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			ABSTRACT

		

		
			This study aimed to elucidate the mechanism of velvet antler polypeptide (VAP) in improvement of learning and memory function in mild cognitive impairment (MCI) rats model, specifically by investigating the PI3K, AKT and mTOR pathway. The type and content of amino acids (AA) in VAP were determined using pre-column derivatization-high performance liquid chromatography (PD-HPLC). Wistar rats were randomly divided into 5 groups (n=10 per group): control, model, piracetam (PIR), VAPH (300 mg/kg VAP) and VAPL (200 mg/kg VAP) groups. After intragastric administration, the rats’ behavioral indexes were observed through the open field test (OFT), and the levels of superoxide dismutase (SOD), malondialdehyde (MDA), brain-derived neurotrophic factor (BDNF), and nerve growth factor (NGF) in serum were detected using ELISA. The protein expression levels of phosphoinositide 3-kinase (PI3K), protein kinase B (Akt) and mammalian target of rapamycin (mTOR) in the hippocampus were detected through western blotting. In the results, VAP contained 17 kinds of AA, including 7 essential AA, with a content of 394.08 g/kg, the total AA content was 831.55 g/kg. In the OFT, the PIR, VAPH and VAPL groups showed significant decreases in slient period, significant increases in exercise time and behavior path, and center residence time in the PIR and VAPH groups were also increased significantly. The MDA content in serum of PIR, VAPH and VAPL groups significantly decreased, while the SOD, BDNF and NGF content in serum of PIR and VAPH groups significantly increased. The expression levels of PI3K and mTOR in the hippocampus of PIR, VAPH and VAPL groups were significantly increased, and the expression level of Akt in the hippocampus of PIR and VAPH groups was significantly increased. In summary, VAP could improve the learning and memory abilities of MCI model rats, and its mechanism may be related to the regulation of PI3K, Akt and mTOR expression levels in the hippocampus of rats. This study provides a basis for further development and utilization of VAP and a better understanding of its mechanism of improving MCI.
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			Introduction

			Mild cognitive impairment (MCI) is a transitional stage between brain aging and dementia that belongs to the syndrome of cognitive impairment, with the decline of cognitive function as the main symptom (Anderson, 2020; Weil et al., 2018). Cognitive deficit is related to alterations of neurotrophic factors level such as brain-derived neurotrophic factor (BDNF) and nerve growth factor (NGF) and so on (Budni et al., 2015). BDNF and NGF can activate the downstream intracellular signaling pathways, such as the phosphatidylinositol 3-kinase/protein kinase B/mammalian target of rapamycin (PI3K/Akt/mTOR) pathway, thereby promoting neuroprotection (Numakawa et al., 2010; Feng and Pei, 2022; Numakawa and Odaka, 2022). PI3K/Akt/mTOR pathway plays a vital role in cell growth, proliferation, differentiation, metabolism, motility transcription, and protein synthesis (Thorpe et al., 2015). At present, there are many studies on PI3K/Akt/mTOR pathway in cancer (Zughaibi et al., 2021), but few researches on improving MCI. Shang et al. (2020) found that aluminum exposure can cause cognitive impairment through PI3K/Akt/mTOR pathway, with mTOR activity being a critical player involved in this mechanism. Akt and mTOR, as important regulatory molecules of oligodendrocytes, play important roles in the formation and development of the myelin sheath (Roher et al., 2002). Zheng et al. (2021) found that Shenzhiling oral liquid could highly activate the PI3K/Akt/mTOR signaling pathway, thus heightening myelin protein expression and protecting the myelin sheath against Alzheimer’s disease (AD). 

			Cornu cervi pantotrichum (deer antler) is a yang-invigorating agent used in traditional Chinese medicine that can nourish the blood, tonify qi, invigorate the spleen, and invigorate bones and tendons (Zhang et al., 2016; Li, 2020). Velvet antler polypeptide (VAP) is one of its main active components, which has many pharmacological effects, such as anti-inflammatory, antioxidant and the repairment of damaged nervous system. VAP is a compound formed by dehydration and condensation of several amino acid (AA) molecules, and its specific AA constitution have been basically determined (Guo et al., 2019). AA can inhibit the production of free radicals in brain, eliminate active oxygen and protect neurons (Hall et al., 2019). Yang et al. (2020) studied the effect of VAP on the in vitro model of H2O2-induced SH-SY5Y cell injury and in vivo mouse model of cognitive impairment and found that VAP can reduce neuronal damage and apoptosis of neurons in vitro and in vivo. Wu et al. (2018) found that velvet antler polypeptides amelioated hypoxic ischemic encephalopathy in rats by activating neural factors and SDF1/CXCR4 axis. Our previous studies have also shown that VAP can improve the BDNF and NGF content in the serum and hippocampus of the model rats, and has a protective effect on MCI model rats (Liu et al., 2019). However, whether VAP can further alter PI3K/Akt/mTOR signaling pathway to improve cognitive impairment in MCI rats is unknown.

