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, CHAPTER I 
, i ! - 1 1 

INTRODUCTION 

History 

The immunological response in mammals, although studied 

for the past century, is still not fully understood. Of the 

many factors which influence the development of an immune 

response, one of the least understood or studied is the in-

fluence of environmental conditions. Although many studies 

have attempted to elucidate the mechanism of environmental 

factors on the host-parasite relationship, the actual changes 

at the cellular or humoral level have only been measured in 

a few isolated experiments. 

It is known that stress, in a variety of forms, plays an 

important role in the interrelationships of the host and 

parasite (Raffel, 1961). A review of the pertinent literature 

now available suggests that although no standard set of 

parameters exists for any one host-parasite relationship, 

resistance and immunity are influenced- by such environmental 

factors as temperature, barometric pressure, gaseous atmos-

phere, period of exposure, animal species involved, and the 

microbial agent used in the study. 

As man has now successfully achieved routine missions in 

the hostile environment of space, it is essential for his 

protection to understand the factors which might lead to 

1 



sickness and Incapacitation in space due to such stressful 

environments. One factor necessary for maintenance of health 

is the ability to ward off infectious challenge through normal 

body responses as well as immunological lines of defense. 

Serious problems could occur in manned flights of long dur-

ation If environmental stress causes a breakdown in immuno-

logical responses of man. 

Early studies on the effects of environment on resistance 

and immunity began seriously ŵ tti the work of Berry (Berry, et_ 

al.a 1955J Berry, 1957). He reported that mice subjected to 

a simulated altitude of 20,000 feet for 3 to 4 months became 

more susceptible to Salmonella typhimurium infection. Later 

studies by Ehrllch and Mieszkuc (1962) showed decreased 

resistance in mice towards Klebsiella pneumoniae infection 
in m im *• 

if the animals were subjected to a simulated, altitude of 

18,000 feet for 30 days. Both of the above studies were 

performed under conditions where the animals were in a state 

of oxygen deficiency, or hypoxia, since the partial pressures 

of oxygen (PC>2) corresponded to the altitudes being used. 

Kaplanskiy et jaJ,, (1967) reported that mice which were 

exposed to hypoxic conditions at a simulated altitude of 

approximately 18,000 feet for 20 days showed increased sensi-

tivity to bacterial infection. The phagocytic activity of 

neutrophils and macrophages was decreased although production 

of antibody was not changed by this environment. The data 

indicated that the production of Vi—antibodies in mice kept 



at simulated altitude was essentially equal to that of 

control mice kept at ground level. However,, Weihe and Hurni 

(1964) had previously shown that strain variations in the 

host may modify results of work, at simulated altitudes. 

Smith, Altland and Highman (1961) injected sheep eryth-

rocytes intravenously into rats acclimatized to a simulated 

20,000 feet. There was a significant increase in antibody 

formed during the primary immune response but the length of 

the induction period was not altered when compared to ground 

controls. Trapani and Jordan (1962) similarly reported an 

increase in antibody response in rabbits adapted to true 

altitudes of 14,150 feet. Circulating precipitins in rabbits 

immunized with bovine serum albumin were at higher levels in 

the altitude-adapted animals, Altland, Highman and Smith 

(1963) showed a significant increase in the primary immune 

response of rabbits exposed to a simulated altitude of 16,000 

feet and injected with sheep erythrocytes. Trapani and Cohn 

(1963) showed that guinea pigs exposed to a true altitude of 

14,150 i-eet after inoculation with BCG—vaccine maintained the 

protective effect as well as similarly- vaccinated ground 

control animals. Electrophoresis of serum samples showed 

that all animals had a higher level of alpha-l-globulin one 

month post infection, and that the alpha-l-globulin component 

was greater in non-immunized than in immunized animals. 

Trapani (1966, 1969) has proposed a unifying hypothesis to 

account for the changes in resistance which accompany altitude 



acclimatization. His explanation is that resistance to 

bacterial infections at altitude is depressed, that resistance 

to viral infections at altitude is enhanced, and that these 

changes are related to a decrease in 19S immunoglobulin 

synthesis and an increase in 7S immunoglobulin synthesis. 

Tengerdy and Kramer (1968) morp recently reported that humoral 

antibody production in rabbits towards ovotransferrin was 

stimulated significantly in altitude-stressed animals only if 

the immunogenic stimulus coincided with the altitude stress. 

The common factor in the above studies is the simultaneous 

conditions of hypobaric pressure and oxygen deficiency (alti-

tucie and hypoxia), In simulated altitudes where the gaseous 

environment may be controlled, it is possible to have the 

environmental effect of hypobaric pressure imposed without 

having a concomitant oxygen deficiency. For example, currently 

used manned space capsules from the United States contain 

atmospheres of 100 per cent oxygen at a pressure of 5 pounds 

per square inch. This simulates an altitude of 27,000 feet 

but there is no oxygen deficiency since the partial pressure 

of oxygen in the lungs of the astronauts is greater than 

(hyperoxic) that normally present at sea level (normoxic). 

Relatively few experimental studies have been directed ' 

towards the understanding of the host-parasite relationship 

and the host's immune response under conditions of hypobaric 

pressure and normoxic environment. Most of the work in this 

area has been accomplished at the USAP School of Aerospace 



Medicine, Brooks Air Force Base, Texas. These studies are 

summarized in a recent publication by Schmidt (1969). His 

conclusions indicate that there are variations in the re-

sponse of the host which are based on the specific microbial 

agent involved. Tests with five different pathogens for mice 

under hypobaric, normoxic conditions indicated altered suscep-

tibility with only two of the five pathogens. Mengovirus and 

Staphylococcus aureus infections were affected by hypobaric, 

normoxic conditions, while Pasteurella tularensis. P. pseudo-

tuberculosis t and influenza virus infections were not shown 

to be significantly affected by the environment. The altered 

susceptibility of the animals was not consistent with the 

exposure parameters. That is, animals exposed to the test 

environment before infectious challenge were more susceptible 

to the staphylococcal lesions, whereas animals subjected to 

changes in the barometric pressure were significantly different 

in the case of the Mengovirus Infection, regardless of environ-

mental conditions before challenge. 

