The effect of dietary vitamin D manipulation on skeletal muscle function in mice

E.D. Hanson,2° J. Truong,® A. Zulli,? K.M. Sanders*> and A. Hayes,%° Linstitute of Sport, Exercise, and
Active Living, “Biomedical and Lifestyle Diseases Unit, College of Health and Biomedicine, Victoria Univeristy,
Melbourne, VIC 8001, Australia, School of Pharmaceutical Sciences, RMIT University, Melbourne, VIC 3001,
Australia, “Northwest Academic Unit, Department of Medicine, University of Melbourne, Parkville, VIC 3010,
Australia and SAustralian Institute of Muscul oskeletal Science, Centre for Health Research and Education,
Sunshine Hospital, & Albans, VIC 3021, Australia.

Introduction: Vitamin D has long been known for its importance in bone health and links with falls and
fractures. Hwever, dudies hae dso nawv associated v vitamin D with lov muscle strength. Trials using
supplementation with vitamin D in indidiencoy have reported impreed muscle function and resistance to
fatigue. Havever, few dudies hae drectly investigated the décts of altered vitamin D \els specifically on
muscle function. Thus, the aim of this study was to olesaty dfects lav and high dietary doses of vitamin D
on skeletal muscle contractility and fatigue in mice.

Methods. Thirty nine female C57BL/6J mice (age 8 weeks) were supplemeadtiditum with one of
four diets varying in vitamin D (Specialty Feeds, WA, Australia): ZER \vitamin D; n = 10), LOW (1000
IU*kg™%; n = 10), MEDIUM (8000 1U*kg%; n =10) and HIGH (20,000 1U*kg; n = 9). After 4 weeks of
supplementation, animals were anaesthetised with pentobarbitone sodium (60 mg*kg 1) axente e
digitorum longus (EDL) and soleus (SOL) muscles wexgsed tendon to tendon and theirvivo contractile
and fatigue propertiesvaduated. Muscles were placed in a custom buifaorbath containing Kreb-Henseleit
Ringers$ lution bubbled with carbogen (5% C@ O,) maintained at a pH of 7.4 at 0, and attached to a
sensitve force transducer at one end and an ivehke pin at the othefflanked by field-stimulating platinum
electrodes (Zultek Engineering, VIC, Australia). Muscles were supramaximally stimulated (15V EDL, 12V
SOL) with 0.2 msec squareawe pulses with a train duration of 350 and 500 msec for the EDL and SOL,
respectrely. Optimal length of the muscles was established, followed by foreelagenent at a range of
frequencies (10 — 200Hz) until maximum tetanic forcg) (Was established. dlowing this, fatigue as
examined by stimulating the EDL (100Hz; 1 tetanwerg 4 seconds) and SOL (80Hz; 1 tetanwsne 2
seconds) to elicit lels of fatigue. A single tetanic stimulatioraadministered at 1, 2, 5, 10, 15, 20, 30, 45 and
60 min post-fatigue to assess reay forces. All experiments conformed to the Australian Code of Practice for
the Care and use of Animal for Scientific Purposes and were vadpby the Victoria Unversity Animal
Experimentation Ethics Committee (AEETH 23/11).

Results: Water intale was graduated with the ZERdose mice drinking the most watd? € 0.05), and
the HIGH and MEDIUM dose mice, the leasatet Compared to the L@ dose group, the HIGH and
MEDIUM dose group also ingested more fodd<{ 0.05). Hawvever, this made no werall difference to body
mass at 12 weeks. No differences in mass due to diet were identified either in muscle mass xpretsede
relatve © body mass. Significantly higher forces (relatio P)) were observed in the EDL at 10Hz in the
ZERO and HIGH groups compared to MD (P < 0.05). Relatve and absolute tetanic forces were nofatiént
between the groups, although the SOL muscle of the HIGH dose group tendee tardex forces than the
LOW group P < 0.07). While there was no effect on regexy or fatigue obserd in the SOL muscle, for the
EDL muscle both the Zero and HIGH dose grougsitited significantly faster regery from fatigue than the
LOW mice (P < 0.05) at both 20 and 30 minutes reery. The HIGH dose group also reamed faster at 10
minutes P < 0.05). Interestinglycompared to the L@ dose group, the ZBR group were also lessifigued
after 1 and 2 minutes of stimulatiof € 0.05).

Discussion: Altering the vitamin D in the diet appeared tovdao efect on the werall growth of the
animals (from 8 to 12 weeks) or their skeletal muscle masgseffects were observed in the SOL, whereas an
apparent slowing of the EDL (resulting in higher forces at a lower freguand a higher resistance ttifue
and faster force recmry were observed with the HIGH vitamin D dietarBdoxically this effect was also
obsered when vitamin D was completely reved from the diet (ZERO). Furtherosk to irvestigate possible
calcium handling alterations, fibre-type shifts or mitochondrial adaptations are requiret sblikely that
different molecular mechanisms results in similar functional outcomes in the HIGH a@\@&aRin D diets.
Moreover, these results appear to be consistent with observational studies in humans demonstrating a ‘U-
shaped’ cure of vitamin D status with frailty and falls.

Proceedings of the Australian Physiological Society http: //aups.org.au/Proceedings/44/72P



