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 25 

SUMMARY 26 

Earthworms are a novel invertebrate in vivo bench-top model for vasculature studies. We present 27 

techniques and equipment that allow efficient surgery and microinjection into the earthworm 28 

vasculature. Surgical protocols, microinjection techniques and the procedure for producing 29 

custom-made micropipettes are described. 30 

 31 

ABSTRACT 32 

Although vertebrates are indispensable to biomedical research, studies are often limited by 33 

factors such as cost, lengthy internal review, and ethical considerations. We present the 34 

earthworm as an alternative, low-cost, invertebrate applicable to certain preliminary vasculature 35 

studies. Due to the surgical availability of the earthworm’s dorsal vessels, ventral vessels, and 36 

five pairs of pseudo hearts, earthworms are readily accessible, offer low-cost maintenance, and 37 

require administration of only small doses of a given compound. The earthworm model provides 38 

a simple closed vascular circulatory system with a hemoglobin structure similar to human blood. 39 

A protocol is provided for anaesthetizing the earthworms and performing surgical incisions to 40 

expose relevant blood vessels. Micropipettes for compound administration are formed by 41 

heating and pulling glass with a pipette puller and using a beveling system to create a micron-42 

scale fine needle tip. The tips are then used with a micropositioner and microinjector to inject 43 

arbitrary compounds into the vascular system of an earthworm, repeatably, with the availability 44 
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of large sample sizes and small compound volumes. Details on the intricacies of injection 45 

procedure are provided. The small vessel size of the earthworm is challenging, particularly in the 46 

case of the ventral vessel; however, mastery of the techniques presented offers high repeatability 47 

as a low-cost solution, making studies of very large sample size practical. 48 

 49 

INTRODUCTION 50 

The earthworm has been used as an important bioindicator and bioassay for previous scientific 51 

applications1-6; it is an ideal organism for assessing biological risks from hazardous and toxic 52 

waste in terrestrial environments for in situ and bioaccumulation studies, such as biocides 53 

(insecticides) in soil and adverse ecotoxicological effects7-10. Additionally, due to bioprospecting, 54 

the earthworm is an alternative source of fibrinolytic, anti-coagulative, anti-microbial, and anti-55 

cancer molecules11-12; to the point that a team in 1991 extracted and purified lumbricine from 56 

the earthworm skin and placed on mammary tumors of SHN mice, which led to tumor growth 57 

inhibition13. The earthworm is also a pedagogically useful animal model, as it can be used to 58 

expose students to surgery and to understanding the anatomy of a specimen; from studying 59 

blood circulation to electrophysiology14-15.  60 

 61 

In our own research we have examined the response of the vessels of live earthworms to high 62 

intensity ultrasound18. We found that vessel rupture in the worm occurred under conditions 63 

similar to those that we associated in rupture damage in human micro-vessels. Our ongoing work 64 

involves injection of microbubbles into the earthworm vasculature. Microbubbles are composed 65 

of a heavy gas encased by a lipid, albumin or polymer shell, these agents can be used as image 66 

contrast agents as well as vehicles for targeted drug delivery. 67 

 68 

This novel protocol is relevant to any study that would benefit from intravenous (IV) injection of 69 

a compound that could utilize the earthworm’s natural bioindicators. The approach is based 70 

around IV microinjection into one of several possible entry points, including any of the 71 

earthworm’s five-pair pseudo hearts, the dorsal vessel, and the ventral vessel. The procedure 72 

involves an elaborate surgical incision to expose the vessels, followed by a micro-positioner-73 

controlled injection. This is achieved using custom micropipettes constructed specifically for 74 

earthworm vascular microinjection. These micropipettes allow precision targeting of vessels as 75 

small as a 90 µm diameter ventral vessel. 76 

 77 

This protocol is designed to improve upon earlier micro-pipetting techniques, including a 1948 78 

study for the extraction of earthworm blood and urine16. As seen in Figure S1, the setup for this 79 

extraction can be difficult, and, as stated by the author, can take up to one hour or longer. A 80 

similar method was developed in 1970, but the author experienced multiple broken tips while 81 

injecting fluids into the giant fibers of the earthworm17. In the present method described below, 82 

extraction of blood is a matter of seconds to minutes and is relevant to both the injection of 83 

compounds and extraction of earthworm fluids. In this specific case, we injected contrast agents, 84 

microbubbles.  85 

 86 

PROTOCOL 87 

 88 



1. Micropipette preparation: pulling glass and beveling tip 89 

 90 

1.1. Micropipette pulling 91 

 92 

1.1.1. Turn on the micropipette puller and select a program to enter specific parameters for 93 

earthworm microinjection.  94 

 95 

1.1.2. Set parameters to Pressure=500, Pull=75, Time=250, Heat=336, and Velocity=70. Results 96 

may vary puller to puller; therefore, experiment with parameters to achieve desired tip (size, 97 

sharpness, shape, etc.). 98 

 99 

1.1.3. Be sure to conduct a RAMP test to determine the heat value for the micropipettes before 100 

pulling them, as this could lead to burning out the trough filament or breaking the glass. 101 

 102 

1.1.4. If the air pressure needs to be changed, press the clear button, select no (0) when asked 103 

to clear all values, and select change pressure (2). This process may vary puller-to-puller; 104 

therefore, seek the instrument manual in order to change pressure settings. 105 

 106 

1.1.5. Open the micropipette puller lid and load a micropipette into the puller. The micropipette 107 

glass used was borosilicate glass with filament pipette: 10 cm in length, outer diameter: 1.5 mm 108 

and inner diameter: 0.86 mm. 109 

 110 

1.1.6. Slide the pipette into the V-groove from the right along the pipette slit until the end of 111 

the pipette aligns with the end of the pipette holder. To ensure the pipette can travel across the 112 

filament to the opposite side, push the pipette as far as possible while ensuring that it remains 113 

resting on the pipette slit. 114 

 115 

1.1.7. To lock in the pipette, tighten the knob on the right side and slide the locked system along 116 

with the pipette until it reaches the other side of the puller through the filament. Finally, lock in 117 

the left side of the pipette to the puller. The pipette should be in the middle of the filament; see 118 

the manual for instructions on how to properly align the pipette. 119 

 120 

1.1.8. Once the pipette is loaded, close the puller, press the pull button, and wait until the 121 

pipette is pulled before removing the two resulting pipettes. 122 

 123 

1.1.9. Untighten the knobs to remove the pipettes and be careful not to clip the pipettes during 124 

removal from the slit. 125 

 126 

1.1.10. Place the pulled micropipettes on a micropipette holder or some type of support to hold 127 

the micropipette in place and to allow easy rotation without breaking the pulled micropipettes. 128 