Only one previous study has been concerned with the 

production of antibodies in animals subjected to hypobaric 

pressure but with normoxic environment. Giron and Schmidt 

(1966) immunized rabbits with the IHD strain of vaccinia virus 

and measured antibody response after four injections and 

forty-two days at the environment. Although the results may 

be unique to viral agents, it v W found that there was 

essentially no change in antibody titer which could be 



attributed to the environment. Exposed.and control animals 

alike showed a similar antibody production response. 

No definitive work with bacterial antigens as Immunogens 

has been attempted under hypobaric, normoxic conditions, 

although this is Indicated as an Important area of study. 

Since there is a difference In the way animals respond under 

hypobaric pressures whether the challenge is of viral or 

bacterial origin, this problem should be Investigated. 

Statement of Problem 

In this work experimental design and tests were estab-

lished to determine whether antibody production in guinea 

pigs injected with a bacterial antigen is Influenced by the 

environment of simulated high altitude with normoxic condi-

tions. Hematological and electrophoretic studies were 

,it 'i; 

simultaneously run with the antibody determinations as a 

check on related responses of the animals. 



CHAPTER II 

METHODS AND MATERIALS 

Biologic Simulator 

The unique facilities for this study were provided at 

the Infectious Diseases Branch, Biosciences Division of the 

USAF School of Aerospace Medicine, Brooks Air Force Base, 

Texas. 

The biologic simulator consisted of two connecting 

compartments, the main chamber and air lock, each about 

6 x 6 x 6 feet (215 cubic feet11).1' Animals were placed in the 

environment of the main chamber which was maintained at a 

barometric pressure of 380 mm Hg„, equivalent to a simulated 

altitude of 18,000 feet. Personnel working with the animals 

wore protective clothing and oxygen masks and were placed in 

contact with the animals by being brought to a matching 

pressure In the air lock and then opening the connecting door 

to allow access to the chamber. The simulator was specifically 

designed to handle animals infected with pathogenic organisms, 

and is described in a recent publication by Wynne et al. , 

(1968). 

Conditions during the test period were controlled so 

that a constant oxygen level of forty-three per cent was main-

tained. Carbon dioxide concentration was held to levels below 

one per cent by use of an absorbent hydroxide bed within the 
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chambQr (Baralyme , NationaX Gas Co.) . ReXative humidity , 

although not controlleds was monitored and found to remain at 

sixty to seventy per cent. Temperature was twenty to twenty-

three degrees Centigrade throughout the experiment. 

Animal Techniques 

English strain male guinea pigs, purchased from Camm 

Research Laboratories, Wayne, N. J., were randomly picked 

from a group of 100 and arbitrarily assigned to cages in 

groups of five. They were individually tagged and identified 

by means of tatoos on the ear margins. 

Adequate food and water were always available and routine 

changes of cage bedding were accomplished without disturbing 

the animals. Animals in the chamber remained at altitude 

during routine bedding changes. Control animals were housed 

in identical cages in an adjacent room. 

Individual animals were bled on a routine weekly basis. 

This was accomplished by anaesthetizing with methoxyflurane 

(Penthrane, Abbott Laboratories) according to procedures 

established by Pindak and Kendrick (1969), and subsequently 

withdrawing three to five milliliters of blood from the heart, 

using glass syringes and twenty-one gauge needles. 

Eighty animals were used for the experiment and were 

assigned in four groups of twenty animals each, as shown in 

Table I. 



TABLE I 

ANIMAL ASSIGNMENTS 

Group Number Purpose 

Designation in Group 

I 20 Immunization with 
Salmonella "0" antigen 

II 20 Immunization with 
Bovine Serum Albumin 

III 20 Oral Inoculation with 
Salmonella and flora 
studies 

IV 20 Control Group 

Experimental Design 

Each of the four groups of twenty guinea pigs was 

sub-divided into four additional groups of five each. These 

sub—groups were subjected to the various environmental condi-

tions outlined in Table II. 
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TABLE II 

ENVIRONMENTAL CONDITIONS 

.Sub-group Environment 
Designation 

A-A Al'ci-. ,,c„iniu;ion for two 
weeks, immunized or infected 
and remained at altitude for 
three more weeks, then two weeks 
at normal ground level conditions 

A-G Altitude acclimation for two 
weeks9 treatment given, brought 
to ground for remainder of 
experiment (5 additional weeks) 

G'-A Ground conditions for two weeks, 
treatment given and then brought 
to altitude for three weeks, 
followed by two weeks at ground 
level 

G~G Ground level during entire 
experiment 

Hematological Studies 

Blood Sampling and Processing 

A bleeding schedule was established so that individual 

animals were bled once per week, but no more than 25 were bled 

on a sampling day. Blood was processed, in the following 

manner. Approximately 1,0 ml of blood was added to a 13 x 100 

mm plastic tube to which 2-3 mg. of dry EDTA was added as an 

anticoagulant. This tube was immediately swirled and agitated 

unril the EDTA was in solution. The remainder of the sample 

was transferred to an identical tube and allowed to clot at 

room temperature. The tube containing the clotted blood was 
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placed In a 37° incubator for 30-60 minutes. The clot was 

rimmed with a wooden stick, allowed to contract at room 

temperatures and placed in a cold room for an additional 

1-3 hours. The tube was centrifuged at 5,000 x g for 10 

minutes and the clear serum withdrawn and stored in the 

frozen state (-70° C) in small vials for future testing. 

Serum samples were frozen within 8-10 hours after blood 

sampling. 

Hematocrit 

Hematocrit values were obtained by use of the micro-

hematocrit method. Capillary tubes of the blood samples were 

centrifuged for five minutes at 11,000-13,000 rpm and the 

packed cell volume read with a circular micro-hematocrit 

reader (International Equipment Co.). 

Hemoglobin 

Hemoglobin was determined by the cyanmethemoglobin method, 

by means of commercially prepared reagents {Acculute, Ortho 
i ijl 

Diagnostics, Raritan, IJ, J.). A hemoglobin standard (Accuglo-

bin, Ortho Diagnostics) was used each time determinations v/ere 

made and was consistent throughout the experimental period. 

