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The chemical components of Xin'an famous prescription Ershen Zhenwu Decoction (ESZWD) are still unclear. The results showed that ESZWD could significantly reduce left ventricular end diastolic diameter, decrease N-terminal pro-brain natriuretic peptide (NT-proBNP), angiotensinII, aldosterone, reactive oxygen species, and malondialdehyde, increase serum superoxide dismutase, while had no significant effect on inflammatory factors. Ultra-performance liquid chromatography/quadrupole-time-of-flight mass spectrometry (UPLC/Q-TOF-MS) analysis detected 30 prototype components in model rats' serum, mainly including alkaloids, saponins, terpenoids, tanshinones, phenols. UPLC-MS/MS successfully detected the pharmacokinetic parameters of four components, and correlation analysis shows that there are negative correlations between four compounds and serum NT-proBNP. Thirty components of ESZWD may play a therapeutic role in chronic heart failure with heart-kidney Yang deficiency (CHF-HKYd) by improving myocardial injury, reducing oxidative stress levels, and inhibiting activation of the RAAS system in rats. Salsolinol, aconitine, paeoniflorin, and miltrione are equipped with potential characteristics as pharmacodynamic substances for ESZWD in treating CHF-HKYd. Additionally, the constituents of ESZWD in CHF-HKYd rats are different from normal rats, which provided a reference for the selection of subjects for further study.
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Introduction

Chronic heart failure (CHF) is a complex clinical syndrome of ventricular ejection and/or filling caused by a variety of cardiac structural or functional diseases, it is the end-stage manifestation of cardiovascular diseases and the main cause of death. According to the epidemiological data in recent years, there are about 4.5 million patients with heart failure (HF) in China, accompanied by gender and regional differences (1, 2). In modern times, as a dual inhibitor of angiotensin receptor and enkephalin enzyme, shakubactrivalsartan has been listed in the international guidelines for HF, and its efficacy is remarkable. Regrettably, there are still some adverse reactions to shakubactrivalsartan, such as angioedema, hypotension, renal function impairment, hyperkalemia, and so on. Therefore, looking for a more appropriate therapeutic paradigm is currently a concern to be solved in CHF treatment. Under this situation, people gradually turn their attention to Traditional Chinese Medicine (TCM), which can greatly ameliorate the life quality and the medication compliance of patients as well as decrease the side effects compared with western medicine, they therefore have a good application prospect.

Ershen Zhenwu Decoction (ESZWD) is a classical prescription of Xin'an Cheng's internal medicine in treating CHF, which is composed of Aconiti Lateralis Radix Praeparata, Poria, Atractylodis Macrocephalae Rhizoma, Paeoniae Radix Alba, Zingiberis Rhizoma Recens, Ginseng Radix et Rhizoma Rubra and Salviae Miltiorrhizae Radix et Rhizoma, clinical records show that it has significant effects in the treatment of chronic heart failure with heart-kidney Yang deficiency (CHF-HKYd) (3–14). Despite the definite effects of ESZWD on CHF-HKYd, these findings still leave open the question that what are the effective material substances of this prescription. Due to the complex composition of TCM compounds, their efficacy has always been explained by TCM theories, in order to cope with this issue, the focus of modern TCM research is to explore the pharmacodynamic substances and mechanisms (15). Here, we refer to the idea of serum spectroscopic study, first, the chromatographic technique is used to characterize the chemical information of the serum components of TCM, and then the pharmacological experiments are combined to obtain the efficacy information of TCM, finally, the “spectrum-effect relationship” of TCM is constructed through relevant analysis methods. This research model remedy for the drawbacks of traditional spectrum effect research that the filtration and metabolism of TCM in the body are not taken into consideration (16), promotes the research of effective substances of TCM.

In the previous research of our group, the ultra-performance liquid chromatography/quadrupole time-of-flight mass spectrometry (UPLC/Q-TOF-MS) technology has been used to analyze the chemical components of ESZWD and its serum components in normal rats (17). In this present study, we set up to create the CHF-HKYd rat model by bilateral thyroidectomy combined with doxorubicin injection and explore the effects of ESZWD on model rats. Then, the chemical constituents profiling of ESZWD in CHF-HKYd rats serum was carried out by utilizing UPLC/Q-TOF-MS technology and screened out for representative chemical components. Finally, the pharmacokinetic parameters of the four chemical components in the model rats and the changes of serum N-terminal pro-brain natriuretic peptide (NT-proBNP) levels at different time points were determined by UPLC-MS/MS and ELISA kit, respectively, and the correlation analysis method was used to investigate the relationship between four components and NT-proBNP level. This study is in order to provide references for pharmacodynamic substances exploration of ESZWD.



