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TABLE I. Succinic Dehydrogenase (SDN)/DNA Ratio and RNA/DNA Ratio (See Text) for
Supraoptic Nucleus (SON) and Anterior Area (AA) with Results of t-Test with P = <{.05
Considered Significant.

Normal Dehydrated P % Increase
SDH/DNA SON 191 + .68 2.58 + .85 >.30 35
RNA/DNA SON 223+ 85 442 +1.26 < .05 98
SDH/DNA AA 2.66 = .55 6.41 = .35 <.001 140
RNA/DNA AA 235 +1.11 9.25 += .61 <.001 293

the results. Using DNA as a base line for
tissue amount the ratio of SDH and RNA
was calculated for each group and the aver-
age of these is given in the Table. A t-test
was applied and a P value of less than 0.05
was considered as significant. From the Ta-
ble it may be seen that while SDH increased
35% in the dehydrated animals this was
found to be not statistically significant. Tt
would appear, therefore, that the Krebs cycle
does not play an important role in produc-
tion of the antidiuretic hormone by the SON.
RNA was significantly increased as might be
expected. The surprising finding, however,
is that a very large increase in both SDH
and RNA occurred in the AA. Since other
hypothalamic nuclei were not analyzed nor
other brain regions it is not known whether
this increase is peculiar to the AA. Why de-
hydration should increase activity in these
neurons is not clear.

Summary. A quantitative method that com-
bines an analysis for succinic dehydrogenase

activity (SDH) and ribonucleic acid (RNA)
content in nerve cells was applied to the
supraoptic nucleus (SON) and the anterior
area (AA) of the hypothalamus of normal
and dehydrated rats. Dehydration resulted
in a significant increase in RNA in the SON
but not in SDH. In the AA both SDH and
RNA increased significantly.

We thank Carolyn Dansie for her technical assis-
tance.
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Mice exposed to lethal doses of total-body
irradiation can recover if they are given nor-
mal bone marrow cells after irradiation(1).
If the injected cells are genetically different
from the irradiated host, the animals may
subsequently die because of a secondary syn-
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Union Carbide Corp., and Oak Ridge Institute of
Nuclear Studies.

drome not related to the acute effects of ir-
radiation. This syndrome is presumed to be
a consequence of immunological reaction be-
tween the grafted cells and the host animal.
It has been suggested that secondary disease
is associated with a “metabolic starvation”
(2) because food intake of mice given ho-
mologous marrow is adequate and comparable
to that of normal or isologous marrow-treated
mice. We have previously reported results
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that confirmed the similarity of food intake
among normal, and isologous or homologous
marrow-treated, irradiated mice(3), and
showed that mice of these 3 groups had com-
parable degrees of positive nitrogen balance
despite loss of body weight among the ani-
mals given homologous marrow. We report
here the results of more recent experiments,
carried through 90 days, which show long-
range positive nitrogen balance but no gain
of body weight among homologous irradiation
chimeras.

Materials and methods. A metabolic experi-
ment was done on each of 24 mice. Eight
mice were unirradiated, uninjected controls;
8 were given 900 r total-body X-irradiation,
and then injected intravenously with 40 X
10° isologous bone marrow cells; and 8 were
similarly irradiated but given 40 X 10¢ ho-
mologous bone marrow cells. X-ray control
animals, not given bone marrow, showed
weight loss, negative nitrogen balance, and
death usually before the 10th day after ir-
radiation and, therefore, were not included
in the analysis. Each animal was then placed
in a 600 ml beaker with a wire-screen plat-
form which was held about 2 inches above
the bottom of the beaker and which sur-
rounded a specially constructed feeder. The
feeder was spring-loaded so that the food
pellets were held against a wire retainer, at
the top of the feeder, through which the ani-
mal had access to the food. The design was
such that the mouse could only separate small
pieces of the pellet while eating and this
minimized dropping of food particles into the
bottom of the cage where they would be in-
cluded in the excreta. A few ml of dilute
(0.5 N) H.SO, were placed in the bottom of
the beaker so that feces and urine would be
immediately acidified and covered to prevent
loss of nitrogen as ammonia.

No attempt was made to trap ammonia in
the gas phase (as might be liberated by bac-
terial decomposition of urine on the wire
screen of the cage floor or conceivably be
present in exhaled air from the animal). Al-
though some ammonia in the gas phase would
doubtless diffuse to the surface of the acid in
the floor of the cage and be trapped, it is
likely that some loss could occur by diffu-
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sion or by convection from air currents up-
ward and thus escape collection. It is pos-
sible that a systematic positive error is pres-
ent in our data due to such loss; however,
such an error can reasonably be expected to
be similar among all groups and should not
affect conclusions based on comparisons of
one group to another.

