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Abstract: (1) Background: By 2050, it is estimated that 130 million people will be diagnosed with
dementia, and currently approved medicines only slow the progression. So preventive intervention
is important to treat dementia. Mild cognitive impairment is a condition characterized by some
deterioration in cognitive function and increased risk of progressing to dementia. Therefore, the
treatment of mild cognitive impairment (MCI) is a possible way to prevent dementia. Angelica gigas
reduces neuroinflammation, improves circulation, and inhibits cholinesterase, which can be effective
in the prevention of Alzheimer’s disease and vascular dementia and the progression of mild cognitive
impairment. (2) Methods: Angelica gigas (AG) extract 1 mg/kg was administered to mildly cognitive
impaired mice, models based on mild traumatic brain injury and chronic mild stress. Then, spatial,
working, and object recognition and fear memory were measured. (3) Result: Angelica gigas improved
spatial learning, working memory, and suppressed fear memory in the mild traumatic brain injury
model. It also improved spatial learning and suppressed cued fear memory in the chronic mild stress
model animals. (4) Conclusions: Angelica gigas can improve cognitive symptoms in mild cognitive
impairment model mice.
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1. Introduction

Mild cognitive impairment (MCI) refers to a condition in which one’s cognitive function is lower
than that of normal peers but not considered dementia [1,2]. However, patients with MCI have an
approximately 50% chance of developing Alzheimer’s disease within five years [3]. Dementia is not
curable. Therefore, it is important to prevent MCI from progressing into dementia. However, there is
no established treatment that prevents the progression of MCI to dementia [4].
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Animal models are needed to study MCI and develop therapeutics. An appropriate MCI model
may have symptoms aggravating with age, but with only subtle memory impairment [5]. Animal
models that meet these criteria include middle-aged rodents and transgenic mice that overexpress A β

at an early stage before the dementia onset [4]. Spontaneously hypertensive rats (SHRs) appear to
be appropriate as MCI models for vascular dementia, since hypertensive astrogliosis, cytoskeleton
breakdown, hippocampal atrophy, and cholinergic deficit prematurely appear prematurely in this
animal [6–8]. In contrast, drug-induced memory impairment models (such as those using scopolamine,
NMDA blockers, and benzodiazepines) are not appropriate because they do not represent the various
aspects of MCI [5].

Traumatic brain injury (TBI) is one of the most common brain injuries that causes a progressive
decline of memory and cognition [9]. Unlike severe TBI, moderate to minimal TBI tends to be overlooked.
However, even mild TBI can cause gradual amnesia, altered executive function, concentration disorders,
depression, apathy, and anxiety [8,10,11]. In particular, repetitive head injuries, such as those caused
by collision sports or motor vehicle accidents, are known to cause dementia [12]. Animal models of
TBI show a decrease in cognitive function that correlates to the extent of injury, the number of impacts,
and progressively worsens [13–15]. Therefore, the TBI model is a useful MCI research tool because it is
simple, progressive, reproducible, and the severity of cognitive decline is relative to the number of
impacts [16].

Chronic mild stress (CMS) is a behavioral model of depression that is caused by sequential
exposure to variable mild stressors. CMS is characterized by anhedonia that may be reversed by
chronic treatment with antidepressants [17]. However, most depression models show cognitive
decline. Also, in the CMS animal model, mild cognitive deficit is accompanied, and antidepressants
improve cognitive function in this model [18]. These memory deficits were related to the increased
phosphorylation of Tau and APP processing, and the application of stress to wild type mice was
suggested as an animal model of sporadic AD (Alzheimer’s disease) [19].

Currently, there are many methods on trial to prevent the progression of MCI to dementia. In
particular, nonpharmacological methods, such as cognitive leisure activities, education and exercise,
and pharmacological methods, such as vitamin E, donepezil, and intranasal insulin, have been
tried [20–23]. However, more research is needed to prove their efficacy.

Angelica gigas (AG) has been used in traditional medicine to improve circulation, physical
weakness, headache, dizziness, joint pain, abdominal pain, constipation, irregular menstruation, and
bruises, etc. [24]. Known bioactive components of AG include decursin, decursinol angelate, and
nodakenin [24]. It has been shown to improve liver function in rats treated with long-term ethanol. AG
also lowered LDL cholesterol and inhibited nicotine sensitization in rats [25,26]. Finally, AG attenuated
acetylcholinesterase activity and was neuroprotective against beta-amyloid peptide-induced memory
impairment [27]. According to these findings, the AG extract was tested in TBI and CMS models to
evaluate whether it would improve memory impairment in MCI.

2. Results

2.1. AG Improved TBI- and CMS-Induced Spatial Learning Deficit

The effect of AG on spatial learning and memory was measured using the Morris water maze
(Figure 1). During the five-day training, TBI impaired spatial learning. Supplementation of AG
improved the TBI-induced deficit in spatial learning (Figure 1A). CMS impaired spatial learning
(control vs. CMS), which improved following AG supplementation (CMS vs. CMS + AG) (Figure 1B).
The sucrose preference of the CMS mice gradually decreased over six weeks. This declining preference
meant that the mice developed an anhedonia-like tendency. AG did not affect this anhedonia-like
behavior (Figure S1).
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Figure 1. Spatial learning by Angelica gigas (AG) in traumatic brain injury (TBI) and chronic mild 
stress (CMS) mice as measured by the latency to the platform in the Morris water maze (MWM). (A) 
TBI model. There were repetitive training (within) effects [F(4,104) = 13.9, p < 0.001] and treatment 
group (between) effects [F(3,26) = 2.27, p = 0.044], but with non-significant within–between interaction 
differences [F(12,104) = 1.1, p = 0.36]. The post-hoc pairwise comparison showed a difference between 
control vs. TBI (p = 0.033), TBI vs. TBI + AG (p = 0.041). (B) CMS model. There were repetitive training 
effects [F(4,196) = 31.3, p < 0.001], treatment group effects [F(3,49) = 3.1, p = 0.034], and within–between 
interactions [F(12,196) = 2.2, p = 0.012]. Post-hoc pairwise comparison revealed a difference between 
the control and CMS groups (p = 0.019), AG vs. CMS (p = 0.01), CMS vs. CMS + AG (p = 0.042). All data 
were normally distributed and are represented as means ± S.E.M. Control: vehicle (DW) treated; AG: 
Angelica gigas 1 mg/kg; TBI: vehicle treated + traumatic brain injury; TBI + AG: Angelica gigas 1 
mg/kg + traumatic brain injury; CMS: vehicle treated + chronic mild stress; CMS + AG: Angelica gigas 
1 mg/kg + chronic mild stress. Repeated measure ANOVA, Tukey’s HSD post-hoc test. 

