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A!fljir9!:
The effecLs of CoóO garr:TÉ irradiaLion on concÌitioneci and uncon-

ditioned veslibular responses l.rere assessed, Forty-five male al-bino rats

'were trained on a conclitioneC vestibular escape operant i¡r t'rhich Lhe

subject had fo respond on a l-ever in order to ternjnate trials of vesti-

bular tilt-oscillations in a tilt chamber. SubJect,s uere trained using

one of three dÍfferent vestibular stimulus i¡tensities ( 'Ì4, "?O, or

.33 hz tilt-cycle freo-uency) . Response laLenc¡r from the onset of tilt-

ing was used. as ùite primary measure of conditioned vestibular escape

strength. Total session responses and the ciuration of lever holdÍng

v,,ere also recorcìed. The anjnals l¡ere also subjected to an u¡conditÍoned

vestibu.lar response in the form of postrotational nystagmus. After a

baseline had been attained for both vestibular responses, the subjects

were irr.adiated rr,ith either a 10 iì, a 450 Rr or a 9OO R dose of Co6

gamna irradiation (v,'hole bdy). Post-irradiation mea-qures v¡ere taken

for tr.ro v.'eells afLer raCiation" The 450 R subjects irere given a second

450 R dose B da¡,s afLer the first. It r¿as found that changes in response

latency depended on both the radiation ciose and the tilt-cycte frequen-

c¡r, Lhe greatest increase in response laLencv occurring for ihe highest

-r r'ìl ---r^ mL^^^ -^^.-'l¿^radiation dcse l-eve1 and the slo'";est tilt rate. These results are dis-

cussed in terms of the effectiveness of the vest,ibular negative rein-

forcenent. I'iotor deficits, and decreases in general activity or physi-

cal strength rvere ruled ouL as the primary causes of increased. latenc¡r.

Lever pressing responses decreased as a function of radiaLion dose, and

there was an increase in the duration of lever hoJ-djrrg prol-^,oriional to

radiation dose. iiev; changes rvere founcl i:r the tuconditioned nysLagmus

Ì.



Tesponse, r.'hich is conpì-ete

raciiaticn r';as affecting fhe

at the nidbrain leve1,

vestibul-ar circuits aL

i¡dicatj-ng lhat the

'ri:igheril CI'iS l-eve1s.

110



¡.C K}J OT.JLM GEI.|¿ ¡TT S

I wish to express ny sincere gratitude to Dr. M. F. Halasz for

his help and guidance during this and rel-ated research j¡ his labor-

atory.

ï also r+ish to thank my oLher two thesis exami¡ers, Ðrn Jo J.

Pear and Dr" A" ilolloway, for taking the time and effort to read and

edit this thesiso

I also wi-sh to thank l"Ír, I,{. l,íostavray for his assístance and the

use of his computer prograns used i¡ the data anal¡rsis and. graphical

representation.

þ appreciation is also extended to l{rs. Y. Hoh ancl },Irs. H.

Mc! aren for their help in conducti¡g experimental sessions during

classes and on weeÌ<endso 1

Appreciation ís also ey;benCeri to the st,aff of the }bnitoba

Cancer and Research Foundation who nade available the radiation

sources Ín the r.¡hoIe body roonnc

tl_-l-.



TaBLS 0F COì¡TIiNTS

CH.i.PTIR,

I STÂTIi.ßl'lT CF TIIE PP.CBLII.I. o.. o o .. . ¡ ..
rï GEIJ:ìÂL tsACl;G¡¿Ou¡Ð ¡ B¡lHÁ.vrOtiiiAI, EFFscrs 0F rotirzr¡ic R/ù-

I/'TIOì';. . . . .. c r . o .. 
: 

.. ... ¡ c c o , . .. . . o .. .. ,. . . t . . . .. ¡. . o ,. o .

ÏII II\iTTIODUCTTOìI; R,IÐIATION ÂI.ID VEST]3ULAP" PROCFÆSES .. . . D ' ' .

ry SUIIJÌICTS.........'..... c..'o .............

APPARÄTUS".... r o.. .......... co. c!.¡,. o o.o.......

PRCCEDURS . e . . o. . r .. ô c D. c , o , ô r o . c, . ô 6 . c a. . o .. ¡ .... . ... o c , c

a) Pre-irradiation TraÍ:ring..,,.co...., o....., o

r\b) RaCiation Procedurgs..., o..0..,,.... ¡. o.c. c o

c) Post-irradiation l'íeasures.... o..,... !... e.,c

V RISULTS. .. c . c..... . ! .. . . !. c . c r c c r r r. o . i . o " . o e . . ! .. . r . . ..

rå(JlL

I

3

L7

2l+

2l+

27

27

29

29

30

58

63

7L

l_v.



T¿,BLE

LIST OF T¡,8I.ÐS

!AGE

Analysis of Varience: l.Iean Response l¿tency Tilt-box

Data for the First J Ðays PosL-irraciiation ., o.. c.. o. . 36

/rnalysis of Variance: Total Number of Lever Presses per

Session Data (exnressed as I of'pre-irrad, baseline)

for the First 7 Days Fost-irradietion :.......ô,....! " l+7

Anatysis of Variance: Total Duration of Lever Holding

(expressed as É of ore-irrad. baselÍrre) for the First

adiation ....................c..ô 5IJ Days Post-irradiation .. . . . .... o.. . .. o. .

AnaJ-y'sis of Variance: Ave¡age Duration of a Lever Press

Data (expressed as f of pre-irrad. baseli¡e) for the

First ? Da¡rg Post-irradiation .o.o.eo.....¡........occ 5I

1.

2,

3.

l+"



LTST OF' FIGURES

FIGIJT.E PA.æ

1. Topr side, and front sche¡r:atic diagraras of ÎiIt-box
appa.raLus .... o..'...e ......... c....c ¡cô.....o.... 25

2. Tilt-box servo records 10 ll,, lr5] R, and 9C0 R indivi-
dual Ss on the fast til-t raLe. Each complete pen
oscillation corresponds to one tilt-cycle :3 sec c o. .. . 32

3. Tilt-box servo records for 10 R,450 R, and 90O R in-
dividual Ss on the neclium tilt rate. ìiach conplete pen
oscil.latiãn corresponds t,o one tilt-cycle =J sec. .co.! 33

l+, Ti1t-box servo records for 10 R, 450 R, and 9OO R jn-
dividual Ss on the slov¡ tilt rate. &.ch compì-ete pen
oscillafiãn corresponds to one tilt-cycle= J sec. ..ccc 3t+

5o Difference from baseU¡e (a) for the mean response
latency for the fasù filt rete as a function of
radiation dose c... o... o.. '. oc... o o.co c.. c D'...... 38

6. Difference from baselj¡e (a) for the rnean response
latenc¡' for the rnecium tilt rate as a funcLion of
radiation dose ..... ..,.:..o....!.o'...û .ô.co 38

?. Ðifference frcm baseli¡e (Á) for the mean response
latency for the slolç tilt rate as a function of
radiation dose" The last J days for 900 R were not
ptotted as all- subjects excepL one had died .. o . c..... . 39

8. Difference from baseline (a) for the mean response
latency for the 9C0 R radiation dose as a funcLion
tilt-cyc1e frequency(sti-riulus intensity) " The last
J days fo¡' ühe slow tilt rate were not plotted as
all äubjects except one had died ....o.'.e..o.....'c..cc l+O

g. Difference from baseline (a) for the mean duration
of the iOrpnn post:'otational nystagnus as a function
of radiation dose.o.... ...'.n'..c...o.oceo.ô...oco.. /+1

10. Difference from baseline (¿) for the mean duration
of the 60rpn posiroLational- nysLagnus as a function
of radiation dose r..o..roe .e..c','o..r.coo¡.e ...c...cc ltz

Vl- o



FTGURE

11.

14,

PAGE

4l+

44

45

45

L2.

13.

Co:'relation betr.,'een A mean respcnse lat,ency for
the fast til-t rate and the A mean duration of
the ]Orpn postrotational nysLagrmrs ô.o o cÊo. o...o o

Correl-ation beLr.;een A mean response lat,ency for
the mediun filt raLe and the À nean duraLion of
the JOrpm oostrotational nystagrnus ô. ....,.... c..

Correlation bet'neen A nean response latency for
the slor,¡ tilt rate and the A nean duralion of
the JOrpn postrotaLional nystagrnrrso. o..... o. o.o. c c

Comelation betr.¡een â mean response ì-atency for
the fast tilf rate and the Â mean duration qf
the óCrpnr postrotational nystagnus c.. c. ¡ . o ô. o...

Correlation betr¡een À mean response latency for
the medium tilt rate and t,he ô mean duration of
the 60rpm postrotatlonal nystagmus . . o o. ..,.,, o o. c

Correlation betrveen A mean response Tatency for
the slow tilt rate and the a mean duration of

l_6.

15.

the óOrpm post,roLat,ional- nystagnrus
'| .

17. Day to day changes in the total nunber of fever
pressing responses per session for the fast tilt,
raLe (ffp,) as a fu¡ction of radiation dose,
lieasures. are expressed as a I of pre-irradiatíon
basg]-ine . . . . . . . . o . e . . . . . . . o r . ' o . . . . c . o . o o . . . . r . o

L6

l+6

l{Õ

18. Day to da
pressilg
til-t rate
Measures
baseli¡e

Day to da
pressing
rate (stp,
l.ieasures
baseli¡e

y changes i¡ the total number of lever
responses per session for the ¡nedium
(lffn) as a function of radiation dose.

are expressed as a % of pre-irradiat,ion

y changes in the total number of lever
responses per session for Lhe sLol.¡ tilt
) as a fu¡ction of radiation dose.
are expressed as a "Å o:f pre-i-rradiation

47

4B

19.

20, Day to day chan¡:es in tofal duration of lever
holding per eession for the fast tiIt, rate (ffn)
as a fu¡cLion of radiation dose. Ì.íeesures are
expresseC as a $ of pre-irradiation baseline,..oô

vaf.

52



FIGURS P.AGE

2:-.. Day to day changes j¡ the total duration of lever
holding per session f,or the raedi-um til-t rate (l'lfn)
as a function of raCiation ciose. Ì.leasures are ex-
pressed as a fi of pre-irradiatíon baseline ,. ¡ . ô .. 53

22. Day to day changes Í¡ Lhe total duraLion of lever
holding per session for the slow tilt rate (Sttt¡
as a function of radiaLion d.ose. I,leasures are ex-
pressed as a d¡ of pre-irraciiation baseline c o , .. , o 54

23. Day to da¡'changes in the average response d.ura-
tion for the fast filt rate (¡fH) as a function
of radiation dose. l.ieasures are expressed as a
S of pre-irradiation baselir,lo o. o i ¡ c ¡ . ,. o.. o.. o... 55

2l+. Day to day changes in the average response dura-
tion for the rnedium tilt rate (tfn) as a function
of radiation dose. l,íeasures are expressed as a
f, of pre-irradiation baseli¡e o..oooo.cc.c.eo.ô¡.o 56

25. Day to da3' chantes in the average response dura-
tion for the slow tilt ra',,e (Stn) as a function
of radiation dose. l.ieasures are expressed as a
fr of pre-irradiation basel-i¡e .o.3.,,,..¡o.....¡c. 57

valf o



-r-

C}IAFTER ]

STri.TEt.ãtT 0F'f!ìli FiìOÊLüjì.f:

l'Ía-ny experimenters in the area of radiation (Ervald, L9O5t GersLner

and Kenù, L957t Kin-r,eldorf anc lìunt, 1965, p. 146 & I77t Levy and

Quastler, 1962; Livonov, lg65t }íoskovskaya, :..g59; Çuastler, 1957, and

thj-elenann, L928) note that dizzi¡ress and loss of spacial and postural

orientation are s¡'mpton's of radiation exposure, especially for near le-

tlial doses. This seens to i:np1y that at least sone portion of the ves-

tibular sensory syslem is affected by ioniziag radiation. As such, tasks

involving vestibu]ar stinirrlation may also be affected by radiation,

possibty at lower doses than those requirecl to produce the above gross

symptoms, since more precise discriminative and. sensory-motor interac-

tlons nra¡1 be involved i:r such tasks"

Although nany stuciies have been done on the effects of radiation

on behaviour in eonditioning paradigms enploying visual or auditory

sti:r''u1i, few have been done on the effects of radiation on l-earned tasks

involving vestibular sti¡nul-i. This probably results pri-u.ariJ-y from the

lack of apparatus r¡;hich can deli-ver such st,ir,mli in operant setti-ngs.

trr our laboraLory, a tÍJ-t-lever apparatus for vestibulobehavioural re-

search with rats has been deveÌoped (Ha1asz and Halasz, l-9iO)' In this

technique, an operant escape response is mai¡tained using prS,narily

vest,ibul-ar stirmllati-on as a negaLive rei¡forcer. This appa.ratus provides

a technic¡-re v¡hich allor'¡s one to stu<];r the effects of ionizing :'adiation

on a conditionecl vestibular escepe response.

Postrotational nystagmus is a wel-l-hrorrn unconditioned response re-

su3-tfug fron vestibu'lar sti¡rulation. T'he effect of ¡adiation on ùhis un'-
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conditioned response rìay also be assessed and cornpared to the effects

on the ccnditioned. response. Thr:sr parallel tecÌuiques are available to

assay the radiation effects on a braj¡ stem reflex and a response med-

iated by "higherrt centraf nervous systern levelsn
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CHAPT¿R II

clli,idRAl BÀCKGROU!,ID: B,jHÀVIOU,qjL dF¡rltTS OF IO¡iIZIilG RADIÀTION

Although gross morphological and physiological changes are associ--

ated r^¡ith neo-natal and pre-nalal irradi-ation of the centra] nervous sys-

tem (CNS), there has been much controversy over the radiosensitivity of

the adult CNS. Generally, i,tu"t".n researchers have consid.ered it radio*

resistant while nany Sorriet researchers have consj-dered it ¡acliosensi-

tive. F!.rchtgotL (f98) states that in general, "histological studies

tend to support the long-he1d viev¡ t,hat adult neural structures are

relatively insensiLive to ionizing radiations .... and a considerable

amount of evidence has accumul-ated that gross morphological changes are

not discernible at such l-evels of radiation (LÞ50 doses)" (p. I7I).

Soviet invesligators have dealt primarity rvith the functional an-

alysis of radiation effecls, i,e. electrophysiological effects, uncon-

dilioned and conditioned refl-exes. English writLen reviervs of their work

are presented in articles by StahJ- (1959, 1960, L962) and a book by

Lebe dinskiy and Nakhil'ni-tskaya (1963) . llost Soviet rvor"k on the effects
/ ^ñ\of ionizing radiatj-on on conditioned refl-exes (CR) employ Pavlovian con-

ditioning techniques. Radiation effects on various motorr CRrs, sa.livary

and intestinal CRrs, defensive CRrs, and CRtrslerolypes" have been re-

ported. urbeli (as cited by Stahl, L959) maintains Lhat disorders of

Ct\S aclivity can be detecled by the CR method when no symptoms of rad-

iation s¡mclrome are present. Sle.hÌ (tçOZ) reporls thal Pionkovsky (tçSg)

and Khozak (1956) state lhaf 0,5-2.O rads single exposures have a

stimulalory effect on CRrs lasting days or even months, and that
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Cherkasov (fç¿O) asserls that a single dose of 30 rads or chronic ex-

posure at lhe rale of 0.1 rads per day ney cause lhe disappearance of

all CRrs in some experimenLs. Ho'urever, there is also sorne controversy

as some experi-rnenlers such as Lomonos and Nemenov (cited from Stahl,

L95Ð noted only slight or insignificant alterations in certain CRrs

after doses in the IOOO-3OOO rad range. Stahl (f959) also lists other

weaknesses of CR data such as a) inadequate description of instrumen-

tation and dosimetry b) Iimited. use of controls, c) Iittte i-nformation

on the condition of the subjects after iradj-ation, d) limited analysis

of data, and e) failure to report negaLive findings. He concludes that

ttthere is no unanimity at present as to whether the CR method shows very

low leve} radiation alterations or whether it is a highly sensitive in-

dicator of damage.r' (p" 477, L962),

!'Iestern researchers also have found different results

fects of radiation on behaviour, I\rchtgott (I95t) faileA

in

Lo

the ef-

find any

difference in adulL rats 1 maze performance after 200 or 300 rads whole

body radiation (l{en). Arnold Q7AZ) also fai}ed to find differences be-

tv¡een irradj-aled and conlrol rats in insLrumental learning and retention

after 25OO rads whole head radiation (nrHn).

Improved perfornance on maze acquisition has been found by Blair

(1958) and Arnold (I9ó2) using 5OOO rads'v,IHR and 25OO rads I^IFIR respectively.

Blair and Arnold (1956) also tested the effects of 2500 rads r',lFIR on reten-

tion of a maze previousl¡' learned. The control rats lended to perform

better tha.n the irradialed rats on day I posi,-irradiation, but by clay

25, Lhere was a reversal and the lrrad-ialed rals were superj-or to the

controls.
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Deerements have also been found in learned performance. Decrements

in discri¡rinalion learning in rats after 5000 R irradiation of the brai¡r

area have been found to depend on the post-irrad.iation interval (Arnold

L962). No effects were fowrd a,flter a 22L-d.ay-post-irrad.iation i¡terval

but a 323-d,ay-post-irradiation interval revealed detrimental effecis.

Urmer and Brovm (fç¿O) found that 400 rads lrIB gamma irradialion faj-led

to affect retention of a maze task learned before irradiation, bul did.

cause decrements in the performance of the anj¡ials Ín reorganizing the

pre-irradiation l-earned. maze response series into a new response paLtern,

However, F\rchtgotL (L963), fu an attempt to replicale this study,

fail-ed fo find. any differences

A large number of experimenls concerning the behavioural effects

of radlation have been performed on rhesus monkeys. FIarIow and. Moon

(L956) trai-ned 2J monkeys on standard laboratory tasks in the Wisconsin

General Test Appara|us (WCfn) and then administered IOO rads WB X-irrad-

iation to 12 monkeys every 35 days until cteath. Irradiated subjecLs had

a significant decrease in vreight and general activity proportional to

cumulative dose, However, irradiated monkeys showed no deficit in sol-

ving the most complex problems, and even shov¡ed enhancemenL in perfor-

mance on delayed response and oddily problems on the 4th and 5th aclmin-

istrations. Davis, IvlcDowell, Deter, and Steele (f956) lrained Ió monkeys

for 9 months on 4 object-quality discrinr-ination, delayed response, odd-

ity-princi-ple, reduced cue, and 6 rnanipulation tests. After 4OO racls

I'JB X-irradiation, no changes in food rewarded object-displacement tasks

occurred, but transitory decremenLs weie found in hand and orally
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aanipulåted puzzles between 9 and It days posl-irradiation. Leary and

Ruch (19ól), using low }evel doses of 50 to 400 ¡¿ds /BR, also concurred

that lightly motivated behaviour such as pedornolor activity, generaÌ

activity, and nranipul-ation of mechanical puzzles is more susceptible lo

radialion sLress than highly motivated behaviour.

