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Chapter I 

INTRODUCTION 

Sodium chloride, most commonly known as table salt, is 

an essential part of the human diet. The ubiquity of sodium 

in foods explains why little attention has been given to the 

nutritional aspects of this element and why little is known 

about the minimal requirements for sodium. Indeed, Martin 

and Coolidge (1978) stated that "Exact information about 

needed amounts (of potassium, sodium, chlorine, and sulfur) 

is generally lacking, but presumably dietary shortage is not 

common." Still, no detailed and comprehensive studies have 

been designed to investigate the effects of dietary salt in

take and the interactions of salt with other nutrients, in

cluding protein. This lack of information concerning the 

effects of salt in the diet has been of great concern to 

food scientists, nutritionists, food manufacturers, govern

mental regulatory agencies and the medical community. 

The balance between potassium and sodium in the body is 

very important for proper physiological function. There

fore, the ratio of potassium to sodium should be considered 

when evaluating the role of sodium in the diet. Sodium is 

the principal cation of extracellular fluids, and potassium 

the principal cation of intracellular fluids. Both sodium 



and potassium are intimately related in controlling intra-

and extracellular osmolarity, acid-base balance, extracellu

lar fluid volume, and in maintaining blood pressure. Addi

tionally, both ions are involved in nerve impulse conduc

tion, in the function of certain enz^one systems, and in 

heart action. 

The recent overwhelming concern with dietary sodium is 

its possible role in hypertension, or in the development of 

hypertension. It has been estimated that Americans have 

little control over their daily intake of salt. Naturally 

occurring sodium (calculated as sodium chloride) in food has 

been estimated to range from 2.5 to 4.5 gm and discretionary 

salt addition by consumers, in the range of 3 to 6 gm per 

day. But, the intake from the addition of salt to foods 

during processing has been estimated to range from 7.1 to 

8.4 gm and intake from other sodium-containing ingredients 

has been calculated at 1 gm of salt (Kolari, 1980). The 

Federation of American Societies for Experimental Biology 

(FASEB) Select Committee on "generally recognized as safe" 

(GRAS) substances have recommended to the Food and Drug Ad

ministration (FDA) a "category 4" classification for sodium 

chloride, and have also called for development of guidelines 

for restricting the amount of salt in processed foods and 

for appropriate labeling of the sodium content of foods. 



Industrial as well as medical groups have supported the goal 

of implementing a cost-effective product labeling system in

forming consumers of the sodium contents of foods, beverag

es, and over-the-counter drugs. Specific proposals for so

dium and potassium labeling are currently being promulgated 

by the FDA. 

The medical profession's interest in the sodium ion re

lates principally to concern about hypertension. It has 

been v/ell documented that high dietary salt intake induces 

hypertension in genetically susceptible animals (Kolari, 

1980). These studies suggest that a genetically determined 

humoral factor plays a role in the development of hyperten

sion. Although the evidence linking high salt intake and 

hypertension is circumstantial in humans, it is an accepted 

practice in the management of hypertension to prescribe 

weight reduction and control of sodium intake. 

Since the primary sodium pump is the active transport 

method involved in the metabolism of nutrients at the cellu

lar level, changes in dietary salt level could affect the 

absorption of those nutrients. The active transport of glu

cose across the intestinal mucosa requires the movement of 

sodium in the same direction. Peripheral uptake of glucose 

by cells is associated with a shift of potassium from the 

extracellular fluid into the cell. Protein and amino acid 

are likewise affected by these two electrolytes. 



Sodium toxicity in animals and man has been a highly 

controversial subject for a long time. However, the growing 

evidence linking sodium with various health problems, espe

cially hypertension, has prompted medical, health, and gov

ernment authorities to advise Americans to reduce their so

dium intake. Nevertheless, there still remain major 

unanswered questions such as: What is the intake of sodium? 

What is the appropriate intake level? It is for these rea

sons that the medical and nutrition communities are being 

urged to conduct more research to resolve the current con

flict on the significance of sodium in the diet. This ex

periment was therefore designed to provide a better under

standing of the effects of dietary sodium, particularly its 

effect on protein availability. The overall objective of 

this study is to evaluate the effects of dietary sodium 

chloride concentration on the availability of protein. 

For the stated hypothesis, the rat was chosen as an ex

perimental model. The treatments in this study will provide 

dietary conditions which v/ill place stress upon the nutrient 

absorption mechanisms of the experimental animals. Both in

adequate and excess amounts of dietary sodium chloride is 

compared to what is considered a "normal" or "adequate" 

diet. Further stress will be placed on the protein 

metabolism of the experimental animals by providing a diet 



consisting of inadequate lysine. This diet will simulate 

the situations in countries where dietary protein is often 

inadequate and the diets usually deficient in certain amino 

acids, particularly lysine. Information gained in this 

study may provide a better understanding of the nutritional 

effects of dietary sodium chloride and may also aid food 

manufacturers and governmental regulatory agencies in issu

ing guidelines for labeling and use of sodium-containing in

gredients in processed foods. 

The specific objectives of this study were: (1) to de

termine the effects of diet and concentration of dietary so

dium chloride on the utilization of dietary protein; (2) to 

determine the effects of diet and concentration of dietary 

sodium chloride on the metabolism of dietary protein and (3) 

to determine the effects of diet and concentration of di

etary sodium chloride on intercellular ionic conditions. 



Chapter II 

REVIEW OF LITERATURE 

This chapter is divided into three sections. The first 

section is a general review of the physiological importance 

of sodium and potassium. The second section reviews the net 

protein utilization (NPU) and protein efficiency ratio fPER) 

as methods of assessing protein quality of foods. The third 

section is a brief discussion of certain selected blood 

chemistry variables which include (1) serum protein elec-

trophoretic patterns and (2) serum sodium and potassium 

concentrations. 

Physiological Importance of Selected Minerals 

Discovered with the use of electrolysis, potassium and 

sodium are essential for normal growth and existence. An 

interrelation between dietary sodium and potassium has been 

known since the time of von Bunge (1894). The maximal and 

minimal limits for sodium and potassium intake are interde

pendent and can vary with water intake and the efficiency of 

the kidney. The desirable upper limit for sodium intake is 

still controversial. However, it is generally assumed that 

dietary shortage of these two minerals is not common. 



Physiological Functions of Sodium and Potassium 

Osmolarity of Fluids 

The body fluids are important to the basic physiology 

of the bodily functions. Part of the total body fluids 

found inside the cells of the body are collectively called 

the intracellular fluid. The fluid in the spaces outside 

the cells is the extracellular fluid or more commonly known 

as the internal environment of the body. It is important 

that the constituents of the extracellular fluid be accu

rately regulated so the cells remain bathed continually in a 

fluid containing the proper electrolytes and nutrients for 

continued cellular function (Guyton, 1971). 

Under normal steady-state conditions, both the intra-

and extracellular fluid are in equilibrium, that is the os

motic pressures of the two compartments are equal. Both so

dium and potassium influence intra- and extracellular osmo

larity. The extracellular fluid contains sodium as its 

major cation. However, the intracellular fluid contains 

calcium, magnesium, protein, phosphate, and potassium as the 

chief contributors to its osmotic pressure (Meneely and Bat-

tarbee, 1976). The osmotic effect of sodium and potassium 

can be explained in the following manner: Each 

non-diffusible molecule or ion dissolved in water dilutes 

the "activity" of the water molecules by a given amount. 
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The tendency of the water in the solution to diffuse through 

a membrane is reduced in direct proportion to the numbers of 

non-diffusible molecules or ions. Therefore, the osmotic 

pressure of the solution is also proportional to the number 

of non-diffusible molecules or ions in the solution (Guyton, 

1971). 

The osmolarity of the intracellular fluids is mainly 

determined by their potassium concentrations, while that of 

extracellular fluids is determined by their sodium concen

tration. To maintain constant osmolarity, the volume of the 

intracellular fluid must be proportional to its total potas

sium content, and that of extracellular fluid to its total 

sodium content. If the volumes of these two compartments 

are to be maintained at constant levels, a mechanism must be 

provided for adjustments in excretion of water, sodium and 

potassium in response to variations in amounts of these ele

ments supplied to the organism. These adjustments are per

formed mainly by the kidney, and the normal renal functions 

provide a steady-state with respect to: (1) the amount of 

water in the body; (2) the amount of sodium and potassium 

which determines the volume of extracellular and intracellu

lar fluids; (3) the osmolar concentrations of these fluids, 

determined largely by the concentrations of sodium and 

potassium, respectively (Cantarow and Schepartz, 1967). 



since cells cannot directly control their osmotic 

pressure, they are dependent upon the osmotic control of the 

extracellular fluid which in turn is regulated by complex 

homeostatic mechanisms (Meneely and Battarbee, 1976). De

partures from normal intracellular fluid osmotic pressure 

and volume cannot be tolerated for long periods of time by 

the living organism and instead must be maintained rigidly 

for normal circulation and cell functions. 

Cellular Electrophysiology 

Sodium and potassium are involved in the electrophysi

ology of cells. The difference in the composition of fluids 

inside and outside of cells is clearly evident from the high 

sodium concentration outside in comparison to its concentra

tion inside the cell, and the opposite is true of potassium. 

If sodium and potassium are allowed to diffuse through the 

pores of the cell over a long period of time, the concentra

tions of the two ions would eventually be equal inside and 

outside the cell. However, there is a system for active 

transport of sodium and potassium which transports sodium 

from the intracellular compartment to the extracellular flu

id and potassium into the interior of the cell (Battarbee 

and Meneely, 1978). This energy-dependent "electrogenic 

pump" is also frequently called the sodium pump. The 
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transport mechanism has been postulated as such: sodium (Na) 

inside the cell combines with carrier Y at the membrane su-

face to form the combination NaY. This then moves to the 

outer surface where sodium is released and the carrier Y 

changes its chemical composition slightly to become.carrier 

X. This carrier then combines with potassium (K) to form 

KX, which moves to the inner surface of the membrane where 

energy is provided to split potassium from X under the in

fluence of the enzyme ATPase, the energy being derived from 

MgATP (Guyton, 1971). 

