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Abstract: Immune liver injury is a special type of chronic liver disease caused by immune 

dysfunction in the body. Salvia Miltiorrhiza (Danshen) and Astragalus membranaceus 

(Huangqi) have shown a synergistic effect in treating liver diseases in clinical settings. 

Nevertheless, the ideal combination ratio, dosage, and underlying mechanism of action of them 

remain uncertain. This research aimed to explore the biomechanical and immunological 

mechanisms of the combined use of Danshen and Huangqi in the treatment of liver injury, 

Which points to the regulation of lymphocyte biomechanics. To induce liver injury in rats, we 

administered Concanavalin A (ConA) via the tail vein. By observing liver indicators, serum 

biochemical indicators and liver tissue pathological changes in rats, the optimal ratio and 

dosage of the combination of “Danshen-Huangqi” was determined. Flow cytometry was used 

to analyze T lymphocyte subsets in rat peripheral blood. ELISA was performed to measure 

serum cytokine levels. RT-PCR was conducted to quantify specific transcription factors in rat 

aged 6–8 weeks liver tissue. Immunohistochemistry was utilized to evaluate the expression of 

apoptosis-related genes in rat liver tissue. The findings demonstrated that “Danshen-Huangqi” 

exerts bidirectional regulation on T lymphocyte subsets., influencing their biomechanical 

properties, such as cell stiffness and migratory behavior. The combination modulates the 

secretion of Th1, Th2, Th17, and Treg cytokines and specific transcription factors, thus 

rectifying the imbalance of Th1/Th2 and Th17/Treg (P < 0.05) lymphocyte subsets, but also 

inhibits atypical apoptosis of liver lymphocytes by controlling the expression of apoptosis-

related genes in the rat liver with liver injury through the death receptor pathway and 

mitochondrial pathway. The biomechanical interactions of herbal remedies is to have a full 

effect on the protein molecules of target cells. Thus, the combination of Danshen and Huangqi 

may be a promising drug pair in improving liver injury. Compared with existing treatment 

options, this study is more mild and can be applied more widely in different populations. 

Keywords: biomechanics; salvia miltiorrhiza bunge; astragalus membranaceus (Fisch.) bunge; 

concanavalin A; liver injury; T lymphocyte 

1. Introduction 

The liver plays a crucial role as an immune organ within the human body and has 

functions such as regulating protein synthesis, secreting biochemical enzymes, and 

detoxifying foreign substances. When a large number of viruses invade the body, 

various inflammatory cells accumulate in the liver, prompting the immune system to 

produce excessive immune response, leading to liver cell damage [1,2]. Liver injury 

is frequently induced by a variety of factors, such as immune dysfunction, long-term 

alcoholism, viral infections and drug effects [3]. It has increasingly become an 
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“invisible killer” threatening human health. Therefore, effective prevention of liver 

injury is extremely important. The animal model of immune liver injury induced by 

Con A has high similarity with human immune liver injury patients in histological and 

serological characteristics [4,5]. The pathogenesis primarily entails the activation and 

recruitment of T cells within the liver, integrating innate and adaptive immunity to 

generate a diverse array of effector cells and molecules. This process results in 

significant inflammatory cell infiltration in liver tissue, leading to concurrent damage 

and necrosis. Its main characteristics are elevated serum aminotransferases, release of 

inflammatory cytokines, and abnormal hepatocyte apoptosis. Among them, ALT, 

AST, and LDH are the liver function indicators most sensitive to liver injury [6]. 

Moreover, liver injury induced by ConA engages critical factors encompassing T 

lymphocyte subsets, specifically CD3+, CD4+, and CD8+, along with cytokines 

related to Th1, Th2, Th17, and Treg. Furthermore, transcription factors such as T-bet, 

GATA-3, RORγt, and Foxp3, which are specific to various T cell subtypes, as well as 

genes associated with apoptosis such as Fas, FasL, Bax, and Bcl-2, play pivotal roles 

in this process [7–13]. Prior investigations have demonstrated that the injection of Con 

A into the tail vein of mice can result in the release of numerous cytokines, including 

TNF-α, IFN-γ, and TGF-β, among others, as well as inflammatory mediators, 

ultimately leading to the development of liver injury [14]. It is noteworthy that IL-8 

not only stimulates the secretion of TNF-α but also enhances the expression of FasL 

on hepatocytes' surface, thus contributing to hepatocyte damage [15].  

Traditional Chinese medicine is known for its wide range of indications, targeting 

multiple pathways and various targets. Numerous drugs and active ingredients have 

demonstrated hepatoprotective effects, acting on multiple stages of liver damage. 

Danshen and Huangqi are traditional Chinese medicines that can be used for health 

food published by the China Health Commission. Both of them have hepatoprotective 

effects. The combination of them is the main drug pair for clinical prevention and 

treatment of hepatitis and liver cirrhosis, with definite curative effect. Astragaloside 

IV and salvianolic acid B are the key effective components of Danshen and Huangqi 

respectively [16–18]. Research has indicated that both of these components contain 

gallic acid, which has been proven to have a beneficial effect in reducing the activity 

of the hepatitis B virus [19]. Previous research has validated that the combination of 

astragaloside IV and salvianolic acid B has a synergistic protective impact on 

peroxide-induced liver cell damage [20]. Nonetheless, there is a lack of study on the 

safeguarding influence of Danshen combined with Huangqi against concanavalin A-

induced liver injury both domestically and internationally. The purpose of this study 

is to develop “Danshen-Huangqi” into a kind of Chinese herbal medicine health food 

with auxiliary protective effect on liver injury, and to further study the potential 

protective mechanism of “Danshen-Huangqi” on liver injury from the perspectives of 

T lymphocyte subsets, cytokines, specific transcription factors and apoptosis-related 

genes by using the liver injury animal model induced by concanavalin A suitable for 

immunological research. 