Bror.¿n and l{cDov¡e1l ( 1962) conducted a large munber of tests over

l¡-! years on rhesus monkeys exposed to control (O rep (roentgen-equiva-

lent-physical)), Lo (ll-lStn rep)r or Hi (3oo-efA rep) doses of mixed

ganma and neutronrv'JBR. McDoweIL (fçi8) obgerved lhe responses of lhese

monkeys to various cage and peripheral sLi¡ruli and concluded that Hi

dose irradiated monkeys are less responsive lo peripheral stimuli than

are the controls, bul are just as responsive to cage-focal-stimuli. He

postulated that thi-s reduced distractibility or naruowing of spacial

span of attention of irradiated monkeys would show up in various tasks

(where focalized altention is ca1led for) as improved performance.

Irradiation facilitated performance for Hi dose monkeys j:r dis-

crjminalion problems with reduced cues (McDoweII and Brown, L95B),

although the sex factor must be evaluated as iruadiated fernales do

better than males (}.{cDoweII, Bro'n¡n and McTee , 1962). fmadiated sub-

jects did nol differ from controls in acquisition of a peripheral cue

learnj-ng set (l'lcDowell and Brovrn, I9óOb) but Lo d.ose subjects did have

a slight advantage over controls in the. transfer of a silgle learned

discrimination along a peripheral cue gradient (licDovrell, 1960). The

radiation effect in this lask also appears to be depencìent ou the sex

of the subject (Ì,fcDowell and Bror.¡n , 1963) . In st,ill another sLudy,
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(McDovrell and Bro'"m, L96Oc) the chronic irradiated monkeys were found

to be less susceptible to proaclive inhibition than con'rrol monkeys.

This again r^as attributed to decreased dislractibility although in this

case the reasoning ì/¡as somewhat tenuous. No consistent differences in

errors r¡ere observed between imadiated and control monkeys in oddity-

re,¡ersal problems, but irradiated monkeys supposedly showed more savings,

ind.icating super.iority in problerns of this type (ì'fcDowell and Brow-n,

L95Ð. Hoiveve:', monkeys given a much higher dose of 3OOO rads to the

frontal association areas of the brain did more poorly on oddity-reversal

problems than did control subjects or subjects that were imadiated with

the same dose in the posterior assóciation arcas (McDowell, Broiv'n and

White, 1961)

A second group of monkeys was irradiated at Lo (0-299 rep), Med

355-t+39 rep)r or Hi (SUZ-6ZO rep) d.oses (Bronn and l4cDowell, L962),

In a series of d.ot discrj¡únalion problems, the highe:' the dosage, the

fei+er the emors on the smaller dot problems (l"lcDowell and. Brown , Lg62)

agairi an indicaLion of reduced dj-stractibil-ity to peripheral cues. 0n

a single stimulus block discrimination, McDor"rell, Broi,"'-r and lficker,

(L963) found that the response latency was increased in proportion to

the radiation dcse. Hoivever, when a novel non-reinforced block was

introduced, less disruption of response }ai;ency was found for higher

dose levels; i.e., they were less distractible

Another series of studies was done by McDoi.¡ell and Broiv-n on mon-

keys irradiat,ed with 583 rep as much as 5 years ear'Ìier"" Social dis-

tracfibilily r^ras. measui.ed. by lhe disruption of free-cage behaviour in



the presence of a visible but not physically accessible social stimulus

in the form of another. monkey. Socia} distractibility v¡as found to be

less for both irradiated males (McDoiveII and Broi'rn, 1965d) and for

irradiated. females (llcDor+ell and Bro-wn , L966b), compared with nornal

conLro1s. ûr the other hand, irradi-ated monkeys showed greater res-

ponsiveness to inaccessible food but rvere less attracbed to othe¡ cues

(McDorveII and Brorsn , L965c), Irradiated monkeys took more trials to

extinguish to a single object d.iscrir.rinaLion task (McDowell and Brottn,

I966a). These game subjects shoi'reC greater response peÌ'severatj-on for

non-rewarded. cues (McDolveII and Brorr.¡n , L965a), In another stud.y, using

radiation levels as high as 572 rep, McDowe1l and Bror^¿'n (17tSii*) found

that irradiafed monkeys persevered aL one response under constant

stimulus position (do not shift response direction) more than control

monkeys. This peÌ.severation was attributed to less distractibility and.

as a result, Iess exploration. Harlow GgAZ) atso found visual ex¡>Iora-

tion to be affected by iruaCiation.

I4any of the above studj-es tend to support the distractÍbility

hypothesis. Others are equivocal and sorne tend lo di-sprove it. In most

cases, this is most likely due to a lack of control of the variables

that control- the behaviour in lhese t¿sks. Davis and Lovelace (1963)

have suggested that reduced distracfibility or narrowed scope of atten-

tion due to irradiation may depend on food. preferences or reinforcemenL

types. Davis (196I) reported daLa ihat supports the nolj-on thaL irrad-

iated monkeys (ffOO rads'v'lBR in 3 yearly doses) ar" rnore distracti-ble than

contr.ols. 0n odd trials, the problern consisted of objecl-discrj-,aination

tasks, but on even trials, addiLj-onal objects wei'e inLroduced. Irradiated
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nonkeys did more poorly than'controls on the trials with the super-

fluous objecls, indicaling greater distractibilily. Also, Riopelle

(L962) found no differences beLween consecutive and serial discrirnina-

tion problems, and concluded. lhat chimpanzees were not less distracLed

when irradiated wLLh 375 rads or 450 rads I,\lB CO60 gamma irradiation.

He also found that irradiated monkeys did more poorly in 4-choice oddity

problems, visual acuity, and size discrinúnation problems.' Howeverr, in

an earlier study, Riopelle, Gradsþ, and Ades (L956) found that irradiated

monkeys (350 rads vrIBR single d.ose or 2OOO-4OOO rads I,IBR fractional doses)

equalled or surpassed both controf groups in discrimination problems,

but showed no difference in shuttle-box avoid.ance or delayed response

problems. Thj-s superiority for discrinrination problems had been attri-

buted to increased resistance to distraction or increased tameness.

Overall, Brown and Gentry (rç60), using dose levels between O and 616

repr sho-wed that the fendency to learn relations between stimuli de-

creases as a linear funclion of radiatj-on dose, supporting the hypothesis

that facilitated }earni-ng by irradiated monkeys is due Lo restriction of

attention to specific properties of rewarded. stir¿ul ir and Lhis localiza-

tion of atteniion has resulted in relative inattentiveness to relations

between stimuli.

AtthougÌr the distracüibility hypolhesis has been proposed for

irr-aCiated monkeys, it has not generally been applied to oLher animals,

perhaps because the behavioural tasks are usually different. FIowever,

one study by Di-Mascio, r\zrin, F\rIIer. and Jetter (1956) tested dela;'s¿

response pe::for"mance in dogs exposed Lo I50 rads or 300 rads WB X-

irradiation, The perfornance of the IOO rad group was dininished and
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they altributeC lhis to reduced aLlenLion.

lvlost of the above sLudies on monkeys involved lhe long-lerm effects

of radiation. One study by McDoi+eII and Brow-n (L966c) nreasures behav-

ioural effects before, during, and one hour after 0-800 rads WBR. They

found a decline in free-cage locomoLor activity, an increase in minimum

response latency to a single food-reinforced lest object, and an in-

creased tendency to bal-k at dot discrimination problems. The threshold

for noticeable effects was between L00 rads and 500 rads.

The behavioural effects appear to depend on radiation type, dosage,

exposure area, age of subject, and time inierval between irradiation

and testing. F\:nctional changes due to radiaLj-on also appear to be

largely dependent on the type of behavioural task! i.e., certain types

of behaviour are more sensitive to radiation lhan other types. This

variable has been stressed. by Burt and Ingersoll (L965), Cheng (I9óS),

DiMascio, et al. (L956), sancombe (rgzr), and stahr (t959,19ó0 & L962).

Cheng (f9óB) trained rats on a waLer-rej-nforced condilioned response

to audj-tory stimuli in a Skinner box. Two tasks, delayed condiLioneC

approach (lC¡,) and differentiaÌ conditioned approach (DiffCA) included

sirnilar stimuli, motor skilIs, and measur"es, but DCA requires rrtimingrr

whil-e DiffCA requires only an auditory frequency discrinrinatlon. Single

d.oses of 3OO rads, 45C rads and 6CO rads !'IB CO60 i".udiation showed a

dose dependenl increase of reacLion laLencies in the DCA paradigrn, but

had little effecù on the DiffCÀ lask. Sancombe (1971) v;orking v¡ith the

same ÐCA paradigm, shoived that differences in the timing requireinenL or

task difficulty was dÍfferenLially sensitive to radiation elfects, the
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longest d.elay times being most affected. Dimascio et a'] . (L956) also

found the longest delay tj-mes in delayed ::esponse tests to be most

affecLed by irradiation,

Some work has been done on the effects of ionizing radiation on

various operanL conditioning schedules of reinforcernent (for a descrip-

tion of schedules, see Ferster and Skinner, L95Ð. Bro'trn, Overall,

Logie and wicker (1960) trained rals on a fi-xed-ratio 20 (nn zo; zo

responses per reinforcement) schedule. Subjects were divided into 6

groups and exposed one hour daily to one dose of Or 25r 5Or 75t I00

or J25 rads lriB X-irradiaLion. The response rate of the subjects aver-

aged across days decreased as a functi-on of radiatj-on intensity and was

related. to cumulative rad.iation dose. Wicker and Brown (L965) demon-

60strated that Co"" radiation doses of 400 rads and 800 rads decreased

Iever pressing for water reinforcement on a continuous reinforcenent

schedule. Radiafion had been delivered in 2 weekly àouu" and response

measures taken for 4 days posL-iruadiation. Since Snith and þree (f956)

and Cheng (f968) found. that water consumption increases after radiation,

the decrease in response rate cannot be attributed to changes in drive

level. Bro'"¡n (1966) trained rals on a FR 20 fooC reinforcement schedule.

The subjects were then exposed to tOO rads/da¡r or 3OO rads every third

day for a cumulative dose of 1200 rads. There v¡as a rapid and regular

decline in response rates for Lhe 100 rad subjects, rrrhile the 300 rad

subjects declined irregularly, vrith response rale increases on the

second and third days after the first two exposures. Afte:: radiation

was di-scontinued, the I0O rad subjects recovered rapidly, while the 300

rad subjecls failed to recover"

Jarrard (L963) trained rals on a variable interval-2 min. schedule
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and. a Sid.man (nondiscriminated.) avoidance scheCule. They were then ex-

posed to O, IOO, 3OO or 5OO racÌs irlB X-irradia't,ion. Although ::esponcli-ng

for food d.ecreased, it was noted that food consunption decreased at

Iower doses and lasted longer than changes i-n the operant lever press-

ing response. Decreased responding on lhe shock avoidance scheCule was

found but was attributed to an unstable baseline that had not leveled

out prior to irradiation. However, Brown, Blodgett, Henderson, Ritter

and pizzu1o (L966) trained rats on a FR lO food reinforcenent schedule

and a discrj¡rinaled. avoid.ance-escape schedule, a¡d then exposed them

to I0OO, 2OOO, 4OOO or SOOO rads t¡fH X-irradiation. Response rate for

food and the subject,ts abilily to avoid shock decreased one hour after

irradiation, suggesting a CNS rather than a gastro-intestinal ef-iect.

Although lhe above avoid.ance schedules differeC in terms of the pre-

sence or absence of an exteroceptive v¡arning stimulus, both showed de-

creaseC responding after irradiation, and thus this effect in Jamardrs

experi-ment may have been due to iruadiation in addition to the unstable

baseline.

Tarullin (L959; cited from Stahl, 1960) lested conditioned avoid-

ance in dogs and found increases in latency after a single exposure of

15 rads lllBR, Howev'er, changes wer"e cyclical and undu-l-ating, so that

even after L355 rads, the responding of 2 subjects still resenbled that

of ordinary dogs. Belonsg Q959; ciLed frorn Slahl, 19ó0) studied

escape responding in rats using electric shock as an uncondiLioned

stÍnulus, and an auclitory co;rdilioned. stimulus. Doses from 35C-750 rads

htsR resulted in heightened acLivify of conditioned- and uncondiLioned

responses. Higher doses up to 4000 rads resulted either j-n a marked
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depression of responding, or an alteration of initial excilation and then

inhibition. Meshchersky (L955; ciled fro:n Stahl, 1960) irradialed the

visual cortex of rabbits rrith 25-2AC rads mixeC ganima and X-irradiation.

The subjects had previously been trained on a defensive conditioned re-

ponse to shock using light as a condj-tioned stimulus. The strength and

accuracy of the cond.itioned response increased and there was improved

differentiation, but response latencies were longer. Thus, many of the

results of radiation effects on conditioned avoidance-escape behaviour

are somev¡hal equivocal.
:...In opposition to decreased responding after radiation, Graharn,

Gilbert, GoId and Cal-lahan (L962) found increases in response rate

relative to the cumulative dose in old rats (I5 months) given Or 31 30

or 3OO rads/week for 4 weeks. However, the age var:iable musL be con-

sidered.

Although afl- tasks involve sone sensory function interaclion, some

behavioural tasks are specifically oriented around various sensory func-

tions. Brown and McDowe[ (L96A) trained monkeys on a visual acuity

task to differentiaLe whole from broken circles" No differences vuere

found with breaks up to 2 degrees, but with I degree breaks, subjects

exposed. to 3OB and 616 rep (mixed gamma and neutron) were inferior tö

both control and 77'I5l+ rep subjects. Another study (l4cDowelt and

Brown, I96Od) useC the same task foi'monkeys irradiated 2 years earlier

with 60C0 rads X-irradiation to either the frontal or posterior associa-

tion areas of the brain. Fronl,al subjects we¡e inferior to conirols on

all pr:oblems indicating a general lea.r'ning deficit, while lhe poslerior

subjects differed only otr problems where the circle separaLion was 7

degrees or ]ess, suggesting a visual acuity defj-cit in these animafs.
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In anoLher study (Brovn'r, Ritter, ¿¡d l'lcDowell, L962) monkeys were trained

to discriminate a ,.¡hite card from a whiie carcì with a black doi of various

sizes (l/1, - t/61+ in. dia.). OcuLar radiation of 20OO rads adversely

affected the abilily lo discriminate the card with *e L/61+ in. dia' dot

from lhe whi|e card. Little effecl was seen IOCC rads or 50c rads doses,

or for cards wilìr larger dots. F\rrchtgott (L952) trained:ats on a

brightness discrirninatj-on in a l¿shley-type junp box. After 2 or 4 days

training, subjects were irradialed with either 369 ot l+69 rads WBR.

Radiated groups showed a deficiL which he attributed to changes in the

receptor sYstem.

The olfactory bulbs are especially sensitive in det,ecting radia-

tion. g"ps¡-CarìïÌona, Kasprazak, and Gasteiger (L966) were able to lrain

rats on a conditioned suppression paradigrn (dstes and Skinner, 194I)

using electric shock as lhe aversive stirnulus and x-rays at 0,2 rads/

sec. as the pre-aversive stimulus. Thus X-rays at this dose rate were

able to act as a stimulus. tsulbectomj-zed rats failed to show suppression,

indicating that the olfactory bulbs appear to be the primary receptor'

The radiation stimulus appears to acLivate the receptor direclly, and

not necessarily through the produclion of various gases such as ozone'

Morris (L966) also trained rats on the conditioned supp:'ession paradigm

and determined that X-rays al dose rates as low as .OO4 rad's/sec. can

be an effective pre-aversive stimuhrs for the rat. In addition, Cooper

(fçZO) demonstrated that a dose rate of 3 rads/sec. is an adequate

stimulus to j.nc¡ease respiraiory rales in lightLy anesthetized or un-

anesthelized rats r.vithin 5 sec , of exposuï'e. Lesions of the olfacLory

bul-bs revealed. thal respiratory changes were due largely if not enlirely
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to olfacior;r sti-mulation by X-rays.

Perhaps the most consistent radiation ef,fect'on behaviour has been

the decr-ease in general acti-vity. Th-is effect has been found for rals

(Arnold, L9623 Brovrn and l¡Ihile , L96O; Fj-elds , Ig57; Jari:ard, L963; anC

l,IeDoweIL and Brovrn, 1960a), for rats, guinea pigs and h¡msLers (Castanera

Jonees, and Ki¡rmeldorf , L959), and for monkeys (ttarlorv and lufoon, 1956;

and McDov¡ell and Bror,,rn, 1966b). This decrease in general activity musl

be taken into account ,r¡hen assessing behavioural changes due to radi-a-

tion.

Radiation has also been employed in a large number of experi-ments

as an aversive unconditionèd slimulus. In this work, it is believed that

the radiation affects behaviour because of its ability to activale var-

ious sensory receptors. Saccharin taste avoidance and inslrumental

place avoid.ance have been produced by association vlith gamma or X-ray

doses as low as 30 rads IJ.BR (lçi¡rnet¿orf and Hunl, t965; and Van Cleave,

1963).

Many of the above studies are sornewhat equivocal. A great deal of

attention has been paid to dosa3e parameters, the age of the subject,

and other var.iables re1al,eC to radiabion procedures. However, with the

exception of a few studies, tittle attention has been paid to the var-

iables controll-ing Lhe behaviour on which the radiation effects a'e

assessecl . i'4any variables such as reinforcemenl lypes anC schedules,

antece.lenL controlling stÍmuli, and response topography are all vari-

ables which riuy drasli-cally af-fect ihe behaviour the¡r are maintaining,

I-ack of conlrol of these vai.iables is most likely ì,he cause of most of
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the inconsistencies in the above s'"udies. In order lo fully assess rad-

iation effects on behaviour, it v¡j-Il be necessary lo conlrol- these var-

iables.

The above text is not intended to be a full revie'n¡ of radiation

effects on behaviour. Hovrever', it does give a general surilrlary and in-

cludes many of the most important sources of information and data con-

cerning the behavioural effects due to imadiation, that must be borne

in nrind J-n interpreting obtained changes in condilioned vestibular res-

ponding.
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CHAPTER III

INTRODUCTIOII: P,:\DIÀTIOIL Àì'fD I/-LSTIBUL:\I FROCEjSES

Er¡¡ald (1905) placed glass beads conta.ining 3 rrig. raclium bromide

through a. small opening in lhe vicinity of the labyrinth of pigeons.

Controls had glass beads withouL radiu,n. In irradiated animals, he

noted turning of lhe head and other r,nanifestations of labyrinthectomy.

According to Van Cleave (L98), Halberstaedter (fçZC) observed vesti-

bular dislurbances in mice after irracliation on one side of the cranium,

and Thiel-emann (tgZt) fou-nd signs of disturbed. equilibrium after head

exposure of 4.0-7.5 kilorads of X-rays. Thielemann also fcund tissue

damage in the crisLae, but not the maculae. Chilov (L927) noled severe

vestibular d,isturbances in the cat afler 13.5-25.0 mc. of radon had been

placed in the tympanic cavity. He concluded that radon disturbed the

function of the semi-circular canals, the uLricle and the cochlea, but

did not influence Lhe saccule. iulicroscopic stu.dies eslablished hemorr-

hages in the núddl-e and j¡rner ear as weII as inflammation and degener-

ative changes in the receptor formation and Scarpars ganglion.

