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ABSTRACT 
Diabetes Mellitus (DM) is a disorder of glucose metabolism characterized by 

abnormally high blood sugar level. Type 2 DM is the common form of diabetes 

which accounts for more than 90% of all DM cases. At the early stage of type 2 DM, 

the predominant abnormality is reduced insulin sensitivity. As the disease progresses, 

oxidative stress is found in most diabetic patients. Pancreatic p cell is the primary 

site of damage under free radical attack due to low antioxidant level in the p cells. 

When the impairment of insulin secretion worsens, therapeutic replacement of 

insulin often becomes necessary. In addition, DM chronically causes many 

complications, including cardiovascular disease, renal failure, retinopathy and foot 

ulcer, which are harmful to health. 

Due to the important role of pancreatic (3 cells in the pathology of DM, agents that 

can protect p cell from damage may exert beneficial effects in treating DM and 

associated complications. Therefore, the aim of this study is to explore the potential 

of Traditional Chinese Medicines (TCMs) in treating DM and diabetic complications 

by revealing their protective effects on pancreatic (3 cell damage. From literature 

review, 28 TCMs frequently used in treating DM were selected for screening. Water 

extracts of three TCMs including Radix Astragali, Radix Codonopsis and Cortex 

Lycii were found to have promising effect on inhibiting p cell death induced by 

streptozotocin (STZ). After optimizing the ratio of these herbs, a herbal formula, 

namely SR10, was generated. The weight ratio of Radix Astragali, Radix Codonopsis 

and Cortex Lycii in SR10 is 3:3:1. 

Using rat pancreatic p cell line R_[N-m5F as a model, in vitro study demonstrated that 

SR10 significantly inhibited apoptosis induced by STZ as evidenced by inhibiting 

DNA fragmentation, decreasing externalization of phosphatidylserine (PS), 



decreasing sub-Gi cell cycle and altering expression level of apoptotic proteins. The 

beneficial effects SR10 in treating type 2 DM was confirmed in animal study. After 

orally administrated with SR10 for 4 weeks, plasma glucose level of diabetic db/db 
mice was significantly lower than that treated with water. Moreover, plasma insulin 

level in SR10-treated mice was found to be increased. The anti-oxidative activity of 

SR10 in scavenging ROS released during hyperglycemia in mice was examined. The 

results showed that the activities and expression of anti-oxidant enzymes, catalase 

and superoxide dismutase, were up-regulated when the mice were treated with SR10. 

The anti-atherosclerotic effect of SRI0 was also investigated. Anti-oxidative activity 

of SR10 was firstly confirmed by its ability to decrease 2,2，-azo-bis-(2-

amidinopropane) dihydrochloride-induced rat erythrocyte hemolysis and prolong 

copper ion-induced human tow density lipoprotein oxidation. Vascular smooth 

muscle cell (VSMC) proliferation and migration are important processes in 

atherogenesis, the effect of SR10 in inhibiting these events was therefore examined 

using rat vascular smooth muscle cell line A7r5. The results showed that SR10 

attenuated platelet-derived growth factor-induced VSMC proliferation by promoting 

cell cycle arrest at Go/G| phase as well as inhibited PDGF-BB-induced VSMC 

migration. Inflammatory responses from macrophages have been demonstrated as a 

linkage between hyperglycemia and atherosclerosis. SR10 was shown to inhibit the 

release of various cytokines including interleukin-ip, interleukin-6 and tumour 

necrosis factor-a as well as pro-inflammatory mediators nitric oxide and 

prostaglandin E2 in culture supernatants. The inhibition of release of these 

inflammatory mediators was found to be due to inactivation of nuclear factor K B 

through the inactivation of MAPK and Akt pathway. In conclusion, SRIO can be 

potentially used for treating DM and atherosclerosis. 



摘要 

糖尿病是一種關於葡萄糖新陳代謝的疾病，它的特性爲血糖不正常地偏高，而 

糖尿病引致的醫療及經濟負擔急劇增加。多於九成的糖尿病患者患有常見的二 

型糖尿病，而這種病主要由於胰島素分泌減少及胰島素出現抵抗而引起的。於 

發病初期，胰島素敏感性的減少造成了血液裡胰島素份量的增加。在這段時 

期，我們還可以利用藥物或其他方法來改善胰島素的敏感性或減少肝臟製造葡 

萄糖，從而減少高血糖的出現。當病情逐漸惡化，大部份糖尿病病人都會有氧 

化應激，活性氧會從不同的生物化學途徑產生。由於(3胰島細胞只有少量抗氧 

化物，當受到自由基的襲擊，P胰島細胞將會首當其衝受到破壞。在這時候， 

胰島素的分泌會進一步減少，令病人需要直接注射胰島素。這樣解釋了爲什麼 

很多糖尿病病人在長時間高血糖的情況下都需要依靠注射胰島素以控制病情。 

另一方面，糖尿病長期患者很多時候都會產生拼發症如心血管病、腎衰竭、視 

網膜病變及足潰瘍。 

由於P胰島細胞於糖尿病病變中有着重要的角色，任何能夠保護P胰島細胞的 

藥物也會對治療糖尿病及其拼發症有重大的益處。所以，本硏究的目的就是透 

過找出傳統中藥對保護P胰島細胞的能力，開發傳統中藥治療糖尿病及其併發 

症的潛能。從文獻分析中找出了二十八種常用作治療糖尿病的傳統中藥，經過 

生物檢定的篩選後，確定了黃芪、黨參及地骨皮有着減低由鏈尿菌素而引致的 

P胰島細胞的死亡。經過優化這三種中藥的比率後，製造了一個名爲SR10的 

中藥方劑。在這方劑中，黃芪、黨參及地骨皮的重量比例爲3:3:1。 

試管實驗確立了 SR10能有效地抑制由鏈尿菌素引起的大鼠p胰島細胞 

RIN-m5F進行的細胞程式凋亡，而這效果是透過抑制脫氧核糖核酸的斷裂、 
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減少及磷脂醯絲氨酸的外露及減低sub-Gi細胞生命週期而引致的。動物實驗 

進一步確認了 SR10對治療糖尿病的有效性。糖尿病小鼠被餵食了四個星期的 

SR10後，血糖量明顯比餵食清水的一組爲低，小鼠血液裡胰島素的含量也明 

顯提高，這顯示出小鼠（3胰島細胞的功能有可能被改善了。SR〗0的抗氧化能 

力對於能否清除在高血糖下產生的活性氧是非常重要的。硏究結果顯示SR10 

能提高小鼠過氧化氫酶及超氧化物歧化酶的活性及表達。動脈粥樣硬化是引致 

糖尿病病人死亡的主要因素之一，所以一•種.藥物如能同時治療糖尿病及動脈粥 

樣硬化，將會有着重大好處。所以，我們也測試了 SR10抑制動脈粥樣硬化的 

效果。在測試中，透過抑制偶氮二脒基丙烷鹽酸鹽(AAPH)誘導紅血球溶解及 

延長銅離子誘導低密度脂蛋白氧化的時間，SR10的抗氧化能力進一步被確認 

了。血管平滑肌細胞的增生及遷移是動脈粥樣硬化的主要病變過程，我們利用 

大鼠血管平滑肌細胞A7r5來硏究SR10能否抑制這些過程。結果顯示SR10具 

有這種細胞停留於Gq/Gi細胞生命週期的能力，用以抑制血小板衍生生長因素 

激活之血管平滑肌細胞增生及遷移。巨噬細胞產生的炎症是連接高血糖與動脈 

粥樣硬化之間的因數，結果顯示SR】0有效地抑制這些細胞釋放白細胞介素 

-1P、白細胞介素-6、腫瘤壞死因子、一氧化氮及前列腺素E2，而這些炎症介 

質的抑制是由於MAPK及Akt信號通路的失活而弓丨致核因子kB的失活。 

總括來說，SR10是對治療糖尿病及動脈粥樣硬化有效的中藥方劑。 
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CHAPTER 1 
INTRODUCTION 
1.1 Definition, classification and epidemiology of Diabetes Mellitus 
1.1.1 Definition of Diabetes Mellitus 
Diabetes Mellitus (DM), also commonly called diabetes, is a condition of abnormal 

glucose homeostasis. In 1999，The World Health Organization (WHO) defined DM 

as a metabolic disorder of multiple etiology characterized by chronic hyperglycemia 

with disturbances of carbohydrate, fat and protein metabolism resulting from defects 

in insulin secretion, insulin action, or both (World Health Organization, 1999). The 

symptoms of DM include increased urination, extreme thirst and unexplained weight 

loss. Diagnosis of DM is done by measuring fasting plasma glucose level and 2-h 

post glucose load plasma glucose level. According to WHO, individuals with fasting 

plasma glucose levels lower than 6.1 mM are considered as normal, while those with 

7.0 mM or above are considered as DM. Impaired fasting glucose is referred to 

fasting plasma glucose level between 6.1 mM and 7.0 mM. Oral glucose tolerance 

test (OGTT) is performed after overnight fasting of 8 to 14 hours. Glucose solution 

(75 g in 250 mL to 300 mL water) is orally administered to the testing subject Then, 

plasma glucose concentration is determined after 2 h, with value lower than 7.8 mM 

indicating normal whereas over 11.1 mM 

glucose tolerance, the level is between 

Organization, 1999). 

indicating diabetic condition. In impaired 

7.8 mM and 11.1 mM (World Health 

6 



1.1.2 Classification of Diabetes Mellitus 
DM is formerly classified into insulin-dependent diabetes mellitus (IDDM) and non-

insulin-dependent diabetes mellitus (NIDDM). In 1999, WHO re-classified DM into 

four types depending on their pathogenesis: 

Type 1 Diabetes Mellitus 
Type 1 DM represents a genetic disorder which accounts for 5-10% of all DM cases. 

Type 1 DM can be divided into autoimmune/immune-mediated diabetes (Type 1 A) 

and idiopathic diabetes with P cell obstruction (Type IB). People with type 1 DM 

must be treated with exogenous insulin to prevent the life threatening ketoacidosis 

(Koda-Kimble et al.’ 2001). 

Type 2 Diabetes Mellitus 
Type 2 DM accounts for over 90% of DM cases. It results from a combination of 

defects in insulin secretion and insulin response. Patients with type 2 DM are not 

insulin-dependent in terms of treatment but insulin may be required to control the 

blood glucose level i f this is not achieved by diet or by oral hypoglycemic agents. 

Chronic hyperglycemia causes microvascular pathology in the retina, renal 

glomerulus and peripheral nerve which further leads to blindness, end-stage renal 

disease and neuropathy (World Health Organization, 1999). 

Gestational diabetes 
Just like type 2 DM, gestational diabetes involved both inadequate insulin and 

unresponsiveness. About 2-5% of pregnant women develop diabetes but may 

disappear after delivery. Although the effect is transient, untreated gestational 



diabetes can produce damage to the fetus. These include macrosomia, congenital 

cardiac and central nervous system anomalies, skeletal muscle malformations, and 

the infant may develop into hypoglycemia (Buchanan et al., 1998). 

Other specific types 
Other causes of diabetes that do not fit into type 1，type 2, or gestational diabetes. 

These include genetic defects in P cell function and insulin action, excessive 

secretion of insulin-antagonistic hormones, chemical-induced impairment of insulin 

secretion and toxin-induced damage of p cells. This category comprises only 1-2% of 

DM cases (Harris, 2004). 

1.1.3 Prevalence of Diabetes Mellitus 
DM has reached epidemic proportions and 

worldwide. It is estimated that by the year 

affects more than 170 millions people 

2030, this number wil l almost double. 

Prevalence in developed and developing countries was 6.2% and 3.5%，respectively, 

in year 2000 (World Health Organization, 2003). The greatest increase in prevalence 

is, however, expected to occur in developing countries in Asia and Africa when the 

people in these countries adapt a more Western-style diet (Figure 1-1). In Hong 

Kong, according to statistics released by Department of Health in 2007, DM ranks 

ninth in causes of death in Hong Kong (Hong Kong SAR Government, 2008). The 

increase in prevalence of DM definitely leads to great economic and medical burden 

in the future. 
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Europe 
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Figure 1-1 A world map showing the prevalence of DM in 2000 and expected 
prevalence in 2030 (adapted from Wild et al.，2004) 

1.2 Etiology of Diabetes Mellitus 
DM is a heterogeneous group of disorder. Normoglycemia is maintained by the 
balanced interplay between insulin action and insulin secretion. Thus, P cell 
dysfunction and insulin resistance are main causes in the pathophysiology of DM. 

1.2.1 Pancreatic p cell dysfunction 
For functional pancreatic p cells, glucose is taken up via glucose transporter 2 
(GLUT2). Glucose is then phosphorylated by glucokinase and further degraded to 



pyruvate and finally leads to the formation of ATP. Through the intermediacy of ceil 

membrane depolarization, ATP delivers the energy needed for release of insulin 

(Chang el al., 2004). However, in many cases of type 2 DM, insulin secretion is 

found to be markedly diminished compared with non-diabetic individuals. 

Glucotoxicity is one of the causes leading to the deterioration of insulin secretion. 

Chronic hyperglycemia in type 2 DM has been demonstrated to cause the production 

of reactive oxygen species (ROS). The increased oxidative stress can cause cell death 

because of low level of antioxidant enzymes in p cells (Robertson et al., 2006) 

(Figure 1-2). Detailed mechanisms of p cell glucotoxicity wi l l be described in 

Section 1.4. In addition to glucose, fatty acids can also enhance insulin secretion. 

However, in hyperglycemia, fatty acid oxidation in p cells is inhibited. The resultant 

accumulation of long-chain acyl coenzyme A can diminish the insulin secretory 

process by opening the potassium channels, and reducing ATP formation or inducing 

generation of nitric oxide in the p cells (Kaneto et al., 2004; Kaneto et al., 2005). 

Islet amyloid is another factor affecting the function of (3 cells. Small aggregates of 

islet amyloid polypeptide (also called amy!in) are found in most of type 2 diabetic 

patients. Amyloid deposits are cytotoxic. Their roles of inhibition of insulin action, 

inhibition of insulin secretion and inhibition of glucagon secretion have been 

proposed (Lupi et al., 2008; Hoppener et al., 2006). 
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Figure 1-2 Mechanism of action of glucotoxicity in p cells. Hyperglycemia 

presents excessive high concentrations of glucose to islet glycolytic enzymes that 

glucose is shunted to alternative pathway, with subsequent formation of superoxide, 

H2O2 and eventually hydroxy! radicals. Hydroxy! radicals interfere with normal 

processing of PDX-1 mRNA, a necessary transcription factor for insulin gene 

expression and glucose-induced insulin secretion. Two major defense mechanisms 

against H2O2 formation are catalase, which metabolizes H2O2 into water and oxygen, 

and GPx, which depends on islet GSH to convert H2O2 into water and GSSG 

(adapted from Robertson et al., 2003). 
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.2.2 Insulin resistance 
Insulin elicits its responses by binding to insulin receptor and activating tyrosine 

kinase activity. Insulin receptor substrate (IRS) proteins are then tyrosine 

phosphorylated on several sites which open the multiple pathways of insulin action. 

Different IRS proteins appear to channel signal transduction into different pathways. 

However, the phosphoinositol-3-kinase (PI-3-K) pathway, which signals through 

protein kinase B, is particularly important for metabolic effect of insulin. It 

participates in glucose transport, glycolysis, lipogenesis and protein synthesis 

(Carvalho et al., 2003; Musi et al., 2006). Insulin resistance is a condition of reduced 

ability of insulin to lower plasma glucose level by suppressing hepatic glucose 

production and stimulating glucose uptake in skeletal muscle and adipose tissue. 

Insulin resistance is strongly associated with obesity (Guilherme et al., 2008). 

Increased mass of stored triglyceride leads to large adipocytes that are resistant to 

insulin response to suppress lipolysis. This results in increased circulating free fatty 

acid and glycerol, both of which aggravate insulin resistance in skeletal muscle and 

liver (Petersen et al., 2002; Kraegen et a!” 2008; Riserus, 2008). Different cellular 

mechanisms of insulin resistance have been elucidated: 

(i) Adipokines, which are produced and secreted by adipocytes, profoundly 

influence insulin responses (Dyck et al” 2006). One example is tumor necrosis factor 

a (TNF-a). TNF-a was found to increase in the fat of obese rodents and human, and 

produce serine phosphorylation of IRS-1, resulting in reduced insulin receptor kinase 

activity and insulin resistance (Liang et al., 2008; Murata et al., 2007; Le Marchand-

Brustel et al； 2003). Another example is leptin which is produced by adipocyte to 

inhibit food intake and promote energy expenditure (Meister, 2000). In ob/ob or 

db/db mice, insulin resistance is characterized by leptin deficiency and 
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administration of exogenous leptin has been shown to improve glucose tolerance and 

insulin sensitivity (Luo et al.，2006). 

(ii) Adiponectin (also called Acrp 30 or adipo Q) is secreted by adipocytes and its 

mRNA expression is decreased in obese human (Swarbrick et a!., 2008). 

Adiponectin signals via AMP kinase, which is implicated in suppression of hepatic 

gluconeogenesis, glucose uptake in skeletal muscle, fatty acid oxidation and 

inhibition of lipolysis. Acute treatment of mice with adiponectin decreased insulin 

resistance, plasma free fatty acids and triglyceride content in muscle, suggesting its 

role in anti-diabetic response (Vu et al., 2007; Kadowaki et al., 2005). 

(iii) Effects on insulin response exerted by tyrosine phosphorylation of insulin 

receptor and the IRS proteins are opposed by dephosphorylation of these tyrosine 

side-chains (Gual et al., 2005; Zick, 2005). Phosphotyrosine phosphatase IB is 

important in negative regulation of insulin signaling. IRS serine kinases such as c-

Jun NH2-terminal kinase and phosphatidylinositol 3'-kinase was shown to reduce the 

ability of IRS to act as a substrate for tyrosine kinase activity and hence inhibit 

downstream effector systems (Asano et al., 2007; Tanti et al., 2004). 

(iv) Nuclear factor kappa B (NFKB)-mediated inflammatory signaling pathway is 

involved in insulin resistance. Phosphorylation of IkB by its kinase (IKK) leads to 

IKB degradation and hence release of N F K B to the nucleus to affect diverse genes of 

inflammatory response. Blockage of IKK activity has been shown to ameliorate 

hyperglycemia and insulin resistance in diabetes. Moreover, genetic disruption of 

IKK-(3 returned skeletal muscle insulin resistance to normal (Tilg et al” 2008; 

Hotamisligil et al., 2005). 
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1.3 Diabetic complications 
Diabetic complications are divided clinically into acute complications and chronic 

complications. For acute complications, non-ketotic hyperosmolar state is commonly 

occurred in type 2 diabetic patients. Most prominent features include polyuria, 

orthostatic hypotension, altered mental state, lethargy, obtundation, seizure and coma 

(Moore, 2004; Grimaud et al., 2001). Chronic diabetic complications can be divided 

into vascular and non-vascular complications. Mon-vascular complications include 

gastroporesis, sexual dysfunction and skin changes. Vascular complications, which 

produce more prominent influence to diabetic patients, include retinopathy, 

neuropathy, nephropathy and cardiovascular diseases. 

1.3.1 Retinopathy 
Diabetic retinopathy occurs commonly in elderly diabetic patients. It is classified 

into two stages. The non-proliferative stage is marked by increased retinal vascular 

permeability, alternations in regional blood flow and abnormal retinal 

micro vasculature, ail of which lead to retinal ischemia. In proliferative stage, the 

newly formed vessels may appear at the optic nerve and rupture easily, ultimately 

leading to retinal detachment (Singh et al., 2008; Walker, 2004). 

