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The Effects of a PPARa Agonist on Myocardial Damage in
Obese Diabetic Mice With Heart Failure

Rui CHEN,"”" MD, Fengxia L1ANG,”” MD, Shigeto MorimoTo,” MD, Qian L1," MD,
Junji MoRr1va,' MD, Jun-ichi YAMAKAWA,' MD, Takashi TakaHAsHI, MD, Kunimitsu Iwar,® MD,
and Tsugiyasu KANDA," MD

SUMMARY

Recent studies have confirmed that PPARa agonists have not brought the anticipated benefits to patients with
type 2 diabetes and potentially fatal heart disease. We hypothesized that such agonists may have a cardio-suppres-
sive effect in treating such disorders, therefore, we inoculated diabetic KKAy mice with encephalomyocarditis
virus (EMCv) to induce a diabetic model with severe myocardial damage. WY 14643, a potent PPARa agonist,
was administered intraperitoneally either simultaneously (WY 14643-late group) or 3 days before viral inocula-
tion (WY 14643-early group). WY 14643-treated mice, especially those in the WY 14643-early group, had higher
mortality than those in the vehicle-treated group (vehicle) in the first § days after EMCv inoculation. However,
the survival rate in the vehicle group decreased rapidly after day 4 and was the lowest of all 3 groups by day 9.
The WY 14643-treated mice showed reduced body weight and blood glucose, improved myocardial pathological
changes, lower cardiac TNF-a expression, and significantly higher adiponectin expression, whereas the LW/LC
ratio was lower and cardiac UCP3 mRNA expression higher in the WY 14643 treatment groups than in the vehicle
group on day 4. WY 14643 therefore has cardioprotective and cardio-suppressive effects when used to treat EMCv-
induced myocarditis in diabetic mice. The cardioprotective effect may be due to its anti-inflammatory properties
and its ability to increase cardiac adiponectin expression, whereas the reduced cardiac efficiency may be due to its

enhancement of cardiac UCP3 mRNA expression. (Int Heart J 2010: 51: 199-206)

Key words: Tumor necrosis factor-a (TNF-a), Adiponectin, Uncoupling protein 3 (UCP3)

eroxisome proliferator-activated receptora (PPARa)
belongs to the nuclear receptor superfamily and is
known to regulate the expression of genes for the
transport proteins and enzymes that participate in inflam-
mation and metabolism."” It has been shown that PPARa
agonists are capable of decreasing the production of some
inflammatory cytokines, such as tumor necrosis factor-a
(TNF-a) in cardiac myocytes.” Moreover, the potent PPAR«
agonist WY 14643 can directly increasc the expression of
adiponectin receptors in white adipose tissue, which bind
with adiponectin and exert antidiabetic, antiatherosclerotic,
and anti-inflammatory effects.” Likewise, recent reports
have indicated that PPARa agonists can improve the surviv-
al rate of experimental animals with heart failure.”

The Fenofibrate Intervention and Event Lowering in
Diabetes (FIELD) study, however, found that PPARa ago-
nists had not brought the anticipated benefits to heart failure
in type 2 diabetic patients and had even increased the death
rate due to fatal cardiac disease, although to a statistically

insignificant degree,” thus suggesting that PPARa agonists
may have some adverse effects on myocardial damage or
cardiac function despite their cardioprotective effects.
Uncoupling proteins (UCPs) are inner mitochondrial
membrane proteins that play a role in dissipating the mito-
chondrial proton gradient by allowing protons to re-enter
the mitochondrial matrix without the concomitant synthesis
of ATP. Three such proteins—UCP1, UCP2, and UCP3—
are known.” We are interested in UCP3 because it is mainly
expressed in heart and skeletal muscle and is involved in
the regulation of biological processes associated with mito-
chondrial energy metabolism.” Indeed, increased UCP3 lev-
els have been reported to correlate with higher myocardial
consumption and reduced cardiac efficiency.” WY 14643
can increase the level of UCP3 mRNA in liver and brown
fat tissue of KKAy mice.” Likewise, myocardial levels of
UCP3 in BALB/c mice increased by 54% upon treatment
with WY 14643.” WY 14643 may therefore exacerbate heart
failure by increasing UCP3 expression, although more evi-
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dence is needed in the event of diabetes complicated with
fatal heart disease.

Some metabolic diseases, such as type 2 diabetes
and obesity, predispose to heart failure, and inflammation
plays an important role in the association between them.'”
Encephalomyocarditis virus (EMCv) can induce severe
myocarditis and heart failure in experimental animals." In
previous studies, we inoculated EMCv into obese mice to
set up a model of obese mice with severe heart failure, and
found higher TNF-a and lower adiponectin expression lev-
els in the injured myocardium."'" Herein, obese diabetic
KKAy mice inoculated with EMCv were used to induce a
model of type 2 diabetes and obesity complicated with se-
vere heart failure, and subsequently to evaluate the effect of
WY14643. We determined the survival rate and examined
the expression levels of cardiac TNF-a, adiponectin, and
UCP3 at different stages of myocardial damage and found
that WY14643 plays different roles in the injured heart.

METHODS

Animals and treatments: Eight-week-old female KKAy
mice weighing 38-42 g were purchased from Clea Japan
Inc. (Tokyo), and maintained with food and water ad libi-
tum. These mice were randomly divided into 3 groups: a
WY 14643-early group, which received WY 14643 (Sigma,
USA) at a daily dose of 50 mg/kg starting 3 days before
viral inoculation, and a WY 14643-late group and vehicle
treatment group (vehicle), which received WY 14643 and
vehicle (dimethyl sulfoxide), respectively, simultaneously
with viral inoculation. WY 14643 (0.1 mL) was adminis-
tered intraperitoneally once daily. Experimental protocols
were approved by the Animal Experimental Committee of
Kanazawa Medical University.

Study design: The study consisted of two experiments.
Experiment 1 was performed to determine the survival rate
and any change in body weight (BW). In this experiment,
21, 28, and 19 mice were raised in the vehicle, WY 14643-

Figure 1. Measurement of left ventricular wall thickness and cavity
dimension. LW indicates left ventricular wall and L.C, left cavity.