FurchtgotL (f98) cites l'Íoskovskaya (L959) as having siudied 35

human aclult patients unclergoi-ng X-ray therapy. Tn 2Oi' of the palienLs

with cumul-ative d.oses less than 25OO rads, symptoms of unsteadiness of

gait, rveak spontaneous dive:r.3ence of both hands, and a prolongation of

postrotationa,] nysta.gmus from an averaqe of 25-60 sec. to 50-1ó0 sec.

were found.

Quasller (lgSl) founcl lhat head exposure Lo 7.5 kilora.ds X-rays

resulLed in al-lerations in the position of the head, and moLor
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organizaLion that incl-uded circling and somersaults. In a l-ater study

(l,"uy and Quastler, L962) hamslers vlelîe exposed B00O rads or more of

X-iruadiation to either the whole head or the whole body. T¡¡o '¡ell-

defined acuLe conponents appeared; a general motor unresL and disturbances

in space orientation. They suggested that the motor unrest rvas associa-

ted with irradiation of a large pari of the brain, vrhereas the j-nner ear

was implicated as the struclure most l-ikely responsible for acute altera-

tions in spaee orientation. Histological studies corroboraLed this.

Evidence from anatonical and histopathology stuclies indicated that dam-

age was due primarily to epithelial destruclion of the inner ear, but

the possibility of preceding vascular darage ancl edema v¡ere not excluded.

It v¡as also noted that once the behavioural effects were manifested, they

were irreversible for higher d.oses, but a rapid recovery occurred for

near threshold doses. 'lhe thresholcl d.ose for motor s¡'niptoms was deter-

m-ined. lo be a single close of 6 kilorads and more lhan double lhat for

fractional doses 
"

Gamble, PeLerson and Chandter (r9ós) stuclied' the effects of 5OO

to 6000 rads X-irradiation focusecl on the inner ear, Recording cochlear

rnicrophonic potentials, they found only srnall decremenls during the

firsL 2 post-irradiation weeks for the 4OOO rad and. 5OOO ""d dou"",

j-nflammation having developed in the 6000 rad subjects, The stria

vascularis and hair cel-Is of the organ of corLi appeared to be mosl

susceptible to mor:phologic change and are thought lo account for the

moderate but definite depression of function. The vestibular systern

was considered even more :r:esistant than lhe cochlea.
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Keleman (L963-6/u) ¿elivered 300 t,o 5OOO rad.s irrtsR to rats. He

for:nd that in the semí-circular canals, the crista, inclusive of lhe

cupula, proved. relatively resisLant, only beginníng to disintegrate be-

tween 1OOO rads and 2OOO rads. Hemorrhage was considered. the primary

source of damage, bul compressÍon of the endolymphatic space due to

perilymphatic edema was a standard finding beyond 400-500 rads.

Although it appears that morphological and. histological eflfects of

radiation on the labyrinth recluire relatively high doses, alterations

in functional processes involving vestibular stimulation may occur at

much loner doses. This implies that either radiation of the vestibular

system can produce behavioural changes wilhout gross morphological- or

histological changes, or that radiation is primarily affecLing some

other part of the CNS involved in the vestj-bular behavioural function;

€.9. the midbrain, cerebelfum or cortex

Only a few e4periments have been done involving vestibular stim-

ulation j-n conditioning situations, and only a portion of these have

employed radiation as a variable. Lebedinskiy and Nakhil'nitskaya

(1963) note that Petetj:ra (L957) used rotary stimulalion as a concli-

tioned stimulus in a conditioned secretory reflex. After 4OO rads lrJBR,

the strength of the positive condilioned reffex v¡as reduced on days 2-J,

7-9, L9-22 and 27-28 after radi-ation. 0n intervêning days, the condi-

tioned responses r¡rere somewhat increased but often did not reach the

pre-irradiation leveI.

Barnes (L966, L967) tested Lhe effects of pulsed ionizing radia-

tion on rnonkeysr vestibulobehavioural performance on the pr:imate equili-

briurn platform (pjtp). Thefve rhesus monkeys were trained to maintain a
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platform-horizonLal position by means of a joy-stick in order to avoid

an electric shock. Deviations greater lhan 1.1¡ degrees from horizonLal

resul-ted in the delivery of a l-O ma. shock. The speed of rotatj-on could

be varied and was used at two different level-s in this sludy. Subjects

were trained to maintain'lhe horizontal position, wifh the pl-alform speed

changed. before each 3 min. triat. Time per trial spenl in lhe horizon-

ta1 and the number of epors (deviations beyond. 1-/¡o) were the primary

measures. After a baseline performance was obtained, subjects were sub-

jected lo an average mid-head tissue dose of 2l+20 rads rnixed gamma and

neutron radiation in a n-icrosecond pulse. A rather general performance

decrement occurred 2-4 mi-n. afLer the burst and slor,vly disappeared during

the first 20 m-in. There were individual differences as some subjects

were totally incapacitated while others were much less affecied. He

concluded that the equilibrium-maj-ntaining function, whatever iL may

i-nc1ude, is radiosensitive and vrorthy of further study. The nexb study

(fç¿g) used. a modified PEP in which the monkeys had to track inccming

sj-gnals that tilted the pÌatform in various patterns, rather than merely

maintain the horizontal posilion by responding to overcorrections. The

subjects received either 1000 rad or 25OO rad doses in a procedure

similar to the one above, md vrere tested for either l or 3 hours post-

irradiation. Onty 2 of 13 l-000 rad subjects showed a significant early

response decrement, whereas the higher dose produced results sinúIar to

the first study. Thus dose-Ievel responses were apparent, 1.000 rads

being near threshotd. Visual stimuli were not controlled for, but

pilot studies indicated that the "integrity of the visual modality is

praclical-Iy, if not enlirely, unnecessary for the maintenance of per-

formance capabitity on the FEP.rt (p.7). Hov¡ever, this is yet to be
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ful-ly tested. It is not clear whether changes in response to the

unconditioned properties of the stimulati-on played a role in lhese

effects. Also, olher dosage and exposure parameters as well as longer

post-irradiation inter.¡als renain to be i-nvestigated.

Riccio. and Thach (1968) demonstrated that rotation produced res-

ponse suppression in an ongoing operant response mainLained by fixed-

interval, variable-interval, fixed-ratio, or variable-ratio schedules

of reinforcement" The magnitude of behavioural suppression was found

to be a function of the rotary stimulus intensity. Centrifugal forces

were rn-inimized by placing lhe chamber over Lhe centre of rotalion. Food

satiation and impaired motor capacity were also ruled out as causes of

response suppression. The fact that lhe rotatory stimulus suppressed

responding suggests that it may be aversive. In an earh-er study

(Riccio, Igarashi- and Eskin, L966), it was found that reduced motor

activity due to rotation was greatly atLenuated in subjecls with damaged

labyrinths. Thus the immediate effective stimulus was considered to b e

trcomplex accelerational for"ces acting on the seni-circular cana.lsrt (Riccio

and Thach, L968, p.l+79).

The aversi-ve properties of vestibular stimulation have been taken

advantage of in a technique for vestibulobehavioural research v¡ilh rats

in an operant setting (Halasz and Halesz, L97O; Halasz and Lindsay,

L97f). In this lechnique, conditioned vestibular escape (CVe) may be

established v¡hen exbernally initiated till oscil-lations of a chamber

are terrn-inaled by a ratf s bar press. Thus tilt-oscillalions here func-

tion as an aversive stimulus maintaining the operant rather lhan a

condiLioned stimul-us or a discrj¡rinative stirnulus as in the previously
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mentioned vestibular response sludies by Petelina and Barnes. CVE

sLrength is measured as response latency follovring onseL of tilting.

Some proprioceptive stimuli are afso most probably involved. The C-VE

paradign is being used in this study to assess the effects of CoóO

ionizing r adiaLion on conditioned. vestibular responding for a 2 week

period Íollowing j-rradiation.

The CVE paradignr differs from many of the escape-avoidance tasks

described in the general introduction. The subject cannot avoid the

aversive vestibul-ar sti-rnulus, only escape fi'om it. More important, the

aversive stimulus is not a |tpainfultt electric shock, but only a vesti-b-

ular stimulus " Since the negative reinforcer naintaining the response

is different, radiation effects may also be different. R¿ciiation-induced

changes in the 'rpain responsen are thus not confounded with the vestib-

ular aspects of the task.

Postrotational nystagmus is employed as an unconditioned vestib-

ular response (UCVR). This UCVR v¡as used as a compa¡'ison to the CVE res-

ponse. Petelina (L957) observed that the duration of postrotational

nystagmus in cats was reduced on the second day after 400 rads WBR.

This decrease continued to the Bth or 9th day. A period of more pro-

longed nystagmus followed. Then, 18-19 days after radiation, the dura-

tion once agai-n became shorLer, this last effecL being resistanl with

no return to normal afLer l0 days post-irradiation. Ifoskovskaya, as

previously noted, found prolongation in the duralion of postrotational

nystagmus in humans receiving less than 2500 rads cumulative dose while

undergoing X-ray lherapy. However, the dosage vras fractional and the

time beti.¡een rad.iation and testing varied. Farber and Tabalcova (L959)
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analyzer as measured by postrotalional nystagmus after a single 50 rad

dose, j-s to a large extent a function of iniLial sensilivily of the

vestibular anaLyzer. Thus indirridual di-fferences in radiation effecLs

on nystagmus are present.

The present study l-ooks at the effects of IO rad, 450 rad and 9OO

rad doses of Co60 irradiation on the CVE response in the til-t-box

apparatus and an UCVR in the form of postrotationa'l nystagmus. If the

UCVR is found to be as sensitive as the CVE response to radiation,

then it wil-l henceforth be unnecessary to go lhrough the problems of

the operant training of the subjects in order to fully study radia.Lion

effects on the vestj-bular system. 0n the other hand, if greater or

different radiati-on effects are obtained. for the CVE than for the UCVR,

the specific radiosensitivity of Ithigherrr vestibular circuits may be

indicated,
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CHAPTER IV

!sÞi.u.g!s,'

The subjects (gs) con"isted of l+5 male albino Holtzman rats, 55

to 65 days old at the beginning of training and 85 to 1O0 days o1d

when irradiated. Between sessions, the Ss were housed in individual

commercial steel cages in the departmentrs rat colony. Food and water

were freely available in the home cages.

Apparytus:

The test chamber for the conditioned response to vestibular stjm-

ulation consisLed of a till-Ieve¡' apparatus or tilt-box (l{a}asz and.

Halasz, 1970). This test chamuer (23.5em(I) x 17.5 cm.(*) x 20.0 cm.

(ir) ) was constructed from an ordinary individual rat cage lhat was

mounled on a shaft and bearings. The cage was able to rotate about a

horizontal axis which exbended through the panel on which the lever'

manipulandum was mounted (¡'ig. f). The l-éver manipulandum was I2.7 cm.

wide and extended 2.3 em. from the front panel. It was located 6.5 cm.

above the chamber grid floor, A force of 23 gm. was required to activate

the lever microswitch. The top of the chamber vras covered by a hinged

Plexiglass l-id. The tilt-box shaft and bearings were aLtached to a ply-

wood box which housed the tilt chamber. An ai-r piston and cog wheels

thal caused the shaft to rotaLe v¡ei'e attached to Lhe outside of Lhis

plyrrood housing. Â speaker that produced white noise to mask any audi-

tory cues associated r.¡ilh the titting was also attached lc lhe ptpuood

housj-ng.

Titfing of the titt-box was controlled by logic modules and air

controls in an adjoining room. F\rll control was avail-able over the
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following parameters:

a) angular excursion from horizont'aL (io one

arc of t+5o

rate of t,ilt and reset, independently adjusted by air controfs

tj-It-reset cycle frequency

proporlion of cycle aL mari-¡num and minimum angular excursion

(dwell times)

Discrete trials of tilting hlere initiated exbernally by a tape

programme:' i-n conju¡ction with the logic modules, and were terminaled

by the subject (!) n."""ing the lever in the tilt-box. The tape that

initiated lhe trials was punched with 24 holes that were spaced randomly

(fror.i random number tables) with a mean intertrial inter.¡al of 1.4 nún.

The total number of lever pressing responses and the total time duraLion

that the lever was pressed d.onn by the S during the session were re-

cordecl respectively by a counter and running time meter. Oscil-lations

of the tilt-box wei.e also recorded graphically by means of a Heathkit

proportional servo recorder receiving as input a signal from a poten-

tiomeLer driven by the rotation shaft of the tilt-box.

Postrotational nystagmus was used as the UCVR, The rest¡'aining

apparatus consisled of a commercial Pl-exiglass rat restrainer that had

been slightly modified so that the Sts head projecbed.through an aper-

ture in the anterior end. The rotating apparaLus ifsetf consisted of a

rotary pursuilmeter r'¡ith a black rolating platform thal could be rotated

at speeds of 3Orpm or 6Crprn. The rat restraining apparalus was attached

to the top of lhe platfoÌ'm so that the centre of the rat.rs body was

approximalely over the centre of rotalion. The rotation rvas applied to

side only), maximum

b)

c)

d)
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the S in darkness to ensure that the nystagmus

A stopvatch v¡as used fo record lhe duration of

tagmus.

ProceCure:

was vestibular in origin.

Lhe postrotalional nys-

a) Pre-irradiation Training

By manipulation of the varj-ous tilt paramelers, three differenl

til-t conditions were used in this study:

1. .33 hz(cyctes/sec,) cycle frequenc.y (fast tilt rate; i,e. FTR)

consists of 1 sec. tilt, a f sec. reset, and I sec. dwell times

at both horizontal and. lilt positions.

2. .20 hz._ cycle frequenc-y (mglium tilt rate; i.e. MTR)-- consists

of a 2 sec. tilt, a 2 sec. reset, and å- sec. dwell times at

both horizontal and tilt posiNions.

3. )J¡, hz cycl-e frequency (slo'n¡ tilt raLe; i.e. STR)-- consists

of a 3 sec. tilt t a 3 sec. reset, and ! sec. dwell tj¡res at

both horizonLaL and titt positíons.

In previous work, it has been found lhat the .It+ hz cycle frequency

is close to the threshold value for aversive vesLibular stimulation for

most rats. The .33 hz cycle frequency, on the other hand, was a rela-

tively rapid til-t rate nearing the physical capacity of the apparatus.

The I sec. drvell- tjmes were slightly variable both rr¡ithin a given cycle

frequency and betr,veen different cycle frequencies.

The first fe¡,v traini-ng sessions varied. in d.uration and the number

of trials adninist,ered. No direct shaping procedures u/ere involved. The

animal vras sinply placed in the chamber and the tilting started. For

the first few sessions, a Formica floor was usually placed over lhe
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grÍd floor. This prevented the S from clinging to the grid, increasing

the probabitity that he '.,'ouLd move about during ihe tilting and acci-

dentally press the lever thaL causes the titting to cease, anC thus be

reinforced fo¡'responding. The temporary solid floor was then removed

and the remaind.er of the sessions were then adainistered using the grid.

floor. The training was continued until a fairly stable session-to-

session mean response latency was attained. The sessions for the last

2 weeks of pre-irradiation training consisted of 20 trials each. ûre

session was adrninistered each day. The mean response latency for the

20 trial-s, the total number of responses per session, tnå totat duration

of lever holding per session, and the ratio of the last two measures

(average duration of a lever press) were recorded fo:'each session.

These measures for the last 5 sessions i¡r,nediateÌy prior to i-rradia-

tion were used as the basellne.

For the postrotational- nystagmus measurement, each S was given one

daily sesslon in the nystagmus roLation device subsequent to j-ts lilt-

box session. Each nystagmus session consisted of 4 traiLs; 2 trials at

the 30rpm rotation speed and 2 trials at the 60rpm rotation speed. The

trials v¡ere presented. in the ord.er 2 a) lOrpm b) 6Orpm c) 6Orpn d) 3orpm.

The two trials at a given rolation speed Ìrere averaged.. A triat consis-

ted of I min. of rotation in nearly total darkness. Idhen the l- min. of

rotation vras coinpleted, the rota'r,ion v¡as stopped sharply. At the same

ti-ne, a light r¡¡as lurned on to illum-inate the Þ_, and a stop-vratch was

sfarted. The ratts pupils v¡ere observed and the duraiion of lhe nystag-

nus r.ras recorded. Trials were separateci by a I nrin. interirial- interval,

These dai-J-y nystagmus sessions rvere administered l0 days prior to
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imadiation, the first 5 days being useC to habituate the S to the

situation, md the last 5 days being used as a baseline,

The l+5 Ss were run in 5 sets over the period from September, I97O

until l4ay, L97L. Each set contained 9 Ss, one from each tilt-radiation

condition. The initial training, baseline, and post-irradiation measure-

ments for each set took approxlmaLely 2 months

b) Eadiatio¡ trpssqlllgE

frradiation was carried out at the l4anitoba Cancer Treaùment and

Research Foundation, The Ss were transported by automobile a total of

16 niles to and from the imadiation centre. The Ss were irradiateC by

whole body exposure to t Co60 gaxrna source. The dose rate varied from

5.2 Lo 5.7 R/ninc over the B monLh time period for the 15 in. source-

to-subject distance used. The animals were irradiated at one of three

different dose levels: l-O rad.s (low level; i.e. control), 45O rads, and

900 rads (approxirnately the LD-50-30 dose). Because of the time involved

in transporting and irradiating the a¡rimat", ,ro experimental sessions

were administered on the day of imadiation.

c) Post-irradiation Measures

The first post-irradiation measures were adminislered 24 hours

after exposure. A 2O-trial session in the tilt-box followed by a 4-

trial deternination of the postrotational nystagmus rvas given for 14

days (or unlit death occurred) . By the end of the first week, lhe 450

rad anirnals had fully recovered to the original baseline. Thus, these

animals were given a second 45C rad dose (900 ra¿s fraclionated total

dose) after 7 days of tilt-box tesLing! i.e.r B days afler the first dose.
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CHÂPTER V

RESULTJ:

The tilt-box data was analyzed prinarily in terms of response

latency as a function of tilt-cycle frequency (vestibul-ar stimulus

intensity) and radiation d.ose. r^Iith 3 different levels of each, 9

different experimental conditions were possible. Five subjects (S"¡

were in each condilion.

For the posLrotational nystagmus measures, aII Ss receivi:rg the

same radiation d.ose v¡ere considered together. Postrotational nystag-

mus duralion measures were obtained from each S ',,rith 30 and 60 rprn

stimulation. The raw data for all response measures for each S is

presented in Appendix A.

During Lhe 2 post-imadiation weeks, a number of rats exposed to

the higher radiation doses died:

-fast ti]-t rate (f'tn) t L5o rads -- I S died 12 days after Lhe

first LyJO rad dose; i.e., 4 days after the second 450 rad dose.

-fast tilt rate (p'fn), 9OO rads -- 3 Ss died; one 9 days post-

irradiation, and two 12 days post-irradiation'

-medium tilt rate (Ufn), 9OO rads - 3 Ss died.; one 7 days post-

irradiation, one II days post-irradialion, and one 12 days post-

irradiation.

-slo',v til-t rate (Sfn¡ , 9OC rads -- 4 Ss died; tr^ro I0 days post-

irradiation, and Lwo ll days post-imadiation.

