Studying Smooth and Striated

Muscle Function Using Advanced
Tissue Bath Systems

Aaron Stupica and Dr. Keshari Thakali discuss techniques and best
practices for tissue bath myography and present a unique case
study looking at the effect of maternal obesity on offspring
perivascular adipose tissue and vascular function.
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#ORGAN BATH STUDIES

o Primarily used to perform in-vitro, high throughput
studies in response to stimulus

o Tissues:
o Large vessels (aorta, arteries, trachea)

o Skeletal muscle strips (ileum, colon, gastric antral,
sphincter, bladder strips, penile muscle)

o Cardiac muscle tissue (papillary)
o Stimuli:
o Drug agonists

o Electrical stimulation




#ORGAN BATH SYSTEMS

BENEFITS DRAWBACKS
o HIGH THROUGHPUT o LIMITED EXPERIMENTS
o EASILY REPEATABLE o ORGAN BATHS CAN TAKE UP

SIGNIFICANT LAB SPACE
o DRUG TESTING
o DOUBLE-JACKETED HEATING
o SIDE BY SIDE COMPARISONS
o DIFFICULT TO AUTOMATE
o ISOLATED PHARMACOLOGICAL
RESPONSES




#ARTERIAL PRESSURE
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#WIRE MYOGRAPH (620M)

o VESSELS MOUNTED ON WIRE
o Stainless steel (40um)

o Tungsten (10pum, 15um or 25um)

o SMALL BATH VOLUMES

o 2.5ml-6ml




#0ORGAN BATH STUDIES
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#ORGAN BATH SYSTEMS

NECESSARY COMPONENTS:

1. FORCE TRANSDUCER

2. POSITIONER

3. EASY MOUNTING ACCESS

4. EASY ACCESS TO ADD AGONISTS
5. ABILITY TO WASHOUT BATH




#ORGAN BATH SYSTEMS

ORGAN BATH SHORTCOMINGS:

o BREAK EASILY

o DIFFICULT TO REPLACE PARTS

o LONG CLEANING PROCEDURES

o FILLING/EMPTYING BY HAND

o CUSTOM ELECTRICAL STIMULATION

o MAINTENANCE

o ADDITIONAL STEPS IN DATA ACQUISITION

o NECESSITY TO PHYSICALLY CHANGE
TRANSDUCERS FOR DIFFERENT TISSUES




#DMT 750TOBS TISSUE ORGAN BATH

DMT ORGAN BATH SYSTEM

o RAPID AIR HEATING
o SINGLE WALLED GLASS CHAMBERS

o COMPUTER-AUTOMATED FILLING/EMPTYING-
CONSISTENT VOLUME LEVELS

o MULTIPLE SYSTEMS CAN BE LINKED
Click to learn

o  1/4™ SPACE OF TRADITIONAL ORGAN BATH more about the
750TOBS
o QUICK CHAMBER AND TISSUE MOUNT
REPLACEMENT
File Setup Help
o PROGRAMABLE FORCE TRANSDUCERS-
TSOMETRIC AND TSOTONIC WREL ART2 ABIL a9l
mn"? D * MAute n h MAute D h_ M Auto n F
Zero Force 75% 32,3 ZeoForce 75% 28,4  ZewoForce 75% 28,1 ZeroForce 75% 21.5
iC to OBMASTER




#DMT 750TOBS TISSUE ORGAN BATH

DMT ORGAN BATH SYSTEM

o MULTIPLE ELECTRODE OPTIONS
o AUTOMATED CLEANING

o MORE CONSISTENT/STREAMLINED
EXPERIMENTS

o DATA GENERATION

o DURABLE FOR DAILY USE

o SECURE BUFFER HANDLING
o EASILY REPLACEABLE PARTS

o FEW UPKEEP/OPERATIONAL COSTS




#750TOBS CHAMBER FEATURES

— Fill Volume — Buffer Start Volume ——————— —Fill Calibration ————————— — Empty Time
TOBS CHAMBERS Chamber 1 | | mi. ||Bottie 1 Vohme: 40 m. | | Chamber 1: | 300 msec./ml. | | Chamber 1: | 400 msec.
Chamber 2 20 | ml Bottle 2 Volume: 0 mi Chamber 2: | 295 msec. /ml. Chamber 2: | 400 msec.
o m>m< >nnmmm _uox Chamber 3 20 | ml Bottle 3 Volume: 0 ml Chamber 3: | 290 msec. jml. Chamber 3: | 400 msec.
ADDING DRUGS Chamber 4 20 | ml Bottle 4 Volume: 0 ml. | |Chamber 4: | 305 msec./ml. | | Chamber 4: =400 msec.
o 10, 20, 50mL OPTIONS Set Set Set Set

