
THE EFFECTS OF DISCONTINUOUS EXPOSURE 
TO 18,000 FEET SIMULATED ALTITUDE 

ON THE ALBINO HAT

By
Orr Esrey Reynolds

Thesis submitted to the Faculty of the Graduate School 
of the University of Maryland in partial 
fulfillment of the requirements for the degree of Doctor of Philosophy*

194S



UMI Number: DP70542

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

Dissertation Publishing

UMI DP70542

Published by ProQuest LLC (2015). Copyright in the Dissertation held by the Author.

Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against 

unauthorized copying under Title 17, United States Code

ProQuest LLC.
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106- 1346



ii

fh# author wishes to express his sincere appreciation 
to those who hare rendered assistance and advice In the 
progress of this research*

acknowledgement la made of the use of the altitude 
chamber and animal room facilities granted by the Industrial 
Hygiene Heseareh Laboratory* National Institute of Health,
IT. S* Public Health Service*



ill

TABL& OF GOMTMITS

IWmOxMjQTlQM  .......... 1
Ujomo D& '................    . * .......... 4
QBSBHYATIQ1S..............................• . ............. 10

1* General Condition . . . . . . . . . . . . . . . . . 1 0
2m Effects on Body O r g a n s ............

BISCtJSSIQH.................... ........................18
1. The Adrenal Cortex • • • • • • . • • • • • . . • • I B
2m Testis and Seminal Vesicle •• ..........  • • • • 2 0
3* Thyroid. Gland • • • • • • • • • • • • • • • • • • • 2 1
4. Pituitary Gland . . . . ........  • • • • • • • • • 2 1
5« The Blond and Circulatory System • • • • • • • • • 2 2
6* Gastric Ulcers.......... • • • • • 2 5
7m Pulmemary Lesions • • • • • • • • • • • • • • • • • 2 6

SUMMART  ..............  • • • 28
liteeatuhk cit&d  ............ • . . .  30
APirEHLIX

Table III  ................ .. • 33
Table I V   • • . . . .  34



INTRODUCTION

Studies of the effects of discontinuous exposure of 
animals and humans to anoxia produced by decrease of atmos
pheric pressure have been made in increasing numbers in 
recent years. The stimulus which, has brought about research 
In this particular field is the desire for Information appli
cable to the condition of anoxia encountered in human aviation 
The most satisfactory method for investigation of the effects 
of these conditions Is exposure of experimental animals or 
human subjects to simulated altitude (i*e*, lowered barometric 
pressure) in the decompression chamber. In this apparatus, it 
is possible to observe the effects of decreased pressure and 
low temperature, either together, so as to simulate actual 
altitude conditions, or separately, so as to facilitate consi
deration of the effects of one of these factors alone*

In the present study, altitude alone was considered, the 
temperature being held fairly constant by passing a stream of 
water over the exterior of the chamber during exposures

The altitude considered in the present work is 18,000 
feet, or the equivalent of a barometric pressure of 379 mm Hg, 
The effects on rats of repeated exposures to this altitude 
are of interest, since this altitude represents a barometric
**■ III, i, n»   ■I1   liHIMimHti.JVMH‘111 —WWW

The mean temperature of the chamber during exposure per
iods was 22°G, and the extremes were 14°C and 26°C. This vari 
atlon was considerably less than the variation of the ambient 
temperature of the animal room, in which all the animals were 
kept between exposures*
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pressure 'high enough to permit of easy acclimatization for 
rats, and yet low enough to produce a considerable degree of 
anoxia (pOg c. 80 ram Eg).

The previous work in altitude physiology has been con
cerned with two types of exposure, namely, "continuous” and 
"discontinuous" exposure. In the continuous exposure, experi
mental animals are sustained at the test altitude for the 
duration of the test, possibly with "descents” to "ground level” 
for short periods for the purpose of feeding and cleaning of 
cages. In discontinuous exposure, the animals are taken to 
”altitude" for a specified time interval each day throughout 
the test period. The former (continuous exposure) has been of 
interest because of its simulation of living conditions at 
high altitude in the mountains, while the latter (discontinuous 
exposure) is more nearly like the conditions encountered In 
aviation. In the present work, animals were exposed to the 
test altitude for 1 hour per day. This, then, represents a 
study of the effects of discontinuous anoxia. It has been 
reported by Van Liere and Stlckney (1942) and other workers, 
that discontinuous exposure to anoxia produces acclimatization 
In much the same manner as continuous exposure, the degree of 
acclimatization attained being proportional to the degree of 
anoxia produced and the length of the exposure period. If 
this is the case, It Is possible to use the general findings 
of continuous exposure experiments in the consideration of the 
effects of discontinuous exposure to lowered barometric pres
sure, as long as the difference in method of exposure is borne 
In mind, and no attempt is made to apply the findings of the



5

former type or experiment too strictly to consideration of 
the latter.

As there are available two excellent reviews of the 
illstory of experimentation in altitude physiology, no attempt 
will be made here to treat this subject exhaustively. ’The 
two sources recommended for such review are Barometric Pres
sure, by Paul Bert, and the review of Langley (1943). Refer
ences will be mad© throughout the text of this paper to 
previous work as It is related to the subject under discussion.



c-ne hundred and two Sprague-Bawley albino rats were 
divided into 4 grumps and paired according to body weight 
before the start of the experiment* Thus* group X con** 
tained 28 marked animals slated dor exposure to low pres- 
sure, and group 8 contained 28 control animals, each one 
having the same body weight as an animal with the same ear 
marking in group 1* Groups 2 and 4 were paired in the same 
manner, tout each of these groups contained ^nly 25 animals* 
.Each group was then placed in a separate large wire cage 
and fed water and Purina Bog Chow ad lltoiduat*

The first exposure of the test animals in the decom
pression chamber was made on the day following the pairing 
and was repeated 7 days a week for 9 weeks* The exposure 
of group 2 started 1 week prior to that of group 1 and the 
former group was sacrificed 1 week earlier than the latter* 
Two advantages are gained from this “staggering”: (1) The
time permitted for the dissection of such a large number of 
animals is extended* (2) Since the average weights of the 
two experimental groups (1 and 2) at any time represent the 
weights after the same length of exposure, but are a week 
apart chronologically, the effects of minor environmental 
changes on the average weights of the animals are partially 
eliminated*
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Exposure of the experimental animals to simulated 
altitude was carried out in a large steel decompression cham- 
ber.^ At approximately 5:00 P. M. every day, the entire rack 
of cages was taken to the chamber, the test animals put inside 
and the controls left outside the chamber. Ascent to 16,000 
feet (379 ism Hg) was made at a rate of 3,000 feet per minute, 
and the animals were kept at this altitude for 1 hour with a 
ventilation rate of 30 cubic feet of air per minute. After 
1 hour1s exposure, the animals were brought back to ground 
level at a rate of 3,000 feet per minute and returned to the 
animal room. They were then given food and water in suffi
cient quantity to assure them an excess until the following 
exposure period.

