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Abstract: Purpose: Cerebral ischemia/reperfusion (I/R) injury causes hippocampal apoptosis and cognitive impair-
ment, and the dysfunction of gap junction intercellular communication (GJIC) may contribute to the cognitive impair-
ment. We aim to examine the impact of cerebral I/R injury on cognitive impairment, the role of GJIC dysfunction 
in the rat hippocampus and the involvement of the phosphatidylinositol 3 kinase (PI3K)/protein kinase B (Akt) 
pathway. Methods: Rats were subjected to a cerebral I/R procedure and underwent cognitive assessment with the 
novel object recognition and Morris Water Maze tasks. The distance of Lucifer Yellow dye transfer and the Cx43 
protein were examined to measure GJIC. Neural apoptosis was assessed with the terminal deoxynucleotide-trans-
ferase-mediated dUTP-digoxigenin nick end labeling (TUNEL) method. After rats received inhibitors of the PI3K/Akt 
pathway, GJIC and cognitive ability were measured again. Results: GJIC promotion by ZP123 significantly reversed 
cognitive impairment and hippocampal apoptosis induced by cerebral I/R, while the inhibition of GJIC by octanol 
significantly facilitated cognitive impairment and hippocampal apoptosis. The phosphorylation of Akt was enhanced 
by cerebral I/R and octanol but inhibited by ZP123. The inhibition of the PI3K/Akt pathway significantly suppressed 
GJIC and cognitive impairment. Conclusion: The PI3K/Akt pathway is involved in cognitive impairment caused by gap 
junctional communication dysfunction in the rat hippocampus after ischemia-reperfusion injury.

Keywords: PI3K/Akt pathway, cognitive impairment, gap junctional communication, hippocampus, ischemia-
reperfusion injury

Introduction

Cerebral ischemic disease has become the pri-
mary factor in disability and the leading cause 
of death along with cardiovascular accidents 
and cancer [1, 2]. Transient focal cerebral isch-
emia refers to regional cerebral blood circula-
tion disorders. The recovery of blood supply to 
the ischemia sites as soon as possible could 
reduce the infarct volume and alleviate cogni-
tive dysfunction, but it may cause additional 
reperfusion injury, namely, ischemia/reperfu-
sion injury. Previous studies demonstrated that 
the mechanism of ischemia/reperfusion injury 
was mainly related to oxidative stress, free radi-
cal damage, excitatory amino acid toxicity, 
inflammation, calcium overload and cell apop-

tosis [3-5]. Searching for tools to combat isch-
emia/reperfusion injury has been a popular 
subject in recent years, but no effective tool is 
available yet.

Intercellular gap junctions are widely present in 
organs, including heart, liver, skin, muscle and 
brain. These junctions provide a direct passage 
between cells, which is important to electrical 
and chemical signal transmission. It has been 
shown that gap junction activity plays an import 
role in cellular homeostasis maintenance, cell 
growth control and other life processes [6-8]. 
Gap junction intercellular communication (GJIC) 
allows the passage of second messenger mol-
ecules and other molecular ions smaller than 
1.5 KD and directly mediates the exchange of 
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intercellular information. Large amounts of con-
nexin-mostly connexin 43 (Cx43)-are expressed 
in astrocytes (AS) and form functional gap junc-
tions [9-11]. Under normal circumstances, 
astrocytes spread intercellular calcium waves 
in neurons and protect neurons, but when cere-
bral ischemia/reperfusion injury occurs, the 
function of the gap junction is disturbed, lead-
ing to other consequences [12, 13]. 

Some evidence suggests that gap junctions 
may be involved in cognitive function. Friseh et 
al used Cx36 gene knockout rats and found 
that Cx36 gene deletion impaired sensory-
motor and learning/memory abilities [14]. 
Hosseinzadeh et al observed that the applica-
tion of the gap junction blocker carbenoxolone 
could impair the spatial learning ability of rats 
using the Morris Water Maze [15]. Although 
these studies failed to clarify how gap junction 
activity was involved in higher cognitive func-
tions, they provided evidence of the important 
role of gap junctions in cognitive activities. 

