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THYROIDAL DYSFUNCTION DURING SIMULATED ALTITUDE CONDITIONS* 
/ 
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PHILIP F. MULVEY, JR. 

U. S. ARMY RESEARCH INSTITUTE OF ENVIRONMENTAL MEDICINE 
NATICK, MASSACHUSETTS 

1PjeVi0US studies have indicated various degrees of 
thyroidal dysfunction in rats during exposure to high altitudes 
usuaHy by simulated techniques. The present study was under- 

si^? wh®ther acute exposure to hypoxic conditions of 
W|ted 15,000 ft. (429 mm Hg), exerts its effect on the trapping 

of iodine and/or the processes of organification in the bio- 
synthesis ^thyroxine and its release from the thyroid gland of the 
rat. The data obtained in the present study indicated that the 

^nrínírisL^^0"01000^1081116 <MIT-13yi> to radiodiiodotyro- 
uine (DïT-i^and the synthesis of radiotliyroxine (T4-13H) iere 

acMÍfíCa?íHIínhÍ5Íted1by hypüxia- In addition, total plaima rr.Jio- 
ctivity ( fl) and newly formed protein bound iodine (PB131/I) from 

hypoxic rats were significantly lower compared with control animals. 

MATERIALS AND METHODS 

. , Sprague-Dawley rats of the Charles River strain with an 
initial body weight of 150-200 gm were employed for all studies. 
Animals were fed a low iodine diet either as pelleted or powdered 
test form for 12 - 49 day?. All animals used in a specific experi- 
ment were on the diet for the same length of time. The powdered 
iodine test diet contained 0.18 ug of iodine per gram of diet**(Low 
Iodine Test Diet, Nutritional Biochemical Corp., Cleveland, Ohio) 
and was used for all studies with the exception of the 23.5 hour and 

lhT/iUd r-,^\Pelleted f0rm WaS n0t chem¿cally analyzed and 
was used in the 23.5 hour and 28 hour studies. Water was allowed ad 
libitum. For each experiment, 4-8 rats were placed in individual 

*The principles of laboratory animal care as established by ther.. 
National Society for Medical Research were observed. 1,,) I 

Assayed by Graham Laboratories, Inc., Washington Street, T?ookUnô 
Massachusetts, 
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CfLl!feiLat,\bar0metrlC Press,lre of 429 Hg (equivalent to IS, 000 
feet altitude'» ventilated with a regulated air flow of 1.5 liter¡ 

.EqUal Tber °f ratS WCre plaCed ln 8imila* chambera 
?/ ,atm0SPheriC Pressure- After a specific interval of 

cime u to ¿4 hours), the experimental animals were returned to 
atmospheric pressure. All animals then were given (1>1 to 

in*;raPeritoneally- The experimental rats were brought back 
to 429 mm Hg for an additional 16 hours. All animals were 

sacrificed by exsanguination under light ether anesthesia. The 

thyroids were removed, weighed, counted in a Packard Auto-Gamma 

spectrometer and hydrolyzed at pH 7.4 for 24 hours with pancreatin 

ÜO-% rlllrl nn&en^°5fate, medium with added propylthiouracil 
UÜ M). Twenty-five (25) microliter aliquots of digest were 

chromatographed in the following solvent systems: butanol-acetic 

(75'^°“15) asceriding, t-amyl alcoho1 saturated with 
ZN NH4OH descending and t-butanol-2N NH4OH (4-1) descending. The 

strips were radioautographed for identification of the 131i 

containing spots. Each radioactive area was cut from the strip and 

counted !„ a Nal (TL) „ell eyatea,. A sanple of aerun ftL Loh 

fTrAWWa3 trríed WÍth 10 volumes of 15% cold trichloroacetic acid 
(TCA) to precipitate the proteins. This was then centrifuged and 

washed twice with 1% TCA and the precipitate assayed for radio¬ 
activity (protein bound 131^^313^) A samnle of untreated 

serum was assayed to determine the total plasma 131! radioactivity 

3 of -riante and/or student's t ten, non-palred, „„e “ed 
to analyze the statistical significance of the data (9). 

e RESULIS 

.‘¡tleudrfor1?3^“«3^ °f 1311 (Tsble 1): “t;.«Pond to simulated 
altitude for 1 to 24 hours prior to receiving 131i and re-exposed to 

hypoxic conditions for an additional 16 hours shooed no statlstl- 

ori« »leniflcant alteration In uptake of Ulj COD,pated uitl, ambient 
pressure controls. 

