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Development of Microminipig model of atherosclerosis for medical device
development
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We established a model of atherosclerosis in the Microminipig by giving
animals a high fat and high cholesterol diet for 8 weeks. The aim of this study is to induce
atherosclerosis which can be confirmed by a clinical imaging test for short period using the
previous our model. This study added angiotensin Il for 2 weeks or NOS inhibitor for 8 weeks to the
above diet control. The addition of angiotensin Il and NOS could induce accelerated atherosclerotic
lesions of systemic aorta and arteries for while the atherosclerotic lesions (ex. intima thickening)
were not recognized by carotid artery echo. Model improvement or consideration of evaluation method

(ex. CAVI: Cardio Ankle Vascular Index) will be needed in the future.



Microminipig
Kawaguchi H, et al. Reference
values of hematological and biochemical
parameters for the world smallest
Microminipigs. J Vet Med Sci. 74: 933-936,
2012. Takeishi K, Kawaguchi H, et al.
Acupuncture improves sleep conditions of
minipigs representing diurnal animals
through an anatomically similar point to
the acupoint (GV20) effective for humans.
Evid Based Complement Alternat Med.
2012: 472982, 2012.
High fat
[12%] and cholesterol [0.5%] diet HFCD
12
1000 mg/dL

Kawaguchi H,
et al Microminipig, a non-rodent

experimental animal optimized for life
science research: novel atherosclerosis
model induced by high fat and cholesterol
diet. J Pharmacol Sci. 115: 115-121, 2011.
Miyoshi N, Kawaguchi H [ ], et al.
Novel microminipig model of
atherosclerosis by high fat and high
cholesterol diet, established in Japan. In
Vivo. 24:671-680, 2010.

HFCD
Ang Il 2
NOS NG-nitro-L-arginine
methyl ester (L-NAME) 8

@

1
6 7 14
3
24
control ND: normal diet n=5
24
Ang Il n=5
HFCD Ang |1
+ HFCD n=4 2
1 2
Pre End
(2) NOS L-NAME
10
35 45
11 4 ND
control ND n=3
ND L-NAME ND+L-NAME
n=2 HFCD HFCD
n=3 HFCD L-NAME
HFCD+L-NAME n=3
1 2 L-NAME
8
(€D)
1
2
3



intimal thickness

QOil red O

Stary type
classification
2
HFCD 2
(2) NOS L-NAME
10
HFCD
HFCD
2
L-NAME 186+
11 mmHg
L-NAME 135+ 3 mmHg
L-NAME
6 HFCD + L-NAME
4
Intimal thickness
L-NAME

Oil red O

Oil red O

53% HFCD 8
33 12
L-NAME
8 L-NAME
L-NAME HFCD 8
QO &
L-NANE
12
21 22
2 NOS
NOS

CAVI Cardio Ankle Vascular Index

L-NAME

2 L-NAME



16
Islam MZ, Kawaguchi H[ ], Miura
N, Miyoshi N, Yamazaki-Himeno E,
Shiraishi M, Miyamoto A, Tanimoto A..

Hypertension alters the
endothelial-dependent biphasic
response of bradykinin in isolated
Microminipig basilar artery.

Microvascular Research. 2017 in press.

Yamada S, Kawaguchi H, Yamada T,
Guo X, Matsuo K, Hamada T, Miura N,
Tasaki T, Tanimoto A. Cholic Acid
Enhances Visceral Adiposity,
Atherosclerosis and  Nonalcoholic
Fatty Liver Disease in Microminipigs.
J Atheroscler Thromb. 2017. in press.

Miyoshi K, Kawaguchi H [ 1.
Maeda K, Sato M, Akioka K, Noguchi
M, Horiuchi M, Tanimoto A. Birth of
Cloned Microminipigs Derived from
Somatic Cell Nuclear Transfer
Embryos that have been Transiently
Treated with Valproic Acid. Cellular
Reprogramming. 18: 390-400, 2016.

Noguchi M, lkedo T, Kawaguchi H,
Tanimoto A. Estrus synchronization in
Microminipig using estradiol
dipropionate and prostaglandin F2a. J
Reprod Dev. 62: 373-378, 2016.

Morishita S, Kawaguchi H [ ], Ono
T, Miura N, Murakoshi M, Sugiyama
K, Kato H, Tanimoto A, Nishino H.
Enteric

lactoferrin attenuates the

development of  high-fat and
high-cholesterol diet-induced
hypercholesterolemia and
atherosclerosis in  Microminipigs.
Biosci  Biotechnol Biochem. 80:

295-303. 2016.

Guruge KS, Noguchi M, Yoshioka K,
Yamazaki E, Taniyasu S, Yoshioka M,
Yamanaka N, Ikezawa M, Tanimura N,
Sato M, Yamashita N, Kawaguchi H

10

11

12

[ 1.

Microminipigs as a new

experimental animal model for
toxicological studies: comparative
pharmacokinetics of perfluoroalkyl

acids. J Appl Toxicol. 36: 68-75, 2016.

Murata D, Tokunaga S, Tamura T,
Kawaguchi H, Miyoshi N, Fujiki M,
Misumi K. A
preliminary study of osteochondral
scaffold-free

three-dimensional construct of porcine

Nakayama K,
regeneration using a

adipose tissue-derived mesenchymal
stem cells. J Orthop Surg Res. 10: 35.
2015.

