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INTRODUCTICHN

Studies of the effects of disecontinucus exposure of
snimals and humans to anoxia produced by decrease of atmos-
pheric pressure nave peen made in increasing numbers in
recent years. The stimulus which has brought about research
in tals particular field is the desire for information appli-
cable tc the condition of anoxia encountered in human aviation.
The most satisfactory method for investigation of the effects
of these conditions is exposure of experimentsl animgls or
iaman subjects to simulated altitude (i.e., lowered barometric
pressure) in the decompression chamber., In tiils apparatus, it
is possible to observe tie effects of decreased pressure and
low tewperature, elther 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 falrly constant by passing a stream of
water over the exterior of tne chamber during exposures.l

Tne altitude consldered in the present work is 18,000
feet, or the equivalent of a barometric pressure of 379 mm Hiz.
The effects on rats of repeated exposures to tihls altitude

are of interest, since tiils altitude represents a barometric

1The mean temperature of tie chamber during exposure per-

iods was 22¢C, and the extremes were 14°C and 26¢C. This vari-
ation was conslderably less than the variation of the ambient
temperature of the animal room, in which all the animals were
kept between exposures.



pressure hlgh enough to perwit of easy acclimatization for
rats, and yet low encugh to produce a considerable degree of
anoxia (pCs c¢. 80 rm Hg).

The previous work in altitude physiocloygy nas been con-
cerned with two types of exposure, namely, "continuocus" and
"discontinuous" exposure. In the continuous exposure, experi-
mental animgls are sustained at the test sltitude for thne
duration of the test, possibly with "descents" tc "ground level”
for short periocds for the purpose of feeding and ecleaning of
cages. JIn dlscontlinuous exposure, the animals are taken to
"gltitude" for a specified time interval each day througzhout
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 llke the conditions encountered in
aviation. In the present work, snimals were exposed tc the
test altitude for 1 hour per day. This, then, represents a
study of the effects of discentinuous sgnoxia. It has been
reported by Van Liere and Stickney (1%42) and other workers,
that discontinuous exposure to asnoxla produces acclimatizatlion
in much tone same manner as continuous exposure, the degzgree of
acclimatization attained being proportional toc the degree of
anoxia produced and tne len;sth of the exposure period. If
tnis 1s the case, 1t is possible toc 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
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former type of experiment too strictly to consideration of
the latter.

As there are avallable two excellent reviews of the
history of experimentation in altitude physiology, no attempt
will be made here to treat thls subject exhaustively. The
two sources recommended for such review are Barometiric Pres-
sure, by Paul Bert, and the review of Langley (1943). Refer-
ences will be made througnout the text of this paper to

previous work as it 1s related to the subject under dlscussion.



~ne hundred and twr Sprague-iawley albin~ rats were
divided intn 4 grrups and palired accnrding to bedy weight
befrre the start nf the experiment. Thus, group 1 ¢ ne
tained 26 marked animals slated for exp~sure tn 1lnw pres-
gsure, and group & contalned 26 centr~l animals, esch rne
heving the same bndy weight es an animal with the same ear
marking in group l. Groups € and 4 were palred In the same
manner, but each ~f these grrups crntained ~nly 25 snimals.
Laeh grr~up was then placed in & separate large wire cage
and fed water and FPurina Dog Chow ad libidum,

The first exprsure of the test animels in the dec me
presslon chamber was made ~n the day frllrwing the palring
and was repeaied 7 days a week fnr ¢ weasks. The exprsure
~nf grmrup 2 started 1 week prier t~ that ~f group 1 and the
frrmer grrup was sacrificed 1 week earlier than the latter.
Twn advantages are galined frem this “steggering™: (1) The
time permitted frr the dissectirmrn »f such & large number »f
animals is extended. (£) Since the average weights ~f the
twe cxpoerimental gr~ups (1 and 2) at any time represent the
wel,nts after the same length ~f exprsure, but ere a week
apart chronnleglieslly, the effects ~f minor envir~nmentel
changes »n the aversge welphtes »f the animals are partislly

eliminated.



Exposure of the experimental animals to simulated
altitude was carried out 1n a large steel decompression cham-
ber.2 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 ocutside the chamber. Ascent to 18,000
feet (379 ram Hyg) 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 alr per minute. After
1 hour's exposure, the animals were brougnt bsck to ground
level at a rate of 3,000 feet per minute and returned to the
animal room. They were then glven food and water in suffi-
cient quantity to assure them an excess until the following
exposure perlod.

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

At the end of 9 weeka' exposure, the animasls 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 asbdomen was opened and a 10 ml aypodermic syringe
conteining a drop or two of heparin solution was introduced
into the left ventricle of tne heart by megns of a #20 hypo-

dermic needle. Blood was drawn from the beating heart slowly

2The deconpression chamber used in this study 1s one on
the grounds of the Naticnal Institute of Health, Bethesds,
laryland, and 1s the property of the U. 8. Public liealth Ser-
vice (Industrial Hygiene Research Laboratory).



until no more could be obtained., The volume of bloocd in the
syringe was recorded. This was taken as a rough index of the
blcod volume of the animal (Selye, 1937). The blood in the
syrinze was then used for erythrocyte count, using the Neu-
bauer counting chamber, and for hemoglobin, using the Heilige-
Wintrobe hemogloblinometer. Organs were then dissected and
placed in 0.7% salt solution as follows: left adrenal, spleen,
right adrenal, thymus, thyreid, left testls, right testis,

Sand pltuitary.

seminsal vesicle,
Before fixation, the organs of 28 of the animals were
welghed on the analytic balance, This was accomplished by
the use of a glass welghing vial filled with mineral oll as
a tare. The organ to be welghed was cleaned of liquid adher-
ing to the surface by rolling on filter paper and was then
dropped into the weighed bath of minerasl oil, into wnich 1t
sank, preventing evaporation cof water from the surface during
welghing., Weight of the organ was then computed by difference.
These organs were cleaned of connective tissue and placed
in Zenker's formol fixative, with the exception of the right
adrenal and rigzht testis, which were fixed in the csmicating
fluid of Flexner and Grollman (1839).
After fixation and dehydration, all of the organs taken
were agailn welghed by the same method, and those for which

fresh welgnts were available were used for estimation of a

conversion factor by meamans of which fresh welghts could be

SBefore removal of the seminal vesicle, the neck of the
organ was ligated wlth cotton thread in order to retain its
fluid content in toto.