			In this study, the contents of 17 kinds of AA in VAP were determined by Pre-column Derivatization High Performance Liquid Chromatography, and the effects of VAP on PI3K/Akt/mTOR pathway was observed to study the mechanism of VAP. The related indexes were detected by enzyme-linked immunosorbent assay (ELISA) and Western blotting. 

			Materials and Methods

			Materials and reagents

			The VAP was prepared by the laboratory of the School of Pharmaceutical Sciences, Changchun University of Chinese Medicine. Each 28.7 g of velvet antler contains about 1.0 g of VAP.  AA mixed standard stock solutions were purchased from Tmrm Quality Inspection Technology Co., Ltd, Jiangsu, China. Scopolamine was obtained from Aladdin Biochemical Technology Co., Ltd, Shanghai, China and  Piracetam was supplied by Northeast Pharmaceutical Group Co., Ltd, Shenyang, China. BDNF Elisa kit, NGF Elisa kit, SOD Elisa kit and MDA Elisa kit were purchased from Sanying Biotechnology Co., Ltd, Wuhan, China. PI3K, AKT, mTOR, GAPDH primary and secondary antibodies, total protein extraction kit, BCA protein concentration assay kit and  ECL western blotting substrate were purchased from Solarbio Science and Technology Co., Ltd, Beijing, China. 

			Determination of VAP content 

			The VAP content was determined by pre-column derivatization high performance liquid chromatography (HPLC). The test conditions are as follows: Inertsil ODS-3 column (250 mm × 4.6 mm, 5 µm); mobile phase A: 0.1 mol/L sodium acetate buffer (pH = 6.5)/acetonitrile (93:7, v/v); mobile phase B: acetonitrile/water (8:2, v/v); column temperature: 40°C; flow rate: 1 mL/min; the detection wavelength: 252 nm; injection volume: 10 µL. The elution sequence is shown in Table I.

			Animals and experimental groups

			Fifty Wistar rats (half male and half female, 220 ± 20 g) were purchased from Yisi Experimental Animal Technology Co., Ltd. (Changchun, China), and were subjected to an adaptation period of 7 days, during which they were housed under environmental conditions of 24 ± 1°C, 12/12 h light/dark cycle, and had free access to food and water.

			Table I. Linear gradient elution.
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			Following adaptation, rats were randomly distributed into 5 groups (n = 10 per group): Control (administered an equal volume of distilled water), Model (equal volume of distilled water), PIR (piracetam 500 mg/kg), VAPH (VAP 300 mg/kg) and VAPL (VAP 200 mg/kg) groups. All groups were administered their respective treatments by gavage for 18 days. Two hours after the last administration, all groups except the Control were subjected to an intraperitoneal injection of scopolamine 2 mg/kg to induce the MCI rat model.

			Open field test (OFT)

			To investigate the exploratory behavior of rats, all experimental groups were subjected to a 2-min period of OFT as described by Li et al. (2018) with slight modifications. Two hours after administration on the 11th- 17th days, each group of rats were placed in the center of an open field box (bottom: 100 cm × 100 cm, height: 40 cm) for adaptability experiment in a quiet environment. The slient period, exercise time, behavior path, center residence time, corner residence time, and side residence time of the rats in each group were observed within 2 min. On the 18th day, 2 h after administration, the formal experiment was conducted, and the same indicators were recorded.

			ELISA test

			After the open field experiment, the rats in each group were anesthetized with 3% pentobarbital sodium (35 mg/kg). The blood was then collected from the abdominal aorta and centrifuged at 4000 rpm for 5 min to collect the upper serum. The expression levels of oxidative stress factors including superoxide dismutase (SOD) and malondialdehyde (MDA), and neurotrophic factors including BDNF and NGF in rat serum were detected through the ELISA kit according to the instructions.

			Western blotting

			After collecting blood from the abdominal aorta of rats, they were sacrificed by cervical dislocation and the hippocampus was removed immediately and stored at -80°C. Total protein of the hippocampal tissues were extracted by the total protein extraction kit. The protein concentration were determined using the BCA protein concentration assay kit. Protein samples (2 g/L) were mixed with 2× sample buffer, placed at 100°C for 5 min, then cooled to room temperature. Proteins were separated by 10% SDS-PAGE and transferred to PVDF membrane for 60 min. The membrane was then blocked with skim milk powder for 2 h, following by addition of the primary antibodies of appropriate concentration (PI3K, AKT, mTOR and GAPDH) for 24 h at 4°C. After washing the membrane, the secondary antibody (1:2000, diluted with 5% skim milk powder) was added, and soaked in blocking solution for 2 h. Protein bands were visualized using an automated chemiluminescent gel imaging system with ECL substrate. The results were analyzed using Image-ProPlus 6.0 software (Olympus, Hatayaga, Japan) was used to measure the gray value for each target band.

