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SI Text
The db−/db− mouse was originally discovered in an inbred strain
of mouse, where diabetes is inherited as an autosmal recessive
phenotype characterized by metabolic disturbances resembling
diabetes mellitus in man: that is, hyperphagia, obesity, lipidemia,
hyperinsulinemia, and insulin resistance (1). The db gene enc-
odes a G-to-T point mutation of the leptin receptor, resulting in
abnormal splicing and defective receptor for leptin (2, 3). It was
more recently discovered that this mutation is related to the
obese gene (4), the receptor for leptin (5).
The db−/db−mouse is just one of many rodent diabetes models.

Other early models include alloxon diabetic rats (6, 7) and
streptozotocin (STZ)-diabetic rats (8). Type 1 and type 2 models
encompass both genetic and chemically induced approaches (9–
12). Moreover, The Animal Model of Diabetic Complications
Consortium at the National Institutes of Health aims at gener-
ating appropriate and relevant models (12). Further examples of
type 2 diabetes models include the BBZDR-WOR rats (13),
Zucker fatty rats (14), the Goto-Kakizaki (GK) rat (15), and the
ob/ob mouse (16).

SI Discussion
Observational Errors in the Measurements. The results from the in
vivo and in vitro measurements were compatible, although the
significance levels differed, the in vivo results being more sig-
nificant than the in vivo results. An analysis of the observational
errors showed, however, that the error of the in vitro estimates
was considerably less than the in vivo estimates; 1.3 m/s vs. 12.9 m/s.
The calculation was based on the following error propagation
equation (17):
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where Δv, Δs, and Δt are the uncertainties in velocity, dis-
tance, and time, respectively. For the in vivo experiments, an
upper bound for Δs was estimated to 1.0 mm and for Δt to 50 μs.
The average time t was 0.19 ms and the average distance 8.5 mm.
Hence, the observational error of Δν was less than 12.9 m/s. For
the in vitro measurements, an upper bound for Δs was estimated
to 0.5 mm and for Δt to 50 μs, and the average quantities were
0.57 ms and 6.0 mm, for the time and distance, respectively.
Therefore, the observational error Δν for the in vitro experi-
ments was less than 1.3 m/s.

Temperature Dependence.The conduction velocities (CVs) of the in
vivo experiments were approximately fivefold higher than the in
vitro ones. The temperatures were 34–36 °C and 22 °C, respectively.
The termperature coefficient is typically around 3 (18-20).

Neuron Loss and Apoptosis. Evidence for neuronal apoptosis has
been obtained in other experimental in vitro and in vivo models.
High glucose concentrations (at least 45 mM) can induce apo-
ptosis in embryonic dorsal root ganglion (DRG) neurons grown in
culture by compromising mitochondrial function (21–24). In vivo
evidence for apoptosis of DRG neurons has been demonstrated
in the STZ rat model by some groups (23, 25) but not by others
(26, 27). Wright et al. (28) found expression of activating tran-
scription factor 3 (ATF3), a marker for lesioned neurons (29) in
DRGs of STZ mice.

Neuron Loss and GalR2-KO Mice. Galanin is a neuropeptide (30)
acting via three cloned receptors, GalR1 to -3 (31). We have
previously studied a GalR2 KO mouse (32). The number of
DRG neurons was low in the KO mouse, ∼20% less than in WT
mouse, which is similar to the number seen in WT mouse 7 d
after a peripheral axotomy (32, 33). Furthermore, axotomy did
not cause any further loss of DRG neurons in the GalR2 KO
mouse; that is the number of neurons was the same on the ipsi-
as on the contralateral side (32), mimicking the situation in the
db−/db− mouse. It is an intriguing question whether or not the
20% of DRG neurons lost after axotomy in WT mouse represent
the same populations of DRG neurons lost in the db−/db− mouse
(present results), as well as are absent in the GalR2-KO mouse.