Instruments and material

Doppler electrocardiograph (CHISON Medical Technologies Co., Ltd, China), Multiskan Spectrum Full Wavelength Microplate (Thermo Fisher Scientific, USA), Waters ACQUITY-CSH-C18 column, Waters ACQUITYTM ultra performance liquid chromatography, Waters XEVO G2 Q-TOF high resolution time-of-flight mass spectrometer (Waters, USA), IKA RV10 digital rotary evaporator (IKA, Germany), LC-4016 low speed centrifuge (CZJ Scientific Instrument Co., Ltd.), Milli-Q Gradient A10 Ultra-Pure Water System [Milliple (Shanghai) Trading Co., Ltd.], Micropipette gun (Eppendorf, Germany).

Paeoniflorin (LOT: 110736201539) was purchased from the State Food and Drug Administration; Aconitine (LOT: 15121111), ginsenoside Rb1 (LOT: Z20S9X70603), miltrione (LOT: W29A10Z96532), Salsolinol (LOT: A22GB146211) were purchased from Shanghai Yuanye Biotechnology Co., Ltd., TanshinoneIIA (LOT: DST191017-011) was purchased from Chengdu Deste Biotechnology Co., Ltd. Paeoniflorin (No. ZLSW201128-1) was purchased from Xi'an Chengxiang Biotechnology Co., Ltd.

Aconiti Lateralis Radix Praeparata (Aconiti) was purchased from Jiangsu Huahong Pharmaceutical Technology Co., Ltd., No. 181027; Poria (Poria) was purchased from Anhui Linlan Co., Ltd., No. 1901001; Atractylodis Macrocephalae Rhizoma (Atractylodes, Atractylodis Macrocephalae) was purchased from Anhui Hua Tianbao Traditional Chinese Medicine Decoction Pieces Co., Ltd., No. 1901001; Paeoniae Radix Alba (Paeonia L., Paeoniae) was purchased from Bozhou Chengyuan Traditional Chinese Medicine Pieces Co., Ltd. No. 20181101; Salviae Miltiorrhizae Radix et Rhizoma (Salvia Linn., Salviae Miltiorrhizae) was collected from Taihe County, Anhui Province. Ginseng Radix et Rhizoma Rubra (Panax L., Ginseng) was purchased from Zhejiang Zhenyuantang TCM Decoction Pieces Co., Ltd., No. 20191001; Zingiberis Rhizoma Recens (Zingiber, Zingiberis) is homemade. All the medicinal materials were identified by Professor Yu Nianjun of Anhui University of Traditional Chinese Medicine and met the standards of the Chinese Pharmacopoeia (2020 edition).



Experimental animals

All male rats were kept at a room temperature of 20 ± 2°C with a 12-h light/dark cycle and 50 ± 5% relative humidity for 1 week. Animals reported here have been approved by the Institutional Animal Care and Use Committee of Anhui Medical University [Certification of fitness number: scxk (Anhui) 2017-001], and the experimental procedures were conducted in accordance with the Guidelines for Proper Conduct of Animal Experiments. Animal experiments have been approved by the Ethics Committee of Anhui University of Chinese Medicine (Ethics Number: AHUCM-rats-2021032).



Methods


Replication and evaluation of CHF-HKYd rat model

SPF SD male rats were anesthetized by intraperitoneal injection of 25% urethane (1,000 mg/kg). Cut off the skin tissue for about 1 cm, blunt away from bilateral neck muscles, separate and excise the bilateral thyroid glands, and the parathyroid glands were retained. The mixture of noradrenaline and normal saline (1:4,000) was used to stop intraoperative bleeding during the operation, the muscle and skin were sutured and 0.1% calcium gluconate solution was given postoperatively. On the 10th day after thyroidectomy, the rats were intraperitoneally injected with 0.02% doxorubicin hydrochloride (1 mL/100 g), twice a week for 3 weeks.

