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SUMMARY:  24 
This islet isolation protocol described a novel route of collagenase injection to digest the exocrine 25 
tissue and a simplified gradient procedure to purify the islets from mice. It involves enzymatic 26 
digestion, gradient separation/purification, and islet hand-picking. Successful isolation can yield 27 
250–350 high quality and fully functional islets per mouse.  28 
 29 
ABSTRACT:  30 
Pancreatic islets, also called the Islets of Langerhans, are a cluster of endocrine cells which 31 
produces hormones for glucose regulation and other important biological functions. The islets 32 

primarily consist of five types of hormone-secreting cells:  cells secrete glucagon,  cells secrete 33 

insulin,  cells secrete somatostatin,  cells secrete ghrelin, and PP cells secrete pancreatic 34 

polypeptide. Sixty to 80% of the cells in the islets are  cells, which are the most important cell 35 
population to study insulin secretion. Pancreatic islets are a crucial model system to study ex vivo 36 
insulin secretion. Acquiring high quality islets is of great importance for diabetes research. Most 37 
islet isolation procedures require technically difficult to access site of collagenase injection, harsh 38 
and complex digestion procedures, and multiple density gradient purification steps. This paper 39 
features a simple high yield mouse islet isolation method with detailed descriptions and realistic 40 
demonstrations, showing the following specific steps: 1) injection of collagenase P at the ampulla 41 
of Vater, a small area joining the pancreatic duct and the common bile duct, 2) enzymatic 42 
digestion and mechanical separation of the exocrine pancreas, and 3) a single gradient 43 
purification step. The advantages of this method are the injection of digestive enzyme using the 44 
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more accessible ampulla of Vater, more complete digestion using combination of enzymatic and 45 
mechanical approaches, and a simpler single gradient purification step. This protocol produces 46 
approximately 250—350 islets per mouse; and islets are suitable for various ex vivo studies. 47 
Possible caveats of this procedure are potentially damaged islets due to enzymatic digestion 48 
and/or prolonged gradient incubation, all of which can be largely avoided by careful ad 49 
justification of incubation time.  50 
 51 
INTRODUCTION:  52 
There are two common methods in the literature for pancreatic islet isolation. One requires 53 
excising the pancreas and dicing it into small pieces using surgical scissors, and then digesting it 54 
in a collagenase solution1-3. Another more precise method is to use the network of ducts present 55 
in the pancreas to introduce digestive enzyme. The following sites have been used for digestive 56 
enzyme injection: the junction of the bile and cystic duct, the gallbladder into the common bile 57 
duct, or the common bile duct itself1,4,5. It is known that islets are not evenly distributed in the 58 
pancreas; the splenic region contains the most islets6. While the second method using anatomical 59 
routes to deliver digestive enzymes allows for a more complete perfusion of the pancreas, 60 
including the splenic region, this procedure often requires clamping or suturing of the ampulla of 61 
Vater that is technically challenging. In terms of islet purification, multiple density gradients, as 62 
well as cell strainers and magnetic retraction have been used to purify the islets3,7. The utilization 63 
of these gradients can be time consuming and the Ficoll gradients can result in toxic damage of 64 
islets8.  65 
 66 
The current protocol is built on the method described by Li et al.7, with additional modifications 67 
added based on the experience of ourselves and others1,4. The most critical steps of our protocol 68 
are clamping of the common bile duct near the liver end, injecting collagenase P via the ampulla 69 
of Vater to digest the exocrine tissue, and then using a shaking water bath to expedite the 70 
digestion mechanically1,4,7. Subsequently, a 'STOP' solution is applied to inhibit further digestion 71 
of the islets; HBSS is used to wash off the remaining collagenase P and STOP solution. When the 72 
Ficoll method was used to purify human islets, yield was reported to be twice the islets with 73 
greater functional capability (e.g., insulin secretion) as compared to the use of Percoll gradients9. 74 
However, studies have questioned the use of Ficoll gradient due to its toxic effect on the islets 75 
1,10. It has been reported that the Histopaque gradient provides optimal purification kinetics for 76 
mouse islet isolation, which produces good yield of high quality islets with simpler steps and 77 
lower cost1. In our protocol, Histopaque-1077 is used to purify islets from other residual tissue8,11. 78 
The harvested islets can be cultured in complete RPMI-1640 media, or directly utilized in 79 
RNA/protein quantitation.  80 
 81 
Our protocol, using a combination of collagenase P digestion and a single gradient purification 82 
step, is simpler than other published protocols. Our method does not require demanding surgical 83 
procedures and has just a few simple steps. More importantly, this protocol consistently 84 
produces a good yield of high quality functional islets (250-350/mouse) as we reported 12. 85 
  86 
PROTOCOL:  87 



 

 

All methods described here have been approved by the Animal Care and Use Committee (ACUC) 88 
of Texas A&M University. The surgical tools need is shown in Figure 1 and the schematic diagram 89 
of the procedure is shown in Figure 2. 90 
 91 
1. Solutions 92 
 93 
1.1. Prepare Hank’s Balanced Salt Solution (HBSS) by adding 100 mL of 10X HBSS (from stock) to 94 
900 mL of distilled water to make 1 L HBSS (1X). 95 
 96 
1.1. Prepare STOP solution (must be made fresh and should be used within 1 h) by adding 50 mL 97 
of 100X fetal bovine serum (FBS) to 450 mL of ice cold 1X HBSS; this makes 500 mL STOP solution. 98 
Keep the STOP solution at 4 °C. 99 
 100 
1.2. Prepare collagenase P solution (must be made fresh within 1 h of being used) by adding 1 101 
mg/mL of collagenase P to ice cold 1X HBSS; use 6 mL/mouse. 102 
 103 
1.2.1. Add 0.05% (w/v) bovine serum albumin (BSA) to collagenase P solution (this provides 104 
nutrients to the isolated islets). For example, use 3 mg BSA in 6 mL collagenase P solution. Keep 105 
on ice. 106 
 107 
1.2.2. Calculate and prepare the amount of collagenase P needed for all mice in one 50 mL tube.  108 
 109 
1.3. Prepare complete RPMI 1640 medium by adding 10% FBS, 100 U/mL penicillin, 100 µg/mL 110 
streptomycin, INS-1 cell supplement (10 mM HEPES, 2 mM L-glutamine, 1 mM sodium pyruvate, 111 
and 0.05 mM 2-mercaptoethanol) to 500 mL RPMI 1640 media containing 11.1 mM glucose to 112 
be used for overnight culture and incubation. 113 
 114 
2. Preparation 115 
 116 
2.1. Fill three 50 mL tubes of 25 mL RNase inhibiting solution, 70% ethanol or distilled H2O. These 117 
solutions will be used for cleaning surgical tools prior and during the procedure. 118 
 119 
2.2. Soak the tips of the tools in RNase inhibiting solution for 30 min before starting the protocol; 120 
this eliminates any potential RNase on the tools. 121 
 122 
2.3. Pre-cut absorbent pads to 6 in x 6 in size for use during surgery. 123 
 124 
2.4. Prepare 1X HBSS solution in advance and store at 4 °C. Prepare STOP solution prior to 125 
surgery. Store at 4 °C. 126 
 127 
2.5. Prepare collagenase P solution immediately prior to surgery and store on ice.  128 
 129 
NOTE: This should be used within 2 h of preparation. 130 
 131 