Phenotypic Changes in Diabetic Peripheral Neuropathy. Except for
the reduction in PLCβ3 levels in the db−/db− mouse, we did not
observe any major changes in a number of other markers [e.g.,
calcitonin gene-related peptide (CGRP), substance P, galanin,
superoxide dismutase 2 (SOD2), neuropeptide tyrosine (NPY)
Y1 receptor, neuronal nitric oxide synthase (nNOS), ATF3, Iba1,
p-p38, glial fibrillary acid protein (GFAP), NF200, IB4, or the P2
× 3 receptor]. Zochodne et al. (34), in an extensive analysis of rats
after STZ treatment for 2 or 12 mo, found no changes at 2 mo, but
down-regulation of mRNA levels of transcripts for pituitary ad-
enylate cyclase-activating peptide (PACAP), substance P, NFM,
p75, trkA, trkC and, especially, CGRP was observed at 12 mo. A
down-regulation of CGRP (35, 36) and substance P (37–39) is
also seen after peripheral nerve injury, suggesting that the down-
regulations reported by Zochodne et al. (34) at 12 mo in the STZ
rat can be because of injury to unmyelinated and thin myelinated
axons. Interestingly, however, no up-regulation was observed for
several neuropeptide transcripts [vasoactive intestinal poly-
peptide (VIP), galanin, cholecystokinin (CCK), PACAP] (34),
known to be up-regulated after peripheral nerve injury (40–42),
suggesting that diabetic peripheral neuropathy (DPN) is different
from mechanical nerve injury.
Using both gene array and Western blotting, Burnand et al.

(43) have analyzed DRGs of 8-wk-old rats with STZ-induced
diabetes, and they reported that nerve injury-responsive genes
coding for growth-associated protein 43, galanin, NPY, prepro-
VIP, nNOS, protease nexin 1, heat-shock 27, and myosin light-
chain kinase II were not changed compared with control animals,
indicating that no nerve injury-induced phenotype is established.
The authors further showed that many well-known proapoptotic
genes were also unaltered in STZ rats, such as Bax, Bad, Bid, c-
jun, p38, TNFR1, caspase 3, and NOS2. In addition, antiapoptotic
genes, such as Bcl-2, Bcl-xl, Bcl-w, and NF-κB, were unchanged.
Brussee et al. (44) demonstrated that, although a trend of up-
regulation of mRNA levels was seen for heat shock protein, for
the α2δ1 calcium channel subunit and phosphatidylinositol 3-ki-
nase in DRGs in a long-term (4 mo) type 2 diabetes model in rat,
the results were not statistically significant. Interestingly however,
p-p38 is up-regulated in the DRGs of 8-wk-old db−/db− mice but
dramatically reduced at 12 wk of age (WoA) (45).

Possible Role of Phospholipase C β3. Phospholipase C β3 (PLCβ3) is
downstream of several G protein-coupled receptors, which are
activated by, among others, neuropeptides, such as galanin and
CCK, and other ligands (46). Receptors for galanin and CCK are
expressed in subpopulations of rodent DRG neurons (47–50),
whereby the CCKB receptor is dramatically up-regulated after
axotomy (50), and activation of both GalR2 and CCKB receptor
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presumably causes increase in intracellular Ca2+ via PLCβ3 and
release of excitatory transmitters, such as glutamate: that is, the
enzyme is pronociceptive.

Treatment with Antioxidants. A relationship between the patho-
genesis of diabetes and coenzyme Q10 (CoQ10) deficiency has
been identified by Quinzii and Hirano (51). Antioxidant pro-
cesses may play an important role in protection against the onset
and progression of DPN, such as promotion of neuronal survival,
stimulation of nerve repair, and even induction of nerve re-
generation under diabetic conditions (52–59). Free radicals and
reactive oxygen species are eliminated by antioxidants, among
which the lipid-soluble antioxidant CoQ10 is particularly pow-
erful (60–65).

SI Materials and Methods
Animals.C57BL/KsJm/Leptdb (db−/db−) mice (Stock 000662) and
their normoglycemic heterozygous littermate (as control) mice
were obtained from Charles River Laboratories. The mice were
housed five per cage in a 12-h light/dark cycle at 22 °C and
provided ad libitum with standard laboratory food and water.
CoQ10 was added to the food from the age of 7 wk to pellets at
a concentration of 1 g/kg. The experimental procedures were
approved by the North Stockholm Ethical Committee for Care
and Use of Laboratory Animals. The design of the experiment is
shown in Fig. S1.

