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\elationship between Water Content and
Magnetization Transfer Ratio in the Rat Brain
Using a New Cardiac Perfusion Model with
Different Osmotic Gradients

Song-Bai Li

We devised a method to make a gradient water content
model of the rat brain by perfusing osmotic NaCl solution
from the left ventricule. Using this model we measured the
water content and magnetization transfer ratio(MTR ) of the
frontal lobe and the pons as examples of gray and white matter,
respectively.

When we perfused five levels of osmotic NaCl solution
(0, 0.9, 1.8, 3.6 and 7.2% ) to respective groups of four rats,
mean water content decreased from 81.5% at 0% to 75.9%
at 7.2% NaCl in the frontal lobe and from 74.1% to 61.0%
in the pons, while MTR increased from 21.5% to 24.2% in
the frontal lobe and from 22.9% to 27.3% in the pons. Thus
water content was significantly higher (p < 0.01) in the frontal
lobe than the pons at each level of NaCl concentration, and
MTR was significantly higher in the pons than the frontal
lobe (p < 0.05~~0.01, except at 0% ). Further, the grade of
alteration was higher in the pons than the frontal lobe for
both water content and MTR.. Excellent correlations between
MTR and water content were observed with coefficients of
—0.75 and -0.82 for the frontal lobe and pons, respectively,
and the regression lines showed higher position and slope
in the frontal lobe than the pons.

From these results we concluded that the pons is rich in
free water of extracellular fluid that moves easily between
the myelin sheath, whereas in the frontal lobe, water is so
diffusely mingled with membranes and favorable to bound
water that the magnetization transfer effect is more effec-
tive, yielding a higher MTR for the same water content and
showing greater change in MTR for the same change in wa-
ter content as the pons.
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VWAERW., £ OFOoff
resonance/ ¥ )V A @O 5= 1L off
resonance = 1.2 KHz, RF power
I3Flip angle | 235 L C00E T
& %. T25RFH M $I3TR/TE/ex-
citation = 3000/90/2, Matrix =
256x192, FOV = 8cm, slice
thickness =3mm & L7z, MTRifll
EDOMLEIZT v PO/ sn
i £ MRID 73 fERE S & DVE K
WIEFIZ Y W5k e —30d

BHEERFRE L CFRiglN L )2 _

RIE L. SMRELEROS _ - - o il 8965, ¢ £

&, B L, BN, B . . ———— e
il - Fig.1 Coronal MR images of rat brain. Elliptic lines shown on the irages indicate locations of
Ea Hl?‘l mHRILRL TS region of interest (ROI)for measuring the signal intensities. Right and left images demonstrate
(Fig.1, 2) DT, RBi¥ELE% Rijfik ROls over the frontal lobe and the pons, respectively. Lower and upper images are obtained with
. and without MT-prepared pulses, respectively. In order to avoid the enlarged fissure and the corpus
Ea ’EJH*‘T T2 BTz Tl - callosum, two ROls were set over the lateral portion of the frontal lobe.
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Fig.2 FSE-T2
weighted brain
images of rat per-
fusion models. As
the concentration
of osmosis solu-
fion increased
from Q to 7.2%
(arranged from
the left row to the
right row)it was
shown that cis-
terns, ventricles,
and fissures tend-
ad to enlarge and
the contrast be-
tween cere-
brospinal fluid
and parenchyma
tended to in-
crease.
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Fig.3 The relationships between the water content and MTR both for the frontal lobe and the pons. The regression line for the frontal

lobe is higher in both slope and position than the pons.
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Fig.4 Histologic specimen of rat brain after osmotic perfusion with luxal fast blue kemernechtrot stain. The micrography of the specimen

from the pons (A)and the frontal lobe (B)for the hyposmotic perfusion model which were fixed immediately after the infusion with distilled
water were shown. Also, the specimens from rat frontal lobe for the hyposmotic perfusion model (C)and the hyperosmotic perfusion model
with 7.2 96 NaCl solution (D)fixed 2 hours after the perfusion were shown for comparison. Note the pons is rich in myelination with blue
stain, which is almost absent in the frontal lobe. In addition, there were no autolytic findings in any specimens, such as weakness of nucleus

staining, cells swelling or breakdown.
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Table Water content and MTR of rat brains after perfusion with solution of different NaCl concentration (n = 20)

NaCl No. of means of water content £ 3D (%) means of MTR + SD (%)
concentration | cases front lobe pons p value frant lobe pons p value
0% 4 81.50 £ 0.50 74.05+0.51 <0.01 21.49+0.75 22.87 +0.89 NS
0.9% 4 79.93+1.30" 723110467 <0.01 22,37 £0.43 24.37 + 0.69 < 0.01
1.8% 4 79.55+0.71" 65.84+£3.32"  <0.01 22.85+0.49" 24.90+053" <0.01
3.6% 4 7754 £0.77 % 63.13+1.74*  <0.01 23.65+0.40 ** 26.69+1.86"" «<0.01
7.2% 4 75.88+0.51 ™ 60.99£0.29* <0.01 24.24+1.08" 27.34+059 "  <0.01

#, ##: Statistically significant at p < 0.05 and p < 0.01 respectively compared to 0 % NaCl concentration.
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