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P2X7/NLRP1/caspase-1 mediated neuronal injury plays an important role in diabetic cognitive impairment and eventually inflammatory cascade reaction. Chinese herbal compound Naofucong has been mainly used to treat cognitive disorders in Traditional Chinese Medicine The present study aimed to investigate whether its neuroprotective effects might be related to the inhibition of P2X7R/NLRP1/caspase-1 mediated neuronal injury or not. In this study, high glucose-induced HT22 hippocampal neurons were used to determine Naofucong-containing serum neuronal protective effects. Lentiviruses knock out of TXNIP and P2X7R was used to determine that protective effects of Naofucong was related to inflammatory response and P2X7/NLRP1/caspase-1 mediated neuronal injury. NAC was also used to inhibit oxidative stress, so as to determine that oxidative stress is an important starting factor for neuronal injury of HT22 cells cultured with high glucose. Naofucong decreased apoptosis, IL-1β and IL-18 levels in high glucose-induced HT22 hippocampal neuron cells. Naofucong suppressed NLRP1/caspase-1 mediated neuronal injury, and P2X7 was involved in process. HT22 cells cultured in high glucose had an internal environment with elevated oxidative stress, which could promote neuronal injury. The current study demonstrated that Naofucong could significantly improve high glucose-induced HT22 hippocampal neuron injury, which might be related to suppress P2X7R/NLRP1/caspase-1 pathway, which provides novel evidence to support the future clinical use of Naofucong.
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INTRODUCTION
Diabetes mellitus (DM) is a kind of glucose metabolic disorder involving multiple system damage (Xu et al., 2013). And, DM can cause cognitive decline, manifested as impaired attention, motor speed, executive function and verbal memory, which seriously affects people's health (Palta et al., 2014). Thus, to explore pathogenesis and corresponding therapeutic targets of diabetic cognitive impairment is an important measure to treat diabetic complications. Many studies have shown that diabetes is an autoimmune and low-grade inflammatory disease, and that inflammatory responses play an important role in diabetic cognitive dysfunction (Romeo et al., 2012). There are many factors and pathways in the damaged neurons of diabetic patients that can cause the inflammatory cascade, and P2X7/NLRP1/caspase-1 is one of the most important pathways.
P2X7/NLRP1/caspase-1 pathway is an important pro-inflammatory pathway, which depends on caspase-1 activation and followed by inflammatory cascade. Under endogenous and exogenous stimulation, apoptosis-related spot-like protein (ASC) activates pro-caspase-1 (Doitsh et al., 2014). It interacts with nucleotide binding oligomerization domain-like receptor protein 1 (NLRP1), which is involved in formation of inflammosomes and activation of caspase-1 (Tan et al., 2015; White et al., 2017; Park et al., 2018). Activated caspase-1 induces the activation of downstream cytokines such as IL-1β and IL-18. Then, cells release intracellular substances such as lactate dehydrogenase (LDH), mediating cell damage. During cell injury, ion channel opening induced by ATP release and binding purine receptor P2X7 is one of the classic pathways of NLRP1 inflammasome activation (Meng et al., 2014). More and more studies have shown the important pathophysiological function of P2X7 receptor (P2X7R) in central nervous system diseases (Divirgilio, 2007). Recent studies have found increased expression of NLRP1, ASC and Caspase-1 in STZ-induced diabetic cortical neurons (Meng et al., 2014). Therefore, P2X7R/NLRP1/caspase-1 mediated neuronal injury plays an important role in diabetic cognitive impairment and eventually inflammatory cascade reaction Bartlett et al. (2014), Sperlágh and Illes (2014), which may provide a new target for the prevention and treatment of diabetic cognitive impairment.