Int Heart J
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early, and WY 14643-late groups, respectively. The survival
rate and BW were recorded daily from 3 days before EMCv
inoculation. The endpoint was a survival rate of less than
20% in any group. Experiment 2 was designed to obtain
plasma and tissue samples on days 0, 4, and 9 after EMCv
inoculation, with 45 mice in the vehicle group, 39 in the
WY 14643-carly group, and 18 in the WY 14643-late group.
Eight KKAy mice without inoculation and treatment were
used as normal control (control) and sacrificed on day 0.
EMCyv and inoculation protocol: A myocarditic variant of
EMCy was provided by Dr. Y. Seto, Institute for Advanced
Medical Research of Keio University (Tokyo). Virus prepa-
rations and inoculation were performed as described previ-
ously."”
Histological heart examinations: The BW and heart weight
(HW) of each mouse was recorded at sacrifice in experi-
ment 2. The heart was transversely divided into two halves.
One half, which included the cardiac apex, was stored at
-80°C until use, while the other half was fixed in 10% buff-
ered formalin and blocked with paraffin for histological
examination and immunohistochemical study. After fixa-
tion, the heart was transversely sectioned at the maximal
circumference of the ventricle. Some slices were stained
with hematoxylin-eosin to assess the severity of myocardial
necrosis and inflammatory cell infiltration according to pre-
viously described scales. *'¥

The LV wall thickness (LW) and LV cavity (LC) di-
mensions were measured with the slice at the maximal cir-
cumference of the ventricle, as described by Matsumori, et
al™ (Figure 1). The diameter of the myocardial fiber in the
lateral LV wall was determined as described previously.'”
Blood glucose (BG) and plasma free fatty acid (FFA): BG
and plasma FFA were determined with a Fuji Dry Chem
System (Medical System Co., Tokyo) and nonesterified fat-
ty acid-C test kit (Wako Pure Chemical Industries, Osaka,
Japan), respectively.
Immunohistochemical examination: To identify the anatom-
ic localization and expression levels of TNF-a, adiponectin,
and UCP3 within the myocardium, immunohistochemistry
was performed using the avidin biotin complex methods
(Vectastain ABC kit, Vector Laboratories, Burlingame,
CA), as described previously. All sections were previ-
ously blocked with normal goat serum for 20 minutes at
room temperature to minimize background staining. The
slides were then incubated with anti-human TNF-a mouse
monoclonal antibody clone 4H31 (#HM2010, HyCult
Biotechnology b.v., Uden, the Netherlands), anti-human
adiponectin mouse monoclonal antibody clone (#ab22554,
Abcam, Tokyo), and UCP3 rabbit polyclonal antibody
#ab10985, Abcam, Japan). Sections were counterstained
with hematoxylin. The slides were reviewed blind by the
same pathologist and graded semiquantitatively according
to the degree of immunoreactivity: O for absence of stain-
ing, 1 for weak, 2 for moderate, and 3 for strong staining.'”
They were then compared with the respective control slides
to exclude nonspecific staining.
Comparative expression of TNF-g, adiponectin, and UCP3
mRNA in heart tissue: RNA extraction from the frozen
cardiac tissue was performed following the manufac-
turer’s protocol (RNeasy Mini Kit, QTAGEN Inc., Tokyo).
DNAase was applied during RNA extraction to avoid DNA
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contamination. Total RNA concentration was determined
by measuring the optical density at 260 and 280 nm. Alig-
uots of 20 L. RNA from each tissue sample were used to
produce cDNA. Comparative expression levels of TNF-a,
adiponectin, and UCP3 mRNA in cardiac tissue from each
group were determined using quantitative real-time re-
verse transcriptase-polymerase chain reaction (RT-PCR).
A TagMan minor groove binding (MGB) Probe (Applied
Biosystems Inc., CA, USA) was applied for real-time PCR,
and a commercially available kit was used for TNFa, adi-
ponectin, and UCP3 RT-PCR (Applied Biosystems Inc.).
Primers and TagMan probes for the target gene (TNFa,
adiponectin, and UCP3) and internal reference gene (Rodent
GAPDH) were purchased from Applied Biosystems (Tag-
Man" Gene Expression Assays). Each TagMan probe was
labeled with a reporter dye [6-carboxyfluorescein (FAM)]
situated at the 5" end of the oligonucleotide and a quencher
dye (MGB) located at the 3* end. TagMan ™ Gene Expres-
sion Assay numbers for TNF, adiponectin, and UCP3 were
Mm00443258mL, Mm00456425mL, and Mm00494074mL,
respectively (Applied Biosystems Inc.). Quantification of
target cDNA (TNFa, adiponectin, and UCP3) and GAPDH
was performed in 96-well plates using an ABI PRISM7500
Sequence Detection System (ABI); data collection and
analysis was performed using the machine’s software.
PCR was carried out on a final volume of 25 uL. containing
c¢DNA equivalent to 10-100 ng of total RNA, 10 gL of 2 x
TagMan Fast PCR Master Mix, and | L of 20 x TagMan
Expression Assay reagent. Each sample was analyzed in
triplicate. The thermal cycler conditions were 95°C for 20
seconds, followed by 40 cycles at 95°C for 3 seconds, and
60°C for 30 seconds. The comparative C; method of data
analysis was used to analyze the data. C; is the PCR cycle
at which an increase in reporter fluorescence above the
baseline level was first detected. C; values for the target
and internal reference gene were calculated for each sample
along with the difference between these values (AC;). AAC,
was calculated as the difference in AC; between sample and
calibrator sample. The amount of target gene expression,
normalized to an internal reference and relative to calibra-
tor, was given by: 274",

Statistical analysis: The Kaplan-Meier analysis and a log
rank test were used to assess the survival rate of mice in
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each group. Other data are expressed as the mean + SEM
and were analyzed by ANOVA. When results were found to
be significant, comparisons were performed using the Bon-
ferroni test. Statistical significance was defined as P < 0.05.

RESULTS

Survival rate and BW in experiment 1: According to the
Kaplan-Meier analysis, WY 14643-treated mice, especially
those in the WY 14643-carly group, had higher mortal-
ity than those in the vehicle group in the first 5 days after
EMCy inoculation, although the survival rate in the vehicle
group decreased rapidly after day 4 and was the first to drop
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Figure 2. A: Results of the Kaplan-Meier survival analysis showing
the lower mortality during the later stages, and the higher mortality
during the earlier stages, of myocarditis in the WY 14643 treatment
groups than in the vehicle group. B: Treatment with WY 14643 de-
creased the body weight of KKAy mice significantly.