2. Material and methods 

2.1. Animals 
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Female SD rats (aged 6–8 weeks; 180 ± 20 g) were purchased from Drug Safety 

Evaluation Center of Heilongjiang University of Chinese Medicine (Harbin, China). 

Before entering the experimental stage, the rats adapted in advance for one week, and 

were free to drink and eat during the adaptation period. The experimental environment 

maintained a temperature of 25 °C ± 2 °C and a relative humidity of 60 % ± 5 %. The 

Animal Ethics Committee of Heilongjiang University of Chinese Medicine approved 

the experimental protocol, which adhered to the guidelines established by the National 

Institute of Health and Nutrition for the Care and Use of Laboratory Animals. 

2.2. Reagents and herbal materials 

ConA was acquired from Sigma-Aldrich (20190624, USA). The 

aminotransferase of aspartate (AST), aminotransferase of alanine (ALT), and lactate 

dehydrogenase (LDH) kits, as well as IL-2, IL-4, IL-6, IL-10, IL-17, IL-21, TNF-α, 

TGF-β, and IFN-γ, were procured from Nanjing Jiancheng Institute of Bioengineering 

(Nanjing, China). Anti-Rat CD3 PITC, Anti-Rat CD4 PerCP, and Anti-Rat CD8a PE 

were obtained from Becton, Dickinson & Company (USA). Fas, FasL, Bax, and Bcl-

2 were purchased from Wanlei Biotechnology Co., Ltd (Nanjing, China). Bifendate 

dropping pills were procured from Beijing Xiehe Pharmaceutical Factory (Beijing, 

China). Salvia Miltiorrhiza Bunge and Astragalus membranaceus (Fisch.) Bunge were 

both acquired from Harbin Sankeshu Medicinal Material Market (Harbin, China). 

2.3. Preparation of test drugs  

Salvia Miltiorrhiza Bunge freeze-dried powder: The appropriate amount of 

Salvia Miltiorrhiza Bunge was weighed, crushed, immersed in twelve-fold distilled 

water and allowed to soak for a duration of 1.5 h, refluxed at 80 °C for 2 times, 2 

h/time, concentrated under reduced pressure, and freeze-dried by freeze-drying 

machine. Astragalus membranaceus (Fisch.) Bunge freeze-dried powder: The 

appropriate amount of Astragalus membranaceus (Fisch.) Bunge was weighed, 

crushed, immersed in twelve-fold distilled water and allowed to soak for a duration of 

2 h, heated and refluxed for 3 times, 1.5 h/time, concentrated under reduced pressure, 

and freeze-dried by freeze-drying machine. 

2.4. Drug treatment and ConA-induced liver injury model in mice 

The optimal compatibility ratio grouping of “Danshen-Huangqi”: 120 SD rats 

were randomly divided into 10 groups: blank group (K group), model group (M 

group), positive group (Y group), Danshen group (D group), Huangqi group (H 

group), Danshen-Huangqi 1:0.5 group (D-H1:0.5 group), Danshen-Huangqi 1:1 group 

(D-H1:1 group), Danshen-Huangqi 1:2 group (D-H1:2 group), Danshen-Huangqi 1:3 

group (D-H1:3 group) and Danshen-Huangqi 1:4 group (D-H1:4 group), with 12 rats 

in each group. 

The optimal dosage of grouping of “Danshen-Huangqi”: 72 SD rats were 

randomly divided into 6 groups: K group, M group, Y group, D-H1: 2 low dose group, 

D-H1: 2 middle dose group and D-H1: 2 high dose group, with 12 rats in each group. 

The Y group was administered bifendate dropping pills at a dosage of 0.94 mg/kg. 

The D group received Danshen freeze-dried powder at a dosage of 0.5 g/kg, while the 
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H group received Huangqi freeze-dried powder at a dosage of 1.0 g/kg. The 

proportions of Danshen-Huangqi freeze-dried powder varied among the D-H groups, 

specifically: 0.5,0.25 g/kg (1:0.5); 0.5, 0.5 g/kg (1:1); 0.5, 1.0 g/kg (1:2); 0.5, 1.5 g/kg 

(1:3); 0.5, 2.0 g/kg (1:4). Furthermore, The D-H low-dose group received 0.1, 0.2 g/kg. 

The D-H medium-dose group received 0.5, 1.0 g/kg. The D-H high-dose group 

received 1.0, 2.0 g/kg. 

Grouping of experimental animals in four experimental methods (T lymphocyte 

subsets were detected by flow cytometry, cytokines by ELISA, specific transcription 

factors by RT-PCR and apoptosis-related genes by immunohistochemistry): 60 SD 

rats were randomly divided into 5 groups: K group, M group, D group, H group, D-H 

group, with 12 rats in each group. The D group received Danshen freeze-dried powder 

at a dosage of 0.5 g/kg, while the H group received Huangqi freeze-dried powder at a 

dosage of 1.0 g/kg. The D-H group was given Danshen-Huangqi freeze-dried powder 

(0.5, 1.0 g/kg). Both the K Group and M Group were administered distilled water. 

