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X % Lecture series
. Guidelines, Legislation, and Regulations
. Ethics in Animal Experimentation

. The Three Rs of Humane Animal Experimentation

1
2
3
4. Occupational Health and Safety
5. Research Issues

6

. Basic Animal Care

EDMONTON SUN
Edmonton researchers at the
University of Alberta have
found a way to regrow a
protien missing in Duchenne
muscular dystrophy in mice
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7. Environmental Enrichment
8. Basic Diseases and the Animal Facility
9. Pain, Distress and Endpoints
10.
11.
12. Euthanasia of Experimental Animals
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17.

“Alternatives®, as envisioned by Russell and Burch, refers only to the complete replacement of
animals with other methodologies.

Student Response
1. False,

| 2. True.
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Tealth Sciences Laboratory Animal Services
s ia b centify that
Dusuke Echigora
Kas sucosssfullly complited Fact I Frotocol’ Requived training in the mouse
Mouse Gas Anesthesia
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ILAR Guide 1996 4EhX T “Rodents are often housing
on wire flooring. '--. However, some evidence suggests
that solid-bottom caging, with bedding is preferred by
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recommended for rodents.”

with a slip-resistant surface.”

® Environmental enrichment, Social Housing
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® Procedural Habituation and Training of Animals :
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Ultrasonographic study of hemodynamics and contrast-enhanced ultrasound
in the rhesus Monkey KidNeY ..........ooouiiiiiiiiiii e 117-123

Hong WANG", Qipu FENG?, Chao LI®, Huan ZHANG" and Yulan PENG"

Department of Ultrasound, West China Hospital of Sichuan University, 37 Guoxuexiang, Chengdu,
610041, P.R. China, ?Regenerative Medicine Research Center, West China Hospital of Sichuan
University, 1 keyuansilu, Chengdu, 610041, P.R. China, ®Department of Oncology, The General
Hospital of Western Theater Command PLA, 270 Rongdu Ave, Chengdu, 610083, P.R. China

Nonhuman primates share many developmental similarities with humans. As the world has
recognized the rhesus monkey as a standard experimental monkey, studies of rhesus monkey are very
important and essential. The purpose of this study was to use gray-scale ultrasound, color Doppler
flow imaging (CDFI), and contrast-enhanced ultrasound (CEUS) to study the ultrasound appearance
of adult healthy rhesus monkey kidneys and to investigate the relationship between renal ultrasound
manifestations and body weight, gender, and the left and right kidneys. Thirty adult healthy rhesus
monkeys were studied in the experiments. The size of the kidney and the length and diameter of the
renal artery were measured. The peak systolic velocity (PSV), end diastolic velocity (EDV), and
resistance index (RI) of the renal artery and intrarenal arteries were measured by CDFI. In CEUS,
the time-intensity curve (TIC) was used to obtain microvascular perfusion parameters. There were
significant differences in renal size, diameter and length of the renal artery, and hemodynamics of
the renal arteries between the different weight groups. In CEUS, there were significant differences in
area under curve (AUC), time from peak to one half (THP), intensity peak (PI), time to peak (TTP),
mean transit time (MTT), and wash-in-slope (WIS) between the different weight groups. There were
no statistical differences between genders or the left and right kidneys. Our study provides valuable
reference data for the studies of the kidney and indicates that CEUS can be used to evaluate renal
perfusion in rhesus monkeys.

HiR~ 7 2 FSEBEMEICE T 2 MBREBTEREEA A > F v+ X ILD
L =1 s SRR 124-131

WA—&" - #:4? - BERAETF?-2H K2 - tB—mY-
HOREH" - AHZAIY - 132 HE B
VEBERMAZEZRENZR ARIRELE,
D HBRER AR E SRR A IR AR B e AR TR 20T

HIRFEIZBWT, MEAEROERRLKIEHROER EDORk A LRI 5, L
L, ZTOZALIIHT 2 FE TE AL O & IR & B ReiE 2 R THT A S TRV, £
ZC, Volume-Regulated Anion Channel (VRAC) |23 H L7zo VRACIE, KiZ&EE T OMED
MEaRIRT L CHR b A 4 E AR AET A PRI L THT 5 2 & T, MluiEZ EOJL#i7%

