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Summary

This study aimed to investigate whether heat stress (HS)
prevents a decrease in succinate dehydrogenase (SDH) activity
and heat shock protein 60 (HSP60) and superoxide dismutase 2
(SOD2)
streptozotocin (STZ)-induced diabetic rats. Twelve-week-old male

contents in the extensor digitorum longus of
Wistar rats were assigned to one of the four groups (n=6/group):
control (Con), HS, diabetes mellitus (DM), and diabetes mellitus
and heat stress (DM+HS). Diabetes was induced by the
administration of STZ (50 mg/kg). HS was initiated 7 days after
STZ treatment and performed at 42 °C for 30 min 5 times a week
for 3 weeks. SDH activity was decreased in the DM and
DM+HS groups. However, SDH activity was greater in the
DM+HS group than in the DM group. Although HSP60 content
was lower in the DM group than in the Con group, it was
maintained in the DM+HS groups and was higher than that in the
DM group. SOD2 content was decreased only in the DM group.
These findings suggest that HS prevents the decrease in
SDH activity in the skeletal muscle induced by DM. According to
this mechanism, the maintenance of SOD2 and HSP60 by HS may

suppress the increase in oxidative stress.
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Introduction

Diabetes mellitus (DM) is accompanied by
a decrease in succinate dehydrogenase (SDH) activity,
which is an important mitochondrial enzyme involved in
energy metabolism, in skeletal muscle (He et al. 2001).
Abnormalities of skeletal muscle energy metabolism,
especially mitochondrial dysfunction, are associated with
lowered exercise capacity (Okita et al. 1998, Yokota et
al. 2011), which was also observed in patients with DM
(Giirdal et al. 2015). Lowered exercise capacity in
patients with DM is a predictor of mortality (Church et
al. 2004). Hence, it is important for patients with DM to
maintain SDH activity in skeletal muscle to prevent
declines in exercise capacity.

Exercise, which is a standard intervention for
DM patients, has a positive effect on SDH in skeletal
muscle, but we believe that exercise can be problematic
for some patients. Little et al. (2011) have reported that
exercise increased respiratory complex II (known as
SDH) in skeletal muscle of DM patients. However, the
ability to perform moderate exercise could be limited by
lowered exercise capacity induced by DM. Accordingly,
the development of an alternative therapy for maintaining
skeletal muscle mitochondrial function in patients with
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DM is essential. Heat stress (HS) and heat stress proteins
(HSPs), which are molecular chaperones activated in
response to HS, have recently attracted for their positive
effects on skeletal muscle. HS has been reported to
increase HSPs and maintain mitochondrial function in
denervated skeletal muscle from mice (Tamura et al.
2015). We previously reported that HS attenuated muscle
atrophy in the extensor digitorum longus (EDL) of
streptozotocin (STZ)-induced diabetic rats (Nonaka et al.
2015). Mitochondrial toxicity could be the key mediator
of skeletal muscle atrophy (Powers ef al. 2012, Tryon et
al. 2014). These findings suggest that HS can potentially
prevent the decrease in SDH activity in skeletal muscle
induced by DM. Therefore, HS could be used as
an alternative to exercise for preventing the decrease in
skeletal muscle. However, it is unknown whether HS has
a preventive effect on the decrease in SDH activity in
skeletal muscle induced by DM.

We hypothesized that HS prevents decreases in
SDH activity in the skeletal muscle of diabetic rats.
Therefore, the purpose of this study was to investigate the
effect of HS on SDH activity in the EDL of diabetic rats.
The EDL was selected in this study because it is
predominantly composed of type II fibers (Soukup et al.
2002), and the loss of SDH activity induced by DM has
been reported to predominantly occur in type Il fibers
than in type I fibers (Armstrong et al. 1975). Moreover,
levels of superoxide dismutase2 (SOD2; known as
MnSOD), which is an antioxidant enzyme located in
mitochondria, were measured, as it has been reported that
SOD?2 is associated with SDH activity in skeletal muscle
(Lustgarten et al. 2011) and that SOD2 content is
decreased in the skeletal muscle of diabetic rats (Malardé
et al. 2015, Guan ef al. 2016).

