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SUMMARY: 22 
 23 
Adipocytes exist in discrete depots and have diverse roles within their unique 24 
microenvironments. As regional differences in adipocyte character and function are uncovered, 25 
standardized identification and isolation of depots is crucial for advancement of the field. Herein, 26 
we present a detailed protocol for the excision of various mouse adipose depots. 27 
 28 
ABSTRACT: 29 
 30 
Adipose tissues are complex organs with a wide array of functions, including storage and 31 
mobilization of energy in response to local and global needs, uncoupling of metabolism to 32 
generate heat, and secretion of adipokines to regulate whole-body homeostasis and immune 33 
responses. Emerging research is identifying important regional differences in the developmental, 34 
molecular, and functional profiles of adipocytes located in discrete depots throughout the body. 35 
Different properties of the depots are medically relevant since metabolic diseases often 36 
demonstrate depot-specific effects. This protocol will provide investigators with a detailed 37 
anatomic atlas and dissection guide for the reproducible and accurate identification and excision 38 
of diverse mouse adipose tissues. Standardized dissection of discrete adipose depots will allow 39 
detailed comparisons of their molecular and metabolic characteristics and contributions to local 40 
and systemic pathologic states under various nutritional and environmental conditions.  41 
 42 
INTRODUCTION: 43 
Adipose tissues play critical roles in whole-body homeostasis, including storage and release of 44 
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energy in response to local and global needs, thermoregulation, and secretion of adipokines to 45 
regulate energy balance, metabolism and immune responses1,2. Adipocytes are distributed 46 
throughout the body in discrete depots, and in some cases serve specialized roles within their 47 
microenvironments3-5. Historically, the study of adipose tissue has centered on white adipose 48 
tissue (WAT), and its role in maintaining energy homeostasis. Most adipocytes are distributed 49 
throughout the body in subcutaneous and visceral WAT depots. The characteristics of these 50 
depots are important for differential susceptibility to metabolic diseases. Subcutaneous 51 
adipocytes, located beneath the skin, have been associated with protective metabolic effects5. 52 
Visceral adipocytes, which surround the vital organs and are contained within the gonadal, 53 
perirenal, retroperitoneal, omental and pericardial depots, are commonly linked to metabolic 54 
disorders, including type 2 diabetes and cardiovascular disease2. Brown adipose tissues (BAT) 55 
have also been studied extensively. Brown and brown-like adipocytes express uncoupling protein 56 
1 (UCP1) and play important roles in adaptive thermogenesis and glucose homeostasis6,7. 57 
Classical brown adipocytes are contained in the interscapular BAT depot8. Clusters of brown 58 
adipocytes are also found in other locations, including supraclavicular, infra/subscapular, 59 
cervical, paravertebral and periaortic depots8,9.  60 
 61 

In addition to their location in major WAT and BAT depots, adipocytes exist in discrete 62 
niches throughout the body4, where they may perform specialized functions within their 63 
respective microenvironments. For example, bone marrow adipose tissue (BMAT) serves as a 64 
lipid reservoir, is a major source of circulating adiponectin, and closely interacts with osteoblasts, 65 
osteoclasts, and hematopoietic cells10,11. Dermal adipocytes contribute to widespread processes, 66 
including wound healing, immune response, thermoregulation, and hair follicle growth12,13. 67 
Further, epicardial adipocytes may produce several adipokines and chemokines that exert local 68 
and systemic effects on the development and progression of coronary artery disease14. Expansion 69 
of inter/intramuscular WAT has been positively correlated with increased adiposity, systemic 70 
insulin resistance, and decreased muscular strength and mobility15. In addition, popliteal 71 
adipocytes serve as a lipid reservoir for lymphatic expansion during infection16. While the specific 72 
roles of different articular depots are generally unknown, the Hoffa depot (infrapatellar) within 73 
the knee is now thought to contribute to pathologies, including anterior knee pain and 74 
osteoarthritis17.  75 
 76 

Whereas regional differences in adipocyte character and function are under intense 77 
study, the field is currently limited by the lack of a standardized protocol for the identification 78 
and dissection of diverse mouse depots. Previously published methods have typically described 79 
the isolation of one or two specific depots and lack the level of detail required for uniform 80 
excision18,19. The protocol described in this manuscript provides a comprehensive guide for the 81 
specific anatomic locations and isolation steps of many different mouse adipose depots. 82 
Although WAT depots are the primary focus of this manuscript, the excision of interscapular BAT 83 
is also described in detail. Adipose tissues excised using this protocol can be used for a wide 84 
variety of experimental endpoints, including explant studies, histology, and gene expression 85 
analyses. 86 
 87 

The goal of this manuscript is to provide investigators with a detailed protocol to clearly 88 



