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Mice are the most commonly used models of infectious disease, and disease in mice is similar to that of humans. As a 
consequence, standard hematology and biochemistry reference values in mice are essential to evaluate functional changes 
caused by experimental treatments, although very few data in the literature provide a comparative reference range. The aim of 
this investigation was to establish the reference intervals for major hematology and biochemistry analytes in 2 inbred mouse 
strains, BALB/c and C57BL/6, at 3 different age ranges. Parameters were assessed in 600 mice (300 male and 300 female) of 
BALB/c and C57BL/6 strains at 6 to 8 wk, 10 to 14 wk, and 6 to 9 mo of age. Reference intervals were calculated by nonparametric 
or robust methods according to sample size, and statistical analyses were performed to assess the changes in relation to sex,  
age, and strain. The data demonstrate that strain, sex, and age have significant effects on the hematologic and biochemical 
profiles of mice. Hemoglobin, Hct, MCH, MCHC, neutrophils, eosinophils, and ALP were found to be significantly greater in 
BALB/c mice. In contrast, WBC, lymphocytes, basophils, glucose, total protein, albumin, and urea were found to be significantly 
greater in C57BL/6 mice in all age ranges. Lymphocytes and ALP progressively decreased with age, while neutrophils increased 
with age in both strains. The study successfully defined and established reference intervals for hematologic and biochemical 
analytes in 2 inbred mouse strains at 3 different age ranges. The reference values reported here could be useful in characterizing 
the phenotype of experimental mice and assessing the changes caused by investigational treatments.
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CCSEA, The committee for the control and supervision of experiments on animals; EDTA, Dipotassium ethylenediaminetetraacetic 
acid; IAEC, Institutional Animal Ethics Committee; IVCs, Individually Ventilated Cage System; NABL, National Accreditation 
Board for Testing and Calibration Laboratories; USP, United States Pharmacopeia
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Introduction
Mice (Mus musculus) have been very useful as preclinical 

models for drug discovery due to similarities of metabolic and 
biochemical pathways with those of humans. Indeed, the labora-
tory mouse is the most widely used animal model for studying 
the pathogenesis and treatment of human diseases.4 Most of 
these models are used for pharmacology, oncology, toxicology, 
drug efficacy, drug safety, and genetic research.15 Largely, this 
is because the mice are easy to breed; have a short life; have a 
low cost of husbandry; have a genotype and phenotype that 
can be manipulated by biologic, chemical, or genetic means; 
and have a physiologic similarity to humans and other higher 
species of interest in veterinary care.21

Inbred mouse strains are generated through at least 20 
generations of brother and sister mating. The uniform genetic 
background of inbred mice improves standardization and 
helps researchers worldwide to compare their results with 
sufficient reproducibility, thereby minimizing the repetition 

of experiments and the need for fewer individuals per experi-
mental group.9,16 Varieties of mouse strains are used for specific 
purposes, but BALB/c and C57BL/6 are the most commonly 
used inbred mouse strains, and they are available worldwide 
from quality vendors.

The hematologic and biochemical profiles of mice used in 
biomedical research are related to the lineage, genotype, and 
sex and are influenced by age, diet, environment, sample 
(blood, urine, plasma, or serum) collection techniques, and 
many other related factors.2,7,22 Reference intervals for BALB/c 
and C57BL/6 mice have been reported by researchers from dif-
ferent geographic regeions.2,6,14,17,19,20,24 However, a universal 
range cannot be defined due to variation in many of the factors 
mentioned above. On the other hand, the scientific interpreta-
tion of hematologic and biochemical profile of experimental 
mice is crucial for the evaluation of experimental treatment 
effects.1,18,23 The aim of this study was to estimate the refer-
ence intervals for hematologic and biochemical analytes of 2 
inbred mouse strains (BALB/c and C57BL/6) at different age 
ranges: 6 to 8 wk, 10 to 14 wk, and 6 to 9 mo. In this study, 
age-wise reference intervals were established for each mouse 
strain, which would serve as a robust reference data set for 
the interpretation of hematologic profiles in studies involving 
these preclinical mice models.
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Materials and Methods
Animals and diets.  Specific pathogen-free BALB/c and 