1.3.2 Neuropathy 
Peripheral neuropathy can lead to the formation of ulcerations in the feet and lower 

extremities in diabetic patients, and further lead to more serious complications such 

as amputation. Lower extremity amputations were 10 times higher amongst diabetic 

patients than those without diabetes (Boulton, 2008). Factors which influence the 

predisposition for amputation include ulcerations, autonomic insufficiency leading to 
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dry, cracked skin with infections, decreased wound healing capacity and 

immunopathy as a consequence of altered neutrophil function (Pataky et al” 2007; 

Philbin et al., 2006). In addition to the antimicrobial therapy, ongoing care of the 

wound or foot ulcer is necessary in order to minimize the risk of amputation. 

1.3.3 Nephropathy 
Due to the enormous increasing number of patients with renal failure resulting from 

diabetes and the high mortality of these patients receiving dialysis, diabetic 

nephropathy become one of the most problematic renal diseases. One of the changes 

in glomeruli of this disorder is mesangial expansion. Moreover, apoptosis has been 

demonstrated in tubular epithelial cells which may contribute to atrophy of tubular 

epithelium and tubulointerstitial fibrosis. Thus, both space-occupation by mesangial 

matrix and cell loss via apoptosis account for glomerular sclerosis with decreased 

capillaries in diabetic nephropathy (Dalla et al., 2001; Schena et al.’ 2005; Fioretto et 

al., 2007). 

1.3.4 Cardiovascular disease 
Cardiac complications are a major cause of morbidity and mortality in the diabetic 

population. Diabetic people are 2 to 4 times more likely to have heart diseases 

compared to the normal population and 75% of diabetes related deaths are due to 

heart diseases (Sowers et al., 2001 ； Mazzone et al., 2008). Cardiac involvement in 

diabetes include coronary atherosclerosis, diabetic cardiomyopathy and autonomic 

neuropathy. The presence of accelerated atherosclerosis in both type 1 and type 2 

diabetes have been well documented (Yamagishi et al., 2006). In addition，for 

unknown reasons, diabetic patients develop congestive cardiac failure more readily 
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and have significantly worse prognosis than their non-diabetic counterpart once they 

develop coronary disease. Several mechanisms may be involved in the generation of 

diabetic heart diseases, including defective glucose transport, cellular overload of 

fatty acid metabolites, altered calcium metabolism in cardiomyocytes and structural 

alterations in the form of microangiopathy, interstitial and perivascular fibrosis 

(Yamagishi et al., 2006). 

1.4 Oxidative stress in diabetes and cardiovascular disease 
Oxidative stress is important in the pathogenesis of diabetes and cardiovascular 

disease. In humans, the evidence concerning the role of antioxidants and free radicals 

in diabetes is limited. But, antioxidant vitamin deficiency and increased lipid 

peroxidation have been observed in patients with diabetes and atherosclerosis 

compared to control subjects (Riccioni et aL, 2007). It has been speculated that as 

pancreatic (3 cells and arterial endothelial cells have low antioxidant enzyme 

activities (Table 1-1)，they might be more sensitive to free radical-mediated damage 

(Tiedge et al., 1998). 
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Table 1-1 Anitoxidant enzyme activities in islets and other tissues of rat. Data 

are expressed as Mean 土 Standard Deviation. SOD, superoxide dismutase; GPx, 

glutathione peroxidase. (Adapted from Tiedge et al., 1998) 

Cu/Zn SOD Mn SOD Catalase GPx 

Liver 

Kidney 

Skeletal muscle 

Fat 

Islet 

100 土 7 

104 土 12 

42 士 5 

49 ± 5 

31 士3 

1 0 0 土 1 2 

105 ± 12 

50 士 6 

84 士 14 

25 土 2 

100 土 9 

64 士 9 

4 土 1 

32 ± 5 

1 ± 0 

100 土 8 

118 土 7 

31 ± 7 

67 士 7 

2 1 士 1 

Reactive Oxygen species (ROS) have been formed from glucose metabolism via 

various biochemical pathways (Figure 1-3). Under physiological conditions, glucose 

primarily undergoes glycolysis and oxidative phosphorylation. Under pathological 

conditions of hyperglycemia in diabetes, excessive glucose levels can swamp the 

glycolytic process and inhibit glyceraldehyde catabolism, which cause glucose, 

fructose-1,6-bisphosphate, and glyceraldehyde-3-P to be shunted to other pathways 

including enolization and ketoaldehyde formation, PKC activation, dicarbonyl 

formation and glycation, sorbitol metabolism, hexosamine metabolism and oxidative 

phosphorylation (Robertson, 2004). 

Given the involvement of oxidative stress in diabetes, many compounds with anti-

oxidative function have been tested for their efficacy in preventing and treating DM. 
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These compounds include nicotinamide, desferrioxamine, N-acetylcysteine and 

vitamin E (Wright et al., 2008; Levy et al” 2007; Hamer et al., 2007). 

Figure 1-3 Six biochemical pathways along which glucose metabolism can form 

ROS. Under physiological conditions, glucose primarily undergoes glycolysis and 

oxidative phosphorylation. Under pathological conditions of hyperglycemia, 

excessive glucose levels swamp the glycolytic process and inhibit glyceraldehydes 

catabolism，which cause glucose, fructose-1,6-bisphosphate and glyceraldehydes-3-P 

to be shunted to other pathways (adapted from Robertson, 2004). 
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1.5 Conventional therapy of type 2 Diabetes Mellitus 
When diet restriction and exercise fail to control or improve type 2 DM, oral anti-

diabetic agents are required to maintain normal glycemic level. These drugs target on 

different organs and achieve glycemic control by different modes of action including 

inhibition of intestinal absorption of carbohydrates, stimulation of insulin release, 

suppression of hepatic giuconeogenesis and improvement of insulin sensitivity in 

peripheral tissues (Stumvoll et al., 2005). Before 1996，only insulin and insulin 

secretion stimulator, sulfonylurea, were available for the treatment of type 2 DM. 

Currently, treatment options for type 2 DM consist of insulin sensitizers, a-

glucosidase inhibitors, secretagogues and insulin (Stumvoll et al., 2005). The target 

sites and action mechanisms of these drugs are summarized in Table 1-2. 

Table 1-2 Pharmacological treatments of hyperglycemia in type 2 DM according 

to the sites of action 

Anti-diabetic drugs Target tissues Action mechanisms 
Pram 丨 intide Gastrointestinal tract Delay of gastric emptying 

Inhibition of glucagon release 
a-glucosidase inhibitors Gastrointestinal tract Inhibition of glucose absorption 
Sulfonylureas Pancreatic (3 cell Stimulation of insulin release 
Meglitinides Pancreatic (3 cell Stimulation of insulin synthesis and release 

Inhibition of P cell death 
Metformin Liver Inhibition of glucose production 
Thiazolidinediones Skeletal muscle and 

adipose tissue 
Increase in muscle insulin sensitivity 
Suppression of free fatty acid release 
Modulation of adipokine release 
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1.5.1 Insulin sensitizers 
Drugs that enhance insulin sensitivity are primarily thiazolidinediones (TZDs). 

Rosiglitazone and pioglitazone are now being used in clinics (Doggrell, 2008; Deeks 

et al., 2007). These drugs not only reduce glycemia, but also enhance vascular 

function and ameliorate the dyslipidemia and inflammation of type 2 DM. Their 

action is associated with stimulation of insulin receptor expression through the 

activation of peroxisome proliferators-activated receptor-gamma (PPAR-y), a 

transcription factor that is found mainly in adipose tissues (Hauner, 2002). 丁ZDs can 

be used in patients with reduced renal function, and they are better tolerated without 

significant gastrointestinal side effects. Major adverse effects of TZDs include 

hepatotoxicity, weight gain, peripheral edema and haemodilution (Lee, 2003; Henry, 

1997). 

Another kind of insulin sensitizer is metformin. Metformin is an anti-hyperglycemic 

drug which works by inhibiting hepatic glucose output. It has lesser beneficial effects 

on insulin resistance and vascular function but also lesser side effects of weight gain 

and hypoglycemia. Major concerns in using this drug are the causing of 

gastrointestinal disturbances including diarrhea, abdominal discomfort and loss of 

appetite (Garber et al,, 1997). 

1.5.2 a-glucosidase inhibitors 
At least two kinds of a-glucosidase inhibitors, namely acarbose and miglitol, have 

been developed to delay the intraluminal production of monosaccharide (Hanefeld el 

al., 2008). They competitively inhibit a-glucosidase that are located on the brush-

border of the mucosa of the small intestine and digest disaccharides into absorbable 

monosaccharides, and thereby slowing down carbohydrate digestion and lowering 
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postprandial hyperglycemia. Because a-glucosidase inhibitors lower only 

postprandial but not fasting plasma glucose level, the efficacy of these agents is 

limited to a 0.5% to 1% decrease in HbAlc value (Yee et al., 1996; Scott el al., 

2000). For the adverse effects, a-glucosidase inhibitors often induce gastrointestinal 

effects such as flatulence, diarrhea and abdominal pain, which are due to 

fermentation of unabsorbed carbohydrates in the intestine. Moreover, acarbose, when 

taken in high dose, could induce hepatic damage (Coniff er a l , 1995). 

1.5.3 Secretagogues 
All secretagogues cause the release of insulin by closing the energy-sensitive 

potassium channel in the cell membrane of P cells, leading to {3 cell depolarization, 

influx of calcium and then increased exocytosis and release of insulin (Zimmerman, 

1997). Sulphonylureas are primary drugs of this category. Examples of 

sulphonylureas include chlorpropamide, tolazamide, tolbutamide, glipizide, 

glyburide and glimepiride. The most common side effects of sulphonylureas are 

hypoglycemia and weight gain. They would also induce syndrome of inappropriate 

anti-diuretic hormone secretion by enhancing the release of anti-diuretic hormone 

(So et al” 2002; Kabadi et a l , 2003). 

1.5.4 Exogenous insulin 
Insulin is the only therapeutic agent for type 1 DM. For severe type 2 diabetic 

patients, insulin therapy is required when they have failed on an adequate trial of diet, 

exercise and oral anti-diabetics. Insulin administration significantly reduces blood 

glucose concentration by suppressing hepatic glucose production, increasing 

postprandial glucose utilization and improving abnormal lipoprotein composition in 
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patients with insulin resistance (Nelson et al., 2006). Moreover, it may decrease 

glucotoxicity by reducing hyperglycemia to improve insulin sensitivity and (3 cell 

secretory function (Giorgino et al., 2005). Common adverse effect of insulin is 

hypoglycemia which is caused by over-insulinization，skipped meals, exercise, 

defective counter-regulatory hormonal response or alcohol (Amiel et al” 2008). 

Insulin may also cause lipohypertrophy and allergic reactions at the injection sites 

(Fineberg et al” 2007). 

1.6 Traditional Chinese Medicine for Diabetes Mellitus 
Thousands years of experience has been accumulated in the practice of Chinese 

medicine for diabetic therapy.【t categorizes D M as XiaoKeZhen (消渴症）which is 

attributed to yin deficiency with dryness and heat. Chinese doctors treat DM through 

a holistic care rather than only by lowering blood glucose. A general therapeutic rule 

is to promote blood circulation to remove blood stasis, to activate vital energy 

circulation, to clear away heat in the body, to invigorate liver and kidney to activate 

yang, and to invigorate the spleen and stomach to strengthen the body (Dai, 2000; Xu 

et al” 2000). A recent paper reviews 86 natural medicines (82 originate from plants 

and 4 from animals) which are commonly used for diabetic treatment with regard to 

their origin, anti-diabetic active components and pharmacological results (Li et al,, 

2004). Table 1-3 showed a list of 33 TCMs most commonly used in anti-diabetic 

compound recipes. 



Table 1-3 Thirty-three TCMs commonly used in anti-diabetic compound recipes. 

TCMs frequently used in anti-diabetic compound recipes 
Radix Astragali (黃茂） Rhizoma Coptidis (黃蓮） Fructus Schisandrae (五味子） 

Radix Rehmanniae (地黃） Fructus Lycii (枸祀子） Herba Gynostemmae (絞股藍） 

Radix Rehmanniae preparata (熟地黃） Cortex Lycii (地骨皮） Radix Salviae miltiorrhizae (丹參） 

Radix Trichosanthis (天花粉） Poria (茯苓） 」 Rhizoma Phragmitis (蘆根） 

Radix Puerariae (葛根） Rhizoma Atractylodis (蒼术） Rhizoma Alismatis (衝寫） 

Radix Ginseng (人參） Rhizoma Anemarrhenae (知母） Semen Cuscutae (冤絲子） 

Radix Panacisquinquefolii (西洋參） Radix Ophiopogonis (麥冬） Herba Epimedii (淫羊藿） 

Rhizoma Polygonati (黃精） Fructus Ligustri lucidi (女貞子） Radix Clematidis (威靈仙） 

Rhizoma Polygonati odorati (玉竹） Fructus Mori (桑椹） Radix Notoginseng (三七） 

Fructus Coini (山茱萸） Folium Mori (桑葉） Herba Dendrobii (石斛） 

Hirudo 冰輕） Cortex Mori (桑白皮） Concha Ostreae (牡螺） 

Different classes of compounds with hypoglycemic effect were isolated from various 

TCMs, including terpenoids, polysaccharides, flavonoids, alkaloids, etc (Chen, J 987; 

Wu et al., 1992; Gu et al., 1997; Yin et al” 2000). Examples of chemical constituents 

isolated from TCM with anti-diabetic activity are listed in Table 1-4. These 

compounds are effective in relief of symptoms such as lowering blood glucose but 

they cannot replace the roles of herbs in compound recipes. Chinese medicines are 

effective not only to treat DM but also at the same time to treat diabetic 

complications. So far, Chinese doctors have put forward many prescriptions with 

different medical emphasis subjecting to various symptoms of DM. Some classical 

prescriptions with outstanding curative effect have been used for hundreds of years. 

Examples include Xiao Ke Fang (消渴方)，Liu Wei Di Huang Wan (六味地黃九) 

and Yu Nu Jian (玉女煎)(Chen et al., 1993; Kuchinski, 1999). 



Table 1-4 Chemical constituents isolated from TCMs showing hypoglycemic 

activities. 

Chemical categories Bioactive compounds Medicinal herbs 
Terpenoids Triterpenoids: 

ginsenoside B. baselloides 
oleanolic acid L. lucidum 
tormentic acid E. japonic a 
ursolic acid C. officinalis 

Diterpenoids: 
stevioside, saivin, salvicin S. japonica 

Monoterpenoids: 
catalpol, rehmanniosides R. glutinosa 

Polysaccharides Panaxan 
Laminaran 
Coixan 

Flavonoids Swerchirin S. chirayita 
Hyperin T. cordata 

Peptides a-methy lenecyc lopropy Iglycin L. chinensis 
S-allyl cysteine sulfoxide A. sativum 

Alkaloids Berberine C. chinensis 
Vindoline C. rose us 

Sterols Charantin M. charantia 
Fatty acids Linoleic acid B. mori 

Trihydroxyljecoric acid B. alba 

1.7 Project objectives 
Type 2 DM affects about one-tenth of the world population and shows increasing 

trend in prevalence. In Hong Kong, DM causes great concern in the health of elderly 

and youth due to more "Western" style in diet and lack of sufficient exercise. One of 

the serious consequences of DM is diabetic complication. Due to high morbidity and 
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mortality, atherosclerosis has aroused wide studies among various complications. 

Different causes have been proposed in the pathogenesis of DM. One of them, 

oxidative stress, plays an important role in DM. Under oxidative stress, pancreatic p 

cells become a major site of cell injury due to its low antioxidant enzyme activity. 

Apoptosis of p cells by hyperglycemia explains why many non-insulin dependent 

diabetic patients may shift to insulin-dependent when hyperglycemia exists 

chronically. Oxidative stress is also important in the induction of accelerated 

atherosclerosis of diabetic patients. Inflammation and vascular smooth muscle cell 

proliferation and migration are closely related to free radical generation, and are 

closely linked between DM and atherosclerosis. In therapy of type 2 DM, many 

Western drugs are now available commercially. However, they have limitations such 

as insufficient efficacy and existence of side effects. In making therapeutic choices in 

the management of type 2 DM, the major goal of protecting patients from the long-

term complications of the disease must be considered. For this aspect, Chinese 

medicine that consider different systems of the body as a whole, may have 

advantages over Western medicine. 

This study aims at evaluating the potency of TCMs in treating DM and the associated 

complications. Using various biochemical assays, effective TCM(s) for protecting 

pancreatic p cell death wil l be screened from 28 TCMs. The short-listed herbs wil l be 

combined to form a herbal formula. Then, different biological activities of the 

formula wil l be investigated using in vitro and in vivo models. They include (i) anti-

apoptotic effect on pancreatic p cells; (ii) anti-hyperglycemic effect in diabetic db/dh 
mice; (iii) anti-oxidative effect on p cells and LDL on cell membrane; (iv) anti-

atherosclerotic effect in vascular smooth muscle cells; (v) anti-inflammatory effect in 
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macrophages. It is hoped that a herbal formula possessing therapeutic actions in both 

DM and atherosclerosis wil l be developed. 
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CHAPTER 2 
MATERIALS AND METHODS 
2.1 Materials 
2.1.1 Cell lines 
RIN-m5F (ATCC number CRL-11605): it is an insulinoma cell line isolated from rat 

pancreatic p cells. The cells were maintained in RPMI-1640 medium supplemented 

with 10% fetal bovine serum (FBS, purchased from Invitrogen, USA), 100 U/mL 

penicillin and 100 ng/mL streptomycin. They were incubated at 37°C humidified 

incubator supplied with 5% CO2. Sub-cultivation was performed two to three times 

per week when the cells was grown to 80-90% confluence. 

A7r5 (ATCC number CRL-1444): it is a vascular smooth muscle cell line derived 

from embryonic rat aorta. The cells were maintained in Dulbeccos Modified Eagle's 

Medium supplemented with 10% FBS, 100 U/mL penicillin and 100 pg/mL 

streptomycin. They were incubated at 37°C humidified incubator supplied with 5% 

CO2, Sub-cultivation was performed one to two times per week when the cells was 

grown to 80-90% confluence. 

RAW264.7 (ATCC number TIB-71): it is a mouse macrophage cell line isolated 

from Balb/c ascites. The cells were maintained in Dulbeccos Modified Eagle's 

Medium supplemented with 10% FBS, 100 U/mL penicillin and 100 |ig/mL 

streptomycin. They were incubated at 37°C humidified incubator supplied with 5% 

CO2. Sub-cultivation was performed two to three times per week when the cells was 

grown to 80-90% confluence. 
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2.1.2 Culture media 
Roswell Park Memorial Institute tissue culture medium 1640 (RPMI 1640) and 

Dulbeccos Modified Eagle's Medium (DMEM) were purchased from Invitrogen 

(USA). A pack of medium powder with phenol red, L-glutamine and HEPES was 

dissolved in 1 L of distilled water. Sodium bicarbonate (Sigma, USA) was added (2 g 

for RPMI 1640 medium and 3.7 g for DM EM) and the pH value was adjusted to 7.2. 

The medium was then sterilized by filtration using 0.22 ^im bottle-top filter 

(Millipore, USA). Sterilized medium was stored at 4°C until use. 

