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ABSTRACT 

Six male bead« doga wan maintainod on ambient air at one-half atmoaphere for 
S3 daya and were monitored for protein-bound iodine (FBI), thyroid I«« avidity 
plaama triiodothyronine upUke, and plasma 17-hydroxycortieoeteroida. Date were 
compared with thoae from littermate controls held at ground level 

.h JT*“*4 j Upt*k* and triiodothyronine uptake were obeerved in the 
aHitude-expoaed doga, wh le no change in the peripheral blood hydrocortisone level 
ems SMn. No difference in the groas, microscopic, or ultrastructural anatomy of the 
thyroid glands of groups was noted. 
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L INTRODUCTION

The exposure of man to low barometric 
pressures in high altitude flights led to con­
siderable investigation into the effects of this 
environment on various organ systenu and how 
the function of these systems could be modified 
to increase man's tolerance to hypoxia. De­
spite evidence of the influence of the thyroid 
gland on the utilization of oxygen by the tis­
sues of the body, little has been done on the 
functional and anatomic changes occurring in 
this organ at altitude.

Some investigators (2, S, 12) found that 
thyroidectomized rats survived longer at re­
duced atmospheric pressures than did normal 
controls. The increased altitude tolerance of 
thyroidectomized rats led others (7, 12) to 
consider antithyroid compounds as a method of 
increasing altitude tolerance. The effect of 
thyroid and antithyroid compounds appears to 
var> with the species. Low doses of thyroxine 
increase altitude survival time in mice but de­
crease it in rats. Thiouracil produces a greater 
increase in the survival time of rats than in 
that of mice. It has been postulated that these 
disparities occur because rats secrete more than 
optimal amounts of thyroxine, while mice 
secrete less (28).

Gordon and his associates (8) were among 
the first to report that exposure to low baro­
metric pressures might induce changes in the 
structure of the thyroid gland. They noted 
decreased thyroid weight, lowering of the epi­
thelium, and increased colloid in rats exposed 
for 6 to 8 days to pressures of 250 to 280 
mm. Hg for 18 to 20 hours per day. The find­
ings of Timiras et al. (22) were somewhat dif­
ferent. They moved experimental rats from a 
laboratory at sea level to a facility 12,000 feet

above sea .evei and observed that si;rnificant 
enlargement of the thyroid, adrenal, and pitui­
tary glands occurred after 2 months. The 
offspring of these rats, however, were no dif­
ferent from those of controls mHllUaint^l at 
sea level.

The thyroid avidity for 1**' and ihe plasma 
protein-bound iodide (PPM have In . e .shown to 
be modified by hypoxia. Van Middlesworth (23) 
showed that the thyroid uptake of I'" and the 
PBI were considerably less in the aliiuide. 
exposed animals than in the control I tider 
similar conditions, DeBias and Warn' Ven <li 
found an increase in I'*' uptake h> ihe thy 
roid, and increased erythrocyte trii-.iothy- 
ronine (T3) uptake in rats exposed for 24 limirs 
to a simulaW altitude of 2.5.U00 feet. An 
indication that altitude-induced thaii^e.s in 
thyroid function might be temporarj came 
from the work of Verzar and hi.s as oeuite.-; (?4» 
in Switzerland.

The effects of altitude on the th> mid t;la»d 
may be mediated through other eial.K-iiiie sys­
tems, notably the pituitary and a>i>enal Ac­
cording to Marotta et al. (15), altitude . xpo.suie 
may be accompanied '.»y increa.?ed ...ireniHorti- 
cal activity. Administration of corti. one i<< man 
in doses of 100 mg. or more has b<-< n shown 
to produce a mild to moderate depr<-!.sion in 
PBI values (19). Hypophysectomy r-sluces 
thyroidal 1'*' uptake in rats by a much as 
88*^, with the maximal effect oicuriinj; or 
6 days after the operation (18).

