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Abstract

:

Background: Cognitive disorders are symptoms of degenerative neuronal diseases such as Alzheimer’s disease (AD). This study evaluated the effects of a mixture of Gastrodiae elata (GE) and Glycyrrhizae uralensis (GU) (GGW) on scopolamine-treated cognitive function disorders in vivo. Methods: To induce memory impairment and cognitive disorder, C57BL/6 mice were intraperitoneally administered scopolamine. In the experimental period, the Y-maze, passive avoidance, and water maze tests were carried out to measure the ameliorative effect of GGW on cognitive function disorder. The expression of amyloid-β (Aβ), brain-derived neurotrophic factor (BDNF), and acetylcholinesterase (AChE) in the hippocampal tissues were measured. In addition, to assess the effect of GGW on brain tissue, tissues were stained using hematoxylin and eosin (H&E). Results: GGW treatment improved latencies in the Y-maze, water maze, and passive avoidance tests compared with scopolamine treatment alone. GGW administration downregulated Aβ and AChE expression. In addition, BDNF expression was upregulated by GGW administration. Conclusion: These results suggest that GGW ameliorates impaired cognitive function in a scopolamine-induced mouse model. In addition, GGW could control the pathway of scopolamine-induced cognitive disorders by regulating Aβ, AChE, and BDNF. These results suggest that GGW could be used as a treatment agent for cognitive dysfunction.
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1. Introduction


Cognitive impairment has a negative effect on cognition; that is, the ability to retrieve and store information [1]. In addition, cognitive impairment, including memory and learning failure, can be initial manifestations of neurodegenerative diseases [2] and hippocampal lesions [3]. Such cognitive dysfunction frequently presents as degenerative diseases with increasing age [4]. Many patients with cognitive impairments suffer from persistent symptoms and enormous medical expenses, which lead to social and financial problems [5]. Acetylcholinesterase inhibitors (AChEIs) (donepezil, rivastigmine, and galantamine, etc.) have been applied to remedy symptoms of mild cognitive decline [6,7]. Among AChEIs, donepezil is most frequently prescribed to patients with cognitive disorder [8] as it ameliorates acetylcholinesterase (AChE) activation in the hippocampus and cerebral cortex [9]. Despite having a clear mechanism of action, donepezil causes various adverse reactions such as diarrhea, nausea, chronic fatigue, vomiting, and insomnia [10]. Therefore, it is necessary to identify medicines of natural origin that can reduce adverse effects.



Among the various animal models of cognitive impairment, scopolamine is frequently used as a muscarinic receptor antagonist [11]. Scopolamine promotes learning delay and memory deficiency in dementia and Alzheimer’s disease (AD) models [12]. Scopolamine leads to neurocognitive disease by competitively blocking muscarinic acetylcholine (ACh) receptors and neuronal signal propagation [13]. Moreover, scopolamine causes increased ACh in the nervous system, resulting in damage to hippocampal tissues, leading to poor learning and cognitive impairment [14,15]. For this reason, the application of scopolamine is appropriate in an experimental mouse model of cognitive dysfunction.



The hippocampus, consisting of the dentate cornu ammonis (CA) 1–3 areas and gyrus, plays an important part in cognition processing, including the consolidation of memory and the learning and retrieval of information [16]. In cognitive disorders, memory loss is followed by a gradual decline of cholinergic function during hippocampal degeneration [17,18]. Amyloid β (Aβ) accumulation in the hippocampus occurs prior to cognitive decline and leads to neuronal cell inflammation, neurofibrillary tangles, and eventually, neuronal cell death [19,20]. For this reason, drug development has focused on ameliorating excess Aβ to protect neurons and the brain [21]. The cleaved Aβ precursor protein generates Aβ and self-aggregates into various oligomer sizes. Aggregated Aβ interrupts oxidative metabolism, mitochondrial activity, and cell apoptosis [22]. Aβ oligomer accumulation has also been found in degenerative neuronal diseases, such as cognitive disorders and AD [23].



Brain-derived neurotrophic factor (BDNF) performs as a role in memory learning, cognitive function, and regulation of synaptic plasticity [24]. BDNF is also related to neuronal cell growth and survival, and neurotransmitter release [25]. Elevated BDNF expression and ACh levels are essential for maintaining cognitive function, memory retrieval, and nerve growth in basal forebrain [26]. In the cholinergic system, decreased levels of ACh result in excessive AChE expression, causing cognitive disorders and memory dysfunction [27]. Upregulated AChE, found in the hippocampus and cortex of patients with AD, causes cognitive disorders [28]. The fragmentation and cleaved amyloid precursor protein (APP) is caused by β- and γ-secretase (BACE-1), a major enzyme in the nervous system [29]. Therefore, treatment of cognitive disorders by ameliorating BDNF, AChE, and BACE-1 is necessary.