-one control (l-0 rads) S on the I'ITR developed respiraiory disease

and so only 12 days of d.ata post-irradiation were obtained from iL.
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l{eights of the Ss were also recorded and it was noted that there

was a decrease in weight for mosl Ss that vras proportional to curaulalive

radiation dose.

The behaviour of each subject was assessed interms of its pre-

j-rradiation baseline. The mean of each response measure over the 5 ses-

sions preceding radiation was considered as the baseline. Response mea-

sures for each S were then calculated as a difference ( Â) from the pre-

irradiation baseline or as a % of the pre-irradiation baseline. Group

measures (means) were d.erived from the individual A or % response mea-

sures. Since the 450 rad Ss were given a second 450 rad dose on day B

after the first dose, they were not given any tilt-box or nystagmus ses-

sions on this day, and so day I v¡as not plotted on any graphs for these

Q.o

Figures 2, 3 and.4 illustrale raw servo record.s for typical in-

dividual Ss on the fast, rnedium anC slow tilt rates respectivetry. Each

Srs records should be assessed in relation to its pre-irradi-ati-on base-

l-i-ne record. Each pen oscitlation mark on the record corresponds to one

tilt-cycle, and each group of oscillations corresponds to one trial,

It should be noted that with the FIR (.n n"¡ (nig. Z), radiation had

Iitt1e effect on the Srs perfonnance, The l0 rad control, the 450 rad

and the 900 rad S-s aIJ- exhibited very little change afLer radiation. 0n

the other hand, dose dependenl radiation effeets were readily apparent

on the STR ( .1A hz) (Fig. 4). Assessing each Q in relation to its base-.

line, it shoul-d be noted. that tittle change occurred for the STR IO rad

Ss. However, the STR 9OO rad I had a decrement (longer response laten-

cies) in performance on day 4, vrith a slight but not full recovery on

day 6-7, fol-lowed by a much greater decrement on days 9-II. The STR S had
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seconds.
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a slight decremeni on day 4 fol}or.¡ed by a return to baseline on day 6-7.

Afler a second. t+5O rad" dose on day 8, longer response l¿lencies were aqain

produced. The l{TR (.ZO nz) Ss (nie. 3) exlibited effects thaL were in-

termediate betv¡een the FTiì and STR radiation effects.

Since the absoluLe value of the individual Ssr baselines r¡rere

different (Uut tne absolute change fron this baseline after radiation

did not depend on the pre-irradiaLion level), the session mean response

latency measure for each S was expressed as a difference from its o'nrn

pre-irradiation baseline (a) in order to allov¡ a more valid compari-son

of Lhe radiation effects. An analysis of variance for these A mean

response laLency measures is presented in Table I. The analysis of

variance v¡as calculaLed for only the first 7 days post-irradiation. After

this, some of the high radiation exposure Ss had died and lhe groups be-

came d.epleted. There i-s a significant Radiation dose effect (p <. .Of)

and.asignificantRad'iationXTiIt-cyc}efrequencyinteraction,(p<

indicating that the rad,iation effect is dependent on the intensity of the

vestibular unconditioned stimul-us (tift rate): i.e.

Tilt-cycIe l'reclBencl

R¿diation

sTR( .lJ+ hz)

lO rads O.O37

450 rads -O.t+L3

MTR(.20 hz)

0.103

2.760

prn(.33 hz)

-0 "01I

-0.003
Dose

900 rads L9.763 8.440 2,9Ll.

lulean response latencies are e>çressed in sec.

There is also a significant Day effect (p

significant Radialion dose X Day interacLion (p
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ÎABLE 1

Analysis of Variance: .A I'fean Response l¿tency Tilt-box Data

for the First J Days Post-irradiation

Source

Tilt-cyc1e frequency (t)
Radiation dose(R)

TxR

Error I

Day(D)
TxD
RxD
TxRxD

Error 2

Total

#'p4.05
'^+- p ( .01

Raw A mean latency data was
assumption for homogeneitY

transformed to log(x - 15.0) to meet the
of varÍance.

2
2
l+

36

6
T2
T2
24

2]-.6

3]..l+

o"r2
1.82
o.96

2.16

o.39
o.27
o,58
0.44

5.38

]-.2.I3

0.98
LJ"I5'xx
3.9ffi*

2 
"61+'*0"91

1.9ór-
o.74

AII analysis of variance
means of the rrl'iixed factorial

conrputations in this thesj-s were done by
designs computer programr! by F. Chebib.

0,06
0. gI
o,2b

0.06

0.07
o.o2
0.05
o"o2

0.02
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-Þr
4

10 rads O,793 -O.O27 O .l+60 -0.1I3

450 rads -O .527 -o.293 2.067 2.753

567
-0. 820 -0. r40 o "r)+7

o"7r3 0.86Ð -o.L93
Dose

900 rads 2.560 3.Lo7 5.L33 L3.693 20.zt+o LL.6t+7 L6.22o

l{ean response laLencies are expressed in sec.

Dispensing ¡,¡i-lh the sLatisùical analysis and dealing with the data

per se; changes in the A mean response latency over days for lhe FTR,

MIR, and STR groups are plotted in figures 5, 6 and 7 respectively. For

the FTR (fig" 5), there is virtually no difference betv¡een the lO rad

control and the 450 rad. groups, while a small post-irracliation i-ncrease

in response latency appears for the 900 rad group. For the STR (¡'ig. 7),

a d.ose dependent radiation effect, is much more apparent. The two 450 rad

doses (9OO rads fractional) did not exhibit as great an effect as the

single 900 rad dose. The depertdency of the radiation effects on the t,ilt-

cyele frequency is illustrated in Fig. 8. Here, the 900 rad groups for

the fast, nredium and slow tilt rates are presented. It is obvious that

the radiation effect on the mean response latency depended on the til-t-

cycle frequency of the tiJ-t-box, the greatest effect appearing for lhe

lowest u¡conditioned stimulus vaLue (Sfn¡.

Postrotational nystagmus measures were also calculated as a dif-

ference from pre-irradiation basel-ine. Analysis of variance for the first

J days post-irradiation revealed no signific¿.nt differences for either

the 30 rpm or the 6Orpm nystaginus. Day to day changes in the nysLagmus

dura.tions are presented in figures 9 and l-0. Consistenl dose dependent
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radiation trends '¡¡ere noL apparent, vrilh the exception of .the duraLion

of the 6Orpm postrotational nystagnrus for the 900 rad group v¡hich

appeared to increase after day lO, Hor¡ever, this increase was primarily

due to increases i-n only lç or 5 of the t5 Ss.

ïn order to compare the radialion effects on lhe condilioned and

tmconditj-oned vestibular responses, the A mean response l¿tencies from

the tilt-box and the A mean duration of the postrotalional nystagmus

were correlated. Each Pearson correl-ation co-efficient was calculated

from these two measurement pairs for the 5 Ss within one tilt-radiation

condition for each day; i.e., 5 pairs. There were no consistent corre-

lational trends between the radiation effect on the vestibular reflex

and the cond.j-tioned vestibular response. Hov¡ever, this data (if one

wishes to see it) is presented. in fugures 11, 12 and 13 for the lOrpm

postrotational nystagmus ancl figures 14, 15 and l-6 for the 6Orprn post-

rotational nystagrnus .

The analysis of variance for the first 7 days for the total number

of }ever pressing responses per session is presented in Table 2. Since

the baseline for this response measure varied from S to S, and in addi-

tion, the radj-ation effect depended on the origina.I baseline level, this

measrire was calculated as a % of the pre-irradiation basel'ìne for each

daily session. A signifj-cant Radiation dose effect (p <. .OI) and a

significant post-irradiation Day effect (p

Radiafion d.ose X Day interaction (p ( .Ol) were found., i.e.:
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TABIE 2

Änalysls of Variance: Total ÌJumber of Lever Presses per Session Data

(expressed as Í of pre-irrad. baselíne) for the Flrst / Days Post-iradiation

Source DF SS t4s F

TiJ-t-cycIe frçouency(f )
fùadlation dose (R)

TxR

Error

Day(o)
TxD
RxD
lxRxD

Eruor

TotaI

2
2
l+

36

6
12
T2
2l+

2L6

3Il*

756,3L
22220.t+5

3839,O8

544]6"62

8527 "l*I
372r"70

13272.71+
9977.32

92134.3t

2088ó0.0ó

378"r5
lll-10.22

959.77

I5Lr,57

l'l+2l..21+
310.14

1106.06
t+15,72

tQ6.55

o.25
n'¿ç-x-Y<
l.JJ

0. ó4

3,33-*k
o.73
2"59x-x-
0"gB

*+ p,4. .01
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Decreases in total l-ever pressing responses after radiation were not

dependent on the til-t-cycre frequency. Day to day changes in the total

number of responses per session (expressed. as a % of pre-imadiation

baserine) are presented in figure s 17, ]B and t9 for the fast, medium

and slow til-t rates respectivery. Decreases in lever pressj-ng began 2-)

days post-irradiation for the 900 rad groups and continued throughout the

Ì4 day test period. Although d.ecreases v¡ere. observed on some days for

the 450 rad Ss, these changes rr¡ere not consistent.

The total duration of lever hoì-ding per session was also calcul-ated

as a % of the pre-irradiation baseline. An analysis of variance for this

data is presented in Table J. A significant Radiation dose effect was

found (p

icant. Day to day changes in this reponse measure are presented in

fÍ-gures 20, 2L and 22 for the fast, medium, and slow tirt rates res-

pectively. For the 900 rad groups, increases j_n lever holding began l-2
days post-j-rradiatj-on and continued at a high l-evel for. the remainder

of the 14 day test period, although this initial increase began to sub-

side for the 900 rad fast and rnedium tilt rates. For the 450 rad groups,

there vras an increase in lever holding on day 2 after the first 450 rad

dose followed by a return to baserine. Afler the second 450 rad dose,

there was a much larger sustained increase in the du.ation of lever

ryrt c/( l/a72/"
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holding per session.

The average duration of a singJ-e lever press for each session

(total duration ol lever holding/total number of lever presses) was

calculated. as a % of pre-irradia.tion baseline. An analysis of vari-

ance for this daLa for lhe firsl 7 days post-irradiation i-s presented

in Tab1e 4. Again a significanl Radiation dose effect was found (p < .OI).

Increases in the average duration of a lever press were not for.rnd to de-

pend on the tilt-cycle frequency or t,he days after radiation. Day to

day changes in this measure are presented in Figures 23, 24 and 25 for

the fast, medium and srow tilt rates respectively. Results were sub-

stant,ially the same as those for the total duration of lever holding.

However, this asserts the facl that Lhe total durat,ion of lever holding

increase cannot be attribulecl to increased respondi-ng,



'5r-

TABLE 3
I

Anal-ysis of Variance: Total- Duration of Lever liolding Data(expressed i

;
Il
I
I

I
I
I

I
I

I

l
I

I

l

åri- p 4,.0J.

TABLE 4

Analysis of Variance¡ Average Duration of a Lever Press Data(e4pressed

as I of pre-irrad." baseli¡e) for the First ? Days PosL-irradiation

as Ë of pre-irraci. baseli¡e) for the l'irst J Days Post-irradiation

Source DF cc ?,"q F

Tilt-cycle freouency(f )
Radiation dose (fr,)

TxR

Emor I

Day(D)
TxD
RxD
TxRxD

Error

Tot,al-

2
2
L

36

6
12
12
211

2L6

3].l+

31753,r2
?71939.A6
96\59,68

L7284¿8"OO

873e6.56
57237 ,50
766L5.3r

l6t+9r9,5o

2056l-33,OO

5070844.00

L5e76,56
385969.50

2l+].]-.l+"92

4Ë012,44

Il+56lt,IA
l+769.78
638,t+.60
6g'lr,6t1

9519.r3

0.33
8.o4'^+
0.50

r"53
o.50
o.6?
o.72

Source DF ee t/êl'!) F

Tilt-cycte frequency(T)
Radiation dose (it)

TxR

Brror I

Day(D)
TxD
RxD
TxRxD

Error

ToLal-

2
2
l+

36

6
L2
T2
2l+

2l6

314

68520,56
r362C?t+,OO
213735Je

2782722"00

81490. 88
67253.8I

r5L3O7,56
22h2h9 "50

276528,t+,CO

77165t+9.oo

3t+2.6O.28
ó81_01-2.00

53h33.8t+

77297.8r

135Ê1.81
560/+ " 

90
l.2608,96

931+3"73

I2tO2,2h

0.44
8.81{-x-
o "69

1.06
O . l+l+

0"gg
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CHÀ-TTER VI

D ISCISSICT¡J Al,9 CQI'CLUSIO¡I:
(cvs)

The conditioned vestj-bular escape behaviour i¡ the til-t-box vras

nuch more radj-osensitive than the nyslagmrs unconCitioned vestibul-ar

/r'¡rr:,\response \u\,vñ/. The increases ín response l-aLency found in this study

are consistant with those found in avoidance-escape parad'igns usi-ng

electric shock as the negative reinforcer or unconditioned stinulus(US)

(Yarull-in, L95,o; Belonski, L959; and lrieshchersky, J.!!8), despite the

facL that the US in the CVÐ probìen is not "painfulrro The charrges Í¡r

response latency occurred during the period of acute raCiation sick-

ness and al-so laLer during the henatopoetie d.isturbances (second post-

Írradiation vieek). Hov¡ever, these changes in response latency, depend-

ing as they do on the tilt-cycle frequenc¡¡, cannot be attribuüed wholly

to changes general ecti.¡ityr physical sürength, or other non-specific

debiì.ity preseut during this period

Dependence of the radi.ation increase of CVE latency on the t,ÍIt-

cycJ-e frequency can be interpreted j:: terins of effective negative re-

i¡forcenent. Or the fast til-t rate, the vestibular negative reinforce-

ment rnay have been so i¡tense as to be able to mai¡tai-n responding at

a near baseline l-eveI despite radiation effecLs" The behaviour on the

stov¡ tilt rate, j:r which the aversive sti¡ru1us may be near the threshol-d

for maintenance of CI,E, is rruch noÌ'esusceptible to radiation disturbar'ce"

Thus the degree to rvhich radiation affects this condilioned vestibular

response r.ray be largely depend.ent on the aversive leve] of the vestibu-

lar sLinulus.
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Gastro-i¡Lestinal eflects affer racliation oflen resulL i¡r Io'',,ered

food consunption anci ueight l-oss" Iiov¡ever, since the CVi behaviour r.¡as

noL naj¡tained by food rei¡forcenent, such changes should have had nin-

imal effecLs on Lhis behavicur. Behavioural che.nges also oceurred Ín
wh¿rc

cases,lthere h'as liti,Ie or no r*'ei6ht loss. ft night be argued that a de-

crease in fooci consumpti-on night have caused. the S to become so l¡eak

that he r,;as noL able to perforn the required lever pressing response

adequately, fL should be noled, ho,,uever, thaL the !s on the fast tilt

rate had the strength to ccntinue to respond at a near baseline level-

even though they received the same radíation dose as Ss on the slou'

tilt rate that exhibited large increases in response latency.

A si¡nilar argument can be used to d.iscount a general motor deficit

from ladiation as Lhe cause of i¡rcreased response laÍ'ency. The fast tilt

rat,e tilts the Ss more rapidly than the slor.i tj-lt rate and iL rvould ap-

pear that that more motor coordi¡ation would be required fo respond in

the fast tilt rate condit,ion, Yet, Iittle decrenent occurred for these

anjmals. Thus it seens very unlikely that the i¡creased response latency

on the slo'¡ til-t rate l.¡as due to a motor deficit. This sane argument

can be used to discount a decrease in general activity as the cause of

increased response latency. If the decrease il general.aetivity that

often results after radiation is produclng longer response latencies,

then it shou.ld proCuce longer resoonse latencies equaIl¡' on all- til-t

rates, not just the slorv tilt rate"

The nystagnus response l.,'as affected ver¡' little by the radiation

doses enoloyeci. This is not consistant v;ibh either Pelelina (f952) wno

found clecreases after racijaLion or l,-oskovska¡*a (lgSg) r;ho fou¡d increases"
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Hoi.;ever, Petelina usecl cats and had found cycl-ic increases and decreases.

lioskovskaya useC hunran subjecLs undergoirrg radiation therapy and so

doses l'.,ere fracLional-r.and tines betL'een radiation and te**ting also

varied. The rLethod. of obtainin¡1 posLroLaliorLal nysLagmus in this siudy

v¡as someïihat cl.ude due to the equipnenL available, .4. light that hact Lo

be turneC on Lo record nystag;rus duration (instead of toLal darkness

al1 ühe tine), ancl a restrainer in l';hich the rat could turn its head

somel¡hat r+ou1C resull i¡ shorter and nore variable postrotationaJ- n;'s-

tagrnus duraLions than if Carkness and a v;e1l fjxed head position were

used throughout (Guedry, f965), lïowever, to cornpensate to some er:bent,

a pre-igad.iation n)/stagnus baselj¡e was established using the above

method, and post-irradiation Txeasures !¡ere assessed in relation Lo this.

Deviations from this baseline rvere smalI. Since Lhe nystaFlllus response.

is compl-ete at Lhe miCbrain and cerebellar leveIs, it would seem that

.a lack of change in this response would i¡dicate that Iittle funcüional

radiation ln¡nirmenf of neural processes had occured at these levels"

Thus, the changes in CVI behaviour are probably due to raciiation ef-

fects on t'higherrf vestibular circuits. Besides the rr'el-1-knor'.n cerebellar

circuits, a cortical projection area for vestibular sensation has re-

cently been found in the ;;ronkey (Schltarz and Fredrickson, 19?1). If such

an area is also avail-abl-e in the rat, radiation nay be affecting a

cortical link of the conditioned response. Sj¡ce the CVE response is

neintained b¡,' prima.ril¡, vestibular stinuli, then cÌepressed funciion of

the cortical project,ion cells that receive this sLj-mulus i:rput rlay re-

sult i¡ changes in the behavicur rnaintained by it. Anaì-ag.ous1y, defi-

cits j¡ visual acuity perfor;ience after radiaLion of the posL'erior
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essocialion areas of the brain (l'cDor.iell and Eror'n, 19éOd), and de-

ficits j-n avoiCerrce condiLioned responses using a visual- conditioned

stinulus and an elecLric shock- unconciitionecl stirmrlus after iraCiation

of the visual corLex (ì.íeshchersky, 1958) have been found.

Decreases j¡ the nunber of responses per session t.ras a general

effect independent of the tilt-cj¡c1e freouenci¡ and dependent only on

the raciiation dose level. Decreases irr respondi:r¡1 have been found for

shock escaþe using an auditory CS (Eelonsky, 1959), for Sidnan avoiC-

ance (Jarrarcl, f9É í ), for discrirj-nated avoidance-escape (Eror.'n, Blod-

getl¡ }ienderson, Rilter, PizzuLo, f966), and various positively rein-

forced (fooa or vrater) responses (Bro'n'n, ]956; Bro'r,rì., OveralÌ, Iogie,

and Wicker, 19ó0; Jarrard,'1963; and Vlicker and Eror,'¡r, 1965).

