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SUMMARY:  23 
The primary goal of this article is to provide details of how to record membrane potential (Vm) 24 
from the middle cerebral artery using the microelectrode impalement method. The cannulated 25 
middle cerebral artery is equilibrated to gain myogenic tone, and the vessel wall is impaled using 26 
high resistance microelectrodes.  27 
 28 
ABSTRACT:  29 
Membrane potential (Vm) of vascular smooth muscle cells determines vessel tone and thus blood 30 
flow to an organ. Changes in the expression and function of ion channels and electrogenic pumps 31 
that regulate Vm in disease conditions could potentially alter Vm, vascular tone, and blood flow. 32 
Thus, a basic understanding of electrophysiology and the methods necessary to accurately record 33 
Vm in healthy and diseased states are essential. This method will allow modulating Vm using 34 
different pharmacological agents to restore Vm. Although there are several methods, each with 35 
its advantages and disadvantages, this article provides protocols to record Vm from cannulated 36 
resistance vessels such as the middle cerebral artery using the microelectrode impalement 37 
method. Middle cerebral arteries are allowed to gain myogenic tone in a myograph chamber, and 38 
the vessel wall is impaled using high resistance microelectrodes. The Vm signal is collected 39 
through an electrometer, digitized, and analyzed. This method provides an accurate reading of 40 
the Vm of a vessel wall without damaging the cells and without changing the membrane 41 
resistance.  42 
 43 
INTRODUCTION:  44 
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The membrane potential (Vm) of a cell refers to the relative difference of ionic charge across the 45 
plasma membrane and the relative permeability of the membrane to these ions. The Vm is 46 
generated by the differential distribution of ions and is maintained by ion channels and pumps. 47 
Ion channels such as K+, Na+, and Cl− contribute substantially to the resting Vm. Vascular smooth 48 
muscle cells (VSMCs) express more than four different types of K+ channels1, two types of voltage-49 
gated Ca2+ channels (VGCC)2, more than two types of Cl− channels3-5, store-operated Ca2+ 50 
channels6, stretch-activated cation channels7,8, and electrogenic sodium-potassium ATPase 51 
pumps9 in their plasma membranes, all of which may be involved in the regulation of Vm.  52 
 53 
The Vm of VSMCs depends on lumen pressure. In non-pressurized vessels, Vm varies from -50 to -54 
65 mV, however, in pressurized arterial segments, Vm ranges from -37 to -47 mV10. Elevation of 55 
intravascular pressure causes VSMCs to depolarize11, decreases the threshold for VGCC opening, 56 
and increases calcium influx contributing to the development of myogenic tone12. On the 57 
contrary, in passive or non-pressurized vessels, membrane hyperpolarization, due to high K+ 58 
channel activity, will prevent VGCC from opening, resulting in limited calcium entry and a 59 
decrease in intracellular calcium, contributing to less vascular tone13. Thus, Vm due to changes in 60 
lumen pressure appears to play an essential role in vascular tone development, and both VGCC 61 
and K+ channels play a crucial role in the regulation of Vm.  62 
 63 
Vm varies between vessel type and species. Vm is -54 ± 1.3 mV in guinea pig superior mesenteric 64 
arterial strips14, -45 ± 1 mV in the rat middle cerebral arteries at 60 mmHg lumen pressure12, and 65 
-35 ± 1 mV in rat parenchymal arteries at 40 mmHg lumen pressure15. The resting Vm recorded in 66 
unstretched rat lymphatic muscle is -48 ± 2 mV16. Vm of cerebral VSMCs is more negative than in 67 
peripheral arteries. In comparison, feline middle cerebral arteries were reported to have a Vm of 68 
approximately -70 mV, while mesenteric and coronary arteries were reported to have -49 and -69 
58 mV, respectively17,18. Differences in the Vm across vascular beds may reflect the differences in 70 
the expression and function of ion channels and electrogenic sodium-potassium pumps.  71 
 72 
Increases and decreases in Vm are referred to as membrane depolarization and hyperpolarization, 73 
respectively. These alterations in Vm play a central role in many physiological processes, including 74 
ion-channel gating, cell signaling, muscle contraction, and action potential propagation. At a fixed 75 
pressure, many endogenous and synthetic vasodilator compounds that activate K+ channels 76 
cause membrane hyperpolarization, resulting in vasodilation1,13. Conversely, sustained 77 
membrane depolarization is vital in agonist-induced or receptor-mediated vasoconstriction19. Vm 78 
is a critical variable that not only regulates Ca2+ influx through VGCC13 but also influences the 79 
release of Ca2+ from internal stores20,21 and Ca2+-sensitivity of the contractile apparatus22.  80 
 81 
While there are several methods to record Vm from different cell types, data collected from the 82 
microelectrode impalement method of cannulated vessels appears to be more physiological than 83 
data obtained from isolated VSMCs. When recorded from isolated VSMC using current clamp 84 
methods, Vm is seen as spontaneous transient hyperpolarizations in VSMCs24. Isolated VSMCs are 85 
not in the syncytium, and the changes in the series resistance may contribute to the oscillatory 86 
behavior of Vm. On the other hand, oscillatory behavior is not observed when Vm is recorded from 87 
intact vessels, probably due to cell-cell contact between VSMCs that are in syncytium in the artery 88 