Gastrodia elata Blume (GE), used as a traditional medicine and dietary supplement, has been used to cure dizziness, headaches, and rheumatic inflammation [30]. Some rhizomes of GE have been used in major medical applications, including polysaccharides, phenolic compounds, and organic acids [31]. Gastrodin is considered the main bioactive constituent of the rhizome of GE [32]. Previous studies have shown that GE has various beneficial effects for depression [33], diabetes [34], obesity [35], vascular inflammation [36], and colon cancer [37]. Moreover, GE has been announced to prevent against H2O2-induced neuronal cell cytotoxicity [38], alleviate Parkinson’s disease induced by L-DOPA administration [39], Alzheimer’s disease [40], and cognitive dysfunction [41]. Glycyrrhiza uralensis (GU) has been used in Asia as a herbal alternative medicine [42] and is known to remedy skin diseases, digestive disorders, and respiratory diseases [43]. Various pharmaceutical constituents of GU are flavonoids and triterpenoid saponins, such as liquiritin, licochalcones, liquiritigenin, glycyrrhizic acid, and glycyrrhetinic acid [43]. These constituents of GU have been reported to exhibit anti-inflammatory [44], antioxidant [45], antiviral [46], and antibacterial effects [47]. In addition, both GE and GU have been shown to have therapeutic effects on neuronal diseases, such as neurotoxicity [48] and cholinergic memory loss [49]. However, the effectiveness of a mixture of GE and GU for cognitive disorders in vivo has not yet been uncovered.



This study aimed to reveal the effect of a mixture of GE and GU on scopolamine-induced cognitive disorder in vivo. To establish their regulatory effects on cognitive function, behavioral tests such as the water maze, Y-maze, and passive avoidance tests were conducted. In addition, we measured AChE, BDNF, and BACE-1 expression levels to determine the pathway of such cognitive disorders.




2. Materials and Methods


2.1. Reagents


Primary antibodies (BDNF, p-APP, β-actin) for performing Western blot analysis were acquired from Cell Signaling Technology (Danvers, MA, USA). Primary BACE-1 antibody for Western blotting was acquired from Abcam (Cambridge, MA, USA). Secondary antibodies (anti-rabbit or anti-mouse monoclonal antibodies) were obtained from Jackson ImmunoResearch (West Grove, PA, USA). Additionally, 10× phosphate buffer saline (PBS) was obtained from ELPIS BIOTECH (Daejeon, Republic of Korea) and bovine serum albumin (BSA) was obtained from MPbio Chemicals (Irvine, CA, USA). The Total BDNF ELISA kit was obtained from R&D Systems (Minneapolis, MN, USA). AChE and Aβ ELISA kits were purchased from NOVUS Biologicals (Centennial, CO, USA). Donepezil (purity 98%) and scopolamine (purity 95%) were acquired from Sigma Aldrich (St. Louis, MO, USA).




2.2. GE and GU Extract Preparation


The gastrodia elata‘s rhizome (GER), cultivated in Muju-gun, 30 kg was obtained by MJ HEALTH FOOD Co., Ltd. (Muju-gun, Jeollabuk-do, Republic of Korea) and was decocted into 300 L of distilled water for 6 h at 90 °C. A 25 μm polyethersulfone syringe filter was used to filter the GER extract. The vacuum evaporation was performed at 65 °C. The concentrated substrate was deep-frozen over a 24 h period at −75 °C before being freeze-dried at −85 °C at a chamber pressure of 5 mTorr for 60 h (Yield of GER; 14.6%). The glycyrrhiza uralensis‘s radix (GUR) was obtained by MJ HEALTH FOOD Co., Ltd. (Muju-gun, Jeollabuk-do, Republic of Korea) and 15 kg was decocted with 150 L of sterile distilled water for 3 h at 100 °C. The GUR extract was filtrated through a 25 μm polyethersulfone filter, and then vacuum evaporation was performed at 65 °C. Afterward, the concentrated substrate was deep-frozen for 24 h at −75 °C, and then freeze-dried for 48 h at a chamber pressure of 5 mTorr condition at −85 °C (Yield of GUR; 19.2%). The ratio of the mixture of GER and GUR was 7:3. This mixture is referred to as GGW73.




2.3. Animals


Male C57BL/6 eight-week-old mice (DBL, Eumseong, Republic of Korea) were acclimated for one week to the absence of specific pathogens before the behavioral experiment. A temperature of 21 ± 2 °C and a humidity of 45–55% were maintained for experimental mice under a light and dark cycle for 12 h and placed in a cage. Tap water and feed were provided ad libitum. All experiments were conducted in accordance with the National Institutes of Health Guidelines for the Care and Use of Laboratory Animals, and the Institutional Animal Care and Use Committee of Woosuk University (approval ID: WS2020-08).