Table 1. Effects of WY 14643 on Body Weight (BW), Heart Weight (HW), Blood Glucose (BG), and Plasma Free
Fatty Acid (FFA) in KKAy Mice With Acute Viral Myocarditis

n BW (g) HW (mg) HW/BW (%) BG (mmol/L) FFA (mEg/L)
Day 0
Control 8§ 38420 152.7+16.8 0.40 + 0.02 7.07+0.18 1.05+0.12
WY14643-early 8  354=21" 132.0 +7.5" 0.37 £0.03 3.63+1.05" 1.19.%0.03"
Day 4
Vehicle 8§  38.0:x44 1743 +7.1 046005  14.13x4.74 1.43 £0.05
WY14643-carly 8  33.1+20 11951017 036+0.03  1.81+049" 1.21 £0.09
WY 14643-late 8§ 348206 1433£275 0.41 £0.08 228+ 1.04" 1.80 £ 0.06™
Day 9
Vehicle 7 436x22 153.4+13.0 035+0.02  10.66+2.09 1.84+0.10
WY14643-eatly 9  33.0:33" 1143+9.17 0.35£0.01 6.091.17" 1.47£0.13"
WY 14643-late 8 36.0 £ 3.6 141.511.1° 0.40 £ 0.05 7.32£2.79 1.48£0.16"

P <0.05, ¥P < 0.01 with respect to control; P < 0.05, P < 0.01 with respect to vehicle on the corresponding day;
'P < 0.01 with respect to WY 14643-carly group.
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below 20% (day 9; Figure 2A). Days 4 and 9 were therefore
chosen as the sacrifice days in experiment 2.

WY 14643-early and -late treatment had similar effects
on the BW of KKAy mice, with the BW decreasing signifi-
cantly after the injection of WY14643 to reach statistical
significance on day 9 (Figure 2B).

BW and HW in experiment 2: After 3 days of prior treat-
ment, the HW/BW ratio was lower in the WY 14643-early
group than in the control group, although the difference was
not statistically significant. The HW in the two WY 14643
treatment groups was markedly lower than in the vehicle
group on day 4, although statistical significance was only
found between the WY 14643-carly and vehicle groups after
normalization by BW. The HW on day 9 was significantly
lower in the two treatment groups than in the vehicle group,
whereas HW/BW showed no significant differences be-
tween the 3 groups (Table I).

Pathological findings: Myocardial lesions and inflammatory
cell infiltration were present in EMCv-inoculated KKAy
mice sacrificed on days 4 and 9 (Figure 3). The pathological
scores (Figure 4A) and number of infiltrating cells (Figure
4B) showed that treatment with WY 14643 reduced the se-

Vehicle WY 14643-early group WY 14643-late group

Day 4

Day 9

Figure 3. Cardiac pathological findings for KKAy mice on days 0,
4, and 9. Myocardial necrosis with inflammatory cell infiltration was
found after viral inoculation. Treatment with WY 14643 reduced the
inflammation in heart tissue.

verity of the inflammation on both days, and was statisti-
cally significant on day 9.

As shown in Table I1, LW, LC, and their ratio (LW/LC)
were lower in the WY 14643-early group than in control,
with the latter two reaching statistical significance. The LW
was smaller and the LC larger in the WY 14643 treatment
groups on day 4 than those in vehicle, with the comparison
between the WY 14643-late group and vehicle groups reach-
ing statistical significance. The LW/LC ratio was therefore
lower in the WY 14643 treatment groups than in vehicle on
day 4. The LC in the vehicle group on day 9 was markedly
higher than for either the WY 14643-early group or -late
group, which means that the LW/LC ratio in the vehicle
group was significantly smaller than for either of the other
two groups. No significant difference was found between
the WY 14643-carly and -late groups as regards LW, LC,
and LW/LC on either day 4 or day 9.

The LV myocardial fiber diameters were smaller in
the WY 14643-carly group than in the control on day 0,
although the difference was not statistically significant.
The diameters in the WY 14643-late group on days 4 and 9
were significantly lower than those in vehicle (P < 0.01),
and this significance also existed between the vehicle and
WY 14643-carly groups on day 4, although not on day 9.
The myocardial diameters in the WY 14643-late group were
significantly lower than those in the WY 14643-early group
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Figure 4. A: The pathological scores for heart tissue; B: the number
of infiltration cells at high magnification (400 x); C: the diameter of
myocardial fibers in KKAy mice. Myocardial necrosis, pathological
score, and the number of infiltration cells on.day 9 were lower in the
two WY14643 treatment groups, especially in the late treatment group.
LV myocardial fiber diameters were greater in the vehicle group than
in the two WY 14643 treatment groups. P < 0.05, "P <0.01, 'P > 0.05
with respect to vehicle.

Table II. Left Ventricular Wall Thickness (LW) and Cavity Dimension (LC), and

Their Ratios

n LW (mm) LC (mm) LW/LC
Day 0
Control 8 2.19 £ 045 1.21 £0.53 1.83+0.36
WY 14643-carly group 8 2.01 £0.65 1.51 +0.07" 1.33+0.49"
Day 4
Vehicle 8 2.23+0.28 0.57 +0.21 384+2.12
WY14643-carly group 8 1.97 £ 0.46 0.84 + 0.31 2.33+0.66

WY 14643-late group 8 1.96 + 0.44° 0.93+0.12 2.11£0.27

Day 9
Vehicle 7 2.07+0.22
WY14643-early group 9 1.95+0.35

1.51 £0.29 137 £0.25
135+ 046 1.45+0.63

WY14643-late group 8 1.89 +0.53 1.26 + 044" 150 +0.55"

P < 0.05 with respect to control; P <0.05,"

corresponding day.
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Figure 5. Immunohistochemical findings. Cardiac expression of TNF-
a, adiponectin, and UCP3 is shown in A, B, and C respectively (mag-
nification: 400 x). I represents inner heart and O represents outer heart.

on day 9 (Figure 4C).

