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ABSTRACT

We describe a method for obtaining skeletal
muscle and subcutaneous adipose tissue in a
single percutaneous needle biopsy procedure.
Biopsies were performed in a double-blind
randomized, sham-exercise controlled clinical
trial of power training in 103 older adults with
type 2 diabetes. In total 110 biopsies (73.3%)
were performed in the first 50 participants at 3
time points. Muscle samples were obtained in
102/110 biopsies (92.7%); adipose samples were
obtained in 72/110 biopsies (65.5%); both tissue
types were obtained in 65/110 biopsies (59.1%).
The average weight of muscle samples was
131+92 mg and the median weight of adipose
samples was 51 mg (range 3 to 412 mg). No
adverse effects of biopsies were reported other
than mild transient pain or light-headedness.
This is one of the first reports of both adipose
and muscle tissue obtained during the same
biopsy, and the first to describe in detail sam-
pling technique, yield and safety.

Keywords: Biopsy; Skeletal Muscle; Subcutaneous
Adipose Tissue; Type 2 Diabetes

1. INTRODUCTION

Alterations in the amount, distribution, and metabolic
profile and hormonal pathways of both skeletal muscle
and adipose tissue in individuals with type 2 diabetes are
increasingly recognized as central to the pathophysiol-
ogy of this disorder [1]. For example, 90% of individuals
with type 2 diabetes are obese [2], and excess adipocytes
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accumulation is primarily central (subcutaneous and
visceral truncal) in distribution [3]. Excess visceral adi-
posity is one of the most important abnormalities linking
insulin resistance, type 2 diabetes, metabolic syndrome,
systemic inflammation, and the vastly elevated risk of
cardiovascular morbidity and mortality in this cohort [4].
Recent evidence has revealed several biological and ge-
netic differences between intra-abdominal visceral fat
and peripheral (appendicular) subcutaneous fat. For ex-
ample, visceral adipose tissue floods the portal circula-
tion with free fatty acids (FFA), thus exposing non-adi-
pose tissues to FFA excess. This is accompanied by in-
creased triglyceride (TG) accumulation in muscles, liver
and pancreatic beta-cells, resulting in both insulin resis-
tance and beta-cell dysfunction/insulin deficiency [3].
Moreover, visceral adipose tissue (via macrophages re-
siding in this fat depot) produces pro-inflammatory cy-
tokines including tumor necrosis factor-alpha (TNF-a)
and interleukin-6 (IL-6) and contributes to less produc-
tion of anti-inflammatory adiponectin than other adipose
depots [5]. These cytokines imbalances contribute to
insulin resistance and play a major role in the patho-
genesis of endothelial dysfunction and subsequent
atherosclerosis [6]. In contrast, peripheral subcutaneous
adipose tissue performs a vital role of buffering fluxes of
FFA in the circulation [3]. There is also evidence sug-
gesting that the subcutaneous fat plays an important role
in modulating peripheral insulin resistance by regulating
visceral fat accumulation [6]. For example, in animals,
peripheral lipectomy (reducing the number of subcuta-
neous adipocytes) causes increased lipid deposition in
visceral adipose tissue, muscle and liver with metabolic
consequences similar to the insulin resistance syndrome
[3]. It has also been reported that bilateral removal of
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subcutaneous inguinal fat pads in mice resulted in in-
creased accumulation of visceral fat and TNF-a expres-
sion, decreased insulin sensitivity and Tyrosine phos-
phorylation of IRS-1. These abnormalities were cor-
rected after re-implantation of inguinal fat [7,8]. How-
ever, the role of subcutaneous adipose tissue in insulin
resistance, type 2 diabetes, metabolic syndrome, sys-
temic inflammation, and cardiovascular morbidity and
mortality, and its adaptation to interventions such as diet
and exercise in human are not fully understood. Lipo-
suction in human has contradictory effects on insulin
sensitivity. For example, Giugliano [9] and Gonzalez [10]
reported that subcutaneous liposuction in obese women
led to an improvement in insulin sensitivity. On the other
hand, Ybarra [11] and Robles-Cervantes [12] found that
subcutaneous liposuction was not related to insulin sen-
sitivity in non-diabetic overweight or obese women.
However, liposuction in humans is usually the removal
of both abdominal and peripheral subcutaneous adipose
tissues, in contrast to the animal studies that specifically
performed lipectomy in peripheral subcutaneous adipose
tissues. On the other hand, weight loss by diet/exercise
reduces both of these subcutaneous fat depots, and im-
portantly selectively targets visceral fat as well [13].
Thus, studies of subcutaneous fat itself in relation to
regional and whole body metabolism in those with type
2 diabetes and related syndromes are of great interest.

