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ABSTRACT 

Yi-Shen-Hua-Shi (YSHS) granule is a Chinese patent drug for treating chronic 

glomerulonephritis (CGN). It was marketed in 2009. However, up to now, there is no 

report about the quality and pharmacological activities of this product. In this work，

we evaluated the quality and anti-CGN effects of the drug. 

To evaluate the quality of the granule, a qualitative and quantitative HPLC-DAD 

analytical method was developed. For qualitative analysis, HPLC fingerprints of ten 

batches of YSHS granule was established. The fingerprints were analyzed using 

similarity evaluation, hierarchical cluster analysis (HCA), principal components 

analysis (PCA) and orthogonal partial least squares discriminant analysis (OPLS-DA) 

based on 15 characteristic fingerprint peaks. Similarity values of 10-batche samples 

were all above 0.960, indicating a stable quality. Minor differences were observed 

among batches by HCA and PCA. For quantification analysis, contents of six 

constituents in the granule were simultaneously measured. To establish the chemical 

profile of the granule, a HPLC-Q-TOF- MS/MS method was developed. A total of 

105 peaks were detected using HPLC-Q-TOF-MS/MS in the granule, of which, 99 

were tentatively identified as terpenoids, flavonoids, coumarins, alkaloids, phenols 

and other types of compounds, and 15 were further validated with reference 

substances. HPLC fingerprint chromatogram establishment, quantification analysis of 

6 constituents and compound identification should improve the quality control of 

YSHS granule.  
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To study the pharmacological activities of the granule, we investigated its 

anti-CGN effects and TGFβ signaling-related mechanism of action. A CGN rat model 

was established by injection of cationization-bovine serum albumin (C-BSA) for five 

weeks. After C-BSA injection, drugs were intragastrically administered to the rats 

once daily for four weeks. Clinical signs were recorded daily. Urine and serum 

biochemical parameters were analyzed using respective kits. Protein levels were 

examined by Western blotting. Pathological changes of renal tissues were evaluated 

using HE and Masson's trichrome staining. No significant differences in body weights 

and clinical signs were found among normal, model and drug treatment groups. 

Proteinuria; albuminuria; increased urine volume; elevated creatinine, urea nitrogen, 

triglyceride levels and total cholesterol in serum; decreased serum total protein and 

albumin; as well as renal pathological damages and fibrosis were observed in CGN 

model rats. YSHS granule ameliorated all the abnormal behavioral and biochemical 

changes in the model rats. Mechanistic investigations revealed that YSHS granule 

down-regulated proteins levels of TGFβ1, phospho-Smad2/3 (Thr 8) and Smad4 in rat 

renal tissues. These findings indicate that the drug has anti-CGN effects in rats, and 

inhibiting TGFβ signaling contributes to the underlying mechanisms. 

In summary, our chemical analytical studies will help in improving the quality 

control of YSHS granule. Our bioactivity and mechanistic studies provide a 

pharmacological basis for the clinical use of the granule in treating CGN.
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CHAPTER 1 INTRODUCTION 

1.1 Chronic glomerulonephritis (CGN) 

Chronic glomerulonephritis (CGN) is a primary glomerulopathy caused by many 

pathogenic factors such as bacterial or virus infection, overfatigue, drug toxicity, 

abnormal stress reaction, disturbance of water and electrolyte, diabetes, hypertension, 

thyroid disease, and hepatitis B (Jha et al., 2013). It is defined as estimated glomerular 

filtration rate (eGFR) < 60 mL/min/1.73 m
2
 and/or the presence of proteinuria or 

hematuria for 3 months or more (Blute et al., 2017). The main clinical manifestations 

of CGN are hematuresis, proteinuria, albuminuria, edema, hypertension, etc (Fraser 

and Blakeman, 2016). If not treated at its early stage, this disease will develop into 

end-stage renal disease (ESRD) (Fraser and Blakeman, 2016). An important matter is 

that CGN reduces the living quality of patients, at the same time brings serious 

economic burden to patients’ family and society, due to its high mortality and 

morbidity rates resulted from the long-term renal function damage (Fraser and 

Blakeman, 2016). 

 

1.1.1 Epidemiology of CGN 

CGN is a major component of chronic kidney diseases (CKD) and an important 

cause of death worldwide. It has been recognized as a big public health problem all 

around the world (Couser et al., 2011). CGN can occur in individuals of all age stages, 
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which has no particular preference of gender, races and ethnicities (Chang et al., 

2016). The annual incidence rate of CGN was increased from 33.16/million in 1999 to 

79.1/million in 2008 in China (Wang et al., 2018). According to a statistics by Kidney 

Health Australia, the 5-year survival rate of ESRD patients over the age of 60 who 

receive a dialysis or transplant is worse than some common types of cancers (Ludlow, 

2016) (Figure 1.1). 

 

Figure 1.1 Five year survival rates of patients with common cancers compared 

with CKD (Ludlow, 2016). 

Hypertension and diabetes are the major reasons of CKD worldwide (Ghaderian 

and Beladi-Mousavi, 2014). In some Asian countries, like China, CGN are more 

common (Jha et al., 2013) (Figure1.2). CGN often results in dialysis-requiring ESRD 

and accounting for about 10% of all patients on dialysis in China (Lin et al., 2014; 

Zhang et al., 2012). A study from India showed that CGN is the primary cause of 

ESRD in adult patients (49.3%), followed by diabetic nephropathy (27.4%) (Naqvi, 

2017). Another report also showed that CGN is the major cause of ESRD and chronic 
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renal failure (25%), followed by hypertension (20%) (Odubanjo et al., 2011). 

 

Figure 1.2 Distribution of CKD worldwide (Jha et al., 2013). 

(RVD=renovascular disease, HT=hypertensive nephrosclerosis, CGN=chronic 

glomerulonephritis, CIN=chronic interstitial nephritis). 

 

1.1.2 Pathophysiological role of TGFβ in CGN  

TGFβ, a member of the TGFβ superfamily, is a cytokine with three different 

isoforms (TGFβ1, TGFβ2 and TGFβ3). It regulates lots of cellular functions, such as 

proliferation, cell differentiation, migration and apoptosis (Xue et al., 2019). TGFβ 

has been recognized as an important profibrotic cytokine involved in fibrotic disease, 
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particularly in kidney (Huynh and Chai, 2019). Renal fibrosis, e.g. tubulointerstitial 

fibrosis is generally considered to be the crucial pathological feature of most CKD, 

including CGN (Hewitson et al., 2017). Studies have revealed that the key role of 

TGFβ in CGN is to promote profibrotic processes, as it involves in the progress of 

glomerulosclerosis and tubulointerstitial fibrosis (Harendza et al., 1999; Mullins et al., 

2016; Sanchez-Lopez et al., 2009). 

TGFβ has also been shown to elevate the production of some proinflammatory 

cytokines, such as interleukin 8 (IL8) and monocyte chemotactic protein 1 (MCP1), in 

tubular epithelial cells (TECs) (Deshmane et al., 2009). The release of these 

proinflammatory cytokines leads to infiltration of activated macrophages, which 

secrete a variety of other cytokines that promote inflammatory responses (Arango 

Duque and Descoteaux, 2014). 

Increasing evidence indicates that CGN is associated with cell cycle arrest of TECs, 

which contribute to enhanced activity of profibrotic cytokines in kidney (Lovisa et al., 

2015). Cyclin-dependent kinase (CDK) inhibitor p21 is an inhibitor of cell cycle and 

can arrest the cell cycle in G2/M and G1/S phases by suppressing CDK2/cyclin-E and 

CDK4,6/cyclin-D, respectively (Tarek, 2009). A number of studies showed that TGFβ 

can transcriptionally up-regulate p21 through the mitogen-activated protein kinases 

(MAPK)-dependent pathway (Zhang et al., 2017). 

TGFβ1, the most plentiful isoform of TGF-β family members, can be secreted by 

all types of renal cells (Ding and Choi, 2014). TGFβ1 signaling involves activation of 

complex intracellular networks and plays a key role in kidney fibrosis and the 
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accumulation of extracellular matrix (ECM) (Sureshbabu et al., 2016). 

The active form of TGFβ1 transmits signals through two types of cell surface 

receptors named TGFβ receptor type I (TβRI) and TGFβ receptor type II (TβRII), 

which in turn phosphorylates Smad2/Smad3 to initiate the downstream TGFβ1 

signaling pathway (Lovisa et al., 2015). Activated Smad2/3 subsequently complex 

with Smad4 and then translocate into the nucleus. The Smad2/3/4 complex modulates 

the transcription of target genes, including profibrotic genes, and several miRNA 

species, such as miRNA-192 and miRNA-21 (Chen et al., 2018). TGFβ1 signaling 

pathway is negatively regulated by Smad7, which inhibits TGFβ1 pathway by 

inhibiting Smad2/3/4 complex activity and promoting degradation of the TβRI (Yan et 

al., 2009). 

TGFβ1 signaling also utilizes other intracellular signaling pathways to confer its 

physiological functions, including MAPKs/Erk, phosphatidylinositol 3-kinase 

(PI3K)/Akt and TGFβ activated kinase 1 (TAK1)/c-Jun N-terminal kinase (JNK) 

pathwys (Sureshbabu et al., 2016; Zhang, 2017).  

These TGFβ1 signaling pathways (Figure 1.4) ultimately lead to increased 

synthesis of profibrotic mediators and ECM accumulation.  
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Figure 1.4 Smad and non-Smad TGFβ1 signaling pathways (Sureshbabu et al., 

2016). 

 

1.1.3 Current management options of CGN and their limitations 

Western medicines used to manage CGN include immunesuppressors, 

corticosteroids, cyclophosphamide, angiotensin converting enzyme inhibitors (ACEIs) 

and angiotensin-receptor blockers (ARBs).etc (Indian Society of Pediatric et al., 

2009). These drugs are largely used to prolong kidney function so as to relieve clinical 

symptoms and prevent severe complications. But the treatment effect is often 
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insufficient. ACEIs and ARBs comprise the standard treatment for diabetic 

nephropathy as well as many other forms of CKD, including CGN (Breyer and 

Susztak, 2016). These classes of drugs not only decrease proteinuria, but also lower 

blood pressure. However, ACEIs and ARBs cannot improve the eGFR and sufficiently 

halt the progression of ESRD (Dezsi, 2014). 

On the other hand, the treatment for CGN is usually costly (Barbour et al., 2018). 

Cinacalcet is a famous second generation calcimimetic drug used to treat CKD 

patients undergoing dialysis. Although cinacalcet has an extensive applicability, 

including CKD, hyperparathyroidism and parathyroid cancer, price is a main 

disadvantage that limits its utilization. The unit price of the drug in the United State is 

$0.5 US dollars per mg. One patient who needs 80 mg cinacalcet per day would have 

to pay $40 US dollars per day, and approximately $13,600 each year. A study also 

showed that the medication costs of CGN patient were increased 7-fold over a 13-year 

period from $205 (per treatment) in 2000 to $1394 (per treatment) in 2013 in 

Columbia (Sekercioglu et al., 2016) (Figure 1.3).  

Furthermore, the medicines used to treat CGN are always associated with serious 

adverse effects such as hypertension, hyperlipidemia, hyperkalemia, obesity, insomnia, 

osteoporosis, peptic ulcer and angioedema when administered for a long time (Li et 

al., 2014; Whittaker et al., 2018). 
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Figure1.3 The mean medication cost per treated CGN patient in Columbia each 

year. (CNI = calcineurin inhibitors; MMF = mycophenolate mofetil) 

 

1.1.4 Traditional Chinese medicine (TCM) and CGN 

Use of complementary and alternative medicines (CAM), which have prominent 

efficacy and fewer side effects, is now highly prevalent among CGN patients both in 

the West and in the East (Osman et al., 2015). An estimated 40~70% of persons with 

CGN choose CAM including TCM to alleviate the symptoms (Pang and Ali, 2015). 

TCM does not have a specific term for CGN. In TCM theory, CGN belongs to Qi 

deficiency of spleen and kidney, blood stasis and damp-turbidity. The therapeutic 

principles of TCM for the treatment of CGN include “eliminating dampness and 

clearing heat”, “invigorating the spleen and kidney” and “coordinating Yin and Yang 

in the body” (Zhao et al., 2019). 

A lot of traditional herbal formulas have been clinically used for treating CGN in 
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China, such as Shen-Qi-Di-Huang Tang (參芪地黃湯), Shuang-Wen-Pi-Shen Tang 

(雙溫脾腎湯), Bu-Yang-Huan-Wu Tang (補陽還五湯) and Yi-Shen-Jian-Pi-Hua-Yu 

Tang (益腎健脾化瘀湯). The mechanisms of action of some patent herbal drugs for 

treating CGN, e.g. Qi-Teng-Xiao-Zhuo granule (芪藤消浊顆粒), Yi-Shen-Qing-Li 

granule (益腎清利顆粒) and Saireito (柴苓湯) (Gao et al., 2016; Hsieh et al., 2017; 

Wang et al., 2008; Zhou, Q.R. et al., 2016), have been studied. The mechanisms are 

mainly related to regulating immune system, anti-inflammation, anti-oxidation, 

adjusting metabolic disturbance and improving renal functions. Zhong et. al. have 

summarized results of clinical trials and pharmacological experiments to support the 

benefits of TCM in the treatment of CGN (Zhong et al., 2013) (Table 1.1). 
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Table 1.1 A summary of the mechanisms, animal studies, and human clinical trials of 

commonly used herbal medicines for CKD (Zhong et al., 2013). 

 

(DN=diabetic nephropathy; PAN=puromycin-induced nephrosis; UUO= unilateral 

ureteral obstruction; DOX-N=Doxorubicin-induced nephropathy).
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Although many herbal drugs are effective in treating CGN, they have not been 

widely accepted owing to their poor quality and unclear mechanism of action. 