The increase j¡ l-ever holdi:rg aplears sooner than the other effects

i.e. Lhe first day after radiation. This perseveration i¡ 1ever hol-ding

óontinued despite the fact that'hoì-ding the lever dor^n did not prevent

the occurence of the next trÍaI. F,esponse perseveration after radiatlon

has been found in other tasks not involving vestibular stimulation

(ÞicDovrel-I and Eroun , I965b; I965c; anC 1965d) .

the 2-phase effecl j¡ the response lat,ency changes for the 9CO Rad

!", i.e.,an i:ritial j¡crease irr response lalency (days 2-!) follorved

by a partial return to baselj¡e and then a second increase in response

latency (afler da¡'9) are prob.bly best expl-aineC by the acconpanyilg

post,iirradiation sta¿:es. The first effect occurrs p:.inariJ-¡, duri:rg the

sLage of acuLe racìiaLion si-ckness while the second effect occurs at

the start of the stage of hem¿topoeti-c cÌisiurt'e-¡ces äue to irradiation.
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This sùudy tested the effects of a control, a sublethal, and near

Iethal doses (Io rads, 450 rads and 9Oo rads respectively) of Co60 gaffna

irradiation on conditioned and unconditioned vestibular responses. A1-

though the uncondilioned vestibular response is essentially u¡affected

and dam,age to the vestibular apparalus thus does not seem apparent at

the dose levels employed, the conditioned vestibular response is read-

ily affected, even at the 450 rad level, especially al the l-ov¡ stimulus

intensity values. In conclusion, it can be stated that the condiLioned

vestibular escape response is much more radiosensitj-ve than the uncon-

ditioned vestibular nystagrnus response. The dependence of the radi-

ation effects on the intensity of the vestj-bular negative reinforci-ng

stimulus that maintains the conditioned vestibular escape behaviour im-

plies that the changes in the conditioned vestibular escape latency are

not primarily due to non-specific factors such as a decrease in general

acLivity, d.ecreased. physicat strångth, or other motor d.eficits. The

lack of change in the unconditioned nystagmus response r¡hich is com-

plete at the nddbrain level also implies that tthigher" vestibular cir-

cuits (possibly cortical projection areas or other cortical centers in-

volved in the conditioned vestibular response) are the ones primarily

af fectecl.
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APPENDIK A

Daily session data for the individual S for the 5 pre-irrad-

iation baseline days and the 14 post-irradiation days for the

follovling response measures :

a) l,ruan and standard deviation (S.D.) of the response laLency

over the 20 trial session (sec. ).

U) totat number of responses per sessiono

c) lotal duration of lever holding per session (sec.).

d) t'lean duraLion of the postrotational nystagnms for the 2

trials at JOrpm and the 2 trials at óOrpm"(sec, ).



SUBJECT
#

DAY

I
oooac

ilasellne
Baseline
Baseline
Basellne
Basellne

Radlatlon

LATENCY(sec")

MEAN S.D.

6"1 3.3
7 "I 4"0
5,7 9"4
4.8 2.3
5.2 2,3

slngJ.e exposure of 10

6.3 4.2
6."1 4"8
4.0 1.?
ó"1 3.I
5.9 5"4
5.5 4.1
ì.q 5,6
5.1 2.8
7 "2 4,6.
5"3 2.6
5.5 5.0
6.6 2.7
6.4 4.3
6 "9 4o4

TIIT CYCLE

I
2
3
4
5
6
7
I
9

10
1I
L2
t3
1.4

FREQUEN.Y 
.::::::.11:::1..

TOTAL

RESPONSES

âì
JI

25
29
29
âtr

DURATION(sec-) of

RADIATION DOSE

LEVER HOLDING

42"6
43"9
24"6
56"9
66.5

32
a?)

33
42
31
eî)

32
37
28
20
à2

34
43
23

10R
catacroo

NYSTAGÀrug

3Oronr 60rnm

co I 1"4
5.2 7 "g'4"8 7 "64.9 6.8
5.0 6.8

66"6
At Ê

/\ ¿) É.

48"2
80"6
29,5
39.5
57.0
24"7
Ig"5
56 

"BOâ Ë.

41 .1
32"3

4"9 7 "25.0 7,4
5,0 7" 5
4"5 -1.3

4,6 6.6
4"5 6"9
4"3 t7,*'0
4"4 6"2.
4"8 7 "44.6 6"e
4 "6 6.5
4"4 '7 "!4.7 7.3
4.6 7.4



SUBJECT

DAY

2
ooooa

Basellne
Baseline
Base I I ne
Baseline
Basellne

Radlatloo

TIIT CYCLE FREQUENCY 
"33cps (fast)

oaaatac

LATENCY (sec 
" )

MEAN

6'0 ?.5
6"9 4"9
7"0 4"3
6.9 4"I
7"0 5.9

síng1e exposure of L0 R

5.2 2"6
6no 3.7
6'5 6n4
5"3 3"2
7.I 3"6
B'3 6"8
6;0 s,4
5"6 4.0
5,5 4.1 .

7.0 4,L'
7,5 4'9
6,1 3.6
Bo9 , 6o0
5,9 3.I

t
2
3
4
5
6
7
I
9

t0
lt
1'
t3
t4

s.D"

TOTAL

RESPONSES

44
JO
45
32
35

DURATIOITI(sgc") of

LEVER HOLDTNG

ì /ô I
L'*Õ o I
ì1tr OJ¿Jo9

263"5
191 ,9

: . L59"4

RADIATION DOSE Lo R

5t
40
51
30
.)J

34
JO
37
43
46
JO
46
33

NYSTAGI\4iJS

3Crpm

o^.Jo 7
4.3
4"O
3"9

196.1
I50" 7
243"5
130. B

I70"i.
242.I
137.3

57 "2
63. B

98.7
111 "6
139"5
Bg" 3

103.9

60rnm

loZ
7"6
7"0
7"5
7"2

3"4
?o
4"0
4o4
OcC
¿*o J
4"2
4"I
4.I
3"6
4"I
4"O
âa

3"9

6.8
7.I
7,I
t"t
7"4
7"0
7"I
7.6

6"6
6"9
7"3
7"O
6"9



SUBJECT

DAY

ó
00009

Basellne
Baseline
Basel fne
Basei.lne
Baseline

Radlatlon

TILT C}CIE

LATENCYGec. )

MEAN

8"1
Ã/-
5"9
4.3
4u6

I
2
3
4
5
6
7
I
9

10
IL
12
13
14

FREQUEN'Y 
.".a.t:y""" 

ji.u,r:],..

S.D"

5.5
8,1
4"L
3"7
.2.9

slngle exposuxe of l0 R

4"7
Bo0
OoJ
4"L
4"6
5r4
6.0
6.r
4.2
4"!Ë^Joé

3"4
B.g
6"5

].oIAt

RESPONSES

43
43
aÉ.

4I
69',

RADIATION DOSE 10 R

ooaoaata

3o4
'l,7
4.3
2"4
aa

JoI
3.8
4.5
200
4"0
tr,â

1"7
9"9
6.2

LEVER HOLDTNG

120"8
133"0
401"B
451.0
347.L

45
âtr

47
48
2Ê

53
BO

56

62
5t
B2
44
49

NYSTAGVUS

30rom

4"2
4"e
3"9
4"0
4"4

346"3
335" ?
3ó1,1
294"4
433.5
195.I
351.1
6Q7,2
584.0
492"3
662,4
524"4
320"0
459.9

60rpm

7.0
6.9
7"4
7"4
6"7

4.3
4"t
412
4.1
4"'l
4.2.
5.0
3,9
4"6
4"4
4"5
4"0
4"4
4"2

6"9
6"9
7.5
7"0
6"8
lcZ
7.L
6,5
B.l
ö. -'l
7"5
6"9
7,8
OcÞ



SUBJECT
#

DAY

l+

cocao

Basellne
Basellne
BaseL lne
Baseline
Basellne

Radlatlon

LATENCY(sec.)

¡ilEAN S.D"

6.s 3.g6"5 3.g4"1 2,2
7.7 5.4l+-9 2.I
single exposure of 10

7.8 5.9l+-6 2.3
h.h 3 "o4.5 2.3
7"0 3.9
4 .4 2.7
5.O 7 "46"7 3,6
4"3 2.71+"3 2.7
6.4 4.o
5.6 4.t+l+"5 P..î
9"1 7.9

TILT CYCLE

t
2
r)

4
5
6
7
I
9

t0
1I
1.2
1â

I4

FREQUEN., 
,'.3:::.". .(.tr.".t). . .

TOTAL

RESPONSES

4.,

27.

3l+
<l
30

RADIATION DOSE

LEVER_HoLqING

1ó.0
113 'o

83 "7
. 5r"3

57 "L

25
49
))
2ó

3z
4l
2g
23

<.ö

29
30
3l+
34

43

10R
tcaceaoc

NYSTAgI\/ä15

3orpm 6orpg

81 "7
8o.0
)ó Þt1

l+8.2
2I"2
48.9

L27 "g
30"0
41.4
47.8

L3r"5
46.5
40,6

157.8

4.1+

3.6
l+-5
4"ti
l+ "7

7,o
6"2
t7ô

.t^

7"5

h.3
À-0
4.t,
l+,2
l+.2
l+.6
4"4

4.6
l+.6
l+.7

l+.7
4.)

7.r
7"2
rya
(,.9
6.7

6"9
6"9
6.9
Õ-u
9"3
6.5
8.0
7.7



SUBJECT

DAY

5
96!O0

Baseline
Basellne
Basel lne
Baseltne
Basellne

Radlatlon

LÂTENCY(sec.)

MEAI,¡ S.D.

6.5 3.3
6 "7 8.5
5"3 2.4
5 "3 2.3
8.9 7.r

singS-e exposure 10 R

8.1 6.3
7 "7 6.1-
7 -5 4.96"3 5.o6"9 3.36.5 5.6û"3 8,4
6,3 l+"7
5"9 3"9'
7,3 4.9
5.4 4.Ì6,3 3.5
7 "5 5.9l+"7 3 "6

TILT CYCLE

T,'2
ia

4
5
6
7
I
9

1.0

TT

l2
tâ

I4

FREQUEN.Y 
..:::f,". iÍ3:l].. 

"

PIAL

RESPONSES

30
30
J4
34
29

RADIATION DCSE

LEVER H9LDTLG

1+9.3

30.h
35.o
Z+'8

' J-,r.b

3L
23
z. I
)ö
¿o
30
35
37
3l+
3I
47
À0
À1
50

R
10c a aa c o o c

NYSTAgMUS

30rpm 6.0rpm

rì¡ 4)c-L I ø I
E1 ?72
)e- I c)

l+"9 7.3
)+,8 7 ,5
l+"6 7 "5

4J. L
2o"5
h6"3
6r.5
,+"8
L52"4
4l+.9
br -,
5B.o
67.2
6h.2
55 "7
l+5.6
59.5

Ã'tryL
)oL / cU

lç.6 - 8"0
1+"7 7 "5l+"9 7 -2
5"I 7"5
1+ "l+ 7 "3lt.6 7 "4t*"6 7.6
/+"8 7"7
l+.'5 7 "54"8. 7.3
l+.4 7 "44"1+ 7.2
5"O ?.4



SUBJECT
#

pAy

6
otoôa

Basellne
Baseline
Basel lne
Basellne
Basellne

Radlatton

LATENCY(sec.)

MEAN S.D.

TILT CYCLE

7.2 3,5 32 54"5 4.8
7 "9 4"2 39 !26 "7 5"6
B "0 5.3 39 136,-1 5,2Bul 5o5 25 93"6 5"24"9 2,8 42, : 21'1.4 5o2

ftrst exposure of 450 R , ,

lo.1 6"0 29 g4.2 5.2
9 12 4.6 30 225"2 4"9
7"5 2.7 25 135"9 5.3
8"2 4"0 29 136.0 5.1
6.6 L"7 30 lOg.O 4"6
6 

" 
B 208 35 155.0 5" l

7;4 4.! 37 IB7 "4 4.6
second radlation exposure of 450 R

I
2
3
4
5
6
7
()

9
10
II
T2
13
14

FREQUEN'Y 
.;,t.t:::. il:::]" 

"

TOTAL

RESPONSES LEVER HOLDING 30rpm

8"8 5.7. 33 204"5 1.3 6"9
B.B 5"5 35 334.1 5.4 7.L10.7 g.g 33 204.7 4"6 7.L'9.4 6.5 24 697.9 5.3 7o0

-r¡¡¡i-¡- ---------

Dled

DURATION(sec-) of

RADIATION DOSE 2X450 R

cotaaaca

NYSTAGI\,íU-S

60rnm

Õ"+
ÕoJ

7"8
8"0

8"1
8"0
8"4
'l 

"5
6"8
NC

1"4



SUBJECT
#

DAY

7
oooeo

Baseline
Ba sel 1 ne
Base L i ne
Basei.lne
Basellne

Radlatlon

LATENCY(sec.) TOTAL

MEAN S.D. RESPO\TSES

l3.l Bn3 26
9"5 5.5 U>

12"1 20.I 32
i.0"6 5uC 30

6 "7 2.9 32'

first exposure of 450 R

7"5 6"9 39
10.0 5.3 34
10,6 Ì0.1 26
6,6 4.I 35
7,oB 6"1 25
9.3 lo"g 30
7 "5 5.4 2B

second radiation exposure of 450 R
7.8 8.4. 26
5.3 2"9 18

10"4 7.3 3l
7,7 4.0 33
7.5 2.8 26

1l.I 6.3 28.

TILT CYCLE FREQUENCY .33cps (fast)

I
2
3
4
5
6
7
I
9

TO

IT
12
13
l4

DURATIoJT¡(gecJ of

LEVER HOLDTNG

109'2
1?Ë ÃT TJ.J
L92.3

94"6

RADIATION DOSE

?î1:?.1.

NYSTAG¡,íIJS

30rE>m óOrpm

l38. g

O /.3
ö2c.5
77 "I
91 "B
90.5
72"4

1IB. 3
234"5
L34"7
r12" 3
54.9

TOB.2

400
4.O
3"9
3,9
4"3

7"o
6,5
6.9
6"'l
ó.8

4"4
4"L
4,3
4 "tJ
4r3
âo

4.O

4.2
.) r)

4"3
4tI
4.4
4.I

-74

6.9
lnUo /
6,4
6"8
6,6
6"3

/oI
OcO

7"Q
6"4
6.1
7"3



SUBJECT

¡¡tt

DAY

It
oagoe

Ba sellne
Baseline
Ba sel I ne
Basel.lne
BaseLlne

Radi.atlon

I*ATENCY(sec.)

MIEAN S.D.

4.4 2.7
4,6 2"44.0 tr.5
4.0 1.4
5.3 4.3

first exposure of 450 R

TILT CYCLE FREQUENCY 
"33cps (fasr)

tot9taa

t
2
.)

4
5
6
7
o
9

10
IT
t2
13
t4

6,5 2,6 33
4.6 1.9 44
6"'7 3.9 43
5.9 2"6 53
4.3 1.3 34
4s9 2.O 44
3,7 2.0 27
second radiation exposure of 450 R
4.4 2"'l 32
5.0 2.5 32
8,5 3.3 2I
5,4 2o4 2I
7.7 5.6 2I
21,8 l8,g 20

TOTAL

RESPONSåS

75
55
54
35
51

DURATION ( sec "

RADTATION DOSE

LEVER HOLDTNG

54" 3
37" 5
90.0
3'1.7
93"8

'.-.1*.1.

NYSTAGVIJg

30rpm 60rpm

68.B
243,0
55" L

129"4
156.9

32"O
45.8

19I"0
67"4
2T"B
20"5
-)É. Ê¿-Jc J

11. L

4"5
3.8

JoO
âo

6"6
6"I
6"5
6"1
6.2

JcÕ
JoÕ
3"8
?o
.)c /

4"0
ócÕ

.) ,t

âo
4"4
4.0
eo
4.8

5.8
5.8
ó"3
6,2
6"0
6.2
ó.5

6.2
6"4
6"8
7.1
6"1
8.1



SUBJECT

DAY

9
eooat

Ba sel 1 ne
Basel ine
BaseLine
Basel.ine
Basellne

Radlatlon

TIIT CYCLE FREQUENCY

TATENCY (sec.

MEAN

5.r
3"r
6-6
6"6
5.r

first

5,7
I+ "3
5.6
6.9
5"3
rQ

4,8
second
Êì
).L

5"3
l+ "5
5.9
6.9

].2"3

s.D.

22).)
1,ó
5'2^¡)"4
IrB

exposure of 450 R

2.O
2"o
3,8
5"8
âl).4
l+ 'l+
l+.9

exposure of 450 B
. 3.7'

2.2
.aE

Lc).

1dIoU

)'1
]-.2.2

I
2
3
¿+

'E

.6
7
(t

9
t0
tl
l2
t3
l4

.33cps (fast,)
otoactaaaataaata

u4!
RESPONSES

À0
37
3I
ao-)
35

DURATI9N(gec"\ of-

LEVER HOLDTNG

45..2
53",5
96"5
ôt 

^)4ø4
"75.Q

RAÐTATiON DOSE

4o
26
26
25
to
2?
¿)

20
2t
25
2l+.

26
35

2xÀ50 R

NYSTAGUUS

30rp.I 6Qrpm

l+.9 8.0
4.)+ S"2
h.9 8"f.
L"6 7.5
l+.3 7.8

119,3,
55 'r.
85"4
52 "l+
7Õ*ë
l+9"7
l+7.6

26.5
98,2
1o9.6

87.l+
T3V.B

Ë.)óó
) o ) Ç oc

5-O 7.7
4"5 '/.7
4.4 7,9l+"4 7 "'/,.(qô+Ò) i.t)
l+.5 9.4

l+.2 7 "53,9 J "84"L 7 "!t+.3' 7 "5l+.3 8"0
l+"3 7.ln



SUBJECT
t0

eoeeo

DAY

Basellne
BaseLlne
Ba sel i ne
Basellne
Basellne

Radlatfon

TILT CYCLE

LATENCY(sec " )

lvlEAN S.D.

4.1 2"7
l+.2 3.4
3"7 2.6
4.7 3 -7
.4"r 2,Q

first exposure of 450 R

3.6 1.4
4,3 2,7
4.0 1,9
5.2 2.1+
5"6 3 'B5.0 3..Oj.7 L.6
second exposure of l+5O

3,8 2,1+.
3.0 2.2
3 "6 2,5
l+"3 1,8
1+.6 1.6'
6.4 6"9

I
2
3
4
5
6
7
I
9

1.0

IT
T2
13
L4

FREQUEN.Y 
., . , ..::.:.0.". ,it1"t)

TOTAL

RESPONSES

3l+
33
48
35
2V'

RADIATION DOSE zxt+5o R

28
36
28
2B
23
24
28

R

3o
58
45
)a*/
^/'¿ö
22.