calculated for those organs which had not been weighed in a

fresh condition.?%

Table I
Organ Fresh | Fixed |Factort |No.
lwt. Avdit. Avd

Thyrold |0.0241[0.0190|1.2684 28
L*f:n , |0-0170|0.0140 1.21432 |28
Right 0.0190 |0.0237 |0.80172 |24
Adrenal |
Testes 1.6353 |1.398311.,1687 (28
Seminal , v L
Veslole |1+31941.06091.2437 |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

lractor = Fresh Wt./Fixed Wt.
Fregh Wt. = Plxed Wt. x Factor.

or

2pirference between factors for
left and right adrenals is dus to dif-
ference in fixing technique.

After dissection of the sbove organs, & small amount of
air was Injected Into the left ventricle and the hesrt was
compressed between the fingers. This forced blood and bubbles
of alr into the asorts. Upon ceesing the compression, in the
normal heart the air bubbles remain in the sort: in approxi-
mately the same position. However, in animals with insuffi-

ciency of the sortic valves, regurgitation occurs and the

4Th1g method was suggested, in a perscnal 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 inguffieciency.

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

After the dilssection described above of 70 animals, 32
rats remained aslive. These animals were uasd for tests to
determine the value of the acclimatization attalned in increas-
ing resistance tc acute anoxia. Twelve of these aninmals (6 ex-
perimental, 6 control) were subjected to ascute anoxia by decom=
pression to an equivalent of 50,000 feet (87 mm Hg) on the day
following their last acclimatizing exposure; wnile 20 (10 ex-
perimental, 10 contrecl) were allowed to rest at ground’level
in the animal room for 1 week after the laat exposure to 18,000
feet and then exposed to acute anoxia at 40,000 feet (141 mm
Hg)% Records of respiratory rate of each animal, survival
time and cause of death were msde during these acute exposures.

Statistical analysis of organ changes, end of other numer-
ical measurements, was performed utilizing the Flsher t-test
(Fisher, 1938) to show relisbllity of differences between test

and control group averages.

5During the latter exposure, the asuthor was decompreased
with the animals, wearing demand oxygen equlpment and steying
in such a position that the oxygen expelled from the massk was
carried out the evacuatlon line and did not increase the oxygen
tension of the chamber. This was done with the purpose of bet-~
ter observing the animals (respiratory rate and cause of death)
during exposure.



The testes, thyrold, and adrenal jglands »f ten of the
experimental animals dissected under nembutal, selected at
random, and of the corresponding control animels, were used
for histologiesl examination. raraffin sections were mede at
ten micra, Tissues fixed in Zenker's fiulid were stained with
Hallory's triple stain and osmicateéd tissues were mounted in
Canada balsam without counter-staining. Sections of correspond-
ing organs of the psired control and expsrimental animsls were
mounted on opposite ends »f the same microscope slide for

facllity of comparison,
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The general behavior of the two groups was much the same,
except that the exposed animals became more exclted than did
the controls when the rack of cages was rolled to the altltude
chamber. During the "ascent™ and "descent," the test animals
were rather active, running about their cages, washing and
scratehing thelr bodles frequently; but during the hour whille
they were at sltitude, both the animels inside and outside the
chamber were quiescent, most of them sleeping. 0One difference
was observed in thelr behavicr during this period. The con-
trol animals tended, as rats do hablitually, to sleep in closely
crowded bunches, pilled one on top of the other. Usually they
were so concentrated at each end of thelr cages. This was not
the practice of the exposed animals while at altlitude, 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 "pile up" just as did the controls. It is likely
that this behavior in rarified atmosphere 1s an attempt to
allow themselves as much opportunity for ventilation as possible.

2. Effects on Body Organs. The accumulated data on the
organs of each of the animals studied is presented in Table III
(Appendix). A summary of the effects of exposure 1s gilven in
Table II (p. 12).

A. The Blood and Circulatory Systen.

Blood volume was found to be appreclably increas-
ed in the sgnimals 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 & probabi-

1lity of only 1 in 1,000 that this distribution would occur by

chance.,
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The erythrccyte 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 normsl range for albino rats of
the age group represented (approximately 20 weeks).

The hemogloblin content of the blood, however,
was significasntly increesed (14.5%). Statistical analysis
shows this lncrease might be expected to occur by chance in
only 2 in 100 cases.

Ingufficiency of the aortic semilunar valves
was found in 34.3% of the exposed animals examined, while only
one of the corresponding 35 control enimals (2.9%) showed this
deficiency. It is possible that this one represents experi-
mental error ln that rupture of these valves might possibly
be effected during the dissection techniqgue.

The mean welght of the spleen was not changed
signifiecantly by the exposure to altitude.

B, Endocrine Organs. (W~ight)

(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 animsls. 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 adrensls) was not appre-
ciably different 1n the two groups.

