
Abstract. Swine are becoming increasingly attractive as
animal models for clinical research and the recently
developed Microminipig (MMPig) has emerged as a possible
experimental animal model. In this study, we demonstrated
age-dependent changes in hematological parameters and
coagulation activity in healthy MMPigs (58 male and 67
females, aged 0-34 months), and investigated white thrombus
formation (WTF) using an in vitro microchip flow-chamber
system (four males and four females, aged 22-23 months).
There was no clear sex or age-dependent differences in any
hematological parameters. While activated partial
thromboplastin time (APTT) was shorter than prothrombin
time (PT), with APTT:PT of 0.88:1, microchip flow-chamber
system analysis showed that WTF time was shorter than that
in humans, suggesting a possible thrombotic tendency in the
MMPig. These results could be useful to life science
researchers in the use of the MMPig as an experimental
model animal for thrombus formation.

Swine have been used extensively in biomedical research,
with a significant increase in recent decades, more than
60,000 pigs having been used in a year in the EU (1, 2).
Because of their physiological and anatomical similarity to
humans (3), swine are becoming increasingly attractive as
animal models for clinical research. The microminipig
(Brand: MMPig; registered with the Japanese Ministry of
Agriculture, Forestry and Fisheries as a novel variety of
swine; Fuji Micra Inc., Shizuoka, Japan) has emerged as a
possible experimental animal model for non-clinical
pharmacological/toxicological use (4-6). A female minipig,
“Catherine” (the MMPig “Eve”), was the outcome from
mating a pot-bellied pig and another type of minipig (4). The
body weight (BW) of a young mature MMPig is <10 kg,
enabling easy handling (3, 7-9). Except for coagulation
activity, prothrombin time (PT) and activated partial
thromboplastin time (APTT), the major hematological and
biochemical parameters in the MMPig are similar to those
found in Göttingen and Yucatan minipigs (7). The aim of the
current study was to measure age-dependent changes in
hematological parameters and coagulation activity, and to
investigate white thrombus formation (WTF) in healthy
MMPigs, using an automated microchip flow-chamber
system.

Materials and Methods

Animals. All animals were maintained in the same animal unit at
24±3˚C and relative humidity at 50±20%, with a 12 h light/dark
cycle, and a maintenance space of 0.5-1.2 m2/animal. The amount
of porcine diet (Marubeni Nisshin Feed Co.) provided was set
according to age and body weight: 4-8%, 2-4%, and 1-3% of BW
corresponding to 1 to 3 months, 4 to 6 months, and 7 months and
older, respectively. The diet was composed of >13.0% crude protein,
>2.0% crude fat, <8.0%crude fiber, <10.0% crude ash, >1.1%
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calcium, and >0.9% phosphorus. Tap water was available ad libitum.
The animals used in this study were in good health and free of
clinical signs of illness. They required no treatment or medication
other than vaccination during the study. Data are presented as the
mean±SD, and statistical analysis of differences was by F-test, and
Student’s t-test or Welch’s t-test, at a significance level of p<0.05.

Blood collection. Blood samples were collected from the cranial
vena cava of 125, fasted, conscious animals (58 males and 67
females) aged 0 to 34 months. For measurement of 23
hematological parameters, except PT and APTT, 1 ml of blood was
collected with EDTA-2K as an anticoagulant and applied to an
automatic analyzer (ADVIA 120, Siemens Healthcare Diagnostics
Manufacturing Ltd., Munich, Bavaria, Germany). For measurement
of PT and APTT, 1.5 ml of blood was collected with 150 μl of 3.8
w/v% sodium citrate solution as an anticoagulant. Plasma was
obtained by centrifugation (4˚C, 1,710 × g, for 15 min) and
analyzed with an automatic analyzer (CA-7000, Sysmex
Corporation, Kobe, Japan). 