C57BL/6 mice used for this study were bred and maintained at 
the Animal Research Facility of Zydus Research Centre, which 
is registered with the Committee for Control and Supervi-
sion of Experiments on Animals, India and also accredited by 
AAALAC, International. Breeders (BALB/cJ and C57BL/6J) 
from the Jackson Laboratory were used to establish inbred mouse 
colonies at Zydus Research Centre, and mice were bred using 
a sibling by sibling breeding strategy. The data for hematology 
and biochemistry analytes were collected over a 10-y period 
(2014 to 2024) from breeding colony stock as a part of a routine 
health monitoring program. The animals were used from a 
single production site, which minimized the variation due to 
differences in breeding and environmental parameters. A total of 
1,200 mice (600 mice/strain) in the age range of 6 to 8 wk, 10 to 
14 wk, and 6 to 9 mo were included in this survey. All mice were 
reared in individually ventilated cages (IVCs; 5 to 7 mice/cage; 
cage dimensions: 32.5 × 16.5 × 14 cm) filled with sterile corncob 
bedding, and each cage was changed once each week. The mice 
were housed at controlled room temperature (23 ± 2 °C) and rela-
tive humidity (50 ± 15%) with a 12/12-h light/dark cycle. Each 
IVC cage had a ventilation rate set at 40 to 50 air changes per 
hour, and the animal room had a ventilation rate set at 10 to 15 
air changes per hour. The animals had free access to a standard 
chow diet (2018 Teklad global 18% protein rodent diets; Inotiv, 
Madison, WI) and reverse osmosis-treated water. Enrichment 
items, such as a mouse tunnel, hut, and igloo (Bio-Serv, Inc., 
Flemington, NJ), were provided in the cage for the well-being 
of the animals. All health monitoring studies were performed 
in compliance with the standard operating procedures of the 
facility and were approved by the Institutional Animal Ethics 
Committee. In addition, animals were weighed weekly of to  
12 wk of age to establish growth curves for both mouse strains 
(84 mice/strain: 42 male and 42 female).

Specimen collection.  Sixty mice were selected randomly 
from 3 different age ranges per strain in each health monitoring 
study. Ten male and 10 female mice were randomly allotted to 
each age range. All mice were fasted overnight (with water ad 
libitum) and were then bled by retro-orbital plexus puncture 
under isoflurane anesthesia. Mice were placed in a clear in-
duction chamber and were anesthetized with isoflurane (USP; 
manufactured by Raman and Weil Private, Maharashtra, India) 
administered with a precision vaporizer (Orchid Scientific, Am-
bad, India). Blood samples for hematology (450 µL/mouse) were 
collected from 5 mice of each sex and age range and placed in a 
tube with anticoagulant (50 µL/vial, 2% EDTA). Approximately 
700 µL/mouse blood was collected from the other 5 mice into a 
centrifuge tube without anticoagulant and serum was collected 
from from the sample after a clot had formed. Mice were hu-
manely euthanized after completion of specimen collection by 
carbon dioxide (CO2) using a gradual fill method in a transpar-
ent euthanasia chamber (30 L/min flow rate).

Laboratory analysis and quality management. All the blood 
samples were analyzed at the Clinical Pathology Laboratory of 
Zydus Research Centre, accredited by the National Accredita-
tion Board for Testing and Calibration Laboratories. Samples 
collected for clinical chemistry analysis were centrifuged  
(2,000 × g for 10 min at 24 °C) after one hour of collection time 
for collection of serum. Calibration and quality control of the 
analyzer were performed to ensure accuracy and precision 
before analysis of samples. All samples were stored at room 
temperature (25 ± 1 °C) and analyzed within 4 to 5 hours of 
collection. Whole blood was analyzed for hematology analytes, 

namely red blood cell count (RBC), hemoglobin concentration 
(HGB), hematocrit (Hct), mean corpuscular volume (MCV), 
mean corpuscular hemoglobin (MCH), mean corpuscular 
hemoglobin concentration (MCHC), platelet count (PLT), white 
blood cell count (WBC) and differential WBC counts: neutro-
phils (NEU; N%), lymphocytes (LYMPH; L%), eosinophils  
(EOS; E%), monocytes (MONO; M%), and basophils (BASO; B%).  
The analyses were performed on an automated blood cell ana-
lyzer ADVIA 2120i (Siemens Healthineers, Erlangen, Germany). 
Serum samples were processed for biochemistry analytes by 
the methods/techniques described as follows: glucose (GLU) 
by the hexokinase method; aspartate transferase (AST), alanine 
aminotransferase (ALT), and alkaline phosphatase (ALP) using 
the International Federation of Clinical Chemistry  methods; 
total protein (TP) by the colorimetric Biuret method; albumin 
(ALB) by the bromocresol green method; urea (UREA) by the 
kinetic method; and creatinine (CREA) by the Jaffe method. The 
analyses were performed using a Cobas C311 analyzer (Roche 
Diagnostics, Rotkreuz, Switzerland). Each activity including 
blood sample collection, transportation, storage, and analysis 
was based on good laboratory practices using standard operat-
ing procedures to ensure data quality.