A wire-mesh screen, through which a water
tube extended into the top of the beaker,
covered the assembly. The animal was left
undisturbed in this “metabolism cage” for
48 hours, when it was removed, rapidly
weighed on a torsion balance to the nearest
0.1 g, and placed in a clean metaholism cage.
The cage from which the animal had been
removed was then rinsed down with dilute
H,SOy4, the rinsed wire-screen floor and
feeder were removed and the combined acid,
urine, and feces mixture rinsed into a speci-
men bottle. Food was removed from the
feeder, weighed, and “food eaten” determined
by difference from the known weight of the
pellets placed in the feeder at the beginning
of the period. Any food that dropped into
the bottom of the beaker would thus be in-
cluded as food eaten but its nitrogen content
would be included as part of the nitrogen of
the excreta and would not be lost in the ni-
trogen balance calculation. Each experiment
was carried through 45 consecutive periods
for a total of 90 days with measurements of
animal weight, food intake, and nitrogen bal-
ance at the end of each period.

In the analysis of the data, the first 5
periods were ignored since during this time
weight loss and recovery occur due to the
irradiation alone and our principal interest
relates to the metabolism of the mice after
chimerism is established. In addition, most
normal mice will lose weight for the first 1
to 3 periods under the conditions of the
caging but then go into positive nitrogen bal-
ance and show continuous slow gain in body
weight during the remainder of the experi-
ment. We wished to ignore this initial “cag-
ing effect.” At the end of the metabolic ex-
periments, a regression line was fit to the
body-weight data, and the slope of this line,
averaged for all animals in each of the 3
treatment groups, is entered in Tables I and
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TABLE I. Average Weight Gain and Nitrogen Bal-
ance of Normal Mice and of Mice Given 900 r Total-
Body Irradiation and Isologous or Homologous Bone
Marrow Cells. Experiments carried through only

30 days.
Nitrogen
Wt gain, balance,*
Group g/day mg/hr
Normal .06 35
Isologous .06 .70
Homologous .02 73

* Calculated on the assumption that there was

35.6 mg nitrogen per gram food pellet (manufactur-
er’s value). Our analyses ranged from 36.0 to 33.6
with mean 34.7 mg/g. All nitrogen-balance calcula-
tions are therefore subject to a systematic positive
error which does not, however, affect the comparison
among groups.
IT as weight gain. The mean nitrogen balance
and its standard error were computed for
each metabolic experiment, and the average
of these means for the 3 groups is entered as
nitrogen balance. Two metabolic experiments
in the isologous and 2 in the homologous
marrow-treated groups were incomplete be-
cause the animals died, and the incompleted
data from these were omitted in the final
analysis. Two metabolic experiments in each
of the 3 groups were limited to 30 days and
the results are separately recorded in Table
I. The variance was so large that the differ-
ences among means were not statistically sig-
nificant. The differences were in the same
direction as for the more complete data of
Table II, however, so we have recorded the
results separately without showing the stand-
ard error. Table II is a summary of 14 ex-
periments (6 normal and 4 for each of the
marrow-treated groups). The correlation be-
tween food intake and nitrogen balance was
computed for all metabolic experiments and
the results summarized in Table III.

The details of the bone marrow treatment
have been reported previously(4,5). Irradi-
ation was with a constant potential X-ray
machine, 250 kilovolts, 15 ma. Inherent fil-
tration was 1 mm Al; half-value layer, 0.5
mm Cu; target-object distance 60 cm; dose
rate in air approximately 157 r/min.

Male mice 10-14 weeks old were used. The
irradiated recipient animals were (Cs7L/cum
X A/He/eum)F1 hybrids. The donors of ho-
mologous bone marrow were (101/cum X
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C3sH/ sut/cun) F1 mice. The dose of irradi-
ation was 900 r total body, and 40 X 10%
isologous or homologous cells were injected
intravenously on the day of irradiation.

Nitrogen content of each specimen was de-
termined with a Technicon Autodigester and
Autoanalyzer(6).

Results. During the first 30 days (Table
I) both isologous and homologous marrow-
treated groups were in positive nitrogen bal-
ance and retained more nitrogen than did
normal control animals. The weight gain of
isologous marrow-treated animals was the
same as that of normal mice. Animals given
homologous marrow gained little or no weight.

The data summarized in Table II show
that animals treated with isologous marrow
maintain a normal rate of gain in body weight
through 90 days but retain significantly more
nitrogen than normal animals. The animals
given homologous marrow fail to gain weight
but retain twice as much nitrogen as normal
mice. Both marrow-treated groups show the
same degree of increased positive nitrogen
balance.

In Fig. 1 body weight and nitrogen balance
data are plotted from 4 experiments. The
curves are not intended to illustrate typical
results but were selected to show that even
the homologous chimeras with prolonged
(Fig. 1d) or cyclical (Fig. lc¢) secondary
weight loss maintain positive nitrogen bal-
ance throughout periods of loss in body
weight. Indeed, some of the data (Fig. 1c)
suggest that nitrogen balance becomes more
positive during cyclical periods of loss of
body weight.