The effects of stress on the fii'^ iot of the 
thyroid gland appear to \ary widely with the 
types of stress applied. Willituns and associ­
ates (26) reported lowered PBI and I'' uptake 
in rats in respon.se to trauma (application of a 
tourniquet to the leg), cold (5 ('), heal



(38° C.), and Adrenalin injection. In con- 
traat, Falconer and Hetzel (6) reported in¬ 
creased FBI levels in sheep exposed to barking 
dogs and exploding fireworks. Clinical studies 
in humans suggest that response of the thy¬ 
roid gland to stress may not be as great in man 
as it is in animals. Several investigators have 
found no change in the FBI of patients under¬ 
going major surgery, medical students prepar¬ 
ing for examinations, athletes during football 
games, and patients with myocardial infarcts 
(5, 25, 26). They did report, however, that 
serious chronic illness and malnutrition low¬ 
ered FBI levels. 

Attempts to measure thyroid function usu¬ 
ally include one or more of the following param¬ 
eters: basal metabolic rate (BMR), serum 
cholesterol level, thyroid avidity for radioiodine, 
plasma FBI, and measurements of available 
thyroid hormone-binding sites in the plasma. 

From the literature, it appears that the 
function of the thyroid gland is probably modi¬ 
fied by hyj..<xia, although information on the 
effects of exposure for periods of longer than 
one week is almost entirely lacking. In the 
dog, the thyroid uptake of I1*' seems to be an 
acceptable indication of thyroid function, par¬ 
ticularly when the dietary intake of iodine is 
controlled. Other common tpsts are less reli¬ 
able in dogs, but the FBI and the resin T3 
uj take tests, when used in combinat' on, may 
give a satisfactory estimate of the status of 
the thyroid. The exposure of conscious dogs to 
a pressure of one-half atmosphere induces an 
adrenocortical response. The duration of this 
response and the degree to which it influences 
thyroid function remain to be determined. 
These findings emphasize the need for more 
study of the long-term effects of continuous 
altitude exposure on the thyroid gland. 

Since extended manned space flights may 
require continuous exposure of the crew to less 
than normal atmospheric pressures, it would be 
of considerable medical importance to know 
what changes in thyroid function could be di¬ 
rectly attributable to the influence of altitude. 
The objectives of the present study were : 

1. To do to nn in« if extended exposure to am¬ 
bient air at a pressure of one-half atmosphere is 
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accompanied by significant changes in some commonly 
used parameters of thyroid function. 

2. To compare gross and microscopic anatomy 
of the thyroid, adrenal, and pituitary glands of altitude- 
exposed animals with that of control animals main¬ 
tained at ground level. 

3. To attempt to correlate adrenocortical ac¬ 
tivity with the results of the thyroid function tests. 

II. SUMMARY 

Iodine-131 uptake and resin 13 uptake tests 
in dogs continuously exposed to a simulated 
altitude of 18,000 feet indicated that measur¬ 
able changes in these parameters may exist 
after the animals have become acclimatized to 
low pressure environments. Altitude-exposed 
animals had higher thyroid uptake of I1»1 and 
lower resin T3 uptake than the values for 
ground level controls. An explanation of these 
results on the basis of the role of oxygen in 
thyroid hormone synthesis is offered. No sig¬ 
nificant difference in peripheral blood hydro¬ 
cortisone levels was noted, thus suggesting that 
the observed thyroid function changes were 
unrelated to an adrenocortical response to 
stress. 

The changes observed in the results from 
the thyroid function tests were not accom¬ 
panied by any alterations in gross, microscopic, 
or ultrastructural anatomy of any of the tissues 
studied at necropsy. The results of this study 
indicate that some long-term alterations in thy¬ 
roid function might be expected in extended 
space flights under hypobaric conditions and 
that controlled observations in humans under 
similar conditions might be useful. 

HI. MATERIALS AND METHODS 

Six littermate pairs of 7-month-old, male 
beagles, procured from commercial sources, 
were used in this study. All dogs were cathe- 
terized and de-barked as described below. They 
were then placed in cages in the altitude cham¬ 
ber at ground level for one week to allow them 
to recover from surgery and to become accus¬ 
tomed to the environment of the chamber. 