2.1.3 Trypsin-EDTA 
Trypsin-EDTA solution containing 0.25% trypsin and 1 mM EDTA-tetrasodium in 

Hank's Buffered Salt Solution (HBSS) was purchased from Invitrogen (USA). 

2.1.4 Buffers for biochemical assays 
Phosphate Buffered Saline (PBS) 
PBS was prepared by dissolving 8 g NaCl, 0.2 g KC1，0.24 g KH2PO4 and 1.44 g 

Na2HP〇4 in 1 L of distilled water. The pH was adjusted to 7.4 using HCI. The 

solution was sterilized by autoclave and was stored at 4°C until use. 

Lysis buffer for preparing fragmented DNA 
The buffer contains 3% NP-40, 20 mM EDTA, 50 mM Tris-Cl at pH 7.5. 

Tris-EDTA (TE) buffer for preparing fragmented DNA 
TE buffer was composed of 0.1 mM EDTA, 10 mM Tris-Cl at pH 7.5. 
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Insulin secretion buffer 
Insulin secretion buffer was composed of 20 mM HEPES, 115 mM NaCI, 5 mM 

NaHC03, 4.7 mM KCI, 2.6 mM CaCI2，1.2 mM KH2P04, 1.2 mM MgS04. The pH 

value of the solution was adjusted to 7.4. Before adding to the cells, dexamathone 

and glucose was added to make up to final concentrations of 500 nM and 5.5 mM, 

respectively. 

Lysis Buffer for Total Protein Extraction 
Lysis buffer was composed of 2% SDS, 10% glycerol and 0.0625 M Tris-HCl (pH 

6.8). 

1 OX SDS Running Buffer 
10X SDS running buffer was prepared by dissolving 30.3 g of Tris base, 144 g of 

glycine and 10 g of SDS in 1 L of distilled water. The concentrated stock solution 

was then diluted to IX SDS running buffer by distilled water. 

10% Ammonium Persulfate (APS) 
10% APS was prepared by dissolving 10% (w/v) APS (Bio-Rad, USA) in distilled 

water and was stored at -20°C. 

2X SDS Loading Dye 
2X SDS loading dye was prepared by mixing 10% (v/v) glycerol, 0.4% (w/v) SDS, 

0.05% (w/v) bromophenol blue, 20 mM EDTA in 0.5 M Tris-HCl (pH 7.5) and 5% 

(v/v) 2-mercaptoethano 1. 
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Electroblotting Buffer (E-Blot Buffer) 
E-Blot buffer was prepared by mixing 66.7 mL of 10X Tris-glycine (30.3 g of Tris 

base and 144 g of glycine in 1 L of distilled water, pH 8.3), 100 mL of methanol and 

500 mL of distilled water. 

Phosphate Buffered Saline-Tween-20 (PBS-T) 
PBS-T was prepared by mixing 1 mL of Tween-20 with 1 L of PBS. 

2.1.5 Animals 
Female, 4-5 weeks C57BL/KsJ-m+/+Leprdb mice (diabetic, +db/+db', non-diabetic, 

m/+db) were supplied by the Laboratory Animal Services Centre (LASEC) of The 

Chinese University of Hong Kong (CUHK). The mice were fed with standard chow 

and sterile water ad lib in a 12-h light/dark cycle. All animal experiments were 

performed according to the protocols approved by Animal Research Ethics 

Committee of CUHK (RefNo. 07/084/MIS). 

2.2 Methods 
2.2.1 Cell proliferation assay (MTT assay) 
After appropriate treatment, the medium in each well of 96-well culture plate was 

discarded. Then, 40 ^L of MTT solution (5 mg/mL in PBS) was added to each well 

and the cells were incubated at 37°C, 5% CO2 humidified incubator for 4 h. MTT 

solution was then removed and 100 jiL of dimethyl sulfoxide (DMSO) was added to 

dissolve the crystals. Absorbance at 540 nm was then read using microplate reader 

(Bio-Rad). 



2.2.2 Determination of insulin secretion 
RLN-m5F cells (5x105 cells/well) were seeded in each well of 6-well plate. After 

incubation for 24 h, the cells were treated with streptozotocin (STZ, 5 mM) in the 

presence or absence of SRIO for further 24 h. Then, the medium was removed and 

the cells were washed twice with insulin secretion buffer. Cells of each well were 

then incubated with 1 mL insulin secretion buffer at 37°C for 2 h. After that, the 

supernatant was collected and diluted for 3-fold for determination of insulin content 

using Ultra Sensitive Rat Jnsulin ELISA kit (Crystal Chem, USA). 

2.2.3 Determination of insulin in plasma and supernatant 
Insulin concentration in supernatant and plasma was determined using Ultra 

Sensitive Rat Insulin ELISA kit. To each well of antibody pre-coated microplate, 95 

p.L Sample Diluent was dispensed. Then, 5 ^L of each sample was added to each 

well and the plate was incubated at 4°C for 2 h. After that, the wells were washed 

with Wash Buffer for five times. Anti-insulin enzyme conjugate (100 (xL) was added 

per well and the plate was incubated at room temperature for 30 min. The wells were 

washed with Wash Buffer for seven times. Enzyme Substrate Solution (100 (xL) was 

added to each well and the plate was left to stand for 40 min in dark. The enzyme 

reaction was stopped by adding 100 ^L Enzyme Reaction Stopping Solution per well. 

Absorbance at 450 nm was measured using microplate reader. The absorbance was 

corrected by the reading at 630 nm. Insulin concentration was calculated from the 

standard curve of insulin standard. 
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2.2.4 Detection of DNA fragmentation 
2xl05 cells were seeded into each well of a 6-well culture plate and were incubated at 

37°C, 5% CO2 humidified incubator overnight. After appropriate treatment, cells 

were harvested, washed with PBS and centrifuged at 800 x g for 3 min. Cell pellet 

was then lysed with 400 JJ.L DNA lysis buffer. The lysate was added with 20 ( I L of 

proteinase K solution (10 mg/mL) and then incubated at 56°C for 2 h. After that, the 

lysate was mix vigorously with 150 |uL saturated NaCl. The mixture was centrifuged 

at 5000 x g for 20 min. The supernatant was isolated and mixed with 1 mL cold 

ethanol. The mixture was centrifuged at 10000 x g at 4°C for 20 min. Then, the pellet 

was rinsed with cold 70% ethanol, air-dried and dissolved in 20 j iL TE buffer. The 

mixture was incubated at 37°C for 1.5 h. Dissolved DNA was subjected to 1.5% 

agarose gel electrophoresis and DNA bands were visualized under UV illumination. 

2.2.5 Cell cycle analysis by PI staining 
2xl05 cells were seeded into each well of a 6-well culture plate. The cells were 

incubated in complete medium for 24 h and in medium with 1% FBS for another 24 

h for synchronization. After appropriate drug treatment, the cells were collected and 

washed with PBS. Cells were then fixed with 1 mL of 70% ethanol at 4°C overnight. 

After fixation, ethanol was removed. Cells were then resuspended in 0.4 mL PBS 

containing propidium iodide (43 |iig/mL) and RNase A (1 mg/mL), and incubated in 

dark at 37°C for 30 min. After incubation, cell cycles were analyzed using 

FACSCanto flow cytometer (Becton Dickinson). 
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2.2.6 Detection of Phosphatidylserine externalization with Annexin V - F I T C 

and PI 
TACS™ Annexin V-FITC kit (Trevigen, Inc.) was used to examine early apoptosis 

and necrosis/late apoptosis. Cells (2x105) were seeded in 6-well culture plate and 

incubated overnight. After appropriate treatment, cells were harvested and washed 

twice with PBS. 1x105 cells were used for the assay. Each sample was added with 

100 jaL of Annexin V incubation reagent containing 10 JJ,L of 1 OX binding buffer, 10 

JJ,L o f Pl，1 | I L of Annexin V-FITC conjugate and 79 JXL of distilled water. The 

mixture was incubated at room temperature for 15 min. After incubation，400 ^L of 

IX binding buffer was added to each sample and the samples were analyzed by 

F AC Scan to flow cytometer (Becton Dickinson). 

2.2.7 Determination of nitric oxide release 
Nitric oxide (NO) production was detected by the formation of nitrite in the culture 

medium. Cells (0.5x106) per well were seeded in 24-we 11 plates. After 24 h 

incubation, the culture medium in each well was replaced by appropriate 

concentrations of STZ or SR10. After 24 h incubation, media were collected, 

centrifuged for 5 min at 14,000 x g, and 100 (xL of supernatant was incubated with 

100 |xL of Griess reagent (Sigma Chemical Company) for 15 min. The absorbance 

was read at 540 nm using a microplate reader. Nitrite concentration was calculated 

using sodium-nitrite as standard. 

2.2.8 Western blot analysis 
Total protein extraction 
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Cells (2xl06) were seeded in a 100-mm tissue culture dish and incubated overnight. 

After appropriate treatment, cells were collected and were washed twice with PBS. 

Lysis buffer (2% SDS, 10% glycerol, 0.0625 M Tris-HCI, pH 6.8) was added and the 

samples were allowed to stand on ice for 30 min. Then, the samples were boiled for 

10 min and were subjected to centrifugation at 1,5000 x g for 10 min at 4°C. After 

centrifugation, supernatant was collected and stored at -20°C. 

Determination of protein concentration 
Protein content in each sample was determined by bicinchoninic acid (BCA) protein 

assay. Bovine serum albumin (BSA) was used to establish the protein standard curve. 

Both testing samples and BSA standard were done in triplicate. BCA reaction 

mixture was made by mixing BCA solution and C11SO4.5H2O solution (v/v 50:1). In 

each well of 96-well plate, 2 pL protein sample or BSA standard was mixed with 200 

|iL BCA reaction mixture and incubated at 37°C for 30 min. After incubation, 

absorbance at 540 nm was measured by microplate reader (Bio-Rad). Protein amount 

of each sample was determined from BSA standard curve. 

Western hybridization 
Whole cell extract (25 jxg) was analyzed by 8-12% SDS-polyacrylamide gel 

electrophoresis (SDS-PAGE) and transferred to polyvinylidene fluoride (PVDF) 

membrane using Semi-Dry blotter (Bio-Rad). After blocking with PBS-T containing 

10% (w/v) non-fat milk powder for 1 h, the membranes were incubated at 4°C 

overnight with primary antibodies. After probing, the membrane was washed with 

PBS-T for 15 min for 3 times and probed with appropriate secondary antibody at 

room temperature for 1 h. The membrane was washed again with PBS-T for 3 times 

and it was ready for Enhanced Chemiluminescence (ECL) detection. ECL detection 

reagent 1 and reagent 2 (GE Healthcare) were mixed in the ratio of 1:1. After 

3 4 



incubated with ECL reagent, the signal developed on the membrane was captured by 

X-ray film (Super Rx, Fuji) with appropriate exposure time. The film was then 

developed by a film processor (M35 X-OMAT, Kodak) and the band intensity was 

analyzed by ImageQuant software (Molecular Dynamics). 

2.2.9 Detection of mRJNA expression level by Reverse Transcription-
Polymerase Chain Reaction (RT-PCR) 
RNA isolation 
Total RNA was purified from culture cells using RNeasy Mini kit (Qiagen) 

according to the manufacturer's protocol. In brief, cells (2 x 105) grown in 6-well 

culture plate was lysed with 350 j^L RLT buffer. Cell lysates were passed 5 times 

through 20-gauge needle. Then, 350 jxL of 70% ethanol was added to the lysates. The 

mixtures were transferred to RNeasy spin columns and centrifuged for 15 s at 8000 x 

g. Buffer RW1 (700 (iL) was added to the columns and they were centrifuged at 8000 

x g for 15 s. After that, 500 |j.L RPE buffer was added to the columns and they were 

centrifuged again at 8000 x g for 15 s. This step was repeated once. RNA was 

collected by adding 40 |xL RNase-free water to the column and then centrifuged at 

8000 x g for 1 min. RNA concentration was measured at 260 nm using UV 

spectrophotometer. 

cDNA synthesis by reverse transcription 
First strand cDNA was synthesized using Taqman® Reverse Transcription Reagent 

Kit according to the manufacturer's protocol. Reverse transcription mixture 

contained 5 \iL of I OX RT buffer, 11 ^iL of 25 mM MgCl2, 10 pL of 10 mM dNTP, 

2.5 jxL of random hexamer, 1 (J.L of RNase inhibitor, 0,5 |j,L of reverse transcriptase 

(50 U/nL) and 20 pL of total RNA (1 ^ig). Reaction was carried out at 25。C for 10 
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min, 37°C for 1 h and then at 95°C for 5 min. Synthesized cDNA was stored at -20°C 

until used. 

Polymerase Chain Reaction (PCR) 
PCR amplification was carried out using the reagents supplied by Invitrogen. 

Reaction mixture contained 2 j^L of I OX PCR buffer，1 ^L of 10mM dNTP，0.5 ^L 

of Taq DNA polymerase, 1 j iL of lOmM primer mix (forward and reverse primer), 5 

^L of cDNA template and 10.5 |xL of distilled water. PCR was performed in 

GeneAmp® PCR system 9700 (Applied Biosystem). The samples were denatured at 

94°C for 5 min before running the cycles of I min at 94°C, 1 min at 50°C and 1 min 

at 72°C. Finally, extension was made at 

analyzed using agarose gel electrophoresis, 

documentary system. 

72°C for 10 min, PCR products were 

The signals were detected using UV) gel 

2.2.10 Basal glycemia test 
At day 0, diabetic mice (+db/+db) were divided into three groups (water, low dosage 

ofSRIO and high dosage of SR10) and one group of non-diabetic lean mice (m/+db) 
was used as normal control. Eight mice were included in each group. After overnight 

fasting, blood was collected from tail vein of each mouse and plasma glucose level 

was determined by glucose oxidase method (Biosystem, USA). In chronic treatment, 

powder ofSRIO was dissolved in distilled water (0.2 mL) and administered by force 

feeding once daily for 4 weeks. For low dosage group, the mice were fed with 464 

mg/kg of SR10. For high dosage group, the mice were fed with 927 mg/kg of SR10. 

For both water group and non-diabetic mice, they were fed with 0.2 mL water. 

Plasma glucose levels were determined once per week in overnight fasting mice. 

Plasma insulin of each mouse was determined before and after 4-week treatment 
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using Ultra Sensitive Rat Insulin EL1SA Kit (Crystal Chem Incorporation, USA) 

according to the manufacturer's instructions. The experiments were repeated for 3 

times (n 二 8 for each experiment) and the data were expressed as the Mean 士 

Standard Deviation (S.D.) of total 24 mice. 

2.2.11 Oral glucose tolerance test (OGTT) 
On the day of OGTT, first blood sample (-30 min) was collected from tail vein of 

overnight-fasted mice followed immediately by force-feeding with water (water 

control group and non-diabetic control group) or 200 mg/kg metformin (Sigma 

Chemical Company) (positive control group) or SRIO (low dosage and high dosage 

treatment groups) according to their assigned groups (8 mice in each group). Second 

blood sample (0 min) was taken 30 min after the treatment and immediately followed 

by force-feeding of 2 g/kg glucose solution. Blood samples were then collected at 30 

min, 60 min and 90 min after glucose challenge. The mice were kept fasting until last 

blood sample was taken. The experiments were repeated for three times under the 

same condition. The data were expressed as the Mean 士 S.D. of total 24 mice. 

2.2.12 Preparation of plasma samples from mice 
Whole blood was collected in centrifuge tube pre-coated with 5(iL of 1250 U/mL 

heparin from tail tip of mice. Blood sample was then immediately centrifuged at 

4000 x g for five minutes for separation of plasma from blood cells. Plasma as 

supernatant was collected. 
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2.2.13 Preparation of liver extract from mice 
After the mice were sacrificed, one gram of liver tissue was removed from each 

mouse and homogenated in 10 mL homogenizing buffer (50 mM Tris-HCI, 0.1 mM 

EDTA, pH 7.6). The homogenates were centrifuged at 10,000 x g for 10 minutes and 

the supernatants (i.e. liver extracts) were collected for performing assays. 

2.2.14 Isolation of mouse islets 
Pancreases of the mice were isolated, cut into fine pieces and put into Hank's 

balanced salt solution (Invitrogen, USA) containing 25 mg collagenase A (Roche, 

USA). The tissues were shaken in 37°C water bath for about 10 min until no tissue 

clump could be seen. Extra Hank's balanced salt solution was added to stop the 

digestion and the tissue digest was allowed to stand for few minutes. Supernatant 

was collected and examined under dissection microscope. Islets were selected by 

hand picking. Two thousand islets were collected from each mouse and three mice of 

each treatment group were randomly selected for islets preparation. 

2.2.15 Determination of glucose concentration in plasma 
The glucose concentration in plasma was measured by glucose oxidase method. One 

milliliter glucose assay solution (Biosystems) was pre-warmed at 37°C. Then, 5 ^L 

plasma sample was added and the absorbance at 500 nm was measured after 5 min 

incubation at 37°C. The absorbance was converted to actual glucose level by 

calibration with 5.6 mM glucose standard. 
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2.2.16 Determination of total cholesterol concentration in plasma 
An aliquot of 1 mL of assay reagent (Biosystems) was added to 10 sample or 

standard. The mixture was incubated at room temperature for 10 min. Then, the 

absorbance at 500 nm was read within 30 min. Cholesterol concentration was 

calculated by comparing the absorbance of the standard at concentration of 200 

mg/dL. 

2.2.17 Determination of HDL-C concentration in plasma 
An aliquot of 0.2 mL of plasma sample was added to 0.5 mL Reagent A of HDL-C 

determination kit (Biosystems). The mixture was allowed to stand at room 

temperature for 10 min, followed by centrifugation at 6000 x g for 10 min. 

Supernatant or standard (丨 00 ^iL) was added to 1 mL of Reagent A and the mixture 

was incubated at 37°C for 10 min. Then, absorbance at 500 nm was read using 

microplate reader. HDL-C concentration was calculated by comparing the 

absorbance of the standard at concentration of 15 mg/dL. 

2.2.18 Determination of triglyceride concentration in plasma 
An aliquot of 1 mL of assay reagent (Biosystems) was added to 10 fiL sample or 

standard. The mixture was incubated at 37°C for 5 min. Then, the absorbance at 500 

nm was read. Triglyceride concentration was calculated by comparing the 

absorbance of the standard at concentration of 200 mg/dL. 

2.2.19 Determination of PON activity in plasma 
Plasma sample was diluted 5-fold with freshly prepared reaction buffer (1.9 mM 

CaCb, 3.6 mM NaCl, 90 mM Tris-HCI, pH 8.5). Paraoxon was dissolved in reaction 
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buffer at concentration 1.2 mM as substrate. Then, the substrate (580 jiL) was added 

to 20 fxL diluted plasma sample. Absorbance at 405 nm was measured at room 

temperature every 1 min for total 10 min. Comparison of PON activity between 

control group and treatment group was made by comparing the rate of reaction (slope 

of the reaction curve) of each sample. 

2.2.20 Determination of Catalase activity in plasma and liver extracts 
Catalase activity assay was performed according to the manufacturer's instructions 

(Sigma Chemical Company, USA). Activities were measured in the plasma or liver 

extracts as remaining hydrogen peroxide substrate after the action of catalase. In 

brief, 25 J I L liver extract or 50 J I L of plasma was added with IX Assay Buffer to 

make the final volume to be 75 jxL. The reaction was started by adding 25 |uL of the 

Colorimetric Assay Substrate Solution. The mixture was incubated at room 

temperature for 5 minutes. Then, 900 J I L of the Stop Solution was added to stop the 

reaction. After that, 10 jxL aliquot of the reaction mixture was added with ImL of the 

Color Reagent. Color development was quantified by measuring the absorbance at 

520 nm after 15 min incubation at room temperature. Cellular protein contents in 

liver extracts were measured using BCA protein assay and all enzyme activities in 

the liver extracts were normalized to cellular protein content. 

