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various intervals after parathyroidectomy and 
sham operation. In  young rats studied one 
day after parathyroidectoniy there was a 
marked decrease in plasma calcium and a 
small decrease in the “6-hour exchangeahle 
calcium.’‘ One week after parathyroidectom!. 
there was no further decrease in plasma cal- 
cium but a significant further decrease in 6- 
hour eschangeable calcium. I n  old rats stud- 
ied one week after parathyroidectomy there 
was a somewhat smaller decrease in plasma 
calcium concentration and no change in 6- 
hour exchangeable calcium. T t is concluded 
that removal of the parathyroids does not 
affect the amount of bone calcium avai1al)le 
for exchange directly. but may act indirectl!. 
in  the following sequence: decreased para- 
t hjvroid hormone -+ decreased bone resorption 
-j decreased new hone formation -+ decreased 
eschangeable calcium. 
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Persistence of Heterologous Hone ,Marrow in Mice as Function of 
X-Ray Dose. (24646) 

Previous studies on recovery rate of mouse’s 
immune mechanism after irradiation and 
treatment with AETt or bone marrow ( 1-4) 
led to formulation of the following hypothesis: 
There are many aiitibody-producing cells. or 
an antibody-producing cell. that can recognize 
degrees of antigenicity (homologous. closely 
related heterologous. and distantly related 
heterologous antigens) : i.e., degree of injury 
to the recognition mechanism by S-irradia- 
tion would increase i n  the order of mention. 
Nakinodan and Gengozian ( 5.6) tested and 
confirmed this hypothesis on the basis of 
mouse’s ;i bi I i t y to 1) rod 11 ce t i  t r a t a 11 1 e , c i rcu 1 a t - 

ing antibodies. A subsequent test would then 
be a biological one; i.e., persistence and pro- 
liferation of foreign tissue in X-irradiated re- 
cipients as a function of genetic relation be- 
tween donor and host. Our findings on such 
an investigation are reported here. 

Materials and methods. Approximately 
1100 (C3H x 101) F1 male and female mice 
1 2  weeks old were used as recipients. Bone 
inarrow donors were normal male and female 
Sprapue-Dawley rats ( 150-250 g) , 12-week- 
old golden hamsters, weanling guinea pigs, and 
albino rabbits ( 1.5-2 kg). A constant-poten- 
tial Phillips X-ray machine was used under 
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volving turiital)le. (;eiwraIly, wit Iiin 4 hr 
after a single exposure to 0. 300. 400, 450, 
500, h00, 700. 800, 950. 1150, 1300, 1500, o r  
2000 r, mice in groups of 20 to 40 were given 
no treatment or bone marrow of rat ( R B M ) ,  
hamster (HBM),  guinea pig (GPBM) , or rab- 
bit (RbBNl) . Intravenous bone marrow dose/ 
mouse was - 140 x lo6 nucleated cells from 
femora, tibiae, and humeri suspended in 1 ml 
of Tyrode’s solution. After treatment, 2-10 
micejgroup were sacrificed on following: inter- 
vals! with some exceptions: 1, 2 ,  3 ,  4: 5, 6, 
16, 24 hr; 1, 2, 3 ,  4, 5 ,  6, 7, 8, 9, 10 days. 
Usually, 2 blood and bone marrow smears and 
15 spleen imprints from each mouse were fixed 
in acetone and stained for alkaline phospha- 
tase-positive cells by Gomori technic( 7) .  Im- 
prints were always obtained from 3 represen- 
tative areas of the spleen. 

Results. Granulocytic cells of normal and 
X-rayed mice were alkaline phosphatase nega- 
tive: those of donors were positive. To ex- 
press relative concentration of donor cells in 
treated mice, we rated stained preparations 
1+, 2+, 3+, and 4+ (Fig. 1). On this 
basis, concentration of donor cells followed 
essentially 3 patterns during first 10 days after 
injection: (a )  it decreased: (b) decreased, 
then increased, then decreased again; and (c) 
decreased and then increased. Fig. 2 illus- 
trates these patterns, which we interpreted as 
follows: Patterns A and A’ show elimination 
of HBM and RBM cells, respectively, by the 
unirradiated host. Presence of donor cells in 
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FIG. 2. Pcrsistcnce, tcmporary and prolonged 
tmnsplniit;i tioii of h n s t e r  and rat boiie nmrrow 
cells in iiiouse splcen aftcr X-radiation mid bone 
11i:trrow t,re;itmeiit. A ;rud A’, control : 0 r-HBM, 
0 r-Rl3M ; R aiicl B‘, persistence : 500 r-HBM, 400 
r-RBM ; C and C’, tcniporary trmsplantatioll : 800 
r-HRM, GOO r-RBM; D and D’, prolongcd trans- 

p1:intation : 950 r-IIBM, 950 r-RBM. 