The diet from the time of their arrival at 
the facility until the conclusion of the experi¬ 
ment consisted of i/d Prescription Diet. The 
average daily intake of iodide was estimated to 
be approximately 80 pg. per dog. 

To facilitate the collection of blood samples, 
a 15-gage polyvinyl catheter was permanently 
implanted for a distance of 5 inches into the 
right jugular vein of each dog. The free end 
of the catheter was passed subcutaneously to 
the dorsal aspect of the neck where it was 
brought out through the skin. The catheter 
was filled with heparinized saline solution, 
capped, and taped to the skin. All surgery was 
performed aseptically under pentobarbital 
sodium anesthesia. While the animals were 
under anesthesia, a bilateral ventriculocordec- 
tomy was also performed. 

Identical altitude chambers were used for 
experimental and control groups. Each cham¬ 
ber was a rectangular steel structure contain¬ 
ing two compartments. The interior of each 
was 7 feet long, 6 feet wide, and 7 feet 3 inches 
high. The chamber had a single outside entry 
and a single door which connected the two 
compartments internally. The floors of the 
compartments were stainless steel, which ex¬ 
tended 4 inches up the side walls. One 18- by 
18-inch window was provided on each door, and 
an 18- by 48-inch window was provided in each 
side wall. Both compartments were equipped 
with outlets for oxygen. The compartments 
could be operated either jointly or independ¬ 
ently, and were capable of evacuation to simu¬ 
late any altitude between ground level and 
100,000 feet. 

Continuous-flow ventilation of the compart¬ 
ments was provided, as well as a cooling system 
capable of maintaining any preset temperature 
from 60° F. to ambient temperature. Each com¬ 
partment was illuminated by four 60-watt flu¬ 
orescent bulbs. Gages were provided for 
monitoring temperature, humidity, barometric 
pressure, and partial pressures of oxygen and 
carbon dioxide in each compartment. 

All dogs were kept in two-compartmented, 
fiber glass cages with internal dimensions of 

83 by *8 by 28 inches. The temperature waa 
maintained at a constant 76° F. in both com¬ 
partments. Air flow and illumination were the 
same in each compartment. 

Each dog was offered 1 lb. of the diet daily, 
if any dog failed to consume the entire amount 
in 1 day, the remaining portion of the diet was 
weighed and that amount of food was deuucted 
from the next day’s ration of his littermate. 
Thus, a 24-hour delayed, paired feeding sched¬ 
ule was in effect. Fresh water was provided 
daily. Daily body weights were recorded. 

Personnel entering the chamber wore oxy¬ 
gen masks and protective clothing consisting 
of surgical gowns, rubber gloves, and plastic 
shoe covers. Radiation levels in the chamber 
were monitored by a radiation safety techni¬ 
cian. The floors and side walls of the chamber 
were covered with heavy-duty plastic sheeting, 
which was replaced if it became contaminated. 

The chamber compartment containing the 
6 experimental animals was evacuated to 12,000 
feet, while the adjoining compartment housing 
the paired littermates of the experimental ani¬ 
mals was maintained at ground level. The 
simulated altitude in the experimental compart¬ 
ment was increased 2,000 feet per day until 
18,000 feet was reached, then held at that 
altitude for 33 days. 

The iodine uptake tracer was carrier-free 
Nal1»1 given orally in gelatin capsules at a 
dose of approximately 25 pc. per dog. The 
activity of each capsule was measured immedi¬ 
ately preceding administration. One capsule 
was retained as a counting standard, and the 
amount given to each dog was calculated as a 
proportion of this standard. 

