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Abstract: Organ weight is one of the most sensitive drug toxicity indicators, and its changes often precede morphological changes. So
far, no background data about organ weight and its coefficient in SD rats at different weeks of age have been reported in China. The
aim of this study was to summarize and analyze the change trends of organ weight and organ weight coefficients in SD rats at different
weeks of age. The absolute of the weights of the brain, spleen, heart, lungs, liver, kidneys, adrenal glands and testes were increased in
male SD rats from 13 to 78 weeks, and the weights of the brain, heart, lungs, liver, kidneys and especially the testes were decreased
from 78 to 104 weeks. On the other hand, the absolute weight of the adrenal glands showed an increasing trend from 13 to 104 weeks.
The absolute weight of the brain, spleen, heart, lungs, liver, kidneys, adrenal glands and ovaries showed an increasing trend from 13 to
104 weeks. A significant increase was observed in adrenal gland and ovary weights, whereas no obvious change trends were observed
for the other organ weights mentioned above. It was surprising that the absolute of weight of the adrenal glands and organ-to-brain
and organ-to-body weight ratios in female rats were significantly higher than those in males from 13 to 104 weeks. This study was
the first to establish background data for organ weights in SD rats at different weeks of age and their reference ranges in line with the
experimental animal status in China and to summarize their summarized their changes trend. (DOI: 10.1293/t0x.26.29; J Toxicol Pathol

2013; 26: 29-34)
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Introduction

Organ weight can be the most sensitive indicator of an
effect of drug toxicity, as significant differences in organ
weight between treated and control animals may occur in
the absence of any morphological changes. Evaluation of
organ weight changes in the presence of body weight dif-
ferences has resulted in the use of organ-to-body weight and
organ-to-brain weight to assess treatment effects in toxicol-
ogy studies'. Understanding the relationship between abso-
lute organ weight, body weight, and brain weight will im-
prove organ weight interpretation. Background data reflects
the organ weight of control animals, and it is significantly
important for the evaluation of drug safety. During the pro-
cess of nonclinical drug safety evaluation, the toxicity of
some drugs may only result in animal organ weight or or-
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gan coefficient changes. Therefore, organ background data
is particularly important because they not only can be used
to determine whether treatment group animal organ weights
are in the range of background data or not but also provide
an important reference to provide to pathologists for gross
anatomy and microscopic examinations?. In many institutes
including our laboratory in China, CD(SD) (Sprague-Daw-
ley) rats are used predominantly as experimental models in
toxicity studies, and they have been used as traditional ani-
mal models for assessing carcinogenic potential of various
kinds of compounds®. However, relatively few background
data for organs weight from SD rats at different weeks of
age are available. Under these circumstances, we face an
urgent task to collect background data on SD rats in China.
Therefore, the present study was performed to obtain organ
weight background data for SD rats at different weeks of age
demonstrate the features of their change trends as an aid for
interpretation of results.

Materials and Methods

Animals
CD(SD) SPF rats (3147 male and 3132 female) were
obtained from shanghai Laboratory Animal Center (Shang-
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hai, China) at 5 weeks of age for use as the control group.
The animals were quarantined and acclimatized for 1 week
and used at 6 weeks of age. They were housed individually
in stainless steel wire mesh cages in an animal room that
was maintained at 22 + 2°C and 50 + 20% relative humidity
with air ventilation 10 to 15 times per hour and a 12-hour
light-dark cycle. Pelleted diet (radiation sterilized CR-LPF,
Yuhong District, Shenyang City, China) and drinking water
(tap water, via automatic water supply system) were pro-
vided ad libitum. The experiment was conducted in com-
pliance with the laws or guidelines relating to animal wel-
fare in China including Standards Relating to the Care and
Management of Experimental Animals and Guidelines for
Animal Experimentation.

Organ weights

According to the protocol, the animals were completely
necropsied at 13, 26, 52, 78 and 104 weeks, which refers
to the weeks of the experiment rather than weeks of age.
Generally, anatomical examinations are performed at 13
weeks in subchronic experiments, while 26, 52, 78 and 104
weeks are commonly used for chronic toxicity/carcinogenic
tests. At the time of necropsy at weeks 13, 26, 52, 78 and
104, blood samples were collected from the abdominal aorta
under diethyl ether anesthesia into blood collection tubes.
Prior to blood sample collection, the animals were deprived
of food overnight. After collection of blood samples, the
animals were euthanized by exsanguination and subjected
to complete necropsy. Then, the weights of the following
organs were measured: brain, heart, adrenals, kidneys, liver,
testes, ovaries, lungs and spleen. All organ weight data were
directly input into the “organs weighing 1.0 software.