 

 

2.6. Label 50 mL tubes for digestion and purification; prepare 2 tubes for each mouse, one for 132 
digestion and the other for islet purification. Ensure that the animal ID is on both tubes. 133 
 134 
2.7. Add 3 mL of collagenase P solution into the first 50 mL tube. The remaining 3 mL of 135 
collagenase P will be injected. 136 
 137 
2.8. Draw the remaining 3 mL of collagenase solution into a 3 mL syringe mounted with 30 G ½ 138 
in needle. Place the syringe on ice. 139 
 140 
3. Procedure 141 
 142 
3.1. Remove all the tools from RNase inhibiting solution, then dip them first in the tube with 70% 143 
ethanol, then in the tube containing distilled H2O, then air-dry on clean paper towel. 144 
 145 
3.2. Place the mouse in a chamber containing 0.5 mL of isoflurane until mouse is deeply 146 
anaesthetized.  147 
 148 
3.3. Remove mouse from the chamber and check the state of anesthesia by pinching a foot pad 149 
with forceps. Deep anesthetization is based on the observation that breathing become steadily 150 
slow and mouse is unreactive to foot pinching. After confirming that the mouse is deeply 151 
anaesthetized, euthanize the mouse with cervical dislocation, and then place the mouse on the 152 
absorbent pad. 153 
 154 
3.3.1. Place anaesthetized mouse on its stomach, applying pressure to the neck and dislocating 155 
the spinal column from the brain by pulling tail. 156 
 157 
3.4. Tape the limbs of the mouse in supine position to the absorbent pad, spray the body with 158 
70% ethanol, and wipe excess off the excess ethanol. 159 
 160 
3.5. Use cover glass forceps and curved surgical scissors to make incisions. First make a horizontal 161 
incision on the skin of the abdominal area (~3 cm), pull the skin wide open to expose the 162 
abdominal wall. Then make a vertical incision (~3–4cm) on the abdominal peritoneum to fully 163 
expose the pancreas in abdominal cavity (Figure 3). 164 
 165 
3.6. Push the lobes of the liver superiorly to expose the bile duct, it will appear as a pale pink 166 
tube (Figure 3). 167 
 168 
3.7. Carefully move the intestines from the right lumbar/iliac region of the abdominal cavity to 169 
the right, exposing the bile duct and hepatic artery (Figure 3). 170 
 171 
3.8. Carefully clamp the common bile duct using the Schwartz micro serrefines (Figure 1) as close 172 
to the liver as possible.  173 
 174 
3.9. Identify the ampulla of Vater, which is located at the duodenal papilla, formed by the union 175 



 

 

of the pancreatic duct and the common bile duct. The ampulla of Vater appears swollen when 176 
viewed under a dissection microscope which is the entry point to the common bile duct (Figure 177 
4).  178 
 179 
NOTE: Adjusting intensity/angle of light of the dissection microscope can make it easier to locate.  180 
 181 
3.10. Insert the syringe with 3 mL of the collagenase P solution into the ampulla of Vater. Push 182 
the needle into the duct for about 1/4 of the length of the common bile duct (ampulla leads into 183 
duct) as shown in Figure 5. 184 
 185 
3.11. Once the needle is in the ampulla, ensure that the orientation of the needle is such that it 186 
is parallel with the duct.  187 
 188 
3.12. Stabilize the needle by clamping with micro Adson forceps to prevent it from puncturing 189 
the duct (Figure 5).  190 
 191 
3.13. Slowly and steadily inject 3 mL of the collagenase P solution from the syringe into the 192 
common bile duct (enough to feel resistance) as shown in Figure 6. The goal is to create backflow 193 
pressure to force the collagenase to enter the pancreatic duct. Injection is considered successful 194 
if the head, neck, body and tail region of the pancreas are all fully inflated. 195 
 196 
NOTE: Islet yield will be low if either the pancreas is not fully inflated, or the splenic area is not 197 
fully inflated. The splenic area contains the highest number of islets6. Inflation can be confirmed 198 
by the appearance of open spaces between pancreatic tissue that are filled with solution. 199 
 200 
3.14. Carefully dissect out the inflated pancreas and place it in a 50 mL digestion tube containing 201 
3 mL of ice-cold collagenase P solution.  202 
 203 
3.14.1. Remove the pancreas using 2 forceps (curved and cover glass; See Figure 1): (starting 204 
from the spleen, pull the pancreas away from spleen and continue removing from the stomach 205 
and along the duodenum. 206 
 207 
NOTE: No incisions required. 208 
 209 
3.14.2. Chop pancreas for 3–5 s in the digestion tube with 3 mL of ice-cold collagenase P solution 210 
using fine surgical scissors (Figure 7A). 211 
 212 
3.15. Secure the tube to a rack in 37 °C water bath and shake at 100–120 rpm for approximately 213 
12–13 min. 214 
 215 
3.16. After incubation, gently invert the tubes by hand to disrupt the tissue until the collagenase 216 
P digestion solution becomes homogenous (Figure 7B). Homogeneity is confirmed by a sand-like 217 
appearance of fine particles of pancreas. About 30 s of gentle hand-shaking is usually enough. 218 
Hold the tube up to light to examine if the tissue is well homogenized; shake for another ~15 s if 219 



 

 

needed. 220 
 221 
3.17. Once digested, immediately place the tubes on ice and add 40 mL of ice-cold STOP solution 222 
to terminate the enzymatic digestion.  223 
 224 
NOTE: At this point digestion tubes can be left on ice up to 2 h, if working on multiple mice. 225 
 226 
3.18. Centrifuge the tube in a swinging-bucket centrifuge at 300 x g for 30 s (temperature of 227 
centrifuge is flexible).  228 
 229 
NOTE: Use a swinging-bucket centrifuge so that the tissue pellet is formed at the bottom of the 230 
50 mL tube and not on the wall of the tube; this is critical for better islet yield. 231 
 232 
3.19. Decant and repeat the centrifugation with STOP solution 2 more times, decanting the 233 
solution after each spin. Use 20 mL of STOP solution for each subsequent wash. 234 
 235 
3.19.1. Before each spin, disrupt the pellet by gently shaking the tissue pellet in the 50 mL tube 236 
in 20 mL STOP solution. 237 
 238 
3.20. Re-suspend the tissue pellet with 40 mL of ice cold HBSS and centrifuge at 300 x g for 30 s.  239 
 240 
3.21. Decant and repeat the centrifugation using a swinging-bucket centrifuge with HBSS solution 241 
two more times, decanting the solution after each spin. Use 20 mL of HBSS for each wash. 242 
 243 
3.21.1. Before each spin, disrupt the pellet, to detach it from the bottom of the tube by gently 244 
shaking the tube containing 20 mL HBSS solution. 245 
 246 
3.22. After the last centrifugation remove all HBSS. 247 
 248 
3.23. Then add 5 mL of room temperature density gradient to the 50 mL tube containing the 249 
pellet. Vortex briefly at low speed until homogenized. 250 
 251 
3.24. Add another 5 mL of the room temperature density gradient to the 50 mL tube. Do not 252 
vortex/mix.  253 
 254 
NOTE: It is critical to remain steady and still so as to allow better gradient to form without 255 
disruption. 256 
 257 
3.25. Pipette 10 mL of room temperature HBSS buffer into the tube (containing the density 258 
gradient), drop-by-drop gently and slowly to allow a gradient to form. Use a pipette gun with a 259 
10 mL pipette to add HBSS dropwise. 260 
 261 
3.26. Using a swinging-bucket centrifuge, spin tubes at 1700 x g for 15 min. Make sure to change 262 
the speed of both acceleration/deceleration to the lowest setting to maintain the gradient 263 