Although skeletal muscle biopsy has been used for
many years in adults with type 2 diabetes to understand
the factors related to insulin resistance such as muscle
fiber distribution, glycogen storage, insulin signaling,
oxidative and glycolytic enzyme capacity, markers of
inflammation, and lipid metabolism [14], there is only
one publication in English to our knowledge describing
simultaneous muscle and subcutaneous adipose tissue
biopsies in this or any cohort [15].

Therefore, the purpose of this investigation was to in-
troduce a simple and novel method of obtaining both
skeletal muscle and subcutancous adipose tissue in one
biopsy through the same incision, for the purpose of
indentifying the roles of both muscle and peripheral
subcutaneous fat in the pathogenesis and treatment of
obesity, insulin resistance, and type 2 diabetes.

2. METHODS

2.1. Study Design

Biopsies were performed within a double-blind ran-
domized, sham-exercise controlled clinical trial of power
training in 103 older adults with type 2 diabetes. Ethical
approval was obtained from Ethics Review Committee
(Royal Prince Alfred Hospital (RPAH) Zone), Sydney
South West Area Health Service (Ethics Committee

Copyright © 2011 SciRes.

Protocol No: X04-0096) and written informed consent
was obtained from all participants. The trial was regis-
tered with the Australian Clinical Trials Registry (ACTR)
(ACTR No: ACTRN12606000436572).

Participants had to be over 60 years old and sedentary
(no progressive resistance training (PRT); structured
exercise < 1/week; less than 150 min/week low or mod-
erate-intensity walking or other aerobic exercise). Par-
ticipants could be treated with diet alone, oral medica-
tions or insulin or combination at the time of enrolment.
Participants had to have stable chronic diseases, and be
willing to commit to a 12-month exercise training pro-
gram, 3 times per week.

Biopsies were performed at 3 time points: baseline, 6
months after training, and 12 months after training (see
Figure 1). Participants were required to stop any medi-
cations that might increase the risk of bleeding subse-
quent to the biopsy from 7 days before the biopsy until 2
days after the biopsy. This medication list is shown in
Appendix 1. Biopsies were not performed on partici-
pants who could not safely stop anticoagulants due to
atrial fibrillation, mechanical heart valve, recent stent
procedures or recent thrombosis/embolism. Participants
took all other medications as usual on the biopsy day.
Participants were allowed to refuse the biopsy and still
participate in the trial.

2.2. Skeletal Muscle and Subcutaneous
Adipose Tissue Biopsy

Percutaneous needle biopsies of the non-dominant
vastus lateralis (knee extensor) muscle and subcutaneous
adipose tissue were obtained under local anaesthetic (1%
Xylocaine HCl, AstraZeneca, North Ryde, NSW, Austra-
lia) using a modification of the method described by
Evans [16].

2.2.1. Sampling Procedure

All equipment for both sampling and specimen
preparation was arranged before commencing the pro-
cedure as shown in Appendix 2. The participant was
asked to rest on a bed in a reclined position with a pillow
under his/her head and one pillow supporting the lateral
side of the foot on the biopsy leg with the non-dominant
thigh exposed. The biopsy site was swabbed with be-
tadine solution (MCP Operations, Virginia, QLD, Aus-
tralia), after ascertaining that participant was not allergic
to iodine/fish/shellfish (in which case alcohol was sub-
stituted). The participant’s non-dominant thigh was in-
jected with local anaesthetic (1% Xylocaine HCI) into
the dermis and superficial subcutaneous adipose tissue
using tuberculin (dermis) and 5 ml syringes and 21 G
needle attached by the physician. The biopsy site was
left to become anaesthetized for several minutes, during
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Figure 1. Flow chart of biopsies at 3 time points in 50 partici-
pants.