Data analysis

We selected organ weight data including those of the
brain, heart, adrenals, kidneys, liver, testes, ovaries, lungs
and spleen from the control group animals at 13, 26, 52, 78
and 104 weeks of age. Based on the wet weight (absolute
weight) and body weight at necropsy, the organ-to-body
weight or organ-to-brain weight ratio (relative weight) was
calculated. Inappropriate organs were excluded in accor-

Table 1. Absolute Organ Weight Data for Nontreated SD Rats
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dance with the recommendations of Grubbs in the Statisti-
cal interpretation of data-Detection and treatment of outli-
ers in the normal sample (GB/T488882-2008). The level of
outliers excluded was 1%.

Results

The reference range of organ weights / organ coeffi-
cients in rats at different ages
The results are shown in Table 1 and Table 2.

Change trends of organ weights and organ coeffi-
cients in male rats at different ages

The absolute weights of the brain, spleen, heart, lungs,
liver, kidneys, adrenal glands and testes were increased
in male SD rats at weeks 13 to 78, and the weights of the
brain, heart, lungs, liver, kidneys and especially the testes
were decreased at weeks 78 to 104. On the other hand, the
absolute weights of the adrenal glands and spleen showed
an increasing trends from weeks 78 to 104. A similar trend
was observed in the organ-to-brain weight ratio, while the
opposite trend was seen for the organ-to-body weight ratio
during the same time period (Fig.1).

Change trends of organ weights and organ coeffi-
cients in female rats at different ages

The absolute weight of the brain, spleen, heart, lungs,
liver, kidneys, adrenal glands and ovaries showed an in-
creasing trend from weeks 13 to 104. A significant increase
was observed in adrenal gland and ovary weights, whereas
the change trends of the other organ weights mentioned
above were not obvious. As for the organ-to-brain weight
ratio, the change trends were similar to those of the absolute
weights (Fig.1).

Comparison of organ weight and organ coefficients in
SD rats at different ages

The absolute weights of the brain, spleen, heart, lungs,
liver and kidneys of male rats were higher than those of the
female rats, and a similar trend was shown for the organ-
to-brain weight ratio, whereas the organ-to-body weight

Sex Male Female

Experimental week 13 26 52 78 104 13 26 52 78 104
No. of animals 862 519 402 329 1035 854 513 408 345 1012
Body weight (g) 408+48 483+61 552471 585+90 470+85 254424 288+34 332449 377+65 381+78
Brain (g) 2.01£0.11 2.11£0.10 2.16£0.13 2.22+0.47 2.13+0.17 1.89+£0.11 1.95+0.10 1.99+0.10 2.02+0.15 2.02+0.11
Spleen (g) 0.72+0.14  0.81+0.43 0.91+0.21 1.04+0.34 1.10+0.84  0.55+0.12 0.58+0.16 0.65+0.41 0.73+0.26 0.95+0.95
Heart (g) 1.44+0.20 1.62+0.19 1.78+0.24 1.91+0.28 1.79+0.39  0.99+0.13 1.10+0.13 1.22+0.17 1.35+0.20 1.53+0.28
Lung (g) 1.97+0.32 2.06+0.44 2.25+0.38 2.43+0.49 2.30+0.81 1.48+£0.29 1.52+0.22 1.65+0.35 1.80+0.46 1.94+0.50
Liver (g) 10.03+1.63 11.24+2.34 11.88+1.87 12.74+£2.69 11.36+2.86  6.70+0.96 7.63+1.16 8.20+1.41 9.28+1.88 10.15+2.47
Kidney (g) 2.89+0.44 3.30+0.67 3.61+0.49 4.05+0.72 3.86+2.80 1.90+0.24 2.22+0.34 2.61+1.67 2.83+0.48 3.20+0.62
Adrenal (g) 0.06+£0.01 0.05+0.01 0.05+0.01 0.06+0.03 0.16+0.46  0.08+0.02 0.08+0.02 0.09+0.03 0.13+0.13 0.19+0.46
Testis (g) 3.19+0.32 3.34+0.35 3.68+0.65 3.79+1.20 1.99+3.49 NA NA NA NA NA
Ovary (g) NA NA NA NA NA 0.09+£0.02 0.09+£0.03 0.09+0.15 0.09£0.19 0.13+0.60

Values are means + SD. NA: Not applicable.