			Data analysis

			All data are presented as mean±standard deviation (SD).  SPSS software (Version 21.0, IBM, Armonk, NY, USA) was used for data analysis. One-way analysis of variance (ANOVA) was used to analyze the differences between treatments, p <0.05 or p <0.01 was considered as significant difference.

			RESULTS

			Analysis of AA composition and content in VAP

			The contents of 17 AA in VAP were detected by pre-column derivatization HPLC (Table II). The total AA content was about 831.55 g/kg, including 7 essential AAs, the content was about 394.08 g/kg. The contents of different AA components were stable, which could be used in this study.

			Behavioral effects of VAP on MCI rat in OFT

			Compared with control group, the silent period and corner residence time of Model group significantly increased within 2 min, while the exercise time, behavior path, center residence time, and side residence time significantly reduced (p <0.01). Compared with Model group, the silent period of PIR, VAPH and VAPL groups reduced significantly, and the exercise time and behavior path increased significantly (p <0.01) (Figs. 1, 2A-C). In addition, the center residence time of PIR and VAPH groups increased significantly (p <0.05). The corner residence time of PIR group significantly decreased and the side residence time significantly increased (p <0.01). In VAPH and VAPL groups, the corner residence time decreased and the side residence time increased, but without significant difference (Table III, Fig. 2D-F).

			Table II. Contents of amino acid components in VAP.
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			*, essential AA; E, total essential AA content; T, total AA content.
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			Fig. 1. Representative heat maps of the movement of rats within an open-field box over a two-minute period. 

			Notes: Control, control group; Model, model group; PIR, Piracetam group; VAPH, 300 mg/kg VAP group; VAPL, 200 mg/kg VAP group. Red indicated more time, and blue indicated less or no time. The time periods were given in seconds.

			Table III. Residual time distribution of rats in each group in open field test.
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			Notes: Control, control group; Model, model group; PIR, Piracetam group; VAPH, 300 mg/kg VAP group; VAPL, 200 mg/kg VAP group.
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			Fig. 2. Results of the open field test during a 2-min period for each group of rats.

			(A) Slient period: total inactivity time; (B) Exercise time: total activity time; (C) Behavioral path: total travel distance; (D) Center residence time: time spent in the central area; (E) Corner residence time: time spent in the corners; (F) Side residence time: time spent on the side.

			Notes: Data are presented as mean ± SD (n = 10 per group). Compared with Control group, ## P <0.01; Compared with Model group, * P <0.05, ** P <0.01.

			Effects of VAP on SOD, MDA, BDNF and NGF contents in rat serum

			In order to evaluate the effect of VAP on oxidative stress and nerve factors, the levels of SOD, MDA, BDNF and NGF in serum of each group were determined by ELISA. As shown in Figure 3A, B, compared with the control group, SOD level in the model group were obviously decreased (p <0.01), while MDA content was increased significantly (p <0.01). After VAP treatment, compared to the model group, the expression of SOD in VAPH group increased significantly (p <0.05), while MDA levels in VAPH and VAPL groups decreased significantly (p <0.01). Similarly, BDNF and NGF levels in the model group were significantly lower than in the control group (p <0.01). After VAP treatment, their content in VAPH group was significantly higher than in model group (p <0.05 or p <0.01), whereas their content in VAPL group was higher than that in the model group, but not statistically significant (p >0.05) (Fig. 3C, D). Taken together, these results indicated that VAP significantly increased the contents of SOD, BDNF and NGF and decreased MDA level in a dose-dependent manner.
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			Fig. 3. Contents of SOD (A), MDA (B), BDNF (C) and NGF (D) in serum of rats in each group.

			Notes: Data are presented as mean ± SD (n = 10 per group). Compared with Control group, ## P <0.01; Compared with Model group, * P <0.05, ** P <0.01. SOD, superoxidase dismutase; MDA, malondialdehyde; BDNF, brain-derived neurotrophic factor; NGF, neural growth factor.

			Effects of VAP on PI3K, AKT and mTOR expression levels in rat hippocampus tissues

			To explore the underlying mechanism of action of VAP, the protein levels of PI3K, AKT and mTOR were detected by western blotting. Compared with the control group, the expression levels of PI3K, AKT and mTOR in the hippocampus of model group were significantly lower (p <0.01). Compared with model group, the expression levels of PI3K and mTOR in hippocampus of PIR, VAPH and VAPL groups were significantly increased, and the expression levels of AKT in hippocampus of PIR and VAPH groups were significantly increased (p <0.05 or p <0.01) (Fig. 4A-D).
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			Fig. 4. Expression levels of PI3K, Akt and mTOR proteins in the hippocampus tissue of rats in each group.

			Notes: (A) Western blot analysis; (B–D) Quantification of PI3K, Akt and mTOR in five groups. Data are presented as mean ± SD (n = 10 per group). Compared with Control group, ## P <0.01; Compared with Model group, * P <0.05, ** P <0.01.