(3) Testes. The mean welght of the testes
(Sum of left and right testes) of the exposed animals was

found to be slightly (3.8%) decreased in the experimental



Table 11

SUMMARY OF TFFECT OF DISCONTINUCUS EXPOSURE TO

b Y
18,000 FT. 1 HOUR/DAY FOR 9 WEEKS ON THE ALBINC RAT

13

CONTROL ANIMALS |EAPCSLD 2 LS
Datuml|No.| Body |Datuml | No.| Body |Change? | pd
Vit . Wit
Blood volume |6.86 |87 | 508.6 |B.28 34 | 305.9| 2047, . 001
; _ — Increase
[fed Cell Count |8.02 |17 | 819.7 8,04 15 | 31€.7| None 5 S0
(millions/mm® ) - .
Hemoglobinl ge) 15.2 |15 | 200.6|17.4 15 | £689.114.5% .02
— 1 Increase
Epieen Wt. (g) [0.5000|27 | 510.1 |0.5947 | 27 | 508.0|None 5« 50
Mhyrold wt. (2)0.0231|20 @ 300.0|0.0855 | 88 | 305.9|8.50 05 |
\ — _ Increase
Rdrenal wt.(g) [0.0350] 35 | 508.00.05845 | 35 | 205.4 | None > 50
festis Wt. (g) [©.4408]32 310.8 3.8101 | 55 | 505.4 | 5.0 .15
. - Necrease
eminal Ye?i- 1.3782| 26 ESO?.@ 1.3720 | 27 | 30€.5| None . 50
cle Wtse (g " — _
Thymus Wie () [0.5849]25 | 81646 0.5505 | 24 | 608.5| Rone e 50
Pitultary wt. [0.0001] 11 | 317.8|0.0076 | 11 | 511.516.5% .03
kg) . lecrease
Turvival 2/6 € 317,585 2/6 6 | 300,8| None 5. 50
icute Anoxia o . _ _
Survival 8/10 |10 | 817.53] 8710 |10 | 512.7|62.55 .03
Acute Anoxia® B . Decrease
Aortic valive 1 35 | 30B.0| 12 35 | 503.4|91.7%  pCOOL
Ingufficiency [(2.9%) e 1 (34.30) _____lIncrease
Gastric Ulcers | 7 35 | 508.0| 156 35 | 303.4| 58.5% .03
(20%) (42 4 9%) N Increase
esions of 3 |35 ] 308.0| 16 35 | 303.4|81.3% - 0001
ungs (8.6%) (45.7%) Increase

1Averaga figures for organ weights, blood volume, and hemo-
globin, or occurrence (ratio or per cent) of stated condition.

2r.

ffect of exposure on experimental animals.

SProbability of occurrence of difference (2) by chance.
Determined by Fisher t.

4Exposure te acute anoxia the day after discontinuance of
12,000 ft. exposures.

5y

18,000 ft. exposures.

Exposure to acute snoxia one weelk after dliscentlnuance of
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(4) Sewminal ¥esicl@.ﬁ The seminal vesicle
weight, 1ncluding fluld content, was unchanged Ly the experi-
mental procedure.

{6} ‘"Thymus. The mean weight »f the thymus
wag {~und to ve insignificantly different in the two ;roups.

(6) ~Fitultery. 7The mean weight of the pitui-
tary glsnd wes si;niflcantly decreased in the expnsed animals
{16.5%) velow that of the contrels. The provability of the
ncecurrence of the difference by chance is 3.

Ce Thyroid Glend, Adrenal Gland, and Testis (Histolnpy)

(1) Thyroid Gland. iilght of the ten thyroid

glands of the controls by the presence of & large number of
follieles en.orged with "colloid." The average folliicle size
was alsn ,reater in the ._lands »of experimental animals than
in those of the controls.

(2) Adrensl Gland., The differences observed
vetwern the adrenal  lands of exposed and c¢~ntrol animals
were sijight.

&. In egch case, however, of g lands exam~
ined, the cross-sectinnal arsa »f c-rtex conprised & pgrester
portlon of the entire adrenal sectlon in the gland »f exprsed
animals than in the corresp-ndling e¢~ntrols. This observation
might be subjJect to drubt in that the relative amount ~f enr-

tex and medulls represented in an adrensl section is dependent

Gﬁlthmugh it is not an endocrine organ, the seminal vesi-
cle will e discussed with the testes throughout this paper
cacause »nf its relationship ton testicular functlon.
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upon the distance of the section from the center ~f the ;land.
A8 seriel srcticna were ncot made, an attempt was rade tn use
thnze seetions nesrest the centrel portion »f the gland. Thus
the faet thst in 8ll ceses the relationship Letween exprsed
and eontrnl sections was the same makes 1t seem likely that
the nbservatinn is & true one, indicating 2 slight degree T
adrenal cortical hypertrophy, or peossivly a decrease 1o
medullary tissue, This lstter hypothesis l1a strengthened by
the observation that the cells of the adrensl medulla ~f
exposed animals appeared to Le very coupset as ecorxpared with
these cells of the control animels,

be In rsmicabted secti~ns, the darkened
area of intense ~smlie acld stalning crmprised & greater por-
tisn »nf the adrenal cortex nf esxprsed animsls than »f the
erntrnls. In all cases (contrnl and expnsed glande) the m~st
deeply stained area was near the capsul. Thls wruld Indicate
the presence of & greater proportisrn of lipnid e=lsments in
the adrenal cortex of the expnrnsed animals, presumably indi-
cating a&n increase in endrerine activity of the gland.

(&) Testis. ‘ihe followin, differences were
nibgerved between the tostes of exposed and contrel animals.

g, In sll cases Lut ~ne, the crrnss-
sscti~nal areas »f the seminiferrus tubules ~f the testes nf
exposec animals were smaller than tunse of the controls.

e In HUx nf cases, the interstitiel
cells of the testls ~f expnsed animels were much larier thean
thnse nf the enntrrls. In no case were they smaller,

Ce The seetions of expnsed snimsls were

invariably more deeply stalined with onsmie acid thnasn those ~f
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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 peripnery of the seminifernus tubules,

Lie Jther Factrrs.

(1} Gastric Tleceration. The incidence of
gcastric ulcers was appreciavly higher in the snimals expnsed
tn gltitude (43,.) than in the ¢rntrel animals (204). A4ll
cagses nf actively hemnrrhagic gastrie ulecers encruntered wers
in the experimental’grmup.

(2) Pulmenar; Lesions. The nccurrence ~f
lasions of the lungs was much more common in the sxpesed ani-
mals (16 cases in 36) than in the control animels (3 cases in
35) .

(3} ¥iscellanenus rathnlogy. The neccurrence
nf pathnlogy nnt considered te bLe related to expnsure tn
altitude is given in footnote of Taile 1I°I (Appendix).

