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CHAPTER I 

IMT10DIICTI0M 

The loss of bone mass in conjunction with innobiliza-

tlon and consequent loss of muscle tone from disuse has 

been in accepted fact for at least ninety years (28). The 

first wave of interest rose early in the Twentieth Century 

when several Investigators noticed that the bone in an 

extremity which was paralyzed or undergoing an inflammatory 

process becaae lighter, more peratable to x-rays and nore 

fragile. At first these changes were attributed to the dis-

ease process (16), bat later it was shewn that bone rare-

faction could be produced in the absence of a disease pro-

cess by Immobilisation alone (23). 

During World War II, several investigators (13,14,30,34) 

conducted studies attempting to define the detrimental ef-

fects of bed rest during convalescence, and in the 1950*s, 

interest was again aroused by the possible relationship be-

tween disuse and osteoporosis (6,32,36). Interest now 

centers in the relationship between loss of muscle tone and 

concomitant bone damage faced by astronauts during prolong-

ed space flights at reduced gravity (6). 



Convalescent Therapy 

Bed rect was, find still if, on® of the most often 

prescribed courses of therapy in medicine. The need to 

hasten the recovery of soldiers injured in World War II 

caused a amber of clinical investigators to study the 

possible harmful effects of prolonged recumbency and i»** 

mobilisation on convalescents. 

As early as 1921, Allison and Brooks (3) conducted 

detailed studies on dogs which had been immobilized by 

plaster easts, destruction of the brachial plexus or by 

excision of the head of the humerus. The first part of 

their work involved descriptive studies utilizing x-rays 

and breaking strength tests followed by miseroseopic examina-

tion, Their x-ray studies of the immobilized limbs demon-

strated a lack of definition or complete disappearance of 

bone trabecalae. Gross examination shewed that the 

periosteum was difficult to strip from the bone and that a 

rough, rather than smooth, surface remained. Breaking 

strength was also reduced. Microscopic examination showed 

fewer and smaller trabecalae in the cancellous areas. The 

cortex was diminished and the medullary canals enlarged. 

In 1944, several observers indicated that prolonged 

bed rest had a vast number of fallings. Harrison (18) pub-

lished the observation that prolonging bed rest in coronary 



infarct patients, after danger of additional infarct* had 

passed, favorod edema of the lungs, pulmonary embolissis, 

and further thrombi. Powers (26) also pointed out the 

detrimental effects of increased circulation tint and bone 

and muscle atrophy in surgical patients who were not per-

mitted to walk as soon as they were able. Albright (2) 

suggested that Paget*s Disease might be triggered by the 

immobilisation by plaster casts in cases where this condi-

tion was associated with fractures. 

Numerous publications on the relationship between 

short immobilization periods and improved convalescence ap-

peared in 1945* A number of physicians published observa-

tion® (12,22) and Taylor et al.(30) conducted studies on 

normal subjects after three weeks of bed rest* and demonstrat-

ed an average blood volume loss of 9,2%, 

During 1948, and 1949, Deitrick and his oolleagues 

(13,14,34) conducted intensive metabolic studies in which 

healthy young men were immobilized by bi-valve plaster casts 

for six weeks* Diet was carefully monitored during the con-

trol period prior to immobilization, during immobilization, 

and for a period after immobilisation. In these studies, 

immobilisation from the pelvis down caused a negative nitrogen 

balance and a negative calcium balance along with an increase 

in the excretion of sodium, potassium, phosphorous and sulphur. 

The increase in urinary calcium was accompanied by an increase 



4s the urinary pH, but not an increase in urine volume or 

citric acid content* This pH and calcium increase, when 

not accompanied by a citric acid increase, is conducive to 

the formation of urinary calculi, although none were report-

ed in this study. 

It i« therefore an accepted fact that immobilisation 

over extended periods of time can produce complications 

which can he avoided by the initiation of exercise as soon 

as this exercise is no longer contraindicated by the patient*s 

original complaint, 

Osteoporosis 

Urst and MeClean (31), and Cauldwell and Collins <11) 

define osteoporosis as a reduction of calcified bone mass 

in a unit volume of bone; that is, a quantitative reduction 

of bone mass without a qualitative change in composition <?)* 

The first clinical symptom of osteoporosis is usually 

bone failure resulting in spontaneous collapse or compression 

fracture of multiple vertebral bodies or spontaneous fracture 

• of the head of the femur. It is estimated that fifty per 

cent of the skeleton is lost before spontaneous fractures 

occur or diagnosis is possible by x-ray examination (5). 