Naofucong is a compound preparation based on traditional Chinese medicine theory and modern pharmacology. NFC consisted of ginseng, salvia, polygonum multiflorum, leeches, poria, berberine, and calamus. Among these herbs, it has been reported that ginseng has beneficial effects in diabetes, and Panax ginseng roots extracts and Polygonum multflorum extracts could improve the learning and memory ability (Jing et al., 2020). Clinical practice has shown that it can significantly improve cognitive dysfunction in diabetics. Animal experiments have also shown that Naofucong can improve the learning and memory function and shorten the incubation period and duration of water maze in diabetic rats through up-regulating the expression of insulin-like growth factor-1 (IGF-1) and glial fibrillary acidic protein (GFAP) and decreasing the expression of nuclear factor-κB (NF-κB) in hippocampus (Zhang et al., 2004; Jing et al., 2020). Our previous studies showed that Naofucong could play a role in improving high glucose-induced neuronal injury (Jing et al., 2016). However, its specific mechanism is unknown. In this study, high glucose-induced HT22 hippocampal neurons were used to determine Naofucong-containing serum neuronal protective effects. Lentiviruses knock out of TXNIP and P2X7R was used to determine that protective effects of Naofucong was related to inflammatory response and P2X7R/NLRP1/caspase-1 mediated neuronal injury. This study can provide novel evidence to support the future clinical use of Naofucong.
MATERIALS AND METHODS
Preparation of Naofucong
Naofucong (NFC) Granules consists of the following dried raw materials: Panax ginseng C.A.Mey. [Araliaceae; Ginseng radix et rhizoma], Salvia miltiorrhiza Bge. [Lamiaceae; Salviae miltiorrhizae radix et rhizoma], Polygonum multiflorum Thunb. [Polygonaceae; Polygoni multiflori radix], Poria cocos (Schw.) Wolf [Polyporcee; Poria], Coptis chinensis Franch. [Ranunculaceae; Coptidis rhizoma], Whitemania pigra Whitman [Hirudinidae; Hirudo] and Acorus tatarinowii Schott. [Araceae; Acori tatarinowii rhizoma] (1:3:3:1:1:1:1). These 7 herbs were purchased from Medicinal Materials Company of Beijing Tongrentang (Batch Number: X,157,631), processed by Beijing Kangrentang Pharmaceutical Co., LTD, China, which was prepared into an aqueous solution.
For preparation of the NFC decoction, the mixed crude drugs were soaked with stilled water at room temperature (25°C) for 2 h. For the first decoction, the drugs were refluxed with 10-fold of water (1:10, w/v) for 1.5 h before filtered. For the second decoction, the drug residues were refluxed with eightfold of water (1:8, w/v) before filtered. The two decoctions were then mixed together and concentrated in vacuum. The concentrated decoction was freeze-dried with an extraction yield of 19%. Then the NFC extract was stored under −80°C and well suspended in water before use.
UPLC/Q-TOF-MS Analysis
The freeze-dried powders of NFC decoction water extract (20 mg) was dissolved in 10 ml of distilled water and then filtered with a 0.22 mm membrane before analysis. UPLC/MS analysis was performed on a UPLC system coupled with XEVO G2 Q-TOF mass spectrometer via an ESI source (Waters Corp. Milford, MA). For UPLC separation, 2 μL of sample solution was injected into an ACQUITY HSS T3 C18 column (100 × 2.1 mm, 1.7 μm, Waters). The mobile phase consisted of ACN (A) and water containing 0.1% (v/v) formic acid (B). Linear gradient elution was applied (0–5min, 5–30% A; 5–10min, 30–40% A; 10–20min, 40–65% A; 20–25min, 65–90% A) at a flow rate of 0.4 ml/min. The column temperature was 45°C. For MS detection, accurate mass was maintained by the LockSpray interface of sulfadimethoxine (309.0658 [MH]−). The operating parameters in negative ion mode were as follows: capillary voltage, 3.0 kV; cone voltage, 30 V; desolvation gas flow rate, 750 L/h; source temperature, 120°C; desolvation temperature, 350°C. MS data were acquired in centroid mode and processed by MassLynx software (Waters, version 4.1).