Red Blood Cell Counts 

Red blood cell counts were performed on each blood sample 

using a Coulter Counter, Model A (Coulter Electronics, Hialeah, 

Fla.). Initial dilutions of 1:500 were made in a 18 x 150 mm 

tube with Isoton dilution fluid (Coulter Electronics). The 
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above tube was swirled and the contents mixed thoroughly before 

a final dilution of 1:50,000 was made for counting. The counts 

obtained were periodically checked against counts with- a 

hemocytometer and microscope. Settings of the counter were 

standardized and consistent throughout the experimental period. 

White Blood Cell Counts 

White blood cell counts were performed with a blood 

sample (1:500 dilution) which was stromatalized with 3 drops 

• of a 3 per cent saponin solution. Window settings of the 

Coulter Counter were established so that comparable counts 

of white blood cells were obtained with the counter and with 

a hemocytometer. 

Differential Counts 

Each sample of blood was examined further by making a 

blood smear on a glass slide. After air drying, the cells 

were stained with a standard Wright's stain. Cells were 

counted and enumerated by types by standard counting methods. 

Maturation lines of the neutrophil series were not specifically 

followed unless a marked shift in types was observed. 

Serological Studies 

Antigen Preparation 

Salmonella 0 Antigen.—-An overnight broth culture of 

Salmonella California was seeded to three two-liter flasks 

each containing 250 ml Trypticase Soy Agar (Difco). After 
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fifteen hours growth, the cells were harvested, washed three 

times with phosphate-buffered saline, and suspended in a 

minimal amount of saline. The thick suspension was placed 

in a boiling water bath for one hour and then centrifuged at 

10,000 x g« The supernatant was discarded and the precipitate 

washed once with saline, centrifuged, and resuspended in saline 

After an additional hour of heating in the boiling water bath 

the cells were centrifuged and suspended in saline as a stock 

preparation. 

x'or injection, the sterile cell suspension was diluted in 

saline to 10^ cells per ml, as measured by comparison with a 

series of standards prepared according to Campbell et al. 

(1964). 

For use as cells for agglutination studies, the stock 

preparation was diluted with saline so that the concentration 

had an optical density of 0.1 at 600 mu with a 1 cm. cuvette 

in a Beckman DU spectrophotometer. 

Bovine. Serum Albumin.—Bovine Serum Albumin (BSA) 

purchased from Nutritional Biochemicals Co., Cleveland, Ohio, 

was prepared for injection in the following manner. Crystal-

line BSA was suspended in saline and emulsified with a modified 

Preunds adjuvent (Difco) composed of a mixture of incomplete 

and complete adjuvent. The final preparation contained 7.5 mg 

BSA plus 0.12 ug mycobacterium in a total volume of 0.10 ml. 
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Immunization Procedures 

Group —Each of the twenty guinea pigs of group I was 

immunized with a single injection of 109 cells of the 

Salmonella 0 antigen preparation. The injection was given 

subcutaneously in the suprascapular region. 

Group II.—Each of the twenty guinea pigs of group II 

was immunized with a single injection of BSA-Preund's adjuvent 

mixture at a level of 15 nig B3A per kilogram body weight. The 

dose was divided and given in four portions of 0.025 ml to each 

'footpad. The mean weight of the guinea pigs at time of injection 

was 500 grams, and each animal received a total of 7.5 mg BSA. 

Serological Testing 

Agglutination Titers.—Individual serum samples were 

diluted two-fold in saline within the cups of a plastic tray 

(Linbro Chemical Co., New Haven, Conn.) in 0.5 ml amounts. 

Following dilution, salmonella 0 antigen preparation (0.5 ml) 

was added and the trays were incubated for one hour at 55° C, 

refrigerated overnight, and the agglutination was read under 

oblique illumination in a darkened room. 

Gel Double Diffusion.—Antibody response to the injected 

BSA in group II was measured in a double gel diffusion system 

similar to that described by Ouchterlony (1962). 

Gel diffusion plates were prepared at North Texas State 

University in the following manner. Oxoid Ionagar number 2 

(Oxoid Ltd., London) at a 1 per cent concentration was pre-

pared in pH 7.4 phosphate buffer with a phenol concentration of 
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0.5 per cent. This agar preparation was autoclaved for 15 

minutes at 121° C and then held at 50° C for pouring. Ten-ml 

aliquots were distributed in 60 x 15 mm plastic petri dishes 

(Falcon Plastics, Division of B-D Laboratories Inc., Los 

Angeles, Calif,). 

After solidifyingj the agar was punched with a Grafar 

Gel Punch Assembly (Grafar Corp., Detroit, Mich.). The 

pattern consisted of a central well surrounded by six other 

wells equidistant from the center well. The plates were kept 

moist with a fitted piece of wet filter paper and were shipped 

by bus to Brooks Air Force Base for use. Prior to use, the 

wells were formed by pulling the agar plugs with a suction 

apparatus. The test sera were placed in the center well and 

ten-fold dilutions of BSA in saline were placed in successive 

wells surrounding the sera, beginning with 100 mg per ml and 

endxng with 0,001 mg per ml. Precipitin bands were observed 

after 2 4 hours incubation at 37° C. 

Electrophoresis 

All serum samples were subjected to electrophoresis on 

Sepraphore III cellulose acetate strips (Gelman Instrument Co., 

Ann Arbor, Mich.). A Shandon electrophoresis chamber (Shandon 

Scientific Co., London) and a standard D. C. power source 

were used for the separation of the serum components on the 

1 inch by 6 inch strips. The strips were subjected to a 

current of 1.5 mx H i amps per strip for *10 minutes utilizing 

Gel man High Resolution Buffer, pH 8.8 and 0..025 ionic strength. 
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Immediately following separation the strips were stained with 

Ponceau S stain (Consolidated Laboratories, Inc., Chicago 

Heights, 111.) for 5-10 minutes and then washed of excess 

stain with three successive washings of 2.-5 minutes each in 

five-percent acetic acid. After initial air drying on 

plexiglass plates, the strips were dehydrated further In 

absolute methanol, placed in a solution of 1.0 per cent acetic 

acid In methanol for 1 minute, removed and smoothed on a 

plexiglass sheet, and dried at 60° C for 15 minutes. The 

cleared strips were then flattened between the pages of a 

heavy book and subsequently removed, to storage packets for 

future study. The clear strips were analyzed by scanning on 

a DensIcord Recording Electrophoresis Densitometer equipped 

with a Model 49 Automatic Integrator (Photovolt Corp., New 

York). 

