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SUMMARY: 27 

The protocol describes the use of wire myography to evaluate the transmural isometric tension 28 

of mesenteric arteries isolated from mice, with special consideration of the modulation by factors 29 

released from endothelial cells and perivascular adipose tissues. 30 

 31 

ABSTRACT:  32 

Altered vascular tone responsiveness to pathophysiological stimuli contributes to the 33 

development of a wide range of cardiovascular and metabolic diseases. Endothelial dysfunction 34 

represents a major culprit for the reduced vasodilatation and enhanced vasoconstriction of 35 

arteries. Adipose (fat) tissues surrounding the arteries play important roles in the regulation of 36 

endothelium-dependent relaxation and/or contraction of the vascular smooth muscle cells. The 37 

cross-talks between the endothelium and perivascular adipose tissues can be assessed ex vivo 38 

using mounted blood vessels by a wire myography system. However, optimal settings should be 39 

established for arteries derived from animals of different species, ages, genetic backgrounds 40 

and/or pathophysiological conditions. 41 

 42 
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Dilatations and constrictions of arteries are achieved by relaxations and contractions, 44 

respectively, of their vascular smooth muscle cells. Changes in vascular responsiveness of small 45 

arteries contribute to the homeostatic regulation of arterial blood pressure by autonomic nerves 46 

and hormones present in the blood (e.g., catecholamines, angiotensin II, serotonin, vasopressin). 47 

At the local level, the vascular responses of smooth muscle cells are modulated by signals from 48 

both the endothelial cells of the intima and the adipose tissue surrounding the arteries (Figure 49 

1).  50 

 51 

The endothelium is not only a passive barrier, but also serves as a surface to exchange signals 52 

between the blood and the underlying vascular smooth muscle cells. By releasing various 53 

vasoactive substances, the endothelium plays a critical role in the local control of vascular tone 54 

responses1. For example, in response to acetylcholine, endothelial nitric oxide synthase (eNOS) 55 

is activated in the endothelium to produce nitric oxide (NO), which induces relaxation of the 56 

underlying vascular smooth muscle by activating soluble guanylyl cyclase (sGC)2. Other vasoactive 57 

substances include the products of cyclooxygenases (e.g., prostacyclin and thromboxane A2), 58 

lipoxygenase (e.g., 12-hydroxyeicosatetraenoic acids, 12-HETE), and cytochrome P450 59 

monooxygenases (HETEs and epoxyeicosatrienoic acids, EETs), reactive oxygen species (ROS), 60 

and vasoactive peptides (e.g., endothelin-1 and angiotensin II), and endothelium-derived 61 

hyperpolarizing factors (EDHF)3. A delicate balance between endothelium-derived vasodilators 62 

and vasoconstrictors maintain the local vasomotor tone4,5.  63 

 64 

Endothelial dysfunction is characterized by the impairment in endothelium-dependent 65 

vasodilatation6, a hallmark of vascular aging7. With age, the ability of endothelium to promote 66 

vasodilatation is progressively reduced, due largely to a decreased NO bioavailability, as well as 67 

the abnormal expression and function of eNOS in the endothelium and sGC in the vascular 68 

smooth muscle cells8-10. Reduced NO bioavailability potentiates the production of endothelium-69 

dependent vasoconstrictors11,12. In aged arteries, endothelial dysfunction causes hyperplasia in 70 

the media, as reflected by the marked increases in wall thickness, number of medial nuclei, which 71 

are reminiscent of the arterial thickening in hypertension and atherosclerosis observed in human 72 

patients13,14. In addition, pathophysiological conditions such as obesity, diabetes or hypertension 73 

accelerate the development of endothelial dysfunction15,16. 74 

 75 

Perivascular adipose tissue (PVAT) releases numerous adipokines to regulate vascular structure 76 

and function17. The anti-contractile effect of PVAT is mediated by relaxing factors, such as 77 

adiponectin, NO, hydrogen peroxide and hydrogen sulphide18-20. However, depending on the 78 

location and pathophysiological condition, PVAT also can enhance contractile responses in 79 

various arteries21. The pro-contractile substances produced by PVAT include angiotensin-II, leptin, 80 

resistin, and ROS22,23.  In most of the studies on isolated blood vessels, PVAT has been considered 81 

as a simple structural support for the vasculature and thus removed during the preparation of 82 

blood vessel ring segments. Since adipose dysfunction represents an independent risk factor for 83 

hypertension and associated cardiovascular complications24, the PVAT surrounding the blood 84 

vessels should be considered when investigating the vascular responsiveness of different arteries.  85 

 86 



   

 

The multi wire myograph systems have been widely used to investigate the vasomotor functions 87 

of a variety of blood vessels, including the aorta, mesenteric, renal, femoral, cerebral and 88 

coronary arteries25,26. The protocols described herein will use wire myography to evaluate 89 

vascular responsiveness in mesenteric arteries isolated from genetically modified mouse models, 90 

with a special focus on the modulation by PVAT. 91 

 92 

PROTOCOL:  93 

All animals used for the following study were provided by the Laboratory Animal Unit of the 94 

Faculty of Medicine, The University of Hong Kong. Ethical approval was obtained from the 95 

departmental Committee on Use of Laboratory Animals for Teaching and Research (CULATR, 96 

no.: 4085-16). 97 

 98 

1. Preparations 99 

 100 

1.1. Preparation of drugs 101 

 102 

1.1.1. Store drugs appropriately as stated in the Material Safety Data Sheet (MSDS) immediately 103 

after receiving them. Dissolve the drugs in powder form in solvents as high-concentration stock 104 

solutions and then aliquot for storage at -20 °C. 105 

 106 

NOTE: Most drugs are dissolved in distilled water to prepare the stock solutions; heating or 107 

sonication may be required for some drugs. If drugs do not completely dissolve in water, a drop 108 

of 1 M NaOH can be added, while for basic drugs a drop of 1 M HCl can be used. Hydrophobic 109 

drugs can be dissolved in dimethylsulfoxide (DMSO) or absolute ethanol. In the latter cases, the 110 

final bath concentration (in M) should be known and appropriate controls should be performed 111 

to rule out the effects of the solvents. 112 

 113 

1.1.2. Prior to experiment, dissolve the drug aliquots (Table of Materials) in Krebs-Ringer 114 

Bicarbonate solution (Krebs) containing 115 mM NaCl, 4.6 mM KCl, 2.5 mM CaCl2, 1.17 mM 115 

MgSO4, 1.17 mM KH2PO4, 25 mM NaHCO3, 11.1 mM D-glucose and 0.01 mM EDTA, pH 7.4.  116 