which time the participant was instructed to try to com-
pletely relax the muscles of the lower limb. A longitudi-
nal incision of about 1 cm was made in the skin of the
thigh by the physician using a scalpel. The incision was
deepened so that the muscle fascia was cut if possible.
The first biopsy needle was then inserted deeply into the
vastus lateralis muscle by the physician. Attached to the
needle were silicon tubing, a 3-way stopcock and a 50
ml syringe. The pipette tip connecting the silicon tubing
to the needle was cut at an angle (approximately 30 de-
grees at the top) that maximized the cross-sectional area
of the opening to the needle (see Figure 2). The 50 ml
syringe and stopcock were held by Assistant 1. Sampling
of muscle occurred when the physician opened the win-
dow of the biopsy needle and signaled Assistant 1 to
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Figure 2. (a) Picture of biopsy needle, pipette tip, silicon tubing,
3-way stopcock and syringe; (b) Picture of the cut pipette tip,
angled so as to maximize suction surface area and biopsy yield.

quickly and vigorously apply suction via the 50 ml sy-
ringe. The needle window was then closed and suction
was ceased. The 3-way stopcock was re-positioned by
the Assistant 1 to allow air to be expelled from the 50 ml
syringe, and then the needle was repositioned slightly by
quarter turns for second, third and fourth passes to be
made on the thigh muscle, and then removed. After that,
the second biopsy needle was inserted superficially un-
der the skin through the same incision, and the similar
procedures were used to obtain subcutaneous adipose
tissue. Once sampling was completed, the muscle and
adipose specimens were examined to determine whether
an appropriate quantity of muscle and adipose tissue had
been obtained. If the quantity of muscle or adipose tissue
was insufficient, the sampling procedure was repeated
with a third needle through the same incision. Pressure
was applied to the incision by Assistant 2 as soon as the
needle was removed for several minutes with sterile
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gauzes. The incision was then closed with Steri-strips
(3M, St. Paul, MN, USA), covered with a protective pad
(Cutifilm, Smith&Nephew, Mount Waverley, VIC, Aus-
tralia) and an elastic pressure (PEG) bandage (Beckton
Dickinson, North Ryde, NSW, Australia) applied over a
folded gauze pad positioned directly over the wound.
The participant remained supine until they felt comfort-
able and the dressings were secure and the physician
cleared them to stand. A note was made if any symptoms
or complications of the procedure. The participant was
advised regarding post-biopsy care and given a written
copy of the care instructions (Appendix 3). The partici-
pant was called the day following the biopsy to assess
any related symptoms, and generally seen within 1-3
days for the initiation or resumption of exercise training.

2.2.2. Specimen Preparation and Storage

Prior to commencement of the sampling procedure,
isopentane was poured into a small container and placed
in the liquid nitrogen canister until white balls began to
form in isopentane (around 2 - 5 minutes). The isopen-
tane was not allowed to freeze.

Muscle and adipose samples were placed on the Petri
dish, and cleaned with saline to remove visible blood.
The muscle sample was divided into 5 samples if possi-
ble, and weighed. The samples were placed on foil, and
muscle fibers aligned longitudinally, and then placed in
isopentane and left for 1 minute. Then the samples were
placed in the cryovial tubes, and were frozen immedi-
ately in liquid nitrogen. The adipose sample was divided
into 4 samples if possible, and weighed. Then the sam-
ples were placed in the cryovial tubes, and were frozen
immediately in liquid nitrogen.

After the biopsy was finished, the samples were im-
mediately transferred from liquid nitrogen to a -80°C
freezer until the time of analyses.

3. RESULTS

Results are reported from the first 50 participants who
finished the study as of Apr 2009. The average age of
these 50 participants was 67.8 £ 6.2 years (range 59 to
83 years), 46% women. In total 110 biopsies (73.3%) of
those possible were performed on these 50 participants
at 3 time points (43 at baseline, 33 at 6-month, and 34 at
12-month). The main reasons for biopsies not being
performed were anticoagulation (15.3%; participants
who couldn’t or forgot to stop anticoagulants), partici-
pant refusal (2.7%), technical problems (0.6%), and
dropouts (8%). The details are shown in Figure 1.

There were 110 biopsies, muscle samples obtained in
102 (92.7%) (42 at baseline, 30 at 6-month, and 30 at
12-month), adipose samples obtained in 72 (65.5%) (25
at baseline, 22 at 6-month, and 25 at 12-month), both
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tissue types obtained in 65 (59.1%) (24 at baseline, 19 at
6-month, and 22 at 12-month) biopsies.