Protein Determinations 

Protein of each serum sample was measured by the biuret 

method of Gornall, Bardawill and David (19*19). Protein 

standards were either bovine serum albumin (Nutritional 

Biochemicals, Inc.) or Versatol (General Diagnostics Div., 

Warner-Chilcott Laboratories, Morris Plains, N. J.) serum 

standard. 

Organisms 

Salmonella callfornla was chosen from the stock culture 

collection of North Texas State University by virtue of its 
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ability to establish itself as a potential pathogen in guinea 

pigs and its ease of detection with differential media. 

Organisms were maintained on Trypticase Soy Agar slants (Difco) 

and transferred monthly. Guinea pigs in group III were infected 

by oral administration of one ml of an overnight broth culture 

containing 6 x 10^® organisms. 

Flora Studies 

Group III was used to study the ecological aspects of the 

spread of a specific pathogen under chamber conditions. Two 

samples were taken at each sampling date: one throat swab and 

one rectal swab. Each animal was swabbed on a weekly basis 

throughout the seven week experiment. The cotton swabs 

(Culturette, Scientific Products) were saturated with modified 

Stuart's transport medium contained in the plastic unit} 

shipped by bus to North Texas State University, and were 

available for testing within 2H hours after sampling. 

More intensive determinations of the presence of 

Salmonella California were made at the Infectious Diseases 

Branch. Cotton swabs of the sampling sites were placed in 

tubes of SBG-Sulfa Enrichment Broth (Difco) and allowed to 

incubate for 12-18 hours, The[( swabs were then streaked on 

XLD Media (BBL) and the plates allowed to incubate for 2H hours. 

Appearance of typical black colonies on the XLD agar surface 

was indicative of the presence of Salmonella California. 

Confirmation of Salmonella California colonies was obtained with 

various biochemical tests and serological testing. 



CHAPTER III 

RESULTS 

Survival 

Out of the original eighty guinea pigs chosen for the 

study 3 sixty-five survived the fifty-day experiment. Deaths 

of the animals were observed to occur randomly throughout 

the period9 although more occurred during the first two weeks. 

This was likely due to inexperience in bleeding the animals. 

Most deaths were observed to occur on the day following a 

blood sampling date. The results are tabulated in Table III. 

TABLE III 

. SURVIVORS OF FIFTY-DAY STUDY 

Group 
Original 
Number 

Surviving 
Number 

I 20 17 

II 20 16 

III 20 18 

IV 20 14 

The results tabulated in Table IV show the numbers of 

surviving guinea pigs in each experimental environment. 
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TABLE IV 

SURVIVORS ACCORDING TO ENVIRONMENT 

Environment 

I 
j Original 

Number of 
Animals 

Number of Survivors 

A-A 20 • 17 

A-G 20 m 
G-A 20 18 

r* n U—U 20 16 

Weight Changes 

Progressive weight changes of Individual animals were 

recorded and tabulated according to six periods during the 

experiment. The first two periods correspond to the 

acclimation periods the second three to the period following 

injection of the antigen or oral Inoculation of the infecting 

organism, and the last time period corresponds to the first 

week post-chamber. Mean weights for each group (I, IIs i n 

or IV) were cabuxated and plotted. Figure 1 represents the 

range of weights of the animals for the four environments. 

The range represents the high and low means for each grouo 

during the given time period. Table V shows the weight changes 

of the animals during the three periods of the experiment. 

Mean weights of each group were calculated and recorded as 

nnsitivp if the mean Increased by fifty grams or more during 
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Fig. 1—Range of weights of guinea pigs. Each point 
represents the mean of the highest and lowest group (I, II, 
III, or IV) for each week. 
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the period. A minus sign indicates the group lost a mean 

weight of fifty grams per animal* 

TABLE V 

CHANGES IN MEAN WEIGHTS OP 50 GM OR GREATER 

f 

Acclimation Post- Pos t-
Environment Group Period Inoculation Ch amber 

A-A I 0 •i" 0 
II 0 0 0 
III — + 0 
IV 0 0 0 

A-G I 
i 

+ + 0 
II + 0 0 
III 0 + 0 
IV + + 0 

G-A I 0 -f-
II | + 
III 0 0 + 
IV - 0 + 

G-G I 0 0 0 
II 0 0 0 

III •f + 
IV 0 4* 0 

Hematological Studies 

All hematological values were placed on punch cards and 

averaged by computer for each of the six time periods. Table 

VI lists the range in mean values for the red blood cell 

counts a hematocritand hemoglobin. Each value represents 

the mean of each of the four groups within each environmental 

condition. Figure 2 is illustrative of the hematological 



22 

o 
i 

o 

a \ C O CD 

® q m 

o 
H -=T 

1 ! S 
c o v e o 

& *» S» 
w N 
H cn 

CM CM M I H N O V D V D 1 A C \ O L A O N O 

onvo 
, h m 

1 I li 
O r l i n 

D, # © 
-rr CM - T 

h on 

CM t>* 
rH f n 

I I 1 
i—i -£T CM 

& St s* 

CM vo 
i—i on 

j=r o n o \ 

h on 
i i i 

!—1 <—\ VG 
9 & 9 

cm ^ r 
H on 

^ co 
rH On 

1 I 1 
CT\ CvJ CO 

© 9 © 
on cm on 

H on 

-=r m 
rH on 

I l i 
CT\e\J o 

# €> ® 
onc\! h 

H on 

H 
> 

w 
h-3 
CQ < 

E-i 

co rT^ 
3 

< 
o 
M 
C 
O 
t~3 
O 
EH 

3 

S 3 

w 

fe 
o 
w 
C5 
< 

< 
1 

O 

o 
s 
< 

fl-HO VO CM CM t- - rH IT\ C O ^ T O on .=r cr\ i n 

c n o \ 
iH on 

i 1 i 
rH CM m 

-sr o 
rH -^r 

1 I i 
On rH o 

4 - c\i'-=3" ont>-
H m H O O 

o 
rH^T 

i I 1 
mv£> o 

& & & 

on o \ 
H on 

-=r H 
rH -=T 

i I i 
t— cm on 

• e • 
.=r c o v o 

rH on 

cm on 
rH On 

i ! 1 
on-^r m « » © 

c\i H 
rH On 

.rr cm -rr 
h on 

I ! I 
o CO VD « » 