Statistical analysis. The data were grouped by sex, age, and 
strain. Using SPSS, a boxplot for each hematology and biochem-
istry analyte was visually checked for outliers, and significant 
outliers were eliminated in accordance with the Tukey Method.12 
After removal of significant outliers, the test of normality 
(Shapiro-Wilk test) was applied, and mean, SD, and median 
for each hematology and biochemical analyte were calculated 
for each sex and age range. The Harris and Boyd test11 was 
used to determine combined or separated reference intervals 
according to sex. Combined reference intervals were calculated 
using the nonparametric method (>120 samples) according to 
age range by determinations of the 2.5 and 97.5 percentiles, 
whereas separate reference intervals were calculated using 
the robust method (<120 samples). Upper and lower reference 
limits of each reference interval at 90% CI were also reported. 
All calculations were performed in accordance with the Clinical 
and Laboratory Standards Institute5 and American Society for 
Veterinary Clinical Pathology guidelines.10 Sex differences were 
compared using the Student t test when conditions of normality 
were met. When the normality test failed, the Mann-Whitney 
rank sum test (nonparametric) was used to compare differences 
between sexes. Strain differences for each analyte according to 
age range were compared using a nonparametric test. The dif-
ferences linked to age for each mouse strain were performed 
by one-way ANOVA (post hoc analysis by Tukey honestly 
significant difference and Bonferroni test) using a statistical 
software program (SPSS 21.0). The body weight differences  
(3 to 12 wk) between strains of the same sex were compared 
using the Mann-Whitney rank sum test. P value less than 0.05 
was considered statistically significant.

Results
Comparison of growth curves. The growth curves (mean ±  

SD) of both mouse strains up to 12 wk of age are shown in  
Figure 1. Males had higher body weight values compared 
with females of the same age. (Figure 1 a significant difference 
between BALB/c and C57BL/6 was found at week 7 for males 
(P < 0.05), while in the case of females, significant differences 
were found at weeks 3, 4, 5, and 7 (P < 0.05).

Sex-associated effects. Significant sex-associated differences 
were observed in most of the parameters assessed (Tables 1–6).  
The results are expressed as mean, SD, median, reference 
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intervals, and upper and lower reference limits at 90% CI. At 
6 to 8 wk of age, male BALB/c mice showed higher RBC, PLT, 
N%, and M% and lower WBC, MCH, LYMPH, and L% than 
female mice (Table 1). Male C57BL/6 mice (6 to 8 wk old) had 
significantly higher RBC, HGB, Hct, and PLT values than female 
mice, while their MCH and MCHC levels were lower. In 10- 
to 14-wk-old BALB/c mice (Table 2), males had significantly 
higher RBC, HGB, PLT, and N% and lower WBC, MCV, MCH, 
LYMPH, and L% than females. Male C57BL/6 mice (10 to 14 
wk old) had significantly lower levels of MCH, MCHC, and N% 
and significantly higher levels of WBC, RBC, HGB, Hct, PLT, 
LYMPH, L%, and BASO than female mice. Table 3 demonstrates 
that male BALB/c mice (6 to 9 mo old) had significantly lower 
RBC, HGB, Hct, MCH, LYMPH, and L% and higher NEU, N%, 
MONO, and M% than female mice. Male C57BL/6 mice (6 to 9 
mo old) had significantly lower levels of HGB, MCH, MCHC, 
PLT, and N%, while female mice had higher levels of WBC, 
LYMPH, L%, EOS, and BASO.

Male BALB/c mice at 6 to 8 wk of age had significantly higher 
levels of ALT and UREA and lower levels of AST, ALP, and ALB 
when compared with female mice (Table 4). Male C57BL/6 mice 
(6 to 8 wk old) had significantly higher TP and lower AST and 
ALP than female mice. Table 5 shows that in the 10- to 14-wk-
old BALB/c mice age group, males had significantly higher 
GLU and UREA and lower ALP and ALB than females. Male 
C57BL/6 mice (10 to 14 wk old) had lower levels of AST, ALT, 
and ALP, while female mice had significantly higher levels of 
TP and UREA. Table 6 reveals that male BALB/c mice (6 to 9 
mo old) exhibited significantly lower levels of ALP and ALB and 
significantly higher levels of AST, ALT, and UREA. GLU, TP, and 
UREA were shown to be significantly higher in male C57BL/6 
mice (6 to 9 mo old), while AST, ALT, and ALP were reported to 
be lower in males than females.

Age-dependent effects. Age-dependent effects in hematologic 
parameters and biochemical analytes of both mouse strains are 
summarized in Table 7. In male BALB/c mice, RBC, HGB, and 
Hct levels were similar between 6 to 8 wk and 10 to 14 wk of age; 
however, there was a significant difference in 6- to 9-mo-old male 
mice when compared with the younger age ranges. RBC and Hct 
levels in female BALB/c mice were similar between age ranges; 
however, HGB levels in female mice aged 6 to 9 mo were lower 
compared to the younger age groups. MCV and MCHC con-
centrations in both sexes of BALB/c mice were similar among 
age ranges; however, MCH concentrations showed significant 
differences between age groups for both sexes. PLT counts were 
significantly impacted by age in BALB/c female mice but not in 
males. Age had a substantial impact on WBC counts in BALB/c 
mice of both sexes. Furthermore, 6- to 9-mo-old BALB/c male 

mice had significantly higher WBC counts compared to younger 
age groups, while in female BALB/c mice, it was found to be 
higher in 6 to 8 wk old animals. Regarding the differences in 
absolute leukocyte counts between 6- to 8-wk- and 10- to 14-wk-
old BALB/c mice, there were no significant age differences 
for NEU, LYMPH, MONO, M%, EOS, E%, BASO, and B% in  
both sexes (with the exception of LYMPH in female mice). On  
the other hand, compared with younger age ranges, 6- to 9-mo-
old BALB/c mice had significantly higher NEU, N%, MONO, 
M%, and EOS values and lower L%. Further, as age advances, 
N% gradually rises and L% falls for both sexes.