The general state of rats was observed: the basic criteria for the symptoms of HKYd were dark purple coating on the tongue, asthma, edema, fear of cold, emaciation, loose stools, sleepiness, hypotrichosis, etc. The urine volume of rats was measured: 1 week after the last injection, 24 h urine volume of rats in the normal and model group were collected in the metabolic cage, and the urine samples were frozen at −80°C. Evaluation of cardiac function in rats by Doppler echocardiography: After urine collection, the rats were anesthetized and fixed in the supine position. The precardiac area of the rats was depilated and the coupling agent was applied, a frequency of 12 MHz. M-mode ultrasound and pulsed Doppler ultrasound were used to detect diastolic interventricular septum (IVSD), left ventricular internal diastolic diameter (LVIDd), left ventricular posterior wall diastolic diameter (LVPWd), systolic interventricular septum (IVSs) and left ventricular internal systolic diameter (LVIDs), left ventricular posterior wall systolic diameter (LVPWs), stroke volume (SV), left ventricular ejection fraction (LVEF), left ventricular short-axis systolic fraction (FS), and the ratio of peak flow velocity between early and late mitral valve diastole (E/A) through the left ventricular macropinacoid of left sternal bone and four-chamber view. Neuroendocrine factor detection: After the echocardiography, 1 mL of blood was taken from the canthus of rats in each group, blood was placed in the water at 37°C for 1.5 h, centrifuged to obtain serum (3,000 rpm, 10 min), frozen at −80°C. The contents of serum NT-proBNP, T3, and T4 were detected by ELISA.



Preparation of ESZWD solution

Aconiti Lateralis Radix Praeparata soaked (3.0 g) in 10 times distilled water decocted for 0.5 and 1 h with high and low temperature, respectively. Afterward, they were decocted with other six herbs including Ginseng Radix et Rhizoma Rubra (6.0 g), Poria (10.0 g), Atractylodis Macrocephalae Rhizoma (10.0 g), Paeoniae Radix Alba (10.0 g), Salviae Miltiorrhizae Radix et Rhizoma (30.0 g), Zingiberis Rhizoma Recens (6.0 g) for 0.5 h (18), filtered, and the residue decocted with eight times water for 0.5 h again. Finally, the two filtrates were combined and concentrated under reduced pressure in the rotary evaporator for centrifugation, the supernatant was vacuum dried and stored at −20°C after vacuum drying. The accurately weighed 10.0 g freeze-dried powder was dispersed in 1 mL initial proportion of mobile phase, then centrifuged at high speed (12,000 rpm·min−1, 10 min), filtered through 0.22 μm membrane, and analyzed.



Animal treatment and index detection

All rats were randomly divided into control group, model group, ESZWD low-dose (3.96 g/kg), medium-dose (7.92 g/kg), high-dose (15.84 g/kg) groups, and positive control group (benazepril, 0.5 mg/kg), with six rats in each group. The CHF-HKYd was established after 1 week of feeding. ESZWD and benazepril were administered by gavage separately for 4 weeks after successful modeling, except for the control group. Blood was collected for 5, 10, 20, 30, 45 min, 1, 2, 4, 6, 8, 12, and 24 h, standing for 2 h and centrifuged at 4°C, 3,500 rpm for 10 min, the supernatant was retained. The state of rats was observed and the urine volume at 24 h was measured. The structure and function of rat heart were evaluated by doppler ultrasonography. Serum biomarkers including myocardial injury indicators NT-proBNP, angiotensinII (AngII), aldosterone (ALD), reactive oxygen species (ROS), superoxide dismutase (SOD), malondialdehyde (MDA), and tumor necrosis factor α (TNF-α) and interleukin 6 (IL-6) were detected by ELISA.



Test conditions of ESZWD in serum
 
Chromatographic conditions

Chromatographic analysis was performed using ACQUITY UPLC BEH C18 column (2.1 × 50 mm, 1.7 m), the mobile phase was acetonitrile (A) 0.1% formic acid water (B), the flow rate was set as 0.2 mL·min−1, the column temperature was 35°C, the injection volume was 2 μL, and the gradient conditions were as follows: 0–8 min: 6–11%A, 8–23 min: 11–19%A, 23–45 min: 19–38%A, 45–55 min: 38–47%A, 55–55.1 min: 47–52%A, 55.1–65 min: 52–90%A, 65–66 min: 90–6%A of UPLC-Q-TOF/MS analysis and 0–3 min: 8–10%A, 3–3.5 min: 10–70% A, 3.5–5: 70–80%A, 5–5.1 min: 80–8% A, 5.1–6 min: 8% A of UPLC-MS/MS.