   

and precisely identify and isolate both prominent and less-studied mouse adipose depots (Figure 89 
1). This resource will facilitate a more complete investigation of the developmental, molecular, 90 
and functional characteristics of adipocytes within diverse niches.  91 
 92 
[Place Figure 1 here] 93 
 94 
PROTOCOL 95 
 96 
All animal procedures are performed with the approval of the Institutional Animal Care and Use 97 
Committee (IACUC) of the University of Michigan.  98 
 99 
1. Euthanization 100 
 101 
NOTE: For the purpose of this video protocol, four to six-month-old C57BL/6J mice are used. 102 
 103 
1.1. Place the mouse in an isoflurane vaporizer chamber and adjust the isoflurane flow rate to 104 
5% or greater. Continue isoflurane exposure until one minute after breathing stops. Then remove 105 
the mouse from the vaporizer chamber and confirm euthanasia using an approved secondary 106 
measure. 107 
 108 
NOTE: Approved secondary measures will vary by institution and animal protocol and may 109 
include cervical dislocation or decapitation. 110 
 111 
1.2. Place the euthanized mouse on the dissection pan. Sterilize the dorsal and ventral external 112 
surfaces of the mouse using 70% ethanol. Ensure that the external surface of the mouse is 113 
sufficiently wet to minimize contamination from fur during dissection. 114 
 115 
2. Identification and isolation of major subcutaneous adipose depots (anterior subcutaneous, 116 
dorsolumbar, inguinal, gluteal) and interscapular brown adipose tissue. 117 
 118 
2.1. Identifying and isolating anterior subcutaneous WAT  119 
 120 
NOTE: Anterior subcutaneous WAT is located between the scapulae, descending from the nape 121 
of the neck to the axillae of the mouse7. This depot has alternatively been described as 122 
suprascapular8 or interscapular20 WAT and lies directly on top of the interscapular BAT depot. 123 
 124 
2.1.1. To isolate the anterior subcutaneous depot, lay the mouse on its stomach in a prone 125 
position. Secure the upper and lower limbs to the dissection pan with dissection pins.  126 
 127 
2.1.2. Use forceps to lift the dorsal skin at the nape of the neck. Use iris scissors to make a small 128 
(1 mm) cut in the skin. 129 
 130 
2.1.3. Insert one blade of the iris scissors into the initial cut and make a midline vertical incision 131 
(2–3 cm) through the skin, beginning at the nape of the neck and descending along the spine to 132 



   

mid-back. 133 
 134 
2.1.4. Make two horizontal incisions (1 cm each) using the iris scissors, extending laterally from 135 
midline, at the top and bottom of the initial vertical incision. 136 
 137 
2.1.5. Use forceps to carefully peel back the skin and expose the anterior subcutaneous depot.  138 
 139 
2.1.6. Use iris scissors to remove the depot following the natural borders of the tissue.  140 
 141 
NOTE: This method isolates both anterior subcutaneous WAT and interscapular BAT.  142 
 143 
2.1.7. Place the dissected depot on the dissection pan and carefully remove the contaminating 144 
BAT using iris scissors.  145 
 146 
2.2. Identifying and isolating classical BAT 147 
 148 
NOTE: Classical BAT is located beneath the anterior subcutaneous WAT depot.  149 
 150 
2.2.1. To isolate BAT, use iris scissors to cut horizontally along the bottom edge of the anterior 151 
subcutaneous tissue, following the natural border of the depot. 152 
 153 
2.2.2. Then, use iris scissors to make two vertical incisions along the lateral edges of the depot, 154 
following the natural borders of the tissue. 155 
 156 
2.2.3. Use forceps to carefully flip the depot up and reveal the butterfly-shaped interscapular 157 
BAT embedded within the WAT. Carefully dissect the BAT out from the surrounding WAT. 158 
 159 
2.3. Identifying and isolating posterior subcutaneous WAT,  160 
 161 
2.3.1.  Lay the mouse on its back in a supine position.  162 
 163 
2.3.2. After securing the upper and lower limbs with dissection pins, use forceps to lift up the 164 
skin at the base of the sternum and make a small (1 mm) cut in the skin.  165 
 166 
2.3.3. Insert one blade of the iris scissors into the initial cut and make a midline incision (4–5 cm) 167 
through the skin, beginning at the base of the sternum and descending to the base of the tail. 168 
Exercise caution when making this incision because the ventral skin is very thin and is closely 169 
associated with the underlying peritoneal cavity wall. 170 
 171 
2.3.4. Make two horizontal incisions (1 cm each) using iris scissors, extending laterally from 172 
midline, at the top of the initial vertical incision. 173 
 174 
2.3.5. Use forceps to carefully peel back the skin from the peritoneal cavity and the leg to find 175 
posterior subcutaneous WAT, which should remain associated with the skin. Secure the 176 



   

outstretched skin with dissection pins to ease complete excision of the WAT. 177 
 178 
NOTE: Although the posterior subcutaneous WAT appears to be continuous, it is actually 179 
comprised of three discrete depots: dorsolumbar, inguinal, and gluteal1. The dorsolumbar depot 180 
extends from the lumbar spine to the base of the hindlimb. The triangular inguinal depot extends 181 
from the base of the hindlimb ventrally across the groin and contains a prominent lymph node. 182 
The gluteal depot extends inferiorly from the base of the groin and wraps around the leg to the 183 
base of the tail.  184 
 185 
3. Identification and isolation of visceral adipose depots (gonadal, perirenal, retroperitoneal, 186 
omental, pericardial) 187 