 

1.2 Yi-Shen-Hua-Shi (YSHS) granule 

Yi-Shen-Hua-Shi (YSHS) granule is a CFDA (China Food and Drug 

Administration) approved herbal drug for treating CGN (SFDA approval number: 

Z20090250) (Figure 1.5). It was marketed under the brand Consun by the Guangzhou 

Consun Pharmaceuticals Co., Ltd. in 2009. The granule derives from a TCM formula 

Sheng-Yang-Yi-Wei-Tang comprising 16 herbs including Ginseng Radix et Rhizoma 

(GRR), Glycyrrhizae Radix Et Rhizoma Praeparata Cum Melle (GRP), Alismatis 

Rhizoma (ALR), Astragali Radix (ASR),Pinelliae Rhizoma Praeparatum Cum 

Alumine (PRP), Bupleuri Radix (BUR), Atractylodis Macrocephalae Rhizoma (AMR), 

Coptidis Rhizoma (COR), Notopterygii Rhizoma Et Radix (NRR), Poria (POR), 

Angelicae Pubescentis Radix (APR), Jujubae Fructus (JUF)Saposhnikoviae Radix 

(SAR), Paeoniae Radix Alba (PRA), Zingiberis Rhizoma Recens (ZRR) and Citri 

Reticulatae Pericarpium (CRP).
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Figure 1.5 The patent herbal drug: Yi-Shen-Hua-Shi (YSHS) granule 

 

1.2.1 Traditional and modern applications of YSHS formula 

YSHS formula was first recorded in a TCM classic Nei-Wai-Shang-Bian-Huo-Lun 

issued in 1247. This formula is able to tonify yang and spleen (升陽補脾), increase 

urine excretion to relieve edema (利水消腫 ) and replenish renal and resolve 

dampness (益腎化濕) (Zhao et al., 2019). Because of these functions, the formula 

was traditionally used to frequent urination (尿頻) , endoretention of damp heat (濕熱

內蘊) and manage hypo-function of the spleen and stomach (脾胃虛弱) that are TCM 

symptoms of CGN.  

In modern clinical medicine, YSHS granule is usually used to manage CKD, 

especially CGN in China. Many clinical studies showed that combined treatment of 

western medicines and YSHS granule is good in treating CGN. Mang randomized 

controlled clinical trials demonstrated that YSHS granule combined with losartan 

potassium has fewer adverse reactions and better efficacy when compared with 
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losartan potassium monotherapy in treating CGN (Zhou, J. et al., 2016). 

 

1.2.2 Components of YSHS granule inhibit TGFβ1 signaling 

Through searching and summarizing the outcomes of current available 

pharmacological studies, we found that the extracts or active constituents of nine 

herbs in YSHS granule exert TGFβ1 signaling inhibition effect. 

GRR has a lot of pharmacological activities, including anti-fibrosis, 

anti-inflammatory and antioxidant (Kanzaki et al., 1998). Its aqueous extraction had 

an anti-fibrosis effect in a carbon tetrachloride (CCl4) induced liver fibrosis mouse 

model by regulating the TGFβ1 Smad dependent pathway via inhibiting the protein 

expression of Smad2, Smad3, and TGFβ1 (Hafez et al., 2017).  

Berberine is an alkaloid commonly applied in both China and other countries as an 

antibiotic drug which is also a main active constituent in COR (Wang, J. et al., 2019). 

In a CCl4 induced liver fibrosis mouse model, berberine reduced the histological 

injury and fibrosis, and inhibited the expression level of α-SMA, TGFβ1 and 

p-Smad2 in the berberine treatment group (Liu et al., 2015).  

A study demonstrated that astragalus aqueous extract has an anti-fibrotic effect in 

chronic nephrosis rat, and could reduce ECM synthesis, block tubular 

epithelial-to-mesenchymal transition (EMT) processes and inhibit the expression of 

TGFβ1 in rat kidney (Wang et al., 2004). 

Osthole is a kind of coumarin contained in plants of the Apiaceae family, including 
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APR (Yan et al., 2017). A study showed that osthole can mitigate unilateral ureteral 

obstruction (UUO)-induced nephritis in rat through inhibiting the TGFβ1-Smad 

dependent pathway (Zhang et al., 2018). Another research explored the effect of 

osthole on TβRI, Smad2/3, P-Smad2/3, Smad4 and Smad7 mRNA and protein 

expressions in TGFβ1-treated mouse cardiac fibroblasts. The results indicated that the 

level of Smad2/3, P-Smad2/3, TβRI and Smad4 mRNA and protein levels were 

reduced, while the expressions of Smad7 mRNA and protein level were increased 

(Liu et al., 2017). 

 Saikosaponin d (SSd), one of the most abundant saikosaponins in BUR, exhibits a 

lot of pharmacological activities, including anti-tumor, hepatoprotective activities and 

anti-inflammatory (Ren et al., 2019; Xia et al., 2019). It inhibited the mRNA 

expression of TβRI and Smad3 and increased the mRNA expression of TβRII and 

Smad7 in Sprague-Dawley (SD) rat hepatic fibrosis model induced by 

Dimethylnitrosamine (DMN) (Yuan et al., 2017).  

Atractylenolide I, a natural sesquiterpene lactone, is one of the active compounds of 

AMR. It has been demonstrated to reduce the level of TLR4/MD-2 complex, resulting 

in depression of MyD88/NF-κB signaling and inhibiting the secretion of IL-6, 

vascular endothelial growth factor (VEGF) and TGFβ1 in ovarian cancer SKOV3 

cells (Liu et al., 2016). (PI3K)/Akt is one of the Smad-independent pathways of 

TGFβ1 signaling. Atractylenolide II and TGFβ1 signaling A study showed that 

Atractylenolide III, another active compound of AMR, could increase the protein 

levels of pAKT and p-PI3K in skeletal muscles in CKD rats (Wang, M. et al., 2019). 
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Dong et al investigated the character of glycyrrhizin on TGFβ1 signaling pathway 

in rat hepatic stellate cells. The result showed that glycyrrhizin not only decreased the 

mRNA level and protein expression of Smad 2 and Smad3, but also inhibited the 

protein level of collagen I and III (Dong et al., 2005). 

Total glucosides of paeony (TGP) is an important constitute isolated from PRA 

(Luo et al., 2016). In a renal fibrosis rat model, TGP notably reduced the level of 

creatinine (Cr), blood urea nitrogen (BUN) and albuminuria, while the mRNA level 

and protein level of TLR4, NF-κB and TGFβ1 were notably reduced as well by TGP 

intragastric administration. The result indicated that TGP exerts anti-fibrosis effect in 

rats partly by blocking the TLR4/NF-κB/TGFβ1 signaling pathway (Zhu, 2015). 

Ginger is a plant which is popular in CAM and can be used to treat many diseases 

(Langner et al., 1998). Zingerone and geraniol have been reported as crucial active 

compounds of ginger that have lots of biological effects, such as anti-fibrosis, 

fanti-inflammatory and antioxidant (Khaki et al., 2014; Tiwari and Kakkar, 2009). A 

study found that geraniol and zingerone reduced the fibrosis in prostate of rat via 

suppressing the expression of prostate TGFβ1and collagen IV (Eid et al., 2017). 

 

1.2.3 Current challenges of YSHS granule  

The clinical efficacy of YSHS granule has been well recognized, but the quality 

control method is not ideal at present. 

It is well known that chemical compositions of Chinese herbal formulations are 
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affected by plant origins, harvest time, climate, environment, processing methods and 

so on. These factors may lead to great disparities in quality among different batches of 

a drug. Currently, to control the quality of the product, thin layer chromatography 

(TLC) analyses of four herbs are applied for identification and only one compound 

from ginseng was selected for assay. As known that YSHS granule consists of 16 

herbs and multiple components, these methods are not sufficient to guarantee its 

quality. Besides that, chemical constituents of YSHS granule are not fully known, 

which impedes quality control method development of this drug. 

On the other hand, pharmacological evidence of the granule for the treatment of 

CGN is lacking at present. 

The unsatisfactory quality control method and the unclear molecular mechanism of 

action make YSHS granule difficult to meet the requirements of standardization and 

internationalization. 

 

1.3 Objectives  

  In this study, we aim to: 

1) Evaluate the quality of YSHS granule; 

2) Establish the chemical profile of YSHS granule; 

3) Determine the anti-CGN effects of YSHS granule in C-BSA rats; 

4) Investigate the involvement of TGFβ1signaling in the anti-CGN effects of YSHS    

granule.
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CHAPTER 2 QUALITY EVALUATION OF YI-SHEN-HUA-SHI GRANULE 

2.1 Introduction 

Traditionally, to control the quality of Chinese medicinal herbs, a few markers are 

used for identification and assay. On account of the complexity of chemical 

constituents of Chinese medicines, those analytical methods can neither provide a 

complete profile of drugs nor distinguish drugs with similar main chemical 

constitutions. For example, only identifying chlorogenic acid cannot differentiate the 

flowers of Lonicera japonica and Chrysanthemi indici (Chen et al., 2016). Because 

chlorogenic acid is one of their common ingredients (Chen et al., 2016). On the 

other hand, instead of working on a single target, multi-component Chinese 

medicines may exert their effects by affecting multiple targets (Liang et al., 2016). 

Therefore, only test limited number of markers in Chinese medicines would be 

insufficient. 

For controlling the quality of YSHS granule, four herbs are selected for 

identification and only one compound, ginsenoside Rb1, is used for assay. Since the 

granule is consist of sixteen herbs. These are not adequate and sufficient to guarantee 

the quality of the drug. 

Chromatographic fingerprint can be used to simultaneously identify multiple 

components in Chinese medicines and has been widely approved by the World Health 

Organization (WHO), the United State Food and Drug Administration (FDA) and 

CFDA for the quality control of Chinese medicines (Song et al., 2013). In 2004, the 
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CFDA also required that all clinical injections made from herbal medicines should be 

standardized by chromatographic fingerprints (Wang et al., 2012). 

In this chapter, to evaluate the quality of YSHS granule, we established HPLC 

fingerprint chromatograms of ten batches of the granule. Similarity evaluation, 

hierarchical clustering analysis (HCA), principal component analysis (PCA) and 

orthogonal partial least squares discriminant analysis (OPLS-DA) were employed to 

analyze the established fingerprint chromatograms. Six constitutes were selected as 

the potential quality control markers and quantified by HPLC. To further confirm the 

quality homogeneity of the granule, we evaluated the inhibitory effects of ten batches 

of granule on NO production in LPS-stimulated RAW 264.7 cells.  

 

2.2 Materials and methods 

2.2.1 Materials and reagents 

  Ten batches of YSHS granule were supplied by Guangzhou Consun 

Pharmaceuticals Co., Ltd. (Batch No. : 180101; 180201; 180502; 180603; 180604; 

180701; 180702; 180703; 180801; 180902).  

Acetonitrile was of LC/MS grade and formic acid was of HPLC grade (Fisher 

Chemical, Pittsburgh, PA). Milli-Q water was prepared using a Milli-Q system 

(Millipore, MA, USA). Other chemical reagents used for sample preparation were of 

analytical grade. Chemical reference substances nodakenin, Astragaloside II, 

isoliquiritigenin, ginsenoside Rg6, berberine, calycosin-7-O-β-D-glucoside and 
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albiflorin were supplied by Chengdu Preferred Biotechnology Co., Ltd. (Chengdu, 

China). The purity of these compounds was determined to be above 98% by the 

HPLC method. 

Lipopolysaccharide (LPS), griess reagent, dimethyl sulphoxide (DMSO) and 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) were obtained 

from Sigma Chemicals Ltd. (St. Louis, MO, USA). Fetal bovine serum (FBS), 

Dulbecco’s Modified Eagle Medium (DMEM), penicillin and streptomycin were 

bought from Life Technologies Inc. (GIBICO, USA).  

 

2.2.2 Preparation of sample solutions and standard solutions 

Accurately weighed 0.5g of YSHS granule and extracted with 50% 

methanol-water (v/v) solution (45 mL) in an ultrasonic water bath for 20 minutes at 

ambient temperature. Centrifuged the extract at 4,000 g for 15 min, and then 

transferred the supernatant to a 100 mL volumetric flask and adjusted to 100 mL with 

50% methanol-water (v/v) solution. Before analyses, filtered through a 0.22 μm nylon 

membrane filter and stored at 4 °C. 

Accurately weighed albiflorin, nodakenin, atragaloside II, isoliquiritigenin, 

ginsenoside Rg6 and berberine separately and dissolved together in methanol to 

achieve a standard working solution, and the concentrations of the six reference 

compounds were 9.71 μg/mL, 34.92 μg/mL, 12.94 μg/mL, 2.23 μg/mL, 13.02 μg/mL 

and 195.84 μg/mL, respectively, in the 6-substance solution. Stored at 4 °C before 
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use. 

We selected batch 1, 4 and 10 (S1, S4 and S10) to prepare the sample solutions 

for bioassays. The three batches of YSHS granule were first dissolved in DMSO, 

filtered through a 0.22 μm nylon membrane filters, and then diluted with DMEM to a 

series of concentrations. 

 

2.2.3 HPLC conditions 

 HPLC was conducted on an Agilent 1260 series system coupled with an Agilent 

ZORBAX C18 (4.6 × 250 mm, 5μm). The mobile phase: solvent A (0.1 % formic acid 

in Milli-Q water) and solvent B (0.1 % formic acid in acetonitrile). Gradient elution 

conditions: 0-10 min, 90% A; 10-25 min, 90-82% A; 25-40 min, 82-80% A; 40-50 

min, 80%-75% A, 50-80 min, 75%-60% A, 80-100 min, 60-20% A. The flow rate was 

1 mL/min. The injection volume was 10 μL The detector wavelength was 203 nm and 

the column temperature was 30 °C.  

 

2.2.4 HPLC method validation 

HPLC Method validation includes precision, stability and reproducibility tests. 

The precision was analyzed by five repetitive injection within one day. After storage 

at 4 °C, the stability was evaluated by analyzing single sample solution (S1) for 0, 2, 4, 

6, 8, 12, 24 and 48 h, and the reproducibility was assessed by injection of five 

independent samples of one batch of YSHS granule (S1). 

For quantitative analysis, the calibration curve for each standard was confirmed 
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by plotting log-transformed peak area (Y) versus log-transformed concentration of 

each reference compound (X). The lower limits of detection (LLOD) and 

quantification (LLOQ) were measured respectively by signal-to-noise (s/n) of 3 and 

10. Reproducibility was performed by testing 6 sample solutions (S1), independently. 

Precisions of the analytical method were evaluated by analyzing 6 replicate injections 

of reference solution during a single day and once a day for three successive days. 

