In contrast,

K+ concentration is higher in the cell. All electrolytes and ionized

substances carry their own electrical charges, i;ê. positive or negative.

Woodberry G47) stated that there is in existence an electrical potential

difference (PD) across the ce11 membrane, being negative inside the mernbrane

and positive outside. The movement of electrolytes and other ionized

substances across the cell membrane is influenced by the electrical forces.

B. Trqnsepithelial concentration and transnural potential difference

In the digestive tTact, there is a difference in concentrations of

electrolytes between the h.unen and plasma analogous to that between a

ce11 and its environment. There is also in existence electrical potential

differences between the flucosa and serosa of the intestine, the serosa

being electrically positive with respect to the rm;cosal surface (58r62rI06,IL7).

It has been found in experiments on the rabbit ileum (117) and the human

colon [62) that the transrnrral PD (and the short circuit current) declines

with time during the experiment. The cause of this decline is obscure.

Sclrultz and ZaLtsky (117) suggest that it is not related to the rate of circula-

tion or aeration of the buffer solution or changes in tissue morphologr.

Hol,vever, the decline of the transmural PD obviously occurs concomitantly

with the absorption. Thus it can be assunpd that the decrease in concentration

due to the absorption from the mucosal side causes a decrease in the
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transmural PD. In the rat colon, there is evidence that as ttre luminal

NaCl concentration increases the PD between the lumen and plasma increases

(34) . In sheep, the rumen potential is negatively correlated with lt'la+]

and positively with [K*] in the rumen (120) 
,,

C. Terminologlf

rrFluxft is a term used to describe the amotrrt of substance transported

across r-m-it area in a given unit of tfune [19) .

'Undirectiona1f1r,lx''referstotheone-hIaypaSSageofe1ectro1yte

(or water) from one side of the intestinal mucosa to the other, wtrich

occurs concurrently with one-\+ray passage of the same ion in the opposite

direction (7).

With regard to the intestinal tract, Berger (7) states that I'outfluxrl

is the flow out of the intestinal lunen, i.e. from gut to blood (136),

while 'rinflux't refers to the flow into the intestinal lulen, i.e. from

blood to gut (136).

"Net f1ux" is the resultant of influx and outflux (17) . Itlhen outfh.rx

exceeds influx, "absorption" occurs; similarly ttsecretion'r is a net increase

in the amount of electrolyte in the lumen resulting from a greater infli¡x

than outflux [7)

Code (27) has suggested the terms " insorption" for outflux (efflux*)

and "exsorption't for influx. llitren insorption exceeds exsorption, the net gain

to the body is "absorptiontr. "Enterosorption" is the net gain in the oppo-

site d.irection, i-.e. secretion. The entire process, insorption, exsorption, l

absorption or enterosorption is designated "sorption".

* In this context, the tenn "effluxt' refers to rroutflux't.
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The mechanism of fltx can be classified into two types: passive

and active transport. The passive transport is the movement that does

not requiTe energlf expenditure, e.g. diffusion and osmosis. Active or

carrier-mediated transport appears to be dependent upon tJre e>çenditure

of metabolic energy in the biological system (36), and can proceed against

a chemicaL and/or electrical gradient (33).

D. Passfve trartsport.

Water and smal1 water-soh.rble particles c¿rn pass through the merbrane

either driven by concentration differences or the latter Íray be carried by

the flow of water (solvent drag) (33). The node of menbrane transport of

a substance depends on nany factors. Guyton (64) states that the primary

factor affecting diffusion of substances is the solubility in the lipoprotein

natrix of the membrane. Also the size of the transported substance as it
relates to the pore size of the membrane. Guyton further states that

negatively charged ions can pass through the pores with the same ease as

water molecules. The net diffusion is also influenced bv the effect of

concentration, electrical and pressure gradients.

'rOsmosisrt is tfre net flux of water in the direction of lower concentra-

tion tfirough a semipermeable rnembrane (55) . rrOsmotic pressure" is the

pressure required to stop "osmosis" (64). Florey (55) defined 'rosmotic

concentration" as the total nturber of nonpermeating particles per unit

volume. The difference in osmotic concentrations between the solutions on

either side of a semipermeable neinbrane is referred to as the rrosmotic

gradienttt. Differences in concentration of any one chemical between the

two compartments separated by a nenbrane are called "concentration

gradients'r.

Broum (19) stated that the water activity is evaluated by the total
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concentration of all particles dissolved in it, rather than by its

concentration. The greater the concentration of dissolved particles,

the more reduction in water activity.

E. Active transport.

Curran and Schultz (36) state that'tactive transport" includes all

trar.sport processes for which there is no acceptable physical explanation.

The absorption of sugar and anino acids appear to be sodium dependent

transport (30133135). Csíty (SS) states that ttre movement of all water-

soluble substances, rritrich are too large to pass through the pores, is by

carrier-mediated transport. There is utilization of the high energy bond

of adenosine triphosphate (ATP) in the transport. The particle is bound

to the carrier on one side of the menbrarre, moves through the mernbrane,

and is rel.eased frorn the carrier on the other side. The carrier then

returns to its original site (19). Brourn (19) states that there are nany

factors that nay influence active transport. Chenicals (drugs) or hormone

(aldosterone, etc.) control the rate of active transport. Passive perrneabil-

ity r,vhich nay be involved at one side of the membrane also influences the

rate of active transport. The ci-rculation affects the transport by means

of metabolic nechanisms and by maintaining concentrations of the transported

particles.

Pinocytosis, as defined by Csáky (33), is the process by wtrich particles

are invaginated or engulfed by the membrane surface, sïnilar to phagocyto-

sis. This process is linked directly to energy supplying reactions (19) .

F. The transport mechanisms for Na, K, Cl and water across the smal1

intestine epithelium.

The mecha¡risn of Na+ transport

A concept of the frcarrier" has been

is believed to be an active process.

proposed to explain the active transport



mechanism of sodium ion. Crane (30) postulated that the tcarrierr possesses

a specific binding site for substrates (sugar) and the second specific

bind.ing site for Na+, and that the bindíng of Na+ to this site is essential

for the activity of the carrier to equilibrate the substrates across the

brush border membrane.

There is a controversy on the mechanism of K+ transport. Clarkson and

Rothstein (26) suggested that K+ moves acïoss the smal1 intestinal mucosa

in the direction of electrochemical gradient. Gilman et al. (58), on the

contrary, showed net movement of K* taking place against the concentration

gradient.

Sfunilarly, the mechanism of Cl- transport has not been established.

A study by Tidball (130) indicated that the chloride movement occurs against

its electrochenical concentration gradient. However, many authors have

fonnd evidence of passive mechanism of Cl movement (34,37,95).

Furthermore, Parsons (96) suggested that the movements of sodium and of

chloride are independent of each other to a certain extent and carurot

entirely be tightly coupled.

T\ro possible mechanisns of hrater absorption have been proposed, namely

active and passive processes. The first postulation is that the mucosa

contains anatomical structures capable of moving water. This theory

emphasizes the possible role of pinocytosis (40). Studies conducted by

Curran and his associates (34,37) indicate the passive mechanism of lvater

transport. Moreover, the water movement in the snal1 intestine appears

to be closely coupled to solute (t¡u*) absorption (95r38).

)^
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VI

METHODS TO STUDY THE INIESTINIAL TRANISPORT

OF ELECTROLYTES A}JD WATER

The nethod for the investigation of intestinal transport of substances

I,{as described in detail recently by Parsons (97) . He classified the method

into two major types, namely, in vitro and in vivo. Marry techniques have

been applied to these studies. Orly the in vivo methods will be discussed

here.

Techniques that have been employed for studying the intestinal

transport or the absorption of electrolytes and water are, for exanple,

intubation, ctrronic fistula, isolated intestinal segments, etc. (43rT16,I44)

The intubation technique has been used extensively in hunan e4periments

(43,L44). The standard perfusion û;be, as described by Whalen et al. (I44),

is made of polyuinyl rnaterial with inner diameter 1.6 to 1.8 nrn.

The tube has 3 lumina: one ending in the proximal (P) and another in the

distal (D) aspiration tip, located 15 and 45 crn distal to the Jrrfusion tip

[I), respectively. The segment of intestine between I and P is termed the

"nixing segmentfr, between P and D the "study segrnent". The test solution

is delivered by a constant rate infusion pLunp. After an equilibration

period, intestinal contents are sampled from P and D by aspiration. In

this tec*rnique, the subject is usually fasted before study. The purpose

of this technique seems to be to study the absorption of electrolytes

and water from the infusing solutions rattrer than the absorption of such

substances from the intestinal contents.

The tra¡rsport of Na and K across the intestinal Íucosa of the dog

has been studied by means of chronic "Thiry"fistula (8,9). Berger et al.

C8,9), claimed that the rates of sodium and potassium fhxes measured

in erçeriments repeated over several years were not significantly d.ifferent
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from those conducted during a single day.

The 'Thiry-Vella" loop whidr produces a segment of intestine with two

fistulas has been used extensively in studies on intestinal absorption.

Studies on absorption in dogs using this technique have been conducted

both in anaesthetized (28,135) and in conscious animals (.3,4,8,9,28,136).

The possible effects of anaesthesia on absorption have been investigated.

Code et a1. [28) fornd that anaesthesia with pentobarbital sodium did not

affect ttre rates of insorption or exsorption of either water or sodium

by the ileun. In the duodenum, insorption of both water and sodium also

was unaffected, but the exsorption of both sr,¡bstance was decreased. These

authors did not have a satisfactory estimate of the physiological signifi-

cance of the effect of anaesthesia on the reduction of ttre rates of exsorption

of sodium and water into the duodenun. However, it may be supposed that

during anaesthesia, there is decreased intestinal blood flow due to a

reduction in cardiac output. The duodenum is the rnajor site for Na (and

water) secretion. Thus, tfiere rnight have been a reduction in activity

of intestinal glands r¡drich eventually brought about the decreases in Na

and water exsorption.

It has been suggested that a rnajor disadvantage of the Thiry-Vella

loop is becatrse it is permanently isolated frorn the main part of the

digestive tract and consequently may atrophy from disuse (108). Because

of this, some studies on absorption from the runinant intestine have

utilized a temporary Thiry-Vella loop formed between two pairs of

re-entrant ca¡rrulae implanted in the intestine. The double re-entrant

ca¡rrulae provide that the digesta flow through tJ:e loop of intestine except

when isolated for an erçeriment. Ash (a) designed and described the
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rnanufacture of intestinal re-entrant cannulae for use in sheep. Goodall

and Kay [60) employed the re-entrant ca¡mu1ae for the study of digestion

and absorption in the large intestine of sheep. Also, Phillipson and

Storry (108) used two pairs of re-entrant carrrulae j¡r a study of calcium

and magnesiun absorptions from the small intestine of sheep. However,

there are disadvantages of the re-entrant cannula system. Goodall and

Kay (60) observed that the nain difficulty was the occasional blockage

of d-igesta in the cannulae. When this happened the sheep soon stopped

eating, but after the blockage r,.ias removed tJre sheep recovered their

appetites within a few hours. Another difficulty was that the sheep lay

on the side in r¡ftrich the cannulae had been established, and so had to be

dissuaded from doing so during the digesta samplirrg. These disadvantages

have also been observed in the present study. However, it was observed

that the sheep resumed eating irrnediateLy after the removal of the blockage.

T\¡ro other tectrriques have been used to study absorption from the G.I.

tract of ruminants. The first of these is the carnulation of different

sites of the G.I. tract. The absorption of substances is calculated frorn

differences in concentrations of substances in sarnples taken from two

successive carmulae usually il reference to a non-absorbable nnrker.

Rogers and. Vanrt Klooster (115) used this technique to study the absorption

of minerals from the aljmentary tract of dairy coI4IS.

The second nethod for studying the absorption from the nrninant

alimentary tract has been to use the distribution of the concentration

of minerals in digesta at various points along the tract. Horrocks and

Phillips (71) and Perry et a1. (99) studied the absorption of minerals

fron the alfunentary tract of cattle using this technique.

.1:., :.



:r:::+: t-ii.:l.:.i;i.::1ii:::r:j;:;:ili¡r,!

In addition, absorption of solutes rnay be inferred fron changes in

the freezing point depression of the intestinal contents. Decreases in

freezing point depression of digesta from along the digestive tract might

indicate the absorption of osmotic solutes or secretion of water. Such

studies have been undertaken in cattle (101rrL2rrs3). For studying the

absorption of water, a non-absorbable indicator such as phenol red,

haenoglobin or polyethelene glycol (PEG) can be used. These materials

have been.used to serve as a reference substance for the determination

of intestinal water absorption in the hunan and the rat (34,L44).

Thg apPlication of radioisotope in studying the bidirectional fluxes of

electrolytes across the intestinal mucosa.

In the intestine, there are simuLtaneous movements of ions ald water,

into and out of, the lunen and the b1ood. The absolute rate of rnovement

of such substances across the intestinal nucosa in either direction cannot

be studied unless the rate in the opposite direction becomes zero. The

availability of isotopes rnakes it possible to study absolute rates of

the movement in either direction by using an isotope of the element being

studied. Such an isotope is generally mixed in ttre perfusion fluid and it
is assumed that the return of isotope is zero during a short term experi-

ment. Visscher and his colleagues (136,I37)pioneered the use of radio-

active sodium, chloride and deuteriurn in studies on bidirectional fluxes

across the intestinal wa1I in dogs. Several other groups of workers in the

following decades have used isotopes in the study of fluxes across the

intestinal mucosa of the dog [8r9,27,631135). Reports on the use of isotopes

to study the fluxes across the intestinal wall in ruminants have not been

foind.

"... 
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FROM T}IE SI\4ALL INTESTINE

A. Factors that influence absorption

1. The epithelial permeability. The epithelial permeability of

intestinal mucosa depends on the presence of villi, nurber and sizes of

pores and size of particles relative to the pore size. The vil1i decrease

in density fron jejrrruin to ileun with a corresponding decrease in surface

area. The jejr;nal pores are fewer and longer in length than those in the

iler.un. A mean pore diameter of 8 Aongstrorns (4") in jejunum suggests

high perrneability to water r¡Írich has a diameter of 3 A" a¡rd to K+ and Cl-

with diameters of about 3. 5 Ao . Sodium ion with a diameter of 5. 5 Ao will

moderately pernreable. In contrast, the ileun has pore size of 5 to 4 A"

r¡ñrich presr-unably limits the efficient absorption of all substances except

water C64).

2. The pH of the intestinal contents. At the anterior part of the

duodenum, the contents are of lower pH due to gastric acid secretion. In

the rest of the intestine the acidity is neutralized by the bicarbonate

in pancreatic, bile and intestinal secretions. McFlardy and Parsons (83)

found that the absorption rates of water and sodiun in the jejunum and

ileun of the rat were greater from alkaline than from acid solutions, over

the pH range 4.4 to 7.2. The results abtained by Code et al. (28) agree

with those of McFlardy and Parsons (83).

3. Osnolality of the lurninal contents. This effect will be

discussed separately in the particular sections on electrolyte and water

absorption.

be
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4. Blood supply. The transported substances must be carried away

from the intestinal mucosa into the blood otherwise there will be a

reduction in absorption due to the back diffüsion gradients. Therefore,

an efficient absorption requires a high rate of intestinal blood flow (20).

5. Flow rate of the digesta. The flow rate of the digesta may

affect absorption rate. It appears that an increase in flow rate increases

both intestinal volume and absorptive capacity (79). Love et a1. (79)

suggest that the increase in absorptive capacity nay be erçlained by:

(1) an increase in absorptive area due to stretctring of the bowel;

(2) an increase in absorptive area due to some contribution of a rising

hydrostatic pressure in the lumen; and (3) an increase jn absorptive area

due to a rrnre near approximation to continuous f1ow. In addition, Deuroede

and Phillips (43) suggested that the greater the quantity of substances

being passed through, ttre rnore the availability for absorption; and that

the Ìncrease in volume provides more intimate contact between solutions

and absorptive area.

B. Absorption of sodium and chloride

Sodium trarisport is interdependent with the transport of sugars and

amino acids (30 r34,35 r39,54r59,65,69,95r116,118) .

The previous results obtained by Visscher and his colleagues (158,139),

by placing autogenous serum and isotonic solutions of NaCl and NarSOO

in equiosmotic proportion in the ilea1 segements of the dogs, showed that 
,,,L;,:,,,,..

there was a developing hypotonicity of original isotonic solutions. Such ',,i',,'

a phenonenon indicates the absorption of Na and C1.

Evidence has been found that the absorptions of Na ard C1 depend on

the osmolaLis in the jntestinal lumen. Vaughan (135) Grin (63) and
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Annegers [5) found, in the dog, an increase in Na and Cl absorption rates as

tþe lurninal concentrations of Na and Cl are increased. In the dog, absorp-

tion ca¡r occur from a luninal Na concentration of 32 nÄq/I. At the luminal

Na concentration of 80 ffiq,/t the absorption rate is about sO¡rEq/rnin,

u¡lrile at a concentration of 220 ffiq,/t the absorption rate increases to

200 ¡frq/mn (135). An increase in chloride absorption rate, on the other

hand, was found to take place as the Nacl solution in the lumen was

increased to 1.8% (3).

A few studies with the perfusion technique have been made in hunan

(43,79,144). Love et al. (79) and Dewoede and Phillips (43) found increased

sodium and chloride absorption with increasing rates of perfusion.

fn runinants the pattern of Na secretion into the duodenum and net

absorption of Na (and K) in the rest of the sma1l intestine appears to

be qualitatively sùnilar to that shorn¡n in non-ruminants (722). Quarterm¿ut,

et al. [JrÐ and van weerden (Ls3) showed, in cattle, the decreasing

osmolality of the contents along the intestinal tract indicating that there

I4Ias an absorption of electrolytes along the tract. The progressive

decrease in Na concentration of the contents along the intestinal tract,
to leve1s lower than that in plasma, leads to the conclusion of active

absorption of Na from the gut (71,99).

C. Absorption of potassium'

very little is lcrou¡n about the absorption of K from the small

intestine. Smith (L23) clained that K is absorbed from the n¡ninant sma1l

intestine, except the duodenum. Perry et al. (99) estimated that an

average of 36 gm of K was absorbed from the calf smal1 intestine daily.
This group of workers further showed progressively decreasing concentrations
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of K in intestinal contents from the duodenul through to the ileun, which

suggests the absorption of K in these regions. In addition, Mylrea (90)

suggested that K is nearly completely absorbed (-90 to 97%) from the small

intestine.

D. Absorption of water.

Several ljnes of study have demonstrated the dependency of water

absorption on the luninal Na and Cl concentrations (3,26138'63,831135).

In the dog smal1 intesti¡re, the absorption of water was found to decrease

in approximately linear fashion with increase in the luninal concentrations

of Na and C1 (3,63,135). The absorption was found to be greatest with

hypotonic fluid in the lumen. It is evident that the absorption of Na and

Cl in the small intestjne depend on the osmolality of the lumen (3,63,I35rL37).

Therefore, the absorption of water appears to be related to the absorption

of solutes (3,35,96198). Furthermore, there is a linear reLationship between

water and solute movement (26).

fn runinants, the arnount of water renaining with the digesta at the

ileum is usually related to the amounts of Na and K remaining at this

site (I22). This observation also suggests a close relationship between

water and solute absorptions. It is furtJrer suggested that most of the

water absorption from the nuninant small intestine occurs secondarily to

the absorption of osmoticaLly active solutes (L23).
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UNIDIRECTIONAL FLUXES OF Na, K, C1 AND l4lATER

ACROSS THE INTESTII.IAL MUCOSA.

Extensive investigations of unidirectional fluxes of monovalent

electrolytes and viater across the intestinal nucosa have been carried out

in the rat (34,37,38186) the dog (418,91281631135,138,139) and in the human

(6148,62r79). There is very little infonnation on unidirectional fluxes

of these electrolytes and water in ruminants.