We have developed our own micropipette holder that can be created in a machine shop or even 129 

3D-printed. 130 

 131 

NOTE: The protocol can be paused here. 132 



 133 

1.1.11. Place the micropipette holder under the microscope and use a camera program, or a 134 

similar software, to capture a picture of the pulled micropipettes and to record the tip diameter 135 

using 10x magnification ~1000 mm and ~50 mm from the tip.  136 

 137 

1.1.12. Before capturing a picture, ensure the camera settings match the microscope setting 138 

(10x), in order to measure with accuracy, especially for post-imaging measurements. The 10x 139 

setting is found in the horizontal toolbar ribbon located near the top of the screen.  140 

 141 

1.1.13. To view and capture a picture of the micropipette, select the camera on the camera 142 

software located on the top left corner and press the Snap button after focusing on the tip to get 143 

an accurate reading. The Snap button is located on the horizontal toolbar on the left-side of the 144 

page under the camera tab. 145 

 146 

1.1.14. Take measurements of the pulled micropipettes to determine whether the desired tip 147 

size and consistency have been achieved. Pulling up to 5 pipettes is sufficient to determine if the 148 

puller and its parameters are consistently producing the desired size. If the desired tip size has 149 

not been achieved, or if sizing continues to vary per pipette, the researcher may need to 150 

experiment with different settings until a desired tip size has been achieved, or it may be 151 

necessary to fix the filament and pipette placement, which may require the reference of the 152 

pipette puller manual. 153 

 154 

NOTE: The protocol can be paused here. 155 

 156 

1.2. Setting up to bevel the micropipette and using the electrode impedance meter 157 

 158 

1.2.1. To bevel the pulled micropipettes, use a micropipette beveler with an electrode 159 

impedance meter and a 40x stereo microscope. 160 

 161 

NOTE: Other bevelers can be used; even in-house bevelers are successful, plus different 162 

configurations can be achieved with different microscopes to examine the beveling process, 163 

including mounting a camera onto the microscope. 164 

 165 

1.2.2. Assemble the pedestal/grinding plate with the fine plate between the two black holders. 166 

 167 

1.2.3. Place the bottom plate with the magnets facing away from the plate. 168 

 169 

1.2.4. Screw the three parts together: (1) the upper retaining ring, (2) the grinding fine plate, 170 

and (3) the lower retaining ring (magnetic). Identify the abrasive surface of the grinding plate; for 171 

the fine plate, it is a purple color and should be facing upward so that the glass will be in contact 172 

with the quartz optical flat. 173 

 174 

1.2.5. Place five drops of beveler pedestal oil, or as many are needed, on the quartz optical flat 175 

of the beveling instrument and place the assembled plate on top. This oil can last all day but if 176 



the plate jerks or does not spin when it should, then the quartz optical flat may need to be re-177 

oiled.  178 

 179 

1.2.6. Spin the plate manually a few times to spread the oil and then the instrument can be 180 

turned on. 181 

 182 

1.2.7. To set up the impedance meter, add saline (0.9% NaCl) onto the wick, which is the 183 

reference wire, and place the wick onto the beveling plate. Soak the ribbon to make a circuit with 184 

the micropipette, and cover the plate with a thin layer of saline solution. 185 

 186 

1.2.8. Attach the lead segment to the end of the wire that is attached to the impendence meter. 187 

 188 

1.2.9. Flip the “on” switch on the impedance meter and leave on “stand-by” until ready to begin 189 

beveling. Because we are creating a big opening, set electrode impedance meter to x0.1 when 190 

ready to bevel. 191 

 192 

1.3. Loading the micropipette and beveling  193 

 194 

1.3.1. Load the micropipette on the pipette clamp that is located on the manipulator and tighten 195 

the knob to hold it in place while beveling. 196 

 197 

1.3.2. Through the back end of the micropipette, fill the entire pipette with saline, and insert 198 

the lead into the micropipette, ensuring there are no air bubbles in the micropipette. It has been 199 

noticed that the presence of air bubbles in the micropipette causes variability in measurements.  200 

 201 

1.3.3. Turn on the impendence meter by switching from “stand-by” to “x0.1”. Resistance should 202 

initially be 100 MΩ and when the micropipette tip touches the saline, it should display a different 203 

reading. 204 

 205 

1.3.4. To bevel the correct tip opening size, before lowering the micropipette, adjust the angle 206 

to 30° on the manipulator to achieve consistent beveling. A 35° angle is also sufficient but 207 

between the two, 30° holds a lower standard deviation, thus more consistent in beveling and the 208 

tip breaks less. 209 

 210 

1.3.5. Using the manipulator, position the micropipette tip approximately two-thirds from the 211 

center of rotation of the grinding plate. 212 

 213 

1.3.6. Using the coarse adjustment knob, lower the micropipette close to the plate so that the 214 

micropipette tip approaches the saline solution. If no camera is available, it is important to look 215 

down the microscope to see the beveling of the tip.  216 

 217 

1.3.7. Once the micropipette tip comes into contact with the saline, the impedance meter 218 

reading should decrease from 100 MΩ to a value in the range between 80 and 20 MΩ. This value 219 

will vary due to the pulled glass opening.  220 



 221 

1.3.8. At this point, switch from the coarse adjustment knob to the fine adjustment knob to 222 

lower the pipette more slowly to avoid breaking the tip on the plate. It is important to monitor 223 

the impedance meter and the tip simultaneously at this stage of beveling. 224 

 225 

1.3.9. While beveling, observe as the tip size changes, and use lighting to help create a good 226 

vantage point while beveling. 227 

 228 

NOTE: The tip will become extremely shiny as beveling occurs, and the tip opening will become 229 

bigger. It is imperative to use the fine adjustment knob on the manipulator to lower or raise the 230 

micropipette at this stage. Once the micropipette has been lifted off the plate, bringing it back 231 

down to the plate can cause the tip to break. 232 

 233 

1.3.10. Keep lowering the tip slowly until it reaches the beveling plate and bevel slowly until a 234 

resistance of approximately 20 MΩ is reached. Mastery of this process will be a strong learning 235 

curve and it will require practice to bevel the tip consistently. 236 

 237 

1.3.11. When a resistance of 20 MΩ is reached, raise the micropipette from the beveler.  238 

 239 

1.3.12. Remove the lead from the micropipette and unload the micropipette from the beveler. If 240 

left on the beveler, the micropipette can either break or create a bigger opening at its tip; 241 

therefore, it is essential to monitor the meter and tip while beveling. 242 

 243 

NOTE: The protocol can be paused here. 244 

 245 

1.3.13. Place the beveled micropipette on the micropipette holder and use the 10x objective on 246 

the microscope software to measure the tip opening size. A sample size of 10 tips is adequate to 247 