Nerve Injury Model. Animals were anesthetized with isoflurane
(1.7–2.0% vol/vol), and the left sciatic nerve was transected at
midthigh level (around 20 mm distal to the DRG). A 5-mm
portion of the nerve was resected, and the proximal end was li-
gated to prevent regeneration. The animals were allowed to
survive for 7 d after surgery.

Behavioral Tests. Animals were placed in transparent plastic
domes on a metal mesh floor with a hole-size 2 × 3 mm. After 30-
min habituation, for the tactile allodynia test the threshold for
hind paw withdrawal (both sides) was measured by graded-
strength von Frey monofilaments (0.4, 0.6, 1.0, 1.4, 2.0, 4.0, and
6.0 g) (66). For mechanical hyperalgesia, the animals were
placed on an elevated grid, and a pin-prick test was performed
using a 27-gauge needle. The central part of the plantar surface
of the hind paw was briefly stimulated with an intensity that was
sufficient to indent but not penetrate the skin. Five minutes were
set between two adjacent stimuli to the same animal. A positive
response was defined as withdrawing, lifting, shaking, or licking
the hind paw, and was measured by determining the number of
responses of five stimuli. For the cold allodynia test, a drop of
acetone solution was carefully applied onto the central plantar
surface of the paw, using a blunt needle connected to a syringe
(66). Two minutes were set between two adjacent stimuli, and
the number of responses was calculated in the same way as the
pin-prick test. After axotomy, the onset, extent, and proportion
of autotomy were recorded by using the modified previously
published methods (67, 68).

Electrophysiology.Data were obtained from 21 animals: four from
heterozygous control mice, seven from control mice treated with
CoQ10, five from db−/db−mice, and five from db−/db−mice treated
with CoQ10. The in vivo experiments were complemented by in
vitro experiments. From each mouse in vivo measurements were
performed on one sciatic nerve, and both sciatic nerves were
excised and used for the in vitro experiments. For in vivo ex-
periments, the animals were anesthetized with 3% (vol/vol)
isofluorane (Forene) and kept on a thermostat-adjusted heating
pad to maintain normal body temperature (34 °C). The micro-
surgery was performed using aseptic technique and an operating
stereomicroscope (ZEISS OPMI-9; Carl Zeiss). The left sciatic

nerve was exposed through an incision, splitting the gluteal
muscle and the femoral biceps. The sciatic nerve and its tibial
branch to the lateral gastrocnemius muscle were exposed bi-
laterally. Motor CV was assessed by stimulating the sciatic nerve
with single electrical pulses of 0.1-ms duration and supramaximal
intensity, delivered by a pair of platinum-tipped hook electrodes.
The electrodes were placed at the sciatic nerve and at the tibial
branch at a distance of 6–10 mm from each other.
Recording and reference needle electrodes were placed in the

lateral head of the gastrocnemius muscle. A ground wire was
placed in the adductor group of muscles. The evoked compound
action potential was recorded and displayed on an oscilloscope
(Medelec Synergy MS-91; Oxford Instruments). Responses were
recorded with a Multitec ×2222 electrometer amplifier and
stored on computer with a record system. The CV was calculated
for the impulses passing between the two stimulation electrodes
(one at the sciatic and one at the tibial nerve) by recording the
responses of the gastrocnemius muscle to the stimulation at the
two sites and by dividing the distance between the stimulation
sites (measured with a slide caliper) with the time difference
between the resulting compound action potentials (Fig. 2A).
After the recording session, the section between midthigh and

midcalf of the sciatic nerve and its branches, the sural, tibial, and
peroneal nerves, was excised and transferred into a chamber with
Ringer solution (149 mMNaCl, 5.9 mMKCl, 3.0 mMCaCl2, 10.0
Hepes, adjusted to pH 7.4 with NaOH). For in vitro experiments,
the two sciatic nerves from each in vivo experiment were cut in
suitable lengths (11–15 mm) and transferred to a temperature-
regulated Perspex chamber containing Ringer solution and two
fixed Ag/AgCl recording electrodes. Two movable Ag/AgCl
stimulating electrodes, along with a ground electrode, were im-
mersed onto the proximal end of the nerve and 10-μs voltage
pulses of about twice threshold amplitude were delivered. The
distance between the stimulating electrode and the first recording
electrode was measured with a caliper. Action currents were
amplified 1,000-fold and sampled at 100 kHz using Clampex 8.2
together with a Digidata 1200A acquisition board (Molecular
Devices). Most measurements were made at room temperature,
but we also performed experiments at varying temperatures
(5–35 °C) to obtain a quantitative estimation of the temperature
dependence. The time from stimulation artifact to the compound
action potential peak was used as a measure for the calculation of
the nerve CV to get robust data, uncontaminated by the stimu-
lation artifact (Fig. 2B). Data were analyzed, using Mathematica
7.0 (Wolfram Research) and custom written software.