Mass spectrometry conditions

Mass spectrometric detection of UPLC-Q-TOF/MS was carried out on electrospray ionization (ESI) ion source, the scanning range of m/z 50–1,200 Da, scan time is 0.5 S, capillary voltage is 3.0 kV in positive mode and 2.5 kV in negative mode, cone voltage is 40 V, source temperature is 120°C (ESI+) and 110°C (ESI−), desolvation gas temperature of 350°C, desolvation gas (N2) flow of 600 L·h−1, collision energy is 35 V in positive mode and −10 V in negative mode, vertebral hole gas velocity: 50 L·h−1, the quality of the correction fluid for Leu-enkephalin, nucleo ratio of m/z 556.2766 in positive mode and m/z 554.2620 in negative mode.

Mass spectrometric detection of UPLC-MS/MS analysis was carried out on electrospray ionization (ESI) ion source, multiple reaction monitoring (MRM) mode, ion spray voltage of 5,500 V, the curtain gas and collision gas were 40 and 9 kPa, respectively, declustering potential (DP) and collision voltage (CE) are shown in Table 1.


TABLE 1 Mass spectral parameters of five compounds.

[image: Table 1]




Data processing and analysis

For cytokine testing: Results were expressed as mean ± standard deviation ([image: image] ± SD), SPSS 25.0 software was used for statistical analyses. The Kruskal–Wallis test, one-way analysis of variance (ANOVA), and the least-significant difference (LSD) test were used for statistical parameter analysis. P < 0.05 was regarded as statistically significant.

For chemical composition analysis: By searching online databases (CNKI, PubMed and WebScience, and PubChem, ChemBook, and ChemSpider), the ESZWD chemical composition database was constructed and imported into UNIFI software. Using the UNIFITM data analysis platform to identify the chromatographic peaks of ESZWD whole formula and disassembled formula; A binary sample model was used for comparative analysis, that is, between the blank solvent sample and the sample solution. Besides, in the positive ion mode, [M+H]+ or [M+Na]+ were selected as the main additive ion mode, and in the negative ion mode, [M-H]− or [M+HCOO]− were selected as the main additive ion mode, and the upper and lower limits of molecular weight deviation of ESZWD and its disassembled formula were set as 10 ppm.




Results


Evaluation of CHF-HKYd rat model
 
Doppler echocardiography

To verify the success of the model, we examined the cardiac function of the rats. The cardiac function of each rat was analyzed by echocardiography after modeling. As can be seen from Figure 1 and Table 2, compared with the normal group, the IVSD (mm) and LVEDD (mm) in the model group were significantly increased, the E/A < 1. This indicated that the diastolic function of the model rats was impaired.


[image: Figure 1]
FIGURE 1
 Doppler echocardiography of normal and CHF-HKYd rats.



TABLE 2 Doppler cardiac function parameters of normal and CHF-HKYd rats.
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Serum NT-ProBNP, T3, T4 level in normal and model rats

In order to observe the level of neuroendocrine factors changes in the model rats, we detected NT-proBNP, T3, and T4. In Figure 2, compared with the normal group, the serum levels of NT-proBNP, T3, and T4 in the model group were significantly decreased (P < 0.05). NT-proBNP is one of the specific markers of CHF, increased levels of this factor indicate the occurrence of CHF, while decreased levels of T3 and T4 indicate thyroid insufficiency.


[image: Figure 2]
FIGURE 2
 Level of serum NT-proBNP, T3, T4 in normal and CHF-HKYd rats. Compared with control group, *P < 0.05. **P < 0.01.





Effects of ESZWD on CHF-HKYd rats
 
Effects of ESZWD on cardiac function in CHF-HKYd rats

In Table 3, IVSD, LVED, and LVIDS of model rats were significantly increased in comparison with normal rats, while LVEF, FS, and E/A were significantly decreased, indicating decreased diastolic function and ejection ability in response to CHF-HKYd rats. Low and medium doses of ESZWD could significantly reduce LVIDd, while LVIDs was reduced only in the medium-dose group, all doses could significantly improve the E/A ratio.


TABLE 3 Effects of ESZWD on cardiac function of CHF-HKYd rats.
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Effects of ESZWD on serum levels of NT-proBNP, ALD, and AngII in CHF-HKYd rats

As can be seen from Figure 3, compared with the normal group, serum NT-proBNP, ALD and AngII were significantly increased in the model group. Compared with the model group, medium and high doses of ESZWD could significantly reduce the level of NT-proBNP, and medium and high doses of ESZWD could significantly reduce the levels of ALD and AngII in serum. Benazepril significantly reduced the contents of these three cytokines.