Preparation of Animals and Naofucong-Containing Serum
SPF grade male SD rats (weighing 200–220 g, No. SCXK 2007–004) were provided by Vital River Laboratory Animal Technology Co. Ltd. (Beijing, China), and were kept in the clean animal feeding room of the animal experimental center, with a humidity of 60% and a temperature of 20–22°C. Rats were kept in a cage and fed freely. After 3 days of adaptive feeding, intragastric administration (Naofucong 4.667 g/kg) was performed, twice per day, for 3 days. After administration, 5 ml/kg 1% pentobarbital sodium was injected intraperitoneally, blood was collected from the abdominal aorta, and Naofucong-containing serum was obtained by centrifugation. Serum was filtered through 0.22 μm filters, inactivated at 56°C for 30 min. This study was performed under the supervision of the Animal Care and Use Committee of Peking Union Medical College Hospital.
Group Processing of Cell Experiments
HT22 (immortalized mouse hippocampal neuronal) cells were kindly provided by Cell bank, Institute of Basic Medicine, Peking Union Medical College. HT22 cells were maintained in DMEM (dulbecco’s modified eagle medium)/high-glucose media (Hyclone, Logan, Utah) containing 10% fetal calf serum (Hyclone, Logan, Utah) and were incubated at 5% CO2/95% O2 incubation at 37°C. Cells were treated with control (Con, 5.5 mmol/L of glucose) or high-glucose (HG, 75 mmol/L of glucose) medium for 48 h. Besides, 10% Naofucong-containing serum (NFC) and N-acetyl-L-cysteine (NAC, 10 mmol/L) were carried out in high-glucose medium for 48 h.
Preparation of RNAi Lentivirus Clones
The linearized vector was obtained by restriction enzyme digestion; The primers were annealed to prepare the target fragment; The primers were designed to add restriction sites at both ends of the primers, and after annealing, the primer contained the same restriction sites as the two ends of the linearized clone vector. Linearized carrier and annealing product were used to prepare the reaction system, and the products were directly transformed. Monoclones were selected from the plate for PCR identification, and the positive clones were sequenced and the results were analyzed. The high purity plasmid was obtained by expanding culture and extraction of the correct clone bacteria liquid.
Biochemical Assay
After treatment of cells according to experimental grouping requirements, the supernatant of cells was collected for the detection of Cell Counting Kit-8 (CCK-8, C0037, Beyotime, China), Lactate dehydrogenase (LDH, C0017, Beyotime, China), Interleukin-1β (IL-1β, PI301, Beyotime, China) and Interleukin-18 (IL-18, PI553, Beyotime, China). The experimental process was carried out according to instructions.
TUNEL Apoptosis Assay
One Step TUNEL Apoptosis Assay Kit (C1088, Beyotime, China) is a sensitive, rapid and simple method for apoptosis detection. For cells that have been fixed, the apoptotic cells presenting green fluorescence can be detected by fluorescence microscope after washing after one-step staining. The experimental process was carried out according to instructions.
Real-Time PCR
Total RNA was extracted with Trizol kit in one step (15,596,026, Invitrogen, United States). RNA integrity of each sample was detected by formaldehyde denatured gel electrophoresis. The content of total RNA in each sample was determined by ultraviolet spectrophotometer. According to literature, PCR amplification primers were designed by existing cDNA sequences in gene bank, and PCR amplification conditions of various genes were set according to their characteristics to perform real-time PCR detection. The reaction conditions were as follows: pre-denaturation at 94°C for 5 min, 30 cycles of denaturation at 94°C for 30 s, annealing at 54.5°C for 30 s and extension at 72°C for 30 s, and a final extension at 72°C for 10 min. SDS2.2 fluorescence quantitative operation technology data analysis software was used to process and analyze the data. β-actin was considered as the internal reference of the genes. The expression of target genes was calculated based on the 2−ΔΔCt method, with ΔCt obtained using the following formula: ΔCt = Ct (target gene) −Ct (β-actin), and ΔΔCt = ΔCt (the experiment group) −ΔCt (the control group). The experiment was conducted in triplicates. The primer sequences for RT-PCR assay were summarized in Supplementary Table S1.