check for consistency in all beveled tips.  248 

 249 

1.3.14. Confirm the microscope setting (10x) matches the camera settings before taking a 250 

picture. Outliers may be thrown out after tip opening measurements.  251 

 252 

1.3.15. To turn off the beveler, turn the switch to “off” on both the driving belt motor and the 253 

impedance meter. 254 

 255 

1.3.16. Unscrew the pedestal/grinding plate to remove the upper retaining ring. Do not lift the 256 

pedestal/grinding plate while they are attached to one another because it can break due to a 257 

vacuum created.  258 

 259 

1.3.17. After lifting the upper retaining ring of the attachment with the screws, slide the fine 260 

grinding plate off, and lift the last magnetic attachment in order to remove it. Remove the excess 261 

oil on the quartz optical flat with laboratory wipes. 262 

 263 



1.3.18. Clean all three components with deionized (DI) water and patted dry to avoid salt crystal 264 

formation. After long periods of use, the rotating magnetic base may experience jerking. If this 265 

occurs, squirt a small amount of DI water on the drive belt to remove any crystalized salt. 266 

 267 

1.3.19. Wipe off the excess oil on the back of the grinding plate as well as on the quartz optical 268 

flat. 269 

 270 

1.3.20. Use DI water on the beveler platform to remove any excess saline that may be on the 271 

instrument to avoid crystallization. 272 

 273 

1.3.21. Use DI water to wash the beveled tips. If the tips are not washed, they will crystallize but 274 

can easily be washed off with DI water later. 275 

 276 

1.3.22. Lay clay inside a plate and use the cover glass to prevent the micropipettes from 277 

contamination. 278 

 279 

1.3.23. Make indentations in the clay to hold the micropipettes. When ready to be used, the 280 

beveled tips are now ready to be backfilled with a compound of interest and injected into the 281 

vasculature of the earthworm. For this protocol example, contrast agents, microbubbles, were 282 

used as the compound of interest. 283 

 284 

NOTE: The protocol can be paused here. 285 

 286 

2. Microinjector calibration with beveled tips 287 

 288 

2.1. Prepare a hydrophobic coated plate. 289 

 290 

2.1.1. The day before, coat two plates with hydrophobic coating on the surface to cure 291 

overnight. This chemical should be from store-bought materials or from in-house lab materials, 292 

if available, and at least 12 hours for curing is needed. 293 

 294 

2.1.2. Coating is a quick two-step process. Spray with the Base Coat and then spray with the Top 295 

Coat. 296 

 297 

2.1.3. In a hood, or in an open space, spray the Base Coat onto the plate after vigorously shaking 298 

the Base Coat can once the mixing balls have rattled for one minute. 299 

 300 

2.1.4. Spray the plate with the Base Coat approximately 6-12 inches from the surface by doing 301 

passes while coating the plate. The passes consist of light passes right to left and then up and 302 

down. Keep shaking as the plate is coated and make sure not to over-spray as it will decrease 303 

product performance. 304 

 305 

2.1.5. Wait 1-2 minutes before applying another coating of the Base Coat. Though it is not 306 

necessary, the additional coating can be applied if desired. 307 



 308 

2.1.6. Wait 30 minutes for the Base Coat to dry. 309 

 310 

2.1.7. Repeat Steps 2.1.3 - 2.1.5 for the Top Coat. 311 

 312 

2.1.8. Once the plate has cured overnight or for at least 12 hours, the plate is ready to be filled 313 

with mineral oil. Fill the plate approximately half-way with mineral oil. 314 

 315 

2.1.9. Place the plate with mineral oil onto the microinjector stage. 316 

 317 

2.2. Load the beveled tips on the microinjector. 318 

 319 

2.2.1. Connect the microinjector directly to a laboratory compressed air jet. A compressed 320 

nitrogen cylinder and a pressure regulator can be used for this system, but note that other 321 

microinjector systems could require a different interface. 322 

 323 

2.2.2. Open the compressed air and open the low-pressure air-line regulator to 70 PSI and turn 324 

on the microinjector. Do not exceed 80 PSI, as the system cannot handle over 80 PSI. 325 

 326 

2.2.3. Backfill the tips with water using a 1 mL syringe with a Metal Hub Needle. If the inner 327 

diameter of the pipette is different, then a different gauge metal needle will be needed to 328 

accommodate it. 329 

 330 

2.2.4. Once backfilled with water, load the micropipette onto the needle holder of the joystick 331 

micromanipulator. Different microinjectors and micromanipulators can be used. 332 

 333 

2.3. Create water bubbles to calibrate dispensing volume through beveled micropipette. 334 

 335 

NOTE: Before any compound administration is introduced into the vasculature of the earthworm, 336 

the microinjector must be calibrated to determine proper volume injection. 337 

 338 

2.3.1. Set the parameters on the microinjector for pressure at 4 PSI and time at 0.5 seconds. 339 

Exceeding these parameters will distort the size of the vessel, which is unfavorable, unless the 340 

goal of the researcher is to study vessel expansion. 341 

 342 

2.3.2. Lower the pipette tip until it is close to the bottom of the plate but be careful not to break 343 

the tip at the bottom of the plate. The lower the tip is in the mineral oil, the more viscous it will 344 

be on the tip, which could lead to breakage. 345 

 346 

2.3.3. Start at an edge of the plate to make complete use of the plate during calibration. 347 

 348 

2.3.4. Once this is in position, press the pedal to dispense a water bubble in the oil. 349 

 350 



2.3.5. The bubble may remain stuck to the tip. To remedy this, quickly pull the plate away in the 351 

opposite direction from the bubble to separate it from the pipette tip. 352 

 353 

2.3.6. Using the camera software, measure the bubble size and calculate the volume. If no 354 

camera software is available, alternative software can be used. 355 

 356 

2.3.7. Create 10 bubbles and measure the average bubble diameter to determine the correct 357 

volume the micropipette will dispense into the earthworm vasculature. 358 

 359 

NOTE: If the researcher is interested in other volume dispensing, the parameters for pressure 360 

and time can be manipulated; repeat steps 2.3.1 – 2.3.7. 361 

 362 

3. Earthworm surgery preparation to expose specific earthworm vasculature of interest 363 

 364 

3.1. Earthworm preparation and measurements 365 

 366 

3.1.1. Prepare 10% ethanol solution that will anesthetize the earthworms prior to the surgery. 367 

 368 

3.1.2. Keep earthworms in a 100 mL beaker with soil in between experiments. 369 

  370 

3.1.3. Keep only 5 - 10 earthworms at a time in the beaker to prevent the earthworms from 371 

drying up due to the abrupt changes from the refrigerator to the benchtop, 4 °C to 25 °C.  372 