<zT rH o 
rH on 

co m m t— m o onoo m CM CM •=r VD o VD VD O • 

© 9 *> ® w> « & 3> i> @ » 0 f e « « © i. g 
m o m CM CO r o t - o n N o n r - E 
s—i rH-^T rH On H on H on H on 

1 1 § 1 i i i i i 1 1 1 1 1 I 1 i 1 
o n ^ r m rH co o rH H O cm m c o on o o CM on CM 3 

© ® m » s> © $ © ® » « • • © ® 9 6 © o 
s r on^r H ( \ i -sr cm m -^r cm m r o r o cm on 

rH on rH m H on rH On rH On rH on 
(1) 

CO-^rCO on VD rH CM rH VD O VO H N CM CO 00 

< I jzj* O -=3* «£T O o m ^ r H -=r onvo CM on 1 JH 
1 H ^ r rH ^T rH ^T rH -^r H on rH on I 43 0) 43 

1 < i i l l i i 1 1 ! I 1 1 i I 1 1 1 I 1 su Cu C 
I on cr\CO cn i>-co m CM o m rH o rH C O C O cr\ m o 1 2 CJ 
| « «> * # « @ 6 • » li & if » «. © © © ® 1 o to o 
I -=r CM VD CM m m c o onvo H CM On rH CM I o H 
j rH on rH C O rH On H on I—S on rH on I 

rH 
H 

C3 JH 
5H <D 
to & 

| 0 
! 1 O 
0 I & C 43 
U 43 1 m s{s 1 

r d *H *H 
2 c* j O s& * O o o o O I O JH 

1 w s JO .Q 43 rD »D -P JO -p J O X ) J O J O .p I O O O 
1 ^ £ P̂ : w ixj m trj K !U P C txj 1 t—I rH O 

1 ^ 1 1 X) to 43 

1 ^ I 
1 T? 

o cd 
£ S ' 

'! <D ^ v î 
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values obtained and show progressive changes during the 

experimental period. Changes of ten per cent or greater In 

the red blood cell counts hematocrit, and hemoglobin were 

consistent within groups. Although overall trends towards 

loss of red blood cell mass were not observed, fluctuations 

during the three main phases of the experiment were observed 

and are tabulated In Table VII. 

TABLE VII 

COMBINED CHANGES IN HEMATOLOGICAL PARAMETERS 

Acclimation 
Period* 

Post-
Inoculation Environmen uroup 

Post-
Chamber 

0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

«The ( + ) or (-) symbols -'.ndlcâ e ten per cent changes 
during each period in at least two or the three parameters 
of the red blood cell countss hematocrit, and hemoglobin# 
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Progressive changes In white blood cell counts are 

recorded In Figure 3, with the range representing the mean 

values of the high and low groups for each time period. 

Table VIII lists changes in leukocytes for each group showing 

Increases or decreases of 2,000 cells per cubic millimeter. 

TABLE VIII 

CHANGES IN MEAN WHITE.,BLOOD CELL COUNTS 
OP 2,000 PER MM3 OR GREATER 

Environment 

A-A 

A-G 

G-A 

G-G 

Group 

I 
II 

III 
IV 

I 
II 

III 
IV 

II 
III 
IV 

I 
II 

III 
IV 

Acclimation 
Period 

0 
0 
0 
Q-i 

o 
0 
0 
•f. 

0 
0 
0 
0 

0 
0 
0 
0 

Post-
Inoculation 

Post-
Chamber 

0 

+ 
0 
4* 
o 

0 
0 

0 

0 
0 

• 0 + 

0 
0 

0 
0 
0 
0 

A differencial leukocyte count was performed on 150 slides, 

representing approximately 30 animals In each of four time 

periods during the experiment. Lack of a sufficient number 
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10 

10 L 3 

9 10 .a 

WEEK 

Fig. 3--Range of white blood cell counts. Each point 
represents the mean of the highest and lowest group (I, II 
III* or iV) for each week. y u ' u ' 
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of counts for each sub-group precluded statistical analysis 

for these designations,, Howevers when a group of approximately 

thirty guinea pigs representing animals from all sub-groups 

was tabulated in each of three time periods > mean values of 

lymphocytes and eosinophils were shown to be significantly 

different in the first and last weeks. A slight Increase In 

neutrophils was also observed. Differential counts are 

indicated in Table IX. 

TABLE IX 

DIFFERENTIAL LEUKOCYTE COUNT (PER CENT OF TOTAL CELLS) 

Type | Range 
Mean Value * of Counts from 30 Animals 

Type | Range 
Week 1 Week 4 Week 7 

Neutrophils 20-77 46.3 ±10.1 50.4 +10.7 52.9 +9.1 

Lymphocytes 22-79 51.8*s +10.3 j 47.5 +10.2 45.5 +9.1 

Monocytes 0-5 0.7 +.7 1.96 +,1.4 0.9 +0.9 

Eosinophils 0-5 1.3** + .9 0.6 +1.0 0.6 +0.9 

..Basophils 0-2 

! 

% $ $ 0 « * « « « 

*Plus or minus standard deviation. 
^Significantly different from week J (P < 

Serological Studies 

• 05). 

Group I 

Animals in group I, Injected with the somatic 0 antigen 

of" x 1a. California^ were checked for antibody production 
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by agglutination tests. The mean titers for each of the 

environmental groups during the course of the experiment are 

shown in Figure 4. The highest titers reached for individual 

animals in the group are tabulated in Table X„ 

TABLE X 

HIGHEST TITERS REACHED FOR GROUP I 

Environment 

s 
j Number of 
j Animals 

Reciprocal of 
I Highest Titers 

Reciprocal of 
Mean Titer 

A - A 5 

" " " " 

40 
320 

1,280 
80 
40 i 

352 

>
 i Q
 

3 40 
80 
20 

47 

G—A 4 40 
! 10 

40 

33 

Q
 I Q
 

^ f 
1 1 

320 
80 
, 80 

5,120 
5 s 120 

2 sl44 

Grouo II 

All serum samples for group II were run with gel diffusion 

plates made on the same day * In all cases, serum which was 

positive In a precipitin reaction In the gel reacted optimally 
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i,oooi;-

INJECTION 
DATE 
I 

,jQ « H 

28 33 

TIME (in clays) 

ij.—-ivjean antibody 
represents three to .five 

TP -) 7? 
X J- 0 « 

iters group Each tjoint 

W 
A—A; Zi A-G; Q G-A; Q G—G. 

