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SUMMARY
(Nontechnical)

The majority of studies investigating primate behavior following exposure
to high doses of ionizing radiation have used animals confined to restraint chairs
and trained to perform a learned task requiring little physical movement. The
objective of this study is to determine the effects of high neutron (n/y = 3) radi-
ation on the performance of a physical activity task. This paper reports the ef-
fects of a 4600-rad pulse (n/y = 3, pulse width = 50 msec) on the performance
capability of 10 male rhesus monkeys trained to operate a physical activity wheel
as a nonmotorized treadmill.

The pattern of postexposure incapacitation was: (1) an early onset of in-
capacitation with 80 percent of the animals being incapacitated within 8 minutes
postexposure; (2) an apparent recovery from incapacitation with only 30 percent
of the animals incapacitated between 45 and 70 minutes postexposure; (3) a
steady increase in the number of animals exhibiting incapacitation until 60 per-
cent were incapacitated between 105 minutes and the end of the test period 6
hours postexposure. At 24 hours postexposure, 90 percent of the animals were
incapacitated. Group mean performance for animals, when not incapacitated,
was 58 + 9 percent of base line throughout the 6-hour test period. Survival time

of the group ranged from 7 to 132 hours with a mean of 37 hours.
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INTRODUCTION

The majority of studies investigating primate behavior following exposure
to high doses of ionizing radiation have used animals confined to restraint chairs
and trained to perform a learned task requiring little physical movement. 4,8
Three AFRRI studies!s9»9 evaluating the effects of ionizing radiation on the
overall performance of unrestrained animals exposed to a radiation field with a
neutron-gamma ratio of 0.4 showed that performance on a task requiring phys-
ical activity (traversal of a 3 x 6 foot chamber) was more severely degraded fol-
lowing irradiation than performance on a task requiring little physical movement.
A fourth study2 that separated the physical activity task from the cognitive task
showed that performance of a physical activity task was more affected than per-
formance of a cognitive task. In addition, Thorp and Young found that neutrons
are less effective than gamma radiation in producing incapacitation in an animal
performing a cognitive task. 8

The objective of this study is to determine the effects of high neutron
(n/y = 8) radiation on animals performing a physical activity task. This report
is an evaluation of the ability of rhesus monkeys to perform a physical activity

task following exposure to 4600 rads (n/y = 3, pulse width = 50 msec).
METHODS

Ten male monkeys (Macaca mulatta) averaging 45 months of age and weigh-

ing an average of 5.7 kg were studied. Individual age, weight, dose, and sur-
vival information are given in Appendix A (Table A-1). All animals were fasted
for 18 hours prior to base-line and postexposure testing. The animals were
housed in a primate colony room and transported ir a Plexiglas box to a non-
motorized activity wheel. 3

Each animal was exercised for 2 hours per day for 8 weeks to condition
it to the point where an alternating 10-minute run, 5-minute rest cycle could
be maintained for 6 hours without serious fatigue. Running behavior was main-

tained by a shock-motivated free-operant reinforcement schedule with visual and




auditory cues during the activity sessions (Table 1). A tone and light began
approximately 30 seconds before the wheel became free to rotate. An animal
could indefinitely avoid a brief electrical shock by rotating the wheel at or above
a rate of 1 mph. If the rotation rate exceeded 5 mph at any time, a motorized
brake automatically increased the drag on the wheel until the rotation rate
dropped below 5 mph. During rest periods, there were no visual or auditory

cues and the brake held the wheel in a fixed position.

Table 1. Visual and Auditory Cues to Acceptable Performance and the
Criterion for the Onset of Brief Shocks

Tone
SR Kk
mph (BPM) Lights Shoc
Shock zone 0-1 90 green .4-sec pulse*
every 1.3 sec
Shock avoidance
- 0 one
danger zone 5 ? groon .
Shock avoidance 3-5 60 White ke
safe zone
Overspeed zone | 5 and up 30 red none *

* ,4-sec pulse once every minute during incapacitation
+ Brake moves to on position