BG and plasma FFA: As shown in Table 1, WY 14643 treat-
ment significantly ameliorated hyperglycemia in KKAy
mice, with no significant difference being found between
the two treatment groups. Interestingly, WY 14643 increased
plasma FFA levels on day 0 in the WY 14643-early group
and on day 4 in the WY 14643-late group, but significantly
decreased FFA levels on day 4 and day 9 in the WY 14643-
early group and on day 9 in the WY 14643-late group.
Immunohistochemical findings: Cardiac TNF-a was positive
in the vehicle group on days 4 and 9 but only weakly posi-
tive in the WY 14643-early and WY 14643-late group (Figure
5A); cardiac expression of adiponectin protein was more
strongly positive in the two WY 14643 treatment groups
than that in the vehicle group (Figure 5B). Cardiac UCP3
was more strongly positive on day 4 in the two WY 14643
treatment groups, but more strongly positive on day 9 in the
vehicle group (Figure 5C). Cardiac adiponectin and UCP3
were positive on day 0, whereas TNF-a was nearly negative
in the vehicle and WY 14643 treatment groups (Figures 5A,
5B and 5C).

TNF-a, adiponectin, and UCP3 mRNA expression in heart
tissue: The comparative expression levels of TNF-a, adi-
ponectin, and UCP3 mRNA in heart tissue on days 0, 4,
and 9 after EMCv inoculation are shown in Figure 6. Sig-
nificantly higher levels of TNF-a mRNA were observed
on days 4 and 9 in EMVc-inoculated mice, with WY 14643
treatment reducing this increase markedly, especially on
day 9. The expression levels of adiponectin mRNA were
significantly enhanced by WY 14643 treatment on days 0,
4, and 9. Three days of prior WY 14643 treatment increased
the UCP3 mRNA expression levels significantly with re-

TNF-a mRNA Adiponectin mRNA UCP3 mRNA
35 5
30 4
25 =
20 3 &
+ =
15 2 z
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Day (0 Day4 Day9 Day0 Day4  Day9 Day 0  Day4 Day9
CControl M Vehicle BWY14643-late group T WY 14643-carly group

Figure 6. Expression of cardiac TNF-a , adiponectin, and UCP3
mRNA by R-PCR. *P < 0.05, "P < 0.01, "P = 0.059 with respect to
vehicle; "P < 0.05 with respect to control.

Figure 7. The dual effect of WY 14643 on acute viral myocarditis
and heart failure in obese diabetic mice. The cardioprotective effect
of WY 14643 may contribute to reduced inflammatory” and increased
cardiac adiponectin levels, whereas the reduced cardiac efficiency
may be due to up-regulation of UCP3 mRNA expression. «— denotes
promotion and |-inhibiu'0n. MCP-1 indicates monocyte chemoattract-
ant protein-1; MA-1, macrophage antigen-1; FFA, free fatty acid; and
UCP3, uncoupling protein 3.
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spect to those in control on day 0. UCP3 mRNA expression
levels were significantly higher on day 4, but lower on day
9, in the two treatment groups than those in the vehicle
group. No significant difference was found between the two
WY 14643 treatment groups as regards cardiac TNF-q, adi-
ponectin, and UCP3 mRNA expression on days 4 and 9.

DiscussIoN

The above results demonstrate that the PPARa agonist
WY 14643 has different effects on the survival of obese dia-
betic mice with EMCv-induced heart failure. Thus, simulta-
neous WY 14643 treatment increased the survival rate at the
endpoint of experiment 1 mainly due to its anti-inflamma-
tory effects and its enhancement of cardiac adiponectin ex-
pression, whereas WY 14643-treated mice, especially those
in the WY 14643-early group, had high mortality in the first
5 days after viral inoculation, possibly as a result of the
higher UCP3 levels leading to reduced cardiac efficiency
(Figure 7).

The survival rate in our study was similar to that in
previous clinical and experimental reports. For example,
although fenofibrate, another well-known PPAR«a agonist,
reduced the risk of nonfatal myocardial infarctions and
coronary revascularisations in patients with type 2 diabetes
in the FIELD study, sudden cardiac deaths and deaths from
heart failure numbered 54 and 11, respectively, in the pla-
cebo group and 70 and 13, respectively, in the fenofibrate
group.” In an animal experiment, Ichihara, ez al reported
that the survival rate for heart-damaged mice was slightly
lower in one of the fenofibrate treatment groups than in
the vehicle group at 13 weeks, although the survival rates
were significantly higher in the treatment groups than in the
vehicle group at 18 weeks.” All these results suggest that
PPAR = agonists have a dual effect on the impaired heart.

Inflammation is one of the pivotal factors contributing
to the transition from myocarditis and cardiomyopathy to
heart failure, therefore, anti-inflammatory treatments play
an important role in preventing this transition."” Recent
studies have revealed that WY 14643 is capable of inhibit-
ing inflammation in white adipose tissue by suppressing the
expression of TNF-a, monocyte chemoattractant protein-1,
and macrophage antigen-1.” These inflammatory cytokines
are also implicated in myocarditis, dilated cardiomyopathy,
and heart failure."™"” In our recent study, EMCv inocula-
tion into KK Ay mice induced severe inflammation in heart
tissue and heart failure, which was strongly associated with
increased local TNF-a levels.' In this study, high patholog-
ical scores, a large number of infiltrating cells, and a higher
LC/LW ratio were found in viral-inoculated KKAy mice on
day 9. Treatment with WY 14643 ameliorated the inflamma-
tion in cardiac tissue and reduced the LC/LW ratio by inhib-
iting TNF-a expression, which might result in a beneficial
effect as regards myocarditis, dilated cardiomyopathy, and
heart failure, and thereby decrease the mortality.

Adiponectin has recently also been found to be ex-
pressed by cardiomyocytes, and the locally produced
hormone could be involved in the regulation of cardiac
metabolism and function™ and myocardial hypertrophy.””
Our previous study showed that adiponectin was expressed

Int Heart
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in injured myocytes in autopsy cases” ? and that suppressed
cardiac adiponectin mRNA expression in obese mice was
associated with the development of acute EMCv-induced
myocarditis."” An elevated local expression of adiponectin
in cardiac tissue can decrease the severity of myocardial in-
jury associated with the attenuation of cardiac hypertrophy
and inflammation in obese mice with acute viral myocardi-
tis."” In agreement with this previous study, we found that
adiponectin mRNA expression levels were markedly higher
in WY 14643-treated mice on days 0, 4, and 9, and that
the myocardial diameter decreased and the inflammation
improved. These findings imply that the adiponectin-asso-
ciated antihypertrophic and anti-inflammatory effects might
be involved in WY 14643 treatment of EMCv-inoculated
KKAy mice.

