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Abstract

The persimmon leaf has been shown to improve cerebral ischemic outcomes; however, its
mechanism of action remains unclear. In this study, mice were subjected to 10 minutes of ischemic
preconditioning, and persimmon leaf flavonoid was orally administered for 5 days. Results showed
that the persimmon leaf flavonoid significantly improved the content of tissue type plasminogen
activator and 6-keto prostaglandin-F; a in the cerebral cortex, decreased the content of
thromboxane B;, and reduced the content of plasminogen activator inhibitor-1 in mice. Following
optical microscopy, persimmon leaf flavonoid was also shown to reduce cell swelling and nuclear
hyperchromatism in the cerebral cortex and hippocampus of mice. These results suggested that
persimmon leaf flavonoid can effectively inhibit brain thrombosis, improve blood supply to the brain,
and relieve ischemia-induced pathological damage, resulting in brain ischemic tolerance.
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Research Highlights

(1) This study verified that persimmon leaf flavonoid can induce brain ischemic tolerance.

(2) The mechanism underlying the neuroprotective effect of persimmon leaf flavonoid against
cerebral ischemia injury involved dissolving the thrombus, reducing endothelial cell damage,
increasing brain ischemic tolerance and reducing cerebral infarction.

compared with those without non-cerebral
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INTRODUCTION

Transient cerebral ischemia preconditioning
can induce an endogenous protective effect
(effectively reducing serious, even fatal
cerebral ischemic events), relieve ischemic
tissue lesions, and induce cerebral ischemic
tolerance™. Clinical data have shown that
when cerebral infarction occurs, the infarct
area is smaller and the prognosis is better in
patients who have suffered with transient
cerebral ischemic attacks previously when
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ischemia®. These findings indicate the
cerebral protective effects of ischemic
preconditioning. Endogenous protective
mechanisms of cerebral ischemic tolerance
and preconditioning involve a wide range of
mechanisms that have not been fully
elucidated®™®. A previous study has shown
that ischemic preconditioning improves the
regulatory function of microcirculation™,
promotes opening of blood capillaries and
microvascular blood flow, reduces tissue
blood flow hypoperfusion during ischemia
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and no-reflow during reperfusion, promotes effective
tissue perfusion and recovery, prevents further injury to
tissue cells, reduces tissue damage, and promotes
recovery after injury.

Kitagawa et al ¥ were the first to observe brain ischemic
tolerance, and believed that transient sublethal ischemia
induced increased tolerance of hippocampal neurons to
subsequent lethal ischemia, which is now known as brain
ischemic tolerance. A variety of protective interventions
prior to severe ischemia are known as pretreatments, of
which ischemic preconditioning is a commonly used
method. In modern medicine, physical pretreatment and
pharmacological preconditioning are methods to improve
brain ischemic tolerance, in which pharmacological
preconditioning in the clinic is more practical.
Pharmacological preconditioning can induce better
ischemic tolerance, but the cost is higher, the mode of
administration is limited, and there is the possibility of
adverse reactions. Traditional Chinese medicine has
more advantages in improving brain ischemic tolerance.
New drugs for the prevention of cerebral ischemic
diseases may be developed by further studying brain
ischemic tolerance mechanisms, which have practical
values for high-risk populations. Traditional Chinese
medicines have few adverse reactions and multiple
targets. Studies have reported that persimmon leaf
extract can significantly improve electrophoretic mobility
of rabbit erythrocytes, decrease blood and plasma
viscosity, reduce the amount of fibrinogen, and have
certain effects on activating blood circulation to dissipate
blood stasis”, as well as increase asphyxial anoxia
endurance™®. However, few studies have investigated
the precise effect and mechanism of action of persimmon
leaf extract in the treatment of ischemic tolerance. Some
studies have shown that flavonoids from the leaves of
Diospyros kaki increased brain ischemic tolerance. The
persimmon leaf flavonoid is an effective constituent of
traditional Chinese medicinal leaves. This study explored
the effect and mechanism of persimmon leaf flavonoids
on improving brain ischemic tolerance by observing the
effects of persimmon leaf flavonoids on tissue type
plasminogen activator, plasminogen activator inhibitor-1,
6-keto prostaglandin-F; a and thromboxane B, in a
mouse brain ischemic tolerance model.

