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ABSTRACT 

Processing of Chinese medicinal materials (CMMs) is a unique technique for 

preparing decoction pieces. According to the traditional Chinese medicine (TCM) 

theory, processing can reduce the toxicity, alter the indications and enhance the 

efficacy of the herbs. Pinelliae Rhizoma (PR), the dried tuber of Pinellia ternata 

(Thunb.) Breit., is a traditional Chinese medicinal herb. Although toxic, it is 

commonly used for treating cancer, cough and phlegm. TCM doctors usually 

prescribe raw PR to manage cancer and Pinelliae Rhizoma Praeparatum cum 

Zingibere et Alumine (PRZA), the product of raw PR processed with ginger juice 

and alumen, for treating cough and phlegm. To guarantee the quality of a 

processed herb, standardized processing procedure is critical. However, the 

current manufacturing protocol of PRZA varies greatly among different places in 

China. In addition, the mechanisms involved in raw PR’s toxicities, the toxicity-

reducing effect of processing, and the anticancer effects of raw PR are still not 

fully understood. In this study, we standardized the manufacturing procedure for 

PRZA, and explored the mechanisms involved in raw PR-induced cardiotoxicity, 

the toxicity-reducing effect of processing, and the anti-liver cancer effects of raw 

PR. 

 

Our results showed that the standardized manufacturing procedure for PRZA is as 

follows: soak raw PR in water until the center of the cut surface is devoid of a dry 

core, boil for 6 h after adding 12.5 kg alumen and 25 L freshly squeezed ginger 

juice for each 100 kg of raw PR, then take out and dry. The toxicity and 
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bioactivity assays demonstrated that PRZA produced using our optimized 

protocol could reduce the cardiotoxicity, and enhance the antitussive and 

expectorant efficacies of raw PR, supporting the traditional processing theory; and 

raw PR exhibited more potent anti-liver cancer efficacy than PRZA, supporting 

the common clinical practice. Moreover, as expected raw PR and PRZA showed 

different chemical profiles. These results suggest that our optimized protocol for 

producing PRZA is appropriate. The optimized protocol, shown to be applicable 

for PRZA industrial production, will be included in the upcoming “National 

Standards for Processing CMMs” (全國中藥炮製規範 ) to update the 1998 

edition of this China national standard handbook. 

 

Using a comprehensive metabolomics approach, we explored the underlying 

mechanisms of raw PR-induced cardiotoxicity and the toxicity-reducing effect of 

processing. Results showed that inhibition of mTOR signaling and activation of 

the TGF-β pathway may contribute to raw PR-induced cardiotoxicity, and free 

radical scavenging may be responsible for the toxicity-reducing effect of 

processing.  

 

We have also investigated the anti-liver cancer mode and mechanism of action of 

raw PR in vitro and in vivo. The in vitro results showed that a 75% ethanolic 

extract of raw PR inhibited proliferation and induced apoptosis in liver cancer 

cells. Mechanistic studies showed that raw PR extract not only activated the ERK 

and p38 MAPKs, but also inhibited the constitutive activation of 

PI3K/AKT/mTOR signaling in liver cancer cells. Raw PR extract increased 
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reactive oxygen species (ROS) production, which is associated with the inhibition 

of cell proliferation and induction of apoptosis. Importantly, inhibition of ROS 

generation diminished, and inhibition of PI3K/AKT/mTOR signaling enhanced, 

raw PR extract-afforded anti-proliferative and apoptotic effects. Moreover, raw 

PR extract suppressed SMMC-7721 tumor growth in a xenografted mouse model. 

These findings suggest that raw PR extract exerts anti-liver cancer activities in 

vitro and in vivo, and ROS-mediated MAPK activation as well as 

PI3K/AKT/mTOR signaling inhibition are the potential mechanisms of action. 

 

In summary, in this study we achieved the follows: 1) standardized the 

manufacturing procedure for PRZA; 2) found that processing with ginger juice 

and alumen reduced the toxicity of raw PR, and discovered the potential 

mechanisms for raw PR-induced cardiotoxicity and the toxicity-reducing effect of 

processing; 3) demonstrated the anti-liver cancer activities and some underlying 

mechanisms of action of raw PR. Our findings provide a standardized 

manufacturing procedure for PRZA, help in the understanding of the mechanisms 

involved in raw PR-caused cardiotoxicity and the toxicity-reducing effect of 

processing, and provide a pharmacological basis for the clinical application of raw 

PR in liver cancer treatment. The outcome of this study should guarantee the 

safety and efficacy of PRZA, and provide scientific justifications for the 

traditional processing theory of PR. 
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CHAPTER 1 Introduction 

1.1 Pinelliae Rhizoma (PR) 

Pinelliae Rhizoma (PR, Chinese name: Banxia), the dried tuber of Pinellia ternata 

(Thunb.) Breit., is a traditional Chinese medicinal herb. It was first recorded in 

Shen Nong Ben Cao Jing (Shen Nong's herbal classic, 神農本草經), a book of 

2,000 years ago. In Chinese Pharmacopoeia (CP2010, 2010 edition of CP), PR 

was documented to have the following actions: drying dampness and resolving 

phlegm (燥濕化痰), downbearing counterflow to check vomiting (降逆止嘔), and 

dispersing stuffiness and dissipating masses (消痞散結). Although toxic, PR is 

commonly used for treating cough, phlegm, vomiting and cancer. 

 

PR is prescribed by traditional Chinese medicine (TCM) doctors and used for 

producing proprietary drugs very frequently. Therefore, there is a great demand 

for PR in the domestic and overseas Chinese medicine markets. The annual 

demand of PR is about 5,000 tonnes in China. In 2015, the estimated trade of PR 

in mainland China amounted to one billion RMB 

(http://www.666888333.cn/xw/lnxw/4261.html). 

 

 

 

 

 

http://www.666888333.cn/xw/lnxw/4261.html
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Figure 1.1 Pictures of the plant and tuber of Pinellia ternata (Thunb.) Breit., and 

raw PR sample. (A) Pinellia ternata (Thunb.) Breit. (Photographed by Prof. 

Hubiao Chen, School of Chinese Medicine, Hong Kong Baptist University); (B) 

tuber of Pinellia ternata (Thunb.) Breit. 

(http://www.cnzyao.com/yaocai/gj/3300.html); (C) raw PR sample. 

 

http://www.cnzyao.com/yaocai/gj/3300.html
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1.1.1 Chemical studies 

Up to the present, a lot of chemical constituents in PR have been isolated and 

identified, such as alkaloids, fatty acids, amino acids, lectins, cerebrosides, 

volatile oils and phenylpropanoids. 

 

1.1.1.1 Alkaloids 

Alkaloids are the main active components of PR. In 1978, two purine alkaloids, 

ephedrine and choline were isolated from PR (Oshio et al., 1978). In 1987 and 

1997, two Japanese researchers isolated guanosine and thymidine from PR, 

respectively (Lu and Zhao, 1987; Wan, 1997). Cytidine, uracil, uridine, inosine, 

pedatisectine B and adenosine were isolated from this herb in recent years (Cai et 

al., 2004; Xu et al., 2010; Yang et al., 2007b). Up to now, a total of 10 alkaloids 

were isolated and identified from PR. Ephedrine, guanosine and uridine are often 

used as quality control markers for PR (Chen et al., 2011; Yu et al., 2007). The 

structures of the identified alkaloids are shown in Figure 1.2. 

 

 

 

 

 

 

javascript:void(0);
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Figure 1.2 Chemical structures of the identified alkaloids from PR. 1. Ephedrine 

(C10H15NO); 2. Choline (C5H14NO
+
); 3. Guanosine (C10H13N5O5); 4. Thymidine 

(C10H14N2O5); 5. Cytidine (C9H13N3O5); 6. Uracil (C4H4N2O2); 7. Uridine 

(C9H12N2O6); 8. Inosine (C10H12N4O5); 9. Pedatisectine B (C5H5N5); 10. 

Adenosine (C10H13N5O4). 
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1.1.1.2 Fatty acids 

PR is rich in fatty acids, it contains a relatively high contents of linoleic acid 

(37.1%), palmitic acid (15.2%), 8-octadecenoic acid (6.5%), oleic acid (3.4%), 

octadecanoic acid (1.4%) and pentadecanoic acid (1.1%) in total fatty acids. 

(Huang et al., 2011a; Nagai et al., 2002; Shirahata et al., 2003; Zhang et al., 2002). 

Pinellic acid is a novel compound isolated from PR, the structure of pinellic acid 

was identified as 9S,12S,13S-trihydroxy-10E-octadecenoic acid (Nagai et al., 

2002; Shirahata et al., 2003). The identified fatty acids from PR are summarized 

in Table 1.1. 

javascript:void(0);
javascript:void(0);


 

6 

Table 1.1 Identified fatty acids from PR 

No. 
Fatty  

acids 

Molecular 

formula 
References 

1 2-hydroxy-hexacosanoic acid C16H32O3 (Nagai et al., 2002) 

2 10,13-eicosadienoic acid C21H38O2 (Zhang et al., 2002) 

3 11-eicosenoic acid C20H38O2 (Zhang et al., 2002) 

4 7-hexadecenoic acid C16H30O2 (Zhang et al., 2002) 

5 8-octadecenoic acid C19H36O2 (Zhang et al., 2002) 

6 9-hexadecenoic acid C16H30O2 (Zhang et al., 2002) 

7 9-oxo-nonanoic acid C9H16O3 (Zhang et al., 2002) 

8 Docosanoic acid C22H44O2 (Zhang et al., 2002) 

9 Eicosanoic acid C20H40O2 (Zhang et al., 2002) 

10 Heptadecanoic acid C17H34O2 (Zhang et al., 2002) 

11 Hexadecanoic acid C16H32O2 (Zhang et al., 2002) 

12 Linoleic acid C18H32O2 (Huang et al., 2011a) 

13 Octadecanoic acid C18H36O2 (Zhang et al., 2002) 

14 Oleic acid C18H34O2 (Zhang et al., 2002) 

15 Palmitic acid C16H32O2 (Zhang et al., 2002) 

16 Pentadecanoic acid C15H30O2 (Zhang et al., 2002) 

17 Pinellic acid C18H34O5 (Nagai et al., 2002) 

18 Succinic acid C4H6O4 (Shirahata et al., 2003) 

19 Triacontanoic acid C30H60O2 (Zhang et al., 2002) 

 

https://pubchem.ncbi.nlm.nih.gov/compound/5318393
http://www.chemspider.com/Chemical-Structure.68222.html
https://pubchem.ncbi.nlm.nih.gov/compound/heptadecanoic_acid
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1.1.1.3 Amino acids 

PR contains 17 kinds of amino acids (Table 1.2), among them, 7 are essential 

amino acids (Ji and Yang, 1997; Li et al., 1990). The content of total amino 

acid (TAA) in PR varies greatly among different regions in China. In Sichuan, 

Hubei, Yunnan and Guizhou provinces, the contents of TAA in PR are 15.64%, 

19.18%, 13.69%, and 12.18%, respectively (Mo, 2010). Table 1.2 shows the 17 

kinds of amino acids from PR. 
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Table 1.2 Identified amino acids from PR 

No. 
Amino  

acids 

Molecular 

formula 
References 

1 Aspartic acid   C4H7NO4 

 

(Li et al., 1990) 

(Ji and Yang, 1997) 

(Mo, 2010) 

 

 

 

 

 

 

 

 

2 Serine C3H7NO3 

3 Glutamic acid C5H9NO4 

4 Glycine   C2H5NO2 

5 Histidine   C6H9N3O2 

6 Arginine   C6H14N4O2 

7 Threonine C4H9NO3 

8 Alanine C3H7NO2 

9 Proline C5H9NO2 

10 Cystine C6H12N2O4S2 

11 Tyrosine C9H11NO3 

12 Valine   C5H11NO2 

13 Methionine C5H11NO2S 

14 Lysine C6H14N2O2 

15 Isoleucine   C6H13NO2 

16 Leucine  C6H13NO2 

17 Phenylalanine   C9H11NO2 
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1.1.1.4 Lectins 

Lectins have received great attention over the past decades because of their 

various biological activites and severe toxicity (Dammea et al., 1998). P. ternata 

lectin (PTL) is a heterotetrameric protein with three mannose-binding sites, and 

composed of four non-covalently linked polypeptide chains. All of them have 

similar size (11-14 kDa) but different isoelectric points. Some studies suggested  

that PTL was composed of twenty-one β-sheets connected with turns and coils 

(Yao et al., 2003). Other studies indicated that PTL consists of two subunits (11 

kDa and 25 kDa), which are linked by hydrogen bonds (Wu et al., 2012). 6KDP, 

another characterized lectin with a molecular weight of 6 kDa, was isolated from 

the crude globulin fraction of PR. The contents of 6KDP varies from 5.8 to 8.3% 

originated from PR in different regions of China (Kurata et al., 1998). In 2012, a 

novel lectin with remarkable antitumor activity was isolated from the bulbs of P. 

ternata. This lectin is a homodimer consisting of two identical subunits of 12.09 

kDa, and it contains 3.2% of neutral sugars. It is the first lectin with a unique N-

terminal 10-amino acid sequence (QGVNISGQVK) (Zuo et al., 2012). The 

subunit of PTL with the molecular weight of 12.2 kDa is isolated by Mannose-

Sepharose 4B affinity chromatography. It is a single strand protein possessing 

potent agglutination activity on mouse red blood cells and anti-tumor activity 

(Feng et al., 2012). 
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1.1.1.5 Volatile oils 

In 1995, sixty-five chemical constituents including anethole, citral, 3-acetyl-

amino-5-methylisoxazole, buthylene ether, ethylpalmitate and octene were 

identified from the volatile oils of PR by gas chromatography-mass spectrometer 

(GC-MS) analyses (Fu, 2005; Wang et al., 1995). In 2014, Iwasa et al. further 

investigated the chemical compositions of the volatile oils by GC and GC-MS 

analyses. A total of 114 compounds were identified, representing 90.6% of the 

total oil. The predominant components of the volatile oils are β-cubebene (8.8%), 

atractylon (7.8%), methyl eugenol (6.2%), cadinene (5.3%), α-curcumene (4.6%) 

and α-muurolene (3.1%)  (Iwasa et al., 2014). The main functional groups in the 

volatile oils are aromatic hydrocarbons (41.3%), ethers (13.7%), aromatic 

alcohols (11.3%), esters (5.2%) and ketones (5.1%) (Iwasa et al., 2014).  

 

1.1.1.6 Cerebrosides 

Several cerebrosides including 1-O-glucosyl-N-2′-acetoxypalmitoyl-4,8-

sphingodienine, 1-O-glucosyl-N-2′-hydroxypalmitoyl-4,8-sphingodienine, 1-O-

glucosyl-N-2′-acetoxystearoyl-4,8-sphingodienine, 1-O-glucosyl-N-2′-

hydroxystearoyl-4,8-sphingodienine, 1-O-glucosyl-N-2′-palmitoyl-4,8-

sphingodienine, 1-O-glucosyl-N-2′-hydroxyeicosanoyl-4,8-sphingodienine  and 

pinelloside have been isolated from PR (Chen et al., 2006).  Pinelloside is a new 

antimicrobial cerebroside isolated from the fresh tuber of P. ternata, and its 

chemical structure was illustrated as 1-O-β-D-glucopyranosyl-(2S,3R,4E,11E)-2- 

(2′R-hydroxyhexadecenoylamino)-4,11-octadecadiene-1,3-diol (Maruno, 1997). 
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1.1.1.7 Aromatic compounds 

Many aromatic compounds including shogaol, gingerol (Yamamoto, 1991), 

ferulic acid, caffeic acid, vanillic acid, cinnamic acid (Wan, 1997), chrysophanol 

(Yang et al., 2007b), gallic acid (Xu et al., 2010), p-coumaryl alcohol, 3,4-

dihydroxycinnamyl alcohol, and coniferin (Han et al., 2006) have been identified 

from PR. 

 

1.1.1.8 Other constituents 

Besides the above constituents, PR also has many other constituents, such as 

flavonoids (e.g., baicalin, baicalein) (Wan, 1997), sterols (e.g., β-sitosterol, 

cycloartenol, 5α,8α-epidioxyergosta-6,22-dien-3β-ol and daucosterol) (Yang et al., 

2007a) and furans (e.g., 5-Hydroxymethyl-2-furancarboxaldehyde, 5-(2,3-

Dihydroxypropoxy) methyl-2-furancarboxaldehyde, 5-(1,3-Dihydroxypropan-2-

yloxy) methyl-2-furancarboxaldehyde) (Maruno, 1997).   

 

1.1.2 Toxicological studies 

PR was first documented to be toxic in Sheng Nong Ben Cao Jing (a book written 

2,000 years ago). Eating 0.1-0.8g crude PR per person could cause poisoning and 

death. Studies suggest that PR causes irritant, teratogenic, carcinogenic, 

mutagenic and reproductive toxicities, as well as organ injuries. Alkaloids, needle-

like calcium oxalate crystals and lectins have been considered as the toxic 

substances (Ge and Wu, 2010; Liu et al., 2011; Wu et al., 2015; Wu et al., 2011). 
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1.1.2.1 Acute and long-term toxicities 

The acute toxicity of PR has been evaluated by determining the median lethal 

dose (LD50). The LD50 of PR suspension given by intragastric administration to 

mice was 42.7 g/kg (crude drug) (Zhang et al., 2011), while the LD50 of PR 

extractum given by intraperitoneal administration to mice was 325 mg/kg (water 

extract) (Yang et al., 1988). The minimum lethal dose (MLD) of the water extract 

of PR given by intragastric administration to mice was 300.0 g/kg, while the 

maximum tolerated dose (MTD) of an ethanol extract of PR was 99.2 g/kg. These 

doses are equal to 2333.3 and 771.6 times of a 70 kg adult’s daily dose in the 

clinic, respectively (Lu et al., 2010). In addition, some studies showed that the 

MTD values of the acid-water extracted PR and acid-ethanol extracted PR in mice 

were 29.6 and 27.2 g/kg, respectively, which equal to 230.2 and 211.6 times of 

clinical dose. Additionally, excessive or long-term use of PR could cause renal 

and liver damages (Zhang et al., 2013a; Zhang et al., 2013b). Intragastric 

administration of PR to rabbits at a dose of 0.5 g/kg for 40 days showed no 

obvious toxicities. However, the majority of the rabbits suffered from diarrhea, 

and half of them died within 20 days when the dose was doubled (Yang et al., 

1988). 

 

1.1.2.2 Irritant toxicity 

PR can cause irritant toxicity to oral, throat and gastrointestinal mucosa. Many 

experiments have verified that PR could stimulate the vocal mucosa and cause 

inflammation, edema or even aphonia in rabbits, pigeons, guinea pigs, mice, etc 

javascript:void(0);
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(Liu et al., 1993). The effect of PR-induced taste irritation was investigated in the 

anesthetized rats. PR was shown to exhibit an inhibitory effect on vagal gastric 

nerve activity (Niijima et al., 1998). PR also causes diarrhea, as well as stomach 

pain. Intragastric administration of PR to rats at a dosage of 0.5 g/kg/day for 3 

days significantly inhibits the activity of pepsin, decreases the acidity of gastric 

juice and the content of prostaglandin E2 (PGE2) compared to the vehicle. 

Furthermore, it causes serious damage to the gastric mucosa (Wu et al., 1994). 

Other studies showed that raphides of calcium oxalate and PTL in PR also had 

irritant toxicities (Wu et al., 1999; Zhu et al., 2012). The underlying mechanisms 

may involve an enhanced production of the inflammatory mediators induced by 

the toxic raphides of calcium oxalate or lectins. Currently, there are three sayings 

about the irritative substances of PR: 1) in the late 1950s, people proposed that the 

homogentisic acid and its glucoside were the irritant constituents of PR (Jiang, 

2001). 2) In 1969, other people proposed that the glucoside of 

protocatechualdehyde was an irritant substance (Suzuki, 1969). 3) In 1999, Wu et 

al. suggested that raphides of calcium oxalate formed  in PR have irritant toxicity 

(Wu et al., 1999).  

