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rum from arm vein and dried finger tip blood,
standard error of measurement was —+ 15.5
mg cholesterol/100 ml serum. This is com-
parable to intra-individual variability in di-
rect serum measurement of blood samples
drawn a few days apart and is smaller than
variability between serum values in casual
bloods drawn at longer intervals. Signifi-
cance of blood cholesterol level in prediction
of risk from coronary heart disease has been
under-estimated in previous studies.
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Lethal effect of whole body irradiation of
mice and other mammals(1,2) is offset by in-
travenous grafting of nonirradiated bone mar-
row which may be isologous, homologous, or
heterologous. It is believed that the intro-
duced marrow cells proliferate and provide re-
covery by cellular repopulation or by elab-
orating some humoral substance which stimu-
lates recovery of indigenous marrow. It is
possible too, that transfused marrow plays a
beneficial, transitory function pending recov-
ery of indigenous marrow. Survival of animal
after lethal doses of radiation depends on time
of hemopoietic recovery. This has been meas-
ured in mice by recovery of the count of cir-
culating lymphocytes and granulocytes and
by recovery of hemoglobin concentration and
platelet count. Recovery of hemoglobin con-
centration is not a satisfactory index of re-
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covery because it is cbscured by the slow
downward trend of circulating survivor cells
over a period of 12 to 16 days after radiation
(4). Odell and Caldwell(5) found donor
type erythrocytes in irradiated rats in signifi-
cant numbers only after 14 to 20 days. To
examine quickly the recovery of erythropoie-
sis we used the Fesy uptake method(6) and
find that recovery begins after third day post-
radiation and is discernible by sixth day when
isologous cells are administered. Moreover,
responses elicited by homologous and heter-
ologous cells are measurably different from
one another and from the isologous case by
sixth day. The method appears to distinguish
the 3 genetically different cell types by the
induced Fejy uptake.

Methods and materials. ICR/Ha Swiss
male mice, 6 weeks old weighing 20-25 g were
irradiated at target distance of 30 cm, 250 kv,
filter 24 mm Cu plus 1 mm Al, with a dose of
900 R. Survival was 50% at 6 days and 0%
at 12 days. Protection was given with
isologous bone marrow from 6-week-old cou-
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FLG. 1. Twenty-four hr Fey uptake iu red blood
cells of mice. Solid dots (@) show uptake in nor-
mal nonirradiated mice not receiving bone marrow
cells. Other 3 curves show suppression of Fey, up-
take and subsequent recovery after 15 to 20 days
in nonirradiated mice that received hypertranstu-
sion of: QO isologous, X homologous and [ heter-
ologous marrow cells. Total cells administered were
(70 = 2) X 10% no suppression observed at 20 and
40 X 10° eell inoeula. Cell numbers are averages.
Each point represents a minimum of 6 miee and 6
determinations.
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sin males; and with homologous bone marrow
from DBA/1 male mice also 6 weeks old, and
weighing 18-20 g. Heterologous bone marrow
was taken from adult Sprague-Dawley rats
(Holtzman) weighing 200-300 g. Tt should
be emphasized that the term “isologous” in
this report refers to the cousin breeding. Bone
marrows were prepared by squeezing through
filters the mashed tissue taken from femurs of
donor mice and rats. Counts were made of
viable, nucleated cells in Tyrode’s Solution
having 0.2% eosin. Cells stained with eosin
were considered dead. Cell suspensions of
known cell count were prepared and injected
intravenously via the jugular vein within a
period of 0 to 4 hours after whole body ir-
radiation of the animal. Inoculum volume
was kept constant at 0.2 cc. Assessment of
erythropoietic activity was carried out as de-
scribed elsewhere(6). On first, third, sixth
and every third day thereafter to 30th day
postradiation 6 mice were injected with 0.5
cc saline solution containing 1 uc of Feyy via
jugular vein. Uptake of Fesq in circulating
red blood cells was measured 24 hours after
injection.