Gavage administration was conducted continuously for a duration of 30 days, once per 

day. 

Seven h after the last gastric administration, rats from the K group were injected 

with physiological saline (2 mL/kg) via the tail vein, while rats from the other groups 

received an injection of Con A (20 mg/kg) through the tail vein. 

2.5. Determination of the optimal compatibility ratio and dosage of “D-

H” 

After instilling Con A or normal saline solution into the tail vein of rats for a 

duration of 12 h, the rats' weights were recorded. Blood were taken from the abdominal 

aorta and then subjected to centrifugation at a temperature of 4 ℃ and a rotational 

speed of 3500 r/min for a duration of 15 min. Subsequently, the resulting supernatant 

was carefully stored at a temperature of −80 ℃. A transaminase kit was utilized to 

analyze the levels of AST, ALT, and LDH in the rat serum, following the 

manufacturer's instructions from Nanjing Jiancheng Biotechnology Institute in China. 

To analyze the impact of different “Danshen-Huangqi” dosages on the liver index 

(liver weight/body weight) of rats, the entire liver was excised and weighed. The left 

lobe of the liver was subsequently immersed in a neutral formaldehyde solution, 

underwent a series of procedures including dehydration, transparency, wax soaking, 

embedding, fishing, spreading, and drying. Subsequently, the specimen was stained 

with HE. Finally, an analysis of the hepatocytes' pathological alterations was 

conducted using a light microscope. 

2.6. Flow cytometric analysis 

Using 200 μL of peripheral blood and mixing it with 3 mL of erythrocyte lysate, 

allow for 4 min incubation at room temperature. Subsequently, introduce 10 mL of 

cell staining buffer and centrifuge the mixture at 3500 r/min for 5 min. Eliminate the 

supernatant and employ the cell staining buffer to regulate the cell concentration to 

1×107/mL, thereby creating a peripheral blood sample. The samples were added with 

FITC-CD3+, PerCP-CD4+ and PE-CD8+ antibodies, respectively. Mix well, incubation 

for 30 min, 4 °C, away from light, cell staining buffer 5 mL, centrifugation 5 min, 
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3500 r/min, discard the supernatant, cell staining buffer 0.5 mL was used for FACS 

detection and analysis. 

2.7. Cytokine assay 

Following the manufacturer's instructions, the enzyme-linked immunosorbent 

assay kit (Nanjing Jiancheng Bio-Engineering Institute, Nanjing, China) was 

employed to assess the serum concentrations of IL-2, IL-4, IL-6, IL-10, IL-17, IL-21, 

IFN-γ, TNF-α, and TGF-β in rats after a 12-h duration of injecting Con A or normal 

saline into the tail vein. 

2.8. RNA extraction and real-time PCR 

The liver tissue preserved in liquid nitrogen was used to isolate total RNA 

through the utilization of Trizol reagent (Thermo Fisher Scientific, USA). Reverse 

transcription was performed with ABI StepOne PULS fluorescence quantitative PCR 

(Foster, California, USA) to synthesize cDNA from total RNA, following the 

guidelines provided by the manufacturer. The calculation of the Ct value for each 

sample was performed using the Taq-Man SDS software, while the expression level 

of the target gene was represented as 2−△△Ct. Gene expression was detected by using 

SybrGreen qPCR master mixture and qPCR amplification was performed under the 

subsequent conditions: pre-denaturation at 95 °C for 3 min, 5 s at 95 °Cs, and 45 cycles 

of dena-turation at 60 °C for 30 s. The expression levels of every gene were 

standardized to the housekeeping gene β-actin, and the outcomes were presented as 

multiple alterations relative to the control. The primer sequence of the target gene is 

as follows: T-bet forward primer 5' GCCGTTTCTACCCTGACCTT 3' and reverse 

primer 5' GCTCACTGCTCGGAACTCTGT 3'; GATA-3 forward primer 5' 

ATTACCACCTATCCGCCCTAT 3' and reverse primer 5' 

CGGTTCTGCCCATTCATTT 3'; RoRγt forward primer 5' 

TCCACTCACCAGCCTTTCC 3' and reverse primer 5' 

GATTTATCCCCGATGTTTGTCT 3'; Foxp3 forward primer 5' 

GACAGTTTCCCACAAGCCAG 3' and reverse primer 5' 

TGGTGAAGTGGACTGACAGA 3'. 

2.9. Immunohistochemical staining  

The liver's left lateral lobe was prepared for analysis by fixing it in a neutral 

formaldehyde solution. After that, it underwent a series of routine procedures 

including dehydration, transparency, wax immersion, embedding, fishing, spreading, 

and drying. Subsequently, it was stained using the PV two-step immunohistochemical 

method, following the instructions provided in the kit (Wanke Biotechnology Co., 

Ltd., Shenyang, China). We utilized the Image-pro plus 6.0 pathological image 

analysis system to quantitatively assess the levels of positive expression of apoptosis-

related genes, namely Fas, FasL, Bax, and Bcl-2. The relative expression of these 

genes was represented by the integrated optical density (IOD = positive area× average 

optical density). 



Molecular & Cellular Biomechanics 2025, 22(1), 662.  