ZP123 is a novel gap junction channel modifier 
that is able to promote GJIC between cells [16]. 
Octanol is a long carbon chain n-alkanol that 
can inhibit the GJIC by selectively inhibiting 
Cx43 [17]. To investigate the role of gap junc-
tional intercellular communication in cognitive 
impairment after ischemia-reperfusion injury, 
these two chemicals were used in this study. 
The involvement of the PI3K/Akt pathway in the 
regulation of GJIC has been reported by several 
studies, but the results were controversial. It 
was reported that the homotypic GJIC associ-
ated with metastasis suppression was unaf-
fected by PI3K inhibition [18]. Tacheau, howev-
er, found that TGF-beta promoted Cx43 gene 
expression by the activation of the p38 and 
PI3K/Akt pathways [19]. Hence, in the present 
study, we first investigated the impact of cere-
bral ischemia-reperfusion injury on cognitive 
impairment, and then we examined the role of 
gap junctional communication dysfunction in 
the rat hippocampus. Finally, the involvement 
of PI3K/Akt pathway was investigated to 
explore the mechanism.

Materials and methods

Animal model preparation

Adult male Sprague-Dawley (SD) rats (250±20 
g) were bought from the Shanghai Experimental 
Animal Center. Animal procedures were carried 

out following the Guidelines for Care and Use of 
Laboratory Animals. Rats were induced with 
cerebral I/R as previously described [20]. Ani- 
mals were randomly divided into the Control, 
Sham, Cerebral I/R, LY294002, Triciribine, 
ZP123 and Octanol groups with 10 rats per 
group. All the chemicals were purchased form 
Sigma (St. Louis, MO). Rats in the Control group 
received no treatment, rats in the Sham group 
received a sham cerebral I/R surgery, the 
chemicals LY294002 (100 mg/kg, i.p.) or triciri-
bine (2 mg/kg, i.p.) were given 30 minutes 
before the cerebral I/R in their respective 
groups, and the chemicals ZP123 and octanol 
was intracerebrally injected 30 minutes before 
the cerebral I/R according to the methods of 
Haugan et al and Bostanci et al [16, 21] in their 
respective groups. Cognitive performance was 
examined using the Morris Water Maze one 
week after the cerebral I/R procedure.

Cerebral I/R procedure

Similar to Jia et al [22], the rats were first inject-
ed with sodium pentobarbital (100 mg/kg, i.p.) 
to obtain full anesthesia. After a midline ventral 
incision was made in the neck of the rats, the 
right common carotid artery was exposed. A 
nylon suture (size: 4-0) with a blunted tip was 
prepared. The suture was carefully inserted 
into the anterior cerebral artery so the blood 
supply to the brain was blocked. Two h later, the 
4-0 nylon suture was removed and blood flow 
was restored. Rats in the Sham group received 
a similar surgical procedure, but the filament 
was not actually inserted to block the blood 
supply. 

Evaluation of novel object recognition

Twenty-four h after brain blood flow was 
restored, the rats were tested for novel object 
recognition with the method described in Zhang 
et al [23]. The experiment was divided into two 
sessions: the training session and the test ses-
sion. In the training session, two of the same 
objects were placed in 2 opposite corners of 
the apparatus. The rats were exposed to them 
for 10 min, and 90 min after the training ses-
sion was over, 1 familiar and 1 novel object was 
put in the open field. Animals were free to 
explore the open field with these two objects. 
The amount of time the rats explored the famil-
iar and novel objects were recorded. Location 
preference = the amount of time the rats 
explored one of the identical objects/the 
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amount of time the rats explored the identical 
object pairs × 100%. Recognition index (RI) = 
the amount of time the rats explored the novel 
object/(the amount of time the rats explored 
the novel object + the amount of time the rats 
explored the familiar object) × 100%.

Morris water maze

Seven days after the cerebral I/R procedure, 
rats were tested with the Morris Water Maze 
with the method described by Morris [24]. Rats 
were exposed to four trials per day. The escape 
latency was recorded as the time rats spent 
swimming from the start point to the target 
platform; the travel length was recorded as the 
distance rats traveled from the start point to 
the platform. Both parameters were consecu-
tively recorded for five days. In the probe trials, 
the escape platform was removed after the 
acquisition period. One day later, the memory 
consolidation of the rats was tested. The num-
bers of platform-site crossovers within 1 min 
were recorded. More crossovers indicated bet-
ter memory consolidation. 

Measurement of GJIC

Twenty-four h after blood flow was restored, the 
measurement of GJIC was performed accord-

The net area stained with Lucifer Yellow dye 
and the length of the incision were recorded 
and then calculated with Image-Pro-Plus soft-
ware (version 4.5, Media Cybernetics) to obtain 
the mean value. GJIC capacity was calculated 
from the ratio of the distance that the Lucifer 
Yellow dye transferred and the incision line 
(area/length). Values are expressed as a frac-
tion compared to the control.