2.2. AG Improved Short-Term Working Memory 

The effect of AG on short-term working memory was measured using the Y-maze test (Figure 
2). TBI did not have a significant effect on the alternation behaviors. However, AG increased the 
alternation behavior in both TBI and normal mice (Figure 2A). Similarly, CMS did not affect the 
alternation behavior in CMS mice. In contrast, AG treatment increased the alternation behavior 
(Figure 2B) 

 
Figure 2. Short-term working memory by AG in TBI and CMS mice, measured by the percent 
alternation in the Y-maze. (A) TBI model. There were before–after (within) effects [F(1,28) = 3.57, p = 
0.012], treatment group (between) effects [F(3,28) = 3.23, p = 0.081], and within–between interactions 
[F(3,28) = 3.28, p = 0.036]. There were no before–after changes in the control (p = 0.6) and TBI (p = 0.38), 

Figure 1. Spatial learning by Angelica gigas (AG) in traumatic brain injury (TBI) and chronic mild
stress (CMS) mice as measured by the latency to the platform in the Morris water maze (MWM).
(A) TBI model. There were repetitive training (within) effects [F(4,104) = 13.9, p < 0.001] and treatment
group (between) effects [F(3,26) = 2.27, p = 0.044], but with non-significant within–between interaction
differences [F(12,104) = 1.1, p = 0.36]. The post-hoc pairwise comparison showed a difference between
control vs. TBI (p = 0.033), TBI vs. TBI + AG (p = 0.041). (B) CMS model. There were repetitive training
effects [F(4,196) = 31.3, p < 0.001], treatment group effects [F(3,49) = 3.1, p = 0.034], and within–between
interactions [F(12,196) = 2.2, p = 0.012]. Post-hoc pairwise comparison revealed a difference between
the control and CMS groups (p = 0.019), AG vs. CMS (p = 0.01), CMS vs. CMS + AG (p = 0.042). All
data were normally distributed and are represented as means ± S.E.M. Control: vehicle (DW) treated;
AG: Angelica gigas 1 mg/kg; TBI: vehicle treated + traumatic brain injury; TBI + AG: Angelica gigas
1 mg/kg + traumatic brain injury; CMS: vehicle treated + chronic mild stress; CMS + AG: Angelica gigas
1 mg/kg + chronic mild stress. Repeated measure ANOVA, Tukey’s HSD post-hoc test.

2.2. AG Improved Short-Term Working Memory

The effect of AG on short-term working memory was measured using the Y-maze test (Figure 2).
TBI did not have a significant effect on the alternation behaviors. However, AG increased the alternation
behavior in both TBI and normal mice (Figure 2A). Similarly, CMS did not affect the alternation behavior
in CMS mice. In contrast, AG treatment increased the alternation behavior (Figure 2B)
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Figure 2. Short-term working memory by AG in TBI and CMS mice, measured by the percent
alternation in the Y-maze. (A) TBI model. There were before–after (within) effects [F(1,28) = 3.57,
p = 0.012], treatment group (between) effects [F(3,28) = 3.23, p = 0.081], and within–between interactions
[F(3,28) = 3.28, p = 0.036]. There were no before–after changes in the control (p = 0.6) and TBI (p = 0.38),
but improvements in the AG (p = 0.008) and TBI + AG (p = 0.047). (B) CMS model. There were
before–after effects [F(1,36) = 6.2, p = 0.018] and treatment group effects [F(3,36) = 11.8, p < 0.001], but
no significant within–between interaction differences [F(3,36) = 1.5, p = 0.24]. There was no before–after
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change in the control group (p = 031), AG (p = 0.97) or CMS (p = 0.33) groups. However, there was
an increase of % alternation in the CMS + AG group (p = 0.006). All data were normally distributed
and are represented as means ± S.E.M. Control: vehicle (DW) treated; AG: Angelica gigas 1 mg/kg; TBI:
vehicle treated + traumatic brain injury; TBI+AG: Angelica gigas 1 mg/kg + traumatic brain injury; CMS:
vehicle treated + chronic mild stress; CMS+AG: Angelica gigas 1 mg/kg + chronic mild stress. Repeated
measures ANOVA, Tukey’s HSD post-hoc test.

2.3. AG Had No Effect on Object Recognition Memory

The effect of AG on recognition memory was measured in the novel object test (Figure 3). AG had
no effect on normal mice. However, the recognition memory in TBI model mice declined with AG
treatment. The absence of a before–after change in the AG treated TBI group meant that AG prevented
the adverse effect of TBI (Figure 3A). There was no significant effect of CMS and AG treatment on the
recognition memory (Figure 3B)
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the control animals. AG treatment lowered the acquisition of fear memory in the TBI model mice 
(Figure 4A). There was no significant effect of TBI and AG on the consolidated contextual and cued 
fear memory (Figure 4B,C). The acquisition of fear memory in the CMS mice was lower than that of 
controls. There was no difference in the fear acquisition after AG treatment in CMS mice (Figure 4D). 
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Figure 3. Object recognition memory by AG in the TBI and CMS mice as measured by the recognition
time index in the novel object test. (A) TBI model. There were before–after (within) effects [F(1,28) = 8.3,
p = 0.008], treatment group (between) effects [F(3,28) = 0.67, p = 0.58], and within–between interaction
effects [F(3,28) = 3.6, p = 0.026]. There was no before–after change in the control (p = 0.93), AG (p = 0.59)
and TBI + AG (p = 0.97) groups, but there were decreases in the TBI (p = 0.001) group. (B) CMS
model. There were no before-after effects [F(1,36) = 0.32, p = 0.57], treatment group effects [F(3,36) = 1.2,
p = 0.31], or within–between interactions [F(3,36) = 0.12, p = 0.95]. All data were normally distributed
and are represented as means ± S.E.M. Control: vehicle (DW) treated; AG: Angelica gigas 1 mg/kg; TBI:
vehicle treated + traumatic brain injury; TBI + AG: Angelica gigas 1 mg/kg + traumatic brain injury;
CMS: vehicle treated + chronic mild stress; CMS+AG: Angelica gigas 1 mg/kg + chronic mild stress.
Repeated measures ANOVA, Tukey’s HSD post-hoc test.