o CUSTOMIZED FILLING
VOLUMES

o EASY SWAP

o AUTOCLAVABLE




#ELECTRICAL STIMULATION

STIMULATION OPTIONS FOR TISSUE ORGAN BATHS:

o DMT CS4/CS8

o COMPUTER CONTROLLED PROTOCOLS » 1

o OTHER STIMULATORS |

Click to learn more
about DMT stimulators




#THE BASIC SETUP

Pressure Source-
Gas Tank or Bench-Top Air

Data Aquisition System DMT
ADInstruments Labchart 750TOBS




#SUMMARY OF ORGAN BATH SYSTEMS

o DMT has redesigned the traditional organ bath system with developments
in product design, generation of consistent results, and durability.

o System is adaptable for different tissues, varying forces, and stimulation
options.

o Control software is minimal, but allows for customization and automated
washes and cleaning.
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TODAY’S GOALS ARE TO DEMONSTRATE THAT:

1. Organ bath systems can be used to study the function of
perivascular adipose tissue (PVAT)

2. The adipose surrounding arteries (PVAT) regulates arterial
function

3. Maternal obesity may program offspring vascular function



DEVELOPMENTAL PROGRAMMING

Maternal diet & exercise
Lifestyle

Maternal habitus
Disease

Paternal factors

Environmental chemicals Epigenetic changes Neonatal diets
Stem cell and organ function
Nutrient flux
Placental changes
Microbiome

Risk of Obesity, CV disease
and Metaboli sfunctio



OBESITY AND CARDIOVASCULAR DISEASE

* Insulin resistance
* Inflammation p)
* Sympathetic tone .
* Free fatty acids

Perivascular adipose tissue

Atherosclerosis Hypertension Heart disease



PERIVASCULAR ADIPOSE TISSUE (PVAT)

-Carotid PVAT

Carotid artery ,

Coronary artery S

aora | 4 oracic PVAT

Mesenteric artery

Mesenteric PVATH
-Abdominal PVAT

%mmao_.m_ PVAT



PVAT AND OBESITY

Growth factors, Insulin

PHYSIOLOGICAL CONDITION PATHOLOGICAL CONDITION

-Vascular tone -Vascular tone
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PERFORMING AN ISOMETRIC TENSION RECORDING EXPERIMENT:

1. Aortic tissue dissection and preparation

2. Placement of aortic helical strips in the organ bath
3. Pulling passive tension

4. Tissue Equilibration

5. Assess tissue viability

6. Experimental design

/7. Data quantitation



PERFORMING AN ISOMETRIC TENSION RECORDING EXPERIMENT:

1. Aortic tissue dissection and preparation

e Dissection dish with black silastic foundation

Cannulation wire

Physiological salt solution (PSS): (See next slide for composition)

Small vannas (iris) scissors and forceps

Silk suture to attach aorta to stationary metal rod and force transducer

2. Placement of aortic helical strips in the organ bath

« Warmed (37° C)
* Aerated: 95% 0O,/5% CO, medical grade gas



PHYSIOLOGICAL SALT SOLUTION (PSS) COMPOSITION:

Chemical
NaCl
KCI
MgSO,x7H,0
NaHCO;,
CaNa,EDTA
KH,PO,
Glucose (Dextrose)
*CaCl,x2H,0

Concentration (mM)

130
4.7
1.17
14.9
0.03
1.18

5.5
1.6

* Make a 1M solution, and add after mixing all other components and water
** pH 7.4 when warmed to 37°C and bubbled with 95% 0O,/5% CO,



CANNULATING THE MOUSE AORTA




DISSECTING OFF PVAT




ISOMETRIC TENSION RECORDING :