an irradiated host for significantly longer time 
than in normal host indicates persistence (pat- 
terns B and B’). A secondary rise in concen- 
tration of donor cells in an irradiated host in- 
dicates proliferation or transplantation; pat- 
terns C and C’ are examples of temporary pro- 
liferation or transplantation of HBM and 
RBM cells, respectively, and patterns D and 
D’ are examples of prolonged proliferation or 
transplantation. 

In normal and irradiated mice treated with 
foreign bone marrow, large patches of inter- 
cellular alkaline phosphatase-positive material 
appeared in blood and bone marrow smears 2 
or 3 days after treatment and persisted several 
days after positive cells were no longer dis- 
tinguishable in these tissues. Since these 
patches hampered evaluation of smears, spleen 
imprints were generally used for determining 
whether positive cells were present. 

Rat bone marrow injection (Ta,ble I, col- 
umn 2 ) .  Donor cells were detected in blood, 
bone marrow, and spleen of normal mice 1 hr 
after injection of RBM but none were seen in 
blood 4 hr after treatment. Very few, if any, 
were found in bone marrow and spleen 1 clay 
after treatment. With increase in X-ray dose, 
RBM cells persisted longer in the host-2, 3 ,  
4, and 5 days after 300, 400, 500, and 600 r, 
respectively. Donor cells were present among 
the very few surviving 710 r-RRM mice 10 
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days after treatment. The minimum X-ray 
dose that would permit temporary transplan- 
tation of donor cells in mouse spleen was 500 
r : prolonged transplantation was evident 
among RBJI-treated mice receiving 800 r or 
more. 

Ilamstei. boiic mai’row injection (Table I. 
column 3).  HBM cells met the same fate as 
RBJI in normal mice; i.c., no donor cells could 
be detected in blood of mice 4 hr after HRM 
treatment or in bone marrow and spleen 1 day 
later. Persistence time of HBM cells among 
the 400- and 500-r mice was comparable to 
that of unirradiated mice, but was 5, 6, and 8 
days after 600, 700, and 800 r, respectively. 
Minimum X-ray dose that permitted tempor- 
ary transplantation of donor cells in mouse 
spleen was 600 r. Prolonged transplantation 
was evident among the HB3.I-treated mice 
receiving 950 r or more. 

Guinea pig  bone nzarrow in jrrtioiz (Table I .  
column 4).  In normal, unirradiated mice. 
blood, bone marrow, and spleen contained 
donor cells 1 hr after injection of GPBM; 
donor cells were eliminated from blood in 4 
hr, and from bone marrow and spleen within 
18 hr. Similar elimination was observed after 
800 and 950 r. However, donor cells per- 
sisted for 3 and 4 days among 1150 and 1300 
r-GPBM mice, respectively. There was no 
evidence for even a temporary transplantation 

among these mice. X-ray doses higher than 
1300 r were not used. 

Rabbit bone marrow injection (Table I ,  col- 
umn 5 ) .  Donor cells were rapidly eliminated 
from normal mice after RbBM injection; i.e., 
blood of host became negative in 1 hr, bone 
marrow in 3 hr? and spleen in 6 hr. In  these 
niice. as early as 1 hr after treatment, the 
spleen became congested and its weight mark- 
edly increased. Donor cells were detected in 
spleens of 1300 r-RbBM mice 1 day after 
treatment but not thereafter. However, a sig- 
nificantly prolonged persistence time of 4 
days was seen among the 1500 and 2000 r- 
RbBJI  mice. As with the GPBM-treated 
mice, even a temporary transplantation was 
not evident among these mice. 