The correlation between nitrogen balance
and food intake (Table IIT) did not change

TABLE II. Average Weight Gain and Nitrogen Bal-

ance for the Period 10-90 Days of Normal Mice and

of Mice Given 900 r Total-Body Irradiation and
Isologous or Homologous Bone Marrow Cells.

Nitrogen
Wt gain, balance,t
Group g/day mg/hr
Normal 06 =+ .009 34 + .08
Isologous 05 = .011 67 = .09
Homologous .009+ .011 J2 = .09

# -+ Standard error of mean.
t See Table I nitrogen-balance calculations.
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FIG. 1. Plot of body weight, in grams, (X——X) and nitrogen balance, in mg per 48 hr,
(OC----- O) of mice after total-body X-irradiation and treatment with bone marrow. (a) Unirradi-

ated control not given bone marrow cells.

(b) Irradiated (900 r) treated with 40 X 10° isologous

bone marrow cells. (¢) Irradiated (900 r) treated with 40 X 10° homologous bone marrow cells
showing cyclic body weight changes. (d) showing prolonged loss in body weight.

significantly during the 90 days of these ex-
periments.

Discussion. The normal correlation be-
tween nitrogen balance and food intake in
irradiation chimeras indicates that no signi-

TABLE III. Correlation* Between Nitrogen Balance
and Food Intake in Normal Mice and in Mice Given
900 r Total-Body Irradiation and Isologous or
Homologous Bone Marrow Cells.

Time after treatment

10-30days  30-90 days
Normal .56 .63
Isologous .59 .60
Homologous .66 .68

* Coefficient of correlation.

ficant alteration in digestion and absorption
processes was present in these animals. Diar-
rhea is frequently(7) part of the secondary
disease syndrome. Our chimeras were evi-
dently exhibiting a relatively mild secondary
disease since they did not show the marked
weight loss often seen, but the results show
that diarrhea is not a fundamental feature
of the syndrome. The metabolic alteration
in secondary disease is clearly more subtle
than effects at the level of the overall physio-
logic processes of digestion, absorption, and
assimilation of foodstuffs.

We presume that the elevated positive bal-
ance in irradiated animals given isologous
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marrow is the sum of the nitrogen retained
for growth, as in the normal mice, and the
nitrogen required to complete repair of the
damage induced by the lethal irradiation.
Despite this elevated retention of nitrogen,
which in. animals given isologous marrow is
sufficient for both growth and repair, the
mice treated with homologous cells are un-
able to grow normally. We speculate that
nitrogen is directed into some abnormal com-
partment or compartments in animals with
secondary disease and that this is related in
some way to the immunologic conflict be-
tween grafted homologous cells and the host
animals. If nitrogen in these abnormal forms
is retained with less water, glycogen, and
solutes than in normal tissues (muscle, for
example, contains approximately 75% water,
20% protein, and 5% glycogen and solutes),
then the nitrogen balance can be strongly
positive even with loss or no gain in gross
body weight. This retention of nitrogen in
homologous chimeras is of sufficient degree
that it should be possible to identify the
supposed abnormal compartments and ex-
periments along these lines are in progress.
Suu et al(5,8) have reported considerable in-
creases in lysozyme activity of some of the
tissues of irradiated, marrow-treated mice,
notably in bone marrow, kidney, and spleen;
this increase was especially marked in ani-
mals given homologous cells. Abnormal com-
ponents in electrophoretic patterns of the
proteins of lymphoid tissue have been re-
ported(9). It seems doubtful that a combina-
tion of these 2 effects could account for all
of the extra nitrogen retained by homologous
chimeras and it may be that our results on
nitrogen balance are the result of a combina-
tion of many relatively small effects in sev-
eral tissues.

Another possible explanation is suggested
by the work of Hager et al(10) who have
demonstrated antigen-antibody complexes on
homograft and host cells during rejection of
renal homografts in dogs. If this binding of
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antibody to cell surface occurs in the irradi-
ation chimera, considerable protein could be
synthesized and bound in the tissues of the
host as antigen-antibody complex. This proc-
ess might explain how during periods of in-
creased graft-vs-host reaction (as suggested
by loss of body weight, Fig. 1¢) the nitrogen
balance may become more positive than dur-
ing relatively more quiescent periods during
which some recovery of weight can occur.

Summary. Positive nitrogen balance was
observed in mice given 900 r total-body X-
irradiation and then treated by injection of
living bone marrow cells. The average level
was about twice that of normal controls for
90 days after irradiation and bone marrow
treatment. Mice given isologous cells showed
a normal rate of gain in body weight. How-
ever, mice given homologous cells failed to
gain weight despite the same degree of posi-
tive nitrogen balance.

We gratefully acknowledge the help of Dr. D. Goss-
lee, Mathematics Division, Oak Ridge National Lab-
oratory, in analysis of the data.
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