II. Chromatographic analysis of 131i in thyroid digest (Table 2)- 

atr:U tudea1oC HT,* indtCrd that the thyrOÍd 8lands -ts* 
in the Îewfwl f3‘5 ÜrS c ! statistically significant increase 
A? ï + - 10n ° rac^lon’onoiodotyrosine (48.7 + 1.5% vs 

d p<°-001) compared with controls. A statistically 

in ¡lífÍa!nt reduction in radiothyroxine synthesis was also observed 

p-n nnn1!6:? fr0m ïhe hypoxic animals (2.8 + 0.52% VS 6.6 + 0.33%- 
the’ÍS^hf0íl0WÍn8 hOUrS at altitude- After 40 hours of’exposure 

synthesis of radiotriiodothyronine appeared to be significantly 
enhanced (12.6 t 0.9% vs 9.0 ± 1.3%; F :0.05) compared with the " 

any ^s ta t is tica The chromatography data did not indicate 
any statistically significant change in the level of gland iodide 

perTo^s.C<Jntr01 and experimental animals following various exposure 

lia. Effect of altitude on the ratio of MIT-Ulj and 

/s>~ 
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^I/T*-13!! (Table 3): Hypoxie animals Indicated an enhanced MIT- 

^I/DIT-l^li ratio following 23.5 hours of exposure (1.79 vs 1.47; 

P<0.001). The ratio of T3-^li/T4”^31j was a1so increased in the 
experimental glands after 28 hours at altitude Í3.97 vs 1.17; 
P<0.001). 

III. Effect of hypoxia on plasma radioactivity (131i) and 

protein bound iodine -PB131!. Table 4: Exposure to altitude for 

17 hours resulted in a significant reduction in total plasma radio¬ 

activity and protein bound radioiodine (0.83 + 0.15 vs 2.13 + 0.39; 

P<0,01) and 59.8 + 7.5 vs 81.2 + '4,7; P<0.02) respectively. In the 

present study changes in plasma radioiodine and in PB1*'1! levels in 

the hypoxic animals were detected prior to alterations in thyroxine 
biosynthesis by the thyroid gland. 

DISCUSSION 

The elevated thyroidal MIT/DIT ratio as seen in the control 

animals is probably due to iodine deficiency. Normally, one would 

expect the thyroidal MIT/DIT ratio in rats on an adequate iodine 

diet to be less than one (10). In addition, i'- has been reported 

(11, 12, 13) that iodine deficiency in vivo leads to the formation of 

more MIT and DIT and more T3 relative to T^ (11, 12). The increase 

in uptake of radioiodine and the enhancement in the MIT-^ll/DIT- 

131I and T3-131l/T4-131I ratios, tables 1 and 3, as seen in both 

groups of animals used for the 23.5 hour, 28 hour, and 40 hour 

studies were probably due to the length of time on the iodine poor 

diet. These animals were on the diet for a longer time compared with 

the rats used for the 17 hour, 19 hour, and 20 hour and 21 hour 

studies. Accordingly, the former group of animals had an increased 

gland weight compared with the latter group. Assuming, therefore, 

in an iodine deficient rat that nearly all the radioiodine taken up 

by the thyroid gland is ultimately converted to hormonally active 

material, an increase in uptake would be reflected by an increase in 

the formation and release of thyroid hormones. Since within each 

experiment the length of dietary control was constant, comparisons 

in the effect of hypoxia on the thyroid gland and plasma radio¬ 

activity levels are appropriate only within each experimental 

period. Therefore, It is important to realize that the rats used in 

the present study did appear to show signs of thyroidal iodine 

deficiency, prior to exposure to simulated altitude. The changes 

reported in this study in the distribution of radioiodotyrosines and 

radioiodothyronines within the thryoid gland are relative changes 
and not absolute ones. 

Since hypoxia did not result in significant changes in 131I 

accumulation or in chromatographically identified inorganic 131I but 

was associated with an Increase in MIT-1^!!, no depressing effect of 

hypoxia ou the conversion of radioiodide to MIT-13M was observed 

in the present study. However, the study did indicate an effect of 

hypoxia on the relative conversion of radiomonoiodotyrosine to 
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Ifféc^ÒfhvnL0:«'’:,; Thi“ .„„„„ted that lnlt,al 
ertcct °t hypoxia in the thyroic gland was on the biosynthesis of 

to MdiôdiîôdotÿrosIÎf^TMa^terïrihv0" f r“Ul,”n°I‘>d‘>tyt°»tno 
be „ote .eoatt^e to H^U tl^tL" loZ^r^ZTol^- 

with a decÍeàs8cd00TVíe“ri°bh;p„V:íc" i“""'“ MIT/WT 

of r.^ottÍhodeotihtlf,ãâPt,UrCarSwle"Sthe'"d ° tbenge In the ratio 
Î d hy 1 t0 radiothyroxine was observed The 

meehanlsm reaponslble for this ahlft 1„ relative dlátrl¿utÍon of I, 
to T4 might be associated with the change in MIT/D1T ratio 3 

increased^IT/DIT '.‘tí *" drUg, “"dn^e'd^an 
rrLüã w," , r8“° "nd »nsgeated that In pre-ence of an In- 

fac tated over tha'r ÔÎ'Î “"ã the °f T3 la relatively 
should be law Í w 4 T3/T¡‘ ral;l0 is Increased. It 
should be mentioned, however, that the relative reduced Ta levels 

Grõsari:da:d8íurn:rPnhí'Íly “lth Station of faati^! 

tion of food restriction âffects^TrseÎÏêt'iorÏn'ïf de8r° ihd d“r‘' relativ® . -u 4 secretion in tne rat. Thus, the 
rondí^o alteri,tJon in the biosynthesis of thyroxine under hypoxic 

hang whieh8couLCrefUi;y in5erPreted ^ of associated nges which could occur by other means than by hypoxia alone. 