 117 

1.1.3. For cumulative concentration-response curves, prepare the stocks and working solutions 118 

of different drugs by serial dilutions (Table 1).  119 

 120 

1.2. Setting up the instrument 121 

 122 

1.2.1. Calibrate the force transducer for all channels before using the myograph system on each 123 

day, or every time the system has been moved.  124 

 125 

NOTE: The detailed calibration procedure varies depending on the model. In general, a two-gram 126 

weight is applied to the jaws and the corresponding force should 9.81 ± 0.1 mN. If the reading is 127 

off by more than 0.1 mN, the transducer should be re-calibrated. For the system used in the 128 

present protocol (see the Table of Materials) the operating values for the force transducer during 129 



   

 

calibration should be between 3000 and 3500. If the value of the transducer is higher or lower, 130 

the force transducer must be replaced. 131 

 132 

1.2.2. Adjust and align the mounting supports in each chamber. Continuous and repeated usage 133 

of the myograph chamber may cause some misalignment of the mounting support, which needs 134 

occasional adjustment before experiments to ensure that the jaws are properly aligned.  135 

 136 

NOTE: Special attention is needed when adjusting the mounting supports as the force 137 

transducers are very sensitive and fragile. 138 

 139 

1.2.3. Switch on heaters and gas (95% O2 and 5% CO2) at least 30 min before the experiment to 140 

allow the chambers and buffers to be warmed up to 37 ± 0.1 °C and equilibrated with the gas 141 

mixture.  142 

 143 

1.2.3.1. Check the temperature on the thermometer to ensure the accuracy of the heater. 144 

Temperature can be modified to run cooling or warming experiments. If the temperature is not 145 

correct as set, apply the offset function of the machine to increase or decrease the settings to 146 

reach the required temperature. 147 

 148 

1.2.4. At the end of the experiment, clean all chambers and turn off the heater as well as the gas 149 

running to the setup. 150 

 151 

1.2.4.1. Do not turn the gas off before all the liquid in the chamber has been sucked out of the 152 

system, otherwise the acid/distilled water may regurgitate and reach the organ-chamber during 153 

the next use.  154 

 155 

1.2.4.2. To clean the chambers of the wire myograph, the most effective way is to perform acid-156 

wash using a diluted acetic acid solution. Clean the edge and the inside of the chambers with a 157 

cotton swab.  158 

 159 

1.2.4.3. After washing, rinse the chambers thoroughly with distilled water. Wipe the outside of 160 

the chambers with a wet cloth to remove dried salt. Ethanol can also be used if hydrophobic 161 

drugs have been used during the experiment.  162 

 163 

1.2.4.4. An example of the washing procedure is as follows. Fill the chambers with 8% acetic acid 164 

solution and incubate for 2 min. Use a cotton-tipped applicator to mechanically clean the steel 165 

chamber surface. Avoid any contact with the aluminum part of the myograph.  166 

 167 

1.2.4.5. Aspirate the acetic acid and wash the myograph chamber and supports several times 168 

with distilled water and dry the surfaces using absorbent paper or cotton-tip applicators.   169 

 170 

1.3. Dissection of the mesenteric arterial rings 171 

 172 



   

 

NOTE: Animals used for the current study were high-fat diet fed male Adipo-SIRT1 mice and wild 173 

type littermates as controls. Each animal weighed approximately 45 g at the time of the 174 

experiments. 175 

 176 

1.3.1. Euthanize the mouse by intraperitoneal injection of pentobarbital sodium (25 mg/kg). 177 

 178 

1.3.2. With surgical scissors and forceps, perform a mid-line laparotomy to reveal the abdominal 179 

contents. 180 

 181 

1.3.3. Collect the mesenteric arcade into a silicon-coated Petri dish. 182 

 183 

1.3.4. Spread and pin down the mesenteric network in the Petri dish to reveal the branching of 184 

mesentery and connective tissue meshwork.  185 

 186 

1.3.5. Under a microscope (10x), and with fine-scissors and forceps, carefully dissect out 187 

surrounding connective tissues. Avoid damaging the adventitial layer. Alternatively, surrounding 188 

adipose tissue can be retained around the blood vessel for experiment (if needed). 189 

 190 

1.3.6. Using the fine scissors and forceps, excise the secondary branches of mesenteric arteries 191 

in ice-cold Krebs buffer.  192 

 193 

NOTE: Each researcher should have his/her own set of dissection kit, strings and stirrups. These 194 

tools should be kept properly and cleaned-up every time after the experiment as some drugs are 195 

hard to wash away and residue can stick to them. 196 

 197 

1.3.6.1. Keep the blood vessels in cold Krebs buffer while separating the surrounding connective 198 

tissues, including PVAT. During handling of the blood vessel, be gentle to prevent unnecessary 199 

damage to the endothelium.  200 

 201 

1.3.6.2. If the experiment involves the study of PVAT, retain a 1.5 to 2 mm-diameter sphere of 202 

PVAT around the blood vessel. Alternatively, same quantities of adipose tissues can be added in 203 

each chamber for experiment.  204 

 205 

1.3.7. (Optional) Remove the endothelium from the dissected blood vessel as a control to 206 

evaluate the endothelium-dependency of the responses. For mesenteric arteries, remove the 207 

endothelium by gently rolling it over a wire stirrup or a hair. 208 

 209 

1.3.8. Cut the blood vessel prepared as above into small rings (~2 mm length) and put them in a 210 

plastic dish full of aerated (95% O2 and 5% CO2) Krebs buffer for subsequent mounting into the 211 

chambers of a wire myograph27.  212 

 213 

1.3.9. Transfer the vessel rings into a myograph chamber placed under the microscope. Rings 214 

should be placed evenly, with the upper and lower stirrups parallel. The attaching wire (40 µm) 215 

should be newly prepared as drugs may bind to the strings.  216 



   

 

 217 

1.3.10. Thread the blood vessel ring onto a suitable length (2 cm) of the wire and secure to one 218 

jaw of the mounting chamber by screwing to fix the position.  219 

  220 

1.3.11. Pass a second wire through the ring and anchor to the opposite jaw. 221 

 222 

1.3.12. With rings threaded and secured to chamber jaws, mount the chamber onto the 223 

myograph setup and turn the micrometer screw clockwise to move the wires close to each other 224 

until the force reading on the user interface corresponding to the chamber mounted is zero or 225 

just below. 226 

 227 

NOTE: The wire attached to the upper jaw should be of minimal length to ensure that tension 228 

can be fully transduced to the detector. 229 

 230 

1.3.13. Equilibrate the preparations at 37 °C for at least 30 min prior to the first application of 231 

force using the adjustable micrometer.  232 

 233 

1.3.14. Assess the tissue viability in 115 mM high potassium (NaCl replaced by KCl on a molar 234 

basis) Krebs containing 4.6 mM NaCl, 115 mM KCl, 2.5 mM CaCl2, 1.17 mM MgSO4, 1.17 mM 235 