  

and are summated throughout the vessel leading to a stable Vm
24. Thus, measurement of Vm from 89 

pressurized vessels using standard microelectrode impalement technique is relatively close to 90 
the physiological conditions.  91 
 92 
Recording Vm from cannulated vessels could provide vital information, since Vm of VSMCs that 93 
are in syncytium is one of the major determinants of vascular tone and blood flow, and 94 
modulation of the Vm could provide a way to dilate or constrict blood vessels. Thus, it is essential 95 
to understand the methodology involved in recording Vm. This article describes intracellular 96 
recording of Vm from cannulated middle cerebral arteries (MCAs) using a microelectrode 97 
impalement method. This protocol will describe how to prepare MCAs, microelectrodes, set up 98 
the electrometer and perform the impalement method to record Vm. Also, representative data, 99 
common issues that were encountered when using this method and potential issues are 100 
discussed.  101 
 102 
PROTOCOL:  103 
The male rats were housed in the Animal Care Facility at UMMC, which is approved by the 104 
Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC). Animals had 105 
free access to food and water throughout the study. Animals were maintained in a controlled 106 
environment with temperature at 24 ± 2 °C, humidity levels of 60–80% and 12 h light/dark cycles. 107 
All protocols were approved by the Animal Care and Use Committee of UMMC. 108 
 109 
1. Preparation of equipment  110 
 111 
1.1. Place a dual channel differential electrometer amplifier (see the Table of Materials) close to 112 
the vessel chamber and at the desired location. 113 
 114 
1.2. Connect the output of the amplifier channel A or B to the channel input of the digitizer with 115 
a BNC-BNC cable. 116 
 117 
1.3. Mount the probe in the micromanipulator and place it near the microscope and the 118 
myograph. The recording setup must be installed on a vibration-free table.  119 
 120 
1.4. Place the knobs and switches on the front of the amplifier in positions that configure it for 121 
this experiment as described in the manual.  122 
 123 
1.5. Connect the bath ground to the circuit ground of the amplifier via with an appropriate 124 
electrode. Similarly, ensure that the cage is grounded to the chassis of the amplifier. 125 
 126 
2. Preparation of microelectrodes and assembly 127 
 128 
2.1. Use borosilicate glass microelectrodes (see the Table of Materials) and pull the glass tip to 129 
have a 8–10 mm taper, diameter of <1 µm and resistance of 80–120 MΩ when filled with 3 M 130 
KCl.  131 
 132 



  

2.1.1. Use a standard puller to achieve a short gradual taper using the following settings: heat = 133 
650; velocity = 20; pull = 25; time = 250 and loop twice for higher resistances and smaller tips. 134 
See the Table of Materials as the settings are instrument-specific.  135 
 136 
NOTE: Tip diameters <1 µm will cause minimal damage to the cell when impaled.  137 
 138 
2.2. Fill the microelectrode with 3 M KCl using a microfiber syringe (see the Table of Materials).  139 
 140 
2.2.1. Slowly pull the plunger of the microfiber syringe up while injecting the 3 M KCl into the 141 
microelectrode to allow space for the fluid to fill and to prevent the formation of air bubbles 142 
inside the microelectrode. 143 
 144 
2.2.2. Fill the microelectrode until full and ensure that there are no air bubbles before placing it 145 
in the microelectrode holder. If bubbles are present, gently tap the microelectrode with a finger 146 
to remove the bubbles. 147 
 148 
2.3. Exercising care, firmly push the electrode shank into the holder through the bored hole. If 149 
excess fluid is present, remove it with a tissue. 150 
 151 
2.4. Connect the electrode holder assembly to the amplifier probe. Conduct an electrode test, 152 
adjust the input offset, verify zero setting and check the probe input leakage as per the amplifier 153 
manual.  154 
 155 
2.5. Measure electrode resistance using an electrode test as shown in Table 1.  156 
 157 
2.6. Note that a working electrode displays a positive DC voltage shift of 1 mV/MΩ at the channel 158 
output. On the other hand, if a large voltage appears at the channel output and on the meter, 159 
this indicates a blocked or broken electrode.  160 
 161 
2.7. Open the recording software, assign a name to the file and save it for future analysis in a 162 
storing software.  163 
 164 
3. Isolation and cannulation of the middle cerebral artery 165 
 166 
3.1. Preparation the reagents. 167 
 168 
3.1.1. Prepare normal and low calcium physiological salt solution (PSS) as described in Table 2.  169 
 170 
3.2. Prepare the myograph. 171 
 172 
3.2.1. Rinse the myograph chamber (see the Table of Materials) with distilled water multiple 173 
times to keep it free of debris. Load the chamber with 5 mL of normal PSS. 174 
 175 



