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THF INFLUENCE OF 3,l»-DIETrví ^ydANTOIN UPON SURVIVAL 
DURING ACUTE AN CHRONIC HYPOXIA 

INTRODUCTION 

Hypoxia is a potential hazard faced by the Air Force flyer, and 

any drug providing protection against hypoxia would ba of considerable 

interest. Pretreatment of mice and rats with 3,5-diethylhydantoin was 

reported to increase both exercise capability and survival time during 

hynoxia. Blood lactate increases (an estimate of tissue hypoxia) were 
also less (1). However, hypoxia was induced by placing animals in a 

closed environment with no C02 absorbent, so , ■ 02 levels decreased, 
cr>2 increased. 

The present exoeriment was designed to determine (a) if 3 5- 

diethylhydantoin exerted a protective effect during exposure to a 

hyptxlc normocapnie environment, and (b) if the drug produced toxic 
effects with repeated daily treatment during chronic hypoxia. 

METHODS 

Young-adult male albino rats were used as experimental animals, 

^.eights varied .rom 250 to 400 grams and were balanced between groups, 

wo dose levels of 3,5-diethylhvdantoin (DH), 50 and 150 mg/kg bodv 

weight, were used for all experiments. The drug was prepared so thaï 

the concentration was either 50 or 150 mg/ml for a volume per dose oi 

1 ml/kg body wt. Controls received an equal volume of isotonic saline. 

ie drug was given by intraperitoneal injection during chronic hypoxia, 

and intravenously in the swimming experiments and acute hypox a exposures. 

Swimming Experiments 

Swimming tests were conducted in two glass chromatography jars, 

12 in diameter and rilled with v iter to within 5" of the top. Fiftv 

. waJÍ0t^raphÍC film wettlne agent was put in each jar to elimi¬ 
nate bubble formation on the animal's fur. Each jar was covered with 

a Plexiglass lid fitted with a gas inlet and outlet. Oxvgen mixtures 

were administered via the gas inlet of each jar through rubber tubing 

connected to a flow regulator attached to a pressurized gas cylinder. 

The rats were tested in pairs, with one control and one DH-treated 

animal tested simultaneously in the two jars. Control and experimental 

anin^s were alternated between jars in succeeding runs. DH was 

administered K) minutes prior to testing. The rats were placee in the 

jo íhe l dLraplaCed’ and flushins witli a sas mixture containing 
10.3% °2 and 89.7% N2 started immediately. The gas flow was initially 

adjusted so that washout of the jars was greater than 99% complete in 

1 minute. Swimming times, were recorded from the time the lids were 

wheíaíhevT T" rh0Ut St^ted- The ratS Were con«idered to be exhauster 

were Îescued ^16 t0 SUrfaCe for 20 se™nds’ after which they 
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Fifteen animals received 50 mg/kP OH- 15 « TTÎT °f 35°C' 
30 received saline. The animals ver«! ¿tlT. Tr ° DH; and 
experiment was performed at a water te^í í r s«iramlnR- Another 
animals were randomly selected from ^ °f 25 C' Thlrty 
ment. Each anima], therefore had on °Se Uf6d in the Previ°us experi- 
teen were given 50 mg/kg DH and 15 f prevlous swimming trial. Fif- 
times were compared Zâ, 
test, it was assumed that each , le8t To use this 

the control; that is, a paired controlT^ Wa8 indePendent of 
tend to be more alike than a control ^ exPerlmental animal did not 
different pairs. COntro1 and experimental animal from 

Survival times during a^ute hVn„„* 
the rats in , 1.2-,3 alm,id¿ chamber Ihfr'‘'r'“ by deco”Preesln8 
two areas with equal floor space for I Th? Cnamber was divided into 

A full-width transparent door allowed clos^ob^1 7 COntro1 animals. 
The animals were placed in the chZber and H atlOTÍ °f the animai8' 
m nutes after treatment with DH Dec ^compression was begun 30 