 

 

(Figure 7C). 264 
 265 
3.27. After the spin, carefully remove the tubes without disturbing the gradient. Using a pipette 266 
gun pre-wetted with cold HBSS (pipette HBSS up and down), pipette out the layer of islets (5–10 267 
mL) formed between the density gradient and HBSS into the new 50 mL islet collection tube.  268 
 269 
NOTE: It is helpful to wet the pipette with cold HBSS prior to pipetting the islets to prevent the 270 
islets from sticking to the inner walls of the pipette. 271 
 272 
3.27.1. In case the separation is incomplete, islets would be visible in the density gradient layer, 273 
pipette out the entire 10 mL of the density gradient (bottom layer) along with the islet layer 274 
formed at the interface (only to leave about 8–10 mL of the HBSS top layer behind).  275 
 276 
NOTE: Collecting both the islet layer and the density gradient layer (bottom layer) can result in 277 
the collection of debris which may lengthen the islet picking time, but no other steps will be 278 
altered. Collecting both these layers is not necessary when islet layer is well formed. 279 
 280 
3.28. Add 20 mL of ice cold HBSS to the new 50 mL tube containing islets, then centrifuge at 350 281 
x g for 3 min in a swinging-bucket centrifuge.  282 
 283 
3.29. After the spin, carefully pipette (do not decant) out the supernatant (leave ~3 mL at the 284 
bottom) without disturbing the pellet containing the islets at the bottom. Discard the 285 
supernatant. 286 
 287 
3.30. Repeat washing and centrifuging at least 3 times. Add 20 mL of HBSS each time, and be sure 288 
to suspend the pellet before each spin. 289 
 290 
3.31. Warm the RPMI-1640 complete media bottle in a water bath at 37 °C prior to use. After the 291 
last centrifugation, remove all of the HBSS and add 4 mL of previously prepared complete RPMI-292 
1640 media (containing FBS, INS-1 cell supplement and penicillin/streptomycin) to the pellet. 293 
 294 
3.32. Dislodge the pellet by gently swirling the tube and immediately pour the RPMI-1640 media 295 
into a 100 mm Petri dish. Add another 5 mL of RPMI-1640 media to the tube and gently swirl it 296 
to wash off any remaining islets, then also pour the media into the same Petri dish. 297 
 298 
3.32.1. Under a dissection microscope, pick healthy islets from the Petri dish using a 20 µL 299 
pipette, and put them in a new Petri dish containing 10 mL of complete RPMI 1640 media. When 300 
viewed under a dissection microscope, islets should appear spherical/oblong and golden-brown 301 
color with a smooth surface compared to the relatively transparent, wispy exocrine tissue. 302 
 303 
NOTE: Magnification of dissection microscope is usually set at 12.5–16x. Islet yield will vary 304 
depending on various factors including strain, age and sex of mouse. This protocol usually yields 305 
250–350 healthy islets from healthy C57BL/6J mouse age 4–10 months old. 306 
 307 



 

 

3.33. Incubate the islets in a sterile incubator at 37 °C with 5% CO2 infusion and 95% humidified 308 
air overnight for experiments the next day, or freeze the islets for desired analysis at a later time.  309 
 310 
3.33.1. Once islets are frozen, they cannot be used for secretion assays, only RNA or protein 311 
quantification. To collect cells to freeze, place them in HBSS buffer, collect all islets in 200–500 312 
µL of buffer, transfer to 1.5 mL tube, centrifuge 350 x g for 1–2 min, remove the supernatant 313 
leaving no more than 30–40 µL solution, place in -20 °C for short term storage (several days) or -314 
80 °C for long term storage. 315 
 316 
REPRESENTATIVE RESULTS:  317 
Proper completion of this procedure requires some understanding of mouse anatomy in the 318 
abdominal cavity. This allows for proper identification of the ampulla of Vater and clamping of 319 
the common bile duct. The entire procedure normally takes 1–2 h. It is more efficient to isolate 320 
islets from 4–6 mice at the same time, so several samples can be centrifuged together. The time 321 
for islet-picking varies, depending on the number of islets and the efficiency of digestion; it may 322 
take roughly an hour to pick 250–350 islets from 1 mouse. 323 
 324 
In this paper, a number of very realistic images are included: Figure 3 shows the abdominal cavity 325 
of the mouse, exposing the common bile duct and hepatic artery. Figure 4 shows the entire 326 
length of common bile duct, which appears to be a lighter color, as well as the ampulla of Vater, 327 
which is bigger and shinier near the juncture (where the needle will be inserted) between the 328 
pancreas and duodenum. A clamp is placed at the common bile duct and hepatic artery bundle 329 
close to the liver to block off the flow of collagenase P into liver. Failure to clamp the bile duct 330 
correctly or tight enough will result in leakage and incomplete perfusion of the pancreas. Figure 331 
5 shows the needle inserted at the ampulla of Vater into the common bile duct. Once the needle 332 
is in the common duct, forceps are used to stabilize the needle to prevent it from puncturing the 333 
duct while injecting. Once the injection begins, the pancreas will begin to swell from proximal 334 
end to distal end; the splenic region should begin to inflate after about 1 mL of collagenase 335 
injection. Backflow into the intestines can lead to an undesirable inflation of the duodenum; this 336 
can be remedied by readjusting the placement of the needle (pull it out a little, or reinsert slightly 337 
deeper) and by properly stabilizing the needle using forceps. The injection is considered a success 338 
if all regions of the pancreas are inflated (duodenal, gastric, and splenic lobes) as shown in Figure 339 
6. Removal of the pancreas should begin from the splenic region. The inflated pancreas is 340 
chopped into chunks using fine surgical scissors (Figure 7A). After the 12–13 min digestion and 341 
mixing by hand-shaking, the tissue-containing suspension appears more homogeneous (Figure 342 
7B). Subsequently, the islets are purified by the density gradient after centrifugation. Figure 7C 343 
shows that an islet suspension layer is formed between HBSS and the density gradient after 344 
centrifugation. Good/healthy islets appear as smooth round-shaped; bad/damaged islets show 345 
rough edges, and undigested exocrine tissue shows irregular shape and appears more translucent 346 
as shown in Figure 8. 347 
 348 
FIGURE AND TABLE LEGENDS: 349 
 350 



 

 