The mean and standard deviation of the weight of the
muscle samples was 131 £ 92 mg (range 3 to 424 mg),
and the median weight of the adipose samples was 51
mg (range 3 to 412 mg). No adverse effects of biopsies
were reported other than mild transient pain and
light-headedness. No infections, permanent loss of sen-
sation or other long term sequelae were observed in any
participant.

High Molecular Weight (HMW) Adiponectin, Adi-
ponectin, Tumor Necrosis Factor-o (TNF-a), and Inter-
leukin 6 (IL-6) were measured in homogenates of adi-
pose tissues samples obtained in biopsies. All adipose
tissue samples obtained were sufficient to analyze all
four proteins, and residual sample remained for most
participants.

4. DISCUSSION

This is one of the first reports of both adipose and
muscle tissue obtained in the same percutancous biopsy,
and the first to report in detail sampling technique, yield
and safety. To our knowledge, there has been only one
other publication describing this method to obtain both
muscle and adipose tissues from humans with and with-
out type 2 diabetes [15], but the authors did not describe
this method in detail.

It was reported by Evans and his colleagues [16] that
adding suction to the percutancous needle biopsy
method (as used in this study), increased the size of
skeletal muscle specimens compared with the original
percutaneous muscle biopsy technique described by
Bergstrom in 1962 [17]. The average weight per biopsy
of the muscle samples obtained in our study (first 50
participants) was 130.6mg, which was much higher than
the average weight reported by Evans (78.5 mg). This
may be due to the increased cross-sectional area of the
opening of the pipette tip we used to connect the tubing
to the needle (see Figure 2), as our study physician
(MFS) who learned the biopsy technique from Dr. Evans,
did not cut the pipette tips at such an angle in his labo-
ratory.

The most common reasons for biopsies not being per-
formed were anticoagulation (16%), and dropouts
(7.3%). Only 2.7% (4 out of 150 biopsies) of biopsies
were not done due to participant refusals. This rate was
lower than another similar study of resistance training in
older diabetics (10 out of 62 patients or 16.1% refusal
rate) reported by Castaneda [18].

Limitations

One limitation of this technique is the inability to pre-
cisely identify the site of the adipose tissue obtained,
owing to the blind percutaneous biopsy procedure. This

Openly accessible at http://www.scirp.org/journal/JDM/




Y. Wang et al. / Journal of Diabetes Mellitus 1 (2011) 27-35 31

is important, as Goodpasteur has reported that the pe-
ripheral subcutaneous adipose tissue depot bears a dif-
ferent relationship to insulin resistance than the periph-
eral subfascial adipose tissue depot, using computerized
tomography scanning (CT) to characterize the size of
these depots [19]. Although we attempted to remain in
the subcutaneous (i.e., above the fascia) space when in-
serting the second needle, in a few cases adipose tissue
was obtained during the first attempt at muscle sampling,
or was mixed with muscle tissue in the same needle, and
could have represented subfascial/inter-muscular fat or a
mix of subcutaneous and subfascial fat.

Another consideration is whether lidocaine infiltation
into the subcutaneous adipocytes could have an influ-
ence on measurements obtained. As it is not possible to
do a percutancous biopsy without local anaesthesia in
humans, this remains to be investigated using compara-
tive samples from humans obtained under general an-
aesthesia or during liposuction, or using animal models.

5. CONCLUSIONS

We have shown for the first time that is possible to
safely obtain sufficient quantities of both muscle and
subcutaneous adipose tissue in a single percutaneous
biopsy procedure over the vastus lateralis in older adults.
No significant adverse events (syncope, prolonged pain,
permanent loss of cutaneous sensation, bleeding, infec-
tion, hematoma, etc.) occurred despite the advanced age
and presence of type 2 diabetes and multiple co-morbid-
ities in our participants, and the refusal rate was minimal.
The volume of muscle tissue obtained was not compro-
mised by subsequent sampling of adipose tissue, and all
samples were adequate for multiple analytical proce-
dures.