6 

2.10. Statistical analysis 

IBM SPSS Statistics 25 was used for the statistical analysis. Experimental data 

outcomes are expressed using the mean ± standard deviation. The indication of 

significance difference is P < 0.05, while extremely significant difference is 

represented by P < 0.01. Variance homogeneity analysis is conducted using LSD, 

whereas variance heterogeneity analysis is performed using Dunnett's method. 

3. Results 

3.1. Determination of the optimal compatibility ratio of “Danshen-

Huangqi” 

3.1.1. Effects of different ratios on liver index in rats with liver injury 

Based on the findings, it was observed that the liver index of rats in the M group 

exhibited a significantly higher value compared to the K group. All groups 

experienced a significant decrease in the liver index of rats when compared to the M 

group. In contrast to the Y group, the liver index of rats in the D-H 1:2 group displayed 

an increase, although the disparity was not deemed significant (Figure 1). 

 
Figure 1. The effect of different ratio of herb pair on liver index of rats (�̄� ± 𝑠, 𝑛 = 

12, %). 
(Compared with group K, **P < 0.01; Compared with group M, ##P < 0.01; Compared with group Y, 

△
P 

< 0.05, 
△△

P < 0.01.) 

3.1.2. Effects of different ratios on biochemical indicators in rats with liver 

injury 

The findings indicated that the serum levels of AST, ALT, and LDH in the M 

group were considerably elevated compared to those in the K group. Conversely, all 

groups exhibited notable reductions in the serum levels of AST, ALT, and LDH 

compared to the M group. The D-H 1:2 group displayed a substantial increase in the 
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serum levels of AST compared to the Y group, while the D-H 1:3 group exhibited 

significant increases in both ALT and LDH levels compared to the Y group (Figure 

2). 

  

(A) (B) 

Figure 2. The effect of different ratio of herb pair on the levels of AST, ALT (A) and LDH (B) in serum of rats (�̄� ±

𝑠, 𝑛 = 12, U/L). 
(Compared with group K, **P < 0.01; Compared with group M, ##P < 0.01; Compared with group Y, 

△
P 

< 0.05, 
△△

P < 0.01.) 

3.1.3. Effects of different ratios on liver morphology in rats with liver injury 

According to the findings, it was observed that K group exhibited a distinct and 

well-defined hepatic lobule structure, devoid of any hepatocyte necrosis or presence 

of macrophages. Conversely, when compared to the K group, the hepatic portal region 

of rats in the M group demonstrated a significant influx of inflammatory cells, elevated 

fibrous tissue, focal necrosis, and hepatic sinus congestion. Subsequently, in 

comparison to the M group, an improvement was observed in liver cell necrosis and 

inflammatory cell infiltration in rats from each treatment group, particularly in the Y 

group, D-H 1:2 group and D-H 1:3 group (Figure 3). 

Comprehensive evaluation, “Danshen-Huangqi” had better intervention effect on 

liver injury at a ratio of 1: 2. 

  
(A) (B) 
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(C) (D) 

  
(E) (F) 

  
(G) (H) 

  
(I) (J) 

Figure 3. The effect of different ratio of herb pair on liver morphology of rats 

(400×). (Red arrow: central vein; Blue arrow: liver cells; Yellow arrow: hepatocyte 

steatosis, small vacuoles visible in the cytoplasm; Green arrow: slight expansion of 

hepatic sinus; Black arrow: Hepatic sinus congestion; Brown arrow: venous 

congestion; Purple arrow: perivascular lymphocyte infiltration; Grey arrow: liver cell 

necrosis, nuclear pyknosis, cytoplasm showed eosinophilic homogeneous.). (A): K 

group; (B): M group; (C): Y group; (D): D group; (E): H group; (F): D-H 1:0.5 

group; (G): D-H 1:1 group; (H): D-H 1:2 group; (I): D-H 1:3 group; (J): D-H 1:4 

group. 

3.2. Determination of the optimal dosage of “Danshen-Huangqi” 

3.2.1. Effects of different doses on liver index in rats with liver injury 

The research findings indicated that the liver index of rats in the M group 

displayed a significant increase in comparison to the K group. Each administration 

group, in contrast to the M group, exhibited a noteworthy reduction in the liver index 

of rats. In comparison to the Y group, the liver index of rats in the low-dose D-H 1:2 

group demonstrated a significant increase (Figure 4). 
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Figure 4. The effect of different doses of herb pair on liver index of rats (�̄� ± 𝑠, 𝑛 = 

12, %). 
(Compared with group K, **P < 0.01; Compared with group M, ##P < 0.01; Compared with group Y, 

△
P 

< 0.05, 
△△

P < 0.01.) 

3.2.2. Effects of different doses on biochemical indicators in rats with liver 

injury 

The findings indicated that in comparison to the K group, the M group exhibited 

noticeably elevated serum levels of AST, ALT and LDH. Additionally, there was a 

significant decrease in the serum levels of AST, ALT, and LDH in each group when 

compared to the M group. Furthermore, when compared to the Y group, the serum 

levels of AST, LDH and ALT were significantly elevated in the D-H 1:2 low-dose 

group of rats (Figure 5). 