Figure 1: Surgical tools. Curved surgical scissors, cover glass forceps, micro Adson forceps, curved 351 
forceps, small surgical scissors, and Schwartz micro serrefines (microvascular clamp) are shown. 352 
 353 
Figure 2: Schematic illustration of the protocol. The most critical steps of this procedure are the 354 
clamping of the common bile duct near the liver, and injecting collagenase P via the ampulla of 355 
Vater into common bile duct to digest the pancreas. 356 
 357 
Figure 3: Location of common bile duct. Forceps hold up the common bile duct and hepatic 358 
artery bundle. 359 
 360 
Figure 4: Illustration of common bile duct and ampulla of Vater. A clamp is placed on the 361 
common bile duct and hepatic artery bundle near the liver. The black arrows point to the ampulla 362 
of Vater where the needle will be inserted. 363 
 364 
Figure 5: Cannulation of common bile duct. After proper cannulation of the common bile duct, 365 
the ampulla of Vater is injected with trypan blue (for demonstration purpose only) to better 366 
emphasize the placement of the common bile duct.  367 
 368 
Figure 6: Fully inflated pancreas. The dotted line shows the boundary of the fully perfused 369 
pancreas. Forceps hold up the splenic region where islets are most concentrated. 370 
 371 
Figure 7: Islet isolation and purification steps. (A) Mechanically chopped tissue pieces of 372 
pancreas before digestion. (B) Digested pancreas—homogeneous tissue suspension of 373 
collagenase-perfused pancreas after 13 min of incubation in a shaking water bath at 37 °C, 374 
followed by 30 s of mixing by hand. (C) Islet suspension layer is formed between the HBSS and 375 
the density gradient after centrifugation. 376 
 377 
Figure 8: Representative islet images from Fluorescence Cell-Imager. (A) Good islets, bad islets 378 
and exocrine tissue are seen. (B) A cluster of good islets is shown. (C) Panel shows undigested 379 
exocrine tissue attached to a good islet. Good/healthy islets show smooth round edges, indicated 380 
by the red letter “G”; bad/damaged islets show irregular shape and rough edges, and are 381 
indicated by blue letter “B”. Undigested exocrine tissues appear translucent, often attached to 382 
islets, and are indicated by green letter “E”. 383 
 384 
DISCUSSION:  385 
This protocol includes collagenase perfusion and digestion, followed by purification of islets. The 386 
most critical steps of this protocol are effective injection and complete perfusion of the 387 
pancreas1,4,7. The delivery method of this protocol allows the enzyme to traverse the anatomical 388 
routes to better digest the exocrine tissue surrounding the islets1. In addition, this technique is 389 
well suited for complete digestion of the splenic region, which has the highest concentration of 390 
islets4,6. This protocol, with well-controlled digestion time and carefully executed purification 391 
steps, can produce 250–350 healthy islets. The islets isolated from this protocol have been used 392 
successfully to study glucose-stimulated insulin secretion ex vivo12. From our experience, insulin 393 
secretion increased 4-fold upon high glucose stimulation (22.2 mM) compared to baseline (3.3 394 



 

 

mM) after overnight incubation in 5.5 mM glucose-containing RPMI-1640 complete media. The 395 
survivability/functionality of the islets under prolonged incubation (2–7 days) has not been 396 
tested. 397 
 398 
Even though the presented protocol includes detailed notes and visual demonstrations, some 399 
adjustments are needed to achieve the optimal conditions for high yield and high-quality islets. 400 
Two most common problems that may impede the success are improper cannulation of the 401 
ampulla of Vater or accidental puncture of the duct. To avoid these, one should ensure that the 402 
site of penetration is precisely where the ampulla meets with the duodenum. This area is bigger 403 
and relatively easy to identify, which allows for multiple punctures without seriously 404 
compromising the integrity of the duct. Once within the ampulla, the orientation of the needle 405 
should be parallel with the duct rather than angled. At this point, push the needle into the duct 406 
for about 1/4 of the duct’s length, and then stabilize the needle with forceps while slowly 407 
injecting collagenase; this will help to prevent the needle from bending under the pressure and 408 
accidentally puncturing the duct. Other problems may include over- or under-digestion of the 409 
pancreas; this may require modification based on age, strain and sex of the mice. Damaged islets 410 
due to over-digestion (enzymatic and mechanical) or prolonged exposure to the density gradient 411 
may occur. These are common problems that exist for similar methods; some minor adjustments 412 
should yield significant improvements. A suggestion when dealing with these types of issues is to 413 
choose one variable to modify at a time (e.g., time of digestion or concentration of collagenase).  414 
 415 
The main advantage of this protocol is the route of enzyme delivery: having collagenase P to 416 
directly digest the exocrine pancreas using an easier anatomical route which increases digestion 417 
efficiency1. This method has been reported to yield a 50% increase in number of islets compared 418 
to the method of excising the pancreas, chopping it, and exposing it to collagenase13. This 419 
protocol only requires the use of a single density gradient, making it significantly less labor-420 
intensive and more cost-effective, as compared to other methods which require the preparation 421 
of multiple gradients at different densities, or the complex Percoll method that requires 422 
additional time1,8,11. The gradient method employed in this protocol has also be used in islet 423 
isolation by others4. This method of islet isolation provides the scientist with an improved tool 424 
for studying pancreatic islets. Future applications of this protocol include alteration to enhance 425 
the efficacy when dealing with diabetic mice. As Do et al. have observed, diabetic mice, 426 
depending on glucose levels, yield fewer islets (less than 100), with reduced size and appearance 427 
of islets4. We have observed this phenomenon and believe that diabetic islets are more 428 
vulnerable to enzymatic and mechanical digestion which require special care. Additionally, islet 429 
density may alter its appearance in the density gradient, further optimization of the protocol 430 
would help to increase the yield of diabetic islets. 431 
 432 
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Dissection microscope Olympus

Hank's Balanced Salt Solution 10x Corning

Histopaque-1077 Sigma

Light source Leeds

RNaseZap Fisher-Scientific

RPMI-1640 Media w/o L-Glutamine Corning
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Comments/Description

Hoding collagenase P 

Holding skin of mouse to aid incision procedure

Holding tissues during pancreas removal 

To anaesthetize mice prior surgery

Used for islet culture

For penetration of Ampulla of vater to deliver Collagenase P - this guage is used as it 

fits well in most CBDs

Holding digested pancreatic tissue, collagenase P, and purified islets

To absorb blood from syurgical procesdudes

Use for pelleting tissues,  pellet is formed at bottom of conical tube - swing bucket 

centrifuge is needed. Also the decelaration feature is important to form the gradient 

For digestion of exocrine pancreas

For cutting open mouse abdomen
Used for identification of key anatomical structures to accurately deliver collagenase 

into pancreas 
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For gradient formation

Enhancing visibility of microscope

For removing RNase 
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ARTICLE AND VIDEO LICENSE AGREEMENT 

1. Defined Terms.  As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries 
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MyJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties” 
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.

2. Background.  The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article.  In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article.  In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above.  The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats.  If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article.  Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included.  All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video – Standard Access.  This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above.  In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video.  To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE. 

6. Grant of Rights in Video – Open Access.  This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above.  In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above.  The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees.  If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

statute.  In such case, all provisions contained herein that are 
not in conflict with such statute shall remain in full force and 
effect, and all provisions contained herein that do so conflict 
shall be deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 

8. Likeness, Privacy, Personality.  The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties.  The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials.  If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party.  The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion.  If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution.  If more than one
author is listed at the beginning of this Agreement, JoVE may, 
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author.  JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE.  JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the 
Author’s institution as necessary to make the Video, whether 
actually published or not.  JoVE has sole discretion as to the 
method of making and publishing the Materials, including, 
without limitation, to all decisions regarding editing, lighting, 
filming, timing of publication, if any, length, quality, content 
and the like. 
 