Mice were randomly divided into eight groups (group 1, control 0.9% saline; group 2, scopolamine (SCP) 1 mg/kg; group 3, SCP + GER 100 mg/kg; group 4, SCP + GUR 100 mg/kg; group 5, SCP + GGW73 10 mg/kg; group 6, SCP + GGW73 100 mg/kg; group 7, SCP + GGW73 200 mg/kg, and; group 8, SCP + Donepezil 5 mg/kg). GER, GUR, and GGW73 extracts were orally administered daily for 12 days. The extracts were orally administered 1 h before behavioral tests. Scopolamine was orally administered 30 min prior to the behavioral test. On the last day of the experiment, brain tissues were collected and used for analysis. Serum blood urea nitrogen (BUN), aspartate aminotransferase (AST), alanine aminotransferase (ALT), and creatinine levels were quantified.



To measure the toxicity of GGW73 in mice, we orally administered various concentrations (312.5, 625, 1250, 2500, 5000 mg/kg) of GGW73 to 6-week-old ICR mice for 2 weeks. On the final experimental day, mouse blood was isolated from the orbital venous plexus. The serum was then separated by centrifugation (12,879× g, 10 min). Serum ALT, AST, creatinine, and BUN levels were measured using SCL (Yongin, Gyeonggi-do, Republic of Korea).




2.4. Y-Maze Test


A Y-shaped maze with three arms at 120 °C from each other (35 × 10 × 15) was used to conduct the Y-maze test. Each arm was identified as A, B, or C. Mice were allowed to freely search the three arms. The locomotion activities were quantified using the total number of arm entries during a 5 min session. Spontaneous alternation was defined as entering all three arms on consecutive occasions. The following calculation is defined as the percentage of alternation:


    n u m b e r   o f   a l t e r n a t i o n s   /   t o t a l   a r m   e n t r i e s −   2       ×   100  












2.5. Passive Avoidance Test


The passive avoidance test was carried out in two chambers that were juxtaposed as illuminated and dark chambers. Each test involved a training trial and a test trial. To test the training trial, an illuminated chamber was prepared to place mice initially placed in it. When the mouse entered the dark chamber, an electrical shock (0.3 mA) was delivered through stainless steel rods for 3 s. Once the mouse entered the dark compartment, latency times were measured using a stopwatch. 24 h after the training trial, a test trial was conducted, and latency times to enter the dark chamber again were checked for up to 180 s.




2.6. Water Maze Test


To test the water maze, a tank (45 cm height and 85 cm in diameter) filled with water at approximately 25 °C was used. One of quadrants contained a 8-cm diameter circular escape platform placed at a fixed position 1 cm below the water surface. Visual cues were observed around the maze. The training trials were tested twice daily for 5 days. To search for the platform, the mice were randomly placed in the water in a quadrant and were given 120 s. The mice were permitted to stay on the platform for 10 s, if the mice successfully escaped onto the platform within the given time. The mice were led to the platform and allowed to stay there for 10 s, if the mice did not find the platform within the given time. The test trials measured the time taken to reach the platform.




2.7. Enzyme-Linked Immunosorbent Assay


To determine Aβ, AChE, BDNF, and BACE-1 levels, mice hippocampal tissues were used. On the last day of the experiment, the brains of each group of mice were obtained. The hippocampus (20 mg) was homogenized in 1 × PBS at 5500× g for 30 min using a Precellys 24 tissue homogenizer (Bertin Technologies, Rockville, MD, USA). The homogenized tissues were centrifuged for 10 min at 12,879× g and the obtained supernatants were used in the experiment. Each well of a 96-well immunoplate was coated with primary antibodies (100 μL) and then incubated overnight in refrigerator (4 °C). The 96-well immuno plates were washed thrice with wash buffer 300 μL (1 × PBS including 0.05% (v/v) tween-20). After each well was blocked with 1 × PBS containing 1% (w/v) bovine serum albumin (BSA) for 60 min at room temperature (RT), samples and standards (each volme 100 μL) were added to appropriate wells for 2 h. Then, the secondary antibodies (100 μL) were dispensed into each well and left for 2 h. After washing thrice, 3,3′,5,5′-tetramethylbenzidine (TMB) substrate 100 μL was applied. Absorbance levels were measured at 405 nm and were recorded to analyze the effect of GGW73.




2.8. Western Blot Analysis


As mentioned previously, hippocampal tissue was obtained at the end of the experiment. The hippocampus (10 mg) was homogenized with PRO-PREP solution (iNtRON Biotech, Seongnam, Gyeonggi-do, Republic of Korea) at 5500× g for 1 h using a Precellys 24 tissue homogenizer. The homogenized tissues were centrifuged for 10 min at 4 °C, 12,879× g and the supernatants were frozen in a deep freezer (−75 °C) before the experiment. The supernatant was then moved into a 1.7 mL sterile tube. To quantify proteins, the DC Protein Assay Kit Ⅱ (Bio-Rad Laboratories, Hercules, CA, USA) was used.