Results.  Along with experimental groups
of mice receiving bone marrow injections were
2 control series for each group. The first con-
trols were mice having no radiation and no
bone marrow administered. These controls
totaling 156 mice established Fe;q uptake rate
in normal mice. Solid dots in Fig. 1 give a
representative series of uptake figures. From
the 156 mice, average uptake rate was meas-
ured as 27.2% /24 hours, used as a basis for
comparison in irradiated mice receiving mar-

FIG. 2. Survival rates of miee receiving 900 R
whole body x-ray dose. Solid dots (@), mortality
of mice not treated with marrow cells. Other curves
show mortality in mice treated with: X, homolo-
gous; and [, heterologous marrow eells. Circles
(O) show mice receiving isologous cells had vo
mortality in 30 days. Cell dose was an avg of
(70 + 2) X 10° as in Fig. 1.

FIG. 3. Recovery of erythropoiesis as measured
hy Fes, uptake in 24 hr interval in mice given 900
R whole body x-ray. (O, isologous; X, homologous,
and [, heterologous bone marrow cells adminis-
tered intrav. postradiation. Number on cach graph
shows avg size of marrow cell dose. Coordinate at
27.29, uptake is avg uptake for normal nonirrad-
iated mice not receiving marrow eclls. Each point
represents a minimum of 6 mice and 6 determina-
tions.
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TABLE 1. Fe, Uptake* as a Mcasure of Erythropoiesis in Swiss Male Mice Exposed to 900 R
Whole Body X-Ray Dose. Uptake at various days postradiation. Marrow cells administered
0-3 hours postradiation.t

Marrow type 1day 3 day 6 day 9 day 12 day
No marrow 7+.1 4+ .2 b+ 1 6+ .2 4+ .1
Isologous 4+ .1 4.2 +2.0 8.9 +1.0 16.6 +-3.8 19.2 5.0
Iomologous 5+ .2 B3+ .1 1.9 +3.2 5.9 +1.0 8.3 +1.9
Heterologous 4+ b+ .3 6+ .3 1.0+ .5 8+ .5

* Uptake in 24 hr expressed as % of inoeulum,
t Cell doses were: isologous, 69 X 10°; homologous, 71 X 10°; heterologous, 72 X 10°

row cells for protection. This uptake rate in
normal mice was in satisfactory agreement
with earlier data(6) on Swiss male mice. No
mice in this series of controls died.

The extent to which addition of marrow
cells to normal, nonirradiated mice would de-
press normal erythropoiesis was determined in
second series of controls. From earlier runs
(6) it was known that hypertransfusion of red
blood cells suppressed erythropoiesis as meas-
ured by Fesq uptake. In 3 series of 54, 60 and
60 nonirradiated mice, each mouse received
an average of 70 x 10® marrow cells respec-
tively of isologous, homologous and heterolo-
gous type. Fig. 1 shows effect on Fezq uptake
percentages. There is a depression in the first
15 days postradiation and a subsequent recov-
ery. The greatest depression and longest time
of recovery occurred when isologous marrow
was administered. There was no mortality in
these controls. When 23 x 10° and 44 x 106
bone marrow cells were inoculated no depres-
sion in Fezy was observed.

Protection against lethal effect of 900 R
was based on previous determination of mor-
tality (6) at this x-ray dose level. A series of
40 mice receiving x-ray without marrow estab-
lished that by 12 days postradiation all ani-
mals died of severe anemia, septicemia hemor-
rhage and in some instances of gastrointes-
tinal injury. Fifty percent survival was at
6 days (Fig. 2, solid dots). Measurements of

Fe;y uptake rate are given in first line of
Table I. Figures range from .7% to .4% and
are much lower than those for normal or hy-
pertransfused mice(6). The lethal effect of
radiation appears to be measured by failure
of Feyq uptake rate since normal rates of up-
take are in the range of 25 to 30%, (Fig. 1).