2.4. The Effect of AG on Fear Memory

The effect of AG on fear memory was measured using the fear conditioning paradigm (Figure 4).
The acquisition of fear memory in the TBI mouse model was not statistically higher than that of
the control animals. AG treatment lowered the acquisition of fear memory in the TBI model mice
(Figure 4A). There was no significant effect of TBI and AG on the consolidated contextual and cued fear
memory (Figure 4B,C). The acquisition of fear memory in the CMS mice was lower than that of controls.
There was no difference in the fear acquisition after AG treatment in CMS mice (Figure 4D). Compared
to the normal mice, the CMS, AG, and CMS + AG mouse groups had lower levels of consolidated
contextual fear memory. However, there were no differences among the CMS, AG, and CMS + AG
groups (Figure 4E). Compared to normal mice, the AG and CMS + AG groups had lower levels of
consolidated cued fear memory. In addition, AG reduced the consolidated cued fear memory in the
CMS group of mice (Figure 4F).
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Figure 4. Fear memory by AG in TBI and CMS mice, as measured by the freezing time in the fear
conditioning test. (A) Fear acquisition in the TBI model. There were time (within) effects [F(5,140) = 45.7,
p < 0.001], treatment group (between) effects [F(3,28) = 3.25, p = 0.03], but no within–between interaction
differences [F(15,140) = 1.1, p = 0.36]. There were no differences between the treatment groups at
base, cue1, cue2, cue3, or cue4. However, the differences between the TBI and TBI + AG groups were
significant (p = 0.039). In addition, the differences between the TBI and control groups (p = 0.16), and
TBI vs. AG (p = 0.13) groups were not significant. (B) Consolidated contextual fear memory in TBI
model. There were no group differences in the freezing response to the context [F(3,28) = 0.36, p = 0.78).
(C) Consolidated cued fear in the TBI model. There were procedure (within) effects [F(1, 28) = 61.6,
p < 0.001], no treatment group (between) effects [F(3,28) = 0.29, p = 0.83], or within–between interactions
[F(3,28) = 0.64, p = 0.59]. There was a significant increase in the freezing comparing cue vs. precue in the
control (p < 0.001), AG (p < 0.001), TBI (p = 0.005), and TBI + AG groups (p < 0.001). (D) Fear acquisition
in the CMS model. There were time (within) effects [F(5,95) = 27.8, p < 0.001], treatment group (between)
effects [F(3,19) = 4.9, p = 0.011], but no within–between interaction effects [F(15,95) = 0.47, p = 0.95].
Fear acquisition in AG (p = 0.021), CMS (p = 0.035), and CMS + AG (p = 0.001) were lower than controls
throughout the fear acquisition procedure. There were no statistical differences among the AG, CMS,
and CMS + AG groups. (E) Consolidated contextual fear memory in the CMS model. There were
group differences in the freezing response to the context [F(3,19) = 9.8, p < 0.001). The contextual fear
in AG (p = 0.002), CMS (p = 0.008), and CMS + AG (p < 0.001) was lower than those of the controls.
(F) Consolidated cued fear in the CMS model. There were procedure (within) effects [F(1,19) = 54.7,
p < 0.001], treatment group (between) effects [F(3,19) = 9.3, p = 0.001], and within–between interaction
differences [F(3,19) = 4.8, p = 0.012]. There was a significant increase in freezing between cue and precue
in the control (p < 0.001), CMS (p < 0.001), and CMS + AG (p = 0.002) groups, but not in the AG group
(p = 0.31). At pre-cue, the control vs. CMS + AG (p = 0.001) groups were statistically different. At cue,
the control vs. AG, (p = 0.004); control vs. CMS + AG, (p < 0.001); CMS vs. CMS + AG, (p = 0.017) were
all statistically different. All data were normally distributed and are represented as means ± S.E.M.
Control: vehicle (DW) treated; AG: Angelica gigas 1 mg/kg; TBI: vehicle treated + traumatic brain injury;
TBI + AG: Angelica gigas 1 mg/kg + traumatic brain injury; CMS: vehicle treated + chronic mild stress;
CMS + AG: Angelica gigas 1 mg/kg + chronic mild stress. ** p < 0.01, *** p < 0.001 vs. control. # p < 0.05
vs. CMS. ANOVA and repeated measures ANOVA, Tukey’s HSD post-hoc test.
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3. Discussion

We investigated whether AG extract could prevent the progression of cognitive decline or improve
memory in MCI models. We found that AG improved spatial learning and working memory but
suppressed fear memory in the TBI model. In the CMS model, AG improved spatial learning and
suppressed the cued fear memory.

MCI is a condition that increases a patient’s risk of developing dementia. Therefore, it is important
that MCI is diagnosed early in order to prevent or limit dementia development [4]. Methods to
improve sleep disorders, depression, one’s social network, and physical exercise are considered
for the treatment of MCI [28–30]. Pharmacological interventions, such as cholinesterase inhibitors,
nonsteroidal anti-inflammatory drugs, estrogen replacement therapy, Gingko biloba, and vitamin E,
have not shown to prevent MCI progression to dementia [4].