The morphological conditions considered diagnostic of 

osteoporosis include the retraction of the osteocytes from 

the walls of the lacunae in the outer lamellae of the osteons, 

death of some and calcification of other osteocytes and pro-

duction by some osteocytes of a proteolytic enzyme which 



re sorb matrix and mineral and enlarge the lacunae leav-

ing the bone extremely porous <32), 

At present there Is much disagreement about the exact 

etiology of osteoporosis, Urst and McClean (32) attribute 

osteoporosis to the acceleration and accentuation of the 

adverse changes in the process of aging of osseous tissue. 

From hi® viewpoint, the obscurity of the exact mechanism® of 

the pathology of osteoporosis lies in the obscurity of the 

aging mechanism itself* 

The other side of the disagreement has been stated by 

Bartter (6) who describes osteoporosis as a metabolic bone 

disease in wbich bone mass is reduced as a result of a lowered 

rate of bone matrix formation. MacDonald (24) has presented 

re suits which indicate a lowered osteoblastic activity in 

osteoporotic patients which could account for a reduced rate 

of matrix formation. 

It is felt by most authorities that osteoporosis is 

probably related to any one or a combination of any of the 

following: endocrine disorders (6,32), dietary disorders 

(6,10), sedentary life (6,32,36), disuse or debilitating 

disease (29,31,35). 

Endocrine disorders and dietary deficiencies have, for 

the most part, been indirectly related to osteoporosis. Urst 

»t al. (33), state that endocrine interrelationships to 

osteoporosis are unknown. Bronner et al. quoted Schlisinger 



and his co-worker* as having observed the production of 

osteoporosis by theraputic dopes of adrenal steroids. E stro-

m a therapy, however, eliminates pain and halts negotive 

calcium balance in patients with advanced osteoporosis (9), 

At this time no one has reported the production of true 

osteoporosis by a dietary deficiency of any kind. 

Osteoporosis, however, has been produced by gastrectomy in 

puppies (^0) and extreme dietary deficiencies are associated 

with a large number of clinical cases in the elderly (33). 

Treatments such as sodium fluoride and large doses of 

tricaleium phosphate with Vitamin D have caused calcium re-

tention and marked symptomatic relief (27). 

The relationship of sedentary life audi iuraobilization 

to osteoporosis is well documented, but poorly understood. 

W^tt i-i...9,l,« (33), pointed out that men and women who do heavy 

labor usually have strong, dense bones; whereat sedentary 

individuals, especially sedentary postmenopausal women, have 

a high rate of osteoporosis. 

Osteoporosis has been produced experimentally by platter 

cast®, sympathectomy and other immobilization techniques 

(3,4,14), 'the doc (35) also described osteoporosis in connec-

tion with paralytic poliomyelitis. Spense and Lloyd-Roberts 

<2f) reported regional osteoporosis with limitation of move-

ment doe to osteoid osteomaj and Trudel et al. (31) reported 

detectable ottdtporosis in twenty-two out of seventy-five 



patientg with disuse phenomenon do© to fear of pain after 

an injury to as extrealty. 

fke preponderance of evidence has been againat the 

theory that reduced osteoblastic activity it responsible 

for the manifestations of osteoporosis. Arnold (5) hat 

shown that the rate of deposition of osteoporotic bone i« 

normal and that the ratio of organic material to in* 

organic it alto the saiae in normal and osteoporatic bone, 

Thit wat tapported by radioitotope turnover studies 

(15|19,20)t and by olinical evidenee compiled by Nordin (25), 

Nordin pointt oat that in osteoporosis, toran alkaline 

photphatate, an indicator of oeteeblaatle activity, it not 

reduced. He also reatoned that, since a low protein diet 

cannot indnce esteopo resist the disease cannot result from 

a redaction of the protein matrix. 

Orst at al. (33) feel that the literature presented 

grounds for a unifying hypothesis that extreme dietary 

deficiencies of calcium and protein, various endocrine dis~ 

orders, protein biocheaistry, degenerative vascular dis-

orders, effects of the mechanical stimuli of physical exer-

cise upon the bone tissue, and Intracellular physiology of 

bone cells could determine an aatiosteoporosis factor which 

controls the physiological rate of bone aging. 

Aerospace Medicine 

The detrimental effects of prolonged weightlessness en-

countered during space flights has long been a subject of 
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speculation. Gauer and Haber (17) p@stal.atad that elimina-

tion of prcsso receptor tonus daring weightlessness might 

precipitate circulatory cellapse and that prolonged space 

flights night Cause cardiovascular deconditioning and 

susceptibility to syncope during re-entry and return to 

earth gravity. 

Raeently the orbital flight# of Walter Schlrra and 

Gordon Cooper have turned attention t o the Metabolic area 

in reference te the mobilization of calcium. Berry a t al. 