A. Unidirectional fluxes of Na*

The studies of Na flux in rat iletun and colon by Curran and his

colleagues [37,58) indicated that the Na efflux [lurnen to plasma) is a

linear function of NaCl concentration in the lumen. Vaughan (135) also

found a similar effect of Na+ concentration in the lunen on the rate of

Na+ effh,rx from the dog sna11 intestine. The influx of Na+ appears to

depend on Na* concentration in the lumen and is, not entirely the result

of simple diffusion from a reservoir of constant Na concentration (the

plasna) (37) . However, the regression coefficient of the infl-rx is

significantly srnaller than that of the efflux for both species.

Code et a1. [28) fourd that the infhx (exsorption) of Na+ i:rto the

duodenum of the dog was significantly increased after feeding. They also

showed the efflu of Na+ (insorption) from the duodenal and. ileal loops

was depressed by acidification of the intestinal contents.

studies on the dog jejunum by visscher, et al. (138) indicated that

the unidirectional fluxes of Na+ from NaCl solution were lower in the

presence of MgsOo and Mgcl, than in the presence of Narsoo. comparing

chloride and sulphate solutions, visscher et a1. (7s7) found that the

rate of Na efflu was greater from an isotonic chloride than an isotonic
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sulphate solution, although the Na concentration in the gut was higher

in the latter case.

In the dog jejum.nn, Grim (63) and visscher et al. (136) showed the

sjmilar result of the greater rate of efflux to jrÉltx. In contrast,

Berger et al. (8) found that the rate of inflw was greater than that of

efflux. Visscher et a1. (156) studied the Na* flux i¡r a 30-40 crn Thiry-

Vel1a loop whereas Berger et a1. (8) used a 20 cm chronic Thiry fistula.

Rates of efflux and influx of 580 and 538¡Eq/nin were obtained by

Vissclrer et al. (136). Those obtained by Berger et 41. (8) were 68 for

the efflux and 80 ¡-rEq/nin for the influx

Love et al. (79) found that the bidirectional fluxes of Na* in the

entire human intestinal tract varied with rates of perfusion. At

perfusion rates of 33, 50 and. 84 nl/nin, the rates of Na+ efflux obtained

were about I, L7 and 20 rnEq/rnin respectively. Based on the sane perfusion

rates, the rates of Na+ inf¡x were about 8, 15 and 19 mEq/min respectively.

Increases in perfusion rate would certainly bring about comparable increase

in flow rate. Thus Love and his co-workers (79) showed that as flow rates

increase both volune and absorptivecapacity of the intestine increase to

reach a plateau at high flow rates.

B. Unidirectional fluxes of K*

Two groups of investigators have studied the unidirectional fluxes of

K* in the canine smal1 intestine. The first group is Code and his colleagues

(28) who showed the effect of feeding on the unidirectional flixes of K+.

These workers found that the rate of insorption (efflux) of K+ from the

duodenum significantly increased in the second lS-rnj¡rute period after

feeding, i.e. increased frorn 1 to 5 nEq/nin.
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C. Unidirectional fltxes of C1

For the rat ileum and colon, there is evidence that the chloride efflix

is a linear function of concentration in the lumen. There is no evidence

, for the dependence of Cl infhix on concentration in the lumen (34,38).

Sirnilar results on the dependence of Cl efflux and independence of Cl infh.rx

on concentration jl the lumen had been shown earlier by Visscher et a1. Q37).

Curran and Soloinon (38) suggested that the C1 influc would not be expected

',, to be dependent on concentration in the lumen, since the influx takes place

';,,:,, from a reseryoir of constant concentration (the plasma).

D. Unidirectional fluxes of water.

In a chronic Thiry fistula of the dog, Berger et al. (8) found that

approximately 1 nl of wêter was transferred ilto and out of a 20 cm length

of intestine per minute. Code et g!. (28) showed that for each liter of

water insorbed from contents of the dog small intestine to the blood,

about 60 nEq of sodiun and 2 mEq of potassiurn were insorbed simultaneously.

This might indicate water movement is dependent on sodium transport at

least at certain concentrations of ttre Latter, si¡rce the study by Visscher

et al. CI37) showed that in the dog ilerrn the efflux of water was as high

as 2 n7/min from one-third isotonic solution and this rate was more than

twice that found with hypertonic solutions. Regarding water infl-rx,

Visscher et al. (136) found that the rate of movement was nearly indepen-

dent of the osmotic pressure in the gut.



IX

EppEcrs op ttEt¡ny soltt¡¡¿ n¡¡¡ porRsstu¡,t on rurrsrnRl

ABSORPTION AND ON OSX4OTIC COMPOSITION OF BTOOD PI"{SI\4A

A. Effects of dietary levels of Na and K on absorption

Severe restriction of dietary sodium in the dog causes a great decrease

in sodium concentration in the contents of the terminal iletun (55). This

indicates that there is an increase in sodium absorption in the upper G.I.

tract during the period of dietary sodium restriction.

Devlin and Roberts (41) showed a reduction in faecal Na of lambs when

fed 1ow levels of Na in the diet, and an ilcrease in faecal excretion of
Na when dietary Na was increased. In calves, when 0.25 grn Na and 1.2 grn K

per 100 gm D.M. were fed, the mean Na to K nolar ratios in the proximal

duodenum and distal ileum respectívely were about 2.2 and 3.2. I4ltren the

calves were put on to pasture containing about 0.09 grn Na and 2.3 gn K per

100 gn D.M. these rations changed over a period of 1 to 2 weeks to 0.S and 0.4

respectively Q23). The results obtained in larnbs and calves suggest that

during dietary sodir.un restriction there is an increase in the absorption

of Na from the intestine. The Na:K ratios further suggest that concomitant

with the increase jrr Na absorption, there is an increase in K secretion in
order to maintain a constant osmoirality of the intestinal contents.

on the otirer hand, as the dietary Na increase, there is a decrease in

faecaL excretion of K whereas urinary K remains constant (41). The cr.umrla-

tive K balance of the 1ow treatment sheep was significantly less than the

sheep receiving the medium and high levels of Na. This might suggest an

increase j¡ K absorption from the intestine when high dietary level of Na

is fed.
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In sheep, it was found that the amount of faecal Na was signifícantly

greater for the group fed with high dietary K than for tJre group fed

nedium or low K. It was suggested that poorer absorption of Na occurs

with high dietary K (23).

There are no published results on the effects of dietary Na and K on

the absorption of these electrolytes, Cl and water from Thiry-Vella loops

of the sheep sna1l intestine

B. Effects of dietary levels of Na and K on blood plasma Na, K, Cl

concentrations and haemotocrit.

It has been found, in sheep, that variation in potassium levels in the

diet did not significantly affect plasna Na concentration (23,46), but that

high dietary K significantly decreased plasna chloride in lambs and steers

(4L,46,r25) .

Thelevel of K in the diet has been found to affect serum K level. In

animals fed with high K, the [K*] in plasma was high (12S); and plasma K

was 1ow in aninals receiving 1ow level of K in the diet (111r72srrz9).

Driedger [4ó) found an increase in plasna Na concentration in 1a¡nbs

receiving 1ow K and high Na. An increase in haematocrit value was found ,. ', ,'
' '- .t.."''

in sheep artd lactating cows receiving low K (1111128) : ,.,,
. t: ' 

^ 
,: .,

A leve1 of 1.2% NaCI in drinking water was found to increase serum

K and Na in cattle C141). In sheep, on the other hand, Mq¡er and Weir

(85) found that high NaCl intake (up to 13. Leo in the feed) did not affect

blood. haemotocrits or seïum Na, but an increase i-n serum chloride was ,'., ¡ '1:t.',;

obseryed.



MATERIALS AND ME"ITIODS

EXPERIMENT ]

In this study the sheep were fed on a continuous feeding d.evice at

about 1300 gin of feed consumed per 24 hours. The study was conducted by

perfusing solutions into the proxinal end of a jejunal Thiry-vel1a loop,

and collection of the loop effluents at the distal end of the loop. Three

different rates of perfusion were used. The concentrations of Na and K

in the perfu$ate were such as to sirm-rlate the concentrations of Na and K

in the intesti¡,al contents collected fron the individinl ewe on the day

previous to an eriperimentaL day. The main objectives of this experiment

were to study the effects of 1evels of dietary Na and K, and of the rates

of perfusion on the transport of Na, K, Cl and water in the jejunum.

The purpose of the use of the continuous feeder.

Circadian rhythms have been obseryed in runinants as well as in

many other species. Gordon and McAllister (61) postulated that the

diurnal variation is directly caused by behaviour and indirectly by

feeding tirne. Ibrahin (72) indicated tJ:at ttre continuous feeding system

resulted in a constant rate fermentation system- in the rumen, and a

uniformity in composition of rumen contents. From ttris evidence, it was

assuned that fluctr.rations in the rate of flow and conposition of the

digesta presented to tåe successive parts of the alirnentary tract would

also be reduced by the continuous feeding regime. Thus variation in

fhxes of electrolytes and water across the intestine night also be

reduced.

Animals.

Three mature cross breed er4res, weighing about 60 kg, were used in



the experiment. Ttvo re-entrant fistulae were fitted per aninal, so as to

provide an isolated loop of jejunurn when required. The first re-entrant

fistula was established by placing a pair of can¡rulae at the beginning of

jejunun and the second was placed about 250 cn aborally to the first.
A sinilar preparation has been described by Phillipson and Storry (108).

The cannulae used in the experiment were described by Ash (5). The sheep

were operated on at least 2 rnonths prior to the start of the eriperiments.

The anirnals were trained to a continuous feeding regime on an

autonatic feeder for at least three weeks. Chopped aIfaLf.a- bromegrass

hay, to which a mineral mixture was added, r^ras fed during this period.

During this tirne they were trained to sample collection procedures and a

prelÌrninary study was undertaken. The purpose of the preliminary study was

to try to determine the duration of perfusion required to establish a

steady state of flow of perfusion tfirough the loop.

Water was given ad lib.r,and the arnount consuned daily was recorded.

Wood. shavings were used for beddiag.

Diets.

The experiments comprised two dietary periods. In dietary period A

Qleriod A), the basal diet was supplemented with Na and K at the nominal

1eve1s of 0.5% artd 0.8% respectively of the air-dry ration. In dietary

periodB (periodB), Na and Kwere added at 0.5 and 0.4% respectively

to the basal diet. The 1evel of Na in the diet and the variation in

dietary 1evel of K were established on the assumption tJlat at these

levels the physiological fi-rnctions of the body could be maintained normal1y.

The establishnent of these dietary levels of Na and K were based on results

obtained by Campbell (23) Driedger (46) and the N.R.C. requirements (91).
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TABLE 1

FORMULATION FOR TT{E BASAI DIET

Ingredient Percentage

Groind barley straw

Dried brewers grains

Corn starch

Sugar

Vegetable oil
Minerals*

50 .0

6.0

L.V

2.0

0.3

* Mineral rnixture (expressed as kg per 1000 kg of feed.) :
calcium phosphate.(conrye1giel), 3.24 kg; cobalt chloride, 0.28554 gm;
arrd potassiun iodide , 0.4T290 gn.
J{itanin lupplgnglts_per1000 kg of feed: Viramin A, 1,000,000 I.U.;
Vitanin D, 250,000 I.U.



<7

The diet was given in the form of pellets. The nain cornponents of

the pellets \,{ere barley stra\^r and brewers grains. The straw had been

previously soaked and washed with water to leach out the minerals. After
leaching, the straw contained 12.52 protein, 0.02eo and 0.08% of Na an¿ K

respectively.

The levels of Na and K in the basal diet were LZ and zg nBq/kg air-
dry diet respectively.

Mineral supplenents to give the desired levels of Na and K were

supplied in the fonn of reagent grade chemicals. The mixtures of salts
used fTabIe 2) were designed to supply the desired levels of Na and K and

to supply a constant leve1 of chloride (Table 3). It was realized that

the necessary variations in amounts of metabolisable anions supplied. in
order to achieve these requirements would result in variations in the

acid-base turnover by the sheep. However, in normal diets the variations

in potassiun levels encountered also occur in conjtrnction with similar

variations in organic anions.

The mixture of supplernental sodium and potassium was spread evenly

on the colunrr of pellets on the conveyor of the automatic feed.er.

Daily feed intake and water consurption hrere recorded. The weight of
each sheep before and after each experimental period was also recorded.

Adjustment periods.

The length of tirne required for the adjustment period was based on

a study on steers by Thorlacius (I29) who for-rrd that the majority of the

physiological responses had occurred by g days after changes in dietary

Na and K fron one level to anottrer. Thus the adjristrnent period. in the

present study was for 10 days prior to experimental period A and for
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TABLE 2

SUPPLEI\4ENIAL SAJ,TS IN MILLIMOLES/DAY

BASED ON FEED INTAIG OF 1300 gIry/DAY

Sodium Potassium
Potassiurn Bicar- Sodium Sodium Bicar- Potassium Potassium

Period Chloride bonate Acetate Citrate bonate Acetate Citrate

A 110 97 97 97 49.7 49.7 49.7

B 110 97 97 97 L.7 T.7 r.7 t'. ".

TABLE 5

CALCTJLATED DAILY ANION AND CATION INIAKES ('nEQ BASED

ON FEED CONSUMPTION OF 1500 gmlDAY.

Bicarbonate, Acetate :
Period Sodium Potassiun Chloride and Citrate ::.1

A 303 287 110 481

B 303 I43 110 337
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9 days prior

were fed w-ith

to experimental

the particular

0n the day before a perfusion experiment, iltestinal loop contents

I^Iere sanpled and analysed for Na a¡d K cortcentration. The composition of

the perfusate solution was designed to simulate the concentrations of Na

and K in the sarnple of intestinal content. NaCl and KHC03 were used to

supply the Na and K irr the perfusate. Polyethelene glyco1 4000 (PEG) at

1 mg/ml was added to the perfusate as a non-absorbable marker.

A. Rates of perfusion

The study I^Ias composed of 3 different nominal rates of perfi.rsion,

nannely 7, L3 arñ 26 mT/min.

The studies by Singleton (IZL) Harris and Phillipson (66) and Phillips

and þck (104) suggested tlirat, in sheep, the flow rate of digesta from

abornsum into the duodenum varied from about 300 to 7?00 nl/hr. In the

present experiments, the nominal perfusion rate of 13 m1/min was based

on the average flow rate obtained by these workers, and on the fact tlrrat

there is an increased volume added by the secretions of bile, pancreatic

juice and succus entericus (intestiaal glands). The lower and higher

rates of perfusion were used in order to study the effects of variation

in perfusion rate on electrolyte and water transport.

B. Experimental schedule

The rates of perfusion of 7, 13 and 26 ml/nin were designated as

f'low'r, ttmediumt' and tthigh't respectively. Each sheep received perfusíons

on 3 occasions at 4 day intervals. One hour was required for the

establishnent of the steady state of the loop just prior to conrnencement

period B. During these periods the sheep

experimental diets.
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of a one-hour perfusion study. The perfusion study was undertaken by the

collection of the effluent from the loop at various time interyals. Since

the perfusion studies on each day were of long duration, variations of the

sequences of applying the different perfusion rates were used to minimize

the possibility of systermtic errors.

In addition, varying the sequence of application of different perfi.rsion

rates allowed investigation of possible carry-over effects from one perfusion

rate to the subsequent ones withi¡r the daily experimental schedules used.

The sequences of perfusion rates used were:

Duy_ Sequencgs of perfusion rates

1 Low, medium and high
2 Mediurn, high and 1ow

3 High, low a¡rd rnedium

The collections of effluent from the loop were rmde into 'rlllhirl-pak" bags

and stored at 7o C until analysed. Sirnilar schedules for effluent

collection were used on every perfusion day. A typical protocol was:

Perfusion rate Tfune (Min) Treatment and effluent collection
rrlow''' 0 to 60 The establishnent of the steady

state of the loop.

Collections of effluent were made

at 15 minute ittervals.

60th 2 mL of 24la-rß24 solution was

rapidly injected into the proximal
end of the loop r,virile perfusion
continued.

60 to I20 Collections of effluent were rnade.

This period was designated

"perfusion study'r.



Perfusion rate Time (Min)

rMediumrf 120 to 180

L80 to 240

'rHightt 240 to 30Q

300 to 360

Treatrnent and effluent collection

60 to 75 Effluent was collected at 2 to 3

minute intervals. In practice, the
yolume collected sometirnes was

insufficient therefore ttre time

interval r,\ras occasionally extended.

75 to 90 Collections r^rere made at 5 minute

interyals.

90 to 120 Collections rtrere made at 10 ninute
intervals.

The establishnent of steady state
for the "mediurnrf rate. Sanples

were collected at 15 minute

intewals i.e. as for 0 to 60 min.

Medium rate perfusion study.

Collection schedule similar to that
during 60 to 120 minutes.

Sfunilar to that during 0 to 60 nin.

Similar to that during, 60 to 120 min.

4I

C. Technique of perfusion

Prior to the perfusion ex¡leriment, the two pairs of can¡ulae were

discon¡rected. The first cannula was joined with the fourth so that the

digesta flow was by-passed into the distal part of the intestinal tract.

The second camula was used for perfusion, and the effluent was collected

from the third; i.e. the gut between the second and the third cannula was

a Thiry-Vella loop.

A Y-tube arrangement was fitted to the proximal camula of the loop,

so that rapid and quantitative addition of the marker solutions could be

achieved without any change in the continuous administration of perfusate.



Part of al intravenous infusion set-up was adapted for this purpose.

The perfusate was continuously punped from a reservoir by one or two

"Buchler" micropunps, model #2-6000 at the required rates. The perfusate

reservoir was maintained at a constant temperature close to the body

temperature.

D. Preparation of radioisotope solution.

Abatch of 0.2 nillicurie (nCi) of.ZZNxCI in I nl of aqueous solution

was obtained in May L970. Working and standard solutions of O.t.¡tCr'/nL

were made by step-wise dilutions with distilled water.

E. Preparation of 22Na and T1824 solutions.

The dual purpose for the use of TL824 (Evans Blue) was to use the

dye directTy as a marker to measure mean transit time, and also to act

as a-readily visible indicator of the appearance of the marker dose of
zfo" in the effluent solution. Five boluses of marker doses of 2 n1 of

A)

same time

countirtg

studies.

nixed solution of,22Nu andT1824 hrere prepared in 2.5 ml syringe at the

on the day before a perfusion study. Two of these were used as

standards and the others for iniections for the perfusion

The nixed solution consisted of 1m1 of 22N" (0.14Ci), 0.1 ml of

1 ng/100 ml T1824 and 0.9 ml of the perfrrsate solution

F. Catlreterizatton and blood collection

Jugular catheterization was made at the beginning of eactr perfusion

e:iperiment. The catheterizatíon technique of jugular vein for blood

collection described by Phillips (102) was applied in this experiment.

About 10 ml of blood were collected about 5 ninutes before eadr intro-

duction of 22N"-T1824 solution, and at the end of each perfusion study.

Blood was withdrawn into a syringe containing 0.1 ml of 1000 units/nl



of heparin-amnonirnn in dead space. Part of the first blood sample of

each perfusion experiment was analysed for PCV and haenoglobin within

15 ninutes, and was then centrifuged for plasma. Plasma samples were

kept at -18" C urtil analysis.

fJ
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ANALYTICAL TECÉINIqUES

Effluents. The various successive samples of effluent from the distal

end of the loop collected after an introduction of 22Nu-T1824 solution

were weighed and the volumes recovered were recorded. Analyses for the

recoverie, of 22Nu and T1824 were made from these samples. Fifty percent

aliquots of each of these samples were taken to make 10 min pooled-samples.

The 10 min pooled-samples were analysed for Na, K, and PEG concentrations,

and osmolalitv.

Plasma. Plasma samples were analysed for 22Na activity, Na, K and Cl

concentrations, md osmolality.

Radioactive sodiun analysis

kt þnaLyzer/Scaler nodel 8725 and a Well Scintillation Detector

rnod.el DS-202(V) were used for tne 24la analysis. The Analyzer/Scaler was

calibrated before using. The window width was set at 10 per cent of the

full scale energy of 200 kev, the base at 1, the window at 2, and the

wide differential was operated for analysis. The operation potential

of 792 volts with 2 m1 of sainple was selected by its rnaximal count

production. The efficiency of cor.rrting for these conditions r{ras approxi-

mately 18%.

