MEDICAL
SCIENCE

L4

MONITOR

Received: 2017.10.05
Accepted: 2018.01.11
Published: 2018.06.10

Authors’ Contribution: ABC
Study Design A BC

Data Collection B
Statistical Analysis C CDE
Data Interpretation D DE
Manuscript Preparation E EFG

Literature Search F
Funds Collection G

Corresponding Author:
Source of support:

= NN R =

ANIMAL STUDY

e-ISSN 1643-3750
© Med Sci Monit, 2018; 24: 3922-3928
DOI: 10.12659/MSM.907417

Ginsenoside Ameliorates Cognitive Dysfunction
in Type 2 Diabetic Goto-Kakizaki Rats

Zhiyan Tian* 1 Department of Neurology, Tianjin Huanhu Hospital, Tianjin, P.R. China
Ning Ren* 2 Department of Neurology, Taizhou Central Hospital (Taizhou University Hospital),

Jinhua Wang Taizhou, Zhejiang, P.R. China
Danhong Zhang
Yuying Zhou

* Zhiyan Tian and Ning Ren share co-first author
Yuying Zhou, e-mail: jieysumsci@sina.com
Departmental sources

Background:

Material/Methods:

Results:

Conclusions:

MeSH Keywords:

Full-text PDF:

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Ginsenoside is the major bioactive component of ginseng, which has been proven to be a neuroprotective drug.
The aim of this study was to evaluate the therapeutic effect of ginsenoside in a diabetic Goto-Kakizaki (GK) rat
model.

Twenty GK rats were randomly divided into a diabetic model (DM) group (n=10) and a ginsenoside + DM group
(n=10); Wistar rats with the same age and body weight were used as the control (CON) group (n=10). Food
and water intake, body weight, and blood fasting plasma glucose were measured. The Morris water maze test
was used to detect learning and memory functions of the rats. Superoxide dismutase (SOD), malondialdehyde
(MDA), and inflammatory cytokines (TNF-a, IL-1B, and IL-6) in the hippocampus were analyzed after ginsen-
oside treatment.

The blood glucose, body weight, Morris correlation index, SOD, MDA, and other test results were increased in
the diabetic rats. Ginsenoside ameliorated diabetic cognitive decline.

The possible mechanism was related to inhibiting brain oxidative/nitrosative damage and affecting the expres-
sion of the cytokines IL-1, IL-6, and TNF-o..
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Background

Diabetes mellitus is a metabolic disorder with increasing inci-
dence rates every year. In China, the incidence of diabetes is
increasing year by year. Diabetes can cause damage to both
the peripheral and central nervous system [1-3]. Central ner-
vous system lesions mainly affect the white matter of the ce-
rebral cortex, progression memory loss, and performance on
spatiotemporal obstacles. Many studies have shown that dia-
betes is a risk factor for Alzheimer disease (AD) [4]. Diabetes
is associated with changes in the central nervous system, in-
cluding cognitive disorders, and with cerebrovascular dis-
ease [5-7]. Hyperglycemia can cause oxidative stress and an
inflammatory response, which are important factors leading
to dementia. Oxidative stress in the diabetic state can cause
damage to the hippocampus or other brain regions. Many ox-
idative stress products can lead to learning and memory dys-
function. Inflammation is also an important factor in the pro-
gression of cognitive decline in diabetes.

Ginsenoside is the main component of ginseng, which has
been proven to be a neuroprotective agent. It has been re-
ported that ginsenoside has many pharmacological activities,
including anti-cancer [8-10], anti-aging [11], anti-inflammato-
ry [12], enhance immunity [13], etc. Many studies have shown
that ginsenoside has neuroprotective effects [14], which may
allow it to act as a potential novel agent to improve cognitive
function in diabetes [15-17]. In this study, we assessed the
probable therapeutic effect of ginsenoside and its underlying
mechanisms in GK rats.

Material and Methods

Experimental animals

Twenty male 13-week-old diabetic GK rats and 10 age-matched
male Wistar rats were obtained from the Laboratory Animal
Center of North China University of Science and Technology
(Tangshan, China) and raised in a thermostatically controlled
room (25+2°C) with a 12-hour light/dark cycle and with free
access to food and water. The experiment was approved by
the Ethics Committee of the North China University of Science
and Technology. After one week of adaptation, the GK rats
were randomly divided into a DM group and a ginsenoside +
DM group, and the Wistar rats were used as the control (CON)
group (n=10 in each group). The rats in the ginsenoside + DM
group were treated with ginsenoside (20 mg/kg) intragastri-
cally once daily for 10 consecutive weeks. After 10 weeks of
administration, food and water intake, fasting plasma glucose
(FPG), behavioral tests, and biochemical experiments were per-
formed in sequence.
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FPG measurements

FPG was measured every week at 24 hours after last drug
treatment; venous blood was collected for FPG measurements.