The roots of AG have been used in traditional medicine to improve blood flow and anemia. They
have also been used for their analgesic properties [31]. AG improves spatial memory, avoidance
memory, and working memory in dementia models [27]. Among the components of AG, decursinol
showed the highest inhibitory activity toward acetylcholinesterase [32]. Therefore, AG is expected to
improve cognitive impairment in animal models.

In order to develop a valid MCI animal model, there must be subtle memory impairment [5]. The
presence of depression-like symptoms may also be an important factor in the MCI model. Dementia
and depression are known to have many associations. For instance, 60% of MCI cases that progress to
AD are accompanied by depression [33].

The defect in a TBI model varies depending on the hitting area and velocity [14]. In contrast
with severe TBI, mild TBI has minimal histological changes but apparent cognitive and emotional
problems [8]. This association suggests that mild TBI can be used as an MCI model [34]. Such spatial
memory deficit occurred in our TBI model mice, but other reflexes (such as the paw withdrawal reflex,
righting reflex, and corneal reflex) were maintained (data not shown). Also, TBI is commonly known
to cause disturbances in working memory. TBI in the parietotemporal regions has been shown to cause
working memory deficits in mice [35]. However, working memory was normal in the mild TBI model
made by repeated frontal impact; therefore, working memory is not always compromised in TBI [36].
Our measurements of working memory did not differ in the TBI model. Another common problem
in TBI is the inability to recognize the source of information, such as facial recognition [37]. Face
recognition memory corresponds to animal object recognition memory. There was a deficit in animal
object recognition memory in the TBI models [38]. The TBI mice in this study also had decreased object
recognition memory. These model mice also showed heightened fear memory; however, the results
are controversial. One group found that there was no difference between normal animals and a mild
repeated frontal TBI model with regard to conditioned fear after a severe CCI impact to the left parietal
cortex [36]. However, a single impact above the skull increased anxiety and contextual fear in rats [39].
In mice, hippocampal-dependent fear memory decreased, but cued-dependent fear memory was not
affected by TBI [40]. In our results, there was an enhanced acquisition of contextual fear in the TBI
mice. However, after 24 h, the consolidated level of contextual and cued memory was not different
with control animals.

Stress has a variety of effects on cognitive function [41]. CMS is a depression model also
characterized by a decrease in cognitive function associated with neuroimmune, neuroendocrine, and
neurogenesis functions [4]. In this experiment, the CMS animals displayed anhedonia-like behaviors in
the sucrose preference test and deficits in spatial memory. In other studies using CMS models, working
memory was reduced in rats but was maintained in mice [42,43]. Our study similarly found that
there was no working memory deficit in CMS mice. Reduction in object recognition memory in mice
and increased contextual fear in rats were reported previously [42,44]. In the present study, CMS did
not affect object recognition memory, but fear acquisition and contextual consolidation were reduced.
These findings were inconsistent; however, rats that were exposed to social instability stress (daily
1-h isolation, change of cage partners) showed deficits in contextual and cued memory [45,46]. Taken
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together, in the TBI mice, spatial learning and object recognition memory were degraded. However,
spatial memory, working memory, and fear memory were intact. In the CMS model, spatial memory
was degraded, but working and object recognition memory were not affected, and cued fear memory
was reduced.

AG has known antibacterial, immune-stimulating, antiplatelet aggregation, neuroprotective,
anti-inflammatory, and antioxidant properties [31]. We found that AG did not improve spatial memory
in normal mice. However, it did improve memory in TBI and CMS animals. In addition, AG treatment
led to improved working memory in normal mice of the TBI cohort. AG did not increase the recognition
memory of the normal mice. However, recognition memory was only abnormal in the TBI mice at
baseline. In the TBI and AG co-administration group, recognition memory was maintained. This result
suggests that AG can prevent TBI-induced deficit. In the CMS cohort, however, the object memory
of the CMS group was not affected. Therefore, AG also did not improve object memory in either the
normal or the CMS mice. With regard to fear memory, the contextual and cued consolidated fear
memory of normal and CMS mice were reduced in the CMS cohort. However, consolidated fear levels
were not affected in the TBI cohort. Among AG’s known effects, its cholinesterase inhibition, improved
blood flow, and anti-inflammatory properties may prevent cognitive decline and improve memory in
these mouse models [31,32].

In conclusion, AG prevented the deterioration of spatial learning and object recognition memory
in a mouse TBI model. AG also prevented the deterioration of spatial learning in the CMS model
mice and improved working memory in normal mice. As TBI is a cognitive impairment gradually
progresses, and chronic stress can cause AD-like pathologies, these findings suggest that AG may also
prevent progressive cognitive decline in MCI animal models, which may be worth further research.

4. Materials and Methods

4.1. Preparation of AG Extract

The dried AG root was purchased from the Junbu, Bonghwa, and Jecheon area and authenticated
by professor Hui Jin. A voucher specimen was deposited in the Myongji Bioefficiency Research Center,
Myongji University. AG was immersed in 70% ethanol and boiled for 4 h at 90 ◦C, 2 times. Then,
filtered extracts were concentrated up to 25 Brix at 60 ◦C by depressurized evaporation, and then
stored at 4 ◦C before using. The crude extract yield was 42.1% (w/w). The extract was dissolved in
distilled water for administration into animals. HPLC was used to examine whether extracts contained
nodakenin and decursin (Figure S2).

4.2. Animals and Experimental Groups

Seven-week-old male C57Bl/6 mice were purchased from Central Laboratory animals Inc. (Seoul,
Korea) (n = 32 for cohort 1, n = 40 for cohort 2). The mice were housed under constant temperature
and humidity with 12-h cycles of light/darkness. They had ad libitum access to rodent chow and water.
After a week of habituation, the mice were randomly assigned into experimental groups. The mice
in the TBI cohort were assigned to the following assignments: (1) control (n = 6): DW p.o. + no TBI;
(2) AG (n = 6): Angelica gigas 1 mg/kg p.o + no TBI; (3) TBI (n = 8): DW p.o. + TBI; (4) TBI + AG
(n = 12): Angelica gigas 1 mg/kg p.o. + TBI. The mice in the CMS cohort were assigned to the following
assignments: (1) control (n = 10): DW p.o. + no CMS; (2) AG (n = 10): Angelica gigas 1 mg/kg p.o + no
CMS; 3) CMS (n = 10): DW p.o. + CMS; 4) CMS + AG (n = 10): Angelica gigas 1 mg/kg p.o. + CMS.
The outline of the experimental procedures is schematically represented in Figure 5. Animal studies
were conducted in accordance with the Guide for the Care and Use of Laboratory Animals by the NIH.
The protocols were approved by the Institutional Animal Care and Use Committee of Kyung Hee
University (KHUASP(GC)-17-024).