Western Blot Analysis. Total protein of lumbar (L) 4 and L5 DRGs
from db−/db− and control mice (32/33 WoA) was extracted and
processed for Western blot. Briefly, DRGs were homogenized in
RIPA lysis buffer (50 mM Tris•HCl, pH 7.4, 1% Nonidet P-40,
0.25% sodium deoxycholate, 150 mM NaCl, 1 mM EDTA, 1 mM
NaF, and 1 mM Na3VO4) containing protease inhibitor mixture
(Sigma). After sonication, lysates was centrifuged at 15,000 × g
for 20 min at 4 °C. The supernatant was collected and protein
concentration was measured by Bradford’s Assay (Bio-Rad).
Next, 1× laemmli sample buffer containing 20 μg protein was
loaded in each lane and separated on 10% (wt/vol) SDS/PAGE
gel, then transferred to polyvinylidene fluoride (PVDF) mem-
branes (Millipore). Membranes were blocked with 5% (wt/vol)
nonfat dry milk in TBS with 0.1% Tween-20 for 1 h at room
temperature and incubated overnight at 4 °C with primary an-
tibodies, including β-Actin (Mouse, 1:10,000), Bax (Rabbit,
1:5,000), Bcl-2 (Rabbit, 1:5,000), Erk1/2 (Rabbit, 1:5,000),
GAPDH (Rabbit, 1:10,000), p-Akt (Rabbit, 1:1,000), p-Erk1/2
(Rabbit, 1:5,000) (all from Cell Signaling Technology), and pri-
mary guinea pig antibody of PLCβ3 (69) (1:5,000) in TBST
buffer with 5% (wt/vol) BSA. After the 3× wash in TBST (10 min
for each time), the membranes were incubated with HRP-con-
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jugated secondary antibodies in TBST buffer containing 5%
nonfat dry milk for 1 h at room temperature (1: 5,000–1: 10,000;
Dako). The membranes were incubated with ECL solution for 5
min (Amersham Biosciences) after the wash step and exposed
to X-ray film (NEN PerkinElmer).

Immunohistochemistry. Animals were deeply anesthetized with
sodium pentobarbital (Mebumal; 50 mg/kg, i.p.), and trans-
cardially perfused with 20 mL warm saline (0.9%; 37 °C), fol-
lowed by 20 mL of a warm mixture of paraformaldehyde (4%
(wt/vol); 37 °C) with 0.4% picric acid in 0.16 M phosphate buffer
(pH 7.2) (70, 71), and then by 50 mL of the same, but ice-cold
fixative. The L5 DRGs were dissected out and postfixed in the
same fixative for 90 min at 4 °C and subsequently stored in 10%
(wt/vol) sucrose in 0.1 M phosphate-buffer containing 0.01%
sodium azide (PBS; pH 7.4; Sigma) and 0.02%Bacitracin (Sigma)
at 4 °C for 2 d. Tissues were embedded with OCT compound
(Tissue Tek; Miles Laboratories), frozen, and cut in a cryostat
(Microm) at 12-μm thickness and mounted onto chrome alum-
gelatin–coated slides.
The sections were dried at room temperature for 30 min, and