Food and water intake measurements

Body weights and water intake of rats were measured dynam-
ically for 10 weeks (56 days) after ginsenoside administration.

Oral glucose tolerance test (OGTT)

Oral glucose tolerance test (OGTT) was performed in both con-
trol and GK rats after 10 weeks of ginsenoside administration.
Prior to OGTT, rats were fasted for 4 to 6 hours. D-glucose was
administered at 75 mg per rat by oral gavage, and blood was
sampled from the saphenous vein at 0, 15, 30, 60, and 120
minutes. The samples were immediately analyzed for glucose
using a blood glucose meter. Plasma samples were stored at
—20°C until assayed for insulin via enzyme linked immunosor-
bent assays (ELISA).

Morris water maze

Ten weeks after ginsenoside treatments, spatial learning and
memory of the rats was evaluated by the Morris water maze
(MWM) [18] utilizing a pool 150 cm in diameter and 60 cm
deep. The tank was filled with opaque water kept 24°C to 25°C.
A platform (10 cm in diameter) was submerged 1 cm below
the surface of the water. During training trials, the rats were
placed in the pool and allowed to swim for 60 seconds, then
they were led to the platform and kept there for 10 seconds.
After adaptive training trials, the navigation experiment was
carried out for 4 days. The rats were placed into the pool in each
of the 4 different quadrants and allowed to find the platform
within 120 seconds, and the time to locate the platform was
recorded. Those who could not find the platform were placed
on the platform and allowed to stand for 15 seconds and the
time was recorded as 120 seconds. On day 5 of the spatial
probe, the platform was removed, and the rats were placed
into the water in any quadrant. The time that the rats stayed
in the quadrant where the platform was previously placed was
recorded. A number of behavioral tests were carried out using
a computer-based video tracking system.

Hematoxylin and eosin (H&E) staining

After the MWM test, 5 rats were randomly selected for hema-
toxylin and eosin (H&E) staining in each group. Rats were sac-
rificed after anesthesia and the brains were rapidly obtained.
Then, the brain tissues were perfused with 200 mL of 0.9%
NaCl solution and subsequently with 4% paraformaldehyde in
0.1 mol/L phosphate buffer at pH 7.4. The brains were rapidly
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Figure 1. Food and water intake and body weight were measured (A-C). Statistical analysis was performed by repeated measures
ANOVA followed by LSD post hoc analysis; * P<0.01 vs. the CON group, * P<0.01 vs. the DM group. LSD — least significant

difference; CON — control; DM — diabetic model.

removed and fixed in formalin for 24 hours. The post-fixed
tissues were embedded in paraffin wax, and 5-um-thick seri-
al coronal sections were obtained and mounted on poly-L-ly-
sine-coated glass slices. For histological assessment of dam-
age to the hippocampus, the paraffin-embedded sections were
stained with H&E according to a standard protocol.

ELISA measurements of cytokines in the hippocampus

The rat hippocampus tissues were washed and then homog-
enized on ice in normal saline. The homogenates were centri-
fuged at 3000 g for 10 minutes at 4°C, and the supernatants
(100 mL) were used for analysis. Expression levels of interleu-
kin-1B (IL-1B), interleukin-6 (IL-6), and tumor necrosis factor-o
(TNF-ot) were measured by ELISA kits (rat TNF alpha ELISA Kit
(RAB0480) Roche, Switzerland; rat interleukin-1 beta ELISA Kit
(RAB0311), Roche, Switzerland; rat IL-6 ELISA Kit (RAB0278)
Roche, Switzerland) in triplicate according to the manufactur-
er’'s recommended protocols.

Statistical analysis

Statistical analysis was performed in SPSS 17.0. All data are giv-
en as the mean + SED. One-way analysis of variance (ANOVA)
followed by Bonferroni post hoc testing for multiple com-
parisons was used to compare differences among 3 or more
groups. Normality tests were used to ascertain that the data
were normally distributed. The results of P<0.05 were regard-
ed as significant.

Results

Ginsenoside influenced the body weight, water intake, and food
intake in GK diabetic rats. There was a significant increase in
food and water intake in the DM group (P<0.01). After ginsen-
oside administration, food and water intake measurements
were much lower than those in the DM group (Figure 1A, 1B).
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Figure 2. FPG levels of different groups at different time points.
Statistical analysis was performed by repeated
measures ANOVA followed by LSD post hoc analysis;

* P<0.01 vs. the CON group, * P<0.01 vs. the DM group.
FPG — fasting plasma glucose; LSD — least significant
difference; CON - control; DM — diabetic model.

The weight of the rats in the DM group decreased significant-
ly (P<0.01), whereas ginsenoside administration reversed the
body weights in the GK diabetic rats (Figure 1C).