Western Blot
Cells were added into lysate for homogenization (P0013B, Beyotime biotechnology, Shanghai, China), and centrifuged for supernatant. Then, protein concentration was determined by BCA (23,250, Thermo Fisher Scientific, United States). The supernatant containing 50 μg protein was separated by 8, 10, or 12% SDS-PAGE electrophoresis and transferred to cellulose nitrate film. The non-specific binding was reduced by using TBS-T containing 5% skim milk. Incubate with different primary antibodies (Dilution concentration is 1:1,000), and then incubate with secondary antibodies (Dilution concentration is 1:4,000), and test with ECl kit (32,109, Thermo Fisher Scientific, United States). The strips were scanned and quantified using a computer image analysis system. Detailed information of antibodies was shown in Supplementary Table S2.
Statistical Analyses
Data are presented as mean ± SEM, calculated using SPSS 17.0 software (SPSS Inc. Chicago, IL, United States). Differences were analyzed using one-way ANOVA followed by Bonferroni post hoc test or unpaired two-tailed Student’s t-test with SPSS 17.0 software. p < 0.05 was considered statistically significant.
RESULTS
Chemical Profiling of NFC
UPLC/Q-TOF-MS analysis was employed to characterize the chemical composition of NFC. A total of 29 peaks (1–29) were putatively identified by comparing their high-resolution MS data. These compounds have covered most of the main peaks in the chromatogram and different kinds of constituents were involved (Table 1, Supplementary Figure S1; Supplementary Table S3).
TABLE 1 | Related chromatographic mass spectrometric data of compound in naofucong granule.
[image: Table 1]In this study, HT22 hippocampal neuron cells were used to determine optimal cell model stimulation conditions after different time and different concentration (Figure 1A) of high glucose stimulation. According to results of this study and literature reports Zhang et al. (2018), 75 mmol/L and 48 h were finally determined as optimal stimulus conditions. At the same time, the study found that activity of HT22 cells decreased and LDH level increased under high glucose culture, and NFC could significantly reverse above trend. In addition, lentivirus knockout of TXNIP (a key molecule in inflammatory process), also significantly increased cell activity and decreased LDH release (Figures 1B,C). These results suggest that NFC significantly ameliorates high glucose-induced HT22 cell damage and that this effect may be related to its involvement in inflammatory process.
[image: Figure 1]FIGURE 1 | Naofucong reduced high glucose-induced HT22 hippocampal neuron cell damage. (A) The activity of HT22 cells cultured with high glucose at different concentrations and at different time points, ***p < 0.001, 75 mmol/L vs. Con. (B, C) HT22 cell activity and LDH release level under high glucose conditions (75 mmol/L and 48 h), NFC or lentivirus knockout of TXNIP treatment. Values are means ± SEM, n = 5 per group, *p < 0.05, **p < 0.01, ***p < 0.001.
Naofucong decreased apoptosis, IL-1β and IL-18 levels in high glucose-induced HT22 hippocampal neuron cells.
In this study, it was found that apoptosis of HT22 cells was significantly increased in HG group, while NFC and TXNIP-miRNA could significantly reduce number of apoptotic cells (Figure 2A). Moreover, high glucose significantly increased expression levels of IL-1β and IL-18 proteins in HT22 cells, and NFC and TXNIP-miRNA significantly reversed above trends (Figures 2B,C). And, NFC and TXNIP-miRNA also significantly reversed elevated IL-1β and IL-18 mRNA levels in HT22 cells induced by high glucose (Figures 2B,C). These data showed that there was inflammatory response activation in HT22 cells induced by high glucose, and NFC could significantly inhibit inflammatory response.
[image: Figure 2]FIGURE 2 | Naofucong decreased apoptosis, IL-1β and IL-18 levels in high glucose-induced HT22 hippocampal neuron cells. (A) Morphological photomicrographs of TUNEL staining. TUNEL positive staining cells were labeled as green, scale bar = 30 μm. (B, C) Effects of NFC on IL-1β and IL-18 levels of HT22 cells in high glucose. (D, E) Effects of NFC on IL-1β and IL-18 mRNA levels of HT22 cells in high glucose. Values are means ± SEM, n = 5 per group, *p < 0.05, **p < 0.01, ***p < 0.001. Naofucong suppressed NLRP1/caspase-1 mediated neuronal injury in high glucose-induced HT22 hippocampal neuron cells.