All of the animals were, weighed once a week on the after
noon of the same day of the week (Tuesday) as the original 
pairing.

At the end of 9 weeks' exposure, the animals were sacri
ficed. Thirty-five of the experimental animals taken at ran
dom and the corresponding controls were anaesthetized with 
nembutal and dissected. The dissection procedure was as fol
lows: The abdomen was opened and a 10 ml hypodermic syringe
containing a drop or two of heparin solution was introduced 
into the left ventricle of tne heart by means of a #20 hypo
dermic needle. Blood was drawn from the beating heart slowly

^The decompression chamber used in this study Is one on 
the grounds of the national Institute of Health, Betheada, Maryland, and is the property of the U. S. Public Health Ser
vice (Industrial Hygiene Research Laboratory).
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until no more could be obtained.- The volume of blood in the 
syringe was recorded. This was taken as a rough index of the 
blood volume of the animal (Selye, 1937). The blood in the 
syringe was then used for erythrocyte count, using the leu- 
bauer counting chamber, .and for hemoglobin, using the Heilige- 
WIntrobe hemoglob1nometer. Organs were then dissected and 
placed in 0.7<l salt solution as follows: left adrenal, spleen,
right adrenal, thymus, thyroid, left testis, right testis, 
seminal vesicle,^and pituitary.

Before fixation, the organs of 28 of the animals were 
weighed on the analytic balance. This was accomplished by 
the use of a glass weighing vial filled with mineral oil as 
a tare. The organ to be weighed was cleaned of liquid adher
ing to the surface by rolling on filter paper and was then 
dropped into the weighed bath of mineral oil, into which it 
sank, preventing evaporation of water from the surface during 
weighing. Weight of the organ was then computed by difference.

These organs were cleaned of connective tissue and placed 
in Zenker1s formal fixative, with the exception of the right 
adrenal and right testis, which were fixed in the osmieating 
fluid of Flexner and Groilman (1939).

After fixation and dehydration, all of the organs taken 
were again weighed by the same method, and those for which 
fresh weights were available were used for estimation of a 
conversion factor by means of which fresh weights could be

^Before removal of the seminal vesicle, the neck of the organ was ligated with cotton thread in order to retain its fluid content in toto.
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calculated for those organs which, had not been weighed in a 
fresh condition.^

fable I

Organ Fresh 
Wt. Av.

Fixed 
Wt. Av.Factori Eo*

fhyroid 0.0241 0.0190 1.2684 28
Left 0.0170 0.0140 1.21452 28
EightAdrenal 0.0190 0.0237 0.8G172 24
Testes 1*6355 1.3993 1.1687 28
Seminal
Vesicle 1.3194 1.0609 1.2437 26
Thymus 0.3505 0.2217 1.5810 20
Spleen 0.5659 0.4040 1.4007 25
Pituitary 0.0079 0.0053 1.4906 13

^Factor - Fresh Wt./Fixed Wt. or
Fresh Wt* » Fixed Wt. x Factor.

^Difference between factors for 
left and right adrenals is due to difference in fixing technique.

After dissection of the above organs, a small amount of 
air was injected into the left ventricle and the heart was 
compressed between the fingers. This forced blood and bubbles 
of air into the aorta. Upon ceasing the compression, in the 
normal heart the air bubbles remain in the aorta in approxi
mately the same position. However, in animals with insuffi
ciency of the aortic valves, regurgitation occurs and the

^Thls method was suggested, in a personal communication, 
by Dr. A.J. Dalton, of the national Cancer Institute, Bethesda, 
Maryland.
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bubbles are seen to flow backward toward the ventricle* This 
was taken as an indication of valvular insufficiency.

The stomach was then removed, opened, washed free of con
tents, and examined for blood and for gastric ulcers. These 
are plainly visible, when present, as hemorrhagic spots, or 
as small lesions surrounded by an elevated area. The carcass 
of the animal was then examined for anatomical abnormalities, 
and records kept of those found.

After the dissection described above of 70 animals, 52 
rats remained alive. These animals were used for tests to 
determine the value of the acclimatization attained in increas
ing resistance to acute anoxia* Twelve of these animals (6 ex
perimental, 6 control) were subjected to acute anoxia by decom
pression to an equivalent of 50,000 feet (87 mm Hg) on the day 
following their last acclimatizing exposure; while 20 (10 ex
perimental, 10 control) were allowed to rest at ground level 
in the animal room for 1 week after the last exposure to 18,000 
feet and then exposed to acute anoxia at 40,000 feet (141 mm 
Eg). Records of respiratory rate of each animal, survival 
time and cause of death were mad© during these acute exposures.

Statistical analysis of organ changes, and of other numer
ical measurements, was performed utilizing the Fisher t-teat 
(Fisher, 1958) to show reliability of differences between test 
and control group averages.
Hiram nnirni~i|]iiiiiiiiiiiiiniriiii mu < n i rtm~ri rnrrr-Tirrrmi—mmm mi iimmilr rn  umnirnmrn rtri-titiwii i m n i ii hi

During the latter exposure, the author was decompressed 
with the animals, wearing demand oxygen equipment and staying in such a position that the oxygen expelled from the mask was 
carried out the evacuation line and did not increase the oxygen 
tension of the chamber. This was don© with the purpose of better observing the animals (respiratory rate and cause of death) 
during exposure.
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The testes, thyroid, and adrenal glands of ten of the 
experimental animals dissected under - nembutal, selected at 
random, and of the corresponding control animals, were used 
for histological examination, iar&ffin sections were made at 
ten mlcra. Tissues fixed in Zenker’s fluid were stained with 
Mallory1s triple stain and osmicated tissues were mounted In 
Canada balsa® without counter-staining. Sections of correspond
ing organs of the paired control and experimental animal® were 
mounted on opposite end© of the same microscope slide for 
facility of comparison.