For electrophoresis, the protein samples (8 μg) were loaded onto SDS-PAGE. The transferred membranes, made of polyvinylidene fluoride, were blocked with 5% TBSB (BSA in 1 xTBS at 5% (w/v)) for 2 h, then membranes were washed with wash buffer (1 xTBS containing tween-20 at 0.05% (v/v)) at 30 min intervals for 1.5 h. The transferred membranes were incubated with specific antibodies in a refrigerator at 4 °C overnight. The antibody-coated membranes were washed with wash buffer at intervals of 10 min for 2 h. The secondary antibodies and original antibody were diluted with sterile distilled water ten times, and were then added to the membranes and reacted for 1.5 h. Then, the membranes were washed with wash buffer at 10-min intervals for 2 h. Finally, the membranes were coated with Western blotting luminol reagent (Santa Cruz, CA, USA) and measured with a LuminoGraph III Lite (ATTO, Tokyo, Japan).




2.9. Statistical Analysis


GraphPad Prism (ver. 5.0) was utilized for statistical analysis of all the experimental values. The experimental values were presented as the mean ± standard error of the mean (S.E.M.). A statistical assessment was conducted using Tukey’s post hoc analysis and one-way analysis of variance analysis (ANOVA). p-values of <0.05 were regarded as significant.





3. Results


3.1. Effect of GGW73 on the Levels of Serum AST, ALT, BUN and Creatinine


To evaluate the effect of GGW73 on metabolic toxicity, serum ALT, AST, BUN, and creatinine levels were detected. As a result of the administration of various concentrations of GGW73 for 14 days, no significant changes were found in serum AST, ALT, BUN, or creatinine levels compared to the non-treatment group (Figure 1A–D). However, oral administration of 5000 mg/kg GGW73 slightly increased serum BUN.




3.2. Effect of GGW73 on Y-Maze Test Performance in Scopolamine-Induced Cognitive Disorder Mice


The efficacy of GGW73 in scopolamine-induced cognitive disorders was evaluated through the quantification of total arm entries and alternation triplets of the Y-maze test. Total arm entries were significantly increased by the intraperitoneally scopolamine injection (1 mg/kg) (Figure 2A). Increased entries, extracts, and donepezil tended to slightly decrease as a positive control. In particular, the administration of GGW 73 100 mg/kg significantly reduced the total arm entries (Figure 2A). In addition, 100 mg/kg GGW73 administration significantly upregulated the percentage of alternation arm triplets compared with the scopolamine-only treated group (Figure 2B).




3.3. Effect of GGW73 on Water-Maze Test Performance in Scopolamine-Induced Cognitive Disorder Mice


The water maze test was carried out to measure the influence of scopolamine and GGW73 in vivo. The scopolamine (1 mg/kg) intraperitoneal injection elevated the latency to locate the platform. However, 100 mg/kg GUR extract ameliorated the latency to target scopolamine-induced cognitive function disorder in mice. With GGW73 administration, a decreasing trend was observed, but the difference was not statistically significant (Figure 3A). The swimming percentage of time spent in the pool was increased by the scopolamine injection. GUR extract (100 mg/kg) significantly decreased the time spent percentage in the pool. GGW73 and donepezil administration had no effect on the scopolamine-induced time spent in the pool (Figure 3B). Similarly, the percentage of time spent on the platform following scopolamine injection was significantly increased by GUR or 10 mg/kg GGW73 treatments (Figure 3C). However, GGW73 (100 mg/kg) and donepezil administration did not show any significant changes.




3.4. Effect of GGW73 on the Passive Avoidance Test in Scopolamine-Induced Cognitive Disorder Mice


To further examine the effect of GGW73 on scopolamine-induced cognitive disorders, we performed a passive avoidance test in vivo. Latency, which indicates impairment of cognition, was significantly shorter in the scopolamine injection group than in the non-treatment group. The experimental groups administered GER 100 mg/kg, GUR 100 mg/kg, GGW 10, and GGW 100 mg/kg showed improved latency compared with the scopolamine-only injection group (Figure 4). These results indicated that GGW regulates scopolamine-induced cognitive function disorders.




3.5. Effect of GGW73 on the Hippocampal Amyloid-Beta Pathway in Scopolamine-Induced Cognitive Disorder Mice


To estimate the effect of GGW73 on the Aβ-related pathway, Western blot analysis was performed using the total hippocampal protein. We found that scopolamine (1 mg/kg) diminished BDNF expression. However, oral administration of extracts containing GGW73 (100 mg/kg) restored the diminished BDNF expression. In addition, APP phospholyration and BACE-1 exression were slightly increased following scopolamine injection. GGW73 100 mg/kg administration downregulated the enhanced APP phospholyration and BACE-1 expression in the hippocampus (Figure 5).




3.6. Effect of GGW73 on Hippocampal Injury in Scopolamine-Induced Cognitive Disorder Mice


To observe the influence of scopolamine and GGW73, H&E staining was performed on hippocampal tissues. Only the scopolamine-injected group showed condensed neuronal cells (red arrows) in the hippocampal tissue compared with the non-treatment group, which had a distinctly round nucleus and maintained its structure. However, GGW73 100 mg/kg administration slightly recovered the condensed neurons in CA (1–3) regions of the hippocampus (Figure 6). These results indicate that GGW73 administration can prevent hippocampal injury.





