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Quantitative Evaluation of Anesthesia Depth and
Myocardial Infarction Impact on Mitral Annular Velocity

in Rats Using Tissue Doppler Imaging.
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OTakuya Akashi, Mina Matsumoto, Yoshizo Fukuda, Ayahito Kimura O#E £, A EL EE iF&E KH
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NISSEI BILIS Co., Ltd., Shiga Laboratory
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Left ventricular function in rat heart failure models has been assessed by echocardiography using left ventricular ejection fraction in Motion mode (M-mode) , left ventricular inflow velocity in pulsed Doppler mode (D-mode), and
maximum mitral annular translation velocity in tissue Doppler imaging mode (TDI-mode). It has been widely reported about usage of isoflurane (ISO) and mixed ketamine/xylazine anesthesia for the assessment of left ventricular
function. We evaluated whether medetomidine-midazolam-butorphanol (MMB) anesthesia could serve as an alternative to ISO anesthesia (Experiment 1). In addition, we examined temporal changes in left ventricular function under
MMB anesthesia in rat myocardial infarction model (Experiment 2).

This study was conducted as approved by the Institutional Animal Care and Use Committee of NISSEI BILIS Co., Ltd., Shiga Laboratory.

Anesthesia

MMB Anesthesia (subcutaneous injection)

Echocardiography

Device: Vivid S6, GE Healthcare

Experiment 1

Animals

Dose (mg/kg) Parameters Male Wistar rats (Japan SLC, Inc.), 12 or 7 weeks old
Drug Low High * M-mode: diastolic left ventricular internal dimension (LVIDd), systolic Echocardiography
(L MMB) (H MMB) left ventricular internal dimension (LVIDs), left ventricular ejection Groups n Anesthesia Imaging
Medetomidine fraction (LVEF), left ventricular fractional shortening (%FS), and heart Age mode
e 0.075 0.15 HR
(Kyoritsu Seiyaku Corp.) rate (HR) Isoflurane
- « D-mode: early diastolic filling velocity (E), atrial systolic velocity (A), - X
Midazolam . X " X . . s ! ISO (one day after L
(Sandoz K.K.) 1.0 2.0 and early diastolic filling velocity to atrial contraction velocity ratio 6 MMB evaluation) 7 weeks old
— (E/A) M-mode
Butquhagol 1.25 25 « TDI-mode: septal early diastolic mitral annular tissue velocity (e’), L MMB LMMB
(Meiji Seika Pharma Co., Ltd) septal atrial systolic mitral annular tissue velocity (a’), and peak systolic
myocardial velocity (s") H MMB 2 HMMB 12 weeks old
ISO Anesthesia (inhalation) Analysi
2.0~3.0%, 2.5 L/min naysis
Individual data were calculated on the average of values from three
consecutive cardiac cycles. E/e’ was calculated from the E and e’ waves.
Experiment 2
Animals G Anesthesi Echocardiography Left heart cardiac catheterization
i jroups n nesthesia . .
Grﬁ/l[laled\ck;lislzr rats (Japan SLC, Inc.), 7 weeks old P! Time point Imaging mode + Time point: MI Day 28
up desig - Normal + Number of animals : MMB; n=2, MI; n=3
Five animals underwent complete coronary artery ligation i ¢ 6 MI Day28
(MI) under H MMB anesthesia, and three animals with no |_(intact animal) M-mode * Methods
apparent left ventricular wall motion were allocated to the MI LMMB MI Day7 D-mode A Miller catheter (SPR-215, Millar Instruments) was inserted into the left
group. MI 3 MI Dayl14 TDI-mode ventricular through the right carotid artery to measure LVEDP and recorded
MI Day28 on a Labchart 8 (AD Instruments) via a polygraph system (RMT-1000,
Nihon Kohden Corp.).
Experiment 1
—~ M-mode Experiment 1: Comparison of MMB and ISO anesthesia
450 8 100 N
0 9 Standard Comparative | yp | vIDd | LVIDs | LVEF | %FS
o group group
350
: 70 L MMB ! — — — —
2 o ISO
g0 g ) HMMB 1l 1 1 — —
2 :l_':: 40 —: no change, 1: increased, |: decreased
s
100 zz L MMB anesthesia was available as an anesthetic for left ventricular function
< evaluation.
50 10
0 0 Each value represents the mean + S. E.
LVIDd LVIDs LVEF %FS
Experiment1 M:ISO M:LMMB M: H MMB
No significant difference between ISO and L MMB groups.
Experiment 2
- M-mode - D-mode - TDI-mode - LV Pressure