OB&ERVAYIOBS

X* Qensral cmdfttlotu LItil# wm$ no tod
hmtmmmn to* -gnimrml p&y»ieft 1 oon&lfelon of %tm mlmmtm ox~ 
i*»Md to 18*000 foot otftulotod oltx&od# @xm! ttot of to# *ni~ 
a»i* mtotolaod *t m  Irrol during ton eomrs# of t&#

ago
000

PXfparo X* CHwwrfch of expo#*^ And oontooX mxitwmtMm
Yto ftVtitrogg* tody ©f tli© #23H**od tobuaX*

&Xoml% paralleled tout of to# oontrol ©nX®ala tnrougtoufc tto
9 m#ka* toot ^#rl©4* a gr*j*&io rm p rm s m itm tlo u  of to© *v*r*jgo 
b©% nwlgfrt* of to© two group# I* d In X* and
bn# todf ooldnto of nil MiiiaXit o«7 bo found Xn Y#bl* XXX.
1 & p p w M x ) *

Aftor two wmskm of exposure ̂ to# **ra #»d to# plantar 
#ui*f*o*# o f th# .foot o f too to s t mrtlmklm woro* pmobioaXly  

u&Xwroally* found to bo alightly dttrkor in color than too»# 
o f tii#  ocmbroXo*



11

Til© general behavior of the two groups was much til© same, 
except that the exposed animals became more excited, than did 
the controls when the rack of cages was rolled to the altitude 
chamber. During the ”ascent’1 and ”descent,11 the test animals 
were rather active, running about their cages, washing and 
scratching their bodies frequently; but during the hour while 
they were at altitude, both the animals Inside and outside the 
chamber were quiescent, most of them sleeping. One difference 
was observed in their behavior during this period. The con
trol animals tended, as rats do habitually, to sleep In closely 
crowded bunches, piled one on top of the other. Usually they 
were so concentrated at each end of their cages. This was not 
the practice of the exposed animals while at altitude, as they 
spread themselves out rather uniformly over the floor of the 
cage. When the test rats slept in the animal room, however, 
they tended to flpil© up” just as did the controls. It is likely 
that this behavior in rarlfied atmosphere is an attempt to 
allow themselves as much opportunity for ventilation as possible* 

£• Effects on Body Organs. The accumulated data on the
nnwiwi»i»wi«—wnnm. urn mm nr1 HM nipipM M W Ni

organs of each of the animals studied la presented in Table III 
(Appendix). A summary of the effects of exposure is given In 
Table II (p. 12).

A. The Blood and Circulatory System.
Blood volume was found to be appreciably Increas

ed in the animals exposed to 18,000 feet altitude. As is shown 
in the accompanying table, an increase of approximately 21$ 
occurred. Statistical analysis of this change showed a probabi
lity of only 1 in 1,000 that this distribution would occur by 
chance •
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The erythrocyte count of the exposed animals 
was not signifIcantly increased above that of the controls*
The average counts of both groups, 8,020,000 and 8,040,000, 
respectively, are within the normal range for albino rats of 
the age group represented (approximately 20 weeks)*

The hemoglobin content of the blood, however, 
was significantly increased (14.5^). Statistical analysis 
shows this increase might be expected to occur by chance in 
only 2 in 100 cases*

Insufficiency of the aortic semilunar valves 
was found in 34*5$ of the exposed animals examined, while only 
on® of the corresponding 35 control animals (2*9?!) showed this 
deficiency* It Is possible that this one represents experi
mental error In that rupture of these valves might possibly 
be effected during the dissection technique.

The mean weight of the spleen was not changed 
significantly by the exposure to altitude.

B. Endocrine Organs. (ft̂ i ght)
(1) Thyroid* The mean weight of the thyroid 

gland was found to be 9*5^ greater in the animals exposed to 
low pressure than that of the control animals. This distri
bution would be expected to occur by chance in 5$ of cases.

(2) Adrenal Glands. The mean weight of the 
adrenal glands (sum of right and left adrenals) was not appre
ciably different In the two groups.

(3) Testes. The mean weight of the testes 
(sum of left and right testes) of the exposed animals was 
found to be slightly (3.87a) decreased in the experimental



Table II 13

SUMMARY OF EFFECT OF BISGO111100US EXPOSURE TO
18,000 FT. 1 HOUR/DAY FOR 9 WEEKS Off THE ALBINO^ AT

CONTRGJj AMIMALE EXPOSED AUI1tALs Change^ p3Datuml Mo. Body 
Wt. Batunsl Ho. Bodywt*

Blood Volume 6.86 37 308.6 8.28 34 303.9 20.7.,
Increase

.001
fled Cell Count (mlllions/mm^) 8.02 17 319.7 8.04 15 316.7 Hone >. 50
Memo gl obi n( g^J 15.2 15 290.6 17.4 15 289.1 14.5^ 

Increase
.02

Spleen Wt. (gj 0.5900127 310.1 0.5947 27 308.0 Hone >.50
lliyroid Wt. (g)5.0231 29 j 309.0! 0.0253 28 305.9 9.5^

Increase
.05

Adrenal Wt.{g) 0.0350 35 ; 308.5 0.0&43 35 303.4 Won© >.50
lestis Wt. (g) 3.44 SIT 32 310.8I 3.3101 35 303.4 3.8^