  

3.2.2. Fill both glass cannulas with filtered normal PSS using a 5–10 mL syringe. Carefully fill the 176 
entire cannula and the attached tubing without introducing any air bubbles.  177 
 178 
3.2.3. Prepare two monofilament nylon sutures (10-0, 0.02 mm) with a half-knot each using blunt 179 
forceps.  180 
 181 
3.2.4. Place the partially closed suture knots on both cannulas slightly away from the tip using 182 
dissection forceps under a dissection microscope. Later these knots will be slid off and tied 183 
carefully onto the cannulated arterial ends to secure the vessel.  184 
 185 
3.3. Isolate and cannulate the middle cerebral artery. 186 
 187 
3.3.1. Induce deep anesthesia in a Sprague Dawley rat by using 2–4% inhaled isoflurane.  188 
 189 
3.3.2. Decapitate the rat using guillotine under deep anesthesia. 190 
 191 
3.3.3. Carefully remove the skull using a bone cutter and a scissor.  192 
 193 
3.3.4. Remove the brain from the skull and place it in 5 mL of low calcium PSS on ice.  194 
 195 
3.3.5. Identify and dissect out an unbranched segment of rat middle cerebral artery (MCA) with 196 
an inner diameter of 100–200 μm from the brain using spring scissors and forceps.  197 
 198 
3.3.6. Mount the MCA onto the glass cannulas using fine forceps and secure by tightening the 199 
sutures in the myograph containing normal PSS.  200 
 201 
3.3.7. Close off the distal cannula so that there will be no flow within the MCAs.  202 
 203 
3.3.8. Connect the inflow pipette to a reservoir holding PSS to allow for control of intraluminal 204 
pressure which will be monitored with an in-line pressure transducer.  205 
 206 
3.3.9. Visualize the cannulated MCAs using a charge-coupled device camera (see the Table of 207 
Materials) mounted on an inverted microscope and an imaging software.  208 
 209 
3.3.10. Set the axial length of the MCA to an approximate length where it should appear neither 210 
rigid nor flaccid.  211 
 212 
3.3.11. Equilibrate the bath solution with O2 (95%) and CO2 (5%) at 37 °C to provide adequate 213 
oxygenation, temperature and to maintain pH at 7.4. 214 
 215 
3.4. Impale (penetrate the cell plasma membrane) the vascular smooth muscle cells.  216 
 217 
3.4.1. Connect the ground electrode and keep it immersed in the PSS of the myograph.  218 
 219 



  

3.4.2. Illuminate the vessel chamber and look through the microscope to visualize the tip of the 220 
microelectrode in the bath solution.  221 
 222 
NOTE: Alternatively, one can visualize the MCA and microelectrode on a computer having an 223 
imaging software.  224 
  225 
3.4.3. Use the controls of the micromanipulator to move the tip of the microelectrode close to 226 
the outer wall of the blood vessel. The micromanipulator and the tip of the microelectrode must 227 
be in a stable position in relation to the tissue. 228 
 229 
NOTE: Before beginning experiments, confirm that the membrane voltage has stabilized. If the 230 
measured voltage is unstable, the connection between the electrode and the cell is not sealed, 231 
indicating a leak.  232 
 233 
3.4.4. Begin the recording.  234 
 235 
3.4.5. Slowly move the tip of the microelectrode towards the vessel, aiming for the center of the 236 
vessel using course or fine control of the micromanipulator.  237 
 238 
NOTE: Occasionally, a small deflection in the recording may be observed when the 239 
microelectrode tip contacts a muscle fiber membrane. 240 
 241 
3.4.6. When the tip comes in close proximity to the vessel, advance the electrode forward in one 242 
rapid motion using the micromanipulator to impale the membrane of the muscle.  243 
 244 
3.4.7. At this point, one can begin observing the changes in Vm being recorded. Do not touch the 245 
micromanipulator when the microelectrode impales the membrane of the cell.  246 
 247 
NOTE: The difference in voltage between the recording and reference electrode decreases from 248 
0 mV to between -40 mV and -75 mV depending on the level of intravascular pressure or other 249 
excitatory or inhibitory stimuli. These readings characterize the transmembrane potential 250 
difference of the current cell.  251 
 252 
3.4.8. Perform multiple impalements on a single vessel in different areas of the vessel without 253 
damaging VSMCs in order to get accurate measurements. 254 
 255 
3.4.9. After recording, use the manipulator to remove the microelectrode in one rapid 256 
movement.  257 
 258 
3.4.10. Stop the recording and save data files for further analysis. 259 
 260 
REPRESENTATIVE RESULTS:  261 
The presented method can be reliably used to record Vm in cannulated vessels. A brief procedure 262 
describing how to isolate MCA from the brain is presented in Figure 1A. After separating the brain 263 