KH2PO4, 25 mM NaHCO3 and 11.1 mM D-glucose at pH 7.4. 236 

 237 

NOTE: Isolated vessels are considered viable if the contractile force transduced and recorded as 238 

deflection above the baseline in the data recording software of the myograph system is more 239 

than 40% of their resting tone, in response to a contractile agent. If the artery does not contract 240 

appropriately, then either the optimal basal tension/wall pressure has not been properly 241 

adjusted or the artery may have been damaged during isolation or mounting of the vessel. 242 

 243 

1.3.15. (Optional) Assess the integrity of endothelial cells by applying phenylephrine to induce 244 

contraction of the vessel to 50% of the initial response to KCl (as recorded by the force transducer 245 

in the data recording software), followed by adding 1 µM acetylcholine.  246 

 247 

NOTE: A good blood vessel preparation is crucial for obtaining consistent and accurate results. A 248 

preparation should not be used for the experiment either if the endothelial integrity test is 249 

unsatisfactory or it does not respond to KCl, indicating that endothelial function or vascular 250 

smooth muscle contractility, respectively, are not satisfactory. In this case, the preparation 251 

should be replaced with a new ring from the same blood vessel or a new blood vessel. 252 

 253 

2. Normalization to determine the optimal initial tension  254 

 255 

NOTE: The normalization procedure allows the determination of the optimal internal diameter 256 

(IC) of arteries at which the blood vessel experiences a suitable resting transmural pressure (100 257 

mmHg or 13.3 kPa for mesenteric arteries) and produces maximal active forces in response to 258 

vasoactive agents.  259 

  260 



   

 

2.1. Switch on the computer and open the data recording software (see the Table of Materials). 261 

 262 

2.2.  Save the experiment as a “LabChart data file” with a new name to avoid overwriting the 263 

original setting file.  264 

 265 

2.3. Open the normalization settings window and set the k factor as 1. Accept the default values 266 

for eyepiece calibration (0.3, if vessel length is unknown, or 1 if vessel length is known), target 267 

pressure (13.3), online averaging time (2) and delay time (60). Click OK to save the settings. 268 

 269 

2.4. Select channels of interest and input the wire diameter (40 µm), tissue endpoints (a1: 0; a2: 270 

tissue length as measured), initial micrometer reading in the normalization window. 271 

 272 

2.5. Start the normalization procedure by applying the first passive stretch to the blood vessel 273 

(turn the micrometer screw counter-clockwise). 274 

 275 

2.6. Wait for the vessel to stabilize (3 min) and input the new micrometer reading in the 276 

normalization window. The wall tension is automatically calculated and shown as a point on the 277 

graph.  278 

 279 

NOTE: The micrometer "steps" used during the passive stretch do not need to be the same. The 280 

first few stretches could be 20 µm each. As the stretches get closer to the isobar line, the steps 281 

can be reduced to 10 µm, 5 µm, 2 µm or even smaller. Have the main chart window open while 282 

adjusting the micrometer settings—if a large spike exceeding the isobar line on a length/tension 283 

graph (which indicates points of pressure corresponding to a pre-determined value) appears, 284 

reduce the tension. 285 

 286 

2.7. After each passive stretch, replace the control Krebs with an iso-osmotic high potassium 287 

Krebs containing 115 mM KCl. When the contraction reaches a plateau (about 3 min), record the 288 

active force (F) by subtracting the passive force at each stretch from the potassium-activated 289 

force.  Calculate the wall tension as well as the internal circumference (IC) values. 290 

 291 

2.7.1. Measure active tension as the deflection above the baseline. The active tension (T) is 292 

calculated based on the equation F (mN) = T (mN/mm) x 2 x vessel length (mm). Internal 293 

circumference (IC) values are calculated from the micrometer data (IC = 205.6 µm + 2 x “gap”).  294 

 295 

2.8. Remove the high potassium condition by replacing with fresh Krebs. Repeat washing for 296 

three times over 5 min.  297 

 298 

2.9. Repeat steps 2.5 to 2.8 (by inducing passive stretches followed by active contraction in 299 

alternate turns) until the active tension starts to decrease (Figure 2).   300 

 301 

2.10. After multiple rounds of alternate stretches, the passive length/tension curves give the 302 

value of IC100, the internal circumference of the vessel at a transmural pressure of 100 mmHg, 303 

as the crossing point with the isobar line.  304 



   

 

 305 

NOTE: Each micrometer value during the passive stretches is manually introduced in the software 306 

Normalization Module. The program automatically records the corresponding force 307 

measurement to generate the passive length/tension curve, which gives the value of IC100 as 308 

the crossing point with the isobar line (Figure 2, right panels). The closer the last point is to the 309 

isobar line but just above the better normalization is without damaging the vessels. A point too 310 

far above the isobar line may physically damage the mounted vessel, causing unreliable results 311 

during the experiment.  312 

 313 

2.11. Create the active length/tension curves to determine IC1 values and calculate the 314 

normalization k factor as the ratio of IC1/IC100, which will be used for this type of blood vessel 315 

in subsequent myography experiments.  316 

 317 

NOTE: The active length/tension curves are created by plotting the IC values calculated from the 318 

micrometer data on the x-axis and active tensions on the y-axis. The IC1 is the value lying within 319 

the peak plateau region (red traces in Figure 2, right panels). After plotting the active 320 

length/tension curves and determining IC1, the normalization k factor is calculated as the ratio 321 

of IC1/IC100. Based on the normalization k factor, the optimal IC for baseline, denoted as IC1, 322 

will show on the passive length/tension curve. The micrometer setting for this IC appears under 323 

the curve and should be used to set the micropositioner for subsequent myography experiments. 324 

The initial tension (T) equals to target pressure (Pi) x IC/2π and the optimal force (F) applied to 325 

the vessel equals to T x 2 x vessel length.  326 

 327 

2.12. Thoroughly wash out the high potassium Krebs and equilibrate the preparations for another 328 

30 to 45 min. Reset the basal tensions to "zero" so that only active contractile responses will be 329 

recorded during the subsequent experiment.  330 

 331 

3. Phenylephrine-induced contractions 332 

 333 

NOTE: Drugs that can be selected for inducing the vasoconstrictive responses include the 334 

unspecific adrenoceptor agonist norepinephrine, the selective α-1 adrenoceptor agonist 335 

phenylephrine, the peptide hormone angiotensin II, and the monoamine neurotransmitter 5-336 

hydroxytryptamine. Phenylephrine is used in the present protocol for examination (Table of 337 