Decrease .15
Seminal Vesi- cle 'tit. () 1.3782 26 ! 307.8ii

1.3720 27 306.6 Hone >.50
Thymus Wt. (g) 0.3349 25 313.6 0.3305 24 368.3 Hone >.50
Pituitary Wt. 0.0091 11 317.8 0.0076 11 311.3 16. 5$ Decrease .03
Survival Acute Anoxia^ 2/6 6 317.5 2/6 6 300.8 Hon© >. 50
Survival Acute Anoxia

e/io 10 317.3 3/10 io 3l2.7 62.5%
Decrease

.03
Aortic Valve 
Insufficiency

1
(2.9/1

35 308.0 12(34.3..) 35 303.4 si. i% 
Increase

.0001
Gastric Ulcers 7

.
35 308.0 15(42.9%) 35 303.4 53. 3^ 

Increase
.6£“

Lesions of 
Lungs

3
{S.6%)

35 308.0 16(45.7%) 35 303.4 81. 3% Increase
.0001

•^Average figures for organ weights, blood volume, and hemo
globin, or occurrence (ratio or per cent) of stated condition.

oEffect of exposure on experimental animals.
^Probability of occurrence of difference (2) by chance. 

Determined by Fisher t.
^Exposure to acute anoxia the day after discontinuance of

18.000 ft. exposures.
^Exposure to acute anoxia one week after discontinuance of18.000 ft. exposures.
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animals, out this decrease is not statistically significant.
{4} Seminal Vesicle.v The seminal vesicle 

weight, including fluid content, was unchanged by the experi
mental procedure*

(5) Thymus. The mean weight of the thymus 
was found to do insignificantly different in the two groups.

{6) Pituitary. The mean weight of the pitui
tary gland was significantly decreased in the exposed animals 
(16.5>) below that of the controls. The probability of the 
occurrence of the difference by chance is 3;fi.

0. Thyroid Gland, Adrenal Gland, and Testis (histology)
(1) Thyroid Gland. Eight of the ten thyroid 

glands of experimental animals examined differed from the 
glands of the controls by the presence of a large number of 
follicles engorged with ^colloid.* The average follicle sise 
was also greater in the -.lands of experimental animals than 
in those of the controls.

(2) Adrenal Gland. The differences observed 
between the adrenal glands of exposed and control animals 
were slight.

a. In each case, however, of glands exam
ined, the cross-sectional are®, of cortex comprised a greater 
portion of the entire adrenal section in the gland of exposed 
animals than in the corresponding controls. This observation
might be subject to doubt in that the relative amount of cor
tex and medulla represented in an adrenal section is dependent

’̂Although it is not an endocrine organ, the seminal vesi
cle will be discussed with the testes throughout this paper 
because of its relationship to testicular function.
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upon tii® distance of the section from the center of the gland# 
Ab serial sections were not made, an attempt was made to use 
those sections nearest the central portion of the gland# Thua 
the fact that in all cases the relationship between exposed 
and control sections was the same makes it seem likely that 
the observation is & true one, indicating a slight degree of 
adrenal cortical hypertrophy, or possibly a decrease in 
medullary tissue. This latter hypothesis is strengthened by 
the observation that the cells of the adrenal medulla of 
exposed animals appeared to be very compact as compared with 
these cells of the control animals*

b# In osimicated sections, th# darkened 
area of intense osmle acid staining comprised a greater por
tion of the adrenal cortex of exposed animals than of the 
controls# In all eases (control and exposed glands) the most 
deeply stained area was near the eapsul# This would Indicate 
the presence of a greater proportion of lipoid elements In 
the adrenal cortex of the exposed animals, presumably indi
cating an Increase In endocrine activity of the gland.

(3) fastis# The following; differences were 
observed between the teste® of exposed and control animal®#

a. In all cases but one, the cross- 
sectional areas of the seminiferous tubules of the testes of 
exposed animal® were smaller than those of fch® controls.

b# In 5G> of cases, the interstitial 
cells of the testis of exposed animals were much larger than
those of the controls. In no ease were they smaller.

c. The sections of exposed animals were
invariably more deeply stained, with osmic acid than those of
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the controls. This staining was not limited to the intersti
tial cells but appeared to be In large irregularly shaped 
patches around the periphery of the seminiferous tubules* 

w  Other Factors.
(1) Gastric Ulceration. The incidence of 

gastric ulcers was appreciably higher in the animals exposed 
to altitude (43g) than in the control animals (200). 411 
cases of actively hemorrhagic gastric ulcers encountered were 
in the experimental group.

%

(2) Pulmonary Lesions* The occurrence of 
lesions of the lungs was much more common In the exposed ani
mals (16 cases in 56} than in the control animals (3 cases in
55) .

(5) Miscellaneous Pathology. The occurrence 
of pathology not considered to be related to exposure to 
altitude is given in footnote of Table III (Appendix).

(4) Resistance to Acute Anoxia.
a. Of ^acclimatised’1 and control animals 

subjected to acute anoxia the day after the last regular 
exposure, the resistance to high altitude (50,000 feet) was 
identical In each group (exposed simultaneously). Four out 
of 6 animals died with convulsions# However, it was found 
that the principle causes of death differed in the two groups. 
The principle cause® of death In the previously exposed group 
appeared to be hemorrhage of the lungs and the cerebral 
arteries,^while ©vary case of death In the control animals

7One case of cardlorrhexls was encountered.
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shewed ventricular spass and auricular engorgement of the 
heart, a© well as lung and cranial hemorrhage*

140

120
110

n*mplr*~
%ory RatttiOQ(HcMaln*)

m

m
m  m  22 m  a# m  m  m  m  m

ill bitud#
{Thmmmn4m of Foot}

rifiiro 2 * Hoapirmtory *mt*a of *3Cpea&g tel «K»itrol tetBal*, to aoutoteoaia.̂
b. When kept at sea level pressures for 

1 week after the last regular exposure to IB,000 feet, it was 
found that mortality in the previously treated animals was 
greatly increased upon exposure to acute anoxia. Thus, of 10 
test animals subjected to 40,000 feet altitude, 7 died in con
vulsions, the principle pathology observed being cerebral hemor
rhage . However, of 10 control animals exposed at the same time, 
only two did not survive, both of these animals showing ventri
cular spasm on autopsy. In this group also a pronounced differ
ence was observed between test and control animals with respect 
t- the change In respiratory rate in response to anoxia. This 
difference is shown In the accompanying figure (Figure 2).