92



EBRE =2 — A Vol. 71 No.2

HEWFRERICEES T 5, 2OWSETIE, FEERB & IR~ 7 X X0 T 5 TE g & A
ZIVE L, VRAC DRERKIZHZH D Leucine-rich repeat containing protein A (LRRC8A) Dz
HBEREIIOWT, Y2 AY rTay T v 7L pEMR LR O TiA L7z, E72,
VRAC % /"9 % Swelling-induced CI” Current (Igy gyo) (2 2VTI8y F7 T ¥ T CTESEIY
BICERAS L 720 A4, LRRCSAZMINENE % & & F o FF e & RIC O AMEICHEEL TS
0, ZOMIERAEDIEBEEER I e D FEREE I IHIROF I L 5 EELEBLITBRE S NL
Hrofzs, FEMRIRI & Hoit U CI R IS AT 9 5 LRRCSA A =N L 72,
COWFEL Y, HEIRHICHIIZEE £ O VRAC DFEHAHIM L, VRAC O BLIIBEAE D HE
Frsa 2 &T, HIRTEFEHICBIT A EEHEOME 2 L o%El 2 #H o Th AT EEEAVR
Sz,

Whole blood transfusion in common marmosets: a clinical evaluation................. 132-139
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MRI metrics at the epicenter of spinal cord injury are correlated with
the stepping process in rhesus MONKEYS ........cooiiiiiiiiiiiiiiiiiiee e 140-150

Jia-Sheng RAQ", Can ZHAO?*?, Shu-Sheng BAQ", Ting FENG" and Meng XU*

"Beijing Key Laboratory for Biomaterials and Neural Regeneration, Beijing Advanced Innovation
Center for Biomedical Engineering, School of Biological Science and Medical Engineering,
Beihang University, #37 Xueyuan Road, Haidian District, Beijing, 100191, P.R. China, Institute
of Rehabilitation Engineering, China Rehabilitation Science Institute, #18 Jiaomen North Road,
Fengtai District, Beijing, 100068, P.R. China, 3School of Rehabilitation, Capital Medical University,
#10 Xitoutiao, Fengtai District, Beijing, 100069, P.R. China, ¥Department of Orthopedics, The First
Medical Center of PLA General Hospital, #28 Fuxing Road, Haidian District, Beijing, 100039, P.R.
China

Clinical evaluations of long-term outcomes in the early-stage spinal cord injury (SCI) focus on
macroscopic motor performance and are limited in their prognostic precision. This study was designed
to investigate the sensitivity of the magnetic resonance imaging (MRI) indexes to the data-driven
gait process after SCI. Ten adult female rhesus monkeys were subjected to thoracic SCI. Kinematics-
based gait examinations were performed at 1 (early stage) and 12 (chronic stage) months post-SCI.
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The proportion of stepping (PS) and gait stability (GS) were calculated as the outcome measures.
MRI metrics, which were derived from structural imaging (spinal cord cross-sectional area, SCA) and
diffusion tensor imaging (fractional anisotropy, FA; axial diffusivity, A,), were acquired in the early
stage and compared with functional outcomes by using correlation analysis and stepwise multivariable
linear regression. Residual tissue SCA at the injury epicenter and residual tissue FA/remote normal-
like tissue FA were correlated with the early-stage PS and GS. The extent of lesion site A, /residual
tissue A, in the early stage after SCI was correlated with the chronic-stage GS. The ratios of lesion site
A, to residual tissue A, and early-stage GS were predictive of the improvement in the PS at follow-up.
Similarly, the ratios of lesion site A, to residual tissue A, and early-stage PS best predicted chronic GS
recovery. Our findings demonstrate the predictive power of MRI combined with the early data-driven
gait indexes for long-term outcomes. Such an approach may help clinicians to predict functional
recovery accurately.
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Anatomy and nomenclature of tree shrew lymphoid tissues..............cccceeeeeeeeennn. 174-184

Nan SHI"?*, Wei XIA"?*, Ketong JI"?, Yiwei FENG'?), Hua LI"?,
Guangyao HE"? and Anzhou TANG"?