Nutrients 2020, 12, 97 8 of 12Nutrients 2019, 11, x FOR PEER REVIEW 8 of 12 

 

 
Figure 5. Experimental outline of mild cognitive impairment mice models induced by TBI (Cohort 1) 
and CMS (Cohort 2). TBI: Traumatic brain injury, CCI: Controlled cortical impact, Y-maze : Y shaped 
maze test, NOT: Novel object test, MWM: Morris water maze, FC: Fear conditioning, CMS: Chronic 
mild stress. 

4.3. Creating Animal Models 

4.3.1. TBI Model 

A Cortical Contusion Injury device, which was purchased from Custom Design and Fabrication, 
Inc., (model eCCI-6.3), was used to simulate TBI. The mice were anesthetized with 3% isoflurane 
during the procedure. In order to induce TBI, a 3 mm rod impacted the scalp over the right 
hippocampal region at the velocity of 4 m/second and depth of 0.5 mm. This was repeated five times, 
with two days between each impact. Animals in the control and AG groups also underwent 
isoflurane anesthesia, but no impact. 
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4.3. Creating Animal Models

4.3.1. TBI Model

A Cortical Contusion Injury device, which was purchased from Custom Design and Fabrication,
Inc., (model eCCI-6.3), was used to simulate TBI. The mice were anesthetized with 3% isoflurane during
the procedure. In order to induce TBI, a 3 mm rod impacted the scalp over the right hippocampal
region at the velocity of 4 m/second and depth of 0.5 mm. This was repeated five times, with two days
between each impact. Animals in the control and AG groups also underwent isoflurane anesthesia,
but no impact.

4.3.2. CMS Model

The stress procedure lasted for six weeks. The mice were randomly subjected to two types of
stressors each day. The potential stressors included 2 h of immobilization, strobe light exposure,
white noise exposure, cat urine exposure, and overnight food deprivation, water deprivation, or light
exposure. During the weekend, the mice were exposed to wet bedding or a tilted cage for 24 h. The
control mice were left undisturbed in their home cage.

4.4. Behavioral Tests

4.4.1. Sucrose Preference

Anhedonia-like changes in the CMS mice were monitored using the sucrose preference test, which
was performed at the 2nd, 4th, and 6th week. Consumption of water and sucrose by a single caged
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mouse was measured from 6 p.m. to 9 a.m. The preference index was calculated as follows: [sucrose
consumption/(DW consumption + sucrose consumption)].

4.4.2. Morris Water Maze

The water tank (200 cm diameter) was filled 0.5 cm above the platform with tap water and made
opaque by white paint. For 5 days, the mice were trained to locate the submerged platform within
60 s according to the symbols placed around the walls. If the mouse was unable to escape within 60 s,
it was guided to the platform. Each day of training included 4 sessions, each of which started in a
different quadrant.

4.4.3. Y-Maze

The maze consisted of three corridors that were joined at the center at equal angles. After placing
a mouse in the maze, the movements were recorded for five minutes. An alternation was defined as a
sequential visit to each arm without the repetition of either of the two previous arms. The percent
alternation was calculated as the number of correct alternations per total arm visits minus 2.

4.4.4. Novel Object Test

In a plexiglas box (50 × 50 × 40 cm), two cylinder-shaped tin cans were introduced in two corners,
30 cm apart from each other. The mice were allowed to explore each object for 5 min. On the next
day, the object of the right corner was replaced with a box-shaped novel object. The time that the mice
spent exploring each object was recorded during the 5-min period. The animals were considered to be
exploring an object when they were facing or sniffing the object. The recognition index was calculated
by the ratio of time spent exploring the novel object over the total time spent exploring both objects.

4.4.5. Fear Conditioning

The fear conditioning test consisted of acquisition, contextual consolidation, and cued consolidation
phases. For the acquisition, the mice were placed in the Passive/Active avoidance system chamber
from Scitech Korea (model No. PAAS) and left undisturbed for two minutes. The subsequent sessions
comprised a conditioned stimulus (2000 Hz tone, 30 s) that co-terminated with an unconditioned
stimulus (electric foot shock, 0.45 mA, 2 s), and intertrial intervals (30 s) were repeated four times. The
mice were left in the chamber for an additional two minutes. Freezing was measured during the first
two minutes and last two minutes of the 4 intertrial intervals. On the following day, the animals were
placed in the chamber for five minutes. Freezing was measured as a contextual fear memory. On the
third day, the mice were placed in a novel chamber for three minutes, followed by three minutes of
exposure to a 2000 Hz tone. Freezing was measured before and during the tone exposure.

4.5. Statistical Analysis

Analysis of variance (ANOVA) and repeated measures ANOVA, following Tukey’s HSD post-hoc
test, were performed using SPSS 23 (IBM). p-Values < 0.05 were considered significantly different. The
normality of distribution of variables was tested by the Shapiro-Wilk test.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/1/97/s1,
Figure S1: Body weight and sucrose preference change in CMS mice; Figure S2: HPLC analysis of AG extract.

Author Contributions: Conceptualization, S.-D.J. and Y.H.K.; methodology, J.S.; formal analysis and investigation,
M.K., M.S. and H.-J.O.; investigation, W.B.; data curation, J.H.; writing—original draft preparation, S.M.;
writing—review and editing, H.P.; supervision, J.W.S. All authors have read and agreed to the published version
of the manuscript.