After storage at 4 °C, the stability was conducted by repeated analyses of the same 

solution (S1) for a 24-h period. Recovery analysis were performed by spiking related 

volume of the mix standard to the known sample (S1).  

 

2.2.5 Bioassays 

RAW264.7 cells were maintained in DMEM containing 1% penicillin/ 

streptomycin (P/S) and 10% heat-inactivated FBS at 37℃ under 5% CO2. 

RAW264.7 cells were seeded at a 5×10
3
 cells/mL density on 96-well plates and 

allowed to adhere overnight. The non-adherent cells were removed by aspiration and 

adherent cells were treated with various concentrations of YSHS granule for 1 h, and 

then treated with or without LPS (1μg/mL) for another 24 h. Cytotoxicity was 

assessed using the MTT assay
 [8]

. Non-cytotoxic concentrations of YSHS granule 

were applied in the following bioassays. 

RAW264.7 cells were seeded on 24-well culture plates (5×10
4
 cells/well) for 24 h. 

After a one hour pre-treatment with various non-cytotoxic concentrations of YSHS 

granule, the cells were treated at the presence or obsence LPS (1μg/mL) for 24 h. NO 
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production was indicated by the level of nitrite in the supernatant of culture medium 

with Griess reagent. Absorbance at 540 nm was measured using a microplate 

spectrophotometer (BD, Bioscience USA).  

 

2.2.6 Data analysis 

Similarity analysis was conducted using a software named “Similarity Evaluation 

System for Chromatographic Fingerprint of TCM (Chinese Pharmacopoeia 

Commission, Version2012)” which was recommended by CFDA. This software was 

employed to evaluate the similarity of different chromatograms of YSHS granule by 

calculating the correlation coefficient. 

HCA was realized using SPSS 22.0 software. PCA and OPLS-DA were conducted 

using SIMCA 13.0 software. 

Bioassay data are presented as mean ± SD. The difference was determined by 

one-way ANOVA followed by Dunnett’s test using GraphPad Prism version 5.0 (San 

Diego, CA, United States). P<0.05 was considered statistically significant. 

2.3 Results and discussion 

2.3.1 Optimization of extraction conditions 

 We selected ultrasonic extraction as the extraction method. Single-factor analysis 

was used to assess effect of extraction solvents and extraction durations. Total area of 

characteristic peaks were selected to determine the extraction effects of different 

extraction solvents (30%, 50%, 70% methanol-water solution and 50% ethanol-water 
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solution) and different extraction durations (5, 10, 20, and 30 min). Total areas of 

characteristic peaks were used to evaluate the extraction solvent and the results 

showed that 50% methanol-water solution was the most suitable solvent (Figure 2.1) 

and 20 min was the best extraction duration. The optimal extraction condition of 

YSHS granule was employed in Section 2.3.2.   

 

 

Figure 2.1 Comparison of the extraction effects of four solvents. (A) 30% 

methanol-water solution; (B) 50% methanol-water solution; (C) 70% methanol-water 

solution, (D) 50% alcohol-water solution. 

 

2.3.2 Optimization of HPLC conditions 

To obtain optimal chromatograms with high sensitivity and sharp peaks, different 

mobile phase systems were analyzed: (1) water-methanol system, (2) 0.1% formic 

acid in water-0.1% formic acid in acetonitrile and (3) water-acetonitrile system. 
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Optimal separation of the analysis was obtained using system (3) as the final mobile 

phase. The DAD detector was applied at the wavelength range 190 nm to 400 nm for 

achieving a adequate amount of detectable peaks, and 203 nm was employed as the 

detection wavelength in the end. Other parameters and factors, including flow rate, 

chromatographic column and column temperature were also evaluated to obtain 

optimal separation for each peak. Finally, the HPLC condition was optimized and 

described in Section 2.3.3. 

 

2.3.3 HPLC-fingerprint analysis of YSHS granule 

2.3.3.1 Validation of HPLC method 

For the HPLC method validation, relative standard deviation (RSD) of relative 

retention time (RRT) and relative peak area (RPA) of each common peak were used as 

the evaluation indexes. In precision tests, RSD values were less than 1.53% for RPT 

and 1.36% for RRA. The result indicated that the method was reliable. In stability 

tests, RSD values were less than 1.05% and 1.33% for RRT and RPA, respectively, 

showing that the sample solution was stable within 48 h. In reproducibility analysis, 

RSD values for RRT and RPA were less than 0.95% and 1.37%, respectively. The 

results showed high reproducibility of the method. All the results demonstrated that 

the developed HPLC method is suitable for analysis of YSHS granule. 

 

2.3.3.2 HPLC fingerprint establishment 
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By using the established HPLC method, chromatographic fingerprints were 

generated from 10 batches of YSHS granule and a mean chromatographic fingerprint 

was generated by using the ‘‘Similarity Evaluation System for Chromatographic 

Fingerprint of TCM (Version2012)’’ (Figure 2.2). Fifteen common peaks were 

selected as characteristic peaks. The fifteen peaks were identified as: 1.Chlorogenic 

acid (NRR); 2.Vanillic acid (NRR); 3.Albiflorin (PRA); 4.Paeoniflorin (PAR); 

5.Calycosin-7-glucoside (ASR); 6.Liquiritin (GRP); 7.Nodakenin (NRR); 

8.Hesperidin (SAR); 9.Naringin (CRP); 10.Glycyrrhizic acid (GRP); 11.Astragaloside 

II (ASR; 12.Isoliquiritigenin (GRP); 13.Ginsenoside Rg6 (GRR); 14.Berberine (COR) 

and 15.Ephedrine (PRP). Among them, peaks 3-9 and 11-14 were identified with 

reference standards, and the remaining chromatographic peaks were identified based 

on their m/z values and retention times in Q-TOF-MS analyses.  

 

Figure 2.2 HPLC chromatographic fingerprints of 10 patches of YSHS granule 

samples (S1-S10) and the reference chromatogram (R). 
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Peak 5 (Calycosin-7-O-beta-D-glucoside), a bioactive component of YSHS granule 

with a high content, was selected to calculate the RRT and RPA. As shown in Table 

2.1, the RSD of RRT was less than 1.12%, and the RSD of RPA was less than 39.60%. 

Chromatograms of one of the samples and a standard, 

calycosin-7-O-beta-D-glucoside, are presented in Figure 2.3. 
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Table 2.1 RRT and RPA of common peaks in the 10 batches of YSHS granule 

Peak 

no. 

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 RRT 

Mean 

RPA 

Mean 

RRT 

RSD(%) RRT RPA RRT RPA RRT RPA RRT RPA RRT RPA RRT RPA RRT RPA RRT RPA RRT RPA RRT RPA 

1 0.31  0.17  0.31  0.21  0.31  0.28  0.31  0.17  0.31  0.29  0.31  0.21  0.31  0.21  0.31  0.18  0.31  0.29  0.31  0.49  0.31  0.25  0.22  

2 0.36  1.69  0.36  1.80  0.36  1.87  0.36  1.64  0.36  1.59  0.36  1.78  0.36  1.87  0.36  1.99  0.36  2.14  0.36  3.77  0.36  2.01  0.19  

3 0.64  1.85  0.64  0.79  0.64  1.78  0.64  0.98  0.64  0.84  0.64  0.72  0.64  0.75  0.64  0.75  0.64  1.03  0.64  1.09  0.64  1.06  0.10  

4 0.71  3.18  0.71  3.52  0.71  3.33  0.71  3.20  0.71  3.15  0.71  2.98  0.71  2.95  0.71  2.87  0.73  0.03  0.71  3.18  0.71  2.84  1.12  

 5 (S) 1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  0.00  

6 1.14  4.24  1.14  4.61  1.14  4.44  1.14  4.21  1.14  4.44  1.14  4.41  1.14  4.33  1.14  4.31  1.14  4.47  1.14  4.46  1.14  4.39  0.05  

7 1.17  3.02  1.17  2.31  1.17  2.83  1.17  2.96  1.17  3.63  1.17  4.33  1.17  3.75  1.17  3.45  1.17  4.66  1.17  3.85  1.17  3.48  0.07  

8 1.21  1.37  1.21  1.57  1.21  1.80  1.21  1.39  1.21  1.73  1.21  1.62  1.21  1.59  1.21  1.36  1.21  1.66  1.21  2.01  1.21  1.61  0.08  

9 1.32  4.30  1.31  4.02  1.31  4.62  1.32  4.17  1.31  4.69  1.31  4.12  1.31  4.25  1.32  3.90  1.31  4.44  1.31  4.30  1.31  4.28  0.09  

10 1.98  0.58  1.98  0.53  1.98  0.67  1.98  0.60  1.98  0.62  1.98  0.57  1.97  0.61  1.98  0.59  1.98  0.56  1.97  0.56  1.98  0.59  0.08  

11 2.08  3.68  2.08  4.06  2.08  4.22  2.08  3.54  2.08  3.57  2.08  3.63  2.08  4.17  2.09  3.57  2.08  3.65  2.08  4.64  2.08  3.87  0.09  

12 2.52  1.52  2.52  1.87  2.52  2.11  2.53  1.97  2.53  2.09  2.52  2.16  2.52  2.14  2.53  2.05  2.53  2.17  2.52  2.32  2.52  2.04  0.09  

13 2.59  1.31  2.59  1.59  2.58  1.67  2.59  1.72  2.59  1.81  2.59  1.88  2.59  1.84  2.59  1.75  2.59  1.82  2.59  1.92  2.59  1.73  0.10  

14 2.62  0.68  2.63  0.80  2.62  1.15  2.63  1.23  2.63  1.27  2.63  1.26  2.63  1.27  2.63  1.25  2.63  1.25  2.63  1.35  2.63  1.15  0.12  

15 3.49  0.74  3.49  0.82  3.49  0.78  3.50  0.75  3.50  0.78  3.50  0.79  3.50  0.78  3.50  0.79  3.50  0.80  3.50  0.91  3.49  0.79  0.11  

RRT: relative retention time; RPA: relative peak area. 
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Figure 2.3 HPLC-DAD chromatograms of (A) a YSHS granule sample (batch 1) 

and (B) standard compound (calycosin-7-O-β-D-glucoside). Peaks identified with 

reference standards were marked with *. 

 

2.3.3.3 Multivariate statistical analysis 

Correlation coefficients of 10 batches of YSHS granule were obtained using the 

Similarity Evaluation System for Chromatographic Fingerprint of TCM 

(Version2012). The similarities of the 10 samples were calculated by comparing the 

fingerprint of each sample with the reference fingerprint. The similarity values were 

in the range of 0.960–0.988 (Table 2.2), showing that the samples have similar 

chemical constituents. These data suggest that the batch-to-batch consistency of 

YSHS granule samples is satisfactory.  
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Table 2.2 Sample information for YSHS granule used in this study 

Sample No. Batch No. Production date Similarity 

S1 180101 2018.01.01 0.960 

S2 180201 2018.02.01 0.971 

S3 180502 2018.05.02 0.978 

S4 180603 2018.06.03 0.976 

S5 180604 2018.06.04 0.988 

S6 180701 2018.07.01 0.984 

S7 180702 2018.07.02 0.972 

S8 180703 2018.07.03 0.982 

S9 180801 2018.08.01 0.975 

S10 180902 2018.09.02 0.963 

 

HCA was performed to evaluate similarity and variation among the ten batches of 

YSHS granule based on the fingerprint data. Peak areas of the 15 common peaks were 

taken as variance factor for calibration. Dendrograms demonstrated that the samples 

could be divided into four groups (Figure 2.4A). Batches S1 - S3 belonged to class I. 

Samples S4 - S8 were classified into class II. Samples S9 and S10 were classified into 

class III and IV, respectively. Overall, the ten batches of YSHS granule were clustered 

in the same category. Similarity of these samples was relatively concentrated, and the 

variation was small. HCA results were in line with the outcomes of similarity 

analysis. 

To determine variances among ten-batch YSHS granule samples, PCA was carried 

out. Peak areas of the 15 compounds in 10 batches of YSHS granules were used as the 

data matrix for PCA. Five common peaks with eigenvalues higher than 1 were 

extracted (Figure 2.4B) and the first three peaks explained 84.1% of the total variance. 

The screen plot and PCA score plot were displayed in Figure 2.4B and Figure 2.4C, 
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respectively. Similar to HCA results, the 10 batches of YSHS granules were 

successfully divided into 3 groups. Group 1 consisted of S1-S3, group 2 included 

S4-S9 and group 3 had solely S10.  

OPLS-DA was applied to identify major constitutes responsible for the differences 

of the ten batches of YSHS granule. Variable importance in the projection (VIP) 

values were calculated in the OPLS-DA model. VIP value reflects the contribution of 

every variable to the model. Variables with VIP values greater than 1.0 are considered 

statistically significant in the model. As shown in Figure 2.4D, VIP values of the six 

components (A13, A14, A12, A7, A3 and A11) were all greater than 1.0, which 

indicating that A13 (ginsenoside Rg6), A14 (berberine), A12 (isoliquiritigenin), A7 

(nodakenin), A3 (albiflorin) and A11 (atragaloside II) have high contributions to 

classification and can be recognized as potential chemical markers for quality 

evaluation of YSHS granule.  
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Figure 2.4 HCA dendrograms of the ten batches of YSHS granule (A); Scree plot 

of the eigenvalues of PCA (B); Three-dimensional score plot of PCA (C); VIP plot 

of the 15 common peaks by OPLS-DA processed data (D). 

 

2.3.4 Simultaneous quantification of six compounds in YSHS granule 

2.3.4.1 Method validation 

As shown in Table 2.3, all the calibration curves showed favorable linearity (R>0.999). 

LODs and LOQs of all analytes were less than 0.75 and 2.01 ng/mL, respectively. 

RSDs of inter-day precision, intra-day precision, reproducibility and stability were all 

less than 3.5%. The recoveries were in the range of 96.56%-101.21%, with a RSD 

less than 4.5% for the six analytes. The validation results indicate that the HPLC 

method and system are appropriate for assay of the six chemical markers in YSHS 

granule. 
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Table 2.3 Calibration curve parameters, precision, repeatability, stability and recovery of the six potential makers in YSHS granule. 