2.2.21 Determination of SOD activity in plasma and liver extracts 
Superoxide dismutase (SOD) activity assay was performed according to the 

manufacturer's instructions (Biochemika). In brief, 20 ^L of liver extract or plasma 

samples were added with 200 J I L of WST Working Solution and 20 J I L of Enzyme 

Working Solution into a 96-well plate. After incubating the plate at 37°C for 20 min. 



absorbance at 450 nm was read using a mi crop late reader. SOD activity was 

calculated in terms of inhibition rate (%). 

2.2.22 Determination of GSH level in liver extract 
Tissue glutathione (GSH) was quantified according to the manufacturers 

instructions (Sigma Chemical Company, USA). In brief, 10 jxL liver extract or GSH 

standards were added with 150 |xL Working Mixture [6 U/mL of glutathione 

reductase, 1.5 mg/mL of dithionitrobenzoic acid (DTNB) solution] to a 96-well plate 

and incubated at room temperature for 5 min. Sulfosalicylic acid (5%) was used as a 

reagent blank. Fifty microliters of NADPH solution (0.16 mg/mL) was added to the 

mixtures. Absorbance was measured once per minute for totally 6 min. The reagent 

blank value was subtracted from every measurement. From the standard curve, 

AA4i2/min equivalent to 1 nmole of GSH was calculated. The amount of GSH in 

liver homogenate samples were calculated as follows: 

nmoles GSH/mL = AA412/min(sampie)/AA412/min (1 nmole) 

A A W m i n (sample) = slope generated by sample 

AA4i2/min (1 nmole) = slope calculated from standard curve for I nmole of GSH 

2.2.23 Determination of MDA in liver extracts 
An aliquot of 0.5 mL liver homogenate was added with 0.5 mL of thiobarbituric acid 

(TBA) reagent (0.67% TBA in 50% acetic acid), 225 of H20, 25 ^iL ofbutylated 

hydroxytoluene (BUT, 90 mM in isopropanol) and 250 jxL of FeCh (4 mM). The 

mixture was incubated at 90°C for 30 min. After cooling, 2 mL butanol was added 

and the mixture was centrifuged at 5000 x g for 30 min. The top layer in pink colour 
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was taken out for absorbance measurement at 532 nm (subtracted by absorbance at 

453 nm). MDA concentration was calculated against MDA standard curve. 

2.2.24 Measurement of 2,2'-azo-bis-(2-aiiiidinopropane) dihydrochloride 
(AAPH)-induced RBC hemolysis 
Preparation of red blood cell suspension 
Blood was collected from adult Sprague-Dawley (SD) rat from thoracic aorta by 

herparinized tube, RBCs were obtained by centrifugation at 1500 ^ g for 10 min and 

were washed twice with 0.15 M NaCI solution. After centrifugation, 20% RBC 

suspension was obtained by resuspending RBC in four times volume of 0.15 M NaCI 

solution. 

Measurement of RBC lysis 
RBC lysis reaction was set up in microcentrifuge tubes, each containing 10% RBC 

suspension, 100 mM of AAPH and various concentrations of testing drug in a total 

volume of ! mL. Control was set up by using PBS instead of testing drug. RBC and 

testing drug were added firstly and the reaction was initiated by adding 100 mM of 

AAPH. The mixtures were then incubated in oscillator at 37°C for 200 min. After 

incubation, the mixtures were diluted with PBS or distilled water by 20-fold, 

respectively. The diluted mixtures were centrifuged at 1500 x g for 】0 min. 

Supernatant (200 jxL) of each mixture was transferred to 96-well plate for 

measurement at 540 nm using microplate reader. Percentage inhibition of RBC 

hemolysis was calculated by the following equation: 

^^sample — ^^^sample DWcontro| 一 PBScontro! 

Inhibition % = X 100% 
、 DWsamp|e DWcontm| J 



2.2.25 Measurement of LDL peroxidation 
The reaction was set up in quartz cuvette, each containing 75 jxg of human LDL, 5 

jxM of copper (II) chloride and various concentrations of testing drug in a total 

volume of 1 mL. LDL and the testing drug were added to the cuvette firstly and the 

reaction was initiated by adding copper (II) chloride. Conjugated dienes formation 

was continually monitored at 37°C by measuring UV absorption at 234 nm in 5-min 

intervals for total 24 h. The lag time for the formation of conjugated dienes was 

determined to be the intercept of the slopes for the lag and propagation phases, and 

was compared with control (using PBS instead of testing drug). Figure 2-1 shows an 

example for determining the lag time of LDL oxidation. 
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2 + • • Figure 2-1 Determination of Lag time from a typical profile of Cu ions-induced 

LDL oxidation. 

2.2.26 Measurement of DNA incorporation assay (3H-thymidine uptake assay) 
0.5x104 cells were seeded into each well of a 96-we 11 culture plate. The cells were 

incubated in complete medium for 24 h and in medium with 1% FBS for another 24 
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h for synchronization. After appropriate drug treatment, cells in each well were 

added with 0.5 ^iCi of 3H-thymidine in 25 pL of PBS and incubated at 37°C for 6 h. 

Then, the cells were subjected once to freeze and thaw cycle. After that, DNA in the 

cells was harvested on microfilter with a cell harvester. The radioactivity of H-

thymidine on the filter was counted by a miroplate scintillation counter (Beckman 

Coulter). 

2.2.27 Cell migration assay 
To examine cell migration activity, transwell system was employed (Costar) (Fig. 2-

2). The system included a 24-well plate with transwell insert put on the top of the 

well. In the upper compartment, cells (1.5xl04) were seeded in each well in 100 |iL 

plain medium containing none or various concentrations of SR10. In the lower 

chamber, 600 ^L of plain medium with or without 25 ng/mL PDGF-BB was added. 

After 3 h incubation, cells in the transwell were fixed in 1% paraformaldehyde and 

stained in hematoxylin. Non-migrated cells in the upper compartment were scraped 

away. Migrated cells on lower surface of the filter were counted under microscope 

with power of 200X and 5 regions were counted per well. 



Figure 2-2 A diagram showing the transwell system employed for cell migration 
assay. 

2.2.28 Measurement of cytokine release by ELISA 
Amount of cytokines in plasma or cell culture supernatant were measured by ELISA 
kit. It was carried out according to the manufacturer's protocol Briefly, 100 jj.L of 
capture antibody diluted in coating buffer (0.1 M sodium bicarbonate, pH 6.5) was 
added to each well of a 96-well ELISA plate and incubated overnight at 4°C. After 
incubation, the wells were washed 3 times with wash buffer (PBS with 0.05% 
Tween-20). The plate was blocked with assay diluent (10% FBS in PBS) and 
incubated at room temperature for 1 h. The plate was then washed with wash buffer 
for 3 times. After washing, 100 jiL of standard, plasma or 200 |j,L of medium 
supernatant were added into each well. The plate was incubated at room temperature 
for 3 h. The wells were then washed with wash buffer for 5 times. Detecting reagent 
(detection antibody + avidin-HRP reagent, 100 |jL) was added and incubated for 1 h 

4 5 



room temperature. Then, the wells were washed with wash buffer for 5 times. 

Substrate solution (100 jjL) was added and the plate was incubated for 30 min at 

room temperature in dark. Finally, 50 fiL of stop solution (2N sulphuric acid) was 

added to each well and absorbance at 450 nm was recorded using microplate reader 

(Bio-Rad). 

2.2.29 Extraction of proteins from different subcellular fractions 
Extraction of subcellular proteins was done with ProteoExtract Subcellular Proteome 

Extraction Kit (Calbiochem, USA) according to the protocol supplied by the 

manufacturer. Cells (5xl06) were seeded in 25 cm2 culture flask. After appropriate 

treatment, medium was removed from the flask. The cells were washed twice with 2 

mL ice-cold Wash buffer by gentle agitation at 4°C for 5 min. The buffer was 

removed and 1 mL ice-cold Extraction Buffer I with 5 pL protease inhibitor cocktail 

was added. The cells were gently agitated at 4°C for 10 min. The supernatant was 

collected as cytosoiic fraction. Another 1 mL ice-cold Extraction Buffer (I with 5 }j.L 

protease inhibitor cocktail was added to the cells and incubated for 30 min at 4°C 

with gentle agitation. The supernatant was removed, and 500 j iL ice-cold Extraction 

Buffer III with 5 J I L protease inhibitor cocktail and 1.5 |XL Benzonase nuclease was 

added to the cells. The cells were incubated for 10 min at 4°C and then the 

supernatant was collected as nuclear fraction. 
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CHAPTER 3 
AUTHENTICATION OF HERBAL MATERIALS 
3.1 Materials 
Twenty-eight TCMs were purchased from a local supplier in Sheung Wan, Hong 

Kong. Morphological authentication was done by Dr. Cao Hui (National Engineering 

Research Center for Modernization of TCM, Zhuhai，Guangdong, China). Thin 

Layer Chromatography (TLC) analysis of each herb was performed according to the 

procedures cited in Chinese Pharmacopoeia (edition in year 2000) with minor 

modifications. Reference herbs and reference compounds were purchased from 

National Institute for the Control of Pharmaceutical and Biological Products 

(NICPBP) or Sigma-Aldrich, Inc. For all of these TCMs, herbarium voucher 

specimens were deposited at the museum of the Institute of Chinese Medicine, The 

Chinese University of Hong Kong, with voucher specimen numbers shown in Table 

3-1. Morphology of these herbs was shown in Figure 3-1. 

Table 3-1 List of 28 TCMs and their voucher specimen numbers. 

T C M Voucher specimen number 

Cortex Acanthopanacis 2005-2637 

Cortex Lycii 2005-2601 

Cortex Phellodendri 2005-2595 

Fructus Corni 2005-2586 

Fructus Ligustri lucidi 2005-2590 
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Fructus Lycii 2005-2600 

Fructus Schisandrae chinensis 2005-2591 

Herba Gynostemmae 2005-2603 

Poria 2005-2588 

Radix Astragali 2005-2580 

Radix Codonopsis 2005-2597 

Radix Notoginseng 2005-2636 

Radix Ophiopogonis 2005-2589 

Radix Panacis quinquefolii 2005-2583 

Radix Platycodonis 2005-2602 

Radix Puerariae 2005-2582 

Radix Rehmanniae 2005-2581 

Radix et Rhizoma Rhei 2005-2594 

Radix Salviae miltiorrhizae 2005-2592 

Radix Trichosanthis 2005-2599 

Rhizoma Alismatis 2005-2593 

Rhizoma Anemarrhenae 2005-2605 

Rhizoma Atractylodis 2005-2604 

Rhizoma Coptidis 2005-2587 

Rhizoma Polygonati 2005-2584 

Rhizoma Polygonati odorati 2005-2585 

Rhizoma et Radix Poly go ni cuspidati 2005-2596 

Semen Coicis 2005-2598 
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Cortex Acanthopanacis Cortex Lycii 

Cortex Phellodendri Fructus Corni 
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Rhizoma et Radix 
Polygoni cuspidati 

V ：；：‘ 

Semen Coicis 

Morphology of 28 TCMs. 



3.2 Authentication 
3.2.1 Cortex Acanthopanacis (五力口皮） 

General description and characteristics of the herb 
It is the dried root bark of Acanthopanax gracilistylus W. W, Smith (Fam. Araliaceae). 

It is collected in summer and autumn.【t is shown as irregular quills, 5-15 cm long, 

0.4-1.4 cm in diameter, about 2 mm think. The outer surface is grayish-brown with 

slightly twisted longitudinal wrinkles and transverse lenticel-like scars. The inner 

surface is grayish-yellow with fine longitudinal striations. The texture is light and 

fragile. The odor is slightly aromatic. The taste is slightly pungent and bitter. The 

herb is used to relieve rheumatic condition, tonify the liver and the kidney, strengthen 

the tendons and bones. 

Thin Layer Chromatographic analysis 
Methodology 
2 g of testing herb heated at 45°C with 20 mL methanol for 2 h. The solution was 

filtered and evaporated to dryness. The residue was dissolved in 0.5 mL methanol as 

the testing solution. A solution using 2 g of Cortex Acanthopanacis reference herb 

(NICPBP catalog number 121523) was prepared in the same manner as the reference 

solution. TLC was carried out using silica gel 60 F254 as the stationary phase and a 

mixture of chloroform-methanol (7:3) as the mobile phase. The solutions were 

applied separately to the plate. After developed and dried in air, the plate was sprayed 

with 10% sulfuric acid in ethanol and heated at 105°C to make the spots distinct. 

Results 
TLC profile of Cortex Acanthopanacis was shown in Figure 3-2. The spots in the 

chromatogram obtained from the testing solution corresponded in color and position 

to the spots in the chromatogram obtained from the reference solution. 
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I: Reference Herb 
II: Testing Herb 

Figure 3-2 Thin Layer Chromatogram of Cortex Acanthopanacis. 

3.2.2 Cortex Lycii (地骨皮） 

General description and characteristics of the herb 
It is the dried root bark of Lycium chinense Mill, or Lycium barbarum L. (Fam. 
Solanaceae). It is collected in early spring or late autumn. It is quilled or channeled, 
3-10 cm long, 0.5-1.5 cm wide, 1-3 mm thick. The outer surface is grayish-yellow, 
rough and easily exfoliated. The inner surface is yellowish-white with fine 
longitudinal striations. The texture is light and fragile. The odor is slight. The taste is 
sweetish and then bitter. It is known to reduce heat in blood, to relieve consumptive 
fever and to remove heat from the lung. 
Thin Layer Chromatographic analysis 
Methodology 

1 g of testing herb was heated under reflux with 30 mL ethanol for 1 h. The solution 
was filtered and evaporated to dryness. The residue was dissolved in 3 mL ethanol as 
testing solution. A solution using 1 g of Cortex Lycii reference herb (NICPBP catalog 
number 121087) was prepared in the same manner as the reference solution. TLC 
was carried out using silica gel 60 F254 as the stationary phase and a mixture of 
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toluene-ethyl acetate-formic acid (5:2.5:0.5) as the mobile phase. The solutions were 
applied separately to the plate. After developed and dried in air, the plate was 
examined under UV light at 365 nm. 
Results 

TLC profile of Cortex Lycii was shown in Figure 3-3. The spots in the chromatogram 
obtained from the testing solution corresponded in position to the spots in the 
chromatogram obtained from the reference solution. 

• 
I: Testing Herb 
II: Reference Herb 

•HI 
i i i 

Figure 3-3 Thin Layer Chromatogram of Cortex Lycii. 

3.2.3 Cortex Phellodendri (黃柏) 

General description and characteristics of the herb 
It is the dried bark of Phellodendron amurense Rupr. (Family Rutaceae) or 
Phellodendron chinense Schneid. (Family Rutaceae) It is tabular channeled. The 
length and width are varied with 1-6 mm thickness. The outer surface is yellowish-
brown, longitudinally furrowed. The inner surface is dark yellow with fine 
longitudinal ridges. The texture is light and hard. The odor is slight. The taste is very 
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bitter. It is used to remove damp-heat, to quench fire, to counteract toxicity and to 

relieve consumptive fever. 

Thin Layer Chromatographic analysis 
Methodology 
0.1 g of testing herb was heated under reflux with 10 mL methanol for 30 min. The 

solution was filtered as the testing solution. A solution using 0.1 g of Cortex 

Phellodendri Amurensis reference herb (N1CPBP catalog number 120937) was 

prepared in the same mariner as the reference solution. Berberine hydrochloride 

(NICPBP catalog number 110713，purity > 98%) was dissolved in methanol (0.5 

mg/mL) as the standard solution. TLC was carried out using silica gel 60 F254 as the 

stationary phase and a mixture of ethyl acetate-acetone-formic acid-water (10:6:1:1) 

as the mobile phase. The solutions were applied separately to the plate. After 

developed and dried air, the plate was examined under UV light at 365 nm. 

Results 
TLC profile of Cortex Phellodendri was shown in Figure 3-4. The spot in the 

chromatogram obtained from the testing solution corresponded in position to the spot 

in the chromatogram obtained from the reference solution and standard solution. 
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R f = 0.83 

I: Berberine hydrochloride 
II: Testing Herb 
III: Reference Herb 

I II III 
Figure 3-4 Thin Layer Chromatogram of Cortex Phellodendri. 

3.2.4 Fructus Corni (山茱萸） 

General description and characteristics of the herb 
It is the dried ripe sarcocarp of Cornus of flcinalis Sieb. et Zucc. (Fam. Cornaceae). It 
is collected in late autumn and early winter. It is irregularly flaky, 1-1.5 cm long and 
0.5-1 cm wide. It is externally purplish-red, shrunken and lustrous, with a rounded 
scar of persistent calyx at the apex and a scar of fruit stalk at the base. The texture is 
soft. The odor is slight. The taste is sour, astringent and slightly bitter. It is used to 
replenish the liver and kidney, to restrain seminal emission and to relieve collapse. 
Thin Layer Chromatographic analysis 
Methodology 
0.5 g of testing herb was sonicated with 10 mL ethyl acetate for 15 min. The solution 
was filtered and evaporated to dryness. The residue was dissolved in 1 mL 
dehydrated ethanol as the testing solution. Ursolic acid (Sigma-Aldrich catalog 
number 89797, purity > 98.5%) was dissolved in dehydrated ethanol (1 mg/mL) to 
produce the standard solution. TLC was carried out using silica gel 60 F254 as the 
stationary phase and a mixture of toluene-ethyl acetate-formic acid (20:4:0.5) as the 
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mobile phase. The solutions were applied separately to the plate. After developed and 
dried in air, the plate was examined under UV light at 365 nm. Then, the plate was 
sprayed with 10% sulfuric acid in ethanol and heated at 105°C to make the spots 
distinct. 
Results 
TLC profile of Fructus Corni was shown in Figure 3-5. The spot in the 
chromatogram obtained from the testing solution corresponded in position to the spot 

in the chromatogram obtained from the standard solution. 

• 

Testing Herb 

I II I II 
Figure 3-5 Thin Layer Chromatogram of Fructus Corni. 