11.  Indemnification.  The Author agrees to indemnify JoVE 
and/or its successors and assigns from and against any and all 
claims, costs, and expenses, including attorney’s fees, arising 
out of any breach of any warranty or other representations 
contained herein.  The Author further agrees to indemnify and 
hold harmless JoVE from and against any and all claims, costs, 
and expenses, including attorney’s fees, resulting from the 
breach by the Author of any representation or warranty 
contained herein or from allegations or instances of violation 
of intellectual property rights, damage to the Author’s or the 
Author’s institution’s facilities, fraud, libel, defamation, 
research, equipment, experiments, property damage, personal 
injury, violations of institutional, laboratory, hospital, ethical, 
human and animal treatment, privacy or other rules, 
regulations, laws, procedures or guidelines, liabilities and 
other losses or damages related in any way to the submission 
of work to JoVE, making of videos by JoVE, or publication in 
JoVE or elsewhere by JoVE.  The Author shall be responsible 
for, and shall hold JoVE harmless from, damages caused by 
lack of sterilization, lack of cleanliness or by contamination 
due to the making of a video by JoVE its employees, agents or 
independent contractors.  All sterilization, cleanliness or 
decontamination procedures shall be solely the responsibility 
of the Author and shall be undertaken at the Author’s 

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

We greatly appreciate your insightful critiques, thank you for the opportunity to revise. We have 

carefully revised our manuscript; below please see our point-by-point responses to the reviewers' 

comments (in blue text). To note, some the procedure numbers may be shifted due to the revision. 

Thank you do much! 

Yuxiang & team  

 

Changes recommended by the JoVE Scientific Review Editor: 

 

• Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or 

grammatical errors. 

 

• Formatting: 

1. Please keep the current formatting, unless otherwise noted. For additional information please follow the link. 

Reply: Yes. 

 

2. Please define all abbreviations at first use.  

Reply: Abbreviations are defined at first use.  

 

3. Please use standard SI unit symbols and prefixes such as µL, mL, L, g, m, etc., and h, min, s for time units. Please 

use a single space between numerical values and their units. 

Reply: It has been corrected. 

 

4. Please use ‘Figure #’ instead of ‘Fig. #.’ 

Reply: It has been corrected. 

 

5. For centrifugation force, please use ‘x g’ instead of ‘g’, e.g. ‘300 x g’ 

Reply: It has been corrected. 

  

 

• Authors and Affiliations: 

1. Please provide all authors’ emails.  

Reply: Emails of all authors have been added.  

 

 • Keywords: 

1. Please remove commercial language (Histopaque) 

Reply: The use of the term Histopaque is necessary for this paper. As its use is an important distinction from other 

protocols using other type of gradients, eg ficoll gradient. We believe in the context of our procedure, Histopaque 

gradient produces better result than other type of gradient. Also to note the Histopaque has previously used in J. 

Vis. Exp. 67: e4137 (2012). 

 

• Abstracts: Please re-word the Short Abstract to more clearly state the goal of the protocol. For example, “This 
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protocol/manuscript describes…” 

1. Please reword your Short Abstract because of the word limit (50 words). 

Reply: It has been improved.  

 

2. Please remove commercial language (Histopaque) 

Reply: The use of the term Histopaque is necessary for this paper. As its use is an important distinction from other 

protocols using other type of gradients, eg ficoll gradient. We believe in the context of our procedure, Histopaque 

gradient produces better result than other type of gradient. Also to note the Histopaque has previously used in J. 

Vis. Exp. 67: e4137 (2012). 

 

• Introduction: Please ensure the following points are covered: 

1. advantages over alternative techniques with applicable references to previous studies 

Reply: Advantages over other techniques has been included within this section. Particularly, the cost effectiveness 

and reduction of gradient steps. 

 

2. the context of the technique in the wider body of literature 

Reply: This technique is an amalgam of several other techniques, where certain integral points were utilized and 

adapted in our own protocol, these specific techniques were discussed at length. These included the anatomical 

choice of enzyme delivery, duct clamping, enzyme used, choice of gradient, detailed notation and visial 

demonstration. 

 

3. information to help readers determine if the protocol is appropriate for their application. 

Reply: Information that would help readers determine if the protocol is appropriate for them were included, such as 

age and sex of mice, whether the mice are diabetic, cost, etc. 

 

• Protocol Detail: Please note that your protocol will be used to generate the script for the video and must contain 

everything that you would like filmed. There should be enough detail in each step to supplement the actions seen in 

the video so that viewers can easily replicate the protocol. Please add more details to the following protocol 

steps: 

1. Please add a blank line between every step and Note in the protocol section. 

Reply: Concern has been addressed 

 

2. Please ensure you answer the “how” question, i.e., how is the step performed? (Has been addressed) All steps 

should be explicitly stated to allow readers to replicate protocol. Alternatively, for steps that will not be filmed, add 

references to published material specifying how to perform the protocol action. 

Reply: Concern has been addressed 

 

3. 1 – Please move all materials listed to Materials Table. 

Reply: Concern has been addressed 

 

4. 2 – Please write in imperative tense and add all reagents to Materials Table. Please define ‘fresh’ (e.g. make day 

of use, good for a few days, etc.) If solutions need to be made during protocol, please integrate where appropriate. 

The protocol numbering order should reflect the order in which steps are done. 

Reply: Written in imperative tense,  “fresh” is defined; numbering order follows how steps are carried out. 



 

5. 3.1 – When were tubes marked? How volume was added to each tube? 

Reply: Tubes are marked during preparation, content can be added either by pipetting or pouring in directly form 

stock solution container. 

 

6. 3.2 – Soak entire surface of tools? Partial? Please explain. 

Reply: Tips of tools are soaked in the RNaseZap, areas that will be exposed to direct contact with pancreatic tissue.  

 

7. 3.3 – Please specify size of material cut. 

Reply: Size of material is 6” by 6”. 

 

8. 3.7 – Presumably 2 tubes (‘digestion’ and ‘purification’) are labelled per mouse? Please clarify. 

Reply: Yes, it has been clarified.  

“Label 50 mL tubes for digestion and purification – prepare 2 tubes for each mouse: one  

for digestion and the other for islet purification.” 

 

9. 4 Note – Please move this directly below the Protocol section heading on line 88. 

Reply: This has been addressed. 

 

10. 4.1 – ‘rinse’ – how? Are they left in the ethanol or water solutions for given amount of time? Please reference 

Figure 1. 

Reply: They are rinsed by dipping and swirling tips in EtOH tube then ddH20. They are not left to soak, rinse only.  

 

11. 4.2 – How was isoflurane added to chamber? How is ‘deep’ anesthetization confirmed? Move on to step 4.3 when 

mouse stops moving or after a certain amount of time? 

Reply: 2 mL of Isofluorane is added to a covered beaker used to anaesthetize mice under ventilation hood.      

           “Deep anesthetization is based on the observation that breathing become steadily slow and mouse is 

unreactive to foot pinching.” 

 

12. 4.3 – Please note we cannot show euthanization in our videos. Please un-highlight steps 4.2-4.3. Please provide 

details how ‘cervical dislocation’ is accomplished. What equipment was used. 

Reply: Once the mouse is deeply anaesthetized, the mouse will be sacrificed with cervical dislocation. “Deeply 

anaesthetized mouse will be placed on stomach, then one hand holds skull and one hand holds shoulder to apply 

firm pressure to the neck to dislocate the spinal cord from the brain by pulling the tail”. 