The percent thyroid uptake of I111 (cor¬ 
rected for physical decay) was computed ac¬ 
cording to the formula: 

^ _ (Net thyroid count*) 

(Net itandard counts) 

(Neck correction factor x 100) 

(Proportion of standard administered) 

8 



A portable detector probe consisting of a 
2-inch-thick thallium-activated sodium iodide 
c ystal and a photomultiplier tube was used. 
The crystal was shielded by a ^inch-thick 
lead sleeve, and collimated by a 2¼-inch lead 
cone with airopening 2 inches in diameter. A 
rigid wire extension from the probe served as 
a positioning device to maintain a constant 
crystal-to-skin distance of 8 inches. The 
amplifier-scaler was a Baird-Atomic, model 138, 
equipped with a Baird-Atomic power supply, 
model 312A. VVy’ 

In vivo monitoring was accomplished with 
the dog in dorsal recumbency on a V-shaped 
dog board. The animals were trained to accept 
the counting procedure as a matter of routine 
before the start of the experiment. The probe 
was positioned vertically over the larynx 
8 inches from the skin, and a 1-minute count 
was taken. A 1-minute count over the rump 
°f the animal was made to determine the body 
background radiation. The rump count was 
subtracted from the neck count to give the 
net thyroid count. 

To establish a correction factor for radia¬ 
tion absorption and scatter by the tissues of 
the neck a beagle-size mongrel was killed 
4 days after the administration of 26 ?c. I1»» ; 
the thyroid glands were removeu, and their 
re lioactivity measured in air at a distance of 
8 inches from the crystal. 

Correction factor = In ^ co«nt»-Air background 
Net in vivo counts 

îodine-131 is a bete-gamm emitter with 
teta energies of 0.26 to 0.81 Mev and a prin¬ 
cipó! gamma energy of 0.36 Mev. It decays 
with a half-life of 8.06 days to the stable Xem. 

Single-dose uptake determinations for I1*1 
were made on each dog at the following times: 

1. Twenty-one days before mterinf the alti¬ 
tude chamber. 

2. Immediately after the experimental animali 
reached 18,000 feet simulated altitude. 

8. Twenty-one days after exposure to the simu¬ 
lated altitude of 18,000 feet. 
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After administration of the isotope, exter¬ 
nal monitoring was performed at 4, 8, 12, and 
26 hours, respectively, and every 24 hours 
thereafter until radioactivity counts from the 
thyroid were less than twice background counts. 
Seventy-two hours before the end of the ex¬ 
periment, all animals were given a single dose 
of approximately 26 ^c. I1*1. 

Blood samples were withdrawn by removal 
of the catheter cap snd insertion of a blunted 
18-gage needle into the catheter. The hyparin- 
Ized saline solution in the catheter, along with 
2 or 8 ml. of blood, was aspirated and discarded. 
A clean 10-ml. syringe was attached, the sam¬ 
ple withdrawn, and the catheter refilled with 
heparinized saline solution and recapped. A 
20-ml. blood sample was drawn from each dog 
1 day before decompression and immediately 
after 18,000 feet simulated altitude was 
reached. Thereafter, samples were taken ap- 
proximately every 6 days until the conclusion 
of the experiment. Packed cell volume (PCV) 
was determined by the microhematocrit 
method. All blood samples were allowed to 
clot at room temperature snd centrifuged, and 
the serum removed and placed in a freezer at 
-18° C. 

The ability of the plasma protein to bind 
thyroid hormones was estimated by measuring 
the transfer of P'Mateled T3 to an anionic 
resin-impregnated sponge exposed to the test 
sample. A commercially available kit (Trio- 
s°rb T8 Diagnostic Kit) was used, following 
the procedure deser ted by McAdams and 
Reinfrank (14). 