The levels of RBC, HGB, and Hct were significantly impacted 
by age in C57BL/6 mice of both sexes (Table 7). MCV and MCH 
concentrations were significantly impacted by age, although 
MCHC concentrations in C57BL/6 mice of both sexes were 
comparable among age ranges. PLT counts in 6- to 9-mo-old 
C57BL/6 mice were found to be significantly higher in both 
sexes when compared with younger age ranges. In C57BL/6 
mice of both sexes, there were significant differences in WBC 
counts between age groups. In addition, WBC counts were 
found to be significantly greater in 6- to 9-mo-old male C57BL/6 
mice, while female C57BL/6 mice aged 6 to 8 wk showed sig-
nificantly higher WBC counts. When comparing NEU, LYMPH, 
MONO, M%, EOS, E%, and B% in C57BL/6 mice at 6 to 8 wk 
and 10 to 14 wk of age, there were no significant age differences 
(with the exception of LYMPH in female mice). Nonetheless, as 
compared with younger age ranges, 6- to 9-mo-old C57BL/6 
mice had significantly higher NEU, N%, MONO, and M% 
and lower L% values in both sexes. Furthermore, LYMPH 
was found to be significantly higher in male C57BL/6 mice 
and lower in female C57BL/6 mice aged 6 to 9 mo old. EOS, 
E%, and BASO were found to be significantly higher only in 
male C57BL/6 mice, while no age differences were observed 
in female C57BL/6 mice.

In both sexes of BALB/c mice (Table 7), there were significant 
age differences for both ALT and ALP. The concentration of ALT 
was significantly higher in older mice (6 to 9 mo), whereas the 
concentration of ALP was significantly higher in younger mice 
(6 to 8 wk). When it came to AST, BALB/c male mice showed 
significant age differences, whereas BALB/c female mice did 
not demonstrate age differences. Comparing mice aged 6 to 8 
wk and 10 to 14 wk to 6- to 9-mo-old BALB/c mice, GLU con-
tent in both sexes was significantly lower in the younger age 
groups. Male BALB/c mice (6 to 8 wk) had significantly higher 
concentrations of ALB, while female BALB/c mice (6 to 8 wk) 
had significantly higher concentrations of UREA compared to 
older mice. The concentrations of TP and CREA in BALB/c mice 
were comparable across age groups for both sexes.
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Figure 1.  Growth curve of BALB/c (n = 42) and C57BL/6 (n = 42) up to 12 wk of age. Significant differences between strains of same sex: *, P < 0.05.
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In C57BL/6 mice of both sexes (Table 7), ALP and UREA 
showed significant age differences, with younger mice (6 to 8 wk)  
showing higher concentrations of these analytes than older 
mice (6 to 9 mo). Regarding ALT, significant age differences 
were observed in female C57BL/6 mice, but no such differences 
were observed in male mice. When compared with mice that 
were 6- to 8-wk and 10- to 14-wk-old, the GLU content in both 
sexes of C57BL/6 mice aged 6 to 9 mo was significantly higher. 
The CREA concentrations in both sexes of C57BL/6 mice were 
comparable between age ranges.

Strain-associated effects. RBC, HGB, MCH, MCHC, NEU, and 
EOS were significantly higher in both sexes of BALB/c mice 
(6 to 8 wk old) when mouse strains were compared (Figure 2), 
but LYMPH and BASO were significantly higher in both sexes 
of C57BL/6 mice. Moreover, Hct was found to be significantly 
higher only in female BALB/c mice, and male C57BL/6 mice 
showed significantly higher WBC counts. HGB, Hct, MCH, 
MCHC, NEU, and EOS were significantly higher in both sexes  
of BALB/c mice in 10- to 14-wk-old mice (Figure 2), whereas 
WBC, LYMPH, and BASO were significantly higher in both  
sexes of C57BL/6 mice. On the other hand, BALB/c females 
had significantly higher MCV and male BALB/c mice had 
significantly higher RBC in contrast to C57BL/6 mice. In the 
6- to 9-mo-old mice (Figure 2), both sexes of BALB/c mice 
had significantly higher HGB, Hct, MCV, MCH, MCHC, NEU, 
and EOS compared to younger age groups, while both sexes 
of C57BL/6 mice had considerably higher LYMPH and BASO.