Ln each of the following: 
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wivh "che well containing 0.1 rug/ml BSA as Illustrated in 

Figure 5. Table XI indicates the date of first antibody 

appearance and mean date of appearance for the environmental 

group,. 

0.001 mg/ml BSA 

0,01 mg/ml BSA 

00 mg/ml BSA 

Test Serum 

10 mg/ml BSA 

1 mg/ml BSA 

0.1 mg/ml BSA 

Fig, D-~—Pattern of precipitation response in <rel 
diffusion plates. •'> ! " 
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TABLE XI 

DAY OP FIRST APPEARANCE OF ANTIBODY IN GROUP II 

Environment 

: s 
Number of 1 
Animals 

! I 

Day of First 
Appearance 
of Antibody 

Mean Day of 
Appearance** 

A-A j 3 S « i 
1 22 

I f; " 

27 

A-G 
* 1 

4 | i 15 
! 20 
1 31! 
> 

26 

<
 I 

CD 

5 ' 

; 20 
! 22 
! 23 
I i(' 

28 

G-G 

1 

: 20 
20 

: 22 
31 

! 

23 

5Animals not producing antibody by the thirty-sixth day. 

"Assuming production on the thirty-sixth day by those 
not detected before that time. 

Group III 

Animals in group III, infected orally with live 

§&3-JP-onfe 11a californ.ia,, were checked for presence of the 

organxsm on tne thirty-second day post-inoculation and for 

two subsequent days. All animals were bled on the thirty-

sixth day after inoculation and the serum was analysed for 
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presence of antibody specific for the organism. Table XII 

shows the antibody titer* on the thirty-sixth day after 

inoculations as well as the results of the check for the 

presence of Salmonella California on throat and rectal swabs. 

TABLE XII 

• ANTIBODY TI PER OF GROUP III AMD INCIDENCE OF INFECTION 

Environment 

I ' ' ' ' j 

I Animal 
| Number 

Reciprocal of 
Antibody Titer 

o n 3 o i h D a y 

' ' 

" 

Salmonella 
Re c ove ry on 
32nd Day 

A-A 
i 
\ 1 
! 2 
! 3 
1 1 
! 5 

10 
40 

j 10 
| 20 

5 

-f* 
+ 

4-
+ 

A—a 
i 

1 1 

3 
4 
5 

640 
640 i 
80 
20 
40 

+ 

G-A • 1 
2 
3 | 
4 

1 10 
10 
5 

10 
J r 

+ 

G-G 

i 

1 

2 | 

i 

320 
160 

5 
80 

•f 
+ 

+ 

Table AIII ^hows uhe number of animals having antibody titers 

specific for zhe organism* according to whether they are 

carriers or non-carriers of the disease at time of sampling. 



TABLE XIII 

-WTTTBODY TITERS OF GUINEA PIGS ON" 36TH DAY 
POST INFECTION AND ASSOCIATED CARRIER STATE 

33 

r 

Number of Animals 
Titer 

j Carriers® 
i 

j Non-carriers 
I 

1 : 5 

I 
I 

I ^ 
0 

1 : 1 0 
1 n 
1 3 
> 

2 

1 : 2 0 | 2 0 

1 : 4 0 1 1 

1 : 8 0 0 2 

1 : 1 6 0 1 0 

1 : 3 2 0 0 0 

1 : 6 4 0 

_ i 

0 

I 

2 

^Salmonella recovered on thirty-second day. 

Elect ropho re tic Components 

All scans of the electrophoretic strips were divided 

into six regions ana the data transferred to punch cards. 

Computer programs calculating relative concentrations of 

components were designed to indicate differences between 

groups s environmentss and time periods v Significant increases 

in alpha-i-globulin and decreases in beta-globulin fractions 

were found to occur during the experiment. 
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Protein 

Protein levels of 250 ser-um samples i'rom groups I and IV 

were tabulated and found to fluctuate over a range of 49-62 

mg/ml with a mean value of 53.3 *o. 2. Variations were random 

throughout the samples,, No major* trends towards Increased 

protein levels were seen with time or with environmental 

treatments. However^ the final serum samples appeared to 

have lower protein levels * 



CHAPTER IV 

DISCUSSION 

Environmentai Effects on Weight 

The guinea pigs in this study were young males approximately 

three months old. An increase in weight was expected and found 

to occur in all groups. However*, the group held at altitude 

for acclimation and then brought to ground level after treat-

ment by antigen injection or- oral inoculations group A-G, 

unexpectedly showed higher weight gains. The wide range in 

mean weights may be explained by the fewer numbers in the 

groups giving a statistically wider soread. The only con-

sistent rise in all four groups at any time period occurred 

with the post-chamber period and.,the G-A environment. It 

appears that this group was under greater stress, inasmuch as 

the altitude stress coincided with the antigenic stress, and 

that recovery in weight came only after the altitude stress 

was removed. 

Hematological Changes 

Although erythropoiesis is seen to occur with hypoxic, 

hypobaric conditions, the normoxic environment of simulated 

altitude in this study had no apparent effect on the 

hematological parameters. 

on: 
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A consistent leukocytosis was observed In all groups 

which were at altitude following antigenic treatment. This 

Increase In white blood cell count was of unknown etiology, 

although It may be speculated that the Increase was due 

either to the effects of hypobaric pressure per se, or to 

the slowly increasing levels of ;trace contaminants such as 

ammonia present In the chamber during the last three weeks 

of the experiment» Transient increases in white blood cell 

counts were observed In Individual animals which were brought 

to ground level after acclimation at altitude. This transient 

Increase has been observed in humans following orbital flights 

(Kaplan, 1967). 