 188 
3.1. Identifying and isolating visceral WAT depots 189 
 190 
NOTE: WAT depots, which are largely contained within the thoracic and peritoneal cavities, keep 191 
the mouse in a supine position. Secure the upper and lower limbs to the dissection pan with 192 
dissection pins. 193 
 194 
3.1.1. Use forceps to lift up the thin peritoneal cavity wall at the base of the sternum and make 195 
a small cut (1 mm) using iris scissors.  196 
 197 
3.1.2. Insert one blade of the iris scissors into the cut and make a descending vertical incision (4–198 
5 cm) from the top of the peritoneal cavity (base of the sternum) to the rectum.  199 
 200 
3.1.3. Make two horizontal incisions (1 cm each) with iris scissors, extending laterally from 201 
midline, at the top and bottom of the vertical incision. 202 
 203 
3.1.4. Use forceps to peel back the peritoneum and expose the abdominal cavity contents. Pin 204 
the outstretched peritoneum to the dissection pan. 205 
 206 
3.2. Identifying and isolating gonadal WAT  207 
 208 
NOTE: Gonadal WAT surrounds the uterus and ovaries in females (ovarian or parametrial) and 209 
the epididymis and testes in males (epididymal). Ovarian WAT surrounds the ovaries, uterus, and 210 
bladder. In obese animals, gonadal and perirenal WAT can appear to be continuous – in this case, 211 
separate the depots at the uterine horn and ovaries. Epididymal WAT is found bound to the 212 
epididymis, testes, and the prominent epididymal blood vessel.  213 
 214 
3.2.1. Locate the gonads (testes or ovaries) and use forceps to lift up the associated gonadal WAT.  215 
 216 
3.2.2. Use iris scissors to carefully excise the WAT from the gonads. 217 
 218 
3.3. Identifying and isolating perirenal WAT  219 
 220 



   

NOTE: Perirenal WAT surrounds the kidneys bilaterally. In obese animals, this depot can appear 221 
to extend inferiorly to the top of the uterine horn and ovaries. Although the perirenal WAT has 222 
traditionally been classified as a visceral depot21, several groups have identified it as a brown 223 
depot based on lineage tracing and radiolabeled glucose uptake studies8,9,20Error! Bookmark not 224 
defined.. Histologically it is comprised of a mixture of white and brown adipocytes. 225 
 226 
3.3.1. To excise the perirenal depot, locate the kidney and use forceps to lift it up and pull it 227 
midline to see a clear division between the perirenal and retroperitoneal depots. 228 
 229 
3.3.2. Excise the WAT directly associated with the kidneys. Ensure that the adrenal glands, 230 
located above the kidneys, are removed from the WAT.  231 
 232 
3.4. Identifying and isolating retroperitoneal WAT  233 
 234 
NOTE: Retroperitoneal WAT is located in a paravertebral position, along the border between the 235 
posterior abdominal wall and the spinal cord.  236 
 237 
3.4.1. To excise this depot, use forceps to lift the kidney up and towards midline to clearly see 238 
the border between the perirenal and retroperitoneal depots. 239 
 240 
NOTE: In obese animals, identifying this border can be challenging. 241 
 242 
3.4.2. Then, use iris scissors to carefully dissect the retroperitoneal WAT from the posterior 243 
peritoneal wall.  244 
 245 
3.5. Identifying and isolating omental WAT  246 
 247 
NOTE: Omental WAT is located along the greater curvature of the stomach. Although omental 248 
adipose is an important depot in humans, it is generally present only in morbidly obese mice.  249 
 250 
3.5.1. To identify visceral omental WAT, use forceps to lift the stomach up. Use iris scissors to 251 
remove the associated adipose tissue along the inferior border of the stomach. Do not confuse 252 
omental WAT with the pancreas. 253 
 254 
3.6. Identifying and isolating mesenteric WAT  255 
 256 
NOTE: Mesenteric WAT is a web-like structure surrounding and associated with the small and 257 
large intestines. 258 
 259 
3.6.1. To excise this depot, remove the intestines from the rest of the digestive tract by cutting 260 
at the base of the stomach and the rectum. Use forceps to lift the intestines out of the visceral 261 
cavity and unravel them. 262 
 263 
3.6.2. Use iris scissors to carefully dissect the mesenteric WAT away from the intestines, 264 



