
EFFECTS OF HIGH ALTITUDE EXPOSURE ON CAPILLARY PERMEABILITY 

APPROVED: 

OUUxjQ, t V̂ L.C9'<Q-JL_A . 
Major Professor 

Mxiioz/Prot 

jommittefe 

WiAim 
Di.reocor of the Department of Bxcj-ogy 

\ 

ian~ot*" the Graduate School Deal 



2R 

Reaves, Troy Albert, Jr., Effects of High Altitude 

Exposure on Capillary Permeability. Master of 'Science 

(Biology), December, 1971, 62 pp., 2 tables, 5 illustrations, 

bibliography, 38 titles. 

Observations of decreases in plasma volume, shifts in 

plasma and lymph protein concentrations, and increases in 

capillary permeability at high altitude have been reported 

in the literature by several investigators. This investiga-

tion was begun in an attempt to elucidate the possible sig-

nificance of these phenomena in future space exploration, 

and because of the lack of knowledge concerning the under-

lying mechanisms. 

The purpose of this investigation was to determine the 

effects of exposure to hypobaric pressures on the capillary 

permeability to the normal plasma and lymph proteins. 

Plasma and lymph samples from mongrel dogs were obtained 

by use of by-pass cannulae in the femoral artery and thoracic 

lymph duct. One group of animals served as controls while 

the other group was taken to a simulated altitude of 27,500 

feet (253 mm Hg) in a decompression chamber. Both groups of 

animals breathed 100 percent oxygen during the experimental 

procedures. Plasma and lymph samples were taken from both 

groups at fifteen-minute intervals and analyzed for total 

protein concentration of the individual protein fractions; 



albumin, alpha-1 and alpha-2 globulin, beta-1 and beta-2 

globulin, gamma globulin, and fibrinogen. The individual 

fraction concentrations for altitude-exposed animals were 
# 

compared with, the corresponding concentrations in control 

animals. The percent change in protein concentration after 

altitude exposure was also determined. 

Examination of the percent change in concentration of 

the plasma protein fractions revealed a decrease in concen-

tration in control and experimental animals. The decrease 

in concentration for experimental animals was not as great 

as the decrease in concentration for control animals. The 

percent change in concentration of the lymph fractions indi-

cated a concentration increase in control animals and a 

concentration decrease in experimental animals. 

The changes in the plasma and lymph protein concentra-

tions observed during high altitude exposure have been 

attributed to an alteration of the capillary permeability to 

the plasma proteins and plasma water. It has been projected 

that during high altitude exposure the capillary wall becomes 

more permeable to water, causing a concentration of protein 

in the plasma and a dilution of protein in the lymph. If 

the pore theory of transcapillary exchange is followed, an 

alteration in barometric pressure may result in an enlarge-

ment of the pore size, thus allowing more molecules and 

larger molecules of protein to pass through the capillary 

wall along with plasma water. 



This study concludes that the capillary permeability 

to plasma proteins was increased during high altitude ex-

posure. Stretching of the capillary pores was proposed as 

the mechanism by which the permeability was increased. 
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CHAPTER I 

INTRODUCTION 

Capillary Permeability 

At the close of the last century, Starling (22) became 

the first person to conclusively demonstrate the principles 

regulating the exchange of fluids between blood capillaries 

and tissue spaces. Studies on edematous dog legs showed for 

the first time that the blood capillaries could absorb fluids 

from the surrounding tissue spaces. He hypothesized that 

the exchange of fluid between capillaries and interstitial 

spaces depended upon the difference in hydrostatic pressure 

on the capillary wall and the difference in protein osmotic 

pressures between plasma and the interstitial fluids. 

Direct measurement of the hydrostatic pressure and rate 

of fluid movement in capillaries of the frog mesentery by 

Landis (12) supported the Starling hypothesis. The rate of 

fluid movement across the capillary membrane was found to be 

proportional to the difference between the capillary hydro-

static pressure and the protein osmotic pressure. In a 

later study by Landis (13), the capillary pressure in the 

arterial portion of the capillaries was found to exceed the 

protein osmotic pressure, thereby producing a filtration of 

fluid from the capillary to the extravascular spaces. The 



capillary pressure in the venous portion of the capillaries 

was found to be less than the protein osmotic pressure, 

thereby initiating absorption of the surrounding fluids into 

the capillaries. Pappenheimer and Soto-Rivera (19) found 

that variations in the capillary arterial and venous pres-

sures and the protein osmotic pressure would directly affect 

the rate of net fluid exchange between plasma and the extra-

vascular spaces. 

Drinker and Field (3) found the protein composition of 

the extravascular fluids to be the same as the protein com-

position of the plasma. This suggested that the capillaries 

leaked protein into the extravascular spaces. They hypoth-

esized that the leaked protein could not re-enter the blood-

stream except through the lymphatic system. By observing 

intravenously injected gum acacia in the cardiac lymph, 

Drinker et al. (4) showed that cardiac lymph was a filtrate 

from the blood capillaries. 

Wasserman and Mayerson (31) studied the exchange of 

131 125 I -albumin and I -globulin between plasma and thoracic 

duct lymph. Thoracic duct lymph protein was found to 

originate from the plasma since the plasma and lymph activi-

ties were equivalent. This evidence supported the concept 

that the primary function of the lymphatics is to remove 

blood proteins from the tissue spaces. The investigation 

showed that the blood capillaries were differentially 

permeable to albumin and globulin, whereas the lymphatic 



capillaries were not. Albumin equilibration time was less 

than globulin equilibration time in lymph since albumin left 

the blood capillaries 1.6 times as fast as globulin. Because 

of the differential permeability of the capillaries, albumin 

and globulin concentrations in the lymph were somewhat less 

than in the plasma. This difference in concentration between 

plasma and lymph proteins was believed to be due to the slow 

leakage of large molecules from the blood capillaries. Mas-

sive injections of the radioactive protein solutions were 

found to alter the normal exchange phenomena~since the rate 

of leakage of proteins from the bloodstream would then exceed 

the return of the proteins by the lymph. 

Walker and co-workers (29) showed the relationship 

between plasma volume and transcapillary protein exchange 

131 125 using I -albumin and I -globulin in human patients. The 

capillary permeability of the labeled proteins was studied 

by measuring the rate of equilibrium of the labeled plasma 

proteins with the extravascular spaces. The results indi-

cated that the capillary permeability of proteins varied 

directly with the plasma volume and the plasma protein con-

centration. 

Pappenheimer (18) hypothesized the existence of pores 

in the capillary walls which allow the passage of water and 

lipid insoluble molecules from the blood capillaries to the 

extravascular spaces. The total pore area on the capillary 



walls was estimated to be 0.2 percent of the capillary sur-

face with the pores having radii of 30-45JL 

Capillary permeability was studied by Wasserman et al. 

(30) by measuring the plasma to lymph concentration ratios 

of infused dextran fractions ranging in molecular weight 

from 10,000-412,000. The plasma to lymph ratios (P/L) were 

found to be directly proportional to the molecular weight of 

the fractions used. The low molecular weight fractions gave 

ratios near 1.0 while the large molecular weight fractions 

gave ratios near 4.0. By increasing the dextran infusion 

volume, the P/L ratios decreased for each fraction. The in-

creased infusion volume was believed to stretch the capillary 

pores, consequently providing less resistance for the pas-

sage of dextran moleculres through the capillary wall. In 

a related study, Shirley and co-workers (21) studied the 

stretched pore phenomenon by increasing the plasma volume of 

dogs with a serum albumin solution and then determining the 

lymph to plasma (L/P) concentration ratios of radioactive 

iodinated serum albumin and several dextran molecular weight 

fractions. Significant increases in the L/P ratios of both 

albumin and the dextran fractions were noted after the plasma 

volume increase. Since the capillary pores were obviously 

changed with the increased plasma volume, new characteristics 

of the capillary pores were realized. 