3 fl"al Ptessure of 160 mm Hg 07 0n,re',Ulred 5 "‘"“tee to 
>«s benun When the pressure reacted 16^ »’•“ Õ"' altlt“<le). Ttmln« 
the time at the last Inspiration P,eb T. f', “as tecorded as 
5 experimental animals; 3 trials were a*31 lnvolved 5 control and 
50 mp/kg and 3 using 1» mg"te-!rõr^ “"d“tdd “»‘”8 - ■<ose level of 
experimentais at each dos^level te addlíi Î P»"trols and 15 
Were randomly selected from the raUused î üw er°“p cC 30 h"1"*1* 

were used as controls and 15 given '50 «xperiments: 
compared using the Mann-Whltney S Test 2) ÏÎ »ere 

animals given like treatment were a h^gen“"^ ^ 

Chronic Hypoxia 

havl„gCh,rn0nLCt:^°8Uv„ei“eU<,o1r35Õrft30ânuUCé,!d11" ? aUltude lamber 

»“nÄtrc8 r£r - 

humidity, oxygen. anS ^^îr^r88:"' te"Parat“ta. tolative 
trolled and contlnuously?^„Uored “'»"»tlcally con- 
collected daily rud analv^ed ’ In addition* gas samples were 

TV.ese values are shown in Figure Î^The^h"8]^ Scholandpr apparatus, 
cotai barometric pressure of 380 mi He Lrî m W3S malnf:alned at a 
ment. The oxygen percentage was initiallv "Í/1® cour£,e of the experi- 
balance nitrogen. The oxygen percental adJustel to «Z, with the 

:¡gí?gi5bZle°: "V 7‘ - - ^iS^nÂ^e^r- 

or until^eath^ccurred. ^Dru^o^saiine^ni06^!^0 ^ 
starting tbe day prior to puL^n^"^^0"! dSlly 
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Figure 1. Altitude chamber P02 during 11-day exnosure to 
hynoxia. Total barometric pressure was maintained 
at 360 mm Hg, 

received 50 mg/kg DH, one group 150 mg/kg, and a third group saline. 
The chamber was entered daily in order to weigh and inject the rats 
and to remove dead animals. Three survivors from each group were 
examined pathologically fcr evidence of injury. The number of 
survivors in each group were compared using a Chi-square test (2). 

RESULTS 

Swimming Experiments 

For swimming trials performed at a water temperature of 35°C, 
the median swimming time after a 50 mg/kg close of DH was 3 min. 5 sec 
compared with 2 min. 45 sec. for controls (Table 1). Differences 
were of borderline significance (P < .10). nt the 150 mg/kg dose 
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::: 3fm,n-30 sr-for the 
different between these t™ d“^ * Ä“' 

r- controls and not statistically different. 9 f°r 

survival uuring Acut< 
tiJpUAXcl 

™ h/:*:1?8 are li8ted ln Ta'Ie 2- Ih<i survival time at 160 ™n Hg total pressure was 9 m. i. 32 er fnr ► Clme 3t 160 
50 mg/kft DH, compared to 6 min. for Mnt^í , PIetreated "lth 

difference between these twn valí:: ^ ° „r “ ^ec ef^íí^l 
survival time after a ISO mc/Vr, a r j ueuectec. The median 

6 min. 30 sec. for control^ ^hía d^f UR U mln‘ C^ared to 
In a final experiment repeating the ISO^g/kg dose8]^(Pj< ’°5) 
survival time was 12 min' 30 sec compared" ÍuÍ m n^k "f ^ 
controls. These dlffrr0r>,.0o d P with 5 min. 25 sec. for 

nese differences again were significant (P < .02). 

Chronic Hypoxia 

■nima^sn^d0^“^::"1:::: „arsho,m in fii;u" 2- ai1 -"»d 
the entire 11 davs Th«: Ltj , expofure• and 16 ot 20 aurvlved 

This was significantly fewer than controir(Ï*< o«! drU,! SUrVlved- 

■■*'oXltr£lL?ZT*l d°Se1leveJ1 o£ <"■“* dlarrhetlc 

rnd priapism, occurred In'seve^r^r^n1^?8 TT* ^ 8anItalla. 
necrosis of the tail and feer t», ^ e"tal animals as well as 

healthy, although near the eni of OUI:wardl>- 
emaciated. The -ma1! nnmhov j exPeriment they became quite 

group) did not allow^a^uantitatlve^com St:dl'd ^ ^°1°^ (3 ^ 
experimental and control anima's All Parlson £o ba ”lade l>ecween 
moderately severe interstîtiV?^ A1\g^s showed chronic mild to 

intravascular coapuLtíoí of blL Í Í%WÍth PUrUlent rhinitis, 
necrosis was foZTin S UeUc“« 
ing from clotting and infarction tL .Z ? ^181 ^8811,15, Cesult- 
rhe rats that received the drug aipeared'tottd^e^tlted0"3"86 ^ 