(mm)

LVEF

LVIDS

""MI Day14

Evel Avel

Normal

Py

100
9 -
80 . a®
70
60
50
L ¥y =21.045x - 15.418

40 & R?=0.9009
30

LVEF(%)
LVEDP(mmHg)

MI Day14

Normal

(mmHg)

MI Day14

-

w ;o9 e =

20 +—————+—
20 25 3.0 35 40 45 50 55
s'(cm/s)

b

" ¥=0.3077x - 1.0732
L] R?=0.9805
25 35 45
E/e'

Strong positive correlations were observed between LVEF and s’, as well as

between LVEDP and E/e'.

Experiment 2: Sequential changes in left ventricular function in a rat MI model

Each value represents the mean + S. E.

Experiment2  M: Normal
M: MI Day14 M: MI Day28
*and **: p<0.05 and p<0.01 vs Normal
by Dunnett’s test

: MI Day7

Measurement parameters

Standard | Comparative M-mode D-mode TDI-mode LV Pressure
group group EF | LVIDd | LVIDs | EVel | AVel E/A e la]s Ele LVEDP
Normal MI |

Day 7-28 Day 14 | Day 7-28 | Day 14-28 Day 7-28 Day 1428 | Day28

—: no change, 1: increased, |: decreased

Based on these results, MMB anesthesia proved to be viable for left ventricular function assessment, enabling measurements of left ventricular ejection fraction, left
ventricular inflow velocity waveform, and maximum mitral annular translation velocity. Furthermore, it was possible to observe the temporal progression of cardiac
COl : disclosure information :We have no financial relationship to disclose for our presentation contents.

dysfunction in the myocardial infarction model.
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NISSEI BILIS Co., Ltd., Shiga Laboratory

In recent years, we have been receiving an increasing
number of requests for pain evaluation tests, and we will
introduce background data on various neuropathic pain
models, including the streptozocin (STZ)-induced diabetic
peripheral neuropathic pain (DPN) model, the anticancer
drug-induced peripheral neuropathy (CIPN) model, and the
spared nerve injury (SNI) model.

This study was conducted as approved by the International Animal
Care and Use Committee of NISSEI BILIS Co., Ltd., Shiga Laboratory.

Materials and Methods

®Animals
v'DPN model; Male SD rats, 7 weeks old
(The Jackson Laboratory Japan, Inc.)
v CIPN model; Male BALB/c mice, 7 weeks old (Japan
SLC, Inc.)
v'SNI model; Male SD rats, 9 weeks old (Japan SLC,
Inc.)

®Model preparation
v'DPN model; STZ (Sigma) was dissolved in a citrate
buffer solution at a concentration of 60 mg/mL and
administered intravenously at dose of 60 mg/kg.
Onset of diabetes was confirmed one week after STZ
injection by measuring blood glucose levels in samples
taken from the tail vein using a blood glucose meter
(ARKRAY, Inc.). Only rats with a glucose level greater
than 400 mg/dL were considered as diabetic.
v CIPN model; Oxaliplatin (OHP, Nippon Kayaku Co., Ltd.)
was dissolved in a 5% glucose solution at a
concentration of 2 mg/mL and administered
intraperitoneally at dose of 20 mg/kg.
v SNI model; The common peroneal nerve and tibial
nerve of rats were tightly ligated and the distal side was
cut (see Figure 1). (Decosterd I, et al. 2000)

®Drug administration
v DPN _model and CIPN model; Duloxetine (Tokyo
Chemical Industry Co., Ltd.) was dissolved in a water for
injection at a concentration of 6 mg/mL and orally
administered at dose of 30 mg/kg.
+SNI model; Pregabalin (LYRICA OD Tablets, Viatris Inc.)
was suspended in a water for injection at a
concentration of 4 mg/mL and orally administered at
dose of 20 mg/kg.