Two distinct pore sizes were found in capillaries by 
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Mayerson et al. (15). L/P ratios of infused I -albumin 



and dextran fractions, ranging in molecular weight from 

10,000 to 412,000, were determined from plasma and the 

cervical, intestinal, and hepatic lymph. Results showed 

that the hepatic capillaries were the most permeable and the 

cervical capillaries were the least permeable. The intestinal 

capillaries showed a permeability intermediate to the hepatic 

and cervical capillaries. These regional differences in 

capillary permeability led to the two pore size theory. 

Small pores, plentiful in number, allowed the passge of 

molecules having a molecular weight (MW) of less than 250,000, 

while larger pores, relatively few in number, permitted 

molecules of at least MW 412,000 to pass through the capil-

lary wall. Cytopemphis was suggested as another possible 

mechanism for the passage of the larger molecules from the 

capillaries. 

Grotte (9) showed that L/P ratios for dextran molecules 

60,000-300,000 MW were similar in the leg, cervical, and 

hepatic regions of dogs. He postulated that the smaller 

dextran fractions passed through capillary pores 35-45A in 

radius. In a later study, Grotte and others (10) used 

intravenously injected solid spherical particles, radius of 

300-700^, of methylmethacrylate to study capillary perme-

ability in the leg, liver, heart, and bronchial regions of 

dogs. Lymph obtained from these regions revealed particles 

up to 70oil in radius in the liver lymph while no measurable 

amounts of the particles were found in the leg, heart, or 



bronchial lymphatics. These data suggested that the upper 

limit of particle size permeable to the capillary wall, 

except in the liver, was 100-300A in radius. 

Areskog et al. (1) gave supporting evidence for the 

two pore size theory by measuring infused dextran fraction 

concentrations in dog hearts. Small dextran fractions, 

MW 5,000, had L/P ratios of 1.0. Dextran molecules of 

MW 20,000-60,000 resulted in L/P ratios less than 1.0. The 

larger fractions, MW 100,000-350,000, gave very low L/P 

ratios. Using the MW 20,000-60,000 dextran, L/P ratios 

decreased because the dextran molecules had to leave the 

blood capillaries through pores which were approximately the 

same size, 35-45A in radii, as the dextrans. The dramatic 

increase in L/P ratios using the higher molecular weight 

molecules, MW 100,000-350,000, was thought to be due to the 

presence of only a few large pores with radii of 120-300& 

through which these molecules could pass. 

Ganrot and co-workers (5) studied capillary permeability 

using the plasma and lymph protein fractions as the test 

molecules in dogs. Identical L/P ratios were obtained fro 

albumin and a^-antitrypsin. L/P ratios decreased signifi-

cantly with the increasing molecular weights of a-^-antitrypsin, 

haptoglobulin, and a2-macroglobulin, their molecular weights 

being 60,000, 85,000, and 820,000 respectively. A ratio of 

a^antitrypsin to a2~macroglobulin showed capillary selec-

tivity since this ratio was generally twice as high in the 



interstitial fluid as in the plasma. This latter ratio 

showed the difficulty of large molecules, 820,000 MW, in 

passing through the capillary wall. Chien et al_. (2) also 

used the L/P ratios of the plasma and lymph protein fractions 

as a measure of capillary permeability in dogs. The follow-

ing formula, derived by Renkin (20), was used to estimate 

the capillary permeability to macromolecules: 

permeability coefficient = -• 

The permeability coefficient (ml/min) indicated the trans-

capillary movement of the macromolecules. L/P was the cal-

culated lymph to plasma concentration ratio and F was the 

flow rate of the lymph (ml/min). The permeability coeffi-

cients and the L/P ratios varied directly with the molecular 

weight of the fractions studied. 

% 

High Altitude Studies 

During the rapid advancement in aeronautical medicine 

in the early 1950"s, the effects of high altitude were 

studied in relation to cardiovascular parameters. Girling 

and Maheux (6) pioneered experimentation on peripheral cir-

culation at simulated altitudes. They monitored blood pres-

sures and flow rates on two groups of rabbits subjected to . 

10,00 0, 20,000, and 30,000 feet simulated altitude. One 

group breathed ambient air while the other group breathed 

100 percent pure oxygen during the decompression. In both 

cases, the blood pressure remained unchanged, while the 



resistance to blood flow from groun level to altitude was 

significantly increased by 100 percent. The increased 

resistance to flow as only evident at 30,000 feet. These 

results indicated that the increased resistance to the flow 

of blood resulted from the decompression, and not to anoxia, 

since the increased resistance also occurred in the rabbits 

breathing 100 percent oxygen. Another experiment by Girling 

and Maheux (7) determined the effects of preoxygenation on 

rabbits before decompression. They anticipated that the 

reduction or elimination of nitrogen bubbles in the blood-

stream would reduce the increased resistance to blood flow 

at altitude. One group of rabbits was subjected to 100 per-

cent oxygen at ground level for thirty to sixty minutes. 

The resistance to flow was found to be the same as those 

breathing ambient air at ground level. Another group was 

then preoxygenated for four hours before decompression. The 

results for the preoxygenation group at simulated altitude 

showed that the resistance to blood flow increased with alti-

tude, corresponding to their earlier results without pre-

oxygenation. In a later attempt, Girling and Sunahara (8) 

used plethysmography to study peripheral blood flow in the 

forearm and hand of men maintained on pure oxygen at 30,000 

feet simulated altitude. Blood flow in the forearm was not 

affected by altitude exposure, whereas hand flow rates were 

reduced, 2-69 percent, in all subjects. They postulated that 



the reduction in flow was due to constriction of the hand 

vessels which might have been due to increased sympathetic 

tone. 

Sullivan and De Gennaro (23) demonstrated the importance 

of oxygen in the maintenance of normal peripheral circula-

tion at hypobaric pressures. Circulation in the web of the 

frog was studied at 60,000 and 80,000 feet simulated alti-

tudes. Flow rates were studied in two groups of frogs. 

Group one was decompressed with an ambient air supply, while 

group two was decompressed with an oxygen source. In both 

groups, the arterial and venous blood flow rate was decreased 

at altitude. However, it was shown that a 75-100 percent 

increase in time at altitude was required to decrease the 

blood flow in thos frogs supplied with oxygen. This led 

them to believe that the reduced blood flow at altitude was 

due to hypoxia accompanying the decompression. They con-

cluded that the extent of the decrease in blood flow depended 

upon the altitude, the length of time at altitude, and 

whether or not oxygen was supplied during the decompression. 

More recently, Marotta and Boon (14) have shown that 

denitrogenation for two hours before decompression will 

eliminate reductions in the flood flow rate during the time 

at altitude. Their study involved dog femoral arterial cir-

culation at simulated altitudes of 9,000, 17,000, and 

25,000 feet. Blood flow decreases of 40 percent and vascular 

resistance increases of 40-70 percent were found in dogs not 
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denitrogenated before decompression. Vascular resistances 

of denitrogenated dogs varied no more than 15 percent at 

altitude. An additional experiment was performed using both 

femoral arteries of the same dog, while undergoing denitro-

genation at altitude, to determine the cause of vasoconstric-

tion and increased sympathetic tone. After a unilateral 

sympathectomy, there was no direct vasoconstrictor effect of 

oxygen on the denervated vessels. This suggested to Marotta 

and Boon that the gaseous element essential for vascular tone 

control at altitude was probably a nitrogen lack, an oxygen 

overabundance, or an oxygen-nitrogen ratio imbalance. 

Along with the increased space activities of the United 

States during the latter part of the 19501 s, many investi-

gators became concerned about the possible effects that high 

altitude may have upon the body fluids and its constituents. 