Discussion. Of 4 heterologous bone mar- 
rows tested, RbBM was eliminated by normal 
adult mice slightly faster than GPBM, HBM, 
or RB;\T. Regardless of genetic relation be- 
tween host and donor, however, these unir- 
radiated adult mice eliminated foreign bone 
marrow within I day after injection. Conse- 
quently, we assumed that persistence of for- 
eign bone marrow for 3 or more days after in- 
jection indicated an impaired immune mechan- 
ism of the host when dose, route, and injection 
time of bone marrow were kept constant. In- 
creasingly large doses of X-rays (400, 600, 
11 50, and 1500 r, respectively) were required 
to permit persistence of rat, hamster, guinea 
pig, and rabbit cells in the mice. A higher 
X-ray dose was required for transplantation 
of HBM than RBI1 in the mouse. The im- 
niunogenetic experiments of Ode11 and Cald- 
well(8) showed that the minimum X-ray dose 
that would permit prolonged transplantation 
of homologous RBM in the rat was 300 r. 
Thus the degree of X-ray injury to the host’s 
immune mechanism depends on the genetic re- 
lation between the host and donor; i.e., a 
higher X-ray dose is required to impair the 
immune mechanism of the host against a more 
distantly related antigen. 

GPBM may have failed to transplant in ir- 
radiated mice (950-1300 r) because the con- 
centration of cells used (130-140 x loo) was 
insufficient; it is known that the optimum dose 
of RBM that will protect lethally irradiated 
mice is - 10 times that of isologous bone mar- 
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row(9-11). Lorenz and Congdon( 12) and 
van Bekkum and Vos( 1 1 )  succeeded in pro- 
longing the survival time of a few lethally ir- 
radiated mice treated with GPBM. This 
would indicate a t  least temporary transplan- 
tation of donor cells, if it can be assumed that 
transplantation of donor cells is necessary for 
even an extension of survival time of lethally 
irradiated mice. 

We found that (a), during maximum de- 
pression period after varying X-ray doses. 
mice responded beter to sheep than to rat an- 
tigens(5) and (b),  recovery rate was faster 
for sheep antigens than for rat antigens(l,3). 
Published results and findings here reported 
substantiate our hypothesis : antibody-produc- 
ing cells of normal adult mice can differenti- 
ate between and respond to closely and dis- 
tantly related antigens with equal effect. The 
degree of X-ray injury to the recognition and 
response mechanisms decreases with the for- 
eignness of the antigen. 

Summary. Bone marrow from species 
closely and distantly related to the mouse was 
injected after various X-ray doses to the total 
body. Rat, hamster, guinea pig, and rabbit 
bone marrow persisted in normal, nonirradi- 
ated mice for not more than 1 day. The mini- 
mum X-ray dose that would permit persis- 
tence of rat, hamster, guinea pig, and rabbit 
bone marrow in mice for more than 3 days 

was 400, 600: 1150. and 1500 r. respectively. 
The minimum X-ray dose that permitted (a) 
temporary transplantation of rat and hamster 
bone marrow in mice was 500 and 600 r, re- 
spectively, and (b) prolonged transplan tation 
of rat and hamster bone marrow in mice was 
800 and 950 r. respectively. The significance 
of these findings is discussed. 
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Effects of Immunized Parental Strain Bone Marrow on Lethally Irradiated 
F, Hybrid Mice. (24647) 

G. E. COSGROVE, JR., A. C. UPTON, E. E. SCHWARTZ,* C. C. CONGDON 
AND T. MAKINODAN 

Biology Division, Oak Ridge ,Vational Lab.,t Oak Ridge, Tenn. 

Nonirradiated bone marrow cells inoculated 
into irradiated recipients transplant and pre- 
vent death from hemopoietic failure. How- 
ever, a syndrome called “foreign bone marrow 
reaction” occurs in many animals receiving 
antigenically foreign marrow cells after whole- 

* Present address: Albert Einstein Medical Center, 
Philadelphia, Pa. 

t Operated by Union Carbide Corp. for U. S. 
Atomic Energy Comm. 

body irradiation( 1).  Mice so afflicted seem 
to recover from radiation-induced injury but 
soon lapse into progressively wasting state, 
and die 30-90 days after treatment. Since 
implantation of adult parental spleen cells in 
irradiated F1 mice hastens death if donor is 
pre-sensitized to recipient (2), this experiment 
was undertaken to determine effects of pre- 
sensitized parental bone marrow on survival 
of irradiated F1 hybrids. 