In this study, the expression levels of key proteins in NLRP1/caspase-1 mediated neuronal injury were detected. The results showed that several key proteins in NLRP1/caspase-1 mediated neuronal injury were significantly elevated in high glucose-induced HT22 cells, including NLRP1, ASC, pro-caspase-1, caspase-1 and GSDMD (Figure 3A). And, NFC and TXNIP-miRNA significantly reduced expression levels of these proteins (Figures 3B–E). These results showed that activation of NLRP1/caspase-1 mediated neuronal injury existed in HT22 cells cultured with high glucose, the activation of NLRP1/caspase-1 mediated neuronal injury was related to TXNIP, and NFC could play a role in inhibiting NLRP1/caspase-1 mediated neuronal injury.
[image: Figure 3]FIGURE 3 | Naofucong suppressed NLRP1/caspase-1 mediated neuronal injury in high glucose-induced HT22 hippocampal neuron cells. (A) Effects of NFC on NLRP1, ASC, pro-caspase-1, caspase-1, and GSDMD levels of HT22 cells in high glucose. (B–E) Representative protein levels of NLRP1, ASC, pro-caspase-1, caspase-1, and GSDMD levels of HT22 cells in high glucose were assessed by western blotting using specific antibodies. Values are means ± SEM, n = 4 per group, *p < 0.05, **p < 0.01, ***p < 0.001. Naofucong suppressed P2X7-induced neuronal injury in high glucose-induced HT22 hippocampal neuron cells.
In order to explore roles of P2X7 in NFC improving pyroptosis of high glucose-induced HT22 cells, P2X7R was knocked out in this study. The results showed that in HG group, P2X7R significantly increased and NFC could significantly reduce P2X7R level (Figures 4A,B). At the same time, P2X7R-miRNA can significantly reverse rising trend of key proteins in HG group and inhibit NLRP1/caspase-1 mediated neuronal injury (Figures 4C–F). And, NFC and P2X7R-miRNA also significantly reversed elevated NLRP1 and ASC mRNA levels in HT22 cells induced by high glucose (Figures 4G,H). These results indicated that P2X7 was involved in process of NFC suppressing NLRP1/caspase-1 mediated neuronal injury in high glucose-induced HT22 cells.
[image: Figure 4]FIGURE 4 | Naofucong suppressed P2X7-induced neuronal injury in high glucose-induced HT22 hippocampal neuron cells. (A) Effects of NFC on P2X7R, NLRP1, ASC, pro-caspase-1, caspase-1, and GSDMD levels of HT22 cells in high glucose. (B–F) Representative protein levels of P2X7R, NLRP1, ASC, pro-caspase-1, caspase-1, and GSDMD levels of HT22 cells in high glucose were assessed by western blotting using specific antibodies. (G, H) Effects of NFC and P2X7R-miRNA on NLRP1 and ASC mRNA levels of HT22 cells in high glucose. Values are means ± SEM, n = 4 per group, *p < 0.05, **p < 0.01, ***p < 0.001.
Oxidative stress was involved in process of NFC suppressing P2X7/NLRP1/caspase-1 mediated neuronal injury in high glucose-induced HT22 cells.
In order to explore roles of oxidative stress in high glucose-induced neuronal injury of HT22 cells, NAC (an oxidative stress inhibitor) was added in this study as a control drug with NFC. NAC can significantly reverse rising trend of P2X7R and key proteins in HG group and inhibit NLRP1/caspase-1 mediated neuronal injury (Figures 5A–F). And, NFC and NAC also significantly reversed elevated P2X7R and GSDMD mRNA levels in HT22 cells induced by high glucose (Figures 5G,H). These results indicated that HT22 cells cultured in high glucose had an internal environment with elevated oxidative stress, which could promote P2X7/NLRP1/caspase-1 mediated neuronal injury, while NFC and NAC could reduce oxidative stress and thus alleviate neuronal injury.