The ranges of cell types found in the present study com-

pare very favorably with the reported distributions of 

leukocytes In guinea pigs (Schermer, 1967)• As the experiment 

progressed, a shift in relative numbers of leukocyte types 

was observed. This eosinopenia, lymphocytopenia;, and neutro-

philia is possibly explained by recalling that these effects 

are seen when adrenocortical hormones act on leukocyte produc-

tion (Nelson et_ al,, 1952} „ Adrenocortical hormone liberation 

as a result of stress is well documented (Di Raimondo, 1961). 

Antibody Production 

Antibody response in guinea pigs Injected with the 

Salmon3-11 a antigen appeared to be different according to the 

experimental environment« Statistical analysis of the data 

concerning animals producing antibody titers of 1:80 or greater 
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revealed a significant (P < .05) difference between the 

ground controls and the group shifted to altitude at the time 

of antigen injection. Although the size of the group precluded 

this evaluation for the A-G environments the same effect 

appeared to have occurred. That iss those animals subjected 

to a change in environment at the time of antigen stimulation 

failed to produce high titers of antibody. This is indicated 

in the combined results of Table XIV. 

TABLE XIV 

ANTIBODY PRODUCTION IN GROUP I 

Environment 
Number of Animals Having Highest Titer 

Environment 

1:80 or Greater 1:80 or Less 

A-A 2 3 

A-G 0 3 

G-A 0 i| 

G-G 5,{ 0 

When the antibody titers for group I are combined into 

groups which were not changed and groups which were changed 

at the time of antigen stimulation, the differences are 

even more dramatically revealed. Table XV shows eight of 

ten animals of the combined A-A and G-G groups having an 

antibody titer of 1:80 or greater, while the mean titer for 

the ten animals reached 1:1,2^8, Howevers only one of seven 
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animals in the groups subjected to a change in environment 

showed a titer of 1:80 or greaters and the mean titer for the 

seven animals only was 1:40. 

TABLE XV 

COMBINED ANTIBODY TITERS OF GROUP I 

Environ-

m,r m n l , 

Number of 

i 

Mean-' . Number Producing Number Producing 
ment Animals Titer Titer of 1:80 Titers of Less 

or Greater > Than 1:80 

A-A + G-G 10 1:1,248 8 2 

G-A + A-G 7 1:40 1 6 

-Obtained from highest titer measured for each animal. 

The differences in antibody response of group I is 

reminiscent of the work of Giron, Pindak, and Schmidt (1367}, 

who reported that resistance to mengovirus infection was related 

to changes in the barometric pressure, regardless of the 

nature of the preinfection treatment. 

On the other hand, the antibody response to oral challenge 

with Salmonella callfornla appeared to be related to the envi-

ronment after infection. The animals maintained at altitude 

after challenge showed the lowest antibody titersa with seven 

of the nine animals remaining .carriers of the organism after 

thirty-two days. Animals kept at ground level after infection 

showed the highest antibody titers, with only four of nine 
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animals showing persistence of the organism after thirty-two 

days. These results are indicated in Table XVI.. 

TABLE XVI 

ANTIBODY PRODUCTION IN GROUP III 

Environment Number of 
Animals 

Mean Titer 
at 36 Days 

Number Infected* 
at 32 Days 

A-A 5 1:30 5 

A-G 5 1:280 j » 

G-A 4 , ,;i 1:10 
iU 

2 

G—G H 1:140 3 

-Salmonella California detected in either throat or 
rectal swabs taken daily for three days. 

Groups showing the fewest number of carriers per cage 

were those which were shifted in test environment after 

challenge. A possible explanation of this lowered carrier 

state could be that the cage change brought about a state 

where less chance of re-infection from the surrounding 

environment was possible. 

Antibody response to the Injected antigens and the 

Ox-dj-ly administered antigen may be summarized in the following 

statements. 

~ne Sr©atest amount of antibody depression occurred 

In those animals which were placed in the chamber at the time 
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the antigen was administered. This environment (G-A) had 

the lowest number of animals producing antibody, regardless 

of challenge. 

2. Antibody depression in group I was greatest in 

those animals which were shifted in environment at the time 

of antigenic stimulation. 

3. Antibody depression in groups II'"and III was greatest 

in those groups which were at simulated altitude following 

administration of the antigen. 
in 

Ele ctrophoresis 

The albumin-globulin (A/G) ratios in groups I and III, 

which were challenged with bacterial antigens, appeared to 

increase with time. Since the albumin and protein levels 

were essentially constant during this time, a decrease In rel-

ative concentrations of beta-globulins may be hypothesized. 

Although no specific function for beta-globulins has been 

established, these proteins may be involved in the ratio 

changes, since alpha-1 levels increased while gamma and alpha-2 

levels remained constant. An increase In alpha-1 concentration 

may be involved In the adaptive changes required to phagocytize 

the Invading bacterial cells. A.lpha-1 globulin seems to have 

some role in the enhancement of phagocytosis (Downey, 1964). 

Conclusions 

These data support the concept that nonspecific stress 

such as that found In hypobaric pressures and pressure changes 
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may produce variations in trie immune-? response o.t aiiimaxs 

challenged. wi'on diversified. antigens . m uhis s^udy , 

hematological shifts due to this hypobaric stress were not 

apparent in the erythroid line of cells. Howevers the s'cress 

produced effects on the leukocytes which resembled those of 

adrenocortical hormone interaction. The depression of 

antibody titers in guinea pigs which were shifted in 

environment at the time of antigenic challenge can be 

considered to be due to one or more of tne following: 

1) Proliferation of essential germinal centers of antibody 

production may be reduced by the increased hormonal levels 

which were produced by the nonspecific stress. 2) Relative 

shifts occurred in mobility of leukocytes and/or monocytes 

necessary for initial ingestion and processing of the antigen. 

This may be concomitant with shifts of body water towards 

increases or decreases in intracellular fluids. 3) An 

initial inflammatory response, often involved in reaction to 

antigenic stimulus, was inhibited by the hormonal production 

which came when the atmospheric pressure abruptly changed. 