The diffusion properties of sodium and potassium are 

such that the cell membrane is 50 to 100 times more perme

able to potassium than to sodium. The diffusion of potassi

um down its electrochemical gradient leaves a net intracel

lular negative charge and results in the development of a 

membrane potential. The sodium pump is sensitive to the in

tracellular sodium and extracellular potassium concentra

tions. The rate of ion transport of the pump increases with 

increase in intracellular sodium concentration and(or) in

creases in extracellular potassium concentration (Meneely 

and Battarbee, 1976). Therefore, the sodium pump is regu

lated by its own system of feedback control. Any changes in 

the permeability characteristics of the cell membrane can 

result in significant changes in the cellular membrane 
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potential. It is the sudden increase in the permeability of 

the membrane to sodium that elicits a sequence of rapid 

changes in membrane potential. This sequence of potential 

changes observed in excitable tissues is the onset of the 

action potential generated for transmission of nerve or mus

cle impulse (Guyton, 1971). 

Homeostatic Mechanisms 

Sodium and potassium are essential components in the 

homeostatic mechanisms of the major functional systems of 

the body. Both ions are intimately related to the control 

of acid - base balance since sodium and potassium ions have 

been appropriately exchanged for hydrogen ions (H). In re

nal regulation of hydrogen ion concentration, the hydrogen 

ion secretion into the tubules is closely coupled to sodium 

ion reabsorption (Guyton, 1971). The exchanges between hy

drogen and potassium ions across the cell membrane also act 

in regulating the neutrality of the intra- and extracellular 

fluids (Cantarow and Schepartz, 1967). The sodium ions are 

also part of major buffer systems present as NaHC0 3 îi the 

bicarbonate buffer system and as NaH2P0^ and Na2HP0 4 in the 

phosphate buffer system (Guyton, 1971). 

Since sodium and potassium ions are involved in the 

regulation of extracellular fluid volume, they are also 
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required in maintaining blood volume and pressure. Studies 

of sodium loading showed an increase in extracellular fluid, 

blood, and plasma volumes, accompanied by an increase in 

cardiac output and a rise in blood pressure (Haddy, 1968; 

Freis, 1975). 

Both ions are also involved in carbohydrate and protein 

metabolism. The influence of Na+ on active transport in 

mammalian tissue has been demonstrated for various monosac

charides (Bihler and Crane, 1962) and amino acids (Nathans 

et al., 1960). 

Additionally, sodium and potassium regulate the func

tion of certain enzyme systems. Some enzymes required for 

glycolysis and oxidative phosphorylation are potassium de

pendent and the presence of sodium in cell nuclei and in mi

tochondria indicate that many enzyme systems function in a 

sodium environment (Forbes, 1962). 

Sodium and Protein Absorption 

After digestion of the proteins, the amino acids re

leased are absorbed, carried to the tissues, and then must 

enter the cells where they are utilized. As early as 1913, 

Van Slyke and Meyer demonstrated that amino acids enter 

various tissues against a concentration gradient. There are 

two known biological systems in the animal that clearly 
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possess a mechanism for transporting amino acids, namely the 

epithelium of the small intestine and the proximal tubule of 

the kidney (Csaky, 1963). Amino acid transport in the in

testinal epithelium functions in the absorption of amino ac

ids into the bloodstream, and in the kidney tubule functions 

to salvage amino acids from tubular urine and to retain them 

in the blood stream (Lehninger, 1975). In the absorption of 

amino acids, certain types of amino acids are absorbed se

lectively and certain types interfere with the absorption of 

others indicating the existence of common carrier systems 

(Guyton, 1971). Specific transport systems have been found 

for: (1) small neutral amino acids, (2) large neutral amino 

acids, (3) basic amino acids, (4) acidic amino acids, and 

(5) the imino acid proline (Lehninger, 1975). Each of these 

transport systems has an optimum pH and specific Km values 

for its substrates, and they can be inhibited competitively 

by certain amino acid analogs. It has been established that 

sodium is required for active transport of organic substanc

es across cell membranes. Na-dependent amino acid transport 

is characteristic of a wide variety of epithelial and non-

epithelial tissues, single cells as well as isolated subcel

lular organelles such as nuclei and mitochondria (Schultz 

and Curran, 1970). However, detailed studies as to the 

operation of this interaction has been confined largely to 
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the intestinal epithelium, the Erhlich ascites tumor cell 

and the pigeon erythrocyte (Smith and Ellory, 1971). 

Mechanisms of Na-Dependent 
Transport 

Since the sodium-cimino acid interaction is well estab

lished, interest has been focused on two different problems: 

how a sodium gradient might provide energy for the movement 

of amino acids against their respective concentration gradi

ents, and what a sodium-amino acid interaction might mean in 

terms of molecular changes within the transporting membrane. 

Two hypotheses have been suggested to explain this sodium 

requirement. The concept for one of the hypothesis was 

first suggested by Riggs et al. (1958), who felt that the 

"migration of potassium from the cell (down an electrochemi

cal potential difference) may stimulate the simultaneous en

trance of amino acid." However, they clearly pointed out 

that "a propelling function might instead be assigned to the 

sodium movements, which are reciprocal to the potassium 

movements. In the same way, consideration may be narrowed 

to a bound form of sodium influx; that is the excess of so

dium influx could occur in the form of a complex between the 

carrier, glycine, and sodium ion." This is the first 

general statement of the concept in the "Na-K gradient 

hypothesis" that was proposed by Crane (1960) to account for 



15 

the sodium dependent entry of sugars into hamster intestinal 

cells. This hypothesis has been subsequently extended by 

others, to explain amino acid transport by the small intes

tine (Rosenberg et al., 1965; Schultz and Zalusky, 1965), 

the pigeon erythrocytes (Vidaver, 1964a and 1964b; Wheeler 

and Christensen, 1967), and the Ehrlich ascites tumor cells 

(Jacquez and Schafer, 1969; Eddy et al., 1967). This hy

pothesis maintains that sodium and the non-electrolyte com

bine with a carrier at the mucosal border to form a ternary 

complex which transverses the cell membrane. The mobile 

carrier has been represented as possessing two specific 

binding sites, one for the substrate and one for sodium. On 

the basis of kinetic data. Crane (1960) proposed that there 

is an allosteric effect of the ion site on the non-electro

lyte site such that when Na+ occupies the ion site, the car

rier has a high affinity for the non-electrolyte but when K+ 

occupies this site the affinity of the carrier for the non-

elecrolyte is greatly reduced. Thus, the active transport 

of the non-elecrolyte is dependent on the "inward-downhill 

Na+ gradient" as well as the "outward-downhill K+ gradient" 

and the energy for the transport might be entirely obtained 

from the Na+ concentration gradient (Crane, 1960, 1965). 

The second hypothesis was proposed by Csaky (1963) and 

he suggested that intracellular sodium is required for the 
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coupling of metabolic energy to the carrier systems for 

amino acids, and other non-electrolytes. Based on his ex

perimental findings, he outlined the following working hy

pothesis: A biological pump consists of at least two compo

nents, a carrier and a system which converts the chemical 

energy into osmotic (pumping) energy. The carrier has a 

high specificity, whereas the second component does not 

need to be too specific. The finding that all non-electro

lyte pumps are inhibited by lack of sodium indicates that 

sodium affects the non-specific process. Substances that 

can penetrate the cell quickly and cause a rapid decrease of 

intracellular sodium seem to inhibit the pump more than 

those which replace sodium at a slower rate. Therefore, it 

is likely that there is a critical concentration of intra

cellular sodium which is essential for the functioning of 

the pump. This hypothesis is also in agreement with the 

concept that the pumping energy is derived from adenosine 

triphophate (ATP). Further evidence in support of this hy

pothesis was presented by Eddy (1968), Johnstone and Schole-

field (1965), and Potashner and Johnstone (1971) in Ehrlich 

ascites cells. They concluded that the uptake of amino ac

ids is dependent on the ATP levels of the cell and not 

solely on the magnitude of the ion gradients. 
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The major differences between these two hypotheses are 

(1) the first proposes a requirement for extracellular sodi

um and the second for intracellular Na; (2) the first sug

gests that amino acid uptake is not directly coupled to met

abolic energy, whereas the second suggests a direct 

Na-dependent link between metabolic energy and the amino 

acid uptake process and (3) a coupled entry of sodium and 

amino acid is postulated by Crane's model (Crane, 1965) 

while, according to Csaky's model (Csaky, 1963), the entries 

of sodium and amino acid into the cell may be entirely inde

pendent processes. Although these two hypothesis have gen

erated considerable discussions, no direct compelling evi

dence has been presented for or against either of them. 

Sodium Chloride and Hypertension 

Much of the recent overwhelming concern about the 

amount of salt in the diet centers on questions about di

etary sodium and hypertension, or high blood pressure. The 

importance of salt in the pathogenesis of hypertension was 

emphasized as early as 1904 by Ambard and Beaujard, and 

since then a significant amount of epidemiological, clinical 

and experimental evidence has accumulated implicating sodium 

in the etiology of hypertension (Battarbee and Meneely, 

1978). Hypertension can increase the risk for several 
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diseases including coronary heart disease, congestive heart 

failure, cerebrovascular accidents, and kidney failure. It 

is also considered by some to be the major risk factor for 

coronary heart disease (White and Crocco, 1981). 

Types of Evidence 

Battarbee and Meneely (1978) have listed four basic 

types of studies that provided evidence of sodium toxicity: 

1. Epidemiological studies involving isolated popula

tions consuming different amounts of sodium. 

2. Intrapopulation studies of individuals consuming dif

ferent amounts of salt. 

3. Clinical information from normal and abnormal sub

jects provided with different dietary conditions and 

drug treatments. 