Morgan and Lynch (17) found that plasma iron, total iron 

binding capacity (TIBC), and the serum protein fractions all 

increased in concentration during the first two days at 

18,000 feet simulated altitude. After the second day, TIBC 

and B-globulin values increased slightly, but the plasma 

iron and remaining protein fractions decreased in concentra-

tion. The initial increase in concentrations was believed 

to be the direct result of fluid loss from the plasma. The 

following decrease in concentration was attributed to the 

return of the plasma volume to normal. They concluded that 

the continual increase in TIBC was due to an elevated 
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B-globulin protein fraction, and that this was the only 

fraction affected by reduced barometric pressures. Earlier, 

Morgen (16) had determined that the balance between tissue 

oxygen supply and demand was the major factor in regulating 

TIBC levels in the bloodstream. He monitored the plasma 

transferrin concentration in rats exposed to 18,000 feet 

simulated altitude without an oxygen source, by determining 

the TIBC of the rats' blood. Since transferrin is a com-

ponent of the B^-globulins, he concluded that hypobaric pres-

sures would increase the plasma concentration of B^-globulin. 

Plasma volume reduction at high altitude was also ob-

served by Surks (24). His studies on men at 14,100 feet 

showed an increase in total protein and plasma protein frac-

tion concentrations, reaching a maximum between the third 

and ninth days at high altitude. Due to insufficient 

sampling, it was not determined exactly when the maximum 

concentration was reached. Since the distribution of plasma 

proteins had been unaltered and equally increased in concen-

tration during simulated altitude, he suggested that a re-

duction in the plasma volume was responsible for the protein 

concentration increases during the initial period at alti-

tude. 

Further investigation by Surks et al. (27) revealed a 

highly significant (P < 0.001) decrease in plasma volume of 

men after four and eight days at 14,100 feet altitude. Since 

no changes were observed in the total body water, the 
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significant decrease in plasma volume at altitude suggested 

that the lost plasma volume was redistributed from the 

intravascular compartments to the extravascular compartments. 

131 l 

By use of human serum albumin- I (HSA- I), Surks (25) 

showed intercompartmental shifts of protein and fluids in 

men exposed to 14,100 altitude. During the initial phase of 
r 

altitude exposure, he recorded an increase in the extra-

131 
vascular HSA- I activity concomitant with a decrease in the 

131 

intravascular HSA- I activity. This effect was reversed 

when the men were returned to the control conditions. He 

also observed an increase in the total plasma protein con-

centration during the initial altitude exposure. He sug-

gested that this increase resulted from the inability of 

the plasma proteins to re-equilibrate with the extravascular 

compartment after the loss of intravascular water. 

Surks and co-workers (26) showed a reduction in plasma 

volume accompanied by an apparent increase in sympathetic 

activity in men exposed to 14,100 feet altitude. Norepineph-

rine urinary excretion increased 125 percent after seven 

days at altitude. It was not determined if the reduction in 

plasma volume stimulated the increased sympathetic activity 

or if the increased sympathetic activity was responsible for 

the reduction in plasma volume. 

Reduction in plasma volume during exposure to high 

altitude was found to exist in dogs by Vogel et al_. (28) . 

A 21 percent and 36 percent reduction in plasma volume 
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resulted from stays at altitudes of 5,300 and 14,100 feet 

respectively. Again, the primary cause of plasma volume 

reduction was suggested to be a shift in water from the 

intravascular space to the extravascular spaces. 

Westergaard et al. (32) confirmed reports of plasma 

volume reduction at high altitude. Their studies on men at 

10,350 feet showed a 14 percent decrease in plasma volume 

and a 6 percent increase in albumin concentration at high 

131 

altitude. By use of I-albumin, they reported a shift of 

albumin from intravascular to extravascular compartments 

occurring with the exposure to altitude. This led them to 

believe that capillary permeability might be increased at 

high altitude. 

Hannon et al. (11) studied the effects of 14,000 feet 

high altitude on women. They found a 27 percent reduction 

in plasma volume and a 15 percent increase in plasma protein 

concentration during altitude exposure. Elevation of the 

plasma protein concentration resulted from both albumin and 

globulin fraction increases. The globulin fractions showed 

a 6 percent greater increase than albumin. The a^-globulin 

fraction, increasing 25 percent, showed the greatest increase 

in the globulin fractions at altitude. It was suggested 

that protein was lost from the circulation during altitude 

exposure since calculations revealed a 17 percent reduction 

in the total circulating protein at altitude. - Hannon et al. 

(11) concluded that this protein loss indicated an increase 
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in capillary permeability at high altitude and suggested a 

possible increase in lymph flow at altitude. This conclu-

sion concurred with the findings of Westergaard et_ al_. (32) 

that capillary permeability was increased at high altitudes. 

Statement of the Problem 

Because of the reported changes in the plasma protein 

concentration and reductions in the plasma volume at high 

altitudes, along with suggested changes in capillary perme-

ability, this investigation was begun. The primary purpose 

was to study the effects of simulated high altitude exposure 

on capillary permeability by measuring the plasma and lymph 

protein fraction concentrations and their respective lymph 

to plasma (L/P) ratios. 
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CHAPTER II 

METHODS AND MATERIALS 

Surgical Procedures 

Ten mongrel dogs were used to investigate the protein 

movement between blood capillaries and lymphatic vessels at 

normal and reduced atmospheric pressures. Thirty minutes 

before anesthesia, each animal was fed 50 cc of condensed 

milk to give a milky white appearance to the thoracic lymph 

duct and therefore aid in its identification. The dogs were 

anesthesized by an intravenous injection of sodium pento-

barbital/ 30 mg/kg body weight, in the cephalic or saphenous 

vein. An endotracheal cannula was then inserted in the 

trachea. 

After shaving the ventral neck area, a 3-inch incision 

was made directly above the left external jugular vein. The 

external jugular, subclavian, transverse scapular, and 

branchiocephalic veins were exposed with blunt dissection. 

The thoracic lymph duct was located under and medially to 

the branchiocephalic vein. The thoracic lymph duct and the 

transverse scapular vein were then prepared for cannulation. 

A left femoral cut down was performed to expose the femoral 

artery and vein. The animal was then heparinized by inject-

ing sodium heparin, 5 mg/kg body weight, in the left femoral 

18 
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vein. The left femoral artery was cannulated proximally and 

distally using Clay Adams PE 280 Intramedic polyethylene 

tubing to create an arterial bypass and provide a means for 

sampling the protein concentration in the bloodstream. All 

cannulae used were first filled with heparinized saline to 

prevent clotting during cannulation procedures. The thoracic 

lymph duct was cannulated with PE 60 polyethylene tubing. 

The left transverse scapular vein was cannulated to receive 

the lymph flow, which in effect formed a lymph-external 

jugular bypass. This cannulation technique only slightly 

modified the natural route of the lymph. 

The Decompression Chamber 

The animal was placed in a decompression chamber after 

completion of the cannulation procedures. The decompression 

chamber used was a large steel cylinder with large side 

windows and end port of plexiglass allowing continual ob-

servation of the animal. The arterial and lymph by-passes 

were exteriorized through one side of the chamber and con-

nected to three-way luer stopcocks to allow sampling during 

decompression. A Statham pressure strain gauge, model 

PR23-40-300 located inside the chamber, was used to monitor 

the femoral aterial blood pressure. The strain gauge was 

connected by means of electrical sockets on the side of the 

decompression chamber to a Brush Universal amplifier, model 

RD-5612-00, and ink writing oscillograph, model RD-2321-00. 
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Pure 100 percent oxygen was vented through a valve located 

on the floor of the chamber. Tygon tubing was used to 

connect the oxygen supply to a T-tube on the endotracheal 

cannula. The open arm of the T-tube had a flutter valve to 

regulate the oxygen flow. The chamber was also equipped 

with a Welch Scientific Company vacuum pump. The pump was 

connected to a Wallace and Tiernan model FA-193100 absolute 

pressure contactor which would activate the vacuum pump to 

the desired barometric pressure. The rate of decompression 

was controlled by a Pioneer Company model 1636-6AB1. rate of 

climb control mechanism connected to the vacuum pump. The 

absolute pressure was monitored with a Wallace.and Tiernan 

model FA 129 absolute pressure gauge. 