 

1.1.2.3 Reproductive toxicity 

PR has a significant toxicity in pregnant mice and embryos. Intragastric 

administration of the powder or decoction of PR drastically increases the 

mortality of early embryo, decreases the fetal body weight, and causes 

colporrhagia in pregnant mice (Yang et al., 1989). Moreover, high dose of PR 

extract remarkably increases the rates of ureteric dilatation, renal malposition, 
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skeletal malformation and fetal abnormality (Shin SH, 2007).  

 

1.1.2.4 Other toxicities 

PR also has teratogenic, carcinogenic and mutagenic toxicities (Wu et al., 2015; 

Wu et al., 2011).
 
 However, the underlying mechanisms of the raw PR-induced 

toxicity are still not fully understood. 

 

1.1.3 Pharmacological studies 

PR possesses diverse bioactivities, such as antitumor, expectorant, antitussive, 

sedative, antiemetic and hypnotic properties. Clinically, it is commonly used in 

TCM prescriptions to manage cough, phlegm, vomiting and cancer. 

 

1.1.3.1 Anti-cancer activity  

PR can soften hard lumps (軟堅散結), and is traditionally used for treating TCM 

symptoms that resemble cancers including liver cancer (Feng et al., 2010; Huang 

et al., 2007b; Wu et al., 2011), colon cancer  (Zhen, 2004), gastric cancer (Chen et 

al., 2014), and so on. Alkaloids, organic acids, proteins, polysaccharides and some 

single compounds occurring in PR have anti-cancer activities in in vitro and in 

vivo models. 

 

An ethanolic extract of PR inhibits the proliferation of liver cancer HepG2 cells 

(Huang et al., 2007a; Huang and Zhang, 2009; Zhen, 2004). The ethyl acetate 
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fraction of the water extract and the 30% (NH4)2SO4 deposition part of the 

proteins prepared from PR induces apoptosis in liver cancer Bel-7402 cells (Fu 

and Li, 2007; Huang, 2006). The polysaccharides of PR inhibits cells proliferation 

and induces apoptosis in pheochromocytoma P12 cells and neuroblastoma SH-

SY5Y cells (Zhao et al., 2006). High concentrations (0.5 and 1 mg/ml) of PTL 

significantly inhibit cervical cancer HeLa cell proliferation in both time- and 

dose-dependent manners (Feng et al., 2012). Moreover, the PTL (with the subunit 

of 12.1 kDa), alkaloids and organic acids occurring in PR display potent 

cytotoxicities in leukemic K562 cells (Lu et al., 1995). Some single compounds 

isolated from PR also have anti-cancer activities. A compound 5α,8α-

epidioxyergosta-6,22-dien-3-ol is found to be cytotoxic in several cancer cells, 

e.g., HCT-8 (colon cancer cells) , Bel-7402, BGC-823 (gastric cancer cells), A549 

(lung cancer cells) and A2780 (ovarian cancer cells), the IC50 values of this 

compound in these five cancer cells are 2.1, 3.4, 4.9, 2.4 and 3.1 μg/mL, 

respectively (He et al., 2005). Another compound β-sitosterol significantly 

inhibits the cervical cancer SiHa cells proliferation in both time- and dose-

dependent manners (Wang et al., 2009).  

 

Intragastric administration of an ethanol extract of PR at a dose of 30 mg/mL for 

15 days significantly prolongs the survival time of the ascitic mice, and inhibits 

the tumor growth in tumor-bearing mice (Zheng, 2004). Intragastric  

administration of the polysaccharides of PR at a dose of 0.6 g/kg suppresses the 

tumor growth in mouse hepatoma H22, sarcoma 180 (S180) and ehrlich ascites 

carcinoma (EAC) cell-bearing mice, and the inhibitory rates are 36.3%, 50.7% 
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and 33.0%, respectively (Zhao et al., 2006). Additionally, intraperitoneal injection 

of three doses of the lectin (0.85, 2.30 and 3.25 mg/kg) to S180 tumor-bearing 

mice dose-dependently reduce the tumor weights, and the inhibitory rates are 

15.6%, 32.1% and 36.2%, respectively. One of the mechanisms for the anti-tumor 

action of the lectins may be the inhibition of G1/S transition  and subsequent G1 

cell cycle arrest (Zuo et al., 2012). 

 

1.1.3.2 Antitussive and expectorant activities 

PR is commonly used for treating cough and phlegm clinically. Scientific studies 

have shown that PR has potent antitussive and expectorant activities (Su et al., 

2013). Usually, two classical models ammonia liquor-induced cough model and 

phenol red secretion model are used for evaluating the antitussive and expectorant 

activities of test drugs, respectively (Han et al., 2010; Shang et al., 2010; Wang et 

al., 2012). Intragastric adminstration of a water extract of PR demonstrate 

antitussive and expectorant effects in mice. This extract significantly prolongs the 

cough incubation time, reduces the cough frequency, and enhances the tracheal 

phenol red excretion compared to the vehicle. Interestingly, the water extract of 

PR has a more potent antitussive and expectorant effects than the ethanol extract 

(Wang et al., 2008). One type of the active antitussive and expectorant 

constituents of PR is the organic acid (Bai et al., 2004; Zhang and Wu, 2001).  

 

1.1.3.3 Antiemetic activity 

Previous studies indicated that PR significantly inhibited copper sulfate-induced 
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vomiting in dogs, and it also suppressed apomorphine-induced vomiting in minks 

(Zhao et al., 2005). Intragastric administration of the alkaloids of PR at a dose of 

30 mg/kg showed significant inhibitory effects on the cisplatin- and apomorphine-

induced vomiting in minks (Wang et al., 2005).  Moreover, 6KDP globulin (one 

of the major proteins in PR) (Kurata et al., 1998), polysaccharide (PT-F2-I) (Maki 

et al., 1987), fatty acids and cerebroside (Wan, 1997) prepared from PR are all 

suggested to have antiemetic activities. The water-soluable glucuronic acid 

derivatives and glycosides of PR are known as the active antiemetic constituents.  

 

1.1.3.4 Other activities 

An ethanol extract of PR exhibits antimicrobial activity. It effectively inhibits the 

growth of Gram-positive and negative bacteria in a dose-dependent manner 

(Huang et al., 2011b). Proteins prepared from PR have potent anti-early 

pregnancy effect in mice, and the anti-early pregnancy rate is 100% (Chen et al., 

1984). In addition, PR possesses sedative, hypnotic, anticonvulsant and anti-

inflammatory activities (Maki et al., 1987; Wu et al., 2011). 

 

1.2 Processing of PR 

Processing (炮製) is a unique pharmaceutical technique for transforming crude 

Chinese medical materials (CMMs) into decoction pieces (飲片). All CMMs need 

to be processed to become decoction pieces before they are prescribed in the 

clinic or used for producing proprietary drugs. The processing technique develops 

along with the development of TCM. Early in the Northern and Southern 
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Dynasties (1,500 years ago), the first classic handbook for CMM processing in 

China, Lei Gong Pao Zhi Lun (Lei Gong Processing Handbook,雷公炮炙論) 

documented that processing can reduce the toxicity, enhance the efficacy and alter 

the indications of the herbs (Lei, 1991). Modern researches demonstrated that 

processing can alter the chemical constituents of CMMs, which is responsible for 

the changes in indications, efficacy, and/or toxicity of the herbs (Su et al., 2016; 

Su et al., 2014). In CP2010 and CP2015, processing is listed as a specific item for 

each monograph. Nevertheless, the processing protocols in the CP, the 

departmental standard handbook “National Standards for Processing CMMs” (全

國中藥炮製規範 ) and various local standard handbooks are not consistent. 

Therefore, in 2012, the Chinese Pharmacopoeia Commission organized the 

standardization study of the manufacturing procedures for CMMs to update the 

1998 edition of “National Standards for Processing CMMs”. Standardization of 

the manufacturing procedure for Pinelliae Rhizoma Praeparatum cum Zingibere et 

Alumine (PRZA) (this thesis study) is a part of this project. 

 

1.2.1 History of PR processing  

Processing of PR was first documented in Zhang Zhongjing’s “Jin Kui Yu Han 

Jing” (金匱玉函經) in the Han Dynasty: “washing with flowing water for 

several times, until the water is clean” (…以湯洗十數度,令水清滑盡,洗不熟有

毒也…).In the Tang Dynasty, “washing with water” was still a predominant 

processing method for PR. “processing with ginger juice” was first recorded in 

“Liu Juan Zi Gui Yi Fang” (劉涓子鬼遺方 ). In the Song Dynasty, the 
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processing technology of PR is further developed. Besides washing with water, 

other processing methods, such as cooking and frying have been subsequently 

developed for processing PR. Additionally, many adjuvant materials e.g., vinegar, 

liquorice, sand and rice have been applied for processing PR. In the Jin and Yuan 

Dynasties, “Fabanxia” was first documented in “Yu Yao Yuan Fang” (禦藥院方). 

However, the processing protocol for “Fabanxia” recorded in “Yu Yao Yuan 

Fang” is different from that described in CP2010. In the Ming and Qing Dynasties, 

many new processing methods (e.g., boiling, baking, steaming) and adjuvant 

materials (e.g., wine, alume, pig's bile) used in PR processing. Currently, only 

four processed products of PR are listed in CP2015, namely raw PR, Pinelliae 

Rhizoma Praeparatum cum Alumine (PRPA, Qingbanxia), Pinelliae Rhizoma 

Praeparatum (PRP, Fabanxia) and PRZA (Jiangbanxia). The details of the history 

of PR processing are summarized in Table 1.3. 
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Table 1.3 History of PR processing 

Dynasty 
Adjuvant  

materials 

Processing 

methods 
Literatures 

Before the 

Tang 

Dynasty 

and Tang 

Dynasty  

(-917 A.D.) 

- Washing with water Jin Kui Yu Han 

Jing (金匱玉函

經) (Zhang, 1955) 

- Boiling with water Ben Cao Jing Ji 

Zhu (本草經集

注) (Tao, 1955) 

Sinapis Semen (白芥

子), vinegar 

Washing with the 

mixture (Sinapis 

Semen and vinegar) 

Lei Gong Pao Zhi 

Lun (雷公炮製

論) (Lei, 1986) 

Fresh ginger Washing with 

water→Soaking with 

ginger juice 

Liu Juan Zi Gui 

Yi Fang (劉涓子

鬼遺方) (Gong, 

1986) 

Fresh ginger Stir-frying with ginger 

juice 

Bei Ji Qian Jin 

Yao Fang (備急

千金藥方) (Sun, 

1955) 

Song 

Dynasty 

(960-1279 

A.D.) 

Bran Stir-frying with bran Tai Ping Sheng 

Hui Fang (太平

聖惠方) (Wang, 

1982) 

Ginger juice Koji-making with Xiao Er Yao 

Zheng Zhi Jue (小
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ginger juice  兒藥証直訣) 

(Qian, 1997) 

Alumen Washing with water→ 

Soaking with alumen  

Tai Ping Hui Min 

He Ji Ju Fang (太

平惠民和劑局方) 

(dispensary, 

1985) 

Fresh ginger, 

liquorice, Mori 

Cortex (桑白皮) 

Boiling with the 

mixture (ginger juice, 

liquorice and Mori 

Cortex) 

Sheng Ji Zong Lu 

(聖劑總錄) 

(Hospital, 1962) 

Jin and 

Yuan 

Dynasties 

(1271-1368 

A.D.) 

Fresh ginger Washing with water→ 

Boiling with ginger 

juice 

Yu Yao Yuan 

Fang (禦藥院方) 

(Xu, 1798b) 

Cimicifugae 

Rhizoma (升麻), 

Clovetree Bark (丁

皮), Amomi Fructus 

(砂仁), Alpiniae 

Katsumadai Semen 

(草豆蔻仁), alumen, 

bran 

Soaking with the 

mixture (Cimicifugae 

Rhizoma, Clovetree 

Bark, Amomi Fructus, 

Alpiniae Katsumadai 

Semen and 

alumen)→Stir-frying 

with bran  

Yu Yao Yuan 

Fang (禦藥院方) 

(Xu, 1798b) 

Rice water/ 

Honeylocust 

water/sesame oil 

Soaking with rice 

water/honeylocust 

water or stir-frying 

with sesame oil 

Dan Xi Xin Fang 

(丹溪心法) (Xu, 

1798a) 
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Ming 

Dynasty 

(1368-1644 

A.D.) 

Euodiae Fructus (吳

茱萸) 

Boiling with the 

mixture (Euodiae 

Fructus and water)  

Pu Ji Fang (普濟

方) (Zhu, 1959) 

Almond Stir-frying with 

almond 

Shou Shi Bao 

Yuan (壽世保元) 

(Gong, 1959) 

Alumen, Gleditsiae 

Sinensis Fructus (皂

角), Crotonis Fructus 

(巴豆) 

Soaking with the 

mixture  (alumen, 

Gleditsiae Sinensis 

Fructus and Crotonis 

Fructus) →Boiling 

with the mixture  

(alumen, Gleditsiae 

Sinensis Fructus and 

Crotonis Fructus) 

Yi Xue Gang Mu 

(醫學綱目) (Lou, 

1996) 

Fresh ginger,  

alumen, Gleditsia 

sinensis (皂莢), 

bamboo juice (竹瀝) 

Processing with 

ginger juice and 

alumen/ginger juice 

and Gleditsia sinensis 

/ginger juice and 

bamboo juice 

Ben Cao Gang 

Mu (本草綱目) 

(Li, 1982) 

Liquorice Processing with 

liquorice 

Zheng Zhi Zhun 

Sheng (證治準繩) 

(Wang, 1959) 

Qing 

Dynasty 

(1644-1912 

A.D.) 

Fresh ginger, 

mulberry leaf (桑

葉), salt 

Boiling with ginger 

juice→Soaking with 

mulberry leaf→ 

Soaking with salt 

water 

Ben Cao Xin Bian 

(本草新編) 

(Chen, 2000) 
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Gleditsia sinensis, 

alumen 

Boiling with Gleditsia 

sinensis and alumen 

Ben Jing Feng 

Yuan (本經逢原) 

(Zhang, 1959) 

Notopterygii 

Rhizaoma et Radix 

(羌活), fresh ginger 

Boiling with 

Notopterygii 

Rhizaoma et Radix 

and fresh ginger 

Liang Peng Hui Ji 

(良朋彙集) 

(Zhang, 2004) 

Lime, alumen, 

mirabilite, liquorice, 

Menthae 

Haplocalycis Herba 

(薄荷), Caryophylli 

Flos (丁香), etc 

Soaking with the 

mixture (lime, 

alumen, mirabilite, 

liquorice, Menthae 

Haplocalycis Herba, 

Caryophylli Flos, etc) 

Ben Cao Gang 

Mu Shi Yi (本草

綱目拾遺) (Zhao, 

1963) 

Ginger juice, salt Processing with 

ginger juice and salt 

Ben Cao Bian Du 

(本草便讀) 

(Zhang, 1957) 

Modern 

times 

- Cleaning CP2010/2015 

Alumen Processing with 

alumen 

CP2010/2015 

Ginger juice, alumen Processing with 

ginger juice and 

alumen 

CP2010/2015 

Liquorice, lime  Processing with 

liquorice and lime 

CP2010/2015 

Liquorice, lime, 

Vignae Semen (赤小

豆), Armeniacae 

Processing with 

liquorice and lime → 

boiling with the 

Zhong Yao Pao 

Zhi Xue (中藥炮

製學) (Ding, 
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Semen Amarum (苦

杏仁), flour, 

Artemisiare Annuae 

Herba (青蒿), 

Polygonum 

hydropiper (辣寥), 

Xanthium sibiricum 

juice (蒼耳草汁)  

mixture (liquorice, 

lime, Vignae Semen, 

Armeniacae Semen 

Amarum, flour, 

Artemisiare Annuae 

Herba, Polygonum 

hydropiper and 

Xanthium sibiricum 

juice) 

2008) 

Liquorice, lime, 

Vignae Semen, 

Armeniacae Semen 

Amarum, flour, 

Artemisiare Annuae 

Herba, Polygonum 

hydropiper, 

Xanthium sibiricum 

juice, bran 

Processing with 

liquorice and lime → 

boiling with the 

mixture (liquorice, 

lime, Vignae Semen, 

Armeniacae Semen 

Amarum, flour, 

Artemisiare Annuae 

Herba, Polygonum 

hydropiper and 

Xanthium sibiricum 

juice)→Stir-frying 

with bran 

Zhong Yao Pao 

Zhi Xue (中藥炮

製學) (Ding, 

2008) 
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1.2.2 Current processing methods of PR 

In the current edition of CP, processing methods for PR include cleaning, 

processing with alumen, processing with liquorice and quick lime, as well as 

processing with ginger juice and alumen, and their corresponding processed 

products are named as raw PR, PRPA, PRP and PRZA, respectively. The detailed 

processing procedures for raw PR, PRPA, PRP and PRZA are recorded as follows, 

raw PR: wash PR, then remove the outer bark and fibrous root, and dry. PRPA: 

soak raw PR in 8% alumen until the center of the cut surface is devoid of a dry 

core and the herb has a slight numbing taste, then take out and dry. PRP: soak raw 

PR in water until the center of the cut surface is devoid of a dry core, then decoct 

the liquorice twice and combine the decoctions, soak raw PR in the mixture of 

liquorice decoction and lime solution until the cut surface is in yellow colour and 

the herb has a slight numbing taste, then take out and dry. PRZA: soak raw PR in 

water until the center of the cut surface is devoid of a dry core, boil them 

thoroughly after adding the alumen and fresh ginger, then take out and dry.  

 

In this study, we focused on PR decoction pieces PRZA and raw PR. Next, we 

review studies on manufacturing procedures of PRZA, and comparative studies on 

the chemical constituents, toxicities and bioactivities of raw PR and PRZA. 
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1.3 Studies of the manufacturing procedures of PRZA 

PRZA is a product of raw PR processed with ginger juice and alumen. It was first 

recorded in Liu Juan Zi Gui Yi Fang (劉涓子鬼遺方) (a book of 1,500 years ago). 

Although the manufacturing procedure for PRZA was described in the CP, 

manufacturers in different geographical places use different methods to produce 

PRZA. Some studies suggest that the best processing procedure for PRZA is 

“boiling each 100 kg of raw PR for 2-3 h in the presence of 8 kg alumen and 15 

kg fresh ginger” (Wu et al., 1996c); and other studies suggest that the best 

processing procedure for PRZA is “steam each 100 kg of raw PR for 6 h after 

adding 12.5 kg alumen and 25 mL ginger juice” (Deng et al., 2001). 

Manufacturers use different protocols to prepare PRZA, which will lead to the 

uncontrollable efficacy and safety of PRZA. Therefore, standardization of the 

manufacturing procedure for PRZA is urgently needed. 

 

1.4 Comparative studies on the chemical components of raw PR and 

PRZA 

Alkaloids, organic acids, amino acids and proteins are the main chemical 

components of PR (Wang et al., 2014a; Zhou et al., 2012). After processing with 

ginger juice and alumen, the contents of alkaloids, proteins, total sugar and 

guanosine were decreased (Wu et al., 1996a; Wu et al., 1998b; Zhang et al., 

2008b), while the contents of organic acids, reducing sugar and beta-sitosterol 

were increased (Nuo and Huang, 2014; Wu et al., 1995). Nevertheless, the 

app:ds:amino
app:ds:acid
app:ds:chemical
app:ds:component
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comprehensive comparison of the chemical profiles of raw PR and PRZA is 

lacking. 

 

1.5 Comparative studies on the toxicities of raw PR and PRZA 

PR is toxic, it can cause irritant, teratogenic, carcinogenic, mutagenic and 

reproductive toxicities (Wu et al., 2015; Wu et al., 2011). Previous studies 

indicated that processing with ginger juice and alumen reduced the toxicity of raw 

PR in mice (Wu et al., 1993; Yu et al., 2015b). Processing causes structural 

changes of the toxic substances, e.g. needle-like calcium oxalate crystals, which 

has been regarded as one of the toxicity-reducing mechanisms (Yu et al., 2015b). 

Another study suggests that a compound gingerol from ginger juice effectively 

inhibits raw PR-induced inflammation (Yu et al., 2015a). However, up to the 

present, the underlying toxicity-reducing mechanisms of processing are uncertain. 