RESULTS

Quantitative analysis of experimental animals
Mice (n = 126) were randomly divided into seven groups:
sham surgery group (intragastric administration of saline),

ischemia/reperfusion group (ischemia/ reperfusion +
intragastric administration of saline), preprocessing
model group (ischemic preconditioning 10 minutes +
ischemia/reperfusion + intragastric administration of
saline), high-, moderate- and low-dose persimmon leaf
flavonoid groups (ischemia/reperfusion + 400, 200 and
100 mg/kg persimmon leaf flavonoid), and ginaton group
(ischemia/reperfusion + 40 mg/kg ginaton). Each group
contained 18 mice. Because 36 mice died during the
operation, there were 18 mice in the sham surgery group,
12 mice in the ischemia/reperfusion group, 10 mice in the
preprocessing model group, 12 mice in the high- and
moderate-dose persimmon leaf flavonoid groups, 11
mice in the low-dose persimmon leaf flavonoid groups,
and 15 mice in the ginaton group. A total of 90 mice were
included in the final analysis.

Effect of persimmon leaf flavonoid on pathological
damage to brain tissue in the mouse model of
cerebral ischemia

Compared with the sham surgery group, pathological
injury to nerve cells in the mouse brain was significant in
the ischemia/reperfusion and preprocessing model groups
(P <0.01). Compared with the preprocessing model group,
pathological injury was markedly reduced in the different
doses of persimmon leaf flavonoid groups (P < 0.05 or P <
0.01), particularly in the high-dose persimmon leaf
flavonoid group and ginaton group (Table 1).

Table 1 Effect of persimmon leaf flavonoid on
pathological damage to brain tissue

Grade of pathological changes

Group n
= + ++ +++
Sham surgery 18 16 12 0 0
Ischemia/reperfusion 12 0 1 4 7
Preprocessing model 10 0 1 5 4
High-dose persimmon leaf 12 5 3 4 0
flavonoid
Moderate-dose persimmon 12 3 3 4 2
leaf flavonoid
Low-dose persimmon leaf 11 2 1 5 3
flavonoid
Ginaton 15 6 6 2 1

The different pathological changes were divided into four levels: “~”
Brain cells became larger, with abundant cytoplasm and a normal
nucleus. “+” Brain cell volume shrank in some cells, with reduced
cytoplasm and a normal nucleus. “++” Brain cell volume shrank in
a few cells, with reduced cytoplasm, light staining or
disappearance of the nucleus. “+++” Most of the brain cells
exhibited marked atrophy, with the presence of significantly
reduced cytoplasm, blurred or the disappearance of the nucleus.
The Ridit test was used to compare differences.

The cell membrane and nucleoli of neurons in the
cerebral cortex and hippocampus were clearly visible in
the sham surgery group. Cell swelling, increases in cell
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volume, pyknosis, and blue-stained cytoplasm and nuclei
were observed in the ischemia/reperfusion group. Cell
swelling and lightly stained nuclei were detectable in the
preprocessing model group (Figure 1).
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Figure 1 Effect of persimmon leaf flavonoid on
pathological morphology in the cerebral cortex and
hippocampus in the mouse ischemic model (hematoxylin-
eosin staining, x 400).
Arrows show nerve cells. Compared with the
preprocessing model group, cell swelling and the number
of lightly stained nuclei were reduced in the ginaton group,
high-, moderate- and low-dose persimmon leaf flavonoid
groups. Moreover, the ginaton group and high-dose
persimmon leaf flavonoid group had a greater effect.
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Compared with the preprocessing model group, cell
swelling and the number of lightly stained nuclei were
reduced in the ginaton group, and high-, moderate- and
low-dose persimmon leaf flavonoid groups. However, the
effects were greatest in the ginaton and high-dose
persimmon leaf flavonoid group (Figure 1).

Effect of persimmon leaf flavonoid on plasmatissue
type plasminogen activator and plasminogen
activator inhibitor-1 levels

Compared with the sham surgery group, plasma tissue
type plasminogen activator content was significantly
lower, but plasminogen activator inhibitor-1 content was
significantly greater in the ischemia/reperfusion group
and preprocessing model group (P < 0.01). Compared
with the ischemia/reperfusion group, tissue type
plasminogen activator content was higher (P < 0.01), but
plasminogen activator inhibitor-1 content was
significantly lower (P < 0.05) in the preprocessing model
group. Compared with the preprocessing model group,
tissue type plasminogen activator content was
significantly greater (P < 0.01 or P < 0.05), but
plasminogen activator inhibitor-1 content was
significantly lower (P < 0.01 or P < 0.05) in the high-,
moderate- and low-dose persimmon leaf flavonoid
groups and ginaton group (Table 2).