4. Discussion


GE, belonging to the Orchidaceae family [50], has been shown to be effective in the cardiovascular system [51], convulsions [52], skin aging [53], and cancer cell invasion [54]. Above all, the beneficial neurological effects of GE extract and its constituents, especially gastrodin, have been revealed in Aβ-induced neuronal apoptosis [23], mice with pharmacologically induced memory impairments [55], and in a mouse model of AD [56]. GU belongs to the Leguminosae family [57] and has been determined to have memory enhancing [58], neuroprotective [48], and cerebral infarction modulative [59] effects. Our previous study demonstrated that GGW73 in mixtures of various proportion ratios (GER: GUR = 5:5, 6:4, 7:3, 8:2, and 9:1) had neuroprotective effects on Aβ stimulation in vitro [60]. Based on our previous results, we chose to use GGW73 for scopolamine-induced cognitive disorders in vivo.



The Y-maze test is an experimental tool for measuring cognitive function in scopolamine-treated mice in vivo [61]. The Y-maze test, which uses the propensity of rodents to enter an unfamiliar place, is a widely used method to estimate the extent of memory impairment in cognitive disorders, such as AD and memory deficiency [62]. The total arm entries were significantly decreased by GGW73 100 mg/kg oral administration compared with scopolamine 1 mg/kg peritoneal injection (non-treatment group:12.60 ± 1.21, scopolamine group: 26.00 ± 0.84, GGW73 100 mg/kg group: 13.00 ± 4.56, donepezil group: 19.00 ± 1.53). Additionally, we observed decreased alternation triplets after scopolamine treatment in the Y-maze test and elevated alternation triplets by GEW 100 mg/kg and GGW73 100 mg/kg administration (non-treatment group: 65.22 ± 6.22%, scopolamine 1 mg/kg group: 35.72 ± 9.06%, GER 100 mg/kg group: 61.21 ± 3.11%, GGW73 100 mg/kg group: 69.84 ± 9.65%, donepezil group: 45.39 ± 6.19%). These results indicated that oral administration of GGW73 (100 mg/kg) attenuated scopolamine-induced cognitive disorder. The water maze test has been representatively performed to evaluate memory and cognition in behavioral neuroscience [63]. The latency to reach the platform was reduced by GUR 100 mg/kg administration compared to scopolamine injection. Oral administration of GGW73 tended to shorten the latency, but no significant difference was observed (non-treatment group: 45.42 ± 9.99 s, scopolamine group: 80.16 ± 9.85 s, GUR 100 mg/kg group: 40.55 ± 6.43 s, GGW73 100 mg/kg group: 64.79 ± 14.49 s, donepezil group: 25.28 ± 8.363 s) (Figure 3A). The time spent swimming in the maze and platform ratios were also significantly regulated by GUR 100 mg/kg; however, oral administration of GGW73 100 mg/kg also showed a slight regulatory effect (Figure 3B,C). The mice learned to recognize aversive stimuli, thereby enhancing cognitive function in the passive avoidance test [64]. Therefore, the passive avoidance test is the most widely used in vivo experiment for evaluating cognitive function disorder, memory deficient [65]. The scopolamine 1 mg/kg intraperitoneal injection decreased the latency to target (non-treatment group: 180.0 ± 0.0 s, scopolamine group: 71.4 ± 37.6 s); however, GGW73 administration significantly recovered the latency to target (Figure 4). The results showed that administration of GGW73 has the potential to remedy scopolamine-induced cognitive impairment.



The accumulation of Aβ peptides is related to cognitive function. In cognitive disorders, the expression level of Aβ is elevated by a decrease in amyloid precursor protein (APP) [66]. Scopolamine contributes to increased Aβ release, which is influenced by APP [67]. The level of Aβ peptide was elevated by scopolamine injection (non-treatment group:24.06 ± 1.30 pg/mL, scopolamine group:38.14 ± 5.23 pg/mL). However, the increased expression of Aβ was downregulated by oral administration of GGW73 (100 and 200 mg/kg) in hippocampal tissues (GGW73 100 mg/kg group: 23.17 ± 1.74 pg/mL, GGW73 200 mg/kg group: 23.67 ± 1.69 pg/mL) (Figure 5A). The experimental results indicate that GGW73 could regulate cognitive disorders by diminishing excessive Aβ release in hippocampal tissues.



