Changes in foot orientation alters residual dipolar couplings of Creatine and Phosphocreatine in the skeletal muscle of rats
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Introduction: Approximately 95% of the human body's total creatine is located in skeletal muscle. When muscles are put to work, creatine
gets converted to creatine phosphate (phosphocreatine), which in turn releases ATP, which is the source of energy for living cells [1]. Thus a
constant supply of creatine and phosphocreatine are essential in maintaining a healthy state in muscles. In proton MRS Creatine (Cr) and
phosphocreatine (PCr) gives rise to singlets at 3.03 and 3.93 ppm due to the methyl and methylene groups respectively. The chemical shift
separation between the protons of these two molecules is much smaller than in vivo linewidths, causing them to be indistinguishable under
normal conditions [2]. However skeletal muscle spectroscopy strongly depends on the muscle fiber orientation with reference to the magnetic
field and is influenced by [3,4]:
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Earlier studies have looked at the skeletal muscle spectra by rotation of entire leg with respect to the magnetic field [5,6]. In this work we have
assessed the residual dipolar couplings of Creatine (Cr) and Phosphocreatine (PCr) in the skeletal muscle spectra of the Tibialis Anterior
muscle compartment in rats as a function of changing the foot orientation and hence rotating the fibers of the leg with respect to the magnetic
field.
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Results: The separation of Cr and PCr at 3.9 ppm
depends on the foot angle with respect to the leg.

In Figure 2, maximum separation of 22Hz (Fig 2a) was observed between Cr and PCr at 360°, 18 Hz (Fig 2c) at 270° and 17 Hz (Fig 2d) at 225°
respectively. The effect of residual dipolar splitting was also observed for both Cr and PCr (Fig 2b) and was dependent on the foot angle. The

maximum residual dipolar splitting of 6.8Hz was observed for both Cr and PCr and chemical shift separation of 18.5 Hz at 315°. In addition the

resonances of Taurine and carnitine also demonstrate the the changes in chemical shifts and residual dipolar couplings due to foot orientation.

We observed very minimal extramyocellular fat in young rats and was in agreement with the earlier work [7].

Conclusion: We have demonstrated the residual dipolar couplings for both Cr and PCr as a function of foot angle with reference to leg in
Tibialis Anterior compartment of young rats. The chemical shift separation of Cr, PCr, Taurine and carnitine is dependent on the foot angle
which alters the orientation of the muscle fibers with respect to the main magnetic field. In addition the strength of the residual dipolar couplings
for both Cr and PCr is also dependent on the leg position.
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