 373 

3.1.4. Place the earthworms in 10% ethanol for 30 minutes. If the earthworm is still moving after 374 

30 minutes, leave it in the ethanol solution for an additional 5 minutes. 375 

 376 

NOTE: Sometimes the earthworm needs more time due to its size; therefore, time in ethanol 377 

may need to be adjusted in accordance with earthworm size, but to not exceed over an hour. 378 

Over an hour will harm the earthworm. 379 

 380 

3.1.5. Rinse the earthworm under the faucet water to remove the slime it produces and ethanol. 381 

 382 

3.1.6. Place the earthworm on a paper towel to remove excess water. 383 

 384 

3.1.7. Once the earthworm is anesthetized, record each earthworm’s weight (g), width (mm), 385 

length (mm), and vessel width (µm). Take the weight and dimensions of the earthworm before 386 

any incisions are made and without stretching the earthworm.  387 

 388 

3.1.8. Once the vessel is surgically exposed under a microscope, use the camera software to 389 

measure the width of the vessel. If no camera software is available, a stainless micro-ruler would 390 

suffice, though it is not as accurate as a digital software measurement. 391 

 392 

NOTE: Depending on the vessel of interest, skip to Step 3.2 (ventral vessel), 3.3 (dorsal vessel), 393 

3.4 (top view of hearts), or 3.5 (side view of hearts). 394 



 395 

3.2. Exposing the earthworm vasculature, the ventral vessel (method 1) 396 

 397 

3.2.1. Use a rubber pad during the surgical procedure to pin the earthworm down thus exposing 398 

the vessel of interest to the researcher. The dark part of the skin should be facing down. 399 

 400 

3.2.2. To surgically open the earthworm, place it on its dorsal side, the darker part of the 401 

earthworm, where a small side-incision is made on the skin of about 1 mm with a blade. This 402 

small incision allows for the surgical scissors to enter to create a long incision. 403 

 404 

3.2.3. Pin the earthworm skin 33 mm apart, making a 27 mm opening to expose the vessel, only 405 

using four pins to properly expose the vessel. Pins can be added or moved, once the earthworm 406 

has been pinned, to help manipulate the skin of the earthworm. 407 

 408 

3.2.4. With surgical scissors, make an incision to reach the other pin on the side of its body. By 409 

pushing up toward the skin, it prevents any damage to the inside of the earthworm, such as 410 

cutting the vasculature or gut. 411 

 412 

3.2.5. Once the incision has been made, pin or re-pin where the first incision was made and then 413 

at the end of the cut. 414 

 415 

3.2.6. Using both surgical tools (surgical grips), move the skin to expose the inside of the 416 

earthworm.  417 

 418 

3.2.7. Pin down the skin on the bottom as the skin is moved over, and while moving up the 419 

earthworm, continue separating the skin from the organs carefully. Once at the top, place the 420 

last pin.  421 

 422 

3.2.8. If the vessel is not exposed, tug on opposite sides of the earthworm’s skin to separate the 423 

elastic tissue of the earthworm to expose the ventral vessel and further separate the skin. 424 

 425 

NOTE: This tug will remove some of the tissue that is holding the organs inside the earthworm. 426 

Be careful with this step, as it may unintentionally rupture the vessels of the earthworm. The 427 

ventral vessel should now be exposed, and the nerve cord can function as a marker of the vessel, 428 

because the nerve cord runs along the skin right next to and parallel to the ventral vessel. If the 429 

ventral vessel is close to the gut, a tug on the skin can further expose the vessel. If not, push the 430 

gut to the side, but this may cause a messy working area. 431 

 432 

3.3. Exposing the earthworm vasculature, the dorsal vessel (method 2) 433 

 434 

NOTE: Steps to expose the dorsal vessel are similar as ventral vessel exposure. 435 

 436 

3.3.1. Repeat steps 3.2.1 – 3.2.3 of Step 3.2. The dark part of the skin should be facing upward 437 

for these steps. 438 



 439 

3.3.2. Use surgical scissors to cut toward the middle of the earthworm to the opposite side. 440 

 441 

3.3.3. From the middle of the earthworm, make an incision toward the anterior portion of the 442 

earthworm, the head. Pushing upward toward the skin prevents any damage to the inside of the 443 

earthworm, such as cutting the vessel or gut. 444 

 445 

3.3.4. Once the diagonal cut has been made, pin or re-pin the site of the first incision and then 446 

at the end of the cut that was made. 447 

 448 

3.3.5. Repeat Steps 3.2.6 – 3.2.9 in Step 3.2.  449 

 450 

NOTE: The dorsal vessel should now be exposed. 451 

 452 

3.4. Exposing the earthworm vasculature, top view of the hearts (method 3) 453 

 454 

3.4.1. Use a rubber pad during the surgical procedure to pin the earthworm down, thus exposing 455 

the vessel of interest to the researcher. 456 

 457 

3.4.2. To surgically expose the earthworm, place it on its ventral side, the light part of the 458 

earthworm. The dark part of the skin should be facing upward. 459 

 460 

3.4.3. Use four pins to hold down the skin of the earthworm and to create a window to expose 461 

the hearts of interest. An additional pin, for a total of five, can be used to hold down the 462 

earthworm near the tip of its head, the anterior end. 463 

 464 

3.4.4. Begin pinning the earthworm from bottom to top, starting on the right side and then 465 

moving to the left side. Pin the earthworm, placing two pins on the top near the tip of the head, 466 

the anterior end, and two near the clitellum. 467 

 468 

3.4.5. Use a blade to make a small incision of about 1 mm is made on the side of the earthworm.  469 

 470 

3.4.6. Use a surgical scissor to cut toward the middle of the earthworm to the opposite side. 471 

 472 

3.4.7. From the middle of the earthworm, make a cut toward the front of the earthworm until 473 

reaching the mouth of the earthworm, the anterior end. 474 

 475 

NOTE: It is important that the scissors are lifted against the skin to avoid cutting the vasculature; 476 

the scissor blade is visible as you go through the skin. Make sure the cut is made to the anterior 477 

end of the earthworm as this will provide better visibility of the hearts. 478 

 479 

3.4.8. Once pinned, re-pin the earthworm, if the skin is curling into the earthworm. 480 

 481 



3.4.9. Make a tug to properly separate the tissue of the earthworm to properly expose the 482 

hearts. 483 

 484 

3.4.10. If hearts are not exposed, move the white seminal vesicles around, as the hearts at times 485 

hide underneath these vesicles. 486 

 487 

NOTE: Heart exposure may vary earthworm-to-earthworm, all 10 hearts may be visible or only 488 