Noguchi M, Miura N, Ando T, Kubota
C, Hobo S, Kawaguchi H [ 1,
Tanimoto A. Profiles of Reproductive

Hormone in Microminipig during the

Normal Estrous Cycle. In Vivo.
29:17-22, 2015.
Miura N, Kucho K, Noguchi M,

Miyoshi N, Uchiumi T, Kawaguchi H,
of the

genomic sequence of the Microminipig,

Tanimoto A. Comparison
a novel breed of swine, with a genomic
database for conventional pig. In Vivo.
28:1107-1111, 2014.

Yamaguchi T, Yamazaki T, Kawaguchi
H, Tawa M, Nakamura Y, Shiota M,
Osada-Oka M, Tanimoto A, Okamura
T, Miura K, Iwao H, Yoshiyama M,
Izumi Y. A noninvasive metabolic
syndrome model using an extremely
small minipig, the Microminipig. J
Pharmacol Sci. 126: 168-171, 2014.

Kakimoto T, Otsuka A, Kawaguchi H,
Ogata K, Tanimoto A, Kanouchi H.
Plasma homocysteine concentrations
in novel microminipigs. In Vivo. 28:
579-582, 2014.

Kawaguchi H, Yamada T, Miura N,
Ayaori A, Uto-Kondo H, Tkegawa M,

Noguchi M, Wang K, Izumi H,
Tanimoto A. Rapid Development of
Atherosclerosis in  the  World’s

Smallest Microminipig fed a



13

14

15

16

high-fat/high cholesterol diet: A Useful
Animal Model Because of its Size and
Similarity to Human Pathophysiology.
J Atheroscler Thromb, 21: 186-203,
2014.

Akioka K, Kawaguchi H[ 1,
Kitajjma S, Miura N, Noguchi M,
Horiuchi M, Miyoshi N, Tanimoto A.

Investigation of necessity of sodium

cholate and minimal required amount
of cholesterol for dietary induction of
atherosclerosis in microminipigs. In
Vivo. 28: 81-90, 2014.

Kawaguchi H, Yamada T, Miura N,
Noguchi M, Izumi H, Miyoshi N,
Tanimoto A. Sex differences in serum
lipid profile in novel Microminipigs. In
Vivo. 27: 617-622, 2013.

Miura N, Kawaguchi H [ I,
Nagasato T, Yamada T, Ito T, Izumi H,
Shameshima H, Miyoshi N, Tanimoto

A, Maruyama I. Coagulation activity
and white thrombus formation in the
microminipig. In Vivo. 27: 357-362,
2013.

Yoshikawa T, Takahashi Y, Kawaguchi
H [ ], Utsunomiya S, Miura N,
Izumi H, Miyoshi N, Tanimoto A. A
dermal phototoxicity study following

intravenous infusion administration of
ciprofloxacin hydrochloride in the
novel Microminipigs. Toxcol Pathol.
41:109-113, 2013.

18

. 86
2016.05.11-13.

2015.10.24-25.

9-1-1

Onoue K, Kawaguchi H, Miyoshi N,
Ozawa M, Horie M, Akioka K, Noguchi

M, Tanimoto A. Development of a

Microminipig infectious disease model
for porcine endemic diarrhea. 7th
International Symposium on
Emerging and Re-emerging Pig
Diseases 2015, Kyoto, Japan
(ISERPD2015 Kyoto). 21st-24th June,
2015 at Kyoto
Conference Center ( ).

Akioka K, Kawaguchi H, Miyoshi N,
Onoue K, Ozawa M, Horie M, Noguchi
M, Tanimoto A.
Microminipig
Model Experimentation in an ABSL2

Facility. 7th International Symposium

International

Neonatal

Infectious Disease

on Emerging and Re-emerging Pig
Diseases 2015, Kyoto, Japan
(ISERPD2015 Kyoto). 21st-24th June,

2015 at Kyoto International
Conference Center ( ).
Kawaguchi H, Tanimoto A.

Development of Diabetes Mellitus
Model in Novel Microminipig. The 3rd
International Symposium on
Triglyceride Deposit
Cardiomyovasculopathy and Neutral
Lipid Storage Disease. 14th March,
2015 at TKP Garden City Shinagawa

( ).

. 157
. 201499 12

F2a
. 157
. 2014.9.9 12.

157 . 2014.9.9



10

11

12

12.

Noguchi M, Hatazoe I, Iriki T, Miura
N, Hobo S, Tanimoto A, Kawaguchi
H. Effects of acupuncture treatment
on stress markers in Japanese Black
calves after transportation. 65th
annual meeting of the European
Federation of Animal Science. 25 —
29 August 2014 at Tivoli Congress
Center Arni Magnussons Gade 2
(Copenhagen, Denmark).

’ ) >

o

. 84
2014.5.25-27.

. 156
. 2013.9.20 22.

Kawaguchi H, Yamada T, Miyoshi N,
Tanimoto A. The world smallest

Microminipigs: Type 1 diabetes
mellitus induced by streptozotocin.
The 2nd International Symposium
on Triglyceride Deposit
Cardiomyovasculopathy and Neutral
Lipid Storage Disease. 19-20th April,
2013 at Osaka University

Nakanoshima Center ( ).

2014-159132

eY)

2

€)

4)

2014 8 5

2014-164674
2014 8 19

KAWAGUCHI, Hiroaki

60325777

TANIMOTO, Akihide

10217151

MIYOSHI, Noriaki

80229905

MIIURA, Naoki

80508036

IZUMI, Yasukatsu

10347495