  

(A) (B) 

Figure 5. The effect of different doses of herb pair on the levels of AST, ALT (A) and LDH (B) in serum of rats (�̄� ±

𝑠, 𝑛 = 12, U/L). 
(Compared with group K, **P < 0.01; Compared with group M, ##P < 0.01; Compared with group Y, 

△
P 

< 0.05, 
△△

P < 0.01.) 
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3.2.3. Effects of different doses on liver morphology in rats with liver injury 

According to the findings, the organization of liver cells in the K group rats was 

observed to be orderly, devoid of any indication of inflammatory cell infiltration, 

displaying a clear hepatic lobule structure, and exhibiting no signs of focal necrosis. 

In contrast, the M group rats demonstrated the presence of focal necrosis, steatosis, 

and a significant inflammatory cell infiltration in the hepatic portal area. Furthermore, 

each administered groups displayed an improvement in hepatocyte necrosis compared 

to the M group. Notably, the Y group, the D-H 1:2 middle-dose group, and the D-H 

1:2 high-dose group exhibited the greatest improvement in hepatocyte necrosis 

(Figure 6). 

Based on the principle of less administration and comprehensive analysis of 

pharmacodynamic indexes, the dosage of “Danshen-Huangqi” was determined to be 

0.5 and 1.0 g/kg. 

   
(A) (B) (C) 

   
(D) (E) (F) 

Figure 6. The effect of different doses of herb pair on liver morphology of rats (400×). (Blue arrow: liver cells; Red 

arrow: liver macrophages; Black arrow: hepatocyte steatosis; Green arrow: hepatocyte nuclear atrophy). (A): K group; 

(B): M group; (C): Y group; (D): D-H 1:2 (low) group; (E): D-H 1:2 (medium) group; (F): D-H 1:2 (high) group. 

3.3. Effects of “Danshen-Huangqi” on CD3+, CD4+ and CD8+ T 

lymphocytes in peripheral blood of rats 

According to the findings, there was a noticeable reduction in the population of 

CD3+ T lymphocytes in the peripheral blood of rats belonging to the M group when 

compared to the K group. Conversely, the levels of CD3+ T lymphocytes in the 

peripheral blood of rats across all groups were significantly elevated in contrast to the 

M group. Furthermore, a significant decline in CD3+ T lymphocytes in the peripheral 

blood of rats was observed in both the D and H groups when compared to the D-H 

group (Figure 7). 
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(A) 

 
(B) 

Figure 7. A: Levels of CD3+ T lymphocytes in peripheral blood of rats in different groups; B: The effect of herb pair 

on CD3+ T lymphocytes in peripheral blood of rats (�̄� ± 𝑠, 𝑛 = 12, %). 
(Compared with group K, **P < 0.01; Compared with group M, ##P < 0.01; Compared with group D-H, 
△

P < 0.05, 
△△

P < 0.01.) 

The findings revealed a notable decrease in peripheral blood levels of CD4+ T 

lymphocytes, CD8+ T lymphocytes, and the CD4+/CD8+ ratio in rats assigned to the 

M group when compared to the K group. Conversely, a significant increase in the 

CD4+, CD8+ T lymphocyte ratios, and the CD4+/CD8+ ratio in peripheral blood was 

observed in all groups compared to the M group. Furthermore, both the D and H 
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groups exhibited a significant reduction in CD4+ T lymphocytes, CD8+ T 

lymphocytes, and the CD4+/CD8+ ratio in peripheral blood when compared to the D-

H group (Figure 8). 

 
(A) 

 
(B) 
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(C) 

Figure 8. Levels of CD4+ , CD8+ T lymphocytes (A) and CD4+/CD8+ T (B) in peripheral blood of rats in different 

groups. (C): The effect of herb pair on CD4+ and CD8+ T lymphocytes in peripheral blood of rats (�̄� ± 𝑠, 𝑛 = 12).  

(Compared with group K, **P < 0.01; Compared with group M, ##P < 0.01; Compared with group D-H, 
△

P < 0.05, 
△△

P < 0.01.). 

3.4. Effect of “Danshen-Huangqi” on the level of cytokines in rat serum  

By analysis, the standard linear regression equation of IL-2 was y = 0.0016x + 

0.3115 (R2 = 0.9958). The standard linear regression equation of TNF-α was y = 

0.0024x + 0.0725 (R2 = 0.9974). The standard linear regression equation of IFN-γ was 

y = 0.0012x + 0.1257 (R2 = 0.9925). A strong linear relationship was observed between 

the concentration and optical density (OD) values of IL-2, TNF-α, and IFN-γ standard 

samples within their respective ranges (IL-2: 31.25–2000 pg/mL, TNF-α: 15.63–1000 

pg/mL, IFN-γ: 31.25–2000 pg/mL). This relationship enables accurate quantification. 

The findings indicated a significant increase in the levels of IL-2, TNF-α, and IFN-γ 

in the serum of rats in the M group compared to the K group. Furthermore, the levels 

of IL-2, TNF-α, and IFN-γ in the serum of rats in each administration group were 

significantly reduced compared to the M group. Additionally, the levels of IL-2, TNF-

α, and IFN-γ in the serum of rats in the D group and H group were significantly higher 

than those in the D-H group (Figure 9). 
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Figure 9. The effect of herb pair on IL-2, TNF-α and IFN-γ in serum of rats (�̄� ± 𝑠, 

𝑛 = 12, pg/mL).  

(Compared with group K, **P < 0.01; Compared with group M, ##P < 0.01; Compared with group D-H, 
△

P < 0.05, 
△△

P < 0.01). 