			Discussion

			MCI is a transitional stage from normal aging to AD. Since there is no cure for AD, early intervention of MCI is of great significance for reducing the prevalence of cerebral dementia. VAP, which are rich in amino acids and bioactive peptides, is considered to be the main bioactive component of velvet antler (Li et al., 2007; Sui et al., 2014). This study measured the content of various AA components in VAP, and assessed whether it could improve MCI by modulating the PI3K/AKT/mTOR signal pathway. HPLC is a commonly used methods for the detection of AA. Because most AA can neither absorb ultraviolet light nor produce fluorescence reaction, it is necessary to derivate the sample and convert it into components with ultraviolet absorption characteristics or capable of emitting fluorescence (Lee et al., 2019). In this study, a total of 17 AAs were detected by pre-column derivatization HPLC, including 7 essential AAs. AAs are widely present in brain tissue, skeletal muscles and blood. They have the functions of increasing protein synthesis, reducing excessive inflammatory reaction, enhancing immune system function, anti-fatigue, improving body barrier, etc. (Tu et al., 2018; Zhang et al., 2017). When the body undergoes peroxide reaction due to ischemia, hypoxia or tissue damage, large amounts of free radicals are produced and cause damage to nerve cells. AAs in the cerebrospinal fluid can be absorbed by neurons, inhibit the production of free radicals, remove reactive oxygen species and protect neurons (Zhang et al., 2017; Divakaruni et al., 2017; Tramutola et al., 2015). OFT was used to analyze the exploratory behavior of rats. The results showed that the exercise time, behavior path, center residence time and side residence time of each administration group were significantly higher than those of the model group, while the slient period and corner residence time were shorter than those of the model group. This indicates that VAP can improve the ability of learning and memory in MCI rats. 

			SOD, as an integral part of the antioxidant system, can catalyze superoxide anion radical disproportionation to generate oxygen and hydrogen peroxide, thus maintaining the balance of oxidation and oxidation resistance (Zhu et al., 2019). MDA is a product of lipid peroxidation, which can lead to cell metabolic and functional abnormalities (Gęgotek and Skrzydlewska, 2019). Thus, the content of MDA is an important parameter reflecting the potential antioxidant capacity of the body. It can reflect the speed and intensity of lipid peroxidation and indirectly reflect the degree of tissue peroxidation damage. When the free radicals of the body act on lipid peroxidation, a large amount of MDA will be produced, leading to the cross-linking polymerization of proteins, nucleic acids and other macromolecules, resulting in severe cytotoxicity (Yi et al., 2020). BDNF and NGF can promote the growth, development, differentiation, maturation and maintain the normal function of the nervous system, accelerate the repair of the nervous system after injury (Di Carlo et al., 2019; Kowiański et al., 2018; Ciafrè et al., 2020; Jablochkova et al., 2019). They could activate the downstream PI3K/Akt/mTOR pathway to produce brain protection (Li et al., 2016; Zheng and Chen, 2020). In this study, the contents of SOD, BDNF and NGF in serum of MCI rats in VAP groups were significantly increased, while MDA levels were decreased, indicating that VAP can prevent and improve the cognitive impairment of MCI rats.

			PI3K is a 3-hydroxy-phosphorylated intracellular phosphatidylinositol kinase, and Akt is a serine threonine protein kinase (Tsai et al., 2018). PI3K/Akt pathway can regulate nerve cell apoptosis in a wide range (Hevner, 2015; Garabadu and Verma, 2019), and is particularly important for nerve cell survival (Luo et al., 2019; Liu et al., 2017). Our results demonstrated that VAP significantly increased the expression levels of PI3K, Akt, and mTOR proteins in hippocampus tissue, suggesting a protective and restorative role of VAP in the nervous system of MCI rats.

			Conclusion

			In conclusion, this study identified the content composition of AA in VAP, and demonstrated its ability to improve and enhance learning and memory performance in MCI rat model. Furthermore, VAP was found to increase the contents of SOD, BDNF and NGF in vivo, and inhibit the production of MDA. Moreover, it could regulate the expression level of related proteins in the PI3K/AKT/mTOR signaling pathway. Thus, this study provides a valuable reference for the clinical treatment of MCI patients.

			Funding

			This work was supported by the Scientific Research and Development Foundation of Changchun University of Chinese Medicine, the Innovation Capability Construction Project of Jilin Provincial Development and Reform Commission (No. 2021C011), and the Natural Science Foundation of Jilin Province (No.YDZJ202201ZYTS178).

			IRB approval

			Not applicable, this work did not involve humans. 

			Ethical statement

			Research experiments conducted in this paper was approved by the Animal Care and Welfare Committee of Changchun University of Chinese Medicine (approved number: 2020172), following all guidelines, regulations, legal, and ethical standards as required for humans or animals.

			Statement of conflict of interest

			The authors have declared no conflict of interest.