Western blot

Twenty-four h after blood flow was restored, the 
hippocampal tissue was collected. After cen-
trifugation of hippocampal tissue, the superna-
tant was separated and stored at -80°C. The 
supernatants were first separated by SDS-
PAGE and then transferred to PVDF at 100 V for 
two hours. After that, the membranes were 
blocked in 5% milk in PBS-Tween 20 at 25°C for 
1 h and incubated at 4°C overnight with corre-
sponding antibodies (anti-Cx43, anti-p-Akt, 
anti-Akt and anti-β-actin, Santa Cruz, CA, USA). 
Next, the membrane was rinsed with PBST, 
incubated with peroxidase-labelled secondary 
antibodies at 25°C for 2 h. Protein blots were 
detected with an enhanced chemilumines-
cence detection kit (Invitrogen, Carlsbad, CA, 
USA). The protein concentration was calculated 

Figure 1. The travel path of rats in the Morris Water Maze. Rats in the Cerebral 
I/R group traveled longer than rats in the Control and Sham groups, while rats 
in the Cerebral I/R+ZP123 group traveled less distance than the Cerebral 
I/R group. When rats were treated with octanol, they traveled longer than the 
Cerebral I/R group. Control: rats received no treatment; Sham: rats received 
sham MCAO procedure. Cerebral I/R: Cerebral ischemia reperfusion injury.

ing to the method described 
by da Silva et al [25], which 
used Lucifer Yellow dye that 
can diffuse through gap junc-
tions. Briefly, the hippocam-
pal tissue was excised, sub-
merged in oxygenated arti- 
ficial cerebrospinal fluid (AC- 
SF) at 25°C for 60 min and 
put in a glass tube. Four inci-
sions were cut on the sur-
face of each specimen. The 
fluorescent dyes were mixed 
with 0.5% LY and 0.5% RhD 
in PBS. At room temperature 
(25°C), the incisions were 
incubated with the fluores-
cent dye mixture for five min-
utes. After the incubation, 
the incisions were washed 
with PBS three times, then 
fixed in 10% formalin for 12 
h. Slices were cut the next 
day and then observed and 
analyzed with a microscope 
(Nikon Eclipse-800, Japan). 
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with a Bradford reagent (Bio-Rad Co., Hercules, 
CA, USA).

Terminal deoxynucleotide-transferase-mediat-
ed dUTP-digoxigenin nick end labeling (TUNEL) 
assay

Twenty-four h after blood flow was restored, 
detection of apoptosis was conducted with the 
method described by Walsh et al using an 
immunofluorescent TUNEL assay (Kit S7110, 
ApopTag, Intergen Company, NY, USA) [26]. 
Briefly, after sections were de-paraffinized, they 
were digested with Proteinase K (20 µg/mL in 
PBS) at 25°C for 15 min and then soaked in 
PBS for 5 min. Afterwards,they were incubated 
with Tdt enzyme at 37°C for 1 h. Sections were 
then washed with stop/wash buffer and then 
rinsed with PBS three times. Fluorescein iso-
thiocyanate-labeled anti-digoxigenin conjugate 

was then applied to the sec-
tions and incubated at 25°C 
for 30 min. They were then 
mounted with DABCO, which 
contains propidium iodide. 
Finally, they were visualized 
with a fluorescence micro-
scope using an excitation 
wavelength of 460-490 nM, 
and the percentage of TU- 
NEL-positive cells was deter- 
mined.

Statistical analysis 

All the statistical analyses 
were performed with SPSS 
17.0 software (SPSS Inc., 
Chicago, USA). For compari-
son, one-way analysis of vari-
ance (ANOVA) followed by 
Tukey’s post-hoc test was 
used. P<0.05 was consid-
ered statistically significant.