Following 8 weeks of training, each animal was base-line tested for 2
hours in the reactor exposure room and 4 hours in the training room. Five days
(normal training schedule) later, each animal was transported in a Plexiglas box
to the exposure room for a 10-minute pretest to detect any significant changes in
the animal's performance. If pretest performance was 80 to 120 percent of per-
formance achieved during the first 10 minutes of the base-line test the animal
was placed in a squeeze box and exposed to a single whole-body dose of mixed

gamma-neutron radiation (pulse width = 50 msec; n/y = 3.1). The radiation
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exposure was monitored with miniature ionization chambers. This exposure was

muitiplied by an experimentally derived factor of 0.77 to obtain the midline tis-
sue dose (MTD).'7

Five seconds after exposure, the animal was released from the squeeze
box into the activity wheel and tested immediately. Initial postirradiation test-
ing lasted 6 hours and followed the same regimen as the base-line test. The ani-
mals were then tested for 2 hours each day until death. During training, base-
line and postexposure testing, the animals were visually monitored by closed
circuit television® for changes in their physical condition and for emesis.

The rate of rotation and number of revolutions were permanently recorded
on a strip chart. Each animal's performance on the postexposure test was ana-
lyzed for each 10-minute session to determine the number of incapacitations,
the amount of time each animal was incapacitated and his performance level
when not incapacitated. An animal was considered to be incapacitated when he
did not perform for a period of 1 minute and was considered to have recovered
when he performed continuously regardless of the speed for 1 minute. The level
of performance was determined by comparing postirradiation performance with

base-line performance.
RESULTS

Within 3. 7 to 7.5 minutes postexposure (X = 5. 1) incapacitation occurred
in 80 percent of the animals. Recovery from early incapacitation occurred in
all cases by 45 minutes postexposure. Exact times of onset and recovery and
the duration of all incapacitations are listed in Appendix A (Table A-3). During
the first 2 hours postirradiation, the percent of the group incapacitated (Figure
1a) at any time during a 10-minute activity session dropped from 80 percent in
the first 10 minutes to 30 percent between 45 and 70 minutes then rose steadily
to 60 percent between 105 and 115 minutes postexposure. Between 2 and 6
hours postirradiation, 50 to 70 percent of the group were incapacitated at some

time during every 10-minute session. Ninety percent of the animals were
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incapacitated for each 10-minute work period. (Raw data in Appendix,
Table A-4.)




incapacitated when tested 24 hours postirradiation. Some animals were incapac-
itated for an entire 10-minute work period (Figure 1la). Thirty percent of the
animals were incapacitated for complete work periods between 15 and 40 min-
utes postirradiation. At 45 to 70 minutes postexposure, some incapacitation
occurred, but none lasted for the entire work period. From 75 minutes post-
exposure to the end of the 6-hour test, 20 to 60 percent of the group remained
incapacitated.

An alternative to examining the incidence of incapacitation is to consider
the percentage of time the group was incapacitated. For any specific 10-minute
work period the percent of time the group was incapacitated (Figure 1b) was
computed by summing the durations of all incapacitations and dividing by the to-
tal available work time. The group was incapacitated 37 percent of the work
period 0-10 minutes postirradiation and 52 percent of the work period 15-25 min-
utes postirradiation. The percent of time incapacitated decreased to a low of
~16 percent between 45 and 70 minutes postirradiation, then increased to 50 per-
cent at 105-115 minutes postexposure. The percent of time the group was in-
capacitated remained at ~50 percent for the rest of the 6-hour test.

To evaluate postirradiation performance decrement the rate of wheel ro-

tation postirradiation (RPMp;) was compared to base-line RPMy for each 10-
RPMp;
RPMg
were deleted from the group. The performance of animals incapacitated for part

minute work period ( }. Animals incapacitated for an entire work period
of the 10 minutes was computed only for that portion of the time that the animal
was not incapacitated. The group mean performance level (Figure 1c) was 58
+ 9 percent of base line for the 6-hour test period.