3.2.5 Fructus Ligustri lucidi (女貞子） 

General description and characteristics of the herb 
It is the dried ripe fruit of Ligustrum lucidum Ait. (Fam. Oleaceae). It is collected in 
winter. It is ovoid, 6-8.5 mm long, 3.5-5.5 mm in diameter. It is externally blackish-
purple, shrunken, with a fruit stalk scar or persistent calyx and a short fruit stalk at 
the base. The texture is light. The odor is slight. The taste is sweet but slightly bitter 
and astringent. It is used to replenish the liver and kidney, to improve vision and to 
promote hair growth. 
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Thin Layer Chromatographic analysis 
Methodology 
0.5 g of testing herb was heated under reflux with 20 mL methanol for 30 min. The 
solution was filtered and evaporated to dryness. The residue was dissolved in a 
mixture of ethano 1-chloroform (3:2) as the testing solution. Oleanolic acid (NICPBP 
catalog number 110709, purity > 98%) was dissolved in ethanol (1 mg/mL) to 
produce the standard solution. TLC was carried out using silica gel 60 F254 as the 
stationary phase and a mixture of hexane-acetone-ethyl acetate (5:2:1) as the mobile 
phase. The solutions were applied separately to the plate. After developed and dried 
in air, the plate was sprayed with 10% sulfuric acid in ethanol and heated at 105°C to 
make the spots distinct. 
Results 

TLC profile of Fructus Ligustri lucidi was shown in Figure 3-6. The spot in the 
chromatogram obtained from the testing solution corresponded in color and position 
to the spot in the chromatogram obtained from the standard solution. 

j — R f =0.39 

I: Testing Herb 
II: Oleanolic acid 

I II 
Figure 3-6 Thin Layer Chromatogram of Fructus Ligustri lucidi. 
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3.2.6 Fructus Lyci i (枸杞子) 

General description and characteristics of the herb 
It is the dried ripe fruit of Lycium barbarum L. (Fam. Solanaceae). It is collected in 

summer and autumn. It is ellipsoid, 6-20 mm long, 3-10 mm in diameter. It is 

externally dark red, with a protrudent style scar at the apex and a white fruit stalk 

scar at the base. The texture is soft and viscous. The odor is slight. The taste is sweet. 

Thin Layer Chromatographic analysis 
Methodology 
0.5 g of testing herb was boiled with 35 mL of water for 15 min. The solution was 

filtered and extracted with 15 mL of ethyl acetate. The ethyl acetate fraction was 

evaporated to dryness. The residue was dissolved in 0.5 mL ethyl acetate as the 

testing solution. A solution using 0.5 g of Fructus Lycii reference herb (NICPBP 

catalog number 121072) was prepared in the same manner as the reference solution. 

TLC was carried out using silica gel 60 F2m as the stationary phase and a mixture of 

ethyl acetate-chloroform-formic acid (3:2:1) as the mobile phase. The solutions were 

applied to the plate. After developed and dried in air, the plate was examined under 

UV light at 365 nm. 

Results 
TLC profile of Fructus Lycii was shown in Figure 3-7. The spots in the 

chromatogram obtained from the testing solution corresponded in position to the 

spots in the chromatogram obtained from the reference solution. 
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II: Testing Herb 

I II 
Figure 3-7 Thin Layer Chromatogram of Fructus Lycii. 

3.2.7 Fructus Schisandrae chinensis (五味子） 

General description and characteristics of the herb 
It is the dried ripe fruit of Schisandra chinensis (Turcz.) Barll. (Fam. Magnoliaceae). 
It is collected in autumn. It is irregularly spheroidal, 5-8 mm in diameter. It is 
externally purplish-red, shrunken, oily with soft pulp. The odor is aromatic. The taste 
is pungent and slightly bitter. It is used to replenish qi, to promote production of body 
fluids, to tonify the kidney and to induce sedation. 
Thin Layer Chromatographic analysis 
Methodology 
1 g of testing herb was heated under reflux with 20 mL chloroform for 30 min. The 
solution was filtered and evaporated to dryness. The residue was dissolved in 1 mL 
chloroform as the testing solution. A solution using 1 g of Fructus Schisandrae 
chinensis reference herb (NICPBP catalog number 120922) was prepared in the same 
manner as the reference solution. Deoxyschizandrin (NICPBP catalog number 
110764, purity > 98%) was dissolve in chloroform (1 mg/mL) to produce the 
standard solution. TLC was carried out using silica gel 60 F254 as the stationary phase 
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and a mixture of petroleum ether (30-60�C)-ethyl acetate-formic acid (15:5:1) as the 
mobile phase. The solutions were applied to the plate. After developed and dried in 
air, the plate was examined under UV light at 254 nm. 
Results 
TLC profile of Fructus Schisandrae chinensis was shown in Figure 3-8. The spot in 
the chromatogram obtained from the testing solution corresponded in position to the 

spots in the chromatogram obtained from the reference solution and standard solution. 

• 

Rf= I: Reference Herb 
II: Testing Herb 

I II III 
Figure 3-8 Thin Layer Chromatogram of Fructus Schisandrae chinensis. 

3.2.8 Herba Gynostemmae (絞股藍） 

General description and characteristics of the herb 
It is whole herb of Gynostemma pentaphyllum (Thunberg). Stem and branches 
slender, angular-sulcate, glabrous or sparsely pubescent. Leaves membranous or 
papery, pedately 3-9-foliolate, usually 5-7-foliolate, pubescent or glabrous; leaflets 
ovate-oblong or lanceolate, median 3-12 x 1.5-4 cm, lateral smaller, apex acute or 
shortly acuminate, base attenuate, margin crenate, hispid on both surfaces, lateral 
veins 6-8 pairs; petiolule 1-5 mm. 
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Thin Layer Chromatographic analysis 
Methodology 
5 g of testing herb was heated under reflux with 50 mL of 75% ethanol for 3 h. The 
solution was filtered and evaporated to dryness. The residue was dissolved in 1 mL 
dehydrated ethanol as the testing solution. Panaxadiol (NICPBP catalog number 
110701, purity > 98%) and panaxatriol (NICPBP catalog number 110702，purity > 
95%) were dissolved in ethanol (2 mg/mL) to produce two standard solutions. TLC 
was carried out using silica gel 60 F254 as the stationary phase and a mixture of 
chloroform-ethyl acetate-methanol (20:10:1) as the mobile phase. The solutions were 
applied to the plate. After developed and dried in air, the plate was sprayed with 10% 
sulfuric acid in ethanol and heated at 105°C to make the spots distinct. 
Results 
TLC profile of Herba Gynostemmae was shown in Figure 3-9. The spots in the 
chromatogram obtained from the testing solution corresponded in color and position 
to the spots in the chromatogram obtained from the standard solutions. 

� = 0 . 6 9 

^=0.35 

I: Testing Herb 
II: Panaxadiol 
III: Panaxatriol 

II III 

Figure 3-9 Thin Layer Chromatogram of Herba Gynostemmae. 
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3.2.9 Poria (茯苓) 
General description and characteristics of the herb 
It is the dried sclerotium of the fungus, Poria cocos (Schw.) Wolf (Fam. 

Polyporaceae). It is collected mostly in July to September. It is irregular-shaped and 

varied in size. The outer skin is thin and rough, in brown color. The texture is hard 

and compact. The odor is slight. The taste is weak. 

Thin Layer Chromatographic analysis 
Methodology 
2 g of testing herb was sonicated with 5 mL acetone for 30 min. The solution was 

filtered as testing solution. A solution using 2 g of Poria reference herb (NICPBP 

catalog number J21117) was prepared in the same manner as the reference solution. 

TLC was carried out using silica gel 60 F254 as the stationary phase and a mixture of 

chloroform-acetone-formic acid (20:6:0.5) as the mobile phase. The solutions were 

applied to the plate. After developed and dried in air, the plate was examined under 

UV light at 254 nm. Then, the plate was sprayed with 10% sulfuric acid in ethanol 

and heated at 105°C to make the spots distinct. 

Results 
TLC profile of Poria was shown in Figure 3-10. The spots in the chromatogram 

obtained from the testing solution corresponded in color and position to the spots in 

the chromatogram obtained from the reference solution. 



(A) (B) 

I: Reference Herb 
II: Testing Herb 

I II I II 
Figure 3-10 Thin Layer Chromatogram of Poria. (A) Examination under UY 254 
nm. (B) Examination under visible light. 

3.2.10 Radix Astragali (黃芪） 

General description and characteristics of the herb 
It is the dried root of Astragalus membranaceus (Fisch.) Bge. var. mongholicus (Bge.) 
Hsiao or Astragalus membranaceus (Fisch.) Bge. (Fam. Leguminosae). It is collected 
in spring or autumn. It is cylindrical, 30-90 mm long, 1-3.5 cm in diameter. It is 
externally pale brownish-yellow with irregular longitudinal wrinkles. The texture is 
hard, highly fibrous and starchy with radiated striations and fissures. The odor is 
weak. The taste is slightly sweet. It is used to reinforce qi’ to strengthen the 
superficial resistance, to induce urination, to promote drainage of pus and growth of 
new tissue. 
Thin Layer Chromatographic analysis 
Methodoloev 
3 g of the testing herb was heated in 20 mL methanol under reflux for 1 h. The 
solution was filtered and the filtrate was applied to a prepared neutral aluminum 
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oxide column (100-120 mesh, 5 g, 10-15 mm in internal diameter) and was eluted 

with 100 mL of 40% methanol. The eluate was collected and evaporated to dryness. 

The residue was dissolved in 30 mL water and extracted twice with 20 mL water-

saturated n-butanol. The n-butanol fraction was combined and washed twice with 20 

mL water. Butanol fraction was evaporated to dryness. The residue was dissolved in 

0.5 mL methanol as testing solution. Astragaloside IV (NICPBP catalog number 

110781，purity > 98%) was dissolved in methanol (1 mg/mL) to produce the standard 

solution. TLC was carried out using silica gel 60 F254 as the stationary phase and a 

mixture of chloroform-methanol-water (20:5:2) as the mobile phase. The solutions 

were applied to the plate. After developed and dried in air, the plate was examined 

under UV light at 365 nm. Then, the plate was sprayed with 10% sulfuric acid in 

ethanol and heated at 105°C to make the spots distinct. 

Results 
TLC profile of Radix Astragali was shown in Figure 3-11. The spot in the 

chromatogram obtained from the testing solution corresponded in color and position 

to the spot in the chromatogram obtained from the standard solution. 
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I: Testing Herb 
R f= 0.45 I I ; A s t r a g a l o s i d e i v 

II II 

Figure 3-11 Thin Layer Chromatogram of Radix Astragali. (A) Examination under 
UV 365 nm. (B) Examination under visible light. 

3.2.11 Radix Codonopsis (黨參） 

General description and characteristics of the herb 
It is the dried root of Codonopsis pilosula (Franch.) Nannf., Codonopsis pilosula 
Nannf. var. modesta (Nannf.) L. T. Shen or Codonopsis tangshen Oliv. (Fam. 
Campanulaceae). It is collected in autumn. It is cylindrical, slightly curved, 10-35 cm 
long, 0.5-2.5 cm in diameter. It is externally yellowish-brown. Dense transverse 
ambulations occurs below the root stock with distinct longitudinal wrinkles. The 
texture is slightly hard. The odor is aromatic. The taste is sweet. It is used to 
reinforce qi and to invigorate the function of spleen and lung. 
Thin Layer Chromatographic analysis 
Methodology 

1 g of testing herb was sonicated with 25 mL methanol for 30 min. The solution was 
filtered and evaporated to dryness. The residue was dissolved in 2 mL water and 



applied to a CI8 SEP-PAK cartridge (500 mg, column equilibrated with 10 mL 
methanol and then 10 mL of 20% methanol). It was eluted with 5 mL of 20% 
methanol followed by 5 mL methanol. The methanol eluate was collected and 
concentrated to 1 mL as testing solution. A solution using 1 g of Radix Codonopsis 
reference herb (NICPBP catalog number 121057) was prepared in the same manner 
as the reference solution. TLC was carried out using silica gel 60 F254 as the 
stationary phase and a mixture of n-butanol-acetic acid-water (7:1:0.5) as the mobile 
phase. The solutions were applied separately to the plate. After developed and dried 
in air, the plate was examined under UV light at 365 nm. Then, the plate was sprayed 
with 10% sulfuric acid in ethanol and heated at 105°C to make the spots distinct. 
Results 

TLC profile of Radix Codonopsis was shown in Figure 3-12. The spots in the 
chromatogram obtained from the testing solution corresponded in color and position 
to the spots in the chromatogram obtained from the reference solution. 

(A) (B) 

I: Testing Herb 
II: Reference Herb 

I II I II 

Figure 3-12 Thin Layer Chromatogram of Radix Codonopsis. (A) Examination 
under UV 365nm. (B) Examination under visible light. 
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3.2.12 Radix Notoginseng (三七） 

General description and characteristics of the herb 
It is the dried root of Panax notoginseng (Burk.) F. H. Chen (Fam. Araliaceae). It is 

collected in autumn. It is subconical, 1-6 cm long, 1-4 cm in diameter. It is externally 

grayish-brown with longitudinal wrinkles. The texture is heavy and compact. The 

odor is slight. The taste is bitter and then sweetish. 

Thin Layer Chromatographic analysis 
Methodology 
0.5 g of testing herb was added with 5 drops of water and 5 mL of water-saturated n-

butanol. The solution was shaken for 10 min and allowed to stand for 2 h. Another 15 

mL n-butanol-saturated water was added and let stand to fractionate. The butanol 

fraction was isolated and evaporated to dryness. The residue was dissolved in 1 mL 

methanol as testing solution. Ginsenoside Rbl (NICPBP catalog number 110704, 

purity > 98%), Ginsenoside Re (NICPBP catalog number 110754, purity > 98%), 

Ginsenoside Rgl (NICPBP catalog number 110703, purity > 98%) and 

Notoginsenoside R1 (NICPBP catalog number 110745, purity > 98%) were dissolved 

in methanol (0.5 mg/mL), respectively, to produce four standard solutions. TLC was 

carried out using silica gel 60 F254 as the stationary phase and the lower layer of a 

mixture of chloroform-ethyl acetate-methanol-water (15:40:22:10, standing for 2 h 

under 10°C) as the mobile phase. The solutions were applied to the plate. After 

developed and dried in air, the plate was examined under UV light at 365 nm. Then, 

the plate was sprayed with 10% sulfuric acid in ethanol and heated at 105°C to make 

the spots distinct. 

Results 
TLC profile of Radix Notoginseng was shown in Figure 3-13. The spot in the 
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chromatogram obtained from the testing solution corresponded in color and position 
to the spot in the chromatogram obtained from the standard solutions. 

(B) 

Rf- 0.27 

Rf= 0.24 

Rf^O.09 

I II III IV V I II III IV V 

I: Ginsenoside Rbl II: Ginsenoside Re III: Ginsenoside Rgl 
IV: Notoginsenoside R1 V: Testing Herb 

Figure 3-13 Thin Layer Chromatogram of Radix Notoginseng. 

3.2.13 Radix Ophiopogonis (麥冬） 

General description and characteristics of the herb 
It is the dried root tuber of Ophiopogon japonicus (Thunb.) Ker-Gawl. (Fam. 
Liliaceae). It is collected in summer. It is fiisiform, 1.5-3 cm long, 3-6 mm in 
diameter. It is externally yellowish-white with longitudinal and fine wrinkle. The 
texture is tough. The odor is slightly aromatic. The taste is sweet and bitter. It is used 
to nourish yin, to promote production of body fluids, to moisten the lung and to 

71 



anchor the mind. 

Thin Layer Chromatographic analysis 
Methodology 
2 g of testing herb was macerated with 20 mL of a mixture of chloroform-methanol 

(7:3) for 3 h and sonicated for 30 min. The solution was filtered and evaporated to 

dryness. The residue was dissolved in 0.5 mL chloroform as the testing solution. A 

solution using 2 g of Radix Ophiopogonis reference herb (NICPBP catalog number 

121013) was prepared in the same manner as the reference solution. TLC was carried 

out using silica gel 60 F254 as the stationary phase and a mixture of toluene-

methanol-glacial acetic acid (80:12.5:0.1) as the mobile phase. The solutions were 

applied to the plate. After developed and dried in air, the plate was examined under 

UV light at 365 nm. Then, the plate was sprayed with 10% sulfuric acid in ethanol 

and heated at 105°C to make the spots distinct. 

Results 
TLC profile of Radix Ophiopogonis was shown in Figure 3-14. The spots in the 

chromatogram obtained from the testing solution corresponded in color and position 

to the spots in the chromatogram obtained from the reference solution. 
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(A) (B) 

Reference Herb 
II: Testing Herb 

II I I 

Figure 3-14 Thin Layer Chromatogram of Radix Ophiopogonis. (A) Examination 
under UV 365nm. (B) Examination under visible light. 

3.2.14 Radix Panacis quinquefolii (西洋參） 

General description and characteristics of the herb 
It is the dried root of Panax quinquefolium L. (Fam. Araliaceae). All the commercial 
supplies are obtained from cultivated forms. It is collected in autumn. It is cylindrical 
or conical, 3-12 cm long, 0.8-2 cm in diameter. It is externally pale yellowish-brown 
or yellowish-white. It exhibits transverse-striations and linear lenticel-like 
protrudings. It showed fine and dense longitudinal wrinkles and rootlet scars. The 
texture is heavy and hard with even fracture. The odor is slight and characteristic. 
The taste is slightly bitter and sweet. It is used to tonify qi and nourish to remove 
heat and to promote production of body fluids. 
Thin Layer Chromatographic analysis 
Methodology 
1 g of testing herb was ground into powder and heated under reflux with 25 mL 
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methanol for 1 h. The solution was filtered and evaporated to dryness. The residue 

was dissolved in 20 mL water. The solution was extracted by shaking twice with 10 

mL ethyl ether. Water layer was extracted again with 15 mL water-saturated n-

butanol for three times. Butanol fractions were combined and washed with 10 mL 

water twice. Butanol layer was collected and evaporated to dryness. The residue was 

dissolved in 1 mL methanol as the testing solution. A solution using 1 g of Radix 

Panacis quinquefolii reference herb (NICPBP catalog number 120997) was prepared 

in the same manner as the reference solution. Ginsenoside Rbl (NICPBP catalog 

number 110704，purity > 98%), Ginsenoside Re (NICPBP catalog number 110754， 

purity > 98%) and Ginsenoside Rgl (NICPBP catalog number 110703, purity > 98%) 

were dissolved in methanol (2 mg/mL), respectively, to produce three standard 

solutions. TLC was carried out using silica gel 60 F254 as the stationary phase and the 

lower layer of a mixture of chloroform-ethyl acetate-methano卜water (15:40:22:10, 

standing for 2 h under 10°C) as the mobile phase. Two microliter of each of the 

solutions was applied to the plate. After developed and dried in air, the plate was 

sprayed with a 10% solution of sulfuric acid in ethanol and heated at 105°C to make 

the spots distinct. 

Results 

TLC profile of Radix Panacis quinquefolii was shown in Figure 3-15. The spots in 

the chromatogram obtained from the testing solution corresponded in color and 

position to the spots in the chromatogram obtained from the reference solution and 

standard solutions. 
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_ ；1~ R F=0.32 
R f = 0 . 2 
R f = 0 . 0 9 

I II III IV V 

I: Reference Herb II: Testing Herb III: Ginsenoside Rbl 
IV: Ginsenoside Re V: Ginsenoside Rgl 

Figure 3-15 Thin Layer Chromatogram of Radix Panacis quinquefolii. 

3.2.15 Radix Platycodonis (拮梗） 

General description and characteristics of the herb 
It is the dried root of Platycodon grandiflorum (Jacq.) A. DC. (Fam. Campanulaceae). 
It is collected in spring and autumn. It is cylindrical and tapering downwards, slightly 
twisted, 7-20 cm long, 0.7-2 cm in diameter. It is externally white or pale yellowish-
white. It is longitudinally twisted-iurrowed with transverse lenticel-like scars and 
with transverse striations at the upper part. The texture is fragile with uneven fracture. 
The odor is slight. The taste is slightly sweet and then bitter. It is used to relieve 
cough, to ease sore throat, to promote phlegm expectoration and drainage of pus. 
Thin Layer Chromatographic analysis 
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Methodology 
20 mL of the mixture of 7% ethanolic sulfuric acid water (1:3) was added to I g of 

testing herb and heated under reflux for 3 h. The extract was filtered and the filtrate 

was extracted twice with 20 mL chloroform. Chloroform extracts were combined and 

washed with 30 M L water. Chloroform fraction was dehydrated with anhydrous 

sodium sulfate and then filtered. The filtrate was evaporated to dryness. The residue 

was dissolved in 1 mL methanol as the testing solution. A solution using 1 g of Radix 

Platycodonis reference herb (NICPBP catalog number 121028) was prepared in the 

same manner as the reference solution. TLC was carried out using silica gei 60 F254 

as the stationary phase and a mixture of chloroform-ether (1:1) as the mobile phase. 

