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Effects of Activated Vitamin D, Alfacalcidol, and Low-Intensity Aerobic Exercise
on Osteopenia and Muscle Atrophy in Type 2 Diabetes Mellitus Model Rats
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The ability of alfacalcidol (ALF) and exercise (Exe) to inhibit osteoporosis
and muscle atrophy in type 2 diabetes mellitus (T2DM) model rats was examined. Otsuka Long-Evans
Tokushima Fatty rats were randomized to ALF, Exe, Combined, and Control groups. After treatment for

2 or 6 weeks, blood glucose (BG) levels, cross-sectional area (CSA) of tibialis anterior muscle
fibers, femoral bone mineral density (BMD), and relative quantities of muscle anabolic markers and
catabolic markers of the soleus muscle assessed by real-time polymerase chain reaction assays were
measured. The results demonstrate that a combination of ALF and Exe improved CSA from the early
phase of treatment by stimulating skeletal muscle differentiation and suppressing muscle catabolic
genes. Improvements in BG, BMD, and CSA were observed as long-term effects of the combination
therapy. Continued suppression of muscle catabolic genes was observed as a background to these
effects.



Bone mineral density BMD
BMD

BMD 70 30

Advanced Glycation End-products AGEs

D

(Accelerated Loss of Skeletal Muscle Strength in Older Adults With Type
2 Diabetes, Park.S.W, 11 Diabetes Care 2007;1507-1512).
Type Type A

D3
D
D
20 Otsuka-Long-Evans-Tokushima-Fatty rat
alfacarcidol 0.1 pg/kg/ A 10 m/ 60
/ 5 1 E AE vehicle C
4 n=8~10 1 2 6
DXA Cross Sectional Area : CSA
MyoD Pax7 Myogenin REDD1 atrogin-1 MuRF-1
1
Beginning of
the experiment
(20 weeks of age)
@ R (n=10) (n—][]’
._> (n= ‘))’ G ”’
—) (=9 (n=10)
(n=10)_ (n=9).
(n 9)} (= 9:’




2 2 CSA C A (P
0.0001) E (P 0.0001) AE (P 0.0001) AE A (P
0.0001) E (P 0.01) 3 AE
MyoD C P<0.05 A

Atrogin-1 E AE MuRF-1 C
P<0.05 4
6 C E P =0.007 AE P =0.04
C E A P 0.0001vsC P =0.0007 vs E AE
P 0.0001 vs C P =0.005 vs E 2 CSA A (P
0.0001) E (P 0.0001) AE (P 0.0001) C 3
AE REDD-1 A
AE Atrogin-1 C P<0.05 4
2
[A] (g/em?) 2-weeks group [B] (g/em?*) 6-weeks group -
0.350 et nn ok “'_.“u 0.350 - m"M. B ’ 9 )
A | ;
0.300 f 0.300 8 &
g 0.250 E 0.250
% 0.200 E 0.200
E 0.150 E 0.150
= 0.100 B 0.100
0.050 0.050
0.000 k2 L 0.000 - = -
Proximal Middle Distal Total Proximal Middle Distal
BLETO (n=10)3Cont (n=9) S ALF (n=10) BLETO (n=10)3Cont (n=9) S ALF (n=9)
BExe (n=7) SComb (n=8) BExe (n=10) 8Comb (n=8)
3
[A] (um?) 2-weeks group [B] (um?) 6-weeks group
12000 4 12000
10000 - 10000
g 8000 1 3 8000
2 2
';: 6000 - E 6000
S 4000 1 S 4000
2000 2000
0 - 0
LETO Cont ALF Exe Comb LETO Cont ALF Exe Comb
(n=3) (n=3) (n=3) (n=3) (n=3) (n=3) (n=3) (n=3) (n=3) (n=3)



4

"

CGARDI)
18

LETO
ey

G

CGAPDH)
3

Ls
'
0s

LETO

tady

Comt
(= (=)

Com
(a4

ALF

Pax?

ALF
(0-4)

Fxe
i)

Exe
fady

Comb
(o)

VGAPDIT MyoD

LETO Comt ALF  Fxe Comb
) (=) ) (e o=

|Ansboic markers in 2-weeks group|

VGAPDH) oD

LETO Cont

Comd
0ed) (0-d) @) (3} (0d)

|Anabolis markers in 6-wecks group|

GAPDIY) Myogenin
3

08

LETO Com ALF  FExe Corh
6 ) ) (=) )

Myogenin

ol
LETO Com ALF  Exe Comb
(n8) () dned) (n-d) oed)

(GAPDI)
"

1

LETo
4

COAPDI
3

LETO

L o
Cont ALF Exe Comb LETO Cont

ttrogin-1 Akt MuRFt REDDI
| 18 15 |
| 1 o3 08 ‘ i
| =
| —
| =]
Com AL bxe Comb L1O Com ALF txe Comd LEIO Com ALF B Co
) () ey @ 0 W) () d) @d) ) () (o)
Catabolic markers i 2-weeks group|
Awogin:1 Ao MuRFT cainpoin REDDI
25 3%

Exe  Comb LETO Com ALF  Bse Comb

(04 (od) b (ad) (o) () 4y (o4 () ) () (0d) (ned)

4

[Catabolic markers in 6-weeks group]



1 1 0 1

Akagawa M, Miyakoshi N, Kasukawa Y, Ono Y, Yuasa Y, Nagahata I, Sato C, Tsuchie H, Nagasawa H, 13

Hongo M, Shimada Y.

Effects of activated vitamin D, alfacalcidol, and low-intensity aerobic exercise on osteopenia 2018

and muscle atrophy in type 2 diabetes mellitus model rats.

PLoS One e0204857
DOl

10.1371/journal .pone.0204857. eCollection 2018.

2017 2018

2018

(Miyakoshi Naohisa)

(90302273) (11401)




(Kasukawa Yuji)

(60375285)

(11401)