AST, ALT, and ALP were significantly higher in BALB/c 
male mice (6 to 8 wk old), whereas ALP was higher in BALB/c 
female mice, as shown in Figure 3. In contrast, GLU, TP, ALB, 
and UREA were significantly higher in both sexes of C57BL/6 
mice. In the mice aged 10 to 14 wk (Figure 3), male BALB/c 
mice showed significantly higher concentrations of AST and 
ALP, while female BALB/c mice showed significantly higher 
concentrations of ALP. In contrast, both sexes of C57BL/6 mice 
showed significantly higher concentrations of GLU, TP, ALB, and 
UREA. ALT was also noticeably higher in only female C57BL/6 
mice as compared with female BALB/c mice. AST and ALT were 
significantly higher in BALB/c male mice in the age range of 6 
to 9 mo old (Figure 3), while ALP was significantly higher in 
only BALB/c female mice. In contrast, C57BL/6 male mice had 
significantly higher GLU, ALP, TP, ALB, and UREA and C57BL/6 
female mice had significantly higher GLU, ALT, TP, and UREA.

Discussion
In this study, the reference intervals for numerous hemato-

logic and biochemical parameters of 2 inbred mouse strains of 
BALB/c and C57BL/6 were assessed in 3 periods of a one-year 
span. The hematologic parameters and biochemical analytes dif-
fered according to sex and age in both mouse strains. In addition, 
strain differences were observed in all 3 age groups for most of 
the tested variables. This finding supports the use of age-specific 
reference intervals for hematologic parameters and biochemi-
cal analytes in studies involving mice. In fact, these reference 
intervals can serve as the tools for a more precise evaluation 
of changes after experimental intervention in mouse models.

Regarding hematologic parameters in BALB/c mice, RBC, 
HGB, and Hct concentrations were relatively similar up to 14 
wk of age in both sexes; however, values were found to be sig-
nificantly higher in 6- to 9-mo-old females compared with males 
(Table 3). In addition, older mice had lower values compared 
with younger mice (Table 7). Similar values have been obtained 
by others6,19 using blood samples that were collected blood by 
retro-orbital plexus puncture. Further, evaluation of samples Ta
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Table 7.  Age-related mean values of hematology and biochemistry analytes for BALB/c and C57BL/6 mice

Male Female

Analytes/strain 6–8 wk 10–14 wk 6–9 mo 6–8 wk 10–14 wk 6–9 mo
RBC (106/µL)
  BALB/c 8.88C 8.88B 8.51 8.68 8.66 8.67
  C57BL/6 8.70c 8.75b 8.53 8.42 8.57a 8.53
HGB (g/dL)
  BALB/c 14.1C 14.1B 13.3 14.0c 13.9b 13.7
  C57BL/6 13.4C 13.3B 12.6 13.0 13.2b 12.9
Hct (%)
  BALB/c 47.2C 46.9B 44.3 46.6 46.1 45.7
  C57BL/6 46.4C 45.7B 43.5 44.5 44.8b 43.8
MCV (fL)
  BALB/c 53.2 52.7 52.6 53.4 53.4 52.9
  C57BL/6 53.6C 52.7b 51.4 53.2c 52.6 51.7
MCH (pg)
  BALB/c 15.9a,c 15.7 15.7 16.1a 16.1b 15.9
  C57BL/6 15.4a,C 15.2B 14.8 15.6a,C 15.4B 15.1
MCHC (g/dL)
  BALB/c 30.0 29.9 30.0 30.2 30.3 30.2
  C57BL/6 28.9 29.1 29.1 29.3 29.5 29.5
PLT (103/µL)
  BALB/c 935.5 968.6 1,015.5 774.9 842.0a 1,019.5B,C

  C57BL/6 948.8 919.3 1,033.3B,c 771.8 812.9 1,104.8B,C

WBC (103/µL)
  BALB/c 3.02 2.93 4.05B,C 4.04a 3.53 3.91
  C57BL/6 4.41 4.67 5.64B,C 4.36c 4.08 3.70
NEU (103/µL)
  BALB/c 0.67 0.78 1.69B,C 0.74 0.76 1.09B,C

  C57BL/6 0.41 0.43 0.59B,C 0.44 0.44 0.63B,C

N %
  BALB/c 25.5 28.7 44.0B,C 18.0 23.0A 29.0B,C

  C57BL/6 9.54 9.15 11.7B,C 10.5 10.5 16.9B,C

LYMPH (103/µL)
  BALB/c 2.20 2.15 2.12 3.16a,c 2.59 2.56
  C57BL/6 3.89 4.10 4.69b,c 3.77C 3.54b 2.90
L%
  BALB/c 71.8C 67.8B 51.2 78.8A,C 73.5B 67.0
  C57BL/6 88.3C 88.6B 85.1 87.1C 87.3B 80.4
MONO (103/µL)
  BALB/c 0.02 0.03 0.06B,C 0.03 0.03 0.04b,c