Survival data on irradiated mice given an
average of 70 x 10® marrow cells of the 3 dif-
ferent types are shown in Fig. 2. Those re-
ceiving isologous marrow cells survived 100%
after 30 days whereas homologous and he-
terologous cells conferred lower survivals.
Homologous cells gave an 83% and heterolo-
gous cells a 45% survival after 30 days post-
radiation. The question as to degree of pro-
tection afforded by numbers of marrow cells
was examined by administering various aver-
age numbers of cells ranging from 5 to 70 x
10% (Table TI). Isologous cells in doses 5,
20, 40 and 70 x 10° afforded 100% survival
at 30 days. Also, varying the cell numbers by
a factor of 14 produced no significant change
in survival at 30 days when homologous or
heterologous cells were given. Thus, homolo-
gous cells in all doses permitted about 827
survival and heterologous cells led to a 55%
survival although number of cells injected
varied from 5 to 70 x 10% The lack of any
big variation in survival with change of in-
oculum size suggests that there may be a
threshold effect wherein a minimum number

TABLE 11. Survival Data on Swiss Male Mice Given 900 R Whole Body X-Ray Dose and
Treated with Bone Marrow Cells Intravenously. 9 survival after 30 days as funetion of average
numher of marrow cells given.

Marrow type* 5 X 10° eells 20 X 10° cells 40 X 10° cells 70 X 109 ¢ells
Isologous (59) 100 (58) 100 (59) 100 (54) 100
Homologous (64) 81 (66) 84 (63) 81 (60) 83
Heterologous (66) 64 (60) 61 (59) 49 (66) 45

* 40 mice given no marrow were all dead by 15th day. Parentheses contain total No. of mice
g ¥ )

used in determination of survival rates.
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of cells suffices to induce the protective proc-
esses.

Discussion. The Fesy uptake method for
detecting hemopoiesis gives an early post-
radiation indication of erythropoiesis. The
earliest manifestations of erythropoiesis re-
ported hitherto are those of Odell and Cald-
well(5) and deVries and Vos(7) who showed
that in rats donor erythrocytes became domi-
nant beginning at 14 days after marrow in-
jection. Referring to Fig. 3 the 5 x 10° cell
doses of isologous, homologous and heterolo-
gous produced responses in uptake rate detec-
table at 3 to 6 days postradiation. At 6 days,
uptake for isologous cell treatment was 8.9%
and those for homologous and heterologous
cells were 1.2 and .5% respectively. Table I
gives more detailed figures for responses at
the 70 x 10% cell dose levels. Mice without
marrow cell treatment had an uptake less
than 1% as pointed out above (data in Table
I, first line).

The isologous cells produced an uptake of
4.2% by the 3rd day, a figure readily meas-
urable. In this respect, the Fesq uptake
method compared favorably with the lympho-
cyte count method(4) which is sensitive since
these cell types of the recipient are removed
quickly from circulation after radiation.
These results are consistent with the view that
in supralethally irradiated mice the isologous
cells provide erythropoiesis. Uptake of Fesq
thus gives a sensitive and quick measure of
erythropoiesis in presence of high levels of
hemoglobin concentration at early times post-
radiation.

The significant differences seen between the
curves for various injected groups points out
that isologous bone marrow populates sooner
than homologous and heterologous bone mar-
row. Factors for this are not definitely un-
derstood, however, isologous hone marrow cer-
tainly stands a better chance for cellular re-
population in a more genetically related ir-
radiated host.

The mortality data do not correlate
closely with the data on erythropoietic activ-
ity as measured by Fe;y uptake rate, (Fig. 3).
The ordinate at 27.2% shows normal uptake
in nonirradiated mice without marrow cell
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injection. Uptake in mice given isologous
cells shows a rapid return to normal rates in
all cases, by the 15th day, which is indepen-
dent of cell numbers administered. This is
also the result for mice given homologous
cells, except that where the lowest cell dose
was given (5 x 10° cells) initial recovery in
the first 9 days is slightly slower than at
higher cell number doses. Mice receiving less
than 40 x 10° heterologous cells have a much
lower recovery of uptake than do those re-
ceiving doses larger than 40 x 108, (Fig. 3).
The difference, however, did not appear to af-
fect survival figures, (Table II). Tt is, in-
deed, hard to explain the 649% survival rate,
(Table II), on the basis of uptake data for a
cell dose of 5 x 108,