Ten microliter of each of the solutions was applied to the plate. After developed and 

dried in air, the plate was sprayed with 10% solution of sulfuric acid in ethanol and 

heated at 105°C to make the spots distinct. 

Results 

TLC profile of Radix Platycodonis was shown in Figure 3-16. The spots in the 

chromatogram obtained from the testing solution corresponded in color and position 

to the spots in the chromatogram obtained from the reference solution. 
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I: Testing Herb II: Reference Herb 
Figure 3-16 Thin Layer Chromatogram of Radix Platycodonis. 

3.2.16 Radix Puerariae (葛根) 

General description and characteristics of the herb 
It is the dried root of Pueraria thomsonii Benth. (Fam. Leguminosae). It is collected 
in autumn and winter. It is cylindrical, 12-15 cm long, 4-8 cm in diameter. It is 
externally yellowish-white. The texture is heavy, hard and starchy. Transversely cut 
surface shows pale brown concentric rings formed by fibers. Longitudinally cut 
surface shows several longitudinal striations formed by fibers. The odor is slight. The 
taste is slightly sweet. It is used to release muscles, to encourage production of body 
fluids, to induce eruptions and to elevate spleen-yang to arrest diarrhea. 
Thin Layer Chromatographic analysis 
Methodology 
0.8 gram of test herb was ground into powder and macerated in 10 mL methanol for 
2 h. The solution was filtered and evaporated to dryness. The residue was dissolved 
in 0.5 mL methanol as the testing solution. Puerarin (NICPBP catalog number 
110752, purity > 98%) was dissolved in methanol (1 mg/mL) to produce the standard 



solution. TLC was carried out using silica gel 60 f254 as the stationary phase and a 
mixture of chloroform-methanol-water (7:2.5:0.25) as the mobile phase. Ten 
microliter of each of the solutions was applied to the plate. After developed and dried 
in air, the plate was examined under UV light at 254 nm. 
Results 
TLC profile of Radix Puerariae was shown in Figure 3-17. The spot in the 
chromatogram obtained from the testing solution corresponded in color and position 
to the spot in the chromatogram obtained from the standard solution. 

I 
I II 

I: Testing Herb II: Puerarin 
Figure 3-17 Thin Layer Chromatogram of Radix Puerariae. 

3.2.17 Radix Rehmanniae (地黃） 

General description and characteristics of the herb 
It is the fresh root tuber of Rehmannia glutinosa Libosch. (Fam. Scrophulariaceae). It 
is collected in autumn. It is slat-shaped, 8-24 cm long, 2-9 cm in diameter. It is 
externally pale reddish-yellow with curved longitudinal wrinkles and bud scars. The 
texture is fleshy, fracture shows pale yellow-white bark with orange-red oil dots. The 
odor is slight. The taste is slightly sweet and bitter. 
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Thin Layer Chromatographic analysis 
Methodology 
2 gram of testing herb was cut into small pieces and heated under reflux with 20 mL 
methanol for 30 min. The solution was filtered and evaporated to dryness. The 
residue was dissolved with 1 mL methanol as the testing solution. A solution using 1 
g of Radix Rehmanniae reference herb (NICPBP catalog number 121180) was 
prepared in the same manner as the reference solution. TLC was carried out using 
silica gel 60 F254 as the stationary phase and a mixture of chloroform-methanol-water 
(14:8:1) as the mobile phase. Five microliter of each of the solutions was applied to 
the plate. After developed and dried in air, the plate was sprayed with anisaldehyde 
TS and heated at 105°C to make the spots distinct. 
Results 

TLC profile of Radix Rehmanniae was shown in Figure 3-18. The spots in the 
chromatogram obtained from the test solution corresponded in color and position to 
the spots in the chromatogram obtained from the reference solution. 

II 
I: Reference Herb II: Testing Herb 

Figure 3-18 Thin Layer Chromatogram of Radix Rehmanniae. 
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3.2.18 Radix et Rhizoma Rhei (大黃) 
General description and characteristics of the herb 
It is the dried root and rhizome of Pheum palmatum L., Rheum tanguticum Maxim, 

ex Balf. or Rheum officinale BailJ. (Fam. Polygonaceae). It is collected in late 

autumn. It is conical, ovoid or irregular pieces, 3-17 cm long, 3-10 cm in diameter. It 

is externally yellowish-brown with brownish-black patches of cork. The texture is 

compact with reddish-brown fracture. The odor is aromatic. The taste is bitter and 

slightly astringent. 

Thin Layer Chromatographic analysis 
Methodology 
0.1 g of the testing herb was cut into small pieces and soaked with 20 mL of 

methanol for I h. After filtration, 5 mL of the filtrate was evaporated to dryness. The 

residue was dissolved in 10 mL of water and then 1 mL of hydrochloric acid was 

added. The mixture was heated under reflux for 30 min. The mixture was extracted 

twice with 20 mL ether. The ether extracts were combined and evaporated to dryness. 

The residue was dissolved in 1 mL chloroform as testing solution. Rhein (NICPBP 

catalog number 110757, purity > 98%) was dissolved in methanol (1 mg/mL) to 

produce the standard solution. TLC was carried out using silica gel 60 F254 as the 

stationary phase and a mixture of petroleum ether-ethyl acetate-formic acid (15:5:1) 

as the mobile phase. Four microliter of each of the solutions was applied to the plate. 

After developed and dried in air, the plate was examined under UV at 365 nm and 

visible light. 

Results 
TLC profile of Radix et Rhizoma Rhei was shown in Figure 3-19. The spot in the 
chromatogram obtained from the testing solution corresponded in color and position 
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to the spot in the chromatogram obtained from the standard solution. 

—Rf=0 .36 

I Ii I II 
I: Testing Herb II: Rhein 

Figure 3-19 Thin Layer Chromatogram of Radix et Rhizoma Rhei. 

3.2.19 Radix Salviae miltiorrhizae (丹參） 

General description and characteristics of the herb 
It is the dried root of Salvia miltiorrhiza Bge. (Fam. Labiatae). It is collected in 
spring or autumn. It is long cylindrical, slightly curved and branched with rootlets, 
10-20 cm long, 0.3-1 cm in diameter. It is externally brownish-red, rough and 
longitudinally wrinkled. The texture is hard. The odor is slight. The taste is slightly 
bitter and astringent. 
Thin Layer Chromatographic analysis 
Methodology 
1 g of testing herb was ground into powder and sonicated with 5 mL ether for 1 hour. 
After filtration, the filtrate was evaporated to dryness. The residue was dissolved in 1 
mL ethyl acetate as the testing solution. Tanshinone IIA (NICPBP catalog number 
110766, purity > 98%) was dissolved in ethyl acetate (2 mg/mL) to produce the 
standard solution. TLC was carried out using silica gel 60 F254 as the stationary phase 
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and a mixture of hexane-ethyl acetate (19:1) as the mobile phase. Five microliter of 
each of the solutions was applied to the plate. After developed and dried in air, the 
plate was examined under visible light. 
Results 
TLC profile of Radix Salviae miltiorrhizae was shown in Figure 3-20. The spot in the 
chromatogram obtained from the testing solution corresponded in color and position 
to the spot in the chromatogram obtained from the standard solution. 

I: Tanshinone IIA 
II: Testing Herb 

I II 
Figure 3-20 Thin Layer Chromatogram of Radix Salviae miltiorrhizae. 

3.2.20 Radix Trichosanthis (天花粉） 

General description and characteristics of the herb 
It is the dried root of Trichosanthes kirilowii Maxim, or Trichosanthes rosthornii 
Harms (Fam. Cucurbitaceae). It is collected in autumn and winter. It is irregular 
cylindrical, 8-16 cm long, 1.5-5.5 cm in diameter. It is externally yellowish-white 
with longitudinal wrinkles and rootlet scars. The texture is compact and starchy. The 
odor is slight. The taste is slightly bitter. It is used to remove heat, to promote 
production of body fluids and to facilitate the drainage of pus. 
Thin Layer Chromatographic analysis 
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Methodolosv 
5 g of testing herb was ground into powder and sonicated with 15 mL of 75% ethanol 
for 30 min. The solution was filtered and the filtrate was used as the testing solution. 
L-citrulline (NICPBP catalog number 110875, purity > 95%) was dissolved in 75% 
ethanol (1 mg/mL) to produce the standard solution. TLC was carried out using silica 
gel 60 F254 as the stationary phase and a mixture of n-butanol-dehydrated ethanol-
glacial acetic acid-water (8:2:2:3) as the mobile phase. Six microliter of test solution 
and 1 \iL of the standard solution were applied to the plate. After developed and dried 
in air, the plate was sprayed with ninhydrin TS and heated at 105°C to make the spots 
distinct. 
Results 

TLC profile of Radix Trichosanthis was shown in Figure 3-21. The spot in the 
chromatogram obtained from the testing solution corresponded in color and position 
to the spot in the chromatogram obtained from the standard solution. 

I: Testing Herb 
II: L-citrulline 

RF= 0.27 

Figure 3-21 Thin Layer Chromatogram of Radix Trichosanthis. 
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3.2.21 Rhizoma Alismatis (澤瀉) 
General description and characteristics of the herb 
It is the dried tuber of Alisrna oriental is (Sam.) Juzep. (Fam. Alismataceae). It is 

collected in winter. It is subspherical, 2-7 cm long, 2-6 cm in diameter. It is 

externally yellowish-white with irregular shallow furrows. The texture is compact, 

starchy with numerous small pores. The odor is slight. The taste is slightly bitter. It is 

used to cause urination and to remove damp-heat. 
Thin Layer Chromatographic analysis 
Methodology 
0.5 g of testing herb was ground into powder and sonicated with 20 mL methanol for 

20 min. The solution was filtered and evaporated to dryness. The residue was 

dissolved in 1 mL methanol as the testing solution. A solution using 0.5 g of 

Rhizoma Alismatis reference herb (NICPBP catalog number 121081) was prepared 

in the same manner as the reference solution. TLC was carried out using silica gel 60 

F254 as the stationary phase and a mixture of toluene-ethyl acetate-methanol (8:1:1) 

as the mobile phase. The solutions were applied separately to the plate. After 

developed and dried in air, the plate was sprayed with 10% molybdatophosphoric 

acid in ethanol and heated at 110°C to make the spots distinct. 

Results 
TLC profile of Rhizoma Alismatis was shown in Figure 3-22. The spots in the 

chromatogram obtained from the testing solution corresponded in color and position 

to the spots in the chromatogram obtained from the reference solution. 



•

• 一 

I II 
Figure 3-22 Thin Layer Chromatogram of Rhizoma Alismatis. 

3.2.22 Rhizoma Anemarrhenae ( f t j® 
General description and characteristics of the herb 
It is the dried rhizome of Anemarrhena asphodeloides Bge. (Fam. Liliaceae). It is 
collected in spring or autumn. It is slat-shaped, 3-15 cm ibng, 0.8-1.5 cm in diameter. 
It is externally yellowish-brown. The upper part exhibits a concave groove. The 
lower part raised and shriveled. The texture is hard. The odor is slight. The t2lste is 
slightly sweet and bitter. It is used to remove heat and quench fire, to promote 
production of body fluids and to relieve dryness syndrome. 
Thin Layer Chromatographic analysis 
Methodology 

2 g of testing herb was heated under reflux with 20 mL ethanol for 40 min. One 
milliliter of hydrochloric acid (37%) was added to 10 mL supernatant and heated 
under reflux for 1 hour. The solution was concentrated to 5 mL and added with 10 
mL water. The solution was extracted with 20 mL toluene and toluene fraction was 
evaporated to dryness. The residue was dissolved in 2 mL toluene as the testing 
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solution. Sarsasapogenin (NICPBP catalog numerb 110744, purity > 98%) was 
dissolved in toluene (5 mg/mL) to produce the standard solution. TLC was carried 
out using silica gel 60 F254 as the stationary phase and a mixture of toluene-acetone 
(9:1) as the mobile phase. The solutions were applied to the plate separately. After 
developed and dried in air, the plate was sprayed with a mixture of 8% solution of 
vanillin in ethanol and sulfuric acid (0.5:5) and heated at 100°C to make the spots 
distinct. 
Results 
TLC profile of Rhizoma Anemarrhenae was shown in Figure 3-23. The spot in the 
chromatogram obtained from the testing solution corresponded in color and position 
to the spot in the chromatogram obtained from the standard solution. 

•

I: Testing Herb 

R f = 0.47 I II 
Figu re 3-23 Thin Layer Chromatogram of Rhizoma Anemarrhenae. 

3.2.23 Rhizoma Atractylodis (蒼术） 

General description and characteristics of the herb 
It is the dried rhizome of Atractylodes lancea (Thunb.) DC. or Atractylodes chinensis 
(DC.) Koidz. (Fam. Composite). It is collected in spring and autumn. It is nodular-
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cylindrical, 3-10 cm long, 1-2 cm in diameter. It is externally grayish-brown, 

wrinkled, transversely twisted-lined. The texture is compact, scattered with many 

cavities. The odor is characteristic. The taste is sweet, pungent and bitter. It is used to 

remove dampness, to invigorate the function of the spleen and to improve eyesight. 

Thin Layer Chromatographic analysis 
Methodology 
0.5 g of testing herb was sonicated with 2 mL n-hexane for 15 min. The solution was 

filtered as the testing solution. A solution using 0.5 g of Rhizoma Atractylodis 

reference herb (NICPBP catalog number 120932) was prepared in the same manner 

as the reference solution. TLC was carried out using silica gel 60 F254 as the 

stationary phase and a mixture of petroleum ether (60-90°C)-ethyl acetate (20:1) as 

the mobile phase. The solutions were applied separately to the plate. After developed 

and dried in air, the plate was sprayed with 5% solution of p-

dimethylaminobenzaldehyde in an ethanol solution containing 10% sulfuric acid and 

heated at 105°C to make the spots distinct. 

Results 
TLC profile of Rhizoma Alismatis was shown in Figure 3-24. The spots in the 

chromatogram obtained from the testing solution corresponded in color and position 

to the spots in the chromatogram obtained from the reference solution. 
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I: Reference Herb 

I II 
Figure 3-24 Thin Layer Chromatogram ofRhizoma Atractylodis. 

3.2.24 Rhizoma Coptidis (黃蓮） 

General description and characteristics of the herb 
It is the dried rhizome of Coptis chinensis Franch., Coptis deltoidea C. Y. Cheng et 
Hsiao or Coptis teeta Wall. (Fam. Ranunculaceae). It is cylindrical, slightly curved, 
4-8 cm long, 0.5-1 cm in diameter. It is externally grayish-yellow, rough, with 
irregular nodular protrudings. The texture is hard. The odor is slight. The taste is very 
bitter. It is used to remove damp-heat, to quench fire and to counteract toxicity. 
Thin Layer Chromatographic analysis 
Methodology 
0.1 g of test herb was heated under reflux with 5 mL methanol for 15 min. The 
solution was filtered as the testing solution. A solution using 0.1 g of Rhizoma 
Coptidis reference herb (NICPBP catalog number 120913) was prepared in the same 
manner as the reference solution. Berberine hydrochloride (NICPBP catalog number 
110713，purity > 98%) was dissolved in methanol (0.5 mg/mL) to produce the 
standard solution. TLC was carried out using silica gel 60 F 2 5 4 as the stationary phase 
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and a mixture of ethyl acetate-acetone-formic acid-water (10:6:1:1) as the mobile 
phase. The solutions were applied separately to the plate. After developed and dried 
in air, the plate was examined under UV light at 365 nm. 
Results 
TLC profile of Rhizoma Coptidis was shown in Figure 3-25. The spot in the 
chromatogram obtained from the testing solution corresponded in position to the spot 
in the chromatogram obtained from the reference solution and standard solution. 

•

RR=0.74 

I: Reference Herb II: Testing Herb 
— — e 

I II III 

Figure 3-25 Thin Layer Chromatogram of Rhizoma Coptidis. 
3.2.25 Rhizoma Polygonati (黃精） 

General description and characteristics of the herb 
It is the dried rhizome of Polyganatum kingianum Coll. et Hemsl., Polygonatum 
sibiricum Red., or Polygonatum cyrtonema Hua (Fam. Liliaceace). It is collected in 
spring or autumn. It is fleshy tuberculated, up to more than 10 cm long, 3-6 cm wide, 
2-3 cm thick. It is externally yellowish-brown with ring-shaped nodes. The texture is 
hard and tenacious. The odor is slight. The taste is sweet. It is used to reinforce qi, to 
nourish 少 t o invigorate the function of spleen and to moisten the lung. 
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Thin Layer Chromatographic analysis 
Methodology 
3 g of testing herb was heated under reflux with 50 mL methanol for 4 h. Methanol 

was discarded and the residue was heated under reflux with 20 mL water. The 

solution was filtered and the filtrate was added with appropriate amount of ethanol to 

make to 65% ethanol. White precipitate was observed and the solution was 

refrigerated overnight. After filtration, the precipitate was added with 10 mL 1M 

sulfuric acid and boiled for 2 h. Then, 30 mL water was added to the solution and 

barium carbonate was used to adjust the pH to 6-7. After filtration, the filtrate was 

added with SP sepharose and incubated overnight. Then, the solution was centrifuged 

to remove the sepharose and the supernatant was concentrated to 1 mL as testing 

solution. Galacturonic acid (NICPBP catalog number 111640, purity > 98%) and 

mannose (NICPBP catalog number 140651，purity > 98%) was dissolved in water (5 

mg/mL) separately as standard solutions. TLC was carried out using silica gel 60 F254 

as the stationary phase and a mixture of n-butanol-acetone-water (4:5:1) as the 

mobile phase. The solutions were applied separately to the plate. After developed and 

dried in air, the plate was sprayed with aniline phthalate solution and heated at 105°C 

to make the spots distinct. 

Results 

TLC profile of Rhizoma Polygonati was shown in Figure 3-26. The spot in the 

chromatogram obtained from the testing solution corresponded in color and position 

to the spots in the chromatogram obtained from the standard solutions. 

9 0 



R f= 0.69 I: Galacturonic acid 
II: Mannose 
III: Testing Herb 

JL 1^=0.11 

I II III 
Figure 3-26 Thin Layer Chromatogram of Rhizoma Polygonati. 

3.2.26 Rhizoma Polygonati odorati (玉竹） 

General description and characteristics of the herb 
It is the dried rhizome of Polygonatum odoratum (Mill.) Druce (Fam. Liliaceae). It is 
collected in autumn. It is long cylindrical, 4-18 cm long, 0.3-1.6 cm in diameter. It is 
externally yellowish-white, translucent with longitudinally wrinkles. The texture is 
slightly soft. The odor is slight. The taste is sweet. It is used to nourish yin, to 
promote production of body fluid and to relieve dryness syndrome. 
Thin Layer Chromatographic analysis 
Methodology 

The method in preparing testing solution and standard solutions as well as the 
method of detection for Rhizoma Polygonati odorati was the same as that of 
Rhizoma Polygonati (Section 3.2.25). 
Results 
TLC profile of Rhizoma Polygonati Odorati was shown in Figure 3-27. The spot in 
the chromatogram obtained from the testing solution corresponded in color and 
position to the spots in the chromatogram obtained from the standard solutions. 
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I: Galacturonic acid 
II: Mannose 

——1^=0.11 III: Testing Herb 

I II III 

Figure 3-27 Thin Layer Chromatogram of Rhizoma Polygonati Odorati. 