Experimental Design 

Two groups of dogs were used in the experiment. Group 

I contained five dogs which served as control animals and 

remained at normal barometric pressure throughout the ex-

periment. Group II consisted of five dogs in which both 

ground level and hypobaric samples were taken. 

Group I runs which served as controls, varied in length 

from 3 to 5% hours. In each case, the dogs were denitro-

genated on 10 0 percent oxygen 120 minutes after the initial 

sampling. Each run in Group I was divided into two equal 

periods according to time, designated as N1 and N2. N1 re-

ferred to the samples taken during the first half of each 

run, whereas N2 referred to samples taken during the last half. 



21 

Group II runs varied in length from 4 to 5% hours. All 

dogs in this group were decompressed to a simulated altitude 

of 27,500 feet (253 mm Hg) at a rate of 4,000 feet/minute. 

The first 3 altitude runs were decompressed 2^ hours after 

the initial sampled were taken. The fourth and fifth runs 

were decompressed 2k and 2 hours, respectively, after initial 

sampling. The dogs in this group were denitrogenated on 

100 percent pure oxygen 30 minutes before decompression (4). 

Each run in Group II was divided into two periods, designated 

as G1 and,AL. G1 designated the samples taken at ground 

level before decompression while A1 referred to the samples 

taken at, altitude. 

Sampling Procedures 

Three ml of blood and 1 ml of lymph were obtained for 

the initial samples. Blood pressure, blood samples, and 

lymph samples were taken at 15 minute intervals after the 

initial sampling period until termination of the experiment. 

Hematocrits were determined for each sample using an Adams 

Autocrit, model CT 2905, centrifuge. The blood volume was 

maintained at a constant level by immediate replacement of 

sample volume with isotonic saline. As the blood and lymph 

samples were collected, they were spun down in an Inter-

national clinical centrifuge model 4641?M-6. The plasma and 

cell-free lymph thus obtained were pipetted to sterile 

plastic collection tubes to be stored. The samples were 
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kept at 2°C for 2 weeks and then frozen at -25°C for ex-

tended storage until needed for electrophoresis or total 

protein determination. 

Total Protein Determination 

The total protein concentration of the plasma and lymph 

was determined using a modified Lowry technique (3). Reagent 

A was prepared as a mixture of 2 percent Na2C02 in 0.1 N NaOH. 

Reagent B was prepared as 0.5 percent CuSO^'5 H^O in 1 per-

cent Na-tartrate. Reagent C was then prepared by mixing 

50 ml of reagent A with 1 ml of reagent B. Reagent C was 

prepared from stock solutions immediately before needed and 

was discarded after one day. Reagent E was a 1.0 N Folin-

phenol reagent prepared from a 2.0 N Folin-phenol stock 

solution. From each plasma and lymph sample, 2 microliters 

of protein solution were pipetted to a test tube containing 

2 ml of distilled water. Two microliter pipettes, from 

Scientific Products with an accuracy of ± 1.0 percent, were 

used to transfer the unknown samples. After the addition of 

5.0 ml of reagent C (1), the mixture was allowed to react 

for 30 minutes. Next, a Vortex shaker was used to shake the 

mixture while adding 0.2 ml of reagent E. The samples were 

allowed to develop their color for 30 minutes and then placed 

-̂ n Bausch and Lomb colorimeter tubes. These tubes were 

placed in a Bausch and Lomb Spectronic 20 with attached 

voltage regulator. The percent transmission of light was 
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read at 660 millimicrons. By use of a chart, the percent 

transmission of light of each sample was converted to optical 

density. A duplicate protein determination of each sample 

was performed to reduce error in technique and to obtain a 

more significant mean value. The optical density values 

were converted to their corresponding values of grams of 

protein per 100 ml of blood (Gram %) by use of a standard 

curve. The standard curve was prepared using five different 

stock, solutions of bovine serum albumin, concentrated at 

50 mg/100 ml. Dilutions ranging from 50 micrograms/ml to 

250 micrograms/ml of bovine serum albumin were prepared from 

each stock solution. The average optical density obtained 

for each concentration was used to plot the standard curve. 

Separation of the Protein Fractions 

The plasma and lymph protein fractions were separated 

using cellulose-acetate electrophoresis. Gelman Tris-

barbital-Sodium-barbital buffer was used at pH 8.8 and ionic 

strength of 0.05. The buffer was refrigerated before use to 

eliminate heat denaturation of the protein fractions during 

the electrophoresis separation. Sepraphore III Cellulose 

Poly-Acetate electrophoresis strips, size 1 x 6 inches, were 

labeled with a black Bic pen and soaked in the buffer for 

several minutes before application of the protein samples. 

A Titan L-l applicator, from Helena Labs, was used to deliver 

2 lambda of sample to the cellulose poly-acetate strips. The 
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accuracy of the applicator was tested against the 2 micro-

liter pipettes and was found to be acceptable. After the 

applicator was loaded, a single strip was removed from the 

soaking buffer and blotted with filter paper to remove the 

excess buffer. Immediately after blotting, the sample was 

applied and the prepared strip was placed in a Gelman 

electrophoresis chamber filled with buffer. Both ends of 

the strip were checked to insure that they were immersed in 

the buffer. After filling the chamber with prepared strips, 

the lid was placed intact and the apparatus was connected 

to a Phipps and Bird Inc. power supply. The voltage was 

adjusted to give a total of 1.5 milliamps per strip. The 

proteins were allowed to migrate for 40 minutes. After the 

migration was completed, the strips were placed in Ponceau-S 

dye for 7 minutes to stain the separated proteins. The 

strips were rinsed with 4 washes of 5 percent acetic acid 

to remove any excess Ponceau-S dye (2). Next, each strip 

was placed in a methanol wash for 1 minute to remove excess 

water and to facilitate clearing procedures. For the final 

clearing step, the strips were placed in a 14 percent acetic 

acid in methanol solution. After 2 to 3 minutes, the strips 

were removed and placed on a plexiglass sheet to dry and 

clear. After drying overnight, the strips were removed and 

scanned on a Photovolt model 542 Densicord densitometer with 

integrator, model 49-A, to determine the actual percent 

composition of each protein fraction. The densitometer 
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response function was placed in position L which measured 

percent light transmitted. A Photovolt absolute zero meter 

was installed on the integrator to insure correct.zeroing on 

the integrator for comparative studies. 

Statistical Analysis 

Once the percent composition of a protein fraction had 

been obtained, that percent was multiplied by the total 

protein concentration for that sample. This gave the actual 

gram percent for that protein fraction. These values were 

used in a statistical analysis to determine if a significant 

difference in protein concentration existed due to changes 

in barometric pressure. Statistical tests, involving 

Student's T with small sample numbers, were used to analyze 

the difference between two means. For group I, mean one 

was calculated using all samples collected during the first 

half of each run (Nl) and mean two was calculated using all 

samples collected during the last half of each run (N2). For 

group II, mean one was calculated using all samples obtained 

at ground level (Gl) and mean two was calculated using all 

samples collected at altitude (Al). In all cases, the mean's 

used represented either the total protein concentration, the 

individual protein fraction concentration, or the lymph to 

plasma (L/P) concentration ratios for a particular sample. 
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CHAPTER III 

RESULTS 

Total Protein Concentration 

For Group I dogs, controls, the mean total protein con-

centration for samples taken during the first half of the 

experiment, period Nl, was"compared with the mean of the 

total protein concentration for samples taken during the 

last half of the experiment, period N2, to determine if 

there was a significant increase or decrease in total protein 

concentration from period Nl to period N2. Figure 1 shows 

the total plasma and lymph protein concentrations and the 

lymph to plasma (L/P) concentration ratios for dogs in 

Group I. 