 

13. 4.3.1 – This should be re-numbered as 4.4. Was ethanol wiped away? Allowed to evaporate? 

Reply: Yes, it has been renumbered, and excess ethanol is wiped away using paper towel. 

 

14. 4.4 – What equipment was used? Location of incision? Length? Was peritoneum also cut at this step? 

Reply: Spray 70% alcohol on the entire abdominal area to wet the fur to prevent hair flying under microscope. “Cover 

glass forceps and curved surgical scissors are used to make incisions. First a horizontal incision is made on the skin 

(~3cm), pull the skin wide open to expose the abdominal wall. Then a vertical incision (~3-4cm) on the abdominal 

peritoneum is made to fully expose the pancreas in abdominal cavity.” 

 



15. 4.5 – How is bile duct identified? Directions in up/down/left/right are all relative. Presumably liver is pushed 

superiorly? 

Reply: The concern has been addressed as: Push the superior lobes of the liver to expose the bile duct, which 

appears as a pale pink color tube. Carefully push the intestines away from the lumbar/iliac region of the abdominal 

cavity to expose the bile duct and hepatic artery. 

 

16. 4.6 – Please refer to Figure 3 for clarity. 

Reply: It has been corrected ad requested.  

 

17. 4.7 – ‘clamp’ – how? With what equipment? 

Reply: Appropriate equipment has been noted.  

 

18. 4.8.1/4.12.1/4.16.1/4.26.2/4.33.2 – Please change this to note. 

Reply: Concern has been addressed. 

 

19. 4.9 – How is common bile duct identified? It is difficult to identify even in Figure 5. Please refer here to Figure 5 

for clarity, although a clearer image is required. 

Reply: a clearer picture depicting common bile duct/Ampulla of Vater has been added along with following 

instructions “Identify the Ampulla of Vater, which is located at the duodenal papilla, formed by the union of the 

pancreatic duct and the common bile duct. The ampulla of Vater appears swollen when viewed under a dissection 

microscope and is the entry point to the common bile duct.” 

 

20. 4.11 – Please define slow and steady. How is proper flow rate confirmed? 

Reply: Slow and steadily is defined as “enough to feel resistance”. Proper flow rate is confirmed by full inflation of 

splenic area of pancreas. 

 

21. 4.12 – Please combine with 4.11. How is ‘fully inflated’ confirmed? 

Reply: The following note and reference to Figure 6 has been added “NOTE: Inflation can be confirmed by the 

appearance of open spaces between pancreatic tissue that is filled with solution”. 

 

22. 4.13.1 – ‘remove’ – how? Was incision made with scalpel? Please add equipment used. 

Reply: The explanation depicting process of removal of pancreas has been added. “Remove the pancreas using 

curved and cover glass forceps (see Figure 1): starting from the spleen, pull the pancreas away from spleen and 

stomach, and then from the duodenum” 

 

23. 4.13.2 – ‘chop’ – what size pieces should be made? 

Reply: To increase the surface area of the tissue exposed to the collagenase, pancreases is chopped to small pieces 

(the size of peas), usually need to chop with scissors for 2-3 minutes. 

 

24. 4.14/4.15/4.15.1 – How is tube rotated in water back? How is ‘homogenously digested’ confirmed? 

Reply: Tubes are rotated in shaking water bath by placing them in a rack attached to the shaker. ”Homogeneity of 

digested pancreas is defined as a sand like appearance.  ~30 seconds of gentle hand-shaking is usually enough; 

hold the tube to light to examine if the tissue is well homogenized. If not, shake for another ~15 seconds if needed.” 

This statement has been added to protocol. 



 

25. 4.15.1 – Please integrate with 4.15. 

Reply: Concern has been addressed. 

 

26. 4.16.1 – How long can digestion tubes be left on ice for? 

Reply: Preferably not longer than 2 hours. Longer than 2 hours the islets may not be healthy. 

 

27. 4.17/4.19//4.25/4.27 – Centrifugation temperature? 

Reply: Temperature is not a factor for this step, 22C room temperature is fine.  

 

28. 4.17.1/4.26.1 – Please do not number notes. 

Reply: Concern has been addressed. 

29. 4.18 – How much STOP solution was added? Please add ‘decanting’ step prior to spinning with STOP solution, 

since this is the order in which the steps are conducted.  

Reply: 40 mL of STOP solution is poured into the tubes containing digested islets and then 20 mL after each spin.   

Decanting step is added prior to spinning with solution. ”Once the islets are digested, immediately place the tubes on 

ice and add 40 mL of STOP solution to terminate the enzymatic digestion. Repeat the washing and centrifugation 

with 20 mL of STOP solution 2 more times (Decanting the solution after each spin).” 

 

30. 4.20 – What determined 2-3 times? 

Reply: Just to ensure that all the collagenase/histopaque/undigested exocrine tissue are removed efficiently. 

 

31. 4.20.1/4.20.2 – Please integrate with 4.20. 

Reply: Concern has been addressed. 

 

32. 4.22 – Presumably vortex till homogenous? 

Reply: Yes, solution is vortexed at low speed until it becomes homogenous. “Then add 5 mL of room temperature 

Histopaque-1077 to the 50 mL tube containing the pellet. Vortex briefly at low speed until homogenized.”  

 

33. 4.23 – Was solution mixed? 

Reply: Solution is not mixed after initial addition of 5 mL Histopaque.  Clarifications have been added “NOTE: The 

following steps 4.24-4.25 require the user to remain steady to endure the gradient to form without disruption. Next, 

add another 5 mL of Histopaque -1077 to the 50 mL tube. Do not vortex/mix.” 

 

34. 4.24. – How was HBSS added drop by drop? 

Reply: Clarification added: “Pipette 10 mL of room temp HBSS buffer into the tube (containing Histopaque), drop by 

drop, to allow a gradient to form.” 

 

35. 4.26 – ‘pre-wet’ – how? Presumably pre-wet not just the outside of the pipette? Is islet layer completely removed? 

How much HBSS remains to prevent uptake of other layers? 

Reply: Following clarification has been added: “After the spin, carefully remove the tubes without disturbing the 

gradient. Using a pipette gun pre-wetted with cold HBSS (pipette HBSS up and down), pipette out the layer of islets 

(5-10 mL) formed between Histopaque-1077 and HBSS into the new 50 mL islet collection tube. NOTE: It is 



necessary to wet the pipette with cold HBSS prior to pipetting the islets to prevent the islets from sticking to the inner 

walls of the pipette. 

How much HBSS remains to prevent uptake of other layers? 

In case the islets are visible in the Histopaque layer, pipette out the entire 10 mL of the Histopaque (bottom layer) 

along with the islet layer formed at the interface into a 50 mL islet collection tube. This will leave about 8-10 mL of top 

layer HBSS” 

 

36. 4.26.2 – Do any subsequent steps change if bottom layer is collected? If not, is leaving this layer behind 

important? 

Reply: The following has been added to clarify the reviewer’s concern, “NOTE: Collecting both the islet layer and 

Histopaque layer (bottom layer) can result in the debris contamination, which will make the islet picking more 

challenging. Collecting both these layers is not necessary if islet layer is well formed.” 

 

37. 4.29.1 – Please integrate with 4.29 

Reply: Concern has been addressed. 

 

38. 4.31 – Presumably FBS, INS-1, and penicillin/streptomycin were already added and not further supplemented? 