half and so on. At this point, the researcher must determine whether to move organs and tissue 489 

in order to locate the hearts of the earthworm. 490 

 491 

3.5. Exposing the earthworm vasculature, side view of the hearts (method 4) 492 

 493 

3.5.1. Use a rubber pad during the surgical procedure to pin the earthworm down, thus exposing 494 

the vessel of interest to the researcher. 495 

 496 

3.5.2. To surgically expose the earthworm, place it on its side. Since the earthworm is on its side, 497 

both the light and dark side of the earthworm should be visible. 498 

 499 

3.5.3. Repeat steps 3.4.3 – 3.4.9 from Step 3.4. 500 

 501 

3.5.4. If hearts are not exposed, move the white seminal vesicles around, as the hearts at times 502 

hide underneath these vesicles. 503 

 504 

NOTE: Heart exposure may vary earthworm-to-earthworm, all five hearts may be visible or less. 505 

At this point, the researcher must determine whether to move organs and tissue in order to 506 

locate the hearts of the earthworm. 507 

 508 

4. Compound Administration into Earthworm Vasculature 509 

 510 

4.1. Preparing the earthworm for compound administration 511 

 512 

NOTE: For these specific steps, we injected contrast agents, microbubbles, into the earthworm 513 

vasculature as the compound of interest. 514 

 515 

4.1.1. Before microinjection, place the earthworm on the microinjection stage, and use a lab 516 

wipe to remove any fluids around the vessel of interest, thus exposing the vasculature for 517 

injection. 518 

 519 

NOTE: Do not apply strong pressure because it will cause bleeding of the vessel. 520 

 521 

4.1.2. Align the vasculature of interest to the micropipette, as it is important that the ventral 522 

vessel be aligned for injection. If the hearts are of interest, they must be perpendicular to the 523 

micropipette. 524 

 525 



4.1.3. Focus the microscope on the vasculature of interest and begin lowering the micropipette 526 

to the vasculature. Before moving any of the joystick manipulators, confirm they are all set to 0 527 

mm to ensure best mobility. 528 

 529 

4.1.4. When the tip of the micropipette is in contact with the earthworm vessel, ensure that the 530 

angle between the vessel and the micropipette is less than 15°. 531 

 532 

4.1.5. Once the micropipette begins to apply pressure on the vessel, the blood will move away 533 

from the tip due to the pressure on the vasculature. This is a good indication of proper injection 534 

placement. 535 

 536 

4.1.6. To ensure successful injection, use the joystick to move the micropipette forward to make 537 

contact with the vasculature. 538 

 539 

NOTE: It is important to not puncture the vessel. Take notice that the tip should be moving the 540 

vasculature, for the dorsal and ventral vessel, in the direction that the micropipette is moving, 541 

and then use the coarse dial to move the micropipette tip forward to allow full penetration into 542 

the vessel. If the plate is moveable, this can be used to move towards to and pierce the vessel 543 

into the micropipette instead of using the microcontrollers or all simultaneously. The vessel will 544 

not be penetrated immediately, but a recoil of the vessel is an indicator of proper penetration of 545 

the micropipette. Once the tip has penetrated the vessel, the vessel should be straight and 546 

aligned with the micropipette, if it is not, then retract the micropipette slowly using the fine 547 

control. 548 

 549 

4.1.7. Press the pedal to inject the vasculature of the earthworm. Dilution of the blood is 550 

another indicator of proper penetration once the pedal is pressed. 551 

 552 

4.1.8. Retract the micropipette slowly and pull the micropipette away. 553 

 554 

NOTE: Alternatively, breaking the tip while the micropipette is still in the vessel is an effective 555 

method to avoid blood loss. 556 

 557 

REPRESENTATIVE RESULTS 558 

The following representative results are based on a set of specific parameters that include the 559 

settings used to pull the glass pipette, the pipette opening size formed from a given beveling 560 

angle, and the pressure and time of the microinjections. In Figure 1, a schematic of the flow is 561 

displayed representing the process from start to finish. 562 

 563 

Based on the pipette puller parameters selected, the following tip would emerge from the pull 564 

(Figure 2). It is noted that that the RAMP value may change due to the type of glass and even the 565 

placement of the filament. If the parameters are acceptable, the resulting tip will be strong, with 566 

a long taper for beveling. If the tip is broken from pulling, then the puller must be readjusted. 567 

 568 



For beveling the micropipette, six beveling angles were tested to determine the optimal angle, 569 

to assess the general ease of beveling, and to examine how angle affected tip opening size. The 570 

optimal angle for our beveling criteria was determined to be 35° as it provides a sharp tip, it is 571 

strong enough to penetrate the vessel without breakage, and it is highly reproducible. Generally, 572 

the smaller the angle, the sharper the tip becomes as shown in Figure 3. Another angle of interest 573 

was 30°, which is sharper, but 35° was chosen, due to its reproducibility. As shown in Figure 4, 574 

the angle of the micromanipulator changes both the shape and the opening size of the tip. It is 575 

shown in this figure that the most accurate and consistent beveling occurs with an angle between 576 

30° and 40°. A supplementary table (Table S1) was created based on the ease of beveling, though 577 

it is important to note that, person-to-person, beveling techniques vary, and thus tips vary. It is 578 

further noted that unsuccessful bevels can occur when the micromanipulator is lowered too 579 

quickly or when the glass becomes too brittle, leading to tip breakage. 580 

 581 

For a given tip size, a calibration must be performed prior to compound injections. The injection 582 

volume dependent upon tip size as well as microinjection pressure, and the injection time. For 583 

example, in Figure 5, representative volume dispenses are graphed for 24.4 µm tips. Data reveals 584 

an approximately linear relationship between volume dispensed and pressure for fixed injection 585 

times. Similar custom calibration data should be determined for specific tip designs.  586 

 587 

During microvascular injection, visual inspection is necessary to confirm a successful injection of 588 

a given product. The best visible marker is the dilution of the blood. As shown in the supplemental 589 

video, the blood becomes clearer as it is diluted, and this is a sign of successful injection. It is 590 

critical that the micropipette does not penetrate the vessel too deeply and that the 591 

microinjection is not made at an angle greater than 15° from the vessel, otherwise when the 592 

pipette is pulled out, the compound of interest will bleed out of its vasculature, due to large 593 

wounds. A successful injection and pull will result in minimal bleeding upon removal. 594 