WTF assay. WTF assays were performed using an automated
microchip flow-chamber system as previously stated (10). Blood
(n=4 males and 4 females, aged 22 to 23 months, considered the

most likely age for use in life science research) was collected into a
tube containing 3.2% sodium citrate and mixed with 20 μl of 0.3 M
CaCl2 containing 1.25 mg/ml of corn trypsin inhibitor immediately
before application to the microchip. The mixture of blood and corn
trypsin inhibitor was perfused over a microchip capillary coated
with collagen and tissue thromboplastin at a flow rate of 10 μl/min.
The WTF process is monitored by flow pressure changes in the
capillary with a pressure sensor. As WTF spreads on the coated
surface, the capillary is gradually occluded, increasing the flow
pressure (Figure 1A and B). We calculated that the lag time for the
flow pressure increase tothe 80 kPa (T80) from baseline,
representing almost complete occlusion of the capillary by WTF. 

Results

Hematological parameters and coagulation activity. Age-
dependent hematological parameters and coagulation activity
are listed in Tables I and II. Given statistical significance of
p<0.01, hemoglobin values at age 3 to 5 months, APTT at
age 9 to 12 months, and Red blood cell (RBC) at age 25 to
34 months were significantly lower and shorter respectively
in females than those in males. Mean corpuscular
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Figure 1. A: The flow-pressure waveform pattern during white thrombus formation (WTF). The black line represents the increasing pressure resulting
from occlusion in the microchip flow-chamber by white thrombus formation. B: A typical image of white thrombus in the microchip flow-chamber.
Open arrowheads indicate the initial small thrombus and closed arrowheads indicate mature WTF. C: The lag time for flow pressure to increase to
80 kPa in microminipigs measured by in vitro micro flow chamber system. p-Value is 0.4433 by the Student’s t-test.



hemoglobin concentration (MCHC) was higher in females
aged 13 to 24 months. In the White blood cell (WBC)
population, the basophil count was higher in females aged
13 to 24 months, corresponding to a higher basophil ratio
and lower neutrophil ratio. No major parameter, including
RBC and WBC, showed clear biological sex and/or age
differences. APTT was shorter than PT (mean values) and
the ratio of APTT to PT was approximately 0.88:1 in males,
females, and both at the relevant age points.

WTF assay. The lag times for the flow pressure to increase
by 80 kPa (T80) for male and female MMPigs was
386.3±50.4 min and 422.8±58.2 min, respectively (Figure
1C). There was no significant difference in T80 between the
two groups (p=0.4433), indicating similar characteristics in
thrombus formation in both males and females.

Discussion

Since the minipig is physiologically and anatomically similar
to human, it is a suitable species for toxicological/
pharmacological studies. However, despite continued efforts
by breeders, minipigs are not yet widely used in life science
research and one possible reason is the lack of reference
values (11). We have reported reference values for
hematological parameters in the newly-developed MMPig, the
world’s smallest minipig (7). In this study, we analyzed age-
dependent changes in hematological and coagulation
parameters for the MMPig to provide detailed information.
There were no sex or age-dependent changes in hematological
parameters during the experimental period. This indicates that
there are no major differences in hematological parameters
compared to those previously reported for the minipig (6). 
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Table I. Age-specific values in hematology in microminipigs.

Age (months)

Parameter Unit Gender 0-2 3-5 6-8 9-12 13-24 25-34
(M=9, F=10) (M=6, F=8) (M=9, F=17) (M=14, F=13) (M=14, F=10) (M=6, F=8)

RBC 106/mm3 M+F 7.6±1.2 7.9±0.8 8.0±0.6 7.6±0.6 7.8±0.8 7.6±1.0 
M 7.8±1.1 8.4±0.8 7.9±0.5 7.6±0.6 7.6±0.8 8.3±0.3 
F 7.4±1.3 7.5±0.6* 8.1±0.7 7.5±0.6 8.1±0.8 7.0±0.9**