Results

Effects of GJIC promotion or 
inhibition on cognitive im-
pairment caused by cerebral 
I/R

Figure 1 shows the travel 
path of rats in the Morris 
Water Maze. It shows that 
rats in the Cerebral I/R group 

Figure 2. The effects of cerebral I/R, ZP123 and octanol on escape latency 
and travel length in the Morris Water Maze test. As shown in A and B, rats with 
cerebral I/R showed a significant deficit in locating the submerged escape 
platform. ZP123 decreased the escape latencies significantly, while octanol 
significantly increased the escape latencies. C and D. Show the AUC of escape 
latency and travel length. Control: rats received no treatment; Sham: rats re-
ceived sham MCAO procedure. Cerebral I/R: Cerebral ischemia reperfusion 
injury. AUC: area under the curve. #: p<0.05 compared to Sham; &: p<0.05 
compared to Cerebral I/R. 

traveled longer than rats in the Control and 
Sham groups. Rats in the Cerebral I/R+ZP123 
group, however, traveled less distance than the 
Cerebral I/R group before they reached the 
platform. Rats in the Cerebral I/R+Octanol 
group, on the other hand, traveled a longer dis-
tance than the Cerebral I/R group. Figures 2 
and 3 show the effects of ZP123 and octanol 
on cognitive impairment caused by cerebral I/R 
in rats. As shown in Figure 2A and 2B, rats with 
cerebral I/R showed a significant deficit in 
locating the submerged escape platform and 
showed increased escape latencies compared 
with control and sham rats. The GJIC promotion 
by ZP123 decreased the escape latencies sig-
nificantly (P<0.05), while the GJIC inhibition by 
octanol significantly increased the escape 
latencies (P<0.05). Consistently, as shown in 
Figure 2C and 2D, rats with cerebral I/R had 
longer swimming distance compared to that of 
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control and sham rats, which was decreased by 
ZP123 but increased by octanol (P<0.05). In 
the probe trial experiment, rats with cerebral 
I/R exhibited impaired memory retention, as 
they crossed over the target site fewer times 
than control and sham rats (Figure 3A). Rats 
treated with ZP123 crossed more often, while 
rats treated with octanol crossed less often 
(P<0.05 compared to the Cerebral I/R group). 
In the evaluation of novel object recognition, as 
shown in Figure 3B, there was no significant 
difference in location preference. The location 
of the objects did not affect the exploratory 
behavior of rats in different groups. Figure 3C 

shows that the recognition index (RI) of rats 
with cerebral I/R was worse than the control 
and sham rats, which suggests a deficit in their 
memory for the familiar object. ZP123 signifi-
cantly increased the RI compared to the 
Cerebral I/R group, while octanol significantly 
decreased it (P<0.05).

Effects of GJIC promotion or inhibition on GJIC 
and hippocampal apoptosis 

To examine the effects of cerebral I/R on GJIC, 
we measured the distance of dye transfer and 
calculated the relative value compared to the 

Figure 3. The effects of cerebral I/R, ZP123 and octanol on crosses in the Morris Water Maze and recognition tests. 
Rats with cerebral I/R exhibited impaired memory retention as they crossed over the target site fewer times than 
control and sham rats (A). Rats treated with ZP123 crossed more often, while rats treated with octanol crossed 
less often. As shown in (B), there was no significant differences in location preference, which indicates that the 
location of the objects did not affect the exploratory behavior of rats. (C) showed that ZP123 significantly increased 
the recognition index (RI) compared to the Cerebral I/R group, while octanol significantly decreased it. Control: rats 
received no treatment; Sham: rats received sham MCAO procedure. Cerebral I/R: Cerebral ischemia reperfusion 
injury. AUC: area under the curve. #: p<0.05 compared to Sham; &: p<0.05 compared to Cerebral I/R. 

Figure 4. The effects of cerebral I/R, ZP123 and octanol on GJIC and hippocampal apoptosis. The expression of 
a representative GJIC protein Cx43 was examined by Western blot. Rats with cerebral I/R showed a significant 
decrease in GJIC capacity, which was increased by ZP123 but decreased by octanol. The expression of Cx43 was in-
creased by ZP123, but decreased by octanol. The TUNEL assay showed that cerebral I/R induced neuronal apopto-
sis in the hippocampus, which was reversed by ZP123 but facilitated by octanol. Control: rats received no treatment; 
Sham: rats received sham MCAO procedure. Cerebral I/R: Cerebral ischemia reperfusion injury. Cx43: connexin 43. 
#: p<0.05 compared to Sham; &: p<0.05 compared to the Cerebral I/R group. 
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control group. The expression of a representa-
tive GJIC protein, Cx43, was examined by 
Western blot. As shown in Figure 4A, rats with 
cerebral I/R showed a significant decrease in 
GJIC capacity, which was increased by ZP123 
but decreased by octanol (P<0.05. Similarly, 
the expression of Cx43 was significantly de- 
creased in the Cerebral I/R group. Cx43 expres-
sion was increased by ZP123 but decreased by 
octanol (P<0.05). As shown in the TUNEL assay 
(Figure 4C), cerebral I/R induced neuronal 
apoptosis in the hippocampus, which was 
reversed by ZP123 but facilitated by octanol 
(P<0.05). 