DISCUSSION

Anoxia la one of the many stimuli which produce in the 
organism a syndrome characterized as the walarm reaction.”
This syndrom© has been described by Bely© (1937) In great 
detail. In general, it may be described her© as a non-specific 
response of the organism to damage in any of a number of 
forms. It is typified by increase In activity and thickening 
of the adrenal cortex, decrease in size of the thymus, and 
changes In the blood, as well as a number of other changes.
If the stimulus is repeated, adaptation Is brought about.
The adaptation occurring from a particular stimulus, however, 
is specific in its protection against the particular damaging 
agent used as a stimulus and to non© other. After continua
tion of the stimulus for an indefinite period, however, adap
tation Is lost and the an Isa 1 Is no longer capable of combat
ing the damaging agent. Following this regression In adaptation, 
the organism dies of exhaustion with symptoms similar to those 
of acute alarm.

In general, the above syndrome is exemplified by animals 
exposed to anoxia. However, there are certain anatomical 
changes which occur specifically with anoxia produced by low 
barometric pressure. These will be discussed with reference 
to the present study.

1. The Adrenal Cortex. It has been shown that the adre
nal cortex undergoes hypertrophy when the organism Is subjected 
to a sufficient degree of stress of any sort. Ingle {1938}
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has shown that continued muscular work produces hypertrophy 
of the adrenal cortex of the rat. Low temperature, intoxica
tion, and many other unrelated stimuli also produce this symp
tom. The effect of anoxia on the adrenal cortex has been 
reported by many workers. Thom ©t al (1942) reported an 
increase of approximately 17>t by weight in the adrenals of 
rats exposed to 18,000 feet for 4 hours a day, 5 days a week, 
over a period of 3-4 weeks, and Dohan (1942), Evans (1936), 
Langley ©t al (1942), Hallman (1944), Dernehl et al (1943), 
Sundstroem et al (1942), and Dalton (1944), have all reported 
hypertrophy of the adrenal cortex as a consistent symptom of 
”acclimatization” to altitude. However, increase in activity 
of the adrenal cortex is necessary only during the period of 
adaptation. As soon as adaptation is attained, the organism 
is no longer In need of excess cortical secretion. Tills is 
shown by the work of Langley and Clarke (1942) who found that 
adrenalectorn!zed rats exposed to 20,000 feet altitude require 
an increased amount of adrenal cortical extract during the 
period of acclimatization, but after this has occurred, the 
dose required for survival is the same as for adrenalectomized 
rats at sea level. Also Dalton (1944) has shown that the 
adrenals of rats exposed to 25,000 feet (282 mm. Hg) decrease 
in weight after the initial hypertrophy.

This, perhaps, is an explanation of the findings reported' 
in the present study. Sine© exposure was continued for 9 
weeks before the adrenals were examined, any adrenal hyper
trophy occurring in the early stages (first 3-5 weeks) during 
the adaptation phase, may have been lost after adaptation was 
attained. This is substantiated by the work of Helson and
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Bur rill (1944) who feu nd no hypertreph y of the adrenals of 
rats exposed to 18,000 feet, 1 hour per day, for approxima
tely 7 weeks* The histological appearance of the glands indi
cate©, however, that seas# increase in activity Is present in 
the adrenal cortex of the exposed animals after 9 weeks expo
sure, associated with slight hypertrophy, This hypertrophy, 
however, appears to be at the expense of the medulla and does 
not result in an increase in the overall sise and weight of 
the gland.

2. Testis and Seminal ¥esicle. .Decrease in the weight
of the testis in continuous exposure has been reported by 
Sundstroem et al (1942) and .Dehan (1942), Decrease in weight 
of both seminal vesicle and testis brought about by discon
tinuous exposure to 25,000 feet is reported by Gordon et al 
(1943). The foregoing reports have been based, however, 
a more acute extent of anoxia than was employed in the pre
sent study, The effects as reported in th® present study, 
(i.e., no statistically significant weight change In either 
testis or seminal vesicle) substantiate the work of Kelson and 
burrill 11944) based on 19 exposed animal®. However, the 
histological picture presented (p. 15) by th» testes ~f ex
posed animals observed in the present study, is one of low 
activity, rrobadly, in view of the enlarged interstitial 
cell® present in many cases, tills low activity is due to 
retention of testicular hormone by these cell®. Thus it seems 
probable that the decrease in average testis weight of z»Br- 
(see Table II) is a real decrease in spite of the low statis
tical significance. (p*0.15)
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5* Thyroid Oland. Little reference is to fee found in 

the literature concerning the effects of altitude ~n the 
weight of fcue thyroid ^lund. ftreu.ll (1913) and Baraeh et al
(1941) have reported, thyr^idectemized animals to have greater 
tolerance f^r anoxia than normal animals. Van Liere and 
Sfcickney (1943) have reported enlaiy.extent of the thyroids of 
dogs kept at sea level f^r 3 months following 5 months1 
exposure to 18,000 feet iv r B hours a day. uughes (1944) 
has shown that both thy r o I dec t ojai 2 ed and functionally a thyroid 
(by treatment with thiouracll) animals are more -resistant to 
anoxia than normal animals.

The increase in weight reported for the thyroid in the 
present study is subject te two interpretations. Thyroid 
e n X s. r ■ em ent may be due to (1) increased activity {2} 

decreased activity. If Increases activity is the cause of 
the increase in weight, the value to trie organism is diffi
cult to explain* except insofar as the resultant increase In 
metabolic rate might increase hemepoesis* heart rate, respira
tory rate and other vital functions. However, much more 
lively Is the explanation that the increase in weight Is one 
to decrease-:; r^l^asa of thyroxin, with resultant accumulation 
of "coll-id,” as was suggested by Gordon et al (1943). This 

would produce a lowered mxygen consumption of real value to ari 

animal subjected to- anoxia. The histological examination of 
the organs (p. 14} Indicates the latter to be the nature of 
the change in thyroid, activity.

