











Effect of carnosine on chronic cerebral hypoperfusion

Figure 4. Effect of carnosine on astrocyte in corpus callosum is independent of the histaminergic pathway. The
astrocyte activation in corpus callosum in WT mice was analyzed by GFAP staining after histidine (B) treatment
in rtUCCAO or sham groups. In HDC-KO mice, the astrocyte activation in corpus callosum was also analyzed after
carnosine treatment (D). The representative photomicrographs of astrocyte activation in corpus callosum at day 32
after rUCCAO are shown in (A and C) Scale bar, 50 mm. n = 8. ###P < 0.001, vs. the sham group; *P < 0.05, vs. the

KO-rUCCAO group; & P < 0.05, vs. the WT-sham group.

antibody against glyceraldehydes-3-phosphate
dehydrogenase (GAPDH; 1:5000; Kangchen)
for 2 h at room temperature. Membranes were
washed three times with TBST buffer and in-
cubated with IRDye 800 anti-rabbit Molecu-
lar Probe (1:8000; LI-COR Biosciences, USA)
or IRDye 700 anti-mouse Molecular Probe
(1:3000; LI-COR Biosciences, USA) for 2 h at
room temperature. Images were acquired with
the Odyssey infrared imaging system and ana-
lyzed by Odyssey software [19].

Statistical analysis

Data are presented as mean + standard error
of the mean (SEM). Statistical analyses were
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done with SPSS 11.5 for Windows. One-way
analysis of variance (ANOVA) followed by the
LSD or Dunnett’s T3 post-hoc test (where equal
variances were not assumed) was used for mul-
tiple comparisons.

Results

Effect of carnosine on cognitive impairment
induced by the rUCCAO

In this experiment, the cognitive ability was
evaluated by open field test and fear condition-
ing test. After rUCCAO, time in the center was
decreased in the open field test (Figure 1A),
while carnosine (200 mg/kg) significantly ele-
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Figure 5. Effects of carnosine on the expression of GLT-1 and GLAST. Western blot analysis of GLT-1 (A) and GLAST

(B) protein levels in the WT mice after SIVD. Values show means + SEM.
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Figure 6. Effects of carnosine on the expression
of IFN-y was determined after rUCCAQ. The IFN-y
positive cells was analyzed by histochemical
staining in corpus callosum, with representative
photomicrographs in (B) and the quantitative
analyses in (A), which were calculated as the per-
centage of the total cells (labeled by DAPI). bar = 50 um
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vated the time in center (P < 0.05). In fear con- (Figure 1B, P < 0.001). However, in cue memory
ditioning test, rUCCAO induced a significant of fear conditioning test, rUCCAO did not induce
reduction in context memory, which was com- change of percentage freezing time (data not
pletely reversed by treatment of carnosine shown).
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The protective effect of carnosine on white
matter damage

White matter damage in the truncus corporis
callosi was examined by Kluver-Barrera stain-
ing. Fiber density in the truncus corporis callosi
was greatly lower than the sham group at day
32 after rUCCAO (Figure 2, P < 0.001). On day
32 after rUCCAO, carnosine markedly recov-
ered the fiber density to the level in the sham
group (P < 0.01).

The protective effect of carnosine on astrocyte
activation

In the truncus corporis callosi, the mean fluo-
rescent intensity of GFAP immunopositive as-
trocytes greatly increased at day 32 after rUC-
CAO, indicating the activation of astrocyte
(Figure 3, P < 0.001). Carnosine (200 mg/kg)
inhibited the activation of astrocyte as atte-
nuating the elevation of GFAP fluorescent in-
tensities.

The protective effect of carnosine on astrocyte
activation is independent of the histaminergic
pathway

Histidine decarboxylase (HDC) synthesizes his-
tamine from histidine in mammals, and the
HDC-KO mice show a histamine deficiency and
lack histamine-synthesizing activity from his-
tidine or carnosine. So, the effects of histidine
and carnosine on astrocyte activation after
rUCCAO were evaluated in WT or HDC-KO mice.
Histidine (200, 500 mg/kg) did not change the
astrocyte activation after rUCCAO (Figure 4A
and 4B). HDC-KO sham group showed a signi-
ficant higher level of GFAP fluorescent intensi-
ties in the astrocyte activation than the WT
sham group. Although HDC-KO mice showed no
difference in astrocyte activation after ruCCAO
(Figure 4C and 4D), carnosine 200 mg/kg
greatly reversed the activation of astrocyte.

The effect of carnosine on the expression of
GLT-1 and GLAST

To assess GLT-1 and GLAST after SIVD, we iso-
lated the corpus callosum after rUCCAO in WT
mice. Western blot analysis showed that there
was no difference between rUCCAO and sham
group in the expression of GLT-1 and GLAST,
and carnosine did not affect the expression of
GLT-1 and GLAST after SIVD (Figure 5).
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The protective effect of carnosine on the inhi-
bition of proinflammatory cytokine

Activated astrocyte is the major sources of
proinflammatory cytokines after cerebral isch-
emia. Here we determined the effects of carno-
sine on the proinflammatory cytokine levels in
the corpus callosum 32 day after rtUCCAQO in WT
mice and found that proinflammatory cytokine,
IFN-y was lower in the carnosine-treated group
than in the saline group (Figure 6).