®Behavioural test
Pain response was assessed by using the “up and-down
method, as previously described by Dixon (1965) and
Chaplan et al (1994). The animals were placed
individually in a cage with a wire mesh bottom (see
Figure 2). After acclimation period of at least 15 min
(30 min for mice), calibrated von Frey filaments (North
Coast Medical, USA; ranging from 0.4 to 15 grams for
rats, from 0.04 to 2.0 grams for mice) were applied to
the mid-plantar surface of the hindpaw for 3 to 4
seconds. A positive response was recorded if the animals
showed withdrawal and guarding, “scratching” or
“licking” of the stimulated paw. Data were calculated as
the 50% withdrawal threshold in grams.

"

Figure 1. Branches of the Figure 2. von Frey test
sciatic nerve

Background data on various neuropathic pain models:

Evaluation of pain responses to mechanical stimulation
OHiroyuki Abe, Shotaro Hori, Tatsuya Hattori, Akihito Ito, Ayahito Kimura, Hiroshi Sakonjo

+'DPN model a0
(A)1s (B)
550
14
500
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0 200
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=] Effects of duloxetine administration
X 6 1 (Duloxetine group) on pain response in the
8 DPN group at 14, 28, 42 and 56 days after
4 1 A STZ injection (C).
#H # ## ## # wW g HH P ## The mean and SEM (vertical bars) values for
2 each group are shown. ##: p<0.01 between
DPN and Normal groups (Student'’s t-test or
0 +— Aspin-Welch'’s t-test), **: p<0.01 between

0. 2 4 o 2 4
D3y 0 O e (W) after admin.  Time (n) after acmin.

0 2 4
Time (h) after admin.

0
Time (h) after admin. test).

4 DPN and Duloxetine groups (Aspin-Welch’s t-

Day 14 Day 28 Day 42 Day 56
v CIPN mode/
(A) 107 1.0
09 L o9
08 L 08
507 A to7
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Zos6 4 L 06
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§ 0.3 t 03
02 4 . . 402
0.1 A I Q\ﬁ/g———( t 0.1
0.0 0
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01 2 3 4 5 6 . 1.7 14 2_8_ . Time (day) after OHP injection
T B O o (o e (day) after OHP injecton -0-Normal (n=10) -8-CIPN (n=10) ~-Duloxetine (n=10)

-0-Normal (n=12) -8-CIPN (n=12)

Time course of pain response to mechanical stimulation of the mice treated with OHP (CIPN group) and vehicle (Normal group) (A). Effects of duloxetine
administration (Duloxetine group) on pain response in the CIPN group at 1, 7, 14 and 28 days after OHP injection (B).
The mean and SEM (vertical bars) values for each group are shown. #: p<0.01 between CIPN and Normal groups (Student’s t-test or Aspin-Welch's t-test), *:

p<0.05 between CIPN and Duloxetine groups (Student’s t-test).

V'SNI model

16
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o 10 3320
2 =
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Day 7 Day 14 Day 21

0 7 14 21
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—O—Sham (n=8)

—8-SNI (n=5-8)

~#-Pregabalin (n=5-8)

Time course of pain response to mechanical stimulation
(A) and body weights (B) of the SIN operated rats (SNI
group) and vehicle (Normal group). Effects of pregabalin
administration (Pregabalin group) on pain response in the
SNI group at 7, 14 and 21 days after SNI surgery (C).
The mean and SEM (vertical bars) values for each group
are shown. ##: p<0.01 between SNI and Normal groups
(Student’s t-test or Aspin-Welch’s t-test), *: p<0.05; **:
p<0.01 between SNI and Pregabalin groups (Aspin-
Welch’s t-test).