[image: Figure 5]FIGURE 5 | Oxidative stress was involved in process of NFC suppressing P2X7/NLRP1/caspase-1 mediated neuronal injury in high glucose-induced HT22 cells. (A) Effects of NAC on P2X7R, NLRP1, ASC, pro-caspase-1, caspase-1, and GSDMD levels of HT22 cells in high glucose. (B–F) Representative protein levels of P2X7R, NLRP1, ASC, pro-caspase-1, caspase-1, and GSDMD levels of HT22 cells in high glucose were assessed by western blotting using specific antibodies. (G, H) Effects of NFC and NAC on NLRP1, and ASC mRNA levels of HT22 cells in high glucose. Values are means ± SEM, n = 4 per group, *p < 0.05, **p < 0.01, ***p < 0.001.
DISCUSSION
In this study, HT22 hippocampal neurons were used for high-glucose stimulation to construct a cell damage model, and Naofucong-containing serum was used to determine neuronal protective effect of Naofucong. Then, lentiviruses were used to knock out TXNIP and P2X7R, respectively, so as to determine that protective effects of Naofucong was related to inflammatory response and P2X7/NLRP1/caspase-1 mediated neuronal injury. Finally, NAC was also used to inhibit oxidative stress, so as to determine that oxidative stress is an important starting factor for P2X7/NLRP1/caspase-1 mediated neuronal injury of HT22 cells cultured with high glucose.
Naofucong is a compound preparation based on traditional Chinese medicine theory and modern pharmacology. It is rich in a variety of intelligence and neuroprotective ingredients. It has effects of tonifying kidney and invigorating spleen, nourishing blood and promoting blood circulation, and improving cognitive function. It has a good effect on patients with mild cognitive dysfunction of spleen and kidney function deficiency, phlegm and blood stasis (Zhang et al., 2004; Jing et al., 2020).
The dosage in this study was determined based on our clinical dosage and previous animal experiments (Jing et al., 2016; Jing et al., 2020). The dose-effect of drug-containing serum is also determined by dose and serum concentration of donor animal. Since serum concentration in this cell culture system has been limited to fixed condition of 10%, blood drug concentration is mainly adjusted according to dose given by donor animal. The dose of Chinese herb in vitro test is determined according to dose-effect relationship in vivo test under condition that effective components of Chinese herb are not completely clear (Heinrich et al., 2020). The dose used in this study is equivalent to the dose used in human clinical practice.
Hippocampal neurons are main cells in brain for learning and memory, and HT22 cells have been used as well established in vitro cellular models for neurodegenerative disorders such as AD. This cell lines has functional cholinergic properties related to the cognitive defects of AD (Liu et al., 2009). In this study, HT22 hippocampal neuron cells were used to determine optimal cell model stimulation conditions after different time and different concentration of high glucose stimulation. According to results of this study and literature reports, 75 mmol/L and 48 h were finally determined as optimal stimulus conditions. Thioredoxin-interacting protein (TXNIP) was a type of thioredoxin binding protein (TRX), which mediated oxidative stress, inhibited cell proliferation, and induced apoptosis by inhibiting function of thioredoxin system. TXNIP is also a central molecule in inflammatory process Singh et al. (2017), and in this study, lentivirus knockout of TXNIP was used to determine relationships between protective effects of Naofucong and inflammatory response. These results suggest that NFC significantly ameliorates high glucose-induced HT22 cell damage. And there was inflammatory response activation in HT22 cells induced by high glucose, and NFC could significantly inhibit inflammatory response.