Table 2  Effect of persimmon leaf flavonoid on plasma
tissue type plasminogen activator (t-PA; ng/mL) and
plasminogen activator inhibitor-1 (PAI-1; ng/mL)

Group n t-PA PAI-1

Sham surgery 18 11.55+0.26 18.60+0.85
Ischemia/reperfusion 12 7.00+0.19%° 37.26+1.40%
Preprocessing model 10  7.25+0.18% 36.03+1.33%
High-dose persimmon leaf 12 8.53+0.26° 28.48+1.02°
flavonoid

Moderate-dose persimmon leaf 12  7.93+0.23"° 34.45+0.64°
flavonoid

Low-dose persimmon leaf 11 7.41+0.24° 35.03+1.36°
flavonoid

Ginaton 15 8.13+0.34° 26.61+1.3"

%P < 0.01, vs. sham surgery group; bp < 0.01, vs.
ischemia/reperfusion group; °P < 0.01, vs. preprocessing model
group. The data are shown as mean + SD (two-sample t-test).

Effect of persimmon leaf flavonoid on the levels of
thromboxane B, and 6-keto prostaglandin-F; a
Compared with the sham surgery group, the content of
6-keto prostaglandin-F; a reduced significantly (P <
0.01), and the content of thromboxane B2 was
significantly increased (P < 0.01) in the ischemia/
reperfusion group and preprocessing model group
(Table 3).
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Table 3 Effect of persimmon leaf flavonoid on thromboxane B, (TXB3; pg/mL), 6-keto prostaglandin-F; a (6-Keto-PGF,q;
pg/mL) and TXB,/6-Keto-PGF;a levels in mice with cerebral ischemia

Group n TXB:> 6-Keto-PGF.a TXB,/6-Keto-PGFia

Sham surgery 18 795.99+20.76 662.69+16.07 1.20+0.04
Ischemia/reperfusion 12 1283.21+23.94% 289.42+10.21% 4.44+0.19%
Preprocessing model 10 1 223.64+23.46%° 329.59+12.41% 3.72+0.14%
High-dose persimmon leaf flavonoid 12 984.93+16.94° 541.79+15.90° 1.82+0.06°
Moderate-dose persimmon leaf flavonoid 12 1 063.20+31.55° 472.32+18.80° 2.25+0.11°
Low-dose persimmon leaf flavonoid 11 1121.18+37.92° 412.74+17.23° 2.70+0.19¢
Ginaton 15 842.53+13.66° 591.88+29.76° 1.43+0.08°

mean * SD (two-sample t-test).

3p < 0.01, vs. sham surgery group; °P < 0.01, vs. ischemia/reperfusion group; °P < 0.01, vs. preprocessing model group. The data are shown as

Compared with the ischemia/reperfusion group, 6-keto
prostaglandin-F; a content in the cerebral cortex
increased significantly (P < 0.01), while levels of
thromboxane B, significantly reduced (P < 0.01) in the
preprocessing model group. Compared with the
preprocessing model group, levels of 6-keto
prostaglandin-F; a in the cerebral cortex increased
significantly (P < 0.01), and thromboxane B, content
was significantly diminished (P < 0.01) in the high-,
moderate- and low-dose persimmon leaf flavonoid
groups and ginaton group (Table 3).

DISCUSSION

Recent studies have shown that timing and dose are the
two main factors for effective cerebral ischemic
tolerance*!l. Cerebral ischemic tolerance has been
shown to be induced after 120 hours of ischemic
preconditioning™?. At present, there are few studies
investigating cerebral ischemic tolerance, and even
fewer studies using effective ingredients of Chinese
herbal medicines to improve cerebral ischemic tolerance.
This study observed that persimmon leaf flavonoid
reduced brain thrombosis, improved blood supply, and
relieved the injury caused by ischemia by improving
cerebral ischemic tolerance.

The experimental results showed that the number of
neural cells decreased, and some cells were markedly
swollen after cerebral ischemia reperfusion injury.
However, in the preprocessing model group, cell swelling
was reduced significantly in the infarct area. The number
of nerve cells with integrated structure significantly
increased. In the persimmon leaf flavonoid groups, cell
swelling reduced and there were abundant nerve cells
with integrated structure. These results suggested that
10-minute ischemic preconditioning can promote the
recovery of neurological function after cerebral ischemia,

effectively reduce its severity, and induce the occurrence
of ischemic tolerance.