  

from the skull, the MCA was dissected out and placed in a Petri dish containing low calcium PSS. 264 
Part of the connective tissue that was attached was also dissected along with MCA using spring 265 
scissors and forceps to prevent damage to MCA during the isolation. Carefully, connective tissue 266 
was also removed, and the dissected MCA was ready to transfer to the myograph. MCA was 267 
mounted on the cannulas and tied using suture knots on both ends of the cannulas in the 268 
myograph. A schematic representation of a typical microelectrode impalement method setup is 269 
shown in Figure 1B. A microelectrode filled with 3 M KCl was connected to the electrometer via 270 
a holder in the probe. Channel output of the electrometer was connected to an analog input 271 
channel of a digitizer using a BNC-BNC cable. Digitizer output was further connected to an 272 
oscilloscope to visualize the signal in the recording software. The ground is established using an 273 
AgCl pellet wire that was extended from the chassis of electrometer to the bath solution in the 274 
myograph. Finally, digital traces were visualized in the recording software on the computer 275 
monitor.  276 
 277 
The MCA was then incubated in freshly prepared warm PSS and was pressurized to 60 mmHg. 278 
Only vessels that gain tone were used for Vm recording. After the vessel gained significant tone, 279 
the microelectrode was advanced into the vessel wall. Arterial diameter and impalement of the 280 
artery were visualized using video microscopy. Impalement is considered successful when there 281 
is a rapid deflection to negative values, Vm is stable for ≥30 s, and the voltage returns abruptly to 282 
0 mV upon removal of the electrode as shown in Figure 212,15. Our results suggest that, in an MCA 283 
that is pressurized to 60 mmHg, the Vm is ~ -43.2 ± 2.9 mV.  284 
 285 
After a successful impalement and Vm stabilization, the drugs that change the Vm were perfused 286 
in the bath and changes in the Vm were recorded. We used 20 mM KCl to depolarize and 20 µM 287 
NS1619, a synthetic large conductance potassium channel opener, to hyperpolarize the 288 
membrane. Our results suggest that perfusion of the chamber with KCl depolarized the 289 
membrane by ~ 5.8 ± 0.18 mV. On the other hand, perfusion with NS1619 hyperpolarized the 290 
membrane by ~ 3.8 ± 0.4 mV.  291 
 292 
FIGURE AND TABLE LEGENDS:  293 
 294 
Figure 1: An illustration of isolation of middle cerebral arteries and recording of membrane 295 
potential using microelectrode impalement method. (A) Using spring scissors, cut the brain or 296 
connective tissue along the dotted lines. Transfer and mount the MCA between the two glass 297 
cannulas and secure it using sutures in the myograph chamber filled with PSS. (B) A 298 
microelectrode filled with 3 M KCl is inserted into the holder and is connected to the probe. 299 
Changes in transmembrane potential travel from the probe to an electrometer and to the 300 
digitizer via a BNC cable (BNC cable is connected from channel output of electrometer and to an 301 
analog input of a digitizer). The digitized potential is seen in the recording software on the 302 
monitor. The ground is established using an AgCl pellet wire connected from the electrometer to 303 
the bath solution in the myograph. MCA = middle cerebral artery; PSS = physiological salt 304 
solution; AgCl = silver chloride. 305 
 306 
Figure 2: Recording of membrane potential using microelectrode impalement method from 307 