<8> reported elevated serum calcium levels of unspecified 

magnitude in the blood of Gordon Cooper after completion of 

his twenty-two orbit mission. If these levels approached 

those reported by other investigators during bed rest studies 

and ire re permitted to continue' over prolonged periods of 

time, serious bone damage could result. 

Lamb (21) has proposad a mechanism in which the lack 

of stimulation of the presso receptors during the weightless 

state would cause a loss of suxscle tone and veinous pooling 

in the extremities analogous to that produced by prolonged 

bed rest* 

Statement of the Problem 

An increase in serum and urine calcium has bean produc-

ed by a number of procedures which elicited varying degrees 

of muscle atony and bone loss. The time required to produce 

the calcium increase has apparently, in part, depended upon 



the degree of muscle atony induced. This study 1® an at-

tempt to produce a detectable increase In serum and/or 

urine calcium over a seventy-two hour period by combining 

immobilization with drug-induced muscle atony* An attempt 

is also being made to determine if this increase has an un-

usual correlation with one or more of the other blood and 

urine components being monitored. 

v 
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CHAPTSI II 

METHGPS 

Preparation of Animals 

Seventeen email and medium sized mongrel dogs of random 

«ex were prepared by shaving the anterior aspect of the two 

thoracic limbs and the lateral aspect of the two pelvic limbs 

permitting venipuncture of the ulnar and saphenous veins. 

A twenty gauge hypodermic needle was Inserted into the 

saphenous vein of either pelvic limb or, if mm$sawf, into 

the ulnar vein of either theracic limb. A five cubic centl-

meter sample of blood was collected and was permitted to 

clot. A four cubic centimeter sample of blood was collected 

into a syringe oxylated with 0.2 of a milligram of calcium 

oxylate for whole blood analyses* 

A urethral catheter was then inserted and a urine sample 

removed and the pH taken. Both blood and urine samples taken 

at this time served as neraal controls. 

The animal was then immobilized by an intravenous injec-

tion of deeaMethonium bromide in physiological saline, ooe to 

one and ®ae«*half milligrams, sufficient to produce relaxation 

without respiratory embarrassment. 

14 
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The animal was then placed on an oscillating bed (Fig. I) 

Mill a 180® angle of rotation. The timing mechanism was «et 

to tarn the animals at throe hoar intervale. 

The oscillating bods wore nado of four stool rectangular 

frames eovered with canvas and attached to sprockets at on# 

ond and bushings at the other. A chain connected the sprockets 

to a Bodine NSI~12RG, 3.6 R.P.M. motor controlled by a timing 

device which activated relays to reverse the polarity of the 

motor and rotato the £ra»#s, At the completion of a 180® 

rotation cycle, the first bed tripped a microswitch and stopped 

the motor. . , 

A second rectangular frame covered with canvas was plac-

ed on top of the animal and strapped to the first frame, far* 

ther reducing activity and preventing the animal from falling 

to the floor daring the rotation cycle. 

Immobilization and relaxation were maintained by eon~ 

stant infusion of .38 milligrams of decamethonium bromide in 

physiological saline per hour. Infusion was accomplished by 

ttse of a Sigmamotor model ¥5 ptasp with a model E gear box 

which pnmpod the drag through 1/32 inch gum latex tubing into 

a twenty gauge needle inserted into the trapezius muscle* 

Blood and urine samples were taken every twonty^foar 

hours for three days* After each sample the animal was fed 

ground Purina Dog Chow moistened with sufficient water to 
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compensate for both sensible and insensible water lots (4). 

Tli® food and water were administered by a stomach tube at-

tached to a six ounce heavy duty dose syringe. 

Analyses 

The blood samples were analysed for sodium, potassium, 

calcium, glucose, area nitrogen, citric acid end pH§ the 

urine for citric acid, calcium and pH. 

The sodium, potassium and calcium analyses were perform-

ed on a Coleman Junior Spectrophotometer with a flam© attach* 

ment using standard clinical methods* Ore® nitrogen and 

glucose were determined with a Coleman Jnnior Spectrophoto-

meter asing the clinical methods and tables found in the 

Methods annual supplied with the Bausch and Lomb Spectroaic 

Twenty Colorimeter (3>. 

The blood pH was determined using a Radiometer siedel 

28 pH meter with a GK2021B mi#reelectrode, The electrode 

was inserted into the fresh whole blood sample and the pH 

recorded as rapidly as possible to hold gas exchange with 

the atmosphere to a minimum. 

Citric acid was determined by an adaptation of the 

method of Hartford <2), utilising the Furth and Herrmann <1) 

reaction between citric acid, pyridine and acetic anhydride. 