Funding: This research was funded by the Cooperative Research Program for Agriculture Science and Technology
Development, grant number PJ01331402.

http://www.mdpi.com/2072-6643/12/1/97/s1


Nutrients 2020, 12, 97 10 of 12

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References

1. Ebly, E.M.; Hogan, D.B.; Parhad, I.M. Cognitive impairment in the nondemented elderly. Results from the
Canadian Study of Health and Aging. Arch. Neurol. 1995, 52, 612–619. [CrossRef] [PubMed]

2. Graham, J.E.; Rockwood, K.; Beattie, B.L.; Eastwood, R.; Gauthier, S.; Tuokko, H.; McDowell, I. Prevalence
and severity of cognitive impairment with and without dementia in an elderly population. Lancet 1997, 349,
1793–1796. [CrossRef]

3. Tuokko, H.; Frerichs, R.; Graham, J.; Rockwood, K.; Kristjansson, B.; Fisk, J.; Bergman, H.; Kozma, A.;
McDowell, I. Five-year follow-up of cognitive impairment with no dementia. Arch. Neurol. 2003, 60, 577–582.
[CrossRef] [PubMed]

4. Chertkow, H.; Massoud, F.; Nasreddine, Z.; Belleville, S.; Joanette, Y.; Bocti, C.; Drolet, V.; Kirk, J.; Freedman, M.;
Bergman, H. Diagnosis and treatment of dementia: 3. Mild cognitive impairment and cognitive impairment
without dementia. CMAJ Can. Med. Assoc. J. J. De L’association Med. Can. 2008, 178, 1273–1285. [CrossRef]

5. Pepeu, G. Mild cognitive impairment: Animal models. Dialogues Clin. Neurosci. 2004, 6, 369–377.
6. Hernandez, C.M.; Hoifodt, H.; Terry, A.V., Jr. Spontaneously hypertensive rats: Further evaluation of

age-related memory performance and cholinergic marker expression. J. Psychiatry Neurosci. JPN 2003, 28,
197–209.

7. Terry, A.V., Jr.; Hernandez, C.M.; Buccafusco, J.J.; Gattu, M. Deficits in spatial learning and
nicotinic-acetylcholine receptors in older, spontaneously hypertensive rats. Neuroscience 2000, 101, 357–368.
[CrossRef]

8. Kibby, M.Y.; Long, C.J. Minor head injury: Attempts at clarifying the confusion. Brain Inj. 1996, 10, 159–186.
[CrossRef]

9. Stern, R.A.; Riley, D.O.; Daneshvar, D.H.; Nowinski, C.J.; Cantu, R.C.; McKee, A.C. Long-term consequences
of repetitive brain trauma: Chronic traumatic encephalopathy. PM R J. Inj. Funct. Rehabil. 2011, 3, S460–S467.
[CrossRef]

10. Arciniegas, D.; Adler, L.; Topkoff, J.; Cawthra, E.; Filley, C.M.; Reite, M. Attention and memory dysfunction
after traumatic brain injury: Cholinergic mechanisms, sensory gating, and a hypothesis for further
investigation. Brain Inj. 1999, 13, 1–13. [CrossRef]

11. Levin, H.S.; Mattis, S.; Ruff, R.M.; Eisenberg, H.M.; Marshall, L.F.; Tabaddor, K.; High, W.M., Jr.;
Frankowski, R.F. Neurobehavioral outcome following minor head injury: A three-center study. J. Neurosurg.
1987, 66, 234–243. [CrossRef]

12. Guskiewicz, K.M.; Marshall, S.W.; Bailes, J.; McCrea, M.; Cantu, R.C.; Randolph, C.; Jordan, B.D. Association
between recurrent concussion and late-life cognitive impairment in retired professional football players.
Neurosurgery 2005, 57, 719–726. [CrossRef] [PubMed]

13. Langlois, J.A.; Rutland-Brown, W.; Wald, M.M. The epidemiology and impact of traumatic brain injury: A
brief overview. J. Head Trauma Rehabil. 2006, 21, 375–378. [CrossRef] [PubMed]

14. Xiong, Y.; Mahmood, A.; Chopp, M. Animal models of traumatic brain injury. Nat. Rev. Neurosci. 2013, 14,
128–142. [CrossRef]

15. Mouzon, B.C.; Bachmeier, C.; Ferro, A.; Ojo, J.O.; Crynen, G.; Acker, C.M.; Davies, P.; Mullan, M.; Stewart, W.;
Crawford, F. Chronic neuropathological and neurobehavioral changes in a repetitive mild traumatic brain
injury model. Ann. Neurol. 2014, 75, 241–254. [CrossRef] [PubMed]

16. Creeley, C.E.; Wozniak, D.F.; Bayly, P.V.; Olney, J.W.; Lewis, L.M. Multiple episodes of mild traumatic brain
injury result in impaired cognitive performance in mice. Acad. Emerg. Med. 2004, 11, 809–819. [CrossRef]

17. Willner, P. Validity, reliability and utility of the chronic mild stress model of depression: A 10-year review
and evaluation. Psychopharmacology 1997, 134, 319–329. [CrossRef]

18. Song, L.; Che, W.; Min-Wei, W.; Murakami, Y.; Matsumoto, K. Impairment of the spatial learning and memory
induced by learned helplessness and chronic mild stress. Pharmacol. Biochem. Behav. 2006, 83, 186–193.
[CrossRef]

http://dx.doi.org/10.1001/archneur.1995.00540300086018
http://www.ncbi.nlm.nih.gov/pubmed/7763211
http://dx.doi.org/10.1016/S0140-6736(97)01007-6
http://dx.doi.org/10.1001/archneur.60.4.577
http://www.ncbi.nlm.nih.gov/pubmed/12707072
http://dx.doi.org/10.1503/cmaj.070797
http://dx.doi.org/10.1016/S0306-4522(00)00377-8
http://dx.doi.org/10.1080/026990596124494
http://dx.doi.org/10.1016/j.pmrj.2011.08.008
http://dx.doi.org/10.1080/026990599121827
http://dx.doi.org/10.3171/jns.1987.66.2.0234
http://dx.doi.org/10.1227/01.NEU.0000175725.75780.DD
http://www.ncbi.nlm.nih.gov/pubmed/16239884
http://dx.doi.org/10.1097/00001199-200609000-00001
http://www.ncbi.nlm.nih.gov/pubmed/16983222
http://dx.doi.org/10.1038/nrn3407
http://dx.doi.org/10.1002/ana.24064
http://www.ncbi.nlm.nih.gov/pubmed/24243523
http://dx.doi.org/10.1197/j.aem.2004.03.006
http://dx.doi.org/10.1007/s002130050456
http://dx.doi.org/10.1016/j.pbb.2006.01.004