The linear regression equations for IL-4, IL-6, and IL-10 were as follows: y = 

0.0024x + 0.0803 (R2 = 0.9905), y = 0.0029x + 0.1141 (R2 = 0.9938), and y = 0.0011x 

+ 0.0842 (R2 = 0.9915), respectively. These equations demonstrated a strong linear 

relationship between the concentration and OD value of standard samples within their 

respective ranges: 15.63–1000 pg/mL for IL-4, 12.50–800 pg/mL for IL-6, and 31.25–

2000 pg/mL for IL-10. This relationship allows for accurate quantification of these 

cytokines. The results indicated significant differences in the serum levels of IL-4, IL-

6, and IL-10 between the K group and the M group. Specifically, the levels of IL-4 

and IL-10 were significantly lower in the serum of rats in the M group compared to 

the K group, while the level of IL-6 was significantly higher. Furthermore, when 

comparing the M group to each individual group, the levels of IL-4, IL-6, and IL-10 

were significantly callback in the serum of rats in each group. Additionally, when 

comparing the D-H group to the D group and the H group, there were significant 

changes in the levels of IL-4, IL-6, and IL-10. The levels of IL-4 and IL-10 decreased 

significantly in both the D group and the H group, while the level of IL-6 increased 

significantly (Figure 10). 
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Figure 10. The effect of herb pair on IL-4, IL-6 and IL-10 in serum of rats (�̄� ± 𝑠, 𝑛 

= 12, pg/mL). 

(Compared with group K, **P < 0.01; Compared with group M, ##P < 0.01; Compared with group D-H, 
△

P < 0.05, 
△△

P < 0.01). 

The IL-17, IL-21, and TGF-β standard linear regression equations were as 

follows: y = 0.0023x + 0.075 (R2 = 0.9914), y = 0.0028x + 0.0383 (R2 = 0.9968), y = 

0.0003x + 0.1074 (R2 = 0.9942), respectively. The linear correlation between the 

concentration and OD value of IL-17 and IL-21 standard samples was highly 

satisfactory within the range of 15.63–1000 pg/mL, while the linear correlation 

between the concentration and OD value of TGF-β standard samples was also 

excellent within the range of 0.16–10 ng/mL. This indicates that accurate 

quantification can be achieved using these regression equations. The findings revealed 

that the serum levels of IL-17, IL-21, and TGF-β were significantly elevated in the M 

group compared to the K group. Additionally, when compared to the M group, the 

serum levels of IL-17, IL-21, and TGF-β were significantly reduced in all other 

groups. Furthermore, the serum levels of IL-17, IL-21, and TGF-β in the D and H 

groups were significantly higher than those in the D-H group (Figures 11 and 12). 
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Figure 11. The effect of herb pair on IL-17 and IL-21 in serum of rats (�̄� ± 𝑠, 𝑛 = 

12, pg/mL).  

(Compared with group K, **P < 0.01; Compared with group M, ##P < 0.01; Compared with group D-H, 
△

P < 0.05, 
△△

P < 0.01). 

 
Figure 12. The effect of herb pair on TGF-β in serum of rats (�̄� ± 𝑠, 𝑛 = 12, ng/mL). 

(Compared with group K, **P < 0.01; Compared with group M, ##P < 0.01; Compared with group D-H, 
△

P < 0.05, 
△△

P < 0.01). 

3.5. Detection of specific transcription factors by RT-PCR 

The amplification of the double diluted cDNA template was carried out using 

gene primers for T-bet, GATA-3, RORγt, and Foxp3 genes, following the optimized 

reaction conditions. The melting curves for each gene exhibited a single peak, 

suggesting excellent specificity in primer amplification and the absence of any non-

specific products or primer dimers. The amplification curves of each gene exhibited 

Ct values ranging from 20 to 40. Moreover, the observed minimal difference in the 
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amplification efficiency between the target gene and the reference gene. It shows that 

the reasonable setup of the PCR reaction system and procedure. 

The findings indicated that, in comparison to the K group, there was a noteworthy 

increase in T-bet mRNA and T-bet/GATA-3 ratio in the liver of rats belonging to the 

M group, whereas GATA-3 mRNA exhibited a significant decrease. On the other 

hand, the liver levels of T-bet mRNA, GATA-3 mRNA, and T-bet/GATA-3 ratio were 

significantly callback in all groups as opposed to the M group. Similarly, in 

comparison to the D-H group, there was a significant increase in T-bet mRNA and T-

bet/GATA-3 ratio in the liver of rats from the D group and H group, while GATA-3 

mRNA displayed a significant decrease (Figure 13). 

  

(A) (B) 

Figure 13. The effect of herb pair on T-bet , GATA-3 mRNA (A) and T-bet/ GATA-3 (B) in liver tissue of rats (�̄� ±

𝑠, 𝑛 = 12).  

(Compared with group K, **P < 0.01; Compared with group M, ##P < 0.01; Compared with group D-H, 
△△

P < 0.01). 

The findings indicated a significant increase in RORγt mRNA and the 

RORγt/Foxp3 ratio in the livers of rats in the M group compared to the K group. 