  

cannulated middle cerebral arteries. Representative trace of Vm. Impalement is considered 308 
successful if there is an abrupt deflection to negative values upon electrode entry, Vm is stable 309 
for ≥30 s, and the voltage returns abruptly to 0 mV upon removal of the electrode. The X-axis 310 
represent the time, and the Y-axis represents the membrane potential. The dotted line 311 
represents the adjusted baseline before the impalement of the vessel. Sec = seconds.  312 
 313 
Figure 3: Recording of changes in the membrane potential using microelectrode impalement 314 
method when vessels are exposed to vasoactive agents. Vm was recorded using microelectrode 315 
impalement method from cannulated middle cerebral arteries before and after exposure to 316 
vasoactive agents. Sample trace represents (A) depolarization in response to 20 mM KCl and (B) 317 
hyperpolarization in response to 20 µM NS1619—a large conductance potassium channel 318 
agonist. (C) Summary bar graph of the changes in Vm before and after application of KCl and 319 
NS1619. The dotted line represents resting Vm. The number in the parenthesis represents the 320 
number of vessels used in the study. Note that Vm reached baseline as soon as the drug is washed 321 
out. Error bar represents the standard error of the mean. Sec = seconds.  322 
 323 
Table 1: Settings of electrometer to measure electrode resistance.  324 
 325 
Table 2: Reagents used in the preparation of low calcium and normal physiological salt solution. 326 
 327 
DISCUSSION:  328 
This article provides the necessary steps on how to use a sharp microelectrode impalement 329 
method to record Vm from a cannulated vessel preparation. This method is widely used, and 330 
offers high-quality, consistent recordings of Vm that answer a wide range of experimental 331 
questions.  332 
 333 
Some critical considerations and troubleshooting steps are described here to ensure success of 334 
the method. The quality of the microelectrode (its sharpness and resistance) and the cellular 335 
process it penetrates influence the stability and accuracy of Vm. If the signal continuously drifts 336 
or is above or below the amplifier’s recording range, it is most likely that the electrode is blocked, 337 
or the tip is broken. If the impalement is only partial, insufficient, or damages the cell, the 338 
recorded potential climbs back to 0 mV resulting in an unstable signal or no signal. In some cases, 339 
the contents of the cell can also block the very high resistance electrode. All these problems can 340 
be overcome by merely replacing the electrode with a new one.  341 
 342 
For successful impalement, one must ensure that the total resistance of the cell membrane is 343 
unaltered, and the measured membrane potential is stable with no leaks between the electrode 344 
and the membrane. It is critical that the electrode is advanced towards the cell by a stable 345 
micromanipulator. When advanced to within a few micrometers of the cell, the tip potential will 346 
change resulting in a slight deflection in the detected voltage. To avoid damaging the tip of the 347 
electrode or stretching of the cell membrane, rapid advancement of the electrode is required. 348 
Successful impalement is characterized by a rapid drop in membrane potential followed by a 349 
stabilization around the resting potential of the membrane. If the potential reading fluctuates, it 350 
is possible that the tip of the electrode has disrupted the membrane causing sodium to leak into 351 



  

the cell and potassium to leak out of the cell, resulting in progressive depolarization. Another 352 
problem in this method is that junction potentials and electrode tip potentials can add an 353 
unnecessary artifact to the Vm recording. Junction potentials occur when differing conductors 354 
come into contact. There are two different types of junction potentials, liquid-metal, and liquid-355 
liquid. Liquid-metal junctions are formed when the tip of the probe contacts the electrolyte in 356 
the micropipette. Liquid-liquid junctions, also called liquid junction potential, occur when two 357 
solutions of varying concentrations come into contact. The diffusion of the ions between the 358 
solutions contributes to the development of the potential. Besides, the properties of the glass 359 
electrode tip interacting with liquid can generate tip potentials. To minimize the junction as well 360 
as tip potentials, zeroing the measured potential in the bath could reduce the unwanted bias. 361 
During impalement, one cannot rule out the possibility that endothelial, rather than smooth 362 
muscle, Vm could inadvertently be sampled in some experiments. However, studies indicate that 363 
the endothelium and VSMC layers are electrically coupled in small arterioles and exhibit similar 364 
Vm responses23. 365 
 366 
Ultimately, three steps in this process are critical to achieving successful recordings. First, vessels 367 
must be appropriately prepared, ensuring that they are not damaged in the process. Second, 368 
microelectrodes must be pulled to the right electrical properties. Finally, rapid impalement of the 369 
membrane without breaking the tip is crucial for accurate results. The investigator must 370 
understand electrophysiology, how to create viable microelectrodes, and how to set up and use 371 
an electrometer.  372 
 373 
Despite its importance, this method has various limitations. First, the aggregate cost to procure 374 
all the equipment is high (~$30–40,000). Second, fresh vessels are needed for all these 375 
experiments; hence an animal is euthanized for each experiment, adding to the overall cost. 376 
Third, dissection of cerebral arteries, cannulation of the vessels is tedious, expensive and has a 377 
learning curve. Fourth, preparing microelectrodes, impalement, and recording Vm requires a 378 
thorough understanding of the electrophysiology. Finally, to establish this set up in the lab 379 
requires dedicated staff, time and effort. 380 
 381 
Vm is an essential electrophysiological property that determines the vascular tone and thus blood 382 
flow to an organ. Vm could be altered by several vasoactive chemicals that are released from 383 
neurons, endothelium and blood components. While vasoconstrictors depolarize the membrane, 384 
dilators hyperpolarize the membrane. Several proteins including K+ channels, VGCC, sodium 385 
potassium ATPase, Ca2+ ATPase, Cl- channels, store-operated and stretch channels regulate the 386 
Vm. Alterations in any of these proteins in disease conditions could potentially alter Vm and thus 387 
vascular tone and blood flow. The microelectrode impalement method is useful to record resting 388 
as well as changes in Vm in response to vasoconstrictors and dilators. So, this method could be 389 
used reliably to understand normal and altered Vm associated with disease, and may be useful in 390 
the development of pharmacological agents designed to modulate Vm, vascular tone and blood 391 
flow.  392 
 393 
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Settings of electrometer to measure electrode resistance