 595 

FIGURE LEGENDS 596 

Figure 1: Flow of the Overall Method. For microinjection of the earthworm vasculature, first the 597 

pipette needs to be pulled to achieve a micro opening at the tip. Then the micropipette tip is 598 

beveled to achieve a sharp needle tip. Once the opening is achieved, the micropipette is 599 



calibrated for the proper volume dispensed. Once calibrated, injections to the vasculature can be 600 

accomplished. 601 

 602 

Figure 2: Successful Pulled Micropipette. Based on the parameters used in the protocol, this tip 603 

would emerge after pulling. (A) Demonstrates the pipette immediately after being pulled. (B) An 604 

up-close image of the same pipette pulled. 605 

 606 

Figure 3: Micropipette Tip Beveling Angle Profiles. Six angles were tested for beveling. 607 

Decreasing angle from 45° to 20°, the sharpness and tip opening increases.  608 

 609 

Figure 4: Tip opening narrows over increasing angle. Six angles were tested to see how angle 610 

affects the tip opening size. Tip opening size decreases as the beveling angle increases. 611 

 612 

Figure 5: Calibration for Volume Administration. A 24.4 µm tip size opening was used for its 613 

representative results to represent data using the specific parameters for time and pressure. 614 

With increasing pressure, the volume dispensed increases, and with decreasing time, the volume 615 

dispensed decreases.  616 

 617 

Figure 6: Injection into Ventral Vessel. A visual for successful injection is demonstrated with the 618 

dilution of blood as an indicator. A supplemental video is accompanied with this panel. 619 

 620 

Figure S1: Set-up for blood and urine extraction of Earthworm. 621 

 622 

Figure S2: Standard deviations from Figure 4. Depending on angle, the standard deviation 623 

changes. 35° holds a lower standard deviation, thus more consistent in beveling and the tip 624 

breaks less. 30° was also good with 35° as shown in Table S1. 625 

 626 

Figure S3: Demonstrates the survival of the earthworm after surgery and using liquid band aid 627 

to close the earthworm. 628 

 629 

Table S1: Descriptive table for Ease of Beveling. Three modes were used to describe the ease of 630 

beveling ranging from easy, to moderate and difficult. It is noted that 15° was tested but it was 631 

too small of an angle to produce a micropipette tip that did not chip. 632 

 633 

DISCUSSION 634 

While the earthworm is in 10% ethanol, particularly if the earthworm is of older age, there may 635 

be unwanted effects for exposure times greater than 30 minutes; the intestines will start to 636 

deteriorate, and when the earthworm is surgically opened, its internal intestines spread out. 637 

Therefore, it is encouraged to use young to mid-aged earthworms. During the process of cutting 638 

through the skin of the earthworm, it is imperative that a full scissor cut is not made, meaning 639 

the investigator must cut only halfway and keep pushing the scissors forward until reaching the 640 

final point. When pinning down the earthworm, be careful not to stretch out the earthworm or 641 

pull too hard. This could cause the vessel to rupture, which leads to bleeding. After each injection, 642 

check if the micropipette is clogged by dispensing any fluids that may be inside the micropipette, 643 



especially to remove blood from the tip before performing another injection. In addition to 644 

observing the tip for clogging, after each injection look at the tip of the micropipette to check for 645 

tip breakage. The tip of the micropipette could also be broken leaving the tip in place to avoid 646 

any blood loss. It is important to carefully observe the vessel tissue during microinjections. When 647 

the micropipette first comes into contact with the vessel, the vessel tissue will cling onto the 648 

micropipette tip. Once the tip has successfully penetrated the vessel, the vessel tissue can be 649 

seen rapidly sliding into the tip and it will be felt on the micromanipulator as well. After a 650 

successful injection, it is important to pull the micropipette out carefully as the micropipette 651 

could end up going deeper into the tissue or creating a bigger wound on the injection site, and 652 

this could lead to the compound administration leaking out of the vessel. Typically, successful 653 

injections occurred when the vessel diameter was 90 µm or larger, but this can be improved by 654 

narrowing micropipette tip sizes by the investigators. The earthworm is consistently kept moist 655 

with water to avoid the earthworm becoming dehydrated but saline solution is recommended. 656 

 657 

Earthworm Survival Studies 658 

Earthworm survival experiments were conducted to give insight into how long the earthworms 659 

can survive after experimentation. After the worms were immersed in a 10% ethanol solution 660 

and then surgically cut and injected, just as they were during the experiments, 27 worms were 661 

“sewn back up” via liquid band-aid solution and observed up to 48 hours post-experiment. At 12 662 

hours post-operation, approximately 67% of the worms were still alive. At 24 hours post-op, 663 

about 48% of the worms were still alive. At 36 hours post-op, about 44% of the worms were still 664 

alive. Lastly, at 48 hours post-op, about 22% of the worms were still alive. The results from these 665 

experiments show that the majority of worms can survive for an entire 12-hour day after having 666 

undergone experimental surgery and injection, and a large number of worms can survive for even 667 

longer than that (Figure S3). This presents an opportunity for each worm to be monitored for 24-668 

hour-long studies, if desired.  669 

 670 

Earthworm Laboratory Care 671 

Earthworms, Canadian nightcrawlers, were store-bought from Windsor Wholesale Bait and were 672 

delivered as 500 large earthworms in a Styrofoam box (35w x 38l x 30d cm) and kept in the 673 

refrigerator, as individual worms were removed and used for experiments. As noted in the 674 

earthworm preparation protocol steps, no more than 10 earthworms were used at once due to 675 

evaporation of the earthworm, which can lead to dehydration16. In addition, exposure of 676 

earthworms to light was limited, since they contain light-sensitive cells on their skin; light 677 

exposure longer than two hours can lead to death. Immediately upon arrival, the shipping 678 

container soil was changed, and earthworms were allowed to rest for a 24-hour wait period 679 

before being used for the experiments. This ensured the earthworms were reenergized and no 680 

longer fatigued due to shipping. At this point, experimentation on the earthworm can begin. 681 

 682 

Earthworms have an unknown lifespan, but they can be kept alive in a laboratory setting for long 683 

periods when they are monitored every day and given the right nutrients. Every two weeks, new 684 

soil should be added into the container to provide more nutrients for the earthworm. The 685 

earthworm is a deep burrowing invertebrate, anecic, and will build burrows as deep as 180 cm 686 

(6ft), so there must be at least 1 foot of soil in the container for 500 earthworms. At the bottom 687 



of the container, old newspaper can be added, as this is where some of the earthworms will 688 

create their homes. Once the soil has been changed, it is recommended to check for smell and 689 

spot any injured or dead earthworms. Do not leave dead or injured earthworms in the container, 690 

as they will contaminate the soil and create more deaths within your earthworm colony. 691 

