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Effect of  i rrad ia t ion  on e l e c t r o p h o r e t i c  p r o p e r t i e s  of e n z y m e s  in h a e m o p o i e t i c  ce l l s  of o p o s s u m  
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Summary.  5-month-old  male opossums were exposed to 5000 rads  whole b o d y  "0Co radia t ion  and  sacrificed a t  16, 40 
and 90 h following irradiat ion.  S ta rch  gel e lec t rophore t ic  s tudies  of dehydrogenases  of lactate ,  malate ,  6-phospho-  
gluconate  and glucose-6-phosphate  and ~-esterases and acid phospha ta se  were conduc ted  on the  homogena te s  of spleen 
and bone mar row cells. Express ions  of L D H  and G6PD were affected by  i r rad ia t ion  in bone mar row and spleen cells. 

Opossums (Didelphis virginiana) are unique  animals  for 
expe r imen ta l  biology because the i r  l i t ters  are direct ly  
accessible p rena ta l ly  to  exper imenta l  man ipu la t ion  wi th-  
out  the  in terference of ma te rna l  t issues ~-3. Their  ana-  
tomical  and  physiological  features  a t  b i r t h  are similar to 
a 12-day-rat  or an 8-week-human~,4.  Resea rch  involving 
opossum has  been widely used in the  fields of immunol -  

I:ig. I. Starcb gel clectrophoretic patterns of lactate dehydrogenasc 
ill opossum spleen and bone inarrow homogenates lolIowing whole 
body irradiation (5000 rads). The samples are: a, b, c spleen homog- 
enates at 16, 40 and 90 h respectively following irradiation; d con- 
trol spleen homogenate; e, g, h bone marrow homogenates at 16, 40 
and 90 h respectively following irradiation; ] control bone marrow 
homogenate (o, origin). 

ogyS, 6, neurologyT, phys io logy S, and embryologyg.  
Studies  dealing wi th  enzyme sys tems  and rad ia t ion  have  
no t  been  conduc ted  on this  animal.  The purpose  of th is  
pape r  is to p resen t  d a t a  on the  effect  of ionizing rad ia t ion  
on e lec t rophore t ic  proper t ies  of enzymes  in bone mar row  
and spleen cells of opossum. 
Materials and methods. 7 male opossums,  Didelphis  vir-  
giniana,  ranging in weight  f rom 0.75 to 1.0 kg and ap-  
p rox ima te ly  5 m o n t h s  old, were used in this  exper iment .  
All were born  of t he  same m o t h e r  and 5 were i r rad ia ted  
while 2 served as controls .  The animals  were exposed  to 
a single dose of 5000 rads  whole b o d y  6~ rad ia t ion  at  a 
dose-ra te  of 125 rads /min.  
I r r ad ia ted  animals  were sacrificed by  cervical  dis locat ion 
at  16, 40 and 90 h (2, 1 and 2 animals  respect ively) .  Con- 
t rol  animals  were also sacrificed. Spleen and bone  mar-  
row cells were r emoved  and were homogenized  in deion- 
ized disti l led water .  Crude ex t rac t s  of the  t issues were 
ob ta ined  by  cent r i fuging the  homogena tes  a t  10,000 • g. 
All crude ex t rac t s  were sub jec ted  to ver t ical  s ta rch  gel 
electrophoresis .  The gel slices were s ta ined for a-esterase,  
acid phospha t a se  and  dehydrogenases  of lactate ,  mala te ,  
6 -phosphogluconate  and glucose-6-phosphate ,  according 
to the  me t h o d  of Shaw and Prasad  10. The e lec t rophore t ic  
s tudies  were repea ted  th ree  t imes  for all the  samples.  
Results. Bone mar row and spleen t issues of all control  
animals  showed five d is t inc t  bands  of lac ta te  dehydro-  
genase (figure 1). L D H - I  was absen t  in spleen homog-  
ena tes  of all i r rad ia ted  animals.  In  bone mar row of ir- 
rad ia ted  animals  both  the LDH-1 and LDH-2  were ab- 
sent.  In  the  contro l  animals  g lucose-6-phosphate  de- 
hydrogenase  was expressed as double bands  in spleens 
and tr iple bands  in bone mar row cells (figure 2). I n  bone  
mar row homogena t e s  of all i r rad ia ted  animals,  only  one 
of the  isozymic forms (medium band) was expressed  
(figure 2). In  spleens of i r rad ia ted  animals  bo th  isozymes 
were expressed,  b u t  in these  animals  usually the  fas tes t  
moving  b a n d  was more  p rominen t ,  whereas  in the  spleen 
of the  control  animal,  b o t h  bands  were dis t inct ive .  
The 6-phosphogluconate  dehydrogenase  was expressed  
as a single band  in all the  t issues s tudied  of i r rad ia ted  
and contro l  animals.  No signif icant  changes  were seen in 
the  express ion of th is  enzyme,  following i r radiat ion.  