			References

			Anderson, N.D., 2020. State of the science on mild cognitive impairment. J. Gerontol. B Psychol. Sci. Soc. Sci., 75: 1359-1360. https://doi.org/10.1093/geronb/gbaa040

			Budni, J., Bellettini-Santos, T., Mina, F., Garcez, M.L. and Zugno, A.I., 2015. The involvement of BDNF, NGF and GDNF in aging and Alzheimer’s disease. Aging Dis., 6: 331-341. https://doi.org/10.14336/AD.2015.0825

			Ciafrè, S., Ferraguti, G., Tirassa, P., Iannitelli, A., Ralli, M., Greco, A., Chaldakov, G.N., Rosso, P., Fico, E., Messina, M.P., Carito, V., Tarani, L., Ceccanti, M. and Fiore, M., 2020. Nerve growth factor in the psychiatric brain. Riv. Psichiatr., 55: 4-15.

			Di Carlo, P., Punzi, G. and Ursini, G., 2019. Brain-derived neurotrophic factor and schizophrenia. Psychiatr. Genet., 29: 200-210. https://doi.org/10.1097/YPG.0000000000000237

			Divakaruni, A.S., Wallace, M., Buren, C., Martyniuk, K., Andreyev, A.Y., Li, E., Fields, J.A., Cordes, T., Reynolds, I.J., Bloodgood, B.L., Raymond, L.A., Metallo, C.M. and Murphy, A.N., 2017. Inhibition of the mitochondrial pyruvate carrier protects from excitotoxic neuronal death. J. Cell Biol., 216: 1091-1105. https://doi.org/10.1083/jcb.201612067

			Feng, Y. and Pei, X.Q., 2022. Relationship between glucose metabolism abnormalities and neuronal autophagy and apoptosis in patients with ischemic stroke and cognitive impairment. Pakistan J. Zool., 54: 1569-1576. https://doi.org/10.17582/journal.pjz/20201105061129

			Garabadu, D. and Verma, J., 2019. Exendin-4 attenuates brain mitochondrial toxicity through PI3K/Akt-dependent pathway in amyloid beta (1–42)-induced cognitive deficit rats. Neurochem. Int., 128: 39-49. https://doi.org/10.1016/j.neuint.2019.04.006 

			Gęgotek, A. and Skrzydlewska, E., 2019. Biological effect of protein modifications by lipid peroxidation products. Chem. Phys. Lipids, 221: 46-52. https://doi.org/10.1016/j.chemphyslip.2019.03.011

			Guo, X.H., Cheng, X.L., Liu, W.X., Li, M.H., Wei, F. and Ma, S.C., 2019. Identification of velvet antler and its mixed varieties by UPLC-QTOF-MS combined with principal component analysis. J. Pharm. Biomed. Anal., 165: 18-23. https://doi.org/10.1016/j.jpba.2018.10.009

			Hall, E.D., Wang, J.A., Miller, D.M., Cebak, J.E. and Hill, R.L., 2019. Newer pharmacological approaches for antioxidant neuroprotection in traumatic brain injury. Neuropharmacology, 145: 247-258. https://doi.org/10.1016/j.neuropharm.2018.08.005

			Hevner, R.F., 2015. Brain overgrowth in disorders of RTK-PI3K-AKT signaling: A mosaic of malformations. Semin. Perinatal., 39: 36-43. https://doi.org/10.1053/j.semperi.2014.10.006

			Jablochkova, A., Bäckryd, E., Kosek, E., Mannerkorpi, K., Ernberg, M., Gerdle, B. and Ghafouri, B., 2019. Unaltered low nerve growth factor and high brain-derived neurotrophic factor levels in plasma from patients with fibromyalgia after a 15-week progressive resistance exercise. J. Rehabil. Med., 51: 779-787. https://doi.org/10.2340/16501977-2593

			Kowiański, P., Lietzau, G., Czuba, E., Waśkow, M., Steliga, A. and Moryś, J., 2018. BDNF: A key factor with multipotent impact on brain signaling and synaptic plasticity. Cell. Mol. Neurobiol., 38: 579-593. https://doi.org/10.1007/s10571-017-0510-4

			Lee, N.K., Jang, K.H., Lee, J.T., Park, H.W., Han, S.T. and In, G., 2019. Study on the marker steroids of New Zealand deer (Cervus elaphus var. scoticus) velvet antler by UPLC-MS/MS and HPLC-PDA methods-(II). Nat. Prod. Sci., 25: 49-58. https://doi.org/10.20307/nps.2019.25.1.49

			Li, C.Y., 2020. Deer antlers: Traditional Chinese medicine use and recent pharmaceuticals. Anim. Prod. Sci., 60: 1233-1237. https://doi.org/10.1071/AN19168

			Li, J., Yang, R., Xia, K., Wang, T., Nie, B., Gao, K., Chen, J., Zhao, H., Li, Y. and Wang, W., 2018. Effects of stress on behavior and resting-state fMRI in rats and evaluation of Telmisartan therapy in a stress-induced depression model. BMC Psychiatry, 18: 1-13. https://doi.org/10.1186/s12888-018-1880-y

			Li, X., Wu, C., Chen, N., Gu, H., Yen, A., Cao, L., Wang, E. and Wang, L., 2016. PI3K/Akt/mTOR signaling pathway and targeted therapy for glioblastoma. Oncotarget, 7: 33440. https://doi.org/10.18632/oncotarget.7961

			Li, Z., Wu, L., Yao, Y. and Wang, Q., 2007. Comparison of amino acid contents in different products of Cervus nippon temminck velvet antler. Amino Acids Biotic Resour., 29: 16-18.