  C57BL/6 0.02 0.03 0.05B,C 0.03 0.02 0.04b

M%
  BALB/c 0.77 0.79 1.63B,C 0.64 0.81 0.93C

  C57BL/6 0.52 0.53 0.80B,C 0.67 0.61 0.92B,c

EOS (103/µL)
  BALB/c 0.03 0.03 0.04c 0.04 0.03 0.06b

  C57BL/6 0.01 0.01 0.02B,C 0.01 0.01 0.01
E%
  BALB/c 0.90 0.85 1.04 1.04 1.27 1.40
  C57BL/6 0.19 0.22 0.59B,C 0.21 0.17 0.23
BASO (103/µL)
  BALB/c 0.02 0.02 0.04B,C 0.03 0.03 0.03
  C57BL/6 0.04 0.06a 0.07C 0.04 0.04 0.04
B%
  BALB/c 0.78 0.76 1.03b 0.78 0.73 0.74
  C57BL/6 1.04 1.22 1.18 1.03 1.13 1.05

(continued)
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obtained by intracardiac puncture yielded values similar to 
those described in the present study21 . Hence, the method of 
blood collection may have less impact hematologic and bio-
chemical parameters than age, sex, and genotype. For example, 
10- to 14-wk-old BALB/c mice demonstrated differences in MCV 
values depending on sex (Table 2), but there were no age dif-
ferences when compared with age ranges (Table 7). PLT counts 
were higher in male BALB/c mice up to 14 wk of age (Tables 1  
and 2), and there were significant age differences in female 
BALB/c mice (Table 7). WBC counts were higher in female 
BALB/c mice up to 14 wk of age (Tables 1 and 2); however, 
there were also significant age differences (Table 7). In contrast, 
higher WBC counts have been reported6 (7.81 ± 0.67 × 109/L in 
8- to 9-wk and 8.81 ± 0.66 × 109/L in 20- to 21-wk mice), but lower 
WBC counts have also been reported19 (2.6 ± 0.9 × 103/mm3;  
age: 2 to 3 mo). Concerning differential leukocyte count in 
BALB/c mice, N% were significantly higher in males and L%, 
and LYMPH counts were significantly higher in females in all 
age ranges; however, NEU counts were found to be significantly 
higher in only 6- to 9-mo-old males. Seemingly, N% and NEU 
counts tended to increase with age, while L% and LYMPH counts 
tended to decrease with age in BALB/c mice. E%, B%, EOS, and 
BASO counts were relatively similar between sexes in all age 
ranges of BALB/c mice. There was no significant sex difference 
in M% and MONO counts up to 14 wk of age; however, both 
values were found significantly higher in 6- to 9-mo-old male  
BALB/c mice. In comparison to age, M%, MONO, EOS, and 

BASO counts were found higher in older BALB/c mice com-
pared with younger mice.

RBC, HGB, and Hct concentrations were found to be sig-
nificantly higher in 6- to 8-wk- and 10- to 14-wk-old male 
C57BL/6 mice compared with females (Tables 1 and 2). RBC, 
HGB, and Hct concentrations differed significantly with age, 
and values were found to be higher in 6- to 8-wk-old males 
and 10- to 14-wk-old females (Table 7). Similar values have 
been reported by others using blood samples collected by 
retro-orbital plexus puncture or by cardiac puncture. Others 
have reported14 that RBC, HGB, and Hct to increased with the 
animal’s age in C57BL/6J mice; however, the same age effects 
were not observed in C57BL/6 mice as described here. MCH and 
MCHC values were found to be significantly higher in female 
C57BL/6 mice in all age ranges. However, no sex differences 
were found in MCV values. Age appeared to influence MCV 
and MCH values in our study; however, MCHC values were 
similar among age ranges (Table 7). One study6 reported lower 
MCV values (42.64 ± 0.5 fL in 6- to 8-wk and 42.36 ± 0.6 fL in  
20- to 21-wk mice) and higher MCHC values (MCHC: 33.42 ±  
0.36 g/dL in 6- to 8-wk and 34.12 ± 0.39 g/dL in 20- to 21-wk 
mice) but also reported similar MCH values (MCH: 14.25 ±  
0.27 pg in 6- to 8-wk and 14.46 ± 0.1 pg in 20- to 21-wk mice). Similar  
findings20 have been reported for MCV, MCH, and MCHC for 
60 d mice. PLT counts were higher in males up to 14 wk of age; 
however, they were found to be lower in 6- to 9-mo-old males. 
There were age effects on PLT values which were observed 