Meter Input   Channel A or B 

Position toggle   In 

Meter range  toggle to 200 mV 

Electrode  In the bath 

Mode   Operate to Electrode test 

Meter indication  1 mV/MΩ

Table 1 Click here to access/download;Table;Table 1.xlsx
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Chemicals  low calcium PSS mM Normal PSS mM

1  NaCl  119.00  119.00 

2  KCl  4.70  4.70 

3  MgSO4  1.17  1.17 

4  CaCl2  0.05  1.60 

5  HEPES  5.00  5.00 

6  Glucose  10.00  10.00 

7  NaH2PO4  1.18  1.18 

8  NaHCO3  18.00  18.00 

pH: 7.4  pH: 7.4 
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Company Catalog

Sigma S7653

Sigma P4504

Sigma M7506

Sigma C3881

Sigma H7006

Sigma G7021

Sigma S0751

Sigma S5761



Name Company Catalog 

Dissection instruments

Aneshetic Vaporiser Parkland scientific V3000PK

Dissection microscope Nikon Instruments Inc., NY Eclipse Ti-S
Kleine Guillotine Type  7575  Harvard Apparatus, MA 73-198

Littauer Bone Cutter Fine science tools 16152-15

Moria MC40 Ultra Fine Forceps Fine science tools 11370-40

Surgical scissors Sharp-Blunt Fine science tools 14008-14

Suture Harvard Apparatus 72-3287

Vannas Spring Scissors Fine science tools 15018-10

Electrophysiology Instruments

Charge-coupled device camera Qimaging, , BC Retiga 2000R

Differential electrometer amplifier WPI FD223A

In-line pressure transducer  Harvard Apparatus, MA MA1 72-4496

Micromanipulator Thor labs PCS-5400

Microelectrodes Warner Instruments LLC, CT G200-6, 

Micro Fil  (Microfiber syringe) WPI MF28G67-5

Microelectrode holder WPI MEH1SF

Myograph Living Systems Instrumentation, VT  CH-1-SH

Puller Sutter Instrument, San Rafael, CA  P-97 

Vibration-free table TMC 3435-14

Softwares

Clampex 10 Molecular devices

p Clamp 10 Molecular devices

Imaging software Nikon, NY NIS-elements

Chemicals 

NaCl  Sigma S7653

KCl  Sigma P4504

MgSO4  Sigma M7506

CaCl2  Sigma C3881

HEPES  Sigma H7006

Glucose  Sigma G7021

NaH2PO4  Sigma S0751

NaHCO3  Sigma S5761
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March 8th , 2019 
Alisha Dsouza 
Senior Review Editor 
JoVE 
 
Dear Dr. Dsouza, 
 
Enclosed is a revised version of our manuscript (JoVE59072R1) “Microelectrode impalement 
method to record membrane potential from cannulated middle cerebral artery.” We thank the 
reviewers for the valuable critiques. We have addressed all the major and minor concerns raised 
by the reviewers. Please find the responses for the respective queries below. 
 