Loss of cognitive function causes ACh deficiency in the hippocampus and cortex [12]. For this reason, a strategy to inhibit AChE in the hippocampus improves cognitive function disorders [68]. The increased AChE expression in hippocampal tissue by scopolamine was reduced by oral administration of GGW73 100 mg/kg (non-treatment group: 0.593 ± 0.012 ng/mL, scopolamine group: 0.683 ± 0.080 ng/mL, GGW73 100 mg/kg group: 0.493 ± 0.054 ng/mL, donepezil group:0.653 ± 0.069 ng/mL) (Figure 5B). Among various neuronal enzymes, β- and γ-secretase sequentially lyse APP proteins, which generate Aβ [69]. Furthermore, over-expression of β-secretase (BACE-1) and Aβ deposition has been detected in degenerative neuronal diseases such as AD and cognitive disorders [70]. As a muscarinic antagonist, scopolamine influences Aβ peptide release [67] and BACE-1 expression in the hippocampus [71,72]. GGW73 100 mg/kg oral administration ameliorated BACE-1 expression in scopolamine-injected mice hippocampus tissue (non-treatment group: 138.4 ± 10.9 pg/mL, scopolamine group: 192.9 ± 9.1 pg/mL, GGW73 100 mg/kg group: 143.9 ± 8.8 pg/mL, GGW73 200 mg/kg group: 188.4 ± 9.6 pg/mL, donepezil group: 141.6 ± 14.2 pg/mL) (Figure 5D). These results indicate that GGW73 has a regulatory effect on scopolamine-induced cognitive disorders.



Synaptic plasticity is modulated by BDNF in the human brain [73]. Scopolamine influences neuronal plasticity by reducing BDNF levels in the mouse cerebrum [74] and hippocampus [75]. The decreased BDNF expression by scopolamine injection was significantly recovered by GGW73 oral administration in the hippocampus (non-treatment group: 710.5 ± 82.1 pg/mL, scopolamine group: 398.7 ± 88.0 pg/mL, GER 100 mg/kg group: 1009.1 ± 67.54 pg/mL, GGW73 100 mg/kg group: 895.3 ± 44.68 pg/mL, donepezil group: 748.3 ± 168.0 pg/mL) (Figure 5C). The results showed that GGW73 restored scopolamine-induced hippocampal injury. In Western blot analysis, GGW73 oral administration slightly regulated BDNF and p-APP, but not in a dose-dependent manner (Figure 5E). However, these results showed GGW73 could modulate the signaling pathway in scopolamine-induced cognitive disorder. In addition, neurons of the hippocampus were condensed by scopolamine injection compared to those in the non-treatment group, which had a distinctly round nucleus and a constant structure. However, condensed neurons in the hippocampus were slightly recovered by GGW73 (100 mg/kg) administration (Figure 6).




5. Conclusions


The present results showed an ameliorative effect of GGW73 on behavioral tests, such as the Y-maze, water maze, and passive avoidance test in mice with scopolamine-induced cognitive disorder. We also investigated whether GGW73 administration attenuated the Aβ-related pathway by regulating the expression levels of Aβ peptide, AChE, BACE-1, and BDNF in the hippocampus. These results indicate that GGW73 could be used as an alternative medical remedy for cognitive disorders.
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Figure 1. Effect of GGW73 on the levels of serum AST, ALT, BUN, and creatinine. We analyzed the serum of mice (n = 5) which were administered GGW73 for 14 days. Bars represent (A) AST, (B) ALT, (C) BUN, (D) creatinine, (E) total cholesterol in serum. All values are represented as the mean ± S.E.M. 
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Figure 2. Effect of GGW73 on Y-maze test performance in scopolamine-induced cognitive disorder mice. Shown are the (A) total arm entries, and (B) alternation triplets. All values are represented as the mean ± S.E.M. # p < 0.05 compared with only saline treatment group; ## p < 0.005 only saline treatment group; * p < 0.05 compared with only scopolamine treatment group. 
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Figure 3. Effect of GGW73 on water-maze test scores in scopolamine-induced cognitive disorder mice. The water maze test was performed to evaluate cognitive function. (A) latency to target, (B) time in pool, (C) time in platform. All values are represented as the mean ± S.E.M. ### p < 0.001 compared with only saline treatment group; * p < 0.05 compared with only scopolamine-treatment group; *** p < 0.001 compared with only scopolamine treatment group. 
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Figure 4. Effect of GGW73 on the passive avoidance test in scopolamine-induced cognitive disorder mice. Shown is the latency of avoidance time. All values are represented as the mean ± S.E.M. ### p < 0.001 compared with only saline treatment group; *** p < 0.001 compared with only scopolamine treatment group. 
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Figure 5. Effect of GGW73 on the amyloid-beta pathway in the hippocampus of scopolamine-induced cognitive disorder mice. The total hippocampus was used to measure protein concentrations. Shown are the expressions of (A) β-amyloid, (B) acetylcholinesterase, (C) BDNF, (D) BACE-1, and (E) the of BDNF, p-APP, and BACE1, β-actin, as the loading control, protein expressions. All values are represented as the mean ± S.E.M. # p < 0.05 compared with only saline treatment group; * p < 0.05 compared with only scopolamine-treatment group; ** p < 0.005 compared with only scopolamine treatment group. 
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Figure 6. Effect of GGW73 on hippocampal injury in scopolamine-induced cognitive disorder mice. Slices were stained with hematoxylin and eosin. The hippocampus was observed with a standard microscope at 40×, 100×, 200× magnification. 