2 mo/sl//
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1. Aortic tissue dissection and § preral
preparation

2. .v_mntm:,ﬁ of aortic helical strips e— R
in the organ bath electrical

converter J

Stationary
rod




CUTTING HELICAL STRIPS

PVAT dissected off PVAT still attached




ATTACHING AORTIC STRIPS TO THE STATIONARY ROD




POSITIONING AORTIC STRIPS IN THE ORGAN CHAMBERS




PERFORMING AN ISOMETRIC TENSION RECORDING EXPERIMENT:

3. Pulling passive tension

— Each tissue has a length (L,) at which smooth muscle cells respond optimally

— Preliminary experiments to determine the optimal stretching tension which achieves this
length must be performed for each individual tissue type to be examined

— Pullin 2 steps, note it is normal for the tissue to relax after pulling tension

4. Tissue equilibration
— Equilibrate the tissue for 60 min after applying passive tension to the tissue.

— During the equilibrium phase, wash the tissue every 15-20 min. Drain the tissue bath and
replace the PSS with warmed PSS.
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5. Assess tissue viability

— Pick an agonist (compound that will cause active
contraction) to which the tissue responds
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5. Assess tissue viability

Pick an agonist (compound that will cause active contraction) to which the tissue responds

Perform the wake-up challenge by adding 10> M phenylephrine to the tissue bath. To achieve this concentration in 20 ml
tissue bath, add 20 ul of a 102 M phenylephrine solution.

NOTE: 20 ul into 20 ml of PSS is a 1/1,000 dilution, so the final concentration is 1,000x less than stock, or 10> M. Knowledge of
volume and consistent maintenance of the volume within the tissue bath chamber is critical to determining the final drug
concentration.

Add 10 M phenylephrine to the tissue bath and allow the contraction to peak and then plateau, when the slope of the data
becomes zero. Make sure to record each experimental event to aid post-experimental analysis.

After plateau, wash the agonist out thoroughly by emptying and refilling the tissue bath chamber with new PSS. Make sure to
record these events as well.

NOTE: A rule of thumb is that the concentration of agonist in the bath is reduced 10 fold with each wash.

Let the tissue rest at baseline tone for ~10 min before proceeding
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STEPS TO PERFORMING AN ISOMETRIC TENSION RECORDING

EXPERIMENT USING MOUSE THORACIC AORTA:

6. Experimental design

/. Data quantitation



PATHWAYS REGULATING VASCULAR TONE
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ENDOTHELIUM/SMOOTH MUSCLE SIGNALING

Platelet @ Leukocyte AT-I

" namws__ BK  ET-1 y St an_. >&_amw,_."1ﬂh_, & iy
Endothelium A .w 4%4 » Mu ) wma ,w | o600 “ >.q..%..
Gt EEm)| | e °
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Vascular
smooth
muscle

Healthy Endothelium Dysfunctional Endothelium
Vasodilation Vasoconstriction
Oxidative protection, Anti-inflammation Oxidation, Inflammation
Thrombolysis, Anti-proliferation Thrombosis, Proliferation




EXPERIMENTAL DESIGN FOR STUDYING PVAT FUNCTION

Female C57BL6/J

o Control Diet:

Vﬁnxvom_o:mm?oaﬁmﬁ _,\_m_moﬂw_.m: _nomsmﬂm:o:

ﬁ\. ﬁ) .Oo::o_D_mﬁ @

o_.__@:_umﬂo_m:_.__uov”
> 45% calories from fat X

o On diets for 12 weeks %«W F1 generation
"4 \

Control Diet  High Fat Diet
h 4

» Four groups of offspring (for each sex): CC, CH, HC, HH
» Contractility of thoracic aorta + PVAT
* Questions:
1. Is PVAT anti-contractile in our model?
2. Does maternal HFD program smooth muscle, endothelial cell, or PVAT function?
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OBESITY AND CARDIOVASCULAR DISEASE

,5- W CC -PVAT ,5- W CC -PVAT 25 M CC -PVAT .
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CONCLUSIONS

1. The 750TOBS can be used to study PVAT function;
2. The thoracic aortic PVAT normally reduced the magnitude of aortic contraction;

3. Maternal obesity may program offspring vascular function.
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