Ginsenoside decreased FPG levels in the GK rats. FPG was test-
ed dynamically for 10 weeks. The blood glucose levels of the
DM group were apparently higher than those of the CON group
(P<0.01). After administration of ginsenoside for 10 weeks,
blood glucose levels were obviously decreased compared to
those in the DM group (P<0.01; Figure 2).

Ginsenoside influenced glucose and insulin levels in the GK di-
abetic rats. Rats on ginsenoside for 10 weeks had significant-
ly lower blood glucose levels and insulin responses in vivo at
all time-points measured compared to those in the DM group
(Figure 3A, 3B).
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Figure 3. The in vivo parameters from rats in the CON, DM, and ginsenoside groups. (A) Blood glucose and (B) insulin levels of rats
in the CON, the DM, and the ginsenoside groups after 10 weeks. Data are presented as the mean +SEM. Statistical analysis
was performed using one-way ANOVA with LSD post hoc test; * P<0.01 vs. the CON group, # P<0.01 vs. the DM group.

SEM - standard error of the mean; LSD - least significant difference; CON — control; DM — diabetic model.
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Figure 4. Effect of ginsenoside on diabetic GK rats in spatial learning and memory tested by the MWM. (A) Changes in the daily escape
latencies; (B) time spent in the platform region during the probe trial without the platform. The results are shown as the
mean +SD. Statistical analysis was performed using one-way ANOVA with LSD post hoc test; * P<0.01 vs. the CON group,
#P<0.01 vs. the DM group. GK — Goto-Kakizaki; MWM — Morris water maze; LSD — least significant difference; CON — control;

DM - diabetic model.

Effects of ginsenoside on cognitive deficits in the GK
diabetic rats

Ginsenoside improved the learning and memory abilities in the
DM group. Compared with the CON group, the escape latency
was significantly increased in the DM group (P<0.01). However,
ginsenoside restored the escape latency (P<0.01 vs. the DM
group; Figure 4A). In the probe test, compared with those in
the CON group, the number of platform crossings was obvi-
ously decreased in the DM group (P<0.01), whereas ginsen-
oside administration reversed the decrease in platform cross-
ings in the GK diabetic rats (Figure 4B).
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Histopathological observations: H&E staining

There were only a small number of necrotic cells in the CON
group (Figure 5A). In the DM group, the cell size shrunk, the
cell number decreased, and chromatin aggregation was shown
by dense staining (Figure 5B). However, ginsenoside treatment
dramatically restored the alterations (Figure 5C). Ginsenoside
treatment significantly prevented neuronal cell loss in the hip-
pocampal CA1 region.

Effects of ginsenoside on DM-induced changes in oxidative
stress

There was a significant increase in malondialdehyde (MDA)
in the DM group. The oxidative production of MDA was
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Figure 5. Histological analysis of the effects of ginsenoside on neuronal injury induced by diabetes in GK rats. H&E staining was
performed on sections of the hippocampal CA1 region; magnification 40x. (A) The neurons in the hippocampal CA1 region of
the rats in the CON group were neat and intact, and the cytoplasm and nuclei were full and clearly visible. (B) The neurons

in the hippocampal CA1 region of were disturbed, loose,

the number of cells was decreased, and the cells demonstrated

nuclear pyknosis, chromatin aggregation, and cytoplasm reduction in the diabetic GK rat brains. (C) Ginsenoside treatment
significantly prevented neuronal cell loss in the hippocampal CA1 region. (D) Neuronal density of each group. GK — Goto-

Kakizaki; H&E — hematoxylin and eosin, CON — control.
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Figure 6. Hippocampal SOD and MDA levels in different groups (mean +SD, n=>5). Statistical analysis was performed using one-way
ANOVA with LSD post hoc test; * P<0.05 vs. the CON group, # P<0.05 vs. the DM group. LSD ,- least significant difference;
SOD - superoxide dismutase; MDA — malondialdehyde, CON — control; DM — diabetic model.

significantly increased in the rats in the DM group. After gin-
senoside administration, MDA activity was significantly de-
creased in the hippocampus compared with that in the DM
group (Figure 6A). Additionally, superoxide dismutase (SOD)
was obviously reduced in the hippocampus tissue from the DM

This work is licensed under Creative Common Attribution-
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group. However, administration of ginsenoside significantly in-
creased SOD activity (Figure 6B).
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Figure 7. (A—C) TNF-q, IL-1B, and IL-6 levels in the hippocampus of the 3 groups. The results are expressed as the mean +SD (n=5).
Statistical analysis was performed using one-way ANOVA with LSD post hoc test; * P<0.05 vs. the CON group, # P<0.05 vs. the
DM group. LSD - least significant difference; CON — control; DM — diabetic model.