 

1.6 Comparative studies on the bioactivities of raw PR and PRZA 

Both raw PR and PRZA have antitussive and expectorant activities, and these 

effects of PRZA are more potent than that of raw PR (Su et al., 2013; Tang and 

Zhou, 1994). A possible mechanism of the efficiency enhancement caused by 

processing may be related to the use of the adjuvant material ginger juice. One of 

the main active compounds of ginger juice 6-shogaol has potent antitussive and 

expectorant properties (Suekawa et al., 1984). 
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The water and the ethanol extracts of PR have been confirmed to have anti-liver 

cancer activities (Huang et al., 2007a; Huang and Zhang, 2009; Zhen, 2004). 

Moreover, alkaloids, proteins, polysaccharides, as well as some single compounds 

from PR also have anti-liver cancer activities (Koschutnig et al., 2009; Wang et al., 

2015; Wang and Li, 2009; Wang et al., 2014b). In Chinese herbal prescriptions 

such as Xiaobanxia-Fuling decoction (Yang et al., 2011) and Houpu-Banxia 

decoction (Yi et al., 2009), raw PR rather than PRZA is commonly used for 

treating cancers. However, whether the anti-liver cancer effect of raw PR is more 

potent than that of PRZA is unknown; and the underlying mechanisms for the 

anti-cancer action of raw PR are not fully understood.  
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1.7 Objectives of this study 

As reviewed above, the manufacturing procedure of PRZA varies greatly among 

different places in China; and the mechanisms for raw PR’s toxicities, the 

toxicity-reducing effect of processing, and the anti-liver cancer effects of raw PR 

are unclear. Therefore, in this study we have the following objectives. 

 

1) To standardize the manufacturing procedure for PRZA; 

2) To explore the mechanisms for raw PR-induced toxicity and the toxicity-

reducing effect of processing; and  

3) To explore the molecular mechanisms for the anti-liver cancer effects of raw 

PR. 

 

After the completion of this study, we expected to provide a standardized 

manufacturing procedure for PRZA, to better understand the mechanisms 

involved in the herbal toxicities and toxicity-reducing effect of processing for the 

case of PR, and to provide a pharmacological basis for the clinical application of 

raw PR in liver cancer treatment. 
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CHAPTER 2 Standardization of the manufacturing procedure for 

PRZA 

2.1 Abstract 

According to the TCM theory, processing can reduce the toxicity, alter the 

indications and enhance the efficacy of the herbs. PR, a toxic Chinese medicinal 

herb, is commonly used for treating cancer, cough and phlegm. To treat cancer, 

Chinese medicine practitioners often use raw PR; while to treat cough and phlegm, 

they usually use PRZA. Currently, the producing protocol of PRZA varies greatly 

among different places in China. This chapter aims to standardize the 

manufacturing procedure for PRZA. We also evaluated the impact of processing 

on the toxicity, bioactivities and chemical profile of raw PR. 

 

We used the orthogonal design to optimize the manufacturing procedure of PRZA 

at bench scale, and validated the optimized procedure in pilot-scale production. 

Biochemical and histopathological approaches were used to evaluate the toxicities 

of raw PR and PRZA. The MTT assay was used to compare the cytotoxicities of 

raw PR and PRZA in human liver cancer HepG2 cells. Animal models (ammonia 

liquor-induced cough model and phenol red secretion model) were applied to 

compare the antitussive and expectorant effects of raw PR and PRZA, respectively. 

The chemical profiles of raw PR and PRZA samples were compared using a 

newly developed ultra-performance liquid chromatography/quadrupole-time-of-

flight mass spectrometry (UPLC/Q-TOF-MS) method. 
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The standardized manufacturing procedure for PRZA is as follows: soak raw PR 

in water until the center of the cut surface is devoid of a dry core, boil for 6 h after 

adding 12.5 kg alumen and 25 L freshly squeezed ginger juice for each 100 kg of 

raw PR, then take out and dry. PRZA was less toxic than raw PR in rats. The 

cytotoxicity of PRZA was less potent than that of raw PR. Intragastric 

administration of raw PR or PRZA demonstrated antitussive and expectorant 

effects in mice. These effects of PRZA were more potent than that of raw PR at 

the dose of 3 g/kg. By comparing the chemical profiles, we found that six peaks 

were lower, while nine other peaks were higher in PRZA than in raw PR. Six 

compounds corresponding to six individual changed peaks were tentatively 

identified by matching with empirical molecular formulae and mass fragments. 

 

The manufacturing procedure for PRZA was standardized. The toxicity and 

bioactivity assays demonstrated that PRZA produced using our optimized protocol 

could reduce the toxicity, and enhance the antitussive and expectorant efficacies 

of raw PR, supporting the traditional processing theory; and raw PR had more 

potent anti-cancer efficacy than PRZA, supporting the common clinical practice. 

Moreover, as expected raw PR and PRZA showed different chemical profiles. 

These results suggest that our optimized protocol for producing PRZA is 

appropriate. The optimized protocol can be used for PRZA industrial production, 

and will be included in the upcoming China national standard handbook “National 

Standards for Processing CMMs”.   
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2.2 Introduction 

To guarantee the quality of PRZA, standardized processing protocol is critical. 

Currently, several problems exist in PRZA processing: 1) The processing 

protocols in different editions of CP are not consistent; 2) Lack of controllable 

processing parameters. Traditional processing methods are mainly based on the 

experience of individual operators; 3) manufacturers in different geographical 

places use different gingers (fresh or dried ginger) to prepare the adjuvant material 

ginger juice, leading to the uncontrollable constituents, efficacy and safety of 

PRZA (Deng et al., 2001; Wu et al., 1996b). Therefore, standardization of the 

manufacturing procedure for PRZA is urgently needed. 

 

In this chapter, we first standardized the manufacturing procedure for PRZA. To 

validate the established standard operation procedure, we compared the toxicities, 

bioactivities (anticancer, antitussive and expectorant effects) of the prepared 

PRZA and raw PR. In an attempt to uncover the chemical basis behind the 

potential changes of medicinal properties caused by processing, we compared the 

chemical profiles of prepared PRZA and raw PR using a newly established 

UPLC/Q-TOF-MS method. 
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2.3 Materials and methods 

2.3.1 Chemicals and reagents 

The reference compound, 6-gingerol (No. 130510) was obtained from National 

Institutes for Food and Drug Control (China). Aluminium potassium sulfate 

(KAl(SO4)2•12H2O, No. 237086), methyl red (C15H15N3O2, No. 250198), 

ammonium chloride (NH4Cl, No. A9434), zinc sulfate (ZnSO4, No. Z0251), 

chromium black T indicator (C20H12N3NaO7S, No. 858390), zinc oxide (ZnO, No. 

205532), sodium hydroxide (NaOH, No. H2060981), xylenol orange 

(C31H28N2Na4O13S, No. 398187), phenol red (C19H14O5S, No. P3532), sodium 

carboxymethylcellulose (CMC-Na, No. C9481), dimethyl sulphoxide (DMSO, 

C2H6OS, No. D8418) and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide (MTT) were purchased from Sigma-Aldrich (MO, U.S.A). Ethylene 

diamine tetraacetic acid (EDTA, No. 15701), sodium bicarbonate (NaHCO3, No. 

21602) were purchased from USB Corporation Company. LC-MS grade 

acetonitrile, methanol and formic acid (FA) were purchased from RCI Labscan 

Ltd. (Thailand). Milli-Q water was prepared using a Milli-Q system (Millipore, 

MA, USA). All materials for cell culture were obtained from Life Technologies 

Inc. (GIBICO, USA).  

 

2.3.2 Sample preparations 

Raw PR, originated from Sichuan province (China), was provided by Kangmei 

Pharmaceutical Co. Ltd.. Alumen was purchased from Jiangxi Zhangshu 

Tianqitang Traditional Chinese Medicine Co. Ltd.. They were authenticated in 

http://www.sigmaaldrich.com/catalog/product/sial/398187
http://www.sigmaaldrich.com/catalog/product/sigma/d8418
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accordance with the corresponding monograph in CP2010 by Dr. Hui Cao from 

Jinan University. Voucher specimens of raw PR (No. 20130510) and alumen (No. 

1307007) were deposited at the School of Chinese Medicine, Hong Kong Baptist 

University. Zingiberis Rhizoma Recens (fresh ginger) is the fresh rhizome of 

Zingiber officinale Rosc. It was collected from the market (originated from 

Shandong province, China) and authenticated in accordance with the Zingiberis 

Rhizoma Recens monograph in CP2010 by Dr. Zhiling Yu (Figure 2.1). 

 

Figure 2.1 Appearance of fresh ginger. 

 

2.3.2.1 Preparation of raw PR and PRZA suspensions for toxicity study 

 Raw PR or PRZA (produced using the standardized protocol) powder (200 g) 

was suspended in 600 mL 0.5% CMC-Na solution to prepare 0.33 g/mL raw PR 

or PRZA suspension. 

 

2.3.2.2 Preparation of raw PR and PRZA extracts for bioactivity study 

Raw PR or PRZA (produced using the standardized protocol) powder (100g) was 

reflux-extracted twice with 50% ethanol (1:10, w/v) for 2 h each. The combined 

extracts were filtered after cooling and then concentrated under reduced pressure 
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to remove the solvent. The powdered raw PR (yield: 3.05%) and PRZA (yield: 

3.78%) extracts were obtained by lyophilizing of the concentrated samples with a 

Virtis Freeze Dryer (The Virtis Company, New York, USA). 

 

2.3.2.3 Preparation of raw PR and PRZA extracts for chemical profile study 

Raw PR or PRZA (produced using the standardized protocol) powder (1 g) was 

accurately weighed, and then extracted by ultrasonication with 20 mL of 50% 

ethanol for 40 min. An aliquot (5 μL) of each filtrate was injected for UPLC/Q-

TOF-MS analyses. 

 

2.3.3 Determination of 6-gingerol in fresh ginger 

Small pieces of fresh ginger of a total of 0.8 g were put into a stopper conical 

flask, and 25 mL of methanol was accurately added. Then the conical flask was 

weighed before heating under reflux for 30 min. After cooling down, it was 

weighed again, and the loss of solvent was replenished by methanol, mixed well 

and then filtered. The successive filtrate was used as the test solution. 

 

To control the quality of fresh ginger, HPLC analysis was conducted using an 

Agilent 1200 series LC system equipped with a quaternary pump, a standard auto-

sampler, a column oven and a diode array UV/VIS detector (Agilent Technologies, 

Palo Alto, CA, USA). Chromatographic separation was performed on an ODS 

C18 column (250×4.6 mm, 5 μm) with the column temperature set at 25℃. The 

mobile phase was composed of acetonitrile (A) and water (B), and a gradient 
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elution of 65% A at 0-15 min, 65%-95% A at 15-16 min, 95% A at 16-24 min and 

95%-65% A at 24-25 min was employed. The flow rate was 1 mL/min. The 

injection volume was 20 μL. 

 

2.3.4 Determination of 6-gingerol in ginger juice 

Cleaned fresh ginger was cut into small pieces and then squeezed twice with 

suitable volume of distilled water, the obtained ginger juice was adjusted with 

distilled water to obtain 1 mL ginger juice/g fresh ginger. 

 

Ginger juice (1mL) was put into a 25 mL volumetric flask, methanol was added 

till the liquid level reached the 25 mL mark line, then extracted by ultrasonication 

for 30 min. Solution was filtered before HPLC analysis. 

 

To control the quality of ginger juice, HPLC analysis was conducted using an 

Agilent 1200 series LC system equipped with a quaternary pump, a standard auto-

sampler, a column oven and a diode array UV/VIS detector. The analytical 

method was the same as that in Section 2.3.3. For methodological evaluation, tests 

of precision, repeatability, stability and recovery were conducted. 
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2.3.5 Optimization of the manufacturing procedure for PRZA 

2.3.5.1 Orthogonal design 

The L9 (3
4
) orthogonal design was used to optimize the manufacturing procedure 

of PRZA at bench scale (Table 2.1). The volume of ginger juice, the amount of 

alumen and the boiling time were chosen as the assessing factors that significantly 

affect the quality of PRZA (Wu et al., 1998a; Xi and Zhong, 2012). The contents 

of water-soluble extractives and alumen residue were used as the evaluation 

markers (CP, 2015). According to the L9 (3
4
) orthogonal design, we prepared nine 

batches of PRZA samples. 

Table 2.1 Factors and levels of the L9 (3
4
) orthogonal design 

Levels 

Factors 

A Ginger juice 

(mL/100g raw PR) 

B Boiling 

time (h) 

C Alumen 

(g/100g raw PR) 

D Error 

term 

1 15 4 8 - 

2 25 5 12.5 - 

3 35 6 16 - 

 

app:ds:volume
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2.3.5.2 Determination of the contents of water-soluble extractives in PRZA 

samples prepared in the orthogonal experiments  

The powder of each prepared PRZA sample was put into a conical flask and 

weighed accurately, 100 mL of Milli-Q water was added into the conical flask. 

The conical flask was kept shaking for 6 h and then macerated for 18 h, and 

filtered rapidly. 20 mL of filtrate was dried to constant weight on evaporating dish 

by water bath. The dish was put into oven and heated at 105°C for 3 h. Then the 

dish was cooled down in a desiccator for 30 min. The dish was weighed 

accurately and calculated. Each sample was repeated twice. 

 

2.3.5.3 Determination of the contents of alumen residue in PRZA samples 

prepared in the orthogonal experiments 

We accurately weighed 5 g of the powder for each PRZA sample (through No. 4 

sieve) to a crucible, gradually increased the temperature to 450℃ and incinerated 

for 4 h to carbonize the powder completely, then we carefully added 10 mL of 

dilute hydrochloric acid to the crucible, covered it with a watch glass and heated 

on a water bath for 10 min. We washed the watch glass with 5 mL of hot water 

and combined the washing to the crucible, filtered, washed the residues and 

crucible with 50 mL of water, then we combined the filtrate and the washings, 

added 1 drop of a 0.025% solution of methyl red in ethanol, and added ammonia 

TS dropwise until the color of the solution slightly turned to yellow. Then we 

added 20 mL of a buffer solution (PH 6.0) of acetic acid-ammonium acetate and 

exactly 25 mL of disodium edetate VS (0.05 mol/L), boiled for 3-5 min and 
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cooled down. Afterward, we added 1 mL of xylenol orange IS and titrated with 

zinc VS (0.05 mol/L) until the color changed from yellow to red. We performed a 

blank determination in the same manner to correct the result. One mL of disodium 

edetate VS (0.05 mol/L) corresponds to 23.72 mg of potassium aluminium sulfate 

[KAl(SO4)2·12H2O]. 

 

2.3.6 Validation of the optimized manufacturing procedure of PRZA 

To validate the procedure in pilot-scale production, Kangmei Pharmaceutical Co. 

Ltd. prepared three batches of PRZA samples (50 kg/batch) according to the 

optimized bench-scale processing procedure.  

 

2.3.7 Comparison of the toxicities of raw PR and PRZA 

1) Animals and treatments 

A total of 18 male SD rats were obtained from the Chinese University of Hong 

Kong. They were reared under standard laboratory conditions. After one week of 

acclimatization, rats were randomly divided into three groups (n=6), and daily 

intragastrically administrated equal volume of the vehicle, raw PR or PRZA 

powder suspension at a dosage of 3 g/kg/day for 14 consecutive days. Body 

weight was measured every 2 days. The used dose in rats is equivalent to the 

clinically relevant human adult dose based on an established formula for human-

rat drug conversion (D1=B1*D2*6.25/B2. D1: rat’s daily dosage; D2: adult’s daily 

dosage; B1: rat’s body weight; B2: adult’s body weight). All animal experiments 

were performed under the Prevention of Cruelty to Animals Act (1986) of China 
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and the NIH Guidelines for Care and Use of Laboratory Animals (U.S.A) and also 

approved by the Animal Ethics Committee of Hong Kong Baptist University. 

 

2) Biochemical and histopathological analyses 

Blood samples were collected from the retro-orbital venous plexus on day 15, and 

centrifuged at 3500 rpm for 10 min after standing for two hours at 4°C. The serum 

was then transferred into new tubes and stored at -80°C for further analysis. A 

portion of the collected serum was used for routine laboratory analyses of serum 

creatine kinase (CK), creatinine kinase-mb isoenzyme (CK-MB), lactate 

dehydrogenase (LDH), serum creatinine (SCR), blood urea nitrogen (BUN), 

aspartate aminotransferase (AST) and alanine aminotransferase (ALT) according 

to the manufacturer’s instructions of respective commercial test kits. All rats were 

sacrificed following blood collection. Fresh cardiac, hepatic and renal tissues were 

obtained and fixed in 10% neutral buffered formaldehyde at 4℃ for paraffin 

embedment. Organ samples (4 μm) were sectioned and stained with H&E, and 

finally examined by light microscopy. 

 

2.3.8 Comparisons of the bioactivities of raw PR and PRZA 

2.3.8.1 Cytotoxicity assay 

The human liver cancer cells (HepG2) were obtained from the American Type 

Culture Collection (ATCC, USA). Cells were cultured in Dulbecco's Modified 

Eagle Medium (DMEM, GIBCO, USA), supplemented with 10% heat-inactivated 
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fetal bovine serum (FBS, GIBCO, USA) and 1% penicillin/streptomycin (P/S, 

GIBCO, USA) at 37℃ in a humidified 5% CO2 atmosphere. 

 

The cytotoxic effects of raw PR and PRZA extracts in HepG2 cells were 

evaluated by the MTT assay. Cells (5,000/well) were seeded in 96-well plates, 

treated with different concentrations of raw PR or PRZA extract. After incubation 

for 24, 48 or 72 h, 20 μL of MTT solution (5 mg/mL) was added to each well and 

incubated for an additional 3 h. The formazan crystal formed was dissolved with 

100 μL of DMSO, and the absorbance was detected at 570 nm by a microplate 

spectrophotometer (BD Biosciences, USA). 

 

2.3.8.2 Antitussive activity evaluation 

ICR mice (18 ± 2 g) were purchased from the Chinese University of Hong Kong. 

All mice were housed at room temperature (22-24℃) and constant humidity (50-

60%) under a 12 h light-dark cycle in SPF grade laboratory. All animal 

experiments were performed under the Prevention of Cruelty to Animals Act 

(1986) of China and the NIH Guidelines for Care and Use of Laboratory Animals 

(USA) and also approved by the Animal Ethics Committee of Hong Kong Baptist 

University. After one week of adaptation, mice were randomly divided into 6 

groups (n=8), control group (0.5% CMC-Na solution), positive control group 

(codeine phosphate, 20 mg/kg), low-dose of raw PR group (1 g/kg), high-dose of 

raw PR group (3 g/kg), low-dose of PRZA group (1 g/kg) and high-dose of PRZA 

group (3 g/kg). Mice were daily intragastrically administrated vehicle, positive 

control drug or raw PR/PRZA extract for 5 consecutive days. Antitussive effects 

app:ds:Chinese
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were investigated by using a classical mouse cough model induced by ammonia 

liquor (Xu et al., 1991). Briefly, 60 min after last drug administration, each mouse 

was placed in a 1000 mL special glass chamber and exposed to 0.3 mL of 25% 

NH4OH for 45 s. The frequency and latent period of cough were observed for 3 

min (if the latent period of cough is more than 3 min, we calculate it as 3 min). 

The criteria to define cough in mice is that opening the mouth accompanying 

sound of coughing, contraction of thoracic and abdomen muscles, and a jerking of 

the front body.  

 

2.3.8.3 Expectorant activity evaluation 

ICR mice were randomly divided into 6 groups as described in Section 2.3.8.2. 

Mice were daily intragastrically administrated vehicle (0.5% CMC-Na solution), 

positive control drug (ammonium chloride, 1 g/kg), raw PR extract or PRZA 

extract for 5 consecutive days. 30 min after last drug administration, phenol red 

solution (5% in saline solution, w/v, 0.2 mL/20 g body weight) was 

intraperitoneally injected to each mouse. Then 30 min after injection of the phenol 

red solution, mice were sacrificed by cervical dislocation without damaging the 

trachea. After dissected free from adjacent organs, the trachea was removed from 

the thyroid cartilage to the main stem bronchi and put into 1 mL normal saline 

immediately. Then ultrasonic for 15 min, 1 mL sodium bicarbonate (NaHCO3) 

solution (5%, w/v) was added to the normal saline, and optical density of the 

mixture was measured at 558 nm using an Alpha-1900PC UV-Vis 

spectrophotometer (Shanghai Lab-Spectrum Instruments Co. Ltd., China). The 

standard curve of phenol red was performed as described in Pharmacology 
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Experiment Methodology. 