GLU (mg/dL)
  BALB/c 46.9 58.2a 65.8C 44.6 44.0 57.3b,c

  C57BL/6 57.2 66.3a 77.3B,C 53.2 60.3a 67.2b,C

AST (U/L)
  BALB/c 110.7 110.5 184.3B,C 122.8 117.5 112.8
  C57BL/6 95.3 95.5 87.0 123.6 132.5 126.3
ALT (U/L)
  BALB/c 41.4 44.4 63.3B,C 35.1 37.0 39.6c

  C57BL/6 35.5 36.9 34.9 37.6 45.5a 52.8b,C

ALP (U/L)
  BALB/c 252.9AC 157.4B 67.2 288.4A,C 195.4B 125.1
  C57BL/6 222.4A,C 122.9B 77.1 251.6A,C 166.4B 102.3
TP (g/dL)
  BALB/c 5.1 5.2 5.1 5.0 5.1 5.2
  C57BL/6 5.5 5.6a 5.7c 5.3 5.5A 5.5C

ALB (g/dL)
  BALB/c 3.3C 3.3B 3.0 3.5 3.5 3.5
  C57BL/6 3.6 3.7 3.6 3.7c 3.8B 3.5
UREA (mg/dL)
  BALB/c 54.3 52.9 49.8 46.4C 45.6B 36.9
  C57BL/6 81.8C 80.3B 67.0 79.9a,C 73.5B 57.9
CREA (mg/dL)
  BALB/c 0.36 0.35 0.31 0.34 0.34 0.32
  C57BL/6 0.35 0.36 0.35 0.36 0.37 0.35

ASignificant difference 6 to 8 wk compared with 10 to 14 wk at P < 0.001; Bsignificant difference 10 to 14 wk compared with 6 to 9 
mo at P < 0.001; Csignificant difference 6 to 8 wk compared with 6 to 9 mo at P < 0.001.
aSignificant difference 6 to 8 wk compared with 10 to 14 wk at P < 0.05; bsignificant difference 10 to 14 wk compared with 6 to 9 
mo at P < 0.05; csignificant difference 6 to 8 wk compared with 6–9 mo at P < 0.05.

Table 7.  (Continued)

Male Female

Analytes/strain 6–8 wk 10–14 wk 6–9 mo 6–8 wk 10–14 wk 6–9 mo
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to be significantly greater in older C57BL/6 mice (6 to 9 mo 
old), consistent with other findings.14 Similar PLT values have 
been reported6 (895 ± 102 × k/μL in 8- to 9- wk and 970 ± 126 ×  
k/μL in 20- to 21-wk mice), whereas lower PLT values have 
also been reported as 627 ± 146 × 103/mm3 (age: 2 to 3 mo)21 
and 170 ± 56 × 103/μL (age: 60 d).20 We found WBC counts to be 
significantly higher in 10- to 14-wk- and 6- to 9-mo-old C57BL/6 
males, and significant age differences were observed in both 
sexes. In addition, 6- to 9-mo-old males had higher WBC counts 
and, in contrast, higher counts were observed in 6- to 8-wk-old 
females. (Table 7). Similar WBC counts have been reported6 
(3.56 ± 0.77 × 109/L in 8- to 9-wk and 6.62 ± 2.59 × 109/L in 20- to 
21-wk mice), but lower WBC counts have also been reported19 
(2.2 ± 0.9 × 103/mm3; age: 2 to 3 mo). Higher WBC counts have 
been described14 in males than in females, and comparable sex ef-
fects have been observed in C57BL/6 mice. The other parameters 
of WBC have similar values in 6- to 8-wk-old mice; however, N% 
and BASO counts were higher in females, and L% and LYMPH 
counts were higher in males in 10- to 14-wk- as well as 6- to 
9-mo-old mice. In relation to age, there were significant differ-
ences in N%, NEU, M%, MONO, E%, and EOS counts that were 
higher in older mice (6 to 9 mo) compared with younger mice (6 
to 8 wk), whereas L% was significantly higher in younger mice.

Biochemical analytes exhibited significant sex- and 
age-related differences in both mouse strains. ALP values 
were significantly higher in younger mice (6 to 8 wk), and 
this analyte usually showed decreasing activity with increas-
ing age in both mouse strains. In addition, ALP was found 
to be higher in females in all age ranges that were studied. 