(4) HResistance teo Acute Anoxia.

a. uf "acclimatized" and control animals
sub jected to scute annrxia the day after ithe last regular
sxpesure, the resistance to high altitude (50,000 feet) was
identiecsl in each group (expnsed simultanenuslyj. #Four ~ut
of 6 animals dled with c¢onvulsiona., ilowever, it was found
that the principle causes of death differed in the twn grrups.
The principle causas nf desth 1n the previously expnsed grrup
appeared to be hemnrrhage ~f the lungs and the cerebrsal

arteries, while every case nf death in the contrel animals

e Arm s peps e N R e e )

7Qne case of cardirrrhexis was encr~untered,
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shrwed ventricular spasm and auriculsr engnrgement ~f the

heart, ss well as lung a&nd cranlal hemnrrhege,

140
, EX3ORBE »  { oo}
130 F Control = (wwew) .
mﬁ = /:/,
110
ileapirg-
tory Rateioo
{ Hewduln
@0
HO 1 i 1 1 I 1 1 ] |
i8 B0 27 94 26 2e 30 32 84 6

altituds
{Thousands of “sedt!

Floure 2. e= Heapiratory rates of exposed

and control aninals, exposed to sneule
anoxin.

b. @hen kept at sea level pressures fnr
1 week after the last reguler exposure to 18,000 feet, it was
frund that mortality in the previcusly treated animals was
greatly increased upnn exposure to acute anoxia. Thus, ~f 10
test animals subjected tn 40,000 feet altitude, 7 diled in crn-
vulsions, the principle pathnolngy observed pein; cerebral hem~r-
rhage. Hrwever, nf 10 contrnl enimals exprsed at the same time,
nnly two did not survive, bnth of these animals showing ventrl-
cular spasm ~n sutopsy. In this grrup slso a prensunced dlffer-
snce was ouserved betweon test and c-ntrnl animals with respect
t~ the change in respirat~ry rzte in resp~nse tn an~xla. This

difference is shown in the accompenying figure (Figure 2).



DISCUSSION

Anoxia i3 one of the many stimull which produce in the
organism a syndrome characterized as the "alarm reaction.”
This syndrome has been described by Selye (1937) in great
detall. In general, it may be described here as a non-specific
response of the organism to damage in sny of a number of
formas. It is typified by increase in activity and thilckening
of the adrenal cortex, decrease in size of the thymus, and
changes in the blcod, as well as & number of other changes.

If the stimulua is repeated, sdaptation 1s 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 none other, After continua-
tion of the stimulus for an indefinite periocd, however, adap-
tation is lost and the animal 1s no longer capable of combat~
ing the damaging agent. Following this regression in adaptation,
the organism dies of exhaustion with symptoms simlilar to those
of acute alarm.

In general, the above syndrome 1s 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 organisi 1s subjected

to a sufficlient degree of stress of sny 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-
ticn, and many other unrelated stimull also produce this symp-
tom. The effect of anoxia on the adrenal cortex has been
reported by many workers. Thorn et al (1942) reported an
increase of approximately 17% by weight in the adrenals of
rats exposed to 18,000 feet for 4 hours a day, 5 days a weelk,
over a periocd of 3-4 weeks, and Dohan (1842}, Tvans (1836),
Langley et al (1942), Hailman (1244), Dernehl et al (1943),
Sundstroem et al (1942), and Dalton (1844), have all repcrted
nypertrophy of the adrenal cortex as a consiastent symptom of
"geclimatization” to altituds. dowever, increase in asctivity
of the adrenal cortex 1s necessary only during the perilod of
adaptation. As soon as adaptation is attalned, the organism
is no longer in need of excess cortical secretion. This is
shown by the work of Langley and Clarke (1942) who found that
adrenalectomlzed rats exposed to 20,000 feet altitude require
an Increased gmount of agdrenal cortical extract during the
period of acclimatization, but after this has occurred, the
dose required for survival i1s the same as for adrenalectomized
rats at sea level. Also Dalton (1944) has sliown that the
adrenals of rats exposed to 25,000 feet (282 mnm Hg) decrease
in weight after the initial hypertrophy.

This, perhaps, is an explanation of the findings reported
in the present study. Slnce 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 18 substantiated by the work of Nelson and
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rats exprsed te 18,000 feet, 1 hrur per day, fnr approxina-
tely 7 weeks., The histrlrgleal appearance »f the ylands Iindi-
cates, nowever, thet s~me increase in asctivity 1is present in
the adrenal cnritex ~f the exprsed animels alfter ¢ weeks expr-
sure, associated with slizght nypertrophy. This hypertr~phy,
hewever, appesars to [a at the expense »{ the medulla and dres
nn~t result in an increase in the ~verall slze and wel ht ~f
the gland. |

2. Testis and Steminal Vesicle. Lecrease in the weight

~nf the testis in cr-ntinu~us exprsure has been rep~rtel by
Sundstrrem et al (1942) and vehan (1942)., DLecrease in weig nt
~f bnrth seminal veslicle and testis brrught aiv~ut by dlisc n-
tinunus expnaure tn 25,000 feet 18 repnrted by Unrrdrn et al
(1943}). The Coreg~ing repsorts have been based, h~wever, ~n

a mnre acute extent ~f an~xie tihan was explryed in the pre-
sent study. The offects as reported in thé present study,
{(1.0., nn statistically significant weight change in either
testis »~r seminal vesicle) substantiaste the work ~f Kelsr~n and
Hurrill (1944) vased ~n 1Y oxposed animals. Hawever, the
higtrlrzical picture presented {(p. 15) by the testeés ~f exe-
prsed snimsls ~bserved in the present study, ie ~ne ~f lrw
activity. irrhatly, in view »f the enlarged interstitial
cells prsasent In many cases, this 1~w msctivity is due in
retention ~f testicular h~rmone Ly these cells., Thus it seems
pr~tasle that the decrease 1In savera.e testis wel nt ~f Z.%5.
{see Table 11) 1s & real decrease in spilte ~f the law statis-

tiecal significance. {p=0.158)
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e tnyr~id cland. Little reflereunce 1s t~ Le frund In

the literature ec~ncernling the effects ~f altitude ~n the

wel nt ~f the thyr~id _lund. otrewli (1018} and Sarach et al
{1941) nave raprrisd thyr-~idectomized suimals Tt~ have _rester
tmlerance f~r annxla than norrel animeals., VYan Liere and
Stickney {(1243) nave repnried snlar ement ~f the thyreida ~f
dr.8 kept at sea level ~r 3 mruths [~llrwing & months!
exprgure t~ 18,600 feet f~r 3 h~ours a day., uugnes {(1644)

nas shrwn tiat orth thyr~idect~mized and funeti~nally athyr~id
(by trestwent wlth thi-uraeil; az2nimals are mrre res’stant tn
an~xia {osn nermal animals,