Editorial comments: 
Changes to be made by the author(s) regarding the manuscript: 
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no 
spelling or grammar issues. Response: Reviewed and ensured there are no spelling or grammar 
issues.  
2. Please provide an email address for each author. Response: Provided on title page, line 11.   
3. Please expand your Introduction to include the following: advantages of the method over 
alternative techniques with applicable references to previous studies and Information that can 
help readers to determine if the method is appropriate for their application. Response: 
Expanded introduction on page 2 from lines 129 to 138.  
4. Please include an ethics statement before your numbered protocol steps, indicating that the 
protocol follows the animal care guidelines of your institution. Response: Included on page 3 
from lines 149 to 153.  
5. JoVE cannot publish manuscripts containing commercial language. This includes trademark 
symbols (™), registered symbols (®), and company names before an instrument or reagent. 
Please remove all commercial language from your manuscript and use generic terms instead. All 
commercial products should be sufficiently referenced in the Table of Materials and Reagents. 
You may use the generic term followed by “(see table of materials)” to draw the readers’ 
attention to specific commercial names. Examples of commercial sounding language in your 
manuscript are: Warner Instruments LLC, Sutter Instrument, MicroFil (WPI), Clampex 10, 
molecular devices, Living Systems Instrumentation, Milli-Q, Nikon Instruments Inc., Harvard 
Apparatus, etc. Response: All commercial language is deleted. 
6. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For 
example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please refrain from 
using bullets, dashes, or indentations. Response: Adjusted the numbering.  
7. Please revise the protocol to contain only action items that direct the reader to do something 
(e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in 
complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” 
and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense 
may be added as a “Note.” Please include all safety procedures and use of hoods, etc. However, 
notes should be used sparingly and actions should be described in the imperative tense wherever 
possible. Please move the discussion about the protocol to the Discussion. Response: Revised 
the protocol accordingly.  
8. A schematic of the equipment and the setup as Figure 1 would greatly aid in the protocol. 

Rebuttal Letter Click here to access/download;Rebuttal Letter;JoVE Pabbidi
Rebuttal letter 030819.pdf
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Response: We revised the Figure 1 accordingly. We have included a schematic 
representation of the equipment and also explained in the figure legend and in results 
section.  
9. Lines 191-193: Please specify what animals are used here. Are animals anesthetized before the 
procedure? Also, please describe how the surgical procedure is done and specify all surgical 
tools used. Response: Specified the animal, anesthesia and surgical procedure on page 4 
from lines 211 to 216. All surgical tools are provided in the table of materials. 
10. Please include single-line spaces between all paragraphs, headings, steps, etc. Response: 
Included. 
11. After you have made all the recommended changes to your protocol (listed above), please 
highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies the 
essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the 
most cohesive story of the Protocol. Response: Highlighted.  
12. Please highlight complete sentences (not parts of sentences). Please ensure that the 
highlighted part of the step includes at least one action that is written in imperative tense. Notes 
cannot usually be filmed and should be excluded from the highlighting. Please do not highlight 
any steps describing anesthetization and euthanasia. Response: Highlighted only imperative 
sentences. 
13. Please include all relevant details that are required to perform the step in the highlighting. For 
example: If step 2.5 is highlighted for filming and the details of how to perform the step are 
given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be 
highlighted. Response: Highlighted the details also. 
14. Figure 1: Please change “Agcl” to “AgCl”. Response: Changed. 
15. Figure 2: Please include an x-axis and explain what the dotted line represents. Response: 
included and explained on page 7 from line 311 to 313.  
16. Figure 3: Please include a space between numbers and their corresponding units (100 nM). 
Please change the time unit “sec” to “s”. Please define the error bars and the asterisk symbol in 
the figure legend. Response: This figure is deleted in the revised version of the article.  
17. Table 1: Please include a space between numbers and their corresponding units (200 mV, 1 
mV/MΩ). Please remove the period after “mV/MΩ” in the last row. Response: Included. 
18. Table 2: Please apply subscript formatting to the number “2” in CaCl2. Response: Applied.  
19. Please revise the Table of Materials to include the name, company, and catalog number of all 
relevant supplies, reagents, equipment and software in separate columns in an xls/xlsx file. 
Please sort the items in alphabetical order according to the name of material/equipment. 
Response: Revised the Table of Materials accordingly.  
20. References: Please do not abbreviate journal titles. Response: Complete Journal title is 
provided on page 9-10.  
 
Reviewer #1: 
Manuscript Summary: 
This is a well-thought out protocol paper investigating membrane potentials in whole middle 
cerebral arteries. This is very beneficial for the vascular community taking this one step further 
from cell culture to essentially an organ culture patch. Utilizing electrophysiological derived 
techniques, the authors are able to record membrane potentials in whole arteries. Only minor 
concerns exist. 
 