 

2.3.9 Comparison of the chemical profiles of raw PR and PRZA 

Liquid chromatography was performed by using an Agilent 1200 series LC 

system coupled with an ACQUITY UPLC T3 C18 column (2.1 mm×100 mm I.D., 

1.8 μm) maintained at 35℃. The mobile phase was composed of A (0.1% FA in 

water) and B (0.1% FA in acetonitrile). A gradient elution of 10-90 % B at 0-20 

min, and 90-10% B at 20-24 min was employed. The flow rate was 0.35 mL/min. 

The injection volume was 5 μL. 

 

Mass spectrometric detection was carried out by using an Agilent 6540 Q-TOF 

mass spectrometer (Hewlett Packard, Agilent, USA) with electrospray ionization 

(ESI) interface. The positive ion mode was used with the mass range setting at 

m/z 100-1700. Optimized ionization conditions were as follows: gas temperature, 

300℃ .; drying gas (N2) flow rate, 8 L/min; nebulizer, 40 psi; sheath gas 

temperature, 350℃ .; sheath gas flow, 8 L/min; capillary voltage, 4500 V; 

fragmentor, 175 V; skimmer voltage, 65 V; OctopoleRFPeak, 600 V. Data were 

collected with the LC-MS-QTOF MassHunter Data Acquisition Software Ver. 

A.01.00 (Agilent Technologies) and analyzed with the Agilent MassHunter 

Qualitative Analysis Software B.06.00, respectively. 

 

2.3.10 Statistical analysis 
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Results of body weights measurement, bioassays were presented as mean ± SD. 

These data were analyzed by one-way ANOVA followed by the Dunnett’s 

multiple comparisons. Statistical analyses were carried out using GraphPad Prism 

version 5.0 (GraphPad Software, San Diego, CA, USA). p<0.05 was considered 

statistically significant. 
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2.4 Results  

2.4.1 The content of 6-gingerol in fresh ginger 

As shown in Table 2.2, each batch of the fresh ginger reached the requirements of 

CP2010 (CP2010: the content of 6-gingerol ≥ 0.050%). The content of 6-gingerol 

in sample 2 was the highest among the three batches of fresh ginger, therefore we 

chose sample 2 for the following study. 

Table 2.2 The content of 6-gingerol in each batch of fresh ginger 

Sample The content of 6-gingerol (%) RSD (%) 

1 0.068 0.69 

2 0.071 0.75 

3 0.070 0.72 
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2.4.2 The content of 6-gingerol in ginger juice 

2.4.2.1 Methodological evaluation results 

1) Specificity  

Under the optimized chromatographic conditions, the retention time of 6-gingerol 

was 5.721 min. The typical HPLC chromatograms of 6-gingerol and ginger juice 

were shown in Figure 2.2. 

 

Figure 2.2 Typical HPLC chromatograms of standard and ginger juice. (A) 6-

gingerol; (B) ginger juice. 
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2) Standard curve 

A series of standard solutions of 6-gingerol (4.8, 9.6, 19.2, 38.4, 76.8 μg/mL) 

were analyzed by the established HPLC method (Figure 2.3). The regression 

equation was Y=9.9361 X+4.0208, R=1. X was the concentration of 6-gingerol, 

and Y was the peak area of 6-gingerol. 

  

Figure 2.3 Standard curve of 6-gingerol. 
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3) Precision  

The precision of the assay was assessed by calculating the RSD for the QC sample 

(19.2 μg/mL) in five replicates (Table 2.3). RSD was 0.36% (RSD＜ 3%), 

indicating that the instrument was precise. 

Table 2.3 Precision results 

No. 6-gingerol (mAU*s) 

1 196.9 

2 198.5 

3 197.4 

4 196.7 

5 197.2 

Mean of peak area 197.34 

RSD/% 0.36 
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4) Repeatability 

To test the repeatability, we prepared five batches of ginger juice and analyzed 

them by the established HPLC method. The content of 6-gingerol in ginger juice 

was 0.06 g/100 mL (Table 2.4), RSD was 1.82% (RSD＜3%), indicating that the 

analytical method was repeatable. 

Table 2.4 Repeatability results 

No. Area 

(mAU*s) 

Concentration 

(μg/mL) 

Content 

(g/100 mL) 

Mean 

(g/100 mL) 

RSD 

(%) 

1 237.2 0.0235 0.059 

0.06 1.82 

2 237.3 0.0235 0.059 

3 247.6 0.0245 0.061 

4 246.4 0.0244 0.061 

5 247.0 0.0245 0.061 
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5) Stability 

To test the stability, we evaluated a random ginger juice sample at 0, 3, 6, 12 and 

24 h (Table 2.5). RSD was 2.76% (RSD＜3%). The results suggested that samples 

were stable within 24 h. 

Table 2.5 Stability results 

Time (h) Peak Area of 6-gingerol (mAU*s) 

0 245.5 

3 239.7 

6 244.6 

12 230.7 

24 247.2 

Mean of peak area 241.54 

RSD/% 2.76 
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6) Recovery 

To test the recovery, we added 0.296 mg 6-gingerol into 0.5 mL of ginger juice, 

then extracted 6-gingerol as described in Section 2.3.4. Results shown in Table 2.6 

indicated that the recovery of 6-gingerol was 98.64%, which met the assay 

requirements. 

Table 2.6 Recovery results  

NO. 
Volume of ginger 

juice (mL) 

Added 

(mg) 

Measured 

(mg) 

Recovery 

(%) 

Mean 

(%) 

RSD 

(%) 

1 

0.5 

0.296 0.584 95.85 

98.64 2.16 

2 0.296 0.589 97.38 

3 0.296 0.601 101.55 

4 0.296 0.593 98.91 

5 0.296 0.595 99.51 

    

All the above results showed that the developed HPLC method is stable and 

reliable, which can be used for the determination of 6-gingerol in ginger juice. 
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2.4.2.2 The content of 6-gingerol in ginger juice 

The content of 6-gingerol in ginger juice was determined by the developed HPLC 

method. Results showed that the content of 6-gingerol was 0.06 g/100 mL ginger 

juice (RSD: 1.9 %). The extraction rate of 6-gingerol was 84.51% (calculated 

using the formula: A=B/C*100%. A: the extraction rate of 6-gingerol; B: the 

content of 6-gingerol in ginger juice; B: the content of 6-gingerol in fresh ginger). 

 

2.4.3 Optimization of the manufacturing procedure for PRZA 

To optimize the manufacturing procedure for PRZA, we prepared nine PRZA 

samples using the L9 (3
4
) orthogonal design at bench scale, then we determined 

the contents of the evaluation markers in each batch of the prepared PRZA 

samples. As shown in Table 2.7, factor C (amount of alumen) and factor B 

(boiling time) had significant effects on the content of the water-soluble 

extractives; in addition, factor C (amount of alumen) also had a significant effect 

on the amount of alumen residue. Based on the orthogonal experiment results and 

the concern for limiting alumen residue, we determined the optimal bench-scale 

processing procedure for PRZA as follows: soak raw PR in water until the center 

of the cut surface is devoid of a dry core, boil for 6 h after adding 12.5 kg alumen 

and 25 L freshly squeezed ginger juice for each 100 kg of raw PR, then take out 

and dry.  
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Table 2.7 Analysis results of the L9 (3
4
) orthogonal design 

 

No. A B C D 
Water-soluble 

extractives (%) 

Alumen 

residue (%) 

1 3 3 1 1 11.99 1.75 

2 1 1 1 1 19.19 3.86 

3 3 2 1 3 36.74 4.24 

4 2 1 1 2 12.24 2.64 

5 3 1 2 2 34.36 4.52 

6 1 3 2 2 19.24 3.01 

7 2 3 1 3 32.00 4.98 

8 3 2 2 1 18.63 2.58 

9 1 1 2 3 24.60 3.67 

The content of water-soluble extractives 

Ⅰj 67.92  56.23  49.86  70.95  G= 208.98 

Ⅱj 65.84  72.18  56.03  70.43  CT= 4852.64 

Ⅲj 75.22  80.57  103.10  67.61     

SSj 16.17  101.95  565.28  2.15     

The content of alumen residue 

Ⅰj 9.85  9.37  7.34  9.94  G= 31.24   

Ⅱj 10.16  11.02  10.17  11.84  CT= 108.46   

Ⅲj 11.23  10.91  13.73  9.45     

SSj 0.35  0.99  6.84  1.06     
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Variance analysis of the content of water-soluble extractives 

Source of 

error 

Sum of 

squares 

Degree of 

freedom 

Mean 

square 
F value Significance 

A 16.17 2 8.08 7.52  

B 101.95  2 50.97  47.40  * 

C 565.28  2 282.64  262.82  ** 

D 2.15  2 1.08    

F0.05 (2, 2)=19, F0.01 (2, 2)=99 

 

Variance analysis of the content of alumen residue 

Source of 

error 

Sum of 

squares 

Degree of 

freedom 

Mean 

square 
F value Significance 

A 0.35 2 0.17   

B 0.99 2 0.49 2.82  

C 6.84 2 3.42 19.56 * 

D 1.06 2 0.53 3.04  

F0.05 (2, 2)=19, F0.01 (2, 2)=99 
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To validate the procedure in pilot-scale production, Kangmei Pharmaceutical Co. 

Ltd. prepared three batches of PRZA samples (50 kg/batch) according to the 

optimized bench-scale processing procedure. Assay results (Table 2.8) showed 

that the mean contents of water-soluble extractives and alumen residue were 

11.74% and 4.42%, respectively (RSD < 3%). Both met the requirements of the 

CP2010, suggesting that the manufacturing procedure for PRZA is repeatable in 

pilot-scale production. 

Table 2.8 The contents of water-soluble extractives and alumen residues in PRZA 

samples produced in pilot scale. 

Samples 

The content of 

water-soluble 

extractives (%) 

Mean 

(%) 

RSD 

(%) 

The content of 

alumen residue 

(%) 

Mean 

(%) 

RSD 

(%) 

A 11.81 

11.74 0.69 

4.36 

4.42 2.48 B 11.65 4.55 

C 11.75 4.36 
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Overall, the manufacturing procedure for PRZA was standardized. Figure 2.4 

shows the appearance of PRZA produced in bench scale and pilot scale. 

      

Figure 2.4 PRZA produced using the standardized protocol in bench scale (left) 

and pilot scale (right). 

 

javascript:void(0);
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2.4.4 Processing reduced the toxicity of raw PR 

To investigate whether processing with the optimized manufacturing procedure 

can reduce the toxicity of raw PR, we compared the toxicities of raw PR and 

PRZA (produced using the standardized protocol) in rats. 

 

1) Body weight changes 

As shown in Figure 2.5, compared with the control group, raw PR group showed a 

dramatic body weight loss from day 2 (p＜0.01); PRZA group appeared body 

weight loss from day 4 (p＜0.05) and the severity was significantly less than that 

of raw PR group (p＜0.01). In addition, we observed that raw PR- but not PRZA-

treated rats suffered from diarrhea. 
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Figure 2.5 Body weights of vehicle-, raw PR- and PRZA-treated rats (n=6). Rats 

were daily intragastrically administrated equal volume of the vehicle, raw PR or 

PRZA powder suspension at a dosage of 3 g/kg/day for 14 consecutive days. 

Body weight was measured every 2 days. 
*
p< 0.05, 

**
p < 0.01 vs. control; 

##
 p < 

0.01 vs. raw PR group. 
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2) Biochemical changes 

The serum levels of CK, CK-MB and LDH in raw PR group were all significantly 

higher than that in control group (p＜0.01) (Figure 2.6), indicating that raw PR 

caused myocardial injury and myocardial infarction. Interestingly, there was no 

significant difference in the levels of CK-MB and LDH between vehicle- and 

PRZA-treated rats; compared with the vehicle, PRZA only increased the serum 

CK level (p＜0.05). Both raw PR and PRZA did not significantly affect the serum 

levels of ALT, AST, BUN and SCR (ALT and AST are markers of hepatic 

damage; BUN and SCR are markers of renal damage). These results indicated that 

raw PR caused cardiotoxicity, and PRZA was less toxic than raw PR. No obvious 

liver and kidney toxicities were observed in both raw PR- and PRZA-treated rats. 
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Figure 2.6 Biochemical parameters in the serum of vehicle-, raw PR- and PRZA-

treated rats (n=6). Rats were daily intragastrically administrated equal volume of 

the vehicle, raw PR or PRZA powder suspension at a dosage of 3 g/kg/day for 14 

consecutive days. Serum were collected for routine laboratory analyses of CK, 

CK-MB, LDH, SCR, BUN, AST and ALT according to the manufacturer’s 

instructions of respective commercial test kits. 
*
p < 0.05, 

**
p < 0.01 vs. control;

 #
 p 

< 0.05, 
##

 p < 0.01 vs. raw PR. 
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3) Histopathological changes 

Histopathological damages were observed in the heart tissues of raw PR-treated 

rats with rupture and necrosis of the myocardiocytes, and inflammatory cells 

infiltration, while, the damages were relatively mild in PRZA-treated rats (Figure 

2.7 C). Liver and kidney sections of both PR and PRZA groups showed no 

abnormalities (Figure 2.7 D-I). These results further suggested that raw PR caused 

cardiotoxicity, and processing reduced the toxicity. 

 

Taken together, all these results suggest that processing with our standardized 

manufacturing procedure could reduce the cardiotoxicity of raw PR. 
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Figure 2.7 Histopathological examinations of heart, liver, kidney tissues in 

vehicle-, raw PR- and PRZA-treated rats, H&E staining, 100×. Rats were daily 

intragastrically administrated equal volume of the vehicle, raw PR or PRZA 

powder suspension at a dosage of 3 g/kg/day for 14 consecutive days. Fresh 

cardiac, hepatic and renal tissues were obtained for histopathological assays. (A) 

Heart tissue of control group: normal myocardial fibers in longitudinal section 

featuring central nuclei and syncytial arrangement of the fibers; (B) Heart tissue 

of raw PR group: myocardial fibers with loss of cross striations, not clearly visible 

nuclei, and inflammatory infiltration; (C) Heart tissue of PRZA group: the 

histopathological changes were milder than raw PR-treated group; D-I: Liver and 

kidney sections of both PR and PRZA groups showed no abnormalities. Ⅰ . 

Myocardiocyte necrosis; Ⅱ. Myocardiocyte rupture; Ⅲ. Inflammatory infiltration. 
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2.4.5 PRZA showed less potent cytotoxicity than raw PR in HepG2 cells 

PR can soften hard lump (軟堅散結), and is traditionally used for treating TCM 

symptoms that resemble cancers including liver cancer. PR has long been 

prescribed by TCM doctors to treat liver cancer (Feng et al., 2010; Huang et al., 

2007b; Wu et al., 2011). Moreover, previous studies showed that the ethanol 

extract of raw PR has anti-liver cancer activity (Huang, 2006; Huang et al., 2007b; 

Huang and Zhang, 2009). In Chinese herbal prescriptions, raw PR rather than 

PRZA is often used for treating cancer, for example, Xiaobanxia-Fuling decoction 

(Yang et al., 2011), Houpu-Banxia decoction (Yi et al., 2009) and so on. To 

explore whether raw PR has better anti-cancer effect than PRZA (produced using 

the standardized protocol), we compared the cytotoxicities of raw PR and the 

prepared PRZA using the MTT assay. As shown in Figure 2.8, both raw PR and 

PRZA extracts inhibited the proliferation of HepG2 cells in both time- and dose-

dependent manners. The IC50 values of raw PR and PRZA extracts after 48 h 

treatment were 439.5 and 745.6 μg/mL, respectively. The results indicated that 

PRZA had a less potent cytotoxicity than raw PR in liver cancer cells. The MTT 

results of raw PR and PRZA support the common clinical practice for using raw 

PR to treat liver cancer. 

app:ds:ethanol
app:ds:extract
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Figure 2.8 Effects of raw PR and PRZA extracts in HepG2 cell proliferation. (A) 

raw PR; (B) PRZA. The viability of HepG2 cell after treatment with different 

concentrations of raw PR/PRZA extract or vehicle for 24, 48 or 72 h was 

measured by the MTT assay. Results were expressed as a percentage of the 

respective control. *p<0.05, **p<0.01 vs. control. 
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2.4.6 Processing enhanced the antitussive effect of raw PR  

PR is commonly used for treating cough. Previous studies demonstrated that the 

antitussive effect of PRZA is more potent than that of raw PR (Su et al., 2013); 

moreover, TCM doctors often use PRZA rather than raw PR for the treatment of 

cough. To explore whether processing with the optimized manufacturing 

procedure can enhance the antitussive effect of raw PR, we compared the 

antitussive effects of raw PR and PRZA in an ammonia liquor-induced cough 

model. The antitussive activities were demonstrated by prolonging the cough 

incubation time, and reducing the cough counts within three minutes. The longer 

cough incubation period and the fewer cough counts, the stronger effect on 

relieving cough of the drugs (Wang et al., 2012). As shown in Figure 2.9, 

compared with the control group, both raw PR and PRZA groups significantly 

prolonged the cough incubation periods and reduced the cough frequency (p＜

0.01). Interestingly, at the dose of 3 g/kg, the antitussive effect of PRZA was more 

potent than that of raw PR (p＜ 0.05), indicating that processing with our 

standardized manufacturing procedure enhanced the antitussive effect of raw PR. 
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Figure 2.9 Antitussive effects of raw PR and PRZA in ammonia liquor-induced 

cough mice (n=8). (A) Cough counts; (B) Cough incubation period. The 

antitussive effects of raw PR and PRZA were investigated by using a classical 

mouse cough model. Mice were daily intragastrically administrated 0.5% CMC-

Na solution, codeine phosphate, raw PR extract or PRZA extract for 5 consecutive 

days. The cough counts and incubation period were observed for 3 min. Values 

were presented as mean ± SD. 
**

p＜0.01 vs. control; 
#
p＜0.05 vs. raw PR. 
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2.4.7 Processing enhanced the expectorant effect of raw PR 

According to the TCM theory, processing can enhance the efficacy of raw herbs. 

Previous studies demonstrated that the expectorant effect of PRZA is more potent 

than that of raw PR  (Su et al., 2013). To explore whether processing with our 

optimized manufacturing procedure can enhance the expectorant effect of raw PR, 

we compared the expectorant effects of raw PR and PRZA in a phenol red 

secretion model. Excretion of phenol red would mimic the excretion of sputum 

(Shang et al., 2010). As shown in Figure 2.10, positive control group significantly 

enhanced the tracheal phenol red excretion compared to the control group, 

indicating a strong expectorant effect (p＜0.01). Both raw PR and PRZA also 

exerted expectorant effects, importantly, at the dose of 3 g/kg, the expectorant 

effect of PRZA was more potent than that of raw PR (p＜0.05), indicating that 

processing with our standardized manufacturing procedure enhanced the 

expectorant effect of raw PR. 
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Figure 2.10 Expectorant effects of raw PR and PRZA on phenol red excretion in 

mice (n=8). Mice were daily intragastrically administrated 0.5% CMC-Na 

solution, ammonium chloride, raw PR extract or PRZA extract for 5 consecutive 

days. Excretion of phenol red would mimic the excretion of sputum. Values were 

presented as mean ± SD. 
*
p<0.05, 

**
p<0.01 vs. control;

 #
p<0.05 vs. raw PR. 
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The above bioactivity assays demonstrated that PRZA produced using our 

optimized protocol could reduce the toxicity, enhance the antitussive and 

expectorant efficacies of raw PR, supporting the traditional processing theory; and 

raw PR had more potent anti-cancer efficacy than PRZA, supporting the common 

clinical practice. All these suggest that our optimized protocol for producing 

RPZA is appropriate. 
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2.4.8 Processing altered the chemical profile of raw PR 

In an attempt to uncover the underlying chemical basis for the observed changes 

of medicinal properties caused by processing, we compared the chemical profiles 

of raw PR and PRZA by UPLC/Q-TOF-MS analyses. By comparing the chemical 

profiles, we found that six peaks were lower, while nine other peaks were higher 

in PRZA than in raw PR (Figure 2.11). Details of the MS of all components 

corresponding to individual peaks were shown in Table 2.9. Six compounds 

including ephedrine, shogaol, gingerol, N,2-dimethyl-3-hydroxy-6-(9-

phenylnonyl) piperidine, ergosterol and paracoumaryl alcohol were tentatively 

identified by matching with the empirical molecular formulae and mass fragments.  

