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Visualization of Hippocampal Metabolism using
Manganese-Enhanced MRI in Rats
- Detection of Ischemic Damage and Electroacupuncture-Induced
Metabolic Change -

"MORI Yuki

Department of Neurosurgery, Graduate school of Acupuncture and Moxibustion,
Meiji University of Oriental Medicine

Abstract

Introduction: The hippocampus has a high potential to reproduce neurons after degenerative disorder or
ischemic damage. Its dysfunction is known to be closely correlated to dementia and varioun mental diseases.
For this reason, the development of new techniques to evaluate cell degeneration and metabolism in the
hippocampus is highly desired.

Manganese chloride (MnCl.) alters the magnetic resonance (MR) signal intensity by changing the
longitudinal relaxation time (T,) and signal enhancement is detected in T.-weighted MRI. Manganese
enters the ventricles via the choroid plexus within a few minutes after systemic administration and can
enhance hippocampal formations i one day. This imaging method is called Manganese-enhanced
MRI (MEMRI). Recently, various reports have demonstrated that electroacupuncture (EA) has the potential
to increase brain cell metabolism. This study suggests MEMRI has the potetial to visualize hippocampal
metabolic changes in rats after transient forebrain ischemia and EA stimulation.

Materials and Methods: Two examinations were performed. 1} Nine male Wistar rats were divided into a
sham-operated control group and a group subjected to transient forebrain ischemia. A 10-minute transient
forebrain ischemia was induced using the four-vessel occlusion method described by Pulsinelli. Fourteen
days after ischemia, the animals were infused with a 50mM MnCl: solution from the tail vein. Two
days later, MR images were acquired. 2) Eleven male Wistar rats were divided into a control group
without stimulation (NS) and an electroacupuncture group (EA). All animals were infused with 50mM
MnCl: solution from the tail vein. For the EA group, five hours after MnCL infusion, two acupuncture
electrodes were placed on the right side of the posterior region of the neck and inserted 10mm
subcutaneous ly and connected to a stimulator. There after 5-8mA electric stimuli were given for one
millisecond each. Stimulus frequency was alternated every two minutes between two and 20Hz. Stimulation
was conducted for 60 minutes. After the stimulation, MRI was performed using a 4.7 Tesla MR scanner
(Bruker Medical, Germany). Coronal and horizontal slices of T.-weighted MRI were acquired using a
conventional spin-echo sequence with a volume coil.

Results: In contrast to the sham group, signal enhancement of the CAl region could not be observed on
MEMRIs from the ischemia group |4 days after the occlusion. This finding coincides with necrobiotic
histological findings.

In the EA experiment, both areas, CAl and DG, were enhanced in the EA-treated group after six hours,
while enhancement of the same structures could only be seen in the control group after 24 hours.
Discussion: Delayed ischemic changes in the hippocampal region after transient forebrain ischemia as well
as increased manganese uptake to the hippocampus due to EA stimulation were sensitively detected using
MEMRI. Manganese uptake from the fimbria hippocampus to the CAl region and the dentate gyrus was
significantly accelerated by EA stimulation due to increased metabolism in the stimulated hippocampal nerve
cells. We therefore suggest that MEMRI is new in vivo imaging technique that provides not only
morphological information but also information on the metabolic activity of hippocampal cells.
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