Endothelial cells are important for the formation and
release of tissue type plasminogen activator and
plasminogen activator inhibitor-1. Vascular endothelial
growth factor can stimulate the growth of new neurons,
play a protective effect on the nervous system before
neovascularization, and prolong cell survival time until
the formation of new blood vessels™™. Ischemia
preconditioning can promote the growth of blood vessels,
and increase local blood flow, which is one of the
protective effects and mechanisms of ischemic
preconditioning following cerebral ischemia™®. The
increase in plasminogen activator inhibitor-1 levels is one
of the causes of thrombosis™. Blood levels of tissue
type plasminogen activator can be a direct reflection of
fibrinolytic system function, which can be a predictor of
thrombosis*®. The experimental results showed that
persimmon leaf flavonoid can increase tissue type
plasminogen activator levels, reduce plasminogen
activator inhibitor-1 content, and decrease the formation
of cerebral thrombosis. Because thromboxane A, and
prostaglandin I, are not stable, they can easily be
metabolized into the stable end products thromboxane
B, and 6-keto prostaglandin-F, a. Therefore, measuring
metabolic end products can indirectly infer levels of
thromboxane A, and prostaglandin 1,*%. 6-keto
prostaglandin-F; a originating from vascular endothelial
cells plays an important role in the regulation of cerebral
blood flow. Thromboxane A, contributes to platelet
aggregation, induces thrombosis®” and has strong
cerebral vasoconstrictive properties®®. Our experimental
results showed that 6-keto prostaglandin-F, a content in
the persimmon leaf flavonoid groups increased, which
may regulate cerebral blood flow, reduce endothelial cell
function, and decrease the rate of cerebral ischemic injury.

Recent pharmacological studies have shown that
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persimmon leaf flavonoid has wide pharmacological
effects, including vasodilatation, lipid-lowering
properties, a hypoglycemic effect?, and an
antioxidative effect’?,

Persimmon leaf flavonoid, an extract, and ginaton, the
positive control drug, were both administered by gavage.
Experiments were paralleled in each group. Animals
subjected to cerebral ischemia had severe endothelial
dysfunction, enhanced coagulation of blood, and a
significant decrease in plasmin activity. These were the
main reasons for thrombus formation®!. Therefore,
timely correction of coagulation and fibrinolysis are
important measures for the improvement of endothelial
function, inhibition of platelet aggregation and thrombosis,
which play an important role in the prevention and
treatment of cerebral ischemia. Persimmon leaf flavonoid
maintains plasminogen activator inhibitor-1 and tissue
type plasminogen activator in dynamic equilibrium so
that blood fibrinolysis and the coagulation system in
patients with cerebral ischemia are relatively balanced.
Persimmon leaf flavonoids diminish endothelial cell injury.
At the same time, 6-keto prostaglandin-F; a content
increases and thromboxane B, content decreases in
animals treated with persimmon leaf flavonoids, which
indicates that decreased thromboxane A, content
promotes platelet aggregation, reduces thrombosis,
causes cerebral blood flow fluency, relieves cerebral
vascular endothelial cell damage, reduces thrombosis,
improves cerebral ischemic tolerance, and reduces
ischemia-induced brain injury. Therefore, these results
lay the foundation for using persimmon leaf flavonoid to
improve cerebral ischemic tolerance, and to prevent and
treat cerebral ischemia.

MATERIALS AND METHODS

Design
A randomized, controlled animal experiment.

Time and setting

Experiments were conducted in the Pharmacology
Laboratory, Henan College of Traditional Chinese
Medicine, China from November to December 2009.

Materials

Animals

Clean Kunming mice (n = 126), weighing 25-30 g, were
provided by the Laboratory Animal Center of Hebei
Province (license No. 911137). Animals were housed in
separate cages according to gender at 25 + 3°C, ata
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humidity of 55 + 10%, and were allowed free access to
food and water. The protocols were performed in
accordance with the Guidance Suggestions for the Care
and Use of Laboratory Animals, formulated by the
Ministry of Science and Technology of China®®.

Drugs

Persimmon leaf extract (persimmon leaf flavonoid;
content: 68%, as measured by UV-Spectrophotometry;
batch No. TY20080116) was provided by the Chemistry
Room, Henan College of Traditional Chinese Medicine,
China. Fresh or dried persimmon leaves of genus
Diospyros kaki L.f., were purchased from Henan Medical
Material Company, Zhengzhou, Henan Province, China.
Persimmon leaves were weighed, immersed in 10 times
the amount of 70% (v/v) ethanol for 2 hours, and
extracted twice, each for 1 hour. After filtering, the
filtrates were combined and the alcohol was removed.
The extract was loaded on an AB-8 macroporous resin
column, with a liquid concentration of 0.6 g/mL. The resin
volume was 1:8; ratio of diameter to height of the resin
was 1:10. The specimens were eluted using four times
the column volume of water, followed by four times the
column volume of 40% (v/v) ethanol. Ethanol (50% (v/v))
was used to elute the flavonoids. The ethanol eluting
liquid was collected, followed by vacuum recovery. The
specimens were dried at 50°C.