4. lituifcary Gland. The reyul&tin,. effect of the pitui
tary gland on the ^ther endocrine organs ±B well kn~wn. Ko 

stati stically significant changes in the weight of this organ
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have been previously reported, to th* author1 s knowledge, in 
studies of anoxia# However, It is evident that a stimulus in
volving the endocrine system generally in such a pronounced 
manner as does anoxia, should have some reflection in changes 
of the hypophysis* For example, decrease in activity of the 
testis and thyroid should be related to a similar decrease 
in the cells of the pituitary which produce the thyrotropic 
and gonadotropic hormones, namely, the acid.oph.ils and baso
phils of the anterior pituitary. If this decrease is suffi
cient to bring about a corresponding decrease in the weight 
of the organ, the results would be the same as those found 
in this study (i.©•, decrease in pituitary weight). Thus, 
it seems probable that the decrease in weight reported here 
is due to the above loss in cell numbers.

5. The Blood and Circulatory System* An increase in
bleoi volume of animals exposed to altitude has not, to the

8authorfs knowledge, been reported previously. The value of 
this increase to the organism under conditions of oxygen
pressure Is obvious. It is possible by this moans to supply 
more bio«dt and, therefore, more oxygen to all the tissues of 
the body than Is possible with a normal blood volume.

Also, the Increase in hemoglobin permits of a greater 
oxygen carrying capacity per unit volume of blood. This 
increase has also been reported by Van Here and Stickney 
(1942) for clogs, and by Campbell (1927)(1928)• however, for 
human subjects living at high altitude (c. 16,000 feet) Hur-

■'halton, A. J., in a personal communication, has mentioned 
increase In blood volume in rats exposed to lowered barometric 
pressure.
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tado (1952) reports no elevati of average hemoglobin con- 
tent of the blood*

It may seem Inconsistent that the erythrocyte count Is 
n^t correspondingly Increased* In fact, Van Mere and Stick- 
ney (1942) report an Increase Af 84b In erythrocyte count of 
dogs exposed to 18,000 feet for 17 weeks and Thorn et al
(1942) report a similar increase In both hemoglobin per cent 
and red cell count for dogs exposed in the altitude chamber* 
However, the benefit to the organism of increase in hemoglobin 
content of the blood without recourse to Increase In the num
ber of erythrocytes is obvious, since an increase in the num
ber of red cells Is accompanied by a corresponding increase 
In the viscosity of the blood (Hurtado, 1952). This is 
decidedly a detrimental factor because of the increased work 
demanded of the circulatory system* Campbell (1927) makes 
the statement that Increase of hemoglobin per cent of the 
blo^d Is not an essential result of acclimatization and should 
o-b regarded only as a possible consequence* However, he 
points out that this change is of value to the heart when It 
does occur*

ii number of workers have studied the effect on the heart 
of low barometric pressure* Van bier® (1941)(1945) was unable 
to produce cardiac hypertrophy (measured by change in weight) 
In guinea pigs at 20,000 feet altitude either when exercised 
or at rest, nor In dogs at 18,000. This, however, does not 
show that dilation or valvular rupture do not ~ecur*

The fact that the heart Is placed under a considerable 
strain under the conditions of the present experiment is
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borne out by the fact that damage of the aortic valve was 
found fce have occurred in approximately 1/3 of the experi
mental animals* In this gr^up the average hemoglobin per

centage (2 0 *6 ) is well above the average Tor the entire 
experimental group (17.4), but the average reel c*ll count 
(3 ,3 00,0 0 0 ) was very near the average of the experimental 

group (8,040,QUO)• It is possible that the elevated hemo
globin found in the animals with valvular Insufficiency 
represents an attempt the part of the organism fco nullify 

the cardiac defect*

As the lethal effects ef acute anexia seem te be due fce 

failure nf the circulatory system at ^ne point or another. It 

will be discussed h e r e *

The observation that the major injuries evident in the 

f* acclimatized* animals after exposure to acute anoxia were 

hemorrhage in the lungs and brain, leads to the following 

elternatlve hypotheses•

A* Previous exposure to mild anoxia weakens the 

arterial vessels to such an extent that the Increase In bl^od 

pressure (resulting from an attempt the part of the 

organism to meet the demands of acute anoxia) imposes 

these vessels a strain which they are unable to- bear.

A. The M'accllmatized” animals respond fee acute 

anoxia with a higher arterial pressure than do the control 

animals.

The higli incidence of pulmonary lesi^ns in discentin- 

imusly exposed animals net exposed to acute anoxia (discus

sed below, (p* 2 6 ) Indicates that the former hypothesis is the 

more likely
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M* explanation Is offered of the ventricular spasm 
encountered so universally In the case of the control animals 
when unable to survive acute anoxia, and never encountered In 
the presumably acclimatized d e ae c 1imatized* animals* 
Campbell (1927) states that In all animals affected by low 
Og tensions, heart failure Is the most constant phenomenon.

It is evident that adaptation fco mild anoxia enables the 
organism to resist exposure to acute anoxia at least as well 
as can the normal animal, but when any advantages this adap
tation may have imparted have npassed ^ £ f (Campbell, 1927), 
during a stay at low altitude, the organism is less well fit
ted to resist extremely high altitude than Is the normal ani
mal. This phenomenon may conceivably be due to- deleterious 
changes in the circulatory system incurred during the original 
adjustment to low pressure.

The lack of Increase In spleen weight in the acclimatized 
animals is probably correlated with the lack of increase of 
circulating erythrocytes, as reported above. Studies made at 
18,000 feet, 8 hours per day f^r 3 months by Van LIere and 
Stickney {194-5) have shown an Increase In spleen weight of 
dogs along with an increase of red cell count.