"Department of Otorhinolaryngology Head and Neck Surgery, The First Affiliated Hospital of
Guangxi Medical University, No. 6, Shuangyong Street, Nanning 530000, P.R. China,

IKey Laboratory of Early Prevention and Treatment for Regional High Frequency Tumor, Ministry of
Education, Guangxi Medical University),Ministry of Education, No. 22, Shuangyong Street, Nanning
530021, Guangxi, P.R. China

The immune response plays a key role in the disease development of the organism, while immune
function serves as an important indicator for animal models evaluation. The tree shrew (Tupaia
belangeri chinensis), as a new laboratory animal with a close genetic relationship with primates,
has been used to construct various disease models. However, the immune system of tree shrews,
especially anatomical descriptions of lymph nodes, is still relatively unknown. In this study, a total
of 16 different lymph nodes were identified, including superficial lymph nodes and deep lymph
nodes. Superficial lymph nodes were located in the head and neck region (submandibular lymph
node, parotid lymph node, deep and superficial cervical lymph nodes) and at the forelimb (axillary
and accessory axillary lymph nodes, subscapular lymph node) and hindlimb (popliteal, sciatic, and
inguinal lymph nodes). Deep lymph nodes comprise mediastinal lymph nodes located in thoracic
cavity and abdominal lymph nodes that are mainly located in each mesentery (mesenteric, gastric,
pancreatic-duodenal, renal lymph nodes) or along the major vessels (iliac lymph nodes). In addition,
we described the spleen and thymus of the tree shrew, as well as two lymphoid tissues in the top wall
of the nasal cavity and the oropharynx. This study mainly describes the tree shrew immune system
from an anatomical and histopathological perspective and provides fundamental research references
for the establishment of various animal models of tree shrews.
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Granulocyte colony-stimulating factor protected against brain injury
in a rat cerebral hemorrhage model by modulating inflammation.......................... 194-204

Yanglong LI"?, Xianiji PIAO®, Tiance XU", Binbin ZHANG", Xionghu SHEN?,
Xian Wu CHENG* and Shengzhe ZHENG"

Department of Neurology, Yanbian University Hospital, Yanjin 133000, Jilin, P.R. China,
IDepartment of Oncology, Yanbian University Hospital, Yanjin 133000, Jilin, P.R. China,

®Department of ICU, Yanbian University Hospital, Yanjin 133000, Jilin, P.R. China, ¥Department of
Cardiology and Hypertension, Yanbian University Hospital, Yanjin 133000, Jilin, P.R. China

Granulocyte colony-stimulating factor (G-CSF) has been reported to exert a protective effect against
secondary brain damage, but the underlying mechanisms remain unknown. We explored the ability
of G-CSF to protect the brain from injury in a rat autologous blood-induced model of intracerebral
hemorrhage (ICH), with a special focus on the anti-inflammation effect. An ICH was induced in
8-week-old male rats by an infusion of autologous blood, and the rats were then randomly assigned
to five treatment groups: sham, ICH, and ICH+ low-dose (25 ug/kg), middle-dose (50 pg/kg), and
high-dose (75 ug/kg) G-CSF. We then evaluated the levels of brain inflammation-related genes and
proteins. The levels of tumor-necrosis factor-alpha (7NF-a) and interleukin-6 (/L-6) mRNA increased
between days 1 and 14 post-ICH, with the highest expression on day 3. These changes were rectified
by G-CSF in a dose-dependent manner. At day 3 post-injury, an elevation of the nuclear factor-kappa
B (NF-kB) p65 protein level and a reduction of the inhibitor of NF-«xB alpha (IxBa) protein level were
observed; G-CSF treatment exerted a beneficial effect on both protein expressions. The expressions of
inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) proteins were increased; these
changes were rectified by the highest dose of G-CSF. The brain-protecting effects of G-CSF are likely
to be attributable, at least in part, to attenuation of the TNF-a, IL-6, iNOS, and COX-2 expressions
induced by NF-«B activation in the brain tissues of this autologous blood-induced ICH rat model.
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Anti-inflammatory effect of HGF responses to oral traumatic ulcers using
an HGF-TQ MOUSE MOEL ........cooiiiiiiiiicieee et e e e e 205-214

Xinhong WANG"™ Liting YAN"?*, Yinghua TANG", Xiaoxi HE", Xiaomin ZHAQ",
Weijia LIU", Zhicong WU" and Gang LUO"
Department of Oral Medicine, Affiliated Stomatology Hospital of Guangzhou Medical University,

Guangzhou Key Laboratory of Basic and Applied Research in oral Regenerative Medicine, No. 39
Huangsha Road, Liwan District, Guangzhou,Guangdong, 5101182, P.R. China

2Wuxi Stomatology Hospital, No. 6 Jiankang Road, Liangxi District, Wuxi, Jiangsu, 214001, P.R.
China