v DPN model: The paw withdrawal threshold to mechanical stimulation was decreased after first week of STZ injection and lasted for 56 days after injection.
Duloxetine 30 mg/kg increased this lowered threshold, suggesting its usefulness as a positive control drug.
v CIPN model: The paw withdrawal threshold to mechanical stimulation was decreased after 2 hours of OHP injection and lasted for 28 days after injection.
No clear antiallodynic effect was observed with duloxetine at 30 mg/kg.
+SNI model: The paw withdrawal threshold to mechanical stimulation was decreased after 7 days of surgery and lasted for 21 days.
Pregabalin 20 mg/kg increased this lowered threshold, suggesting its usefulness as a positive control drug.

Please visit our commercial exhibition site (No. 11) to get more information (including handout),

or scan the QR code on the right to contact us.
2 The author has no conflict of interest to disclose with respect to this presentation.
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Evaluation of Peripheral Edema by Endothelin Receptor

Antagonists Using a Rat Diuresis Model

OToshinori Moritani, Masanari Yoshimoto, Serina Ito, Tomoko Nagao, Takuya Akashi,
Shotaro Hori, Ayahito Kimura
NISSEI BILIS Co., Ltd., Shiga Laboratory

Endothelin receptor antagonists are essential therapeutic options for pulmonary arterial hypertension (PAH); however, peripheral edema as an adverse effect remains a
significant clinical challenge. In the present study, a rat diuresis model was employed to establish an experimental system for evaluating edema formation associated with
endothelin receptor antagonists. By continuously monitoring urine output in a time-course manner in rats, antidiuretic effect of bosentan - a non-selective ETA/ETB receptor
antagonist - and ambrisentan - a selective ETA receptor antagonist - were assessed.

This study was conducted as approved by the International Animal Care and Use Committee of NISSEI BILIS Co., Ltd., Shiga Laboratory.
Animals, Reagents and Drugs Study procedures

®Animals ® Anesthesia: Rats were fasted overnight and anesthetized via intraperitoneal injection of thiobutabarbital
Male SD rats, 12 to 14 weeks old (Japan SLC, Inc.) sodium (100 mg/kg).
®Reagents ® Catheter Placement for Continuous Infusion of Artificial Plasma and Diuretic Solution (A, B): Catheters were

-Thiobutabarbital sodium (Inactin, Sigma)
-Bovine serum albumin (BSA, Sigma)
-y-globulins from bovine blood (y-globulin, Sigma)
+ 0.5% methylcellulose (MC) solution (FUJIFILM Wako
Pure Chemical Corporation)

e®Drugs
+Ambrisentan (Tokyo Chemical Industry Co., Ltd.)
-Bosentan (Bosentan hydrate, Bosentan Tablets 62.5mg
MOCHIDA, Mochida Pharmaceutical Co., Ltd.)

inserted into both jugular veins for continuous infusion of artificial plasma (25 mg/mL y-globulin and BSA) and
diuretic solution (10 mg/mL BSA) at designated flow rates using syringe pumps (HARVARD Apparatus).

® Tracheal Intubation (C): The trachea was surgically exposed, and a tracheal tube was inserted and secured.

® Bladder Catheterization and Urine Collection (D): A lower abdominal incision was made to expose the bladder,
through which a urinary catheter was inserted and fixed. Urine output was continuously recorded using
LabChart Pro (AD Instruments).

® Blood Pressure Monitoring (E): A femoral artery catheter was inserted to monitor arterial blood pressure (BP)
and heart rate. These data were not included in the evaluation.

® Duodenal Catheter Placement and Drug Administration (F): A catheter was placed in the duodenum for drug
administration. Once urine output reached at the baseline (0.10 mL/min), urine volume was measured for 30
minutes to obtain the pre-administration (Pre) value. Drugs were then administered intra-duodenally (2
mL/kg), followed by continuous measurement for 90 minutes.

Ambrisentan and bosentan were suspended in 0.5% MC
solution.