The total protein concentration of Group II dogs, ex-

perimental, was compared in a similar manner. The mean total 

protein concentration during period Gl, ground level, was 

compared with the mean total protein concentration during 

period Al, high altitude. Figure 2 shows the total plasma 

and lymph protein concentration and the L/P ratios for 

Group II dogs. 

Plasma Concentration 

The total protein concentration decreased in the plasma 

of both Group I and Group II dogs. 

27 
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Group I_. —The total protein concentration in the plasma 

showed a mean decrease of 7.7 percent for dogs in this group. 

Four dogs showed an average decrease of 7.8 percent in con-

centration and one dog had a small increase of 0.2 percent. 

Group II.—The total plasma protein concentration showed 

a mean decrease of 2.3 percent. Three dogs had an average 

decrease in concentration of 7.7 percent and two dogs had an 

average increase of 4.8 percent. 

Lymph Concentration 

The total protein concentration increased in the lymph 

of Group I dogs while it decreased in Group II dogs. 

Group I_.—The total protein concentration in the lymph 

showed a mean increase of 2.8 percent for dogs in this group. 

Three dogs showed an average increase of 8.2 percent in con-

centration and two dogs had an average decrease of 5.3 per-

cent. 

Group II.—The total lymph protein concentration showed 

a mean decrease of 1.9 percent. Four dogs showed an average 

decrease of 2.9 percent and one dog had an increase of 4.1 

percent in concentration. 

Lymph to Plasma Concentration Ratio 

The lymph to plasma (L/P) concentration ratios increased 

in both Group I and Group II dogs. 
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Group I_.—The L/P ratio had a mean increase of 11.1 

percent. Four dogs showed an average increase of 14.9 per-

cent and one dog had a decrease of 4.4 percent. 

Group II.—The L/P ratio had a mean increase of 1.9 per-

cent. Three dogs showed an average increase of 7.3 percent 

and two dogs showed an average decrease of 6.7 percent in 

the L/P ratio. 

Individual Protein Fraction Concentrations 

The individual protein fraction concentrations of 

Group I and Group II dogs were statistically analyzed using 

the same procedure as that developed for the analysis of the 

total protein concentration. Group I dogs were analyzed by 

comparing the mean fraction concentration during period N1 

with the corresponding mean concentration during period N2. 

Group II dogs were analyzed by comparing the mean fraction 

concentration during period G1 with its corresponding mean 

concentration during period Al. 

A decrease in concentration was found in all of the 

plasma protein fractions except for alpha-1 in Group I dogs 

and fibrinogen, beta-1, and gamma globulin in Group II dogs. 

All lymph protein fractions except for alpha-1 and beta-w 

increased in concentration in Group I dogs. All lymph 

protein fractions except for beta-1 and fibrinogen decreased 

in concentration in Group II dogs. An increase in the L/P 

ratio was found in all of the protein fractions except for 
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alpha-1 in Group I dogs and the alpha-2 and beta-1 fractions 

in Group II dogs. Table I shows the individual protein con-

centrations and L/P ratios for each dog in Group I. Table 

II shows the individual protein fraction concentrations and 

L/P ratios for each dog in Group II. 

Albumin Concentration 

Group I_.—The plasma albumin had a mean decrease of 

6.9 percent in' all dogs of this group. The lymph albumin 

concentration had a mean increase of 1.9 percent. Three 

dogs increased in lymph concentration an average of 4.9 per-' 

cent, while two others decreased an average of 2.2 percent. 

The L/P ratio for albumin had a mean increase of 10 percent 

in all dogs. Figure 3 shows the percentage change in the 

concentration of the individual protein fractions from 

period Nl to period N2. Figure 5 shows the percentage 

change in the L/P ratio of the individual protein fractions 

from period Nl to period N2. 

Group II.—The plasma concentration had a mean decrease 

of 5.9 percent. Three dogs decreased an average of 11.4 

percent and two dogs increased an average of 4.6 percent. 

The lymph concentration showed a mean decrease of 5.3 per-

cent in all dogs. The L/P ratio showed a mean increase of 

8.5 percent. The ratio increased an average of 8.6 percent 

in three dogs and decreased an average of 11.3 percent in 
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TABLE I 

MEAN CONCENTRATION tg/100 ml) AND L/P RATIO OF INDIVIDUAL PROTEIN 
FRACTIONS FOR GROUP I DOGS DURING PERIODS Nl AND N2 

Albumin Alpha--1 Alpha--2 Beta-1 

P L L/P P L L/P P L L/P P L L/P 

Dog Number 3 

Nl 1. 79 1. 43 0. 799 0. 35 0.26 0.789 0.98 0. 41 0. 454 0.88 0.42 0.559 

N2 1. 
* 
59 1. 42 0. 

* 
900 0.46 ** 0.39 * 0.871 0.69 

* 1 
0. 43 0. 637 0.76 0.56 0.761 

Dog Number 4 

Nl 3. 09 2. 89 0. 937 0. 27 0.18 0.784 0.51 0. 23 0. 507 0.39 0.22 0.602 

N2 2. 94 2. 78 0. 955 0. 17 0.19 1.182 0.36 0. 21 0. 707 0.44 0.34 * 0.788 

Dog Number 5 

Nl 2. 61 2. 31 0. 885 0. 43 0.47 1.158 0.76 0. 52 0. 740 0.35 0.23 0.685 

N2 2. 51 2. 51 1. 004 0. 45 0.51 1.201 0.86 0. ,60 0. 715 0.36 0.25 0.633 

Dog Number 12 

Nl 1. 94 2. 01 1. 049 0. 52 0.55 1.067 0.62 0. ,45 0. 745 0.44 0.31 0.865 

N2 1. 91 2. 06 1. 097 0. 54 0.41 * 0.777 ** 0.61 0. .43 0. 733 0.37 * 0.23 ** 0.671 

Dog Number 13 

Nl 3. 21 2. ,13 0. 664 0. 35 0. 30 0.974 0.62 0, .34 0. .551 0.32 0.19 0.605 

N2 2.82 ** 2. .21 0.780 ** 0. ,34 0.25 ** 0.735 0.55 ** 0, .32 0, .579 0.27 * 0.20 0.776 ** 

Mean 

Nl 2, .53 2. .15 0. ,867 0. .38 0.35 0.954 0.69 0 .39 0, .599 0.48 0.27 0.663 

N2 2. .35 2. .19 0. .947 0. .39 0.35 0.953 0.61 0 .40 0 .675 0.44 0.32 0.686 

*P < 0.05. 

**P < 0.01. 



TABLE I—Continued 

34 

Beta-2 Fibrinogen Gamma Total Protein 

P L L/P P L L/P P P L/P P L L/P 

Dog Number 3 

1.29 

1.20 

0.95 

1.05 

0.804 

0.885 

1.44 

1.18 ** 

0. 85 

0.93 

0.608 

0.823 * 

0.99 

0.89 

0.75 

0.76 

0.815 

0.855 

7.66 

6.82 ** 

5.09 

5.54 ** 

0.678 

0.813 ** 

Dog Number 4 

0.79 0.55 0.715 1.20 0.86 0.717 0.78 0.58 0.757 7.04 5.52 0.793 

0.70 0.67 0.969 1.28 1.02 0.81 0.60 0.69 1.165 6.49 5.89 0.914 
* * * * * ** * * * * 

Dog Number 5 

1.07 0.82 0.781 1.40 0.98 0.733 1.04 0.86 0.828 7.44 6.25 0.816 

0.97 0. 89 0.934 1.27 1.18 0.936 1.03 0.84 0.825 7.46 6.79 0.911 
* * * * 

Dog Number 12 

1.36 1.02 0.770 1.35 1.13 0.871 0.53 0.40 0.762 6.72 5.88 0.893 

1.09 0.72 0.689 1.27 0.99 0.795 0.44 0.39 0.952 6.23 5.26 0.854 
* * * * * * * * * 