Fig. 2. Starch gel electrophoretic pattern of glucose-6 phosphate de- 
hydrogenase in opossum spleen and bone marrow homogenates fol- 
lowing whole body irradiation (5000 rads). Samples are: a control 
spleen holnogenate; b, c, d spleen homogenates at 90, 40 and 16 h 
respectively following irradiation; e, /, h bone marrow homogenates 
at 90, 40 and 16 h respectively following irradiation; g control bone 
marrow homogenate (o, origin). 
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Malate dehydrogenase  seems unaf fec ted  by  i r radia t ion 
as t he  isozyme p a t t e r n s  f rom i r rad ia ted  animals  were 
similar  to tile cont ro l  samples.  Similarly, express ion of 
e-esterase and  acid p h o s p h a t a s e  was una l te red  b y  ir- 
radiat ion.  
Discussion. This s tudy  indica tes  t h a t  5000 rads  inhibi ts  
the  express ion of some forms of L D H  and  G6PD in bone 
mar row and spleen cells. In  b o t h  types  of ceils, only  the  
B-subun i t  of L D H  is a f fec ted  by  radia t ion.  Rad ia t ion  
induced  inhib i t ion  of only  t h e  LDH-1  b a n d  in spleen 
cells and  of b o t h  LDH-1  and  LDH-2  in bone  mar row 
ceils suggests  t h a t  the  B-subun i t  of L D H  f rom bone  mar-  
row cells is more  sensi t ive to rad ia t ion  t h a n  t h a t  f rom 
spleen cells. 
The presence  of 2 isozymic forms  of G6PD in spleen bu t  
3 such forms in bone mar row  cells pe rhaps  indicate  t issue 
specif ici ty of th is  enzyme.  The express ion of 2 isozymic 
forms is inh ib i ted  by  rad ia t ion  in bone  mar row  cells 
while only  one of the  isozymic forms is affected in the  
spleen cells. This again indica tes  t h a t  G6PD from bone 
mar row  cells is more  sensi t ive to rad ia t ion  t h a n  t h a t  
f rom the  spleen cells. 

I n  our  previous  s tudies  the  LD50/30 of opossum was 
repor ted  to  be 511 rads  n ,  however ,  th is  dose of radia t ion  
does no t  affect  the  e lec t rophore t ic  p r o p e r t y  of enzymes.  
Our enzyme  s t u d y  in opossum tes tes  indicates  t h a t  elec- 
t rophore t i c  p a t t e r n  of L D H  is affected a t  16 and 40 h 
following 5000 fads  whole  body  i r rad ia t ion  12. After  90 h 
following the  radia t ion,  t he  e lect rophoret ic  p a t t e r n  was 
the  same as in the  control ,  indica t ing  recovery  or repair.  
In  spleen and  bone mar ro w  cells, th i s  affect  of rad ia t ion  
was  n o t  observed.  
I t  is concluded t h a t  a m o n g  the  6 enzymes  studied,  only 
L D H  and  G6PD are af fec ted  by  radia t ion.  Also L D t t  
and G6PD f rom bone mar ro w  ceils are more sensi t ive to  
rad ia t ion  t h a n  t h a t  f rom spleen cells. 