   

beginning at the duodenum and continuing to the end of the colon. Carefully remove lymph 265 
nodes that are closely associated with the mesenteric depot.  266 
 267 
3.7. Identifying and isolating pericardial WAT  268 
 269 
NOTE: Pericardial WAT is located outside the visceral pericardium and on the external surface of 270 
the parietal pericardium, often along the inferior aspect of the heart14.  271 
 272 
3.7.1. To gain access to the thoracic cavity, keep the mouse in a supine position. Secure the upper 273 
and lower limbs to the dissection pan with dissection pins.  274 
 275 
3.7.2. Use forceps to lift the xyphoid process (cartilage at the base of the sternum) and make a 276 
small (1 mm) cut in the thoracic cavity wall.  277 
 278 
3.7.3. Insert one blade of the iris scissors into the cut and make two horizontal incisions (1 cm 279 
each) extending laterally from the base of the sternum. This will expose the diaphragm and 280 
inferior border of the thoracic cavity. 281 
 282 
3.7.4. Use dissecting scissors to make two ascending vertical incisions (3–4 cm) through the 283 
ribcage, extending superiorly from the lateral borders of the thoracic cavity to the clavicle.  284 
 285 
3.7.5. Use forceps to lift up the ventral half of the ribcage. Use dissecting scissors to make a final 286 
cut (2 cm) along the inferior length of the clavicle to remove the ribcage and expose the thoracic 287 
cavity contents. 288 
 289 
3.7.6. If present, carefully dissect the pericardial adipose from the outer surface of the 290 
pericardium.  291 
 292 
4. Identification and isolation of other adipose depots 293 
 294 
4.1. Identifying and isolating epicardial WAT 295 
 296 
NOTE: Epicardial WAT is contained within the visceral pericardium and is directly associated with 297 
the surface of the myocardium. 298 
 299 
4.1.1. If present, epicardial adipocytes can be observed histologically after isolation and fixation 300 
of the perfused heart in 10% neutral buffered formalin for 24 hours.  301 
 302 
4.2. Identifying and isolating popliteal WAT 303 
 304 
NOTE: Popliteal WAT is located in the popliteal fossa in the posterior knee and contains a large 305 
lymph node. This depot is not typically visible in young animals. 306 
 307 
4.2.1. To isolate popliteal WAT, use iris scissors to carefully remove the skin from the base of the 308 



   

hind limb to the foot. 309 
 310 
4.2.2. Place the patella against the dissection pan and secure the outstretched leg with a pin in 311 
the foot. Ensure that the popliteal fossa at the back of the knee is facing upward. 312 
 313 
4.2.3. Use iris scissors to make a cut at the inferior border of the medial and lateral heads of the 314 
gastrocnemius muscle. Use forceps to lift up the muscle and reveal the triangular popliteal depot. 315 
 316 
4.2.4. Use iris scissors to excise the depot along the natural tissue borders. 317 
 318 
4.3. Identifying and isolating dermal WAT 319 
 320 
NOTE: Dermal WAT is a thin layer of adipocytes located between the reticular dermis and the 321 
panniculus carnosus muscle layer.  322 
 323 
4.3.1. To identify dermal adipocytes by histological methods, place the mouse on its stomach in 324 
a prone position. After securing the upper and lower limbs with dissection pins, spray the external 325 
surface of the mouse with 70% ethanol to wet the skin. 326 
 327 
4.3.2. Use a scalpel to remove the wetted fur from a square portion of skin on the back of the 328 
mouse. 329 
 330 
4.3.3. Use iris scissors to carefully excise the shaved portion of skin, which will include the 331 
reticular dermis, dermal WAT, panniculus carnosus, and some subcutaneous WAT.  332 
 333 
4.3.4. Use a scalpel to cut the excised skin into thin vertical strips. 334 
 335 
4.3.5. Position the thin vertical strips with the sticky subcutaneous WAT layer facing down.  336 
 337 
4.3.6. Starting at one end, roll the strip onto itself to form a spiral. The sticky subcutaneous WAT 338 
layer on the outside of the spiral will allow the roll to maintain its shape during fixation.  339 
 340 
4.3.7. Place the spiral in a well of a 24 well plate containing 10% neutral buffered formalin for 24 341 
hours prior to histological processing22.  342 
 343 
4.4. Identifying and isolating intermuscular WAT 344 
 345 
NOTE: Intermuscular WAT is broadly defined as adipocytes located beneath the deep fascia of 346 
muscles. This term includes adipocytes interspersed between muscle fibers of skeletal muscle, 347 
also known as intramuscular WAT, and adipocytes located within muscle bundles themselves. 348 
Wildtype mice generally do not have large numbers of intermuscular adipocytes. However, it is 349 
possible under certain conditions to identify intermuscular WAT by histological methods. Under 350 
some conditions, intermuscular adipocytes can also be found in smooth muscles, such as the 351 
diaphragm. 352 



   