One milliliter of serum was deproteinixed by mixing with 

one milliliter of ton per cent trichloroacetic acid in a 

centrifuge tube. After five minutes of centrifugatlon at 

ton thousand revolutions per minute, one milliliter of the 



18 

supernatant liquid was placed in each ©f two tubes labeled 

"A" and "BM. One milliliter of distilled water was placed 

in a third tube labeled "blank". Twenty and seventy micro-

grams of citric acid, dissolved in one milliliter of distilled 

water, were placed in two additional tubes and analysed as 

controls for the standard carve. Pyridine was added in a 

volume of 5.70 milliliters and mixed. Acetic anhydride, 

(1.30 milliliters), was then added to each tube, and after 

shaking once, each tube was placed in a water bath at 32® 

Centigrade for thirty minutes. The pole yellow mixture was 

then placed in cuvettes and the absorbance determined after 

zeroing the instrument on a reagent blank. A Coleman Junior 

Spectrophotometer set at a wavelength of 435 millimicrons was 

used. 

The urine citric acid determination procedures were 

similar to those for serum citric acid except that one cubic 

centimeter of urine was mixed with five cubic centimeters 

of thirty per cent trichloroacetic acid and centrifuged. A 

one milliliter aliquot of the supernatant fluid was analysed 

using one milliliter of the supernatant liquid, diluted with 

distilled water to eight milliliters, as a blank. A sample 

calibration regression line is shown in Figure II. 
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CHAPTER III 

RESULTS 

Blood Analyses 

The mean value for the serum sodium, potassium, cal-

cium, citric acid, blood glucose, blood urea nitrogen, 

blood pH, urine calcium, urine citric acid, and urine pH 

of the seventeen test animals are presented in Table 1. The 

calculated F values for these means are also shown in Table 

I. 

Component Correlations 

Each of the blood and urine components were correlated 

against each other and the coefficients are presented in 

Table II, Complete data and statistics for each blood and 

urine component are given in the appendices. 

21 
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CHAFTIR IV 

DISCISSION OF RESULTS 

The F-valoes presented in the detailed data el Ap-

pendices I through X show that the analysis ef variance 

en each latter measured was net significant at the five 

per cent level. The insignificance of the F-valaes indicates 

that nene ef the Keen changes ever the seventy-tire hear 

peried varied significantly from the zero henr Beans. It 

is passible, however, that m invalid change in one ®f the 

•©an* cenld have masked a small, bat valid, change in 

wether mean. That no statistically significant change ec» 

ctxrred is demonstrated by the insignificance ef the t-valnes 

at the five per cent level. These t-valnes measure the 

validity ef the change e in the twenty~fonr, forty-eight, and 

seventy-twe hour means compared with the sere hour neans. 

There is a possibility that, even though the F and 

t~valaes are all insignificant, significant changes nay have 

been produced in individual animals. The calculation ef 

beth F and % requires the use of the standard deviation ef 

the mean, the magnitude of which is directly proportional to 

the magnitude of the difference between the high and low 

samples in the data for which the standard deviation is being 

calculated. The standard deviation through much ef the data 

24 
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it very large. Urine calcium and urine citric acid, lor 

example, have standard deviation* which are nearly equal to, 

or exceed, one-half of the meant. The magnitude of tho«o 

standard deviations can be attributed, to a large extent, 

to three or four extremely high or low values. 

It it quite possible that the extreme values were caus-

ed by factors inherent in the use of stray mongrel animals 

such as genetic make-up, age differences, disease or para-

sitism, not controlled in the experimental design. Elimina-

tion of the data from these animals would lover the standard 

deviation and, possibly, increase the F and t-valuos to a 

level approaching significance, Since no valid reason can 

be presented to eliminate these animals front the data, they 

must be included and the statistics accepted at face value, 

the means being labeled insignificant. 

The number of animals from which each Man was drawn 

varies inversely with the sampling time. This is accounted 

for by the fact that the animals were removed from an im-

mobilization cycle due to return of muscle tonus, inability 

to collect either blood or urine samples, and death of the 

animal. 

Two animals presented difficulties in collecting either 

blood or urine samples. One animal apparently voided just 

prior to the beginning of the collection procedures, and it 

was Impossible to obtain an adequate blood sample for the 
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analytical procedures from the second. Difficulty arose in 

the sampling «f this animal, as in the other atonous ani-

mals, from a lack of support Iron the flecid muscle beneath 

the vein and the apparent decreased amount el bleed flew in 

the vessel. In thif animal, however, a sample was inpo«*li>le 

te collect. 