Hepatocyte growth factor (HGF) has been implicated in inhibiting diverse types of inflammation.
Oral traumatic ulceration (OTU) is a common disease of the oral mucosa, and inflammation is the
main process for ulcer healing. This study aimed to explore the expression of HGF in oral ulcers and
its role in ulcer inflammation. The saliva of 14 recurrent alphous stomatitis (RAS) patients, 18 OTU
patients and 17 healthy controls was collected. Traumatic ulcers of the left mucosa were observed
in 42 wild-type (WT) and 42 HGF-overexpressing transgenic (HGF-Tg) mice. Histological scores,
inflammatory cell expression and serum cytokine expression were measured and analyzed on the 5th
day. The HGF protein level in ulcer-affected human saliva was 9.3-fold higher than that in healthy
saliva. The HGF protein levels in RAS and OTU saliva were 14- and 5.7-fold higher, respectively,
than those in healthy saliva. Traumatic ulcers enhanced HGF expression in ulcer-affected oral
mucosa and in the blood of C57BL/6 mice by 1.21- and 1.40-fold, respectively. In HGF-Tg mouse
traumatic ulcers, HGF expression was 1.34-fold higher than that in wild-type mice. HGF-Tg mice had
lower weight loss, less ulcer area and lower histopathology scores than WT mice. The results from
immunohistochemistry, flow cytometry and serum cytokine analysis showed that HGF-Tg animals
presented fewer Ly6G-positive neutrophils and higher levels of circulating inflammatory cytokines.
HGF overexpression alleviated weight loss, ulcer area and inflammation, suggesting the role of HGF

in promoting the healing of oral ulcers.
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Technique for Animal Knockout system by Electroporation (TAKE) #:id, BRI L /- Hdir %
HybxAr04 T2y a kil bs, METHRNZBEFUE (GM) ~ 7 AR
Th Do TF, L0 HHEICHBMRS CGM Y 7 22 /FY %720, CRISPR/Cas9 I~ F—+ >~ b
ZIL 7 baRL—T a3 L)y AZHIINEAS BRI ST B LA
L, SNHDOMEDIREA L, FE T AZAEINE AL 720D TH Y, £7MEH SN 256
($B6D2F1 £ 7213B6 ¥ 7 ZIZPRIE SN T %o ABFFETIE, TAKE EOERSM & midLd 2
S ENZLY, SRR L 7o~y AR LR T S MTW AR~ Y A (C5TBL/6, BALBY,
FVB/N 3 X UYC3H/Hel) DFT I TR T & 2D @, #t LWERIN G2 1. L 720
BRIV AR (poring pulse: voltage, 150 V; pulse width, 1.0 ms; pulse interval, 50 ms; number, + 4) (2,
A RMESEREIN B X OISR DOFESABINO W /7 | BIG T &, EWIT O RIALEL & L2435
BT T SRR TRET 5 2 ENTRETH 5o AERMIRML, GM YT A% L) A
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Amelioration of oxidative damage parameters by carvacrol
on methanol-induced liver injury in rats ... 225-231

Cebrail GURSUL", Adalet OZCICEK?, Mustafa OZKARACA?, Ali Sefa MENDIL?,
Taha Abdulkadir COBAN®, Aynur ARSLAN®), Fatih OZCICEK?, and Halis SULEYMAN"
Department of Physiology, Faculty of Medicine, Erzincan Binali Yildirim University, Basbaglar
Street, 24030, Erzincan, Turkey, ?Department of Internal Medicine, Faculty of Medicine, Erzincan
Binali Yildirim University, Basbaglar Street, 24030, Erzincan, Turkey, ®Department of Pathology,
Faculty of Veterinary Medicine, Sivas Cumhuriyet University, 69 Kayseri Street, 58140, Sivas,
Turkey, “Department of Pathology, Faculty of Veterinary Medicine, Erciyes University, 55 Hulusi
Behcet Street, 38280, Kayseri, Turkey, 5)Department of Clinical Biochemistry, Faculty of Medicine,
Erzincan Binali Yildirim University, Basbaglar Street, 24030, Erzincan, Turkey, ®Department of
Internal Medicine, Faculty of Medicine, Halic University, 15 Temmuz Sehitler Street, Eyup, 34060,
Istanbul, Turkey, ”Department of Pharmacology, Faculty of Medicine, Erzincan Binali Yildirim
University, Basbaglar Street, 24030, Erzincan, Turkey