Group design * Urine volume S E———
+ + AMB 100 )
Groups Drugs (intra-duodenal No. of ] e !
administration, 2 mL/kg) animals — et : 1 ;
: Urine volume
Vehicle 0.5% MC solution 6 i Vehicle
AMB 35 Ambrisentan, 17.5 ma/mL 5 i il I H
AMB 100 Ambrisentan, 50 mg/mL 5 .
BOS 10 Bosentan, 5 mg/mL 6 :'/AMB 100 | il g
BOS 30 Bosentan, 15 mg/mL 6 ; a
] !
- = |
BOS 100  Bosentan, 50 mg/mL 6 _ E ehicie “
Catheter placement in rats = =

Measured Parameter
eUrine volume
Urine volume was calculated every 10 minutes during the 30 minutes before and 90 minutes after duodenal administration of the drugs.
The average volume during the pre-administration 30 minutes was set as 100%.

Urine volume

1.8 .
e 0.20 Vehicle 150 0.20 0.20 AMB 100 s
0.1 140 0.18 0.18 b 140
14 0.16 130 0.16 0.16 k130
c 12 0.14 120 0.14 0.14 b 120
E 10 o012 103 Co12 c To12 P10 S
S E 010 100 € E 010 € E 0.10 b 100 €
= o8 > £ 3 £ 2 £
z € 0.08 1 o E E o008 £ Eoo0s Lo E
= 06 0.06 1 80 0.06 0.06 t 80
0.4 0.04 ] 70 0.04 0.04 t 70
02 0.02 ] 60 0.02 0.02 b 60
00 0.00 50 0.00 0.00 1 50
: -30-20-10 0 10 20 30 40 50 60 70 80 90 -30-20-10 0 10 20 30 40 50 60 70 80 90 -30-20-10 0 10 20 30 40 50 60 70 80 90
B I S S P
P e I S e e e e Time after administration (min) Time after administration (min) Time after administration (min)
Time after administration (min)
0.20 150 0.20 - [ 150 0.20 BOS 100 [ 150
140 0.18 140 0.18 { b 140 0.18 t 140
120 0.16 130 0.16 1 b 130 0.16 b 130
0.14 120 0.14 1 b 120 0.14 b 120
100 T o2 1003 < o012 | F10 5 To12 P10 B
n E o0 100 € E 0101 b 100 € E o010 [ 100 €
& 80 = £ 2 £ € £
- Eoos o E E o008 too E Eo08 too E
2 0.06 80 0.06 1 t 80 0.06 t 80
2
< 0.04 70 0.04 r 70 0.04 r 70
40 0.02 60 0.02 ] L 60 0.02 L 60
20 0 50 0.00 50 0.00 4 50
30-20-10 0 10 20 30 40 50 60 70 80 90 302010 0 10 20 30 40 50 60 70 80 90 “30-20-10 0 10 20 30 40 50 60 70 80 %0
o Time after administration (min) Time after administration (min) Time after administration (min)
R I A SR ey ] ] ] o
) o i -@- Vehicle (n=6) AMB 35 (n=5) -l AMB 100 (n=5) BOS 10 (n=6) BOS 30 (n=6) -A- BOS 100 (n=6) @ Urine volume (left axis) @ MBP (rignt axis)
Time after administration (min) Each value represents the mean + SEM.
*and ** : p<0.05 and p<0.01 vs. Vehicle by Dunnett’s test

Ambrisentan administration at 35 and 100 mg/kg demonstrated dose-dependent antidiuretic effects, with the 100 mg/kg group showing significantly decreased urine output
compared to the vehicle group. In contrast, bosentan at doses ranging from 10 to 100 mg/kg did not induce notable changes in urine volume. These findings align with clinical
observations and likely reflect the mechanism by which ambrisentan induces edema more frequently than bosentan. This model proves valuable for evaluating peripheral
edema caused by endothelin receptor antagonists. It may also serve as a predictive tool for the assessment of adverse effects associated with therapeutics for diseases
involving endothelin, such as pulmonary arterial hypertension (PAH). 0]

Please scan the QR code on the right to contact us!
[ The author has no conflict of interest to disclose with respect to this presentation.
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