Figure 6. Effect of GGW73 on hippocampal injury in scopolamine-induced cognitive disorder mice. Slices were stained with hematoxylin and eosin. The hippocampus was observed with a standard microscope at 40×, 100×, 200× magnification.



[image: Applsci 13 03690 g006]













	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 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 (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
(A)

e

e
i
2

...:.u.x.".n.
. R
-I L} L) L) llllll' L)

'
.

. " I- L)
J S T L T R

L) L) Illl
e e
e e e e i A

. III.I-II II L )
. "

250+

— 200'

I
- Q
-
1

7/N1) LSY

!
=
n
1

GGW73 (mg/kg)





media/file8.jpg
(B)

Scopolamine (1 mg/kg)

& 83 8 8

Alternation triplet (%)

0
GER (mg/kg)

GUR (mg/kg)
GGW73 (mg/kg)
Donepezil (mg/kg)






media/file13.png
(A)

Scopolamine (1 mg/kg)

S
B
1

i
e

e

S W e
e
g

e

o

-

R
o
R
SRR
R
e

S
|

'
-
o o0 e/ < N
1

(09s) }9649) 0} Aoudje

GER (mg/kg)
GUR (mg/kg)
GGW73 (mg/kg)
Donepezil (mg/kg)

(B)

100 200

10

Scopolamine (1 mg/kg)

200

100

10

H##
anmas
S
e
e
s
oo
oo
e
watn

150-

| !

- - o
o ()

1

(%) 100d u1 awn |

GER (mg/kg)
GUR (mg/kg)
GGW73 (mg/kg)
Donepezil (mg/kg)





media/file12.jpg
Scopolamine (1 mg/kg)

-3
S

latform (%)
8

N
S

imeinp

T

0
GER (mg/kg)
GUR (mg/kg)

GGW73 (mg/kg)

Donepezil (mg/kg) - - - - - R






media/file3.jpg
(E)

g 8 8 8 =°

211
(Ip/Bw) jo183seloyo EJO L

GGW?73 (mg/kg)





media/file18.jpg
©

1500

H

BDNF (pg/mL)
8

Scopolamine (1 mo/ko)

o

GER (mg/kg)
GUR (mg/kg)
GGWT3 (ma/k)
Donepezil (ma/kg)

o

g2 3 8 &

BACE-1 (pg/mL)

Scopolamine (1 mg/kg)

GER (ma/ho)
GUR (mg/kg)
GGWT3 (mg/kg)
Donepezil (mg/ka)

< 0 100 200





media/file9.png
Scopolamine (1 mg/kg)

200

100

10

30-

| o -I-u
i" e " a ] .
L L} -c. -...-..-..' ..
1 s e e Jue n e m
| !
o o
N -

Sal)ud wJe [e)o |

(A)

GER (mg/kg)

GUR (mg/kg)
GGW73 (mg/kg)
Donepezil (mg/kg)





media/file22.png
(E)
Scopolamine (1 mg/kg)

GER (mg/kg) - - 100 - - - -

GUR (mg/kg) - - - 100 - - -
GGW73 (mg/kg) - - - - 10 100

Donepezil (mg/kg) - - - - - - 5

BDNF

p-APP

BACE1 IR Saem TS ol

B-actin | . diis G, SR SN =






media/file19.jpg
(E)

GER (mg/kg)
GUR (mg/kg)
GGW73 (mg/kg)
Donepezil (mg/kg)

BDNF

p-APP

BACE1

B-actin

Scopolamine (1 mg/kg)

- - 100 - - - -






media/file7.jpg
(A)

Scopolamine (1 mg/kg)

n @
° S

Total arm entries
>

0
GER (mg/kg)

GUR (mg/kg)
GGW73 (mg/kg) - - - - 10 100 200 -
Donepezil (mg/kg) - - - - - 2 = B






media/file10.png
(B)

Scopolamine (1 mg/kg)

L
EXassssseeyr ' o 0

200

*
o
e
S

L
100

o |
wﬁ%

=
10

++ 1 1
ot L e
l | | | ]

o Q Qo =) - O~ ~ 2B
2 ® © - N o 2223
P <335

o) O
(%) 391U} uonewIBYY £ E £ £
€ 20
CRCE-N-?
O 2
O &5
()





media/file5.png
(B)

’

50

(7

0
0 e
0-

™ N -

NN LV

GGW73 (mg/kg)

(©)

e
L) -
e
- -

L L

ﬁﬁ.mm.mm..ﬁﬁﬁﬁﬁ..ﬁ

H

-----
ffffffffffff

R

) -m.m' -mlmi ) -mim- -mlmi ) -mI ) -l

..".ﬁﬁwwﬁWWﬁﬁWWﬁwwﬂﬁWﬁﬁ

" -"l"' -"lm- » -mim- -MIm' » -m- )