			Liu, Y., Liu, Y.N., Jin, H.X., Cong, P.F., Zhang, Y.B., Tong, C.C., Shi, X.Y., Liu, X.L., Tong, Z., Shi, L. and Hou, M.X., 2017. Cold stress-induced brain injury regulates TRPV1 channels and the PI3K/AKT signaling pathway. Brain Res., 1670: 201-207. https://doi.org/10.1016/j.brainres.2017.06.025

			Liu, Y.X., Xu, Y., Zhao, X.T., Li, X., Zhou, J., Lv, G.F., Lin, H., Xu, J.M. and Huang, X.W., 2019. Protective effect of pilose antler polypeptide on mild cognitive impairment induced by unilateral common carotid artery occlusion in rats. Ginseng Res., 31: 42-44.

			Luo, Z., Zhang, M., Niu, X., Wu, D. and Tang, J., 2019. Inhibition of the PI3K/Akt signaling pathway impedes the restoration of neurological function following hypoxic-ischemic brain damage in a neonatal rabbit model. J. Cell. Biochem., 120: 10175-10185. https://doi.org/10.1002/jcb.28302

			Numakawa, T. and Odaka, H., 2022. The role of neurotrophin signaling in age-related cognitive decline and cognitive diseases. Int. J. Mol. Sci., 23: 7726. https://doi.org/10.3390/ijms23147726

			Numakawa, T., Suzuki, S., Kumamaru, E., Adachi, N., Richards, M. and Kunugi, H., 2010. BDNF function and intracellular signaling in neurons. Histol. Histopathol., 25: 237-258. https://doi.org/10.1016/j.neubiorev.2021.05.005

			Roher, A.E., Weiss, N., Kokjohn, T.A., Kuo, Y.M., Kalback, W., Anthony, J., Watson, D., Luehrs, D.C., Sue, L., Walker, D., Emmerling, M., Goux, W. and Beach, T., 2002. Increased Aβ peptides and reduced cholesterol and myelin proteins characterize white matter degeneration in Alzheimer’s disease. Biochemistry, 41: 11080-11090. https://doi.org/10.1021/bi026173d

			Shang, N., Zhang, P., Wang, S., Chen, J.P., Fan, R., Chen, J., Huang, T., Wang, Y.H., Duncan, J., Zhang, L., Niu, Q. and Zhang, Q.L., 2020. Aluminum-induced cognitive impairment and PI3K/Akt/mTOR signaling pathway involvement in occupational aluminum workers. Neurotox. Res., 38: 344-358. https://doi.org/10.1007/s12640-020-00230-z

			Sui, Z., Zhang, L., Huo, Y. and Zhang, Y., 2014. Bioactive components of velvet antlers and their pharmacological properties. J. Pharm. Biomed. Anal., 87: 229-240. https://doi.org/10.1016/j.jpba.2013.07.044

			Thorpe, L.M., Yuzugullu, H. and Zhao, J.J., 2015. PI3K in cancer: Divergent roles of isoforms, modes of activation and therapeutic targeting. Nat. Rev. Cancer, 15: 7-24. https://doi.org/10.1038/nrc3860

			Tramutola, A., Triplett, J.C., Di Domenico, F., Niedowicz, D.M., Murphy, M.P., Coccia, R., Perluigi, M. and Butterfield, D.A., 2015. Alteration of mTOR signaling occurs early in the progression of Alzheimer disease (AD): Analysis of brain from subjects with pre-clinical AD, amnestic mild cognitive impairment and late-stage AD. J. Neurochem., 133: 739-749. https://doi.org/10.1111/jnc.13037

			Tsai, C.Y., Dai, K.Y., Fang, C., Wu, J.C. and Chan, S.H., 2018. PTEN/FLJ10540/PI3K/Akt cascade in experimental brain stem death: A newfound role for a classical tumorigenic signaling pathway. Biochem. Pharmacol., 155: 207-212. https://doi.org/10.1016/j.bcp.2018.07.002

			Tu, L., Wang, Y., Chen, D., Xiang, P., Shen, J., Li, Y. and Wang, S., 2018. Protective effects of notoginsenoside R1 via regulation of the PI3K-Akt-mTOR/JNK pathway in neonatal cerebral hypoxic–ischemic brain injury. Neurochem. Res, 43: 1210-1226. https://doi.org/10.1007/s11064-018-2538-3