Three animal •, after early immobilization and relax-

ation, were found to have regained a significant amount of 

muscle tonus at the twenty-four hoor campling tiara. This 

tonus return might possibly have resulted from an increase in 

drug tolerance. Several animals regained tonus due to a mal-

function of the Infusion system. These animals were also 

withdrawn from the Infusion cycle. 

After thirty to forty-eight hours, several of the ani-

mals succumbed to drug overdose. The dosage of decanethonina 

bromide is not related to body weight, but rather to the 

tolerance of the animal to the drug <6). Decamethonium 

bromide produces relaxation by depolarising the myoneural 

junction and destroying the presso receptor reflex which pro-

duces muscle tonus <7). The myoneural junction in the volun-

tary muscles ®f the appendicular skeleton are the aost sensi-

tive to the depolarising effects of decamethoniam bromide. 

Second in sensitivity are the junctions of the intercostal 

muscles and diaphragm. This sensitivity relationship allows 



21 

relaxation of ill© appendicular muscle* without disturbing 

respiration. There is, however, a f i n e liae between the 

serum drug concentratios which relaxes the muscles of the 

appendages and the concentration which inhibits tho dit~ 

phragm and intercostal* precipitating respiratory embarrass-

ment aai death CI). 

The means of each component were correlated with each 

other* the correlation coefficients are presented in Table 

XII. A t-test was applied to these values in order to de-

termine their significance. The formula: ts 1/ r was re-
!—g-— iv»"2 

arranged to r* 1/ t . In these formulae n is the number 
: v» * 

of pairs of means, and t is the tabular value at the desired 

level of significance. At the five per eent level of confi-
h, 

dence, with two degrees of freedom, t= 4.30 (2). When the 

second equation is solved for r, using t^4.30, the value 

for the lowest correlation coefficient significant at the 

five per cent level is found. In this case an r z. 0.9002 or 

— *-0.9002 is significant at the level specified. 

the means of serum sodium and serum potassium, sertw 

citric acid and blood glucose, urine pH and blood glu«oee, 

and serum citric acid and urine pH have significant, posi-

tive correlations. The means of urine citirie acid and urine 

calcium have a significant, negative correlation (Table II). 

The positive correlation between serum sodium and serum 

potassium is in direct opposition to the relationships 
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ripert«< ia ti»# litaratara. Gaytaa (5), itiin ttsat as tar-

tar#® reliUMihip atxittt battvaaa tbaaa t m ilMtyolytii A w 

to tha affaate #1 tha tdreial siaarala»*«artiealda» Tha 

Aiaaralo->aortiaoida « u w retaatiaa #f soditist and iteration 

9$ $0Mm by lli# kidaayt baaaa m immwm rolttionthip. In 

light of tli# isfifMUtB m l h b U «l 114i tlaa, no stilt** 

factory explanation for thaaa recoil* m m N tUiied^ 

Blood glaaota Aod term aitria aaid VIM, at woald ba 

axpaatad, ««rvtUti(l, Thit relationship raaaltt 

fro* Iht fact that «itri« Hid it a by-product at glocoto 

aatabalioa. A cbaaga is blood gloeoto coaaontration would, 

aadar nomal eiadtUmi, altar tha Matabalia reaction rata* 

and abasia tba aitria acid iaval accordingly. 

Tha lowering #1 aaron aitria aaid by ii« oxarotlon lata 

tba ariaa uoald aaata tba paaltlva correlation featwaaa taron 

citric acid aad ariaa pH, at wall at tba paaitlva correlation 

batwaaa ariaa pH end blood glaaoto. An iacroatt la ariaa 

citric aeld would iaeraata tba bydragaa iaa aaaaaatratiaa 

a»d lowor the pil* Tha apparaat affact of blood ylncoto aa 

ariaa pi! could, tbarafora, ba aiadlatad through lit affaet 

an sara® citric aaid* 

A riaa ia ariaary calcium aeeeopaaied by a fall ia 

urinary aitria aald waa rapartad in tba d?*g by Chaag aad 

PraaflHm (4), Tbit inverse ralatiaatbip agraat with tha 

aegativa« tignif leant correlation ia tha prettat data. Sbarr 
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mi Brenheim <8)f however, found a po»itive correlation be-

tween urine citric aeid and urine calcium in man. At tho 

present tine no explanation has been offered for these con-

flicting findings. The literature suggests that farther 

inveftigation into the relationship® between urine calciun 

and urine citric acid would be profitable (3). 
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SUMMARY AND CONCLUSIONS 

Immobilization and muscle atony mm induced in seven-

t«en mongrel dog* by injection of decamethoniuo bromide in 

physiological ealine. Whole blood, scrum and urine samples 

were collected prior to end twenty-four, forty-eight, end 

seventy-two hours after induction of muscle atony. The pH 

of the whole blood and urine was taken immediately after 

collection. The whole blood samples were analysed for bleed 

glucose and blood urea nitrogen; the serum for sodium, 

potassium, calcium, and citric acid. The citric acid and 

calcium present in the urine were also determined. An 

analysis of variance was calculated for each component and 

:m> significant change in the mean values over the seventytwo 

hour period was indicated. The wean values for each component 

at #®ch sampling time were correlated with each other and the 

significance of their correlation coefficients determined at 

the five per cent level. 

