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SOFT TISSUE ORGAN MASSES OF BEAGLES AS A FUNCTION OF AGE

Abstract - BeagZe dogs have been used for the past

30 yr for radiotoxicological studies In several De- PRINCIPAL INVESTIGATORS

partment of Energy laboratories. since the animals R. A. GuilmeLte

dre maintained for their life span, it is Important M. A. Gillett

to recognize the potential importance of age-related R. F. Gerlach

changes n organ masses, particularly as they relate

to dosimetry. To determine the extent and magnitude of soft-tissue organ mass changes relative to

age and gender of Beagle dogs, groups of three male and three female dogs at ages 27, 60, .8,

11.7, d 14.0 yr were sacrificed. The resulting organ mass data were analyzed by linear

regression both in terms of gross mass and mass normalized to whole-body mass. The results

indicated that very little change in masses could be detected in this population over the age

range studied, which Includes the median life span of dogs In this colony. The rate of change of

masses was shown to have an insignificant effect on the calculation of radiation dose, even over

long time periods.

Toxicology studies involving external and internal irradiation of the Beagle have contributed

and continue to contribute to our knowledge of the long-term biological effects of radiation.

Because these studies involve radiation exposure over a significant portion of the normal life

span of the animal, it is important to consider any changes in the animal that are due to normal

aging processes. These may be changes in size, composition, or function of the different organs

and tissues of the animal. In the case of exposure to radionuclides, particularly those whose

decay radiations are not very penetrating (e.g., alpha emitters), the size of the organs in which

the radionuclides deposit and are retained is an important variable needed for dosimetry.

Systematic changes in organ size can result in inaccuracies in dose estimation, with the potential

for erroneous dose-response relationships.

The organ mass data and associated analyses presented in this report were derived from Z� study

designed to evaluate the effect of age on pulmonary function and lung morphology 1985-86 Annual

Report, LMF-115, pp. 382-388). Sacrifice of normal healthy dogs of both sexes over the age range

of 2 to 16 yr of age, which encompasses most of the adult life span of dogs in this colony,

provided a unique opportunity to obtain organ masses from animals that had not been exposed to

radiological or chemical toxicants. Although the soft-tissue organs considered here are not

all-inclusive, they do represent many of the soft tissues at risk to radiation from the

radionuclides to which man has been exposed historically.

MATERIALS AND METHODS

A total of 30 Beagle dogs, 15 males and 15 females, derived from the Institute's colony were

used in this study. These dogs were selected from the populations of available dogs and were

determined to be free of any respiratory illness or other clinical or chronic disease by review of

their clinical records and complete physical examination, including complete blood counts, serum

chemistries, thoracic and abdominal radiographs, and urinalysis. Five age groups of three male

and three female dogs each were selected. No more than one male and one female dog from the same
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litter was permitted per age group. Only mature dogs were included in this study. The age groups

ranged from 27 yr to 14.0 yr of age. The standard deviation for age for each of the groups was

I mo, except for the 14-yr-old group where it was ± 1 yr.

Each dog in this study was sacrificed by inducing nesthesia with an injectable barbiturate,

followed by cardiac exsanguination. Prior to sacrifice, a whole-body weight was obtained. A

complete necropsy was performed and dissected organs were trimmed of extraneous tissue, and

weighed fresh. All gross pathology was noted upon necropsy, and tissue sections were taken for

histological examination. No pathological observations pertinent to the organ masses reported

here were noted.

The weight data were analyzed using linear models by least-squares methods (SAS Statistical

Software). A standard t test was used to test the null hypothesis that the slope of the

regression curve was zero. To determine whether there was a sex-related difference in organ

weights, a generalized F test was employed in which the least-squares fit of the composite data

set was compared to the fits for the respective gender-specific data sets. This method has been

previously described.1

RESULTS

The results of the linear regressions are summarized for the total body masses and for those

of lung, kidney, spleen, liver, tracheobronchial lymph nodes, brain, thyroid, adrenals, heart,

popliteal lymph nodes, and prostate in Tables 1 2 nd 3 for the Male, female, and composite

populations, respectively. Analyses were performed both for the gross organ masses in grams and

for normalized organ masses in gram tissue kg-I whole-body mass.