Methods

Animals

Twenty-four male Wistar rats (12 weeks old)
were housed in a temperature-controlled room maintained
at 22 °C under a 12-h light-dark cycle and allowed free
access to food and water. The rats were randomly divided
into four groups consisting of six animals per group as
follows: control (Con), HS, diabetes mellitus (DM), and
diabetes mellitus and heat stress (DM+HS). Diabetes was
induced by a single intraperitoneal injection of STZ
(50 mg/kg body weight; Wako Pure Chemical Industries,
Ltd., Osaka, Japan) dissolved in physiological saline
according to a previous study (Nonaka er al. 2014).

Equivalent amounts of the vehicle were injected into rats
in the non-diabetic groups. Blood was collected from the
tail vein, and non-fasting blood glucose concentrations
were measured using the Glutest Ace R (Sanwa Kagaku
Kenkyusho, Co., Ltd., Nagoya, Japan) 7 days after the
STZ injection. Rats with blood glucose concentrations
>300 mg/dl were considered to have diabetes.

Twenty-four hours after the final HS, rats were
euthanized via an intraperitoneal injection of an overdose
of sodium pentobarbital (150 mg/kg). The EDL was
removed, weighed immediately, frozen in isopentane
cooled by liquid nitrogen and stored at -80 °C until
further analysis. The muscle weight/body weight ratio
was also calculated because muscle weight is affected by
body weight. The study was approved by the Institutional
Animal Care and Use Committee of Osaka Prefecture
University.

HS protocol

HS was performed according to a previously
reported method (Nonaka et al. 2015). The lower half of
body of each rat was immersed in hot water at 42 °C for
30 min under anesthesia induced by an intraperitoneal
injection of sodium pentobarbital (50 mg/kg). HS was
started 7 days after the injection of STZ and was
performed once daily five times a week for 3 weeks. To
avoid any confounding effects of the anesthesia, the rats
in the Con and DM groups were anesthetized in a similar
manner as those in the HS and DM+HS groups.

Western blot

The muscles were homogenized in ice-cold
extraction buffer (20 mM Tris-HCI, pH 7.4, 25 mM KCl,
1% Triton X-100) containing cOmplete™ protease
inhibitor cocktail (Roche Diagnostics, Tokyo, Japan).
Homogenates were centrifuged at 12,000 x g for 10 min at
4 °C,
subsequent analyses. The protein concentrations of the

and aliquots of supernatants were used for
aliquots were measured using a Coomassie Protein Assay
Kit (Thermo Fisher Scientific K.K., Yokohama, Japan).
The absorbance was read at 595 nm using a microplate
reader (Model 680; Bio-Rad Laboratories, Inc., CA, USA)
to determine the protein concentration. The aliquots were
diluted with extraction buffer, and EzApply (ATTO,
Tokyo, Japan) was added to the diluted aliquots. The final
protein concentration of the samples for Western blot
analysis was adjusted to 2 pg/ul, and samples were boiled
for 5 min. The samples were applied to a 5-20 % gradient
(ATTO, Tokyo,

polyacrylamide  gel Japan), and
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electrophoresis was performed at a constant current of
20 mA/gel for 60 min. The separated proteins were then
transferred to PVDF membranes (ATTO, Tokyo, Japan) at
a constant current of 2 mA/cm? for 60 min via the semi-dry
blotting method. The membranes were stained with
Ponceau-S staining solution (Beacle, Inc., Kyoto, Japan)
and scanned. They were destained and blocked with
EzBlock Chemi (ATTO) for 1 h at room temperature and
subsequently incubated overnight at 4°C with the
following primary antibodies: anti-HSP60 (1:5,000;
SMC-110; Stress Marq Biosciences Inc., Victoria, Canada)
and anti-SOD2  (1:5,000; sc-30080;
Biotechnology, Inc., CA, USA). Following incubation, the

Santa  Cruz
membranes were washed three times for 10 min/wash in
EzWash (ATTO) containing 0.1 % Tween 20 (TTBS) and
reacted for 1 h at room temperature with the following
secondary horse radish peroxidase-conjugated antibodies:
anti-mouse IgG (1:25,000; 01803-44; Nacalai Tesque,
Kyoto, Japan) for HSP60 and anti-rabbit 1gG (1:25,000;
01827-44; Nacalai Tesque) for SOD2. Following this
incubation, the membranes were washed three times for
10 min/wash in TTBS and reacted with ECL™ Prime
Western Blot Detection Reagent (CE Healthcare UK Ltd.,
Buckinghamshire, England) for 5 min at room temperature,
and the protein bands were obtained using LumiCube
(Liponics, Inc., Tokyo, Japan). The protein bands were
analyzed using JustTLC software (Sweday, Sondra
Sandby, Sweden). The 45-kDa bands from the Ponceau-
stained membranes were used as protein loading controls
(Perry et al. 2016). The data were normalized to the Con
value.