Dog Number 13 

1.43 0.75 0.536 1.71 0.88 0.514 0.86 0.59 0.712 8.49 5.24 0.617 

1.24 0.72 0.580 1.38 0.93 0.673 0.75 0.60 0.809 7.37 5.23 0.710 
** * * * * * * * * * 

Mean 

1.19 0.82 0.721 1.42 0.94 0.689 0.84 0.64 0.775 7.47 5.59 0.759 

1.04 0.81 0.811 1.28 1.01 0.807 0.74 0.66 0.921 6.91 5.74 0.840 
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TABLE II 

MEAN CONCENTRATION (g/100 ml) AND L/P RATIO OF INDIVIDUAL PROTEIN 
FRACTIONS FOR GROUP II DOGS DURING PERIODS Gl AND Al 

Albumin Alpha--1 Alpha--2 Beta-1 

P L L/P P L L/P P L L/P P L L/P 

Dog Number 8 

Gl 2.47 2.53 1.052 0.62 0.59 0.958 1.09 0.65 0.617 0.46 0.34 0.811 

Al 2.12 2.43 1.153 0.63 0.63 1.003 0.99 0.62 0.622 0.43 0.29 0.711 

Dog Number 9 

Gl 2.51 2.04 0.821 0.74 0.42 0.575 0.82 0.34 0.419 0.32 0.25 0.804 

Al 2.19 2.02 0.929 0.73 0.49 0.689 0.63 0.35 0.564 0.29 0.28 0.969 
* * * * * * * 

Dog Number 10 

Gl 1. 35 1.05 0.788 0.47 0.32 0.691 1.07 0.59 0.557 0.33 0.14 0.456 

Al 1.46 1.04 0.711 0.46 0.31 0.667 1.22 0.62 0.507 0.36 0.15 0.465 
* * * 

Dog Number 14 

Gl 2. 64 2. 68 1. 030 0.53 0. 45 0. 861 0. 80 0. 64 0. 813 0.26 0. 22 0. 919 

Al 2. 49 2. 63 1. 062 0.39 * 0. 33 0. 884 0. 79 0. 53 0. 708 0.37 ** 0. 29 0. 788 

Dog Number 15 

Gl 2.49 2.29 0.963 0. 32 0.33 1.046 0.95 0.72 0.765 0.34 0.21 0.643 

Al 2.52 2.09 * 0.841 0.34 0.30 0.906 0.94 0.70 0.746 0.33 0.22 0.666 

Mean 

Gl 2.29 2.12 0.925 0.54 0.42 0.826 0.95 0.59 0.634 0.34 0.23 0.727 

Al 2.16 2.04 1.004 0.51 0.41 0.829 0.91 0.56 0.629 0.36 0.24 0.719 

*P < 0.05. 

**P < 0.01. 
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Beta.--2 Fibrinogen Gamma Total Protein 

P L L/P P L L/P P L L/P P L L/P 

Dog Number 8 

0.89 0.53 0.620 1.56 0.97 0.648 0.88 0.98 1.205 7.92 6.57 0.839 

0.71 0.46 0.637 1.41 0.96 0.693 0.87 0.83 1.037 7.18 * 6.19 0.865 

Dog Number 9 

0.53 0.39 0.761 1.20 0.79 0.659 0.77 0.59 0.793 6.90 4.80 0.698 

0.46 0.41 0.923 1.10 0.81 0.753 0.73 0.65 0.900 6.06 5.00 0.829 
* * * ** * * 

Dog Number 10 

1.15 0.51 0.443 2.32 0.99 0. 432 1.98 1.13 0.573 8.65 4.72 0.547 

•
 1—
1 

00
 

0.54 0.468 2.64 0.86 0.329 2.16 1.14 0.532 9.47 4.66. 0.492 
* * * * * * * * * * 

Dog Number 14 

0.68 0.61 0.898 1.39 0.99 0.714 0.29 0.33 1.169 6.59 5.92 0.898 

0.61 0.57 0.939 1.55 1.18 0.781 0.32 0.31 1.485 6.49 5.83 0.899 
* * * 

Dog Number 15 

0.97 0.88 0.919 1.54 0.93 0.601 0.82 0.84 1.037 7.49 6.25 0.833 

0. 90 0. 79 0. 882 1.66 1.16 0.705 0.85 0.76 0.911 7.52 6.05 0.805 
* * * 

Mean 

0.84 0.58 0.728 1.60 0.93 0.611 0.95 0.78 0.955 7.51 5.65 0.763 

0.77 0.56 0.769 1.67 0.99 0.652 0.98 0.74 0.973 7.34 5.55 0.778 
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two dogs. Figure 4 shows the percentage change in the con-

centration of the individual protein fraetiona from period 

G1 to period Al. Figure 5 shows the percentage change in 

the L/P ratio of the individual protein fractions from 

period G1 to period Al. 

Alpha-1 Concentration 

Group I_.—The plasma concentration showed a mean in-

crease of 2.6 percent. Three dogs showed an average increase 

of 13.6 percent, while two dogs decreased an average of 18.3 

percent in concentration. The lymph concentration showed a 

mean decrease of 0.05 percent. Three dogs showed an average 

increase of 21.3 percent in concentration and two dogs had 

an average decrease of 20.7 percent. The L/P ratio had a 

mean decrease of 0.13 percent. Three dogs had an average 

increase of 21.6 percent and two dogs had an average decrease 

of 25.9 percent. 

Group II.—The plasma concentration showed a mean 

decrease of 5 percent. Three dogs had an average decrease 

of 10.4 percent and two dogs had an average increase of 4.2 

percent. The lymph concentration showed a mean decrease of 

1.9 percent. Three dogs decreased an average of 12.9 percent 

and two dogs increased an average of 13 percent. The L/P 

ratio showed a mean increase of 0.4 percent. Three dogs had 

average increases of 9.1 percent and two dogs had average 

decreases of 8.5 percent. 
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Alpha-2 Concentration 

Group I.—An 11.8 percent mean decrease appeared in the 

plasma. Four dogs showed an average decrease of 17.4 percent 

and one dog increased by 14.2 percent. The lymph concentra-

tion had a mean increase of 1.9 percent. Three dogs de-

creased an average of 6.5 percent and two dogs increased an 

average of 9.5 percent. The L/P ratio had a mean increase 

of 12.5 percent. Three dogs showed an average increase of 

28.4 percent and two dogs decreased an average of 2.5 per-

cent. 

Group II.—The plasma concentration had a mean decrease 

Of 3.6 percent. Four dogs decreased an average of 9.1 per-

cent and one increased by 14 percent. The lymph concentra-

tion showed a mean decrease of 4.4 percent. Three dogs had 

an average decrease of 8.2 percent and two dogs had an 

average increase of 2.8 percent. The L/P ratio had a mean 

decrease of 0.8 percent. Three dogs had an average decrease 

of 8.1 percent and two had an average increase of 17.5 per-

cent. 

Beta-1 Concentration 

Group l_. —The plasma concentration had a mean decrease 

of 7.4 percent. Three dogs showed an average decrease of 

14 percent and two dogs showed an average increase of 6.9 

percent. The lymph concentration showed a mean increase of 
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16.3 percent. Four dogs increased an average of 25.9 per-

cent and one dog decreased by 24.4 percent. The L/P ratio 

showed a mean increase of 3.4 percent. Three dogs had an 

average increase of 31.7 percent and two dogs had an average 

decrease of 15 percent. 

Group II.—The plasma concentration had a mean increase 

of 4.7 percent. Three dogs showed an average increase of 

27 percent and two dogs had an average decrease of 5.3 per-

cent. The lymph concentration showed a mean increase of 0.5 

percent. The lymph concentrations increased an average of 

11.9 percent in four dogs and decreased by 13.3 percent in 

one dog. The L/P ratio had a mean decrease of 0.9 percent. 

Three dogs had average increases of 8.7 percent and two dogs 

had average increases of 13.3 percent. 