For the male dogs (Table 1), there were statistically significant (p < 0.05) temporal changes

in whole-organ masses for the adrenals, popliteal lymph nodes, and prostate. When expressed as

normalized tissue masses, there were significant organ weight changes for the lungs, liver,

tracheobronchial lymph nodes, adrenals, popliteal lymph nodes, and prostate. For all but te

popliteal lymph nodes, the changes were increases in the normalized organ masses, i.e., positive

regression slopes. However, in most of these cases, the magnitudes of the slopes were quite

small. For whole-organ masses, the largest slope was for the prostate 40 mg d-1). For the

normalized organ masses, the largest slope was for I ver (1.8 mg d-l kg-1). All of the other

slopes were less than mg d-I (kg-1).

For the female dogs ( Table 2 there were statistically significant temporal changes in

whole-organ masses only for the brain and adrenals, the former being negative, the latter

positive. For the normalized masses, there were several marginally significant slopes (0.0 < p

< 0.10) for the brain, adrenals, and popliteal lymph nodes. However, as with the case of the male

animals, the magnitudes of the slopes were generally less than I mg d-I (kg-1), except for the

whole-organ weight of the brain (-3.6 mg d-1).

When the data from both genders were combined able 3 statistically significant mass

changes were seen for brain, adrenals, and popliteal lymph nodes for whole-organ masses, and lung,

liver, adrenals, and popliteal lymph nodes for normalized masses. All of the slopes were

positive, except for the brain whole-organ wight. There were sex-related differences in organ

masses measured in lung, kidney, brain, and heart for whole-organ weights, and marginally

significant differences (p < .1) in kidney, tracheobronchial lymph nodes, and brain for the

normalized organ masses (Table 3.
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Table I

Soft Tissue Organ Weights for Adult Male Beagle Dogs

Whole Organ Weight (g)

ILrIan a L�E L b SE(b P(b) Covar r

Lung 103 10 0.0060 0.0027 0.83 -0.025 0.06

Kidneys 62 7 -0.00061 0.0021 0.77 -0.014 0.08

Spleen 55 17 -0.0062 0.0049 0.23 -0.076 0.33

Liver 300 31 0.0038 0.0088 0.67 -0.25 0.12

Brain 80 3 -0.0012 0.00081 0.15 -0.0021 0.39

Thyroid 1.0 0.2 3.2xlO-5 5.5x]0-5 0.57 -9.5xlO-6 0.16

Adrenals 1.2 0.2 0.00021 6.7xIO-5 0.007 -1.4xlO-5 0.66

heart 104 8 -0.0022 0.0021 0.32 -0.015 0.27

lracheobronchial 0.78 0.25 0.00010 7.000-5 0.16 -1.600-5 0.38
lymph nodes

Popliteal lymph nodes 2.5 0.3 -0.00033 9.300-5 0.004 -2.7xlO-5 0.70

Prostate 6.3 3.9 0.0040 0.0011 0.003 -0.0038 0.71

Total body 11300 800 -0.44 0.23 0.077 -0.16 0.47

Normalized Organ Weight kg- I body weight)

Organ (SE)a b �b p1bL_ Covar r

Lung 8.8 0.8 0.00058 0.00022 0.023 -1.600-4 0.60

Kidneys 5.5 0.7 0.00020 0.00021 0.35 -1.400-4 0.25

Spleen 5.1 1.6 -0.00049 0.00046 0.31 -6.8xl(-4 0.28

Liver 25.9 2.9 0.0018 0.0008 0.044 -0.0021 0.53

Brain 7.0 0.5 0.00022 0.00014 0.14 -6.IXIO-5 0.40

Thyroid 0.086 0.023 B.gxlo-b 6.5XIO-6 0.19 -1.400-7 0.35

Adrenals 0.10 0.024 3.OxIO-5 6.9xIO-6 0.001 -1.5xlo-7 0.77

Heart 9.2 0.7 0.00023 0.00019 0.25 -0.00011 0.31

Iracheobronchial O.Ob3 0.023 l.6xjO-5 6.4x]0-6 0.028 -1.300-7 0.57
lymph nodes

Popliteal lymph nodes 0.23 0.035 -2.800-5 1.OxIO-5 0.014 -3.200-7 0.62

Prostate 0.35 0.37 0.00051 0.00011 0.001 -3.bxlO-5 0.80

Legend: a -- intercept (in g or g kg-1); SE(a) = standard error of the intercept; b = slope (g d-I
or g kg-I d-1); SE(b) standard error of the slope; P(b) = probability of accepting the
null hypothesis that the slope equals zero; Covar = covariance; r = correlation
coefficient.
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Table 2