Histochemistry

Muscles  were sliced into  10-um-thick
cross-sections using a cryostat at -20 °C. The tissue
sections were dried at room temperature for 30 min.

SDH

previously with minor modifications (Ishihara et al. 2015).

staining was performed as described

The tissue sections were incubated in 0.1 M phosphate
buffer (pH 7.6) containing 0.9 mM sodium azide, 0.9 mM
1-methoxyphenazine methylsulphate, 1.5 mM nitroblue
tetrazolium, 5.6mM EDTA and 48 mM
disodium salt for 45 min at 37 °C. The stained sections

succinate

were observed under a microscope at x100 magnification,
and a randomly selected image was obtained using a digital
camera. The SDH activity of muscle fibers was measured
as the mean optical density using ImageJ software (NIH,
Bethesda, USA), and the mean SDH activity of muscle
fibers was determined as the measured values.

For immunohistochemical staining of
slow-twitch muscle fibers, the tissue sections were fixed
in 10% formalin solution for 15 min at 4°C, and
immunohistochemical staining was performed using
a VECTASTAIN® (Vector

Laboratories, CA, USA) according to the manufacturer’s

Universal quick kit
instructions. Endogenous peroxidase was quenched in
0.3 % H,0O, in methanol for 30 min. The sections were
incubated with blocking serum for 10 min and reacted
with mouse monoclonal anti-slow myosin (1:400;
GTX11083; Gene Tex, Inc., Irvine, CA, USA) for 2 h at
room temperature. The slides were washed three times in
PBS for 5 min/wash, and the sections were incubated in
biotinylated universal secondary antibody working
solution for 10 min. The sections were washed three
in PBS for

streptavidin/peroxidase complex working solution for

times 5 min/wash and incubated in
5 min. The sections were washed three times in PBS for
fibers

visualized using diaminobenzidine substrate. The stained

5 min/wash, and slow-twitch muscle were

sections were observed under a microscope at
%100 magnification, and two randomly selected images
were obtained using a digital camera. The fast- and
slow-twitch muscle fiber cross-sectional areas (CSAs)
were measured using ImageJ software, and the means
were determined. The muscle fiber CSA/body weight
ratio was also calculated because muscle fiber CSAs are

believed to be affected by body weight.

Statistical analysis

All data were expressed as the mean+ SEM.
Statistical analysis was performed via comparisons
among the four experimental groups. The Shapiro-Wilk
test was used to verify whether the data were normally
distributed. For non-normally distributed data, namely the
data for blood glucose levels and muscle weight, the
Kruskal-Wallis test was used. The Steel-Dwass post hoc
test was performed to determine the significance of
differences among the four groups. For normally
distributed data, Levene’s test of homogeneity of
variance was performed. For data that did not exhibit
homogeneous variance, namely that for the initial body
weight, Welch’s one-way ANOVA was used. For data
exhibiting homogeneous variance, one-way ANOVA was
used. Tukey’s post hoc test was performed to determine
the significance of differences among the four groups.
p<0.05 was considered significant. Statistical analyses
2.8.1 and

R commander software package ver.1.4-8 (The R project

were performed using R software ver.
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for statistical computing, https://www.r-project.org/).
Results

Body weight and blood glucose

Body weight and blood glucose data are shown
in Table 1. The initial body weights of rats were similar
among the four groups, whereas the final body weights of
rats were decreased in the DM and DM+HS groups

compared with that in the Con group (p<0.001).

Furthermore, the final body weights of rats were lower in
the HS and DM+HS groups than in the Con and
respectively  (p<0.001 and p<0.01,
respectively). These findings suggest that HS induces

DM groups,

decreases in rat body weight.

Blood glucose content was significantly higher
in the DM and DM+HS groups than in the Con and
HS groups 7 days after the STZ injection (p<0.05). The
blood glucose level exceeded 300 mg/dl in all rats in the
DM and DM+HS groups.