 353 
4.4.1. To isolate the tibialis anterior (TA) muscle, for example, place the mouse on its back in a 354 
supine position and secure the lower limbs to the dissection pan using dissection pins. Wet the 355 
skin with 70% ethanol to minimize contamination with fur. 356 
 357 
4.4.2. Use iris scissors to carefully remove the skin from the leg and expose the quadriceps muscle 358 
group, located above the knee on the femur shaft, and the TA located below the knee on the 359 
ventral surface of the tibia.  360 
 361 
NOTE: The TA is thick near the proximal end of the tibia and more tendinous near the distal end. 362 
 363 
4.4.3. Use iris scissors to excise a piece of the muscle and fix in 10% neutral buffered formalin for 364 
24 hours prior to histological processing22. 365 
 366 
4.5. Identifying and isolating intra-articular WAT depots 367 
 368 
NOTE: Intra-articular WAT depots are located within synovial joints.  369 
 370 
4.5.1. To identify infrapatellar WAT, for example, by histological methods, harvest leg bones as 371 
detailed in the BMAT section.  372 
 373 
4.5.2. After the removing the femur-tibial complex, use iris scissors and gauze pads to remove as 374 
much muscle and connective tissue as possible. Do not break the tibiofemoral joint. 375 
 376 
4.5.3. Fix the femur-tibial complex in 10% neutral buffered formalin for 24 hours prior to 377 
decalcification and histological processing (described below, step 4.6.8).  378 
 379 
4.6. Identifying and isolating bone marrow adipose tissue 380 
 381 
NOTE: Bone marrow adipose tissue (BMAT) is contained within bones, interspersed with 382 
hematopoietic cells. Anatomically, BMAT can be classified as constitutive (distal tibia and caudal 383 
vertebrae) or regulated (mid-to-proximal tibia, femur, and lumbar vertebrae)10,11. Clean isolation 384 
of bone marrow adipocytes for RNA and protein analyses is challenging in mice. However, mouse 385 
bones can readily be harvested, fixed, decalcified and paraffin-embedded for histological 386 
analyses.  387 
 388 
4.6.1. To harvest leg bones, for example, first remove the legs from the mouse. Use dissection 389 
scissors to cut the acetabulofemoral joint, keeping the femoral head intact.  390 
 391 
4.6.2. Use iris scissors to carefully remove the skin from the leg, revealing the leg muscles.  392 
 393 
4.6.3. Carefully dissect away the main muscles from the femur and tibia using iris scissors and 394 
gauze pads.  395 
 396 



   

4.6.4. When the femur is exposed, follow the edge of the bone to the articulation of the pelvis 397 
and femur and carefully release the femoral head from the acetabulofemoral joint. Use gauze to 398 
clean any remaining tissue from the femur.  399 
 400 
4.6.5. Follow the border of the tibia to the ankle joint. Carefully release the medial malleolus, 401 
located at the tip of the tibia, from the ankle joint.  402 
 403 
4.6.6. Once the femur-tibial complex has been isolated, remove as much muscle and connective 404 
tissue as possible using iris scissors and/or gauze.  405 
 406 
4.6.7. Separate the tibia from the femur by inserting one blade of the iris scissors into the 407 
tibiofemoral joint and gently cut through the medial and lateral collateral ligaments and the 408 
anterior and posterior cruciate ligaments. Do not remove the capsule of the knee joint to ensure 409 
that the tibia remains intact. Use gauze to clean any remaining tissue from the tibia.  410 
 411 
4.6.8. Fix bones in 10% neutral buffered formalin for 24 hours at room temperature and then 412 
wash and store according to future needs.  413 

 414 
4.6.8.1. To analyze bone parameters using microcomputed tomography (µCT), store bones in 415 
Sorensen’s phosphate buffer, pH 7.423.  416 
 417 
4.6.8.2. For BMAT quantification and histological analyses, decalcify bones in 14% EDTA, pH 7.4, 418 
for 10-14 days.  419 

 420 
4.6.8.3. Following decalcification, use osmium tetroxide staining and µCT analysis to quantify 421 
BMAT24. Otherwise, process and paraffin-embed bones for histology23. 422 
 423 
REPRESENTATIVE RESULTS 424 
 425 
Successful identification and isolation of various mouse adipose depots can be achieved using 426 
the protocol described above. The gross anatomical locations of subcutaneous (A, E-F), brown 427 
(B), visceral (C, D, G-J), and popliteal (K) depots are shown in Figure 2. 428 
 429 
[Place Figure 2 here]  430 
 431 
Histological characteristics of subcutaneous (A-D), brown (E), visceral (F-K), popliteal (L), 432 
constitutive (M) and regulated marrow adipose (N), intramuscular (O), and infrapatellar (P) 433 
adipose depots were evaluated by Hematoxylin and Eosin (H&E) staining22 and are shown in 434 
Figure 3. 435 
 436 
[Place Figure 3 here] 437 
 438 
FIGURE AND TABLE LEGENDS 439 
 440 



   