then rinsed in PBS for 15 min and incubated for 24 h at 4 °C in
a humid chamber with polyclonal rabbit antisera raised against
the following markers: CGRP (1:10,000) (72), galanin (1:8,000)
(73), NPY (1:4,000) (Peninsula Laboratories), substance P (SP,
1: 4,000) (Cell Signaling Technology), PLCβ3 (69), Iba1 (Vector
Laboratories), SOD2 (1:5,000) (Cell Signaling Technology),
GFAP (1:4,000) (Cell Signaling Technology), and p-p38 (1:400)
(Cell Signaling Technology). The antisera were diluted in PBS
containing 0.2% (wt/vol) BSA, 0.03% Triton X-100 (Sigma).
Immunoreactivity was visualized using a commercial kit (TSA
Plus, NEN Life Science Products). Briefly, the slides were rinsed
in TNT buffer (0.1 M Tris•HCL, pH 7.5; 0.15 M NaCl; 0.05%
Tween 20) for 15 min at room temperature, blocked with TNB
buffer (0.1 M Tris•HCL; pH 7.5; 0.15 M NaCl; 0.5% Du Pont
Blocking Reagent) for 30 min at room temperature followed by
30-min incubation with HRP-labeled secondary antibody (1:200)
(Dako) diluted in TNB buffer. After a simple wash (15 min) in
TNT buffer, all sections were exposed to biotinyl tyramide-
fluorescein (1:100) diluted in amplification solution for ∼15 min,
washed in TNT buffer for 30 min at room temperature, and
counterstained for 15 min in 0.001% (wt/vol) propidium iodide
(PI) (Sigma) in PBS. Finally, all slides were coverslipped with
glycerol/PBS (9:1) containing 0.1% (wt/vol) para-phenylenedi-
amine (74, 75). The sections were analyzed in a Bio-Rad Radi-
ance Plus confocal scanning microscope (Bio-Rad) installed on
a Nikon Eclipse E 600 fluorescence microscope equipped with
10× (0.5 N.A.), 20× (0.75 N.A.), and 60× oil (1.40 N.A.) ob-
jectives. The fluorescein labeling was excited using the 488-nm
line of the argon ion laser and detected after passing a HQ 530/
60 (Bio-Rad) emission filter. For the detection of PI, the 543-nm
line of the green HeNe laser was used in combination with the
HQ 570 (Bio-Rad) emission filter.
The specificity of antisera was examined by preincubation

antisera with their homologous antigens, with the exception of the
PLCβ3 antiserum. For specificity test, see Nomura et al. (69).
After the preadsorption experiments, no immunoreactive neuron
could be observed.

Neuron Profile Counting. To determine the percentage of immu-
noreactive (IR) neuron profiles (NPs), the counting was per-
formed on 12-μm-thick sections, and every fourth or sixth section
was selected (Nike Microphot-FX microscope, 20× objectives).
The total number of immunopositive NPs was divided by the
total number of PI-stained NPs in the DRG sections (33), and
the percentage of positive NPs was calculated. Five to 10 sec-
tions of each DRG from five animals in each group were in-
cluded in the analysis, and 1,200–3,000 NPs were counted in

each ganglion. The size distribution of NPs with a visible nucleus
was measured using the Nikon Eclipse E 600 fluorescence mi-
croscope with Wasabi Image Software. We divided the NPs into
small (a somal area of 100–600 μm2); medium-sized (600–1,400
μm2), and large (>1,400 μm2) according to earlier studies (33,
76). The percentages of DRG NPs in each of these categories
were calculated.

Stereology. To measure the total number of L5 DRG neurons,
stereological counting methods were used (77). The methods
have previously been described in detail (33). Briefly, L5 DRGs
from db–/db– and heterozygous control mice were dissected out
after perfusion (as mentioned above) and randomly rotated
around their axis and embedded with OCT compound, then
frozen and cut in 30-μm-thick serial sections. The sections were
counterstained in 0.001% PI. Every third section was systemat-
ically sampled with a random starting point. Between 7 and 17
sections were examined through the extent of each ganglion. The
counting was performed using a Leica TCS SPE Systems (D-
35578) confocal laser-scanning system. Images were recorded
with either a 63×/ 1.3 oil-immersion objective or a 5×/0.15 air
objective and stored in a computer for subsequent analysis with
LAS AF SPE Core Application Software (Leica Application
Suite, Leica-Microsystems.Com). The Cavalieri method (78) was
used to estimate the volume of the DRG. The cross-sectional
area of each ganglion was measured with the 5× objective by
using SPE Core Application Software. Axial scan was used to
measure the thickness of sections in a random systematic fashion
across each section with the 63× objective. The total ganglion
volume was calculated by multiplying the mean cross-sectional
area, mean section thickness, and total number of sections of the
DRG. The sampling scheme used was based on the results from
a pilot study, in which the appropriate number of disector was
determined. In total, a mean of 26 disector was analyzed in each
ganglion. With a random starting point in each section, every
fifth field was systematically sampled. At each location, optical
sectioning was performed with the confocal laser-scanning sys-
tem (63×/1.3 oil objective). The starting point, which was derived
from a z-scan, was set 3- to 7-μm below the section surface. From
this point, 13 consecutive optical sections were recorded by using
a z-axis step size of 1 μm. The resulting stack of digital images
was analyzed on a computer equipped with the SPE Core Ap-
plication Software. An unbiased counting frame with an area of
30,976 μm2 was presented by the computer and all neurons with
a nucleolus in the starting plane or in the guard volume, which
includes the immediately adjacent mechanical section, were dis-
regarded. In the following 12 sections (i.e., sections 2–13), all
neurons with a distinct nucleolus appearing inside the counting
frame were counted. In this way, by using an optical disector with
a height of 12 μm, an average of 105 neurons was sampled in each
ganglion. The neuron density was calculated as the sum of all
neurons counted divided by the summed volume of all disector.
The number of neurons was calculated as the product of the DRG
volume and the numerical density.