Please clarify. 

Reply: Yes, the formulation of this media is described which should be prepared beforehand, clarification and 

reference to this step has been added. 

 

39. 4.32 – Please define ‘gently shaking’. Please specify media on line 229 for washing tube. 

Reply: “Gently shake” has been changed to “gently swirl” as it is more accurate description of the procedure used. 

 

40. 4.33.1 – Please integrate with 4.33. Please provide settings used for dissection microscope. 

Reply: Magnification of dissection microscope is 12.5X – 16.0X. 

 

41. 4.34 – Please provide reference for freezing protocol. 

Reply: Once islets are frozen they cannot be used for in vitro experiments (secretion assays), can only be used for 

RNA and protein quantification. To collect islets to freeze, collect all islets in 200-500 uL of HBSS buffer, then transfer 

to 1.5 mL tube, then centrifuge 350g for 1-2 minutes to remove supernatant. Place islet pellet in -20 C for short term 

storage (several days) or -80 C for long term storage.  

 

• Protocol Language: Please ensure that all text in the protocol section is written in the imperative tense as if you 

are telling someone how to do the technique (i.e. ‘Do this’, ‘Measure that’, etc.). Any text that cannot be written in the 

imperative tense may be added as a ‘Note’, however, notes should be used sparingly and supplement the protocol 

step. 

Reply: Concern has been addressed. 

 

• Protocol Highlight: After you have made all the recommended changes to your protocol, please re-evaluate the 

length of your Protocol section. There is a 10-page limit for the Protocol section excluding figures and tables. Please 

highlight up to 2.75 pages of text in yellow (including headings and spaces), to identify which steps should be 

visualized/filmed to tell the most cohesive narrative of the protocol. Please see JoVE’s instructions for authors for 

more clarification. Remember that the non-highlighted protocol steps will remain in the manuscript and therefore will 

still be available to the readers. 



1. You may highlight portions of a protocol step, but must highlight complete sentences. 

2. Notes cannot be filmed and should be excluded from highlighting. 

3. Please revise title to reflect highlighted content only. 

 

• Figures/Legends: 

1. Figure 3-6 – It may be useful for readers to also label pancreas and duodenum for clarity. 

Reply: Figures where it is applicable have had pancreas/duodenum labels added.  

 

2. Figure 3 – Please label the bile duct and hepatic artery bundle separately for clarity. 

Reply: Figures where it is applicable have had bile duct/hepatic artery labels added.  

 

3. Figure 4 – Please provide new image as Ampulla of Vater is difficult to identify. 

Reply: A better image of the ampulla has been added. 

 

4. Figure 5 – Please provide a different image where the common bile duct is easily identifiable. This may require 

changing the angle of the light, the angle of the camera, or lower light intensity. 

Reply: A better image where the common bile duct is easily identifiable has been added. 

 

5. Figure 8 – Please make scale bars easy to read. Does panel C use the same scale bar? 

Reply: Scale bar is the same for all images, scale bar has been added. 

 

 

• Discussion: JoVE articles are focused on scientific protocols. Thus, the discussion should be similarly focused. 

Please ensure that the discussion covers: 

1. modifications and troubleshooting 

2. critical steps within the protocol 

3. limitations of the technique 

4. significance with respect to existing protocols 

5. future applications 

6. Please do not use bullets in this section. 

 

• References: Please make sure that your references comply with JoVE instructions for authors. Citation formatting 

should appear as follows: (For 6 authors or less list all authors. For more than 6 authors, list only the first author 

then et al.): [Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage – 

LastPage, doi:DOI (YEAR).] 

1. Please remove ‘&’ when listing authors for a reference. 

2. Please abbreviate all journal titles using ISO standard. 

3. Please include volume, and issue numbers for all references. 

 

• Commercial Language: JoVE is unable to publish manuscripts containing commercial language, including 

trademarks (™), registered trademark symbols (®), and company brand names. Please replace all commercial 

language in your manuscript with generic names that are not company-specific. All commercial products should be 

sufficiently referenced in the Materials Table. You may add the generic name(s) under the comments section of the 

Materials Table for clarification. Examples of commercial language in your manuscript include Histopaque, 

RNaseZap, etc. 

 

• Materials Table: Please revise the table to include supplies, reagents, and equipment. The table should include the 

name, company, and catalog number of all relevant materials/software in an .xls/.xlsx file. It should include a 

comments column to clarify generic names in manuscript. Please include items such as surgical tools, all reagents 

and solutions in steps (1) and (2), 50 mL tubes, RNaseZap, adsorbent pad, isoflurane, dissection microscope, 



surgical equipment, syringe, needles, 100 mm Petri dish, etc. 

 

• If your figures and tables are original and not published previously or you have already obtained figure permissions, 

please ignore this comment. If you are re-using figures from a previous publication, you must obtain explicit 

permission to re-use the figure from the previous publisher (this can be in the form of a letter from an editor or a link 

to the editorial policies that allows you to re-publish the figure). Please upload the text of the re-print permission (may 

be copied and pasted from an email/website) as a Word document to the Editorial Manager site in the "Supplemental 

files (as requested by JoVE)" section. Please also cite the figure appropriately in the figure legend, i.e. "This figure 

has been modified from [AUTHOR] et al.[REFERENCE]” 

 

Comments from Peer-Reviewers:  

 

Reviewer #1:  

Manuscript Summary: 

This manuscript provides a simplified mouse islet isolation and purification method that will be of great interest to islet 

biology field. The protocol described a novel route of injecting collagenase P via the Ampulla of Vater to digest the 

exocrine tissue, thus greatly reducing the complexity of islet isolation techniques. The protocol is described in details 

so that it can be easily followed. 

 

Minor Concerns: 

In Discussion section, it would be interesting to know how long the isolated islets can be cultured in vitro and how 

many folds of insulin can be secreted by the isolated islets in response to high glucose stimulation. 

Line 40, due combination, missing "to". 

Line 42, in This protocol high produces high yield islets, first "high" should be deleted., 

Line 65, et al, missing name 

Reply: We appreciate the reviewer’s insightful critiques and comments. Typo errors associated have been corrected. 

We have only cultured them overnight for insulin secretion experiments.  

We noted in revision: The islets isolated from this protocol has been used successfully to study glucose 

stimulated insulin secretion ex vivo  in our previous publication ((Pradhan, G. et al. Sci Rep. 7:, 979, 2017). 22.2mM 

glucose induced insulin secretion can be 4-fold higher than that of baseline (3.3mM). These results were achieved 

after overnight incubation in 5.5mM glucose RPMI-1640 complete media.   

The current protocol has not been tested for prolonged incubation (2-7 days). Others have cultured islets for 

2-7 days (Do, O. et all. Lepr(db) mouse model of type 2 diabetes: pancreatic islet isolation and live-cell 2-photon 

imaging of intact islets. J Vis Exp. 99, e52632, 2015; Phelps, E. A. et al. Advances in Pancreatic Islet Monolayer 

Culture on Glass Surfaces Enable Super-Resolution Microscopy and Insights into Beta Cell Ciliogenesis and 

Proliferation. Scientific Reports 7: 45961. 2017).  

 

 

Reviewer #2: 

Manuscript Summary: 

It is a well written and easy to follow protocol for isolation of pancreatic islets from mice. The protocol is better than 

existing ones. 