4. Animal studies. 

Only the last two types of studies have produced fairly con

clusive results, especially the animal studies. 

A number of studies indicate that hypertension is not 

found in unacculturated or primitive societies and that 

blood pressure in these societies does not rise with age. 

The absence of hypertension and a failure of the blood 

pressure to rise with age, have been observed in widely 

varied unacculturated cultures including groups in the 
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Easter Islands (Cruz-Coke et al., 1964), the highlands of 

Malaysia (Burns-Cox and Maclean, 1970), the Amazon Basin 

(Lowenstein, 1961), rural Uganda (Shaper, 1972), and the Ka

lahari Desert of Africa (Kaminer and Lutz, 1960). Freis 

(1976) reviewed these studies according to the hypotheses 

put forth to explain the lack of hypertension. The evidenc

es suggest that it is the low intake of salt which accounts 

for the absence of hypertension among primitive peoples 

(Freis, 1976; Page, 1976). 

Most intrapopulation studies attempting to correlate 

dietary salt and hypertension have resulted in little suc

cess. Only a few have shown significant correlations (Dahl 

and Love, 1954; Parijs et al., 1973; Watson and Langford, 

1974; Page et al., 1974). 

It has long been shown that the blood pressure of many 

unmedicated patients with hypertension will go down when 

they are given a diet severely restricted in sodium, that is 

less than 1 gm per day (Grollman et al., 1945; Dahl, 1972). 

McQuarrie and co-workers (1936) found that the blood pres

sure of their patients increased with excess ingestion of 

sodium chloride, and it was reduced after reduction of sodi

um chloride. Tobian (1960) and Kirkendall (1972) also 

reported hypertension that was due to salt intake in 

previously healthy individuals. 
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It is well documented that high dietary salt induces 

hypertension in genetically susceptible animals (Dahl et 

al., 1962; Dahl et al., 1963). In the classic experiment of 

Meneely and Ball (1958), diets with various amounts of salt 

were fed to rats over a nine month period. It was seen that 

each increment in salt intake brought about an accompanying 

increase in blood pressure. Dahl and co-workers (1962) suc

cessfully developed two strains of Sprague-Dawley rats dif

fering in their genetic response to dietary salt intake. 

These studies suggest that a genetically determined humoral 

factor plays a role in the development of hypertension which 

explains why excess dietary salt increases blood pressure in 

some and not in others. 

Mechanisms of Hypertension 

Hypertension can be simply defined as high arterial 

pressure. Since arterial pressure is the product of cardiac 

output times total peripheral resistance, an increase in one 

of these factors can cause hypertension (Guyton, 1971). 

Over the past twenty years, there has been a growing reali

zation of the importance of the relationship between extra

cellular fluid volume (ECF) and arterial blood pressure 

(Freis, 1976). A rise in extracellular fluid volume is 

accompanied by an increase in cardiac output and a rise in 



21 

blood pressure (Ledingham and Cohen, 1963). Elevated 

extracellular volume then decreases due to diuresis and car

diac output falls while total peripheral resistance increas

es to maintain hypertension. Ledingham and Cohen (1963) 

postulated that the increased cardiac output led to aut-

oregulation of the resistance vessels causing total periph

eral resistance to increase. 

Homeostasis of the ECF is maintained by a balance be

tween salt and water intake, and urinary output. Urinary 

output depends in part on the level of arterial blood pres

sure and this relation differs from individual to individual 

depending on the renal functional capacity to handle salt 

and water loads. If the ECF expands as in primary aldoster

onism or excessive licorice ingestion (Borst and Borst, 

1963), venous filling pressure will increase and a series of 

hemodynamic events will occur resulting in a rise of blood 

pressure sufficient to increase urine volume and sodium ex

cretion by the necessary amount to prevent a chronically ex

panded ECF (Tobian, 1979a, b; Guyton et al., 1974). In ex

perimental renovascular hypertension, a similar sequence of 

events have been shown to occur possibly through activation 

of renin-angiotensin-aldosterone system (Freis, 1976; 

Guyton, 1971). In essential hypertension, it is suggested 

that there is an inherited defect in the handling of sodium 
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such that the kidney requires a higher than normal perfusion 

pressure to maintain ECF homeostasis in the presence of a 

high sodium intake (Freis, 1976; Guyton et al., 1974). Ac

cording to this theory, it is the renal functional ability 

to handle an increased ECF load that is the crucial patho

genetic determinant of hypertension. 

It is also probable that the expanded ECF of accultu-

rated people increases responses which tend to raise blood 

pressure (pressor responses) to other more short-term pres

sor stimuli. For example, the pressor response to infusion 

of norepinephrine (a vasoconstrictor in all vascular beds) 

in man is greater when the ECF is "normal" than when it is 

reduced by the administration of a diuretic (Freis, 1976). 

Also, salt-loaded rats exhibit an enhanced pressor response 

to angiotensin, a hormone which causes powerful vasocon

striction of the arterioles (Reid and Laragh, 1965). An ex

cessive release of norepinephrine at sympathetic nerve end

ings and the appearance of a circulating humoral 

vasoconstrictor occur in rats with salt-induced hyperten

sion; these changes in turn contribute to the peripheral ar

teriolar vasoconstriction in salt-induced hypertension (To

bian, 1979b). There is also evidence that frequently 

repeated elevations of blood pressure will eventually lead 

to structural changes in the resistance vessels so that the 
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wall is thickened and the lumen is correspondingly narrowed 

(Folkow et al., 1973). 

Protective Effects of K 

Some studies have supported a theory that increased in

take of potassium chloride can reduce the blood pressure of 

hypertensive patients, even in the presence of excess sodium 

chloride. Based on animal studies. Ball and Meneely (1957) 

concluded "that potassium chloride has a remarkable protec

tive action against excessive sodium chloride intake in 

rats." However they cautioned, "We know a great deal about 

rats, but not nearly as much about human beings. We do know 

that excessive potassium intake can be harmful to patients 

with severe kidney disease." Dahl and co-workers (1972) 

confirmed the observed protective effect of potassium chlo

ride in rats. Battarbee and co-workers (1979) have also re

ported that in rats, the inclusion of a small dietary sup

plement of potassium had an ameliorating effect on the 

development of hypertension. Potassium chloride has been 

reported to reduce the blood pressure of diabetic children 

taking excess salt in their diets (McQuarrie et al., 1936). 

Comparatively low blood pressures have been observed among a 

Japanese population whose diet was high in sodium chloride 

and who were also eating a high level of potassium in the 
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form of fruit (Meneely and Battarbee, 1976). This evidence 

suggests that the beneficial effect of extra potassium in 

the diet of the salt eating rat also applies to humans. In 

their review, Meneely and Battarbee (1976) placed great em

phasis on the combination of high sodium and low potassium 

concentrations in diets, stating "The high sodium-low potas

sium environment of civilized people, operating on a genetic 

substrate of susceptibility, is the cardinal factor in the 

genesis and perpetuation of essential hypertension." 

The role of potassium is not merely a passive one. Po

tassium has long been known to have natriuretic properties 

(Bassett et al., 1932; Keith and Binger, 1935; Berliner et 

al., 1950), and in the last ten years several studies in an

imals have demonstrated that an acute increase in plasma po

tassium concentration causes an immediate decrease in tubu

lar reabsorption of sodium (Young et al., 1976). Vander 

(1970) showed that the effect of the increased potassium 

concentration was directly on the kidney. Abernathy (1979) 

cited the work of Langford and co-workers (1979) as clinical 

evidence that in hypertensive patients, the increase in so

dium excretion can in turn produce a demonstrable fall in 

blood pressures. 

A better known role for potassium in high blood 

pressure is as a salt substitute (as potassium chloride). 
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and this attribute could be utilized far more than at 

present in the development of palatable salt-free staple 

foods (Abernathy, 1979). 

Protein Quality Evaluation 

Dietary proteins provide the amino acids for cellular 

protein synthesis and for other metabolic purposes. Protein 

synthesis can be associated with three related activities of 

the living system: one involving maintainance, another re

pletion of depleted tissues, and the third the growth of new 

cellular proteins (Allison, 1959). Protein quality or nu

tritional value of a protein may be defined as the capacity 

of a protein or mixture of proteins to satisfy the require

ments for essential amino acids. Evaluation of protein 

quality is considered more important now because of the rap

id changes and developments in our food supply which may 

significantly alter protein availability (Margen, 1981). 

The concept that the nutritional value of dietary pro

tein is determined primarily by the balance or proportions 

of amino acids can be described as follows: "The quality of 

the dietary protein will be maximal if the protein contains 

and releases during the digestion and absorption process the 

essential amino acids in the proportions required for 

optimal fixation into tissue protein. If one or more of the 
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amino acids is provided to the tissues at a deficient level, 

the utilization of the protein will be reduced accordingly" 

(Longenecker and Lo, 1974). Thus, even if the amino acids 

are present in the protein in the ideal proportions but are 

not liberated and absorbed to provide the ideal balance of 

amino acids to the anabolic sites, utilization of the prote

in will be adversely affected. It is for this reason that 

an overall protein quality cannot be determined accurately 

from the amino acid composition and instead must be assessed 

by available in vivo procedures, such as net protein utili

zation (NPU) and protein efficiency ratio (PER) (Longenecker 

and Lo, 1974; Porter, 1978). In practice, digestibility is 

included in the determination of protein quality by any ani

mal procedure based on growth or nitrogen retention (Pel-

lett, 1978). Digestibility being defined as the proportion 

of the nitrogen intake that is absorbed (Pellett, 1978). 