Materials).  338 

 339 

3.1. Prepare and mount paired arterial rings as described in section 1.3, one with PVAT intact and 340 

the other with PVAT removed, from the adjacent sections of each artery for the experiment. 341 

 342 

3.2. After normalization (described in section 2), pre-contract the arterial segments with high 343 

potassium Krebs buffer by adding 120 mM KCl solution to the chamber containing Krebs.  344 

 345 

3.3. Wait for contraction to plateau (3 min), wash out the high potassium and replace with fresh 346 

aerated Krebs buffer. Repeat washing three times over 5 min.  347 

 348 



   

 

3.4. Repeat the KCl stimulation and washing three times and record the maximal contractile 349 

response/tension to KCl by subtracting the baseline tension from the tension due to KCl 350 

stimulation. 351 

 352 

3.5. After the last contraction and washing, refill the chamber with warm, aerated Krebs buffer 353 

and allow the artery to recover for about 30 min before performing the next task. 354 

  355 

3.6. To each chamber, add cumulative amounts of phenylephrine (half-log increments from 10−10 356 

to 10−4 M) to induce the concentration-dependent increases in isometric tension of the quiescent 357 

preparations. 358 

 359 

3.6.1. Start by adding a low concentration of the agonist to the chamber. After allowing enough 360 

time for a stable contraction (3–5 min), add the next concentration. Repeat the steps with 361 

increasing concentrations of phenylephrine.  362 

 363 

3.7. After adding the last dose of agonist (phenylephrine), wash out the drug thoroughly and refill 364 

the chamber with fresh Krebs buffer. Plot the concentration-dependent responses as increasing 365 

percentages of the KCl-induced maximal contractions (Figure 3). 366 

 367 

3.8. (Optional) To assess the contribution of NO, incubate the preparations with the NO synthase 368 

inhibitor, L-NAME (10−4 M), for 30 min prior to the addition of phenylephrine. L-NAME enhances 369 

phenylephrine-induced contractions in the quiescent preparations of mesenteric arteries (Figure 370 

4). 371 

 372 

NOTE: The inhibitors or antagonists must have sufficient time to achieve equilibration, usually 373 

30–45 min (be consistent for any set of experiments).  374 

 375 

3.9. For performing a second concentration-response curve sequentially, wash the chamber 376 

completely and repeatedly to remove all of the previous agonists, until no further changes in 377 

tone are observed.  378 

 379 

NOTE: Parallel experimentation exposes at least two rings obtained from the same blood vessel 380 

to the agonist, one under control conditions and one in the presence of the inhibitor(s); in each 381 

ring the concentration-response curve will be performed only once. It is preferred to perform 382 

parallel experiments, since this provides a better control for the drug’s action and blood vessel 383 

sensitivity. Serial experiments obtain a concentration-response curve to an agonist in a single 384 

ring; washing it out, changing the experimental conditions (e.g., adding an inhibitor), and then 385 

repeating the concentration response curve on the same ring. In this case, time controls are 386 

needed to show that the drug responses are not due to changes of the tissue over time. One can 387 

never be certain that the tissue is in exactly the same state after exposure to a concentration-388 

response experiment. Sufficient time (at least 30–60 min) must be given to allow the vessel 389 

segments to return to their resting (basal) tension although in some case, this may not occur 390 

instantly after dissociation of the high affinity agonist from the receptors. In addition, high 391 

potassium Krebs can be applied between the cumulative concentration-response curves to 392 



   

 

reduce desensitization28. Remember that most antagonists cannot be washed out completely, 393 

thus keep adding it for the rest of the experiment. 394 

 395 

4. Endothelium-dependent relaxations/contractions  396 

 397 

4.1. Pre-contract a freshly mounted arterial segment (as described in steps 3.2 to 3.5). Again, 398 

record the maximal contractile response/tension to KCl by subtracting the baseline tension from 399 

the tension due to KCl stimulation. 400 

 401 

4.2. (Optional) Incubate the preparations with the NO synthase inhibitor, L-NAME (10−4 M), for 402 

30 min prior to the addition of U46619. 403 

 404 

4.3. Add the pre-calculated concentrations of U46619 to the chamber and allow a stable, 405 

sustained contraction of the artery segments. 406 

 407 

NOTE: Vasodilatory responses are induced in mesenteric arteries pre-contracted to about 80% of 408 

the maximal responses to 115 mM KCl. Different agonists can be used to induce contraction by 409 

activation of their specific receptors. Here, the blood vessel segments with or without PVAT are 410 

pre-contracted with U46619 (1–3 x 10-8 M; Table of Materials), a thromboxane A2 receptor 411 

agonist, to induce stable and sustained smooth muscle contractions. 412 

 413 

4.4. Add cumulative concentrations of acetylcholine (10−10 to 10−4 M) to the organ chamber. 414 

Concentration-dependent vasodilatory responses of artery segments are presented as 415 

percentage of U46619-induced contractile responses (Figure 5). 416 

 417 

NOTE: For most of the experiment, the next concentration of the relaxing agonist should be 418 

added immediately when a plateau is observed to prevent rebound in tension. Concentration-419 

dependent vasodilatory responses of artery segments are normalized as percentage of U46619-420 

induced contractile responses to adjust for minor differences in innervation and diameter 421 

between the artery segments (Figure 5).  Small variabilities in responsiveness between individual 422 

rings obtained from the same blood vessel become minimal when a group of six or more 423 

experiments are analyzed statistically. When expressing responses as a percentage of the 424 

individual tissue’s own maximal contractions, it is as appropriate to use a paired analysis (e.g., 425 

paired Student’s t-test) to compare responses of the same type of tissues from different animals 426 

as to compare responses of a single tissue before and after an intervention. When analyzing the 427 

effects of PVAT, two-way ANOVA is used followed by multiple-comparison test.  428 

 429 

4.5. After adding the final dose of the relaxing agonist, remove the drug from each chamber and 430 

refill with fresh Krebs buffer. Wash the chamber thoroughly with Krebs buffer and let the artery 431 

stabilize for at least 45 min before performing any additional experiments.  432 

 433 

REPRESENTATIVE RESULTS:  434 

 435 

Examination of the length/tension relationships to obtain the normalization factor k   436 