Effects of ginsenoside on inflammatory cytokines in the
hippocampus of GK rats

The expression levels of inflammatory factors including TNF-c,
IL-1B, and IL-6 were obviously increased in the hippocampus
of the GK rats (P<0.01) compared to those of the CON group
(Figure 7A-7C). Ginsenoside treatment inhibited the inflam-
matory responses in the hippocampus of the diabetic GK rats.

Discussion

Diabetes is one of the most common chronic metabolic dis-
eases, and its morbidity is positively correlated with age. In
2015, an epidemiological survey showed that the global in-
cidence of diabetic patients aged 20 to 79 years old was ap-
proximately 8%, and the number is expected to reach to 9.9%
by 2030 [19]. Cognitive dysfunction is an important compli-
cation of diabetes [20-22]. Recent studies have shown that
the incidence of dementia increases with age in patients with
diabetes mellitus. A prospective study supports this conclu-
sion, stating that the risk of cognitive dysfunction in diabet-
ic patients is 1.5 times higher than in non-diabetic patients.

Type 2 diabetes is associated with an increased risk of cogni-
tive disfunction [23], mild cognitive impairment [24], and de-
mentia. These results have been proven in middle-aged [25-27]
and in old-age patients with diabetes. It is reported that even
prediabetes stages have been related to an increased risk for
cognitive impairment and an increased incidence of structur-
al brain damage. Similarly, impaired fasting glucose is also re-
lated to cognitive decline. The pathogenesis of cognitive de-
cline in diabetes is not clear. It is generally believed that it is
closely related to apoptosis, neurotrophic factor abnormali-
ties, and inflammatory factors.

SOD is an enzyme that catalyzes the partitioning of the super-
oxide radical into either non-toxic molecular oxygen or hydro-
gen peroxide. Hydrogen peroxide is continuously converted to

H,0 by glutathione peroxidase (GPx) using cytosolic GSH. When
these constituents of the antioxidant system are reduced, ROS
(reactive oxygen species) are not sufficiently scavenged, which
causes oxidative stress and can induce lipid peroxidation and
cell membrane deformation [28]. In addition, these stresses
are known to continuously cause cell death by producing MDA
and numerous free radicals. MDA is a secondary metabolite of
lipid peroxidation, and it is used as a biomarker for oxidative
stress during the onset of numerous diseases [28].

Ginseng is a traditional Chinese medicine which has a history
of use of thousands of years. Ginsenoside is one of the active
ingredients of ginseng, which has various pharmacological and
physiological effects, such as life-extending, anti-fatigue, and
anti-cancer effects. In addition, it is well known to people in
most parts of the world, and now more and more people are
paying attention to ginseng’s pharmacological action, especial-
ly in Asian countries such as Korea and Japan. Many studies
have shown that it has been used to treat diabetes mellitus.
Recent studies have demonstrated that ginsenoside has neu-
roprotective effects. In addition, it could play a major role in
treating neurodegenerative diseases and central nervous sys-
tem disorders. Increasing the number of newborn neurons, ex-
tending neurite growth and rescuing neurons have been pro-
posed as possible mechanisms of ginsenoside by interacting
with ligand-binding sites or channel pore sites in neuronal
and heterologous expressed cells through regulating various
types of ion channels and possibly inhibiting voltage-depen-
dent Ca?, K*, and Na* channel activities [29]. It can also en-
hance cognitive performance and mood.

In this study, we found that the blood glucose levels of the di-
abetic GK rats were significantly increased, the rats’ weights
were significantly reduced, and the water and food consump-
tion increased significantly compared with those same mea-
sures of the Wistar rats in the CON group. After ginsenoside
treatment, blood glucose was reduced, as well as water and
food consumption. We also found that the GK rats with hy-
perglycemia showed a decline in learning and memory in the
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Morris maze test. Ginsenoside reversed cognitive decline. As
shown in the H&E staining, the hippocampal neurons in the
GK rats were shrunk and even necrotic, and ginsenoside re-
versed this phenomenon. We also tested the expression of in-
flammatory factors TNF-o, IL-1B, and IL-6 and the oxidative
production of MDA and SOD. We found that the improvement
in cognitive function by ginseng may be related to the expres-
sion of inflammatory factors and oxidative products.

In conclusion, the present study clearly demonstrated that gin-
senoside improved cognitive decline in a diabetic GK rat mod-
el by decreasing oxidative stress and regulating the expres-
sion of inflammatory factors. Ginseng is a traditional Chinese
medicine with few side effects and demonstrated safety, so it
should be promoted clinically.
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Conclusions

Ginsenoside could ameliorate diabetic cognitive decline. The
possible mechanism was related to inhibiting brain oxidative/
nitrosative damage and affecting the expression of cytokines
such as IL-1p, IL-6, and TNF-c.
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