Biological Assay Methods for Protein Evaluation 

The growing rat has most frequently been the experimen

tal animal used in protein quality assays and there is now 

an abundant amount of literature on its use for protein 

evaluation (Young and Scrimshaw, 1974). However, Hegsted 

and co-workers (1971) have suggested that, "...it is 

doubtful that the assays obtained with young rats are valid 
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estimates of the utility of proteins for man, either adult 

or growing child, because at all stages of postnatal devel

opment a much larger proportion of dietary protein is uti

lized for maintainance than for growth." On the other hand, 

Campbell and McLaughlan (1971) concluded from their review 

of the subject matter that, "...assays for protein quality 

using the growing rat at about ten percent protein would 

still seem to have very important use in predicting the pro

tein quality of foods for humans." Research has shown that 

results obtained with young rats generally are applicable to 

man, and feeding tests under controlled conditions are more 

easily carried out on rats than with man (Young and Scrim

shaw, 1974; Porter, 1978). 

PER Assay 

Dietary protein is the essential element in growth and 

tissue repair and this influence can be demonstrated readily 

in the growing animal whose weight curve reflects the ade

quacy (quantity and quality) of the protein intake (Cantarow 

and Schepartz, 1967). It is generally accepted that the 

rate of growth of weanling rats under standardized condi

tions provides a reliable measure of the value of dietary 

protein (Campbell, 1961). PER assay involves the 

measurement of weight gain of rats per gm of protein 
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ingested. Since animals fed poor-quality proteins do not 

ingest as much food, it is commonly believed that this cal

culation provides an improvement over the measure of weight 

gain alone (Campbell, 1961; Hegsted, 1964). By definition, 

measure of protein quality such as PER includes digestibili

ty. In PER assay, the denominator is protein consumed and 

reflects use of protein as a part of the total intake (Rit-

chey and Taper, 1981). PER is the most well known procedure 

for evaluating protein quality and is the official method 

for regulatory purposes in the United States and Canada 

(McLaughlan, 1972; Pellett, 1978). Factors affecting the 

PER assay (for example the age of rat, length of assay peri

od, level of protein and sex of rat) must be standardized, 

and the use of a standard casein group in each test reduces 

differences between strain of rat, laboratory, or time of 

assay (NAS-NRC, 1963). Using specified conditions and test 

diets, it has been demonstrated that reproducible results 

can be obtained between laboratories (Derse, 1962). The PER 

method has been criticized on the basis that (a) gain in 

body weight may not be constant in composition for different 

proteins, (b) results may vary with protein level, and (c) 

the determination makes no allowance for maintainance 

(Bender, 1956; NAS-NRC, 1963). The literature indicates 

that in a four-week assay, important differences were not 
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seen in body composition, and that variations which may 

exist in food intake or protein levels are not considered 

serious criticism of the method when carried out under stan

dardized conditions. In recent years, there has been con

tinuing efforts by the Food and Drug Administration (FDA) to 

assess the most appropriate method to measure protein quali

ty. The present stance of the FDA is reflected in the fol

lowing statement: "The PER assay is the only official method 

currently available for determining protein quality. There 

are other methods being used to measure protein quality, but 

the merits of these methods have not yet been established 

through the collaborative studies which are necessary for 

them to be made official" (Vanderveen and Mitchell, 1981). 

The NPU assay has been considered by some to be more satis

factory than the PER assay, as it gives both more detailed 

information and more consistent results. A great deal of 

research has shown the PER values to be highly correlated 

with NPU values, some with a correlation coefficient as high 

as 0.95 (Block and Mitchell, 1946; Bender, 1956; Henry, 

1965) . 

NPU Assay 

All growth methods are affected by at least two fac

tors: those affecting absorption and those affecting the re-
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tention of the material absorbed (Hegsted, 1964). Measure

ment of the nitrogen consumed and of nitrogen in the feces 

and urine allows separate estimates of differences in ab

sorption and retention. These measurements allow calcula

tions of digestibility (D) and retention value, as well as 

NPU (Pellett, 1978). NPU is a measure of the proportion of 

food nitrogen that is retained and is therefore indicative 

of the protein quality of various protein sources (Pellett, 

1973). Retention value is defined as the percentage of the 

absorbed nitrogen that is retained, and digestibility as the 

proportion of the consumed food nitrogen that is absorbed. 

Definitions of retention value, digestibility, and NPU are 

shown in Table 1. NPU is therefore equivalent to retention 

value X D. Like the PER, the NPU assay has achieved wide

spread acceptance. In addition, it is not subjected to the 

drawbacks previously mentioned with the PER assay. 

Selected Blood Chemistry Variables 

The blood serves as the principal transport medium of 

the body, carrying oxygen, nutrients, and chemical messages 

to the tissues, and waste products and synthesized metabo

lites away. The circulatory system provides access to all 

cells of the body for materials ingested or produced 

elsewhere in the organism. Thus, blood plays many important 
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TABLE 1 

DEFINITIONS OF DIGESTIBILITY, RETENTION VALUE, AND NET 
PROTEIN UTILIZATION (APPARENT AND TRUE) 

Apparent True 

I - F 
Digestibility 
value 

Retention 
value 

Net Protein 
Utilization 

I - F - U 

I - F 

I - F - U 

I - (F - Fk) 

I - (F - Fk) - (U -Uk) 

I - (F - Fk) 

I - (F - Fk) - (U - Uk) 

1, F, and U are intake, fecal, and urinary nitrogen values 
on test diet. 

> 

Fk and Uk are fecal and urinary nitrogen values on a 
non-protein diet (Pellett, 1978). 
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roles in coordinating the individual cells into a complex 

whole organism. This is accomplished by the presence of 

nutrients, metabolites, electrolytes, hormones, and by an 

equilibrium between the cell and the blood stream so that 

homeostasis with respect to temperature, oxidation-reduction 

potential, and ionic concentration is maintained throughout 

the organism (Oser, 1965). 

Blood is composed of a cellular and plasma fraction. 

The fluid of the plasma is part of the extracellular fluid. 

Serum is the fluid obtained after the blood is allowed to 

clot. It is similar to plasma in composition but lacks fi

brinogen. With this exception, for all practical purposes, 

serum and plasma may be used interchangeably for chemical 

studies. Serum is usually employed routinely for determina

tion of electrolytes, pH, proteins, lipids, hormones, and 

vitamins (Cantarow and Schepartz, 1967). 

Plasma or Serum Proteins 

The three major types of proteins present in the plasma 

are albumin, globulin, and fibrinogen (Oser, 1965; Guyton, 

1971). The principal function of albumin is to provide col

loid osmotic pressure, which in turn prevents plasma loss 

from the capillaries. The globulins perform a number of 

enzymatic functions in the plasma itself, but more 
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importantly, they are principally responsible for both 

natural and acquired immunities. The fibrinogen of plasma 

is of basic importance in blood clotting. In addition to 

the specific physiological function of individual plasma 

proteins, certain general functions of the plasma proteins 

are recognized. These may be defined as (1) nutritive, that 

is as a source of amino acids; (2) physicochemical, as in 

the maintainance of a normal blood volume and normal water 

content in the tissue fluids and (3) transportive, for excim-

ple lipoproteins (Oser, 1965). 

The laboratory method most widely used in assessing nu

tritional status include the determination of plasma prote

ins (Albanese, 1959; Cantarow and Schepartz, 1967). The use 

of this criteria as a measure of protein intake and metabo

lism received early support from the studies of Holman and 

co-workers (1934), who postulated that blood proteins take 

part in the dynamic equilibrium between all the body prote

ins. A reversible equilibrium between the tissue proteins, 

plasma proteins, and plasma amino acids does in fact exist 

(Guyton, 1971). The rate of synthesis of plasma proteins by 

the liver is dependent on the concentration of amino aids in 

the blood, which means that the concentration of plasma 

proteins becomes reduced whenever an appropriate supply of 

amino acids is not available. On the other hand, whenever 
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the tissues become depleted of proteins, the plasma proteins 

can act as a source for rapid replacement of the tissue pro

teins (Guyton, 1971). Various studies have supported the 

usefulness of serum or plasma protein determinations in as

sessing the general status of protein metabolism. In 

stressed diets, observations of serum protein deficiencies 

have been confirmed (Hegsted et al., 1946; Albanese, 1952). 

Since protein molecules possess a net charge under most 

conditions, they will migrate in solution under the influ

ence of an electric field. Electrophoresis is a powerful 

method that utilizes charge differences for the separation 

and the purification of proteins. In zone electrophoresis, 

the protein solution is placed at the starting position in 

an inert supporting medium (paper, starch gel, acrylamide 

gel, etc.) as a thin band or spot (Haschemeyer and Hasche-

meyer, 1973). Under the influence of the applied potential, 

the proteins migrate to give distinct bands or zones. These 

may be located by staining, ultraviolet absorption or by 

analysis of fractions after elution. Simple zone electro-

phoretic technique has only moderate resolving power in pro

tein mixtures because of the similarity in mobilities of 

many proteins (Haschemeyer and Haschemeyer, 1973). An 

important variation of the zone electrophoresis is a 

technique termed gel electrophoresis. Gels (starch or 
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polyacrylamide) act not only as supporting media, but they 

also discriminate proteins on the basis of their molecular 

size (Bezkorovainy, 1970). The gels are thus frequently 

called molecular sieves. Electrophoretic separation on gel 

media takes place on the basis of both the net charge and 

the molecular weight (size) of the proteins. Human serum 

can be separated into more than twenty components by this 

technique. Starch gel has been superseded to a great extent 

by polyacrylamide gel for zone electrophoresis of proteins, 

primarily because this support material requires a less com

plicated experimental apparatus and procedure (Haschemeyer 

and Haschemeyer, 1973). Dissociation of proteins into subu-

nits in solvents such as 8M urea with an added sulfhydryl 

reagent is conveniently studied by polyacrylamide gel elec

trophoresis . 