Table 1. Body weights and blood glucose levels at 7 days after STZ injection in the four groups.

Con HS DM DM+HS
Initial body weight (g) 286.3+2.2 289.7+4.4 294.7+7.1 288.7+2.2
Final body weight (g) 334.0+3.5 298.0+6.3%%* 248.5+5 0xx#H 217.7+4 6** 1T
Blood glucose (mg/dl) 145.8+26.1 114.5+10.5 449.8+20.9* 511.7+29.7+

Values are presented as means + SEM. n=6 per group. STZ, streptozotocin, Con, control; DM, diabetes; DM+HS, diabetes and heat
stress; HS, heat stress. * p<0.05 and *** p<0.001 vs. the Con group. ¥ p<0.05 and *## p<0.001 vs. the HS group. ™ p<0.01 vs. the

DM group.
SDH activity

SDH activity was measured by histochemical
staining in the skeletal muscle of diabetic rats.

SDH-stained images and activity are shown in Figure 1.
Compared with the Con group data, SDH activity was
significantly decreased in the DM (48 % of Con,
p<0.001) and DM+HS groups (72 % of Con, p<0.01).
However, SDH activity in the EDL was significantly
lower in the DM group than in the DM+HS group (68 %
of DM+HS, p=0.032). These findings suggest that
HS prevents mitochondrial dysfunction in the skeletal
muscle of diabetic rats.

HSP60 content

HSP60, which was induced by HS, were
measured by Western blot, as shown in Figure 2.
Compared with the Con group levels, HSP60 levels in the
EDL were significantly increased in the HS group (134 %
of Con, p<0.001). These that
HS sufficiently induced physiological and biochemical

results  suggest
responses, as HSPs are biomarkers induced by HS (Oishi
et al. 2002). Compared with the Con group level, HSP60
content in the EDL was significantly decreased in the
DM group (49 % of Con, p<0.001) but not in the
DM+HS group (p=0.18). Moreover, HSP60 content in the
EDL was significantly higher in the DM+HS group than
in the DM group (176 % of DM, p<0.001). These

findings suggest that HS prevents decreases in the HSP60
content in the EDL of diabetic rats.

SOD? content

SOD2 content was
SOD2 s
SDH activity in skeletal muscle (Lustgarten et al. 2011).

measured by Western
blotting, as reportedly associated with
SOD2 content is shown in Figure 3. Compared with the
Con group level, SOD2 content was significantly
decreased in the DM group (59 % of Con, p=0.042) but
not in the DM-+HS group (p=0.36). These findings
suggest that HS prevents decreases in SOD2 content in
the skeletal muscle of diabetic rats.

Muscle weight, muscle weight/body weight, and muscle
fiber CSA

Muscle weight, muscle weight/body weight
ratio, muscle fiber CSAs, and muscle fiber CSA/body
weight were measured to verify the degree of skeletal
muscle atrophy in diabetic rats. These data are shown in
Table 2. Muscle weight was significantly decreased in the
DM (64 % of Con, p=0.02) and DM+HS groups (62 % of
Con, p=0.02) compared with that in the Con group.
Compared with the Con group ratio, the muscle
weight/body weight ratio was significantly decreased in
the DM group (91 % of Con, p=0.046) but not in the

DM-+HS group (p=0.54).
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Fig. 1. Succinate dehydrogenase (SDH)-stained cross-sections of the extensor digitorum longus (EDL) (a). Graphical representation
showing the mean SDH activity of the EDL in the four groups (b). Values are expressed as means £ SEM. n=6 per group. ** p<0.01
and *** p<0.001 vs. the Con group; ## p<0.01 and ### p<0.001 vs. the HS group; © p<0.05 vs. the DM group. Scale bar=100 pm.
Con, control; DM, diabetes; DM+HS, diabetes and heat stress; HS, heat stress.
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Fig. 2. Expression levels of heat shock protein 60 (HSP60) in the
extensor digitorum longus (EDL). The expression pattern and
protein concentrations of HSP60 in the EDL in the four groups
are presented. Values are expressed as means = SEM. n=6
per group. *** p<0.001 vs. the Con group; *## p<0.001 vs. the
HS group; *** p<0.001 vs. the DM group. Con, control; DM,
diabetes; DM+HS, diabetes and heat stress; HS, heat stress.