   

 

The amount of stretch applied to a vessel segment influences the extent of the actin-myosin 437 

interaction and hence the maximal active force developed. Thus, for every type of blood vessel, 438 

determining the amount of stretch needed for maximal active force is required for proper 439 

myography studies. Here, normalization of the length/tension relationship is performed for 440 

mesenteric arteries isolated from mouse models (Figure 2). The arterial segments were 441 

suspended in a four-chamber wire myograph system (see Table of Materials) on stainless steel 442 

pins (40 μm diameter). Isometric tension was recorded using an analog-to-digital converter 443 

connected to a computer with a recording program. Chambers contained 5 mL of Krebs buffer, 444 

kept at 37 °C and aerated with 95% O2 and 5% CO2 to maintain pH at 7.4 throughout the 445 

experiment. A passive length/tension relationship was established by incremental stretching of 446 

the artery segments until the internal circumference corresponding to 100 mmHg transmural 447 

pressure (IC100) was obtained. After each stretch (blue arrows), 115 mM KCl was applied to 448 

stimulate contractions (green arrows). The active length/tension curves (red) were plotted by 449 

extracting the active force data (subtracting the passive force at each stretch from the KCl-450 

activated force) on the Y-axis and then a graph was created manually with the IC values calculated 451 

from the micrometer data on the X-axis. An IC value lying within the peak plateau is IC1 (dashed 452 

red lines). The normalization factor k was calculated as IC1/IC100 ratios, which could then be 453 

applied to samples of the same vessel type in the subsequent experiment. 454 

 455 

Presentation and calculation of concentration-response curves 456 

Most concentration-response curves are performed in a cumulative manner. A low concentration 457 

of the agonist is added to the bath (preferably starting with a concentration below the threshold 458 

for response). After allowing enough time for a possible response (3–5 min), the next 459 

concentration is added. When a response is observed, it is allowed to reach a plateau before the 460 

next maximal response is obtained. The half-log (average 3.16-fold) increments in concentration 461 

of phenylephrine are applied here to study agonist-induced contractions (Figure 3 and Figure 4).  462 

 463 

In most cases, contraction-response curves are not expressed as the raw values of tension/force, 464 

but as a percentage of the reference response to KCl obtained at the optimal point of the 465 

length/tension curve of the individual blood vessel segment. This adjusts for variability in the size 466 

or smooth muscle content of the blood vessel as well as corrects for remodeling changes due to 467 

aging or pathology. Here, the maximal contractions induced by 115 mM KCl are obtained at the 468 

beginning of the experiment and used for calculating phenylephrine-stimulated contractions of 469 

mesenteric arteries with or without PVAT, in the absence or presence of L-NAME (Figure 3 and 470 

Figure 4).  471 

 472 

To study agonists producing relaxation, the vessels are usually contracted to a uniform level—473 

around 50–80% of the maximal contractile response of that tissue. Since the responses to 474 

phenylephrine-induced contractions are different between the experimental groups, the present 475 

protocol uses U46619 to stimulate stable contractions before applying the cumulative 476 

concentrations of acetylcholine. The smooth muscle relaxation is expressed as a percentage of 477 

the initial contraction induced by U46619 (Figure 5).  478 

 479 



   

 

The concentration-response curves can be compared as the presence of a leftward or rightward 480 

shift (e.g., between a control curve and one obtained in the presence of an antagonist) by 481 

determining the concentrations producing equal responses, e.g., 30% or 50% of the maximum. 482 

These are termed EC30 and EC50, respectively (Figure 3B). Statistical comparison of the mean EC50 483 

values should be performed on the logarithm of their values. Depression of curves is examined 484 

by comparing their respective maximal responses (Emax) (Figure 3B). In the examples shown, the 485 

phenylephrine-induced contractions in mesenteric arteries were enhanced by L-NAME and the 486 

concentration-response curves showed a leftward shift as well as an elevation in the maximal 487 

contractions (Figure 4B). The acetylcholine-induced relaxations in mesenteric arteries were 488 

inhibited by L-NAME, and the concentration-response curve showed a rightward shift as well as 489 

reduction in the maximal relaxations (Figure 5B). 490 

 491 

Vascular responses to various pharmacological agents can be computed as the area-under-the-492 

contraction-curve (AUCC) for contractions and area-above-the-relaxation-curve (AARC) for 493 

relaxations, respectively, by using the nonlinear logistic regression analysis for comparison10 494 

(Figure 3C, Figure 4C and Figure 5C).  The effect of L-NAME can be compared by the values of the 495 

AUCC/AARC to determine the NO bioavailability (Figure 6). The basal and stimulated release of 496 

NO in mesenteric arteries with or without PVAT can be expressed as the differences in the 497 

concentration-response curves of phenylephrine-stimulated contraction (AUCC) and 498 

acetylcholine-induced relaxation (AARC), respectively, in the presence or absence of L-NAME 499 

(Figure 6A and Figure 6B). In the example shown, the presence of PVAT reduced the NO 500 

bioavailability in mesenteric arteries collected from mice fed with high fat diet (Figure 6C).  501 

  502 

FIGURE AND TABLE LEGENDS:  503 

 504 

Figure 1: A schematic diagram of the wall structure of arteries. Endothelial cells in the tunica 505 

intima mediate endothelium-dependent relaxation/contraction of the vascular smooth muscle, 506 

whereas signals released from the perivascular adipose tissue modulates the cross-talks between 507 

different layers of the arterial wall.  508 

 509 

Figure 2: Representative traces illustrating an experiment to determine the optimal initial 510 

tensions for mouse mesenteric arteries. The blood vessel segments were prepared from 511 

mesenteric arteries collected from the 16-week-old mice fed with standard chow (A) or high fat 512 

diet (B). After mounting, the passive and active length/tension curves were obtained by step-513 

wise stretching and sequential stimulation with 115 mM KCl (left panels). The active contraction 514 

generated with each stimulation should increase as the vessel is progressively stretched, until it 515 

reaches a plateau at the optimal length. Further stretch will lead to a decrease in the active 516 

contraction. The IC100 and IC1 were determined by plotting the passive and active 517 

length/tensions curves, respectively (right panels). Note that the passive length/tension curve 518 

was generated by the Normalization Module after manually inputting the micrometer and force 519 

values, whereas the active length/tensions curves plotted manually after calculating the tension 520 

and IC values at each step of KCl stimulation. The IC1/IC100 ratios were calculated as 521 

normalization k factor (right panels). 522 

 523 



   

 