In Situ Hybridization. The db–/db– and heterozygous control mice
used for in situ hybridization were decapitated and DRGs were
rapidly dissected and frozen on dry ice. Tissues were cut in a cryo-
stat (Microm) at 12-μm thickness, thaw-mounted on Superfrost
slides (Fisher Scientific) and stored at −20 °C. From the series, the
first of every four sections were subjected to in situ hybridization.
The sequences of the synthetic oligonucleotides complementary to
mRNA encoding PLCβ3 were 5′-TCCTTGTGTCCCTGATGG-
AGCTGATGTCCAGTGTGTCCACCTCCA-3′ and 5′-GTGT-
TCCGGGAGGCGTTCTGAGCCAATATGTTCATGGCCA-
GTTTA-3′ (79). Probes were synthesized by Cybergene AB and
labeled at the 3′-end with [33P] ATP (Perkin-Elmer) using ter-
minal deoxynucleotidyl transferase (Amersham) to a specific
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activity of 2.8–6.0 × 107 cpm/μg. The labeled oligoprobes were
purified using ProbeQuant G-50 Micro Columns (Amersham).
Sections were hybridized as described previously (80, 81).
Briefly, air-dried sections were incubated in a hybridization
mixture [50% (vol/vol) formamide, 4× SSC, 1× Denhardt’s solu-
tion 1% sarcosyl, 0.02 M phosphate buffer, pH 7.6, 10% (wt/vol)
dextran sulfate, 500 μg/mL heat-denatured salmon sperm DNA,
and 1 × 107 cpm/mL of the labeled probe] in a humidified

chamber for 18 h at 42 °C. After hybridization, the sections were
washed in 1× SSC for 4 × 15 min at 55 °C and 30 min at room
temperature, then air-dried and dipped into Kodak NTB 2
emulsion (Kodak) diluted 1:1 with water. After exposure at 4 °C
for 2 wk, the slides were developed in Kodak D19, fixed in Kodak
Unifix and mounted in glycerol-phosphate buffer. For specificity
control, adjacent sections were incubated with an excess (100×) of
unlabeled probe.
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Fig. S1. Schematic overview of the experimental procedures. Behavioral evaluation performed using the von Frey filaments, acetone, and pin-prick tests.
Animals killed at 5–6 or 32–33 WoA for immunohistochemistry (IHC), in situ hybridization (ISH), or electrophysiology (E-PHYS).
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Fig. S2. (A and B) Body weight (A) and blood-glucose levels (B) in male diabetic mice at different weeks of age. (C–F) CoQ10 treatment has no effect on body
weight or blood-glucose levels in male (C and D) or female (E and F) diabetic mice at 32/33 WoA, respectively. (G–I) Response to innoxious (G), noxious (I), or
cold (H) stimulations in db−/db− and control female mice with or without CoQ10 treatment, at 32/33 WoA . Q10-, Q10-untreated; Q10+, Q10-treated. Filled
columns, db−/db−; open columns, control. The data are shown as mean ± SEM, *P < 0.05, **P < 0.01, ***P < 0.001 vs. control; n = 5–20 mice.
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Fig. S3. (A–C) Autotomy after unilateral axotomy in male mice at 32–33 WoA. (A) The average onset of autotomy was slightly delayed in db−/db− mice but
not statistically significant compared with control mice (P > 0.05). (B) At day 7 after axotomy, autotomy in the ipsilateral hind paw was seen in around 35% of
animals in both diabetic and control groups. (C) The average autotomy score in diabetic group was similar as in control group (P > 0.05). Filled columns, db−/db−;
open columns, control. The data are shown as mean ± SEM, n = 6–18 mice.