Compound 
Regression 

equation 

Linear 

range  

(μg/mL) 

R 
LOD  

(μg/mL) 

LOQ   

(μg/mL) 

Precision (RSD%) 
Repeatability        

(n=6,RSD%) 

Stability 

(n=6,RSD%) 

Recovery(%)/RSD 

(%) (n=6) 
Intra-day 

(n=3) 

Inter-day 

(n=3) 

Albiflorin Y=1.330X+4.932 1.21-9.71 0.999 0.31  1.01  1.32 3.33 0.85 1.39 100.57/4.25 

Nodakenin Y=1.020X+5.098 1.75-34.92 0.999 0.24  0.62  1.52 0.21 0.23 0.57 99.52/3.21 

Astragaloside II Y=1.574X+5.381 0.81-12.94 1.000 0.06  0.15  0.23 1.25 1.25 1.69 99.21/2.98 

Isoliquiritigenin Y=0.968X+7.164 0.28-2.23 0.999 0.04  0.11  1.65 0.24 1.65 2.52 96.56/3.56 

Ginsenoside Rg6 Y=1.004X+4.536 0.65-13.02 0.999 0.12  0.38  2.25 3.01 2.54 3.01 101.21/3.24 

Bererine Y=0.988X+3.625 6.12-195.84 0.999 0.75  2.01  1.06 1.56 3.21 0.19 96.89/3.67 

LOQ, lower limit of quantification; LOD, lower limit of determination; RSD, relative standard deviation; R, correlation coefficient;  

 

2.3.4.2 Quantitative analysis 

The established HPLC method was used in the simultaneous quantitative analyses of 6 constitutes in ten batches of YSHS granule. Figure 2.5 

demonstrations the mean content (mg/g) of the six compounds in each YSHS granule sample, which was calculated by using the external 

standard method. 

The mean contents of the six ingredients in ten-batch samples were 2.079 mg/g (Albiflorin), 4.823 mg/g (Nodakenin), 1.802 mg/mL 



 

33 
 

(Atragaloside II), 0.210 mg/g (Isoliquiritigenin), 1.072 mg/g (Ginsenoside Rg6) and 10.295 mg/g (Berberine), respectively.  

 

Figure 2.5 Contents of the six potential makers in the ten batches of YSHS granule (mg/g) (n=3). 
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2.3.5 YSHS granule samples exhibited similar inhibitory effects on NO 

production in LPS-stimulated RAW 264.7 cells 

YHSH granule demonstrated anti-chronic glomerulonephritis (CGN) effects in rats 

in a previous study
 [10]

. It is well known that nitric oxide (NO) is a signaling molecule 

in inflammation response which plays an important role in CGN pathogenesis
 [11, 12]

. 

According to PCA results, ten batches of YSHS granule could be divided into 3 

groups. Herein, to confirm the batch-to-batch consistency of YSHS granule samples, 

we selected one sample from each group (S1, S4 and S10) and compared their effects 

on NO production in LPS-stimulated RAW 264.7 cells. 

In order to find out the sub-cytotoxic concentrations of the samples, MTT assays 

were performed. The viability of RAW264.7 cells were not significantly affected (≥ 

90% viability) after a 24-h incubation with up to 500 μg/mL of each drug with or 

without 1 μg/mL of LPS (Figure 2.6). Consequently, 60, 120 and 240 μg/mL of YSHS 

granule were used in subsequent experiments. As shown in Figure 2.7, YHSH granule 

dose-dependently inhibited NO production triggered by LPS stimulation. No 

significant changes were observed among the three samples. The results showed that 

there is no significant difference in quality among the three batches of YSHS granule. 

These bioassay results substantiated our fingerprint analysis conclusion: 

batch-to-batch consistency of YSHS granule samples is satisfactory. 
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Figure2.6 Effects of YSHS granule on the viability of RAW 264.7 macrophages. 

 

 

Figure 2.7 Effect of YSHS granule on NO production in LPS-stimulated 

RAW264.7 cells (n=3 per group). Results are expressed as mean ± SD. 
# 

P<0.001 

versus control group; 
*
P<0.01 versus LPS only-treated group. 
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2.4 Conclusion 

In chapter 2, we established the fingerprint chromatogram of YSHS granule. The 

results of similarity evaluation and pharmacodynamic assay indicate that the ten 

batches of YSHS granule were homogeneous. The data of multivariate statistical 

analysis illustrate that the ten batch samples can be classified, and six compounds can 

be used as quality control markers, which can been simultaneously quantified by the 

established HPLC method.  

HPLC fingerprint chromatogram establishment and quantification of 6 quality 

control constituents should improve the quality control of YSHS granule. 
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CHAPTER 3 CHEMICAL PROFIL ESTABLISHMENT OF 

YI-SHEN-HUA-SHI GRANULE 

3.1 Introduction 

Generally, the efficacy of a herbal drug is related to its active compounds. Up to 

now, the chemical constituents of YSHS granule are not fully known, which impedes 

quality control method development of this drug and makes it difficult to identify the 

active constituents of the granule. 

Chemical profiling of a TCM formula is considered a challenging analytical task 

because of the chemical complexity. HPLC-Q-TOF-MS/MS has been extensively 

applied in the on-line structural elucidation of constitutes of Chinese medicines, due 

to its characteristics of high resolution, precise mass measurement and remarkable 

sensitivity. 

In this chapter, to detect the components of the granule, we established the 

chemical profile of YSHS granule by using a HPLC-Q-TOF-MS/MS method.  

 

3.2 Materials and methods 

3.2.1 Herbal materials and chemical reagents 

YSHS granule (Batch no. 20180101) was provided by Guangzhou Consun 

Pharmaceuticals Co., Ltd. Formic acid and acetonitrile were of LC/MS grade (Sigma, 

St. Louis, MO, USA). Pure water was prepared using a Milli-Q Plus water 
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purification system (Millipore, Billerica, MA, USA). Other chemical reagents applied 

for sample preparation were of analytical grade. Standard reference substances caffeic 

acid, albiflorin, paeoniflorin, liquiritin, nodakenin, hesperidin, naringin, calycosin, 

liquiritigenin, saikosaponin A, isoliquiritigenin, saikosaponin D, astragaloside I, 

astragaloside II, ginsenoside Rg6, berberine, calycosin-7-O-beta-D-glucoside and 

pachymic acid were supplied by Chengdu Preferred Biotechnology Co., Ltd. 

(Chengdu, China). The purities of these chemical references were all above 98% 

determined by HPLC-DAD method.  

 

3.2.2 Sample and chemical standard preparation  

Accurately weighed each YSHS granule sample 0.5g and extracted the sample with 

50% methanol-water (v/v) solution (45 mL) in an ultrasonic water bath for 20 min at 

ambient temperature. Centrifuged the extracts at 4,000 g for 15 min. And transferred 

the supernatant to a 100 mL volumetric flask and adjusted to 100 mL with 50% 

methanol-water (v/v) solution. Before analyses, the sample was filtered by a 0.22 μm 

nylon membrane filter and stored at 4 °C. 

Appropriate amount of caffeic acid, albiflorin, paeoniflorin, liquiritin, nodakenin, 

hesperidin, naringin, calycosin, liquiritigenin, saikosaponin A, isoliquiritigenin, 

saikosaponin D, astragaloside I, astragaloside II, ginsenoside Rg6, berberine, 

pachymic acid and calycosin-7-O-beta-D-glucoside were separately weighed and 

dissolved together in methanol to achieve a standard working solution. Prepared 

standard stock solution was stored at 4 °C and diluted immediately before use. 
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3.2.3 HPLC conditions 

 HPLC was conducted on an Agilent 1260 series system coupled with an Agilent 

ZORBAX C18 (4.6 × 250 mm, 5μm) column. The mobile phase consisted of solvent 

A (0.1 % formic acid in Milli-Q water) and solvent B (0.1 % formic acid acetonitrile), 

and the gradient elution conditions were: 0-10 min, 90% A; 10-25 min, 90-82% A; 

25-40 min, 82-80% A; 40-50 min, 80%-75% A, 50-80 min, 75%-60% A, 80-100 min, 

60-20% A. The detector wavelength was 203 nm. The column temperature was 30 °C, 

injection volume was 10 μL and the flow rate was 1 mL/min. 

 

3.2.4 Mass spectrometry conditions 

  Q-TOF mass spectrometric detection was conducted on an Agilent 6540 Q-TOF 

mass spectrometer with electrospray ionization (ESI) interface. Positive and negative 

ion modes were applied with the mass range set at m/z 100–1700. Ultra-high-purity 

nitrogen (N2) was used as collision gas in product ion scanning experiments. 

Ultra-pure N2 was applied as sheath and the nebulizing gas. The optimized ionization 

conditions were as follows: the capillary voltage was 3000 V. The fragmentor was 150 

V. The flow rate and temperature of drying gas were 6 L/min and 300 °C, respectively. 

The pressure of nebulizer gas was 35 psi. The temperature and flow rate of sheath gas 

were 300 °C and 6.5 L/min, respectively. The fragmentor, capillary and skimmer 

voltage were 150 V, 3,000V and 65V, respectively. The OctopoleRFPeak was 600 V. 

And energies for collision-induced dissociation (CID) were set at 10, 20 and 30 eV for 
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the fragmentation information. 

 

3.2.5 Data analysis 

 Compound identification was based on exact mass of quasi-molecular ion and 

MS/MS fragmentation pattern. A database was established by summarizing previous 

publications and retrieving on compounds from all the sixteen herbs of YSHS granule. 

The database recorded compound names, exact mass, molecular formulas, chemical 

structures, characteristic fragment ions and relevant references. All the data were 

processed and analyzed with the LC-MS-QTOF MassHunter Data Acquisition 

Software Ver. A.01.00 (Agilent Technologies) and Agilent Mass Hunter Qualitative 

Analysis Software B.06.00. 

 

3.3 Results and discussion 

3.3.1 Identification of chemical compounds in YSHS granule 

Reference standard comparison as well as Q-TOF-MS/MS data analyses were 

applied for structural characterization of constituents in an YSHS granule sample. 

Under the established conditions, a total of 99 compounds, structurally belonging to 

terpenoids, flavonoids, coumarins, alkaloids, phenols and other types of compounds 

were identified or tentatively characterized.  

 Fifteen compounds were unambiguously identified by comparing precursor ions, 

retention time, ultraviolet (UV) spectra and MS/MS fragment ions with chemical 
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references (Table 3.1), while other compounds were tentatively confirmed based on 

MS/MS spectra, precise mass and comparison with previous document data. The mass 

accuracy for molecular ions of all identified constitutes was within ±10 ppm. 

Information about the precursor and product ions, error of mass accuracy retention 

time and structural class of the compounds was shown in Table 3.2, and the total ion 

chromatograms of YSHS granule sample and chemical standards in negative and 

positive ion modes were displayed in Figure 3.1 and Figure 3.2. Moreover, the 

sources of all the identified compounds were identified by comparing total ion 

chromatograms of YSHS granule with individual herbal aqueous extracts (Table 3.2). 

 

Table 3.1 Retention time (tR), UV spectra and MS/MS data of the 15 identified 

compounds in YSHS granule. 

Peak 

No. 
tR/min 

UV             

λmax 
MS/MS 

Identified 

Compounds 

7 4.077 327nm 161 [M-H-H2O]
-
 Caffeic acid 

21 20.504 235nm 357 [M-H-Benzoyl]
-
  Albiflorin 

22 22.484 235nm 449 [M-H-CH2O]
-
, 357 [M-H-Benzoyl]

-
, Paeoniflorin 

39 39.655 220nm 229 [M+H-H2O]
+
, Liquiritin 

40 36.477 321nm 247 [M+H-Glu]
+
, 232 [M+H-Glu-CH3]

+
 Nodakenin 

43 39.725 283nm 301 [M-H-Rha-Glu]
-
 Hesperidin 

44 39.947 283nm 433 [M-H-Rha]-, 271 [M-H-Rha-Glu]
-
,  Naringin 

64 58.722 260nm 270 [M+H-CH3]
+
,213 [M+H-CH3-CHO-CO]

+
, Calycosin 

67 60.333 254nm 135 [M-H-C8H7O]
-
,119 [M-H-C7H4O3]- Liquiritigenin 

80 73.144 210nm 617 [M-H-Glu]
-
 Saikosaponin A 

83 76.291 370nm 239 [M+H-H2O]
+
; 211 [M+H-H2O-CO]

+
 Isoliquiritigenin 

87 81.441 210nm 617 [M-H-Glu]
-
 Saikosaponin D 

93 86.646 254nm 852 [M-H-CH3]
-
,705 [M-H-Glu]

-
 Astragaloside I 

94 88.247 348nm 306 [M-2CH3]
+
; 278 [M-C3H6O]

+
 Berberine 

104 101.312 210nm 511 [M+H-H2O]
+
 Pachymic acid 
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Figure 3.1 ESI total ion chromatograms of the YSHS granule sample in positive 

(A) and negative (B) mode. 
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Figure 3.2 ESI total ion chromatograms of the reference standards in positive (A) 

and negative (B) modes: 7, Caffeic acid; 21, Albiflorin; 22, Paeoniflorin; 39, 

Liquiritin; 40, Nodakenin; 43, Hesperidin; 44, Naringin; 64, Calycosin; 67, 

Liquiritigenin; 80, Saikosaponin A; 83, Isoliquiritigenin, 87, Saikosaponin D; 93, 

Astragaloside I; 94, Berberine; 104, Pachymic acid. 
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Table 3.2 Identification of chemical constituents of YSHS granule by HPLC-MS/MS in positive and negative modes 

No. RT Identification Formula 

Positive ion 

MS/MS 

Negitive ion 

MS/MS 
Structure      

class 
Source Quasi-molecular Quasi-molecular 

(error,ppm) (error,ppm) 

1 2.12 Arginine C6H14N4O2 175.119 (1.19) 158 [M+H−NH3]
+,  n.d. n.d. AKD ASR 

    
[M+H]+ 157 [M+H-H2O]+,  

    

     
130 [M+H−NH3−CO]+ 

    
2 2.549 Gluconic acid C6H12O7 n.d. n.d. 195.0511 (-0.57) 177 [M-H-H2O]-,  OT ASR 

      
[M-H]- 165 [M-H-CH2O]- 

  
3 2.736 Trigonelline C7H7NO2 138.0551 (0.87) 109 [M+H-CH3N]+ n.d. n.d. AKD ASR 

    
[M+H]+ 

     
4 2.999 Unknown C12H18N4O4 283.1406 (1.77) 265 [M+H-H2O]+ n.d. n.d. 