Four animals vomited postexposure, three at ~45 minutes and one at ~60
minutes postirradiation (Appendix, Table A-2). Survival times ranged from 7

to 132 hours with a mean survival time of 37 hours (Appendix, Table A-1).
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Table A-1. Animal Data

POST IRRADIATION
ANIMAL # AGE (Mo.) WT (kg) MTD (Rads)*  SURVIVAL (Hrs)
HI-5 42 6.1 4730 36.0
E-35 NA + 4.9 4600 35.0
F2-14 NA 5.9 4625 14.5
22 26 4.4 4800 28.5
E-38 42 5.7 4600 36.0
C-4-6 52 5.9 4570 7.0
C45 72 7.0 4600 16.0
C-4-4 48 6.9 4600 29.0
K-338 35 4.4 4665 36.0
A-4-38 42 5.3 4496 132.0
1
Upper Limit 72 7.0 4800 132.0
Group Mean 45 5.7 4628 37.7
Lower Limit 26 4.4 4496 7.0
|

*MTD (Rads = Midline tissue dose in rads)

*Not available

# Table A-2. Postirradiation Emesis

ANIMAL # TIME POSTIRRADIATION MINUTES) EPIgggggkogFVOMITING
22 4 1
i c4-5 44 1
C4-4 40 1
46 1
K3-38 60 to 62 €




Table A-3. Incapacitations
Animal Onset Recovery Duration Animal Onset Recovery Duration
number (min) (min) (min) number (min) (min) (min)
HI-5 4.0 22.1 18.1 E-38 114.2 126.0 11.8
23.6 32.5 8.9 {emmbd) 127.7 129.2 1.5
38.1 46.8 8.8 133.6 134.6 1.0
52.4 55.4 3.0 144.3 150.0 6.1
66.3 67.4 1.0 161.9 191.0 29.1
69.6 76.3 8.3 Co4t o & , E
92.7 109.7 15.1 e
111.9 160. 4 48.5
172.2 185.0 12.8 Gt L i B8
188.8 200.0 11.2 18.7 =1 Bk
342.3 352.0 9.7 314 et 54
79.9 87.9 8.0
E-35 8.7 46.8 43.2 e e o
el b 148 109.6 121.7 12.1
s Gose 23 134.0 311.5 177.5
66.5 - 315.6 - -
Feaas s e S K-3-38 5.9 20.6 14.7
Tna e 3 37.1 40.6 3.4
482 s S 180. 0 298.0 118.0
Rt Vs Wy 326.0 375.0 49.0
171.8 172.8 1.0
i 1% 5 T 14 A-4-38 7.0 9.2 2.2
176.9 156.3 5.4 192. 2 193. 8 1.6
{609 005 o 207. 4 210.1 2.7
191.8 217.0 26.2 SaL8 EE e ot
221.0 239.0 18.0 =38.3 A 1.0
278.0 294.5 16.5 Ly Y =
366.0 S8 1.8 251. 8 318.2 66. 4
3114 312, 4 1.0 272.3 278.7 6.3
3570 B Y 287.3 293.0 5.3
302.6 311.0 S.4
o Sad Lo s 321.4 332. 8 11.7
G = e 335.8 349.8 4.0
E-38 3.7 47.7 43.4 351.0 368.3 17.3
98, 2 99.2 1.0 371.6 374.6 3.0
107.0 108. 1 1.1