3.2.27 Rhizoma et Radix Polygoni Cuspidati (虎杖） 

General description and characteristics of the herb 
It is the dried rhizome and root of Polygonum cuspidatum Sieb. Et Zucc. (Fam. 
Polygonaceae). It is collected in spring or autumn. It is mostly in irregular thick 
slices, 1-7 cm long and 0.5-2.5 cm in diameter. It is externally brown, with 
longitudinal wrinkles and rootlet scars. In transversely cut surface, the bark is 
relatively thin but the wood is broad, brownish-yellow with radial rays. The pith in 
rhizome is septated or hollowed. The texture is hard. The odor is slight. The taste is 
slightly bitter and astringent. 
Thin Layer Chromatographic analysis 
Methodology 

1 g of testing herb was sonicated with 25 mL methanol for 15 min. The solution was 
filtered and evaporated to dryness. The residue was added with 20 mL sulfiiric acid 
(2.5 M)，heated in water bath for 30 min and cooled down. The mixture was 
extracted twice with 20 mL chloroform. Chloroform fractions were collected, pooled 
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together and evaporated to dryness. Residue was dissolved with 1 mL chloroform as 

the testing solution. A solution using 1 g of Rhizoma et Radix Polygoni Cuspidati 

reference herb (NICPBP catalog number 120980) was prepared in the same manner 

as the reference solution. Emodin (Sigma-Aldrich catalog number E7881, purity > 

90%) and physcion (BioChemika catalog number 17797, purity > 98%) were 

dissolved in methanol (1 mg/mL), respectively, to produce two standard solutions. 

TLC was carried out using silica gel 60 F254 as the stationary phase and a mixture of 

patroleum ether (30-60°C)-ethyl acetate-formic acid (15:5:1) as the mobile phase. 

The solutions were applied separately to the plate. After developed and dried in air, 

the plate was examined under UV light at 365 nm. Then, the plate was put in 

saturated ammonia for few minutes until the spots turned red. 

Results 

TLC profile of Rhizoma et Radix Polygoni Cuspidati was shown in Figure 3-28. The 

spot in the chromatogram obtained from the testing solution corresponded in color 

and position to the spots in the chromatogram obtained from the reference solution 

and standard solutions. 
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(A) (B) 

I: Reference Herb 
II: Testing Herb 
III: Emodin 
IV： Physcion 

II III IV II III IV 

Figure 3-28 Thin Layer Chromatogram of Rhizoma et Radix Polygoni Cuspidati. 
(A) Examination under UV 365nm. (B) Examination under visible light. 

3.2.28 Semen Coicis (薏孩仁） 

General description and characteristics of the herb 
It is the dried ripe kernel of Coix lacryma-jobi L. var. mayuen (Roman.) Stapf (Fam. 
Gramineae). It is collected in autumn. It is broad ovoid, 4-8 mm long, 3-6 mm wide. 
It is externally milky white. One end is obtusely rounded, the other end is relatively 
broad and slightly dented with one pale brown dotted hilum. The texture is hard and 
starchy. The odor is slight. The taste is slightly sweet. 
Thin Layer Chromatographic analysis 
Methodology 
1 g of testing herb was sonicated with 10 mL of petroleum ether (60-90°C) for 30 
min. The solution was filtered and evaporated to dryness. The residue was dissolved 
in 0.5 mL petroleum ether as the testing solution. A solution using 1 g of Semen 
Coicis reference herb (NICPBP catalog number 121254) was prepared in the same 
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manner as the reference solution. TLC was carried out using silica gel 60 F254 as the 
stationary phase and a mixture of petroleum ether-ethyl acetate-acetic acid (10:3:0.1) 
as the mobile phase. The solutions were applied separately to the plate. After 
developed and dried in air, the plate was examined under UV light at 365 nm. 
Results 
TLC profile of Semen Coicis was shown in Fig. 3-29. The spots in the chromatogram 
obtained from the testing solution corresponded in position to the spots in the 

chromatogram obtained from the reference solution. 

• 

II: Testing Herb 

I II 
Figure 3-29 Thin Layer Chromatogram of Semen Coicis. 
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CHAPTER 4 
SCREENING OF 28 TCMS AND GENERATION OF HERBAL 
FORMULA 
4.1 Preparation of aqueous extracts of 28 TCMs 
5 g o f each o f 28 TCMs was cut into small pieces and boiled in 50 m L o f water for 2 

h under reflux. The procedure o f boi l ing was repeated and two batches o f aqueous 

extracts were combined together. After lyophilization, the powders were stored at 

-20°C unti l use. Percentage yield o f each T C M aqueous extract was listed in Table 4-

Table 4-1 Percentage yield o f aqueous extracts o f 28 T C M s 

Yield of aqueous extract (%) 
Cortex Acanthopanacis 13.42 
Cortex Lycii 8.63 
Cortex Phellodendri 14.31 
Fructus Corni 34.31 
Fructus Ugustri lucidi 9.35 
Fructus Lycii 73.12 
Fructus Schisandrae chinensis 27.63 
Herba Gynostemma 20.14 
Poria 5.19 
Radix Astragali 34.24 
Radix Codonopsis 44.80 
Radix Notoginseng 14.22 
Radix Ophiopogonis 69.71 
Radix Panacis quinquefolii 21.41 
Radix Platycodonis 44.06 
Radix Puerariae 15.88 
Radix Rehmanniae 29.37 
Radix et Rhizoma Rhei 31.43 
Radix Salviae miltiorrhizae 45.89 
Radix Trichosanthis 24.33 
Rhizoma Alismatis 18.91 
Rhizoma Anemarrhenae 56.40 
Rhizoma Atractylodis 59.58 
Rhizoma Coptidis 36.32 
Rhizoma Polygonati 59.90 
Rhizoma Polygoni cuspidati 24.22 
Rhizoma Polygonati odorati 59.54 
Semen Coicis 16.56 



4.2 Screening of 28 herbal extracts on protection of streptozotocin-induced 
cytotoxicity on RIN-m5F cells 
4.2.1 Screening assay 
2xl04 RIN-m5F cells were seeded in each well of 96-well culture plate. After 

overnight incubation, 5 mM streptozotocin (STZ, dissolved in citrate buffer, pH4_5) 

was added to the cells together with various concentrations (0.78 (xg/mL to 100 

|xg/mL) of herbal extracts. Treatment with streptozotocin alone was assigned as STZ 

control. Cells without streptozotocin and herbal extracts was assigned as negative 

control. The cells were further incubated for 24 h. Then, MTT assay was performed 

to measure the cell viability. 

4.2.2 Results 
Percentages of viable RIN-m5F cells after treatment with STZ in the presence or 

absence of TCM extracts were shown in Table 4-2. The percentage cell viability of 

negative control was set as 100% whereas percentage cell viability of other 

treatments were calculated compared to negative control. Results showed that cell 

viability of streptozotocin alone was about 50% and only three herbs (Cortex Lycii, 

Radix Astragali and Radix Codonopsis) exhibited significant increase in cell viability 

when compared to streptozotocin control. Effective concentration of Cortex Lycii is 

between 0.78 to 3.13 ^g/mL while that of Radix Astragali and Radix Codonopsis is 

between 6.25 to 100 |Ag/mL. 
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4.3 Generation of a herbal formula SR10 
4.3.1 Selection and combination of effective herbs 
From the results shown in Table 4-2, greatest inhibition of (3 cell toxicity for Cortex 

Lycii was found at the concentration 3.13 ng/mL whereas for Radix Astragali and 

Radix Codonopsis, greatest inhibitions were both found at 100 ^g/mL. Therefore, the 

ratio of effective concentration of Radix Astragali : Radix Codonopsis : Cortex Lycii 

is 30:30:1. According to this ratio, an aqueous herbal formula, namely SR, was 

produced by boiling the raw herb of Radix Astragali, Radix Codonopsis and Cortex 

Lycii in water in the ratio 30:30:1. The effect of SR on STZ-induced toxicity on 

RIN-m5F was examined and the result was shown in Figure 4-1. Results showed that 

percentage of viable cells after STZ treatment is 45.1%. When SR herbal extract was 

treated together, the percentage of cell viability was increased significantly to 54.4%, 

66.7% and 66.7% at concentrations 25 ^ig/mL, 50 (ig/mL and 100 ng/mL, 

respectively. 



STZ ( 5 m M ) + + + + + + + + + 

Herbal extract - - 0.78 1.56 3.13 6.25 12.5 25 50 100 
(Hg/ml) 

Figure 4-1 Effect of SR herbal extract on viability of RIN-m5F cells. An aqueous 

herbal formula SR was prepared by extracting the mixture of Radix Astragali, Radix 

Codonopsis and Cortex Lycii in water in the ratio 30:30:1. The cells were treated 

with STZ (5 mM) in the presence or absence of various concentrations of SR for 24 h. 

MTT assay was performed to determine the percentage of viable cells. Percentage 

viability of negative control (without STZ and SR) was set as 100%. The data were 

expressed as Mean 土 S.D. with 8 replicates for each treatment. By Mann-Whitney 

test, significant increase in cell viability when compared to STZ (5 mM) control was 

indicated by # p < 0.0 丨 or * p < 0.05. 

1 0 0 



4.3.2 Ratio optimization of 3 effective herbs 
For a herbal formula, the ratio of component herbs may produce various effects. 

Thus, in this part, the ratio of three herbs in the formula SR was modified in order to 

maximize the protective effect on (3 cell toxicity. In the formula SR, the amount of 

Radix Astragali and Radix Codonopsis is 30-fold higher than that of Cortex Lycii. 

Thus, it may be a reasonable trial to increase the ratio of Cortex Lycii. Another 

rationale to increase the amount of Cortex Lycii is because Cortex Lycii was reported 

by Chinese Pharmacopoeia to have hypoglycemic effect on its own. Therefore, other 

three formulae with increased amount of Cortex Lycii were generated, namely SR10, 

SR20 and SR30, respectively. The weight ratio of raw herb of Radix Astragali, Radix 

Codonopsis and Cortex Lycii in making these formulae are 30:30:10 (SR10), 

30:30:20 (SR20) and 30:30:30 (SR30), respectively. Again, the inhibitory effects of 

these formulae on cytotoxicity of RIN-m5F cells induced by STZ were tested and the 

results were shown in Figure 4-2. 

For SR]0, it was shown that percentage of cell viability significantly increased from 

49.3% in STZ control to 69.8%, 84.5% and 89.1% at concentrations 6.25 ^ig/mL, 

12.5 jig/mL and 25 卩g/mL, respectively. For SR20，significant increases of 

percentage viable cells were found at concentrations 12.5 |ig/mL, 25 jxg/mL, 50 

[ig/mL and 100 ^ig/mL when compared to STZ control which showed 46.9% of cell 

viability. For SR30, cell viability was found to be significantly increased from 42.8% 

(STZ control) to 62.5% and 63.8% at concentrations 12.5 fig/mL and 25 |ig/mL, 

respectively. 

From the results in Figure 4-2, it is concluded that SRI0 at concentration 12.5 |ig/mL 

and 25 jig/mL exhibited higher protective effects on RIN-m5F cells against STZ-

induced ROS-mediated death than SR20 or SR30. 
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(C) 

SR30 

STZ (5 mM) + + + + + + + + + 
Herbal extract — - 0.78 1.56 3.13 6.25 12.5 25 50 100 (jig/ml) 

Figure 4-2 Effects of SRI0, SR20 and SR30 on viability o f RIN-m5F cells. The 

cells were treated with STZ (5 mM) in the presence or absence of various 

concentrations of SRI0 (A), SR20 (B) or SR30 (C) for 24 h. MTT assay was 

performed to determine the percentage of viable cells. Percentage of cell viability of 

negative control (without STZ and herbal extracts) was set as 100%. The data were 

expressed as Mean 士 S.D. with 8 replicates for each treatment. By Mann-Whitney 

test, significant increase in cell viability when compared to STZ (5 mM) was 

indicated by # p < 0.01 or * p < 0.05. 
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4.4 Batch to batch variations of SR10 
In order to characterize SR10 in terms of different biological activities, second batch 

of SRI0 was prepared in large scale. Totally, 857.1 g of Radix Astragali, 857.1 g of 

Radix Codonopsis and 285.7 g of Cortex Lycii were boiled in 20 L of distilled water. 

Then, the procedures mentioned in Section 4.1 were followed. Final percentage yield 

of this batch ofSRIO was 23.7% (yield of first batch ofSRIO is 24.5%). To examine 

the batch to batch variations, HPLC was performed on both batches of SRIO. This 

part was performed by Dr. Linda Zhang of Jinan University, Guang Zhou, China. 

4.4.1 HPLC conditions 
Sample: SR10 extract was dissolved in 30% methanol and then filtered 

through 0.45 ^im membrane to produce an test solution for HPLC 

analysis. 

Instrument: Agilent 1200 High Performance Liquid Chromatography System 

(Data analysis by Agilent ChemStation) 

Column: Agilent ZORBAX SB-Aq, 4.6 mm x 250 mm, 5 HM 

Sample injection volume: 10|iL 
Mobile phase: H2O : Methanol with gradient profile 

Time program: B: Methanol 

0-20 min % B 2.00-15.00 

20-35 min % B 15.00-50.00 

35-45 min % B 50,00-70.00 

45-55 min % B 70.00-95.00 

55-70 min % B 95.00 

Flow rate: 0.8 mL/min 
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Time course: 70 in in 

Detection mode: UV at 254 nm 

4.4.2 HPLC chromatograms 

HPLC profiles for two batches of SR 10 herbal extracis were shown in Figure 4--3 

The percentage areas of major peaks shown in the profile were determined and 

summarized in Table 4-3. Both retention time and percentage area of each major 

peak in batch 1 corresponded well io that in batch 2. Moreover, screening assay 

shown in Section 4.2 was performed on batch 2 extract to confirm that the qua!iiy of" 

batch 2 extract (in terms of biological activity) was same as that batch \. 

1 0 5 



Ba
tch

 1 
mA

U
 

；
Z 

0  s  

s u  s …  

i l §  

JO
 

m 



Ba
tch

 2 

- 
妗

 
於

 
为

 
妗

 

Fig
ure

 4-
3 

HP
LC

 pr
ofi

les
 fo

r tw
o b

atc
hes

 of
SR

IO
 he

rba
l e

xtr
act

s. 

袖
u
 

f：
 

r b  s  

£  

s ?  s  i .  

® i i ?  

I K  :  

寒 M .  

€ ^ 》 s I ; . . .  
f t :  

t a ®  

§  
… …  



Table 4-3 Summary of retention time and percentage of peak, area detected by 

HPLC in two batches of SRIO extracts. 

Peak Number Retention time 
% peak area for 

batch 1 extract 

% peak area for 

batch 2 extract 

1 2.765-2.920 4.196 8.9226 

2 3.075-3.171 26.2015 23.8161 

3 3.475-3.50! 6.0952 5.9586 

4 4.024-4.026 3.4524 3.1598 

5 7.736-7.760 2.7991 3.4101 

6 8.673-8.701 8.1762 8.1882 

7 16.368-16.403 8.3731 9.3503 

8 31.698-31.745 5.3349 3.3035 

9 33.707-33.663 7.2265 8.2497 

10 38.481-38.490 4.8794 3.0319 

11 39.868-39.882 0.7152 1.2390 

12 41.967-42.008 1.5597 1.1953 

13 42.613-42.655 0.9510 0.6342 

14 45.099-45.136 2.2701 2.1598 

15 48.961-48.972 0.7042 0.9824 

16 50.290-50.311 0.5709 1.1175 

17 53.389-53.412 0.4153 0.7073 

18 54.078-54.102 0.7279 1.2273 
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CHAPTER 5 
INHIBITORY EFFECTS OF SR10 ON STREPTOZOTOCIN-
INDUCED APOPTOSIS ON PANCREATIC p CELLS 
5.1 Introduction 
In Type 2 DM, hyperglycemia is the outcome of both insulin resistance and insulin 

insufficiency. Furthermore, high glucose is a secondary factor that further damages 

the pancreatic (3 cells. Oxidative stress has been shown to be responsible, at least in 

part, for the p cell dysfunction caused by hyperglycemia (Wu et al.’ 2004). Diabetic 

patients are exposed to oxidative stress, and diabetic complications seem to be 

mediated by oxidative stress. Increased blood glucose level promotes protein 

glycation through the Mai Hard reaction, which consecutively produces Schiff bases, 

Amadori products and advanced glycation end products (Schmidt et al., 1994; Wolf f 

et al.’ 1991). In this process, reactive oxygen species (ROS) are formed and (3 cells 

are vulnerable to oxidative stress when compared with other tissues due to the fact 

that relatively low level of antioxidant enzymes is found in p cells (Lenzen et al” 

1996). ROS cause p cell death via induction of apoptosis (Brownlee, 2001). 

Although the toxicity of glucose has been studied extensively, the molecular 

mechanisms connecting glucotoxicity and p cell loss in DM have only begun to be 

unraveled. 

In this part of study, rat pancreatic P cell line, RIN-m5F, was used as a cellular model. 

By different biochemical assays, the inhibitory effect of SRI 0 on apoptosis of RIN-

m5F cells induced by streptozotocin (STZ) in these cells was demonstrated. 
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5.2 Results 
5.2.1 Inhibition of STZ-induced apoptosis on RIN-m5F cells 
Suppression of DNA fragmentation 

Genomic DNA was prepared from STZ-treated RIN-m5F cells which were incubated 

in the absence (lane 2) or presence (lane 3-6) of various concentrations of SR10. 

DNA integrity was then assessed by agarose gel electrophoresis (Figure 5-1). From 

the result, a typical laddering pattern was observed when RIN-m5F ceils were treated 

with 5 mM of STZ (lane 2). This laddering pattern was not found in negative control 

without STZ (lane 1). However, the contents of DNA fragmentation in the STZ-

treated cells decreased gradually when SR10 in increasing concentrations from 3.13 

(ig/mL to 25 (xg/mL (lane 3-6) were added. 
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STZ (5 mM) + + + + 
SRIO (fig/ml) - - 3.125 6.25 12.5 25 

Figure 5-1 Effect of SRI0 on DNA fragmentation of RIN-m5F cells induced by 

STZ. R【N-m5F ceils were treated with medium alone (lane 1), 5 mM STZ alone 

(lane 2) or 5 mM STZ together with various concentrations of SRI0 (lane 3-iane 6) 

for 24 h. After treatment, genomic DNA was extracted and analyzed by agarose gel 

electrophoresis. The figure is a representative of three independent trials with similar 

results. 
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Decrease of sub-G] phase 
The appearance of sub-G i peak in cell cycle analysis is a typical indication of 

apoptosis. By flow cytometry, different phases of cell cycle were analyzed. As shown 

in Figure 5-2, when RIN-m5F cells were treated with 5 mM STZ, the percentage of 

sub-Gi phase increased from 1.49% (negative control) to 33.52%. Treatment of cells 

with various concentrations of SRI0 decreased the percentage of sub-G) cell cycle 

significantly to 28.90%, 15.15%, 14.32% and 9.87%, respectively. 
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Figure 5-2 Effect of SR10 on eel! cycle distribution of STZ-treated RIN-m5F 

cells. Cell cycle patterns of negative control, STZ control (5 mM STZ alone) and 

STZ together with SRIO treatment were assessed by PI staining using flow 

cytometry. A distinct sub-G! phase was detected in the treatment of 5 mM STZ. This 

proportion was decreased when increasing concentrations of SRIO were added to the 

cells. The figure is a representative of three independent trials with similar results. 
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Inhibition of Phosphatidylserine (PS) externalization 

As shown in Figure 5-3, majority of cells in negative control were localized in the 

lower left quadrant indicating the presence of viable cells without apoptotic or 

necrotic stimulation. When the cells were treated with 5 mM STZ, certain proportion 

of the cells was observed in lower right quadrant (33.4%), indicating the presence of 

PS externalisation which is an important step in apoptosis. Upon treatment of SRI0 

for 24 h, there was a shift of proportion from lower right quadrant to lower left 

quadrant. The percentage of apoptotic cells decreased from 33.4% to 3.1% when the 

cells were treated with 25 jig/mL of SR10. 
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Figure 5-3 Effect of SR10 on PS external ization of STZ-treated RIN-m5F cells 

detected by Annexin V-FITC and propidium iodide (PI). Cells treated with 5 mM 

STZ in the presence or absence of SRI0 were incubated with FFTC labeled Annexin-

V and PI. After washing，the ceils were subjected to flow cytometric analysis. 