UCP3 is a recently identified member of the mitochon-
drial transporter superfamily that is expressed predomi-
nantly in heart and skeletal muscle to inhibit the synthesis
of ATP in these tissues.” An elevated expression of lo-
cal UCP3 has been reported to correlate with increased
myocardial oxygen consumption and reduced cardiac
efficiency.” Murray, et al reported that high plasma FFA
can increase cardiac UCP3 levels via a PPARa-dependent
mechanism.” Previous reports concerning the effect of
WY 14643 on plasma FFA levels are contradictory.™ For
example, Tsuchida, er al reported that an 8-week treatment
with WY 14643 decreased serum FFA levels significantly in
KKAy mice,” whereas Murray, et al found that a one-week
treatment with WY 14643 did not reduce plasma FFA levels,
although they found a nonsignificant increase in wild-type
mice,” We found that the plasma FFA levels in KKAy mice
increased significantly in the WY 14643-carly group on day
0 (after 3 days of treatment) and in the WY 14643-late group
on day 4, but decreased significantly in the WY 14643-early
group after 7 and 12 days of treatment (on days 4 and 9)
and in the WY 14643-late group after 9 days of treatment
(on day 9). The cardiac UCP3 levels therefore appear to
vary with plasma FFA levels in a PPARa-dependent man-
ner, as reported by Murray, et al,” who also found that
WY 14643 treatment increased myocardial UCP3 levels in
wild-type mice by 54%. In our study, WY 14643 treatment
increased the expression of UCP3 mRNA in cardiac tissue
on days 0 and 4, but decreased it on day 9, which might be
due to the combined effect of WY 14643 and plasma FFA
on PPARa. The increased UCP3 level on day 4 might fur-
ther decrease ATP synthesis in the inflamed myocardium in
WY 14643-treated mice, and may therefore be responsible
for the lower contractile movement and ATP-dependent iron
transport. This would aggravate the heart failurc and might
be a predictor for the higher mortalities on day 4 in the two
WY 14643 treatment groups than in vehicle.””

As indicated in Table I and Figure 6, 3 days of prior
treatment in the WY 14643-carly group increased plasma
FFA levels and cardiac UCP3 mRNA expression, which en-
hanced myocardial consumption and reduced cardiac ATP
production. In the WY 14643-late group, however, the plas-
ma FFA levels, cardiac UCP3 mRNA expression, and heart
efficiency were the same as those in the control group when
attacked by EMCv on day 0, which means that although the
heart was protected by the anti-inflammatory effects and
increased adiponectin levels equally in the two treatment
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groups during the initial few days of treatment, the heart
efficiency was lower in WY 14643-carly mice. Moreover,
WY 14643 treatment could significantly replace cardiac n-3
polyunsaturated fatty acids (PUFA) by n-6 PUFA, which
would be detrimental to the heart since n-3 PUFAs possess
cardioprotective and antiarrhythmic properties.”” In addi-
tion, WY 14643 treatment might lead to cardiac dysfunction
in the diabetic heart by influencing the activity of PPARa.””
These lines of evidence might be the possible foundation
for the higher death rate in the WY 14643-early group than
in the WY 14643-late group.

WY 14643 treatment also significantly improved the
hyperglycemia and reduced the body weight of KKAy mice.
It is well known that cardiovascular disease is the leading
cause of death for patients with type 2 diabetes and that
maintaining glucose homeostasis is crucial for reducing its
mortality.”” In addition, an increased body-mass index is
also associated with an increased risk of heart failure and
death.™ WY 14643 therefore appears to improve the sur-
vival and heart failure risk for KKAy mice at this point of
antihyperglycemia and body weight loss.

The PPARy signal in mice increased weakly after
WY 14643 treatment.”” Likewise, PPARy ligands have been
reported to attenuate Angll-induced cardiac fibrosis.”” The
pathological findings of this study also showed that treated
mice had a lower level of fibrosis. Further studies should
therefore aim to determine whether this decrease is due to
the slight activation of PPARy or the activation of PPARa.

PPARa agonists such as WY 14643 and fenofibrate

have very complex biological effects resulting from the ac-
tivation or suppression of dozens of genes," the biological
effects of which remain largely unknown. Despite the fact
that this study only provides limited targets for WY 14643,
its findings suggest that WY 14643 has both beneficial and
harmful effects on obese diabetic mice with severe myo-
carditis and heart failure. In addition, both WY 14643 and
plasma FFA can increase cardiac UCP3 levels by a PPARa-
dependent pathway, and WY 14643 can also affect the
plasma FFA level. Further studies are therefore required to
clucidate the competitive binding of WY 14643 and plasma
FFA to PPARa when WY 14643 is used as a therapeutic
agent.
Conclusion: This study has shown for the first time the car-
dioprotective and cardio-suppressive effects of WY 14643, a
potent PPAR =+ agonist, on acute viral myocarditis and heart
failure in obese diabetic mice in the initial stages after viral
inoculation. The cardioprotective effect of WY 14643 may
contribute to reduced inflammatory and increased cardiac
adiponectin levels, whereas the reduced cardiac efficiency
may be due to up-regulation of UCP3 mRNA expression.
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CLINICAL RISK FACTORS IN REGIONAL BRAIN
ISCHEMIA USING SINGLE PHOTON EMISSION
COMPUTED TOMOGRAPHY

To the Editor: Single photon emission computed tomogra-
phy (SPECT) brain perfusion imaging has been widely used
to diagnose older patients with Alzheimer’s disease and
other dementia’>? and to study cerebrovascular diseases and
focal epilepsy and even to determine brain death.?
Because SPECT provides a qualitative estimate of regional
cerebral blood flow (rCBF) according to the radiotracer
accumulating in different areas of the brain, the neurolog-
ical disorders that are tightly coupled with brain metabo-
lism can be detected. Therefore, it is postulated that the rate
of delivery of nutrients, which not only the brain disease
itself determines, but which other factors such as local
circulation and blood components also influence, affects
hypoperfusion.