The increase in we! ht reu~rted f~r Lhe thyr~id in tne
present situdy 1s subjeet to twr loterpretati-~ns. Toyr-id
enlar ~ment may be due t~ (1) lncreased activity ~r (2)
decreased actlvity. If Increass. actlivity 1s th? csuse ~f
the increase in welo ht, the valus it~ the ~r anlsm is Jiffi-
cult te explalin, escept ins~far as the resultant increase in
revai~lic rate might Increase nemapregis, heart rate, respira-
t~ry rate and ~ther vital funcilr as. i~wever, much m re
lively 1s Lne explanstisn thet the incierase In wel 1t 1ls due
L~ decreas~’ r¥legae ~7f thrrexin, witn resultant asccumulsti~n
~f "e~11~3d," as was su.gested by Urrden et al (1843). inhiis
wruld produce a lrwered ~xycen c~nsumptli-~n ~f real velue L~ an
animal sub jected €t~ ancxia, Tho hist~l~;ical examinati-n ~f
the ~rgans (p. 14) indicates tie latter £t~ bLe Lhe natuive ~F
the change in thyrrid activity.

4. rituitary dland. The repulsatin effect ~f the itul-

tary slend ~n the ~ther endrcrine ~rzans is well kn-~wn, ¥~

statisvicaliy sioniflicant chenges in ftne welght ~f thise ~rgan
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nave been previecusly rep-rted, t~» the® asuth~r's kn~wledge, in
studies ~f an~xla., ii~wever, it is evident that a stimulus in-
valving the endrcrine system generally in such & pr~nrunced
manner &s dres an~xia, sh~ruld have s~me reflecti~n in changes
~f the hyp-physis. ¥Inor example, decrease in actlivity »~f the
testis and thyrrid shruld be related tr 8 simlilar decrease
in the cells ~f the pltuitary which prnduce the thyrntroplc
and gr~nad~tr~pic n~rmenes, namely, the aecid~phils and basr-
ohils ~f the anterinsr pitultary. If this decrease is suffi-
clent t~ bOring abnut a corresp-nding decrease in the welght
nf the ~rg &n, the results would Le the same a8 thnse feound
in thle study (i.e., decrease in pitultary weight). ‘hus,

it seems probeble that the deciecsse In welight repnrted here
is due tr the absve lrass in cell numbers,

Y. The Bln~d and Circulstory System. An increase in

Lble~d vrlume ~f anlmals exprsed tm 2ltitude has nnt, tm~ the
author's kn~wledye, been rep~rted pr@vinusly.g The value ~f
this inerease tn the ~rganism under e¢~nditirng ~f l~w ~xygen
pressure 1s ~bvi~us., It is prssiile by this means t~ supply
m~re Dlr~~d, and, therefrre, mrre ~Xygen tr all the tissues ~f
the bady than is prssicle with 8 normel blr~d v~lume.

als~, the increase in nemrzlebin permits ~f a greater
rEygen carrying capaclity per unit velume ~f ble~d. This
increase nas als» been rep~rted by Van Liere and 3tickney
{1942) f~r depge, and by Lampbell (1927){19283). a~wever, frr

numan subjects living &t high altitude (c. 15,000 feet) iiure

= .

“ialten, A, J., in & pers~nal c~mmunlcati~n, has mentl ~ned
increase in bla~d vnlume in rats exprsed tr~ lrewered bar~meiric
pressure.
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tads {(1932) reporits nn elevati~n ~f avera;e em~;lobin ¢ n=-
tent ~f the vlmnrd,

It mav meem Iinc~nsistent that the erythrrcyte crunt is
n~t emrresprndingly incressed., In fact, Ven Llere and Stlicke-
ney (1942) reprrt an increase ~f 84. 1in erythrrcyte crunt ~f
dngs expnsed tm~ 18,000 feet for 17 weeks and Thorn et al
(1942) rep~rt & similer increase in bnth hemnglabin per cent
and red cell c~unt f~r drgs exprsed in the sltitude chamver,
ii~wever, the benefit t~ the ~rganism ~f increase in nem~glinbin
c~rntent ~f the pln~d with~ut rec~urse te increase in the num-
ber nf erythrreytes is ~bvirus, since an incresse in the nume
ber ~f red cells 1is accrmpanlied by & crrresprnding increase
in the visecr~sity ~f the bla~d (Hurtadn, 1932). This is
decldedly a detrimental factor because of the ilncressed wrrk
demanded ~f the circulat~ry system. Campbell (1827) makes
the statement that incresse ~f hsmrngloblin per cent ~f the
blr~d i85 nrt an essential result ~f acclimatizsti~n and shruld
e regarded ~nly as a prssible c~nséqueéence. lirwever, he
prints out that thls change is ~f value t~ the hesrt when it
d~es nccur.

A npumber »f wnrkers have studied the effect nn the heart
nf lnw barrmetric pressure. Van Liere (1941)(1943) was unavle
t~ pr~duce cardiac hypertr~phy (measured by change in weight)
in gulnea pigs at 20,000 feet altitude either when exercised
~r at rest, nrr in dogs at 18,000, This, hrwever, dres n~t
nh~w that dilatirn ~r valvular rupture drm nrnt ~ecur,.