DISCUSSION 

4 



o 

> 
> 
oc 
=> 
Vi 

Vi 
h- 
< 
oc 
u. 
o 
oc 
UJ 
no 

DAYS OF EXPOSURE 

í;'Cxut^t:nr.r^r:eLÂ“eííior 
detail byCíhe“dSí6iir ^rcTwas^h 
tor (7). This inhibitor blocked bicarh6«^ C”rbonic anhydrase inhi 
blood-buffering capacity and an a °nate fonnation, decreasing 
tion without alkalosis. * °We 9 greater minute-volume respi 

8tUdu7L\^u~s?ha°[ ™ ‘‘ - unc„tai„. prevlous 

;::rc~f v«::: 
« hypoth^u effect, or a non,pec 1 



phosphorylase-a activity is increased by beta aeonists whííp 

MockínTâge^.1^)'"^^ ^ inhIbl by b-U'.dren.rgU 

*»»« «f c^r rcur durins ^r^rvrtL- ^ip Xuir^r1 
even e«,re. IddlU^“^“^^!^ Í ï* " °ft" 85 daU>'. «'■ 
hyprxia were toxic. The potential toxicity to "peate^ doRes durin8 
may endanger health and thu«- It fe i j j huinans that is .nferred 

be of value in USAp'o^atUn. COnC,,,ded thSi thi dni8 “”"ld 
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Median 

TABLE 1. EFFECT OF INTRAVENOUS INJECTION OF DIETHYL- 

HYDANTOIN UPON SWIMMING TIMES IN RATS BREATHING 
10.37. 02 (17,000-FT EQUIVALENT Pqj) 

Water Temperature 35°C Water Temperature 25°C 

50 mg/kg saline 150 mg/kg saline 50 mg/kg saline 

2:55 3:50 

3:45 4:10 

35:45 2:20 

4:25 3:45 

4:10 3:50 

9:20 2:40 

3:05 3:30 

8:05 2:35 

2:20 2:20 

2:50 1:50 

2:55 1:30 

2:40 2:45 

2:55 2:40 

3:10 3:05 

3:05 2:55 

3:37 3:57 

6:15 3:52 

3:52 3:10 

3:10 2:30 

2:57 4:07 

3:30 2:25 

3:10 2:05 

2:37 2:55 

2:55 4:21 

3:38 2:20 

2:58 3:45 

4:18 3:41 

5:05 5:03 

12:04 2:55 

2:53 4:50 

10:50 10:25 

7:15 21:17 

11:14 4:37 

4:45 5:05 

8:54 3:30 

5:22 4:52 

4:25 6:09 

10:28 17:50 

9:47 10:44 

6:43 4:50 

15:07 6:15 

5:34 4:40 

8:17 19:27 

6:48 5:20 

4:02 6:55 

3:05a 2:45 3:30 3:41 7:15 6:09 

Sviimning time shown in minutes-seconds . 

Significantly different from controls (P < .10). 
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TABLE 2. 

Median 

» 

EFFECT OF INTRAVENOUS INJECTION OF DIETHYL- 
HYDANTOIN UPON SURVIVAL TIME OF RATS EXPOSED TO 

A TOTAL BAROMETRIC PRESSURE OF 160 MM HG (37,500-FT 
EQUIVALENT) 

50 mg/kg saline 150 mg/kg saline 50 mg/kga saline 

4:00 3:00 

5:00 4:00 

8:00 7:00 

14:00 8:00 

15:00 11:00 

8:00 5:00 

12:00 6:00 

13:00 13:00 

14:00 16:00 

26:00 23:00 

2:10 1:30 

5:25 4:30 

7:10 5:00 

9:32 5:30 

22:25 11:30 

3:00 3:00 

4:00 4:00 

10:30 4:30 

11:00 5:00 

22:00 6:00 

6:10 2:30 

11:05 6-30 

14:58 8:00 

19:21 15:00 

25:32 2:30 

6:20 6:30 

6:20 7:00 

9:45 8:30 

16:50 9:30 

18:00 11:00 

5:15 5:15 

5:40 5:24 

9:45 5:54 

11:45 10:1? 

12:30 13:48 

3:30 2:48 

5:00 4:10 

8:10 4:54 

13:00 6:12 

20:00 8:4? 

12:45 3:50 

12:50 4:10 

14:55 5:15 

18:30 7:30 

24:30 12:06 

9:32 6:00 ll:00b 6:30 12:30c 5:24 

Survival time shovn in minutes-seconds. 

aRepeat run conducted with rats previously used in swimming 
experiment. 

bSignificantly different from controls (P < .05). 

cSignificantly different from controls (P < .02). 
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