LEVER HgrprNg

109"ó
207 "ti
293 

"Ol+9.5
h6.2

NYSTAG\4iiS

3Ornrn 60ron

3"9 7"r
l+"3 6.8
l+"Ì+ 7 "2l+.2 6"8
t^/^4.) Õ'J

r39"7
375.5
158"8
I05"2
II2"3
l+5"I

63"o

I28"5
559 "3
441.1.
I5L.7
I2O.7

l+6.9

l+"3 6.9
l+"1+ 7 "O4,0 7 "o3,7 7 "2l+.7 7.L
l+.2 6.4
l+.1 7 "l
l^ñ4
Lt,o4 ( e)4,2 7,o4"r 6"9
4"0 6.6
l+-3 7.54.+ 7.h



SUBJECT

DAY

ll
ogaa0

Baseline
Baseline
Baseline
BaseIlne
BaseIlne

Radlatlon

TILT C)CLE

LATENCY(sec - )

MEAN S.D"

3.8 2.O
4,3 2"L
4.'l 2"8
3.6 1"8
3.8 I.4

slngle exposure of 900 R

3.4 1"9
4"5 2,O
3.9 2.1
5"2 3.I
8,6 5"0
4"0 3.4
4.4 2.9
4"5 3.9
4"3 2"5
4"5 3"5
5.5 3.L
7"7 4.2

L

2
3
¿+

5
6
7
()

9
t0
II
T2
13
T4

FREQUENCY "33cps (east)
at t a o o aa a aa a aa a o

TOTAL

RESPONSES

27
Jf,
.)a

ôE¿-J

27

RADIATION DOSE 900 R

LEVER HglprlTq

i.13,2
J(Jo J

64.2
36.0
tr1 .r
JL.Z

oo40
âl

54
23
¿ó
25
24
¿o
24
33
22
ôa

NYSTAGÌVIUS

218. L

I15"2
O1', a

42"4
l8ó"9

67 "B
33"6
aio

7I.4
40"I
26.L

112. I

30rp,3

5"0
Ë.â
6"4
tr/)

5.0

óorq¿

9.0
9.4

10. L

8"4
9.r

Dled

5.9

Ão

5"1
5"6
Rtr.

5"0
5"1

5.2
5.5
5.5

10. I
ao

8"4
o.)
oâ
?o
8,4
oÒUoJ

Oof

C] oJ

8"4
o ,Ê.



SUBJECT
#

DAY

12
ooaao

Baseline
Baseline
Baselfne
Basellne
Basellne

Radfatlon

TILT CYCLE

LATENCY(sec")

l'1EA¡l

6.5 5.3
5"1 2"9
6"8 4.4
5"2 2"6
5'g 2.2

single exposure of

I
2
3
4
5
6
7
I
9

l0
I1
T2
I3
14

FREQUEN'Y 
...t"a:y.r. i,r:.rli. , .

S.D.

O.J
5,ó

l0.g
6"5
9,5

ll.4
7"8
B"L
7.8

ruAL

RESPONSES

2n6
11,6
4"1
-l 

"5
8"3
4,8
6"5
305

900R

48
66
53
52
40

RADIATION DOSE

LEVER HOLDTNG

155"5
210"8
191"L
151"9
1o7.2

âÊ
JJ

¿ô
24
24'
24
22
25
29
22

.?:?,.:.

NYSTAGIITJS

1.23.6
168.2
T7B.T
89.4

Ì14"1
412 0¿JJoU
114" 1

333.4
1I9.6

3orpm

3"6
4.O
3.9
ó"1
3"4

60rprn

6"7
605
na

6"'l
6,6

Died

.JoO
ão

Jo9
Ôt.

co

3"9
3.4

6"O
7"5
7"0
6"9
6.0
o"o
6.8
6.5
7.1



SUBJECT
#

DAY

13
9aaaa

Baseline
Baseline
Baseline
Basellne
BaselLne

Radlatlon

I
2
3
4
5
6
7
ôU
9

10
]t
ìo
13
I4

TIIT CYCLE

LATENCY(sec")

MEAN

I7,5
12" I
I0,2
15.6
lq" I

single

I1,2
10. B

lB,3
12.2
at1 -)

I7,6
47.'L
16,6
2I"I
33"7
23.1
rl.1
11. 7
2?_"7.

s¡D"

13.2
trE
JoJ

6*g
7"2

. 9.3

exposure of 900

9"4
7.,6
g.g
o?/a t

63"8
6'4

79"7
12,6
laoU¿ôO.

. 36"2
20.6
7o4
tiâWe\)

9"6

FREQUEN'Y 
;:::f:.Íf::11.."

TOTAIT

RESPONSES

24
âo

25
23
Ð1JI

DURATIONIsec.) of

RADIATION DOSE

TEVER HOLDTLG

208.6
226"6
184"6
i27 "5
272,4

35
27
24
3t
26
2L
27
28
to
34
24
30
25
â1

9oo R

NYSTAG¡/flJS

30::pm óOrnm

3.9 ó,3
4"2 5"5
4"6 7,g
4"5 6"7
3"7 7,3

498"2
395.3
470,3
JJOe C

177.I
283.1
489"6
Lgg.6
352,2
377.3
425"6
353.6
390.6
I l.9.5

4"O B. L

4"6 7 "24"0 B.B
5"2 7 "I5"0 8"2
4"8 8.0
4"4 7 "34"4 8.1
4.5 7 "44n'l 7.5
3"5 5.9
4"4 6.0
4.I 5" 6
3,4 6,0



SUEIECT
#

DAY

L4
900a9

Basellne
Baseline
Basel ine
Basellne
Basellne

Radfatlon

TIIT CYCLE

LATENCY(sec.)

MEAN

5"2
3"5
JoO

3"2
3"9

S.D.

.5o I
1"6
1t
¡oJ

0"9
2n4

T

2
2

4
5
6
7
I
9

10
II
12
I3
I4

FREQUEN.Y 
.::::p."..ltir.:). . .

slngle exposure

5.6
4"2_

7.6
6.4
5"O
3"9
3.8.) -,
JO J

5"3
4o0
6"3
9"0

r 3.5
8,2.

TOTAL

RESPONSES

of 900 R

3"6
2.L
4"5
4"5
2.8
I"7
2.5
2.4
4"7
ZøJ
JcZ
6.3
B"B
6"8

31
3I
30
29
59

RADIATION DOSE

LEVER HOLDING

65,.7
309.0
220"3
45.0

123"8

50
30
22
Dç1

2I
27
37
30
2I
27
25
20
20
29

9OO R

NYSTê.G]'IIJS

30rom 60rom

3"9 7.4
4"2 7 "64"6 7" I
4,2 '7.2
4.8 7 "2

350.4
790"0
536"5
275.4
Zö{c ö
I45.4
I54.1
450"4
155"I
1 12,5
25"6

l99,0
302,1
238.L

4"4 7 "g4"6 7"6
4"6 9,6
40-l 8,2
4"2 8"2
4"6 7 "g4"I 7.9
4"O B,3
4"! 8.7
4"7 11"9
5.3 10"1
4"6 1I.0
5,2 I2"1
4"9 11" 3



SUBJECT
#

DAY

1.5
90aa8

Basel ine
Basel ine
Basel lne
Basellne
Basellne

Radlatl.on

LATENCY(sec")

MEAN S.D.

TIIT CYCLE

âo
6,"6
3"5
4.1
h"3

sirrgle exposure

O"1
5"9
lcÖ

6.4
7"2
9:7
3-9
8.7
11.9
8.0
11"7
l.6"?

I
2
3
4
5
6
7
I
I

t0
II
12
13
t4

FREQUEN.Y 
.'::. :,o:"i.t::.t]..

2"7
E'

3..r
1c)<. .O
2"2

of 900 R

4.9
5.4
5.r
l+.2.
l+"9
c' t-,
Q. f

2"9
8,0
8.9
6"1
9,li
12.o

TOTAL

RESPONSES

43
39
5l+
76
5r

DURATION (sec"

RADIATION DOSE

LEVER HOLDING

4ñã
)(ol
26"2
7l+.9

1l-0,5

210"1
262"7
r7g_6
2gl+.h
196"1+
222.8
5l+5 '2
627 "8
3h7 "7
14_r"g
1,,63"1
87"o

41
39
3l+
))
3I
3o
33
29
4l-
35
39
3t

900R
oocaatco

NYSTAGMJS

30rpm 60rpm

l+'] . 7 "5h.,5 6'8
4-6 6.7
tQqÈr+or? I è )
h,5 7,7

Died

t+"5 7 "64,1[ 7 "95,Q 7.'.1
)+"6 6"7
I+"9 8.f.
4"4 8.0
h"L I "65J 8"6
l+"3 7 "I4"3 '/"5
l+.5 B "9l+"6 7.6



SUBJECT
#

DAY

I6
ooeae

Baseline
Basel ine
Basellne
BaseLl"ne
Basellne

Radlatlon

TILT C\CLE

MEAN

2I"g
I3,5
10,B
9.0
1.3" 7

single

17" 5
1r"1
16,0
14.4
10. L

9.0
11ì s
20.9
14.7
14" g

12,g
L2"2
I9.B

9"1

LATENCY ( sec.

S.D.

24.7
IJcC
8.6
6'B
9.2-

exposure of 10

10.8
r0,g
IB.9
22.6
8"4
?.3
8,0

21"3
17"1.
.20.5
11"7
9.4

31.4
I2.5

t
2
J
4
5
6
7
o
9

10
1l
12
13
L4

FREQUEN.Y,:'::::. 
.(:.".0.t"1.

ïoTAL

RESPONSESæ
oa

26
30
35
30

RADIATTON DOSE

LEYER HOLDING

64,4
1óó"5
169,6
206"4
L62"6

.)J

.7¿

29
31
36
27
24
29
27
JO
3B
28
30
32

10R
ccactaca

NYSTAGVUS

30rom 60rom

5" 5 9.3
5"3 3,6
4"8 B"l_
4"8 7 "94"7 8.4

230"5
208.6
L43"2
145.8
131.8
176.2
157.1
126.6
l0g.B
Ió0"3
I37"9
106.6
1i.1.4

98.B

Ãâo.vog uoJ

506 B"B
5"0 9" 3
5.4 8.4
4"3 B,0
4.8 B.BÊ-ñ/Jo I /oO

5"0 7.8
4.5 7 "g4"9 9"0
4.6 8,2
4,8 8"4
4u9 8"1
4.6 8.4



SUBJECT

DAY

I7
0c!a!

Ba seI i ne
Baseline
Baseline
Basellne
BaseIlne

Radlatfon

LATENCY (sec. )

À/IEAN S.D.

ll.2 7.3
9" 3 go5
9" l. 5.9
6"1 3"9

13.7 7.7

single exposure of 10 R

L2"9 12.2
16.3 Lz"g
7.0 5.8
B, g 10.6

I0.4 7,5
I2"2 r2"2
B"g ó.8

10"6 7,4
- 1Þ.3 lg.2
13.0 12.6
1.1"7 1I.2
8".7 5.4
I2.4 8,6
L4¿4 I0.9

TILT CYCLE FREQUENCy

I
2
3
4
5
6
7
I
9

10
11
l2
t3
14

"20cps (medium)
co ! a a r a o o c t c at o a

reI4!
RESPO¡{SES

45
6I
45
64
5t

DURATION(sec.)- of

LEVER HOLDING

I4T,2
T1B"ó
58,4

236.9; '9L.7

RADIATION DOSE IO R

57
43
36
Ê.ô

42
34
37
53
?o

37
46
45
43
39

NYST/.G"4US

30rprn

4"!
4"5
413
402
4"2

87.0
87,3
53" 3
7.t n¿¿o I

59.5
20I.6

7'T.B
167 "2
105" g

62"3
1 ló.8
136,7
B0. g
38"8

6-0,rom

nÀ

7"6
7,O
O" t
6"9

4u4
4.L
4"2
4"5
412
4"2.
4"2
4.3
4"4
4.5
4"3
4o3
4"4
4"3

7"2
løl
6"7
/"U-l,I
7"6
7"4
7"1
7"4
7"4
6.3
AO

-1 Q¡ au

7.0



SUBJECT
fl

DAY

TB
ocaoo

Ilaseline
Baseline
Base 1 i ne
Basellne
Basellne

Radf atl,on

LATENCY (sec. )

MEAN S "D.

13.4 12"6
23"4 18,1
20;4 13.6
30"4 27.8
19" I 16"6

single exposure of 10

2l"L 2I.0
27 "g 16.9
13,0 8.0
I7.4 10,2
20,7 16.8
2B_"4 13.6
l8.g 10"4
31"3 30"ó
2B.B 2'7"8
L4.6 'L7.7
17.8 16,0
15" 3 I0"1
l3.l 10.6
14"0 II"4

TILT CYCLE

I
2
3
4
5
6
7
o
9

10
Ii.
12
I3
l4

FREQUENCY 
"2ocps (medium)

e c I c o o o a c a o a tt o a

TOTAL

ry
47
40
35
34
41

DURATION(S.ec") of

LEVER HOLDTNG

7l .5
31,I
44"r
38.B| . '56"2

RADIATION DOSE

29
JO
.74

31
J.t
28
3]
32
30
.)/
30
30
âE

30

]:... ":.

NYSTAG¡¡U9

30rnm 60rorn

3.g 6"5
3.9 6"1
3"4 6"0
4"0 6"I
3" 3 6.4

7'l,B
44"8
()<r. .1

150" 2
272"4
97 "2

2L7"6
r62"8
215" I
205.3
166"0
loÃ ô

215.0
230.1

3"8 5" g
3"4 6.6
3.9 5.9
3.8 6 "43.8 6.8
3"4 6"2
3"9 6" 3
305 5.9
3"4 7 "23"8 5.6
3"5 5"9
4"I ó"0
4"0 6.I
3.8 7 "2



SUBJECT
#

DAY

19
oóoco

Basellne
Baseline
BaseL l ne
Basellne
Basellne

Radlation

LATENCY(sCc"l

MEAN S"D"

I4.g 22,!
L7"9 17.5
L5.3 8"7
I4,'l 16,2
I.5,1 15,7

single exposure of 10

17"3 17"6
I4"g 16"0
2!.4 1B,g
16.9 9"6
13,1 .8.6
16" g 23,.7
17" 1 I4,1
14"6 I30 4
2T"4 22,',4.
I7.8 23"8
15"8 12.4
2O.",) 2I ,6
lg.o 16.8
1]. 7 8.5

TIIT CYCLE

l
2
3
4
5
6
7
I
9

10
TI
12
T3
t4

FREQUEN.Y 
;3::f.'.iï:il:T].

TOTAL

RESPONSES

53
44
39
Æ
27

RADIATION DOSE

LEVERJOLDTNG

310,5
361 "5
161.6
oEâ ô
UJJeJ

594"0

70
BO

ZJ
62
4L
50
7T
Æ
31
45
33
36
4t
46

,.1:.,:.

NysTAg¡aJS

39rom 60rpm

4,2 7.6
4"1 7 "34"3 'î.4
^1\4ñ.*o4 lo I

4,5 6,9

u4,I
618.6
4'o.6

196"5
307.0
330"4
316" 3
264"7
92"2

280"0
315"2
284y2

99'.L
93.7

4"4 7 "23.8 7 "I
óo / 1"3
4"5 7 "44"I 7 "7405 7.O
4"O '7 

"44"4 7 "I4"o 7 "34,2 6.8
4"5 6" g
4"3 7 "O4"0 7"0
402 ó"8



SUBJECT

DAY

20
ooaao

Baseline
Baseline
Base 1 I ne
Basellne
Basellne

Radiatfon

LATENCY(sec.)

IiGAN S "D"

4.8 2.9
3.9 1. 5
3"0 1,i+
3.3 1,5
.l+.2 1.7

single exposure of 10 R

TILT CYCLE FREQUENCY .2Ocps (medium)
oo t a c o a a a c a a a t c i

I
2
3
4
5
6
7
I
9

10
II
L2
13
14

3,6
tc))or)
l+. 5
oo)t (

3.7
4"0
).¿
4..1
l+.9
5"5
It"2
J.)

ÏOTAL

RESP-ONSES

¿-J
1.8
2.3
1-6
1.8
2.1+
r.6
L. I
QI)c4
5"1+

4.0
2.9

29
2L+
at)4
28
25

ÐUBATIoN(sec") of

TEVER HOLDTLG

80.2
99 "l+191,I
60.5: 229.9

RADIATION DO6E

32
27
27
28
3o
37
35
30
26
25
35
3z

ioR
cccoooca

NYSTAGUUS

30rnm 60rnm

4-1 7 ".6l+'2 7,A
4"0 6.5
l+.3 6.8,ì4¡I l.l

266"5
90.2

225"6
]-54"1+

76"9
275"4
182"0
290"L

97 "rI82.5
327.5
256.5

DÏNN

3.9 7 "r_t+"4 7 "7h"6 6.4
l+.8 7 "53"6 ó"14"4 7.r
l+"3 6.0
3"7 7"1+
L"3 7.3
3.L 6.7
3"7 7"1+
4.0. 7 "I



SUBJECT
#

DAY

2T
oooo0.

Ba seI ine
Baseline
Base I I ne
Baseltne
Basellne

RadlatÍon

LATENCY(sec. )

II{EAN S "D,

2B.B 30.5
30,1 . 27 "I30"2 . 42"6
34.5 37"8
37.5 36"2

flrst exposure of 450 R

26"2 24,O
23"I 35"0
37"4 43.8
36,3 36,0
56"1 Ag.L
45." 5 36. Ì
36 "4 50,4
second radiation exposure
40.3 46.8 .

18.4 13.9
27,5 39.2
26.1 29.5
31"2 46.4
10.0 'l o6

TIIT CYCLE FREQUENCY .20cps (medium)
ocoaooar9oaooaa!

I
2
3
4
5
6
7
I
9

10
11
I2
T3
I4

TOTAL

RESPONSES

38
30
3t
76
32

DUR4TIoN (S.e-cJ_ of

LEVER HOLDING

4L2"9
429,6
46r"6

LO26"4
'' 695.8

RADIATION DOSE 2x450 R

caoaecea

35
45
37
36
37
39
o.1

R

32
37
38
46
44
52

of 450

NYSTAGVTig

30rou 60rpB

360,2
479"9
7IB" 1

677 "2
648.9
412"5
222.5

696.2
650.6
BBO.l

1054"0
180"0
47L.2

q?

û"3
4'E
{r1. B
4"7

-l 
"2

7"8
8.4
8"0

trâ

5.6
5.0
5"4
4"3
5.C
4"7

4,8
4"'Ì
404
4"8
4.8
4"7

8,0
7"4
7.O
6.3
ó.3
6"5
6"7

6"2
6,6
6"1
6"9
7"2
6"4



SUBJECT
#

DAY

22
90éOC

Baseline
Baseline
Base I I ne
Basellne
Basellne

Radiatl.on

TILT CYCLE

Lr{TENCY(sec.

MqAN

19. 3
23.5
LB.2
lB" I
?4"I
flrst

I
2
3
4
5
6
7
Õ

9
t0
1l
t2
13
14

FREQUEN.Y 
::::r:.!î::::Tl.

S.D"

11 2

20"1
o1 .)

Ì6" 4
l g,0

17.I 16.6
33.4 38"4
3I"2 2B"I
13. 3 g.g
lB.7 L4"g
2?.6 30" 3
2L"2 19.3
second radiation exposure
26.2 20"7 .