  

    
[M+H]

﹢
 

     
5 3.586 Unknown C12H19N3O7 318.1301 (-1.88) 228, 158, 112 n.d. n.d. 

  

    
[M+H]

﹢
 

     
6 3.928 Epinortrachelogenin C20H22O7 n.d. n.d. 373.1293 (-1.37) 355 [M-H-H2O]- OT BUR 

      

[M-H]- 

 
 

 7 4.078 Caffeic acid C9H8O4 n.d. n.d. 179.0331 (-3.25) 161 [M-H-H2O]- OT AMR 

      
[M-H]- 

 
  

8 4.875 Unknown C14H21N3 232.1809 (-4.49) 215, 189, 173 n.d. n.d. 
  

    
[M+H]

﹢
 

     
9 5.432 Nicotinamide C6H6N2O 123.0551 (1.4) 106 [M+H-NH3]

+ n.d. n.d. AKD ALR 

    
[M+H]

﹢
 

     
10 6.165 Adenosine C10H13N5O4 268.1044 (1.6) 136 [M+H-C5H8O4]

+ n.d. n.d. AKD SAR 

    
[M+H]

﹢
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11 7.275 
Protocatechuic acid/isomer 

C7H6O4 n.d. n.d. 153.0203 (1.96) 135 [M-H-H2O]-,  PNL AMR 

     
[M-H]- 109 [M-H-CO2]

- 
  

12 7.316 
Protocatechuic acid/isomer 

C7H6O4 n.d. n.d. 153.0199 (0.59) 135 [M-H-H2O]-,  PNL AMR 

     
[M-H]- 109 [M-H-CO2]

- 
  

13 8.833 Chlorogenic acid C16H18O9 n.d. n.d. 353.0868 (7.69) 191 [M-H-C9H6O3]
- OT NRR 

      
[M-H]- 

   
14 10.211 Adenine C5H5N5 n.d. n.d. 134.0422 (7.55) 117 [M-H−NH3]

- AKD ASR 

      
[M-H]- 

   
15 10.801 Vanillic acid C8H8O4 n.d. n.d. 167.0357 (4.19) 152 [M-H-CH3]

-, PNL NRR 

      
[M-H]- 134 [M-H-CH3-H2O]- 

  
16 11.469 Unknown C21H12N2O n.d. n.d. 353.0951 (5.38) 191 [M-H-Glu]- 

  

      
[M+HCOO]- 

   
17 16.27 Paeonol C9H10O3 n.d. n.d. 165.0555 (-1.21) 150 [M-H-CH3]

-,  PNL PRA 

      
[M-H]- 147 [M-H-H2O]-, 

  

       
135 [M-H-2CH3]

-, 
  

       
132 [M-H-CH3-H2O]- 

  
18 18.065 Fraxin C16H18O10 393.0796 (0.67) 371 [M+H]+,  369.0827 (1.54) 207 [M-H-Glu]- CMN NRR 

    
[M+Na]

﹢
 209 [M+H-Glu]+ [M-H]- 

   
19 18.554 Unknown C10H18N4O9 n.d. n.d. 337.0994 (-2.08) 191 [M-H-Rha]-, 

  

      
[M-H]- 173 [M-H-Rha-H2O]- 

  
20 19.766 4-epi-Albiflorin C23H28O11 503.1522 (0.39) 481 [M+H]+, n.d. n.d. MTP PRA 

    
[M+Na]

﹢
 359 [M+H-Benzoyl]+, 

    

     
197 [M+H-Benzoyl-Glu]+ 

    
21 20.507 Albiflorin C23H28O11 n.d. n.d. 525.1644 (5.71) 479 [M-H]-,  MTP PRA 

      
[M+HCOO]- 357 [M-H-Benzoyl]-,  

  

       
121 [benzoic acid−H]- 
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22 22.484 Paeoniflorin C23H28O11 n.d. n.d. 525.1697 (0.95) 479 [M-H]-,  MTP PRA 

      
[M+HCOO]- 449 [M-H-CH2O]-,  

  

       
357 [M-H-Benzoyl]-,  

  

       

327 

[M-H-Benzoyl-CH2O]-,    

       
121 [benzoic acid−H]- 

  

23 24.398 Luteolin-7-O-rutinoside C27H30O15 n.d. n.d. 593.1516 (2.53) 447 [M-H-Rha]-,  FVN CRP 

      
[M-H]- 431 [M-H-Glu]- 

  
24 24.661 

Prim-O-glucosylcimifugin 
C22H28O11 469.171 (0.97) 307 [M+H-Glu]+,  n.d. n.d. FVN SAR 

   
[M+H]

﹢
 289 [M+H-Glu-H2O]+,  

    

     
259 [M+H-Glu-H2O-2CH3]

+, 
    

     

235 [M+H-Glu-C4H8O]+  

  
 

 25 25.306 Diosmetin-7-C-glucoside C22H22O11 n.d. n.d. 461.1089 (0.41) 299 [M-H-Glu]-,  FVN NRR 

      
[M-H]- 284 [M-H-Glu-CH3]

- 
  

26 26.482 Kanzonol X C25H30O4 n.d. n.d. 393.2065 (-1.53) 349 [M-H-C3H8]
-,  FVN GRP 

      
[M-H]- 305 [M-H-2C3H8]

- 
  

27 27.915 Schaftoside C26H28O14 565.1546 (2.9) n.d. 563.1406 (0.53) 
497 

[M-H-2H2O-CH2O]-,  
FVN GRP 

    
[M+H]

﹢
 

 
[M-H]- 

455 

[M-H-H2O-C3H6O3]
-,   

       
255 [M-H-Glu-Rha]- 

  
28 28.384 Diosmin C28H32O15 609.1817 (0.39) 301 [M+H-Rha-Glu]+ n.d. n.d. FVN CRP, 

SAR 
    

[M+H]
﹢
 

    
29 28.911 Divaricatacid C16H16O7 321.097 (0.84) 303 [M+H-H2O]+,  n.d. n.d. FVN SAR 

    
[M+H]

﹢
 273[M+H-H2O-CH2O]+ 

    
30 29.212 Unknown C18H18N2 n.d. n.d. 261.1394 (-1.15) 221, 187, 125 
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[M-H]- 

   
31 30.025 Calycosin-7-O-β- 

D-glucoside 

C22H22O10 447.1282 (0.34)  285 [M+H-Glu]+,  n.d. n.d. FVN ASR 

   
[M+H]

﹢
 270 [M+H-Glu-CH3]

+,  
    

     

213 

[M+H-Glu-CH3-CHO-CO]+, 

  

 

 
     

137 [C7H5O3]
+ 

    

32 31.813 
Dihydroxy-trimethoxy DHIF 

C17H16O6 317.0998 (-6.56) 299 [M+H-H2O]+,  n.d. n.d. FVN ASR 

   
[M+H]

﹢
 183 [M+H-H2O-CH3]

+ 
    

33 32.193 6-Gingerol C17H26O4 295.1903 (0.12) n.d. 293.1757 (-0.34) 153 [M-H-C9H16O]- PNL ZRR 

    
[M+H]

﹢
 

 
[M-H]- 

   
34 32.224 Cimifugin C16H18O6 307.1148 (2.03) 289 [M+H-H2O]+,  n.d. n.d. FVN SAR 

    
[M+H]

﹢
 259 [M+H-H2O-2CH3]

+,  
    

     
235 [M+H-C4H8O]+,  

    

     
221 [M+H-H2O-2CH3-C3H2]

+,  

 
   

     
205 [M+H-C4H8O-CH2O]+ 

    
35 33.806 Isofraxidin C11H10O5 223.0604 (1.63) 208 [M+H-CH3]

+,  n.d. n.d. CMN NRR 

    
[M+H]

﹢
 191[M+H-CH3-CH3]

+ 
    

36 34.451 Columbianetin C14H14O4 247.0967 (0.99) 232 [M+H-CH3]
+,  n.d. n.d. CMN APR, 

NRR 
    

[M+H]
﹢
 229[M+H-H2O]+ 

   
37 34.51 Liquiritin apioside C26H30O13 551.1749 (0.18) 419 [M+H-C5H10O4]

+,  549.1682 (2.32) 417 [M-H-C5H10O4]
-,  FVN GRP 

    
[M+H]

﹢
 257 [M+H-C5H10O4-Glu]+ [M-H]- 

255 

[M-H-C5H10O4-Glu]-   

38 35.125 Liquiritin C21H22O9 441.1159 (0.68) n.d. 417.1175 (-3.84) 255 [M-H-Glu]-,  FVN GRP 

    
[M+Na]

﹢
 

 
[M-H]- 135 [C7H4O3-H]- 

  

       

119 [C7H5O3-H]- 
 

 39 35.653 Marmesin C14H14O4 247.0966 (0.40) 229 [M+H-H2O]+,  n.d. n.d. CMN NRR 
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[M+H]

﹢
 189 [M+H-C3H4O]+ 

    
40 35.653 Nodakenin C20H24O9 409.1495 (0.18) 247 [M+H-Glu]+,  453.1412 (2.21) 407 [M-H]-, CMN NRR 

    
[M+H]

﹢
 232 [M+H-Glu-CH3]

+ [M+HCOO]- 245 [M-H-Glu]- 
  

41 36.474 5-O-Methylvisammioside C22H28O10 453.1765 (2.21) 291 [M+H-Glu]+,  451.1621 (2.43) 433 [M-H-H2O]- FVN SAR 

    
[M+H]

﹢
 273 [M+H-Glu-H2O]+, [M-H]- 

   

     

243 [M+H-Glu-H2O-2CH3]
+ 

  
 

 42 39.64 Galloylpaeoniflorin C30H32O15 633.1797 (-2.68) 615 [M+H-H2O]+,  n.d. n.d. MTP PRA 

    
[M+H]

﹢
 481[M+H-C7H4O4]

+, 
    

     

315 [Galloyl glucose+H]+ 

  
 

 43 39.727 Hesperidin C28H34O15 611.1972 (0.33) 303 [M+H-Rha-Glu]+ 609.1865 (6.66) 301 [M-H-Rha-Glu]- FVN SAR, 

CRP 
    

[M+H]
﹢
 

 
[M-H]- 

  
44 39.947 Naringin C27H32O14 n.d. n.d. 579.1719 (-0.17) 433 [M-H-Rha]-,  FVN CRP 

      
[M-H]- 271 [M-H-Rha-Glu]-,  

  

       

227 

[M-H-Rha-Glu-CO2]
-  

 45 41.892 Praeruptorin A/Pteryxin C21H22O7  n.d. n.d. 385.1293 (4.41) 285 [M-H-C5H8O2]
-,  CMN SAR 

      
[M-H]- 

243 

[M-H-C5H8O2-C2H2O]-   

46 42.439 5-Hydroxyl liquiritin C21H22O10 435.1266 (3.68) 273 [M+H-Glu]+,  433.1186 (4.68) 271 [M-H-Glu]- FVN GRP 

    
[M+H]

﹢
 

 
[M-H]- 

   
47 42.981 Praeruptorin A/Pteryxin C21H22O7  387.1438 (0.77) 287 [M+H-C5H8O2]

+,  n.d. n.d. CMN SAR 

    
[M+H]

﹢
 245 [M+H-C5H8O2-C2H2O]+ 

    
48 44.3 Licorice saponine J2 C42H64O16 n.d. n.d. 823.4122 (-2.67) 647 [M-H-GluA]-, TPN GRP 

      
[M-H]- 453 [M-H-2GluA-H2O]- 

  
49 45.443 Ononin C22H22O9 431.1331 (1.57) 269 [M+H-Glu]+,  n.d. n.d. FVN ASR 

    
[M+H]

﹢
 254 [M+H-Glu-CH3]

+, 
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137 [C7H4O3+H]+, 

  
 

 

     

134 [C9H9O+H]+ 

  
 

 50 45.443 Formononetin C16H12O4 269.0814 (2.1) 254 [M+H-CH3]
+,  267.0661 (-0.74) 252 [M-H-CH3]

- FVN ASR 

    
[M+H]

﹢
 137 [C7H4O3+H]+, [M-H]- 

   

     

134 [C9H9O+H]+ 

  
 

 51 46.572 Ginsenoside Rg1 C42H72O14 n.d. n.d. 845.4987 (9.81) 637 [M-H-Glu]-,  TPN GRR 

      
[M+HCOO]- 475 [M-H-Glu-Glu]- 

  
52 46.909 Demethyleneberberine C19H18NO4 324.1813 (1.12) 309 [M-CH3]

+,  n.d. n.d. AKD COR 

    
[M]

﹢
 294 [M-2CH3]

+ 
    

53 46.967 Phellopterin C17H16O5 301.1078 (2.32) 233 [M+H-C5H8]
+, n.d. n.d. CMN NRR, 

SAR 
    

[M+H]
﹢
 201 [M+H-C5H8-CH3OH]+ 

   
54 46.996 5-isopentenyloxy-7-7- 

methoxycoumarin 

C15H16O4 261.1125 (1.63) 191 [M+H-C5H10]
+,  n.d. n.d. CMN NRR 

   
[M+H]

﹢
 173 [M+H-C5H10-H2O]+ 

    
55 48.567 Ginsenoside Re C48H82O18 n.d. n.d. 945.5504 (8.04) 799 [M-H-Rha]-, TPN GRR 

      
[M-H]- 637 [M-H-Rha-Glu]-, 

  

       

475 

[M-H-Rha-Glu-Glu]-   

56 50.151 Isoliquiritin apioside C26H30O13 n.d. n.d. 549.1656 (7.65) 417 [M-H-Ara]-,  FVN GRP 

      
[M-H]- 255 [M-H-Ara-Glu]- 

  
57 51.064 Rhamnocitrin C16H12O6 301.0709 (0.66) 245 [M+H-2CO]+, 299.0571 (3.34) n.d. FVN ASR 