Additionally, there was a significant decrease in Foxp3 mRNA. Conversely, when 

comparing all groups to the M group, there was a significant callback observed in 

RORγt, Foxp3 mRNA, and the RORγt/Foxp3 ratio in the liver. Moreover, in 

comparison to the D-H group, both the D and H groups exhibited a significant increase 

in RORγt mRNA and the RORγt/Foxp3 ratio, while Foxp3 mRNA was significantly 

decreased in the liver of rats (Figure 14). 
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(A) (B) 

Figure 14. The effect of herb pair on RORγt, Foxp3 mRNA (A) and RORγt/Foxp3 (B) in liver tissue of rats (�̄� ± 𝑠, 𝑛 

= 12). 
(Compared with group K, **P < 0.01; Compared with group M, ##P < 0.01; Compared with group D-H, 
△△

P < 0.01). 

According to the findings, the levels of Fas and FasL in the rat liver were 

markedly elevated in the M group compared to the K group. Conversely, the liver 

levels of Fas and FasL were significantly reduced in all groups when compared to the 

M group. Notably, both the D and H groups exhibited a substantial rise in Fas and 

FasL levels in the liver, in comparison to the D-H group (Figures 15–17). 

 
Figure 15. The effect of herb pair on Fas and FasL in liver tissue of rats (�̄� ± 𝑠, 𝑛 = 

12, IOD/AREA). 
(Compared with group K, **P < 0.01; Compared with group M, ##P < 0.01; Compared with group D-H, 
△△

P < 0.01.) 
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(A) (B) (C) 

  
(D) (E) 

Figure 16. The effect of herb pair on Fas in liver tissue of rats (400×). (A): K group; (B): M group; (C): D group; (D): 

H group; (E): D-H group. 

   
(A) (B) (C) 

  
(D) (E) 

Figure 17. The effect of herb pair on FasL in liver tissue of rats (400×). (A): K group; (B): M group; (C): D group; 

(D): H group; (E): D-H group. 

The findings indicated that the liver of rats in the M group had a noteworthy 

increase in Bax compared to the K group, alongside a significant decrease in the ratio 
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of Bcl-2 and Bcl-2/Bax. Moreover, all experimental groups exhibited a significant 

callback in the levels of Bcl-2, Bax, and the ratio of Bcl-2/Bax in the liver of rats when 

compared to the M group. Additionally, Bax in the liver of rats showed a significant 

increase in both the D and H groups compared to the D-H group, and the ratio of Bcl-

2 and Bcl-2/Bax were notably decreased (Figures 18–20). 

  
(A) (B) 

Figure 18. The effect of herb pair on Bcl-2, Bax (A) and Bcl-2/Bax (B) in liver tissue of rats (�̄� ± 𝑠, 𝑛 = 12, 

IOD/AREA). 
(Compared with group K, **P < 0.01; Compared with group M, ##P < 0.01; Compared with group D-H, 
△△

P < 0.01.) 

   
(A) (B) (C) 

  
(D) (E) 

Figure 19. The effect of herb pair on Bcl-2 in liver tissue of rats (400×). (A): K group; (B): M group; (C): D group; 

(D): H group; (E): D-H group. 
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(A) (B) (C) 

  
(D) (E) 

Figure 20. The effect of herb pair on Bax in liver tissue of rats (400×). (A): K group; (B): M group; (C): D group; 

(D): H group; (E): D-H group. 

4. Discussion 

ConA is a kind of plant lectin, which has a strong role in promoting mitosis, 

inducing T cells to proliferate and differentiate, and releasing a variety of cytokines. 

The rat liver injury model induced by it is one of the ideal models to explore the 

mechanism of immune liver disease and screen liver-protecting drugs. The modeling 

method has the advantages of simple operation, easy repetition and high success rate 

of the model [21,22]. T lymphocytes exert a crucial role in both humoral and cellular 

immunity. In particular, CD3+ T lymphocytes encompass all mature T lymphocytes 

in the periphery and serve as a marker for overall cellular immunity levels [23]. 

Meanwhile, CD4+ T lymphocytes act as a vital cog in antiviral immune responses, 

promoting the proliferation and differentiation of other immune cells by releasing a 

wide range of cytokines [24,25]. Additionally, CD8+ T lymphocytes encompass both 

Tc cells and Ts cells. Under normal circumstances, the number of T lymphocytes in 

peripheral tissues and blood is relatively stable, and CD4+/CD8+ T lymphocytes also 

maintain a certain dynamic balance. If the balance is broken, the immune function of 

the body will be disordered. The findings of this investigation demonstrate that 

Danshen possesses a more potent regulatory influence over CD8+ T lymphocytes 

compared to Huangqi, whereas Huangqi exerts a stronger regulatory impact on CD4+ 

T lymphocytes than Danshen.  

Distinct cellular surroundings stimulate the differentiation of Th0 cells into 

diverse categories of cellular subsets. Among numerous cytokines, a few essential 

elements including IL-2, IL-4, IL-6, IL-10, IFN-γ, and TNF-α play a pivotal role in 

prompting the differentiation of Th1/Th2 cellular subsets. Th1 cells mainly participate 
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in cellular immunity, but overexpression of Th1 cytokines can cause autoimmune 

diseases. Th2 cells are mainly involved in humoral immunity, and over-expressed Th2 

cytokines can cause allergic asthma and parasites [26]. The body can achieve moderate 

disease resistance and maintain internal environmental stability only when there is a 

balance between Th1 cells and Th2 cells, thus preventing the occurrence of associated 

diseases. The findings of this investigation demonstrate that the coalescence of 

Danshen and Huangqi can mitigate hepatic impairment by managing the emission of 

Th1 and Th2 cytokines, and reinstating the equilibrium of Th1/Th2 proportion, in 

which Huangqi assumes a leading governing function.  