 

Major Concerns: 

None 

 

Minor Concerns: 

Pay attention to some typos and grammatical in the Abstracts. 

Reply: We appreciate the reviewer’s kind comments, we have carefully corrected the typos and grammatical errors 

we find.  

 

Reviewer #3: 

Manuscript Summary: 

I have read with great interest the manuscript entitled, "A simplified high-efficacy protocol for isolation of pancreatic 

islets from mice", by Villarreal and colleagues. The manuscript is well written and easy to read. The authors should 



address the following one major point and one minor issue. 

I am so surprised and disappointed with Figure 2 which shows incorrect pancreas anatomy in mice. The pancreas 

shown in Figure 2 appears to be human pancreas, not mouse pancreas. The authors should learn the differences in 

pancreas anatomy between human and mouse. Please read the following 2 published papers. 

Changes in the mouse exocrine pancreas after pancreatic duct ligation: a qualitative and quantitative histological 

study. Arch Histol Cytol. 1995 Aug;58(3):365-74 

Structural similarities and differences between the human and the mouse pancreas. Islets. 2015;7(1):e1024405 

The authors should definitely replace Figure 2 with the correct one. 

Reply: We apologize for the oversight, we greatly appreciate the reviewer’s critique. We have redrawn the schematic 

diagram based on the papers kindly shared by the reviewer.  

 

My another concern is about warm ischemia. The authors sacrificed the mice with cervical dislocation prior to 

surgery. This approach is unusual. The most researches sacrifice the mouse after intraductal distension of the 

pancreas (and just prior to pancreatectomy) by means of cardiac puncture so that the pancreas is subjected to 

minimum warm ischemia time. The authors should describe why they took the unusual approach. 

Reply: The reviewer raises a very good question. In our initial studies, we perfused the pancreas while the mouse 

was under anesthesia (isofluorane), followed by cutting the hepatic artery and pancreatectomy. In this approach, 

excision of the perfused pancreas was challenging due to the excessive bleeding from the hepatic artery. Also it was 

difficult to inject the collagenase into the Ampula of Vater due to the heavy breathing. So, in this protocol we have 

choose our current approach.  

Similar to our protocol, Do et al. sacrificed the mice by either cervical dislocation or CO2 asphyxiation prior to 

exposing the abdominal cavity for islet perfusion. (Ref: J Vis Exp. 2015; (99): 52632). Further in the paper by Neuman 

et al., the mouse was completely euthanized by opening the thoracic activity and cutting the aorta before perfusion of 

the pancreas to isolate islets (Ref: J Vis Exp. 2014; (88): 50374). In the book titled ‘Pancreatic islet isolation: From the 

mouse to the clinic’ by Miriam Ramírez-Domínguez, the author recommends euthanization of the mouse by cervical 

dislocation or CO2 before proceeding with the islet isolation. 

 

 

Reviewer #4: 

Manuscript Summary: 

This manuscript provides a detailed protocol for isolating pancreatic islets from mice, which is useful to the 

islet/diabetes research community. Isolating good quality islets is critical and impacts significantly on the quality of the 

research conducted. While there are several published protocols on islet isolation, this detailed protocol provides an 

excellent guide for islet isolation. Publication is recommended after addressing the below comments. 

 

Major Concerns: 

- A clear time estimate for completing the "procedure" (i.e., steps 4.2 - 4.34) with a specific number of mice 

(pancreata) should be provided. 

Reply: We normally collect islets and a wide range of other central and peripheral tissues from 4-6 mice at a time. 

Following is the estimated time for collecting pancreatic islets from 6 mice by an experienced technician: 1. Excise 

and digestion of pancreas can be done in 30 minutes (~5 minutes/mouse) if all materials are prepared beforehand 

(eg, absorbent pads, syringes filled, 50 ml tubes filled with collagenase etc). 2. Pancreatic excision and digestion can 

be completed in 45-50 minutes. The centrifugation/washing steps may take 1 hour. 3. The gradient step requires 

slow, steady application of Histopaque and HBSS, which can take 1-1.5 hours.  4. The last step of islet picking time is 

highly variable depend on the amount and quality of islets. If digestion and separation are optimal, it normally takes 1-

1.5 hours.  (If digestion and separation are poor it will take more time to pick islets because one has to remove 

exocrine debris from islets, it can take 2-2.5 hrs). Thus normally it takes 3-4 hours in total for an experienced 

technician to collect islets from 6 mice. Comparing to other protocols involving multiple gradients, our sigle gradient 

purification procedure reduces the time and labor. 

 

- The authors should comment in the manuscript on the time that would be needed to isolate islets with their method 

from larger numbers of mice (e.g., >15) as would be commonly needed for transplantation applications. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4542571/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4205887/


Reply: For research purpose, we normally not collect islets from mice greater than 8 mice per day to ensure the 

quality of the islets.  However, if an additional person is available to assist, and there are additional centrifuge and 

dissecting scope, the group should be able to handle bigger number of mice, the time needed per mouse can be 

significantly reduced.  

 

- The authors should comment why they combine the hand-picking step with the gradient step? This seems 

redundant as hand-picking is commonly done to bypass the gradient step... 

Reply: In our protocol, we collect the entire volume of the HBSS (8-10ml) and the gradient layer (8-10ml) after 

carefully pipetting the formed islet layer. This leads to collection of islets that are dispersed in the gradient layer (due 

to incomplete separation) along with the islet layer, which helps to increase the overall islet yield. As a tradeoff, some 

debris and undigested exocrine tissue may be pipetted in as well. So, we use an additional step of hand-picking after 

the gradient step to increase the islet yield, and to obtain high quality islets (devoid of debris or exocrine tissue). 

 

- Data on islet viability after Histopaque should be provided. 

Reply: Islet viability using current protocol has been demonstrated in our previous publication (Pradhan, G. et al. Sci 

Rep. 7:, 979, 2017), we showed that the islets are fully functional in glucose stimulated insulin secretion, as well as 

RNA and protein expression studies.  

 

- The authors should comment whether islets are found in the pellet during step 4.26. 

Reply: Islets can be found on the surface of the pellet but not within the pellet itself. 

 

- In step 4.26.2, the sentence "In case the islets are visible in the Histopaque layer" should changed to the following 

"In case the separation is incomplete and islets are visible in the Histopaque layer" to indicate clearly that this is a 

contingency step to recover the islets after failure to separate in the 1st gradient. 

Reply: The point is well taken, the text has been revised per reviewer’s suggestion.  

 

- The authors should reduce the emphasis on "high yields" in in the manuscript, as 300-350 islets/mouse is consistent 

with other isolation methods. Also, claims of simplicity/time-efficiency should also be dampened as the final step of 

islet hand-picking adds significant time requirements to this method; according to the authors, "it may take roughly an 

hour to pick 300-350 islets from 1 mouse", thus, the hand-picking step might add a few more hours with the 

recommended 4-6 mice per isolation, let alone in larger isolations (>10 mice). 

Reply: We have turned down our statement accordingly. 

 

Minor Concerns: 

- Correct typographic errors in the manuscript to ensure correct execution of the protocol (e.g., line #162). 

- Author name is missing in line #65. 

Reply: Minor concerns have been addressed.  

We greatly appreciate the reviewer’s critical inputs, which has helped us to improve the manuscript dramatically. 