Beta-2 Concentration 

Group I.—The plasma concentration showed a mean decrease 

of 12.2 percent in all dogs. The lymph concentration showed 

a mean decrease of 0.9 percent. Three dogs had an average 

increase of 13.8 percent and two dogs had an average decrease 

of 16.6 percent. The L/P ratio showed a mean increase of 

12.5 percent. The L/P ratio increased an average of 18.3 

percent in four dogs and decreased by 10.5 percent in one 

dog. 
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Group II.—The plasma concentration showed a mean de-

crease of 8.2 percent. The plasma concentrations decreased 

an average of 12.3 percent in four dogs and increased by 

2.6 percent in one dog. The lymph concentration showed a 

4.6 percent mean decrease. Three dogs had an average de-

crease of 10 percent and two dogs had an average increase of 

6.5 percent. The L/P ratio had a 5.7 percent mean increase. 

An average increase of 8.6 percent was found in four dogs 

and a decrease of 4 percent in one dog. 

Fibrinogen Concentration 

Group I_.—The plasma concentration showed a 10.1 percent 

mean decrease. Four dogs had average decreases of 13.1 per-

cent and one dog increased by 6.3 percent. A mean increase 

of 7.5 percent was found in the lymph concentration. The 

lymph concentration increased an average of 13.7 percent in 

four dogs and decreased by 12.5 percent in one dog. The 

L/P ratio had a mean increase of 17.3 percent. The ratio 

had an average increase of 26.7 percent in four dogs and a 

decrease of 8.7 percent in one dog. 

Group II.—The plasma concentration showed a mean in-

crease of 4.1 percent. Three dogs had an average increase 

of 10.8 percent and two dogs had an average decrease of 9.3 

percent. The lymph concentration showed a mean increase of 

6.5 percent. Three dogs had an average increase of 15.8 
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percent and two dogs had an average decrease of 7.1 percent. 

The L/P ratio showed a mean increase of 6.8 percent. The 

ratio increased an average of 11.9 percent in four dogs and 

decreased by 23.8 percent in one dog. 

Gamma Globulin Concentration 

Group I_.—The plasma concentration showed a mean de-

crease of 11.6 percent in all dogs. The lymph concentration 

showed a mean increase of 2.8 percent. Three dogs had an 

average increase of 6.4 percent and two dogs had an average 

decrease of 1.3 percent. The L/P ratio showed a mean in-

crease of 18.9 percent. Four dogs had an average increase 

of 24.3 percent and one dog decreased by 0,3 percent. 

Group II.—The plasma concentration showed a mean in-

crease of 3.4 percent. Three dogs showed an average increase 

of 6.4 percent and two dogs had an average decrease of 4.1 

percent. The lymph concentration had a mean decrease of 

4.8 percent. Three dogs had an average decrease of 10.5 

percent and two dogs had an average increase of 5 percent. 

The L/P ratio showed a mean increase of 1.8 percent. Three 

dogs had an average decrease of 11.1 percent and two dogs 

had an average increase of 20.3 percent. 

Hematocrit 

The Nl and N2 mean hematocrit values for all dogs in 

Group I were 40.72 and 40.86 respectively. This showed a 
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mean increase of 0.3 percent in Group I hematocrit values. 

Four dogs had an average decrease of 2.65 percent in hematocrit 

and one dog increased by 9.57 percent. 

The G1 and A1 mean hematocrit values for all dogs in 

Group II were 42.07 and 43.65 respectively.. This showed a 

mean increase of 3.75 percent in Group II hematocrit values. 

Four dogs had an average increase of 5.96 percent in 

hematocrit and one dog decreased by 5.63 percent. 

Blood Pressure 

The blood pressure, as measured in millimeters of 

mercury, continually decreased with time in both Group I 

and Group II dogs. The blood pressure during the initial; 

sampling period was compared with the blood pressure during 

the final sampling period for each dog. There was an over-

all mean decrease in blood pressure of 24 percent. 



CHAPTER IV 

DISCUSSION 

Total Protein Concentration 

Plasma 

The total plasma protein concentration showed a ten-

dency to decrease in both the control (Figure 1) and the 

experimental animals (Figure 2). Four control dogs and 

three experimental dogs showed decreases in plasma concen-

tration. One control dog remained unchanged. The reductions 

in plasma protein concentration could perhaps be due to the 

diluting effect of the isotonic saline used to maintain the, 

plasma volume and to the constant removal of protein by 

sampling, thereby reducing the total protein present. 

Another factor which could have contributed to the reduction 

in the total plasma protein concentration was the recorded 

gradual decrease in blood pressure. This decrease in blood 

pressure, which occurred in all dogs, was attributed to be 

primarily due to the loss of heparinized blood from damaged 

cutaneous vessels in the surgical areas. Following 

Starling's hypothesis (7, 8, 12), if the capillary blood 

pressure falls below the colloid osmotic pressure, a net 

reabsorption of fluid into the capillaries would then occur 

instead of a net filtration, thus decreasing the plasma 

46 



47 

protein concentration and increasing the extravascular 

(lymph) protein concentration. An increase in plasma protein 

concentration during exposures of twenty-four hours to 

several weeks at altitude as observed by others (1, 5, 10, 

13, 14, 19) was observed in only two experimental animals 

(Tables I and II). It is possible that the duration at 

altitude in these investigations was not sufficient to 

induce the increase in protein concentration in all animals. 

Lymph 

An exhaustive search of the literature reveals no re-

ports of investigations of lymph protein changes at decreased 

barometric pressure. The total lymph protein concentrations 

obtained during this investigation showed opposite changes 

in the control and experimental animals (Tables I and II). 

An increase in lymph protein concentration was found in 

three control dogs and one experimental dog. The increases 

in lymph protein concentration are believed to be due to a 

reduction in the blood capillary pressure causing a net re-

absorption of fluid into the capillary and therefore in-

creasing the concentration of the extravascular (lymph) 

proteins. One control dog decreased in concentration and 

one dog remained unchanged. Four experimental dogs decreased 

in lymph concentration. The decreases reported here are 

believed to be due to the redistribution of plasma water 

from the intravascular spaces to the extravascular spaces 
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which would increase the intravascular protein concentration 

and decrease the extravascular or lymph protein concentra-

tion. The movement of water out of the capillary at altitude 

was evidently rapid enough to dilute the lymph proteins at 

the time of sampling, but not great enough to completely 

overcome the reported decrease in total plasma protein. 

Water shifts at high altitudes have been reported by others 

CI, 5, 13, 14, 15, 16, 19). 

Lymph to Plasma Ratio 

Because of the above mentioned increases and decreases 

in the plasma and lymph total protein concentrations, the 

control lymph to plasma (L/P) concentration ratios (Figures 

1 and 2) increased an average of 11.1 percent/ while the 

experimental L/P ratios increased by only 1.9 percent. The 

small increase in L/P ratio at altitude reflects the decrease 

found in the total lymph protein concentration during alti-

tude exposure. 

Individual Protein Fraction Concentration 

Following the pattern established in the study of the 

total lymph and plasma protein concentrations, the plasma 

concentration of individual proteins decreased in the control 

dogs except for alpha-1 (Figure 3) and in the experimental 

dogs except for beta-1, fibrinogen, and gamma globulin 

(Figure 4). With few exceptions, the control lymph concen-

tration increased except for the alpha-1 and beta-2 fractions, 
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while the experimental lymph concentration decreased except 

for the fibrinogen fraction. 

Albumin 

Decreases in the plasma albumin concentration in both 

the control and experimental dogs were thought to be due to 

the dilution of the plasma, the reduction of the total 

protein mass, and the net reabsorption of fluid as discussed 

with the total protein concentration. The experimental 

lymph albumin concentration decreased while the controls 

increased. This increase in lymph concentration for control 

dogs suggested that fluid left the lymph because of a net 

reabsorption of fluid into the blood capillaries due to a 

decrease in blood pressure. The decrease at altitude was 

again thought to be due to the loss of water from the blood-

stream out into the extravascular spaces, therefore reducing 

the lymph concentration. The L/P ratios for the control and 

experimental dogs tFigure 5) increased equally in both 

groups. 