Figure 1. Schematic depiction of mouse adipose depots dissected in this protocol. This image 441 
has been adapted from Bagchi et al., 20184. 442 
 443 
Figure 2. Gross anatomical locations of mouse adipose depots. Gross anatomy of (A) anterior 444 
subcutaneous, (B) brown, (C) epididymal (b, bladder), (D) ovarian (u, uterine horns), (E) posterior 445 
subcutaneous (dorsolumbar (d), inguinal (i), gluteal (g)), (F) inguinal, (G) mesenteric, (H) perirenal 446 
(k, kidney), (I) retroperitoneal (k, kidney), (J) pericardial (h, heart), and (K) popliteal adipose 447 
depots in C57BL/6J adult mice. Arrows point to specific depots if multiple depots are depicted. 448 
Relevant organs are designated by appropriate letters. 449 
 450 
Figure 3. Histological evaluation of discrete mouse adipose depots. Histology of (A) anterior 451 
subcutaneous, (B) dorsolumbar, (C) inguinal, (D) gluteal, (E) brown, (F) gonadal, (G) perirenal, (H) 452 
retroperitoneal, (I) omental, (J) mesenteric, (K) pericardial, (L) popliteal, (M) constitutive and (N) 453 
regulated bone marrow adipose, (O) intermuscular, and (P) infrapatellar depots in C57BL/6J adult 454 
mice. Tissues were isolated according to the given protocol, fixed overnight in 10% neutral 455 
buffered formalin, processed, and embedded in paraffin. 5 µm sections were stained with H&E. 456 
Most images were taken at 100x magnification; scale bar, 100 µm.  457 
 458 
DISCUSSION 459 
 460 
As the importance of the diverse molecular and functional characteristics of discrete adipocyte 461 
clusters is increasingly recognized, it is crucial that investigators within the field uniformly identify 462 
and excise adipose depots for further analyses. To date, few protocols exist for standardized 463 
localization and isolation of the wide range of mouse adipose depots. Previously published 464 
methods are focused primarily on one or two depots and lack the details necessary for uniform 465 
identification and excision by different investigators18,19. This manuscript is a novel and important 466 
contribution to the field of adipose biology since it provides an in-depth guide to the anatomic 467 
location and precise dissection of commonly studied and lesser known depots throughout the 468 
mouse. Gross anatomical location and histological analyses are provided to demonstrate the 469 
diversity of adipocyte niches.  470 
 471 
 Successful isolation of discrete adipose depots using this protocol is dependent on several 472 
critical steps. Maintenance of a clean dissection environment is crucial; 70% ethanol can be used 473 
as necessary to remove contaminating hairs or blood from the dissection tray and tools. When 474 
isolating posterior subcutaneous WAT, it is imperative that the initial incision in the skin does not 475 
penetrate the closely associated peritoneal cavity so that the two layers can be efficiently 476 
separated to expose the WAT. Similarly, when cutting through the peritoneal wall to expose the 477 
abdominal cavity contents, incisions must not perforate the underlying intestines to prevent 478 
contamination with digestive elements. Interscapular BAT must be carefully excised from the 479 
surrounding tissue to prevent WAT contamination, which will skew future analyses. Consistent 480 
identification of the posterior subcutaneous dorsolumbar, inguinal, and gluteal depots depends 481 
on the utilization of precise anatomic landmarks described in the protocol. The distinction 482 
between these depots is particularly important; although the depots can appear to be 483 
continuous, centrally located inguinal adipocytes acquire brown-like characteristics more readily 484 



   

than their surrounding counterparts. 485 
 486 

The adipose tissues isolated using this protocol can be analyzed using a variety of 487 
techniques. In addition to histological evaluation (e.g. H&E staining, immunohistochemistry), 488 
adipose tissues can be used for a wide array of molecular analyses, from regulation of 489 
transcription through to posttranslational protein modifications. Adipocytes and stromal vascular 490 
cells within individual depots can be isolated by collagenase digestion and differential 491 
centrifugation. These fractions can then be used for molecular, metabolic, and cell culture 492 
studies. Depot explants can also be used for ex vivo metabolic and enzymatic assays.  493 
 494 

Several challenges and limitations arise during the isolation and excision of mouse 495 
adipose tissues. First, some depots that are physiologically important in humans are not 496 
commonly present in lean, adult mice. For example, omental WAT, which is the major visceral 497 
depot in humans, can only be seen in genetically or diet-induced obese mice. The expansion of 498 
some depots can, however, be induced by nutritional challenges or drug treatments. For 499 
example, high fat diet feeding can cause the expansion of omental and pericardial WAT. 500 
Intermuscular WAT can be induced by skeletal muscle injury25,26 or high fat diet27. Regulated 501 
BMAT expands in response to various challenges, including high fat diet, calorie restriction and 502 
thiazolidinedione treatment11,28. Second, due to the small size of mice, obtaining enough sample 503 
for molecular or metabolic analyses can be difficult. For example, isolation of enough pure bone 504 
marrow adipocytes for subsequent analyses is challenging, even after pooling bones from 505 
multiple mice. Third, accurately defining borders of certain depots can be difficult. For example, 506 
posterior subcutaneous WAT appears to be one continuous depot but is actually comprised of 507 
discrete dorsolumbar, inguinal, and gluteal depots. Additionally, the perirenal can appear to be 508 
fused to both the gonadal and retroperitoneal depots in very obese animals. The lack of distinct 509 
borders between adjacent depots can make clean isolation of these tissues challenging. However, 510 
this dissection protocol provides investigators with a detailed atlas and step-by-step guidance for 511 
accurate and reproducible dissection of a wide range of mouse adipose depots. Field-wide 512 
standardization of the identification and isolation of discrete mouse adipose depots described 513 
above will undoubtedly help further elucidate differences in the development, gene expression, 514 
and local and systemic functions of previously under-studied adipocyte niches. 515 
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Name of Material/ Equipment Company Catalog Number Comments/Description