Nutrients 2020, 12, 97 11 of 12

19. Cuadrado-Tejedor, M.; Ricobaraza, A.; Del Rio, J.; Frechilla, D.; Franco, R.; Perez-Mediavilla, A.; Garcia-Osta, A.
Chronic mild stress in mice promotes cognitive impairment and CDK5-dependent tau hyperphosphorylation.
Behav. Brain Res. 2011, 220, 338–343. [CrossRef]

20. Sattler, C.; Toro, P.; Schonknecht, P.; Schroder, J. Cognitive activity, education and socioeconomic status as
preventive factors for mild cognitive impairment and Alzheimer’s disease. Psychiatry Res. 2012, 196, 90–95.
[CrossRef]

21. Geda, Y.E.; Roberts, R.O.; Knopman, D.S.; Christianson, T.J.; Pankratz, V.S.; Ivnik, R.J.; Boeve, B.F.;
Tangalos, E.G.; Petersen, R.C.; Rocca, W.A. Physical exercise, aging, and mild cognitive impairment:
A population-based study. Arch. Neurol. 2010, 67, 80–86. [CrossRef] [PubMed]

22. Craft, S.; Baker, L.D.; Montine, T.J.; Minoshima, S.; Watson, G.S.; Claxton, A.; Arbuckle, M.; Callaghan, M.;
Tsai, E.; Plymate, S.R.; et al. Intranasal insulin therapy for Alzheimer disease and amnestic mild cognitive
impairment: A pilot clinical trial. Arch. Neurol. 2012, 69, 29–38. [CrossRef] [PubMed]

23. Petersen, R.C.; Thomas, R.G.; Grundman, M.; Bennett, D.; Doody, R.; Ferris, S.; Galasko, D.; Jin, S.; Kaye, J.;
Levey, A.; et al. Alzheimer’s Disease Cooperative Study Group. Vitamin E and donepezil for the treatment
of mild cognitive impairment. N. Engl. J. Med. 2005, 352, 2379–2388. [CrossRef] [PubMed]

24. Sarker, S.D.; Nahar, L. Natural medicine: The genus Angelica. Curr. Med. Chem. 2004, 11, 1479–1500.
[CrossRef]

25. Cha, Y.S.; Choi, D.S.; Oh, S.H. Effects of Angelica gigas Nakai diet on lipid metabolism, alcohol metabolism
and liver function of rats administered with chronic ethanol. Appl. Biol. Chem. 1999, 42, 29–33.

26. Zhao, R.J.; Koo, B.S.; Kim, G.W.; Jang, E.Y.; Lee, J.R.; Kim, M.R.; Kim, S.C.; Kwon, Y.K.; Kim, K.J.; Huh, T.L.; et al.
The essential oil from Angelica gigas NAKAI suppresses nicotine sensitization. Biol. Pharm. Bull. 2005, 28,
2323–2326. [CrossRef]

27. Yan, J.J.; Kim, D.H.; Moon, Y.S.; Jung, J.S.; Ahn, E.M.; Baek, N.I.; Song, D.K. Protection against beta-amyloid
peptide-induced memory impairment with long-term administration of extract of Angelica gigas or decursinol
in mice. Prog. Neuro-Psychopharmacol. Biol. Psychiatry 2004, 28, 25–30. [CrossRef]

28. Reischies, F.M.; Neu, P. Comorbidity of mild cognitive disorder and depression–a neuropsychological
analysis. Eur. Arch. Psychiatry Clin. Neurosci. 2000, 250, 186–193. [CrossRef]

29. Fratiglioni, L.; Wang, H.X.; Ericsson, K.; Maytan, M.; Winblad, B. Influence of social network on occurrence
of dementia: A community-based longitudinal study. Lancet 2000, 355, 1315–1319. [CrossRef]

30. Laurin, D.; Verreault, R.; Lindsay, J.; MacPherson, K.; Rockwood, K. Physical activity and risk of cognitive
impairment and dementia in elderly persons. Arch. Neurol. 2001, 58, 498–504. [CrossRef]

31. Sowndhararajan, K.; Kim, S. Neuroprotective and Cognitive Enhancement Potentials of Angelica gigas Nakai
Root: A Review. Sci. Pharm. 2017, 85, 21. [CrossRef] [PubMed]

32. Kang, S.Y.; Lee, K.Y.; Sung, S.H.; Park, M.J.; Kim, Y.C. Coumarins isolated from Angelica gigas inhibit
acetylcholinesterase: Structure-activity relationships. J. Nat. Prod. 2001, 64, 683–685. [CrossRef] [PubMed]

33. Visser, P.J.; Verhey, F.R.; Ponds, R.W.; Kester, A.; Jolles, J. Distinction between preclinical Alzheimer’s disease
and depression. J. Am. Geriatr. Soc. 2000, 48, 479–484. [CrossRef] [PubMed]

34. Milman, A.; Rosenberg, A.; Weizman, R.; Pick, C.G. Mild traumatic brain injury induces persistent cognitive
deficits and behavioral disturbances in mice. J. Neurotrauma 2005, 22, 1003–1010. [CrossRef]