Fig. 3. Expression levels of superoxide dismutase 2 (SOD2) in
the extensor digitorum longus (EDL). The expression pattern and
protein concentrations of SOD2 in the EDL in the groups are
shown. Values are expressed as means = SEM. n=6 per group.
* p<0.05 vs. the Con group; * p<0.05 vs. the HS group. Con,
control; DM, diabetes; DM+HS, diabetes and heat stress; HS,
heat stress.

Table 2. EDL muscle weights and muscle fiber CSAs in the four groups.

Con HS DM DM+HS
Muscle weight (mg) 137.3+1.8 129.742.1 87.5+1.7+ 85.3+2 5+
Muscle weight/body weight (mg/g) 0.411+0.008 0.436£0.008  0.372+0.007**  0.393+0.013"
Fast-twitch muscle fiber CSA (um?) 1419+108 151667 YPETE 8218 #H+H
Fast-twitch muscle fiber CSA/body weight (um’/g) 4.24+0.30 5.09+0.22 2.7140.10% 3.76£0.34"
Slow-twitch muscle fiber CSA (um’) 610+79 668+36 377+18%# 459+45"
Slow-twitch muscle fiber CSA/body weight (um’/g) 1.82+0.22 2.25+0.14 1.52+0.07" 2.10+£0.19

Values are presented as means + SEM. n=6 per group. EDL, extensor digitorum longus; Con, control; CSA, cross-sectional area; DM,
diabetes; DM+HS, diabetes and heat stress; HS, heat stress. * p<0.05, ** p<0.01 and *** p<0.001 vs. the Con group. # p<0.05,
## p<0.01 and *## p<0.001 vs. the HS group. * p<0.05 vs. the DM group.

The fast-twitch muscle fiber CSA of the EDL
was significantly decreased in the DM (47 % of Con,
p<0.001) and DM+HS (58 % of Con, p<0.001) groups
compared with that in the Con group. Compared with the
Con group level, the fast-twitch muscle fiber CSA/body
weight ratio was significantly decreased in the DM group
(64 % of Con, p<0.01) but not in the DM+HS group
(p=0.55). Moreover, the fast muscle fiber CSA/body

weight ratio was significantly lower in the DM group
than in the DM+HS group (72 % of DM+HS, p=0.04).

fiber CSA was
significantly decreased in the DM group (62 % of Con,
p=0.016) but not in the DM+HS group (p=0.17) compared
with that in the Con group. This ratio was not decreased in
the DM (p=0.59) and DM+HS (p=0.65) groups compared
with the Con group ratio. These findings suggest that HS

The slow-twitch muscle
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attenuates DM-induced skeletal muscle atrophy, especially
that involving fast-twitch muscle fibers.

Discussion

The purpose of this study was to investigate the effect of
HS on SDH activity in skeletal muscle of diabetic rats.
The findings were as follows: 1) The decrease in
SDH activity was significantly induced in the skeletal
muscle by DM but attenuated by HS; 2) HSP60 level was
significantly decreased in the skeletal muscle of diabetic
rats, but it was maintained by HS; 3) SOD2 content was
significantly decreased in the skeletal muscle of diabetic
rats, but it was maintained by HS; and 4) skeletal muscle
atrophy was induced by DM but attenuated by HS.

SDH activity in the EDL was decreased in
diabetic rats compared with that in non-diabetic rats.
Chen and Ianuzzo (1982) reported that the SDH activity
decreased in the plantaris muscle of diabetic rats.
Moreover, our data were consistent with their study.
Interestingly, SDH activity in the EDL of heat-stressed
diabetic rats was greater than that of the non-heat-stressed
diabetic HS has
mitochondrial dysfunction in denervated skeletal muscle

rats. been reported to prevent
in mice (Tamura et al. 2015), and our finding was similar.
We hypothesized that HS would prevent reductions in
SDH activity in the skeletal muscle of diabetic rats. Our
finding supported our hypothesis, and this was the first
study to suggest that HS can prevent the decrease in
SDH activity in skeletal muscle induced by DM.