Discussion

In this study, we found that under chronic cere-
bral hypoperfusion induced by rUCCAO, carno-
sine ameliorated astrocyte activation both in
HDC-KO mice, which are lack of histamine, and
WT mice almost to the same extent. Histidine
did not show the same effect. We found that
hypoperfusion and carnosine treatment both
did not affect the expression of GLT-1 and
GLAST after SIVD. Carnosine significantly atten-
uated the increase of IFN-y to the level in the
sham group at days 32 after rUCCAQ. It is likely
that the neuroprotective effect of carnosine on
astrocyte activation in SIVD is neither depen-
dent on the histaminergic pathway nor the reg-
ulation of GLT-1 and GLAST, but may due to the
inhibition of proinflammatory cytokine IFN-y.

Although the neuroprotection of carnosine on
white matter lesion in SIVD has been addressed
in our present study, we only observed the
white matter lesion in genu of corpus callosum
[15]. Here we investigated the white matter
lesion in truncus corporis callosi which indicat-
ed that chronic cerebral hypoperfusion induced
diffuse white matter lesion in corpus callosum.
Meanwhile carnosine has extensive neuropro-
tective effect on white matter damage and
astrocyte activation in corpus callosum after
SIVD. It was proposed that carnosine may pro-
tect astrocyte function through the histaminer-
gic pathway, because carnosine serves as a
non-mast-cell reservoir for histidine, utilized for
the synthesis of histamine [20]. However, we
found that carnosine significantly inhibited the
astrocyte activation after rUCCAO in both HDC-
KO and WT mice almost to the same extent,
which indicates that carnosine has the same
protective effect on astrocyte activation in SIVD
whether or not mice lack histamine. Meanwhile,
histidine, which will be transformed to hista-
mine, did not show the protective action on
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astrocyte activation in WT mice after rUCCAO,
although histamine is considered to participa-
te in astrocyte activation [21], indicated by
the increase of GFAP fluorescent intensities in
HDC-KO mice without rUCCAO. These data
revealed that the protective effect of carnosine
on astrocyte activation in SIVD may not invol-
ve the carnosine-histidine-histamine metabolic
pathway.

Because astrocytes are known to play an
important role in glutamate uptake by GLT-1
and GLAST to limit excitotoxic injury of oligoden-
drocyte [22], we further determined the effects
of hypoperfusion and carnosine on the expres-
sion of GLT-1 and GLAST. In our previous study,
we only observed the level of glutamate was
not different between the rUCCAO and sham
group in HPLC analysis. We can not rule out
the changes of transport and recycle of gluta-
mate. In this study, as shown in Figure 5, we
found the expression of GLT-1 and GLAST in
corpus callosum were not changed at day 32
after rUCCAO and carnosine did not affect the
expression of GLT-1 and GLAST after SIVD.
These data revealed that the protective effect
of carnosine on astrocyte activation in SIVD
may not involve the regulation of GLT-1 and
GLAST. Moreover, our data suggest that hista-
mine may not be involved in astrocyte activa-
tion in SIVD, since there is no significant differ-
ence between WT and HDC-KO mice after rUC-
CAO, and histidine has no protection against
astrocyte activation after rUCCAO, but hista-
mine is found to participate in astrocyte activa-
tion in acute cerebral ischemia from a lot of
previous studies [23, 24]. So, our data further
confirm that pathological mechanism of SIVD is
different from the acute cerebral ischemia
which causes excitotoxicity due to extracellular
accumulation of glutamine and involves his-
tamine

Activated astrocyte is the major sources of
proinflammatory cytokines and white matter
lesions have frequently been suggested to
have the relationship with glia activation [25].
We found that carnosine markedly inhibited
the activation of astrocyte as attenuating the
elevation of GFAP fluorescent intensities. Me-
anwhile, we found that IFN-y was significant
increased in corpus collosum after rtuCCAO and
carnosine markedly attenuated the increase of
IFN-y at days 32 after rUCCAOQ. The pro-inflam-
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matory cytokine IFN-y is present during epi-
sodes of neuroinflammation, and is considered
to play a role in the demyelination that occurs in
white matter damage [26]. IFN-y initiates lesion
formation by amplifying the activation of astro-
cyte and microglia and myelin phagocytosis
[27, 28]. Some research found that treated with
IFN-y (10 ng/ml) decreased the oligodendro-
cyte progenitor’s self-renewal [29]. The death
of oligodendrocyte could be induced by IFN-y
[30, 31]. IFN-y also has been reported to have
the inhibitory effect on oligodendroglial lineage
cell proliferation and differentiation in vitro [32,
33]. Carnosine is considered to have an anti-
inflammatory effect [34] and has been report-
ed to have the neuroprotective effect in astro-
cytes exposed to LPS- and IFN-y-induced nitro-
sative stress [35]. Therefore, our results sug-
gest that the protection of carnosine against
white matter damage after rUCCAO may be
through inhibiting the release of IFN-y from
astrocytes.

In conclusion, we found that carnosine had a
protective effect on astrocyte activation in SIVD
induced by rUCCAO, which neither involve the
carnosine-histidine-histamine metabolic path-
way nor the regulation of GLT-1 and GLAST, but
may be due to an inhibition of pro-inflammatory
cytokine IFN-y. These data suggest that carno-
sine may have anti-inflammatory value for the
therapeutic treatment in SIVD.
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