10% neutral buffered formalin Fisher Scientific 22-110-869

24-well plates, untreated Sigma-Aldrich CLS3738

70% ethanol (dilute from 95%) Fisher Scientific 04-355-226

Dissecting forceps with curved tips VWR 89259-946

Dissecting pan
Carolina Biological 

Supply Company
629004

Dissecting scissors (sharp/blunt 

tip) VWR 82027-588

Gauze sponges Vitality Medical 2634 Curity 4 x 4 inch gauze sponge, 12 ply

Handi-Pins for dissection
Carolina Biological 

Supply Company
629132

Iris scissors (straight) VWR 470018-890

Isoflurane VetOne 501017

Scalpel VWR 100499-578 Feather scalpel handle with blade, disposable
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January 11, 2019 
 
Phillip Steindel, Ph.D. 
Review Editor 
Journal of Visualized Experiments 
 
JoVE59599 
Title: Identification and dissection of diverse mouse adipose depots 
 
Dear Dr. Steindel, 
 
We appreciate the thoughtful editorial and reviewer comments for our manuscript. We have 
revised our manuscript, entitled “Identification and dissection of diverse mouse adipose depots” 
to address each of the comments from the reviewers and editorial board as outlined below.  
 
Reviewer #1: 
 
The current manuscript describes useful description about how to identify and dissect different 
fat depots from mice. If visual procedure of dissection is well established, it will certainly add great 
value to inexperienced personnel in scientific community. However, some improvement must be 
made to complete as a paper. 
 
Major Concerns: 
 
1. Introduction should include more descriptions about brown fat and specialized functions of 
other adipocytes besides the major WAT depots. Some of those described in the Protocol can be 
moved to Introduction. 
 
We have extensively revised the Introduction to describe the specialized functions of brown 
adipose tissue (BAT) and other adipocyte depots. We have added new descriptions of BAT and 
have moved some of the depot descriptions from the Protocol to the Introduction.  
 
2. More specific information about the materials and equipment should be provided. 
 
We have provided further details regarding materials and equipment used in this protocol. 
 
3. Steps that are critical or require careful attention should be highlighted in the protocol. For 
instance, when dissecting discrete depots that appear to be continuous. Alternatively, this can be 
highlighted in the form of video. 
 
The Protocol section details the anatomic landmarks that are critical to note when dissecting 
depots that appear to be continuous. These steps will also be highlighted in the video. In 
addition, we have revised the Discussion to draw attention to other crucial steps.   
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Minor Concerns: 
 
1. In Figure Legends, the labels - (A), (B), (C), etc - point to words in opposite directions, which is 
confusing. For example, the labels point to the former in Figure 1 whereas they point to the latter 
in Figure 2. In addition, labels (d), (i), and (g) of Figure 1 (E)? should be used consistently in small 
letters in the figure. 
 
We have updated the figure legends so that labels are consistently listed after the respective 
adipose depots. In Figure 2E (formerly 1E), we have also changed the “d”, “i”, and “g” labels to 
lowercase letters. We have also added in other designations for major anatomic landmarks 
(e.g. kidney). 
 
Reviewer #2: 
 
This article provides a valuable resource for researchers to clearly distinguish and experimentally 
isolate the discrete adipose tissue depots within the mouse. The description of the dissection is 
clear and in conjunction with a video will greatly assist researchers. 
 
Major Concerns: 
 
1. The article would be significantly improved by the inclusion of a schematic figure clearly 
showing the anatomical locations of all the adipose tissue depots to be dissected. The schematic 
figure would complement the anatomical images presented in figure 1. 
 
We recently published an atlas of mouse adipose depots as a SnapShot in Cell Metabolism. We 
have adapted that schematic (now Figure 1) to depict the anatomic locations of the adipose 
depots dissected using this protocol.  
 
2. It appears that the proposed video will not include dissection of the interscapular BAT depot. I 
think that this dissection should be included in the video given the importance of this depot in 
thermoregulation and obesity. Furthermore, isolation of additional BAT depots such as 
subscapular should also be included in the video and manuscript. 
 
For this manuscript, we have chosen to focus on the identification and excision of commonly 
studied WAT depots and diverse uncommonly studied depots of adipocytes. However, brown 
adipose tissues are undoubtedly important in thermoregulation and global metabolism. We 
have therefore included a step-by-step description of the excision of interscapular BAT and will 
include the dissection in the proposed video associated with this manuscript. The field would 
certainly benefit from a protocol summarizing other BAT depots and their excision; however, 
we feel that those dissections are outside the scope of this manuscript.  
 