]4.0 12.7
32"2 36"9
2I.3 3l. g
3r,2 53.5
21¡5 27"8

exposure of 450 R

TOTAL

RESPONSES

Jt)
27
42
.),)

JU

DURATION(sec") of

RADIATION DOSE

29
37
27
26
Õ2a¿
25
24

of 450 R

25
30
ôô
JJ

30
32
35

LEVER HOLDTNG

BB"1
nlJ .7
JJÒ 

'
67"5
63"2'60.2

2x45Q R

oacataca

NYSTAGIúUS

30rpm

4"5
4.7
4"4
4.0
4"6

90.1
187" 3

r1a 'J

26"O
132,5

38" 0
73"9

95" g
!2I "2
317.8
136.4
715.4
120.8

60rem

-l ¡:.
aoJ

6.7

7.0

./t À

4"4
416
4"2
4"1
4.O
4"0

âo

4"I
4.6
4"2
4.1
4"2

7,O
OcO
O.O
7.2
Ool
7"0
12

7"5
7"4
7"7
8"2
7.4
7"3



SUBJECT
#

DAY

23
oo9ao

Baseline
Basel lne
Basel lne
Basellne
Basellne

Radlatlon

LATENCY (sec 
" )

¡ÆAN s "D.

g"2 4,6
6.1 6,6
8.0 6"2
5"5 4.2
-l "4 5"7

first exposure of 450 R

13.6 - r2.2
!7 "2 11 .5
16.4 I4"2
ll.6 14.3
8"2 10"2
7 ,6 5.0
8"3 '1,6

second racìlatlon exposure of
13.3 I2.4 .

13"1 20 "g8"0 6"6
7.6 1l.g
7u I 4.L
6.6 3.2

TILT CYCLE FREQUENCY

I
2
3
4
5
6
7
at

9
10
1t
12
t3
t4

.2Ocps (medlun)
ot 9 a ô c o aÒ a a a a t a a

:!:oTAL

RESPONSES

JO

28
43
JD
1A

RADIATION DOSE

LEVER HOLDTNG

ìoÊ. â
¡UJO \}

48"3
110 "B
136"1
149" 3

27

30
48
4..)

40
â?

450 R

J3
47
30
31
28
29

?i1??.T.

NYSTAG¡IUS

30rom 60::om

L24"9
69"6
7'1"2

I4l, g

67 "!81.2
105" g

ìÊô ?

I54.2
o., /t

186"6
169"0
}Bó.7

Áo
4"5
Álc s)

4"3
Ét.
rJo t

(]oÕ

8"0
8"3
oÊ

B.g

4"9
4.5
4"4
5.1
4"3
5.0
4"5

4"6
4"8
4.3
5n0
4.7
407

7"5
7"8
8"0
8"0
7"6
6"9
7"8

cf1OoL

8.0
'1.6
oc)
oc
B"I



SUBJECT

DAY

24
9gta9

Ba sel I ne
Baseline
Baseline
Basþ11ne
Basellne

Radlatlon

I
2
3
4
5
6
7
I
9

l0
tt
12
t3
t4

LATENCY(sec")

MEAN S.D.

7,4 61 3
5,7 3,3
7.3 '7 

"26"4 3.4
6.9 4"2

flrst expesure of 4b0 R

4,9 1.4
5'0 2n2
5.8 3.2

13,6 I2"O
5oB 3"6
6..9 7 "O7"9 12"1

second exposure Af 450 R
5.9 2.3
5.0 Z.!
7 "3 5o1
5.8 2,I
6.3 5,1
7.3 3.I

TILT CYCLE FREQUENCY
"20cps (medium)

a ! a c a t 
" " 

a a.o a a a a o

TOTAL

RESPONSES

¿ó
38
29
29
35

DURATION(Spc") of

LEVER HOLDING

125" I
118"8
1 19"6/^ ã

Oìlo /;.. 84"9

RADIATION DOSE

35
44
46
39
JO
24
36

JO
.)Õ

3B
29
aõ¿z
33

2x450 R

rooo?noe

NYST.AG¡/US

30rom 60irnm

136"5
r92,O

57 "g
101. ó
78"2
48"B
82,g

2I7"5
118"5
163,3
72,8

156.0
1 gó,0

4"8
4rg
4"6
4"I
4.3

8.1
7,9
8.6
7,9
7"8

3"9
4"6
4"0
4"7
4"3
3"8
JeO

3.g
âc)

4"0
4.6
416
4.8.

7"5
'î.7
7"6
6"6
1"4
/"O
6.9

7"o
/o.)

9.3
9.0
8.6
8"5



SUBJECT
H

DAY

25
00900

Baseline
Basel ine
Basel lne
Basellne
Baseline

Radiatlon

LATENCY (sec.)

ÀiIEAN S.D.

7"9 4ob
!4"2 75.2
13,4 10"0
7"0 8.0

L.4"4 16.8

first exposure of 4b0 R

TIrT CYCLE FREQUENCY

I
2
3
4
5
6
7
(t

I
10
1I
10

I3
T4

,20cps (medium)
c o a a e o o r o a,a r o a a o

I4,g 19,3 33
15"7 25"5 28
10,9 I3.2 27
15¡6 21.5 2B
12.6 Lz.I 45
1Q"6 7.8 45
I'7.7 Ig"7 25
second radiation exposure of 4b0 R
13"0 9,0 3I
907 '7,7 38

13"4 17.0 52
11.1 7.I 57
5u3 403 4I
916 7,6 40

TOTAL

RES-PONSES

40
43

4t
33

RAÐIATION DOSE

IEVER HOTDING

233"2
26'I "7Ii4"?
314,3, 125"3

2x450 R

a a o. a o oa

NYSTAG¡,4US

30rpm óOrpm

254"O
24C"0
zIL"9
234"7
ZöO c/.
463"9
75" 3

356"3
4I7 "6
559.6
3ó3,8
280"1
500"7

4"4
3.9
óol
4"O
3"4

6"7
7,0
/oJ

6"9
7"4

3"4
4"0
âq,

4"2
3"7
412
4"1

4"0
.)o ¿i

3"4
3"7
4"2
3"9

6.8
6,9
6"9
on J
7.2
.74
,oJ

7"L

7"2
6.9.
6"4
Oo/
7.4
6"4



SUBJECT
#

DAY

26
QôOOE

Baseline
Baseline
Baselfne
Baseltne
Basellne

Radlation

LATENCY (sec. I

UEAN S.D"

24"2 24.'l
33.8 2B,B
23'5 18,6
17.6 15"7
24.9 31.7

slngle exposure of 900

31.4 34rg
1B.B 20.2
36"7 31.7
26,4 36.I
28.4 2g.I
1933 20"0
34"4 66.1
20,B I 7.1
23"'l 29.2
20.3 23.4
30.9 33"6
I3.0 c,8,0
lB"3 ló,t
16.0 g"b

TIIT CylCtE FREQUENCY .20cps (medium)
tac9tae

I
2
J
+
5
6
7
ôU
9

t0
TT

T2
T3
14

ruL
RESPONSES

JO
43
49
49
28

RADIATION DOSE

LEVER HOTDTNG

340" 1
184"8
Lg'l "5
209"7
83.4

44
34
AA

24
ir*1

.Jt
32
nÕ

26
25
34
,o
JJ

900 R

oocctcce

NYSTAc¡vriig

30rpm 60rom

5,1 -1"2

4"5 7.6
Ã^õAJeZ Õc¿l

5" 3 8"4
5"4 8"7

I84.7
111 "4
189"0

62"?-
73"5

157.8
69"4
B0e2
BL "685.3
97 "3

140"0
162"6
79"7

)"O 8ol
5'6 9' 5
4./o 7"0
5.3 8.5
4.9 7.0
5.0 7 "74"1 6"7
4;B 7 "64"9 ó"9
4"'l 7 "o4"6 6.7
4"9 : 6.9
4,8 6"5
5"2 7 "4



SUBJECT

DAY

27
ooocc

Baseline
Basel ine
BaseLine
Basellne
BaseLine

Radtatf.on

LATENCY(sec 
" )

À4EAN S.Do

24"5 2I "L26"4 51.3
23.8 22"5
I4.4 9,5r?'o lo.ó

single exposure of 900 R

12,1 21.3
1O"1 7 "224"O 29"9
58.0 7I.3
67,1 g1.g
ó0r0 80.6
72.1 120"6

134"2 224"4
L25"5 107"0
67.9 g1.g
64.1 57.3

TILT CYCLE FREQUENCY

T

2
3
4
5
6
7
Õ

9
10.u
12
1â

14

.20cps (medium)
a t a o o a c a a a o a a.t a c

ÏOTÀL

RESPONSES

40
44
49
37
31

LI¡RATION(sec") of

LEVER HOLDTNG

100.0
145.1
101"1
L57.6: 260.7

RADIATION DOSE

oó
3B
4I
34
44
43
Jb
37
28
27
4T

9OO R

NYSTAG¡¡1IS;

30rnm óOronr

730"8
1445.1

E Ê.1 o

É,O /t I

450"5
3ó0.4
I82"4
447,2
288.0
349"9
316"2

4"9
Ê,â
4"9
Ê. .)
J. ¿-

5"4

Died

-ta

Ooþ
7"2
le.t

6"9

EÁ

Ê,ô
Ê.-Jô t
trR
.,,, c J

4"9
4.9
.*o J
¿tó J
4 "Í¡
4"O
4"I

1"4
Q'

7"7
'7 

"9
6"9
'I u2
ó"8
6.5
7"L
6"9
7"7



SUBJECT
#

ÞAY

28
o00c9

Baseline
Basel ine
Basellne
Basellne
Basellne

Radlatlon

TATENCY(sec.)

MEôlg s.p-g

Lz.T B "B
7 "4 , ,4n6
g" 5 5.6
8.6 B,I
B" ? 6.I

single exposure of 900 R

14.6 15.5
Il "3 9,7
8.9 4.6

1 g, i 16,3
14,3 I2"5
L7 ".4 16"7
13.6 I4"3
I2,g 16.5
10.0 6 "214,0 10"1
19"5 I4.5
34.3 40.5

TILT CICLE FREQUETICY

I
2
a

4
5
6
7
I
9

10
I}
i,2
13
l4

,20cps (medium)
oo t a t t o I ¡ a t a oa a a

TOTAL

4B
28
48
42
EA.)¿-

DURATIOII(s.c-) of

RADIATION DOSE

LEVER HOLDTNG

14.3,l
70"8

I47 "0
l3?_"2

' 125"3

59
30
31
26
.).)

oO

40
JJ

31
30
2T

900 R

NYSTAçi¡,/iUS

30rnm 60rom

3"7 6.9
3.6 6 "43"7 6"1
4"O 6"5
4"O 6.1

79o"4
100" 2
362"9
âE.I A

176"2
I99" I
520"9
82"g
Bg,3

150" g
382"6
LIg"7

Died

402 6"2
3"7 5" g
3"8 5,8
3"6 5"7
a'7Ê.âvc ¡ Jou

4"2 5.9
3.9 7.2
?.() Ê ¿Jø(J *JrU

3,7 5"6
4.2 5.9
4"O ó.0
4"O 6. L



SUBJECT

DAY

Ba sel ine
Basel ine
Ba seI i ne
Basellne
Basellne

Radlatlon

LATENCY(sec ")
MEAN S.D.

13" I !2,5
I2"3 I2"5
13"8 9.3
10.1 14"3

- 
9.9 9.6

sÍngle exposure of 900 R

25,I 24"3
40.3 39,'7
31.I 36.2
I2"4 10.7
12.0 13,7
15.0 15"3
1.1.4 8"3
16"2 11.2
9,4 11.0.

lt.o II.2
r2.4 8,3
L2.5 9.1
8.3 6"6

lO¿2 10.9

TILT CYCLE FREQUENCY

I
2
3
4
5
6
7
I
9

10
Ìt
1D

I3
T4

n20cps (medlum)
oa e a a ra.a att ra r a

T9I4!

6I
62
?o

B5
66

DURATION(sec") of

LEVER HOLDTNG

103, g
179.0
'94"7
3L7 "4: . 140"3

RAÐIATION DOSE

50
25
34
35
40
29
39
45
31
39
35
47
30
35

9OO R

NYSTAGÀruS

30rpn 6.0rpm

L67,7
65"4

239"2
93,0

109,5
93"0

L84"2
224.7

43"2
59. B

119"6
296"9
121"1
55.4

4"I
âÉ.
4"O
a')

"I 
"4

6,8
7"2
6.5
6"8

J"T
JoO

3"7
JoÕ

4"O
4"O
4"2
LOJe(J

4.3
4"4
4"3
4rL
4.4

ó,3
tra\Je )
6"5
6.3
7.4
7.O
7"7
oo4
6"7
7"!
6.4
6"4
6"9
6.6



SUBJECT
#

DAY

3o
ooaoo

Baseline
Baseline
BaseLlne
Basellne
Basellne

Radiatlon

TILÎ CYCLE FREQUENCY

I-ATENCY(sec. )

!1E.AN S.D"

5.0 l+ -l+
6.1+ 1+.5
7 "3 6.9
5.2 l+-2

.7.0 l+.1¡

'single exposure of 900 R

5.6 l+.2
6.5 l+,9
9.3 7.31o.B 7.of1.4, 7 "35"3 3.1' l'.). t(e 5r5

I
2
3
4
5
6
7
()

9
l0
T1
L2
I3
I4

.2Ocps (mecìium)
r o r a a t a o a 

",a 
! a 9 a a

TOÏAL

RESPINSES

3T
2I
3o
2l+
2l+

DUFATION(Sec.") of

LEVER HOLDTNG

ó1. B

84-6
227 "7
79.7:: 66"5.

269.o
96.O

1ó9" g
TLî.7
]..62"5
39'.3
gg.5

RADIATION DOSE

/.tt
27
25
22
2J
2T
29

900 R

aoôc90cc

NYSTAGÀ¡US

30rpn 60rpg

l+.9 8-4
4"7 8.1
l+"4 8.3
4-l 7 -jl+.6 8" I

D]ED

h-2' 7.3
4"5 8"6
4.8 s"l+
l+,3 9 -r
4.7 9.7
5 -1 10,4
5.0 7"4



SUBJECT

DAY

3T
þ!eoo

Basellne
BaseI ine
Baseline
Basellne
Basellne

Radlatlon

TIIT CYCLE FREQUENCY

LATENCY (sec.

r{E4N

17.1
25.9
20"0
38.6
2?"3

single

29"O
2T"I
39,g
35"2
1B. g
yB,!2

l-Ø.t I

32"7
2!.7
3ð"5
34"7
28.g
26.3
2l "0

S.D"

20.4
25"4
lB"5
5ó.5

. 26"I

exposure of 10

2!.9
.).) a
LJ.L

56.9
40"2
10.0
20.0
25"3
36.9
16.9.
38"3
35"7
27.7
IB.O
i.B,g

Ì
2
3
4
5
6
7
I
o

10
1t
12
13
l4

,14cps (s1or,v)
at a a c c a at a e a 00 a o

TorAt

RESPONSES

50
46
47
42
46

RADIATION DOSE t0 R

LEVER HOLDING

83. g
107.0

âooJUo(J

76"I
'Lrg"2

o<)

56
4T
48
4L
55
5B
57
68
46
4I
46
lo
6B

NYSTAgMJS

173.6
65"2
tî Êl¿Ð¿

162"0
L66.6
20'/ "7

95.O
I 36.ó
151,0
IOJ" 1

58"4
68"1
94.o

T2T.4

3Orpm

4"7
4"7
404
Ã1JoIÉôJcZ

ó0rpm

6.5
AA

6.6
6"6
6"9

5"4
4"9
5.1
4,8
4"3
4"8
4"3
4"6
4"7
4.9
5.0
4.6
4"4
4,7

7.r
6"9
1'
J EJ

7 
"?_

6,6
b.5
7"0
Oe /
ó.9
ó.9
ó"8
6,5
A.

6"6



SUBJECT
#

DAY

22
oaoat

Baseline
Baseline
Basel lne
BaseIlne
Basellne

Radlatlon

LATENCY (sec. )

MEAN S.D"

I5"5 I4.1
26"8 30"2
2r "6 30, ?
26.4 25"1
lq" 3 11 .o

single exposure of l0 R

15.0 10,3
9"6 5"7

IB.7 23"2
18.6 19"5.
2L.2 26"2
22._g 28.1
27 "6 31" 3
26,7 I9"4
20"4 16.2.
30.2 40,1
35.5 30.3
2!.9 IB.4
15" I 9.4
15.7 I2"g

TIIT CYCLE FREQUENCY .14cps (s1ow)
a!accaa

I
2
.)
4
5
6
7
I
9

l0
11
T2
t3
l4

TOTAL

RESPONSES

JO

26
26
25
óó

DURATION ( sec.

RADIATION DOSE

LEVER HOLDTNG

79"2
BL"3

171"3
85"1
56"7

2I
53
24
30
28
31
26
23
a.>

25
10

30
24
32

. i'l?, ":.

NYSTAG[{iJS

30rom 60rnm

4"3 7 "L4"4 6.9
éq I OoO

3"9 7"6
4.2 6.6

46"3
220"2
87,6

104.0
68" 3
óg.B
74"8
55"4
3ó.1

1I9.3
62,3
84"L

I24"3
123.9

3"8 7.0
4"1 6"6
3"9 6,8
1t/^-UoU rJo 4

âtr.LÔUcJ UoO
4"O 6.7
4.0 6,2
4¿'o 6"3
AuI, 6"3
3,Ð 6,7
4"2 6,9
4,O 7.I
4.4 7 "O4"3 7" I



SUBJECT

DAY

oo o o q

Baseline
Baseline
Basel ine
Baseli.ne
Basellne

Radiatlon

LATENCY(sec.ì

MEAN' S.D.

to.g 10.7
7.2 4.8
6.3 4.7
8.2 6"7
8.6 i2.O

single exposure of I0 R

10.7 g.l
I I .3 11.6
L2"6 IB"2
11.0 13"8.
l3'4 LB,B

B. g 12"5
7"6 7"6
7 "6 16.6
4,7 4.7.

13.8 14."6
13.0 12.3
8.3 10.6

I2.I 14.3
16"0 l3.B

TILT CYCLE FREQUENCY

I
2

4
5
6
7
()

9
10
tI
12
13
14

.'.t1",0.". .(,"1:y], . .

TOTAL

61.

25
52
30
47

RADIATION DOSE

LEVER HOLDTNG

90.5
28.5
58,5
47 "I' 44.8

42
3B
Ê.E

44
.).)

35
30
¿ö
44
34

30
.)")
\)¿
33

10 R

oaoaaocl

NYSTAgvIiJS

30rpm óOrnm

62"7
34"0

T28"6
¿* / cO

48.4
40"9
30.6
49"5
77"O

lLZo ó
27"2
42"3
BB.3
41" 5

4"L
4"0
4.1
4"I
3"9

'l 
"6

7.6
7,4
6"9
7"0

4.3
4,5
4"I
4"0
4,7
4,I
4"4
4¿i
4"4
4n4
4"1
4"2
4"3
4.I

neJoJ
6"7
6,2
6,9
'7,7
7"2
7"7
7.4
'l 

"o
7"4
/o.L
lcZ
6"8
O. /



SUBJECT
#

DAY

34
90 ! a t

Basellne
Basellne
Baseline
Baseline
Basellne

Radlatlon

LATENCY (sec.)

MEAN S "D.