The fact that the heart is placed under a crnsiderable

strain undser the ec~nditiens ~f the present experiment is



vrrne ~ut by the fact that damage ~f the a-rtic valve was
f~und ba nave ~ccurred in appr-~ximately 1/3 ~f the experi-
mental animals. In tanis gr-up Lhe average nem plrvln per-
centage (20.8) is well acrve the aversge Inr tuae entire
exuerivental gr-up (17.4), but the average red ¢®ll crunt
{71,300, 000) was vary nesar the aversage ~f the experimentsal
oroup (8,040,00G). Lt is prssible thet the elevated n%mr-
slebin frund in th? animals with velvular insufficieney
represents an atsempt ~n the wart ~f the ~rganism t~ oullify
the cardiac deflect.

As the lethial effecits ~f ascute &nnxia seem tr be due tn
failure ~r tie circulat~ry system st ~ne p~int ~r an~ther, 1t
w11l be Jdiscusced bnrre.

The ~itservatli~n that the waj~r injuries evident in the
"acclimatized™ animals after exprsure t~ acute ann~xla were
Lenrcrrha;e In the lungs snd Ltrain, leads t~ the frll~wing
glternetive hyprtheses,

Ly Frevirus 2.p-osur? itn mild sn~xia weckens {he
arterial vessels t~ such &n extent that the Iincresse 1n ul~~d
pressure {(resulting Irr~r an sttempt ~n the part ~f the
~ryanism t~ meet the demands ~f scute an~xia) imp-ses -~n
these vescels a strain witich they are unsule t~ Lear,.

e The "seclimstized” snimals resprnd t~ scute
arn~xie with a i ner asrteriel pressure than de tne ecantreli
animals.

The highh incidence ~f pulr-nary lesli-ns in <iscontine-
u~usly ecxprg~d animels n~t =xprsed t~ zcute an-~xia (discus-
sad bel~w, (0. 26, indicabes that the {armer Lyu~tonesis 1is the

mrre likely
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¥~ explanation 18 ~ffered ~f tne ventricular spasm
encruntered s~ universelly in the case ~f the crntrrl animals
when unable t~ survive ascute asn~xis, and never encruntered in
the presunably ecclimatized ~r "desmcclimatized" animals.
Campoell (1927) states that in a8ll snimals affected by 1~w
e tensli~ns, heart {allure 1is the mrnst e-nstant phen-~menrn,

it is evident that adapteti~n t~ mild an~xla enables the
~rganism t~ resist sxp~sure t~ acube anrxla at least as well
as can the n~rmal animal, but when any sdvantages this adap=-
tati~n may have imparted have “passed ~ff," (Campbell, 1927),
during a stay at lrw sltitude, the ~rganism is less well fit-
ted t~ resist extremely high altitude than is the n~rmal ani-
mal. This phenrmen~n may ecr~nceivably be due t~ deleteri~us
cihanges in the circulatory system lincurred during the ~rizinsl
ad justment tn low pressure,

ine lack ~f lncrease in spleen weight in the acclimatized
animals 1is preciably eorrelated with the lack ~f increase ~f
circulating erythrrneytes, as rep-rted abrve., Studies made at
18,000 feet, & h~urs per day f»~r 3 m~nths by Van Liere and
Stickney (1943) have sh~wn an lncresse in spleen welght ~f
dres al~ng with an ineresse ~f red cell e~unt.

G6e Gastrie lcers. The high incidence ~f st~mach ulcers

in the expr~sed grrup 1ls presumasily due tr &n~xia ~f the str-
rnach mucnse, making it less resistant to the actirn ~f the
digestive enzymes, c~incident with increased stimulsti~n ~f
secreti~n by the wveagus nerve. If this is the case, the HC1l
c~ntent ~f tine stomach shouléd increase during an~xla,. Yan

iiere and Veughan (1941) nhave gh~wn with Favlnv pouch éngs
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tnat in these snimals n~ change in the basal secretinsn ~f
the stemach is produced by exprsure t~ 28,000 feet altitude.

-

7. Fulm~nary Lesions. i» refarence trn disturbances ~if

the respirat~ry tract &s a result ~f car~nic exprsure tr an x-
ia has been f~und in the literature. The results T~und in the
prezent study indicate that s~me phase ~f the effects ~f ex-
pnsure t~ low bar~metrie pressure--p~ssibly nhyperventilatinrn,
pulmenary ~cclusinon, incressed arterial pressure, ~r g erne-
kinati~n ~f these fact~rs and ~thers--nave a deleteri~us
affeoct ~n the lung tissues. ne twn types ~I lesi~ns frund
were purulent cysta aend small nem~rrhagle spnts.

¥r interpret the findings discussel abnve with reference

t~ the phases ~f the "slarm reacti~n,”

it is necessary t»
rec~nsicder them Lt gesther.

The phase ~f acute alsrm 1s engendered in th® ~rganism
expnsed t~ low bar~metric pressure, pr-~bably during the firat
few exprsures. 1The beglnnlngs ~f the adaptative resprnse tr
an~xia {(i.e., adrenal nypertr~phy, hem~crncentratirn, etc.)
can be demrnstrated after a single exprsure (sundstrrem, 1542)
(fn~rn, 1942;}.

The adaptatisn phase is cramrnly referred bt~ as "acclima=-
tizati~n" when it results fr-~m exp~sure tr low pressure, li~w-
ever, 1i ecclimatizati-~n is taken t~ mean that its result is
an nrganism wmrre it tn survive under anrxic c~nditions than
is the n-rmel esnimal, 1t is seri~usly d~ubted by the auth-r
that this nccurs t~ any pracilcal degrer in dlsc-ntinu~us ex-
prsure t~» an~xia. Certainly it dres nnt ~ccur in the present

study as 1s evidenced by the exprsures t» ascute anrxia c¢ited
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abave., Any beneficlal adaptative resprnse which had ~ccurred
in the exprsed rats was ~nly sufficient t~ c~unteract the
deleteri~us changes in the circulatory system. In faet, if
the animals were allnwed tn lnse the beneficial edaptative
changes by a week's stay at grrund level, the deleterirus
effects remaining were sufficient tr cause an appreciaﬁle
decrease in the altitude "ceiling" ~f the test animsals as
compared with the normal crntrnls. Thus, it seems probsavle
that n~ practical benefit to the ~rganism can be expected
from acclimatizati~n by discrontinurus exp~sure tn even & mild
degree ~f an~xia.