Reviewer #3: 



 
It is now quite clear that anatomically distinct adipose depots differentially contribute to energy 
metabolism and physiology. A detailed protocol for the isolation of these distinct depots has been 
missing from the field and is definitely needed. This protocol is timely, very well-written, and the 
discussion is excellent. 
 
Major Concerns:  
 
None 
 
Minor Concerns: 
 
1. In cases where the certain WAT depots are not abundant (e.g. bone marrow fat and 
intramuscular fat), the authors may want to steer readers towards literature describing models 
to induce these fat depots (e.g. skeletal muscle chemical injury; various methods to induce bone 
marrow adipogenesis, etc.). 
 
For researchers interested in depots that are not commonly present in lean mice, we have 
added relevant references and techniques to induce expansion to the Discussion section.  
 
Editorial comments: 
 
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are 
no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors 
in the submitted revision may be present in the published version. 
 
We have thoroughly proofread the manuscript to ensure that there are no spelling or 
grammatical mistakes.  
 
2. Please revise the table of the essential supplies, reagents, and equipment. The table should 
include the name, company, and catalog number of all relevant materials in separate columns in 
an xls/xlsx file. Please sort the Materials Table alphabetically by the name ofin Figure 2. 
 
We have revised the table of essential supplies, reagents, and equipment. The table is now 
presented in alphabetical order and includes the name, company, and catalog number of all 
required materials. 
 
4. Please revise the Introduction to include all of the following: 
a) A clear statement of the overall goal of this method 
b) The rationale behind the development and/or use of this technique 
c) The advantages over alternative techniques with applicable references to previous studies 
d) A description of the context of the technique in the wider body of literature 
e) Information to help readers to determine whether the method is appropriate for their 
application 



 
We have revised the Introduction to include the rationale behind the development of this tool, 
the advantages over currently available methods with applicable references, a description of 
the context in the wider body of literature, information to help readers to determine if the 
method is appropriate for their experimental needs, and a clear statement of the overall goal. 
 
5. Please ensure that all text in the protocol section is written in the imperative tense as if telling 
someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be 
described in the imperative tense in complete sentences wherever possible. Avoid usage of 
phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that 
cannot be written in the imperative tense may be added as a “Note.” However, notes should be 
concise and used sparingly. Please include all safety procedures and use of hoods, etc. 
 
We have revised the Protocol section to ensure that all dissection steps are written in the 
imperative tense. We have added “Notes” for text that cannot be written in the imperative 
tense.  
 
6. Please add more details to your protocol steps. Please ensure you answer the “how” question, 
i.e., how is the step performed? Alternatively, add references to published material specifying how 
to perform the protocol action. 
 
We have revised the Protocol section to add further details to the dissection of each described 
adipose depot.  
 
7. What type of mouse is used? Age/Strain? 
 
For the purpose of this dissection protocol, four to six-month-old C57BL/6J mice are used. We 
have added this information to the Protocol section.  
 
8. Please specify how animals are anesthetized and how proper anesthetization is confirmed. We 
need specific values used. What concentration of isoflurane? 
 
We have further specified that animals are euthanized in an isoflurane vaporizer with a flow 

rate  5%. Isoflurane exposure is continued until one minute after breathing stops. Euthanasia 
is confirmed by an appropriate secondary measure. Approved secondary measures will vary by 
institution and animal protocol and may include cervical dislocation or decapitation.  
 
9. What instruments are used for the incisions? 
 
We have specified that iris scissors are used for all incisions described in this protocol.  
 
10. What are the lengths of the incisions? 
 



Lengths of incisions will vary depending on the age and corresponding size of the animal being 
dissected. However, we have added approximate lengths for the dissection of a typical four to 
six-month-old C57BL/6J mouse.  
 
11. What is used to peel back the skin? 
 
We have specified that curved forceps are used to peel back the skin throughout this protocol.  
 
12. Please include the staining method in the protocol as well (this can be a reference). 
 
We have specified the use of Hematoxylin and Eosin staining for adipose histological analyses. 
We have added an appropriate reference for the staining protocol.  
 
13. As we are a methods journal, please revise the Discussion to explicitly cover the following in 
detail in 3-6 paragraphs with citations: 
a) Critical steps within the protocol 
b) Any modifications and troubleshooting of the technique 
c) Any limitations of the technique 
d) The significance with respect to existing methods 
e) Any future applications of the technique 
 
We have revised the Discussion to explicitly cover the significance of this method with respect 
to existing protocols, steps critical to the success of the method, current limitations and 
potential modifications that can be used to overcome them, and further applications of this 
protocol.  
 
14. Please do not abbreviate journal titles. 
 
In the revised manuscript, we used the JoVE EndNote style file for format our references; 
however, some journal titles remain abbreviated even with this style file.  
 
We again thank the editor and reviewers for their thoughtful comments. Thank you for 
considering our revised manuscript for publication in the Journal of Visualized Experiments.  
 
Sincerely, 
 
Devika P. Bagchi and Ormond A. MacDougald 
Department of Molecular & Integrative Physiology 
University of Michigan Medical School 
Ann Arbor, MI 48105 