[image: Figure 3]
FIGURE 3
 Effects of ESZWD on serum NT-proBNP, ALD, and AngII level of CHF-HKYd rats. Compared with control group, ##P < 0.05; compared with model group, **P < 0.01.




Effects of ESZWD on serum levels of ROS, MDA, and SOD in CHF-HKYd rats

As illustrated in Figure 4, compared with the normal group, serum ROS and MDA in the model group were significantly increased, while SOD was significantly decreased. Obviously, medium and high doses of ESZWD could significantly reduce ROS and MDA levels, while SOD was increased only in ESZWD medium-dose group. Additionally, benazepril can significantly reduce ROS and MDA levels.


[image: Figure 4]
FIGURE 4
 Effects of ESZWD on serum ROS, SOD, and MDA level of CHF-HKYd rats. Compared with control group, ##P < 0.05; compared with model group, *P < 0.05, **P < 0.01.




Effects of ESZWD on serum levels of TNF-α and IL-6 in CHF-HKYd rats

As shown in Figure 5, compared with the normal group, serum TNF-α and IL-6 in the model group were significantly increased, indicating that inflammation occurred in the model group. Compared with the model group, ESZWD had no significant effects on TNF-α and IL-6, indicating that these two cytokines may not be the therapeutic targets of ESZWD, but it is not excluded that ESZWD may inhibit inflammation. Benazepril significantly reduced levels of both inflammatory factors.


[image: Figure 5]
FIGURE 5
 Effects of ESZWD on serum TNF-α and IL-6 level of CHF-HKYd rats. Compared with control group, ##P < 0.05; compared with model group, **P <0.01.




Chemical compositions of ESZWD in CHF-HKYd rats
 
Analysis of main components of ESZWD in CHF-HKYd rats

As shown in Table 4, there were 30 compounds of ESZWD identified in CHF-HKYd rats, including alkaloids, saponins, 3 terpenoids, tanshinone, phenols, individual fat, fatty acids, flavonoids, and sulfonate, nucleic acid compounds. There were 12 compounds from monarch medicine, 12 compounds from minister medicine, and 10 kinds of assistant medicine.


TABLE 4 Serum components of ESZWD in CHF-HKYd rats.

[image: Table 4]




Establishment of UPLC-MS/MS for simultaneous determination of four chemical components in ESZWD
 
Validation of method
 
Specificity and linear ranges

The specificity results (Supplementary Figure 1) indicated that endogenous substances did not substantially interfere with the retention time of probe drugs and internal standard (IS) in blank serum. The linear ranges of the four compounds were 10.00–1000.00, 0.40–200.00, 0.40–200.00, 0.50–200.00 ng/mL and the correction coefficients (r) were 0.9984, 0,9981, 0.9993, 0.9993, respectively.



Precision and accuracy

Interday precision and intraday precision of the method were assessed by detecting the low limit of qualification (LLOQ) and the low-, medium-, and high-quantification concentrations (LQC, MQC, and HQC) of plasma samples. Relative standard deviation (RSD) values of the precision do not exceed ±15% (Supplementary Tables 1, 2).



Matrix effect

By comparing the different results of analytes added into the blank sample and ultrapure water, the matrix effect was determined at LQC, MQC, and HQC concentrations. The RSD values (Supplementary Table 3) were <4%, indicating that the matrix effect of plasma is negligible for quantitative analysis of all samples.



Stability

The stability of all probe drugs was evaluated by LQC and HQC samples under different experimental conditions, including short-term stability [4 h at room temperature (25°C), 8 h in the automatic sampler, and three freeze and thaw cycles, respectively] and long-term stability (7 d at −80°C). Results showed that the probe substrates tested were within the recommended limits, RSD < 10% (Supplementary Table 4).