The appearance ~f regressirn ~f adaptatirn t~ disc-ntinue
~us annxia had n~t been reprnrted in the llterature t~ the
auther's knrwledge, even in prolonged experiments (12 weeks)
using a btest altitude of 25,000 feet (Lslt~n, 1944). Ili~wever,
such effects have been described in studi®s ~f crntinu~us
expnrsure tr anrxia (Sundstrrem, 1942}, s~ it is p~ssible that
st1ll longer investigation ~f repeated Sxprsur®s might pr~duce
these resultas. If the last phase abrve were snown t~ ~ccur
in discrntinu~us exp~sure, the copparisrn ~f aonxia with the
~thier stimull known t~ ellclt the alarm reaetion wmald e

even mnre crmplete.



SUMBARY

1. Ixpnsure ~f 51 alblne rats tn discontinurus anrxia
by decressed bar~metric pressure equivalent t~ 18,000 feet
f~r 1 hrur per dsy frr 2 weeks prrduced nn nbvinus changes in
eppearance, welght, ~r benaviour as compared with 81 carefully
paired crntrnl animals,

2. Statisticael analysis ~f changes in bndy ~rgans, sup-
plemented with histrlrgliecal ~bservatirons, ~f axprosed animals
crmpared with contrnls revealed the follewing.

£e A slgnificant increase ~f Z2(C.7: iIn mean ble~d
volume.

Ye i~ increase in mean erythr~cyte count.

Ce A significant incresase ~f l1l4.5:< 1n mean hemn-
g£lrbin c~ntent (g ) ~f the blend.

e N~ change in mean welght ~r histrlengical appear-
ance ~f the spleen.

Ze A 8lgnificant incresse ~f U.5% in mean thyr~id
welght, ess~ciated with increased "c~1llnid" c-nt®nt ~f the
frllicles.

e Increased activity, by hlstolrgical =vidence,
~f the adrenal e~rtex, nnt ass~clated with inerecase in mean
weight ~f the trtel adrenal g land,

Ges liecreas~d activity, by histelrglcal svidence,
~f the testes, assnclated with & prnbably significant decrease

in mean testis welpght nf 3.8x.
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He Hn change in mean welght ~r sppesrance ~f the
seminal vesicle.
L. Hmn change in mean welght ~r appearance ~f the
thymus.
Jo A signifieant decreese ~f 1€.5% in the mesn
welght ~f the pituitary gland.
Ke A significant increase ~f 91.7% in the incidence
~f arrtic vealve insufflciency.
isve A significant Inerease ~f £3.3» 1n the Incldence
nf gastric ulcer.
he & 8ignificant Increase ~f 8l.,3: 1n the incidence
~f lesirns (~f vari~us typesa) ~f the lungs.
Se fne physirlrglcal significance ~f these changes is
discussed.
4e The exprsed animals were f~und to have tne same resis-
tance tn acute annxlia (50,000 feet equiv.) as the e~ntrnls »n
the day following the last regular exprsure. rHrwever, after
resting at gr~und level far 1 week, the previcusly exprsed
animrals sh~wed a €62,5): decrease in survival when exprged tn
acute an~xia (40,000 feet equiv.) &8 crmpared with the c~ntrnls,
e weleterious cnanges in tne ecirculat~ry system, such
as weakening ~f the heart valves and arterial wallas causeil by
dise~ntinu~us esxpnrsure tn an~xia is suggested as an explanatinn
~nf tihls drereased resistance tn acute an~xia ~f the exprsed

animals after lrss ~f "acclimatization.”
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Table III

Thyroid Adrenal Testis Seminal Vesicle
Welicht HWelght o Heloht Welght
Cont, | KX Cont. | Exp. |Cont, | Exp. |Cont, Exp.
“1’] 0.0188] 0.0280| 0.,0367| 0.0351| 4.0594( 5,.5497| 1.5654 | 1.5595
2 0.0189| 0,0209|0.0303| 0.0363| 3.0249| 3.1673| 1.3101 1.2165
3 0.0261) 0.0231|0.,04€3| 0.0328| 3.35€5| 2,5060| 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| 3,3722| 3,1670| 1.3167 1.5353
6| 0.0223 ======|0,03086| 0,0321 3.,6923| 3,7086 1,.5243 1.7828
7| 0.01982| 0.0302 0.0346| 0,0287 3.1919| 3.5456|1.2823 1.4801
8| 0.0241) 0.02130.0365| 0,0378| 3.6392| 3,6120|1,4505 1.1356
9| 0.0260| 0.,0264|0,0336| 0,0336| 3.6801| 3.,2765 0,98198 1.0700
10| 0,0234| 0.0237|0.0319| 0.0318| 3.3868| 3.3489|1,.,2066 -——————
11 0.0208| 0,0259|0.,0364| 0,0330| 3.1103| 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| 0,0339| 0.0396 3.4688| 2,8718,1,7008 1,7047
17| 0.,0161| 0,0255| 0.0387| 0.0407| 3.5162| 4,2230 | ~ew=w= 1.2240
18| 0.0301| 0.0232| 0.0427| 0.0398 3,8677| 53,5830 1,.5689 1.6646
19 0.0258| 0.0298| 0,0366| 0.0350| 3.3804| 3,5634| w~ww== 1.6963
20| 0.0233| 0.,0250|0.0374| 0,0464| 3,6746| 3,7760|1.7220 1.6413
21} 0.0191} 0.0234|0,.0532| 0,0246| 3.0779| 3.8767|1.2674 1.1643
22| 0.0188| 0.0210|0,0381| 0.0314! 2.9413| 2,9627|1.0167 1.1345
23| 0.0240| 0.0219| 0.0208|0.0323 3.0246, 2,7816)1,5134 1.2432
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| ~==w== 1.5785
26| 0.0214 0.0214|0,0286| 0,0296| 3.3373 2.7748|0,9926 - o
27| 0.0186| 0,0288| 0,0254| 0,0274| 3.2346 3,2045|1,3948 1.3092
28| 0.0214| 0,0285|{ 00,0340 0,0347 | we==== 35,1889|1,4754 1.3519
29| 0.01€61| 0.0280| 0,0194| 0.0329 | ~=mw=== 5,2903|1,.2222 1.1774
30 cemmne| memaea| 0,0320] 0,0436| 3.3826| 3,.6364| wmwwn= - o o
3l wmwmnn| cememe]| 0,0330| 0,0328| 3.5840| 3.0160| wemw==- - 2
32| cmwenn| ccwee=| 0,0310| 00,0349 | mweme=e 4,1138| wm—w=- -
33| mmmane| cwmme-| 0,0315| 0,0375| 5.7040| 3.4282| ~=====- -
34| wrmmmn| mewwn=| 0,0344| 0,0284| 3,3920| 2.6966| ~ww—w=- -
35| memeem| weew== 0,0418| 0,0346| 4,046]1| 3,4058 | wwmww= -
#Red cell count expressed In million cells per cubic
millimeter.