11 N. Prasad, S. C. Bushong, L. B. North and J. Thornby, Radiat. 
Res. (in press). 
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Nitrate  f er t i l i zers  as  e n v i r o n m e n t a l  po l lutants :  P o s i t i v e  corre la t ion  b e t w e e n  n i t ra te s  ( N a N O  8 and 
KNO3) u s e d  per  unit  area  and s t o m a c h  cancer  m o r t a l i t y  ra tes  
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Summary. Since a s ignif icant  posi t ive  correlat ion be tween  n i t r a t e  fertil izer exposure  and  s t o mach  cancer  mor ta l i ty  
has been found,  a s t u d y  of n i t ra te  ferti l izer pol lut ion in arable  land in te rms  of a m o u n t  of n i t r a tes  used per  uni t  area 
(kg/ha) and  s t omach  cancer  dea th  ra tes  was carried out: The regression of dea th  ra tes  for s t o mach  cancer,  s t andard ized  
for age, on t h e  n i t ra tes  used per  un i t  area, by  province  (N = 25), exh ib i t ed  a s ignif icant  associat ion be tween  the  2 
var iables  (p < 0.004). W h e n  indust r ia l ized provinces  (N = 3) were no t  considered,  a h ighly  signif icant  associat ion 
was found (F = 16.47; d.f. = 1, 20; p < 0.0006). The correla t ion coefficient  was + 0.672. 

In  previous  communica t ions  ~-4, a posi t ive  re la t ionship  
has  been es tabl ished be tween  exposure  to n i t ra te  fertiliz- 
ers (NaNO 3 and KNO3) and  age-ad jus ted  d e a t h  ra tes  per  
100,000 popu la t ion  for s t omach  cancer,  by  province,  in 
Chile. Since n i t ra tes  and ni t r i tes  are precursors  of ni t ro-  
samines,  a hypo thes i s  of a n i t rosamine  b iosynthes is  in 
the  s t omach  of Chileans was  advanced  5. 

In  order  to  learn more  on this  env i ronmen ta l  hea l th  
problem,  the  n i t ra te  fert i l izer p o l l u t i o n  in the  various 
p r o v i n c e s  (N = 25) was s tudied.  Ni t ra tes  (NaNO3 and 
KNO3) per  un i t  area, expressed as ki lograms per  hectare ,  
were c o m p u t e d  for each province.  The presen t  communi -  
ca t ion provides  in format ion  on n i t ra te  fertil izer pol lut ion 
in arable  land and  s t omach  cancer  mor ta l i ty .  

Material and methods. D a t a  on the  area of arable land, 
by  province,  were t aken  f rom the  4th Nat iona l  Agricul- 
tura l  Census for the  year  1964-5. The amoun t s  of n i t r a t e  
fertilizers (NaNO 3 and KNO3) used for the  1960-4 per iod,  
by  province,  were kindly  p rov ided  by  The Chemical  and 
Mining Socie ty  of Chile, a t  Sant iago.  Da ta  on the  age- 
ad jus ted  d e a t h  ra tes  per  100,000 populat ion,  b o t h  sexes 
combined,  for s tomach  cancer  (mean ra tes  for the  years  
1960, 1962 and 1964), b y  province,  were t aken  f rom a 
previous  communica t ion  5. This gastr ic  cancer  mor t a l i t y  
s t u d y  was t imed  to  coincide wi th  a census year,  in order  
to provide  a sa t i s fac tory  popu la t ion  base for compu t ing  
rates.  The square  roots  of mean  annua l  values for n i t r a tes  
used per  uni t  area (kg/ha) in a 5-year-period (1960-4) for 
each one of the  25 provinces  were obta ined,  Then,  the  

dea th  ra tes  for Stomach cancer  were regressed on the  
square  roots  of n i t r a tes  used per  uni t  area (kg/ha). 

Results and discussion. The regression of s tomach  
cancer  mor t a l i t y  ra tes  on the  n i t ra tes  used per  uni t  area 
exhib i ted  a s ignif icant  associat ion be tween  the  2 var iables  
(F = 10.05; d.f. = 1, 23; p < '  0.004). The equa t ion  of the  
regression line is: Y = 35.554 + 1.781 X, where  Y 
age-adjus ted  mor t a l i t y  ra tes  for gastr ic  cancer and  X 
n i t ra tes  used per  uni t  area. 

In  order  to  e l iminate  the  in ter ference  of occupat ional  
or indus t r ia l  factors  in the  aet iology of g a s t r i c  cancer,  
such as iron dus tL  coal dust~, s, and  suspended par t icu-  
late air pol lut ion 9, indust r ia l ized provinces  (Concepcidn, 
Santiago,  Valparaiso) were  no t  included in t he  analysis.  
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