Prior to the analysis, the Analyzer/Scaler was run for at least 1

hour and the background cowrted for 30 minutes. The background, counts

per minute (cpm) was set on the backgror-rnd ctrannel for automatic sr-rbtrac-

tion during analyses of the standard and unlcrown. Standards or unicrowns

were analysed by placing the cuvette into the detector for 5 minutes.

The average count of cpm/ml was taken.

The total cor¡nts of each sarnple of effluent was obtained by the product

of cprn/nl and volume recovered. Decay was neglected as standards and

, :, tr:',
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unlmovms for each e>çeriment were counted within a few hours.

References to amormts and. concentration of 2\^ 
^.t 

*11y mean com or

cpm/volume a¡rd not the radionuclide per :e.

Arlalytical nethod for fluxes of electrolytes

The calculation of transit tirne, unidirectional fli;xes and net flux

of electrolytes as described by Love et a1. (79) were adopted in tfie present

experiment.

Transit time [tt) for a bolus of marker does of 241^ utA TI824 passing

through the intestinal loop was determined frorn:

E etr
Eqr

whereas t, is the tirne from introduction of a bolus of rnarker dose to tJre

midpoint of sample collection and Qr is the total quantity of 22N^ recovered.

The average flow rate (f) of the perfusate passing througþ the loop

was calculated fron the mean of inflow (F1) and outflow (Fo) volumes.

The product of tt and Ë gives the intestinal volume or capacity of the

loop (I.V.).

. The mean concentration of Na in the loop contents, [Ña], was calculated

as the mean of the sodir¡n concentrations in the perfusate and in the

respective effluent.

The effh.rx of 22N^,1 , was calculated from the fraction of the d.ose
)')

of '"Na recovered and the tt,

Qt = Qa e- Àtt

This formula is re-written as

^ 
_1 ln

tt
g
Qr
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where Qa is the dose of 22Nu 
introduced., and Qt is the quantity of 22N^

recovered in the effluent.

The values for I can be expressed as per cent per minute of the

total 24la activity introduced into the loop being transferred. from lumen

to plasma.

The effh.rx of normal sodir¡n fuEq/min) was obtained from the product

of the amount of sodiurn in the loop and I
Thus, effh¡x of sodiun can be written in a formula as

Sodiumefflux = Èxttx[Ña]x 
^

Net flirx of sodium was calculated from the differences between the

quantity of sodium introduced into the loop and the amount in the respective

effluent. The data for the r¡¡trole 60 min of the perfusion study were used.

Sodiun influx was calculated from the difference of efflux and net

flux.

Ar¡alytical inethod for water absorption

Water absorption was calculated fron the differences between F. and

Fo volumes [direct measurement) and by polyethylene g1yco1 4000 (PEG)

technique.

The concentrations of PEG recovered in the effluent fluid were analysed

on a "Colenan Nepho-Colorimeter" Model 9. A Blarrk filter was used in the

determination. The procedures of solution preparation and PEG analysis

described by Dyck C49), were adapted with some techniques nodified. A

calibration standard curve of percentrge of light transmittance was

constructed using concentrations of PEG varying from zero to 0.2 ng/rú,. The

light transmittance readings for experimental samples were interpolated

on the standard curve to give PEG concentration. Increase in PEG concentra-
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tion in the effluent compared with the perfusate

of water.

Rate of water absorption was calculated as:

(1) Percent of water recovery in the effluent

indicates the absorption

_ concentration of PEG in the perfusate \¡ i^^- rUU

(2) Quantity of water recovered during a given tirne period (Fo)

of water recovery X tity of water perfused (Ff

C3) Thus, water absorption rate (for given time period)

= F. - F10

The analysis for T1824

The recoverF of dye was determined photonetrically using a Coleman-

Model 9, Nepho-colorimeter, in r¡¡hich a #B-LLZ monochromatic filter
transmitting 1ì-ght of 550 to 560 mu was used. The recovery of the dye

in the effluent samples was determined from percentage of light transmit-

tance using the effluent collected before introduction of dye as blank.

Sodiurn a¡rd potassium analyses

An rrEEL'r flane photoneter was used for the analyses of Na and K.

Corrections for flIutual interference were made by wing standard curves

ü¡hiú had been determined previously.

A Eions of standard solutions and standard CUTVCS

The stock standard solutions at 200 ffiq/t of Na and

i¡r de-ionized water using reagent grade chloride salts.

100

of K were prepared
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The reagents were dried at 100o C in an oven overnight and in a dessicator

f.or 24 hours before weighing. The stock solutions were kept in plastic
bottles with tight fittiag screw caps and stored at T" C.

f rl\Iorking solutionst' of 200 lfrq,/t r^iere prepared from the stock solutions.

Mixtures of these working solutions with addition of distilled water were

r.rsed to prepare interrnediate standards from rtÌhich the,nutual interference

standard curves ürere constructed. Na:K ratios used were 1:10, Iz4r 1:1, 4:I
and 10:1. Ten different concentrations varying fron 20 to 200 ¡tEq/I were

used- for each ratio. Ful1 scale deflection on the photometer r^ras set using

200 ¡:Eq/L solution for both Na and K.

B. Dilution of samples

Effluents. The dilutions for Na analysis mainly were 1:1000, but

some of themwere 1:1250 and 1:1500. The dilution for Kwere 1:150 and 1:200,

depending on the concentration in the effluent.

Plasrna. The dilutions were 1:1000 and l:1050 forNa and 1:50 for K.

Chloride analysis

A trBuchler-Cotlove" chloridometer was used for chloride analysis.

Osmolality ',,,,,
".:.r :.' .

The sample osmolality was detenrrined onan"Advanced osmometeril. Two-step ,, 11,

'.'calibration adjustment was made prior to the sample determination according

to the nethod described by the manufacturer (l)

A Colernan r25r photohaernoglobinoneter was used on oxyhaenoglobin method

for haemoglobin analysis. Each blood sample was photoelectrically compared

with a sealed standard of fjxed and exactly lcrown haemoglobin content.

Therefore, each measurement was referred to a singre rreference standardt
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and expressed in gr¿ms of haemoglobin per 100 grams of blood (gm %).

Packed ce11 volume

An IInternationalr micro-haematocrit centrifuge Ì\ras employed for
packed ce1l volume determination. The 79 nrn. capillary tubes filled with

blood and sealed at one end, were centrifuged at L2r000 rpm for 5 minutes.

The tubes were then read in the rlnternationalf capillary tube reader.



EXPERIMENT II

The objectives of this experiment were to investigate the variations

on intestinal trarsport of electrolytes and water in consecutive 30 minute

periodsand frorn day to day. In this experiment the sheep was maintained

j¡r a f 'steady state" for 4 days. Doses of inject"d 22Nu used were 100 tjmes

hrgher than those used in experiment I, and longer preliminary perfusion

equilibration periods were used. Only one dose of zzNu/auy was used, but

perfusion and effluent collections were conducted for two hours to study

net Na, K, Cl and HrO fluxes.

0n1y the experimental procedures which differed from experiment I are

described below.

Anirnal

Sheep #2 .øf. the first experi:nent ltlas re-used, started at weight of 60 kg.

The animal was trained to a continuous feeding regime for one nonth prior to

the erçeriment. Chopped alfaLfa-bromegrass hay to which a mineral mixture

was added was fed during this period.

Diets

In this experíment, the aninal was fed with chop¡red alfalfa-bromegrass

hay, 1300 gn a ðay. The composition of the diet obtained by analysis is

shown in table 4.

Adjustment period

The adjustment period was for 72 ðays. During this tine the animal

was trained to sample collection procedure and a prelfuninary study was

undertaken to determine the tirne required for the establishnent of a steady

state for perfusion of the intestinal loop. This was found to be about

1l hours.



51

In order to study the digesta conposition for this experiment,

intestinal samples were taken from the second and the third canrulae for

Na and K analyses at 800, L200 and 1600 hours on days 7 to LL. The

average of Na and K concentrations in duplicate arøLysis of samples for

eactr collection were used.

Experimental period

The study was of 4 days duration. The perfusate solution was

fonnrlated to contain Na and K concentrations the same'as the average

concentrations of these electrolytes in sanples collected from the

second. ca¡mula on the day prior to perfusion study. The rate of

perfusion was 13 nl/nin.
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TABI.E 4

COMPOSITION OF THE DIET

Ingredient Percentage

Protein

Ca

P

Na

K

CI

18 .06

1.58

0.22

0 .03

2.30

not significant.
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Experi¡nental procedure

0n each experimental day, the study was performed for sLahours. one

and a half hours hlere occupied in the establishnent of a steady state of the

loop and two hours for the perfusion study.

At 90th min, the 22V^-ttgZ4 solution r^/as injected into the 1oop. The

collection protocol during the perfusion study was sirnilar to that in the

first erçeriment.

Blood collections were nade 5 rnin before the introduction of ZZN^-ttgzq

solution, and two successive samples were taken at the end of the first and

the second hours of the perfusion study period.

The application of radioisotope

The activity of 22Nu ,rr"d. in this experiment (10 ¡tCi/nL of ZZNuCl

solution) was 100 times greater than that used in the first experiment.

Only one introduction was perfonned, on each experimental ðay. The increase

in activity of 'ZNu io this experiment was to eliminate the counting error

that might have been caused by the low activity of 22Nu recovered in the

effluent sanples il experiment 1 and. to irrvestigate the activity of 22Na

)')
The activity of the duplicate standard "'Na solutionsin't-þPrblood Plasma.

were 1,¡uciln]-.

Analytical analysis
22Na activity. The operating potential of 819 volts was used in this

experiment. The length of tirne required for rnlcrown and standard analyses

was 2 rnin.

Analysis of T1824. A standard curye hras constructed from various

concentration of TI824 added into the pooled fluid of effl-uent samples

collected before the introd.uction of 22N"-T1824 solution. The d.ifferent
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concentration of TL824 @S/TIL) were read as optical density of the Nepho-

Colorimeter. The recovery of dye in the effluent was calculated frorn

interpolation of the standard curve.

The analyses for Na, K, Cl, water and osmolality of the effluent weredone

on samples wÏí.chwere pooled at 13, 20, 3,0, 40 rnin interyals and so forth

by taking 25% aliqtots from eactr fractional sample.

. Dilution of- salrple fgr Na qnd K anaÞses

T\,vo sets of "Fisherrrdiluter, models 240 arÃ 250, were enployed to

dilute the samples. The effluent samples r\rere diluted 1:1000 for Na and

1:400 for K. Plasma sarnples were diluted 1:50 and 1:1000 for K and Na

respectively.

Statistical analysis

Statistical rnethods used were analysis of variance and Dwrcanrs

rultiple range test as described by Steel and Torrie (L26) Progranrna 101,

codes 6.10 and 6.11 (145)were used for the calculation of analysis of

variance. Orthogonal comparisons by paftitioning the sum of squares and

linear, quadrati.c and cubic of orthogonal conponents in regression described

by Snedecor and Cochran (124)were also used. F values exceeding the

tabulated value for the five percent 1evel of probability were taken as

significant.
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RESULTS

EXPERIMENT I

A particular difficuity that arose in this erperiment l^/as the decrease

in feed intake r¡ñrich led to the decreases in sodium and potassium intakes.

Based on the record of the daily feed intake the average of daily sodiun and

potassium intakes were 150 and I42 mEq respectively in dietary period A.

However, these 1evels are higher than the N.R.C. requirements of 83 nËq/day

for Na [91) and I02 Í:Ë;q,/ðay suggested by Campbell for K (23). In dietary

period B, the average of sodiurn and potassium intakes ü¡ere 43 and 23 mEq per

day respectively which are very much lower than the avove levels. Therefore,

the results of this experiment were obtained from high sodiun and high

potassium in dietary period A and from low of both in period B. The factor

that caused the decrease in feed intake is not lcrown, but it might be due

to the 'runpalatabilityil of the diets in which the main ingredient was the

leached straw. Besides the minerals, the "fløvouy''of the straw might have

been leached out during soaking and washing.

The concentrations of Na+ and K+ in the jejr:nal digesta

The concentrations of Na+ and K+ in salrples of the jeju:ral contents

collected on the day prior to the perfusion experiments were quite variable

among shepp and arnong days of collection, except those from sheep III which

had quite constant concentrations (Appendix A - Table 2). The average

concentrations of these electrolytes are shoitn in Table 5.

The osnolality of the perfusa.te solutions

The nean values of the osrnolality of perfusate solutions which had been

prepared according to the concentrations of Na+ and K+ in the jejunal

contents vr¡ere 219 .7 and 250.0 r0sm/kg HrO for period A and B respectively.
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Flow rates (F)

Flow rates r^/ere calculated as the arithmetic mean of the respective

perfusion (Fr) and effluent volumes (Fo) per ninute. Flow rates reflect

nean perfusion rates [Table 6). The flow rates were slightly less than the

perfusion rates indicating net absorption of water (see below).

Transit ti¡ne [tt)
In arralysis of effluent f.or 22Nu, the major concentrations of 22N^

recovered were fotmd in samples collected during the first 20-25 minutes

following injection of the bolus of marker dyes into the proximal end of

the loop. However, low concentrations of radio-activity were found even

in effluent collected during 50-60 mi¡ after injection into the loop. These

low concentrations caused a considerable skew in the recovery cuïve of 2\u

but this was not reflected in the recovery curve of TI824. Therefore, all
cormts of such samples of effluent which were less than twice background

were regarded as zero. The rationale for this was examined further in

experiment II.

Analysis of samples of the effluent collected from the aboral end of

the isolated. jejunal loop for rad.ioactivity due to '\r, and for ctranges in

percentage of light transmittance due to the anpunts of TL824, indicated in

all cases that peak concentration of these two markers coincided. The

excretion patterns of 22N, (Figures L and 2) and the calculated transit times

tot 2\^ 
[Table 7) indicate that the markers passed through the loop more

or less as a bolus. Thus, the tfune of peak concentration of the marker gave

a reasonably accurate estimate of transit time.

The tt was not affected by diet. The rnean values for the tt for the

two dietary treatments and for the 1ow, medium and high rates of perfusion
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TABLE 5

MEAIü VATUES OF [Na+] AND ¡r<+i Or rrn
JEJUNAL CONTENTS COLLECTED PRIOR TO PERzuSION

EXPERIMENTS (MEAN t S.E.; N:9 FOR PERIOD A; N:8 FOR PERIOD B)-

Dietary period Electrolyte concentration, nBq,/f

Na

A 10g.7+5.ó*a rz.7+r.4a

1s5.1 I s.Bb 6.s + o.7b

*^, b Means of each electrolyte concentration not showing the same

superscript letter are significantly different.
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TABLE 6

MEAN PERFUSION RATES AND FLOI4I RATES

FOR T}IE TWO DIETARY PERIODS.

IMEAN t S.E.; PERIOD A, N=9, PERIOD B, N=8)

Perfusion.rate
nI/rnin

Flow rate
(m1lmin)

Period A Period B Period A period B

Low 6.9 10.05 6.8 t 0.15 6.3 t 0.I4 6.5 t 0.15

Medium I2.7t0.I4 12.5 10.59 11.8 10.21 LZ.I!0.40

High 25.I 10.20 23.8 ! 0.78 23.9 ! 0.35 23.1 t 0.85
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are shown in Table 7. Mean for low rate was significantly longer than for

high rate of perfusion a¡rd the difference j:r nean tt between low and nedium

rate was almost significant at Seo level of prbability. There r^ras no

significant difference in mean tt between medium and high perfusion rate.

By taking the overall mean tt and tJre length of the intestinal loop

estfuEted during surgical operation at approxinately 250 cm, the rate of

passage of a bolus through the loop was about i0 cm per minute.

The transit times for sheep II were usually longer than those for other

sheep [Appendix A - Table 4 and 5).

Intestinal volume

Intestinal volune means the volume of perfusate solution in the loop

at arty given tùne and is the product of flow rate and transit time

(F x tt = I.V.).

Diets did not affect the intestinal volune but the effect of perfüsion

rate on the I.V. was statistically significant (Table 7). The increase in

intestinal volune with increasing perfusion rates appeared to be linear

within the conditions of this experiment (Figure S).

It was observed that the intestinal volumes of sheep II were higher

than those of other sheep reflecting the longer transit times for sheep II.
funormt of sodium in the loop

The amount of sodium in tJ:e loop was calculated as the product of

intestinal volume a¡rd the mean concentration of sodium in the loop, [Ña],

The mean concentrations of sodium (Table 8) were obtained from the sodium

concentrations in the perfusate and that in the respective effluents.

There was no significant difference in the amount of sodium in the

loop due to diet. Rates of perfusion significantly affected the anount of
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Figure 3. Intestinal voh.unes at three different rates of perfusion.
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TABLE 7

MEAN TRANSIT TIMES AND INTESTINAL VOLTIMES FOR

TFIE TWO DIE'TS AT THREE DIFFERENT RATES OF PERzuSION

Source of variation Transit time Intesti¡ral volume
(nin) (ml)

Diets

A

B

ú
S.E;.

Rates

Low

Medium

FIigh

S.E.

9.4

10 .6

0 .68

11.ga

g.4ab

lrn
g. 6"'

0.83

L28.9

131. 5

7 .43

76.04

rr3.2b

20r.4c

9. 16

abc means within class not showing the same superscript letter are

signif icantly different.

,S.nl Standard. èrror of .the irean (N:9 for diet; N:6 for rate).
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TASLE 8

MEANS 0F SODIIM CONCENTRATION [ña] IN

THE INTESTIML LOOP FOR TFIETWO DIETS AT

T}IREE DIFFERENT PERFUSION RAIES

(MEAN t S.E.: PERIOD A, N=9, PERIOD B, N=8) .

Perfusion rate fN;l (nnq/l)
Period A Period B

Low

It{edium

High

122.9 + 4.55

I23.8 + 4.10

118.9 ! 7 .r2

141.0 + 4.67

145.3 1 5.81

146.6 t 5.06
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sodiurn in the loop (Table 9). The amount of sodium in the loop increased

significantly in linear fashion with increasing perfusion rates (Figure 4).

These results reflect the pattern for intestinal volume.

The constant rate of 2zsodium transfer (^)

The transfer rate of 24lu from lumen to plasma ï¡as not significantly

affected by diet nor by rates of perfusion (Table 9). The mean values of
22N" aru*fer rate were 0.02g2r 0.0277, and.0.0216 per ninute for low,

nedium and high perfusion rates respectively. These values can be expressed

as 2.92, 2,77 arú 2.T6% per minute of the total 22Na activity introduced

into the loop being transferred from h¡nen to plasma.

Fluxes of sodium

Sodium effh.rx

The transport of normal sodium is assumed to take place proportionally

to and in a sirnilar marrrer to radiosodium. Thus the values of efflux of

sodium were obtained from the products of the amounts of sodium in the loop

and the rates of 22N^ transfer (¡) from lumen to plasma.

There was no significant difference in sodium efflux due to diet.

The efflux of sodiun increased with increasing rates of perfusion and the

differences ltlere almost statistically significant at 5% level of probability

(Table 10 and Figure 5).

Sodfu.un net fltx

Sodiun net fluxes l,rere calculated fron the differences between the

quantities of sodiun introduced into the loop in the perfusion solution and

the amounts recovered in the respective effluent during the t hour perfusion

studies.

Neither d.iet nor rates of perfusion affected the sod.ium net flux

(Table 10). Hoïreverr it appeared that the rate of sodium net flux increased
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TABLE 9

AX4OT]NT OF SODIUM IN THE INTESTII{AL LOOP

AND THE coNsrANT RAIE oF 22soon-m 
TRANSFER (À)

OF TÏIE TI{IO DIETARY PERIODS AT THREE DIFI.ERENT RATES OF PERzuSION

Amount of sodium (¡)
(nEÐ (percent per min)

Diets

A

ñ
l)

S.E.

Rates

Low

Medium

High

S.E.