12
17
21
24

Controls

Hiscellaneous

Renal calculus in urinary bladder.
Infected toe.

Dilated aorta.
Cyst in liver.




Autopsy Data

33

“Thymu Spleen Pitultary Blood |Hed Cell Count®

welazht Welght Welpght Volume Hemomlobin g5:/°
Cont. | Exp. |Cont. | Exp. | Cont, | Exp. Exp Cont, EXPe
0.3881] 0.2979] De€514] 005457 mmmmmm| —mmm—m 3] 7.5 6.64 €.53
0.2286] 0.3442| 0.,4905| 0,5371| 0,0101]| 0. 0092 5 9,0]7.25 796
0.3968| 00,2020 0.,5303| 0,5044| w=-==~ —m———— T O 8,0, 7.76 —-———
0.2740| 0.3865| 0,5133| 0,4880| 0, 00689| 0,0072| €.,0| 8.5 8,37 779
0.,2473 0.2395| 0.,6013| 0,6113] ~wwmue| cccan- 8,0|10,0 ===~ -
0.3292] 0.3545] ~wmwaa D H875| wuwmmna| ccvcwam 7¢5|10.0|7.10 85430
D.2877| De2266| D,6187| 0,524 | wemmme=! wccmeee! 7,0 7.0/ 8.31 Belb
0,3813| 0.2063] 00,6672 0,7882| wemwe | cemwe=|{ 10,0/10,0| 8.24 5456
D.2873| D.2522| 0,58229| 048030 wmmwonn| cewewe| E,3| eee=| 7,73 -
02845 0,36801 0,6302] D, 6313 0.0098| 0. 0065 8,5 9.5|7.74 8,55
0.3328| 0.3130] 0.5893| 0,6257] 0,0106| 0,0108| 8,3 B.5|7.258 B.13
0.3480| 0.,2319] 0,7665| 0,5725; 0,0008| 0.0081] 7.5| 9.0|8.61 8,20
00,2831 0,5161 0.,£616) 0,6028) 0.0087| 0, 0071 10.0| 7.0 8.75 7.88
DeB2L7 | DeBT47| DeEBEL| D CEDHE| mmmmum| mmemmww| §5,3/10,0| 8.41 G a0l
Q2775 D.3650| 0,6208| 00,7414 0, 0077 0.0086| 8.0 B,5| 7,72 702
0.2685| 0.284% 00,6249 0,6577) 23,0085 0,0083, 8.0 8.5 8.88 8467
0eB804| wmmmwsn| 0,6080] 0,2100| m=wewan| mecwacel 8,5 8,0 =~w= o
Qe B7068! U,4112| 0,76985] D078 wmwmew| cwawan| 3,5 10,5 we—- -
03876 0.4307] 0., €178 0.,6174| 0.0082 0,0094| 9.5/ 10.0{ 8.30 7«59
De3162 0,3306] 00,5628 00,6821 04,0007 wm=we=| 6,5 11.5 8.94 Be61
0.5002| 0.3498| 0., 6588 0,5210| ===m== - wmmm—— 5,0 £,5] 8.2 1l.4
0.,3084| 0,3637| 0.,6290| 0,431]| w=mwen cnmace= 5,3 7.8/ 7.5 Te8
0.2876| 0,3868| 0,5433| 0,5078| memcwmn| cvwawas| 4,0 6,0 8,2 6.2
0.5444) 0,2958| 00,4558 00,4325 wenawn| cvewwwe 5.5/ 6,3/ 8,2 Coed
—m—mm—— e wnew cowm——e| cmwen 3,0079 0,0062| €,0 5.,0|/7.€ 11.4
cmmmme| mmcmee| 0,4874| ~emmew| cmmeee| 0,0039] 7.3| 7.3!8.0 11.9
cmmmme| ccmmen| 0,6139| 0,4743| ~emenn —mme=a| 7.8 7.8/8.6 £.0
crmecon| cmcnee| 0,3821| 0,5529| cacnva| cacmas| 7.0/ 8,5|6.2 7.2
A A W S e W L X T F 2 J L X 2 X 3 2 Lt X L 8 2 2 LR 2 X K J L2 2 32 2 X ] 5. 5 8.8 9 .O 9.3
cmmmee| cmcccn| cemeen| cncenn| cccnew| —eeeea| 5,5 8.0|7.5 9.8
cmcenn| cmemee| ceenen| encenn| seancn| cmmeee| 5,5 8,0/ 7.9 Be3
cmmcon| comnna| cmcece| cemnee| ——————| cm———a 4,5 9,5[6.5 8.€
e e - N | e 8 | 6.0
e cccenn ceeene| cccaas| ccccnn] ccmcca]| 4,5 cew=]4.5 S5

Pathology

9 Strangulated right spermatic cord.
Tumor of left 1lisc lymph node.

Liver cyst.
Congested kidneys and edema of lumbar reglon.

20
27
33

Experimentals

Fatty heart.
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