Serum PBI content was determined by a fully 
automated {Technicon AutoAnalyzer) modifi¬ 
cation of the ceric ion reduction method (1). 
This procedure required a 2-ml. sample. The 
inorganic iodide was first removed by an an¬ 
ionic exchange resin, and the bound iodide 
released by digestion with sulfuric, nitric, and 
perchloric acids. The digested material was 
ailuted with water and a sample was taken. 
Arsenous acid and ceric ammonium sulfate 
were added to this sample, and the mixture was 
heated to 66° C. The transmittance at 410 mp 
was measured in a colorimeter. The iodide in 



the digested serum catalyzed the reduction of 
the yellow ceric ammonium sulfate by the 
arsenous acid. The color change in the solution 
was directly related to the amount of protein- 
bound iodide in the serum sample, standard 
samples with known iodide concentration were 
tested to establish calibration curves. The 
variability of replicate samples of standard 
serum was no greater than 6%. 

The method used for analysis of serum 17- 
OHCS was Peterson’s modification of the 
Porter-Silber technic (17), which is based on 
the fact that hydrocortisone reacts with 
Phenylhydrazine to yield a yellow-colored prod¬ 
uct. The maximum error in replicate samples 
containing 5 ^g. of hydrocortisone per 100 ml. 
ui serum is 5%. With higher concentrations, 
the error is somewhat smaller. 

At the termination of exposure, all dogs 
were given a lethal dose of pentobarbital 
sodium, and a thorough necropsy was per- 
formed. The thyroid, adrenal, and pituitary 
glands were removed and weighed. Iodine-131 
festivity in the thyroid glands was counted in 
vitro at a distance of 8 inches from the crystal. 
In vitro counts were compared with in vivo 
counts to determine correction factors for neck 
absorption and scatter. Sections of all three 
glandular tissues were fixed in natural buffered 
formalin for histopathologic processing and in 
fe .o glutaraldehyde for electron micrography. 
The ratio of colloid, follicle cells, and stroma in 
tile thyroid glands was noted, as well as any 
other significant microscopic features. 

The activity of the follicle cells at the ultra- 
structural level was determined by a system of 

random sectioning and blind grading. Three 
1-mm. blocks of tissue werfe cut from different 
areas of the gland, and three rectangular sec- 
tions were cut from each block. Electron 
micrographs were taken of the center and each 
corner of every section, giving a total of 
45 micrographs per gland. Each micrograph 
was graded either high, medium, or low in each 
of tne five categories listed in table I. Although 
ílis relationship of ultrastructure to the endo¬ 
crine function of the thyroid gland has not been 
determined, these criteria represent a sampling 
of most current opinion (9, 16, 20, 27). The 
identity of the sections was unknown to the 
grader, and the results were tabulated by a 
disinterested person. 

IV. RESULTS 

At the start of the altitude exposure, all 
dogs had normal appetites and activity. Dog 
IB removed its jugular catheter before the al¬ 
titude exposure began, and dog 5A lost the 
catheter after 15 days’ exposure. The cathe¬ 
ters were not replaced, and all blood samples 
from these animals were drawn by puncture of 
the left jugular vein. Catheters in the other 
animals functioned well throughout the 
experiment. 

A slight decrease in the mean body weight 
of the experimental dogs was observed in the 
time between their introduction into the cham¬ 
ber and the actual altitude exposure (fig. 1). 
No decrease occurred in the control animals. 
During the experiment, however, the mean 
body weight of the experimental animals re¬ 
mained fairly stable in the first half of the 
exposure period, then gradually increased until 

TABLE I 
Grading criteria for thyroid secretory activity 

High activity j---- -—-- 

Nucleus 

Cellular inclusions 

Golgi apparatus 

Cell shape 

Endoplasmic reticulum 

Lfcrge, oval, low electron density, 
finely granular 

Many secretory granules 

Large, extensively developed 

High cuboidal epithelium 

Ribosomes distinct, cisternae large 

Irregular size and shape, high electron 
density, coarsely granular 

Few secretory granules 

Small, unapparent 

Low, flattened epithelium 

ibosomes less distinct, small cisternae 

5 
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FIGURE 1 

Mean body weight. 

it was not significantly different from that 
of the controls. 