15.68

18. 81

I,I7

10 .0 5a

15.18b

26.;rc

1. 48

2.93

2.30

0.32

2.92

?77

2.16

0 .39

abc Means within class not showing the same superscript letter are

significantly different.
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Figure 4. Anorxrt of sodium in the intestinal loop at three

different perfusion rates.
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TABLE 10

TÏ{E MEAN EFFLIIX, NET FLIIX AND INFLTIX OF SODITM

FOR THE TI,\IO DIETS AND TFIREE DIFFERENT RATES OF PERFUSION

Source of Efflux Net Flux* Influxvariation ú;Eqlnin ) fuEq/min) (,uEqlrnin)

Diets

A

B

S.E.

Rates

Low

High

S.E.

363,4

43r.9

53.82

519.9

65.92

130 .5

r42.7

76.07

qL

T2I.2

279.2

93.I7

493.9

s74.7

92.56

287.74)17 I

Mediurn 395.5 516.7ab

h
799.I"

II3 .36 ,:',i;'r'.';:,,;,'
'..'-'a.,'.''.

* indicates net secretion of sodiun.

ab means within class not showing the same superscript letter are
s ignificantly different.

. t. t : .
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Figure 5. Mean sodiurn effhuc, net fhrx and influx at three

different perfusion rates.
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hlith increasing perfusion rates. The results suggest net secretion of

sodium jnto the loop (Figure 5) .

Sodiun influ
The infh¡x of sodium was calculated from the difference between effh.lx

and net flux.

There 'was no significant difference on sodium infhx due to diet.

The influx was found to increase significantly with increasing rates of 
:

perfusion [Table 10 and Figure 5). The difference in sodium inflgx between

the 1ow and medium rates of perfusion, and that between mediun and high 
,,,,

rates were not significañtly different, but the difference in sodium infhx
between the low and high rates of perfusion was statistically significant.

Net flux of potassium

Potassium net flux was calculated fron the difference between the

quantity of potassium introduced into the loop with perfusate and the

amount recovered in the effluent during the t hour perfusion study.

It was found that there was net absorption of potassium. The difference

between ne¿rns for period A and B was significant and presunably this was

due to differences in dietary levels of Na and K (Table 11). There were no 
,

significant differences due to rates of perfusion (Table 1l)

Net fh.rx of chloride

The net fhx of chloride was obtained on the same basis that was used

for sodium and potassium net fh¡xes

The net flux of chloride was quite variable. In period A there was

mean net absorption of chloride. In contrast, ttrere was mean net secretion

in period B. There was net absorption of chloride at the low rate of

perfusion whereas at the nedium and high rates there was net secretion
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TABTE 11

THE MEAN NET FLUXES OF POTASSITM AND CHLORIDE FOR

T}IE TWO DIETS AND T}IREE DIFFERENT RATES OF PERzuSION

Source of Potassiurn Net Flux Chloride Net Fh¡x*variation ¡Êq/rrnn fr¡Eq/nin)

Diets

A

B

S.E.

Rates

52.84

4.lb

5.70

26.8

50.1

28.4

6.98

2.6

-23.3

66. 60

31.8

-4.6

-58.5

81.57

Low

Medium

High

S.E.

* Negative values denote net secretion; positive values denote net
absorption.

ab Mea¡s within class not showing the same superscri_pt letter are
significantly different.
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(Table 11). However, because of the large variation in chloride fluxes,

there hiere no significant differences in net fltx of chloride due to diet

or rates of perfusion.

comparisons of net fluxes of Na, K and c1 are shown il Figure 6.

Net fh.lx of water

The results suggest net absorption of water. The absorption of r^rater

was significantly greater in period A than that in period B. The rate of
water absorption increased significantly with increasing perfusion rate

(Table 12) . As determined by direct measurement there r.,\rere no significant

differences in water absorption between low and medium nor between medium

and high rates of perfusion, but the rate of water absorption at higþ rate

of perfusion was significantly greater than that at the low rate obtained

for the 3 perfusion rates. By PEG technique, the mean absorption rates of
water were significantly different from one another.

A comparison of net water absorption rate obtailed by direct measure-

ment and PEG technique is shown in Figure 7. It is apparent that the rate

of water absorption was greater on PEG technique than on direct measurement.

This may be due to the interference of protein during analysis for PEG.

Osmolality of the effluent

There hlas a significant difference on osrnolality of the effluent due

to diet. The osmolality in period B was significantly greater than that in
period A (Table 12), presuurably reflecting the differences in osnolality

of the perfusate solution. The mean increase in osmolality of the effluent

compared to the respective perfusion fluid was 43.2 nOsm/kg for period A

and 38.7 nrosn/kg for period B. There r^rere no significant d.ifferences on

effluent osmo.lality due to rates of perfusion. The average nþans of the
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TABLE 12

MEAN VAITJES FOR WATER ABSORPTION RATES OBTAINED BY DIRECT

MEASUREMENT AND B]T PEG TECHNIQT]E AND FOR OSMOI.AIITY OF

THE EFFLTJENT FORTHE TWO DIETS AND T}IREE DTFFERTNT

RATES OF PERFUSION

source of Direct measurement pEG technique Osmolalityvariation n1lnin mllmin ' rnOimTlj-írO

Diets

A

B

S.E.

Rates

Low

Mediun

High

S.E.

1.ga
h

1.0"

0.27

4.24

2.gb

0. 31

262.94

2g2.7b

6.66

1.04

1.sab
L

2.0u'

0.26

1.64

3.lb

5. gc

0.38

278.8

282.0 ',,,:'..:

27 2.5
.:

8.16

abc Means within class not showing the same superscript letter are significantly
different.
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osmolality [t¡"*], [C1-] ana ¡f*1 are shown in Figure B.

Blood plasna osmolality

There ltlere no significant differences in blood plasma osnolality due

to diet nor rate of perfusion (Tab1e 13).

Blood plasma electrolytes

Plasma sodiun and chloride were not affected by dietary 1eve1s of Na

and K nor by rates of perfusion. Plasma potassium was affected by the levels

of Na and K in the diet. The greater plasma potassium concentration for
period A compared with period B was presunably directly due to the level

of K in the diet. Rates of perfusion did not affect the concentration of
potassium in plasma (Table 13).
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Figure 8. Osnolality,
two diets.
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TABLE 13

osr4otALITY AND CONCENTR.{IION OF SODIIM, POTASSIW , ,r.:- "-:'
ANID CTILORIDE IN BLOOD PLAS}4A

Source of
variation

osmolality t¡¡rll [K*] tcl-l
mOsm/kg HrO ñq,/t '.Æq/t ñq,/t

Diets

A

B

S.E.

287.2 148.9 3.34 96.9

292.7 148.9 2.7b 106. 1

3.05 5.89 0.15 3.44

Rates

Lotr¡ 288.7 148 .9 2.9 101.0

Mediun 290.8 150.8 s.r r0z.z 
:::::,,ì.:ì.:,::,.::j,,:

High 29.0 .2 L46 ,9 2 .9 101. 3 '1::':f:i:r:r: 
j':i':

..:.. :...:..:1........

S.E. 3.73 7.22 0.18 4.2L ':;:;';':''.::.;.;

ab Means within class not showing the same superscript letter are
significantly different.
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EXPERIMENT II
Sodium and potassium concentrations in the perfusate solution

The perfusate solution was fornmlated to contain the same concentrations

of Na and K as hlere fotpd in the intestinal contents collected from the first
camula þefore entering the loop). The average concentrations of the

three collections collected at 800, 1200 and 1600 hours were taken. The

concentrations of these electrolytes and the osmolality of the perfusate

are shown in Table 14.

The recovery of 2Zsodiun 
and. its activity in blood plasma

The pattern of 22Nu r".overy was similar to ttrat found. in Experiment I,
i.e. the maximun recovery occurred from 5 to 10 nin and declined appreciably

until 20th min after adninistration. The accunulative recovery shor¡¡n in

Figure 9 was very steep durirrg the first 20 nin. The total recovery on

day L was considerably lower than that for the three successive days.

The radioactivity in plasma for¡nd on the day after an experiment but

before the next introduction of 21Va :-n¿icate that there hras a snall amor.mt

of 22Nu rernaining in the body fluids . On days 3 arñ 4 there hras an increase
. _?)in activity of 'oNa in plasma of about 70 to 90 cpm/ml one hour after the

infusion of the bolus of radiosodium but by the second hour the count had

declined by 25 to 45 cpn/ml (Figure 10). The pattern differed for day z

in that the value at the end of the first hour was lower than that for

hour 2.

Flow rates

The flow

were slightly

absorption of

rate mainly depends on perfusion rate. The mean flow rates

less than the mean perfusion rates (Table 15) indicating the

l{ater.
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TABLE 14

CONCENTRATIONS OF Na AND K IN TT{E INTESTIML CONTENTS

AND OSMOI"A.LITY OF PERFUSATE SOLUTIONS

Day

+
lNa'l

(tn¡q/1)

+
tK'l

(nrq/1)

Osmolality .:,,.,....:
(nOsrn/ '.'"''.''.'
kg HrO)

4s.0

68. 6

45.5

46.9

46.L

42.8

46.9

s0.1

170 .0

205.4

170 .8

r80.2



Figure 9. The accunnrlative recrovery of radioactive sodiun.
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Figure 10. The activity of Zfo":.r, blood plasma over two hour period after
))

introduction of 'oNa solution.
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TABLE 15

MEAI{ PERFUSION RATES AND FLOI4I RATES AT DIFFERENT

TIME INTERVAIS AND ON DIFFERENT DAYS IMEAN T S.E.; N=12)

Day

Perfusion
rate

m1lnin

13.0 t 0.17

13.0 t 0.20

13.0 t 0.15

L2.9 t 0.L3

Flow rate
m1/nin

12.5 t 0.55

11.9 t 0.19

11.5 t 0.26

11.5 t 0.28

Time Perfusion
intervals rate

(min) m1lnin

0-30

50- 60

60- 90

90-L20

12.6 t 0.15

12.8 t 0.18

13.2 t 0.L0

13.3 t 0.13

I2.I t 0 .26

11.5 t 0.36

L2.0 t 0.25

11.9 t 0.s1
':''::
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The mean transit time

The mean transit times of 2foa-r1824 sorution passing through the roop

are shornm in Table 16. The mean tt for the lst day was longer than those

for the three successive days. There was little difference between the

times obtained by the two methodsexcept for the first day. The longer

tt obtained by T1824 analysis compared with that determined from the

recovery of.22V^ on the lst day may be due to the i¡terference of protein

during photocolorjmetric analysis or due to technical error.

Intestinal volume

There were significant differences in intestinal volunes among days.

The intestinal volume on day 1 was significantly greater than those on

days 2, 3 and 4 (Table 18). This is due to the differences in tt. There

Ï¡ere no significant differences in intestinal volumes among days 2, 3 and

4. However, the lowest value for intestinal volume was found for day 2

and this reflects the shortest tt. The intestinal volumes presunably

affected the net fltx of sodiurn; and their relationship is shown in

Figure 11.

The intestinal volumes among tfune intervalswerenot significantly

different. The average means for time intervals of 0-30, 30-60, 60-90 and

90-120 ninutes were 89.9, 85.8, 89.0 and 88.S nl respectively.

Anount of sodiun in the loop

The amount of sodiun in the loop arnong time interyals were not

significantly different but there were significant differences among days.

The amount of sodiurn in the loop on day I was significantly greater than

the amotnts found for the three succeeding days; that of day 2 was signifi-
cantly different from those of days 3 and 4 and that of day 3 significantly

different from that of 4 (Table 18). The significant differences between
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TABLE 16

TRANSTT rIMES poR 22tia 
AND T1824 PASSTNG

T}IROUGI T}IE LOOP.

Day vy 22Nu Analysis (min)

By TI824
Analysis

(min)

9./

6.0

6.6

7.3

I0.7

6.1

o.J

7.5
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TABLE 17

MEAN S0DIIM CONCENTRATIONS [Na] IN Tm INTESTTML
LOOP AT DIFFERENT TT¡4E INTERVAI,S AND

0N DIFFERENT DAYS (MEAN : S.E.: N=12)

Day [Na]
Tine interval

(rnin) lNal

1

2

3

4

66.6 + 0.61

79.7 + 0.49

59.5 I 0.38

62.2 ! 0.6s

0 - 30 65.5 + 2.SI

30- 60 66.7 + 2.46

60- 90 68.6 + 2.29

90-L20 67.2 + 2.43
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TABLE 18

MEA}IS OF INTESTI¡{AL VOLIJMES AND AT,IOIINTS OF SODIT]M

IN TT{E LOOP-FOR THE FOTJR EXPERIMENTAI DAYS

Ðuy

Intestinal
Volume

(n1)

Anotrnt
of sodium

(m¡q)

4

S.E.

LzI3A

h
7L.5"

75.9b

84.4b

3.63

8.064

5.69b

4.52c

5,24d

0.2r

abcd mean values within class not showing the same superscript
letter are sig¡ifican31y. diff-erent.
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Figure 11. The relationship between intestinal volume and net (secretion)

flux'of sodiun duri.ng 4-day study.

The total bat atea represents the secretion rate of sodiun;

the shaded area represents the i¡testinal volrrne.
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the value f.or ðay 2

considerably higher

and those for days 3

sodium concentration

and 4 are presurnably due

for day 2 [Table 17).

ijr:i):::i;i-!i.t:t ;.:.:: :,-..i::, 3
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to the

The constant rate of 24lu transfer

The transfer rates of 22Nu, from lumen to plasma, were 8, 4, 4 arñ, S per

cent of the to-Lal activity introduced into the loop for days l, z, 3 and 4

respectively. The high efflux value for day 1 was associated with the low

total recoveïy of 2\, on that day.

Fluxes of sodium

Sodiun efflux

There were no significant differences in sodium efflu due to tirne

intervals but the meam for days of e:çeriment were significantly different

[Table 19). The efflux of sodiun on day 1 was significantly greater ttran

the effluxes on the other three successive days. The effk:x on day 2 was

also significantly greater than those on days 3 a¡d 4 but there was no

significant difference between the effluxes on days s and 4. It may be

noted that the effrux of sodiun decreased progressively from day to day.

Sodium net fltx
The net flux of sodiun suggests net secretion into the loop.

Time intervals did not significantly affect sodirm net fh-rx.

Hohrever, there appeared to be an increase in sodium net flux during the

second 30 mjtute interval of each hour (Figure 12).

There were significant differences in sodium net fluxes due to days

of study. .The mean net flux for day L was significantly greater than

those for days 2, 3 artd 4 (Table 19). This night have been due to the

greater intestinal volume for day 1 compared with the other three days.

Although the net flux of sodir.un on day 2 was considerably lower than fltxes

on days 3 arLd 4 there hiere no significant differences between the net fhx
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Figure 12. The unidirectional and net flurces of sodiurn over two-hour period.

@

o
A

.Ë
E
(t

UJ

_+

:f
õ
(_,
Ø
¡.Lo
(r)
LrJ
Xf
J
TL

400

300

200

too

o

-too

-200

- 300

-4 00

- 500

- 600

EFFLUX

INFLUX

NET FLUX

60

TIME ( min )

30 90



91

TABLE 19

MEAN VALUES FOR FLTIXES OF SODIUM FOR T}IE

FOIJR EXPERIMENIAL DAYS

Effhx
Day ]frilnin

Net flux
yEq/nin

fnflux
,1fr1,/n:in

1

2

3

4

S.E.

644.g4

227.gb

180 .8c

157.5c

16.38

45Z.ga

92.3b

ß2.3b

159.lb

6I.64

I0g2.8a

320.sb

3ß.rb

516. sb

84.86

a b c Mean values within class not showing the same superscript
letter are significantly .different.
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on day 2 arñ those of days 3 arñ 4. The relationship between intestinal

volume and net fhx of sodium is illustrated in Figure 11.

Sodiun influx

Time intervals did not affect the infh:x of sodium. The means ar

di-fferent tfune intervals are shown in Figure 12. There were significant
differences i¡r sodiun influx ¿mong days. The influx on day 1 was signific-
antly greater than the influxes on ðays 2, 3 and 4 whereas there were no

significant differences among days Z, S and 4 (Table 19).

Net influr of potassium ,

There l^Iere no'significant difference in K net flux anong i0 minute..

intervals and anong days of perfusion study. The average net flux ind.icating

absorption of K among days and time intervals are shov¡n in Table Z0 anð. Figure

13 respectively. ft appears that as the secretion of Na increases, there is
a decrease in K absorption. Similarly, llilren the secretion of Na decreased,

there hras an increase in K absorption (Figure 13).

Net fhx of chloride

The net fkx of chloride was quite variable. The mean for the first
30 minute interwal suggests net secretion (Figure 13) whereas the others ,. .,, ,, ., ,,

: :.ì ::ì. ::::.:1 . :

indicate net absorption. There hrere no significant differences among . : , ,:
tine interyals

There were significant differences among days of perfusion study

(Table 20). 0n day 1, the data indicate net secretion and. this mean was

significantly different from those for the other three days. The means ,i'.'.,.,.''l.,: :--., .- .

for days 2, 3 arrd 4 were not significantly different from one another

and all indicate absorption of chloride.

The absorption of water

The net flux of water indicates net absorption. There hras no :..



TABLE 20

MEAN NET FLTIXES OF POTASSIW AND CHLORIDE

FOR TIIE FOTIR EXPERIMENIAT DAYS

Day
K Net Flux
¡fiq/min

C1 Net Fhx
¡:Eq/nin

4

S.E.

LsL.2

L36.4

L23.0

151.7

33.48

-236.24

91. 5b

h
39 .5"

6r.7b

s6. 78

* Negative value denotes net secretion',; positive ones denote net _: :::1,:,,i

absorption :1 ::::.:i:r

a b Mea¡ values within class not showing the sane superscript letter
are significantly different.
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Figure 13. Net fhrxes of Na, K, cl and water (by direct measurenent).
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significant difference in mean water absorption among days and among tirne

iltervals within days obtained by direct measurement. By PEG technique,

the mean water absorption rate on day I was significantly lower than on

days 2, 3 and 4. The rate on day 2 was significantly lower than on d.ays

3 arÃ 4. The rates of absorption were not significantly different between

ðays 3 and 4 [Table 21). Time interyals did not affect ttre rate of water

absorption obtained by PEG technique.

Osmolality and electrolyte compositions of the effluent

The osmolality of the effluent was significaatly different due to

time intervals and due to perfusion study days (Table 22). The interaction

between time interyals and days was also significant.
The osmolalrty significantly increased from the beginning of perfi.rsion

study until the third 30 minute interval and significantly decreased during

the last 30 minutes of the 2-hour period. Among days of perfusion study,

the results suggest that ttre mea¡ osmolalities of the effluent for days

were significantly different from one alother.

The osmola1-rty and electrolyte composition of the effluent for time

intervals arrd perfusion study days are shown i¡r Figures 14 and, 15

respectively. The osmolality is contributed approximately, one-third by

Itlu*1, one-f,ourth:.by tcl-l and one-fifth by [K*]. In this erçeriment

the osmolality of the effluent not accounted for by these three electrolytes

i.e. about one-fifth or 40-50 nrOsn/kg was presumably due to bicarbonate

with smaller contributions of organic substances etc.

The concentrations of Na, K and Cl in the effluent are shoum in Tab1e 23.

Blood plasma osrnolality and electrolyte concentrations

The means for plasma osmolality and plasma electrolyte concentrations

for the 4 perfusion study ðays are shov¿n inTable 24. The osmolality,
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TABLE 21

MEAN ABSORPTION RATES OF WATER OBTAINED BY

DIRECT MEASUREMENT AND BY PEG TECHNIQUE OVER TWO HOI.]R

PERIOD AND FOR T}IE FOUR PERFUSION STTJDY DAYS

1

2

3

4

S.E.

I.3

2.L

?a

3.0

0.86

1.14

1.9b

ooCJ.J

2.7c

0.20

1.1

3.0

2.5

2.8

0.86

2.4

2.3

1.9

0.20

By direct
measurement

(m1lmin)

By PEG

technique
(m1lnin)

Time
interval

(min)

0-30

30- 60

60- 90

90-r20

S.E.