WBC 103/mm3 M+F 17.8±6.6 14.8±4.6 11.8±3.4 11.5±2.4 10.2±1.8 10.5±2.6
M 19.1±8.2 13.2±2.7 12.4±5.3 11.2±2.6  10.0±1.8 9.8±1.8 
F 16.5±5.0 15.9±5.5 11.5±1.9 11.7±2.3 10.5±1.9 11.0±3.1

Hematocrit ratio M+F 41.8±7.7 43.4±5.0 45.7±4.5 44.2±3.6 47.5±5.4 48.0±5.0 
M 42.9±8.4 46.8±4.5 45.1±3.7 44.2±3.8  45.9±5.6 51.6±2.4 
F 40.9±7.3 40.8±3.7* 46.0±5.0 44.1±3.7 49.7±4.5 45.4±4.8*

Hemoglobin g/dl M+F 12.8±2.0 14.0±1.6 15.1±1.4 14.7±1.2 15.7±1.8 16.1±1.8 
M 12.9±2.1 15.2±1.2 14.8±1.1  14.7±1.4 15.1±1.8 17.3±1.1 
F 12.6±2.0 13.0±1.3** 15.3±1.5 14.7±1.2 16.6±1.5* 15.2±1.9*

Platelet 103/mm3 M+F 541.4±124.6 430.9±160.3 437.0±119.9 417.6±86.2 377.1±137.4 408.1±107.1 
M 511.9±121.6 383.8±120.8 445.0±122.5 419.0±101.6 415.0±158.2 353.3±69.3
F 567.9±127.5 466.1±184.4 432.8±122.1 416.2±70.1 324.0±81.8 449.3±115.6

MCV fl M+F 55.0±4.6 54.9±2.4 57.2±2.9 58.5±3.3 60.6±2.3 63.7±2.8
M 54.5±5.1 55.8±1.4 57.3±1.9  58.2±4.0 60.1±2.6 61.8±1.9
F 55.5±4.4 54.2±2.8 57.1±3.4 58.9±2.6 61.4±1.8 65.2±2.5*

MCH pg M+F 16.9±1.4 17.7±1.0 18.9±0.8 19.5±1.2 20.1±0.9 21.3±0.9
M 16.5±1.5 18.1±0.5 18.8±0.5 19.3±1.4 19.8±0.8 20.7±0.8
F 17.2±1.3 17.4±1.2 19.0±0.9 19.6±1.0 20.6±0.8* 21.8±0.5*

MCHC g/dl M+F 30.7±1.9 32.2±0.7 33.1±0.9 33.2±0.6 33.1±0.6 33.5±0.6
M 30.4±2.2 32.5±0.8 32.9±0.6 33.2±0.6 32.9±0.5 33.5±0.6
F 31.1±1.8 32.0±0.6 33.2±1.0 33.3±0.6 33.5±0.5** 33.5±0.7

PT$ s M+F 12.5±1.1 13.1±0.8 13.1±0.9 13.4±0.7 12.8±0.7 12.2±0.9 
M 12.4±1.2 12.9±0.9 13.5±1.0 13.5±0.4 13.0±0.7 12.2±1.2 
F 12.6±1.0 13.4±0.5 13.0±0.8 13.4±0.9 12.6±0.8 12.1±0.8

APTT$ s M+F 11.2±1.1 11.5±1.1 12.0±1.4 12.1±1.0 11.6±1.6 10.7±1.9
M 11.4±0.9 11.2±1.1 12.4±2.0 12.6±0.9 11.7±1.7 10.3±2.3
F 11.1±1.3 11.8±1.1 11.8±0.9 11.5±0.8** 11.5±1.6 11.0±1.6

RBC: Red blood cell, WBC: white blood cell, MCV: mean cellular volume, MCH: mean cellular hemoglobin, MCHC: mean cellular hemoglobin
concentration, PT: prothrombin time, APTT: activated partial thromboplastin time. M: Males, F: females. *p<0.05, **p<0.01, significantly differerent
from males.