A significant positive correlation was obtained between 

serum sodium and potassium, blood glucose and serum citric 

acid, blood glucose and urine pH, and sorus citric acid and 

urine pH. A significant negative correlation was found be-

tween urine calcium and urine citric acid.. 

31 



32 

A suggested explanation for the correlations between 

»jwi citric acid and urine pH, serum citric acid and bleed 

glucose, and blood glucose and urine pH is presented. No 

explanation is suggested for the negative relationahip be-

tween nrine citric acid and nrine calcium or for the posi-

tive relationahip between term sodium and serum potassium. 

The data acquired throngh the present experimental de*> 

eign suggest several improvements. The experimental animals 

naed were mongrel doga fro* the Denton city pound. Theee 

animals diaplayed large variations in blood chemistry which 

induced large standard deviations in both pre-iasaobilitsatien 

and pest-immobilisation mean values. The heteregenicity of 

these animals could have re salted from, among other things, 

genetic differences or pathological conditions. The am of 

animals with a reasonably consistent genetic background and 

known health state would have eliminated many undetected 

variables and increased the probability of detecting small, 

but significant, changes in blood chemistry. 

The muscle relaxant, decamethoninm bromide, appeared 

ideal since sensitivity differences were reported between 

appendicular and respiratory muscles and it was reported to 

have no cardiovascular side effects (1). Problems arose, 

however, since practical drug controls were impossible to 

design into the experiment. Due to the lack of any apparent 

relationship between drug dosage and body weight, a large 
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n tuber of ani»al« were lost to drag overdose. 

The data from this investigation, along with the per-

tinent literaturet indicate that further stadiec incor-

porating the suggested imppovements should prove valuable 

to the literature on the sabjeet. 
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APPENDIX I 