 

Among all these changed compounds, ephedrine (peak 1), one of the alkaloids 

occurring in PR, was significantly decreased after processing. Our 

quantitative analyses showed that the contents of ephedrine in raw PR and PRZA 

extracts were 2.93 μg/g and 1.27 μg/g, respectively (Figure 2.12), indicating 

processing indeed reduced ephedrine content. In addition, some compounds, such 

as peak 10 and peak 12, which cannot be detected in raw PR extract were 

abundant in PRZA extract. Maybe these were components from ginger juice or 

newly generated components after processing. However, in our optimized 

chromatographic conditions, we did not detect any reported possible toxic 

compounds, for example, homogentisic acid, protocatechualdehyde. Due to the 

complexity of data obtained in this test, identification of the changed compounds 

by sole relying on MS/MS data is a difficult task. Further studies are warranted to 

identify more changed compounds, and to establish the relationship between the 

javascript:void(0);
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alteration of chemical profiles and the changes of medicinal properties caused by 

processing with ginger juice and alumen. Detailed methods were described in the 

future plans (in Chapter 5). 
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Figure 2.11 The representative positive BPI chromatograms of raw PR and PRZA. 

(A) Raw PR; (B) PRZA.  
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Figure 2.12 HPLC chromatograms of standard, raw PR and PRZA samples. (A) 

ephedrine; (B) raw PR; (C) PRZA. 
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Table 2.9 Compounds identified in raw PR and PRZA extracts. 
 

 

*p＜0.05, **p＜0.01 vs. raw PR; 

↑ increased after processing; ↓ decreased after processing; NI: unidentified. 

 

Peak  

no. 
tR (min) 

Assigned 

identity 
Molecular 

Mean    

measured 

mass(Da) 

Mass 

accurac

y (ppm) 

Theoretica

l exact 

mass(Da) 

Quasi- 

molecular 

ion  

Change 

trend after 

processing  

1 1.848 Ephedrine C10H15NO 166.0725 0.23 165.1154 [M+H]+   ↓
**

 

2 3.058 Ergosterol C28H44O 397.2444 1.01 396.3392 [M+H]+  ↓
*
 

3 3.266 NI C16H32O3 295.1619 3.16 272.2351 [M+Na]+ ↓ 

4 3.808 NI C24H37N3O4 432.2800 1.73 431.2784 [M+H]+   ↓
**

 

5 4.544 NI C23H34N14O3 555.3010 0.32 554.2938 [M+H]+   ↑
**

 

6 5.068 NI C47H41NO2 652.4096 3.16 651.3137 [M+H]+   ↓
**

 

7 5.552 NI C20H51N9O10 578.3756 0.87 577.3759 [M+H]+   ↓
**

 

8 11.557 6-shogaol C17 H24 O3 277.1820 2.54 276.1725 [M+H]+   ↑
**

 

9 12.151 Gingerol C17H26O4 362.3061 1.21 294.1831 
[M+HCO

ONa]+ 
  ↑

**
 

10 12.349 NI C17H39N5O3 362.3103 4.87 361.3053 [M+H]+    ↑
**

 

11 12.967 

N,2-

dimethyl-3-

hydroxy-6-

(9-

phenylnonyl

) piperidine 

C22H37NO 332.2999 3.21 331.2875 [M+H]+    ↑
**

 

12 14.068 NI C21H35NO 318.3050 9.64 317.2719 [M+H]+    ↑
**

 

13 14.791 NI  C8H8O2 137.0619 1.99 136.0524 [M+H]+    ↑** 

14 15.245 NI C22H45N7O7 520.3482 0.91 519.3380 [M+H]+ ↑ 

15 17.279 
Paracoumar

yl alcohol 
C9H10O2 301.1432 -1.87 150.1745 [2M+H]+ ↑ 
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2.5 Discussion and conclusion 

Our standardized manufacturing procedure of PRZA is different from that 

described in CP2010 and CP2015 at two aspects: 1) the adjuvant material, ginger 

juice; and 2) quantification of a processing parameter. In CP1990, CP2000, 

CP2005 and the “National Standards for Processing CMMs”, two types of ginger 

juice are used for processing PR: fresh ginger-squeezed juice and dried ginger-

decocted juice. In various local standard handbooks for processing CMMs and 

text books used in universities of Chinese medicine, there is one more type of 

ginger juice, fresh ginger-decocted juice. In CP2010 and CP2015, fresh ginger-

decocted juice is recommended. It has been reported that heating can lower the 

contents of volatile components in the decocted juice, and RP-HPLC analyses 

demonstrated that types of non-volatile components in fresh ginger-squeezed juice 

are more than in fresh ginger-decocted juice (Zhang et al., 2008a). Moreover, the 

fingerprint characteristics of fresh ginger-squeezed juice are similar to that of 

fresh ginger, while there are great differences between the fingerprint 

characteristics of fresh ginger and fresh ginger-decocted juice (Zhang et al., 

2008a). These suggest that the squeezed juice is better than decocted juice in 

keeping the components of fresh ginger. Therefore, in this study, we used fresh 

ginger-squeezed juice for preparing PRZA. We hope that in next edition of CP, 

fresh ginger-squeezed juice is used for producing PRZA.   

 

In previous editions of CP, the boiling time for preparing PRZA is mainly based 

on the experience of individual operators. In the present study, we quantified the 

boiling time for producing PRZA, because boiling time had a significant effect on 
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the content of the water-soluble extractives in our orthogonal experiments. This 

should allow the operators easily and precisely produce PRZA.  

 

In this chapter, we standardized the manufacturing procedure for PRZA. The 

optimized protocol, shown to be applicable for PRZA industrial production, will 

be included in the upcoming “National Standards for Processing CMMs” to 

update the 1998 edition of the China national standard handbook. 

 

PR showed cardiotoxicity, and processing reduced the toxicity. In next chapter, 

we explored the underlying mechanisms of raw PR-induced cardiotoxicity and the 

toxicity-reducing effect of processing using a comprehensive metabolomics 

approach. 
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CHAPTER 3 Exploring the mechanisms for raw PR-induced 

cardiotoxicity and the toxicity-reducing effect of processing by 

metabolomics 

3.1 Abstract 

In Chapter 2, we found that processing with ginger juice and alumen reduced the 

cardiotoxicity of raw PR. In this chapter, we aimed to explore the underlying 

mechanisms of raw PR-induced cardiotoxicity and the toxicity-reducing effect of 

processing by metabolomics. Rat serum metabolites were analysed by LC-Q-

TOF-MS. Metabolomics data were analyzed by the bioinformatics molecular 

network analysis to predict the biological pathways and network functions 

involved in raw PR-induced toxicity and toxicity-reducing effect of processing. 

Results showed that inhibition of mTOR signaling and activation of the TGF-β 

pathway may contribute to raw PR-induced cardiotoxicity, and free radical 

scavenging may be responsible for the toxicity-reducing effect of processing.  
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3.2 Introduction 

PR is toxic (Zhang et al., 2013a; Zhang et al., 2013b).
 
Needle-like calcium oxalate 

crystals, lectins and protocatechualdehyde have been considered as the toxic 

substances of PR (Liang et al., 2013; Yu et al., 2010; Zhong et al., 2006). 

However, the mechanisms of PR-induced toxicity are still not fully understood. 

 

Previous studies demonstrated that PRZA was less toxic than raw PR in mice (Wu 

et al., 1993; Yu et al., 2015b). In Chapter 2, we also found that processing with 

ginger juice and alumen reduced the cardiotoxicity of raw PR in rats. Processing 

caused structural changes of the toxic substances has been regarded as one of the 

toxicity-reducing mechanisms (Yu et al., 2015b). Nevertheless, up to the present, 

the underlying toxicity-reducing mechanisms of processing are uncertain. 

 

Because of the multiple chemical components and the multiple-target nature of 

Chinese medical herbs (Yu et al., 2012), using conventional research approaches 

such as biochemical and histological analyses to elucidate the mechanisms for 

herbal toxicities and the toxicity-reducing effect of processing have limitations. 

Metabolomics, a systematic approach for analysing the small-molecule 

metabolites (MW＜1 kd) using various analytical methods, and for figuring out 

the biological implications of the metabolites using bioinformatics means, has 

emerged as a powerful approach for this kind of studies (Tan et al., 2014; Tang et 

al., 2014). In this chapter, we explored the mechanisms of raw PR-induced 
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toxicities and the toxicity-reducing effect of processing using the metabolomics 

approach. 
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3.3 Materials and methods 

3.3.1 Chemicals and reagents 

LC-MS grade acetonitrile, methanol and formic acid (FA) were purchased from 

RCI Labscan Ltd. (Thailand). Leucine enkephalin (spectroscopic grade) and all 

chemical standards were purchased from Sigma-Aldrich (MO, U.S.A). Milli-Q 

water was prepared using a Milli-Q system (Millipore, MA, USA). 

Malondialdehyde (MDA) assay kit was purchased from Nanjing Jiancheng 

Bioengineering Institute (Nanjing, China). Antibodies against phospho-AKT 

(Ser473), AKT, phospho-mTOR (Ser2448), mTOR and TGF-β1 were obtained 

from Cell Signaling Technology (Beverly, MA, USA). Anti-GAPDH was 

purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Goat anti-

rabbit IgG, goat anti-mouse IgG and protein markers were supplied by Bio-Rad 

(Hercules, CA, USA).  

 

3.3.2 Herbal sample preparations 

Raw PR and PRZA suspensions were prepared as described in Chapter 2 (Section 

2.3.2.1). Briefly, raw PR or PRZA powder (200 g) was suspended in 600 mL of 

0.5% CMC-Na solution to prepare 0.33 g/mL raw PR or PRZA suspension. 

 

3.3.3 Animals and treatments 

Animals were treated as described in Chapter 2 (Section 2.3.7). Briefly, 18 male 

SD rats were randomly divided into three groups (n=6), and daily intragastrically 

javascript:void(0);
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administrated equal volume of the vehicle (0.5% CMC-Na), raw PR or PRZA 

powder suspension at a dosage of 3 g/kg/day for 14 consecutive days. The 

experimental design was shown in Figure 3.1 (Biochemical and histopathological 

assays have been completed in Chapter 2). 
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Figure 3.1 The experimental design for in vivo toxicity study. 
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3.3.4 Animal sample preparations 

Blood samples were collected from the retro-orbital venous plexus on day 15 and 

centrifuged at 3500 rpm for 10 min after standing for two hours at 4°C. The serum 

was then transferred into new tubes and stored at -80°C for further analyses. A 

portion of 200 μL of serum was added to 400 μL of acetonitrile, and the mixture 

was vortexed for 30 s. After centrifugation at 13,000 rpm for 10 min at 4°C, the 

supernatant was pipetted out and lyophilized for LC-MS analyses. Another 

portion of the collected serum was used for determination of the content of MDA 

according to the manufacturer’s instruction of the commercial test kit.  

 

3.3.5 LC-TOF-MS analyses 

LC-TOF-MS analyses were performed by using an Agilent-1200 LC system 

coupled with an electrospray ionization (ESI) source (Agilent Technologies, Palo 

Alto, CA, USA) and an Agilent-6540 Q-TOF mass spectrometer. Separation of all 

samples were performed on an ACQUITY UPLC T3 C18 column (2.1 mm×100 

mm I.D., 1.8 μm) with a column temperature set at 35℃. The flow rate was 0.45 

mL/min, and the mobile phase was composed of 0.1% FA in acetonitrile and 0.1% 

FA in water. The following gradient program was used: 1% acetonitrile for 0-1 

min; 1-70% acetonitrile for 1-10 min; 70-99% acetonitrile for 10-11 min; 99% 

acetonitrile for 11-13 min; re-equilibration step for 4 min. The sample injection 

volume was 2 μL. 

 

Mass detection was operated in both positive and negative ion modes with the 
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following setting: drying gas (N2) flow rate, 8 L/min; gas temperature, 350℃; 

pressure of nebulizer gas, 35 psig; capillary voltage, 4500 V; fragmentor, 145 V; 

skimmer voltage, 65 V; scan range, m/z 50-1400. All analyses were acquired 

using the instrument mass spray to ensure accuracy and reproducibility. Leucine 

enkephalin was used as the instrument reference mass (m/z 556.2771) at a 

concentration of 50 fmol/μL with the flow rate 40 μL/min. Data profile was 

recorded at a speed of 0.15 s/scan and the scanning delay of 0.01s during analysis. 

 

3.3.6 Sequence analysis 

The pooled quality control (QC) sample was analyzed at the beginning, the end, 

and randomly through the analytical run to monitor the stability of sequence 

analysis. The typical batch sequence of serum samples consisting of consecutive 

analysis cycles of 1 QC serum sample (at the beginning of the study) follow by 6 

unknown serum samples. Meanwhile, samples were analyzed in a random order 

for a normal good practice. An identical sequence was repeated to complete the 

total set of injections (n = 22, including QCs) analyzed in less than 1 day per 

mode (Guy et al., 2008; Lv et al., 2010). 

 

3.3.7 LC-MS data processing 

The LC-MS raw data were exported by Agilent Mass Hunter Qualitative Analysis 

Software (Agilent Technologies, Palo Alto, CA, USA). The data of each sample 

were normalized to the total area to correct for the MS response shift between 

injections due to any possible intra- and inter-day variations. The sum of the ion 
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peak areas within each sample was normalized to 10000. Multivariate analysis 

was performed using the Mass Profiler Professional (MPP) software B.12.00 

(Agilent Technologies, Palo Alto, CA, USA). The principal components analysis 

(PCA) was used for classification of the differential metabolic phenotypes. 

 

3.3.8 Pathway and network predication by the ingenuity pathway analysis 

(IPA) 

The KEGG compound numbers and the matched identified metabolites in raw PR 

and PRZA groups were set up as the identifiers of two datasets. Each dataset was 

uploaded into the IPA system (http://www.ingenuity.com), which enabled the 

discovery, visualization and exploration of molecular interactions to identify the 

biological mechanisms, pathways and functions most relevant to the experimental 

datasets. The proof-of-knowledge based IPA can be used to find out the 

biomarkers, and further predict treatment-affected biological pathways and 

networks based on these biomarkers (Llorens et al., 2011). We utilized IPA 

system with the “metabolic analysis” module to analyze the identified metabolites 

in raw PR and PRZA groups; and comparisons of the canonical 

pathways/biological networks between the two groups were also carried out using 

the “comparison” module in IPA software. In this experiment, the scores 

associated with the canonical pathways analyses were calculated using logarithm 

of the p-value (Fisher's exact test). Significances for biological functions were 

then assigned to each network by determining a p-value for the enrichment of the 

metabolites in the network for such functions compared with the whole Ingenuity 

Pathway Knowledge Base as a reference set. 
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3.3.9 Western blot analyses 

Western blot analyses of total protein lysates prepared from the heart tissues of 

control, raw PR and PRZA groups were performed. Protein concentrations were 

determined according to the Bio-Rad protein assay reagent. The heart tissue 

lysates were separated on 8% or 10% gels and transferred to nitrocellulose 

membranes. The membranes were incubated in 5% skim milk in TBS-T buffer at 

room temperature. Blocked membranes were incubated with primary antibodies at 

4°C overnight, followed by incubation with secondary antibodies at room 

temperature for 1 h. After washing in TBS-T, immunereactive bands were 

visualized by the chemiluminescence substrate (Thermo Scientific, Rockford, IL, 

USA). 

 

3.3.10 Statistical analysis 

Results of body weights, biochemical assays and Western blot analyses were 

presented as mean ± SD. These data were analyzed by one-way ANOVA followed 

by the Dunnett’s multiple comparisons using GraphPad Prism version 5.0 

(GraphPad Software, San Diego, CA, USA). p<0.05 was considered statistically 

significant. 
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3.4 Results 

3.4.1 Repeatability and stability of the LC-Q-TOF-MS method 

Six extracts from a random serum sample were continuously injected to the LC-

MS system to evaluate the repeatability of the analytical method. Four common 

extracted ion chromatograms (EICs) shared by these injections were selected 

according to their different chemical polarities and m/z values. The relative 

standard derivations (RSDs) of these peaks were 4.04-14.51% for peak areas and 

0.03-0.98% for retention times. These results indicated that our established LC-Q-

TOF-MS method was repeatable. 

 

The LC-MS system stability for the large-scale samples analyses was 

demonstrated by the test of pooled QC samples. The peak areas, retention times 

and mass accuracies of four selected EICs in four QC samples showed good 

system stability. RSDs of the four peaks were 4.84−14.08% for peak areas, 

0.02−1.01% for retention times, and 0.12×10-04%−0.87×10-04% for mass 

accuracies. These data indicated that the LC-MS system was stable. 

 

3.4.2 Identification of differential metabolites 

Typical total ion current (TIC) chromatograms of the serum samples were 

obtained for vehicle-, raw PR- and PRZA-treated rats (Figure 3.2). Top 200 

significant ions were selected for metabolite identification. Among them, 10 

significantly altered metabolites were identified and were shown in Table 1. 

Based on the metabolic differences among the three groups, we used PCA to 
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classify the differential metabolic phenotypes. PCA results showed that the three 

groups were obviously clustered (Figure 3.3), suggesting that treatment with raw 

PR/PRZA caused endogenous metabolite changes compared to the vehicle, and 

the metabolite changes are different between raw PR and PRZA groups. 

 

Seven and eight significantly altered metabolites were identified in the serum 

samples of raw PR- and PRZA-treated rats, respectively (Table 3.1). Proline, 

dihydrouracil, dihydrosphingosine 1-phosphate (dhS1P) and 2-keto-4-

methylthiobutyric acid (KMTB) were up-regulated, and saccharopine was down-

regulated in both raw PR and PRZA groups. Leucine and 5-hydroxytryptamine (5-

HT) were only up-regulated in raw PR group, while kynurenine, p-aminobenzoic 

acid (PABA) and tyrosine were only up-regulated in PRZA group. 
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Figure 3.2 The representative positive base peak intensity (BPI) chromatograms 

of the serum samples of vehicle-, raw PR- and PRZA-treated rats. (A) Control 

group; (B) Raw PR group; (C) PRZA group. 
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Figure 3.3 Results of the multiple pattern recognition of the serum metabolites in 

control, raw PR and PRZA groups at the time point of day 14. (red ) Control 

group, (brown ) Raw PR group, (blue ) PRZA group. 
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Table 3.1 Significantly altered metabolites in the serum samples of vehicle-, raw 

PR- and PRZA-treated rats. 

No. tR (min) 
Extract 

mass 
Formula Compound 

Fold change 

Raw PR 

vs. Control 

PRZA vs. 