The imbalance of Th17/Treg cell subsets can cause uncontrolled or excessive 

suppression of immune responses, leading to the occurrence of variety chronic 

infectious diseases and even tumors [27]. IL-17 is the main effector of Th17 cells, and 

its receptor is widely expressed in vivo [28]. Treg cells, a significant subset of 

regulatory T lymphocytes with potent immunosuppressive properties, have a vital 

function in the suppression of the immune response. In the body's state of immune 

tolerance, the differentiation of Th0 cells into Treg cells is triggered by TGF-β, leading 

to the prevalence of protective Treg cells. Conversely, when the body is in an immune 

response state, the combined action of IL-6 and TGF-β prompts the differentiation of 

Th0 cells into Th17 cells while inhibiting Treg cell differentiation, resulting in the 

dominance of pro-inflammatory Th17 cells [29]. Moreover, IL-21 possesses the 

capacity to prompt the differentiation of Th17 cells via the autocrine pathway, while 

simultaneously impeding the differentiation of Treg cells through its influence on the 

expression of Foxp3 [30,31]. The findings of this research reveal that the combination 

of Danshen and Huangqi has the capacity to modulate the release of cytokines Th17 

(IL-17, IL-21) and Treg (TGF-β), and then have an auxiliary protective effect on liver 

injury rats, in which Huangqi plays a major regulatory role.   

T-bet/GATA-3 is an exclusive transcription factor, that controls the 

differentiation of Th1/Th2 cell subsets from upstream, and plays a key role in 

maintaining the balance of Th1/Th2 cell subsets [32]. T-bet not only stimulates the 

expression of IFN-γ and the differentiation of Th1 cells but also suppresses the 

differentiation of Th2 cells. The findings of this investigation revealed that the 

combination of Danshen and Huangqi could potentially augment the differentiation of 

Th1 cells (or Th0 cells) into Th2 cells by manipulating the expression of T-bet and 

GATA-3, thereby sustaining the balance of Th1/Th2 cell subsets. Consequently, this 

exerts an adjunctive protective influence on liver-injured rats, wherein Huangqi plays 

a primary regulatory function. The antagonism between RORγt and Foxp3 is an 

important fulcrum to maintain the balance of Th17/Treg cell subsets, which are 

relatively independent and mutually restrictive. Once out of balance, it can lead to 

abnormal local or systemic immune response and induce many diseases.The study 

results revealed a significant rise in the expression of RORγt mRNA in Th17 cells of 

the rat liver following 8 h of Con A-induced modeling. Conversely, there was a 

significant decrease observed in the level of Foxp3 mRNA in Treg cells. These results 

suggest that the combination of Danshen and Huangqi may possess hepatoprotective 

properties by modulating the levels of transcription factors specific to Th17/Treg cell 

subgroups. This modulation promotes a balanced RORγt/Foxp3 ratio, thereby 
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regulating immune function imbalance. Notably, Huangqi exhibited superior 

regulatory effects compared to Danshen. 

Fas, known as the “death receptor,” is a transmembrane protein of type I found 

on the cell membrane. It is part of the superfamily of tumor necrosis factor receptors 

and nerve growth factor receptors, and it possesses the capacity to induce programmed 

cell death or apoptosis [33,34]. FasL, referred to as the “death ligand,” is a type II 

transmembrane protein that shares structural similarity with the tumor necrosis factor 

superfamily [35-36]. Bax/Bcl-2 can not only form a heterodimer to play an anti-

apoptotic role, but also form a homodimer to play a pro-apoptotic role [37-39]. When 

the relative expression of Bax is higher than that of Bcl-2, homodimers can be formed 

and the expression of Bax can be increased, thereby promoting apoptosis. When the 

relative expression of Bax is lower than that of Bcl-2, it can form heterodimers and 

increase the expression of Bcl-2, thus inhibiting apoptosis. The research findings 

indicated that the “Danshen-Huangqi” combination exhibited a notable ability to 

suppress abnormal hepatocyte apoptosis by reducing the levels of Bax, Fas, FasL and 

increasing the expression of Bcl-2. Notably, Danshen demonstrated a superior 

regulatory effect compared to Huangqi. The protective impact of the “Danshen-

Huangqi” combination against ConA-induced liver injury is visually depicted in 

Figure 21. 

 
Figure 21. Protective effects of “Danshen-Huangqi” on ConA-induced liver injury. 

5. Conclusion 

The combination of “Danshen-Huangqi” has a good preventive and therapeutic 

effect on Con A-induced liver injury, especially when administering the drug pair at 

0.5g/kg, 1.0g/kg dosages. “Danshen-Huangqi” can regulate T lymphocyte subsets in 

two directions, which can not only correct the imbalance of Th1/Th2 and Th17/Treg 

cell subsets by regulating the secretion of Th1, Th2, Th17, Treg cytokines and specific 

transcription factors. It can also inhibit the abnormal apoptosis of hepatic lymphocytes 

by regulating the expression of apoptosis-related genes in the death receptor pathway 
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(Fas, FasL) and mitochondrial pathway (Bcl-2, Bax) in the liver of rats with liver 

injury. Our research provides a valuable basis for the clinical application of “Danshen-

Huangqi” to protect liver injury, and also presents a promising avenue for the 

development and application of health care products for preventing liver injury in the 

times to come. 
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