			Weil, R.S., Costantini, A.A. and Schrag, A.E., 2018. Mild cognitive impairment in Parkinson’s disease what is it? Curr. Neurol. Neurosci. Rep., 18: 17. https://doi.org/10.1007/s11910-018-0823-9

			Wu, T., Yang, L.N., Chen, Y., Ni, Y.H., Jiang, J.G., Zhang, W.J., Zhou, Q.C., Zheng, X.J., Wang, Q., Fu, Z.W. and Li, H.F., 2018. Velvet antler polypeptides ameliorates hypoxic-ischemic encephalopathy by activated neurotrophic factors and SDF1/CXCR4 axis in rats. Acta Biochim. Biophys. Sin., 50: 254-262. https://doi.org/10.1093/abbs/gmy005

			Yang, Q., Lin, J.N., Sui, X., Li, H., Kan, M., Wang, J.F., Li, J., Zhang, Z., Liu, X.R., Ming, S.T., Qu, X.B. and Li, N., 2020. Antiapoptotic effects of velvet antler polypeptides on damaged neurons through the hypothalamic-pituitary-adrenal axis. J. Integr. Neurosci., 19: 469-477. https://doi.org/10.31083/j.jin.2020.03.167

			Yi, G., Din, J.U., Zhao, F. and Liu, X., 2020. Effect of soybean peptides against hydrogen peroxide induced oxidative stress in HepG2 cells via Nrf2 signaling. Fd. Funct., 11: 2725-2737. https://doi.org/10.1039/C9FO01466G

			Zhang, M., Li, N., Qu, X.B., Luo, S., Drummen, G.P.C., 2016. Total velvet-antler polypeptide extract from Cervus nippon Temminck induces cell proliferation and activation of the PI3K-Akt signalling pathway in human peripheral blood lymphocytes. Anim. Prod. Sci., 56: 1008-1015. https://doi.org/10.1071/AN15103

			Zhang, S.H., Zeng, X.F., Ren, M., Mao, X.B. and Qiao, S.Y., 2017. Novel metabolic and physiological functions of branched chain amino acids: A review. J. Anim. Sci. Biotechnol., 8: 10. https://doi.org/10.1186/s40104-016-0139-z

			Zheng, B. and Chen, T., 2020. MiR-489-3p inhibits cell proliferation, migration, and invasion, and induces apoptosis, by targeting the BDNF-mediated PI3K/AKT pathway in glioblastoma. Open Life Sci., 15: 274-283. https://doi.org/10.1515/biol-2020-0024

			Zheng, M.C., Liu, Z.H., Mana, L., Qin, G.F., Huang, S.Y., Gong, Z.Y., Tian, M.J., He, Y.N. and Wang, P.W., 2021. Shenzhiling oral liquid protects the myelin sheath against Alzheimer’s disease through the PI3K/Akt-mTOR pathway. J. Ethnopharmacol., 278: 114264. https://doi.org/10.1016/j.jep.2021.114264

			Zhu, S.Z., Wei, X.B., Yang, H., Huang, Z.F., Chang, Z.H., Xie, F., Yang, Q., Ding, C.H., Xiang, W., Yang, H.J., Xia, Y., Feng, Z.P., Sun, H.S., Yenari, M.A., Shi, L., Mok, V.C. and Wang, Q., 2019. Plasma lipoprotein-associated phospholipase A2 and superoxide dismutase are independent predicators of cognitive impairment in cerebral small vessel disease patients: Diagnosis and assessment. Aging Dis., 10: 834-846. https://doi.org/10.14336/AD.2019.0304

			Zughaibi, T.A., Suhail, M., Tarique, M. and Tabrez, S., 2021. Targeting PI3K/Akt/mTOR pathway by different flavonoids: A cancer chemopreventive approach. Int. J. mol. Sci., 22: 12455. https://doi.org/10.3390/ijms222212455

		

	OEBPS/image/Image133876990.png
0

Iy S N
S S S

c.>C0ntent of BDNF (ng/mL) 3> Content of SOD (pg/mL)
®
< S

Control Model PIR

%

Control Model PIR

VAPH VAPL

%

VAPH VAPL

O Content of NGF (ng/mL) 5 Content of MDA (nmol/L)

160

120

80

40

Control Model PIR VAPH VAPL

* *

0
Control Model PIR VAPH VAPL





OEBPS/image/Image133876985.png
0
Control Model PIR VAPH VAPL

30

0
Control Model PIR VAPH VAPL

2
H

E 1200 .