Shi et al. www.pnas.org/cgi/content/short/1220794110 6 of 9

www.pnas.org/cgi/content/short/1220794110


0
20
40
60
80

100

1

C
G

R
P

+ 
N

P
s

* *

b

IpsiContra

0
20
40
60
80

100

1

ga
la

ni
n+

 N
P

s

** **

c

Contra Ipsi

0
20
40
60
80

100

1

N
P

Y
+ 

N
P

s

**

Contra Ipsi

**

#

d

a
p-Erk1/2

Erk1/2

p-Akt

β-Actin

Bcl-2

GAPDH

Bax

GAPDH

db/Contra/NPY Con/Contra/NPY db/Ipsi/NPY Con/Ipsi/NPY

e f g h
Fig. S4. (A) Prosurvival and apoptotic related proteins examined by Western blot in DRGs of 32/33 WoA male db−/db− (Left bands) and control (Right bands)
mice. (B–H) Effect of unilateral axotomy (7 d) on neuropeptide expression in DRGs in male db−/db− mice. (B–D) Percentage of CGRP- (B), galanin- (C), and NPY-
(D) IR NPs in contra- and ipsilateral DRGs. CGRP is decreased (B), and galanin (C) and NPY (D) are increased in ipsilateral DRGs in both db−/db− and control mice.
However, the increase is smaller for NPY in db−/db− mice than in controls. (E–H) Immunofluorescence micrographs showing only few fluorescent neurons
in contralateral DRGs (E and F). A strong up-regulation of NPY is seen in ipsilateral DRGs in both db−/db− (G) and control (H) mice but less in the former (G and
H). *P < 0.05 and **P < 0.01 vs. contralateral DRGs in both db−/db− and control mice, respectively; #P < 0.05 vs. ipsilateral DRGs in control mice. Filled columns,
db−/db− mice; open columns, control mice; Contra, contralateral; Ipsi, ipsilateral. The data are shown as mean ± SEM n = 5–10 mice. (Scale bar, E–H: 50 μm.)

a b

c d

e f

g h

i j

SP

SOD2

p-p38

Iba1

GFAP

Fig. S5. Immunofluorescence micrographs showing effect of unilateral axotomy (7 d) on expression of several markers in DRGs of male db−/db− mice at 32–33
WoA. Substance P (SP)-LI is markedly down-regulated in ipsilateral DRG (B) compared with contralateral side (A). In contrast, SOD2, p-p38, Iba1, and GFAP-LIs
are strongly up-regulated in the ipsilateral DRGs (compare D, F, H, J with C, E, G, I, respectively). (Scale bar, A–J: 50 μm.)
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Table S1. CoQ10 prevents the decrease in impulse conduction

In vivo In vitro

Mean velocity (m/s) Cv (%) Mean velocity (m/s) Cv (%)

Control 53.2 ± 3.1 (n = 4) 11.8 12.2 ± 0.7 (n = 7) 15.7
Control + Q10 49.9 ± 2.0 (n = 7) 11.4 11.3 ± 0.5 (n = 6) 11.7
Db−/db− mice 39.2 ± 5.7 (n = 5) 32.6 8.2 ± 1.0 (n = 3) 21.0
Db−/db− mice + Q10 52.7 ± 2.7 (n = 5) 11.4 10.3 ± 0.7 (n = 7) 18.7

Cv, coefficient of variation.