Pharmacodynamic substances of ESZWD in treating CHF-HKYd
 
Pharmacokinetic parameters of four chemical components in ESZWD in CHF-HKYd rats

Results are presented in Table 5 and Figure 6, and the area under the curve (AUC) indicates the amount of drug exposure in the body, volume (V) is positively correlated with clearance (CL) and negatively correlated with Cmax. The content of salsolinol in the body is large, half-life time (T1/2) is about 3 h, CL is low, V is small, Tmax is 1.25 h, indicating it is a compound with fast absorption and elimination. With the bimodal phenomenon, paeoniflorin is higher in the serum, T1/2 is about 3 h, CL is low, V is small, and Tmax is 6 h. Aconitine has the lowest AUC, supporting that it is present at very low levels in the body, which may be the reason that the compound is effective but not toxic, given its highly toxic nature. In addition, the Tmax of this compound is only 0.75 h, and the T1/2 is about 4 h, which is a compound with fast absorption and slow elimination. The V is far more than the body fluid, it is speculated that aconitine is a fat-soluble compound and is mainly distributed in the tissues and organs rich in fat. The pharmacokinetic characteristic of miltrione is similar to salsolinol, but the AUC is much less than salsolinol while the V is higher, so miltrione enters into tissues more easily.


TABLE 5 Main pharmacokinetic parameters of salsolinol, aconitine, paeoniflorin, and miltrione in CHF-HKYd rat serum ([image: image] ± SD, n = 6).

[image: Table 5]


[image: Figure 6]
FIGURE 6
 Time-concentration curves of salsolinol, aconitine, paeoniflorin and miltrione in CHF-HKYd rat serum ([image: image] ± SD, n = 6).





Relationship between four compounds and serum NT-ProBNP level

Serum NT-proBNP levels at different time points are shown in Supplementary Table 4, correlation analysis results showed that salsolinol, aconitine, paeoniflorin, and miltrione were negatively correlated with serum NT-proBNP level, with correlation coefficients of −0.576 (P < 0.05), −0.753 (P < 0.05), −0.705 (P < 0.05), −0.477, respectively.





Discussion

In this study, the CHF-HKYd rat model was replicated by bilateral thyroidectomy combined with adriamycin injection, and the therapeutic effects of ESZWD on the model rats were explored from the perspectives of cardiac function, myocardial injury, oxidative stress, and inflammatory response. The results showed that ESZWD could significantly reduce LVIDd and increase E/A value in model rats, medium and high doses of ESZWD could significantly reduce the levels of Ang II and ALD in serum, and NT-proBNP level was reduced only in the medium-dose group. The serum ROS and MDA levels were significantly reduced while the SOD level was increased only in the medium-dose group. However, the formula had no significant effects on the contents of TNF-α and IL-6 in serum. Echocardiography is commonly performed to evaluate cardiac diastolic function in clinical practice as a convenient and non-invasive means, and both the LVIDd and E/A values are ordinarily used indicators. NT-proBNP (19) is produced by myocardial cells vascular peptide hormones, the value of this cytokine will be significantly increased during HF and ejection fraction decreased process, leading to ventricular wall expansion and myocardial remodeling, accelerating the progression of the disease. Ang II and ALD are polypeptide substances and steroid hormones produced by RAAS system activation, one of the important indicators in ventricular remodeling. Ang II (20) has the ability to promote the ALD release by combining with ATR1 and triggering an inflammatory response, thus, inhibiting RAAS system activation has been recommended by the European Heart Pathology Association in the therapeutic strategy of CHF (21). Oxidative stress participates in the mechanisms of cardiovascular disease, and it is defined as the excessive production of live free radicals. ROS (22) is a single-electron reduction product of a class of oxygen in the body, mainly including O2∙, ∙OH, H2O2, etc, excessive ROS in the heart is involved in the processes of reduced systole function, hypertrophy signal transduction, myocardial growth, matrix remodeling, fibroblast proliferation, etc. However, the dangerous effects of ROS can be prevented by scavenging enzymes such as SOD and glutathione peroxidase (GSHPx). SOD (23) is a vital antioxidant enzyme that is able to catalyze the disproportionation of superoxide anion radicals to produce O and H2O2, it is often measured together with MDA, a final product of lipid peroxidation with the content often reflects the degree of lipid peroxidation and cell damage in the body. Studies have shown that elevated serum MDA in CHF patients increases the risk of death by 103.0% and is associated with poor prognosis (24, 25). The activation of the RAAS system is becoming more pronounced in CHF patients, and there is a positive correlation between oxidative stress and RAAS system biomarkers, for instance, Ang II is able to induce an oxidative stress response. That means to say, combined application of RAAS blockers or (and) antioxidants could be more conducive to the improvement of the disease. The experiment yielded that ESZWD has sound effects of protecting cardiac dysfunction, ameliorating oxidative stress responses including ROS and MDA levels reduction, it may be attributed to RAAS system inhibition like diminishing the production of Ang II and ALD so as to play a therapeutic role in CHF-HKYd. In the later research, the mechanism can be systematically explored in depth.