By direct
measuïement

(m1lnin)

By PEG

technique
(m1lnin)
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TÆLE 22

MEAN OSI4OI,ALITY OF THE EFFLUENT FOR 50 MINUTE

INTERVAIS AND FOR T}IE 4 PERzuSION STUDY DAYS

Day

S. E.

0-30

30- 60

60- 90

90 -120

0smolality
rnOsn/kg HrO

240.84

2ß:5b

222.6c

ß6.3d

0.37

Tine interval
(nin)

Osmolality
nOsn/kg HrO

¿¿/.o

ß5.8b

247.9c

ß7 .6d

0.37

a b c d Mean values within class not showing the same superscript letter
are significantly different.



Figure'l4. Osnolality and eleitrolyte composition: of the effluent

over two-hour period.
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i¡1.Figure 15. Osmolality and electrolyte compositioni, of the effluent for the four
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TASLE 23

CONCENTRAIIONS OF Na, K AND C1 IN THE EFFLIJENT

FOR TIME INTERVALS AND DAYS OF STUDY

Concentrations (mEq/l)

88.2 +_ L.24 39 .9 ¡ 0 .22

90.8 t 0.99 38.6 t 0.24

72.7 t 0.98 48.s j 0.16

77.4 ! I.32 s0.1 1 0.25

ó9.4 t 1.6s

73.6 y L.14

ss.z t 0.72

55.1 + 0.71

Tfune
Concentrations (mEq/l) 

,

0-30

30- 60

60 -90

90 -120

7O1+1)O
' U.AJ

81.3 J 2.6s

8s.7 ! 2.37

82.9 t 2.38

44.3 7 7.56

44.3 1 L.57

44.3 ! L.60

44.3 + 7.46

64.3 1 3.09

63.7 ! 2.87

62.6 + 2.39

62,7 + 2.52
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TABLE 24

MEANS FOR BI,OOD PIASMA OSIVICLALITY, [N.*], [K+]
AND [C1-] DTJRING ADJUSTMENT AND PERzuSION STUDY PERIODS

Time of Collection
Adjustment (Perfusion study period)

Iten Period 0 thour 2hours

Osmolality (nrOsm/kg HrO) - 304.5 510.0 SIT.2

lla*l (mnq/1) 1s4.0 ts4.s 1ss. s 1s7.0

lK*l Gnq/r) s.1 4.3 4.4 4.2

ic1-l (mEq/l) ILB ,Z IZZ.I 128.0 130 . S 
;,¡.., ,:,,i

: .:t. 
-.:-
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[,lu*J and [C1-] tended to increase during tlrre 2 hour period of the perfusion

study. It is observed that [C1-] during the experiment period was greater

than that of the adjustment period.



1.,::--.a-.a.r': - .1': ,r' ' :- -.,1,: . f, ,:

DISCUSSION

EXPERIMENT I
For fluid flowirrg through a tube of fixed voh¡ne changes in flow

volume can only be acconrnodated by proportionate changes i-n linear flow

rate or in other words transit time through a given length of the tube.

AlternativeTy, if ttre transit time is held constant then changes in flow

rate will be accompanied by conrpensatory change in the volune of fluid in the

tube.

It is apparent tåat within the linits of flow rate studied in the

present experiment, increasing the volume of fluid flowing through the

jejunal loop resulted in decreased transit time and increased intestinal
volume. Thus, both the parameters varied with flow rate. The relationship

between perfusion rate, r,vhich was practically the sane as flow rate, and

i¡rtestinal volume was linear between about 7 mL and 26 Ít7 per ninute.

Love, et aI (79) found in hunan that increasedintestinal volume for the

whole alfunentary tract tended to plateau with high flow rates. However,

they used rates of up to 100 m1/min in subjects which were only about 50%

higher in body weight than the sheep used in the present experiment.

Although there r^rere compensatory decreases in transit tfune with higher flow

rates, these were relatively modest. Also the differences obseryed between

input (perfusion) and output (effluent) voltune, representing tJre absorption

of water, were quite snal1 and although water absorption rates increased

significantly ltlith increased perfusion rates the actual changes in volume

of water absorbed were sma1l compared with the concurrent changes in
perfusion volume.

Therefore, the rate of perfusion was th-e major determinant of intestinal
volume, i.e. volume of fluid j¡r the loop, which was calculated as the product
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of average flow rate and transit tine.

The amount of sodiurn in the loop of jejunum and therefore available

for exchange was calculated from the product of intestinal volule and the

concentration of sodium in the fluid, the latter being taken as the

arthnetic mean of the sodium concentrations in the perfusion and effluent

solutions. The doninant paraneter appeared to be intestinal volume for

although higher concentrations of sodiun were used in the perfusate solution

for period B, the greater amounts of sodium in the loop fotrrd for Period B

were not significantly different than those for Period A. However, the large

differences in intestinal volune due to perfusion rate were reflected in

para1le1 significant differences in amourts of sodiun in the loop.

The constant rate of 22Nr transfer was calculated. from the proportion

of the administered dose of radioisotope which was recovered in the effluent

and the transit tfune. In spite of significant differences in the latter
related to changes in perfusion rate, there'hrere no significant differences

in rates of22N^ transfers. As was mentioned earlier there were il some cases

1ow counts of radioactivity in samples of effluent taken t hour after intro-
'))

duction of the "'Na into the 1oop. This apparent radioactivity could not

be accounted for by possible return of 2\a from the plasrna to the loop

solutions. Therefore, counts of less than twice background were ignored in

calculating bottr transit time and total recovery of radioactivity. Whether

for this reason or some other, the recovery of 2\, fot the loop was quite

variable among sheep, among days and among perfusion rates as can be seen

jrr Table 3, appendix A, the same dose of 22N",hr',oing 
been administered in

each case. Thus the transfer rates were variable within diets and within

perfusion rates, resulting in large stand.ard errors.

sodium efflux from the loop was calculated as the product
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of the constant transfer rate of 22Nr ftor gut to blood and the anpunt of

sodium in the loop. Thus, the values for sodiun effltrx are subject to all
the assumptionsand experimental errors inherent in determining all the

foregoing parameters. lhe mean sodium effluxes were remarkably increased

with higher rates of perfi.rsion but the differences in means did not quite

reactr significance at the 5% level probability.

Net fluxes for sodium, potassir.un, chloride and water (by direct

measurement) were determined frorn the differences in quantities entering the

loop in the perfi.rsion solution and leaving the loop in the effluent fluid
over a t hour period. The possible sources of error in such detennination

include, in addition to the physical and chemical measurements of ftuid
volumes and concentrations of electrolytes, a biological variant related

to the peristaltic mode of flow of fluids through the intestine. The

input of fluid into the loop was constant, within the lirnits of the ptlrps

used, but the effluent was produced as spurts of f,tuid. Individual spurts

were estimated to vary rather randomly frorn about 5 nl up to about

20-30 ml. Thus significant beginning and end tirne errors could have

occurred depending on whether the fixed time period for collection of

effluent began (and or ended) just before or just after a large spurt. The

possible nngnitude of such sources of error an the net fluxes were not

determined. However, they could accotnt at least in part for the wide

variations fotrrd for instance in chloride fhxes. But such end time errors

should have resulted in comparable variations in all the fh.lxes and this

was not the case. Therefore, it can be deduced that the relatively poor

repeatability of the flux values from day to day and fron time to time was

due to variations in the activity of the intestinal loop per se and that the
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attempt to limit these by prior use of and training to the continuous

feeder by the sheep was not too successful.

Somewhat similar problens have been encountered by other workers

atternpting to obtain similar data in other species as will be apparent

in the ensuing d.iscussion.

Effects of diet

The e4perimental design was to reduce only the potassirmr and related

organic anion intakes in Period B compared with Period A, but owing to the

capricious appetites of the sheep this was not achieved. Instead there

was a reduction in total food intake in Period B so that both Na and K

intakes were reduced. However, there lüas a difference in t-he Na:K intake

ratios fron approximately 1:1 for period Ato z:1 for period B.

Statistically significant effects of this change were fotnd in lower

concentrations of K in plasna and jeji,rral contents and higher concentration

of Na in the latter for Period B. Both potassium and water fluxes(absorption)

were also lower for Period B. There r4rere no significant differences in sod.ium

fli]xes or in the parameters contributing to the estirnation and calculation of
those fltxes. Mean chloride fluxes indicated a snal1 net absorption for
Period A and a net secretion for Period B but owing to the wide variabllity
these means were not significantly diffeïent. The osmolality of the effluent

fluid was significantly higher for Period B, but this was nainly due to the

higher osmolality of the solution used for perfi.rsion, but which reflected the

composition of the intestinal contents.

There is little published information on the effects of dietary change on

these paraneters. However, Bergen et al (g) showed that noderate salt
loading by saline intravenous infection or per se did not alter the rate

of sodiun fltxes across the small intestine of the dog.



Water absorption

The absorption of water obtained by both tectrniques, direct measurement

and PEG application, I^Ias significantly greater in period A than that in

period B. A rnajor factor that directly calrsed the greater absorption rate

in period A is believed to be the osmolality in the lumen. By direct

measurement, the mean absorption rate for period A was 1.9 nl/min with an

introduced osrnolality in the perfusate of 219.7 n0sm/kg HrO. In period B

the osmolality was 250.0 r0sin/kg HrO and the rate of water absorption was

1.0 ml/min. The data suggest that water can be absorbed effectively from

a lower hypotonic solution and the rate of absorption decreases with

increasing tonicity. Grim (63) suggests that the greatest absorption rate

of water occurs fron hypotonic fluid in the h.men. As the osmolality

increases the absorption rate becomes srnaller; when the luninal fluid is
hypertonic, the absorp.tion rate becomes negative, i.e. there is a net

increase in volume of the luminal fluid. Annegers (5) also found that the

net fluid absorption decreased as the concentration of chloride or heoxose

increased, md that the progressively more hypertonic solutions evoked

increasing loop secretion. In the present erperiment, there was greater

net secretion rate of sodii.un and secretion of chloride in period B thus

tending to increase the osrnolality in the hmen.. A lower rate of water

absorption was found in this period relative to that in period A. These

results are similar to those obtained by Annegers (5) and Grim (65).

Parsons (96) suggested that water transport is closely coupled to the

absorption of sodium chloride and other solutes. A linear relation between

the absorption of water and that of solutes has been shown by lr{acFlardy and

Parsons (83) and by Curran and his associates (3,4,37,38) . The present

L07
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experiment suggests that the absorption of water is not necessarily solely

dependent upon the absorption of sodir¡n and chloride. To illustrate this

a comparison of the net flux of Na, Cl arrd water in both periods can be

nade. In period A, sodiun was secreted at the rate of 1i0 .S s:Eq/nj:n,

whereas chloride and water were absorbed at the rates of. 2.6 nEq/nin and

1.9 ml/min respectively. In period B, the secretion of sodiun was greater

that that in period A, i.e. 142.7 uEq/nin, chloride Íras secreted at the

rate of 23.3¡Ëq/nin and the absorption of water decreased to 1.0 ml/min.

This conparison suggests that the absorption of water does not depend on

the absorption of Na and C1. It is possible that water is absorbed along

with other solutes such as K. In period A, the absorption of K was signifi-
cantly greater than that in period B, i.e. 52.8 versus 4.1,,r-rEq/min for
periods A and B respectively.

The greater concentration and absorption rate of K in period A night

have caused the higher rate of water absorption. Fron the data obtained

by Goodall and Kay (60) it can be inferred that rz% of water, 4% of Na,

2% of Cl and 47% of K are absorbed in the sna1l intestine of sheep. These

values lead to the conclusion that, in the small intestine of sheep, water

is more closely related to the absorption of K rather than to the absorption

of Na and Cl. Therefore, it is suggested that the absorption of water, in
the present errperiment, was partly dependant upon, or was coupled with the

absorption of K eventhough there is lack of proportionality between the rates

of water and K absorption in the two periods.

Another factor that night have caused the higher rate of absorption of
water in period A could have been the daily water consumption. Average daily

water consurption in period B was smaller than that in period A (Appendix A
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Table 1) . The lower r4rater consurption could then have resulted. in less

water presented for absorption. Phillips (101) showed that there was a

tendency for an increase in freezing point depression of the contents in
the small intestine in steers which received half water supply relative
to the fu1l water sr-rpply group. In the present study there was lower water

consurption in period B than in period A possibly resulting in the

increased osmolality of the luminal contents which eventually brought

about the decrease in water absorption.

Effects of Perfi.rsion Rates

Increasiag perfusion rates (and therefore flow rates) resulted in
significant decreases in transit tjme and significant increases in
intestinal volume, total sodium in the loop, sodium influ and water

absorption rate. There were also large but not statistically significant
increases in sodiun effltx and net flux and in fluxes of chloride r^drich

went from a slight absorption at the low rate to increasing secretion

from the nediurn to the high rate of perfüsion. There r^rere no consistent

effects of perfusion rate on soditun concentration in the loop, on flux
of potassiun or on osmolality of the effluent.

The general effect of i¡rcreasing flow rates therefore appears to be

increased permeability (i.e. absorption and/or secretion) of the jejunal

mucosa to sodiurn, chloride and water in the absence of changes in osmolalíty
and in ttre concentration of these electrolytes in the h.uninal fluid. This

is similar to the results fourd for the entire hwnan intestine by Love,

et al (79). The most likely erplanation for the ctrange in permeability can

be sought in the para1le1 changes in volune of i¡rtestinal fluid. and the

presurnbly matching changes in fi.rrctional surface area of intestinal mucosa.
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Thus the combination of rnore fluid in the loop ar.d larger area of active

rm;cosal surface for the higher perfusion rates resulted in greater net

and r.midirectional fhx rates. However potassium fluxes appear anomalous

in ttLis regard.

In addition increase in perfusion rate also caused decreased transit

time, or alternateLy, increased rate of passage through the loop. Thus the

loop was not only mechanically transporting more fluid per rnit time but

also at greater speed, so that there rust have been marked increase in

motor activity of the gut wall and also in nechanical stilrulation of the

mucosa. Increased netabolic activtty could be irplied in these circurnstances

resulting in increase fhxes of water and electrolytes.

A study of human colon suggested that increased volunes of perfusate

by the more rapid perfusion provide more intilnate contact between perfusate

and colonic absorptive surface (45) . Inasmuch as the functional morphology of

andintestinal transport in t-he colonarenot much different from those in the

jejum.m (131), changes in perfusion rate could result in a similar effect in

the latter.

Increased motor actiuity tends to increase blood flow if the contractiors

are not excessively vigorous (84). In addition, it was found that a mechanical

stinulation of the cat jejunal mocosa with PVC tube induced an increase in

jejunal blood flow anxLrrting to 30-100% above control. After rapidLy

flushing the jejtrral segrnent with saline, jejrnal blood flow increased

15-50% (11). Moreover, the gut itself appears to originate some of the

stimulus for an increased blood flow during absorption of nutrients (84).

The increase in perfusion rate may cause or be accorpanied sornehow by an

increase il intestinal blood flow of the loop region. Thus, the rates of
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perfi.rsion facilitate an increase in the rate of transport of sodium across

the jejr.nal nn¡cosa.

The variation in rates of sodiun fltx was large. A big variation as

such has been fourLd in the previoris studies [8,135,L36,L44). Visscher 
.

et al. (136) fowrd that there were greater variations jn rates of sodiurn

fh.rx in jejimum and ilerrn than in the colon. The variations in the jejtrrum

and ileurn resulted frorn dranges in the state of the animal from day to day

for which the causes were not ascertained. According to Vaughants view (135) .

the great variation of unidirectional flux rates possibly inplies that the .,,,1

mixing of radioactivity in the lumen or in tåe plasna is not complete, and/or

the tracer is sequestered in an i¡termediate location.

The large variation found in the present study may have been due to

sorne of those aforementioned factors. Since there is a simultaneous flux

of sodium into and out of the intestinal mucosa, in this sitr.ration, therefore,

the rnixing of radioactivity in the h.men and itr plasrna may not have been

complete. The slightly fluctuation in each perfusion rate from time to

tine nay have caused variations in intestinal nxrtility and in intestinal

blood flow úiictr could prod.uce variations in flux rate.

Secretion or absorption in the jejtrral region.

There is controversy on the evidence of sodir¡n status in the jejunurn.

For example, a study in the dog by Grim (65), suggests that the effhx
exceeds influx from an isotonic NaCl solution in ttre jeji.rral 1oop. û1

the contrary, Berger et al. (8) fornd that the rate of influx was greater

than that of effh.rx in a Thiry fistula. The first study indicated

absorption whereas the second showed secretion in the region. However,

Visscher et al. C156) suggested that there hras a great variation in sodium
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fhx in the dog jejr.rrurn, and they fornd both negative a¡d positive net

f1ux, i.e. secretion and absorption respectively. In the present e>çerirnent

a similar fluctuation in sodiurn fluxes were fotnd and an identical conclu-

sion rnay be drawn.

In nrminants, Smith (L23) and Rogers and Vanrt Klooster (115) clairned

that sodiurn is secreted into the duodenum and is absorbed in the rest of

the smal1 intestine. The secretion of sodium into the duodennn is derived

fron bile, pancreatic juice and the secretion of Brururers glands. perry

et a1. Cag) fed calves wittr s rations, semipurified, concentrate,and

concentrate + hay, and studied the distribution of Na concentration in the

gut content. They divided the small intestine into 3 sections, and fo1¡.td that

there was an addition of Na in the proximal section corpared to that in
abomasum and decreases in Na concentration of the intestinal contents in the

distal two sections. The proximal section represented duodenurn, and the

niddle and distal sections represented the jejumrn and ileun respectively,

thus confirming the result by Rogers and van't Klooster (11s).

Horrocks and Phillips (71) divided the sna1l intestine of slaughtered

steeÏS into 2 parts. These workers showed an increase in Na in the first
part of t-lre smal1 intestine, relative to that in the abomasr_un, and a

decrease in the second part. lvlylrea (90) also suggested that in calves,

secretion of Na occurs in the proximal half and absorption in the distal
half of the smal1 intestine.

Studies by Bruce et al. (2I) and Pfeffer et al. (100) i¡r sheep suggest

that sodium concentration of the ileal content is greater than that in the

duodenal content. Thus it nay be jnferred that there is a secretion of
sodiun in the region between duodem.nn and ilei.rn i.e. in the jejinum. on

; ; ¡i ¡i,:' i.l 'i .: .:: :ì:: -r;,...r':"1;
::rì":.:i:ì:l
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the other hand, an increase in sodium concentration in this region could

also infer the absorption of water. The data frorn the present erçeriment

suggest both occurrences, i.e. secretion of sodirrn ærd water absorption.

Goodall and Kay [60), Bnrce et al. QÐ and Pfeffer et al (100) agree

on the absorption of sodium in the large intestine of sheep. Goodall and

Kay (60) estinated that 96% of sodium in the alimentary t'ract is absorbed

from the large intestine. The present study shows that sodiun inflirx

exceeded effhx for every rate of perfusion examined and it appears that

in the sheep jejr.rrun there is net secretion of sodium (Figure 5). However,

absorption is not excluded. rt is also suggested that sodium can be

transported across jejr;nal mucosa against the concentration gradient. This

suggestion is based on the fact that sodium transport from lumen to plasna

was fotrrd to take place from the lower concentration in the loop to the

higher concentration in blood plasma.

Potassium net fhx
The mean net fltx of K indicates absorption in the jejrnurn. The

present experinent is in agreement with that shown in the previous studies

on the absorption of K from the sna1l intestine of sheep (21160,100) and

from the small intestine of calves and cows (90,gg,rrs,Lzs). The result

obtained by Goodall and Kay (60) suggests that about 50tz of K is absorbed

in the small intestine; arrd part of this region is certainly the jeju¡m

in which the absorption of K takes place. In addition, the present

experiment suggests that the absorption of K in jejurun occurs along the

concentration gradients.