Serum 17-OHCS levels of both groupe during 
the experiment are shown in figure 2. The 
data were examined in a three-way analysis of 
variance program. Differences between ex¬ 
perimental groups, between pairs of animals, 
and in individual animals with respect to time 
were found to be not significant. The range of 
values was from less than 1.0 pg./100 ml. serum 
to over 12 ^./100 ml. There was considerable 
fluctuation in successive observations on each 
animal. 

Packed cell volumes are shown in figure 3. 
Before the altitude exposure, no difference was 
seen between groups. On the third day of 
exposure, the PCV of the experimental group 
was significantly greater than that of the con¬ 
trols and remained so for the duration of the 
experiment with no further significant increase. 
Dogs ;.n both groups had considerable daily 
fluctuation in PCV values. 

PBI values obtained from both groups early 
in the experiment were extremely high with 
many above 20 ^./100 ml. The possible effect 
of handling and storage on the serum samples 
was considered, and standard serums were 
handled, frozen, and stored in the same manner 
as the experimental samples. No appreciable 
change was noted in the standard serums. 

No apparent difference was noted between 
the two groups, but the data were not subjected 
to statistical analysis nor used to calculate the 
"free thyroxine index” owing to the extremely 
dubious results. 

The mean daily thyroidal I1*1 uptakes in 
both groups 21 days prior to the altitude expo¬ 
sure were almost identical, with peak uptakes 
of approximately 7% occurring 96 hours after 
administration. A three-way repeated meas¬ 
urements analysis of variance was run to test 
all I1®1 uptake results. In the pre-experimental 
uptake studies, no significant difference was 
noted either between experimental conditions 
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or between littermate pairs. In the I1*1 uptake 
test run immediately after exposure of the 
experimental animals to 18,000 feet simulated 
altitude, these dogs showed higher mean daily 
uptake values than those of the controls 
(fig. 4). The difference between the two 
groups was significant at the 10% level in the 
analysis of variance. Data from the pairs in 
which the experimental animals died were not 
used in the analysis. 

Mean values of the experimental dogs after 
21 days’ exposure were still lower than those 
of the controls. Variability, however, was 
considerable, and the difference between groups 
was not significant in the analysis of variance. 

At the start of the altitude exposure, both 
groups had mean resin T3 uptakes of approxi¬ 
mately 50%. As the experiment progressed, 
values for the experimental dogs remained fair¬ 
ly constant, whereas a gradual increase occurred 

FIGURE 4 

uptak* fir it with of altitude eapoeure. 

in the values for control dogs. A difference 
between the two groups was apparent on the 
fifteenth day of exposure (fig. 5). The increase 
in values with time for control animals was 
significant at the 5% level, while the difference 
in values between experimentais and controls 
was significant at the 1 % level. 

On gross postmortem examination, all ani¬ 
mals with implanted catheters showed some 
degree of subacute metastatic pneumonia and 
thrombosis of the anterior vena cava and right 
atrium. The single control animal which 
removed its catheter at the start of the experi¬ 
ment had no such changes. Lesions ranged 
from mild to moderate with no significance in 
the distribution between experimental and con¬ 
trol animals. All other organs were grossly 
normal in both groups. Organ weights are 
given in table II. There was no difference in 
mean values as shown by the Student’s t-test. 

On microscopic examination, there was a 
fibrinous exudate in the pulmonary alveoli, 
mixed inflammatory cell infiltration of peri¬ 
vascular spaces, and occasional septic throm¬ 
bosis of pulmonary vessels. Both groups had 
occasional foci of inflammatory cells in the 
liver, and slight to mild hyperplasia of splenic 

DAY OF YEAR 

FIGURE 5 

Resin sponge TS uptake. 

8 



follicles. All thyroid glands had a normal 
histologic appearance with a wide range of 
follicle sizes and cell shapes noted in each 
gland (fig. 6). Thyroid glands from the two 
groups were compared on the basis of colloid/ 
follicle cell ratio, and no difference between 
groups could be identified. Adrenal and pitui¬ 
tary glands of the experimental animals were 
histologically indistinguishable from those of 
the controls. 

i igure 7 is an electron micrograph of a 
thyroid section illustrating the structures used 
for grading secretory activity. Results of the 
grading are given in table III. For all five cell 
characteristics, no difference between groups 
was apparent. 