SERUM SODIUM CONCENTRATIONS IN MILLIEQUIVALENTS PER LITER 

Animal Time in Hours 
iNuiuuGr 

0 24 48 72 

9 137.0 143.0 131.9 131.7 

12 132.3 133.9 132.0 132.8 

14 132.6 133.4 132*5 131.0 

16 149.6 151.2 151.6 137.4 

25 136.4 130.5 130.5 147.8 

22 132.1 150.6 150.5 

26 153.0 162.8 151.0 

27 154.0 158.2 150.5 

31 143.1 • + • • # 143.9 

7 137.0 148.7 

1° 138.2 148.7 

23 132.2 150.2 

24 153.0 132.1 
• ,. V 

21 131.7 

28 156.3 

29 137.3 

30 148.6 

Mean and 
Standard 
PeYiation 141.4*8.7 145.2*10.2 141.6*9.1 136.U6.2 

-1.049 
t -0.043 

1.209 

F 1.1468 
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APPENDIX II 

SERUM POTASSIUM CONCENTRATIONS IN MILLIEQUIVALENTS PER LITER 

Animal Time in Hours % 

Number 
0 24 48 72 

9 6.7. . 10.2 < 5.5 4.2 

12 12.6 5.0 6.0 6.5 

14 12.7 6.6 5.7 5.5 

16 2.7 2.6 5.5 6.3 

25 3.9 5.6 4.9 6.3 

22 2.5 7.6 9.9 • # • 0 

26 9.0 7.3 6.1 • # • 

27 4.5 5.5 5.3 • • • 

31 5.5 • • • 5.4 • • • 

7 6.5 8.3 # # # • • • 

10 7.6 6.5 • « * • • * 

23 5.1 6.4 • # * • • • 

24 6.0 6.0 • • • * # • • 

21 5.3 • # • • # * • • • 

28 4.5 • • # • • • • # # 

29 4.2 • • 4» • • * • • • 

30 5.6 • • « • # • • • • 

Mean and 
Standard 
Deviation 6.2±2.8 6.5*1.8 6.0*1.4 . 5.8±0.9 

-.3079 
t .1309 

.3040 

F 0.1360 
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APPENDIX III 

SERUM CALCIUM CONCENTRATIONS IN MILLIEQUIVALENTS PER LITER 

Animal 
Number 

Time in Hours 

24 48 72 

9 

12 

14 

16 

25 

22 

26 

27 

31 

7 

10 

23 

24 

21 

28 

29 

30 

8 .4 

5 .9 

6.0 
7 . 1 

6 .7 

7.7 

1.1 
6.4 

5 .6 

8 .7 

7 .5 

6.8 
5 .9 

5 .6 

6 .5 

6.2 
5.7 

8 .4 

6.0 
7 .0 

7 .2 

6.2 
7.3 

7.6 

6.8 
• • • 

8.7 

8.8 
6.7 

8.0 

7 .3 

7 .4 

6.8 
7.7 

6 . 3 

8.1 
7 . 0 

6.6 
6.0 

5 .3 

7 .5 

0 

4 

Mean and 
Standard 
Deviation 6 .3 *1 .6 7.4±O s9 7 .0 *0 .6 6 . 9 * 1 . 0 

1.9895 
1.1796 

1.7440 
,7338 
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APPENDIX IV 

BLOOD GLUCOSE CONCENTRATIONS IN MILLIGRAMS PER CENT 

Animal 
Number 

Time in Hours 

24 48 72 

9 

12 

14 

16 

25 

22 

26 

27 

31 

7 

10 

23 

24 

21 

28 

29 

30 

59 .0 

64.0 

108.0 

85 .0 

110.0 

55 .0 

51 .0 

59 .0 

52 .0 

76.0 

109.0 

73.0 

69 .0 

107.0 

98.0 

51 .0 

65.5 

56 .0 

63.0 

92.0 

75.5 

87 .0 
• • • • 

87 .0 
• # • • 

61.0 

69.5 

56 .0 

72.0 

96 .0 

73 ,0 

73.0 

100.0 

40 .0 

96 .0 

55.Q 

66.0 

61.0 

84 .0 

79.0 

85 .0 

100.0 

36.0 

Mean and 
Standard 
Deviation 76.6*22 .1 71 .3*12 .1 

.6966 
73*3*19.4 

.3575 

76.8*21.6 

.0147 
0.1806 
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APPENDIX V 

BLOC© UREA NITROGEN CONCENTRATIONS IN MILLIGRAMS PER CENT 

Animal 
Number 

Time in Hours 

24 48 72 

9 

12 

14 

16 

25 

22 

26 

27 

31 

7 

10 

23 

24 

21 

28 

29 

30 

Mean and 
Standard 
Deviation 

13.4 

20 .7 

4 2 . 0 

2 5 . 0 

26.8 

10.0 

12 .9 

5 8 . 0 

15 .7 

26.0 

29 .5 
• • • • 

18 .9 

19 .7 

26.8 

4 4 . 5 

^26.0*12.7 

1 9 . 2 

14 .1 

18 .9 

1 3 . 3 

31 .8 

3 1 . 3 

• t • • 

26.0 
• • • # 

18.1 

25 .4 

4 4 . 5 

24 .3^9 .1 
0 .3553 

1 2 . 9 

2 3 . 6 

2 3 . 9 

5 9 . 9 

2 1 . 7 

3 4 . 6 

• • m • 

4 1 . 3 

5 7 . 5 

12.2 

26.8 

3 0 . 0 

13 .9 

2 9 . 3 

34 .4*16 .1 

1 .3113 

22.4:4:7.8 

,5568 
1.2688 
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APPENDIX VI 

SERUM CITRIC ACID CONCENTRATIONS IN MILLIGRAMS PER CENT 

Animal 
Numbe r Time in Hours 

0 24 48 72 

9 . 5.9 2.9 2.3 3.3 

12 5.1 3.1 2.2 4.2 

14 4.0 4.8 2.8 3.6 

16 4.9 3.1 5.5 5.3 

25 3.6 3.7 3.9 4.4 

22 4.6 3.0 3.1 • • # 

26 4.8 6.4 4.2 • • • 

27 5.6 3.7 3.1 » • # 

31 5.3 
• • # 5.9 • • • 

7 3.2 1.5 • • • • • • 

10 2.4 1.6 • • . • • • 

23 2.6 2.8 • • • # • 9 

24 5.5 5.4 • • • • • • 

21 2.8 1 • • • • • • • # # 

28 3.7 
* * • • • • • • • 

29 3.6 
• . . . • • • • • ® 

30 5.2 • • • • • . • • • 

Mean and 
Standard 
Deviation —4«3*1.1 3.5±1.4 3.7*1.3 4.2±0.7 

1.6433 
t CO 

CO 
*2 
CM « 

.2260 
F 1.1382 
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BLOOD pH 
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Animal 
Number 