Figure 3: Output recordings of the vasoconstrictor responses to phenylephrine in mesenteric 524 

arteries with or without surrounding PVAT. Contractility studies are performed on preparations 525 

of mesenteric arteries from 16-week-old Adipo-SIRT1 transgenic mice, in which the human SIRT1 526 

is overexpressed selectively in adipose tissues29. Cumulative concentrations of phenylephrine 527 

were applied to stimulate the contractions of mesenteric arteries collected from 16-weeks old 528 

Adipo-SIRT1 mice (A). The contractile responses were recorded and calculated as percentage of 529 

115 mM KCl-induced maximal contraction (B). The area-under-the contraction curves (AUCC) 530 

were plotted for comparison (C). Note that PVAT from Adipo-SIRT1 mice elicited an anti-531 

contractile effect on the response to phenylephrine. -PVAT, arterial rings prepared without PVAT; 532 

+PVAT, arterial rings prepared with the surrounding PVAT.  533 

 534 

Figure 4. Output recordings of the vasoconstrictor responses to phenylephrine in mesenteric 535 

arteries with or without the surrounding PVAT, and in the absence or presence of L-NAME. 536 

Mesenteric arteries were collected from 16-week-old wild type mice fed with high fat diet. Thirty 537 

min after adding 10-4 M L-NAME or vehicle control, cumulative concentrations of phenylephrine 538 

were applied to stimulate the contractions of mesenteric arteries (A). The contractile responses 539 

were recorded and calculated as percentage of 115 mM KCl-induced maximal contraction (B). 540 

The area-under-the contraction curves (AUCC) were plotted for comparison (C). Note that PVAT 541 

from dietary obese mice did not elicit anti-contractile effects on the response to phenylephrine. 542 

-PVAT = arterial rings prepared without PVAT; +PVAT = arterial rings prepared with the 543 

surrounding PVAT; -L-NAME = in the absence of L-NAME; +L-NAME = in the presence of L-NAME.     544 

 545 

Figure 5. Output recordings of the vasodilator responses to acetylcholine in mesenteric arteries 546 

with or without the surrounding PVAT, and in the absence or presence of L-NAME. Mesenteric 547 

arteries were collected from 16-week-old mice fed with high fat diet. At 30 min after adding 10-4 548 

M L-NAME or vehicle control, the blood vessel segments with or without PVAT are pre-contracted 549 

with U46619 (1–3 x 10-8 M; Table of Materials), a thromboxane A2 receptor agonist, to induce 550 

stable and sustained smooth muscle contractions. Cumulative concentrations of acetylcholine 551 

were then applied to stimulate the relaxations of mesenteric arteries with or without the 552 

surrounding PVAT (A). The relaxation responses were recorded and calculated as percentage of 553 

U46619-induced contraction (B). The area-above-the relaxation curves (AARC) were plotted for 554 

comparison (C). -PVAT = arterial rings prepared without PVAT; +PVAT = arterial rings prepared 555 

with the surrounding PVAT; -L-NAME = in the absence of L-NAME; +L-NAME = in the presence of 556 

L-NAME. 557 

 558 

Figure 6. Illustration of the procedure to calculate NO bioavailability. The area-under-the-559 

contraction-curves (AUCC) and the area-above-the-relaxation-curves (AARC) were calculated 560 

based on the responses to cumulative concentrations of phenylephrine (A) and acetylcholine (B), 561 

respectively. The differences between preparations pre-treated without and with L-NAME were 562 

defined as ∆AUCC (A) and ∆ AARC (B) to represent basal NO contribution and stimulated NO 563 

release, respectively. Accordingly, the ∆AUCC (calculated from Figure 4C), ∆AARC (calculated 564 

from Figure 5C), and the sum of both (total NO bioavailability) were presented for comparing the 565 

NO bioavailability in mesenteric arteries without and with the surrounding PVAT (C). -PVAT = 566 



   

 

arterial rings prepared without PVAT; +PVAT = arterial rings prepared with the surrounding PVAT; 567 

-L-NAME = in the absence of L-NAME; +L-NAME = in the presence of L-NAME. 568 

  569 

DISCUSSION:  570 

Apart from the endothelial cells, signals derived from PVAT play an important role in the 571 

regulation of smooth muscle tone reactivity30. Healthy PVAT releases NO and anti-inflammatory 572 

adiponectin to exert an anti-contractile effect on arteries, which is lost under pathological 573 

conditions such as obesity and metabolic syndrome31,32. In disease states, PVAT contributes to 574 

the development of endothelial dysfunction and other cardiovascular abnormalities33,34. 575 

Abnormal eNOS expression and function have been reported in PVAT of arteries from obese 576 

animals35,36. Since both endothelial and PVAT dysfunctions contribute to the development of 577 

cardiovascular and metabolic abnormalities23,37, when performing ex vivo vascular experiment, 578 

their role should be considered by including in or removing them from the preparations.  579 

 580 

The wire myography system provides a convenient platform to dissect the vasoactive signals 581 

released from PVAT using different pharmacological probes10,38. However, the compositions in 582 

PVAT of different types of arteries, or the same arteries from animals of different genetic 583 

background, are not same39. Therefore, the wire myography results involving PVAT should not 584 

be compared across different types of arteries or the same type of arteries from mice of different 585 

strains. Age and the underlying disease states also affect the cellular compositions in PVAT. Here, 586 

mice from the same genetic background but with different genetic modifications in their adipose 587 

tissue were used for comparing the vasomodulating activity of PVAT.  588 

 589 

As a main source of resistance to blood flow, mesenteric arteries are chosen for the present study. 590 

Resting tension determines the amount of vasomotor responsiveness40. The optimal initial 591 

tension of the blood vessel is affected by the type of artery, age, diet, treatment and genetic 592 

background of the animals, thus should be determined individually before examining 593 

relaxation/contraction-response curves. For the present demonstration, the superior mesenteric 594 

arteries were collected from 16-week-old mice fed with standard chow or high fat diet starting 595 

from the age of four weeks. The present protocol emphasizes the establishment of optimal 596 

settings for maximal active force production of the arterial segments before assessing 597 

pharmacological responses. Both passive and active length/tension relationships are studied for 598 

mesenteric arteries collected from in-house mouse models. A normalization k factor of 1 has 599 

been established for preparations from the 16-week-old animals, which is different from the 600 

default value of 0.9 or those used by previous publications41. Caution is needed when comparing 601 

the normalization ratios in the literature due to possible differences in the technique, buffer 602 

composition and instrument models, etc.  In particular, age, diet and other pathophysiological 603 

conditions affect the passive and active tension as well as the pharmacodynamics characteristics 604 

of arteries42.      605 
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Concentrations