Ninety-five older patients (53 men, 42 women) with
suspected stroke were randomly enrolled to undergo the
SPECT study. There were no significant differences in age
and sex distribution. The SPECT procedure and data anal-
ysis, which an experienced technician and two specialists in
SPECT blindly performed, were detailed elsewhere.* The
results of SPECT were shown as two parts: average blood
perfusion in two hemispheres (mL/min per 100 g of brain
tissue) and regional cerebral perfusion in each brain lobe.
For the former, average blood perfusion was defined as
positively low perfusion when less than 40 mL/min per
100 g of brain tissue. In addition, all of the diagnostic in-
formation was collected from the case history, and infor-
mation on the blood variables obtained within 3 days of the
SPECT detection included red blood cell count (RBC), he-
moglobin (Hb), aspartate transaminase, alanine aminotr-
ansferase, lactate dehydrogenase (LDH), total protein,
albumin, blood urea nitrogen, creatinine, fasting blood
glucose (FBG), glycosylated Hb (HbA1c), total cholesterol,
high-density lipoprotein cholesterol, low-density lipopro-

tein cholesterol, and triglycerides. Data were expressed as
means =+ standard errors. Statistical analysis was per-
formed using the chi-square test, the Student t-test, anal-
ysis of variance, and the Bonferroni test.

Cerebral ischemia was found in 67 patients, of whom
91.0% had bilateral hemisphere ischemia, especially the
men (male, 58.2%; female, 32.8%; P =.03) and patients
aged 75 and older (> 75, 61.2%; <75, 29.8%, P<.001).
Local ischemia was always detected when patients were
diagnosed with cerebral infarction, hypertension, type 2
diabetes mellitus, cervical syndrome, Alzheimer’s disease,
coronary heart disease, insomnia, carotid artery stenosis,
heart failure, reflux esophagitis, arrhythmia, anemia, cere-
bral hemorrhage, brain atrophy, or depression. Hypoper-
fusion in the left lobes was significantly more frequent than
in the right lobes in patients diagnosed with cerebral in-
farction (left, 33.6%; right, 26.6%; P =.03), hypertension
(left, 29.1%; right, 18.4%; P <.001), and Alzheimer’s dis-
ease (left, 18.4%; right, 12.2%; P =.01). Moreover, differ-
ences were also found in the relationship between blood
variables and local hypoperfusion. As shown in Table 1,
older patients were at greater risk for local hypoperfusion
with lower RBC, Hb, and serum albumin and higher FBG,
HbA1c, and LDH.

Lines of evidence have shown that SPECT brain per-
fusion imaging should be considered to be a preferred test
for the diagnosis of some brain diseases since it was intro-
duced as an instrument for the evaluation of rCBF in the
early 1980s,"* but a frequent shortcoming of these reports
is that the most-typical cases were chosen, and normal older
subjects were chosen as controls. Although this improved
confidence in the clinical standard of validation, it limited
the utility of the results. For example, most older adults
with Alzheimer’s disease have one or more concomitant
diseases, such as cerebrovascular disease, cardiovascular
disease, and metabolic disease.

Although the sex and age differences in cerebral blood
perfusion are still largely unexplored, it should be considered

Table 1. Blood Variables Collected from Patients with No, Left, and Right Lobe Ischemia According to Single Photon

Emission Computed Tomography

Mean + Standard Error

Blood Variable No Ischemia Left Ischemia Right Ischemia FValue P-Value
Red blood cell count ( x 10%mL) 43 +0.1 3.7 L1 3.9+041 3.43 .03
Hemoglobin, g/dL 139 +£0.2 122 £ 0.1 12.4 + 0.2 4.24 .01
Aspartate fransaminase, U/L 214 12 256 + 1.1 255 112 0.56 57
Alanine aminotransferase, U/L 175+ 1.6 24.4 + 21 242 +2.1 0.43 .65
Lactate dehydrogenase, U/L 158.9 + 4.2 2072 1+ 5.0 2172+ 62 4.31 .01
Total protein, g/dL 6.7 £ 0.1 6.6 + 0.1 6.7 £ 0.1 0.07 93
Albumin, g/dL 43+ 0.0 3.7 £01 37 +£041 3.18 .04
Blood urea nitrogen, mg/dL 174 £1.2 15.1 £ 0.5 16.2 + 0.7 1.08 .34
Creatinine, mg/dL 0.91 + 0.05 0.75 £ 0.02 0.71 £ 0.04 - 1.88 .16
Fasting blood glucose, mg/dL 1138 £ 5.7 165.1 + 5.2 157.8 + 4.8 3.37 .04
Glycosylated hemoglobin, % 48 +0.2 6.2 + 0.1 6.1 4+£0.2 3.69 .03
Total cholesterol, mg/dL 2046 + 10.4 194.3 + 3.6 186.0 4 4.1 1.71 18
High-density lipoprotein cholesterol, mg/dL 537 1+22 532128 52.0 + 3.4 0.04 %
Low-density lipoprotein cholesterol, mg/dL 1050 £ 7.6 99.2 + 4.1 103.8 + 4.1 0.35 71
Triglycerides, mg/dL 1166 + 11.2 1121 £ 54 1038 £ 7.3 053 . 5
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in the intervention for patients by combining with other fac-
tors. For Japanese people, it has been reported that rCBF is
higher in women than in men aged 60 and older and declined
significantly with age.® The possible foundation might be as-
sociated with physical activity such as housework performed
by older women but not older men in Japan. More physical
activity is associated with greater cerebral blood volume and a
lower risk for developing some dementia diseases;® hence it is
plausible that older women had higher blood perfusion than
men younger than 75 in this study. In addition, vascular risk
factors, such as hypertension,” diabetes mellitus,® and even
coronary heart disease® also negatively affect rCBE Moreover,
SPECT scans were always performed after intravenous injec-
tion of the RBC tracer (e.g., 99mTc-labeled RBC) and plasma
tracer (e.g., 99mTc-labeled human serum albumin). Hence,
the levels of RBC, Hb, and serum albumin could also affect the
results of SPECT.