Piao, Liu, Xie 31

ratios of these organs mentioned above in female rats were
slightly higher than those in the male rats. It was surprising
that the absolute weight of the adrenal glands and organ-to-
brain and organ-to-body weight ratios in female rats were
significantly higher than those in males from weeks 13 to
104 (Fig.1).

Discussion

Organ weight is one of the most sensitive drug toxic-
ity indicators, and it changes often precede morphological
changes. A number of factors have been reported that may
influence animal organ weights including strain of animal,
age, sex and environmental and experimental conditions®.
The establishment of organ weight reference values at each
testing facility for laboratory animals used in toxicological
studies has become a standard practice. So far, no back-
ground data about organ weights and their coefficients in
SD rats at different weeks of age have been reported in Chi-
na. Therefore, this study aimed to summarize and analyze
the change trends of organ weights and organ weight coef-
ficients in SD rats at different weeks of age. The present
study demonstrated that the absolute weights and organ-to-
brain weight ratios of the brain, spleen, heart, lungs, liver
and kidneys in male rats were higher than those in female
rats, whereas an opposite result was seen for the organ-to-
body weight ratio, which might be associated with animal
sex, because the body weights of the male rats were usually
higher than those of the rats as the rats got older. Gener-
ally, the body weight of the male rat was approximately two
times that of the female rat.

The differences in body weight were considered a po-
tential source of bias in the analysis of the organ weight

Table 2. Relative Organ Weight Data for Nontreated SD Rats

data. When considering organ weight data, differences in
body weight must be taken into account using an appropri-
ate analysis. The brain weight was low variability compared
with other organs mentioned above and is not considered
to be influenced by nutritional factors’. The organ-to-brain
weight ratio was partially successful in reducing the vari-
ability among the organ weights. Some consider evaluation
of the organ-to-brain weight ratio helpful when terminal
body weights are affected by the test item or to normalize
organ weight data when there is large interanimal vari-
ability®. The STP recommends collection of brain weights
so that organ-to-brain weight ratios may be calculated if
needed. Bailey SA et al.” thought that, based on analysis of
control animal data, liver and thyroid gland weights were
best compared using organ-to-body weight ratios and that
adrenal gland and ovary weights are best compared using
organ-to-brain weight ratios. The present study found that
the absolute weights of some organs including the heart,
liver, kidney and lungs, showed significant gender differ-
ences, in other words, the absolute weights of male rats
were higher than those of female rats. However, the abso-
lute organ weight and organ-to-brain weight and organ-to-
body weight ratios of the adrenal glands in female rats were
higher than those in male rats, which increased with age.
During the process of autopsy, the adrenal glands of the fe-
male rats were found to be larger than those of the male rats
which were often surrounded by more adipose tissue. It is
reported that the absolute organ weight and organ-to-body
weight ratio of the adrenal glands in F344 female rats were
significantly higher than those in male rats from weeks 4
to 104, while a similar trend was observed from weeks 13
to 104 in B6C3F1 mice®, and this was consistent with our
results. The change in adrenal gland weight might suggest

Sex Male Female

Experimental week 13 26 52 78 104 13 26 52 78 104
No. of animals 862 519 402 329 1035 854 513 408 345 1012
Organ-to-body weight ratio (organ weight/body weight)

Brain (g) 0.50+£0.06 0.44+0.06 0.40+0.06 0.39+0.10 0.48+0.12  0.75+0.07 0.68+0.08 0.61+0.09 0.55+0.11 0.55+0.12
Spleen (g) 0.18+£0.03 0.17+0.09 0.17+0.03 0.18+0.05 0.24+0.17  0.22+0.05 0.20+0.06 0.20+0.12 0.20+0.07 0.25+0.21
Heart (g) 0.36+0.04 0.34+0.05 0.33+£0.05 0.33+0.06 0.39+0.09  0.39+0.05 0.39+£0.05 0.37£0.07 0.37+0.07 0.42+0.10
Lung (g) 0.49+0.09 0.43+0.11 0.41+0.08 0.43+0.11 0.514£0.20  0.59+0.12 0.53+£0.08 0.51+0.16 0.49+0.17 0.53+0.18
Liver (g) 2.45+0.23 2.33£0.41 2.16+0.23 2.19+0.39 2.504+0.61  2.64+0.29 2.66+0.34 2.49+0.36 2.50+0.52 2.714+0.62
Kidney (g) 0.71+£0.09  0.69+0.19 0.66+0.11 0.70+0.16 0.85+0.52  0.75+0.09 0.78+0.14 0.81+0.61 0.77+0.19 0.88+0.26
Adrenal (g) 0.01£0.01  0.01£0.01 0.01+£0.01 0.01x0.01 0.04+0.12  0.03+£0.01 0.03£0.01 0.03+£0.01 0.04+0.04 0.05+0.13
Testis (g) 0.79+£0.10 0.70+£0.09 0.68+0.13 0.66+0.21 0.37+0.83 NA NA NA NA NA
Ovary (g) NA NA NA NA NA 0.04£0.01 0.03+£0.01 0.03+£0.05 0.03+£0.07 0.04+0.13
Organ-to-brain weight ratio (organ weight/brain weight)