    
[M+H]

﹢
 167 [M+H-C8H6O2]

+ [M-H]- 
   

58 51.716 5-O-methylvisamminol C16H18O5 291.1233 (1.98) 273 [M+H-H2O]+, n.d. n.d. FVN SAR 

    
[M+H]

﹢
 243 [M+H-H2O-2CH3]

+ 
    

59 52.071 Isoliquiritin C21H22O9 n.d. n.d. 417.1201 (2.40) 255 [M-H-Glu]-, FVN GRP 

      
[M-H]- 135 [C7H4O3-H]-, 

  

       

119 [C7H5O3-H]- 
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60 53.738 Poncirin C28H34O14 595.2021 (-1.62) 449 [M+H-Rha]+, n.d. n.d. FVN CRP 

    
[M+H]

﹢
 287 [M+H-Rha-Glu]+, 

    

     
259 [M+H-Rha-Glu-CO]+ 

    
61 55.409 Zizyberenalic acid C30H44O3 453.3369 (1.32) 435 [M+H-H2O]+, n.d. n.d. TPN JUF 

    
[M+H]

﹢
 417 [M+H-2H2O]+ 

    
62 56.562 Licorice saponin E2 C42H60O16 n.d. n.d. 819.3883 (9.03) 351 [2×GluA-H]- TPN GRP 

      
[M-H]- 

   
63 57.865 Licorice saponin G2 C42H62O17 n.d. n.d. 837.3914 (-5.32) 661 [M−H-GluA]-, TPN GRP 

      
[M-H]- 485 [M−H-2GluA]- 

  
64 58.721 Calycosin C16H12O5 285.0762 (1.75) 270 [M+H-CH3]

+, 283.07  268 [M-H-CH3]
- FVN ASR 

    
[M+H]

﹢
 213 [M+H-CH3-CHO-CO]+, 

    

     

137 [M+H-Glu-CH3-C8H5O2]
+ 

  
 

 65 59.373 22β-Acetoxy licorice  

saponin C2  

C44H64O17 n.d. n.d. 863.4071 (1.58) 351 [2×C6H8O6-H]- TPN GRP 

     
[M-H]- 

   
66 59.853 Ginsenoside Rf C42H72O14 801.4993 (0.25) n.d. 799.4928 (9.88) 799 [M-H]-, TPN GRR 

    
[M+H]

﹢
 

 
[M-H]- 637 [M-H-Glu]- 

  
67 60.331 Liquiritigenin C15H12O4 n.d. n.d. 255.0632 (2.33) 135 [M-H-C8H7O]-, FVN GRP 

      
[M-H]- 119 [M-H-C7H4O3]

- 
  

68 60.36 Ginsenoside Ro C48H76O19 n.d. n.d. 955.4989 (8.48) 793 [M-H-Glu]- TPN GRR 

      
[M-H]- 

   
69 62.177 Glycyrrhizic acid C42H62O16 n.d. n.d. 821.4023 (7.06) 759 [M-H-CO-H2O]-, TPN GRP 

      
[M-H]- 645[M-H-GluA]-,  

  

       
351 [2GluA-H]- 

  
70 63.323 Jatrorrhizine C20H20NO4 338.1392 (1.48) 323 [M-CH3]

+, n.d. n.d. AKD COR 

    
[M]

﹢
 308 [M-2CH3]

+ 
    

71 65.924 Ginsenoside Rg2 C42H72O13 n.d. n.d. 783.4945 (5.74) 637 [M-H-Rha]- TPN GRR 
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[M-H]- 

   
72 66.154 Ginsenoside F1 C36H62O9 n.d. n.d. 683.4439 (9.22) 637 [M-H]-, TPN GRR 

      
[M+HCOO]- 475 [M-H-Glu]- 

  
73 66.753 Angelol B C20H24O7 377.1601 (1.48) 277 [M+H-C5H8O2]

+, n.d. n.d. CMN APR 

    
[M+H]

﹢
 175 [M+H-C5H8O2-C5H10O2]

+ 
    

74 67.745 Ginsenoside Rh1 C36H62O9 n.d. n.d. 683.4435 (8.63) 637 [M-H]-, TPN GRR 

      
[M+HCOO]- 475 [M-H-Glu]- 

  
75 68.423 Ginsenoside Rb1 C54H92O23 1131.5926 (0.02) 1109 [M+H]+, n.d. n.d. TPN GRR 

    
[M+Na]

﹢
 947 [M+H-Glu]+, 

    

     
785 [M+H-2Glu]+ 

    
76 69.345 Astragaloside III C41H68O14 n.d. n.d. 829.4669 (9.40) 783 [M-H]-, TPN ASR 

      
[M+HCOO]- 621 [M-H-Glu]-, 

  

       
475 [M-H-Glu-Rha]- 

  
77 69.771 Ginsenoside Rc C53H90O22 n.d. n.d. 1123.6004 (8.19) 1077 [M-H]-, TPN GRR 

      
[M+HCOO]- 945 [M-H-Ara]-, 

  

       
783 [M-H-Ara-Glu]- 

  
78 70.92 Ginsenoside Rb2/Rb3 C53H90O22 n.d. n.d. 1123.6001 (6.50) 1077 [M-H]-, TPN GRR 

      
[M+HCOO]- 945 [M-H-Ara]- 

  
79 71.474 Ginsenoside Rb2/Rb3 C53H90O22 n.d. n.d. 1123.5996 (5.60) 1077 [M-H]-, TPN GRR 

      
[M+HCOO]- 945 [M-H-Ara]-, 

  

       
783 [M-H-Ara-Glu]- 

  
80 73.147 Saikosaponin A C42H68O13 n.d. n.d. 779.4457 (2.74) 617 [M-H-Glu]- TPN BUR 

      

[M-H]- 
  

 81 73.638 Ginsenoside Rd C48H82O18 969.5406 (1.34) n.d. 991.5578 (9.58) 945 [M-H]-, TPN GRR 

    
[M+Na]

﹢
 

 
[M+HCOO]- 783 [M-H-Glu]-, 

  

       
621 [M-H-Glu-Glu]- 
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82 75.225 Astragaloside II C43H70O15 849.4591 (1.88) n.d. 871.4697 (4.97) 825 [M-H]-, TPN ASR 

    
[M+Na]

﹢
 

 
[M+HCOO]- 807 [M-H-H2O]-, 

  

       
645 [M-H-H2O-Glu]- 

  
83 76.292 Isoliquiritigenin C15H12O4 257.0801 (1.02) 239 [M+H-H2O]+, 255.0612 (1.34) 227 [M-H-CO]-,  FVN GRP 

    
[M+H]

﹢
 211 [M+H-H2O-CO]+, [M-H]- 135 [C7H4O3-H]-, 

  

     
137 [C7H4O3+H]+ 

 
119 [C7H5O3-H]- 

  
84 78.095 Saikosaponin B3 C43H72O14 

 
n.d. 811.491 (7.52) 649 [M-H-Glu]- TPN BUR 

      
[M-H]- 

   
85 79.106 Ginsenoside Rg6 C42H70O12 767.4932 (-1.04) n.d. 811.4919 (8.63) 619 [M-H-Rha]- TPN GRR 

    
[M+H]

﹢
 

 
[M+HCOO]- 

   
86 79.885 Palmatine C21H22NO4 352.1552 (2.56) 337 [M-CH3]

+, n.d. n.d. AKD COR 

    
[M]

﹢
 336 [M-CH4]

+, 
    

     

322 [M-2CH3]
+, 

  
 

 

     

294 [M-2CH3-CO]+ 

  
 

 87 81.44 Saikosaponin D C42H68O13 n.d. n.d. 779.4447 (2.54) 617 [M-H-Glu]- TPN BUR 

      

[M-H]- 

 
 

 88 81.775 Ginsenoside Rh4 C36H60O8 n.d. n.d. 665.4316 (6.91) 619 [M-H]-,  TPN GRR 

      
[M+HCOO]- 457 [M-H-Glu]- 

  
89 83.605 Notopterol C21H22O5 n.d. n.d. 353.1418 (6.80) 338 [M-H-CH3]

-, CMN NRR 

      
[M-H]- 297 [M-H-C4H8]

- 
  

90 84.03 Licoisoflavanone C21H22O5 n.d. n.d. 353.1394 (4.77) 297 [M-H-C4H8]
-, FVN GRP 

      
[M-H]- 269 [M-H-C4H8-CO]- 

  
91 84.639 Ginsenoside Rg3 C42H72O13 807.4861 (-0.50) n.d. 829.5024 (8.32) 783 [M-H]-, TPN GRR 

    
[M+Na]

﹢
 

 
[M+HCOO]- 621 [M-H-Glu]-, 

  

       
459 [M-H-2Glu]- 

  
92 85.377 (20R)-Ginsenoside Rg3 C42H72O13 807.4869 (-0.50) n.d. 783.495 (9.06) 621 [M-H-Glu]-, TPN GRR 
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[M+Na]

﹢
 

 
[M-H]- 459 [M-H-2Glu]- 

  
93 86.646 Astragaloside I C45H72O16 891.4709 (0.45) n.d. 913.4879 (8.43) 867 [M-H]-, TPN ASR 

    
[M+Na]

﹢
 

 
[M+HCOO]- 852 [M-H-CH3]

-, 
  

       
705 [M-H-Glu]- 

  
94 88.248 Berberine C20H18NO4 336.1242 (3.57) 306 [M-2CH3]

+, n.d. n.d. AKD COR 

    
[M]

﹢
 278 [M-C3H6O]+ 

    
95 88.262 Ginsenoside Rg5 C42H70O12 n.d. n.d. 811.4913 (7.89) 765 [M-H]-, TPN GRR 

      
[M+HCOO]- 603 [M-H-Glu]- 

  
96 88.291 Ginsenoside F4 C42H70O12 n.d. n.d. 811.4921 (7.09) 765 [M-H]-, TPN GRR 

      
[M+HCOO]- 603 [M-H-Glu]- 

  
97 88.356 13-methylberberine C21H20NO4 350.1387 (-0.53) 335 [M-CH3]

+, n.d. n.d. AKD COR 

    
[M]

﹢
 320 [M-2CH3]

+
, 

    

     
292 [M-2CH3-CO]+ 

    
98 88.473 Tangeretin C20H20O7 373.1283 (0.27) 358 [M+H-CH3]

+ n.d. n.d. FVN CRP 

    
[M+H]

﹢
 

     
99 88.836 Ginsenoside Rk1 C42H70O12 n.d. n.d. 811.4911 (7.64) 765 [M-H]-, TPN GRR 

      
[M+HCOO]- 603 [M-H-Glu]- 

  
100 90.672 Osthole C15H16O3 245.1171 (-0.41) 189 [M+H-C4H8]

+, n.d. n.d. CMN APR 

    
[M+H]

﹢
 159 [M+H-C4H8-CH2O]+ 

    
101 90.926 Alisol A C30H50O5 n.d. n.d. 535.3685 (8.92) 489 [M-H]-, TPN ALR 

      
[M+HCOO]- 471 [M-H-H2O]- 

  
102 95.508 Dibutyl phthalate C16H22O4 301.1414 (0.9) 279 [M+H]+, n.d. n.d. OT ANR 

    
[M+Na]

﹢
 205 [M+H-C4H10O]+, 

    

     
177 [M+H-C4H10O-CO]+ 

    
103 100.153 Multivittan A C24H32O6 n.d. n.d. 415.211 (-3.65) 371 [M-H-CO2]

-, CMN SAR 

      
[M-H]- 303 [M-H-C8H18]

- 
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104 101.317 Pachymic acid C33H52O5 529.3878 (-0.31) 511 [M+H-H2O]+ n.d. n.d. TPN POR 

    

[M+H]
﹢
 

   
 

 105 105.005 Ephedrine C10H15NO 166.1241 (2.41) 151 [M+H-CH3]+ n.d. n.d. AKD PRP 

    [M+H]
﹢
      

Peaks identified with reference standards were marked with * 

AKD, Alkaloid; PNL, Phenols; CMN, Coumarins; MTP, Monoterpenoid; FVN, Flavonoids; TPN, Triterpenoids; OT, other type;  

DHIF, Dihydroisoflavone;  

Hex, Hexose;  

ND, not detected.  
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3.3.1.1 Identification of terpenoids 

A total of 37 terpenoids were tentatively or unambiguously identified in YSHS 

granule; of which, 19 ginsenosides from GRR, 4 monoterpenoids from PRA and 14 

triterpenoids from GRP, ASR, ALR, BUR and JUF. As for the ginsenosides, 

simultaneous or successive losses of sugar units were commonly observed in the 

negative ion mode. We used ginsenoside Re as an example to display the 

fragmentation pathway of ginsenosides (Figure 3.3-A). Peak 55 displayed the [M-H]
-
 

ions at m/z 945.5504. The main fragment ions including m/z 799 [M-H-Rha]
-
, 637 

[M-H-Rha-Glu]
-
 and 475 [M-H-Rha-2Glu]

-
 were observed via MS/MS spectra. By 

comparing the MS and MS/MS information and the literature data, we speculate that 

this compound is ginsenoside Re. 

  Four monoterpenoids derived from PRA were identified in YSHS granule. They 

display molecular ion molecular ion [M+H]
+
 and [M+Na]

+
 in positive ion mode, and 

[M-H]
-
 and [M+HCOO]

-
 in negative ion mode. Albiflorin was unambiguously 

identified by comparing its precursor ions, retention time, MS and MS/MS spectral 

data with the chemical reference. The tandem mass spectra and the fragmentation 

pathways of paeoniflorin were illustrated in Figure 3.3-B. Peak 22 gave [M+HCOO]
-
 

and [M-H]
-
 ions at m/z 525.1697 and 479.1639, respectively. Its fragment ions at m/z 

449, 327 and 165 were attributed to the loss of a formaldehyde unit, a benzoic acid 

and a glucosyl, respectively. So it is tentatively confirmed as paeoniflorin. Peak 42 

possessed the [M+H]
+
 ion at m/z 633.1797, which is 152 Da larger than that of 
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paeoniflorin. The fragment ion at m/z 313 is created by a galloyl glucose residue, so 

this paek can be deduced as galloylpaeoniflorin. 