Serum components of ESZWD in normal and CHF-HKYd rats were mainly saponins, terpenoids, and alkaloids, interestingly, there were significant differences in compounds. Ginsenoside Rc, ginsenoside Rg5, ginsenoside R1, ginsenoside Rb1, ginsenoside Rg1 and ginsenoside Re were the main ginsenoside compounds in normal rats (17), while ginsenosides Rb3, ginsenosides Rs1, ginsenosides Rb1, ginsenosides Rk2 and ginsenosides Rk3 account for the main proportion in CHF-HKYd rats. Ginsenoside Rs1 can be obtained by the decarboxylation reaction of ginsenoside Rb2 (26) which is considered a new marker for distinguishing ginseng from American ginseng (27). Our previous study (28) appeared that the activities of CYP1A2, CYP2B1, CYP2C6, CYP2C11, and CYP3A1 in CHF rats were significantly reduced, as we know, CYP450 mediated 90% of drug metabolism (29), the change of metabolic enzyme activity caused by CHF-HKYd may be one of the reasons for the chemical compounds inconsistencies. The results of this study illustrated that the differences between normal and disease animals should be taken into consideration in further research on the pharmacodynamic substances of ESZWD, the animal subjects therefore should be selected reasonably.

Salsolinol (30) and aconitine are components of Aconiti Lateralis Radix Praeparata with strong cardiac effect, in addition, studies have reported that aconitine can significantly down-regulate cardiomyocyte hyperplasia induced by Ang II, and its toxicity can be reduced when used in combination with paeoniflorin (31–33). Paeoniflorin can protect myocardial ischemia reperfusion injury rats by increasing SOD activity, decreasing MDA level, and alleviating oxidative stress as well as apoptosis (34). Miltrione is derived from the diterpenoid quinone active ingredient in Salvia miltiorrhiza, which has the effects of inducing apoptosis of cancer cells, anti-platelet aggregation, anti-oxidation, and anti-inflammation, but its role in cardiovascular diseases protection has not been reported (35–37). Nevertheless, there is evidence that miltrione can inhibit the oxidative stress response of endothelial cells induced by LDL (38), which may be the main factor in cardiovascular disease protection and deserve further exploration. Based on UPLC-MS/MS, the pharmacokinetic behavior of these four compounds in CHF-HKYd rats was investigated. AUC indicated the compounds' exposure, it could be concluded that the absorption degree of salsolinol was the largest. According to CL results, aconitine is the most easily cleared compound in model rats. The V of aconitine, paeoniflorin, and salsolinol were larger than the total liquid content, which means the wide distribution in the body, and the tissue distribution of these ingredients are therefore should be investigated in the latter study, which may be the key critical elements affecting the efficacy of these compounds. However, Cmax lets us know that the blood concentration of aconitine was very low, as a kind of herb with strong toxicity, which may be a major cause that why aconitine exerts its efficacy but does not generate toxicity. In addition, the double peaks of paeoniflorin indicated that it was re-enriched, hepatoenteric circulation, gastric motility, uneven distribution of P-glycoprotein in the intestinal tract, and transformation of TCM components may be the causes of this phenomenon (39), while other three ingredients consistent with normal pharmacokinetic behavior. At last, correlation analysis demonstrated that these four chemicals are associated with the reduction of serum NT-proBNP, and their suitable pharmacokinetic characteristics make them have the potential to be the pharmacodynamic substances in the treatment of CHF-HKYd.



Conclusion

In this research, we found that ESZWD process the ability to treat CHF-HKYd by reducing the levels of NT-proBNP, Ang II, ALD, ROS, and MDA in serum, and increasing the content of SOD, while having no effects on TNF-α and IL-6. The constituents of ESZWD in CHF-HKYd rats mainly include alkaloids, saponins, terpenoids, and tanshinones, among which salsolinol, aconitine, paeoniflorin, and miltrione have suitable pharmacokinetic profiles and are negatively correlated with NT-proBNP, they are equipped with potential characteristics as pharmacodynamic substances for ESZWD in treatment of CHF-HKYd. Additionally, the constituents of ESZWD in CHF-HKYd rats are different from normal rats, which provided a reference for the selection of subjects for further study.
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