One study20 reported similar ALP values (209 U/L; age: 60 
d) in BALB/c mice and lower ALP values (97.29 U/L; age;  
60 d) in C57BL/6 mice. Another study14 also reported similar 
ALP values (67 to 18 U/L; age: 4 to 8 mo) in C57BL/6J mice. 
We found sex differences in AST and ALT concentrations in 
both mouse strains. In relation to age, BALB/c male mice had 
significant age differences for AST and ALT concentrations; 
however, C57BL/6 male mice had no age differences.  
In addition, ALT was found significantly higher in 6- to 9-mo-old 
mice in BALB/c mice of both sexes and C57BL/6 female mice. 
Others have reported6 lower AST values (BALB/c range: 76 to 
104 U/L in 8- to 9-wk and 69 to 111 U/L in 20- to 21-wk mice; 
C57BL/6 range: 32 to 67 UL in 8- to 9-wk and 35 to 61 U/L in 
20- to 21-wk mice) and similar ALT values (BALB/c range: 33 
to 72 U/L in 8- to 9-wk and 29 to 81 U/L in 20- to 21-wk mice; 
C57BL/6 range: 27 to 44 U/L in 8- to 9-wk and 36 to 52 U/L 
in 20- to 21-wk mice). Further, another study14 reported lower 
AST (55 to 91 U/L; age: 4 to 8 mo) and similar ALT values (46 to  
70 U/L; age: 4 to 8 mo) in C57BL/6J mice. The results are 
consistent with findings24 that older C57BL/6 mice had higher 
AST, ALT, and GLU concentrations than younger mice.

ALB concentrations were found to be significantly higher in 
BALB/c females in all age ranges, whereas no sex differences 
were observed in C57BL/6 mice. There were age differences 
observed only in BALB/c males and C57BL6 females. Lower 
ALB values have been reported20 (BALB/c: 2.40 ± 0.47 g/dL; 
C57BL/6: 2.35 ± 0.12 g/dL; age: 60 d) in both mouse strains. ALB 
values similar to those we obtained have also been reported14 
(range: 2.0 to 4.7 g/dL; age: 4 to 8 mo). Male mice in both mouse 
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Figure 2.  (A to Z) Box and Whisker plots show differences in hematologic parameters of BALB/c and C57BL/6 mice at different ages.  
Statistically significant different values in reported mice strain compared with another strain: *, P < 0.05 and **, P < 0.001.
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strains had significantly higher UREA concentrations and both 
sexes of C57BL/6 mice showed age differences, while only 
BALB/c females had age differences. Similar UREA values 
(40.48 ± 3.91 mg/dL; age: 60 d) in BALB/c mice and lower UREA 
values (57.66 ± 3.16 mg/dL) have been reported20 in C57BL/6 
mice. Lower UREA values have also been reported8 in C57BL/6J 
mice. Further, we found that BALB/c mice had similar TP con-
centrations according to sex and age; however, C57BL/6 mice 
had sex and age differences. One study20 reported higher TP 
values (BALB/c: 5.21 ± 0.46 g/dL; C57BL/6: 8.03 ± 0.34 g/dL, 
Age: 60 d) in both strains, and another study14 also reported 
higher TP values (4.7 to 7.27 g/dL; age: 4 to 8 mo) in C57BL/6J 
mice. There were no age or sex differences in CREA concentra-
tions in both of the mouse strains we evaluated. Similar CREA 
values have been reported in a study8 of C57BL/6J mice that 
collected blood via retro-orbital method. We found age differ-
ences in GLU concentrations in both mouse strains; however, 
sex differences were observed only in 10- to 14-wk-old mice of 
both strains and 6- to 9-mo-old C57BL/6 mice.

The WBC data demonstrated interesting differences as-
sociated with age, genotype, and sex. Interestingly, BALB/c 
showed a tendency to have higher NEU and EOS values in 
contrast to C57BL/6 mice, which showed a tendency to have 
greater WBC, LYMPH, and BASO counts for all age ranges. 
This obvious difference between mouse strains may partially 
explain why they evoke different types of immune responses. 
One study13 reported that C57BL/6 (11 to 12 wk) showed a 
tendency to have more LYMPH and MONO in contrast to 
BALB/c; however, MONO values were found to be similar 
between strains.

We found HGB, Hct, MCH, and MCHC were found higher 
in BALB/c mice compared with C57BL/6 mice in all age 
ranges. RBC was found to be significantly higher in BALB/c 
males in contrast to C57BL/6 males up to 14 wk of age; 
however, no significant strain differences were observed in 
6- to 9-mo-old mice. In BALB/c females, RBC was found to 
be significantly higher in 6- to 8-wk and 6- to 9-mo-old mice 
compared with C57BL/6 mice. One study,20 found that RBC 
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Figure 3.  (A to P) Box and Whisker plots show differences in biochemistry analyte levels of BALB/c and C57BL/6 mice at different ages.  
Statistically significant different values in reported mice strain compared with another strain: *, P < 0.05 and **, P < 0.001.

and MCHC were highest in BALB/c females versus males. 
We found PLT counts to be similar between the two mouse 
strains in all age ranges, except 6- to 9-mo-old mice. Another 
study3 reported the highest PLT counts in C57BL/6 mice in 
contrast to BALB/c mice.

Conclusion The reference interval for selected hematologic 
and biochemical parameters was established in this study 
by using healthy mice and standardized analysis conditions. 
Strain-specific, sex, or age-dependent reference intervals could 
be useful as reliable reference data for research, testing, and 
health evaluation of BALB/c and C57BL/6 mice.
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