Sodium dodecyl sulfate (SDS) can be used to dissociate 

oligomeric proteins into their individual polypeptide 

chains. The surface charge on the molecules of the SDS-pro-

tein complex is almost entirely due to the exposed sulfate 

ions. Thus, surface charge per unit area tends to be a con

stant regardless of the charge on the polypeptide chains 

(Lehninger, 1975; Haschemeyer and Haschemeyer, 1973). These 

factors form the basis for the empirical determination of 

molecular weight from polyacrylamide gel electrophoresis of 
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SDS-protein complexes. Weber and Osborn (1969) demonstrated 

that in SDS-polyacrylamide gel electrophoresis, a linear re

lationship exist between electrophor-etic mobility of a SDS-

protein complex and the logarithm of the molecular weight of 

the protein. Similar results have been obtained by other 

researchers, and the method is gaining widespread acceptance 

as a procedure for estimating molecular weights (Porzio and 

Pearson, 1977; Lambin, 1978). 

The separation of serum proteins into groups and single 

entities by electrophoresis has been performed in diagnostic 

hospital laboratories for the past 20 years (Larson, 1974). 

In the early 1960's, cellulose acetate became a popular me

dium, because the migration time required for electrophore

sis was short and it resulted in sharp separations and lack 

of albumin trailing (Larson, 1974; Dennis, 1981). Its popu

larity has continued. Cellulose acetate allows quantitative 

determination of protein bands by photoelectric scanning, 

since there is minimal background staining and contamina

tion. 

High resolution of serum proteins into 25 to 30 compo

nents can be achieved with the use of polyacrylamide gel 

(Larson, 1974). The technique of disc electrophoresis in 

polyacrylamide gels (PAGE) as applied to human serum protein 

has been illustrated by the works of Davis (1964) and 



37 

Ornstein (1964). Davis (1964) was able to detect 20 to 30 

protein discs in the electrophoretic gels of human serum. 

The major source of variation in numbers is due to genetic 

variation among different individuals. According to Orn

stein (1964), over 20 serum proteins can be routinely sepa

rated from a sample of whole human serum as small as 1 pi. 

The PAGE method lacks some of the technical advantages 

of cellulose acetate while providing more information about 

serum proteins than is desired, at least in a clinical 

screening procedure (Larson, 1974). Except for study of 

some isoenzymes in serum, this procedure has not been widely 

utilized in clinical laboratories. A major reason for this 

lack of utilization relates directly to the sensitivity of 

the technique. When stained with a general protein dye, se

rum gives a pattern of such complexity that individual bands 

are often difficult to identify with any certainty. Fur

thermore, a group of serum proteins of great interest, immu

noglobulins G, M and A, have been reported to enter the sep

aration gels of the traditional acrylamide system in low and 

erratic yield (Griffiths et al., 1976). Griffiths and co

workers (1976) applied the simple technique of pretreating 

serum protein with sodium dodecyl sulfate (SDS) in an 

attempt to eliminate some of the problems with PAGE. The 

number of distinguishable bands varied between 10 and 14 
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because proteins of lower molecular weights migrated too far 

to be determined by this method. However, the authors sug

gested that the lighter and heavier proteins could be stud

ied with this method by increasing or decreasing the gel 

polymer concentration, and increasing or decreasing the time 

of electrophoresis. It was concluded that polyacrylamide 

gel electrophoresis of SDS-complexed serum proteins proved 

to be a reproducible high resolution technique in the molec

ular weight range 70,000 to 300,000 (Griffiths et al., 

1976). 

Serum Sodium and Potassium 

The adult human body contains about 100 gm of sodium, 

distributed mainly in the extracellular fluid (blood plasma 

and interstitial fluid) and about 250 gm of potassium, pres

ent almost entirely in the cells (Oser, 1965). Widdowson 

and Dickerson (1964) reported in their review a range of 309 

to 3 32 mg% Of sodium in serum of normal adult man. A mean 

value of 325 mg% sodium was derived by the same authors for 

the serum of rat blood. The normal serum potassium concen

tration in man has been reported to range from 14 to 19 mg% 

potassium (Aitken, 1976). A study of potassium 

concentrations in the serum of rats showed a variation with 

species, ranging from 11 to 37 mg% of potassium (Aitken, 

1976). 



39 

Under normal conditions, sodium and potassium entering 

the body are distributed rapidly throughout the extracellu

lar fluids, an equivalent amount being excreted within a 

short time, almost entirely in the urine. The addition of 

sodium to the extracellular fluids is followed by a tempo

rary shift of water to that compartment from the cells, thus 

preserving osmotic equilibrium. The addition of potassium 

is followed promptly by increased renal excretion of potas

sium (diuresis), preventing its accumulation in excess in 

the extracellular fluids (Cantarow and Schepartz, 1967). 

Thus, an equilibrium is normally maintained between the high 

cellular and low extracellular concentrations of potassium, 

and the reverse is true for sodium. The concentrations of 

sodium and potassium in the plasma vary only slightly under 

normal physiological conditions. However, the composition 

of intracellular and extracellular fluids may be altered in 

different functional states such as pathological conditions, 

when the mechanisms of regulation are hindered. They may 

also be altered under certain abnormal circumstances such as 

abnormal intake due to excess or scarcity (Shohl, 1939). 

Occurrence and significance of these electrolyte shifts have 

been recognized in a variety of common clinical disorders 

(Cantarow and Schepartz, 1967). Electrolyte disturbances 

have been observed in studies on the genesis of 
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hypertension. Kirkendall and co-workers (1976) and Meyer 

and co-workers (1950) observed that an increase in dietary 

salt resulted in an increase in serum sodium and a decrease 

in total body potassium. Of current interest is the postu

lated association of sodium retention and hypertension in 

man. 



Chapter III 

EFFECTS OF DIETARY SODIUM CHLORIDE ON THE 
AVAILABILITY AND UTILIZATION OF PROTEINS IN 

LABORATORY ANIMALS 

Summary 

This experiment was designed to study the effects of 

sodium chloride concentrations and diets on the utilization 

of dietary protein. Male weanling rats of the Sprague-Daw

ley strain were maintained on casein, corn-soybean meal 

(corn-soy), and corn-soybean meaH-lysine diets containing 

0.05%, 0.5%, and 2.0% sodium chloride. Net Protein Utiliza

tion (NPU) values were significantly reduced with the 2.0% 

sodium chloride diet (NPU=62), whereas the other diets were 

higher in NPU values (0.05% sodium chloride NPU=73, 0.5% so

dium chloride NPU=71). Feed intake was significantly lower 

with the 0.05% sodium chloride diet (125 gm/week) than with 

the 0.5% (142 gm/week) or 2.0% (143 gm/week) sodium chloride 

diets. Thus, the decrease in NPU value with the 2.0% sodium 

chloride diet was not due to feed intake. There was no dif

ference in digestibility values between the different sodium 

chloride diets but there was a difference in retention 

values. The retention value of the 2.0% sodium chloride 

diet was lower (64) than the 0.05% (75) or 0.5% (72) sodium 

chloride diets. Therefore, decrease in NPU value in the 

41 
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2.0% sodium chloride diet may be due to a decrease in 

retention value resulting in less utilization of dietary 

protein. Water consumption was significantly increased with 

the 2.0% sodium chloride diet in both NPU and PER assays. 

PER and protein quality values were significantly higher 

with the casein diet (2.51 and 107) than with the corn-soy 

(2.27 and 97) or corn-soy+lysine (2.23 and 95) diets. The 

2.0% sodium chloride diet resulted in a significantly higher 

serum sodium concentration (349 mg %) than the 0.05% (3 22 mg 

%) or 0.5% (331 mg %) sodium chloride diets. The casein 

diets had significantly lower serum sodium and potassium 

concentrations. There were no significant differences in 

the serum protein electrophoretic patterns obtained by 

SDS-PAGE. However, in the casein diet, the serum protein 

electrophoretic patterns of the 2.0% sodium chloride diet 

were significantly different from either the 0.05% or 0.5% 

sodium chloride diets. 

Introduction 

Although the dietary role of sodium has been well es

tablished, nutritional goals have not been set for the sodi

um ion. Nutritional roles assigned to sodium and potassium 

include control of intra- and extracellular osmolarity, 

acid-base balance, control of extracellular fluid volume and 
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maintainance of blood pressure. Additionally, both ions are 

involved in nerve impulse conduction, in the function of 

certain enzyme systems, and in heart action (Guyton, 1971). 

There is concern about the possible role of dietary so

dium in the development of hypertension. It has also been 

estimated that Americans have little control over their dai

ly intake of salt (Kolari, 1980). The ubiquity of sodium in 

foods explains why little attention has been given to the 

nutritional aspects of this element. At present, no thor

ough and comprehensive study has been designed to study the 

effects of dietary sodium chloride intake and the interac

tions of sodium chloride with other nutrients, particularly 

protein. Most studies on dietary sodium chloride have con

centrated on the relation of dietary sodium chloride intake 

and hypertension. Lack of information concerning the ef

fects of dietary sodium chloride has been of great concern 

to food scientist, nutritionist, food manufacturers, govern

mental regulatory agencies and the medical community. 

The primary sodium pump is the active transport method 

involved in the metabolism of nutrients at the cellular lev

el (Guyton, 1971; Lehninger, 1975). Therefore, it is hy

pothesized that changes in the dietary sodium chloride 

concentration could affect the absorption of nutrients, 

particularly dietary protein. 
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This study was designed for the purpose of 

investigating the effects of high dietary sodium chloride on 

the absorption and utilization of protein. The specific ob

jectives of this study are to determine the effects of di

etary sodium chloride concentrations and diet on: (1) the 

utilization of dietary protein; (2) the quality of the di

etary protein; (3) the concentration of serum proteins and 

(4) the concentration of serum sodium and potassium. 

Experimental 

A biological assay system was used to determine effects 

of sodium chloride concentration and type of diet on utili

zation and availability of dietary proteins. Biological as

says included PER and NPU assays using weanling male rats. 