Major Concerns: NA 
 
Minor Concerns: 
Line 108/109, Can this technique be done in other isolated artery preparations? Response: Yes, 
previous studies have shown and used this method in isolated mesenteric arterial strips, 
lymphatic vessels (Harder and Sperelakis 1979 and Von der Weid et al., 2014). 
Line 154, catalog number of MicroFil Response: Catalog number is provided in the table of 
materials in table 2.  
Line 251 and others in the representative results, please correlate to the fig. Response: Revised 
results to correlate with the figures on page 6-7 from line 297 to 306. 
Line 254 did you show how to isolate MCA. That would be helpful utilizing an illustration. 
Response: An illustration showing the dissection of MCA is incorporated into the figure 1 
and shown as figure 1A.  Description is provided in the legend on page 6 from line 298 to 
300 as well as in the results on page 6 from line 263 to 269.  
 
Reviewer #2: 
Manuscript Summary: 
This manuscript should provide a useful adjunct for the JOVE video. However, the authors 
should address the following requests for clarification. 
 
Major Concerns: 
 
1. Line 137 - The electrometer manufacturer should be mentioned here. Response: Mentioned 
in table of materials table 2. 

2. Line 150 - Insert "(when filled with 3M KCl)" after "resistances". Response: Inserted on 
page 3 from line 170 to 171. 
3. Line 195 - A comment regarding setting of the axial length of the isolated artery would be 
useful as this will likely contribute to impalement success rate. Response: Commented on page 
5 from line 224 to 225. 
4. Line 206 - change "soaked" to "immersed". Response: changed on page 5 from line 230. 
5. Line 212 - The brand/type of manipulator should be mentioned here. Response: Mentioned in 
table of materials table 2 
6. Line 227 - Insert "depending on the level of intravascular pressure or other excitatory or 
inhibitory stimuli" after "-75mV". Response: Inserted on page 5 from line 251 to 253. 
7. Line 227 - Delete "resting potential" and insert "transmembrane potential difference" . 
Response: Inserted on page 5 from line 251 to 253 
8. Line 250 - Insert "the" after "to". Response: Inserted on page 6 line 275. 
9. Lines 283-289, lines 339-350, and Figure 3 - The topic of this methods article is measurement 
of vascular smooth muscle membrane potential in intact arteries. The data in figure 3 are patch 
clamp data using isolated cells. These results are out of context, and the relevance and 
importance of the discussion (lines 339-350) are vague and speculative. These data and this 
discussion should be omitted. Response: Deleted this figure. Both results and discussion are 



revised accordingly.   
10. Lines 362 - 364 - This sentence is somewhat vague. Suggest changing to "Thus, this method 
can be used reliably to understand normal and altered Vm associated with disease, and may be 
useful in the development and application of pharmacological agents designed to modulate Vm, 
vascular tone and blood flow. Response: Changed on page 8 from line 393 to 395. 
 
 
 
Reviewer #3: 
Manuscript Summary: 
Joey T et al. used microelectrode impalement method to record membrane potential from 
cannulated middle cerebral artery and it is really important in electrophysiology study. The 
method is useful for researchers to start the experiment. However, some problems should be 
addressed and additional data should be shown to clarify this completely method. 
 
Major Concerns: 
1: For equipment, I strongly suggest author provide a picture to show the equipment and point 
out which one is what? Response: Modified Figure1 accordingly. Equipment is shown in the 
figure 1.  
2: It is better to provide parameter of P-97 puller for pull 80-120 MΩ resistances microelectrode. 
Response: Parameters are provided on page 3 line 174 to 175.  
3: In representative results, authors should show the resting membrane potential when the 
microelectrode come into the vascular smooth muscle cell, but should show some positive 
response like high K+ solution-induced depolarization and K+ channel activation-induced 
hyperpolarization. Response: 20mM KCl is used to induce depolarization and 20µM NS1619 
a BK channel opener is used to elicit hyperpolarization. Both representative traces and 
data is shown in figure 3.  Figure legends, and result section are also modified accordingly.  

4: In representative results, it is strange to show a result of perforated whole-cell patch clamp. 
The result is completely not related to the microelectrode method. Response: This data is 
deleted in the revised version of the article.   
 
Minor Concerns: 
Some redundant blanks are in the text: line 284, 256…. Response: Deleted.  

Between unit and number should have a blank: line 260, 269, 270, 286…… Response: Included 
space between unit and number across the manuscript. 

 