P2X7/NLRP1/caspase-1 pathway is an important pro-inflammatory pathway, which depends on caspase-1 activation and followed by inflammatory cascade (Tan et al., 2014). In this study, the expression levels of key proteins in NLRP1/caspase-1 mediated neuronal injury were detected. These results showed that activation of NLRP1/caspase-1 mediated neuronal injury existed in HT22 cells cultured with high glucose, the activation of NLRP1/caspase-1 mediated neuronal injury was related to TXNIP, and NFC could play a role in inhibiting NLRP1/caspase-1 mediated neuronal injury. During cell injury, ion channel opening induced by ATP release and binding purine receptor P2X7 is one of the classic pathways of NLRP1 inflammasome activation. P2X7R, a member of the P2X family of purine receptors, is a type of ion channel that is permeable to potassium, sodium and calcium (Kasuya et al., 2016). It was found that P2X7R binds to NLRP1 inflammasome through Pannexin 1 (Pannexin 1) in the cytoplasm of neurons, inducing caspase-1 activation and IL-1β maturation and release (Meng et al., 2014). In order to explore roles of P2X7 in NFC improving pyroptosis of high glucose-induced HT22 cells, P2X7R was knocked out in this study. These results indicated that P2X7 was involved in process of NFC suppressing NLRP1/caspase-1 mediated neuronal injury in high glucose-induced HT22 cells.
There are many mechanisms of activation of inflammasome complexes in central nervous system. Hyperglycemia causes excessive production of superoxide anions in mitochondria, which will lead to oxidative stress in tissues and cells and eventually lead to various complications of diabetes (Maiese et al., 2007). Many studies have shown that, ROS may be involved in the activation of NLRP1, thereby enhancing the inflammatory response (Xu et al., 2013). Recent studies have shown that hyperglycemia increases the production of ROS in myocardial cells, which in turn upregulates NF-κB and TXNIP. NF-κB in turn upregulates IL-1β precursor, and IL-18 precursor. TXNIP activates Caspase-1 by changing the structure of NLRP1 (Fann et al., 2013), (Masters et al., 2012). The activated Caspase-1, on the one hand, cleases Gasdermin D to form a peptide containing the active domain of nitrogen end of Gasdermin D, which induces the perforation and rupture of myocardial cell membrane, eleases contents, and causes inflammatory reaction. On the other hand, activated caspase-1 excises the precursors of IL-1β and IL-18 to form active IL-1β and IL-18, which are released outside the cell to recruit inflammatory cell aggregation and amplify the inflammatory response (Kıçık et al., 2020). In order to explore roles of oxidative stress in high glucose-induced neuronal injury of HT22 cells, NAC (an oxidative stress inhibitor) was added in this study as a control drug with NFC. These results indicated that HT22 cells cultured in high glucose had an internal environment with elevated oxidative stress, which could promote pyroptosis, while NFC and NAC could reduce oxidative stress and thus alleviate pyroptosis.
The existing problems and future study directions were also summarized as follows. Firstly, because of complicated composition of NFC, only parts of major compounds were identified presently. The key effective constituents remain unknown. Secondly, the complexity of components of Chinese herb determines that effect of Chinese herb on body is a comprehensive embodiment of therapeutic effect of multiple components, multiple targets and multiple channels, while the dose-effect relationship of Chinese herb is still in the stage of accumulation of experience and faces many bottlenecks. At the same time, some influencing factors of Chinese herb itself, such as place of origin, time of collection, processing methods, etc., also need to be considered. Moreover, the drug-containing serum itself does have certain limitations, such as irregular absorption, low bioavailability, and often not obvious dose-effect relationship. The biggest limitation of this experiment is that there is no design of high, medium and low dose drug gradient, and only a single dose was used, and there was a lack of comparison between doses of different concentrations. And, more drug concentration gradients need to be designed in the future to further explore the drug dose-effect relationship. The most appropriated dose of NFC decoction for clinical use still needs more consideration (such as long-term safety) and requires further investigations. Despite this, we should delve deeper to perform further mechanism studies for better understanding the therapeutic effects of NFC decoction and applying it into the management of diabetic cognitive dysfunction.
CONCLUSION
Naofucong significantly improves high glucose-induced HT22 hippocampal neuron injury, which is related to suppress P2X7/NLRP1/caspase-1 pathway. This provides novel evidence to support the future clinical use of Naofucong. However, there is a major defect in current study, which is that the dose is not clearly defined. In this study, there is a lack of effect comparison of multiple doses, which also affects clinical application of NFC. In our follow-up study, we will conduct multiple dose studies to find optimal dose of NFC.
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