Our understanding of the possibly protective role of
femoral-gluteal subcutaneous fat with regards to meta-
bolic health has been hampered to date by limited in-
formation on the morphology, biochemistry and metabo-
lism of this fat depot, its genetic and environmental de-
terminants, and its adaptation to lifestyle and pharma-
cological interventions. The application of the technique
described herein within relevant clinical trials and labo-
ratory studies will hopefully substantially advance
knowledge in this field.
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Appendix 1.

MEDICATIONS TO AVOID 1 WEEK BEFORE THE BIOPSY

Do not take the medications on this list as of dd/mm/yy .

Please continue taking all other medications as usual.

ANTICOAGULANTS

Product Name (Generic Names)

Persantin (Dipyridamole)

Persantin SR (Dipyridamole)

Plavix (Clopidogrel hydrogen sulfate)

Ticlid (Ticlopidine hydrochloride)

Ticlopidine Hexal (Ticlopidine hydrochloride)
Tilodene (Ticlopidine hydrochloride)
Warfarin

ASPIRIN

Product Name (Generic Names)
Alka-Seltzer (Aspirin; Citric acid; Sodium bicarbonate)
Asasantin SR (Aspirin; Dipyridamole)
Aspalgin (Aspirin; Codeine phosphate)
Aspro Clear Extra Strength (Aspirin)
Aspro Preparations (Aspirin)

Astrix 100 (Aspirin)

Astrix Tablets (Aspirin)

Bayer Aspirin Extra Strength (Aspirin)
Cardiprin 100 (Aspirin)

Cartia (Aspirin)

Codiphen (Aspirin; Codeine phosphate)
Codis (Aspirin; Codeine phosphate)
Codox (Aspirin; Dihydrocodeine tartrate)
Codral Forte (Aspirin; Codeine phosphate)
DBL Aspirin (Aspirin)

Disprin (Aspirin)

Disprin Forte (Aspirin; Codeine phosphate)
Ecotrin (Aspirin)

Solprin (Aspirin)

Veganin (Aspirin; Codeine phosphate)

NON-STEROIDAL ANTI-INFLAMMATORY
Product Name (Generic Names)

Aclin (Sulindac)

Advil Capsules (Ibuprofen)

Advil Tablets (Ibuprofen)

Aleve (Naproxen sodium)

Anaprox (Naproxen sodium)

Arthrexin (Indomethacin)

Arthrotec 50 (Diclofenac sodium; Misoprostol)
Brufen (Ibuprofen)

Bugesic (Ibuprofen)

Bugesic Oral Suspension (Ibuprofen)

Butalgin (Ibuprofen)

Celebrex (Celecoxib)

Chem mart Diclofenac (Diclofenac sodium)

Chem mart Piroxicam Capsules (Piroxicam)

Chem mart Piroxicam Dispersible Tablets (Piroxicam)
Chemists' Own Ibuprofen Pain & Fever Suspension (Ibuprofen)
Chemists' Own Ibuprofen Tablets (Ibuprofen)
Chemists' Own Period Pain Tablets (Naproxen sodium)
Clonac (Diclofenac sodium)

Crysanal (Naproxen sodium)

Diclofenac-BC (Diclofenac sodium)

Diclohexal (Diclofenac sodium)

Dinac (Diclofenac sodium)

Dynastat (Parecoxib sodium)

Eazydayz Tablets (Naproxen sodium)

Feldene (Piroxicam)

Femme-free (Naproxen)

Fenac, Fenac 25 (Diclofenac sodium)

GenRx Diclofenac (Diclofenac sodium)
GenRx Piroxicam Capsules (Piroxicam)
GenRx Piroxicam Dispersible Tablets (Piroxicam)
Gold Cross Ibuprofen Tablets (Ibuprofen)
Herron Blue Ibuprofen (Ibuprofen)

Hexal Compufen (Ibuprofen)

Hexal Diclac Anti-inflammatory Tablets (Diclofenac sodium)
Imflac (Diclofenac sodium)

Indocid (Indomethacin)

Inza (Naproxen)

Mefic (Mefenamic acid)

Mobic (Meloxicam)

Mobilis (Piroxicam)

Movalis (Meloxicam)

Naprogesic (Naproxen sodium)

Naprosyn (Naproxen)

Naprosyn SR (Naproxen)

Nurofen (Ibuprofen)

Nurofen Liquid Capsules (Ibuprofen)

Nurofen Migraine Pain (Ibuprofen lysine)
Nurofen Plus (Codeine phosphate; Ibuprofen)
Nurofen for Children (Ibuprofen)