 692 

Future Applications 693 

In this protocol, the preparation and procedure for performing high-throughput blood 694 

experiments using the earthworm is presented. While restricted to the circulatory system, the 695 

injection methods described here could potentially be expanded to studies involving the nervous 696 

system, as the earthworm’s nerve cord is in parallel to the ventral vessel. For example, previous 697 

research using the earthworm have been studied for neuromodulation and vessel-rupture 698 

studies from therapeutic ultrasound applications18-19. With this new set-up, further in-depth 699 

ultrasound + microbubbles studies could be conducted to expand on neuromodulation and vessel 700 

rupture research. 701 

 702 

In addition, the coelomic cavity in the earthworm could be utilized to study the immune system, 703 

because the fluid that resides in the coelomic cavity mediates most, if not all, immune responses. 704 

The earthworm is unique in that only two fluids exist in the animal, each contained within 705 

separate cavities, the blood in vessels and coelomic fluid in the coelomic cavity. This separation 706 

of fluids allows for specific types of research in two cavities. For example, the coelomic fluid is 707 

replete with numerous coelomocytes, whose immune functions share characteristics with 708 

coelomocytes of most other animal models. Investigations of phagocytes and other similar cells 709 

that can destroy cell targets can be performed in the earthworm, and the earthworm likely has 710 

many additional research applications that could be used as an alternative invertebrate model. 711 

While the earthworm lacks the complexity to model many aspects of the human anatomical and 712 

physiological system, microinjection offers a contained circulatory system containing blood 713 

strikingly similar to human blood in terms of hemoglobin structure. In applications where small 714 

blood volumes are acceptable, the earthworm offers a low cost, readily available testing 715 

platform, exempt from Institutional Animal Care and Use Committees. As a result, testing on 716 

earthworms with various compounds can be done repeatedly and in sample sizes likely to far 717 

exceed what would be practical using standard laboratory vertebrate animals. 718 
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Name of Material/ Equipment Company Catalog Number
3M Vetbond Tissue Adhesive 3M Vetbond 084-1469SB

40x Stereo Microscope Sutter Instrument Co. BV-10-D

500 Large Worms Windsor Wholesale Bait 500 Large

Beveler pedestal oil Sutter Instrument Co. 008

Blades Ted Pella, Inc 121-2	

Borosilicate Glass with Filament Sutter Instrument Co. BF150-86-10

Camera AmScope MU500

Camera AmScope MU1803-CK

Electrode Impedance Meter Sutter Instrument Co. BV-10-C

Ethanol Sigma Aldrich E7023-1L

Filament Sutter Instrument Co. FT315B

Grinding Plate Sutter Instrument Co. 104D

Hospital Grade Saline Baxter Healthcare Corporation 2F7124

Joystick Micromanipulator Narishige MN-151

KimWipes Kimtech Science Kimberly-Clark Professional 34155

Leafgro LeafGro 589252

Metal Hub Needle Hamilton 91024

Micro Vessel Clips WPI 501779-G

Microinjector TriTech Research MINJ-D

Micropiette Puller Model P-97 Sutter Instrument Co. P-97

Micropipette Beveler Sutter Instrument Co. BV-10-B

Microscope AmScope SM-8TPW2-144S

Needle Holder TriTech Research MINJ-4

NeverWet Rust-Oleum NeverWet

Pyrex Glass Corning 08747A

Stainless Micro-Ruler Ted Pella, Inc 13635

Surgical Grips Ted Pella, Inc 53073

Surgical scissors Ted Pella, Inc 1320

U.S.P. Mineral Oil Lubricant Laxative Swan Mineral Oil
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Comments/Description
3mL bottle vet adhesive - liquid band-aide

Not needed, can add on other scopes

8MP USB3.0 Microscope Digital Camera

Pure ethanol

trough filament 

Fine Plate

0.9% Sodium Chloride Irrigation

 1.5-cu. ft.

Luer Lock Metal Needle

3.5X-225X Simul-Focal Articulating Microcope

Fisher Manufacturer

Micro-Ruler mounted on a Handle, 10mm scale, with lines at 0.01mm intervals

Forceps, Hemostat

Fine Iris Scissors, Straight



We thank the reviewers and the editors for their constructive comments and suggestions.  We have made 

changes to the original manuscript based on each point raised.  A summary of the changes is as follows: 

EDITORIAL COMMENTS 

All 13 editorial changes have been addressed in the submitted revised manuscript, including the 

permissions to the supplemental image. 

OVERALL COMMENTARY 

This manuscript builds upon on a protocol that was developed in the 1940s to extract fluids from the 

earthworm using micropipettes, that can take up to an hour to accomplish. We have developed a protocol 

that has improved this protocol for both injecting and extraction that take a matter of seconds to minutes. 

The protocol addresses the process to create micropipettes specifically for the earthworm vasculature: 

ventral, dorsal and heart. In addition, the surgery itself has been laid out in detail to both surgically open 

the earthworm and to close it up post-surgery providing survival rates for the earthworm. With experience 

and mastery of the protocol, the time to open and inject the earthworm can be done in 5 minutes. Enough 

time to prevent dried earthworms and enough to close it, if needed, or to see sudden changes from 

exposing the vessels to a drug for example. 

We are providing an updated protocol to inject or extract fluids, that are either going into or out of the 

earthworm. Many researchers are investigating the earthworm as a blood substitute to understanding its 

proteins. This would be a useful tool for many scientific fields. Additionally, there are environmental and 

ecological research using earthworms and how these agents affect the animals. For example, we did a 

quick investigation on putting the earthworm on different diets and how that affected its vasculature. We 

believe the protocol offers considerable opportunity for future directional studies. Specifically, we have 

published two papers using the earthworm and have additional ongoing studies. In our case we have 

utilized the worm to investigate the effects of high-intensity ultrasound on the vessel walls as well as the 

effects of certain medical imaging contrast-agents.  

REVIEWERS’ COMMENTS 

Reviewer 1 

The authors present a protocol on how to inject compounds to be tested regarding vasculature 

into earthworm ventral and dorsal blood vessels. 

 We are providing an alternative animal model that can be used to test compounds but also as an 

extension to previous studies in ultrasound that have now been added to the revised document. 

 

The major concern about this technique is, that earthworms have been kept in 10%EtOH for 

anesthesia before they are cut and opened to inject the drug. The authors state that according 

to this procedure compounds can be tested in the earthworms. However, the authors did not 

show an experiment where a biomarker was successfully quantified with this procedure. 

Anyway, the procedure before injecting the test compound is already that invasive that no 
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biomarker will give accurate and sound results. Ethanol exposure (the authors already state 

that longer incubation in ethanol will lead to deterioration of the gut!) in combination with 

cutting the earthworm open will moreover not give a lot of time to for incubation of the drug. 

