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Abstract. Immature Macaca mulatta were exposed to varying doses of whole body irradiations uti- 
lizing 2 MeV X-rays; 55, 138 and 400 MeV protons; and 2.3 GeV protons. Over 200 primates remain 
in a life-long study of space type irradiation effects. Mean body weight decreases as a function of age, 
sex, dose and irradiation type have been found in the 55 MeV proton exposed group but not in the 
other groups. The cause of the decreased weights is unknown at present, as is the reason for the lack of 
this effect in the more penetrating irradiations. 

1. Introduction 

For many years the USAF School of Aerospace Medicine, Brooks AFB, Texas has 

been collaborating with the National Aeronautics and Space Administration on 

studies to determine with nonhuman primates what effects might be anticipated 

following irradiation in space. Some six years ago, a large group of primates (Macaea 

mulatta) were exposed to several radiations. These animals have been maintained 

since exposure in a life-long study of irradiation effects. It is the purpose of this paper 
to document a significant trend toward decreased mean body weight in the group of 

primates exposed to 55 MeV protons. Other groups to be considered are primates 

exposed to 2 MeV X-rays, 138 and 400 MeV protons, and 2.3 GeV protons. 

2. Materials and Methods 

From an original group of over 1000 M. muIatta exposed to protons at approximately 

two years of age, 204 irradiated primates remain. These animals were individually 

housed from age two through six years. From this point, they were housed in care- 
fully selected pairs in a breeding colony arrangement. The colony is maintained in 

open air cages subject to seasonal climatic variations. They are fed commercial monkey 
biscuits containing isoniazid, and water is available at all times. Lettuce and apple 

supplements are fed weekly. Another group of 26 nonirradiated primates which were 

sham irradiated is maintained under identical conditions for comparison purposes. 

Body wieghts have been obtained for the primates on a periodic basis for the past 

* The animals involved in this study were maintained in accordance with the Guide for Laboratory 
Animal Facilities and Care as published by the National Academy of Sciences - National Research 
Council. 
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seven years beginning prior to the irradiation exposure. The weights presented in the 
paper are taken from the month of March for each year. 

The primates were irradiated with a single, whole-body exposure of protons. Proton 
energies of 55, 138, and 400 MeV and 2.3 GeV were utilized. For  comparison, 2 MeV 
X-irradiations were also performed. Dose rates varied between 10 and 100 rad per 
minute. Primates in the exposure groups up to about 700 rad will be discussed. Higher 
dose groups primarily used for acute observations are no longer present (800-1200 
rad). The 55 MeV protons had a calculated tissue penetration of approximately 2.5 
cm (Traynor and Casey, 1971). The 2 MeV X-rays and the 138 and 400 MeV and 2.3 GeV 
protons have enough range in tissue to provide homogeneous depth dose distribution 
(Lindsay and Dalrymple, 1967). All the animals were rotated in Lucite chairs or mesh 
wire cylinders during exposure at 2 rpm. Specific exposure parameters are published 
elsewhere (Williams et al., 1966). 

3. Results 

Due to insufficient remaining animals (<  3), some of the dose groups will not be 
included in the report. In other cases, animals in similar dose groups will be combined 
to increase the numbers within a particular group. The mean weights for the control 
animals were found to be statistically different for the males and females after 3 yr of 
age (Kirk, 1971b); therefore, the body weights will be compared as a function of both 
sex and age. The mean weights with a single standard deviation for the exposed ani- 
mals as a function of exposure type, dose, and sex are presented in Tables I-V. The 
mean weights for the irradiated primates are generally equal to or lower than the mean 

weights for the control animals with few exceptions. 
The Student's t test was calculated for the purpose of determining statistically 

significant differences between the control and irradiated means. The t = 0.05 level of 
confidence was utilized. Differences are noted in Tables I-V by asterisks. No area of 
difference was noted in the 2 MeV X-ray exposed animals. In the 55 MeV proton 
exposed group, the 400 rad males at five years and the 600 rad males at 3 yr were 
significantly smaller. These differences persisted through the eighth year. The females 
within the 55 MeV proton exposed group showed some variability in that the 25-50 
rad group was significantly heavier in the 4th and 6th years, while the 600 rad group 
was significantly smaller in the 6th and 7th years. Within the 138 MeV proton irra- 
diated group, the males and females at 210 rad and 360 rad in the second year were 
significantly larger than the controls. The females in the 100 rad group within the 
400 MeV exposed primates were larger by a significant amount in years 6 and 8. The 
females within the 395 rad, 2.3 GeV proton exposed group also showed some varia- 
bility and were found to be smaller during years 3, 4 and 8. The calculated t values for 
the points of significant difference are shown in Table VI. 