Nurofen for Children Infant Drops (Ibuprofen)
Nurolasts (Naproxen sodium)

Orudis (Ketoprofen)

Oruvail SR (Ketoprofen)

Panafen IB (Ibuprofen)

Panafen Plus (Codeine phosphate; Ibuprofen)
Pirohexal-D (Piroxicam)

Ponstan (Mefenamic acid)

Prexige (Lumiracoxib)

ProVen (Ibuprofen)

Proxen SR (Naproxen)

Rafen (Ibuprofen)

Surgam (Tiaprofenic acid)

Terry White Chemists Diclofenac (Diclofenac sodium)
Terry White Chemists Piroxicam Capsules (Piroxicam)
Terry White Chemists Piroxicam Dispersible Tablets (Piroxicam)
Toradol (Ketorolac trometamol)

Tri-Profen (Ibuprofen)

Voltaren (Diclofenac sodium)

Voltaren Rapid 25 (Diclofenac potassium)
Voltaren Rapid 50 (Diclofenac potassium)
iProfen Suspension for Children (Ibuprofen)

SUPPLEMENTS
Vitamin E
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Appendix 2. Equipment required for 1 biopsy.

Equipment Number

Muscle biopsy needle kits (containing scalpel blade (size 3

11) and handle)

Gloves (sterile) 1 pair

Dressing pack 1

Betadine 10 ml
ggzlpment for Physi- PEG bandage 1

21 G needles 2

5 ml syringes 2

50 unit insulin syringes 2

Steri-strip 1

Cutifilm 1

Incontinence pad 1

Gloves (non-sterile) 1 pair

Xylocaine 1% for injection 10 ml

Scalpel blade (size 11) and handle 1

50 ml syringes 3

3 way stop-cocks 3

. . As

Cryovial containers needed

Liquid nitrogen container with liquid nitrogen 1
Equipment for Assis- Lsopentane . 30 ml
tant 1 Container for isopentane (stainless steel bowl) 1

Saline (0.9% NaCl) 10ml

Petri dishes 2

Forceps 1

.. . As

Aluminium foils (1.5 cm x 1.5 cm) needed

Xylene free pen 1

Container with water for immersion of muscle biopsy nee- 1

dle after procedure

Incontinence pad 1

Non-sterile gauzes 10
Equipment for Assis- Sterile gauzes 10
tant 2 Gloves (sterile) 1 pair

Incontinence pad 1
E_q_mpment for Par- Incontinence pad 1
ticipant
Other Contaminated waste bin 1
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Appendix 3.

Today you have had a biopsy in your thigh. It is im-
portant to observe and care for the biopsy site well to
prevent any problems from occurring. Please follow
these instructions carefully:

1) Keep the pressure bandage in place over the biopsy
site for 24 hours. The bandage may be adjusted if it is
too tight or too loose. It should remain firm but should
not be cutting off the circulation and causing swelling or
numbness in the lower leg or foot.

2) 24 hours after the biopsy, remove the pressure ban-
dage and gauze pad. Wash off the yellow betadine solu-
tion if your skin is itchy, but be careful not to wet the
steri-strip or biopsy incision itself.

3) Non-steroidal anti-inflammatory medicines, aspirin
and anticoagulants which were on hold prior to the bi-
opsy may be resumed after 24 hours if there is no indica-
tion of bleeding at the site. It is normal to see a little

Copyright © 2011 SciRes.

dried blood under the steri-strip and note that the skin
edges do not appear completely healed at this stage.
Minor soreness may also be present if the area is rubbed
or touched.

4) Inspect the incision site for bleeding, swelling, in-
flammation, significant redness or heat in the surround-
ing tissues, masses (or lumps) under the skin, opening of
the skin edges, oozing of fluid from the incision or sig-
nificant pain or numbness near the site. If any of these
signs are present, call the study physician at any time to
discuss what should be done.

5) Leave the steri-strip in place until it falls off by it-
self. Showering or bathing of the incision site can be
started 48 hours after the biopsy unless one of the prob-
lems noted in 4 above has occurred. In this case, con-
tact the study physician for instructions prior to resump-
tion of bathing.

6) Normal levels of physical activity may be resumed
immediately after the biopsy.
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