Soft Tissue Organ Weights for Adult Female Beagle Dogs

Whole.Organ Weight

Organ a (SE)a b SE(_OL__ P(b)_ Covar r

Lung 78 6 0.0027 0.0018 0.15 -0.0097 0.39

Kidneys 45 3 0.00096 0.00087 0.29 --0.0024 0.29

Spleen 23 11 0.0032 0.0030 0.30 -0.029 0.28

Liver 245 29 0.012 0.008 0.17 -0.22 0.37

Brain 82 3 -0.0036 0.00076 0.001 -0.0016 0.79

Thyroid 1.2 0.1 -4.7xlO-5 3.9xlO-5 0.25 -4.8xlO-6 0.32

Adrenals 1.6 0.2 0.00013 5.8xlO-5 0.050 -I.Ixl(-5 0.51

Heart 81 8 0.00035 0.0022 0.87 -0.015 0.05

Tracheobronchial 1.30 0.3 2.lxlO-5 9.OxlO-5 0.82 -2.5x]0-5 0.07
lymph nodes

Popliteal lymph nodes 1.7 0.3 -0.00021 9.8xIO-5 0.056 -3.OxIO-5 0.50

Total body 9bOO 600 -0.18 0.19 0.11 -0.11 0.26

NormaliKed Or bodv weiqht)

_garl Weight g kg

Organ a (SE)a b SE(b) P(b)_ Covar r

Lung 8.1 1.0 0.00049 0.00028 0.10 -2.4xIO-4 0.44

Kidneys 4.7 0.4 0.00019 0.00012 0.14 -4.5xIO-5 0.40

Spleen 2.3 1.0 0.00041 0.00030 0.20 -2.9xIO-4 0.35

Liver 26 4 0.0018 0.0011 0.11 -0.0036 0.43

Brain 8.6 0.4 -0.00026 0.00013 0.059 -5.OxIO-5 0.50

Thyroid 0.13 0.02 -3.7xlO-6 5.5xlO--6 0.51 -9.500-8 0.18

Adrenals 0.17 0.03 1.7xlO-5 B.IXIO-6 0.053 -2.lxlo-7 0.51

Heart 8.4 0.8 0.00022 0.00022 0.33 -0.00016 0.27

Tracheobronchial 0.14 0.04 4.lxlO-6 1.OXIO-5 0.69 -3.200-7 0.11
lymph nodes

Popliteal lymph nodes 0.18 0.04 -2.OxlO-5 l.lxlO-5 0.095 -3.7xIO-7 0.45

Legend: a intercept (in g or g kg-1); SE(a) = standard error of the intercept; b slope (g d-l
or g kg-1 d-1); SE(b) standard error of the slope; P(b) m probability of accepting the
null hypothesis that the slope equals zero; Covar = covariance; r = correlation
coefficient.
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Table 3

Soft Tissue Organ Weights for Adult Male and Female Beagle Dogs

Whole Organ Weight )

Organ a SE(b) b SE(b) ftb) Covar r P(sl

Lung 89 7 0.0021 0.0020 0.29 -0.013 0.20 0.01

Kidneys 53 5 0.00019 0.0014 0.89 -0.0059 0.03 0.01

Spleen 40 10 -0.0017 0.0029 0.57 -0.027 0.11 0.37

Liver 270 20 0.0078 0.0061 0.21 -0.12 0.23 0.21

Brain 80 2 -0.0023 0.00067 0.002 -0.0014 0.55 0.01

Thyroid 1.1 0.1 -5.IXIO-6 3.4xIO-5 0.88 -3.6xlO-b 0.03 0.39

Adrenals 1.4 0.2 0.00017 4.4xIO-5 0.001 -6.lxIO-6 0.59 0.5-1

Heart 93 6 -0.00092 0.0018 0.61 -0.0099 0.10 0.01

Iracheobronchial 1.03 0.20 6.4x10-5 5.BxjO-5 0.28 _I.OxIO-5 0.21 0.25
lymph nodes

Popliteal lymph nodes 2.1 0.2 -0.00027 6.9xIO-5 0.001 -1.5xlo-5 0.59 0.19

Total body 10400 500 -0.31 0.15 0.055 -0.076 0.35 0.12

Normalized Organ Weight k I body weight)

