THE EFFECT OF DIETARY SALT IN GENETICALLY-DEFINED UNLOADING
MODEL

Kathleen Moore
Department of Physiology
University of Hawai’i at Manoa
Honolulu, HI 96822

ABSTRACT

One of the most serious health hazards to long term space flight is the loss of bone tissue. Today’s
astronaut may be a veteran of numerous bouts of weightlessness from previous space flights, male
or female, and now aging. Shannon Lucid spent more time in space than any other American and
any other female. Recovery of lost bone following space flight is crucial to the future of human
space flight and most importantly to women who are at higher bone risk. One of the major
contributing factors to osteoporosis is theorized to be high dietary salt intake from processed
foods. In America, with a large population consuming a typically high salt diet, this may be of
particular significance. It may be that initial bone damage from excessive consumption of salt
occurs initially in adolescence and to those who are salt sensitive. This has never been tested but is
clearly critical information to formulating any effective osteoporosis treatment and prevention plan
here in the U.S. Our study focused on the combination of three characteristics in a rat model: 1)
young female 2) chronic (42 day) hindlimb underloading / overloading 3) salt sensitivity. The
study worked with rats of two genetic groups mirroring salt sensitivity in the American
population. The rat bones were examined to quantify bone metabolism in relation to these
charactertics. This gave a statistically valid result for the bone damage due to excess salt
consumption which is postulated to lead to osteoporosis later in life. Does a modest salt intake
adversely affect bone in space or upon return to earth? This study of the effects of two modest
levels of salt supplementation to diet on the overloaded and underloaded bones of genetically-
defined female growing rats can begin to answer this question.

INTRODUCTION

The purpose of this study was to determine changes in cortical and trabecular bone in response to a
modest dietary salt supplementation and limb underloading / overloading (42 days) in 2 differing
genetically-defined female rat models. The time course results point to possible links between salt
sensitivity and bone mineral metabolism, irregular pattems of development, and premature bone
fragility in an unloaded model. In a 1995 study, Navidi et al. investigated the effect of excess
dietary salt in a rat spaceflight model. No further reduction in calcium content was found apart
from that induced by unloading the hind limbs. However, work by others on young growing male
genetically-defined spontaneously hypertensive rats (SHR) pointed to early adverse bone
morphological changes induced by salt that would be missed by standard measurements of bone
calcium content. It appears that salt damage to bone may be a structural phenomena, not strictly
calcium content modulated. These early adverse structural changes can preceed calcium content
change leading to fracture. Bone mineral-salt association and salt sensitive hypertension in adult
and elderly human populations are difficult to access accurately because genetics, blood pressure
therapies and other environmental factors influence reductions in bone mineral and elevations in
blood pressure. Our study examined changes in bone in response to a modest 1% and 2% dietary
salt supplementation and limb underloading / overloading (42 days) in 2 different, genetically-
defined, female rat strains. The effect of modest sodium intake on bone, previously demonstrated
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in hypertensive male rats, was studied for the first time in female rats. While some research has
been done on normotensive female rats in response to high salt loading (far beyond levels of
human consumption), no investigation on female salt sensitive hypertensive rat osteo metabolism
and / or its early response to modest salt loading have been done. These results may point to
possible links between salt sensitivity and bone metabolism including an accelerated bone
turnover rate, irregular patterns of development, and premature bone fragility in an unloaded rat
model. In our study the underloaded leg can simulate space flight problems from a hindlimb
weightlessness. The other overloaded hindlimb may also help us understand potential problems in
astronaut recovery when returning again to earth’s gravity from space. Does salt intake adversely
affect bone in space or upon return to earth? The effects of this study using two modest levels of
salt supplementation to diet on the overloaded and underloaded bones of genetically defined
growing rats, will be valuable in identifying threshold parameters of observable adverse effects.

METHODS

Forty four rats (22 Sprague Dawley wistars and 22 salt sensitive hypertensive rats, SSJrs)
at 7 weeks of age, were housed in individual wire-bottomed cages by Laboratory Animal Services
at constant room temperature with a standard light-dark cycle. Treated rats drank 1% saline or 2%
saline for a 42 day salt supplementation period. Controls drank water. Animals were fed a diet of
AIN93M. All animals were subjected to a hindlimb immobilization bandage procedure for a 42
day period. Systolic blood pressure was measured in restrained unanesthetized rats by the tail-
cuff method using an available electrosphygmomanometer with a physiological recorder in 6th
week of study (Pfeffer et al., 1971). Euthanasia was carbon dioxide asphyxiation.

Femur, tibia, ulna and vertebral and humeral bones were dissected, freed of soft tissue, and
prepared for analysis and storage. The wet weight (g) of the right and left femur was measured to
the nearest mg on a analytical balance. The length of both femurs was measured from the tip of
greater trochanter and ball of femur to the distal femur. Both femurs of each animal were removed
from storage, and thawed at room temperature for 24 hours. A three-point bending test using
standardization set forth by American National Standards Institute for three-point bending test of
animal bone (ASAE Standards, 1995), was applied to each femur sample in an Instron Universal
Testing Machine (Instron Corp., Canton, MA). Immediately after the breaking strength force
measurement, bone was cut transversely, one mm from breaking point ( fracture location) toward
proximal end for additional cross-sectional measurements used to calculate moment of inertia,
ultimate bending stress and the apparent modulus of elasticity. A 5 mm high cylinder section was
cut from distal end to be used for mineral content and density measurements. The wet weights of
each 5 mm sections, obtained in air and under degassed water, were measured. Formulas for the
calculation of bone volume and density were determined according to Archimedes principle
(Donahue et al,, 1988). The 5 mm sections of cortical bone were defatted. After drying, the fat
free dry weight was recorded, followed by solubilizing with 6 N HCL (Metz et al,, 1990). Tissue
mineral was analyzed by inductively coupled plasma mass spectrometry (Thermo Jarrell Ash,
Atom Scan 16, Franklin, MA). In order to examine the micro-structure damage, atomic force
microscopy has been chosen as a tool to measure surface morphology at a sub-nanometer
resolution. Because the surface of bone at this resolution is not well characterized, at least five
scans at each site will be necessary , so that detected differences reflect that created by
physiochemistry.

Three collected urine samples from each rat (stored at -8Q ©C) will be thawed and assayed
for deoxypyridinoline crosslinks using Pyrilinks-D ELISA kit when funding and time become
available. This marker is used clinically, as well as in the rat model, and has potential in monitoring
astronauts’ bone loss and rehabilitative efforts upon returning to gravity. Recently, Lalande et al.
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