Effects of GJIC promotion or inhibition of Akt 
phosphorylation 

To examine the effects of cerebral I/R or GJIC 
on the PI3K/Akt pathway, we measured the 
phosphorylation of the Akt protein by Western 
blot. As shown in Figure 5A, the phosphoryla-
tion of Akt was significantly increased in the 
Cerebral I/R group. It was decreased by ZP123 
but increased by octanol (P<0.05).

PI3K/Akt pathway inhibitors suppressed GJIC 
capacity and Cx43 expression

To examine the involvement of the PI3K/Akt 
pathway in the decrease of GJIC caused by 

cerebral I/R, we measured the changes in GJIC 
capacity and Cx43 expression in the presence 
of PI3K/Akt pathway inhibitors LY294002 and 
triciribine. As shown in Figure 5B, LY294002 
and triciribine both significantly suppressed the 
decrease in GJIC capacity induced by cerebral 
I/R (P<0.05). Similarly, as shown in Figure 5C, 
the expression of Cx43 was significantly inc- 
reased after rats were treated with LY294002 
or triciribine (P<0.05).

Effects of inhibitors of PI3K/Akt pathway on 
cognitive impairment caused by cerebral I/R

To examine the role of the PI3K/Akt pathway in 
cognitive impairment caused by cerebral I/R, 
we treated rats with PI3K/Akt pathway inhibi-
tors LY294002 or triciribine, and then we mea-
sured the cognitive ability of the rats. As shown 
in Figure 6A and 6C, rats that were given 
LY294002 or triciribine showed a significant 
improvement when locating the submerged 
escape platform. Similarly, rats in the LY294002 
or triciribine groups had shorter swimming dis-
tances compared to that of Cerebral I/R rats, 
as shown in Figure 6B and 6D. The number of 
crosses in the LY294002 and triciribine groups 
were also much fewer than that in the Cerebral 
I/R group (Figure 6E). As shown in Figure 6F, 
rats in the LY294002 or triciribine groups had 

Figure 5. The effects of cerebral I/R, ZP123 and octanol on Akt phosphorylation and the effects of PI3K/Akt  
inhibition on GJIC. A. Shows the effects of cerebral I/R, ZP123 and octanol on Akt phosphorylation. B. Shows the 
PI3K/Akt inhibition of GJIC capacity. C. Shows the PI3K/Akt inhibition of Cx43 levels. The phosphorylation of Akt 
was significantly increased in the Cerebral I/R group. The phosphorylation of Akt was decreased by ZP123 but in-
creased by octanol. LY294002 and triciribine both significantly suppressed the decrease in GJIC capacity induced 
by cerebral I/R. Similarly, the expression of Cx43 was significantly increased after rats were treated with LY294002 
or triciribine. Control: rats received no treatment; Sham: rats received sham MCAO procedure. Cerebral I/R: Cerebral 
ischemia reperfusion injury. Cx43: connexin 43. #: p<0.05 compared to Sham; &: p<0.05 compared to the Cerebral 
I/R group.
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higher RIs than Cerebral I/R rats, indicating an 
improvement in their memory for the familiar 
object.

Discussion

Gap junctions are widely distributed in the cen-
tral nervous system, primarily between neurons 
and glial cells [27, 28]. However, the role of GJIC 
in cerebral ischemia pathological processes is 

model, obvious neurological deficits occurred 
with decreased Cx43 expression in the cortex 
and hippocampus [32], indicating an inhibition 
of GJIC. The present study showed cognitive 
impairment caused by cerebral I/R, which was 
accompanied by the inhibition of GJIC and 
reduced Cx43 protein level. As gap junctions 
may protect cells by supplying essential nutri-
ents and metabolites [33], the inhibition of 
GJIC may prevent the spatial buffering of potas-

Figure 6. The effects of PI3K/Akt inhibition on cognitive impairment caused 
by cerebral I/R. Sham: rats received a sham MCAO procedure. Rats that were 
given LY294002 or triciribine showed a significant improvement when locat-
ing the submerged escape platform, a shorter swimming distance, and few-
er crosses compared to Cerebral I/R rats. Rats in LY294002 and triciribine 
groups had higher RIs than Cerebral I/R rats, indicating an improvement in 
their memory for the familiar object. Cerebral I/R: Cerebral ischemia reper-
fusion injury. Cx43: connexin 43. #: p<0.05 compared to Sham; &: p<0.05 
compared to Cerebral I/R.