14"8 L3.4
13"6 13.9
15.3 I7.g
9.8 8.5

IJ"7 11"3

single exposure of t0 R

I 7.O 16.7
r7"7 lg"I
13. I 11. I
10.3 10.I
14"6 13"0
I3"2 II.2_
i0.1 11.5
15.4 L7"4
12.5 I2.3.
B.g l2"I

10.2 7,2
9.5 5"6

13.6 14.1
7 "4 6.2

TILT CTCLE FREQUENCY

I
2
à

4
5
6
7
I
9

TO

I1
T2
13
I4

.14cps (slov¡)
ae c a o t o a t a o r o a a a

TOTAL

RESPONSES

57
57
42
63
7I

DURATIOII(_s.ec") of

LEVER HOLDING

49I"2
T48"2
54001
359,0: ì 2'7I"3

R.ADIATION DOSE

46
55
97
74
67
53
40
43
7B
76
59
6T
8,2

53

loR

NYSTACaÀ/riUS

3Ornni 60rnm

246,2
992"O
672.2
687 "5
492,5
379.3
'>Õo .\
tL\) o ¿-

399,2
722"8
811.0
"722"0

649.O
4gg.Q
681,3

5.0
4"5
4"7
4"5
4"5

7"5
7"9
8,0
B,B
7,9

4,8
4"7
Ãô
4,2
4"5
4"2
4u7
5u1
4,2
/'l I-tøJ

4.5
4.O
4"7
4.6

8"1
B,g
OoJ

9.0
7"9
ÕoJ

öøZ
öo /-

8.4
ÕoÕ

8.0
()c.)

8"4



SUBJECT
#

35

DAY

BaseI ine
Baseline
Basellne
Baseline
Basellne

Radlation

I
2
3
4
5
6
7
B

9
t0
11
12
t3
I4

LATENCY (sec. )

MEAN L+
1/+. 5 10, ?
13 'l+ 16.9r7.3 r7.3
11"1 g.g

?o"o 10.g

single exposure of 10 R

10.7 l-5"t+
1o.g 8.4
It+.5 13.0r2"g l1.oL?.9 r3.7
I3,Lr 2O.3
18.0 14.8
2I.9 2.I.5
L6.4 ].Lt. j
14.0 13.6
l_8.ó 2O.5
11.4 10.9
9-0 7"t+

TIIT CYCLE FREQUENCY "14cps (slow )
.o o t a t c c o ! e Q a t o o o

ror4!

RESPONSES

105
95
l+6

66
40

DURATION(sec") of

RADIATION DOSE i0 R

.84
63
74
7I
t4
66
67
ó1
75/
Ò̂U

39
48
75
79

LEVER HOLDTNG

363,3
176.1+
^^Ê ^¿¿lc¿
269 "5
198.1+

NYSTAG¡IIJS

410.0
286,0
226"4
l_08.0
3r0.5
T7L.6
88.8

r73.7
r23.9
205.6
62"9

]24.7
47.L

104.8

30rpn

4"2
L.3
l+.2
4.0
4"1+

60rpm

7 "l+
7"8
7.5
(o I
6.9

)"¿t
4.0
h"5
3"9
4.0
tÊ4o)
4"2
4.1
4.8
4.5
l+. ln
l+.2
4"5
h "l+

I o(7

6.7
n)
ry.)t o)
I tL
6"8

r7)

6,9
7.7
7.?
O. ÈJ

.1 a

l.)



SUBJECT

DAY

%
oeoo9

Baseline
Baselíne
Baseline
Basellne
Basellne

Radiatlon

I-ATENCY (_sec. )

[4EAN S.D.

33.2 39"?-
30" 3 28"2
23"5 14,5
37.0 27.9
10.6 39.3

first exposure of 450 R

20.9 16" 3
25"2 30,2
30"2 2B"g
37" 3 48.2
25.1 24"5
29." B 23,3
31.5 27.5
second radlatfon exposure
79"1 86"4
62"4 49"7
4I"3 46.3
5I.g 40"8
95.3 74.7
55.3 65"0

TILT CYCLE FREQUENCY ,t4cps (stow)

I
2
3
4
5
6
7
I
I

10
. tl

t2
13
I4

ru!
RESPONSES

56
40
69
62
46

DURATION(sec") of

LEVER HOLDTNG

325"8
197"5
42! 

"¿r
380"6: 116.0

RADIATION DOSE 2x4b0 R

43
?o

.)¿

.)O

32
37'34

450 R

Ôtr

oti

25
34
34

of

NYSTAG¡,,!-dS

30rpm óOrom

4"6 8.0
4,6 B"g
4"9 8"6
4.7 8.5
5' I 9.4

188.1
121. B

T48"4
I2g,g
Bgcg

I47 "6
112" 5

39. g
I01 .7
côD 1
2I4"5
all 0

L39"2

5¡4 10,1
5"7 8,6
5.3 B.g
5"2 9"0
5.1 8"6
5"0 9"2
t:t 8.1

402 8.7
5"0 B"B
5"5 9"0
5" 3 9.0
4.9 g"g
4"9 9"6



SUBJECT
#

DAY

37
9C O O O

Basellne
Baseline
Basellne
BaseLine
BaseIlne

Radlatlon

TIIT CYCLE

IATENCY (sec.

MEAN

27,9
41" l
aao

31"9
ZOo.1

fi""t

2I.',l
17" 6
22,7
40.1
18.0
2'q e4
18,8
second
48.B
23.7
29.3
60,6
20.6
ó0" I

q.D"

25"5
63,5
1ó,0
26"2

. 34,4

exposure of 450 R

24"9
13.0
22.2
40"2 .

12" 5
42"8
1a o¿ uoÇ

radiatlon exposure
^ô^-<ÕoZ'
18.B
26"O
53.6
22"3
52"2

I
2
J
4
5
6
7
B

9
10
II
t2
I3
14

FREQUEN'Y 
.""tÍ:1,".i."]:y],..

TOTAT

RËSPONSES

51
70
50
40
40

RADIATION DOSE 2x450 R

LEVER HOLDTNG

186.3
323,6
lËct 

"LJ / 
' '

162.8
242"9

'45
6t
.tt
JO
4L
34
45

450 R
QC

31
aa
an

27
3I

of

NYST4GMUS

3orpm

4"5
4.5
4"2
40I
4,9

282,O
524"O
190, 3
74"3

377 "g
292"e
398.8

302"4
âìâ I

45L.2
406.8
28O"6
979.2

ó0rpm

b"5
6.9
6"8
6"4
7.0

4"6
1<)

4.I
4"2
4u5
3.9
4".O

3"9
JeO
4"0
4"4
4.0

B"T
6"8
1a

6"6
Qc /

6"8
6"7

6"2
6.2
6"9
Oc /
7"0
6"9



SURIECT

DAY

âo
oocóo

BaselÍne
Baseline
Ba sel.l ne
BaseIl.ne
Basellne

Radlation

TIIT CrCLE FREQUENCY

I-ATENCY(sec.)

MEAN

LJ)øZ
10.0

9"?-
8.6
6.0

flrst

S.D"

12"6
anvov

9,9)
7.4
4.I

exposure of 450 R

I
2
3
4
5
6
7
Õ

9
l0
tl
12
13
I4

1l"I ll"g
13.3 lI.1
15,8 lt "012"7 11,3.
15.5 1l"g
10..6 9.4
I5.7 20.5
second radiation oxposure
12"5 I2.3.
13.9 g.B
lo.ó 12. 3
8,6 7.3

I3'5 8.0
L4"2 18.6

.14cps (slov¡)
ca e a c t a ao ! a a o t a û

ruL
RESPONSES

5T
ItJ
57

101
90

DURATTON(sec") of

RADIATION DOSE 2x450 R

LEVER HOTDTNG

62"4
I 18,2
80" !

o 4t7 l)4!)Ve t)

146"0

91
85
50
74
48
45
67

450 R

27
34
35
6B
RO

3I

of

NYSTAG¡rilJg

140.7
180"4
205"6
202.4
55.6
an2
96.5

49"l
34.6

151 .I
347,L
1IB. 2
260.O

30rpm

4"8
4"4
3.9
4e5
4"L

60rnm

7"5
Oo /
8"2
704
7,6.

4"0
4"6
3"9
4u3
à.)
5,0
o:t

4"2
calJc7

ao
JoJ

3"6

,7^

9.2
oô<)o Z
7"7
7.7
7"8
/oþ

B"I
loO
B,l
7"4
7"5
7"9



SUBJECT

DAY

æ
oôoao

Baseline
BaseI ine
Basellne
Basellne
Basellne

Radlatlon

LATENCY (sec r)
¡,,IEAN S.D.

I4"5 15.4
10.0 8.1

9" 5 8.5
15"5 13.0
J,2"7 9"2

flrst exposure of 450 R

14"9 11.3
10.4 9.8
I3"7 9.6
l.9.0 17" 3
10"6 I3"5
113 B 10. 3
9.0 7 "5second radiation exposure of

10"5 6"0.
11.0 II.7
57,7 97 "5IB"4 14"3
13,2 10.9
52,9 69.5

TIrT CYCLE FREQUENCY

I
2
3
4
5
6
7
B
9

10
1t
I2
I3
I4

,14cps (slow)
ao a e a o c a t o a a t ! a 9

TOTAL

RËPoNgES

52
30
50
43
50

DURATION(sec") of

RADIATION DOSE 2x450 R

LEVERJOLDTNG

86" L
I20.6
242"4

37"2_
I99"7

43
32
JtJ

Jtt
42
49
.+¿

450 R

/J

49
46
60
29
32

NYSTAGVIJS

2i.8" 5
246"5
4lB" 5

99"5
155,6
19ó"8
24I"2

476"5
350.8
279.O
400.3

74,7
I65"7

30rprn

4"3
5"0
3.9
4"5
403

60rpm

6.8
ó.5
6,7
6.2
7"0

4"L
Áç
'+eJ
4,6
4"6
3"9
4"6
4u5

4.2
4"3
JoÕ

4.2
4,I
4,2

6"6
6"4
6.9
''J"I
6"6
7"2
6"9

6,6
6"3
7 "?-
Oc I
6"6
603



SU&IECT
#

DAY

40
QOC!O

Baseline
Baseline
Baseline
Basellne
Basel.lne

Radlatlon

TILT CYCLE

LATENCY (sec 
" )

MËÂN S.D"

9.8 B.B
7 '5 5'710.4 B.If5"0 g.g

r3..7 10,6

first exposure of 450 R

r7.3 10,4
12 

" 
l- II.416.4 r5.gI2.8 lÌ.5.r4.2 1?.911"8 12.67.3 t+,3

second radiation exposure {J06"5 4.8.
8.6 8.4
7"8 7.4
7"2 5.7
9.5 6.3
7,2 ó"1

FREQUENCY .I/¡cps (slow)
oo I c ! a a t a a o a a c a o

t
2
J
4
E.

6
7
I
I

10
II
L2
I3
14

TOTAL

RESPONSES

40
66
79
32
óo

RADIATION DOSE

LEVER HOLDTTIG

'ì,ô ôL4<.o4

90"7
r52.6

64"3
I22"O

5B
U+
55
37
67
36
3l+

R

33
37
40
48
45
3l+

2x45o R

oatotrac

NYSTAGÀ¡Ug

30rpm 60::pm

275,8
1l_0"8
27(,.o
75.r
96"5
72.Q
73.3

62.5
162.7
r38.5
r37 "5
103.6

76.O

4.8
l-
4c)
l+,2
4.5
l+.6

7"r
6"5
6.9
6.6
7"r

5.O
4"Ì+
l+"5
l+.7
r1
) oL

l+" 5
4.1

4.8
5.2
tra
)o)

4.8
4"8
4.7

7"L
7 "l+
/"o
B.o
ry1
6.j
7.0

7.O
r7t
( o)

7"9
6"3
7.5
8"1



SUBJECT
#

DAY

4T
ooooo

Baseline
Basel ine
Base I i ne
Basellne
Basellne

Radlatlon

LATENCY(sec. I

lvlEAN S.D-s

59.9 70"5
34"3 '22¿4
61.0 52.4
46.2 37,43?.8 2-t.2

single exposure of 900

54.7 43,0
58.7 65.9
53.9 48.3

r2o.4. 179.6
195,1 308.9
86"'5 68 "7120.9 173"5

155.4 183"3
145,3 132"5
144"2 178,5
137.2 180.2
lBg"B 263,7
2ø1.6 391.8
143.6 170.3

TILT CYCLE

t
2
3
4
5
6
7
I
9

t0
IT
12
lã

l4

FREQUEN.Y 
.::1:f :. i:l:îl . 

"

TOTAL

RESPONSES

49
5B
4L
48

DURATION ( sec "

RADIATION DOSE 9oo R

LEVER HOLDTNG

152,0
1 90.5
I49"5
LOz"7

' ,262.0

Jb
to
44
27
48
62
52
trtJJ.
aoUO

.)¿
60
62
40
5ó

NYSTAGMUS

30rr:n 60rnm

5"3 6"9
5"0 6,7
5.6 6.3
4.3 6 "75"0 6"2

I92"3
583"5
980.7
509"4

1 339,1
ìlR4 a

4-17,I
843.0
405.2
a.rö Ë.
JZ'J ô.)

BÌ9.0
eÔ^ 

^JOJccl

920"5
28T.4

4"8 6"5
5,5 8.0
4.7 8,3
4.6 7.7
4,I 6"9
4u5 7 "64.! '7 

"34;9 7"0
4"6 6"9
4"4 6"'9
4"3 7 "O4,6 ?"1
4.9 6.3
4.6 6"9



SUBJECT
#

DAY

42
90aac

Basel.ine
Basel Ine
Ba sel J. ne
Basellne
Basellne

Radiatlon

LATENCY(seg)

MEAN S "D-¿

24,4 tg.t
2I"9 26.7
20.2 20"3
23,2 Lg.7
2!"2 25"9

single exposure of 900 R

16.8 L7.2
17,0 28,9
at-\ 2, aâ o¿¿o I Z.)cÖ

2L"3 2!"2
53,3 B1.I
50".ó 70"7
55.8 85.7
83.3 113.2
5012 BB.1
45.5 118.5

TILT CYCLE FREQUENCY

I
2
.f

4
5
6
7
I
9

I0
11
1,2

13
1.4

.l4cps (sIow)
co o a e o a t o a a t e a a a

TorAt

RESPONSES

49
55
5B
64
42

DURATION(Sgc") of

LEVER HOTDTNG

96.-l
169,0
101,3
100.5, r 185.2

RADTATION DOSE

7T
72
)J
40
42
qo

43
34
48
45

.10: ".:.

NYS.TAGVIJS

39rpm 60rpm

570"9
642"9
4I-/.4
?ìct 2

312" 3
292"3
Q1a A

267 "L
364"0
157"8

4.5
¿i ø4
4"7
4"2
4"4

Died

loL
/oO
7"O
6"7
lol

4"2
4"8
4"3
4"I
4"I
4"e
4uO
4"2
?o
20

ó"8
'l.o
.74

6"8

7.2
'74

6.8
6"8



SUBJECT

DAY

43
90Ca9

Baseline
Basel ine
Baseline
Baeellne
Basellne

Radiatlon

TILT CYCLE FREQUENCY

LATENCY(sec - )

h,IEAN S.D"

^^^ZZo-1 ¿4"B
14,5 14.0
I7.2 1B.g
16" 1 IB"'l
17,5 21"3

single exposure of 900 R

26.8 2g.4
28,7 31"4
22"',7 36,I
57"5 54,2
30"8 45"9
46?2 47,O
41"5 55.3
39"8 55,6
31,6 37.6.
47"3 88,6
%"2 42,2

I
2
3
4
5
6
7
I
9

l0
11
12
I3
L4

,14cps (stolv)
Ôe t a l t a a t a t a o a a o

Tor¡.I

RESP_ONSES

4t
43
64
59
43

DURATIONIsec-) of

RADIATIOIü DOSE

LE.VER HOLDTNG

52,I
I 15.5
80,4
ó0"8
nÃ. E.UJOJ

65
34
26
aÉ.

38
35
1D

32
29
.JÈ'

24

900 R

to a a e ! e e

NYSTAG\4iJS

30rpm 60rom

122"4
154"8
Bg,5

155,6
206"1
253.5

34"7
1l -/" 0
84"7

349" I
I05"0

4,L
5"2
4.5
4"8
5"1

Died

I aö
?R

7.0
7"8
8"1

4,3
4"3
4"5
5u1
4"7
4"9

4"6
4,9
4"6
4uB

7.5
'l 

"2
6, ç¡

7,8
7"3
7"2
7"7
8.5
7"6
7"9
'1"2_



SUBJECT
#

DAY

44
ocroo

Ba sel1 ne
Baseline
Ba se I lne
Basellne
Basellne

Radlatlon

TIIT CYCLE FREQUENCY

LATENCYlsec. )

¡I,IEAN 
, 
S "D"

8,5 9.6
I0"2 11"5
8"3 9"6
9.0 7"2
9"8 7.4

single exposure of 900

14"3 9.2
1l "r 8,6
16"3 15.9
44"2 38.3
15"1 I1,0
22.5 31" 7
r2:2 16.5
26.5 2L"',7
16.9 L2"6.
16 "5 1.0" g

65"7 90.6

I
2
3
4

6
7
I
9

10
II
12
13
I4

,14cps (slor¡¡)
at o o a a a a a o ça o r s a

TOTAL

RESPONSES

42
40
38
7B

DURATION(Egc-") of I{YSTAG},4US

LEVER HOLDING 30rpm 60rpm

86,1 4.3 8,1
145"ó 4.2 7 "2111"2 4"3 6"8
79"3 1"',7 7 "3: 102.5 4"8 6"8

RADIATION DC6E 9Oo R

70
Ò.t.)¿-

J:}
JJ
\]J
64
47
a')

25
2T

228"0 4"3 7"0
153"7 4.6 7.3
363"9 4"2 7.4
129.5 3,7 6"0
7I"6 4.1 7,8

299"8 4"3 '1"3
727 "B 4"2. ?.3
112,5 4"r 7,8
14ó"9 4"6 7,!
272"3 4"5 7"6
105.3 4,6 8.1

Died



SUBJECT
#

DAY

45
9000a

Ba sel 1ne
Basellne
Base I I ne
Basel.i.ne
Basellne

Radlatlon

I
2
3
4
5
6
7
B

9
t0
I1
1.2
i.3
14

TIIT CYCLE

LATENCY(sec.)

¡4EÂN S.D"

6,2 4.5
6,6 4,2
5,7 3,8
5"2 4.3
ó"1 4.O

single exposure of 900 R

13.1 13"6
11 ,9 11 .6
11,7 11,I
?,3 5"0

17.0 2I.3
13."8 13"0
1"6.1 20"6
38,2 3g.g
46.3 5ó"9
73.0 80.I

FREQUEN.Y 
..'"11".î.("".to:,)..

TOTAL

RESPONSES

25
29
39
5B
aa¿z

DURATION(pgc,) of

LEVER HOTDTNG

119.6
^/ÕOeI

154.7
lgg"7: ,T74'I

RADIATION DOSE 9OO R

J]

37
26
28
23
27
23
35
30

NYSTAGVUS

30rom 60rnm

4"0 7 "l4"9 7"1
4"4 6"4
4"7 6"2
4"3 5.8

275.2
272"2
I82"7
199"5
155"3
1 18.2
136"8
468,g
438"9
1>^a f)

Died

^^¿io.1 o" I
4"8 7 "!4"6 6.5
4,5 6"3
4"6 7.1
4" 5 6.6
4"5 6.4
4"5 'l,g
4.5 6"6
6"1 10.7