The methanol metabolite that causes hepatotoxicity is formic acid, generating reactive oxygen radical
formation and cell damage. Carvacrol is an antioxidant monoterpenic phenol produced from Thymus
vulgaris. This study aimed to investigate the effects of carvacrol on methanol-induced oxidative liver
damage in rats. Eighteen rats were divided into three groups. Methotrexate was administered orally
for 7 days to methotrexate+methanol (MTM) and methotrexate+methanol+carvacrol (MMC) groups.
Methotrexate was given before methanol to cause methanol poisoning. Distilled water was given to
the healthy group (HG) as a solvent. At the end of the 7th day, 20% methanol was administered orally
at a dose of 3 g/kg to the MTM and MMC groups. Four hours after methanol administration, 50 mg/
kg carvacrol was injected intraperitoneally into the MMC group. Animals were sacrificed 8 h after
carvacrol injection. Biochemical markers were studied in the excised liver tissue and blood serum
samples, and histopathological evaluations were made. Severe hemorrhage, hydropic degeneration,
pycnosis, and mononuclear cell infiltration were observed in the liver of the MTM group. Additionally,
the levels of malondialdehyde (MDA), total oxidant status (TOS), alanine aminotransferase (ALT),
and aspartate aminotransferase (AST) were significantly higher, and total glutathione (tGSH) and total
antioxidant status (TAS) were significantly lower in the MTM group compared to HG (P<0.001).
Carvacrol prevented the increase in MDA, TOS, ALT and AST levels with methanol and the decrease
in tGSH and TAS levels (P<0.001), and alleviated the histopathological damage. Carvacrol may be
useful in the treatment of methanol-induced liver damage.

Intravenous propofol, ketamine (ketofol) and rocuronium after sevoflurane
induction provides long lasting anesthesia in ventilated rats ............cccccccciiiiiis 232-240

Daniel KIEFER", Lukas M. MULLER-WIRTZ", Felix MAURER", Tobias HUPPE",
Alexander M. MATHES?, Thomas VOLK", Sascha KREUER" and Tobias FINK"
CBR - Center of Breath Research*, Department of Anaesthesiology, Intensive Care and Pain

Therapy, Saarland University Medical Center and Saarland University Faculty of Medicine,
Kirrberger Street 100, 66421 Homburg, Germany

2Department of Anesthesiology and Intensive Care Medicine, University Hospital of Cologne,
Faculty of Medicine, Kerpener Street 62, 50937 Cologne, Germany, Germany

Rats are commonly used animals for laboratory experiments and many experiments require general
anesthesia. However, the lack of published and reproducible intravenous anesthesia protocols for
rats results in unnecessary animal use to establish new anesthesia techniques across institutions. We
therefore developed an anesthesia protocol with propofol, ketamine, and rocuronium for mechanically
ventilated rats, and evaluated vital parameters and plasma concentrations. 15 male Sprague-Dawley
rats underwent inhalation induction with sevoflurane and tracheal, venous and arterial cannulation.
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After established venous access, sevoflurane was substituted by propofol and ketamine (ketofol).
Rocuronium was added under mechanical ventilation for 7 h. Drug dosages were stepwise reduced
to prevent accumulation. All animals survived the observation period and showed adequate depth of
anesthesia. Mean arterial pressure and heart rate remained within normal ranges. Median propofol
plasma concentrations remained stable: 1, 4, 7 h: 2.0 (interquartile range (IQR): 1.8-2.2), 2.1 (1.8-2.2),
1.8 (1.6-2.1) ug/ml, whereas median ketamine concentrations slightly differed after 7 h compared
to 1 h:1,4,7h: 3.7 (IQR: 3.5-4.5), 3.8 (3.3-4.1), 3.8 (3.0-4.1) ug/ml. Median rocuronium plasma
concentrations were lower after 4 and 7 h compared to 1 h: 1,4, 7 h: 3.9 (IQR: 3.5-4.9), 3.2 (2.7-3.3),
3.0 (2.4-3.4) ug/ml. Our anesthesia protocol provides stable and reliable anesthesia in mechanically
ventilated rats for several hours.

C57BL/6 £ BALB/c ¥ XD HERFGEXE & AL =IEEEFHNT7 7O —-F0
kYD = L) i SRS 241-252
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