4. Discussion 

Observations similar to these made in primates have been reported in at least two 
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TABLE VI 

Significantly different mean body weights 
(Student's t = 0.05) 

Males Females 

2 MeV X-rays - None None 
55 MeV Protons - 400 rad 25-50 rad 

5 yr t = 2.84 d f =  26 4 yr 
6 yr t = 3.62 df = 26 6 yr 
7 yr t = 3.58 df = 26 
8 yr t =2.91 d f = 2 5  
600 rad 
3 yr t =2.85 d f = 2 0  
4 yr t = 3.01 df = 21 
5 yr t = 5.22 df = 21 
6 yr t = 5.60 df = 21 
7 yr t =4.19 d f=21  
8 yr t =3.11 d f=21  

138 MeV Protons 
360 rad 

2 yr t = 3.441 df = 24 

400 MeV Protons - None 

2.3 GeV Protons - None 

t = 2.26 df = 11 
t = 2.26 df = 10 

600 rad 
6 yr t = 2.39 df = 9 
7 yr t ~ 2.23 df = 10 

210 rad 
2 yr t = 2.622 df = 8 

360 rad 
2 yr t = 3.585 df = 10 

100 rad 
6 yr t = 4.882 df = 7 
8 yr t = 3.34 df = 9 

395 rad 
3 yr t = 4.32 df = 10 
4 yr t = 2.606 df = 10 
8 yr t = 3.036 df = 10 

cases fo r  h u m a n  p o p u l a t i o n s  where  l o n g  t e r m  studies are  be ing  m a d e  f o l l o w i n g  

r a d i a t i o n  exposure .  D u r i n g  the  13th, 14th a n d  15th years  a f te r  exposure ,  s l ight  re tar -  

d a t i o n  in g r o w t h  and  d e v e l o p m e n t  has  been  n o t e d  in the  boys  on  R o n g e l a p  w h o  were  

exposed  at  ages less t h a n  12 yr. A re l a t ionsh ip  to h y p o t h y r o i d i s m  is be ing  inves t iga ted  

in these  smal l  boys  ( C o n r a d  et al., 1970). I n  the  peop le  o f  H i r o s h i m a ,  a sl ight  b u t  

s ta t is t ical ly  s ignif icant  decrease  in m e a n  b o d y  we igh t  (P  ~< 0.05) has  been  n o t e d  d u r i n g  

the  p e r i o d  1958-1968 in males  exposed  to  g rea te r  t h a n  100 r ad  at  ages  0 -19  yr  (Belsky 

et al., 1971). 

E x p o s u r e  to  55 M e V  p r o t o n s  in doses  o f  400 and  600 r ad  to the  who le  b o d y  surface  

o f  i m m a t u r e  p r ima te s  has  p r ev ious ly  been  s h o w n  to  r educe  m e a n  b o d y  weigh ts  

(Ki rk ,  1971a). This  is pa r t i cu l a r ly  t rue  fo r  the  ma le  p r ima te s  where  a s t eady  g r o w t h  

pa t t e rn  is p re sen t  fo r  the  n o r m a l  an imals .  N o  ce r ta in  s t a t e m e n t  can  be  m a d e  as to  the  

i r r a d i a t i o n  effect on  the  f ema le  p r i m a t e s  fo r  they  n o r m a l l y  exhib i t  cons ide rab l e  var ia -  

t ion  in the i r  g r o w t h  pa t te rns ,  p r e s u m a b l y  due  to m e n s t r u a t i o n  a n d  pregnanc ies .  

T h e  r e a s o n  w h y  m e a n  b o d y  weights  a re  r educed  in the  55 M e V  p r o t o n  g r o u p  a n d  

n o t  in the  X - r a y  o r  m o r e  p e n e t r a t i n g  p r o t o n  g roups  is n o t  read i ly  appa ren t .  Al l  the  

a n i m a l s  were  r o t a t e d  du r ing  exposure  to nega te  the  Bragg  p e a k  effect and  p r o d u c e  a 

u n i f o r m  exposure  (Mi tche l l  et al., 1966 a n d  H a r d y  et al., 1969). I f  any th ing ,  the  55 
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MeV pro ton  exposure would be expected to reduce the amoun t  of  damage produced 

since the inner core of  the primates was not  directly exposed. The protons of  greater 

energy than 138 MeV would penetrate the complete primate, thereby exposing all 

the tissues. 

Al though not  directly germane to body  weights, it has been our  finding that  the 

55 MeV pro ton  exposures have also caused more  pa thology (i.e. stenosis of  the gut, 

liver disease, cataracts, neoplasms) than any of  the other exposure types in our  colony 

(Kirk et  al., 1971). Perhaps an end-of-range phenomenon  for the 55 MeV protons  

within the primates is responsible, as this would be absent with the higher energy 
pro ton  and the X-rays. 

The exact nature of  the decrease in mean body  size is also unknown at this time. 

I t  does, however, appear  to be a real finding and another  example of  the chronic or 
latent effects of  irradiation. Further  studies such as anthropometr ic  measurements and 

thyroid funct ion tests are being considered to discover the cause of  this growth dys- 
function. 
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