However, the ratio of APTT to PT was different from that
in other experimental animals. Although PT and APTT are
commonly used as plasma-based assays for the assessment of
coagulation activity in experimental animals, the exact time
of each assay differs between species (12). In all species,
except the rat (F344 strain), APTT is reported to be longer
than PT and the ratio of APTT to PT is between 2:1 and 3:1.
By contrast, in the MMPig, APTT is shorter than PT and the
ratio is 0.88:1. Short APTT (11.2±1.0 s), as observed in the
MMPig, is a unique characteristic when compared with

previously reported results for minipigs; the APTT in the
Gottingen minipig is in the range of 26 to 46 s and that for
the Yucatan minipig an average of 15.46±1.15 s. APTT is
longer than PT in both minipig species, consistent with other
species (13, 14). Although it will be necessary to elucidate
the biological mechanism of the shorter APTT observed in
the MMPig, this hyper-coagulable response to the intrinsic
pathway may suggest a thrombotic tendency in the MMPig. 

APTT is assayed to evaluate the coagulation pathway, but
does not fully reflect the interaction of coagulation factors or
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Table II. Age-specific values in hematology in microminipigs.

Age (months)

Parameters Unit Gender 0-2 3-5 6-8 9-12 13-24 25-34
(M=9, F=10) (M=6, F=8) (M=6, F=8) (M=9, F=17) (M=14, F=13) (M=14, F=10)

Reticulocytes % M+F 6.59±6.97 0.87±0.72 0.67±0.34 0.56±0.34 0.84±0.71 0.90±0.82 
M 7.98±7.56 0.45±0.16 0.66±0.35 0.53±0.22 0.94±0.88 1.08±0.65 
F 5.35±6.55 1.19±0.82* 0.67±0.35 0.59±0.44 0.70±0.35 0.76±0.94

Eosinophils % M+F 1.25±0.99 2.71±1.53 2.76±1.79 2.23±0.94 3.03±1.40 2.84±1.43 
M 1.26±1.23 2.42±1.59 2.58±2.12 2.51±1.02 2.94±1.10 3.58±1.30 
F 1.25±0.78 2.94±1.56 2.86±1.65 1.92±0.78 3.16±1.78 2.29±1.34

Basophils % M+F 1.19±0.32 0.91±0.19 0.95±0.35 0.84±0.26 0.95±0.32 1.04±0.30
M 1.21±0.29 0.95±0.24 0.93±0.49 0.77±0.26 0.79±0.21 0.95±0.19
F 1.17±0.36 0.89±0.15 0.96±0.27 0.92±0.24 1.16±0.33** 1.10±0.36

Monocytes % M+F 3.6±1.0 4.3±0.4 5.1±1.5 5.7±1.2 5.4±1.2 5.6±1.3 
M 4.5±2.0 4.5±0.9 5.1±1.1 6.0±1.0 5.4±1.3 6.6±0.8 
F 5.3±2.3* 4.7±1.2 5.1±1.7 5.4±1.3 5.5±1.0 5.0±1.1*

Lymphocytes % M+F 71.5±8.7 61.8±10.6 58.6±9.9 55.7±12.1 56.1±12.3 53.6±10.1 
M 67.3±11.0 63.9±8.0 54.8±10.9 53.2±13.0 51.3±12.6 51.8±8.7 
F 63.5±11.8 65.5±5.6 60.6±9.1 58.4±10.8 62.9±8.2 55.0±11.5

Neutrophils % M+F 24.5±9.4 26.4±8.5 31.1±10.7 33.8±11.7 32.7±11.9 35.1±10.4 
M 21.2±7.2 29.3±11.3 35.0±11.8 35.9±12.9 38.0±11.6 35.8±8.7 
F 27.5±10.4 24.3±5.5 29.0±9.8 31.6±10.2 25.2±8.1** 34.7±12.1

Large  % M+F 1.23±0.78 1.48±0.58 1.53±0.61 1.69±0.85 1.87±1.02 1.76±0.93 
unstained M 1.26±0.64 1.20±0.47 1.58±0.45 1.64±0.60 1.67±0.97 1.40±0.53 
cells F 1.21±0.92 1.69±0.59 1.50±0.70 1.75±1.07 2.14±1.09 2.04±1.10