35. Eakin, K.; Baratz-Goldstein, R.; Pick, C.G.; Zindel, O.; Balaban, C.D.; Hoffer, M.E.; Lockwood, M.; Miller, J.;
Hoffer, B.J. Efficacy of N-acetyl cysteine in traumatic brain injury. PLoS ONE 2014, 9, e90617. [CrossRef]

36. Cheng, J.S.; Craft, R.; Yu, G.Q.; Ho, K.; Wang, X.; Mohan, G.; Mangnitsky, S.; Ponnusamy, R.; Mucke, L. Tau
reduction diminishes spatial learning and memory deficits after mild repetitive traumatic brain injury in
mice. PLoS ONE 2014, 9, e115765. [CrossRef]

37. Dywan, J.; Segalowitz, S.J.; Henderson, D.; Jacoby, L. Memory for source after traumatic brain injury. Brain
Cogn. 1993, 21, 20–43. [CrossRef]

38. Gauthier, I.; Tarr, M.J.; Anderson, A.W.; Skudlarski, P.; Gore, J.C. Activation of the middle fusiform ‘face area’
increases with expertise in recognizing novel objects. Nat. Neurosci. 1999, 2, 568–573. [CrossRef]

39. Meyer, D.L.; Davies, D.R.; Barr, J.L.; Manzerra, P.; Forster, G.L. Mild traumatic brain injury in the rat alters
neuronal number in the limbic system and increases conditioned fear and anxiety-like behaviors. Exp. Neurol.
2012, 235, 574–587. [CrossRef]

http://dx.doi.org/10.1016/j.bbr.2011.01.005
http://dx.doi.org/10.1016/j.psychres.2011.11.012
http://dx.doi.org/10.1001/archneurol.2009.297
http://www.ncbi.nlm.nih.gov/pubmed/20065133
http://dx.doi.org/10.1001/archneurol.2011.233
http://www.ncbi.nlm.nih.gov/pubmed/21911655
http://dx.doi.org/10.1056/NEJMoa050151
http://www.ncbi.nlm.nih.gov/pubmed/15829527
http://dx.doi.org/10.2174/0929867043365189
http://dx.doi.org/10.1248/bpb.28.2323
http://dx.doi.org/10.1016/S0278-5846(03)00168-4
http://dx.doi.org/10.1007/s004060070023
http://dx.doi.org/10.1016/S0140-6736(00)02113-9
http://dx.doi.org/10.1001/archneur.58.3.498
http://dx.doi.org/10.3390/scipharm85020021
http://www.ncbi.nlm.nih.gov/pubmed/28452965
http://dx.doi.org/10.1021/np000441w
http://www.ncbi.nlm.nih.gov/pubmed/11374978
http://dx.doi.org/10.1111/j.1532-5415.2000.tb04992.x
http://www.ncbi.nlm.nih.gov/pubmed/10811539
http://dx.doi.org/10.1089/neu.2005.22.1003
http://dx.doi.org/10.1371/journal.pone.0090617
http://dx.doi.org/10.1371/journal.pone.0115765
http://dx.doi.org/10.1006/brcg.1993.1002
http://dx.doi.org/10.1038/9224
http://dx.doi.org/10.1016/j.expneurol.2012.03.012


Nutrients 2020, 12, 97 12 of 12

40. Lifshitz, J.; Witgen, B.M.; Grady, M.S. Acute cognitive impairment after lateral fluid percussion brain injury
recovers by 1 month: Evaluation by conditioned fear response. Behav. Brain Res. 2007, 177, 347–357.
[CrossRef]

41. McEwen, B.S.; Sapolsky, R.M. Stress and cognitive function. Curr. Opin. Neurobiol. 1995, 5, 205–216.
[CrossRef]

42. Henningsen, K.; Andreasen, J.T.; Bouzinova, E.V.; Jayatissa, M.N.; Jensen, M.S.; Redrobe, J.P.; Wiborg, O.
Cognitive deficits in the rat chronic mild stress model for depression: Relation to anhedonic-like responses.
Behav. Brain Res. 2009, 198, 136–141. [CrossRef] [PubMed]

43. Pothion, S.; Bizot, J.C.; Trovero, F.; Belzung, C. Strain differences in sucrose preference and in the consequences
of unpredictable chronic mild stress. Behav. Brain Res. 2004, 155, 135–146. [CrossRef] [PubMed]

44. Haridas, S.; Kumar, M.; Manda, K. Melatonin ameliorates chronic mild stress induced behavioral dysfunctions
in mice. Physiol. Behav. 2013, 119, 201–207. [CrossRef]

45. Wright, R.L.; Conrad, C.D. Chronic stress leaves novelty-seeking behavior intact while impairing spatial
recognition memory in the Y-maze. Stress 2005, 8, 151–154. [CrossRef]

46. Morrissey, M.D.; Mathews, I.Z.; McCormick, C.M. Enduring deficits in contextual and auditory fear
conditioning after adolescent, not adult, social instability stress in male rats. Neurobiol. Learn. Mem. 2011, 95,
46–56. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.bbr.2006.11.014
http://dx.doi.org/10.1016/0959-4388(95)80028-X
http://dx.doi.org/10.1016/j.bbr.2008.10.039
http://www.ncbi.nlm.nih.gov/pubmed/19038290
http://dx.doi.org/10.1016/j.bbr.2004.04.008
http://www.ncbi.nlm.nih.gov/pubmed/15325787
http://dx.doi.org/10.1016/j.physbeh.2013.06.015
http://dx.doi.org/10.1080/10253890500156663
http://dx.doi.org/10.1016/j.nlm.2010.10.007
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	AG Improved TBI- and CMS-Induced Spatial Learning Deficit 
	AG Improved Short-Term Working Memory 
	AG Had No Effect on Object Recognition Memory 
	The Effect of AG on Fear Memory 

	Discussion 
	Materials and Methods 
	Preparation of AG Extract 
	Animals and Experimental Groups 
	Creating Animal Models 
	TBI Model 
	CMS Model 

	Behavioral Tests 
	Sucrose Preference 
	Morris Water Maze 
	Y-Maze 
	Novel Object Test 
	Fear Conditioning 

	Statistical Analysis 

	References