The mortality data of Table II bear out the
established genetic relationship between donor
and recipient described by Trentin(2) and
Uphoff and Law(8). The heterologous mar-
row cells being farther removed genetically
from the recipient afforded less survival. The
trends of the curves in Fig. 3 fit the concept
that isologous cells are genetically closer to
the recipient than are homologous cells from
DBA/1 mice or the heterologous cells from
rats. Iron uptake rates are clearly greatest
for the isologous cells: homologous cells stim-
ulate erythropoiesis greater than do heterolo-
gous cells but less than isologous cells. The
consistency of genetic behavior as cell type
varies supports the inference that protection
conferred by the marrow cells is not due to
stimulation of erythropoiesis alone. This is
clearly indicated in the heterologous case
wherein the Fe;y uptake is very low for the
first 15 days postradiation. Hence survival
cannot be due to erythropoiesis alone. If
protection depends on cellular elements in cir-
culation then “the reticulo-endothelial and
myelogenous systems” apparently are in-
volved in protection afforded by the marrow
graft. For example, the early appearance of
circulating leucocytes as shown by Odell and
Caldwell(5), and the effect of cell and spleen
extracts, as shown by Goldfeder and Clarke
(9), suggest other supporting mechanisms
necessary for survival.

Summary. 24 hour uptake of Fezy was
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used as quick measure of erythropoiesis in
Swiss male mice. In normal nonirradiated
mice, iron uptake is not affected by intrave-
nous injection of isologous, homologous and
heterologous bone marrow cells except for in-
ocula greater than 40 x 10° cells. Injection of
these cell types after 900 R whole body x-
radiation increases Fesy uptake rates in the
order: heterologous, homologous, isologous.
Protection against lethal radiation effect as
measured by survival and Fes, uptake de-
pended on genetic relationship between bone
marrow donor and recipient.
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Factors regulating metabolism of magne-
sium are obscure. Development of a rela-
tively simple and reliable chemical method for
determinatior. of magnesium in biological ma-
terial, and availability of radioactive isotope
of magnesium, Mg*®, have made possible a re-
study of the entire problem of magnesium
metabolism. Studies of plasma clearance and
tissue uptake of Mg?® in experimental animals
(1) and in human beings(2) have been re-
ported. Changes in carbohydrate metabolism
alter rate of uptake of Mg® by various tis-
sues(3). The effects of cortisone acetate have
also been determined (unpublished). These
studies suggested that tissue uptake of Mg?8
was considerably slower than that of another
intracellular ion, potassium, and that cellular
uptake of magnesium might be associated
with anabolic activities of cells. If this hy-
pothesis is correct, then any factor altering
metabolism of protein might affect that of

* This work supported by contract between Uni-
versity and U. S. Atomic Energy Comm. and by
grant from Colorado Heart Assn.

magnesium. Pyridoxine deficiency alters pro-
tein metabolism and produces changes in en-
zymatic reactions(4); pyridoxine also in-
fluences magnesium metabolism(5). Our ex-
periments were undertaken to determine ef-
fects of pyridoxine and its antagonist, desoxy-
pyridoxine, on magnesium metabolism in the
rabbit. Mg?® was used to measure exchange-
able body content of this ion and its relative
tissue uptake.

Material and methods. Forty-seven normal
adult male rabbits weighing between 1.6 and
2.5 kg were kept in individual stainless steel
metabolism cages and fed a stock diet of com-
pressed pellets. Tap water was given ad lib.
Pyridoxine hydrochloride and desoxypyridox-
ine hydrochloride were dissolved in distilled
water, neutralized with 1 N NaOH, and made
to concentration of 40 mg/ml. Exp. I and
II.  External balance studies for magnesium
were performed daily at least 11 days in 2
groups of 8 rabbits each. During first 2 days,
baseline studies were done. Starting on third
day and continuing 8 days, each animal in