Eosinophils 103/mm3 M+F 0.26±0.31 0.43±0.30 0.31±0.18 0.25±0.11 0.31±0.16 0.29±0.14
M 0.29±0.43 0.33±0.22 0.29±0.20 0.27±0.11 0.29±0.12 0.35±0.11
F 0.22±0.18 0.51±0.35 0.32±0.18 0.23±0.10 0.34±0.21 0.24±0.14

Basophils 103/mm3 M+F 0.22±0.10 0.14±0.06 0.11±0.04 0.09±0.03 0.10±0.04 0.11±0.03 
M 0.24±0.12 0.13±0.05 0.10±0.04 0.08±0.02 0.08±0.02 0.09±0.02 
F 0.19±0.07 0.14±0.06 0.11±0.04 0.11±0.03* 0.12±0.04** 0.12±0.03

Monocytes 103/mm3 M+F 0.85±0.57 0.67±0.25 0.60±0.23 0.65±0.21 0.55±0.13 0.58±0.15 
M 0.75±0.48 0.57±0.15 0.62±0.28 0.67±0.21 0.54±0.14 0.63±0.09 
F 0.95±0.64 0.75±0.29 0.59±0.22 0.63±0.21 0.57±0.13 0.54±0.18

Lymphocytes 103/mm3 M+F 11.7±4.0 9.4±3.0 6.8±1.4 6.2±1.3 5.7±1.5 5.5±1.3 
M 13.3±4.8 8.1±1.8 6.4±1.4 5.7±1.1 5.1±1.5 5.0±1.0
F 10.2±2.7 10.4±3.5 6.9±1.5 6.7±1.4* 6.5±1.0* 5.9±1.4

Neutrophils 103/mm3 M+F 4.6±2.9 3.9±1.6 3.9±2.7 4.1±2.3 3.4±1.4 3.8±2.0 
M 4.3±3.1 3.9±1.9 4.8±4.1 4.3±2.5 3.8±1.5 3.6±1.3
F 4.8±2.8 3.9±1.5 3.4±1.4 3.8±2.1 2.7±1.2 4.0±2.5

Large  103/mm3 M+F 0.21±0.15 0.23±0.14 0.18±0.08 0.20±0.11 0.20±0.13 0.19±0.13 
unstained M 0.24±0.19 0.16±0.07 0.20±0.09 0.19±0.10 0.17±0.11 0.13±0.04 
cells F 0.18±0.12 0.28±0.16 0.17±0.08 0.20±0.13 0.23±0.14 0.23±0.15

M: Males, F: females. *p<0.05, **p<0.01, significantly differerent from male.



platelets in vivo. The newly-developed microchip-based flow
chamber system (WTF assay) mimics in vivo blood flow and is
influenced by both platelet activation and coagulation reactions
over the collagen/tissue thromboplastin-coated surface (10). In
this experiment, we used flow rates of 10 μl/min,
corresponding to initial wall shear rates of 600× s–1, which
simulates arterial blood flow in small to medium-sized arteries
(15). T80 in the MMPig was 404.5±57.4 min compared with
558±90 in man, and the WTF assay indicated that white
thrombus formation in the microminipig was markedly more
rapid than that in human (10). This result further supports the
conjecture that the MMPig has a thrombotic tendency, at least
by in vitro thrombus formation assay. 

Conclusion

In this study, we demonstrated age-dependent changes in
hematological and coagulation parameters for MMPigs. All
hematological parameters were within the normal range, with
no major sex or age differences. APTT in the MMPig was
shorter than PT and the ratio of APTT to PT was 0.88:1. We
also investigated the thrombus formation activity and
indicated a thrombotic tendency in the MMPig. These results
could be useful to life science researchers in regard to the
use of the MMPig as an experimental model animal for
thrombus formation.
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