 Five triterpenoids were detected and identified from GRP. The major 

fragmentation pattern for these triterpenoids was the cleavage at the glycosidic 

linkage to loss glucuronic acid (GluA, 176 Da). Peak 70 showed the [M-H]
-
 ions at 

m/z 821.4023 in negative ion mode and its MS/MS spectra were 759 [M-H-CO-H2O]
-
, 

645[M-H-GluA]
-
, and 351 [2GluA-H]

-
. Peak 69 is deduced and tentatively identified 

as glycyrrhizic acid when compared with the data of previous studies. Peaks 49, 63, 

64 and 66 showed the [M-H]
-
 ions at m/z 823.4122, 819.3883, 837.3914 and 

863.4071 in negative mode, respectively. They showed the similar fragmentation 

pattern as Peak 69. Peak 48, 62, 63 and 65 are tentatively identified as Licorice 

saponine J2, Licorice saponin E2, Licorice saponin G2 and 22β-Acetoxy licorice 

saponin C2 by comparing the MS/MS fragment information and characteristic 

molecular ions with the previous data in the literature. Other triterpenoids are 

tentatively characterized based on MS spectra information from available literature 

documents. 
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Figure 3.3 MS/MS spectra and possible fragment pathways of ginsenoside Re (A) 

and paeoniflorin (B) in YSHS granule. 

 

3.3.1.2 Identification of flavonoids 

Twenty eight flavonoids in YSHS granule including isoflavone, flavanones, 

flavanonol and chalcones are tentatively or unambiguously characterized. 

 Calycosin is identified by comparing the retention time, molecular ion and 

fragment ions with chemical standard. Peak 31 demonstrated [M+H]
+
 ions at m/z 

447.1282, and 162 Da more than that of calycosin. It also showed fragment ions at 

m/z 270 [M+H-Glu-CH3]
+
 and 213 [M+H-Glu-CH3-CHO-CO]

+
. The data indicate 

that Peak 31 would be deduced as calycosin-7-O-β-D-glucoside. Peak 49 provided the 
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[M+H]
+
 ion at m/z 431.1331, and fragment ions at m/z 269 and 254, corresponding to 

the loss of glucosyl (-Glu/-162 Da), side chain radical (-CH3/-15 Da). The 

Retro-Diels-Alder (RDA) fragment ions of m/z 137 and 134 could also be found in 

positive ion mode of Peak 49. So it is tentatively identified as ononin. Peak 50 

displayed the [M+H]
+
 ion at m/z 269.0814 in positive ion mode. Peak 50 yielded the 

fragment ions at m/z 254, 137 and 134, which are similar to the fragmentation 

pathway of Peak 49 (except for the loss of glucosyl). Thus, Peak 50 is tentatively 

identified as formononetin. 

 Peak 34 displayed a [M+H]
+
 ion at m/z 307.1185. The main fragment ions of 

Peak 34 were obtained at m/z 289 [M+H-H2O]
+
, 259 [M+H-H2O-2CH3]

+
, 235 

[M+H-C4H8O]
+
, 221 [M+H-H2O-2CH3-C3H2]

+
 and 205 [M+H-C4H8O-CH2O]

+
. 

Comparing with the literature, Peak 34 is tentatively characterized as cimifugin (Chen 

et al., 2009). Figure 3.4-A showed the possible fragmentation pathway of cimifugin in 

YSHS granule. Peaks 24, 41 and 58 gave [M+H]
+
 ions at m/z 469.171 453.1765 and 

291.1233, and they demonstrated the similar pattern of MS/MS spectra as Peak 34. 

Furthermore, Peak 24 and Peak 41 showed the loss of glucosyl (-Glc/-162 Da), 

therefore Peak 24, Peak 41 and Peak 58 are characterized as 

Prim-O-glucosylcimifugin, 5-O-Methylvisammioside and 5-O-methylvisamminol, 

respectively. 

 Peak 38 provided the [M-H]
-
 ion at m/z 417.1175 in the negative-ion mode and a 

[M+Na]
+
 ion at m/z 441.1159 in the positive-ion mode. The MS/MS spectrum showed 

the fragment ion at m/z 255 [M-H-Glu]
-
. We also observed that Peak 38 underwent 
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RDA fragmentation and displayed a fragment ion at m/z 135 [C7H4O3-H]
-
 and 119 

[C7H5O3-H]
-
. According to the published MS data, Peak 38 is tentatively 

characterized as liquiritin (Ota et al., 2018). Peak 37 gave the [M-H]
-
 and [M+H]

+
 

ions at m/z 549.1682 and 551.1749 in both positive and negative modes, respectively. 

It showed the MS/MS fragment ions at m/z 417 [M-H-C5H10O4]
-
 and 255 

[M-H-C5H10O4-Glu]
-
 in negative mode and m/z 419 [M+H-C5H10O4]

+
 and 257 

[M+H-C5H10O4-Glu]
+
 in positive mode. Peak 37 is tentatively identified as liquiritin 

apioside according to the literature (Ota et al., 2018). Peak 56 and 59 gave the [M-H]
-
 

ions at m/z 549.1656 and 417.1181 and showed the same MS/MS pattern as Liquiritin 

apioside and liquiritin, so they are tentatively identified as isoliquiritin apioside and 

isoliquiritin, respectively. 

 

3.3.1.3 Identification of coumarins 

Thirteen coumarins are identified in YSHS granule, which are from NRR, APR and 

SAR. Coumarins have the similar fragmentation pathways of successive or 

simultaneous loss of H2O (18 Da), CO (28 Da) and CO2 (44Da) (Tian, P.P. et al., 

2017). In this study, coumarins showed [M+H]
+
 and [M+Na]

+
 ions in positive mode 

and [M-H]
-
 ions in negative mode. The [M+H]

+
 ion of peak 40 at m/z 409.1495 

produced the fragment ions at m/z 247 in the MS/MS spectrum, which originated 

from the loss of a glucosyl (162 Da). Moreover, some fragment ions at m/z 229, 187, 

159, and 143 were identified as the product ions [M+H-Glu-H2O]
+
, 

[M+H-Glu-C3H8O]
+
, [M+H-Glu-C3H8O-CO]

+
 and [M+H-Glu-C3H8O-CO2]

+
, 
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respectively. It is tentatively characterized as nodakenin via comparing its molecular 

mass and MS/MS spectra data with previous literature data (Wang, L.L. et al., 2015). 

The fragmentation pathway of Peak 40, as the representative of coumarins, is shown 

in Figure 3.4-B. The other 12 coumarins are tentatively deduced based on exact mass, 

characteristic fragment ions and the previous reference data. 

 

3.3.1.4 Identification of alkaloids 

 Eleven alkaloids are identified, which are from ASR COR and PRP. 

 Peaks 52, 70, 86, 94 and 97 are all from COR. These alkaloids exhibited [M]
+
 

precursor ions, and the MS/MS fragmentation of which featured successive losses of 

CO (28 Da), CH4 (16 Da) and methyl (15 Da). Making an example, the exact mass of 

peak 86 (Figure 3.4-C) is 352.1550, and the major fragment ions on the MS/MS 

screening were obtained at m/z 337 [M-CH3]
+
, 336 [M-CH4]

+
, 322 [M-2CH3]

+
, 308 

[M-CH4-CO]
+
 and 294 [M-2CH3-CO]

+
. According to the above precursor ions and 

fragmentation patterns, Peak 86 is tentatively identified as palmatine. By comparing 

the accurate mass and MS/MS fragmentation patterns with data in the previous 

literature, Peaks 52, 70, 94 and 97 are deduced to be demethyleneberberine, 

jatrorrhizine, berberine and 13-methylberberine, respectively (Liu et al., 2009; Wang, 

W. et al., 2015; Wu et al., 2010; Yang et al., 2016). 

 Peak 3 gave a [M+H]
+
 ion at m/z 138.0551 and MS/MS fragment ions at m/z 109 

[M+H-CH3N]
+
. By comparing with previously reported data 

[29]
, Peak 3 is tentatively 

characterized as trigonelline.
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Figure 3.4 MS/MS spectra and possible fragment pathways of cimifugin (A), 

nodakenin (B) and palmatine (C). 

 

3.3.1.5 Identification of phenols and other types of compounds 

  Peaks 11 and 12 are two isomers with [M-H]
-
 ions at m/z 153.0203 and 153.0199, 

respectively. Their MS/MS fragment ions yielded at m/z 135 [M-H-H2O]
-
, and 109 
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[M-H-H2O]
-
. These fragmentation pathways together with the reference data (Wang, F. 

et al., 2016)
 
indicate that Peaks 11 and 12 are protocatechuic acid and its isomer, 

respectively. 

 Peaks 2, 6, 7, 13 and 102 are tentatively confirmed based on their MS/MS 

fragmentation patterns and accurate masses in the previous references (Wang, H.P. et 

al., 2016; Wang, L.L. et al., 2015; Wang, W. et al., 2015; Wu et al., 2010). 

 

3.4 Conclusion 

In this part, using an established HPLC–Q-TOF-MS/MS method we obtained the 

chemical profile of the YSHS granule for the first time. A total of 99 constituents 

including terpenoids, flavonoids, coumarins, alkaloids, phenols and other types of 

components were identified or tentatively characterized. Fifteen components were 

further validated by using chemical standards.  

Establishment of the chemical profile should help in the identification of bioactive 

and/or toxic components that can be used as quantitative assay markers, thus further 

improving the quality control of the granule. 
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CHAPTER 4 YI-SHEN-HUA-SHI GRANULE AMELIORATES C-BSA- 

INDUCED CHRONIC GLOMERULONEPHRITIS AND INHABITS TGFβ 

SIGNALLING IN RATS 

4.1 Introduction 

CGN is one of the most common form of primary glomerular diseases. The pivotal 

clinical feature is the presence of urinary abnormalities such as albuminuria or 

proteinuria. Besides, high serum creatinine levels and blood urea nitrogen are found in 

CGN patients (Jha et al., 2013). If not cured at its early stage, CGN may progress to 

ESRD which requires renal replacement therapy (Lan, 2011).  

Nowadays, there is no ideal Western medicine for curing the complex condition of 

CGN (Mori-Takeyama et al., 2008; Ogawa et al., 1991). TCM has many advantages 

in treating complex illnesses because of the multi-targets and multi-components 

natures of herbal medicines it used. In TCM theory, CGN belongs to “hematuria” and 

“edema” caused by deficiencies in the kidney, lung and spleen. 

The clinical efficacy of YSHS granule has been well recognized (Liang et al., 2017; 

Zhou, J. et al., 2016). However, pharmacological evidence of the granule is absent. In 

this part, we evaluated the anti-CGN effects and TGFβ signaling-related mechanism 

of action of YSHS granule in a rat model of CGN.  

 

4.2 Materials and methods 
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4.2.1 YSHS granule 

YSHS granules were supplied by Guangzhou Consun pharmaceutical Co. Ltd.. 

Batch number: 20150707. Ginsenoside Rb1 was selected for quantitative assay in an 

attempt to control the quality of the granule. The content of ginsenoside Rb1 of this 

batch is 0.4 mg/g determined by HPLC analyses. (Figure 4.1) 

 

Figure 4.1 HPLC chromatograms of ginsenoside Rb1 chemical standard and 

sample for quantitative analysis. A: ginsenoside Rb1 reference solution; B: YSHS 

granule solution.
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4.2.2 The CGN rat model and experimental design 

Male Wistar rats (SPF, certificate number SCXK [Yue] 2016-0041) (4 weeks old, 

180 ± 20g) weighing 180–200 g were obtained from the laboratory animal center of 

Southern Medical University (Guangzhou, China). All animals were fed on a standard 

laboratory diet with free access to water under the controlled temperature at 20–22 ◦C 

and relative humidity of 50% with 12-h light/dark cycle. 

All experimental procedures were approved by the Committee on Research Practice 

in Guangzhou Consun Pharmaceutical Co. Ltd.. The rat model of CGN was 

established by injection of cationization-bovine serum albumin (C-BSA) (3mg/kg) 

every other day (three times a week) for five weeks (Li et al., 2008). The control rats 

were injected with the same volume of phosphate buffered solution. 

  After finishing C-BSA injection, forty CGN rats were randomly divided into 4 

groups, including model, YSHS (clinical equivalent dose), LP (losartan potassium, a 

chemical drug positive control) and SKN (Shen-Kang-Ning granule, a herbal drug 

positive control) groups. The drugs were administered to the rats once daily for four 

weeks intragastrically. Rats in control and model groups were administered with 

distilled water. 

  Changes in eyes, fur, skin, gait, occurrence of secretions and excretions, posture 

autonomic activity and response to handling were recorded each day. Body weights of 

rats were recorded before, 2 weeks after and 4 weeks after drug treatment. In the end, 

rat urine was collected for 24 h and used for urinalysis. Blood samples were taken 
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from the aorta ventralis. Serum samples were obtained by centrifuging at 2,000 g for 

15 min and used for serum biochemical assays. Renal weight of each rat was recorded 

and renal index was calculated. The right kidney sample of each rat was applied for 

Western blot analyses. The left renal tissue was fixed in 10% neutral buffered 

formalin for histopathology. 

 

4.2.3 HE and Masson’s trichrome staining 

The renal tissue was fixed in 10% neutral buffered formalin and then embedded in 

paraffin. The paraffin block was cut into 5 µm thick slices. Hematoxylin and eosin 

(HE) staining was performed and observed under an optical microscope.  

The paraffin block was stained with Masson’s trichrome stain according to the 

manufacturer's recommendation. The kit was bought from Nanjing Jiancheng 

Bioengineering Institute (Nanjing, China). 