V, DISCUSSION 

During the course of the experiment, it be¬ 
came apparent that the use of permanent, in¬ 
dwelling, jugular catheters to draw samples of 
venous blood was not the most desirable technic 
under the given experimental conditions. The 
ease with which a jugular venipuncture could 

be accomplished on animals trained to lie 
motionless on a dog board demonstrated that 
no noticeable decrease in amount of handling 
or agitation of the animals was obtained by the 
use of the catheters. 

The fluctuations in packed cell volumes may 
be explained by the fact that the animals were 
not splenectomized. The early increase in the 
PCV of the altitude-exposed animals may indi¬ 
cate either an immediate release of erythrocytes 
into the circulating blood or a water shift due 
to hyperventilation. Since no further signif¬ 
icant increase in PCV occurred after the third 
day of exposure, it is apparent that the hemato¬ 
poietic system was able to adjust rapidly to a 
one-half atmosphere environment. Reticulo¬ 
cyte counts during this period might have been 
helpful. 

Serum concentrations of iT-OHCS were 
generally lower than those observed in hu¬ 
mans (17). Since no difference in circulating 
1T-0HCS levels was seen between groups at 
any time during the experiment and no gross 
or histologic differences in the adrenal glands 

TABLE II 

Organ and body weights (in grams) 

Group 
Pair 

6 
Mean S.D. Significance 

Thyroid 

Adrenal 

Pituitary 

T"tal body 

A 

B 

A 

B 

A 

B 

A 

B 

0.6518 

0.7063 

1.1430 

1.1540 

0.0778 

0.0605 

9,030.0 

9,030.0 

0.6847 

0.5527 

0.7529 

0.7780 

0.0530 

0.0558 

7,670.0 

7,450.0 

0.7467 

1.0620 

0.0548 

7,460.0 

0.6382 

C.7097 

0.0470 

8,350.0 

0.4323 

0.6828 

0.6669 

0 8810 

0.0521 

0.0551 

7,670.0 

8,570.0 

0.6418 

0.5903 

0.7237 

0.7394 

0.0420 

0.0368 

7,900.0 

7,900.0 

0.6026 

0.6528 

0.8217 

0.8814 

0.0562 

0.0516 

8,120.0 

8,180.0 

0.1154 

0.0732 

0.2170 

0.1830 

0.0152 

0.0085 

798.0 

637.0 

NS 

NS 

NS 

NS 

A — EincriawnU]. 

B — Control. 

NS = Not limifiunt nt the 10% bvtl 
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FIGURE 6 

Tkyroid gland* from pair 1. A—Experimental; B—Control. 

were observed at necropsy, it may be concluded 
that adrenal function was not affected by the 
experimental conditions unless an extremely 
transitory response occurred within the first 
24 hours of altitude exposure. 

Erroneously high PBI values may be caused 
by exposure of the animal to any of a number 
of iodinated compounds or by contamination of 
the test sample. In the present study, the 
correct values obtained in standard samples 
handled identically with test samples tended to 
rale out the latter possibility. The elevated 
results early in the experiment, followed by a 
steady decrease in most animals, suggested 
a single exposure of the test animals to some 
PBielevating factor. Contact with such com¬ 
pounds was specifically avoided, but the possi¬ 
bility of an inadvertent exposure during the 
6 months the animals were observed could not 
be definitely ruled out. 