13




0 Y 0 ) ¢ 0 0 o ] 0 L14 g g% £5 09 (1] SAoue
ot [ 004 04 004 004 00t 004 L1 q 0 c o
(€) (v (£1) (61) (£2) (62) (92 ) z£) (n2) (1) (£2) (9%) 92 [ © 1€ 201
Lu 921 8Ll gl it 124} 124 of1 (44} (34} L13] 091 1411 651 591 191 "8l 51 0zz 1414
1€ n 24 & xi lw_ P49 nt o:l‘ 5% gt (14 0 99 111 MN 15 ) g o g (1] IUCLIG; 253 18 4
0 0 0 0 0 0 0 0 0 0 0 0 0 001 06 114 1z ot 0 001 €9 vaom 4 =
£ 18 4] 29 08 5€ €6 96 16 201 001 96 141 (62) (n€)91 69 (0£)9  (9)12 S0t i £1 2 15 oy
s€2 134 Lz (344 (124 ;144 152 292 1z 444 852 95 (114 91f 00§ €92 [1%4 %0z S0z 061 #l 2z 9Lz oy
0L £14 144 €L 62 u 99 ol u §14 8L 144 u Le] 9 €9 €L 6l 9 %9 69 L] i i ® 5
0 0 [ 0 [} [ a o 0 0 0 0 0 0 ) o 0 0 ¢ 0 o 0 0 0z 22
98 16 16 06 56 16 8 56 £6 6 96 06 56 826 16 96 601 g1 91t L] f£11 1141
(44| 12t szt £21 24 9zt 1] [11] 621 t441 £21 £741 {4 Lt 821 €51 LT By 151 (4] 691 6!
[ 13 62 4] 111 0 €2 9z 0§ (71 (] s 143 oL o 0 0 0 0 13 o5 0 0 g% LAuELIOLed R
Qat o 0 ot 81 001 o 0 0g 09 001 95 1 06 001 001 001 001 001 9% 001 001 f9 Naom § y
(£2) ™ 8¢ 05 6€ (61) 1 L S)€z  (n0)mi (22) (1%t (YaNE (€1) (2 (12) (81) ({:14) of (%) %) £ Oyusi Ay
1£1 621 £€1 €51 nel SEl 44 £l onl LL1] ont LU 191 691 I8t 151 451 991 951 051 291 ogt n61 I5vE fox
0 (] 0 0 0 0 0 [} 0 [ 0 0 0 o ° 0 0 ¢ o8 09 0 0 89 .@dueusozaad 1§ 4
Jedur POl iad
001 201 001 00t 001 00t 00t 00! 001 001 001 00 oot 001 001 ool 001 001 1 0 3 001 £9 Naom 4 -3
(£) (n) (1) (£) (%) () ) ) () (£) (%) ) (6) [€4] (61) (£) 43! (n £)6 9) 9t Qverl "3y
11 621 8zl £€1 82 821 144} el of1 onl 0s1 01 onl Sl 144} il S€1 i oni LiY] (391 in 1 ISVE Ap
(11 1£ 111 1] on €5 5¢ it 143 s 114 1] 89 13 1] ° 001 6z 1 65 19 £ €5 05 PIUeLI04 198 18 4
deduy ol san
0 0 8n o 0 £ 0 0 0 0 0 0 29 49 79 8l €8 0 £14 ot e ] 09 naom g a
on £ unw 15 9n 15 S 9 99 €5 (51062  (E1)62 (£1)82 (tyze 11616 £ (016 (8108 (L11Z (219 .
gl 124} 1z1 L wil 124} 0€1 121 L4} 6Ll L] €€l 141 L1} 881 $91 24 8Lt "8 81 foz noz
i ont 52t ot 562 SET 022 502 061 Slt Q9L Skt [ Stt 001 <8 ol o ST o1
-ShE -0€€ -G1E -00€ <582 - 522 -012 =561 -081 =591 -051 =581 -0z1 -501 -06 -5¢ 09 -5% -0f =51 -0
GoTIe|peIiTieog aeil
uorjejroedeou] pue 90UBWLIOIdJ °$-V 9IqBL