Experimental main effects were: (1) sodium chloride concen

trations with 0.05% (inadequate), 0.5% (adequate) and 2.0% 

(excessive) sodium chloride and (2) type of diet which was 

either corn-soybean meal (inadequate lysine) or corn-soybean 

meal+lysine (adequate lysine) diets. The corn-soybean meal 

diet was prepared from dent yellow, corn grain with an in

ternational feed number of 4-02-604 and 44% solvent extract

ed soybean meal with an international feed number of 

5-04-604. In the PER assay, a standard reference casein 

diet was also included in addition to the other diets 
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(corn-soy and corn-soy+lysine). At the end of the assay 

period, rats were anesthetized with ether and blood was re

moved by heart puncture for serum analysis. Blood was al

lowed to clot, then centrifuged at 2000 rpm for twenty min

utes. Serum was recovered and kept frozen for later 

determination of serum proteins and serum sodium and potas

sium concentrations. 

Preparation of Diets 

A 2x3 factorial experimental design was used to test 

the main effects of dietary sodium chloride and diet, and 

their interaction on NPU values (Table 2). A total of six 

different diets were used for NPU assays. Diets were formu

lated to provide different protein sources, corn-soy (inade

quate in lysine) and corn-soy+lysine (adequate in lysine) 

diets. The sodium chloride concentrations were varied in 

both these diets to provide either 0.05%, 0.5%, or 2.0% so

dium chloride. A total of nine different diets were used 

for the PER assay. The diets were similar to those of the 

NPU assay with the addition of another protein source, a 

standard reference casein diet (Sheffield Chemical Co., Nor

wich, N. Y.). The casein diet was prepared with varying 

sodium chloride concentrations (0.05%, 0.5%, or 2.0% sodium 

chloride). 
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TABLE 2 

EXPERIMENTAL DESIGN 

Diets 

Sodium chloride (%) Corn-soy 
Corn-soy 
+ lysine 

0.05 
0.50 
2.00 

N=10 
N=10 
N=10 

N=10 
N=10 
N=10 

N = Number of animals 
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Diets were prepared based on the American Institute of 

Nutrition (AIN)-76 purified diet for rats obtained from AIN 

Committee on Standards for Nutritional Studies (1977). All 

diets were formulated to contain 10% crude protein in accor

dance with standard biological assays. The percentage of 

each dietary component is shown in Table 3. Based on calcu

lated analysis, all diets contained equal amounts of methio

nine (0.48%). Both casein and corn-soy+lysine diets were 

formulated to contain equal amounts of lysine (0.86%) where

as the corn-soy diet was formulated as deficient in lysine 

(0.48%). This ensured that lysine was the first limiting 

amino acid in the corn-soy diet. 

Two different mineral premixes were prepared. The pre-

mixes were formulated to provide either 0.05% or 0.5% sodium 

chloride when the premixes were used at 3.5% of the diet 

mixture. Composition of the mineral premixes was based on 

the National Academy of Sciences (NAS) recommended levels 

for rats (Board on Agriculture and Renewable Resources Com

mittee on Animal Nutrition, 1972). Formulations for the 

premixes are shown in Table 4. Modifications of the recom

mended levels were made only in the amounts of sodium chlo

ride and sucrose in the premixes. In the preparation of the 

2.0% sodium chloride diet, the 0.5% sodium chloride premix 

was used with 1.5% sodium chloride added to the final diet 

mixture. 
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COMPOSITION OF DIETS 
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Ingredients (%) 

Diets 

Corn-soy 
Casein Corn-soy + lysine 

Casein 
Corn 
Soybean meal 
Cornstarch 
Sucrose 
Solka-floc 
Corn oil 
Mineral mix 
AIN vitamin mix 
Choline Bitartrate 
DL-Methionine 
L-Lysine HCl 

11.1 
— 

— 

4 5 . 9 
2 8 . 0 

5 . 0 
5 . 0 
3 . 5 
1 .0 
0 . 2 
0 . 1 5 

— 

4 2 . 5 9 
1 1 . 8 2 

2 . 8 0 
2 8 . 0 

5 . 0 
5 . 0 
3 . 5 
1 .0 
0 . 2 
0 . 2 9 

— 

4 2 . 5 9 
1 1 . 8 2 

2 . 3 1 
2 8 . 0 

5 . 0 
5 . 0 
3 . 5 
1 . 0 
0 . 2 
0 . 2 9 
0 . 4 9 
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TABLE 4 

COMPOSITION OF MINERAL PREMIXES 

Mineral Premix (% NaCl) 

Ingredients, gm/500 gm premix 0.05 0.5 

Calcium phosphate, dibasic. 250 250 
Sodium chloride 7.15 71.43 
Potassium citrate, monohydrate 110-0 110.0 
Potassium sulfate 26.0 26.0 
Magnesium oxide 12.0 12.0 
Manganous carbonate 
(43-48% manganese) 1.75 1.75 
Ferric citrate (16-17% iron) 3.0 3.0 
Zinc carbonate 
(70% zinc oxide) 0.8 0.8 
Cupric carbonate 
(53-55% copper) 
Potassium iodate 
Sodium selenite 
Chromic potassium sulfate 
Sucrose 

0 . 1 5 
0 . 0 0 5 
0 .0033 
0 . 2 7 5 

8 8 . 8 7 

0 . 1 5 
0 . 0 0 5 
0 . 0 0 3 3 
0 . 2 7 5 

8 8 . 8 7 
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Protein, fat, moisture, and ash content of the diets 

were determined by AOAC methods (1980). 

Biological Assays 

Experimental Animals 

Male weanling (21-28 days old) albino rats of the Spra

gue-Dawley strain were obtained from a commercial supplier 

(King Animal Laboratories, Oregon, WI). The range of indi

vidual rat weights among the experimental animals did not 

exceed 10 gm. The animals were randomly assigned into 

groups such that the individual average weights of each 

group were as similar as possible. 

NPU Assay 

Nitrogen intake and excretion of experimental animals 

was collected for a one-week period (Mitchell, 1924). The 

amount of nitrogen intake was determined by the amount of 

feed intake of each animal. Urine and fecal samples were 

collected to determine the amount of excreted nitrogen. The 

apparent NPU was then determined using these variables. 

Two trials were performed, each lasting for a period of 

one week. Thirty male weanling rats were randomly assigned 

into 6 groups of 5 animals. The animals were housed in 

individual screen-bottomed cages in a constant temperature 
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room (20 C). The rats were placed on a dietary adjustment 

period for three days. Throughout the assay period, each 

rat was provided with an equal assay diet (lowest ad libitum 

level determined as approximately 30 gm per day) and dis

tilled water ad libitum. Urine and feces were collected 

daily during the one-week period. At the start of the col

lection period, ferric oxide was added at 0.1% of the diet 

for one feeding and urine collection was started. After 24 

hrs, all red feces were collected and non-red feces discard

ed. At the end of the seven-day collection period, the ani

mals were again fed diets containing ferric oxide. Twenty-

four hrs later, all red feces' were discarded and all non-red 

feces were added to the previous seven day's collection. 

Fecal samples were stored with crystals of thymol at 4 C un

til analyzed (Mitchell, 1924). Urine was stablized with 

O.IN HCl during collection and stored at 4 C (Mitchell, 

1924). 

The rate of feed and water consumption was studied dur

ing the experimental regimen. Scatter-proof feed cups and 

inverted wide mouth bottles with stainless steel water feed

er tubes were used. All wasted and refused feed was weighed 

and recorded. Samples of the feed residues were dried for 

moisture determinations. The feed residues for each week 

were weighed and then expressed on a dry-weight basis. This 
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weight was subtracted from the total feed intake (dry-weight 

basis) to obtain the feed consumed per week. Water intake 

was measured at 24 hr intervals during the experiment. 

Urine and fecal samples were analyzed for total nitrogen by 

Macro-Kjeldahl (AOAC, 1980). Apparent NPU was calculated by 

the following formula; 

I - F - U 
Apparent NPU = 

I 
where I,F, and U were intake, fecal, and urinary nitrogen, 

respectively. 

PER Assay 

A 3x3 factorial experimental design was used to test 

the main effects of dietary sodium chloride and diet, and 

their interaction on PER and protein quality values (Table 

5). In this study, the standardized procedure for biologi

cal evaluation of protein quality was employed (AOAC, 1980) . 

Forty-five male weanling rats were randomly assigned into 9 

groups of 5 animals. A weekly record of feed consumption 

and body weight was maintained. After 4 weeks, the average 

PER value for/ each experimental diet was calculated. The 

assay was repeated for another 4-week period with a 

different group of rats. 

Water intake was determined at 24 hr intervals. Feed 

intake was determined as previously described. Body weight 
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TABLE 5 

EXPERIMENTAL DESIGN 

Diets 

Sodium chloride (%) Casein Corn-soy 
Corn-soy 
+ lysine 

0-05 
0.50 
2.00 

N=10 
N=10 
N=10 

N=10 
N=10 
N=10 

N=:10 
N=10 
N=10 

N = Number of animals 
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was recorded on the first day of the assay and at weekly 

intervals throughout the four-week test period. Serum 

samples were collected at the end of the PER assay as pre

viously described. 

The average 28 day weight gain and protein intake per 

rat in each of the treatments was calculated. PER values 

were calculated as the ratio of weight gain/protein intake. 

The protein quality of each diet was calculated as the ratio 

X 100 of sample PER to ANRC reference casein PER (AOAC, 

1980). 

SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE) 

SDS-PAGE was used to study observable differences in 

the serum proteins of experimental animals. The method of 

Porzio and Pearson (1977) was used with minor modification. 

Twenty microliters of serum sample was diluted with 80 pi of 

deionized water, then 100 /ul of 2.5% SDS solution was added 

to the sample solution. The mixture was heated for 5 min at 

100 C, cooled, then 100 pi of 50% glycerol solution was add

ed. A volume of 10 /al (46 jjq protein content) of each sam

ple was loaded onto 10% acrylamide gel columns. Electro

phoresis was carried out at 1.0 mA per tube. Gels were 

stained for 1 hr with Amido Schwartz dye (0.2%) in a 

solution of methanol, water and acetic acid (5:5:1). The 
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gels were destained in 10% (v/v) acetic acid / 5% (v/v) 

methanol. Band positions were measured and relative mobili

ty calculated. Mobilities 

were calculated by the equation: 

distance migrated by the protein band 
Mobility = 

distance migrated by the tracking dye 

Molecular weights were estimated by plotting the mobilities 

against the log molecular weights of the following standard 

proteins (BioRad Laboratories, Richmond, CA.): lysozyme 

(14,400), soybean trypsin inhibitor (21,500), carbonic an-

yhydrase (31,000), ovalbumin (45,000), bovine serum albumin 

(66,200), and phosphorylase B (92,500). 