Alpha-1 

Even though the plasma concentration increased in the 

control dogs, the experimental dogs showed a decrease in 

concentration. The lymph concentration showed no net change 

in the controls while a decrease was found in the experi-

mental dogs. Decreases in the plasma and lymph proteins 

were thought to be due to the same physiological process as 
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for albumin. The L/P ratio for alph.a-1 showed almost no 

change in the control group, while the experimental group 

had a small increase. 

Alpha-2 

Decreases in the plasma concentration in control and 

experimental dogs were found. The increase in lymph concen-

tration of controls and decrease in concentration of experi-

mental dogs was similar to previously mentioned trends. The 

plasma and lymph protein changes of alpha-2 may be explained 

in the same way as albumin. The plasma protein decreases in 

both control and experimental animals and the decrease in 

lymph concentration of experimental dogs was explained 

earlier. The L/P ratio increased in the control dogs and 

decreased in the experimental dogs. The increase seemed to 

be due to the large decrease in the plasma concentration of 

control dogs. The decrease seemed to be due to a larger 

decrease in the lymph concentration of the experimental dogs. 

Beta-1 

The control values for plasma and lymph concentrations 

followed the earlier set patterns. The plasma decreased 

while the lymph increased. The trend for plasma concentra-

tions at altitude varied from the other fractions studied. 

The plasma concentrations were increased instead of being 

decreased at altitude. This finding supports the studies by 

Morgan (9, 10) showing an increase in the beta-1 plasma 
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fraction at high altitudes. The lymph concentration at 

altitude showed a small increase aa ©omp&r&a to tfta largft 

increase found in control dogs. A dilution of the lymph 

with intravascular water was probably still occurring in 

the experimental dogs because the increase in lymph concen-

tration at altitude was very slight, 0.5 percent, as compared 

to a 16.2 percent increase in the control dogs. The L/P 

ratio increased in the control dogs and decreased in the 

experimental dogs. This decrease was probably due to the 

increase in the plasma concentration accompanied by only a 

slight increase in the lymph. 

Beta-2 

The beta-2 plasma and lymph concentrations decreased in 

the control dogs and in the experimental dogs. The only 

deviation from earlier set trends was the very slight, 0.9 

percent, decrease in the control lymph concentration. The 

L/P ratios increased for the control dogs as well as for the 

experimental dogs. 

Fibrinogen 

The control values for plasma and lymph concentration 

continued earlier set trends for the control dogs. The con-

trol dogs showed a plasma concentration decrease and a lymph 

concentration increase. The experimental dogs had a com-

pletely unexpected increase in both the plasma and lymph 

concentrations. The plasma concentration increase might be 
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the result of a loss of water from the bloodstream at alti-

tude as reported by others (5, 10, 13, 14, 19). The increase 

in lymph concentration, and plasma as well, is difficult to 

explain. The molecular size of fibrinogen (MW 400,000) 

cannot explain its concentration in the lymph since alpha-2 

(MW 820,000) did not concentrate. One other plausible ex-

planation might be given: since fibrinogen is manufactured 

in the liver and Kolmen and Vita (6) have shown a proportionate 

release of fibrinogen into the plasma and lymph, then this 

increase may be due to hepatic release of fibrinogen. The 

L/P ratios increased in both the control and experimental 

dogs. 

Gamma Globulin 

Control dogs showed the expected plasma concentration 

decrease and lymph concentration increase. The experimental 

dogs showed opposite changes from the controls; the plasma 

concentration increased and the lymph concentration de-

creased. The lymph concentration decrease at altitude has 

been explained in the albumin discussion. An attempt to 

explain the plasma concentration increase has been made in 

the fibrinogen discussion. The L/P ratios increased in both 

the control and experimental dogs, but the experimental 

increase was very small, 2 percent. The slight increase in 

the experimental L/P ratio reflected the decrease in lymph 

concentration and the increase in plasma concentration at 

altitude. 
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Statistical Analysis 

Preliminary analysis of the total and individual protein 

fraction concentrations revealed significant differences 

between control dogs and experimental dogs during ground 

level sampling. Bulgin, Shifrine, and Galligan (1) have 

shown significant differences in total protein and protein 

fraction concentrations among purebred beagle dogs. They 

suggested the variations in concentrations were a result of 

age differences, nutritional deficiencies, or disease. 

Because of this significant variation in protein concentra-

tion between dogs, this investigation measured the per-

centage change of the total protein concentration, the 

protein fraction concentrations, and the lymph to plasma 

concentration ratios. Significant changes in the protein 

concentrations and lymph to plasma ratios are shown in 

Tables I and II. Future investigations involving the 

protein concentrations should use a larger population of 

dogs to obtain more significant mean values. 

Capillary Permeability 

The permeability of the blood capillaries to the normal 

plasma proteins was studied by measuring the total protein 

concentration and the individual protein fraction concentra-

tions in the plasma and lymph of dogs. A change in protein 

concentration in either the plasma or lymph was thought to 

indicate an lateration in capillary permeability to the 
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proteins or to the body fluids. A higher protein concentra-

tion found in the plasma (Figures 1 and 2) as compared to 

the lymph protein concentration (3) suggested the existence 

of a selective barrier between the intravascular and extra-

vascular spaces. It was believed that this barrier (4, 18) 

limits the rate of passage of protein molecules across the 

capillary wall according to the molecular size of the mole-

cule. 

An overall decrease in plasma protein concentration was 

found in control dogs (Figure 3), from period Nl to period 

N2, and in experimental dogs (Figure 4), from period Gl to 

period Al. It was noted that the decreases found in the 

experimental dogs were not as great as the decreases for the 

control dogs. The beta-1, fibrinogen, and gamma globulin 

fractions of the experimental dogs showed an increase in 

concentration. Since the experimental plasma protein con-

centration did not decrease to as great a degree as the 

controls and because some plasma fractions actually increased 

in concentration, the permeability of the blood capillaries 

to protein or fluid was believed to have increased. This 

increase seems to be due only to changes brought about during 

high altitude exposure. The increased plasma protein con-

centration could also be due to a net protein entrance or 

net fluid loss from the blood capillaries. Others (1, 5, 

10, 13, 14, 19} have suggested a fluid loss from the capil-

laries. The possibility of stretched pores in the capillary 
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wall (11, 17) during altitude exposre would allow a protein 

or fluid shift from the intravascular to the extravascular 

spaces as suggested by Surks (14). 

As seen in Figures 3 and 4, the lymph protein concentra-

tion increased in control dogs and decreased in experimental 

dogs. This decrease in concentration reflects the proposed 

increase in capillary permeability to proteins or fluids 

during altitude exposure. Another cause for the decrease in 

concentration may well be the above mentioned protein shift 

from the intravascular to extravascular spaces. A protein 

shift would cause an increase in the interstitial fluid 

osmotic pressure, thereby causing a net filtration of fluid 

out of the blood capillaries. Fluid losses from the capil-

laries would have a concentrating effect of the plasma 

proteins and a diluting effect on the lymph proteins. 

Because of the protein concentration changes in the 

plasma and lymph of dogs exposed to high altitudes, it is 

concluded that there was an increase in capillary perme-

ability to the normal plasma proteins and fluids. A stretch-

ing of the capillary pores during altitude exposure is pro-

posed as the mechanism by which the permeability is increased, 

Summary 

The conclusions of this investigation are summarized as 

follows: 
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1. The capillary permeability was increased during 

exposure to a simulated altitude of 27,100 feet. 

2. The beta-1, fibrinogen, and gamma globulin fractions 

became more concentrated in the plasma during altitude ex-

posure than the other protein fractions. 

3. The lymph protein fractions decreased in concen-

tration during altitude exposure while the concentrations 

increased in control dogs. 
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