” ) IM.“‘ Iw.m' ) I"-"- Im.m- - Im- ) I”

) -“I“I -"l“I ) -mim- -“I“I ) -“I e )

B e e

S

3=
2

(Ip/Bw) aul

J
1

o

uljeald

0.0

GGW73 (mg/kg)

(D)

%Wﬁ#ﬁ&.&ﬁ.ﬂ?ﬁ?
- (e e e L
L

30+

J
o

((Ip/Bw)

I
o
—

NNg

GGW73 (mg/kg)





media/file14.png
(©)

Scopolamine (1 mg/kg)

=+
3+t
=+
L} " L) -’- 1 | ]
i R H"“mﬁm@"
e e e e |

/ I
0 0

g E._orm_o_

o
30
Ul

GER (mg/kg)

GUR (mg/kg)
GGW73 (mg/kg)
Donepezil (mg/kg)

100 200

10





media/file11.jpg
)

Scopolamine (1 mg/kg)
100-

80

I

Latency to terget (sec)

o

GER (mgrkg)  *

GUR (mg/kg) o

GGW73 mgfig) - - - - 10 100 200
Donepezl (mg/kg) - i Wy

®

Scopolamine (1 m/kg)
150

1 (%)

100

S
Q
a
£
@
E

o
GER (nafks)
GUR (mgfke) - -

w3 mgke) - - - 0 100 20

Boepell iy = = = o






media/file6.png
(E)

MI ll“"l IlIm IMI llIl"."IIIWII m- IIIMMI ll“"l“l '
MM" FESRARRS “."mxw.".m 358 "wmu-
i 1 1 1 “
o o o o o
o 0 o o)

(Ip/Bwi) jois)ssjoyo |ejo L

GGW73 (mg/kg)





media/file15.jpg
Scopolamine (1 mg/kg)

ok hwn WK Rk RER

Latency (sec)
g 3 8

a
3

o
GER (mg/kg)

GUR (mg/kg)
GGW73 (mg/kg) - - - - 10 100 200 -
Donepezil (mg/kg) - - - - - R






media/file2.jpg
®

3 8 8 8

ALT (1UIL)

wnw P O PP S

o

BUN (mgldL)

& PP S





nav.xhtml


  applsci-13-03690


  
    		
      applsci-13-03690
    


  




  





media/file16.png
*k%k

FEERR R

*kk kkk

*kk
—

Scopolamine (1 mg/kg)

* k%

200

100

10

1 1

(09s) Aouaje

GER (mg/kg)
GUR (mg/kg)
GGW73 (mg/kg)
Donepezil (mg/kg)





media/file20.png
(A)

Scopolamine (1 mg/kg)

A Mwﬁ.mw
Bosoaaaa mﬂ.

0
40
0
0-
10+
0

(qwy6d) (z¥-1)d plojAwy

- 100

GER (mg/kg)

GUR (mg/kg)
GGW73 (mg/kg)
Donepezil (mg/kg)

(B)

100 200

10

Scopolamine (1 mg/kg)

B e e e s e T 1,
%. e e e e
" )
0 S e e e e B R R

Mk

| 1 ) | !
< K © Y N <
- c o o ©o o

(w/Bu) uonoanpo.id JYovy

B

GER (mg/kg)

GUR (mg/kg)
GGW73 (mg/kg)
Donepezil (mg/kg)

100 200

10





media/file23.jpg





media/file24.png
Scopolamine (1 mg/kg)

GER (mg/kg) - - 100
GUR (mg/kg) - - 100 -
GGW?73 (mg/kg) - - 10 100 -
Donepezil (mg/kg) - - - 5






media/file1.jpg
(A)

g 8 8 B
(N1 LSV

=)

GGW73 (mg/kg)





media/file0.png





media/file17.jpg
@

Scopolamine (1 mg/ko)

8 8 & 8

Amyloid (1-42) (pg/mL)

ol
GER (mako)
GUR (mg/kg)

GGWT3 (ma/ka)

Donepezil (mg/ko)

@

Scopolamine (1 mg/kg)

AChE Production (ng/mL)

o0-

GER (ma/kg)

GUR(mgfkg) - - - 100 - - -

GGWT3 (mg/kg) - - - - 10 100 200
Donepezil (mg/kg) - - - - - - -

s






media/file21.png
(©)

Scopolamine (1 mg/kg)

1500-

(Qw/bd) ANaG =
Y 2

100 200

10

GGW73 (mg/kg)
Donepezil (mg/kg)

(D)

Scopolamine (1 mg/kg)

R
wnun
e
R
S
R
wuun
R

250-

50-

1 1

(Qwybd) L-30Vvg

GER (mg/kg)

GUR (mg/kg)
GGW73 (mg/kg)
Donepezil (mg/kg)

100 200

10