A subjective test was designed to study observable 

changes in serum protein electrophoretic patterns. The test 

was carried out by a panel of 2 members. The SDS-PAGE gels 

were observed randomly and the number of protein bands visi

ble as well as the stain intensity were noted. The subjec

tive scores were assigned in the following manner: 5 (very 

dark), 4 (dark), 3 (fairly dark), 2 (fairly light), 1 

(light), and 0 (very light to none). 
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Mineral Analysis 

Serum samples were diluted appropriately with deionized 

water for determination of serum sodium and potassium con

centrations, sodium (1:10,000) and potassium (1:500) (Wil

lis, 1960; Anonymous, 1973). Minerals were quantitatively 

determined with a Perkin-Elmer Model 2380 atomic absorption 

spectrophotometer (Perkin-Elmer Corporation, Norwalk, CT.). 

Statistical Analysis 

Analysis of variance determinations for the experimen

tal designs (Tables 2 and 5) were performed to determine 

the main effects of dietary sodium chloride and types of di

etary protein, and their interactions. Duncan's New Multi

ple Range test was used to show differences between signifi

cantly different means. The General Linear Model (GLM) 

Procedure of the Statistical Analysis System was used to 

conduct the analysis (Helwig and Council, 1979). Measures 

of variation for experimental variables were expressed as 

pooled standard error (SE) and calculated as the square root 

of the ratio of the error mean square to the number of rep

licates per treatment. 
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Results and Discussion 

NPU Assay 

As shown in Figure 1, the NPU values were reduced 

(P<.05) on the 2.0% sodium chloride diet (62%) when compared 

to the other diets (0.05%, 73% and 0.5%, 71%). The type of 

diet did not affect (P>.05) NPU values since there were no 

differences in NPU between the corn-soy and corn-soy+lysine 

diets. There was no (P>.05) 'interaction between the 2 main 

effects. NPU is a measure of the proportion of food nitro

gen that is retained and is thus an important indicator of 

the protein quality of the food. The NPU values obtained 

with the 0.5% and 0.05% sodium chloride diets were generally 

comparable to NPU values for soybean meal obtained by Henry 

(1965) who showed that NPU values for soybean meal was 85 

when casein = 100- Lactalbumin, when given at 10% protein 

in the diet, had an NPU value of 97 (Bender, 1956; Pellett, 

1973). Therefore, the NPU values obtained with the 2.0% so

dium chloride diet were much lower than NPU values expected 

for soybean meal. 

Feed intake was affected by dietary sodium chloride 

(Figure 2). Intake on the 0.05% sodium chloride diet (125 

gm/week) was reduced (P<.05) when compared to the 0.5% and 

2.0% sodium chloride diets (142 and 143 gm/week, 

respectively). The low sodium chloride diet showed a 
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Figure 1. Effect of dietary sodium chloride conc
entration on NPU value. Bars accompa
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each treatment. 
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depressing effect on the appetite but the high sodium chlo

ride diet did not depress the appetite to a marked degree. 

These feed intake results agree with the findings of Meneely 

and co-workers (1952). Since feed intake was not reduced 

with the 2.0% sodium chloride diet, the decrease in the NPU 

value could not have been due to a difference in feed in

take. Increased dietary sodium chloride thus affects effi

cient utilization of dietary protein. Type of diet did not 

affect (P>.05) feed intake and there was no significant in

teraction between the 2 main effects. 

The effects of dietary sodium chloride on intake, uri

nary, and fecal nitrogen are shown in Table 6. These means 

were studied in an attempt to account for the reduced NPU 

value obtained with the 2.0% sodium chloride diet. The in

take nitrogen was lower (P<.001) with the 2.0% and 0.05% so

dium chloride diet than the 0.5% sodium chloride diet. Uri

nary nitrogen was increased in the 0.5% and 2.0% sodium 

chloride diets, but there was no difference (P>.05) in fecal 

nitrogen between the sodium chloride diets. 

Digestibility is defined as the proportion of the con

sumed food nitrogen that is absorbed. Digestibility 

values were not different (P>.05) between the sodium 

chloride diets (Table 7). Therefore, the digestibility of 

protein in the 2.0% sodium chloride diet was not different 
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TABLE 6 

MEAN OF INTAKE, URINARY AND FECAL NITROGEN AS AFFECTED BY 
DIETARY SODIUM CHLORIDE 

Dietary sodium chloride (%) 

Nitrogen source Pooled 
(mg) 0.05 0.5 2.0 SE 

b a b 
Intake nitrogen 1734.5 2159.9 1919.1 96.4 

c d d 
Urinary nitrogen 426.8 600.9 669.3 73.4 

e e e 
Fecal nitrogen 47.1 53.3 45.2 5.3 

a ,b 
Means in a row with unlike superscripts differ (P<.001) 

c, d 
Means in a row with unlike superscripts differ (P<.01). 

e 
Means in a row with unlike superscripts differ. 
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TABLE 7 

DIGESTIBILITY AND RETENTION OF NITROGEN IN DIETS CONTAINING 
DIFFERENT CONCENTRATIONS OF SODIUM CHLORIDE 

Dietary sodium chloride 
(%) 

Nitrogen variable .05 .5 

Digestibility (%) 97.3 97.5 97.6 

Retention (%) 74.7 71.5 64.3 

I - F 
Digestibility = x 100 

I - F - U 
Retention = x 100 

I - F (I, F, and U are intake, fecal, and urinary nitrogen) 



63 

from the other sodium chloride diets and thus does not con

tribute to poor protein utilization. Retention values were 

expressed in percent as a proportion of digested retained 

nitrogen. The retention value was lower in the 2.0% sodium 

chloride diet but was not different in the 0.05% or 0.5% so

dium chloride diets (Table 7). Differences in retention 

values can be attributed to differences in the rate of meta

bolic turnover of proteins in the body or to poor utiliza

tion of digested nitrogen. Decrease in nitrogen retention 

could be due to greater amounts of nitrogen being excreted 

as urea in the urine. Urea is passively transported across 

membranes and a greater amount could therefore be excreted 

along with the greater amount of urine output. Increase in 

urinary output is one of the physiological responses to ex

cessive sodium chloride intake. An increase in urine volume 

is essential in order to excrete the excess sodium resulting 

from the high sodium chloride intake. Therefore, it is sug

gested that the decreased NPU value observed in this study 

with the 2.0% sodium chloride diet may be due to a change in 

the rate of metabolic turnover of proteins or to an increase 

in urea excretion resulting in lower retention of the ab

sorbed nitrogen. 

The rats on 2.0% sodium chloride diets had a higher 

(p<.01) water consumption (277 ml/week) than those on the 



64 

0.5% or 0.05% sodium chloride diets (142 and 122 ml/week, 

respectively). These finding agree favorably with that of 

Meneely and co-workers (1952) and Drori (1976). High sodium 

chloride intake induces thirst resulting in increased water 

consumption to maintain a food intake compatible with sur

vival and health. The type of diet did not affect (P>.01) 

the water consumption. There was an interaction (P<.05) of 

sodium chloride and diet on water consumption (Figure 3). 

With the 0.05% and 0.5% sodium chloride diets, the water 

consumption was not different between the corn-soy and 

corn-soy+lysine diets, whereas on the 2.0% sodium chloride 

diet, the water consumption was greater for the corn-

soy+lysine than the corn-soy diet. 

PER Assay 

Protein quality was expressed as the ratio X 100 of 

sample PER to ANRC reference casein PER (AOAC, 1980). Vary

ing sodium chloride concentrations of diets appears to af

fect the rate of growth in rats. Meyer and co-workers 

(1950) found a decrease in growth of rats on high and defi

cient sodium chloride diets. The daily gain (gm) for 

rats on 5.0% sodium (12.5% sodium chloride) diet was 1.68 

compared to 3.23 for those on 0.25% sodium (0.63% sodium 

chloride), and 0.78 for those on 0.005% sodium (0.01% sodium 
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chloride) diets. Meneely and co-workers (1952) also found 

that rats fed diets high (2.8 to 9.8%) and low (0.01%) in 

sodium chloride grew more slowly than did rats on a control 

ration (0.15% sodium chloride). Rosenthal (1982) also ob

served an inverse relationship between salt intake and body 

weight. Only after the twentieth week was there a reduction 

in weight that correlated with the salt intake which per

sisted throughout the experiment. Since the PER assay in 

this study was carried out for only four weeks, the study 

could have been terminated before growth differences due to 

salt intake were observed. The average weight gain was 121 

gm (0.05% sodium chloride diet), 122 gm (0.5% sodium chlo

ride diet) and 117 gm (2.0% sodium chloride diet). No sig

nificant effects of dietary sodium chloride concentrations 

were observed on either PER values or protein quality of the 

diets. The PER values obtained were 2.39 (0.05% sodium 

chloride diet), 2.32 (0.5% sodium chloride diet) and 2.31 

(2.0% sodium chloride diet). The average PER value of seven 

protein samples obtained from ten collaborators (Derse, 

1962) are listed as follows: casein (2.85), soy (2.46), egg 

(3.51), flour (0.56), casein+flour (3.00), soy+flour (2.44), 

and egg+flour (2.33). Thus, the PER values obtained with 

the sodium chloride diets were generally low compared with 

PER values of high quality proteins like egg. 
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Types of diet had effects on both PER (P<.05) and 

protein quality (P<.01) values with the PER and protein 

quality values being higher for the casein diets than the 

corn-soy or corn-soy+lysine diets (Figures 4 and 5). The 

PER values obtained for casein, corn-soy, and corn-

soy+lysine diets were 2.51, 2.27, and 2.23, respectively. 