The immune response of animals is a complex mechanism 

involving many physiological parameters. As knowledge concern-

ing individual responses to single or related environmental 

factors is increaseds a more complete understanding of the mech-

anism of antibody response may be revealed. This knowledge may 

be useful as man adapts to environments devised for outer space. 



CHAPTER V 

SUMMARY 

Guinea pigs in this study were stimulated with a 

variety of immunogenic challenges. Environmental effects 

on the antibody response were measured by various serological 

and hematological parameters. 

The environment of hypobaric pressure without concomitant 

oxygen deficiency appears to stimulate adrenocortical hormone 

action which may play a role in suppression of the antibody 

response. The effect of the decreased barometric pressure 
.il 

in this study appears not to be in the fact that there is 

merely less pressure, but that it is the change in pressure 

which exerts the influence on the physiological response of 

the animals. 

There appears to be some correlation of decreased anti-

body response to a higher incidence of harboring potential 

pathogenic microorganisms introduced by oral inoculation. 

'12 



BIBLIOGRAPHY 

Atland, P. D., B. Highman, and F. Smith. 19S3. Immune 
resoonse in rabbits exposed "to hign altitude, J. iniect, 
Dis". 113 ; 223-232. 

Berry9 L. J. 1957. Altitude stress: Its effect on^tissue 
citrate and salmonellosis in mice, Proc, Soc. &xp, Biol, 
Med. 9£: 246-249. 

Berry, L. J., R. B. Mitchell, and D. Rubenstein. 1955. Effect 
of acclimatization to altitude on susceptibility of mice 
to Influenza A virus infection. Proc. Soc. Exp. Biol. 
Med. 88.: 5 4 3-54 8. 

Campbellj, D. H. , J. S. Garvey, N.* E. Cramer, and D. H. Sussdorf, 
1964. Methods in immunology. W. A. Benjamin, Inc. New 
York. 

Di Raimondo, V, 1961. Functions of the adrenal cortex, p. 70-
83. In H. D. Moon (ed.), The adrenal cortex. Paul 3. 
Hoeber, Inc. New York. 

Downey, R. J., and J„ C. Pisano. 1964. A functional role for 
an alpha-1-glycoprotein from inflammatory exudate. m : 
W. II. Weihe, Physiological effects of high altitude. 
Pergamon, London. 

Ehrlich, R., and B. J. Mieszkuc. 1962. Effects of space 
cabin environment on resistance to infection. I. Effect 
of 18 3 000 foot altitude on resistance to respiratory 
infection. J. Infect. Dis. 110^:278-281. 

Giron, D. J., F. F. Pindak, and J. P. Schmidt. 1967. Effect 
of a space cabin environment on viral infection. Aeroso. 
Med. 38_: 832-834. 

Giron, D, J., and J. P. Schmidt. 1966. Viral antibody 
production in animals exposed to a space cabin environment, 
USAG Sch. Aerosp. Med. Tech. Rep. TR-66-82. 

Gornall, A. G., C. J. Bardawill, and M. M. David. 1949. 
Determination of serum proteins by means of the biuret 
reaction. J. Biol. Chemf 177:751-766. 

43 



41} 

Xcl plan, K. P. 1967. Hematologic effects of Increased 
oxygen tensions. Aerosp. Med. 36:676-685« 

Kaplanskiys A. S.„ G. N. Durnova, and N. A. Roshchina. 1967. 
Effect of hypoxia on the cellular and humoral immunity 
of mice. XosmIcheskaya Blologiya I Meditsina 1.(2): 
31-35. [Trans 1. from Russian] p. 44-51. JPRS:42 ,635. 

Me Is on, D, H. , A. A. Sandberg, J. G. Palmer* and P. H. Tyler. 
1952. Blood levels of 17-hydroxycortico1ds following 
the administration of adrenal steroids and their relation 
to circulating leukocytes. J. Clin. Invest. 31:843-852. 

Ouchterlonys 0. 1962. Diffusion—in—gel method for immuno-
logical analysis, p. 30-154. In: Progress in allergy. 
Voi. VI. 

Pindakj, F. F. , and J, Z. Xendrick. 1969. Simple method for 
anesthetizing small animals for intranasal Inoculations. 
Appl. Microbiol. 17:920. 

Raffelt S. 19ol. Immunity. Second ed. Appleton-Century-
Crofts , Inc. New York. p. 240-278. 

Schermer, S. 1967. The blood morphology of laboratory 
animals. Third ed. P. A. Davis Co., Philadelphia, 
Pa. p. 25-39. 

Schmidt, Jerome P. 1969. Resistance to infectious disease 
versus exposure to hypobaric pressure and hypoxic, 
normoxic or hyperoxic atmospheres. Fed. Proc. 28: 
1099-1103. " 

Smith, Falconer, P. D. Altland, and 3. Highman. 1961. 
Effect of high altitude acclimatization on formation of 
sheep erythrocyte hemolysin in rats. J. Infect. Dis. 
108:311-314. 

Tengerdy, R. P., and T. Kramer. 1968. Immune response of 
rabbits during short term exposure to high altitude. 
Nature 217:367-369. 

TrapanIj) I. L. 1966. Altitude, temperature and the Immune 
response. Fed. Proc. 25 :1254-1259. 

Trapani, I. L, 1969 . Environment s Infection, and 
Immunoglobulin synthesis. Fed. Proc. 28:1104-1106. 

Trapani s I. L.s and M. L. Cohn. 1963. Environmental effects 
on experimental aerogenic tuberculosis In BCG-immunized 
and non—immunized guinea pigs. Proc. Soc. Exp. Biol. 
Med. 113:571-574. 



45 

Trapanis I. L. and R. T. Jordan. 1962. Antibody formation 
In rabbits adapted to high altitude. Fed. Proc. 21:25. 

Weihes W. H., and K. Hurni. 1964. The resistance of three 
inbred strains of immunized and non-immunized mice to 
E( coli infection at low and high altitude. In W. H. 
Weihes Physiological effects of high altitude, Pergamon, 
London, 

Wynne, E _ S.s L. P. Busch, and I„ Davis, 1968. Unique 
altitude chamber for infectious disease research under 
aerospace profiles. USAF Sch• Aerosp. Med. Tech. Rep. 
TR-68-91*. 