Organ a SEM b_ SE(b) Covar r Ns)-

Lung 8.4 0.6 0.00056 0.00018 0.006 _j.IxIO-4 0.50 0.16

Kidneys 5.1 0.5 0.00020 0.00013 0.13 -5.IxIO-5 0.28 0.10

Spleen 3.8 1.0 -b.5xIO-5 0.00028 0.82 -2.5xIO-4 0.04 0.29

Liver 26 2 0.0018 0.000b 0.009 -0.0013 0.47 0.99

Brain 7.8 0.4 -8.9XIO-6 0.00010 0.93 -3.2x10-5 0.02 0.05

Thyroid 0.11 0.02 2.9xI0-6 4.3x1O-6 0.50 -5.8xlO-B 0.13 0.35

Adrenals 0.13 0.02 2.4xIO-5 5.5xIO-6 0.001 -9.5xIO-8 0.64 0.17

Heart 8.8 0.5 0.00023 0.00015 0.13 -6.9xIO-5 0.28 0.25

Iracheobronchial 0.10 0.02 I.OXIO-5 6.3xIO-6 0.12 -I.3xIO-7 0.29 0.07
lymph nodes

Popliteal lymph nodes 0.21 0.03 -2.4xIO-5 7.300-6 0.003 -I.7xIO-7 0.53 0.50

Legend: a intercept (in g or kg-I); SE(a) standard error of the intercept; b = slope (g d-l
or g kg-1 d-1); SE(b) standard error of the slope; P(b) = probability of accepting the
null hypothesis that the slope equals zero; Covar = covariance; r correlation
coefficient; P(s) = probability of accepting the null hypothesis that both sexes were
from the same population.

DISCUSSION

The purpose of these analyses was to determine whether there were any time-related trends in

the masses of soft tissue organs of the Beagle dog, and if present, to determine the magnitude of

those changes. There were several tissues in which such temporal trends were identified.

However, it was also obvious that most of the variability in these data sets could not be ascribed

to the linear model. In only a few cases were the correlation coefficients large enough to

permit such a conclusion (e.g. male adrenals, popliteal lymph nodes, and prostate - whole-organ

masses; male lungs, adrenals, popliteal lymph nodes, and prostate - normalized masses). Thus,

there was more variability in organ masses within each sacrifice group of dogs than there were

time-related changes in these masses. The same was found to be true for the total body masses of
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these dogs. Although the slopes were negative for both sexes, neither data set showed statistical

significance. It is recognized that the number of dogs used in this study, although appreciable,

was not large. However, to obtain better statistical power for these analyses would require an

unreasonable increase in sample size.

Although several differences in the whole-organ weights for male and female dogs were noted,

these differences were in large part eliminated by normalizing by body mass. For the latter

values, there were no organs for which the level of significance for sex-related differences

reached the critical level of .05. This suggests that the sex of the dog need not be considered

if normalized organ weights are used.

It must be noted that the organ masses described i this paper were all obtained from dogs

that had been sacrificed by exsanguination under barbiturate anesthesia. lhis has two important

consequences. First, the mass of the different organs with a full complement of blood can be

significantly greater than the corresponding organ mass after exsanguination. This difference

will be related to the vascularity of the particular organ, i.e., the quantity of blood that it

normally contains. For example, Cuddihy et al. determined the blood-filled organ weights from a

series of dogs that were killed without exsanguination and special care was taken to prevent

leakage of blood during dissection (Fission Product Inhalation Program Annual Report, No. LF-43).

Their data indicated that the average ratio of blood-filled mass to exsanguinated organ mass was

1.25 for lung, 1.8 for liver, 35 for spleen, 104 for kidney, 1.00 for tracheobronchial lymph

nodes, etc. The second consequence of exsanguination is that it introduces a significant amount

of variability into the determination of organ mass in proportion to the blood content of the

organ. This occurs because the degree of success in removing the major fraction of the blood from

any individual dog can be highly variable. In fact, for organs such as spleen, liver, and lung,

this factor may be the most significant contributor to organ mass variability among dogs.

To illustrate the magnitude of the effect of organ mass change on the calculation of radiation

dose, the following example is given. A young adult Beagle inhaled an aerosol of 239PuO2 at 2 yr

of age. The initial lung burden was 1 .0 pCi . Assuming a lung retention function for inhaled

239pu that has been previously describedl i e. , R(t) = 0. 18 e-0.024t _ .82 e-0.00045t t days

after exposure), a lung mass at 2 yr of age of 110 g, and a purported lung growth rate of 00021 g

d-l (Table 3 one can calculate the alpha radiation dose to lung with and without lung growth.

For an exposure period of 10 yr, the calculated radiation dose, assuming constant lung mass, is

3543 rad; for an increasing lung mass, it is 3542 rad. The difference in dose, amounting to

0.03%, is insignificant compared to the uncertainty associated with the dose calculation itself,

which is 13% in this case.1
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