The higher PER value for the casein diet is as expected 

since it has been approved by the Animal Nutritional Re

search Council for use as a standard reference diet. 

McLaughlan (1974) showed a marked effect on protein quality 

due solely to deficiency of lysine using a wheat gluten diet 

which contains added threonine, histidine, methionine and 

tryptophan, and has adequate amounts of all essential amino 

acids except lysine. The diet, when supplemented with ly

sine, supported good growth. 

In this study there were no improvements (P>.05) in PER 

or protein quality values when the corn-soy diet was supple

mented with lysine. This observation could be due inade

quate supplementation of lysine even though the calculated 

analysis indicates 0.86% lysine in the corn-soy+lysine diet 

as compared to a requirement of 0.9% lysine. Another essen

tial amino acid besides lysine (such as tryptophan) may also 

be limiting in corn-soy diets. There was no significant 

interaction between the two main effects. 
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As observed with the NPU assay, rats on the 2.0% sodium 

chloride diet showed a higher (P<.01) water consumption than 

those on the 0.05% or 0.5% sodium chloride diets (Table 8). 

There were no differences (P>.05) in water consumption due 

to the type of diet, and there was no significant interac

tion between the 2 main effects. 

Unlike the NPU assay, there was no effect of dietary 

sodium chloride on feed intake with an overall mean value of 

122 gm/week (SE=13.4). Drori (1976) showed that rats with 

sodium choride added to their feed had a significantly re

duced feed intake (P<.05). Their high salt diet was formu

lated to contain 3.0% sodium chloride as compared to 2.0% 

sodium chloride used in this study. Rosenthal (1982), in a 

study on the effect of sodium chloride on longevity in mice, 

found no differences in food consumption between the 0.5% 

(control), 1.5%, 2.5%, and 4.5% sodium chloride diets. 

Therefore, in long-term studies, rats have shown a high tol

erance and adaptation to the high salt diets. 

SDS-PAGE 

Serum scimples obtained from the PER assay were 

evaluated by SDS-PAGE. Figure 6 shows SDS gels of serum 

samples obtained from nine different diets. Twenty-one 

distinct bands of varying intensities were observed. There 
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TABLE 8 

MEAt̂  OF WATER CONSUMPTION AS AFFECTED BY DIETARY SODIUM 
CHLORIDE 

Dietary sodiiam chloride (%) Total water consumption 

a 
0.05 471 

a 
0.5 512 

b 
2.0 794 

Pooled SE 47.9 

a,b 
Means in a column with unlike superscripts differ (P<.01) 
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were no observable differences in the number of protein 

bands in serum electrophoretic patterns due to either sodium 

chloride concentration or diet. However, one protein band 

(the 14th band from the top of the gel) was seen to vary in 

intensity with the different diets. The gels of the differ

ent serum samples were then given a score based on the in

tensity of this band. There were no significant differences 

in scores due to either sodium chloride concentrations or 

diet. However, when casein diets were analyzed separately, 

there was a difference (P<.05) due to the main effect of so

dium chloride. The scores of the 2.0% sodium chloride diet 

was significantly higher (3.4) than that of either the 0.05% 

(2.0) or 0.5% (1.6) sodium chloride diets (Table 9). There

fore, in casein diets, 2.0% sodium chloride resulted in an 

increased concentration of this protein as indicated by the 

higher protein score. Figure 7 shows the difference in the 

protein intensity due to the sodium chloride concentration 

of the casein diets. From SDS-PAGE of the six standard 

marker proteins, the following regression equation was cal

culated: log molecular weight = 5.40 - 1.7284 (mobility). 

From this equation, molecular weight of the protein band was 

calculated as 108K, This value was compared to molecular 

weights of major plasma proteins (Cantarow and 

Schepartz, 1967; Bezkorovainy, 1970) but the protein could 
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TABLE 9 

MEAN OF PROTEIN SCORE AS AFFECTED BY DIETARY SODIUM CHLORIDE 

Dietary sodium chloride (%) Protein score 

a 
0.05 2.0 

a 
0.5 1.6 

b 
2.0 3.4 

Pooled SE 0.5 

a,b 
Means in a column with unlike superscripts differ (P<.05) 
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Figure 7. SDS-PAGE gel patterns of serum samples 
from representative rats on casein diets 
with varying sodium chloride concentra
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not be identified. The significance of the above observa

tion with the casein diet cannot be determined from this 

study. 

Mineral Analysis 

There was a difference (P<.001) in serum sodium concen

tration due to the main effect of sodium chloride concentra

tions. The serum sodium concentration was significantly 

higher in experimental animals consuming the 2.0% sodium 

chloride diet (349 mg % sodium), whereas the sodium concen

tration of the 0.05% and 0.5% sodium chloride diets were 

lower and not significantly different, 322 and 331 mg % so

dium, respectively (Figure 8). Widdowson and Dickerson 

(1964) obtained a mean value of 325 mg % sodium for the se

rum of rat blood in a study of 36 rats. Similar mean values 

have been reported for groups of rats used in other experi

mental studies (Aitken, 1976). Thus, the serum sodium con

centrations of the 0.05% and 0.5% sodium chloride diets were 

within the normal value of the rat serum. However, the high 

sodium chloride diet resulted in a marked increase in serum 

sodium concentration. Increased sodium intake in man and in 

animals have been shown to affect electrolyte and fluid 

balance to a considerable extent (Battarbee and Meneely, 

1978). The observation that serum sodium increases with 
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increase in dietary salt has been confirmed by numerous 

studies (Meyer et al., 1950; Kirkendall et al., 1976; Haddy, 

1968). The serum potassium concentrations were not signifi

cantly different between the different sodium chloride diets 

with an overall mean value of 35.8 mg%. The normal mean 

values for serum potassium concentration of rats have been 

shown to vary with different species ranging from 11 to 37 

mg % potassium (Aitken, 1976). Therefore the serum potassi

um concentrations obtained in this study were generally com

parable to the reported mean values. 

The type of diet had an effect (P<.001) on both the se

rum sodium and potassium concentrations. The casein diet 

resulted in a significantly lower serum sodium (315 mg %) 

and potassium (31.7 mg %) concentrations than either the 

corn-soy or corn-soy+lysine diets (Figures 9 and 10, respec

tively) . The serum sodium concentrations of the corn-soy 

and corn-soy+lysine diets were 345 and 342 mg % sodium, re

spectively. The serum potassium concentrations of the 

corn-soy and corn-soy+lysine diets were 37.7 and 38.3 mg %, 

respectively, and were not significantly different. Al

though the serum sodium and potassium concentrations were 

lower in the casein diets, these values were well within the 

normal range for serum concentrations observed in the 

literature. The reason for this observation is not known 
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cates the number of animals in each 
treatment. 
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at present and further study is required to better under

stand this relationship. There was no interaction (P>.001) 

observed between the 2 main effects on the serum sodium and 

potassium concentrations. 

Conclusions 

NPU is a measure of the proportion of the food nitrogen that 

is retained and is therefore, an important indicator of pro

tein quality. The 2.0% sodium chloride diet resulted in a 

significantly decreased NPU value. The feed intake, al

though significantly lower in the 0.05% sodium chloride 

diet, was not different between the 0.5% and 2.0% sodium 

chloride diets. Therefore, the decrease in NPU value in the 

2.0% sodium chloride diet cannot be attributed to differenc

es in feed intake. Digestibility values (the proportion of 

the intake nitrogen that is absorbed) were not different be

tween the sodium chloride diets. It is therefore concluded 

that digestibility was not different in the different sodium 

chloride diets. However, the retention values (expressed as 

the proportion of the digested nitrogen that is retained) 

was lower only in the 2.0% sodium chloride diet. Differenc

es in retention values could be due to changes in the 

metabolic turnover rate of the proteins in the body or to 

changes in the amount of urea excreted. Thus, it is 
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suggested that the decrease in NPU value in the high sodium 

chloride diet may be due to differences in the rate of meta

bolic turnover of proteins or excretion of nitrogen in the 

form of urea, rather than digestibility. PER value defined 

as weight gain per gm of protein consumed is also a useful 

indicator of the protein quality of foods. PER and protein 

quality values obtained in this experiment were significant

ly higher in the casein diet. This is to be expected since 

casein has been used as the reference standard diet in most 

biological assays. The lysine supplementation (corn-

soy+lysine diet) did not improve the PER or protein quality 

values probably due to either inadequate supplementation of 

lysine or due to the presence of another limiting amino acid 

besides lysine such as tryptophan. Dietary sodium chloride 

concentration did not significantly affect PER or protein 

quality values in this study. Rosenthal (1982) observed 

that growth was affected by increase in dietary salt, but 

only after twenty weeks on test diets. Therefore, the ab

sence of any significant effect of high sodium chloride con

centration on PER values in this study could be explained by 

this reported relationship. Water consumption was signifi

cantly increased in the 2.0% sodium chloride diet in both 

the NPU and PER assays. These results confirmed numerous 

other studies showing similar effects of a high sodium 
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chloride diet on v/ater consumption. Serum sodium 

concentration was significantly increased in the 2.0% sodium 

chloride diet. This finding agrees with other studies which 

also show increased serum sodium concentration as a result 

of an increase in salt intake. Therefore, a high salt diet 

produces an increase in serum sodium concentrations which 

could in turn result in a disturbance of the electrolytic 

balance of extracellular fluids. There were no major dif

ferences in serum electrophoretic patterns due to either so

dium chloride concentrations or types of diet. Therefore, 

high dietary sodium chloride resulted in an increase in wa

ter consumption and serum sodium concentrations, and a de

crease in utilization of dietary protein. Further study is 

recommended to determine the mechanism which affects utili

zation of dietary protein in high sodium diets and the pos

sible effects of such diets on other essential nutrients. 
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