This study found that age, sex, some blood variables, and
concomitant diseases significantly influenced the average value
of hemisphere blood perfusion and rCBE, which was in part in
accordance with previous studies.>™ Therefore, it is important
that these factors be taken carefully into account for patient
enrollment in SPECT studies. Physicians should be aware of
risk factors in regional brain ischemia for older patients.
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CENTENARIAN STROKE TREATED WITH
REHABILITATION THERAPY

To the Editor: A 104-year-old, right-hand-dominant man
who awoke with aphasia and right-sided weakness was
admitted to the emergency department in February 2006.
He had a previous history of hypertension, lacunar cere-
bellum stroke, implanted cardiac pacemaker, and urothelial
carcinoma stage G2 pT1 (treated by transurethral resection
in 2005). Before admission, he had been independent in
activities of daily living (ADLs) (Barthel Index: 100/100)
and able to ambulate independently with a walking stick.
He enjoyed an active lifestyle, including walking every day.
He had no cognitive alterations.

On hospital admission, he had severe motor deficit with
right hemiplegia, mixed aphasia, and delirium. Computer-
ized tomography showed an acute infarct in the left anterior
middle cerebral artery. Physical therapy was not initially
indicated because of delirium, severe flaccid right-sided
weakness, and lack of sitting balance.

He was admitted to a subacute care unit for follow-up.
He required major assistance (2 people) to stand, lacked
sitting balance, and was completely dependant for personal
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Abstract In order to evaluate the stage of dementia, we
focused attention on EEG rhythms and Hasegawa-demen-
tia-rating scale (HDS-R). Frontal EEGs were recorded from
dementia patients and normal controls during music and
photo-image stimulations, and frequency analysis was
performed. In the controls, profiles of rhythm pattern during
music stimulation seemed to be markedly different from
those during photo-image stimulation. In contrast, in
dementia patients, it was difficult to find those differences.
Interestingly, as HDS-R decreases, the variability of rhythm
patterns also decreases. These results suggest that a
decrease in cognitive function might be related to a decrease
in the ability to generate various cortical rhythm patterns.
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Introduction

Dementia is considered to be a disease of cognitive dys-
function, but not to be an exaggerated condition of normal
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aging [9, 10]. Dementia has several stages of cognitive
dysfunction, and has the feature of gradual exacerbation.
Mild cognitive impairment (MCI) tends to convert into
dementia, and once suffering from the dementia, it is dif-
ficult to improve cognitive function [11, 14]. Therefore, it
is important to diagnose the early stage of cognitive dys-
function for prevention and treatment of dementia.

In order to evaluate dementia, Hasegawa-dementia-rating
scale (HDS-R) and mini-mental state examination (MMSE)
have been developed, and are generally used, as in psy-
chometric assessment. Recently, for morphological and
metabolic assessments, diagnostic criteria have been under
development by using brain-imaging techniques, such as
functional MRI and FDG-PET [7, 10]. These methods
enable us to investigate from the surface to deep areas of the
brain, and to provide information about regional atrophy and
homodynamic changes. However, these medical examina-
tions may to some extent impose stress on the patients.
Among electrophysiological methods, evaluations of cog-
nitive dysfunction by using event-related potential (ERPs)
or electroencephalographic (EEG) frequency analysis have
been developed [1, 6]. Although electrophysiological
activities reflect neuron activities in the brain, it is presently
difficult to evaluate precise stages of dementia.

For screening cognitive dysfunction, less invasive and
less stressful examinations that reflect brain function are
preferred. In this respect, we have focused attention on
EEG frequency analysis, and psychological assessment,
HDS-R, in the present study.

Methods

Sixteen outpatients, whose ages were 73.7 + 4.8
years (mean £ SD), from Kanazawa Medical University
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Hospital, diagnosed as having dementia were included in
this study. All patients underwent the psychological test of
HDS-R. A medical doctor of geriatrics performed the
psychological test. Ten healthy controls whose ages were
58.0 £+ 13.8 years (mean + SD) were recruited, and also
underwent the neuropsychological test of HDS-R. All
experiments were undertaken with the understanding of the
subjects.

EEGs were recorded from frontal region of the scalp, by
using EEG recorder, FM-515A (Futek, Tokyo, Japan). Fre-
quency analyses of EEGs were performed with PRLUXII
(Futek). Frequency bands were divided into theta (4-7 Hz),
alphal (7-9 Hz), alpha2 (9-11 Hz), alpha3 (11-13 Hz) and
beta (13-30 Hz). Data were collected for every 1 s. Occu-
pancy rate of each frequency band was calculated as follows.
Power of each frequency band was divided by the sum of the
powers of all frequency bands, and the ratio was defined as a
unit occupancy rate (%). Activities of each frequency band
were firstly assessed by the unit occupancy rate per second.
Then the unit occupancy rates through one course of session
(180 s) were averaged, and we adopted the data of “occu-
pancy rate” (%). Hereafter in this study, we refer to the
averaged rate as occupancy rate.

Participants sit in the body sonic chair (Refresh 1
Excellent, Tokyo, Japan), and listen to the music in comfort.
In front of the chair, a 150 cm x 100 cm screen was located
at 2 m distance on which patients were able to see images of
photographs. Images were projected on the screen through a
PC Projector, EMP-1705 (Epson, Tokyo, Japan) connected
to a PC. Famous Japanese standard songs in the category of
country music, “Furusato” and “Nanatsuno-ko”, were
selected from Japanese music CDs, and presented as an
auditory stimulation. Photographs of scenic Japanese spots
were presented as visual stimulation. The auditory and
visual stimulation were applied for 180 s each.

During one session (180 s), EEG epochs with artifacts
were identified (threshold: 5 pV), and artifact-free EEG
epochs were adopted for analysis. Thus, the “unit occu-
pancy rate” through one session was not 180 but
154.3 & 21.5 (mean & SD, n = 16) in the case of the
auditory stimulation for dementia patients, 133.8 £+ 31.7
(mean + SD, n = 16) in the case of visual stimulation for
dementia patients, 163.8 £ 14.6 (mean + SD, n = 10) in
case of auditory stimulation for healthy controls, and
156.9 &+ 26.8 (mean 4+ SD, n = 10) in case of visual
stimulation for healthy controls.