Spleen (g) 0.36+£0.07 0.38+0.19 0.42+0.12 0.48+0.17 0.52+£0.41  0.29+£0.09 0.30+£0.08 0.33+£0.21 0.36+0.13 0.47+0.49
Heart (g) 0.72+£0.09 0.77+£0.09 0.83+£0.14 0.87+£0.15 0.84+0.17  0.53+£0.11 0.57+0.07 0.62+0.08 0.67+0.10 0.76+0.15
Lung (g) 0.98+0.16 0.98+0.21 1.04+0.19 1.11+£0.30 1.08+0.42 0.80+0.40 0.78+0.12 0.83£0.18 0.89+0.24 0.97+0.40
Liver (g) 4.98+0.74 5.32+1.03 5.5240.92 5.84+1.73 534+1.30 3.56+0.57 3.93+0.59 4.13+0.69 4.61+0.94 5.02+1.23
Kidney (g) 1.4440.20 1.56+0.33 1.68+0.33 1.85+0.41 1.81£1.20  1.01+0.16 1.14+0.17 1.32+0.89 1.41+0.24 1.59+0.31
Adrenal (g) 0.03+0.01 0.03+0.01 0.03+0.01 0.03+0.01 0.08+0.23  0.04+0.01 0.04+0.01 0.04+0.02 0.06+0.07 0.09+0.23
Testis (g) 1.59+0.16 1.58+0.16 1.71+0.32 1.73£0.54 0.91£1.73 NA NA NA NA NA
Ovary (g) NA NA NA NA NA 0.05£0.01 0.04+0.01 0.05£0.08 0.05+0.12 0.07+0.31

Values are means + SD. NA: Not applicable.
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Fig. 1. Changes trend of organ weights and organ weights coefficients in SD rats at different ages.

the appearance of hypertrophy, hyperplasia, tumor or test
item effects’. Some studies have reported that the adrenal
cortex was thicker in female F344 rats and B6C3F1 mice

compared with males, in particular, the reticular zone thick-
ness increased significantly in the area that was mainly re-
sponsible for the secretion of androgen and a small amount
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Fig. 1. Continued.

of estrogen'’. However, some reports have also shown that
the absolute weight of the adrenal gland in male hamsters
was higher than that in females. Microscopically, the reticu-
lar zone thickness of the male hamster was about three times
that of the female hamster''. The results suggested that the
adrenal gland weight variation might be a gender difference
in species or strains, which may be related to the level of a
hormone secreted by the adrenal zona reticularis. The pres-
ent study found that the absolute organ weight of the spleen
of both sexes increased from weeks 78 to 104. As we all
know increased spleen weight is associated histologically
with severe congestion in red pulp and enhanced extramed-
ullary hematopoiesis, as well as depletion of lymphoid fol-
licles in white pulp'?. The splenic white pulp volume gradu-
ally becomes small with red pulp volume expansion from
weeks 78 to 104. More important, the incidence of tumors
such as malignant lymphoma, and large granular lympho-
cyte leukemia in the spleen increased from weeks 78 to 104
in the present study (data not shown).

In addition, the weights of the brain, heart, lung, liver,
kidneys and especially the testis in male rats showed a de-

creasing trend from weeks 78 to 104. The SD rat life span
is about 2 to 3 years, and 104 weeks is considered to be old
age. The decrease in testes weight was associated with or-
gan dysfunction and atrophy, because the incidence of testis
atrophy was about 67 percent at 104 weeks in our facility.
However, the ovarian weight was significantly increased
from weeks 78 to 104, microscopically, there was a signifi-
cant reduction in ovarian follicles, stromal cell proliferation
and ovarian cyst formation. It is necessary to study further
the underlying causes of the organ weight changes in com-
bination with pathological background data.

This study was the first to establish organ weight back-
ground data and their reference ranges in SD rats at different
weeks of age in line with the experimental animal status in
China and to summarize their change trends.
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