Table S2. In vivo and in vitro studies: Variance analysis (two-way ANOVA) (1) of the
CV measurements

Sources of variation Degrees of freedom Sums of squares Mean squares F statistic P value

In vivo
Strain 1 140.90 140.90 2.1580 0.1601
Treatment 1 124.82 124.82 1.9118 0.1847
Strain + treatment 1 353.50 353.50 5.4142 0.0326
Error 17 1108.0 65.291
Total 20 1729.2

In vitro
Strain 1 24.558 24.558 7.9013 0.0112
Treatment 1 0.5096 0.5096 0.1639 0.6901
Strain + treatment 1 11.819 11.819 3.8027 0.0661
Error 19 59.054 3.108
Total 22 95.941

Table S3. Stereological study effects of CoQ10 treatment

Number of DRG neurons

5/6 WoA (n = 6) 32/33 WoA (n = 5) 32/33 WoA/Q10 (n = 5)

Control 11,315 (SD: 2,266; Cv: 0.20) 9,643 (SD: 1,377; Cv: 0.14) 11,180 (SD:2,582; Cv: 0.24)
Db−/db− 11,447 (SD: 2,400; Cv: 0.20) 6,495 (SD: 1,868; Cv: 0.29)* 9,628 (SD: 2,567; Cv: 0.27)
Neuron loss 1.2% 32.6% 13.9%

1. Fisher RA (1925) Theory of statistical estimation. Mathematical Proceedings of the Cambridge Philosophical Society 22:700–725.
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Table S4. Primary antisera/antibodies used for immunohistochemistry and Western blot in this study

Antigen Host Immunogen Source, type Dilution

GFAP Rabbit GFAP from human brain Sigma-Aldrich; G9269, Polyclonal 1:4,000
Iba1 Rabbit A synthetic peptide corresponding

to C terminus of Iba1
Wako; #01–974, Polyclonal 1:4,000

NF200 Mouse Purified rat midsize neurofilament (NF-M) subunit Sigma-Aldrich; N2912, Monoclonal 1:2,000
NPY Rabbit Synthetic NPY coupled to BSA J. Walsh and H. Wong,

Gastroenteric Biology Center,
Department of Medicine,
University of California Los Angeles,
CA, Polyclonal

1:4,000

P2X3 Rabbit Carboxy-terminus of rat P2X3 (amino acids 383–397) R. Elde, Department of Cell Biology
and Neuroanatomy,
University of Minnesota, MN, Polyclonal

1:4,000

PLCβ3 Guinea pig 1201–1234 amino acids of mouse PLCβ3 M. Watanabe, Hokkaido University School of
Medicine, Sapporo, Japan,
Polyclonal

1:2,000

p-p38 Rabbit A synthetic phosphopeptide corresponding
to residues surrounding Thr180/Tyr182
of human p38 MAPK

Cell Signaling Technology; #9211,
Polyclonal

1:400

SOD2 Rabbit Full length of rat SOD2 Abcam; #ab13534, Polyclonal 1:2,000
SP Rabbit Synthetic SP coupled to BSA L. Terenius, Center for Molecular Medicine,

Karolinska Institutet, Stockholm,
Sweden, Polyclonal

1:4,000

NPY R1 Rabbit C-terminal portion of rat NPY Y1R (aa 370–382) J. Walsh and H. Wong,
Gastroenteric Biology Center,
Department of Medicine,
University of California Los Angeles, CA,
Polyclonal

1:2,000

β-Actin Mouse A synthetic peptide corresponding to amino-terminal
residues of human β-actin

Cell Signaling Technology; #3700, Monoclonal 1:5,000

Bax Rabbit A synthetic peptide corresponding to the
amino-terminal residues of human Bax

Cell Signaling Technology; #2772, Polyclonal 1:1,000

Erk1/2 Rabbit A synthetic peptide corresponding to a sequence
in the C terminus of rat p44 MAP Kinase

Cell Signaling Technology; #9102, Polyclonal 1:1,000

GAPDH Rabbit A synthetic peptide near the carboxyl terminus
of human GAPDH

Cell Signaling Technology; #2118, Monoclonal 1:5,000

pAkt Rabbit A synthetic phosphopeptide corresponding
to residues surrounding Ser473 of mouse Akt

Cell Signaling Technology; #9271, Polyclonal 1:1,000

pErk1/2 Rabbit A synthetic phosphopeptide corresponding
to residues surrounding Thr202/Tyr204 of
human p44 MAP kinase

Cell Signaling Technology; #9101, Polyclonal 1:2,000
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