In terms of the major concern that the earthworm is kept in 10% Ethanol is a standard protocol 

for using the earthworm for surgical procedures. Depending on the earthworm size, an 

earthworm can be kept in solution as low as 10 mins. Studies have demonstrated researchers 

using ranges from 1 to 50% ethanol and worm still survives. To clarify the ethanol exposure, the 

deterioration of the gut occurs if the earthworm is kept for longer periods of times, over the hour 

and if they are older earthworms. This has been addressed in the revised article.  

 We have added additional data and a graph indicating that, even after surgery, the earthworm 

does not generally lead to death. With the proper care following expedited surgery, the worm 

may be closed using liquid band-aide, and the earthworm returns to an active state after a few 

hours.  

So, to summarize, publication of the protocol can only be considered if the authors show a 

successful experiment using a toxicology or biomarker assay. Otherwise the method cannot be 

evaluated and even considered as a scientific approach that can be used as an alternative in 

vivo (in vivo is also quite questionable here) model to study vasculature. 

 We have removed our opening section presenting the earthworm as an alternative to 

vertebrates.  

 While we don’t provide a toxicology assay, we now address a specific example in the revised 

manuscript where we are using the earthworm to study vessel rupture studies using ultrasound 

with and without the injection of various lipid, albumin and polymer-shelled microbubbles. We 

have previously published papers on ultrasound-mediated damage to earthworm vessels and its 

similarity to humans.  Ongoing injection work is investigating these microbubble agents. 

Reviewer 2 

The submitted article describes the new method of micropipette preparation using a pipette puller 

and beveling system. The whole procedure including micropipette preparation as well as 

earthworm surgery is described in detail and can provide useful instructions for many researchers. 

However, earthworms differ from humans substantially and I am afraid they can hardly present 

an alternative model for vasculature studies. 

We agree with the reviewer’s comments and have reworded the manuscript to better assure that 

we are not overstating our work.  Our goal is to provide an injection technique that improves upon 

prior injection methodology, particularly in terms the overall surgical time.  This has allowed for 

a higher throughput while, importantly, allowing the worm to stay alive throughout the surgery 

as well as for hours to days after the surgery (see below).    

The authors suggest using earthworms as an alternative model to vertebrates for vascular 

studies. Unfortunately, I think this statement is too strong, as the vascular systems of 

vertebrates and earthworms are markedly different and they can’t be compared. Earthworms 

do not possess red blood cells and they have huge hemoglobin called erythrocruorin floating 



freely in the liquid. Further, the worms' hemoglobin has also a slightly different function than 

vertebrates. It has evolved to transport oxygen for the worm, but it also transports sulfides for 

the present bacteria at the same time. Therefore, I consider this newly described method 

suitable for earthworm studies, but hardly applicable to vertebrates. 

 These are important points and we agree that our statement was too strong.  Like prior worm 

studies, we are aiming to provide an alternative approach to certain mass parameter 

experimentation that would lead to further traditional in vivo studies (example: rats). The 

earthworm can be used as a starting preliminary base that can narrow a parameter space for 

expensive studies.  

 We agree, the vasculature and blood cannot be compared as similar to humans.  However, there 

are certain mechanical similarities (Kim, J Thera Ult., 2017) that have and are being utilized.  Also, 

its high molecular weight hemoglobin has led to investigations into its potential as an RBC 

substitute.   

 

Authors suggest using earthworm for the injection of various compounds into the vascular 

system, thus providing a suitable model for the assessment of alterations of the vascular system 

by injected compounds. As mentioned earlier, I cannot imagine a comparison of the effect of 

different chemicals on the vascular system of earthworms and vertebrates. 

 We agree and have removed our opening section presenting the earthworm as an alternative to 

vertebrates.  

 

Moreover, the dissection of worms leads to their death. If the major blood vessels are severed 

during the dissection, the contractions cease within 30 minutes. If none of the vessels are 

severed, regular contractions will keep for some time, maybe for a couple of hours. Is this time 

sufficient for the relevant analysis of vascular system changes caused by coumpound injection? 

 We have added additional data and a supplemental graph to show that the surgery of the 

earthworm does not generally lead to death. With the proper care of the earthworm and smooth 

and expedited surgery, it can be closed using liquid band-aide, and the earthworm heals and is 

active after a few hours. This data has been included in the revised manuscript. 

Finally, the dissected earthworm dries very quickly and to prolong the activity of the vascular 

system I would recommend wetting the earthworm with some saline solution. 

 This is an important point that we previously omitted.  We have revised out manuscript to clarify 

our procedure:  For the dissections, we originally had saline solution to keep the worm moist and 

blood pumping. But we eventually discovered in the literature (Roots, J Experi Bio, 1956; see link 

below for other reference) that the worm can live in submerged water for long periods of time (). 

This led us to keep the earthworm in water to prevent any dryness, especially, for our purpose of 

sonicating an earthworm for vessel rupture studies. 

l. 580 - earthworms cells are called coelomocytes (hyaline and granular amoebocytes, 

eleocytes). The term "leucocytes" are inappropriate. 

 We appreciate this comment.  We have corrected the term coelomocytes, we used the term 

leucocytes from a paper referenced. In addition to coelomocytes, there are studies that extract it 



via rough sharpen Pasteur pipettes by stabbing the earthworm. This protocol could further 

develop these protocols. Another study is to measure intracellular recordings for in vivo electrical 

and mechanics recordings obtained from the dossal blood vessel. 

References: 

 Earthworm Rupture studies 2017 

o Microvessel rupture induced by high-intensity therapeutic ultrasound—a study of 

parameter sensitivity in a simple in vivo model 

o Yeonho Kim, Marjan Nabili, Priyanka Acharya, Asis Lopez & Matthew R. Myers 

o Journal of Therapeutic Ultrasound volume 5, Article number: 5 (2017) 

o https://jtultrasound.biomedcentral.com/articles/10.1186/s40349-017-0082-2  

 Earthworm under water 

o Source 1: 

o The Water Relations of Earthworms 

o BETTY I. ROOTS 

o Journal of Experimental Biology 1956 33: 29-44; 

o https://jeb.biologists.org/content/33/1/29.short  (31 to 50 weeks in aerated water) 

o Source 2 

o UCSB ScienceLine 

o http://scienceline.ucsb.edu/getkey.php?key=3276  (~2 weeks completely underwater) 

https://jtultrasound.biomedcentral.com/articles/10.1186/s40349-017-0082-2
https://jeb.biologists.org/content/33/1/29.short
http://scienceline.ucsb.edu/getkey.php?key=3276
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