HSP60 appears to play a crucial role in the
reduction of and resistance to oxidative stress. Silencing
of HSP60 in several cell lines has been reported to
increase ROS production (Kleinridders et al. 2013, Tang
et al. 2016), decrease cell viability under oxidative stress
(Tang et al. 2016) and induce mitochondrial dysfunction
(Kleinridders et al. 2013). Moreover, HSP60-over-
expressing rat small intestinal epithelial cells displayed
increased cell viability under oxidative conditions
(Takada et al. 2010). These findings suggest that HSP60
suppresses excessive ROS production and promotes
resistance to oxidative stress and the maintenance of
mitochondrial function. HSP60 content in the heart is
decreased in diabetic rats (Shan et al. 2003, Chen et al.
2005), in line with our findings in skeletal muscle.
Importantly, HSP60 content was significantly higher in
the skeletal muscle of heat-stressed diabetic rats than in
non-stressed diabetic rats, and its levels in the skeletal
muscle of heat-stressed diabetic rats were similar to that

in normal rat skeletal muscle. The decrease in HSP60
levels was expected to increase ROS production in the
skeletal muscle of diabetic rats, whereas HS maintained
HSP60 content, resulting in the prevention of excessive
ROS production and resistance to oxidative stress in
diabetic rat skeletal muscle.

SOD2 is expressed in mitochondria, and it
reduces oxidative stress via the degradation of O;.
Although SOD2 content was decreased in the skeletal
muscle of diabetic rats, antioxidant administration
prevented the decrease (Malardé et al. 2015, Guan et al.
2016). These findings suggest that oxidative stress
decreases SOD2 content in skeletal muscle. In this study,
DM was expected to increase oxidative stress in skeletal
muscle because SOD2 content was also decreased in
skeletal muscle. Importantly, HS prevented the decrease
in SOD2 content in the skeletal muscle of diabetic rats,
suggesting that HS decreased oxidative stress. Moreover,
SOD2 overexpression has been reported to protect
mitochondrial function in the hearts of diabetic mice
(Shen et al. 20006),
an important role in protecting mitochondrial function.

suggesting that SOD2 plays

Therefore, HS might prevent the decrease in SOD2

content by suppressing excessive oxidative stress,
resulting in the prevention of the decrease in SDH
activity in the skeletal muscle of diabetic rats.

DM-induced muscle atrophy has been suggested
to be involved in oxidative stress (Nonaka et al. 2014).
ROS production was increased in C2C12 myotubes under
high glucose conditions (Russell ef al. 2009). Antioxidant
administration decreased skeletal muscle atrophy in
diabetic rats and mice (Mastrocola et al. 2008, Ono et al.
2015, Takada et al. 2015). These findings suggest that
oxidative stress is involved in the mechanism of
DMe-induced skeletal muscle atrophy. We previously
reported that HS attenuated DM-induced skeletal muscle
atrophy (Nonaka et al. 2015). In this study, DM-induced
skeletal muscle atrophy was also attenuated by HS. It is
expected that the decrease in oxidative stress was one
explanation for prevention of DM-induced skeletal
muscle atrophy by HS.

The body weight was decreased in both the
DM groups. STZ-induced DM rats have been reported to
decrease body weight (Jacobs et al. 1998), and our data
was corresponding with the previous study.
HS exacerbated the loss of body weight in DM rats,
suggesting that HS has a harmful effect on DM. HS has
been reported to increase corticosterone and cortisol

(Gong et al. 2015), which increase blood glucose level.
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In this study, blood glucose level induced by HS,
corticosterone and cortisol were not measured. However,
HS may increase blood glucose levels, resulting in
inducing excessive loss of body weight in DM rats.

As described previously, the mechanism by
which HS prevented the decrease in SDH activity in
skeletal muscle was expected to involve a decrease in
oxidative stress from the data, including changes in
HSP60 and SOD2 content and improvement of skeletal
muscle atrophy. However, we did not measure changes in
SOD2,
glutathione peroxidase and catalase; oxidative stress

antioxidant enzyme activities, including
markers and ROS production in the skeletal muscle.
Future research is needed to determine whether HS alters
these indicators of oxidative stress in the skeletal muscle

mitochondria in diabetic rats. In addition, HS may have

effects induced by HS in DM, including changes in blood
glucose level, and whether it can be suppressed in some
manner should be clarified in detail.

In conclusion, the findings of this study suggest
that HS can prevent the decrease in SDH activity in
skeletal muscle associated with DM. However, HS also
has a harmful effect, which enhances the body weight
loss induced by DM.
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