Control 

1 0.6906 115.0633 C5H9NO2 Proline ↑/1.87 ↑/1.83 

2 1.3981 131.0946 C6H13NO2 Leucine ↑/1.59 - 

3 5.2621 208.0848 C10H12N2O3 Kynurenine - ↑/1.57 

4 1.7704 176.0950 C10H12N2O 
5-hydroxytryptamine (5-

HT) 
↑/1.94 - 

5 9.1083 114.0429 C4H6N2O2 Dihydrouracil ↑/1.92 ↑/1.94 

6 9.5202 381.2644 C18H40NO5P 
Dihydrosphingosine 1-

phosphate (dhS1P) 
↑/1.62 ↑/1.66 

7 10.8046 148.0190 C5H8O3S 
2-keto-4-methylthiobutyric 

acid (KMTB) 
↑/1.44 ↑/1.60 

8 11.7082 276.1321 C11H20N2O6 Saccharopine ↓/-1.76 ↓/-1.98 

9 0.6774 137.0477 C7H7NO2 P-aminobenzoate (PABA) - ↑/1.98 

10 1.1796 181.0739 C9H11NO3 Tyrosine - ↑/1.81 

↑up-regulation; ↓down-regulation; -: no significant change. 
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3.4.3 Metabolic pathway and network function analyses with IPA 

To further understand the correlation between the candidate metabolites and the 

biological association networks, we performed bioinformatics analysis using the 

IPA software. A network was built based on the seven differential metabolites 

identified in the serum samples of raw PR-treated rats. The established network 

functions included amino acid metabolism, lipid metabolism, small molecule 

biochemistry, cell-to-cell signaling and interaction, as well as vitamin and mineral 

metabolisms. The canonical pathways included proline, uracil and lysine 

degradations, the TGF-β and mTOR signaling pathways, as well as serotonin 

biosynthesis (Figure 3.4A). Similarly, we have also mapped the metabolic 

network by using the eight differential metabolites identified in the serum samples 

of PRZA-treated rats (Figure 3.4B). The established network functions include 

amino acid metabolism, post-translational modification, lipid metabolism, small 

molecule biochemistry, and free radical scavenging. The canonical pathways were 

tyrosine biosynthesis, and proline, uracil, tryptophan and lysine degradations. 

 

Previous studies suggested that leucine up-regulation could activate mTOR 

signaling (Canedo et al., 2010; Li et al., 2011), and excessive activation or 

inhibition of mTOR signaling could induce cardiac disorders (Maruyama et al., 

2011); 5-HT up-regulation might elevate TGF-β1 expression and activity, which 

could induce significant cardiovascular adverse effects, e.g., cardiac arrhythmias 

(Nebigil and Maroteaux, 2003) and cardiac valve abnormalities (Jian et al., 2003; 

Jian et al., 2002); kynurenine, PABA and tyrosine have been reported to have free 

radical scavenging properties (Kuo et al., 2005; Patel et al., 2010; Perez-Gonzalez 
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et al., 2015). Therefore, we speculated that two highlighted pathways, the mTOR 

and TGF-β signaling pathways may be involved in raw PR-induced cardiotoxicity; 

and the predicated molecular network function, free radical scavenging may be 

responsible for the toxicity-reducing effect of processing. 
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Figure 3.4 Molecular networks and the canonical pathways in the serum of raw 

PR- and PRZA-treated rats. (A) Raw PR group; (B) PRZA group. The network 

was gained by overlapping raw PR- or PRZA-treated group’s data to control 

group’s data. Metabolites are represented as nodes, and the biological relationship 

between two nodes is represented as a line. The colored symbols represent 

metabolites that occurring in the tested data, while the transparent entries are 

molecules from the Ingenuity Knowledge Database. Orange symbols represent 

up-regulated metabolites; green symbols represent down-regulated metabolites. 

Solid lines between molecules indicate a direct physical relationship between 

molecules; dotted lines indicate indirect functional relationships. 
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3.4.4 Verification of the mechanisms of raw PR-induced cardiotoxicity and 

the toxicity-reducing effect of processing 

In an attempt to verify the two IPA highlighted biological pathways (the mTOR 

and TGF-β signaling pathways) that potentially involved in raw PR-induced 

cardiotoxicity, we examined the expressions of the critical proteins in these two 

pathways in rat heart tissues. Western blot analyses showed that raw PR 

significantly decreased the phosphorylation of mTOR (the critical protein 

involved in mTOR signaling) compared to the vehicle (p＜0.05) (Figure 3.5A). 

Previous studies have demonstrated that inhibition of mTOR signaling could 

induce cardiac diseases (Maruyama et al., 2011; Sciarretta et al., 2014). Hence, 

our data suggested that inhibition of mTOR signaling was one of mechanisms 

responsible for raw PR-induced cardiotoxicity. Meanwhile no significant 

difference in the mTOR phosphorylation was observed between control and 

PRZA groups (Figure 3.5A), which supported our observations that processing 

reduced the cardiotoxicity of raw PR. In addition, raw PR dramatically increased 

the TGF-β1 (the critical protein involved in TGF-β signaling) protein expression 

level compared to the vehicle (p＜0.05), while, no significant difference in the 

protein expression level of TGF-β1 was observed between control and PRZA 

groups (Figure 3.5B). Studies have demonstrated that up-regulation of the TGF-β1 

expression could cause cardiac adverse effects (Jian et al., 2003; Jian et al., 2002; 

Nebigil and Maroteaux, 2003). Thus, it could be speculated that activation of the 

TGF-β signaling pathway contributed to raw PR-induced cardiotoxicity and that 

processing reduced the toxicity. 
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Figure 3.5 The protein expression levels in the heart tissues of vehicle-, raw PR- 

and PRZA-treated rats. Rats were daily intragastrically administrated equal 

volume of the vehicle, raw PR or PRZA powder suspension at a dosage of 3 

g/kg/day for 14 consecutive days. Heart tissues were collected and stored at -80°C 

for Western blot analysis. (A) mTOR and phospho-mTOR protein expression 

levels; (B) TGF-β1 protein expression levels. The protein expression levels (left, 

representative results) were determined by Western blot analyses and relative 

band intensities (right) were analyzed by the Image J software. *p<0.05, vs. 

control group; 
#
p<0.05 vs. raw PR group. 
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To verify the predicted molecular network function free radical scavenging that 

may involve in the toxicity-reducing effect of processing, we determined the 

MDA contents in the serum samples of vehicle- , raw PR- and PRZA-treated rats. 

MDA is a classic biomarker of oxidative stress, which is produced by free radicals 

in the body. MDA is widely used as an indicator of the free radical level (Mustafa 

et al., 2016). As shown in Figure 3.6, raw PR greatly increased the MDA content 

compared to the vehicle (p＜0.01), suggesting that raw PR caused oxidative stress 

in rats. While the MDA content in PRZA group was lower than that in raw PR 

group (p＜0.01), and no significant difference was observed in control and PRZA 

groups, suggesting that processing reduced the oxidative stress-causing effects of 

raw PR or processing enabled the herb to possess free radical scavenging property. 

These findings further suggest that free radical scavenging may be responsible for 

the cardiotoxicity-reducing effect of processing. 



 

99 

 

Figure 3.6 The MDA contents in the serum of raw PR- and PRZA-treated rats. 

Rats were daily intragastrically administrated equal volume of the vehicle, raw PR 

or PRZA powder suspension at a dosage of 3 g/kg/day for 14 consecutive days. 

Serum samples were collected and used for determination of the content of MDA 

according to the manufacturer’s instruction of the commercial test kit. **p< 0.01 

vs. control group. 
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Taken together, all above results suggest that inhibition of mTOR signaling and 

activation of the TGF-β pathway contributed to raw PR-induced cardiotoxicity, 

and free radical scavenging was, at least in part, responsible for the toxicity-

reducing effect of processing. The characteristic metabolites and the metabolic 

regulatory networks of raw PR and PRZA were summarized in Figure 3.7. 
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Figure 3.7 The characteristic metabolites and the regulated metabolic regulatory 

networks of raw PR and PRZA. Red italics molecules represent characteristic 

metabolites up-regulation in raw PR group and PRZA group; solid lines between 

molecules indicate a direct transforming relationship, while dotted lines indicate 

indirect relationships. ‘‘f’’ represents the fold change value of raw PR vs. control 

or PRZA vs. control. 
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3.5 Discussion and conclusion  

According to the TCM theory, processing can reduce the toxicity of the herbs. 

The theory has been supported by modern studies (Su et al., 2016; Su et al., 2014). 

PR is a toxic Chinese medicinal herb, and many studies have shown that 

processing can reduce the toxicity of raw PR. People have studied the toxic 

components, toxicological effects and toxicokinetics of this herb (Liang et al., 

2013; Wu et al., 2015; Zhang et al., 2013a; Zhong et al., 2006). To explore the 

toxicity-reducing mechanisms of processing, researchers have been studying the 

structural changes of toxic substances and the impact of the adjuvant materials 

used in processing (Yu et al., 2015a; Yu et al., 2015b). However, the mechanisms 

of raw PR-induced toxicities and the toxicity-reducing effect of processing are 

still not fully understood. Therefore, we conducted metabonomics analyses to 

explore the mechanisms involved in raw PR-induced cardiotoxicity and the 

toxicity-reducing effect of processing. 

 

A total of 10 significantly altered metabolites were identified in the serum 

samples of vehicle-, raw PR- and PRZA-treated rats (Table 3.1). Among them, 

leucine and 5-HT, two characteristic metabolites, were only up-regulated in raw 

PR group. Leucine, one of the branched-chain amino acids, is commonly 

catabolized in cardiac muscle and highly effective in activating mTOR signaling 

(Canedo et al., 2010; Li et al., 2011). Some studies suggested that inhibition of 

mTOR signaling is closely related to the pathogenesis of cardiac hypertrophy 

(Maruyama et al., 2011), which may cause heart failure, and lead to morbidity and 

mortality (Barry and Townsend, 2010; Zhou et al., 2015); other studies 
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demonstrated that inhibition of mTOR signaling induced acute cardiotoxicity 

(Zhu et al., 2009); our Western blot analyses showed that raw PR significantly 

decreased the phosphorylation of mTOR in heart tissues compared to the vehicle, 

suggesting that inhibition of mTOR signaling may contribute to raw PR-induced 

cardiotoxicity. However, in this study, leucine was up-regulated (Table 3.1), and 

the phosphorylation of mTOR was decreased (Figure 3.5A) in raw PR group 

compared to control group, i.e., leucine up-regulation did not activate the mTOR 

signaling in heart tissues. This result is different from previous studies (Canedo et 

al., 2010; Li et al., 2011). In our experimental setting, some raw PR chemicals-

caused leucine up-regulation might activate mTOR signaling through some 

signaling pathways; whereas the effects of leucine on those pathways were 

probably opposite as expected because of the impact of other components of raw 

PR, resulting in the observed reduction of mTOR phosphorylation. Alternatively, 

a third group of compounds from raw PR might inhibit mTOR signaling by 

leucine-unrelated mechanisms in rat hearts. How mTOR phosphorylation in rat 

hearts was reduced in response to raw PR treatment is a question to be addressed. 

Inhibition of mTOR signaling is not necessarily due to the changes of leucine 

levels, although it may contribute to raw PR-induced cardiotoxicity. 

 

Serotonin, also named as 5-HT, has growth-promoting effect on cardiac myocytes 

in physiological status (Bianchi et al., 2005). While in pathological state, 5-HT 

plays a major role in the pathogenesis of the cardiac plaque formation and is 

considered as an etiologic agent in the development of heart diseases. Studies 

suggested that 5-HT up-regulation is related to the apoptosis of cardiomyocytes, 
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which may lead to cardiac failure (Nebigil et al., 2003). 5-HT up-regulation 

indeed causes cardiac hypertrophy, fibrosis, valvular and endocardial lesions (Jian 

et al., 2002; Keys et al., 2002). Furthermore, 5-HT up-regulation elevates the 

TGF-β1 expression and activity, which may result in cardiac diseases (Jian et al., 

2003; Jian et al., 2002). As shown in Table 3.1, 5-HT was up-regulated in raw PR 

group compared to control group, and our Western blot analyses showed that raw 

PR significantly increased the expression level of TGF-β1 in heart tissues 

compared to the vehicle, suggesting that activation of the TGF-β signaling 

pathway also contribute to raw PR-induced cardiotoxicity. Based on the 

discovered toxicity mechanisms, people can improve the processing procedure of 

PR and can select its suitable combinational-use herbs in the clinic. 

 

Among the 10 significantly altered metabolites in the experimental groups, three 

metabolites kynurenine, PABA and tyrosine were only up-regulated in PRZA 

group. All these three metabolites have free radical scavenging properties (Kuo et 

al., 2005; Patel et al., 2010; Perez-Gonzalez et al., 2015). Kynurenine is a 

metabolite of an amino acid tryptophan (a compound from fresh ginger) (Choi et 

al., 1999). It is a free-radical scavenger that is estimated to be at least 24 times 

more efficient than trolox for scavenging •OOH (Lugo-Huitron et al., 2011; 

Perez-Gonzalez et al., 2015). PABA, an intermediate in the synthesis of folate by 

many bacteria including Escherichia coli, is nontoxic and is regarded as a 

nutritional supplement that may alleviate fatigue, irritability, depression, weeping 

eczema, scleroderma, etc. Studies suggested that PABA prohibits the generation 

of free radicals by inhibiting the nitric oxide formation (Patel et al., 2010). 

https://en.wikipedia.org/wiki/Metabolite
https://en.wikipedia.org/wiki/Tryptophan
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Additionally, several bioactive components from fresh ginger, such as 6-shogaol, 

zingerone and dehydrozingerone have potent free radical scavenging and 

tyrosinase inhibitory activities (Huang et al., 2014; Kuo et al., 2005; Yao et al., 

2013). Tyrosinase is one of the important enzymes that involved in tyrosine 

degradation. Hence, tyrosine up-regulation may reflect the free radical scavenging 

capacity enhancement. Our results showed that raw PR significantly increased the 

MDA (an indicator of the free radical level) content compared to the vehicle, 

while the MDA content in PRZA group was lower than that in raw PR group, 

suggesting that processing enabled the herb to possess free radical scavenging 

property. Therefore, free radical scavenging may be responsible for the 

cardiotoxicity-reducing effect of processing. 

 

Other five metabolites including KMTB, saccharopine, dihydrouracil, dhS1P and 

proline were identified to be altered in both raw PR and PRZA groups. Alterations 

of these metabolites might be responsible for the common toxic or therapeutic 

effects of raw PR and PRZA. Specifically, KMTB is a keto form of the sulfur-

based amino acid methionine. Measurement of KMTB has been considered as a 

potential means for detecting free radical generation in vivo. Previous studies 

suggested that the higher serum KMTB level, the more free radical generation 

(Lawrence and Cohen, 1985). In this study, KMTB was up-regulated in both raw 

PR and PRZA groups, up-regulation of KMTB may contribute to raw PR- and 

PRZA-induced oxidative damage. Saccharopine is an intermediate in the 

degradation of lysine in mammals. Saccharopine down-regulation might be due to 

the lysine reduction. Lysine plays a major role in calcium absorption, muscle 
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protein building, as well as hormone, enzyme and antibody productions. Studies 

suggested that lysine deficiency causes immunodeficiency (Chen et al., 2003; 

Smriga et al., 2002). Saccharopine was down-regulated in both raw PR and PRZA 

groups, which might partially explain the toxicities of both raw PR and PRZA. 

Dihydrouracil is an intermediate in the catabolism of uracil (a nucleoside). 

Nucleosides are the important components of PR (Lu et al., 2011). Dihydrouracil 

up-regulation should be attributed to the metabolism of raw PR and PRZA in the 

body. dhS1P is a bioactive lipid mediator that is similar to sphingosine-1 

phosphate (S1P). Both dhS1P and S1P are catalyzed by sphingosine kinases. S1P 

regulates cardiac and vascular homeostasis (Galvani et al., 2015; Nakajima et al., 

2014). It plays a causal role in the pathogenesis of many cardiovascular disorders, 

such as coronary artery disease, atherosclerosis, myocardial infarction, and heart 

failure (Levkau, 2013). dhS1P was up-regulated in both raw PR and PRZA groups, 

which might partially explain the toxicities of raw PR and PRZA. Proline, an α-

amino acid, is regarded as a signaling molecule to modulate mitochondrial 

functions and trigger specific gene expressions (Saibi et al., 2015). It plays an 

important role in cellular homeostasis including redox balance and energy status 

(Phang et al., 2015). Proline was up-regulated in both raw PR and PRZA groups, 

which might explain the common efficacies of both raw PR and PRZA. 

 

In summary, our results suggest that inhibition of mTOR signaling and activation 

of the TGF-β pathway may contribute to raw PR-induced cardiotoxicity, and free 

radical scavenging may be responsible for the cardiotoxicity-reducing effect of 

processing. 
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The decoction pieces raw PR is commonly prescribe by TCM doctors to treat 

cancers including liver cancer. In next chapter, we investigated the anti-liver 

cancer effects and mechanism of action of raw PR. 
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CHAPTER 4 Anti-liver cancer action of raw PR 

4.1 Abstract 

Liver cancer is the sixth common cancer worldwide, and the third leading cause of 

cancer related mortality. Both the MAPK and PI3K/AKT/mTOR signaling 

pathways play an important role in liver cancer cells proliferation, differentiation, 

apoptosis and tumor angiogenesis. Raw PR, a traditional Chinese medicinal herb, 

has long been prescribed by TCM doctors to treat liver cancer. In Chapter 2, we 

found that the cytotoxicity of raw PR was more potent than that of PRZA in liver 

cancer cells. However, the underlying mechanism of the anti-liver cancer action 

of raw PR is not fully understood. In this chapter, we investigated the anti-liver 

cancer effects and the involvement of the MAPK and PI3K/AKT/mTOR signaling 

pathways in the mechanism of action of raw PR in vitro and in vivo. Results 

showed that a 75% ethanolic extract of raw PR inhibited proliferation and induced 

apoptosis in liver cancer cells. Mechanistic studies showed that raw PR extract not 

only activated the ERK and p38 MAPKs, but also inhibited the constitutive 

activation of PI3K/AKT/mTOR signaling in liver cancer cells. Raw PR extract 

increased reactive oxygen species (ROS) production, which is associated with the 

suppression of cell proliferation and induction of apoptosis. Importantly, 

inhibition of ROS generation by N-acetyl-L-cysteine (NAC) significantly 

diminished the ERK and p38 MAPKs activations, and also diminished raw PR 

extract-afforded anti-proliferative and apoptotic effects. Moreover, we found that 

MK-2206, a AKT inhibitor, significantly enhanced the inhibitory effect of raw PR 

javascript:void(0);
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extract on PI3K/AKT/mTOR signaling, and enhanced raw PR extract’s anti-

proliferative and apoptotic effects. Furthermore, the anti-liver cancer activity of 

raw PR extract was also observed in SMMC-7721 xenografts in nude mice. 

Intragastric administration of raw PR extract suppressed SMMC-7721 

xenografted tumor growth in nude mice. Taken together, these findings suggest 

that raw PR extract exerts anti-liver cancer activities in vitro and in vivo, and 

ROS-mediated MAPK activation as well as PI3K/AKT/mTOR signaling 

inhibition are the potential mechanisms of action. 
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4.2 Introduction 

Liver cancer causes nearly 600,000 deaths annually worldwide, and the incidence 

is still increasing (El-Serag and Rudolph, 2007; Tanaka and Arii, 2009). Liver 

cancer patients are often diagnosed at late stage and die within 7-8 months after 

diagnosis. Although surgery remains the treatment of choice for liver cancer, 

tumor size and hepatic functional reservation might restrict surgical ablation (Kerr 

and Kerr, 2009). Conventional therapies such as transcatheter arterial 

embolization, radiotherapy, microwave coagulation therapy and percutaneous 

ethanol injection therapy are generally not prescribed for advanced liver cancer 

due to their low efficacy (Fevery, 2000). In clinical trials, the first-line drugs used 

for liver cancer include sorafenib, doxorubicin, fluorouracil and cisplatin (Hong et 

al., 2013). However, they have side effects. Some patients showed very short 

survival, and others suffered from diarrhea or hyperbilirubinemia (Kane et al., 

2009). Hence, the discovery of new anticancer drug with high efficacy and low 

toxicity is critical. 