Methods

Establishment and intervention of ischemic
tolerance model

Establishment of ischemia/reperfusion model: All mice
were intraperitoneally anesthetized with 10% (w/v)
chloral hydrate (0.03 mL/10 g). The bilateral common
carotid arteries were exposed, but blood flow was not
blocked. When animals were conscious, all mice were
intragastrically administered saline (0.1 mL/10 g), once a
day for 5 consecutive days. The dose of persimmon leaf
flavonoid was determined from previous experiments?®.
At day 5, after fasting for 12 hours and 1 hour after
administration, the mice were intraperitoneally
anesthetized with 10% (w/v) chloral hydrate

(0.03 mL/ 10 g). The bilateral common carotid arteries
were occluded using a micro clip to block blood flow for
30 minutes, and then reperfusion was allowed?”.

Sham surgery group: Exposure of the bilateral common
carotid arteries was performed, but blood flow was not
blocked.

Preprocessing model group: After anesthesia, the
bilateral common carotid arteries were occluded with a
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micro clip. Ischemic preconditioning was performed by
blocking blood flow for 10 minutes. Subsequently,
ischemia/reperfusion models were established®”.

High-, moderate- and low-dose persimmon leaf flavonoid
groups and ginaton group: Ischemia/reperfusion mice
were subjected to ischemic preconditioning for 10
minutes and given ginaton (40 mg/kg, 15 times the
clinical dose), high- (400 mg/kg), moderate- (200 mg/kg),
and low-dose (100 mg/kg) persimmon leaf flavonoid
(delivery volume 4, 40, 20, 10 mg/mL, respectively), once
per day, for 5 consecutive days.

Morphology of the cerebral cortex and hippocampus
in ischemic mice

After blood was collected at 24 hours following the last
operation, all mice were euthanized. Brain tissues were
rapidly obtained, embedded in paraffin, sliced into

5 um-thick serial sections, and stained with hematoxylin
and eosin. The cerebral cortex and hippocampus of mice
was observed under a 400 x optical microscope
(Olympus, Tokyo, Japan).

Enzyme-linked immunosorbent assay detection of
fibrinolysis and thromboxane

Detection of tissue type plasminogen activator and
plasminogen activator inhibitor-1?%2%: Blood was collected
at 24 hours following the last operation. After sodium
citrate anticoagulation, blood plasma was separated. In
accordance with the kit's instructions (tissue type
plasminogen activator: Shanghai SUNBIO Co., Ltd.,
Shanghai, China; batch No. 41130; plasminogen activator
inhibitor-1: Beijing Puerweiye Biological Technology Co.,
Ltd., Technology Development Center Radioimmunity
Institute of General Hospital of Chinese PLA, Beijing,
China; batch No. 20091125), the contents of tissue type
plasminogen activator and plasminogen activator
inhibitor-1 (ng/mL) were detected.

Detection of the content of thromboxane B, and 6-keto
prostaglandin-F; a in the ischemic mouse model: Mice
were euthanized after blood sampling. Brain tissues
were coronally sliced for hematoxylin-eosin staining. In
addition, 15 mg of cerebral cortex was homogenated in
nine times the volume of saline, followed by
centrifugation at 3 500 r/min for 10 minutes. The
supernatant was collected for measurement. According
to the kit's instructions (thromboxane B,: Beijing
Puerweiye Biological Technology Co., Ltd., Technology
Development Center Radioimmunity Institute of General
Hospital of Chinese PLA; batch No. 20091125), the
samples were tested using the equilibrium method. After

the sample or standard was added, the labeled antigen
was added for the competitive binding reaction. After
completion of the reaction, an immune separating agent
was added to isolate the antigen-antibody complexes.
The radioactivity (B) of complexes was determined, and
the binding rate of the standard tube (B/B0%) was
calculated. Relevant parameters, calibration curve, and
sample concentration were directly obtained using a
prefabricated program using a gamma counter®.

Statistical analysis

Measurement data were expressed as mean = SD, and
analyzed using SPSS 13.0 statistical software (SPSS,
Chicago, IL, USA). Paired intergroup comparisons were
performed using the two-sample t-test. Rank data were
compared using the Ridit test. A P < 0.05 level indicated
statistical significance.
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