Local institutional ethics committees of Kanazawa
Medical University approved the present study, and all
experiments were performed in accordance with the ethical
standards laid down in the 1964 Declaration of Helsinki
and the Guiding Principles for the Care and Use of Animals
in the Field of Physiological Sciences. All persons gave
their informed consent prior to their inclusion in the study.
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Results

EEGs were recorded from a healthy control during both
music and photo-image stimulations, and frequency anal-
ysis was performed. The occupancy rate of each frequency
band is shown in Fig. la. In the case of the music stimu-
lation, the occupancy rate of the alpha2 band was dominant
compared with those of other frequency bands, whereas in
the case of the photo-image stimulation, the occupancy
rates of the theta and beta bands were relatively dominant
compared with those of other frequency bands. The profiles
of the rhythm pattern during music stimulation and during
photo-image stimulation seemed to be markedly different.

In the same way, EEGs were recorded from a dementia
patient during both music and photo-image stimulation,
and frequency analysis was performed. The occupancy rate
of each frequency band is shown in Fig. Ib. On comparing
the occupancy rates of the five frequency bands obtained
from a dementia patient with those obtained from a healthy
control, it is difficult to find marked differences of rhythm
pattern in the dementia patient (Fig. 1b). These results
show that different patterns of frontal EEG rhythm seem to
be generated in a normal control when different sensory
stimulations are applied, whereas, in a dementia patient, it
might be difficult to generate diverse patterns of frontal
EEG rhythm.

Occupancy rates of theta frequency bands obtained from
10 normal controls are plotted together in Fig. 2a (Theta),
and those obtained from 16 dementia patients are plotted
together in Fig. 2b (Theta). In the same way, occupancy
rates of other frequency bands are plotted in Fig. 2a, b. By
comparing the occupancy rates obtained from normal with
those obtained from dementia patents, occupancy rates
elicited by music stimulation in normal controls tended to
be different from those elicited by photo-image stimulation
in a few frequency bands, whereas, in dementia patients, it
is difficult to find differences of occupancy rates between
the music and photo-image stimulations. These findings are
statistically evaluated as follows.

In order to quantify the variability of rhythm patterns, the
variation score of each frequency band was obtained by
subtracting the occupancy rate in the case of photo-image
stimulations from the occupancy rate in the case of music
stimulations, which was executed for the five frequency
bands. The data obtained from individual subjects were
averaged, and are plotted in Fig. 3. In this figure, the vari-
ation score near zero indicates that there is a small differ-
ence between the occupancy rate during music stimulation
and that during photo-image stimulation. Analysis of vari-
ance (ANOVA) was used to evaluate the statistical signifi-
cance of the variation scores in all five frequency-bands. In
the dementia group, there is no statistical difference
(F = 2.67, P = 0.038), whereas in the normal group, there
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Fig. 1 Occupancy rates of the
five frequency bands during
music stimulation compared 50 -
with those during photo-image
stimulation. The frequency
bands of interests are theta,
alpha 1, 2, 3 and beta. Data were
obtained from a a normal
control and b a dementia patient
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Fig. 2 Comparing the differences between occupancy rates of the
five frequency bands during music and those during photo-image
stimulation. Data were obtained from a 10 normal controls and b 16

is a large statistical difference (F = 53.6, P = 1.1 x
10”'6), when the level of significance is 0.01. The data show
that variability of rhythm patterns was much larger in nor-
mal controls than in dementia patients.

P M P M

)

dementia patients. Individual sets of occupancy rate between music
and photo-image stimulations are plotted for 5 frequency bands of
interest. M Music stimulation, P photo-image stimulation

In the next analysis, correlations between the variability
of rhythm patterns and HDS-R were investigated. In order
to evaluate the variability of rhythm patterns, the variation
score was used as described above. Variation scores in the
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theta frequency band were plotted against HDS-R in Fig. 4
(Theta). In the same way, variation scores about other
frequency bands were plotted against HDS-R in Fig. 4
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Fig. 3 Evaluation of EEG rhythm variations by calculating the
variation score, where the occupancy rates during photo-image
stimulations were subtracted from occupancy rates during music
stimulations. The variation scores obtained from normal controls
(n = 10) and dementia patients (n = 16) were averaged and are
plotted (mean + SD). Circles indicate data from normal controls, and
squares indicate data from dementia patients. Note that variation
scores distant from zero indicate that there is a large difference
between the two occupancy rates

(Alphal, Alpha2, Alpha3, and Beta). These analyses indi-
cate that there is a negative correlation between variation
score and HDS-R in the theta frequency band (R = —0.77,
P < 0.0001) and in the beta frequency band (R = —0.56,
P = 0.0027), and a positive correlation in the alpha2 fre-
quency band (R = 0.88, P < 0.0001), when the level of
significance is 0.01. Thus, in the theta and beta frequency
bands, as HDR-S decreases, the variation score also
decreases, and in the alpha2 frequency band, as HDR-S
decreases, the variation score increases. These results also
show that, as HDR-S decreases, the variation scores of the
theta, alpha2 and beta frequency bands deviates from zero.
This finding suggests that, as cognitive function decreases,
the variability of rhythm patterns also decreases.

In the next analysis, correlations between the variability
of rhythm patterns and age were investigated by using data
from both healthy controls and the dementia group. The
same data of variation scores plotted in Fig. 4 were used.
Variation scores in the theta frequency band were plotted
against age in Fig. 5 (Theta). In the same way, variation
scores about other frequency bands were plotted against
HDS-R in Fig. 5 (Alphal, Alpha2, Alpha3, and Beta).
These analyses indicate that there is a negative correlation
between variation score and age in the alpha3 frequency
band (R = —0.56, P = 0.003), but not in the other fre-
quency bands, when the level of significance is 0.01.
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Fig. 4 Relationships between the variation score and HDS-R. The
variation scores of the five frequency bands of interests obtained
from normal controls (n = 10) and dementia patients (n = 16) are
plotted against HDS-Rs, and linear fittings performed. Note that
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there are correlations between variation scores and HDS-R in the
theta (R = —0.77, P < 0.0001), alpha2 (R = 0.88, P < 0.0001) and
beta frequency bands (R = —0.56, P = 0.0027), when the level of
significance is 0.01
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Fig. 5 Relationships between the variation score and age. The
variation scores of the five frequency bands of interests obtained from
normal controls (N = 10) and dementia patients (N = 16) were
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plotted against age, and linear fittings were performed. Note that there
are correlations between variation score and age in alpha3 frequency
bands (R = —0.56; P = 0.003), when level of significance is 0.01
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