 

Apoptosis is a specific process leading to programmed cell death. Induction of 

apoptosis is a promising approach for disposing the cancer cells (Decaudin et al., 

1998). Apoptosis can be driven by two major apoptotic pathways, the 

mitochondrial-mediated apoptotic intrinsic pathway and the cell death receptor-

mediated extrinsic pathway (Yuan et al., 2013). In addition, apoptotic cell death is 

characterized by a series of unique biochemical and morphological events 

involving complex signal transduction, such as the MAPK and PI3K/Akt/mTOR 

pathways (Wang et al., 2013).  
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MAPKs are serine-threonine protein kinases that regulate many cellular processes 

including cell proliferation, differentiation and apoptosis. MAPKs consist of 

extracellular signal-related kinases (ERKs), c-jun NH2-terminal kinases (JNKs) 

and p38 MAPKs (Boutros et al., 2008). Many stimuli such as anticancer drugs or 

irradiation stimulate ROS production in cells (Jacobson, 1996; Pelicano et al., 

2004; Tsang et al., 2003), which in turn induces a number of events including the 

MAPKs signal transduction (Boutros et al., 2008; McCubrey et al., 2006; Torres 

and Forman, 2003). The ROS-mediated activation of ERK, JNK, and p38 MAPKs 

are involved in growth arrest and apoptosis in liver cancer (Assefa et al., 2000; 

Matsuzawa and Ichijo, 2005; Navarro et al., 2006). Besides the MAPK pathway, 

the PI3K/AKT/mTOR signaling pathway also plays a critical role in liver cancer 

cell proliferation and apoptosis (Samarin et al., 2016). Indeed, this pathway is 

activated in 30-50% of liver cancer cases (Minguez et al., 2009). Inhibition of the 

PI3K/AKT/mTOR pathway is considered to be a good molecular target for liver 

cancer treatment. 

 

For treating liver cancer, TCM doctors usually choose raw PR based on the 

traditional processing theory—one of the TCM theories. Proteins, polysaccharides, 

alkaloids, as well as some single compounds (e.g., baicalein, baicalin, β-sitosterol 

and trigonelline) from PR have anti-liver cancer activities (Koschutnig et al., 2009; 

Wang et al., 2015; Wang and Li, 2009; Wang et al., 2014b). Previous studies 

suggest that the ethanol extract of raw PR inhibits human liver cancer cells 

proliferation and induces apoptosis (Huang, 2006; Huang et al., 2007b; Huang and 

Zhang, 2009). However, the underlying mechanisms of the anti-liver cancer 

app:ds:ethanol
app:ds:extract
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action of raw PR are unknown. Some evidences demonstrated that a single 

compound β-sitosterol occurring in PR induces apoptosis through the PI3K/AKT 

signaling pathways in leukemia cells (Moon et al., 2008). Combination of baicalin 

and baicalein (two single compounds isolated from PR) enhances apoptosis via 

the MAPK pathway in human breast cancer cells (Zhou et al., 2009). Therefore, 

we hypothesize that raw PR exerts anti-liver cancer activity by regulating the 

MAPK and PI3K/AKT/mTOR signaling pathways. 

 

In this chapter, we investigated the anti-liver cancer effects of raw PR extract and 

the underlying mechanisms of action in vivo and in vitro. For these purposes, we 

used HepG2 and SMMC-7721 cell models and the nude mouse SMMC-7721 

xenografted model. 
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4.3 Materials and methods 

4.3.1 Chemicals and reagents 

Annexin V-fluorescein isothiocyanate (FITC)/propidium iodide (PI) apoptosis 

detection kit was purchased from BD Biosciences (San Jose, CA, USA). Protein 

markers were supplied by Bio-Rad (Hercules, CA, USA). Bovine serum albumin 

(BSA), N-acetyl-L-cysteine (NAC), MK-2206 and DAPI (4',6-diamidino-2-

phenylindole) were purchased from Sigma-Aldrich (MO, U.S.A). 2,7-

Dichlorofluorescein diacetate (DCFH-DA) was purchased from Molecular Probes 

(Eugene, OR). Information of antibodies used for Western blot analyses was listed 

in Table 4.1. 
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Table 4.1 List of the antibodies used for Western blot analyses 

Antibodies Dilution Manufacturer 

phospho-Akt (Ser473) 1:1000 Cell Signaling  

Akt 1:2000 Cell Signaling 

Cleaved-PARP 1:1000 Cell Signaling 

PARP 1:2000 Cell Signaling 

phospho-Erk (Thr 202/Tyr 204) 1:1000 Cell Signaling 

Erk 1:2000 Cell Signaling 

Phospho-p38 (Thr180/Tyr182) 1:1000 Cell Signaling 

p38 1:2000 Cell Signaling 

Phospho-JNK (Thr183/Tyr185) 1:1000 Cell Signaling 

JNK 1:2000 Cell Signaling 

PI3K 1:1000 Cell Signaling 

Phospho-mTOR (Ser2448) 1:1000 Cell Signaling 

mTOR 1:1000 Cell Signaling 

Phospho-p70 S6 Kinase 1:1000 Cell Signaling 

p70 S6 Kinase 1:1000 Cell Signaling 

Cleaved Caspase-3 1:800 Cell Signaling 

Caspase-3 1:1000 Cell Signaling 

GAPDH 1:3000 Santa Cruz  

Goat anti-rabbit IgG 1:5000 Bio-Rad 

Goat anti-mouse IgG 1:5000 Bio-Rad 
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4.3.2 Preparation of raw PR extract 

Raw PR powder was reflux-extracted twice with 75% ethanol (1:10, w/v) for 2 h 

each. Combined extracts were filtered after cooling and then concentrated under 

reduced pressure to remove the solvent. The powdered extract (yield: 3.8%) was 

obtained by lyophilizing of the concentrated samples with a Virtis Freeze Dryer 

(The Virtis Company, New York, USA). 

 

4.3.3 Cell culture 

The human liver cancer HepG2 and SMMC-7721 cells were obtained from the 

American Type Culture Collection (ATCC, Manassa, VA, USA), and the Cell 

Bank of Chinese Academy of Sciences (Shanghai, China), respectively. Cells 

were cultured in DMEM (GIBCO, USA) supplemented with 10% heat-inactivated 

FBS (GIBCO, USA) and 1% penicillin/streptomycin at 37℃ in a humidified 5% 

CO2 atmosphere. 

 

4.3.4 Cell viability assay 

The cytotoxic effects of raw PR extract in HepG2 and SMMC-7721 cells were 

determined by the MTT assay. Cells (5,000/well) were seeded in 96-well plates, 

and treated with different concentrations of raw PR extract (50 µg/mL, 100 µg/mL, 

200µg/mL, 400µg/mL, 800 µg/mL, 1000 µg/mL) or vehicle. After incubation for 

24 or 48 h, 20 µL of MTT solution (5 mg/mL) was added to each well and 

incubated for an additional 3 h. The formed formazan crystal was dissolved with 
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100 µL of DMSO. The absorbance was detected at 570 nm by a microplate 

spectrophotometer (BD Biosciences, USA). 

 

4.3.5 Apoptosis assay 

Apoptotic effects of raw PR extract in HepG2 and SMMC-7721 cells were 

evaluated by AnnexinV/PI double staining with the Apoptosis Detection Kit (BD 

Biosciences, San Jose, CA, USA) according to the manufacturer’s instructions. 

Briefly, cells were harvested after 48 h treatment and 1×10
5
 cells were then 

incubated in 100 µL labeling solution (5 µL of AnnexinV-FITC, 5 µL of PI, 10 

µL of 10X binding buffer and 80 µL of H2O) in darkness at room temperature for 

15 min. After that, 400 µL of 1X binding buffer was added to stop the staining 

reaction. Flow cytometric analyses were performed on a FACSCalibur
TM 

(BD 

Biosciences, USA) by utilizing 10,000 events. 

 

4.3.6 Immunofluorescent staining 

HepG2 and SMMC-7721 cells were seeded on sterile coverslips in 24-well plates 

and allowed to grow in serum-free medium for 12 h, after treatment with vehicle 

or raw PR extract (200 µg/mL for HepG2 cells, and 300 µg/mL for SMMC-7721 

cells, respectively) for 48 h, cells were fixed in 3.7% formalin and washed three 

times with phosphate buffered saline (PBS). Nonspecific sites were then blocked 

with PBS containing 5% BSA for 30 min at room temperature with gentle rocking. 

Thereafter, a solution of specific antibody (anti-cleaved-caspase-3) was flooded 

over the cells, and the cultures were incubated at 4℃ overnight. After washing 



 

117 

with PBS, cells were further incubated with anti-rabbit IgG Fab2 Alexa Fluor 

(Cell Signaling Technology, USA) for 1 h at room temperature, followed by 

washing with PBS, and then analyzed using a fluorescence microscope (Leica, 

Germany). 

 

4.3.7 Western blot analyses 

After treatment with different concentrations of raw PR extract or vehicle for 48h, 

cells were harvested and then lysed with RIPA buffer [50 mM Tris-HCl, 1% NP-

40, 0.35% sodium-deoxycholate, 150 mM NaCl, 1 mM EDTA (pH7.4), 1 mM 

phenylmethylsulfonyl fluoride (PMSF), 1 mM NaF, 1 mM Na3VO4 and 10 µg/mL 

each of aprotinin, leupetin and pepstatin A] on ice for 30 min. Then the lysates 

were centrifuged at 14,000 × g at 4°C for 20 min. After centrifugation, the 

supernatant were transferred into new tubes and stored at -80°C. Protein 

concentrations were determined by using the Bio-Rad protein assay reagent. 25 µg 

proteins mixed with 5× loading dye [250 mM Tris-HCl (pH 6.8), 5% SDS (w/v), 

25% glycerol (v/v), 0.005% bromophenol blue (w/v)] and 1% 2-mercaptoethanol 

(v/v) were heated at 95°C for 5 min and then separated on 8%, 10% or 12% SDS-

PAGEs along with protein markers. The proteins were then electro-transferred 

from the gel onto a nitrocellulose membrane, and left for about 120 min under 350 

mA. The membranes were blocked with 5% milk in TBST buffer (0.05% Tween-

20 in TBS buffer) for 1 h at room temperature, and then probed with the 

corresponding primary antibodies diluted in 2.5% milk-TBST solution overnight at 

4°C. The membranes were washed with TBST solution 3 times (5 min each) and then 

incubated with the corresponding HRP-conjugated secondary antibodies for another 1 

javascript:void(0);
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h. Immunoreactive bands were visualized using an ECL detection kit (Invitrogen, 

USA) following the manufacturer’s instruction. 

 

4.3.8 Measurement of cellular ROS levels 

DCFH-DA was employed to measure ROS generation (Kim et al., 2010). Briefly, 

HepG2 or SMMC-7721 cells were seeded in 96-well black plates and allowed to 

grow for 24 h, after treatment with vehicle or different concentrations of raw PR 

extract for 8 h, cells were incubated with 25 μM DCFH-DA at 37°C for 30 min. 

The intracellular ROS mediated oxidation of DCF-DA to the fluorescent 

compound 2,7-dichlorofluorescein (DCF) was monitored by excitation (498 nm) 

and emission (530 nm) using a Multimode Plate Reader (Spectra Max M4, 

Molecular devices, USA). 

 

4.3.9 Nude mice xenografted model 

Male nu/nu BALB/c mice (6 weeks old), from BioLASCO Taiwan Co. Ltd. 

(Taiwan), were purchased through Tin Hang Technology Ltd. (Hong Kong). The 

mice were maintained in individual ventilated cages in a specific animal handling 

room of Hong Kong Baptist University. All animal experiments were performed 

under the Prevention of Cruelty to Animals Act (1986) of China and the NIH 

Guidelines for Care and Use of Laboratory Animals (U.S.A) and also approved by 

the Animal Ethics Committee of Hong Kong Baptist University. SMMC-7721 

cells (5×10
6
) were resuspended in 0.1 mL PBS and inoculated subcutaneously into 

the backs of nude mice and allowed to grow for 7 days. After that, mice were 

randomly assigned to 2 groups (n=5) and treated by intragastric administration 
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with 200 µL 0.5% CMC-Na solution as the vehicle or 0.2 g/kg raw PR extract 

daily for 35 consecutive days. Body weights and tumor volumes were measured 

every 7 days. Tumor volumes were measured by a caliper and calculated 

according to the following formula: (width
2 

× length)/2. At the end of the 

experiment, mice were sacrificed and tumor xenografts were collected and 

weighed. Tumor tissues were stored at -80°C for further analyses. 

 

4.3.10 Statistical analysis 

The results were presented as mean ± SD. Data were analyzed by one-way 

ANOVA followed by the Dunnett’s multiple comparisons. Statistical analyses 

were carried out using GraphPad Prism version 5.0 (GraphPad Software, San 

Diego, CA, USA). p<0.05 was considered statistically significant. 
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4.4 Results 

4.4.1 Raw PR extract inhibited liver cancer cells proliferation 

To explore which extract of raw PR exhibited the most potent anti-proliferative 

effect in HepG2 cells, we previously compared the cytotoxic effects of water and 

different ethanolic (30%, 50%, 75% and 100%) extracts of raw PR using the MTT 

assay. HepG2 cells were treated with vehicle or different extracts of raw PR for 

48 h. Results showed that among these extracts, the 75% ethanolic extract of raw 

PR exhibited the most potent anti-proliferative effect in HepG2 cells (Figure 4.1). 

Therefore, we used the 75% ethanolic extract of raw PR (raw PR extract for short) 

in the subsequent studies. 

  

Next, we investigated the anti-proliferative effects of the raw PR extract in two 

liver cancer cell lines and in two time points. HepG2 and SMMC-7721 cells were 

treated with vehicle or different concentrations of raw PR extract for 24 or 48 h. 

Results suggested that raw PR extract inhibited the liver cancer cells proliferation 

in both time- and dose-dependent manners. The IC50 of raw PR extract in HepG2 

and SMMC-7721 cells were 315.6 μg/mL and 395.1μg/mL, respectively (Figure 

4.2). 
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Figure 4.1 Comparison of water and different ethanolic (30%, 50%, 75% and 

100%) extracts of raw PR in HepG2 cells proliferation. Cells were treated with 

different PR extracts for 48 h, cell viability was measured by the MTT assay. 

Results were expressed as a percentage of the respective control. *p ＜ 0.05, **p

＜ 0.01 vs. control. 

 

Figure 4.2 Effects of raw PR extract in HepG2 and SMMC-7721 cells 

proliferation. Cells were treated with raw PR extract for 24 or 48 h, cells viability 

were measured by the MTT assay. Results were expressed as a percentage of the 

respective control. *p ＜ 0.05, **p ＜ 0.01 vs. control. 
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4.4.2 Raw PR extract induced apoptosis in liver cancer cells 

To determine whether raw PR extract induced cell apoptosis, we used the 

Annexin V/PI double staining assay. Phosphatidylserine translocated to the 

surface of the cellular membrane was considered as a hallmark of apoptosis in the 

early phase, which can be determined by the Annexin V/PI double staining assay. 

We treated both HepG2 and SMMC-7721 cells with different concentrations of 

raw PR extract for 48 h before doing Annexin V/PI double staining and flow 

cytometric measurement. Results showed that raw PR extract induced apoptosis in 

HepG2 and SMMC-7721 cells (Figure 4.3 A). To further assess the pro-apoptotic 

effect of raw PR extract, we treated HepG2 and SMMC-7721 cells with vehicle or 

different concentrations of raw PR extracts for 48 h and then evaluated the 

cleavage of PARP in these cells with Western blot analyses. The active form of 

PARP, a protein associated with DNA repair, is considered as another hallmark of 

apoptosis. Our results showed that raw PR extract dose-dependently induced 

PARP cleavage in HepG2 and SMMC-7721 cells (Figure 4.3B), which provide 

another evidence to suggest raw PR extract induces apoptosis. Caspase-3, one of 

the principal caspases found in apoptotic cells (Zhang et al., 1999),  plays an 

important role in mediating various apoptotic responses. Therefore, we used the 

immunofluorescent staining to detect the cleaved caspase-3 expression in these 

two cells. Compared with the control, raw PR extract significantly increased the 

cleavage of caspase-3 in both HepG2 and SMMC-7721 cells (Figure 4.3 C). 

Taken together, these results indicated that raw PR extract induced apoptosis in 

liver cancer cells. 
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Figure 4.3 Raw PR extract induced apoptosis in liver cancer cells. (A) Cells were 

treated with vehicle or raw PR extract for 48 h, apoptosis was analyzed by flow 

cytometry using Annexin V/PI double staining. The percentage of apoptotic cells 

was presented as the mean ± SD of three independent experiments. (B) Cells were 

harvested and then lysed for Western blot analyses. The representative results (left) 

and the relative expression levels (right) were shown. Data were presented as the 

mean ± SD of three independent experiments. 
*
p < 0.05, 

**
p < 0.01 vs. control. (C) 

Cleaved caspase-3 was detected by immunofluorescence assay (magnification, 

100×). Cells were stained by an antibody recognizing activated cleaved caspase-

3 (green fluorescence), and the nuclei were visualized with the nuclear dye DAPI 

(blue fluorescence).  
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4.4.3 Raw PR extract increased ROS production 

Many studies suggest that ROS induces apoptotic cell death in various types of 

cancer cells after anticancer drugs treatments (Jacobson, 1996; Pelicano et al., 

2004; Tsang et al., 2003). Therefore, to investigate whether raw PR extract-

induced apoptosis is associated with the elevated levels of ROS in liver cancer 

cells, we used the DCFH-DA method to determine the ROS production. Cells 

were exposed to vehicle or different concentrations of raw PR extract for 8 h 

before incubating with DCFH-DA at 37°C for 30 min. The fluorescence signals 

were detected by a Multimode Plate Reader. Our results indicated that raw PR 

extract dose-dependently increased the ROS production in both HepG2 and 

SMMC-7721 cells (Figure 4.4). 
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Figure 4.4 Raw PR extract dose-dependently increased the ROS production in 

HepG2 (A) and SMMC-7721 (B) cells. Cells were treated with vehicle or 

different concentrations of raw PR extract for 8 h before incubating with DCFH-

DA at 37°C for 30 min. The fluorescence signals were detected by a Multimode 

Plate Reader. The excitation and emission wavelengths were 485 nm and 530 nm, 

respectively. Data were presented as the mean ± SD of three independent 

experiments. **p < 0.01 vs. control. 
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4.4.4 Raw PR extract activated MAPK signaling  

Previous studies indicated that ROS induces or mediates the activation of the 

MAPK pathways (Torres and Forman, 2003), activation of ERK1/2, JNK, and 

p38 MAPK signaling pathways is involved in growth arrest and apoptosis (El-

Najjar et al., 2010; Matsuzawa and Ichijo, 2005). Therefore, to investigate 

whether raw PR extract activated MAPK cascades which include ERK, JNK and 

p38 MAPKs, we examined the expression of phosphorylated MAPKs in HepG2 

and SMMC-7721 cells. Results showed that raw PR extract did not affect the 

protein expression level of p-JNK at any concentrations, but it increased the p-

ERK and p-p38 protein expression levels in a dose-dependent manner (Figure 4.5). 

Sequentially, to determine whether ROS production is involved in MAPK 

activation, we examined the phosphorylation of ERK and p38 after treating the 

cells with raw PR extract in the presence or absence of ROS inhibitor (NAC) for 

48 h. As shown in Figure 4.6, NAC drastically diminished the activation of these 

two protein kinases induced by the raw PR extract, suggesting that ROS mediates 

ERK and P38MAPKs activation in raw PR extract-treated liver cancer cells. 
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Figure 4.5 Raw PR extract increased the p-ERK and p-p38 protein expression 

levels in liver cancer cells. HepG2 (A) and SMMC-7721 (B) cells were treated 

with vehicle or different concentrations of raw PR extract for 48 h, and then total 

cell lysates were prepared for Western blot analyses. The representative results 

(left) and the relative expression levels (right) were shown. Data were presented 

as the mean ± SD of three independent experiments. 
*
p < 0.05, 

**
p < 0.01 vs. 

control. 
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Figure 4.6 NAC diminished raw PR extract-induced ERK and P38 MAPKs 

activation in HepG2 (A) and SMMC-7721 (B) cells. Cells were treated with raw 

PR extract in the presence or absence of NAC for 48 h, Western blot analyses 

were used to evaluate the protein expression levels of p-ERK, ERK, p-p38 and 

p38. The representative results (left) and the relative expression levels (right) were 

shown. Data were presented as the mean ± SD of three independent experiments. 