 

4.2.4 Biochemical analysis 

Albumin (ALB) and Total protein (TP) concentrations in urine and serum samples; 

Triglyceride (TG), BUN, Cr, low-densitylipoprotein (LDL) and total cholesterol (TC) 

concentrations of serum samples were analyzed by respective kits. The kits were all 

bought from Nanjing Jiancheng Bioengineering Institute (Nanjing, China). 
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4.2.5 Western blot analysis 

Western blot analysis was performed as described (Lu et al., 2017). Briefly, rat 

renal tissues were homogenised in RIPA buffer (Beyotime Biotechnology, Haimen, 

China) and 1 mM phenylmethylsulfonyl fluoride (Beyotime Biotechnology, Haimen, 

China), incubated on ice for 30 min, and then centrifuged at 14,000g at 4 °C for 10 

min. Proteins were quantified using the Beyotime protein assay reagent (Beyotime 

Biotechnology, Haimen, China). Equal amounts of proteins (25 µg) mixed with 5× 

loading buffer (Beyotime Biotechnology, Haimen, China) were heated at 99 °C for 5 

minutes and then subjected to 10% sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis. 

  The proteins were transferred onto polyvinylidene fluoride (PVDF) membrane for 

60 minutes under 260 mA with ice-bath. The membrane was blocked with 5% bovine 

serum albumin (Amresco, USA) with 0.1% (v/v) Tween 20 buffer for 2 h at room 

temperature. After blocking, the membrane was incubated with primary antibodies 

overnight at 4 °C. The membrane was then incubated with secondary antibodies for 

90 minutes. The signals were detected by ECL detection reagents (thermos scientific, 

USA).  

 

4.2.6 Statistical analysis 

Results are presented as mean ± SEM. P<0.05 was considered statistically 

significant. Data were analyzed by one-way analysis of variance (ANOVA) followed 
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by Dunnett’s multiple comparison test using the SPSS software (version 20.0).  

 

4.3 Results and discussion 

4.3.1 Effects of YSHS granule on serum and urine biomarkers in CGN rats 

No significant different changes in body weights and clinical signs were observed 

among normal, model and drug treatment groups. The levels of sera Cre, TG, BUN, 

LDL and TC were notably increased, while the levels of ALB and TP were markedly 

reduced in model group, when compared with the normal group. Serum TC, BUN, 

LDL, TG and Cre, and ALB in LP, SKN granule and YSHS granule groups were 

notably reduced, compared to the model group. YSHS granule and SKN granule 

groups showed markedly increased level of serum TP, compared to the model group 

(Figure 4.2A). In Figure 4.2B, ALB and urine TP level and urine volume were 

increased notably in model group, compared with the normal group. Compared with 

the model group, YSHS granule or LP group showed markedly decreased levels of 

urine TP and ALB and reduced urine volume. ALB level and urine volume were 

decreased notably in SKN granule group. Renal index in the model group was 

significantly reduced, compared with the normal group. SKN granule, LP or YSHS 

granule group showed significantly raised renal index, compared with the model 

group (Figure 4.2C).
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Figure 4.2 Effects of YSHS granule on serum and urine biomarkers in CGN rats. 

A) Effects of YSHS granule on serum chemical. Serum content of total protein, 

albumin, blood urea nitrogen, creatinine, total cholesterol, triglyceride and 

low-density lipoproteinwere measured. B) Urinalysis. Urine volume was recorded. 

Urine TP and ALB were measured. C) Renal index. Renal index was calculated by the 

following formula: renal weight (g)/body weight (g) × 100%. #P < 0.05, ##P < 0.01, 

###P < 0.001 versus the model group; ∗P < 0.05, ∗∗P < 0.01, ∗∗∗P < 0.001 versus the 

normal group; n = 10. 
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4.3.2 Effects of YSHS granule on renal tissue pathology and molecules of the 

TGFβ/Smad signaling pathway in renal tissues of CGN rats 

Vacuolar deformation of renal tubular epithelial cell, glomerular capsule exfoliative 

cell aggregation, hyperplasia of juxtaglomerular apparatus and protein cases of renal 

tubules were observed in kidney tissues of model group rats. LP treatment improved 

protein cases of kidney tubules and glomerular capsule exfoliative cell aggregation. 

SKN granule treatment ameliorated protein cases of kidney tubules, glomerular 

capsule exfoliative cell aggregation and vacuolar deformation of renal tubular 

epithelial cell. YSHS granule treatment improved all the above mentioned 

pathological changes (Figure. 4.3A). 

  Masson’s trichrome staining was applied to estimate degrees of tissue fibrosis. 

After staining, mucus, cartilage and collagenous fiber were dyed. In Figure 4.3B, 

degrees of renal fibrosis were significantly increased in the model group when 

compared with the normal group. When compared with the model group, YSHS 

granule and LP groups demonstrated significantly suppressed degrees of renal fibrosis. 

No significant difference in renal fibrosis was observed between the model and the 

SKN groups. 

  Compared with the normal group, Smad4 protein levels, TGFβ1, TGFβR1, 

phospho-Smad2/3 (Thr 8) in renal tissues were notably increased in the model group. 

LP treatment significantly inhibited the upregulation of the protein level of TGFβ1 

and Smad4. YSHS granule treatment markedly suppressed the upregulation of protein 
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levels of TGFβ1, phospho-Smad2/3 (Thr 8) and Smad4. SKN granule group 

significantly inhibited the upregulation of the TGFβ1 level. (Figure. 4.4) 

 

 

Figure 4.3 Effects of YSHS granule on renal tissue pathology in renal tissues of 

CGN rats. A) Effect of YSHS granule on renal tissue pathology. Renal pathological 

changes were evaluated by hematoxylin and eosin (HE) staining (20 ×). B) Effect of 

YSHS granule on renal tissue fibrosis. Renal tissue fibrosis was evaluated by 

Masson's trichrome staining (40 ×). C) Quantification of Masson's trichrome staining 

results. Data were shown as mean ± SD. ∗∗P < 0.01 versus the normal group; ##P < 

0.01 versus the model group; n =6. 
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Fugure 4.4 Effects of YSHS granule on molecules of the TGFβ/Smad signaling 

pathway. The expression levels of Smad4, TGFβ1, TGFβR1 and phospho-Smad2/3 in 

renal tissues of CGN rat were examined by Western Blotting. Relative protein levels 

were shown as mean ± SD from the independent experiments. ∗∗P < 0.01 versus the 

normal group; ##P < 0.01 versus the model group; n =6.  

 

4.4 Conclusion 

In this chapter, we demonstrated that YSHS granule has therapeutic effects in a rat 

model of CGN, and inhibition of the TGFβ/Smad signaling pathway is involved in the 

mechanism of action of the granule. These findings provide pharmacological 

justifications for the use of YSHS granule in treating CGN. 
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CHAPTER5 SUMMARY, GENERAL DISCUSSION AND PROSPECTS OF 

THE RESEARCH  

5.1 Summary 

In this study, we:  

1. established the fingerprint chromatography of ten batches of YSHS granule by 

HPLC;  

2. analyzed the fingerprints using similarity evaluation, HCA, PCA and 

OPLS-DA; 

3. simultaneously quantified six marker compounds by established HPLC 

method; 

4.  established the chemical profile of Yi-Shen-Hua-Shi granule by 

HPLC-Q-TOF-MS/MS; 

5. tentatively or unambiguously identified 99 compounds in the granule, and 

among the 99 compounds, 15 were further validated with reference 

substances.  

6. investigated the anti-CGN effects of YSHS granule in rats; 

7. explored TGFβ signaling-related mechanism of action of YSHS granule. 

 

The HPLC fingerprint chromatogram, quantification and chemical profile should 

improve the quality control of YSHS granule. The findings of the bioactivity and 

mechanistic studies provide a pharmacological basis for the clinical application of 
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YSHS granule in managing CGN.    

This study may facilitate YSHS granule into mainstream medicine and contribute to 

the internationalization of TCM.  

 

5.2 General discussion 

Chromatographic fingerprint analysis has been presumed to be a very practical 

method for quality evaluation of Chinese medicines. In chapter two, a HPLC 

fingerprint method was first developed for analysing the quality of YSHS granule. 15 

common peaks were confirmed through HPLC-Q-TOF-MS/MS technique by 

comparing their exact mass, retention times and mass data fragmentation with those 

of standard compounds or previous literatures. The HPLC method established in this 

study was simple, reliable and sensitive, which could be applied for quality 

assessment and simultaneous quantification of YSHS granule. The proposed HPLC 

fingerprint method combined with quantitative analyse also provides an important 

reference for the establishment of quality control methods of other Chinese medicines. 

TCM patent drugs may consist of hundreds or even thousands of constitutes which 

are responsible for their clinical efficacy and potential toxicities. YSHS granule is 

composed of 16 Chinese medicinal herbs and has a complex chemical profile with a 

wide range of constitutes. All the compounds may contribute to its therapeutic effects 

in various ways. Thus, identify the chemical constitutes in the granule is meaningful 

for improving the quality control and investigating bioactive and/or toxic components 

of the granule. 
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In Chapter four, CGN rats showed abnormalities in both sera and urine parameters. 

Manifestations include albuminuria and proteinuria; increased urine volume; high 

BUN, Cre, TC and TG levels in serum; decreased serum TP and ALB levels; reduced 

renal index; obvious pathological changes and renal fibrosis. Treatment with YSHS 

granule reduced all the above mentioned abnormalities. These findings demonstrate 

that YSHS granule has anti-CGN effects in rats. 

  TGFβ1, as the most abundant isoform of TGFβ, functions in many types of renal 

cells, not only inflammatory cells but also tubular epithelia cells or podocytes. Many 

reports showed that TGFβ1 executes its biological function by stimulating the Smad 

pathway. There are two different trans-membrane receptors in the TGFβ1 signal 

transmission. Receptor I is key to activating recruited Smad proteins. Upon TGFβ1 

binding to its receptors, Smad2 and Smad3 are phosphorylated and then bind to 

Smad4. Subsequently the Smad2/3/4 complex translocates into the nucleus to regulate 

the transcription of target genes that play pathogenic roles in renal fibrosis. In Chapter 

four, we found that YSHS granule suppressed the activation of TGFβ/Smad signaling 

pathway in C-BSA induced CGN rats. Our data indicate that inhibition of the 

TGFβ/Smad signaling pathway is associated with the anti-CGN effects of YSHS 

granule. 

 

5.3 Future plans 

Our obtained data show that YSHS granule has therapeutic effects in C-BSA 
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induced CGN rats, and the inhibition of the TGFβ/Smad signaling pathway is 

involved in the mechanism of action of the granule. In the future, I will investigate the 

protective effect of YSHS granule against inflammatory response, apoptosis, and 

oxidative stress in LPS stimulated HBZY-1 cells. The in vitro assays will provide a 

basis for further exploring the pharmacological and chemical basis of the anti-CGN 

effects of the granule. I will also determinate the therapeutic chemical basis of this 

granule by cell membrane immobilized chromatography (CMC) technology. 

 

Experiment 1: Does YSHS granule affect the expression of iNOS and COX-2 in 

vitro?  

Methodology: HBZY-1 cells will be seeded on 24-well culture plates 

(2×10
5
cells/well) for 24 h. After pretreated with indicated concentrations of YSHS 

granule for 1 hour, the cells will be then cultured with or without LPS (1μg/mL) for 

another 24 h.  

NO production will be test by measuring the nitrite in DMEM medium with Griess 

reagent. The concentrations of nitrite were tested by using a microplate 

spectrophotometer at 540 nm wavelength. 

The levels of PGE2 in the culture medium will be detected by ELISA kits according 

to the manufacturer's protocol. The concentrations will be measured by a standard 

curve. 

The expression of cyclooxygenase-2 (COX-2) and iNOS will be detected by 
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western blot. Cell extracts will be prepared, electrophoresed under denaturing 

conditions. The proteins will be transferred onto polyvinyldifluoridine (PVDF) 

membranes. The membranes will be washed in TBS containing 0.05% (v/v) Tween-20 

and incubated overnight at 4℃ with antibodies against iNOS, COX-2 or β-actin. The 

membranes will be then incubated with secondary antibodies and signals will be 

detected by ECL detection reagents. 

 

Experiment 2: Dose YSHS affect the LPS-induced cell apoptosis? 

Methodology: The annexin V-FITC/ propidium iodide (PI) apoptosis detection kit 

will be applied to test the cell apoptosis. Briefly, cells will be rinsed in PBS, 

centrifuged and then incubated with 500 μl of binding buffer containing FITC 

conjugated annexin-V and PI for 15 min at room temperature in the dark. Flow 

cytometry will be applied to detect a total of at least 10,000 cells. 

The anti-apoptosis protein Bcl-2 and the apoptosis-promoting protein Bax are two 

key regulators of apoptosis. In this study, I will detect the expressions of Bcl-2 and 

Bax in HBZY-1 cell by western blot. 

 

Experiment 3: Dose YSHS granule exert protective effect on LPS-induced 

oxidative stress? 

Methodology: The production of superoxide dismutase (SOD), reactive oxygen 

species (ROS) and malondialdehyde (MDA) will be detected by the commercially 
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available kit. ROS, SOD and MDA generation will be assessed by Spectrophotometry. 

 NF-E2-related factor 2 (Nrf2) is a redox-sensitive protein, which participates in 

the biological process against ROS. Its downstream targets hemeoxygenase-1 (HO-1) 

and glutathione peroxidase (GSH) have obvious antioxidant activity. In this part, I 

will detect the expressions of Nrf2, HO-1 and GSH in HBZY-1 cell by western blot. 

 

Experiment 4: Determination of the therapeutic chemical basis of YSHS granule 

It is well known that binding to specific receptors or channels on cell membrane is 

the first step of drug action. In order to find out the potential active ingredients in 

YHSH granule CMC technology will be used to screen and identify the binding 

compounds of HBZY-1 cell membranes after treated with YSHS granule. 

Methodology: The HBZY-1 cells will be seeded on a 24-well plate and allow to 

adhere overnight. After pretreated with 50mM glucose DMEM medium (serum-free) 

for 24 hours, we will remove the high glucose DMEM medium and add 1.5mL YSHS 

granule extract for 1 hours. These cells will be washed with 1.5 mL PBS (pH 7.4) for 

six times. The last PBS eluate will be collected as control for analysis. At last, 1.5mL 

10% citric acid (pH 4.0) will be added to dissociate the binding components. The last 

PBS eluate and desorption eluate will be frozen under -80°C and evaporated to 

dryness under vacuum, respectively. Dissolve the residues with 1mL methanol and 

centrifuge at 11,000g for 10min. Finally, the supernatants will be taken for analysis 

and identification by HPLC-Q-TOF/MS. 
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