A significant difference between diets for the mean net flux of K was

for.rrd (Table 11) . This effect is presr,rmably due to the levels of Na and K

,:.i iÌri Ì::+ii¡i:;;:.,,::jí.,:îi
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in the diets. It is apparent that the higher levels of K (and Na) in
the diet bring about the greater absorption rate of K. The increase in
net absorption of K fron the small intestine for the diet containing high

Na agrees with the data obtained by Devlin and Roberts (41). However, 
,r,;,..r.,,,,.

it night be erpected that the low dietary leve1 of K would increase net

absorption of K but it was not evident in the present experiment.

fn calves, it has been shown that during feeding with 0.25 gn Na and 
, _ ::,,;;;,

7-2 gn K per 100 grn. D.M. the Na:K mole ratios in the proximal ducdenum ".''1.:"

and distal ileun were 2.2 arñ 3.2 respectively. When the calves weîe on ',,',,,¡ ',,.''

pasture containi¡g 0.09 gn Na arñ 2.3 K per 100 gm. D.M. these ratios
wereO.S for duodenal and 0.4 for ileal contents (I23). These data suggest

that the quantity in the i¡rtestinal content presented. for absorption, at
least varies with the level of K [and Na) in the d.iet. Thw it is feasible
to suggest that, in the present experiment, the lower rate of absorption :

in dietary period B is due to the low levels of K (and Na) in the diet.
Net fh.x of chloride

There was considerable variation in the mean fluxes of chloride. It
is apparent that at the 1ow perfixion rate Cl is absorbed. approximately

in equal rate to that of K. rn contrast, at the mediun and high rates

Cl is obrriously secreted along with the secretion of Na but at a 1ower

rate than that of Na.

rn the jejurun of the dog and rat, it is suggested that there is
absorption of c1 (95ri) . rn contrast, in the rurninant, marry authors

suggest that Cl is effectively absorbed in the large intestine (90,60113S).

The absorption of Cl irr sheep large intestine is estirnated to be 9g% of the

c1 passing through ttre intestinal tract (ó0). The absorption of c1 is
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believed to take place following the absorption of Na. The absorption

of cl following Na absorption has been shown in rats (95,96). The data

obtained by marry investigators (21r60,90,100,Iis) on the absorption of

Na and Cl in the large intestine of sheep can be applied to the absorption

of Cl following Na absorption. Furthermore, in the rat large intestine,

C1 is absorbed in an exchange process with the secretion of HCO, (105,96).

A similar Cl- -HCOS- exchange mechanism is believed to occur in the large

intestine of sheep.

Based on the information that, in nrninants, the majority of C1 passing

through the G.I. tract is absorbed in the large intestine, it is assumed.

that CI is secreted in the sma1l intestine, particularly in the region in

which there is secretion of sodiun. The secretion of Cl probably follows

the secretion of Na. The present erçeriment suggests the secretion of Na

in the jejtnrurn, thus Ctr is secreted along with Na secretion but in lower

molar proportion moles. Parson (95) states that in the rat jejurum Na

is absorbed faster than c1. rn this e:periment the data suggest the

secretion of Na and Cl. Therefore, there seens to be no doubt that the

rate of secretion of Cl is lower than that of Na which occuïs in a similar

nanner in the rat.

Data obtained by a nurnber of investigators can be adduced to support

the evidence of Cl secretion into the sheep jejwlmr as described. in the

present e:<periment. The concentration of Cl in the upper jejunal content

increases up to I40 nÊq/I (119) in spite of the concentration of Cl in the

secretions of bile and pancreatic juice which are 93 and 118 ffiq,/t respect-

ively (67 rI27). The increase in Cl concentration of the jejunal content is
believed to be contributed by the secretion fron the intestinal glands tvhich

secrete the jejrnal juice conraining [c1-l of about Ls4 fi.q/r (119). In
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view of Na secretion into the loop and increase in Cl concentration for4d

in the effluent, therefore, it is suggested that there is C1 secretion in

the jejr.rLnn and the rate of secretion depends on the rate of sodium

secretion.

A possible mechanism of C1- secretion in exchange with HCO'- absorp-

tion is suggested in the jejunal region. The higher pH in the ileum has

been suggested to be due to the secretion of HCOS- and absorption of C1-.

Bicarbonate in the jejrrral secretion is about L2 nEq/I whereas that of i1eal

secretion is 41 ffiq,/t. The pH in the jejr.r:rum is about 7 r¡¡hereas that in the

ileun is 8 (106) . The lower pH in the jejummr than in iler¡n may be ¿ue to

the absorption of HCOS- since it has been shown that HCO'- d.isappears rapidly

fron the jejunum (90). The disappeararrce of HCO'- with the increase in [C1-]

in the jejr.rnun, therefore, suggests the similar mechanism of Cl- and HCO'-

exchaage as that in the ilerrn and coIon, but in reciprocal manner.

Plasma electrolytes

A significant difference in plasma K was found due to diet. Plasma K

concentration for period A was greater than for period B. This was probably

due to the level of K in the diet. In finishing beef steers, serum K increased

with an increase in K level in the diet (42). A similar observation has been

made in lambs (23,4T).

Plasna chloride concentration was for.rnd to be significantly different
due to diet. An increase in plasma tcl-] was found in spite of the intake

of Na and K ufrich were low and presr.unably the intake of C1 was also low

in period B. An increase in plasma Cl during feeding 1ow Na and K has been

demonstrated in the previous studies. Devlin et al. (42) fed. steers with
different leve1s of dietary K varying from 0.27 to 0.BS%, they fo¡nd that
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the serum [c1-] increased significantly as the revels of dietary K

decreased. Canpbell (23) also observed the i¡rcrease in serun chloride

in larnbs fed low K. A study by Devlin and Roberts [41) índicated that

lanbs \4¡hich were fed with Na at 44 ñq/a had higher ser:um chloride

concentrations than the group f.ed LZ9 ffiq/a,

The increase in plasma [C1-] in period B may have been due to greater

efficiency, compared with that of Na, in cl congeruation by kidneys and

intestine. This assumption is based on the fact that C1 is more permeable

than Na in the aspects of reabsorption by the kidneys and absorption from

the intestine. Another erçlanation for the increased [c1-] in plasma

when the intake was low, was the lower water consumption in period B

compared with period A. MacFarlane et a1. (80) showed that the plasna

[c1-] increased up to 28% during wateï d.eprivation. The increase of
plasma Cl in this situation acconpanies increases of plasma osmolality

and Na. In the present experiment there r^ras no increase in plasma [Na] nor

a significant increase in plasrna osnolality accompanying the increased

plasma [C1-]. However, there r,vas a tend.ency for an increase in plasrna

osnolality in period B.



EXPERIMENT II
Considerable variation was found for several of the major parameters

rneasured in experirnent I. Variation between replicate obseryations within
the same anirnal were of particular interest and experiment II was conducted.

to see whether better repeatability could be found by simply making the

same set of observations under the same conditions on one sheep on each of
4 successive days. The only variation was the composition of the perfusate

which was based for each day, on the composition of the intestinar contents

on the previous day. In addition there was the problern of skewing of the
??--Na recovery curve due to 1ow counts of radioactivity for¡nd in effluent
sarnples as long as 50-60 minutes after administration of the rnarker bolus

into the loop. In experiment II the marker boluses contained 100 tjmes

the 22Na activity used in erperiment I.
Except for day 1 recoveries of radioisotope in the effluent were

complete by about 20 ninutes and the cunmlative Tecovery curves ì\reTe

virtually identical for the three days. These results, together with
similar results for recovery of Trgz4 administered at the same time,

indicate that the markers passed. through the loop as a bolus with only
limited dispersion. The higher dosage rate of 22Nu g^u" more definitive
recovery curves so that rnore confidence can be put in the transit tirnes

which where calculated therefrom. The good repeatability in calculated
transit times f.or days 2, 3 and 4 suggest that, inspite of gradually
increasing radioactivity in the blood plasnn, influx of 22Nu into the loop
solution had little or no effect on the isotope ïecovery curue.

The results for day r cannot be exptrained. Both total recovery of
isotope in the effluent and the time course of recovery rnreïe markedly at
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variance with the values for the succeeding 3 days. Furthermore a

sùnilar pattern was foi.nd for the T7824 marker, except that transit times

calculated for the two rnarkers differed from one another Íþre on the first
day. All the other parameters estimated for day I, which depend directly
or indirectly on 22N" r"rrurements, also were markedhy at variance with

the values for the other ðays. It could be suggested that some systematic

error in the measurêment of vohmes or analysis of effluent sanples was

responsible for the aberrant results. However other measurements mad.e

did not result in values consistent with such a result. For instance

net flux of sodiun, (secretion) was much greater for day I than for the

other days and chloride secretion was for.rrd for day 1 but absorption for
days 2, 3, and, 4. rf the 1ow total recovery oî.22Nu was due to loss of

effluent by spillage or undermeasurerpnt of effluent solution then the

sodium and chloride fluxes would have been similarly underestirnated.

Effluent samples and. standard solution of 22Nr *r" cotnted on several

occasions and so an error in radioisotope measurement seems unlikely.

Finally it could be argued that for some reason the absorption of 22N^

frorn the loop was greatly enhanced on day 1. But the pattern of changes

ir, 22Nt counts were similar for all four days and. furthermore estimation

of total radioactivity absorbed. into the body, based on plasma counts

and estinations of body fluid volules, coult not account for the missing

radioactivity. The results for day 7 must be discarded for the puïposes

of further interpretation and discussion r,drich will be lirnited to the

results f.rom day 2, 3 arñ 4.

comparison of the results for the 3 days indicate a good degree of
repeatability in nearly all the paraneter that were measured and calculated.

'+:,r*i**ir,i,ir i : li:i i;i::a:
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A significant difference was fotnd in Na efflrx, however this can be

related to the difference in sodium concentrations in the loop fluid
due to differences in composition of the perfusion. The latter also

resulted in differences in osmolality in effluent fluids which were

' noted. The differences in water absorption r^rere probably due to the

osnr¡lality differences as hras d.iscussed for elrperiment I. Therefore,

it can be said that the siuplified e:<perimental procedure used in
experiment II resulted in good repeatability of the obseryed parameters.

The half hour collection periods for estimation of net fluxes also

resulted in fairly repeatable results except for chloride and osmolality

of the effluent. The variability in the latter was statistically
significant but the standard eïror was in fact quite small. It would

seem then that beginning and end collectioR erroïs as were discussed for
experiment I did not seem to be an important source of variability in

I experiment II. Thus such collection errors may be judged not to have

contributed very rm¡ch to the variability fotrrd. in experiment I.
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SUI\MARY AND CONCLUSIONS

Tho experiments were conducted to study the i¡ridirectional fluxes of

sodium and the net fh.rxes of potassium, chloride and water from

temporary, approximately 250 cm long, Thiry-Vella loops of the jejrrrun

in mature felnale sheep.

In the first eriperiment three sheeps were used and the experimental

variables studied were a) two dietary treatments resulting in intakes

of 150 and r42 nÈq/day of sodiun and potassiun respectively in dietary

period A and 42 ætd 23 rBq/day of sodirrn and potassium respectively in
period B; b) for each dietary treatment perfusion fluids were punped

into the proximal end. of the Thiry-vella loops at approxinateLy 7, rs
and 26 ml/nin on each of 3 days. There was thus a total of 9 perfusion

studies on each of the sheep for each dietary treatment.

Radioactive sodium (22Nu) and T-1824 were used to study transit times

of fluid through the loops and the 22N, *^, also used to determine

movements of sodiurn from out of the loop fluid. Net fluxes of electro-

lytes and water I,iiere measured as the net differences between input to

the loop in the perfusion fluid and output collected as effluent fluid
at the distal end. of the loop. Water fluxes were also measured using

PEG 4000 as a non-absorbable marker in the perfi.rsion fluids.
During prior equilibration periods and during the experimental periods

the sheep were fed from an automatic feeder in an attenpt to ninimize

variations in metabolic status within the sheep. various samples of
intestilal contents and plasma were analysed for electrolyLe and

osmolar corposition and fot 22N^.

3) The second experiment was conducted. to examine some of the possible

sources of variation fotrrd among replications in the first erperiment.
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One sheep i^ias naintained on t¡e automatic feeder as before and identical

single perfusion studies on each of 4 successive days. The d.ose of.Z2Nu

used was 100 times that used in erçeriment I and net fluxes r4rere deter-

mined f.or 4 successive one-half hour collections periods. The perfusion

rate was 13 ml^nin.

The only statistically significant (P( 0.05) differences for.nd between

dietary treatments r4rere in the Na and K concentrations in intestinal

contents and plasma and in the absorption rates for potassium and

water.

The lower intake of potassium (and also sodir.nn) in dietary period B

resulted in intestinal contents containing only about half the concentra-

tion of potassium compared. with period A, but sod.ium concentration was

increased by about one-third, so that total Na + K concentration was

higher for period B. The dietary restriction of electrolytes also

resulted in lower plasma potassium concentrations. The perfusion

fluids were forrrulated to sfunulate the electrolyte composition of

intestinal contents for each perfusion study. Thus the lower

potassiurn and water absorption rates for period. B were consonant with

the lower potassiun concentrations and higher osmolality of the

perfusion fluids on the basis of passive movements of these substances.

The imposed variations in flow rate of fluid through the loop resulted

in a number of significant differences .in measured parameters. Higher

flor^¡ rates resulted in shorter transit tfunes of fluid through the loop

ald increased volule of fluid in the loop. Neither the concentration

of soditun in the loop fluid, nor the transfer rate of 22N, out of the

loop were affected by flow rate. Efflux of sodirrn from the loop is

122
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calculated frorn voh¡ne of loop fluid, concentration of sodir¡n in the

fluid and the sodium transfer rate. Although higher rates of flow

resulted in marked.ly higher mean sod.iun efflux the within gïoup

variations were so large as to preclude statistical significance.

Higher rates of perfr-rsion were also acconpanied by higher net fli;xes

of sodiun, chloride and water but statistical significance hias for.rrd

only for the last mentioned. There was net Secretion of sodium into

the loop at all rates of perfusion, but there was absorption of

chloride at the 1ow rate and secretion at the two higher rates. Rates

of water absorption by direct neasurement hrere consistently lower then

by the PEG tedurique but significantly increased absorption rates with

higher perfusion rates were fornd by botJr nethods. Influ of sodium

into the loop was calculated as the difference between efflux and net

flux. The different rates in perfr-rsion caused significantly different

sodium infh.rxes.

No differences in plasma electrolytes and osrnolality were found in

relation to the different perfrrsion rates.

6) rn experiment rr the results for the first day were considerably

different in several respects ttran those for the 3 succeeding days.

A careful evaluation of possible technological erroïs and biological

variations failed to indicate the reason for these aberrant results

which were then disregarded fron further consideration. The 100 times

higher dosage of. 22N^ resulted. in more clearly defined. and. fairly
highly reproducible measures of transit time and transfer rate

constarit. Comparisons of half hour collection periods for estimation

of net fluxes indicated relatively modest variability. Beginning and.

r23
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end collection eïrors are inherent in tine collection systems where

flow is. inteflnittent as was observed in effluent collection in period A.

From the data for e:periment II it is concluded that such errors

probably contributed relatively little to the variability for:nd in

experiment I using t hour collections.

Consideration of the results both for different diets and different

rates of perfusion and including experiment II lead to the conclusion

that net sodium and potassium movernents occurred along concentration

gradients. In some cases chloride movement was against the concentra-

tion gradient and appeared instead to be related to the rate of

sodium movement but not on a mole for mole basis. Water moved frorn

solution of lower osmolality and the magnitude of the osrnolality

gradient positively affected rate of water absorption.

Increasing the rate of perfusion of fluid into the loop, and thus

the flow rate had a principle effect of increasing the volume of

fluid in the 1oop. It is concluded that the latter was primarily

responsible for the fairly generally observed increase of permeability

of the jejrntun to water and electrolytes preswrably by increasing

the interface between fluid and mucosa and possibly also by generally

increasing the mechanicatr and metabolic. activity of the gut wa11.

8)
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TABLE 1

DAILY FEED INIA]G, WATER CONSI]MPTION,

AND SODITM AIID POTASSIIJM INIAIG

Daily Intake

Feed (gm)

Period A

Period B

lVater (1)

Period A
Period B

Sodir.m (mEÐ*

Period A
Period B

Potassirm (rüq)*
Period A

Period B

Sheep No.

r(e074A) rr(D.s.z8) rrr(D.s.ze)

600

743

L.7

L.4

140

34

L32

16

330

300

L.4

1.1

77

70

73

33

L007

186
,l

7.2

r.2

235

44

222

2L

* Based on daily feed intake.
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TASLE 2

SODITM AND POTASSITM CONCENTRATIONS AND OS4]I"ALITY

OF TTIE PERzuSATE SOLUTIONS

r38

Period A [t¡a*] q

Ic1-]
ffiq/t

IK*]

ñq,/t

osmolT

nOsrn/KgH2ODry

One 84.0

134.0

100.8

L35.4

ILZ.O

106.0

95. 5

110.0

100.8

105.0

145.0

156.0

141.0

L22.0

156 .0

L27.0

149 .0

182

260

212

260

214

2L4

270

2I8
205

206

269

265

266

230

29r

,:o

282

14. 5

8.8

16.7

6.0

9.6

13. 5

20.2

11. 6

13. 5

8.4

4.0

10.0

5.2

5.6

5.6

'-o

8.0

I
II
IÏI

Ttuo

TIIREE

Period B

Oire

T\,rto

Three

I
II
III

I
II
III

I
II
III

I
II
III

I
II
III

* By analysis.
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TABLE 3

RECOVERY OF T'OTAL RADIO-ACTTVITY

(epn) DIJRING COLLECTION PERIODS.

Two

Dg Sheep No.

O:re

Perfusion
Rate Period A Period B

rrlol4lf f

Three

One

T\^¡o

Three

One

Three

I
II
III

I
II
III

I
II
III

I
II
III

I
II
III

I
II
IÏI

I
II
III

I
II
III

32,103
31,019
20,593

30,499
43,l.sL
28,659

4r,524
28,r27
29,238

35,988
38,630
37,684

3r,879
38,740
3I,8I7

34,920
38,282
35,453

29,079
39,634
57,sIL

43,294
48,636
40,r76

44,942
40,794
27,329

25,974
33,237
36,2I1

22,77L
35,135
36,247

36,L_76

37 ,052

40,864
38,3L7
38, 305

58,986
40, 561
37 ;296

40,459

40,72I

40,69l-
40,33r
42,]'69

42,456
43,446
44,L27

48,827

44,662,

I
ÏI
III

IIMF,DIUM'

rrllIGHrr

Two
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TASLE 4

PERIOD A

pnRzusroN RATE (p.R.), MEAN Flot4r nnrs (È), TRANSTT rrME (tt) ,
AND RATE coNSTANT oF 22Nr 

TRANSFER ( I)

l'a-y_ Sheep No.

One

P.R.
(nlllnin)

F
(nllmin)

6.84
6.63
5.94

6. s8
6.45
6. s3

6.11
5. 35
6.28

IL.74
12.86
It.70

L2.L3
TT.7T
10.65

L2.76
L2.68
11. 38

22.35
24.58
23.5I

25.03
24.24
23.57

23.67
25.53
22.44

tt
(min)

À
(per min)

Two

Three

CIre

Three

One

Tltrto

f rl,0ürf

7 .00
7 .20
6.70

7.r0
7 .05
7.L0

6.90
6.75
6.80

''MEDI(MI

13.00
13.50
L2.60

12.60
12.25
L2.00

13.30
12.75
r2.50

''HIGH''

26.00
25.30
25.30

25. 50
25.25
24.60

24.50
25.75
24.L0

7 .96
L0.67
8. 11

7 .77
10.89
12.30

8.79
13.42
11.18

0 .0183
0.0192
0.0726

0.0565
0.023L
0.0226

0. 0011
0.0361
0.0588

0.0233
0 .0190
0.0429

0 .0603
0.02L2
0.0556

0.0118
0.0434
0 .0s88

0.0341
0.0091
0 .004s

0.0273
0 .0063
0.0078

0 .0082
0.0187
0.0647

I
II
III

I
II
III

I
II
III

Tïvo

I
II
III

I
II
III

I
II
III

I
II
III

I
II
III

I
II
III

7.80
8. 1s
8.20

7.90
L2.20
6.46

9.57
8. 83

LO.T2

12.36
12.76
7.s6

8.79
7.4t
8.35

8. 50
8. 54
8.27

Three
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TABLE 5

PERIOD B

peRzusroN RATE (p.R.), MEANI Flot4i RATE (Ð , TRÆ,rsIT TIME (tt),
AND RATE coNSTANT 0r 22ivu 

TRANSFER (À ).