*p < 0.05, **p < 0.01 vs. control.
 #
p < 0.05, 

##
p < 0.01 vs. raw PR extract alone. 
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4.4.5 NAC diminished raw PR extract-afforded anti-proliferative and 

apoptotic effects in liver cancer cells 

The roles of ROS in mediating apoptosis in liver cancer cells are well established 

(Circu and Aw, 2010; Liu et al., 2016). To determine whether the increased ROS 

is critical in raw PR extract inhibited cells proliferation and induced apoptosis, we 

examined the cell viability after treating the cells with raw PR extract in the 

presence or absence of NAC for 48h. In parallel, Western blot analyses were 

performed to determine the cleavage of PARP (PARP, a hallmark of apoptosis) 

after the treatment. MTT results showed that NAC diminished raw PR extract-

afforded anti-proliferative effect in both cultured cell types. The percentage of 

living cells was 68.7 ± 7.0 % in raw PR extract-treated HepG2 cells versus 90.5 

± 2.9 % in raw PR extract and NAC-treated cells, while that in SMMC-7721 

cells was 67.6 ±  2.6% versus 80.0 ± 3.3 % (Figure 4.7A). Western blot analyses 

indicated that raw PR extract alone induced apoptosis in HepG2 and SMMC-7721 

cells, while NAC diminished the raw PR extract-induced apoptosis (Figure 4.7B).  

Taken together, these data suggested that inhibition of ROS generation diminished 

raw PR extract-afforded anti-proliferative and apoptotic effects in HepG2 and 

SMMC-7721 cells. 
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Figure 4.7 NAC diminished raw PR extract-afforded anti-proliferative (A) and 

apoptotic (B) effects in liver cancer cells. (A) Cells were treated with raw PR 

extract in the presence or absence of NAC for 48h, the MTT assay was used to 

determine the cells viability. (B) Total cell lysates were prepared for Western blot 

analyses by using antibodies specific to PARP and cleaved-PARP. The 

representative results (left) and the relative expression levels (right) were shown. 

Data were presented as the mean ± SD of three independent experiments. *p < 

0.05, **p < 0.01 vs. control, 
#
p < 0.05 vs. raw PR extract alone. 



 

134 

4.4.6 Raw PR extract inhibited PI3K/AKT/mTOR signaling  

Studies suggest that the PI3K/AKT/mTOR signaling pathway is activated in 30-

50% of liver cancer cases (Minguez et al., 2009), and it plays an important role in 

cell proliferation, differentiation and apoptosis (Hay, 2005). Inhibiting the 

PI3K/AKT/mTOR pathway is considered to be a good strategy for liver cancer 

treatment. To investigate whether raw PR extract suppressed PI3K/AKT/mTOR 

signaling in liver cancer cells, we examined the expression levels of PI3K, AKT 

mTOR and the related proteins using Western blot analyses. HepG2 and SMMC-

7721 cells were treated with vehicle or different concentrations of raw PR extract 

for 48 h, then total cells were collected and lysed for Western blot analyses. 

Results showed that both PI3K and p-AKT protein expressions were suppressed 

by raw PR extract in a dose-dependent manner. In addition, constitutive mTOR 

and 70S6K activation were also suppressed upon raw PR extract treatment (Figure 

4.8). Importantly, a AKT inhibitor, MK2206 significantly enhanced the inhibitory 

effect of raw PR extract on PI3K/AKT/mTOR signaling (Figure 4.9). Our results 

suggested that raw PR extract inhibited PI3K/AKT/mTOR signaling in liver 

cancer cells. 
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Figure 4.8 Raw PR extract inhibited PI3K/AKT/mTOR signaling in HepG2 (A) 

and SMMC-7721 (B) cells. Cells were treated with vehicle or different 

concentrations of raw PR extract for 48 h, then total cell lysates were prepared for 

Western blot analyses. The representative results (left) and the relative expression 

levels (right) were shown. Data were presented as the mean ± S.D. of three 

independent experiments. *p < 0.05, **p < 0.01 vs. control. 
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Figure 4.9 MK2206 enhanced the inhibitory effect of raw PR extract on 

PI3K/AKT/mTOR signaling in HepG2 (A) and SMMC-7721 (B) cells. Cells were 

treated with raw PR extract in the presence or absence of MK2206 for 48 h, 

Western blot analyses were used to evaluate the protein expression levels of p-

mTOR, mTOR, p-p70S6K and p70S6K. The representative results (left) and the 

relative expression levels (right) were shown. Data were presented as the mean ± 

SD of three independent experiments. *p < 0.05, **p < 0.01 vs. control, 
#
p < 0.05, 

##
p < 0.01 vs. raw PR extract alone. 
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4.4.7 MK2206 enhanced raw PR extract-afforded anti-proliferative and 

apoptotic effects in liver cancer cells 

To further assess whether inhibition of PI3K/AKT/mTOR signaling is involved in 

the raw PR extract inhibited proliferation and induced cell apoptosis, we 

examined the cells viability and cleaved-PARP protein expression levels after 

treating the cells with raw PR extract in the presence or absence of MK2206. Our 

results showed that MK2206 significantly enhanced raw PR extract-afforded anti-

proliferative effect in both cultured cell types (Figure 4.10A). The percentage of 

living cells was 68.7 ± 7.0 % in raw PR extract-treated HepG2 cells versus 39.6 ± 

2.9 % in raw PR extract and MK2206-treated cells, while that in SMMC-7721 

cells was 68.3 ± 4.3 % versus 46.1 ± 5.4 %. Moreover, Western blot analyses 

indicated that MK2206 significantly enhanced raw PR extract-induced cleavage 

of PARP (Figure 4.10 B). These data suggested that inhibition of 

PI3K/AKT/mTOR signaling enhanced raw PR extract-afforded anti-proliferative 

and apoptotic effects in liver cancer cells. 
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Figure 4.10 MK2206 enhanced raw PR extract-afforded anti-proliferative (A) and 

apoptotic (B) effects in liver cancer cells. (A) Cells were treated with raw PR 

extract in the presence or absence of MK2206 for 48h, the MTT assay was used to 

determine the cells viability. (B) Total cell lysates were prepared for Western blot 

analyses by using antibodies specific to PARP and cleaved-PARP. The 

representative results (left) and the relative expression levels (right) were shown. 

Data were presented as the mean ± SD of three independent experiments. *p < 

0.05, **p < 0.01 vs. control, 
#
p < 0.05 vs. raw PR extract alone. 
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4.4.8 Raw PR extract exhibited anti-tumor activity in SMMC-7721 

xenografted nude mouse model 

In vivo anti-tumor activity of raw PR extract was evaluated in SMMC-7721 

xenografts in nude mice. After receiving subcutaneous injections of SMMC-7721 

cells for 7 days, tumor-bearing mice were randomly divided into two groups. 

Then, we intragastrically administrated the mice with 0.2 g/kg raw PR extract or 

the vehicle daily for 35 consecutive days. Body weight and tumor size were 

measured every 7 days. At the end of the experiment, mice were sacrificed and 

tumors were dissected. We found that raw PR extract inhibited SMMC-7721 

xenografted tumor growth in nude mice (Figure 4.11 A). The tumor size and 

tumor weight were remarkably reduced in raw PR extract-treated mice when 

compared with control mice (Figure 4.11 C). No significant differences of the 

body weight were observed between raw PR extract-treated mice and control mice 

(Figure 4.11 B). These in vivo data suggested that raw PR extract inhibited tumor 

growth without having significant toxicity to the mice. 
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Figure 4.11 Raw PR extract inhibited SMMC-7721 xenografted tumor growth in 

nude mice. Nude mice bearing SMMC-7721 xenografted tumors were treated 

with either the vehicle (0.5% CMC-Na) or raw PR extract (0.2 g/kg/day) for 35 

constitutive days. (A) Tumor sizes were measured and calculated every seven 

days and presented as the mean ±SD, n=5. *p＜0.05 vs. control; (B) Body 

weights were measured every seven days and presented as the mean ± SD, n=5.  

(C) The tumors removed from the mice and tumor weights were shown. Data 

were presented as the mean ± SD, n=5.  *p＜0.05 vs. control. 
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4.5 Discussion and conclusion 

ROS can be beneficial or harmful to cells depending on its concentrations. At 

physiological low levels, ROS functions as “redox messengers” in intracellular 

signaling, whereas excess ROS induces oxidative modification of cellular 

macromolecules, inhibits protein function, and promotes cell apoptosis (Circu and 

Aw, 2010; Simon et al., 2000). Increasing evidences demonstrated that ROS were 

involved in cell death (Mazzaferro et al., 2009). Compared with normal cells, 

cancer cells are particularly more sensitive to excessive ROS. Moreover, ROS are 

able to activate MAPKs pathway in multiple cell types including liver cancer cells. 

MAPKs are involved in regulating intracellular signals in response to a wide array 

of extracellular stimulations. MAPK family members (ERK, JNK and P38) 

participate in cell proliferation, differentiation, survival and apoptosis (Pearson et 

al., 2001). Therefore, we examined whether the MAPK pathway is involved in 

raw PR extract-induced liver cancer cells apoptosis by ROS generation. Our 

results suggest that ROS-mediated MAPK activation contributes to the anti-liver 

cancer effect of raw PR extract.   

 

Previous studies suggest that inhibition of the PI3K/Akt/mTOR signaling pathway 

causes apoptosis in liver cancer cells (Zhou et al., 2011). The PI3K family is 

involved in cancer development, such as cell growth, proliferation and survival 

(Wymann et al., 2003). AKT is one of the most commonly activated protein 

kinases in human cancers and is associated with malignant transformation and 

apoptotic resistance (Vivanco and Sawyers, 2002). mTOR, located downstream of 

AKT, is phosphorylated in response to stimuli that activates the PI3K/AKT 



 

144 

pathway (Bjornsti and Houghton, 2004). It positively regulates the 

phosphorylation of p70S6 kinase (p70S6K) (Strimpakos et al., 2009). Indeed, 

p70S6K is aberrantly activated in 50% of liver cancer cases (Minguez et al., 2009). 

For these reasons, the PI3K/Akt/mTOR pathway has emerged as an attractive 

target for therapeutic intervention in liver cancer. Our data obtained in this chapter 

suggest that inhibition of PI3K/AKT/mTOR signaling also contributes to the anti-

liver cancer effect of raw PR extract. 

 

In this chapter, we found that raw PR extract exerts anti-liver cancer activities in 

vitro and in vivo; and ROS-mediated MAPK activation as well as 

PI3K/AKT/mTOR signaling inhibition are the potential mechanisms of action. All 

these data provide a pharmacological justification for the clinical application of 

raw PR in liver cancer treatment. 
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CHAPTER 5 General discussion, conclusion and future plan  

5.1 General discussion and conclusion 

TCM, a quintessence of Chinese culture, has a history of thousands of years, and 

has earned worldwide recognition. It has made enormous contribution to human 

health care. As TCM undergoes rapid globalization, the safety of Chinese 

medicinal herbs has also received international concern. According to the TCM 

theory, processing can reduce the toxicity, alter the indications and enhance the 

efficacy of the herbs. Processing is a unique pharmaceutical technique for 

transforming CMMs into decoction pieces. In general, all CMMs need to be 

processed to become decoction pieces before they are prescribed in the clinic or 

used for producing proprietary drugs. 

 

PR, a toxic Chinese medicinal herb, is commonly used for treating cancer, cough 

and phlegm. TCM doctors usually use different decoction pieces for different 

therapeutic purposes. To treat liver cancer, they usually prescribe raw PR, while 

to treat cough and phlegm, they use PRZA. However, the current manufacturing 

protocol of PRZA varies greatly among different places in China. Furthermore, 

the underling mechanisms of PR’s toxicity, the toxicity-reducing effect of 

processing, and the anti-liver cancer effects of raw PR are unclear.  

 

To guarantee the quality of PRZA, standardized processing procedure is critical. 

In this study, we first standardized the manufacturing procedure for PRZA. Our 
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optimized protocol in this study will be included in the upcoming “National 

Standards for Processing CMMs” to update the 1998 edition of the China national 

standard handbook. Our work made certain contribution to the standard 

processing of CMMs. 

 

Along with the development of western medical system, TCM has been gradually 

becoming less important. One of the main problems for hindering TCM to be 

accepted by modern society is that the TCM theory is not explained in modern 

scientific language. In this study, using the comprehensive metabolomics and 

molecular biological approaches we explored the mechanisms involved in PR’s 

toxicity, the toxicity-reducing effect of processing, and the mechanisms for the 

anti-liver cancer action of raw PR. These will help to bring this herb into 

mainstream medicine, and eventually help the globalization and modernization of 

Chinese medicines. 

 

In conclusion, we have obtained the following findings: 

 

1) We standardized the manufacturing procedure for PRZA. The protocol is: soak 

raw PR in water until the center of the cut surface is devoid of a dry core, boil for 

6 h after adding 12.5 kg alumen and 25 L freshly squeezed ginger juice for each 

100 kg of raw PR, then take out and dry. 

2) We found that inhibition of mTOR signaling and activation of the TGF-β 

pathway may contribute to raw PR-induced cardiotoxicity, and free radical 

scavenging may be responsible for the toxicity-reducing effect of processing.  
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3) We also found that raw PR extract exerts anti-liver cancer activities in vitro and 

in vivo, and ROS-mediated MAPK activation as well as PI3K/AKT/mTOR 

signaling inhibition are the potential mechanisms of action. 

 

These findings should guarantee the safety and efficacy of PRZA, and provide 

scientific justifications for the traditional processing theory and the rationale 

clinical use of PR. In the field of CMM processing, we have made contributions to 

the standardization of processing protocols for CMMs, and to the understanding 

of the traditional processing theory. 
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5.2 Future plans 

5.2.1 To investigate the relationship between the altered chemical profiles 

and the changed medicinal properties 

In Chapter 2, we found that (i) processing reduced the toxicity of raw PR; (ii) 

processing enhanced the antitussive and expectorant effects of raw PR; (iii) PRZA 

showed less potent cytotoxicity than raw PR in liver cancer cells; and (iv) 

processing altered the chemical profile of raw PR. However, the relationship 

between the altered chemical profiles and the changed medicinal properties are 

unknown. In the future, we will use the conventional silica gel column or the 

reverse RP 18 silica gel column to isolate the compounds that showed different 

abundances in the chemical profiles, we will identify the isolated compounds 

using the spectroscopic means such as nuclear magnetic resonance (NMR) and 

high resolution electron impact mass spectrum (HREIMS) analyses, and then we 

will use cell or animal models to test the toxicity and bioactivities of these isolated 

compounds. If successful, we can establish the relationship between the alteration 

of the chemical profiles and the changes of the medicinal properties caused by 

processing with ginger juice and alumen. 
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5.2.2 To further investigate the molecular mechanism mechanisms involved 

in raw PR’s toxicity 

In Chapter 3, we found that raw PR caused obvious cardiotoxicity in rats. In the 

experiment, besides the serum samples, we have also collected the rat urine 

samples and analysed them using the UPLC-TOF-MS method. In our preliminary 

data, a total of twenty-seven significantly altered metabolites were identified from 

the urine samples of vehicle-, raw PR and PRZA-treated rats (Table 5.1). PCA 

showed that the three groups were obvious clustered (Figure 5.1), suggesting that 

treatment with raw PR/PRZA caused endogenous metabolite changes compared to 

the vehicle. In the future, we will analyze the urine metabolomics data by 

bioinformatics molecular network analysis. We hope that we can identify other 

potential mechanisms responsible for the observed toxicity and the toxicity-

reducing effect of processing. Alternatively, we will perform proteomics or gene 

chip assays to achieve the targeted aims.  
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Figure 5.1 Results of the multiple pattern recognition of the urine metabolites in 

control, raw PR and PRZA groups at the time point of day 14. (red ) Control 

group, (brown ) Raw PR group, (blue ) PRZA group. 
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Table 5.1 Significantly altered metabolites in the urine samples of vehicle-, raw 

PR- and PRZA-treated rats. 

No. Formula ID Compound 

Fold change 

Raw PR vs.  

Control 

PRZA vs.  

Control 

1 C14H18O4 C00399 Ubiquinone  ↑/1.944 ↓/-1.972 

2 C11H8O5 C09964 Purpurogallin  ↑/1.943 - 

3 C10H9NO2 C00954 Indoleacetic acid  ↑/1.943 - 

4 C15H14N4O C07263 Nevirapine  ↑/1.943 ↑/1.972 

5 C20H24O9 C07601 Ginkgolide A  ↑/1.943 - 

6 C17H11N5 C08163   Letrozole  ↑/1.943 - 

7 C14H24N2O3 D01364 Ciclopirox olamine ↑/1.943 ↑/1.972 

8 C9H6O4 C09263 Esculetin  ↑/1.943 - 

9 C22H30N2O2S C08022   Sufentanil  ↑/1.942 - 

10 C25H29N3O2 D07218   Metergoline ↑/1.942 ↑/1.969 

11 C17H11N5 C08163 Letrozole - ↑/1.972 

12 C18H18O2 C08090 Dienestrol - ↑/1.972 

13 C5H5N3O C01956 Pyrazinamide  - ↑/1.972 

14 C5H5N3O D00144 p-aminobenzoic acid  - ↑/1.852 

15 C20H36N2O3S C07753 Ibutilide  - ↑/1.764 

16 C12H21NO8S C07502    Topiramate  - ↑/1.746 

17 C19H26O3 D07260   Formestane  ↓/-1.943 ↓/-1.971 

18 C4H8N2O3 C00152   L-asparagine  ↓/-1.943 - 

19 C6H11NO2 C07500 Vigabatrin ↓/-1.942 ↓/-1.97 

20 C15H14O7 C12136   Epigallocatechin  ↓/-1.942 ↓/-1.97 

21 C17H23NO3 C01479 Atropine  ↓/-1.942 ↓/-1.97 

22 C10H16N2O3S C00120   Biotin  ↓/-1.942 ↓/-1.97 

23 C10H15N3O5 D03082 Benserazide  ↓/-1.938 - 

24 C15H14O3 C06997   fenoprofen  ↓/-1.935 - 

25 C13H18O2 C01588 Ibuprofen  ↓/-1.800 - 

26 C7H6O2 C00180   Benzoic acid  - ↓/-1.971 

27 C15H10O4 C10208   Daidzein   - ↓/-1.964 

↑up-regulation; ↓down-regulation; -: no significant change. 
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5.2.3 To verify the involvement of MAPK and PI3K/AKT/mTOR signaling in 

the anti-liver cancer effects of raw PR in vivo 

In Chapter 4, we found that raw PR extract exerted anti-liver cancer action in vitro. 

We suggested that ROS-mediated MAPK activation and PI3K/AKT/mTOR 

signaling inhibition are the potential mechanisms of action. Meanwhile, we also 

observed that the extract inhibited SMMC-7721 xenografted tumor growth in 

nude mice. In the future, we will use Western blot and immunohistochemistry 

assays to examine if MAPK and PI3K/AKT/mTOR signaling are involved in the 

anti-liver cancer effects of raw PR in the xenograft models. 

 

5.2.4 To explore other underlying mechanisms of the anti-liver cancer action 

of raw PR 

In the in vivo experiment, we have sent a portion of the collected tumor samples to 

BGI Tech Solutions (Hong Kong) Co., Ltd. for RNA-Seq (transcriptome 

sequencing) analysis. Preliminary data showed that several signaling pathways 

other than the MAPK and PI3K/AKT pathways are involved in the anti-liver 

cancer effects of raw PR. These predicted pathways include the TGF-β 

(transforming growth factor-β), insulin, NF-κB (nuclear factor-kappa b) and 

FOXO (forkhead box o) signaling pathways. Table 5.2 shows the information of 

the significantly altered genes in the predicted singling pathways. In the future, we 

will investigate the involvements of these highlighted pathways in the anti-liver 

cancer effects of raw PR both in vitro and in vivo.  
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Table 5.2 Significantly altered genes in the predicted TGF-β, insulin, NF-κB and 

FOXO singling pathways. 

No. 
Gene 

ID 

Gene 

symbol 

log2 Ratio 

(PR/Control) 

Up/down-

regulation 

(PR/Control) 

KEGG 

orthology 

Predicted 

pathways 

1 7042 TGFB2 -1.3996075 Down K13376 
TGF-β 

signaling 

2 2353 FOS 1.09970855 Up K04379 
TGF-β 

signaling 

3 5507 PPP1R3C -1.0816171 Down K07189 
Insulin 

signaling 

4 5336 PLCG2 -1.2035334 Down K05859 
NF-κB 

signaling 

5 
10053

3105 

C8orf44-

SGK3 
9.0768156 Up K13304 

FOXO 

signaling 
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