„P. Aith°u8h there was no detectable change in thyroidal 131t 

L„tnH r‘n8 ” h°Ur '■‘P”8'1" « altitude, there was a 
/eCreaSe ín 1 'aSma radi°activity and in PBl31r 0f 

P a “l8r 'î*??“ 18 b^8 obaarvation is Che published Cork Cf 
Keating et al (16) and Rawson (17). They showed that thyroid 

In S“woidrCCrtCTSH)llnCreaSed b0th th8 upl:8ke of radioiodine 
eveC, thef «CaCd thCe ^ f 4he h0r“"' ^ the *l8"d- 

Ik *y r®8ard release of the hormone as the primary event 

duced bv^M6336!05 radioiodlne uptake as a secondary phenomenon in- 

releasedf TSH^thriniMd8’fïh°Uld hyp0xla moderate the rate of 
. i , ini^isi effect would be seen on the rate of 

pi.^JanirtCvCiTn'Chr1“.81?"“' ,ms "°uw "auit in » reduced 7 11 ln the animals fnd could occur prior to anv 
The ^* /U?rSUOrl ‘f.f'-yroidal 131, uptake or oCganif C.ÏÏL 
The concentration of PbOIi i„ the pl.am. Is a compl*,, fu“^!^ 
hl h dependa not only on levels of TSH but also on the foHowl no 

c ors: the proportion of dose accumulated by the gland the rate 

Ch “Tí V* h0rn,°"81 Iod1“. bbe amount of orgsClc iCdÎnC " Che 
fCCI? Í aC? 'ilt"thyr0‘di,l P°ola *"d the rates Cf degradCtloC a Cd 

ferí, oxcir.l„r sorcic„crCena;apeAcntLnc"a::Ctpirrvoiri“ 

::sthaTC„brrCheed dlfh£errc-in p'8- 

rsdiosCaCitj .„r^sírtcno^ccccc tfor the dacrcase in pi8s"8 determined. 7 1 f 11 wing acute exposure remains to be 

/st 
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TABLE 1. EFFECT OF SIMULATED ALTITUDE ON THYROIDAL UPTAKE OF 131i, 

Time at Altitude 

Pr e~13 Post - ^ '^"i 
Thyroidal Uptake 

Hra. 

16 

16 

-¾ Si doae/ma thyroid 

C(13) 1.60+0.11* 
A(13) 1.43 + 0.18 

N.S. 

~C(8j 1.50 + 0.13 
A(8) 1.20+0.19 
P N.S. 

16 C(12) 
A(12) 
P 

1.06 + 0.13 
1.01 + 0.26 

nTs. 

16 C0.6) 0.85+0.11 
A(16) 1.24 + 0.09 
P nTs. 

7.5 16 C(32) 
A(32) 
P 

1.78 + 0.13 
1.77 + 0.11 

N.S. 

12 16 C(16) 
A(16) 
P 

1.75 + 0.19 
1.55 + 0.08 

nTs. 

24 16 C(7) 
A(7) 
P 

1.80 + 0.35 
1.21 + 0.10 

N.S. 

C * control anímala. The figure In parenthesis represents number of 
animals per group 

A - simulated altitude (hypoxic) animals 
P - probability that the mean of the altitude group Is not 

statistically different than control group (P > 0.05) 
* » mean + standard error of mean 

/5? 
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TABLE 3. EFFECT OF SIMULATED ALTITUDE ON THE RATIO OF 
RADIOMONOIODOTYROSIMF TO RADIODIIODOTYROSINK AND 
RADIOTRIIODOTHYRONINE TO RADIOTHYROXINE 

Time at Altitude MIT-131I/DIT_131t Ti-131lAr -131 
Pre-131i Post-1311 T4 

16 C(7) 1.41 0.66 

A(7) 1.19 0.87 

P N.S. N.S. 

16 C(8) 1.65 0.78 

A(8) 1.12 0.67 

P N.S. N.S. 

16 C(8) 1.97 0.78 

A<8) 2.25 0.86 

P N.S. N.S. 

5 16 C(16) 1.44 

A(16) 1.34 

P N.S. 

0.41 

0.54 
N.S. 

7.5 16 C(32) 1.47 

A(30) 1.79 

P < 0.001 

1.74 

2.33 
N.S. 

C(16) 1.76 

A(16) 2.24 

P < 0.05 

1.17 

3.97 

< 0.001 

24 16 C<7) 1.86 

A(7) 2.25 

P N.S. 

1.31 

3.49 

0.01 
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