T\,rio

Dg_ Sheep No.

One

Three

One

Two

Three

One

ilIolil¡f t

6. 10
6.70
6.60

7.20
7.2s
7.rs

6.75

6.85

I'I\ßDI[IWI

L2.10
13.10
10.35

13.50
15.50
11.6s

L3.40

13.30

IIHIGITI

22.50
18.90
24.50

23.97
24.75
26.0s

24.40

25. 10

I
II
III

I
II
III

I
II
III

I
II
III

I
IÏ
III

I
II
III

P.R.
(nllnin)

F

(nllrnin)

5. 69
6.51
6.25

7.19
6.s2
6.97

6.27

6.68

11.05
L2.75
10.18

13.08
12,72
11.15

13.L7

7?,.78

20.7L
18.09
24.38

23.8r
23.8r
24.9r

23.70

25.00

tt
(min)

16. 59
12,75
L2.49

14.63
L8.73
9.15

16.36

6.86

10.46
13. 68
7.85

8. 14
LI.79
8.51

8. 98

7.69

8.69
8.44
7 .44

7.62
8.73
7 .84

9.55

6.05

h
(per rnin)

0.0234
0.0133
0 .0034

0.0484
0.0222
0.0469

0.0099

0 .0330

0.0203
0.0L23
0.0031

0.0344
0.0107
0 .0 569

0.0126

0.0024

0.0183
0.0170
0.03s3

0.02s2
0.0282
0 .0418

0 .0075

0.02s9

I
II
III

I
II
III

I
II
III

.: ::.. : ,'

T\,r¡o

Three



TABLE 6

PERIOD A

SODITM, POTASSIW, A}ID GII.ORIDE CONCENTRATIONS OF T}IE EFFLUENT,

AND TIIE QUANIITY OF WATER RECOVERED

DI]RING TIIE COLLECTION PERIODS

142

Day Sheep No.

One I
II
III

T\,vo I
II
ITI

Three I
II
III

Perfusion
Rate

ilLOl/vil

IMEDIIMI

TTHIGI+r

Sodiun Potassium Chloride lVater
(nEq/l) (nnq/l) (rnEq/l) (nllhr.)

One I
II
III

T\,vo I
II
III

Three I
II
III

LL7
L4T
r44

ls5
744
151

134
LL4
133

148
152
737

149
L52
138

]-24
119
131

11.5
6.2

10.4

5.6
5.4
3.8

11. 8
6.2
9.9

16. 1
8.1

14 .0

5.0
6.5

10.1

16.1
9.0

10.8

].4.7
10. 5
13. 9

6.0
7.3

11.9

18.0
L0.2
72.3

TLg.2
138.3
L26.4

L56.7
L32.2
135. 1

LTz.T
118.0
116. 1

108. 2
r49.3
rtl.2

TAL.4
L T.7
L24.7

ILT.5
TT2.3
114. s

88. 9
175.2
118.4

I52.8
L43.0
109.8

96.0
L07.2
98.1

400.5
363.8
3LL.2

363.4
352.0
357 .0

318. 6
237.0
345.0

629.3
7 45.2
648.4

ó99. 5
670.2
557 .7

624.7
757 .5
6Ls.2

LT22.0
I43L.7
T303.2

L473.4
L394.3
1352.5

1370.3
1518.7
1246.9

One I
II
III

Two I
II
III

101_

180
111

I
II
III

154
1s0
L3T

103
113
119

Three
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TABLE 7

PERIOD B

SODIIM, POTASSIIM, AND CHI,ORIDE CONCENTRATIONS OF TFIE EFFLT]ENT,

AND TT{E QUANTITY OF I,ATER RECOVERED

DT]RING THE COLTECTION PERIODS:

Day Sheep No.

Three

133
158
151

r43
138
L63

158

151

One I
II
III

Two I
II
III

Perfusion
Rate

ilLol^rf

TTMFDIUM'

ilHIGlJrl

Sodiun
(mEq/1)

133
L54
r67

180
r32
L78

r47

Ls2

r49
144
169

186
L29
169

166

153

Potassiun
(n¡q/1)

6.6
5.ó
7.5

4.7
5.0
4.9

5.2

6.1

8.4
3.9
9.6

6.2
s.4
s.4

6.0

6.7

10. 4
4.0

L0.7

6.4
F4J. t
5.9

7.8

7.L

Chloride
(mEq/1)

L29.6
r49.2
L40.9

r42.s
I39.2
160.1

LsT.6

r40.9

L32.L
I4L.2
159.9

180 .9
I29.8
176.3

I25.2

I40.2

Water
(n1lhr.)

316.8
379.6
355. 9

430.9
347.0
407.5

347.2

390.3

600. I
744.5
600 .3

760.0
788.2
636.L

77 5.9

735.2

I
II
III

One I
II
III

T\,rio I
II
III

Three I
II
III

Ore I
II
III

T\,,io I
II
III

Three I
II
III

L4L.2
L40.4
159.1

176.5
r20.6
169.0

LzL.8

L4T.6

113s.4
1056.6
14ss. 0

L4L9.4
I372.5
L42s.6

1380.3

L494.s
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TABLET 8

INTESTIML VOLIJMES (I.V.), AI,IOUNT OF SODIIM IN TllE

LOOP AND ITS MEAN CONCENTRATION THEREIN tNi]

Period A Period B

Sheep Perfusion
Day ltþ. rate

LL0l4J[

One I
II
III

T\nIo I
II
III

Three I
II
III

''MEDTUM'

One I
II
III

Two I
II
III

Three I
II
III

IIHIGFTI

One I
II
III

Two I
II
III

Three I
II
III

I.V.
(m1)

Ant.Na
(nEq)

tNã]
(mEq/1)

I.V.
(m1)

lnt. Na
(nEÐ

lNal
(r'Eq/1)

54.45
70.74
48.I7

51.13
70.24
80.32

s3.7I
71.80
70.2I

9I.57
104.81

95 .94

95.85
r42.86
68.80

II2.54
111.96
115.17

¿/o.¿5
313.64
L77.74

220.0r
r79.62
196.81

20I.20
278.03
18s.58

5.47
9.73
5.90

7.43
8.99

L4.32

6.r7
8.04
8.2r

r0.62
14.99
11.41

L3.64
18.86
8.39

L2.36
72.82
13.35

25.55
49.24
18.82

31.86
23.s3
23.32

19 .98
24.3r
20.40

100 .5
r37.s
I22.4

r45.3
r28.0
128.5'

114. I
TLz.O
116.9

116.0
L43.0
118.9

L42.3
I32.0
L22.0

109.8
114. 5
115 .9

92.5
157.0
10s.9

L44.8
131.0
118.5

99.3
111. 5
109.9

94.40
83.00
78.06

105.19
I22.L2

63.78

102.58

45. 83

115.58
174.42
79.9L

106.47
r49.97
92.49

LLg.27

98.28

L79.97
152.68
181.39

181.43
207 .86
195.29

226.34

151.2s

LI.23
L2.58
LL.2O

14.94
15 .88
I0.77

13.59

6.88

L3.75
26.08
T2.TI

r2.09
19.05
15.45

16.20.-
L4.79

22.86
22.06
27 .66

29.66
26.09
3I.7 4

33.L6

22.84

119 .0
151.5
L43.5

L42.0
150.0
159. s

I32.5

150.0

119 .0
149. 5

151.5

160 .5
r27.0
167.0

I37 .0

150.5

r27 .0
r44.5
152. 5

163.5
12s.5
162.5

146. 5

151 .0
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TABLE 9

PERIOD A

RATE OF TJNIDIRECTIOML FLTIX OF SODIIM,

SODIUM, POTASSIUM AND CHLORIDE

AND NE"I FLTIXES OF

û;Eqlnin)

Sheep-

Ð9J- No.

One I
II
III

T\,üo I
II
III

Three I
II
III

One I
II
III

Two I
II
III

Three I
II
III

CIre I
II
III

Two I
II
III

Three I
II
III

'Pèrfusion
rate

Sod.
Efflux

Sod.
Net Fltx*

Sod.
Infh.rxs*

293.72
196.63
499.60

596.80
263.70
379.L0

59.02
- 1.91
56L.92

707 .67
390. s4
699 .81

852.70
72s.62
)o) o)

166.03
656.27
868.03

576.05
13 5.00

- 54.65

IL97.47
805.99
527 .28

175. 19
482.3r
264.30

Pot. *
Net Flux

Ctrlor.
Net Flux*

ilLOI4lr

IMEDIUM'

ilHIG_il1

100 .14
186.76
428.08

4r9.72
208. 50
233.25

6.78
290.29
482.6r

247 .50
284.9L
489.37

822.26
<qq 7q

288.02

L45.82
556. 39
784.84

871 .35
448.10

84.70

869.72
r48.24
181.91

163.85
4s4.60
220.56

-r92.98
- 9.87
- 7r.52

22.92
- 55.20
-145. 85

- 52.23
292.20

- 79.32

-460.r7
-105. ó3
-270.43

- 30.43
-325.83
- r0.72

- 20.22
- 99.88
- 85.18

295.30
-904.90
L39.32

-327.75
-657 .75
-345.37

- LL.37
an na- Lt.tL

- 4s.7s

25.93
25.46
58.23

8.26
55.53
72.76

76.9r
55.61
34.88

18.90
16.44
59.33

76.63
45 .00
67.47

100 .9 7
33.64
57 .30

LLs.33
- 28.62
r20.56

d. q?

72.06
62.28

84. 55
40.02
69.11

-208.00
L26.60
L9.77

12.62
T3.73

-51.55

64,0 5
277.58
17.85

- 42.83
- 72.48

79.L8

s7.37
-zLL.35
118.40

99.10
- 16.30

8s.88

szl.L6
-790.r3

22.s0

-298.28
-496.93
I32.75

146.45
r]-6.82
389.98

Positive values denote net absorption whereas the negative ones denote
net secretion.

The negative value denotes that net fhx exceeds efflux.*?T
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TASLE 10

PERIOD B

RA|E OF UNIDIRECTIOTIAL FLTIX OF SODIW, AND NET FLUXES

OF SODIIM, POTASSILM, AND CHLORIDE 6.rEq/min)

sheep Perfusion sod. sod. . sod. pot. ctrlor.pg¿ No. rate Effh.rx Net Flui Influ Net Fluc* Net Fh¡x*
rrlol4lr

One I
II
III

Two I
II
III

Three I
II
II

One I
II
III

T\uo I
II
III

Three I
II
III

One I
II
III

Two I
II
III

Three I
II
III

''MEDITM'

f rHIGHil

262.86 - 64.73 327.59 15.97 _144.05 ,, ,.167.25 - 29.12 L95.37 3.g3 27.00 r,,, ,.
38.09 6.95 3I.r4 2I.47 66.05

:.-' .:..'a:, I

722.95 - 11.79 734.73 3.11 _ g.6g .. ' ;::::
352.44 86.40 267.04 11.68 78.93
477 .08 8. 3s 468 .73 6.22 27 .Bs

134.56 58. ó8 7s.88 5.90 95.32

226.83 38.40 188.43 14.79 103.97

279.2I - 59.72 338,93 17.63 _ s1,42
320 .73 - 11 .38 332 .IL 3 .64 146.3337.5s -263.23 300.76 7 .45 -193.10

587.8s -376.s0 964.35 - 8.7I _388.15
203.79 20.57 L83.22 8.09 46.28878.87 - 69 .70 948.57 7 .Q4 s2. 00

204.L5 -199.15 403.30 - 5.23 91.5g ,.:.,1:..::'.:

sst.sz LLg.20 2I2.L2 23.32 262.68 ":::; ':;:

'. ¡ '¡ ''¡.',

4L8.27 -454.08 872.35 - 7.80 -310.80 '

375.06 252.67 122.39 5.63 314.52976.4s -766.25 1742.70 -L4.48 -s2ó.18

688.21 -L020 .37 1708.58 -27 .94 -796.35
735 .64 68 .62 667 .02 8 .2L 260 .08 , .: 1. ...

1326.54 48.37 L278.L7 5.70 4T.42 ,¡', '

248.69 -720.03 968.72 -47 .68 296.L0

591.52 -710.83 1302.35 23.9s 2I2.L3

x Positive values denote net absorption whereas the negative ones denote
net secretion.
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TABTE 11

PERIOD A

NET ASSORPIION OF WATER, BY DIRECT MEASUREMENT AND BY

PEG TEGINIQUE AND OSMOI4LITY OF THE EFFLUENT.

Sheep
Day No.

Perfusion
rate

Water
(Dir. Measurê)

nllmin

Water
(PEG technique)

m1/min
Osmolality
rnOsm/kg HrO

247 .27
278.77
277 .LB

294.r2
zss.95
278.7 4

276.s0
2s8.87
264.r8

22s.60
325.35
255.40

272.68
292.05
266.32

263.95
240.22
266.03

L87.L7
329.98
233.40

284.90
285.92
239.57

23I.5s
233.05
234.35

rrlow'

T\,vo

T\aro

Two

One

Three

One

Three

One

I
II
II

I
TI
III
I
II
III

I
II
I]I
I
II
III

I
II
III

I
II
III
I
II
III

I
II
III

0.33
1.14
1. 51

1 .04
1.18
1.15

1. 59
2. 80
1.05

2.50
0 .88
r.79

0.94
1.08
2.8r

2.89
0.13
2.25

7.30
7.44
3. 58

0.94
2.0I
2.06

1.66
0.4+
3.32

2.78
r.49
1.98

2.38
7.7I
2.82

2.64
1.03
2.79

4. s6
3.22
2.7L

3.97
5 .00
4.r7

4.r9
0.49
4.7r

4,56
8 .87
5. 53

9.76
T0.74
6.27

6.46
0.95
7.47

'î4EDIUM'

'TIIGtr{I'

Three
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TABLE 12

PERIOD B

NET ABSORPTION OF WATER, BY DIRECT MEASUREMENT AND BY PEG

TEC}INIQUE AND OSX4OLALITY OF Tffi*EFTJ,IJENT.

Ittater
Perfusion (Di..r.'MeÊrsure.)

rate nl/nin
tfl0l4Jrt

'IMEDIUM'

0.82
0.37
0 .70

0 .05
1.58
0.36

0 .96

0.35

z.I0
0.69
0.3s

0.83
1.16
1.0s

0.47

1 .05

3.58
T.62
0.25

0.51
1.88
2.29

1.40

0 .19

I4later
(PEG tedrnique)

m1lnin

r.74
0;93
I.22

0 .99
1.40
0.88

0 .38

1.03

4.72
1. 61
2.63

4.63
2.22
2.40

I.44

1. 86

o A')

2 .88
6.I7

9.13
3.42
4.34

1. 81

6.40

Osmolality

T\,uo

Day

One

Three

One

T\¡¡o

Three

0ne
T|HIGHll

Sheep
No.

I
II
III
I
II
III
T

II
III

I
II
III

I
II
III

I
II
III

I
II
III

I
II
III

I
II
III

mOsn/kgHZO

?7t o7
290.10
300.27

282.85
27 4 .33
318.15

267 .52

297 .62

267.92
286.87
330.28

3s7.30
260 .85
343.82

260.53

289.88

29r.90
287 .58
32I,75

349.85
251.50
326.70

253.0s

293.25

Two

Three
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TABLE 13

PERIOD A

CONCENTRATIONS OF SODIIM, POTASSIIM A¡tD CHLORTDE rN BLOOD pt"{SI4A

AND PIASMA OSIVIOLALITY AT THE END OF EACH PERFUSION RATE

Standard So1. Backsrolndsheep (ipitzrnúL-' --- ÌËp'"tt pla5¡nal*
Dg_ No. ffiffiffi

Tho

Three

ûne

0le

T\r,ro

Three

I 37L33
II 38045
III 37093

I 35571
II 39553
IIr 36287

r 37674
II 38586
rII 37066

I 37L33
rI 5804s
III 37093

I 37807
II 39555
rII 36287

r 37674
II 38586
IIr 37066

I 37L33
II 3804s
III 37093

I 55571
rI 39553
III 36287

T 37674
II 58586
III 37066

rfLOl4Ir

38218 45 49
39369 46 52
s777s 44 48

38058
36381
38633

38938

38942

rTvlfif 
11¡1¡4tt

382L8 45 49
39369 46 s2
37775 44 48

38058
56381
38633

38938

38942

nHJGHil

37986 4s 46
39369 46 52
37775 44 48

380s8
3638r
38633

58938

38942

48
49
43

43

49

48
43
48

46
49
44

7000
21200
25440

13s00
15900
74L20

13500
13250
12000

4200
L3250
43248

8100
2L200
10900

8100
L3250
12000

5600
13900
3s6r6

10800
15900

7540

15500
L3250
4800

13500
12000

9300

10800
12000
18550

15500

73250

8100
9600

1s000

8100
12000
23850

13500

15900

10800
12000
18ó00

16200
12000
18550

18900

15900

42
43
48

46
49
44

Two 48
49
43

43

49

48
49
43

43

49

48
43
48

46
49
44

1
2

Average
Average

of the 5
of the 30

minute counting.
minute counting.

1* Based on plasma volume being
5% of total body weight.



150

TABTE 14

PERIOD A

CONCENTRATIONS OF SODIW, POTASSIIM, AND CHLORIDE

IN BLOOD PLASMA, AND PI"A$4A OSI4OIALITy AT

TT{E END OF EACH PERzuSION RATE.

t""p Perfusion sodium potassiun chloride osnolalityD-g¿ No. Rare -(nEøÐ (nsq/l) (nEq/l) mosrn/kgH2'o

f rlol4pl

One I
II
III

T\,,io I
II
III

Three I
II
III

One I
II
III

Two I
IT
III

Three I
II
III

One I
II
III

T\,rio I
II
III

Three I
II
III

125.8 4.3 80.4 269137.0 2.3 115.7 29]-
L47 .0 3.2 87.6 29r

165.9 3.8 62.4 275120.0 2.2 rI3.4 288
1s0 .2 3.6 87 .2 294

152.3 3.4 704.3 288153.3 2.6 IIL.z 283I5L.2 3.4 101. 7 294

L32.3 3.4 79.9 269141.0 2.8 rr4.4 296L43.9 3.3 8?,.4 293

r39 .7 3.6 79 .3 278166.0 3.1 110.8 288156.5 3.8 102.2 293

L52 .3 4.0 111.9 293168.0 2.5 109.1 2861s3.3 3.6 94 .2 294

126.0 3.4 78.s 267
146.0 2.6 118.1 299
L47 .L 3.5 86.8 290

143.9 3.8 67.8 2941s4.0 2.4 114.0 2841s6.5 3.8 89 .7 295

152.3 3.4 ¡107.7 Z9Z189.0 2.6 109.0 287L50.2 3.3 96.5 289

IT\4EDI[M'

''HIGI''
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TABLE T5

PERIOD B

CONCENTRATIONS OF SODIIM, POIASSITM, AND CHLORIDE

IN BLOOD PLAS\4A, AÀID PI"A,S\4A OST4OI.AIITY AT

TFM END OF EACH PERzuSION RATE.

Sheep
D3¿_ No.

Perfusion
Rate

Sodiun Potassiun Chloride
(nEq/1)

L03.2
LOL.7
103.1

106.0
109. 3
L72.6

r03.2

108. 2

99.7
104.1
r04.2

107. 9
108.6
108.7

106.1

109. I

L02.6
105'.8
105. 5

L02.5
110.0
LLL.2

100.6

TL?.2

Osnolality
rOsn/kgHZO

284
280
304

278
309
296

276.

303

288
290
297

272
308
294

287

310

287
290
294

'272
3L3
293

276

306

Two

One

T\,r¡o

Three

One

Three

One

T\,rto

f rlol4iil

I
II
III

I
II
III
I
IT
III

'MEDIUMI

I
II
III

I
II
III

I
II
III

I fl{JGI{f I

I
II
III

I
II
III

I
II
III

141.0
184.8
141.0

L44.0
L72.2
130 .0

r33.4

r52.3

146.0
184.8
159 .0

108.0
L43.9
L42.0

r44.9

169.1

744,0
165.9
L25.0

I33.0
186. 9
r20.0

98.7

T30.2,

3.0
2.6
2.5

?,.5
2.6
2.3

2.8

5.0

5.0
2.7
2.8

2.6
3.3
2.5

3.2

?o

2,4
2.7
2.2

2.9
2.6
2.3

3.2

2.7

Three
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TABLE 16

HAEX\4]GLOBIN (Hb) Al..lD PACIGD CELL VOLUME

Hb (en %)

Period A Period B

P.C.V. (et
Period A Period B

Two

Three

Sheep l,lo.