6. a-astrie Ulcers. The high incidence of stomach ulcers 
in the exposed group Is presumably due to anoxia of the sto
mach mucosa, making it less resistant to the action of the 
digestive enzymes, coincident with Increased stimulation of 
secretion by the vagus nerve. If this is the case, the fid 
content of the stomach should increase during anoxia. 7an 
H e r e  and Vaughan (1941) have shown with Pavlov pouch dogs
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that in these animals change in the basal secretion nf 
the stomach is produced by exposure 28,000 feet altitude*

7. Pulmonary hesions. Me reference to disturbances of 
the respiratory tract as a result of chronic exposure to anox
ia has been found in the literature* lire results found in the 
present study indicate that ŝ -ie phase of the effects of ex
posure to lew barometric pressure— p^$sibly hyperventilation, 
pulmonary occlusion, increased arterial pressure, or a com
bination of these factors and others— have a deleterious 
effect on the lung tissues* The two types of lesions found 
were purulent cysts and small hemorrhagic spots*

‘fo interpret the findings discussed above with reference 
to the phases of the nalarm reaction,** it is necessary to 
reconsider them together*

The phase of acute alarm is engendered in the organism 
exposed to low barometric pressure, probably during the first 
few exposures* The beginnings of the a&aptative response to 
anoxia (i.e*, adrenal hypertrophy, hemoconcentration, etc.) 
can be demonstrated after a single exposure (Sundstroe®, 1942) 
(T.n-rn, 1942).

The adaptation phase is comm only referred to as Si acclima
tization* when it results from exposure to low pressure* How
ever, if acclimatization is taken to mean that its result is 
an organism more fit to survive under anoxic conditions than 
is the normal animal, it is seriously doubted by the author 
that this occurs to any practical degree in discontinuous ex
posure to anoxia. Certainly it does not oCCUr in the present 
study as is evidenced by the exposures to acute anoxia cited
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above. Any 'beneficial adaptative response which had occurred 
in the exposed rat® was only sufficient to counteract the 
deleterious changes in the circulatory system*. In fact, If 
the animals were allowed to lose the beneficial adaptative 
changes by a week’s stay at ground level, the deleterious 
effects remaining were sufficient to cause an appreciable 
decrease In the altitude “celling” of* the test animals as 
compared with the normal controls* Thus, it seems probable 
that no practical benefit to the organism can be expected 
fro® acclimatisation by discontinuous exposure to even a mild 
degree of anoxia*

The appearance of regression of adaptation to discontinu
ous anoxia had not been reported in the literature to the 
author*® knowledge, even In prolonged experiments (12 weeks) 
using a test altitude of 2b,000 feet (dalton, 1944)* however, 
such effects have been described in studies of continuous 
Exposure to anoxia (bundstroem, 1942), so it is possible that 
still longer investigation of repeated «xposur#s might produce 
these results. If the last phase above were shown to ~ccur 
in discontinuous exposure, the comparison of anoxia with the 
other stimuli known to- elicit the alarm reaction would be 
even more complete*



1. luxposur© ©f 51 albino rata to discontinuous anoxia 
by decreased barometric pressure equivalent to 18,000 feet 
for 1 hour per day for 9 weeks produced no obvious changes In 
appearance, weight, or behaviour as compared with 51 carefully 
paired control animals.

2. Statistical analysis of changes in body organs, sup
plemented with histological observations, of exposed animals 
compared with controls revealed the following.*

A. A significant Increase of 20• Vji In mean blood
volume .

8* !© increase in mean erythrocyte count.
C. A significant increase of 14.5^ in mean hemo

globin content (g;-.) of the blood.
.0* Mo change in mean weight histological appear

ance of the spleen.
0. A significant increase of 9.50 In mean thyroid 

weight, associated with Increased tte©ll©idw content of the 
follicles *

P. Increased activity, by histological evidence, 
of the adrenal cortex, not associated with increase in mean 
weight of the total adrenal gland.

a. Decreased activity, by histological «vid©nee, 
of the testes, associated with a probably significant decrease 
in mean testis weight of 5.8%.
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H. Me change in mean weight or appearance of the 
seminal vesicle#

1# He change in mean weight appearance of the
thymus *

J. A significant decrease of 16*5$ in the mean 
weight of the pituitary gland.

K. A significant increase cf 91*7% in the incidence 
of aortic valve insufficiency.

L. A significant increase of 55*3.r> in the incidence 
of gastric ulcer.

M. A significant increase of Sl.Sh in the incidence 
~f lesions (of various types) ~f the lungs.

3. fhe physiological significance of these changes is 
discussed.

4. fhe exposed animals usepe found to have the sane resis
tance to acute anoxia (50*000 feet equiv.) as the controls on 
the day following the last regular exposure. However, after 
resting at ground level for 1 week, the previously exposed 
animals showed a 62*5,» decrease in survival when exposed to 
acute anoxia (40,000 feet equiv*) as compared with the controls.

5. deleterious changes in the circulatory system, such 
as weakening of the heart valves and arterial walls caused fey 
discontinuous exposure to anoxia is suggested as an explanation 
of this decreased resistance to acute anoxia of the exposed 
animals aft^r loss of ^acclimatisation**
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Table III

fKyroid Adrenal Testis Seminal Vesicle
Weifilht Weight leiSht ... Well3ht ..... .......