Time in Hours 

24 48 72 

9 

12 

14 

16 

25 

22 

26 

27 

31 

7 

10 

23 

24 

21 

28 

29 

30 

'Mean and 
Standard 
Deviation 

7 . 5 

7 . 5 

7 . 5 

7 . 5 

7 . 5 

7 . 5 

7 . 5 

7 . 6 

7 . 6 

7 . 6 

7 . 5 

7 . 5 

7 . 5 

7 . 2 

7 . 7 

7 . 6 

7 . 6 

7 . 6 

7 . 4 

7 . 5 

7 . 6 

7 . 6 

7 . 4 

7 . 3 

7 . 5 

7 . 6 

7 . 5 

7 . 6 

7 . 5 

7 . 4 

7 . 4 

7 . 4 

7 . 5 

7 . 6 

7 . 5 

7 . 6 

7 . 1 

7 . 4 

7 . 6 

7 

7 

7 

7 

4 

5 

5 

5 

7 . 5 * 0 . 1 7 . 5 * 0 . 1 7 . 5 * 0 . 1 7 . 5 * 0 . 1 
r6268 

1 *3229 
.4737 

0 .7044 
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APPENDIX VIII 

URINE CALCIUM CONCENTRATIONS IN MILLIEQUIVALENTS PER LITER 

Animal Time in Hours 
lNu!u£K?r 

0 24 48 72 

9 1.5 6.3 11.5 12.0 

• 12 12.2 7.3 8.6 7.9 

14 10.5 9.1 8.7 7.9 

1 6 4.6 8.3 5.1 4.6 

25 4.0 1.5 3.2 2.8 

22 4.6 4.4 4.0 • • • 

26 • • • 4.0 • • • • * • 

27 4.0 4.0 4.7 m m m 

31 2.9 • mm 3.1 m m m 

7 1.2 m m m • • • m m m 

10 1.6 m m m • • # m m m ' 

23 6.7 3.2 • « « m m m 

24 # • • 5.0 • • • m m m 

21 4.4 m m m m m m m m m 

28 . 4.1 m m m m m m m m m 

29 5.9 m m m • mm m m m 

30 3.4 m m m m m m m m m 

Mean and 
Standard 
Deviation 4.8±3.0 5.3±2.3 6.1±2.9 7.0*3.2 

.4811 
t 1.0057 

1.3882 

F 0.8857 
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APPENDIX IX 

URINE CITRIC ACID CONCENTRATIONS IN MILLIGRAMS PER CENT 

Animal 
Number 

Time in Hours Animal 
Number 

0 24 48 72 

9 69.2 52.3 43.0 24.1 

12 47.5 42.8 29.0 19.2 

14 21.9 14.6 13.4 13.7 

16 30.2 23.0 22.0 12.7 

25 27.9 30.9 36.1 55.5 

22 39.0 33.0 25.0 • # # * 

26 • • • • 26.9 • # # • * # • • 

27 68.1 38.2 36.1 • • • • 

31 29.9 • • • • 38.4 * • • • 

7 34.6 • • # • « • • • 6 • • • 

10 48.5 22.9 • • o • • • • • 

23 17.7 33.0 • • • • • • # • 

24 13.9 32.0 • * • • • » * # 

21 24.9 • • • • • • * * • • • • 

28 84.5 • # • • • • • # • • • • 

29 27.5 • • • • • • • • • • • • 

30 29.9 • • « • • • * # • • • • 

Mean and 
Standard 
Deviation 38.5*19.5 31.8^9.9 30.4*9.0 25.0*15.8 

1.0072 
t 1.0640 

1.3331 

F 1.1375 
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Animal Time in Hours , 

Number 
0 24 48 72 

9 6.0 5.9 5.8 6.5 

12 6*8 6.3 5.8 7.5 

14 5.2 5.7 6.3 6.5 

16 5.5 6.1 6.8 6.6 

25 6.9 6.7 6.7 6.2 

22 7.7 7.2 6.4 « • • 

26 • • • 6.2 • • * • • 0 

27 7.2 6.2 6.1 

31 7.0 7.2 7.5 • • » , 

7 5.9 • • • • • » • • • 

10 7.4 6.6 • • * • • # 

23 5.5 6.6 • # • # • • 

24 6.9 6.5 • • • • • • 

21 7.2 • « • # • • • • # 

28 7.3 • • • 

29 7.9 • • • • • • • • • 

30 7.3 # • • • • • • • • 

Mean and 
Standard 
Deviation 6„7±0.9 6.4±0.5 6.7i0.4 

1.1057 

t .9254 
.1783 

F 0.6457 
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