£

Z 900 oo

£ 600 #

2 300

c o
Control Model PIR VAPH VAPL
80

g 6

£ w0 w

2

< 2

3

o

0
Control Model PIR VAPH VAPL





OEBPS/image/Image133876996.png
Control Model PIR VAPH VAPL

PISK oy wo e W S

Akt —

oo [

GAPDH = S s s s s

=

e
%
*
*

APDH)
o
EN
*

o of C
o
=

0.2

Akt (°

0
C Control Model PIR VAPH VAPL

=]
PI3K (% of GAPDH)

S mTOR (% of GAPDH)

[

e
£

e
EN

S
=

e
o

0.8

0.6

0.4

0.2

0

0
Control Model PIR VAPH VAPL

% PT3

Control Model PIR VAPH VAPL





OEBPS/image/Open_Access_logo_black.png





OEBPS/image/1.png
Pakistan J. Zool., vol. 56(1), pp 165-172, 2024

https://dx.doi.org/10.17582/journal.pjz/20211222011205

Mechanism of Action of Velvet Antler
Polypeptide in Improving Mild Cognitive
Impairment in Rats

Xiao-Wei Huang'?, Mei-Li Liu', Jin-Ji Wang!, Yue-Xin Liu’, Zhe Lin’,
Chun-Shu Rong** and Ji-Xiang Ren**

ISchool of Pharmacy, Changchun University of Chinese Medicine, Changchun 130117,

China

’Northeast Asia Institute of Traditional Chinese Medicine, Changchun University of
Chinese Medicine, Changchun 130117, China

3School of Pharmaceutical Sciences, Jilin Medical University, Jilin 132013, China
“Affiliated Hospital, Changchun University of Chinese Medicine, Changchun 130021,
China

ABSTRACT

This study aimed to elucidate the mechanism of velvet antler polypeptide (VAP) in improvement of
learning and memory function in mild cognitive impairment (MCI) rats model, specifically by investigating
the PI3K, AKT and mTOR pathway. The type and content of amino acids (AA) in VAP were determined
using pre-column derivatization-high performance liquid chromatography (PD-HPLC). Wistar rats were
randomly divided into 5 groups (n=10 per group): control, model, piracetam (PIR), VAPH (300 mg/
kg VAP) and VAPL (200 mg/kg VAP) groups. After intragastric administration, the rats’ behavioral
indexes were observed through the open field test (OFT), and the levels of superoxide dismutase (SOD),
malondialdehyde (MDA), brain-derived neurotrophic factor (BDNF), and nerve growth factor (NGF) in
serum were detected using ELISA. The protein expression levels of phosphoinositide 3-kinase (PI3K),
protein kinase B (Akt) and mammalian target of rapamycin (mTOR) in the hippocampus were detected
through western blotting. In the results, VAP contained 17 kinds of AA, including 7 essential AA, with
a content of 394.08 g/kg, the total AA content was 831.55 g/kg. In the OFT, the PIR, VAPH and VAPL
groups showed significant decreases in slient period, significant increases in exercise time and behavior
path, and center residence time in the PIR and VAPH groups were also increased significantly. The MDA
content in serum of PIR, VAPH and VAPL groups significantly decreased, while the SOD, BDNF and
NGF content in serum of PIR and VAPH groups significantly increased. The expression levels of PI3K
and mTOR in the hippocampus of PIR, VAPH and VAPL groups were significantly increased, and the
expression level of Akt in the hippocampus of PIR and VAPH groups was significantly increased. In
summary, VAP could improve the learning and memory abilities of MCI model rats, and its mechanism
may be related to the regulation of PI3K, Akt and mTOR expression levels in the hippocampus of rats.
This study provides a basis for further development and utilization of VAP and a better understanding of
its mechanism of improving MCL
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INTRODUCTION

Mild cognitive impairment (MCI) is a transitional
stage between brain aging and dementia that belongs
to the syndrome of cognitive impairment, with the decline
of cognitive function as the main symptom (Anderson,
2020; Weil et al., 2018). Cognitive deficit is related to
alterations of neurotrophic factors level such as brain-
derived neurotrophic factor (BDNF) and nerve growth
factor (NGF) and so on (Budni ef a/., 2015). BDNF and
NGF can activate the downstream intracellular signaling
pathways, such as the phosphatidylinositol 3-kinase/
protein kinase B/mammalian target of rapamycin (PI3K/
Akt/mTOR) pathway, thereby promoting neuroprotection
(Numakawa ef al., 2010; Feng and Pei, 2022; Numakawa

and Odaka, 2022). PI3K/Akt/mTOR pathway plays a
vital role in cell growth, proliferation, differentiation,
metabolism, motility transcription, and protein synthesis
(Thorpe et al., 2015). At present, there are many studies
on PI3K/Akt/mTOR pathway in cancer (Zughaibi ef al.,
2021), but few researches on improving MCI. Shang
et al. (2020) found that aluminum exposure can cause
cognitive impairment through PI3K/Akt/mTOR pathway,
with mTOR activity being a critical player involved in
this mechanism. Akt and mTOR, as important regulatory
molecules of oligodendrocytes, play important roles in the
formation and development of the myelin sheath (Roher et
al.,2002). Zheng et al. (2021) found that Shenzhiling oral
liquid could highly activate the PI3K/Akt/mTOR signaling
pathway, thus heightening myelin protein expression and
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