Acetylcholine (M)
Working  

solutions 

Prepared and stored in 

small aliquots at -20C
A 10-1 M (146.2 mg in 10 ml distilled H2O)

C 10-3 M (100 µL B in 900 µL Krebs) I

D 10-4 M (100 µL C in 900 µL Krebs) J

E 10-5 M (100 µL D in 900 µL Krebs) K

F 10-6 M (100 µL E in 900 µL Krebs) L

G 10-7 M (100 µL F in 900 µL Krebs) M

N

O

P

Q

R

S

T

Stocks

Prepared in the chamber during experiment

Prepared and stored at -

20C for experiment 

within one week

B 10-2 M (50 µL A in 450 µL Krebs) H
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Cumulative concentrations 

(M)

10-9.5 M (10 µL G in 5 mL Krebs)

10-9 M (35 µL G in 5 mL Krebs)

10-8.5 M (10 µL F in 5 mL Krebs)

10-8 M (35 µL F in 5 mL Krebs)

10-7.5 M (10 µL E in 5 mL Krebs)

10-7 M (35 ml E in 5 ml Krebs)

10-6.5 M (10 ml D in 5 ml Krebs)

10-6 M (35 µL D in 5 mL Krebs)

10-5.5 M (10 µL C in 5 mL Krebs)

10-5 M (35 µL C in 5 mL Krebs)

10-4.5 M (10 µL B in 5 mL Krebs)

10
-4

 M (35 µL B in 5 mL Krebs)

Prepared in the chamber during experiment

10-10 M (5 µL G in 5 mL Krebs)



Name of the 

reagent/Equipment
Company

Catalog /Model 

number

Stock 

concentr

ation

Acetylcholine Sigma-Aldrich A6625 10-1 M

L-NAME 

(Nω-nitro-L-arginine 

methyl ester)

Phenylephrine Sigma-Aldrich P6126 10-2 M

U46619

(9,11-dideoxy-

9α,11αmethanoepoxy 

prostaglandin F2α)

Multiwire myograph
Danish MyoTechnology 

(DMT)
620M -

PowerLab 4/26 ADInstruments ML848 -

Labchart7 ADInstruments - -

Adipo-SIRT1 wild type 

mice

Laboratory Animal Unit, 

The University of Hong 

Kong

CULATR NO.: 4085-16

Silicon-coated Petri dishes
Danish MyoTechnology 

(DMT)

Tungsten wires
Danish MyoTechnology 

(DMT)
300331

Surgical tools

Sigma-Aldrich N5751
3 x 10-2 

M

Enzo BML-PG023-0001 10-5 M
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Working 

concentration

10-10 to 10-5 M

10-10 to 10-5 M

-

-

-

10-4 M

1-3 x 10-8 M
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be recast, transformed, or adapted; “Institution” means 
the institution, listed on the last page of this Agreement, by 
which the Author was employed at the time of the creation 
of the Materials; “JoVE” means MyJove Corporation, a 
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article 
and / or the Video; “Parties” means the Author and JoVE; 
“Video” means any video(s) made by the Author, alone or 
in conjunction with any other parties, or by JoVE or its 
affiliates or agents, individually or in collaboration with the 
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear. 
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article 
and create and transmit videos based on the Article. In 
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video. 
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive, 
royalty-free, perpetual (for the full term of copyright in the 
Article, including any extensions thereto) license (a) to 
publish, reproduce, distribute, display and store the Article 
in all forms, formats and media whether now known or 
hereafter developed (including without limitation in print, 
digital and electronic form) throughout the world, (b) to 
translate the Article into other languages, create 
adaptations, summaries or extracts of the Article or other 
Derivative Works (including, without limitation, the Video) 
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such 
translations, adaptations, summaries, extracts, Derivative 
Works or Collective Works and(c) to license others to do any 
or all of the above. The foregoing rights may be exercised in 
all media and formats, whether now known or hereafter 
devised, and include the right to make such modifications 
as are technically necessary to exercise the rights in other 
media and formats. If the “Open Access” box has been 
checked in Item 1 above, JoVE and the Author hereby grant 
to the public all such rights in the Article as provided in, but 
subject to all limitations and requirements set forth in, the 
CRC License. 
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4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or 
teaching classes, and to post a copy of the Article on the 
Institution’s website or the Author’s personal website, in 
each case provided that a link to the Article on the JoVE 
website is provided and notice of JoVE’s copyright in the 
Article is included. All non-copyright intellectual property 
rights in and to the Article, such as patent rights, shall 
remain with the Author. 
5. Grant of Rights in Video – Standard Access. This 
Section 5 applies if the “Standard Access” box has been 
checked in Item 1 above or if no box has been checked in 
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author 
hereby acknowledges and agrees that, Subject to Section 7 
below, JoVE is and shall be the sole and exclusive owner of 
all rights of any nature, including, without limitation, all 
copyrights, in and to the Video. To the extent that, by law, 
the Author is deemed, now or at any time in the future, to 
have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE. 
6. Grant of Rights in Video – Open Access. This 
Section 6 applies only if the “Open Access” box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of 
copyright in the Article, including any extensions thereto) 
license (a) to publish, reproduce, distribute, display and 
store the Video in all forms, formats and media whether 
now known or hereafter developed (including without 
limitation in print, digital and electronic form) throughout 
the world, (b) to translate the Video into other languages, 
create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
any portion of the Video and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works 
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically 
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the 
Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License. 
7. Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in the course of his or her duties as a United States 
government employee, as indicated in Item 2 above, and 
any of the licenses or grants granted by the Author 
hereunder exceed the scope of the 17 U.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE the right to use the Author’s name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all 
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under 
all applicable privacy, likeness, personality or similar laws. 
10. Author Warranties. The Author represents and 
warrants that the Article is original, that it has not been 
published, that the copyright interest is owned by the 
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any 
other party. The Author represents and warrants that the 
author(s) listed at the top of this Agreement are the only 
authors of the Materials. If more than one author is listed 
at the top of this Agreement and if any such author has not 
entered into a separate Article and Video License 
Agreement with JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will 
continue to comply with all government, institutional and 
other regulations, including, without limitation all 
institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy, and all other rules, regulations, 
laws, procedures or guidelines, applicable to the Materials, 
and that all research involving human and animal subjects 
has been approved by the Author's relevant institutional 
review board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author’s 
facility, the Author shall ensure that the presence of JoVE 
employees, agents or independent contractors is in 
accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 
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discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify 
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney’s 
fees, arising out of any breach of any warranty or other 
representations contained herein. The Author further 
agrees to indemnify and hold harmless JoVE from and 
against any and all claims, costs, and expenses, including 
attorney’s fees, resulting from the breach by the Author of 
any representation or warranty contained herein or from 
allegations or instances of violation of intellectual property 
rights, damage to the Author’s or the Author’s institution’s 
facilities, fraud, libel, defamation, research, equipment, 
experiments, property damage, personal injury, violations 
of institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy or other rules, regulations, laws, 
procedures or guidelines, liabilities and other losses or 
damages related in any way to the submission of work to 
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of 
sterilization, lack of cleanliness or by contamination due to 