not fully understood yet. It 
has been widely accepted 
that cerebral I/R causes cog-
nitive impairment, but the 
participation of gap junction 
communication dysfunction 
in the process has not been 
studied in depth yet. Here, 
we showed that GJIC capaci-
ty was greatly impaired by 
cerebral I/R in rats. GJIC pro-
motion by ZP123 significant-
ly reversed the cognitive 
impairment caused by cere-
bral I/R in rats, while GJIC 
inhibition by octanol signifi-
cantly facilitated the cogni-
tive impairment, demonstrat-
ing the important role of GJIC 
in the cognitive impairment 
caused by cerebral I/R.

Under normal conditions, 
GJIC plays an important role 
in many cellular activities 
[29]. The rapid flow of small 
molecules, such as inorganic 
ions, amino acids and glu-
cose, through the gap junc-
tions between cells is impor-
tant to maintain cellular ho- 
meostasis. It is believed that 
gap junctions could commu-
nicate the electrical signals 
between neurons in the 
brain [30]. Chemical signals 
or metabolites can also be 
transferred between glial 
cells by gap junctions to bol-
ster the activities of the neu-
ronal, glial and vascular cells 
[31]. It was shown that after 
a cerebral ischemia/reperfu-
sion procedure in a rat 
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sium and glutamate as well as the transmission 
of energy between the astrocytic syncytium 
and neurons [34], which may be the one of the 
many reasons for neural death after I/R injury.

Hippocampal activity is directly related to cog-
nitive function and plays an important role in 
the pathophysiology of focal cerebral ischemia. 
In addition to direct ischemic insult, neuronal 
apoptosis in the hippocampus may be one of 
the mechanisms. In the present study, we 
found that cerebral I/R induced neuronal apop-
tosis in the hippocampus. The treatment of gap 
junction modifier ZP123 significantly inhibited 
apoptosis, while the GJIC inhibition by octanol 
worsened the apoptosis, which reveals that 
GJIC plays an important role in apoptosis in the 
hippocampus. The cerebral I/R may cause 
deactivation of GJIC and lead to neuronal apop-
tosis. The successful inhibition of neuronal 
apoptosis by ZP123 suggests a possible strat-
egy to mitigate neural injury caused by I/R.

Gap junction communication is the main means 
of communication in astrocytes, and the main 
connexin expressed in the cell membrane is 
connexin 43. GJIC may contribute to the expan-
sion of injured lesions after cerebral I/R and 
distant neuronal death [35, 36]. Our results 
revealed that the expression of Cx43 was sig-
nificantly decreased in the cerebral I/R group. 
Cx43 expression was increased by ZP123  
but decreased by octanol, indicating the effec-
tiveness of these two chemicals in GJIC 
modification.

In the presence of LY294002 or triciribine, the 
decrease of GJIC capacity was significantly sup-
pressed, and the expression of Cx43 was sig-
nificantly increased, indicating the participation 
of the PI3K/Akt pathway in the regulation of 
GJIC capacity. Ito et al suggested that Akt was 
critical for the disruption of GJIC, while the inhi-
bition of Akt restored GJIC after it was sup-
pressed [37]. A study by Geletu et al, however, 
revealed that the pharmacological inhibition of 
PI3k eliminated GJIC [38]. Taken together, 
PI3k/Akt may act differently on GJIC in different 
disease models and cells. It is possible that 
activation of the PI3K/Akt pathway promotes 
nuclear accumulation of β-catenin, which in 
turn stimulates Cx43 expression [39]. 

Finally, we found that both LY294002 and 
triciribine produced a significant improvement 

in cognitive impairment from cerebral I/R. Rats 
that were given LY294002 or triciribine showed 
a significant shorter escape latency and swim-
ming distance and fewer crosses. Rats in the 
LY294002 or triciribine groups had higher RI, 
indicating an improvement in their memory for 
the familiar object. These results indicate the 
cognitive impairment induced by cerebral I/R 
and the involvement of the PI3K/Akt pathway. 
As gap junction communication dysfunction 
plays an important role in the cognitive impair-
ment in the cerebral I/R model, and it can be 
regulated via the PI3K/Akt pathway, it is likely 
that the PI3K/Akt pathway is involved in the 
cognitive impairment caused by GJIC dysfunc-
tion in the rat hippocampus after cerebral I/R 
injury.
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