14




BUISAY (U)(ISEG) UOLIPIPPAILAAd DULINp AINULW 4B UOLIN|0ADY = gy

TPRIRILORORILL Bwid 40 juaduad

GOL3P|pead350d a3nutw 4ad UOLIN(OAIY = gy upu
=001 * ("dedu} “uiw) 40,4943 TSAINUIL U Buam 5, 0(ad NuOm i
8
SN "POPPE 3Q P(NOYS SASILIUILEC Uj SJBQUNU IYI YOLIPGLIRdESL,
[9A3| 3IURLMO 4B = 140 0343090534 IN0U3 1M SIULL U T 404 (IAI| ADUPWu0443d | (B48A0 330
> TW0D 03 S3USIM U0 5] “PAIRILICCEIU| JOU UBUM (IND| BDUPWD,LAE Luiind
. W0) U1 PI3|IP 343M SUCLIN(OADS SIS UOLIESND BINULW FUO WELT 553
e e et 30 2UPLLO0,480 JUIIIWITUL 40 I(NSA4 IYY SP DBPIOIRS I | Saum @
Buay = (3ui(aseq) 5y 40 SUDIIN(OASS 0§  “33Nujw U0 40, K| STONG(3UDD PIWI0,430 By uaum
P343A0I24 3APY O3 PAUIP|SUOD SEM PUR ‘IINULW JUO 40 POLLAE © 405 | (% 38
“dedu; upw)-g| 04430 30U PLP Iy UIYM PIIEILIEARIUL IQ OF PAIIPISUOD SEM [ Fuiub Uy
ldygy = ﬁvn.s:mg:uu TUOLIPILORANIUL 40 POLUAE B DuLAND PALLNII0 SISIGIUALRE uj SUoiIn(onay 2
"POL43d 4UOM YORA 4Oy AUL|ISEq 40 3 "9EL" AQ A(di3(nu
PajeNI(e) "PAIRILINARIUL 10U SPM [BWLUR Y3 YOLym buianp poysad yuom PUR SBINULL I3 AQ SUOLIN|OASS BUT APLALR JNOY 430 S3|iw 03 33NULw 4ad
UOLIR(PRAALISO0 3YF 4O UOLI4OD 30YT 404 PIINAUC) SPM [IAI| AIUPLIOIIS B SUOLINOARL 349AUOD O] "3RSI 40 333, §° | SIUISAA0a4 UOLIN(OABL YOI 1l
0 26 £9 8f 141 001 £6 "8 "8 8 "8 €L 99 ol L7 6L 99 %9 29 89 9 15 (13 £ ~uPus0,iC NG 4O
dedutr porsad
ool 88 "8 €9 0s "8 85 €9 41 144 1 124 14l 0 0 0 e 0 0 0 0 0 0 124 WA PO ey
(€2) (ze)lu (S2)s1 ({74114 (EE) 1N (LE)n2 (L1)es (6)ln (6)08 w6 /{3 8L (8 611 (24} SEL L1t L S (34] (24} ozt o1t (S)és Oves! Aoy
™ 6l 951 09t 41} gni gnl €51 i i i int (51 oLl (91 1" 174} LET 9 161 61 602 e L1t4 SYE Ady ey
e e L e R N e e = . = —
0 0 0 s (11 0 0 0 {4 0 0 0 (24} 62 8¢ 4} L] L] 8 8¢ 41 LA 143 ] £320Uws04430 1§ 4O ¥
c0e2u1 poriad
001t 001 001 0 0 00l 001 001 001t 001 001 001 06 0 0 0 0 0 0 © 0 nf L1] (1] NIOM 30 Roc ton
(zn) (o1) ) 89 6n  (on) (€€)  (£1) (€1) (8) 0 (L) 61 9 09 "9 u 8L €8 99 29 (01)9S (92)€w (z1)nL -Ov¥EL A3y
621 611 2 ozt 621 (31 141 Li1} el (31 i 091 091t 191 651 €51 £ 74} 061 ngt 91 991 61 gni L1 L35v8 Aoy
0 0 0 0 05 0 0 0 0 0 0 0 0 o 0 0 0 4] su 9 "9 0s 4] 95 #IOUeWI0;430 I8 4O 2
aedu. porsad
001 00t 0ot 00l 95 001 001 00l 001 001 oot 001 001 00t (]} 001 001 0% 08 0 0 41 €8 € A IO R L o
(2 (52 (92) (£ "€ (95) (92)  (6£)  (on) (65)  (£2) (g (on) (5€) (0z) (L) (8w) (€2)ow (1m)oy 221 161 (931 (e (6)sL -Qveyl Aoy
11 15t Shi (£ €51 zs) oSt (81 411l LI (L1 851 "9l 91 81 81 181 61 L] 61 90z 807 sz 90z 1358~
89 8 4] St u oL V2 89 89 w ol oL 89 89 143 "9 69 69 59 (31 99 69 14 88 9ouewi0;u3d 3§ 40 2
(9edu1 poiiad
0 0 o 0 0 0 0 0 0 0 0 0 0 0 0 0 Y 0 0 0 0 0 0 ¢ Wm0 R vy
68 zu 801 201 1t o1 101 96 001 001 66 101 66 101 S6 wor €11 811 it 2l (241 (24} L Oveei Ady
1£1 9t1 411 9t1 ont LLT] ot L1 8t onl nl LL1] 9n1 8l 591 291 "9l 1441 1241 061 (411 181 51 (411 135w Ay
S5€ OhE szt o1t $6Z 087 597 05¢ (53 022 502 061 SLI 091 Shi LD 001 S8 ol 3 3 ST ol ON TeWiNy
-5hE -0f€ =51 -00€ -98C  -0L2Z -55  -ome 144 -01z =561 -081 -591 -051 -SEL -0zt -S01 ~06 74 -09 1] -0t 1 -0
UGI1€1peJai150g awl]
(panurjuod) -V 9IqelL |
|
. < R e et i ——— —