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication, 
JoVE must receive payment before production and 
publication of the Materials. Payment is due in 21 days of 
invoice. Should the Materials not be published due to an 
editorial or production decision, these funds will be 
returned to the Author. Withdrawal by the Author of any 
submitted Materials after final peer review approval will 
result in a US$1,200 fee to cover pre-production expenses 
incurred by JoVE. If payment is not received by the 
completion of filming, production and publication of the 
Materials will be suspended until payment is received. 
14. Transfer, Governing Law. This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees. This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to 
any conflict of law provision thereunder. This Agreement 
may be executed in counterparts, each of which shall be 
deemed an original, but all of which together shall be 
deemed to me one and the same agreement. A signed copy 
of this Agreement delivered by facsimile, e-mail or other 
means of electronic transmission shall be deemed to have 
the same legal effect as delivery of an original signed copy 
of this Agreement.
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Dear Dr. DSouza, 

RE: Your manuscript, JoVE59688 "Assessment of vascular tone responsiveness using isolated 

mesenteric arteries: modulation by perivascular adipose tissues," has been editorially and peer 

reviewed, and the following comments need to be addressed. 

We are grateful to you for sending us the valuable comments and suggestions from the editors.  Please find 

our detailed point-by-point responses to the editorial comments.  

 
Comment A1: 
 
Please note that the protocol was edited in terms of structure to match JoVE’s style 
requirements. E.g., I merged all the notes from section 5 to follow the relevant step. 
 

Response: The authors note your valuable comments and formatting, and are grateful. 

Comment A2: 

Please include an ethics statement before your numbered protocol steps indicating that the protocol 

follows the animal care guidelines of your institution 

Response: Ethical approval statement included.  

Comment A3: 

Please a 
 
Response: Statement in Comment A3 is not complete, so we are unable to provide response. 
 

Comment A4: 

How? Mention surgical tools used. 
 
Response: surgical method and tools included as sub-section 1.3.3. 
 

Comment A5: 

Mention animal strain, age, sex, weight. Add animal strain to the table of materials. 
 
Response: animal information included as sub-section 1.3.1. Information also included in table of 
materials. 
 

Comment A6: 

Rebuttal Letter Click here to access/download;Rebuttal Letter;JOVE_2nd
rebuttal_25022019.docx

https://www.editorialmanager.com/jove/download.aspx?id=986070&guid=d0ed63b5-59a7-419a-b5ea-7591dea419e4&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=986070&guid=d0ed63b5-59a7-419a-b5ea-7591dea419e4&scheme=1


Mention euthanasia method. 
 
Response: Euthanasia method included as sub-section 1.3.2 
 

Comment A7: 

Add to the table of materials. If coated in-house mention silicon concentration. 
 

Response: Revised as sub-section 1.3.4; also included in the table of materials. 

Comment A8: 

How is this done? Mention tools used. 
 
Response: Surgical procedure and tools included as sub-sections 1.3.5 and 1.3.6. 
 

Comment A9: 

Magnification? 
 

Response: Magnification included in sub-section 1.3.6 

Comment A10: 

Define 
 
Response: PVAT explained in sub-section 1.3.6 
 

Comment A11: 

This note is in reality a description of steps to be followed and must be re-written in the imperative 

voice. Please edit and make this into substeps of 1.3.4. Please ensure correct ordering of events. 

Response: Note revised as sub-section 1.3.11 to 1.3.14 

Comment A12: 

Remove the product name from the manuscript and add this to the table of materials. 
 

Response: Product name removed from manuscript and added to table of materials. 

Comment A13: 



Assessed by naked eye? Is the contraction measured by the force transducer? Please clarify 

Response: Clarified as ‘note’ under sub-section 1.3.16 

Comment A14: 

Is the contraction measured by the force transducer? Please clarify 

Response: Clarified in sub-section 1.3.17 

Comment A15: 

One of JoVE's policies is that the narrative in the video should sound objective and not biased towards 

the "features and benefits" of a product featured in the video, i.e the video should not feel like a 

commercial. To this end, we ask that you please reduce the number of instances of “LabChart” within 

your text. 

Response: Revised. 

Comment A16: 

Define 

Response: Defined in sub-section 2.7.1 

Comment A17: 

mention step numbers to be repeated. 
 

Response: Revised as sub-section 2.9 

Comment A18: 

Unclear. Is Krebs added back? 
 

Response: Revised as sub-section 2.8 

Comment A19: 

I have unhighlighted 2.8-2.9 as they lack filmable content 

Response: we note your correction with thanks. 

Comment A20: 

Define 
 



Response: Corrected - IC100 defined in sub-section 2.10. 
 

Comment A21: 

unclear what exactly is done here and it appears that several steps have not been described. How 
are the segments mounted? What is the K+ concentration in Krebs buffer. What is the KCl 
concentration? How is the measurement performed? Mention button clicks 
 
Response: Corrected and rephrased as sub-sections 3.1 to 3.6. 

Comment A22: 

Without any K+? 
 
Response: Corrected -  included in sub-section 3.2 
 

Comment A23: 

How? What is done exactly? Mention button clicks 
 
Response: Revised as sub-section 3.5 
 

Comment A24: 

Unclear. Please describe in detail or reference the steps where this was described previously. 
 
Response: Corrected – referenced in sub-section 4.1. 
 

Comment A25: 

Unclear. Please describe in detail or reference the steps where this was described previously. 
 
Response: Corrected – explained in sub-section 4.1. 
 

Comment A26: 

Please avoid commercial names. Ensure that this item is listed in the table of materials. 
 
Response: Commercial names removed from text, and items included in table of materials. 
 

Comment A27: 



Please avoid commercial names. Ensure that this item is listed in the table of materials. 
 

Response: Commercial names removed from text, and items included in table of materials. 
 

Comment A28: 

Please avoid commercial names. Ensure that this item is listed in the table of materials. 
 
Response: Commercial names removed from text, and items included in table of materials. 
 
 