Cont. Exp* Cent. Exp. Onnt. Exp. Cont. Exp.
1 0.0188 0.0280 0.0367 0.0351 4.0594 3.5497 1.5654 1.5595
2 0.0189 0.0209 0.0303 0.0365 3.0249 3.1673 1.3101 1.2165
3 0.0261 0.0231 0.0463 0.0328 3.3565 2.5050 1.3479 1.1639
4 0.0268 0.0242 0.0278 0.0240 3.2466 2.9568 1.1733 1.1021
5 0.0237 0.0282 0.0389 0.0295 5.3722 3.1670 1.3167 1.53536 0.0225 0.0306 0.0321 3.6923 3.7085 1.5243 1.78287 0.0192 0.0302 0.0346 0.0287 3.1919 3.5456 1.2823 1.4801
8 0.0241 0.0213 0.0365 0.0378 3.6392 3.6120 1.4505 1.1356
9 0.0260 0.0264 0.0336 0.0336 3.6801 3.2765 0.9198 1.0700
10 0.0234 0.0237 0.0319 0.0319 3.3868 3.3489 1.2066
11 0.0208 0.0259 0.0364 0.0350 3.1105 3.5777 1.6345 1.5169
12 0.0254 0.0215 0.0417 0.0335 3.5874 2.9414 1.5351 1.4367
13 0.0338 0.0286 0.0395 0.0427 3.6152 3.4045 1.4622 1.2038
14 0.0343 0.0293 0.0425 0.0362 3.8083 3.7503 1.5959 1.2627
15 0.0215 0.0302 0.0316 0.0610 3.4663 3.1502 1.4411 1.4844
16 0.0233 0.0255 0.0359 0.0396 3.4688 2.8718 1.7008 1.7047
17 0.0161 0.0255 0.0387 0.0407 3.5162 4.2230 1.2240
18 0.0501 0.0232 0.0427 0.0398 3.8677 3.5830 1.5689 1.6646
19 0.0258 0.0298 0.0366 0.0550 3.3804 3.5634 1.6963
20 0.0233 0.0250 0.0574 0.0464 3.6746 3.7760 1.7220 1.6413
21 0.0191 0.0254 0.0532 0.0246 3.0779 3.8767 1.2674 1.1645
22 0.0198 0.0210 0.0381 0.0314 2.9415 2.9627 1.0167 1.1545
23 0.0240 0.0219 0.0298 0.0323 3.0246 2.7816 1.5134 1.2452
24 0.0257 0.0211 0.0281 0.0203 3.1403 3.0768 1.1920 1.2045
25 0.0194 0.0231 0.0358 0.0271 3.2846 2.7201 1.5785
26 0.0214 0.0214 0.0286 0.0296 3.3373 2.7748 0.9926 mm mm mmmm- mm
27 0.0186 0.0288 0.0254 0.0274 3.2346 3.2045 1.3948 1.3092
28 0.0214 0.0285 0.0340 0.0347 3.1889 1.4754 1.3519
29 0.0161 0.0280 0.0194 0.0329 5.2903 1.2222 1.1774
30 0.0520 0.0436 5.3826 3.6364
31 0.0330 0•0328 3.3840 3.0160"" "Tr T 1,111 —* .

32 0.0310 0.0349 mm mmmm mm mmmm 4.1138t m «■»
0.0315 0.0375 3.7040 3.4282ww 1..111 ** 0.0344 0.0284 3.5920 2.6966 immm.mm mm mm mmurl

35 0.0418 0* 0346 4.0461 3.4058

*-Red cell count expressed in million cells per cubic millimeter.

Miscellaneous
Controls

13 Renal calculus in urinary bladder. 17 InJfected toe.21 Dilated aorta.24 Cyst in liver.
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Autopsy Data

fKymus Spleen Mtuitary MloodVolume Bed Cell Count#
1'ei,*ht Wei QCht Wei pcht HemoKlobin

Cont. Exp. Cont. Exp. Cent, Exp. Cont. Kxti Cont. Exp.
6.Seal 0.2979 0.6314 0.5457 --- ------ 5.0 ^.5 6.64 6.530.2286 0.3442 0.4905 0.5371 0.0101 0.0092 6.5 9.0 7.25 7.96
0.5968 0.2620 0.5303 0.5044 ------ 7.0 8.0 7.76 — —
0.2740 0.3865 0.5133 0.4990 0.0069 0.0072 6*0 8.5 8.37 7.79
0.2473 0.2395 0.6013 0.6113 8.0 10.0 «...— - — — .
0.3292 0.3545 — 0.5875 7.5 10.0 7.10 8.30
0.2877 0.2266 0.6167 0.5241 ........— 7.0 7.0 8.31 8.15
0.3813 0.2063 0.6672 0.7892 10.0 10.0 8.24 5.56
0.2873 0.2522 0.5229 0.6030 6.3 .... 7.73 — mm mmmm
0.2845 0.3601 0.6302 0.6313 0.0098 0.0065 8.5 9.5 7.74 8.55
0.3328 0.3130 0.5593 0.6257 0.0106 0.0105 8.3 8.5 7.25 8.130.3480 0.2319 0.7665 0.5725 0•0098 0.0081 7.5 9.0 8* 61 9.90
0.2931 0.5161 0.6616 0.6026 0.0097 0.0071 10.0 7.0 8.75 7.880.3217 0.3747 0.6861 0.6653 — ..™ .... 8.3 10.0 S. 41 9.01
0.2775 0.3650 0.6209 0.7414 0.0077 0.0086 8.0 8.5 7.72 7.52
0.2695 0.2849 0.6249 0.6577 0.0085 0.0083 8.0 9.5 8.28 8.67
0.3804 0.6080 0.9105 8.5 8.0 — — .
0.3706 0.4112 0.7695 0.6778 -- ...... ************ 9.5 10.5 «... -- —
0.3976 0.4307 0.6178 0.6174 0.0092 0.0094 9.5 10.0 8. 30 7.99
0.3162 0.3396 0.5629 0.6821 0.0099 ............ 6.5 11.5 9.94 8.610.3217 0.3394 0.4774 0.5118 — —  — •mmm mm mm mm mm 5.5 6.5 8.2 10.00.5002 0.3498 0.6592 0.5210 mrn-mmmmmmm. 5.0 6.5 9.2 11.40.3084 0.3637 0.6290 0.4311 5.3 7.8 7.6 7.80.2876 0.3868 0.5433 0.5578 mmmm-mmmmmmmm 4.0 6.0 8.2 6.2
0.5444 0.2958 0.4559 0.4325 5*5 6.3 8.2 6.4

mm mm-mmmm mm mm mmmm — mmmm 0.0079 0.0052 6.0 5.0 7.6 11.40.4874 0.0039 7.3 7.3 9.0 11.90.6139 0.4743 m+wrn 7.8 7.8 8.6 6.0A RROQ *7 A A R A O rj oU # DO &+ J. s/e 5327 O # U Q# & i m &5.5 8.8 9.0 9.35.5 8.0 7.5 9.8
5.5 8.0 7.9 8.3
4.5 9.5 6.5 8.6A A A 1 n

mm mm mm mm mm mm
O + \J4 5 4.5 8.5

Pathology
Experimentals

9 Strangulated right spermatic cord. Patty heart. 20 Tumor of left iliac lymph node.27 Liver cyst.55 Congested kidneys and edema of lumbar region.
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