I
II
III

I
II
III

I
II
III

Diny

One 9.50

11.50

9.75

9.s0

TL.25

6.00

6. 50

10 .75

8.00

9.75

10 .50

8. 25

9.00

L2.00

8.25

g.25

9.00

29.00

31.50

30.75

27 .00

31. 50

25.50

26.50

31. s0

2r.00

26.75

33.50

26.00

26.50

31.50

25. 00

27.70

23.00



Item

Source of Variation

Degrees of Freddon

+1
lNa l^

+)
[K ]'
tt

I.V.

Amt. Na in Loop

n

TABLE 17

MEANS SQUARES FOR SODITM AND POTASSIUM CONCENTRATIONS IN T}IE

INTESTINAL CONTENT, TRANSIT TIME ('tt), TNTESTTML V0LUI\48 (r'.V.)

AI\4CUNT OF SODIIIM IN TIÍE LOOP AND EFFLTIX OT 22UA (¡ )

Diets

1

&

2,947.48

163.24x

6.7s

32.40

44.05

18,049 . 99

(P< 0.0s)

2 Error mean squares were 15.1,

Perfusion
Tate

2

+
17.64

?t

24, 889 . 98
&

425.43

I ,585.72

Interaction

2

8.08

1, 595.10

8.70

16, 335. 50

Error

T2

279.43

7I.92

4.r4

503.65

L2.T2

9 ,556.44

ts



Iten

Source of Variation

Degrees of Freedom

Sodium Efflu
Sodium Net Flux

Sodium Influx

Potassium Net Fl-x

Chloride Net Flux

TABLE 18

MEAN SQUARES FOR SODIIM, POIASSITM AND CTILORIDE FLIIXES

Diets

1

2I,156.24

676.L4

29 ,433.84

10, 682 .35x

3,010 . 88

(P<0.0s)

Perfusion
rate

88,052.r2

II0 ,262.54

394.593.r4x

1ó. ó0

72,323.r8

Interaction

2

54,4L2.73

18,513. 39

r32,995 .45

4rr.69

T,074.19

Error

12

26,080 . 81

52,087 .49

77 ,II0.63

293.43

39 ,924.8I

H
CtrÈ



Item

Source of Variation

Degrees of Freedom

lVater Absorption
(Direct Measurement)

I¡/ater Absorption
(PEG Technique)

Effluent Osnolality

TABLE 19

MEAN SQUARES FOR WATER ABSORPTION (DIRECT MEASIJREMENT

AND PEG TECHNTQUE), AND EFFLIjENT OSN4OI-ALITY

* (P<0.05)

Diets

1

2.93*

6.83

4,004 .83*

Perfusion
rate

)

1.57*

{¡.

29.02':

L4L.2L

Interaction
aL

0.071

0 .10

246.70

Error

LZ

0.39

0 .87

399.44

F(tl



Item

Source of Variation

Degrees of Freedom

Sodiun

Potassium

Chloride

Osinolality

TABLE 20

MEAN SQUARES FOR PLASMA ELECTROLYTE CONCENTRATIONS AND

OSIvIOI.ATITY

Diets

1

0 .03

r.25*

375.38

135. 57

(P < 0 .0s)

Perfusion
rate

.>
L

22.62

0.06

2.47

6.84

Interaction

L

IL7.49

1.66

0.87

Error

72

313.18

0.2r

L06.7L

83. 83

F
(Jì
o,
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EXPER]MENT II
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TABLE 21

SODITM AND POTASSIUM CONCENTRATIONS AND OSMOIA.LITY OF T}IE

PERFUSATE SOLUTIONS, HAEMOGLOBIN (Hb) AND PACIGD

CELL V0LUI\48 (PCV)

K Osmolality* Hb pCB

Day (nEq/l) (nEq/l) (mosm/kg Hro) (em %) (%)

1 : 45.03 46 .I3 170 .00 12.50 29 .00

2 68.60 42.80 205.40 11.50 28.2s

5 45.50 46.93 170 .80 17.25 30 .7s

4 46 .90 50 .15 180 . 20 L2.00 30 .00

* Measurement
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TABLE 22

MEAN TRAI{SIT TI}48 (rt) oBTAINED By

RADTOACTIVE AND T1824 CALCUI.ATIONS, AND

RATE CONSTANT Or' 22Na 
TRANSFER (À)

tt (nin)
Day Radioactive TL824 À (per nin)

1

2

3

4

J.IJ

5.96

6. s9

7 .26

10 .70

6.05

6.30

7.53

0 .08

0.04

0 .04

0 .03
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TABLE 23

TOTAL RADIOACTIVITY IN T}M EFFLUENT AND BLOOD PLASI\4A FOR

THE FIRST AND SECOND HOT]R FOLLO!\IING INTRAIEJUML

INTRODUCTION, AND TIME AT WHICT{ TOTAL

TL8Z4 RECOVERED

Effluentl PrASr\4Az t;ïrf"'
Day ffi (nin)

r 2,135,905 2,727,259 99,244 67,536 30 _ 40

2 3,762,313 3,795,191 9I,926 93,974 11 _ 13

3 3,725,695 3,703,g73 L56,624 110,g41 13 - 15

4 3,840,140 3,936,051 Ig3,I2g r54,2L4. 13 _ 15

L, 2 Half life was corrected.
* Sma1l correction of tracer returned to the lumen was made.



INFLoltr (Fi) our-Flotrl (Fo), A\rERAcE FLOtv (i)t#ff1-rNrrsrrml voLiJME,Ai\4ouNr oF soDnru rN rHE

LOOP, AND MEAN SODII.M CONCENTRATION AT DIFFERENT ]NTERVAL COLLECTIONS (Min) DURING TT{E PERFUSION STUDY.

Item

Fi
(m1)

Day

Fo
(m1)

0 -13

156
156
164. s
164.5

149.8
156.4
109 .6
736.6

11. B

L2.0
10.s
11 .6

Lr4.46
72.00
69 .30
84.68

7. s5
6.50
4.28
4.9s

1

3
4

1
2

3
4

F
(mllnin)

13-20

84
ð4
88. 5
88.5

100 .8
73.r

104. 1
82.3

rs.2
II.2
15. 8
12.2

L28.04
67 .20
91.08
89.06

8.19
5.33
5.36
5.30

20-30

150
140
L27
L37

r32.0
101.0
97.8

110 .5

13.1
L2.T
II.2
12.4

L27.07
72.60
73.92
90.52

8.26
5.61
4.35
5 .41

6s.0
77 .3
s8.8
59. B

I.V.
(nl)

1
2

3
4

1

3
4

30-40

130
130
L20
r20

L44.9
108. 9
r02.7

82. 5

15. 8
12.0
11.1
11 .1

r33.86
72.00
73.20
81 .03

8. 70
5.7s
4.3r
5.02

6s .0
79.8
58.8
62.0

Ant.
Loop
(nEq)

Na in

40-50

130
rzs
135
130

95.4
IT9.2

80 .1
TLz.2

11. 3
L2.2
10.8
T2,I

109.61
73.20
7L.28
88.33

7 .34
J.t/
4.r2
s.34

67.0
78. 8
s7. 8
60 .5

INa]
(nEq/1)

1

3
4

1
2

3
4

s0-60

140
12s
155
130

115. 6
84.5
96.6
43.9

12.8
10. 5

11.6
9.7

r24.16
63 .00
76.56
63.51

8. 19
5.r2
4.50
4.10

66.0
81.3
s8. 8
64.s

60-70

130
130
135
130

118.4
r25.9
r03.4
107.5

12.4
L2.8
11.9
11.9

r20.28
76.80
78.s4
86. 87

8.30
6.32
4.82
5.69

69 .0
82.3
6L.s
65. 5

66.0 64.0
77 .8 79.3
61.8 s8.8
58.5 59.s

70 -80

130
130
135
150

76.4
119 .0
111 .4
98.3

10 .5
12.5
12.3
LL,4

99.91
75 .00
81 .18
83.22

7,09
s .91
4. 86
5.29

7L.0
78.8
59 .8
63. s

B0 -90

140
L40
125
135

138.4
9r.7
oo?

L07 .6

13.9
11. 6
LL,2
12.I

L34.8s
69 .60
73.92
88.53

9.10
s.59
4.46
s. 6s

67 .s
80 .3
ó0 .3
64.0

90 -100

740
140
L25
135

3I.7
86. 4
97 .6

111. 1

8.6
11.3
11. 1
12.3

83.42
67. 80
73.26
89. 79

s.67
5 .61
4.27
5.79

68.0
82. 8
58.3
64.s

100-110 110-120

150
150
135
130

195.9
125.5
76.6
98.2

16.3
12.8
10.6
1r.4

.',

158'.11
76.80
69.96
83.22

10 .59
6.09
4.29
5. 16

67 .0
79.8
61.3
62.0

'ìi

Iii
i¡:
t: i.

130
130
135
130

111.1
115. 5
103.6
702.r

12.6
L2.I
11.6
11. 6

r22.22
72.60
78.54
84.68

7 .76
s. 68
4.62
5.29

63. 5

78.3
s8. I
62.5

:1,

1:

ts l:.1::

F̂ :1..."
':),'..

;i::::

iìr



Item
+

[Na ]
(rËq/1)

TABLE 25

SODIIJIVI, POTASSITM AND CHLORIDE CONCENTRÆTIONS, AND OSI\4OLALITY OF THE EFFLI]ENT AT

DIFFERENT INTERVAL COLLECTIONS (Inin) DURING THE PERFUSION STUDY.

Day

t

tK'l
(nEq/1)

0 -13

87
87
78
70

38.4
40 .0
L7?
50 .4

74.00
72.00
58. 50
52. 50

245.1
233.3
2r5.4
220.4

1
2

3
4

T3-20

83
90
70
72

39.2
39.2
48.4
50.8

74.00
77 .00
53.00
55.00

23r.2
239.0
206.8
222.0

lcl-l
(meq/l)

1

AT

20-30

85
86
70
72

0smo1.
(mOsm/kg HrO)

30:40

85
91
70
77

40.0
38.8
48.4
50.8

77 .00
71 .00
54.00
52.00

239.0
247.0
2r9.2
233.0

1

3
4

40 -50

39.2
39.2
48.4
50.8

78.00
71.00
s6.00
53.00

239.2
239.0
2L3.0
227.0

1
2

3
4

89
89
ó8
'7 /It+

50,60

87
94
70
82

60 -70

40.0
58.8
48.4
50 .8

73.00
73.00
53. s0
s3. 50

243.0
243.7
2L7.0
?7? O

93
96
77
84

70-80

97
89
74
80

40.2
37 .6
48.8
sr.2

66. s0
79.50
52 .00
57.00

242.0
247 .7
229.0
244.0

40.4
J/.¿
AO)

48. B

65.00
77 .00
s7.00
59.00

240.0
2s0.0
224.0
248.0

80 -90

90
92
4f

81

41.2
58.0
48. I
50 .0

62.00
ó9.00
55.50
s4.00

244.0
24s .4
230.7
243.0

40.4
37 .6
48.4
49.6

7r.00
68.s0
58. 50
58 .00

24s.0
249.6
233.2
250.0

90 -100

91
97
7L
8Z

100 - 110

89
91
77
77

40,4
38.8
48.0
49.2

ó5. 00
77 .50
57. 50
55. 50

24r.3
243.4
229.0
239.0

39.2
38.8
49.2
50 .0

63. 50
70.00
51.00
56.50

243.5
245.0
224.4
237 .0

110 -120

82
88
72
/ó

40.4
39.2
48. 8
r,q ?

63. 50
78,25
56. 50
s8.00

236.0
243.I
230.0
240.00
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Item

Efflux

Day 0-13

604 .0
224.0
L7T.2
148. 5

-463
-224

-82
-r42

Net Flux

TASLE 26

FLtrxES OF SODTUM @tEqlmin) AT DIFFERENT

INTERVALS (nin) DURING.TFIE PERFUSION STUDY

1
?

3
4

:t ?t

13-20

65s.2
2L3.2
2L4.4
1s9.0

-655
-LT7
-466
-254

Influx

1
2

3
4

20-30

660.8
224.4
L7 4.0
162.3

-537
91

-r07
-153

119 7. 8
L33.4
281 .0
515.3

1

3
4

* The negative value denotes that net flux exceeds efflux.
** Positive values denote net absorption whereas the negative ones denote net secretion.

30 -40

696.0
230.0
r72.4
150 .6

-647
-99

-L4I
-72

1343.0
329.0
3I3.4
222.6

1067.0 L3r0 .2
448 .0 330 .2

2s3.2 680.4
290 .5 4r3.0

40-50

587.0
230.8
164.8
L60.2

-264
-203

Ó9

-220

851.0
433.8
95.8

380.2

50 -60

65s. 2
204.8
180 .0
I23.0

-376
64
62

250

60-70

664.0
252.8
I92.8
r70.7

-516
-3L7
-r82
-293

70 -80

567 .2
236 .4
L94.4
158 .7

-L57
-167

*2L0
-r76

80 -90

728.0
223.6
I78.4
169.5

-616
116

-I75
-239

1031.2 1180.0
140.8 s69.8
242.0 374.8

-I27 .0 463.7

90-100 100-110 110-120

453.6
??¿. ¿-

170 .8
r73.7

34r
r22

-724
-278

847.2
243.6
T7I.6
154. I

-11s9
-250

24
-r46

724.2 1344,0
403.4 L07 .6
404.4 3s3 .4
334.7 408.5

620.8
11'7 )
184.8
158.7

-326
-L24
-r32
-186

946.8
35L.2
316.8
344.7

1r2.0 2006.2
I02.4 493.6
294.8 r47 .6
45r.7 300 .8

o\
u.r



TAELE 27

NET FLTIXES OF rcTASSITM AND CHLORIDE AND NET ABSORPTION OF WATER OBTAINED BY DIRECT MEASTJREMENT

AND PEG TECHNIQI-]E AT DIFFERENT INTERVAIS (min)

Item

fr
Potassium
(ruEqlmin)

Day 0 -13

ú
Chloride
(ruEqlrnin)

1 111
234
3 L96
4 704

L3-20

.-11
105

-L27
s7

-s26
19

-2r3
-50

-1 A

1.6
",2.2nq

0.7
1.8
3.9
2.6

Water
Direct
Measurement
(m1lmin)

Water
(PEG)
(mllnin)

I
2

3
T

20-30

83
194
123
126

-44s
243

50
57

-0.2
3.9
?o
?7

1.1
2.4
4.3
?q

-3L3
-43

85
42

0.5
-0.03
A?
2.r

0.8
I.4
4.3
2.7

30 -40

20
L33

66
183

-531
119

--9
134

-1.5
2.I
L.7
3.8

1.6
2.2
2.3
3.0

1
2

3
4

40 -50

I

2

3
4

2r8 L79
72 22r

246 159
82 438

50 -60

Positive values denote net absorption whereas the negative ones denote net secretion.

60-70

r22
83

133
122

-111
-12
18s

10

3.5
0.6
5.5
1.8

1.6
2.I
2.6
1.5

70 -80

-TzL
207

63
351

2.4
4.r
3.8
8.6

L.2
0.8
3.6
5.8

294 76 s22
109 250 264
76 103 I07

T49 159 IzL

80 -90

-256
30

9
-14

1.5
n¿.
7?
2.3

2.2
2.7
1.5

90 -100

76
-54

35
50

-228
JLI

18
53

0.2
4.8
2.6
2,7

nq
L.7
3.0
3.3

100 -110

-191
69

266
169

5.4
1.1
2.4
3.2

1.1
2.2
2.7
1.5

429
355

7T
5

10 .8
5.4
2.7
2.4

r.2
r.7
5.0

110 -120

151
105
128
150

-L2T
--12

29
18

1.9
1.5
3.L
2.8

1.6
2.0
3.6
?¿,

-688
-81
173

65

-6. 6
0.5
5.8
3.2

2.0))
¿-?
2.7

F
s
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TABLE 28

MEAN SQUARES FOR FLTIXES OF SODITM, POTASSTUM, CFILORIDE

AI.ID I4IATER, AND INTESTINIAL VOLI.]ME, AI\4OTJNT OF SODITM

IN TFIE LOOP AND OSIVOLALITY OF T}IE EFFLTJENT

Item

Source of Variation

Degrees of Freedom

Sodiun Efflux

Sodium Net Flux

Sodiun Influx

Potassium Net Flux

Chloride Net Flux

Absorption of Water
(Direct measurement)

Absorption of Water
(PEG technique)

Intestinal Volune

Amt. Na in Loop

Osmolality of the
Effluent

634,608 .7 4

r1807 ,L60.r2

3L4,4L7.05

1, 748.85

276,346.25

8.08

17.24

, ö,1ó1.63

28.15

&

I,025.7 4

Tine

3

480 .94

40,860 .39

19,391.38

17,551.91

35,430 .L4

8.53

0.84
&

43L.04

0.32

*
43L.04

Interaction

9

9s.73

L2,432.04

6,865.88

2,733.94

16,r7L,34

L.67

0.67
2t

23.ùv

0.07

*
43.0L

Error

32

3,2L9 .95

86,423.58

45,596 .4L

15,458 . 31

38,699. 31

8.93

0. 53

,146..59

0.s7

].6.42

Day

3

(P< o.os)



Item

Source of Variations

TABLE 29

MEAN SQUARES FOR. TFIE ORTHOGOML COMPARISON OF FLTIXES OF

SODIIM, CFILORIDE AND !\IATER (PEG TECHNIQUE) INTESTIML

VOLLJME, AI,IOUNT OF SODIW IN TIIE'LOOP, AND

OSX4OI"A,LITY OF TFIE EFFLUENT

C1 '
Degrees of Freedom 1

Sodir¡n Effh.rx

Sodiun Net Flux

Sodir.un Influx

Chloride Net Fltx

Water Absorption

Intestinal Volume

Amt. Na in Loop

Osnolality

&

r,872,906.29
fc

871, 111 . 11

*
5r42rrr74.9I

ù
8r2,702.25

ú
20.78

ú
17 ,453.27

t

75.99
û

404.01

DayA

u2

1

û
27 ,655.60

44,055.01

235.08

13,366.r3
*

r0.73

593.86
ú

5.30
&

I,548 .46

C1 Day
C2 Day
C3 Day

(P < 0.0s)

C3

1

3,264.33

28,085. 04

70 .38

2,970.38

2.04

437.76
&

3. 19
&

r,r24.77

1vs
2vs
3vs

2,
7

4.

c1

1

3 and 4;
and 4;

TimeB

C2

1

vJ

'l

40.84
?t

784.82

Error

32

5,386 .48

45, 596. 41

95,486.29

38 ,699 . 31

0 .53

146.59

nq7

76.42

C1
C2
\J5

467 .s0

Linear comparison;
Quadratic comparison;
Cubic comparison.

o\
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TABLE 30

Pt{sN4A CONCENTRATIONS* OF Na, K AND Cl, AND OSMOLALTTY

BEFORE, l AND 2 HOIJRS AFTER INTRODUCTION OF

A BOLUS I\4ARIGR DOSE

Days

Item

Na Before

3

150

155

rs2

4

161

159

160

156 151

1 H after 151 159

2 H after 151 155

Osmolality Before 299 505

1 H after 298.5 308

2 H after 306 305

K Before 4.20 3.90 4.45 4.55

lH after 4.85 3.80 4.45 4.65

2 H after 3.85 3.75 4.55 4.65

C1 Before 117.0 118.0 137.5 119.0

1 H after 115.5 115.0 165.0 119.0

2 H after 131.5 172.5 97.0 I2I.0

s03.2 310 .0

306.5 327 .A

323.s 334.2

* *o/t
*2k mOsm/kg HrO

.:.-:: :...- .-.....