The observed percentages of thyroidal I1*1 
uptake were lower than the 10% to 40% re¬ 
ported by other investigators (11, 13). This 
may have been a result of the continuous intake 
of more than adequate amounts of stable iodine 
in the diet which competed with the tracer for 
uptake by the thyroid. The combination of 
higher I1*1 uptake and lower resin T3 uptake in 
the altitude-exposed dogs is somewhat con¬ 
fusing, but might be explained on the basis of 
some evidence of the role of oxygen in thyroid 
synthesis. It is generally accepted that iodine 
trapped by the thyroid gland must be oxidized 
before combination with the tyrosine moieties 
in thyroglobulin can occur. The lack of oxygen 
inhibits this reaction in vitro. Oxygen may 
also be important in the coupling of two mole¬ 
cules of diiodotyrosine (DIT) to form thyroxine. 
It has been proposed that the mechanism of the 
coupling reaction is the combination of DIT 
with 4-hydroxy,3,5-diiodophenylpyruvic acid 

10 
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TABLE III 

Gradivq results for thyroid serretory activity 

High Medium Low Ungraded 

Nucleus 

A (174)* 

B (262) 

Golgi 

A (176) 

B (261) 

16.5 

20.6 

12.6 

21.1 

Percent 

47.2 

60.7 

46.2 

44.4 

24.1 

14.5 

37.2 

31.8 

12.1 
4.2 

5.0 

2.7 

Inclusiona 

A (174) 

B (264) 

Cell shape 

A (172) 

B (266) 

Endoplasmic 
reticulum 

13.8 

13.6 

14.5 

15.0 

47.1 36.2 

49.2 35.2 

48.2 31.4 

65.0 27.4 

2.9 

2.0 

6.9 

2.6 

A (172) 8.7 

B (260) 7.7 

37.2 

45.4 

46.5 

42.0 

7.6 

4.9 

A = Experimenta)!. 

B = Control 

•Number of MCtiona. 

(DIHPPA) (21). This reaction also proceeds 
only under aerobic conditions in vitro. Another 
important reaction in thyroid metabolism is the 
deiodination of the nonhormonal iodinated pro¬ 
teins remaining after the degradation of thyro- 
globulin to thyroxine. This reaction provides 
free iodide which may be incorporated again 
into a tyrosine radical. The role of oxygen in 
this reaction has not been proved, but it is 
possible that the reaction does proceed best 
under aerobic conditions. 

If the hypoxia induced by exposure to alti¬ 
tude did cause an initial reduction in hormone 
synthesis by inhibiting tyrosine iodination and 
DIT coupling, the lower level of circulating 
hormone as measured by the resin T3 uptake 

could be explained. This lower level could 
stimulate iodide trapping in the thyroid gland 
via the thyroxine-TSH negative feedback sys¬ 
tem, resulting in increased I131 uptake. De¬ 
creased deiodination of thyroglobulin fractions 
would also enhance I131 uptake by reducing the 
amount of endogenous iodide competing with 
the administered tracer. The results do not 
rule out the possibility of change in the periph¬ 
eral utilization rate of thyroxine. 

The resin T3 uptakes seen in the dogs were 
approximately 67% higher than normal values 
for humans (14). This elevation might be an 
indication of the presence of nonhormonal PBI 
as suggested by Kaneko (10). The resin T3 
uptake of the control animals gradually in¬ 
creased during the experiment, while that of 
the experimentais remained the same. This 
increase in the controls could reflect a gradual 
thyroidal adjustment from an outdoor to an 
indoor environment which was inhibited by the 
hypoxia in the altitude-exposed animals. 

The lack of such a change in the altitude- 
exposed animals reflected persistence of a rela¬ 
tive increase in available T3 binding sites in 
the serum of thes> animals. Such an increase 
would be consistent with the hypothesis that 
exposure to altitude caused a reduced hormone 
synthesis with resulting decrease in serum 
hormone levels. 

The similarity in organ weights histo¬ 
logic appearance of the two groups suggested 
that functional changes can occur in the thyroid 
gland without any gross or microscopic mani¬ 
festations. Since thyroid follicles in almost all 
stages of activity could be demonstrated in 
every gland observed, the difficulty in char¬ 
acterizing the activity of an entire gland by 
electron microscopy became readily apparent. 
Differences in thyroidal ultrastructure between 
the two groups, if present, were too small to 
verify statistically with a sample size of 
45 sections per gland. 
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