Numbers at the corners represent the percentage of cells found in each quadrant. The 

figure is a representative of three independent trials with similar results. 
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Change in expression level of apoptosis-relatedproteins 
Caspase 3，caspase 9 and bcl-2 are major regulatory proteins associated with the 

network of apoptosis. Western blot analysis was applied to detect the activation of 

caspase 3 and caspase 9 proteins and the level of anti-apoptotic protein bcl-2. As 

shown in Figure 5-4, the expression level of caspase 3 precursor (pro-caspase 3), 

caspase 9 precursor (pro-caspase 9) and apoptotic suppressor bcl-2 were significantly 

decreased after 5 mM STZ treatment for 24 hours when compared with negative 

control. When SR10 was added, the decreased expressions of these proteins were 

suppressed. Western blot analysis of cytochrome c also showed a release of this 

protein to cytosol when RIN-m5F cells were treated with STZ alone. When SR10 

was added, cytochrome c release was significantly decreased. Similar band intensity 

of p-actin showed even loading of protein in each sample. 
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Figure 5-4 Western blot analysis of expression level of apoptosis-related proteins 

on SRIO-treated RIN-m5F cells. Cells without STZ treatment was used as negative 

control (lane 1). Cells treated with 5 mM STZ were added with various 

concentrations of SR10 (lane 3-lane 6) or without SR10 (lane 2). Total cellular 

proteins or cytosolic protein fraction was collected after 24 h treatment. Expression 

level of procaspase-3, procaspase-9, bcl-2, cytochrome c and P-actin were detected 

by Western blot analysis. The figure is a representative of 3 independent trials with 

similar results. 
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5.2.2 Inhibition of nitric oxide production and nitric oxide synthase activity 
STZ is known to stimulate nitric oxide (NO) production in pancreatic P cells via 

induction of inducible nitric oxide synthase (iMOS). We therefore examined iNOS 

expression and NO production. From Figure 5-5A, it could be seen that 5 mM STZ 

caused large amount of NO release in RIN-m5F cells when compared to negative 

control. When various concentrations of SR10 were added in increasing 

concentrations (from 3.13 ^g/mL to 25 ^ig/inL), the NO production decreased in a 

dose-dependent manner (from 38 (xM to 13 ^iM). To investigate the expression of 

iNOS, Western blot analysis was performed (Figure 5-5B). After normalization by P-

actin, STZ significantly induced the expression of iNOS (lane 2) when compared to 

negative control (lane 1). This STZ-induced iNOS expression was suppressed by 

SR10 in a dose-dependent manner (lane 3-6). 
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STZ (5 mM) 
SRI 0 (fig/nil) 

iNOS 

Relative inrensity I 25.6 23.7 17.8 12.3 10.9 

Figure 5-5 Effect of SR10 on nitric oxide production and iNOS expression on 

SRIO-treated RIN-m5F cells. RIN-m5F cells were treated with 5 mM STZ in the 

presence or absence of the indicated concentrations of SR10. (A) Following 24 h 

incubation, nitrite concentration (indication of nitric oxide synthesis) was measured 

in culture medium. Results o f four replicates were expressed as Mean ± S.D. of three 

independent experiments. The data was statistically significant when # p < 0,01 

compared to 5 mM STZ alone by Mann-Whitney test. (B) Protein expression level of 

iNOS by different SR10 treatment on RIN-m5F cells was analyzed by Western blot. 

The figure is a representative of three independent trials with similar results. 
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5.2.3 Up-regulation of insulin secretion 
Insulin secretion in RIN-m5F cells were stimulated by insulin secretion buffer. After 

24 h of incubation with STZ alone or STZ together with SR10 extracts, the 

concentration of insulin released in culture supernatant was determined by ELISA. 

From the result shown in Figure 5-6, insulin secretion was significantly suppressed 

when STZ (5 mM) was added to the cells (47.2% of negative control). However, 

when SR10 extracts were added, insulin secretion was up-regulated when compared 

to STZ treatment. Insulin released was increased from 47.2% to 64.2%, 80.9% and 

85.7% when 6.25 (ig/mL, 12.5 (xg/mL and 25 |xg/mL of SR10 were added, 

respectively. 
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STZ (5 mM) + + + + + 

SRIO (ng/ml) - - 3.125 6.25 12.5 25 

Figure 5-6 Effect of SRIO on insulin secretion in RIN-m5F cells. The 

concentration of insulin released in the culture supernatant was determined by 

ELISA. Results of 4 replicates were expressed as Mean 土 S.D. of three independent 

experiments. The data was statistically significant when * p < 0.05 or when # p < 

0.0 i compared to 5 mM STZ alone by Mann-Whitney test. 
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5.3 Discussion 
Pancreatic p cells play a critical role in the pathogenesis of DM. In advanced stages 

of type 2 DM, chronic hyperglycemia is toxic to the p cells and the functions of p 

cells often degenerate to such a degree that insulin therapy becomes necessary. This 

glucotoxicity is a gradual process characterized by increasing p cell dysfunction 

culminating in irreversible p cells loss by apoptosis (Kaneto et al., 1996). In general, 

the apoptosis cascade is triggered by various kinds of stimuli such as DNA damage, 

cell cycle perturbation, metabolic imbalance, as well as oxidative stress. Oxidative 

stress in DM could be due to an increased production of ROS, especially from 

enhanced glycation, and decreased enzymatic and non-enzymatic anti-oxidant 

defense systems (Sakurai et al.’ 1988; Baynes, 1991). ROS participate in the toxic 

actions then lead to necrosis or apoptosis of the insulin-producing cells. 

In this study, the anti-diabetic effect of SRI0 was examined. SR10 is a novel herbal 

preparation comprising three herbs，Radix Astragali, Radix Codonopsis and Cortex 

Lycii extracted at weight ratio of 3:3:1 (Section 4.3.2). A l l these herbs have been 

frequently used in TCM for treating DM (Li et al., 2004). There may be hundreds of 

chemical constituents in formula SRI 0 and the interaction of these constituents are 

not well known. However, certain chemical compounds in these three herbs have 

been identified and they exhibited therapeutic effects in DM and diabetic 

complications. These compounds include linoleic acid present in Cortex Lycii 

(Aminot-Gilchrist et al； 2004) and astragaloside IV present in Radix Astragali (Yu et 

al., 2006). 

Streptozotocin, a potent diabetogenic compound, selectively causes pancreatic p cell 

death. In the present study, we have demonstrated that death of rat pancreatic p cells, 

RIN-m5F cells, induced by STZ was suppressed by incubation of SR10 at 
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concentrations 12.5 fxg/mL and 25 |ig/mL. As shown in Figure 4-2A, SR10 at 

concentrations 50 |ig/mL and 100 (ig/mL did not enhance cell survival rate when 

compared with 5 mM STZ alone. This may be due to toxic effect of high 

concentration of SR10 because it was found that 50 昭/mL and 100|ig/mL SR10 

produced 20-30% toxicity to the cells without the presence of STZ. However, no 

cytotoxicity was observed when SR10 with concentration 25 ^ig/mL or below was 

added to the cells. The data in this part of study suggested that the induced viability 

of RIN-m5F cells in the presence of SR10 was due to inhibition of apoptosis. The 

higher resistance to STZ-induced death was demonstrated by reduced DNA 

fragmentation (Figure 5-1), reduced proportion of sub-G! cell cycle (Figure 5-2) and 

inhibition of PS externalization (Figure 5-3). The destruction of p cells is mediated 

by an altered expression level of anti-apoptotic or pro-apoptotic proteins. In many 

cell types including pancreatic cells, the onset of apoptosis is regulated by the 

relative abundance of bcI-2. On the other side, ROS production induced by STZ 

would lead to mitochondrial membrane potential changes and hence the release of 

cytochrome c, which triggers the initiation of apoptosis. 

The rapid induction of ROS concentration near the mitochondrial membrane would 

lead to the increase of its permeability due to the peroxidation of the mitochondrial 

membrane lipids (Hunt et a l , 1991). As a result, the mitochondrial membrane 

potential (A\j/m) decreased and led to the release of cytochrome c (Figure 5-4) from 

the mitochondria, which triggered the initiation of apoptosis. Many genes contribute 

to the regulation of apoptosis, activation of caspase cascade is one of the checkpoints. 

Our results showed that the precursor form of caspase-3 and caspase-9 was 

significantly decreased (Figure 5-4), which implied an activation of cleavage of 

caspases. The activated caspase-9 could further activate the downstream effectors 
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involved in the cascade, such as procaspase-3. As a result, procaspase-3 was finally 

activated which triggered chromosomal DMA fragmentation and finally apoptosis. 

This cascade of apoptosis was significantly observed when 5 mM STZ was added to 

RlN-m5F cells. However, when SRIO was added to the cells, the appearance of this 

pattern was inhibited, i.e. suppression of procaspase-3 and procaspase-9 cleavage, 

decrease of be 1-2 down-regulation and decrease of cytochrome c release was 

observed in SRIO treatments. 

Excessive production of nitric oxide and the subsequent increase in local oxidative 

stress are suggested mechanisms in the destruction of pancreatic p cells and the 

development of DM. Relevant for (3 cells failure in type 2 DM is that culture in high 

glucose in vitro causes IL- ip production in human islets o f Langerhans leading to (3 

cells apoptosis (Maedler et al” 2002). The molecular mechanisms underlying the 

effects o f cytokines on p cells are not yet clear. However, cytokine-induced 

production of intracellular NO and expression of inducible nitric oxide synthase 

(iNOS) has been associated with p cells death. Blocking NO production with iNOS 

inhibitors significantly abolishes pancreatic (3 cell death induced by cytokines 

(Hadjivassiliou et al., 1998). In our study, STZ induced markedly increase in NO 

production and iNOS expression whereas the addition of SRIO abolished the effect 

(Figure 5-5). This may be an indication that SRIO could alleviate oxidative stress and 

thus has a curative effect on oxidative stress-induced DM. Thus, in later part of study, 

the anti-oxidative and anti-diabetic effects of SRIO wi l l be examined in animal 

model. 

From Figure 5-6，the data showed that SRIO up-regulated insulin secretion. When 

compared with cell viability (Figure 4-2A), SRIO showed similar up-regulation in 

both cell viability and insulin secretion at the same concentrations. This indicated 

125 



that the up-regulation of insulin secretion by SR10 might be due to increased p cell 

viability. No indication was found that SR10 could increase insulin 

production/release in individual islets. 
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CHAPTER 6 
ANTI-HYPERGLYCEMIC AND ANTI-OXIDATIVE EFFECTS 
OF SR10 IN A MOUSE MODEL OF TYPE 2 DM 
6.1 Introduction 

Both type 1 and type 2 DM involve abnormalities in pancreatic p cells. Type I DM is 

characterized by the death while type 2 DM is characterized by the accelerated 

apoptosis in p cells. Glucose in abnormally high concentrations forms reactive 

oxygen species (ROS) and thus chronic hyperglycemia leads to oxidative stress that 

can play an important role in development of (3 cell dysfunction (Wu et al” 2004; 

Baynes et al., 1991). Four major molecular mechanisms have been proposed in 

hyperglycemia-induced oxidative stress, viz activation of protein kinase C (PKC) via 

de novo synthesis of the lipid second messenger diacylglycerol (DAG), increased 

hexosamine pathway flux, increased advanced glycation end product (AGE) 

formation, and increased polyol pathway flux (Hunt et al., 1991; Kaneta et al., 1996). 

ROS generated in DM are involved to some extent in complications of the patients. 

For example, ROS can stimulate oxidation of low density lipoprotein (LDL), leading 

to the formation of oxidized LDL (ox-LDL). Ox-LDL，which is not recognized by 

the LDL receptor, can be taken up by scavenger receptors in macrophages leading to 

foam cell formation and atherosclerotic plaques. 

Research interest in the protective role of anti-oxidants isolated from natural plant 

has been aroused in the past tens of years. These anti-oxidants can protect against 

oxidative damage caused by free radicals which lead to various kinds of diseases 

such as degenerative diseases and carcinogenesis (Reynolds et al., 2007). Examples 

of anti-oxidants include vitamins A, C and E, glutathione (GSH), a-lipoic acid. 
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carotenoids，trace elements like copper, zinc and selenium, coenzyme Qio and 

cofactors like folic acid, uric acid, albumin, and vitamins Bi, B2, B6 and B12 

(Karihtala et al., 2007; Faure et al,，2003). 

This part of study was carried out to investigate the effect of SR10 on blood glucose 

level and anti-oxidant level in diabetic mice. Before in vivo study, the protective 

effect of SR10 on hyperglycemia-induced p cell toxicity was examined using RIN-

m5F cells. Cell toxicity was induced by incubating the cells with high glucose (33.3 

mM) culture medium for 7 days. After confirming the protective effect of SR10 in 

hyperglycemic condition, animal study was applied, db/db mouse model is a well-

known animal model for investigating type 2 DM (Kaneto et al” 2004). This animal 

exhibits symptoms typical of human type 2 DM, such as obesity, hyperinsulinemia, 

hyperglycemia and glucose tolerance. Studies with this animal model of type 2 DM 

have established that pharmacological protection of p cells against oxidative stress 

could ameliorate the severity of diabetic progression (Kaneto et al” 2004). In order 

to examine i f SR10 could exhibit its anti-diabetic effect through inhibiting the ROS-

induced damage in P cells of the host, plasma glucose, activities of anti-oxidant 

enzymes such as catalase and superoxide dismutase in plasma and liver, as well as 

tissue malondialdehyde (MDA) and GSH in liver were determined in db/db mice 

treated with or without SR10. Furthermore, mRNA expression of antioxidant 

enzymes in pancreatic islets were also examined. 
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Experimental results 
6.2.1 Protective effect of SRIO on hyperglycemia-induced toxicity in rat 
pancreatic p cells 
2x104 RIN-m5F cells were seeded in each well of 96-well culture plate. After 

overnight incubation, the medium was replaced with high glucose medium 

(containing 33.3 mM of glucose) in the absence or presence of various 

concentrations (0.78 jag/mL to 100 |ng/mL) of herbal extracts. Control cells were 

incubated with normal medium (containing 5.5 mM of glucose). The cells were 

further incubated for 7 days. On every other day, fresh medium and herbal extract 

were replaced in each well. Then, MTT assay was performed to measure the cell 

viability. 

Figure 6-1 showed the results that cells treated with SRIO at concentrations 12.5 

}ig/mL, 25 jj.g/mL and 50 |ng/mL exhibited significantly higher viability when 

compared to the cells treated with high glucose medium alone. 
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(33.3 mM) 

Herbal extract 
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Figure 6-1 Effect of SR10 herbal extract on viability of RIN-m5F cells in 

medium with high glucose concentration. The cells were treated with high glucose 

medium (containing 33.3 mM glucose) in the presence or absence of various 

concentrations of SR10 for 7 days. MTT assay was performed to determine the 

percentage of viable cells. Percentage viability of negative control (with normal 

medium and without SR10 treatment) was set as 100%. The data were expressed as 

Mean 士 S.D. with 8 replicates for each treatment. By Mann-Whitney test, significant 

increases in cell viability of SRIO-treated samples when compared to high glucose 

control were indicated by * p < 0.05. 
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6.2.2 Body weights of non-diabetic mice and diabetic mice treated with water 
or SR10 
Body weights of mice were measured at Day 0, Day 7，Day 14, Day 21 and Day 28. 

The results were shown in Figure 6-2. Results showed that there was a gradual 

increase in body weights for all groups in 28 days. Diabetic +db/+db mice (water 

control group and both low dosage and high dosage SR10 treatment groups) showed 

obviously higher body weight than normal non-diabetic m/+db mice. However, no 

significant difference was found between water control group and SR10 treatment 

groups at both low and high dosages in diabetic mice. 
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Day 0 Day 7 Day 14 Day 21 Day 28 

Figure 6-2 Effects of SR10 on body weight of db/db mice. The body weights of 

non-diabetic group, water control group and SRIO treatment group (n = 24 in each 

group) were measured once per week. Data were expressed as Mean 士 S.D. Diabetic 

mice showed obviously higher body weight than non-diabetic group but no 

significant difference was found between water control group and SRIO treatment 

groups. 
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6.2.3 Anti-hyperglycemic effect of SRIO in diabetic mice 
Figure 6-3 shows that diabetic control mice (i.e. water control) exhibited almost 3-

fold increase in blood glucose concentration throughout 4-week treatment period 

(from 155 mg/dL to 450 mg/dL). However, when the diabetic mice were treated with 

SRIO for 4 weeks, the rise of blood glucose concentration was significantly 

suppressed. For low dosage group (464 mg/kg), blood glucose concentration 

increased from 160 mg/dL to 375 mg/dL. For high dosage group (927 mg/kg), blood 

glucose level increased to 350 mg/dL after treatment period. The blood glucose 

concentrations of normal non-diabetic mice were maintained below 140 mg/dL 

throughout the treatment period. For high dosage group, a significant difference in 

blood glucose level was detected from day 14 to day 28 when compared to the water 

control group. 
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1200 

Water control 

Day 0 Day 7 Day 14 Day 21 Day 28 

* p <0.05 vs. water control on the same day 
# p < 0.01 vs. water control on the same day 

Figure 6-3 Effects of SR10 on fasting blood glucose level of db/db mice. For 

non-diabetic group, water control group and SR10 treatment groups (n = 24 in each 

group), the blood glucose concentrations were measured on Day 0, Day 7, Day 14, 

Day 21 and Day 28. Data were expressed as Mean 土 S.D. P values were generated by 

One-way Aanlysis of Variance (ANOVA) using the Dunnett's Test for multiple 

comparisons to water control. Statistical significance was indicated by * p < 0.05 or 

# p < 0.01 when compared to water control group on same day. 
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6.2.4 Increase in insulin release in diabetic mice after SR10 treatment 
Change of plasma insulin levels in db/db mice with different treatment were shown 

in Table 6-1. Before treatment period, no significant difference in blood insulin level 

was observed in all of the four groups of mice. After 4-week treatment with SR10， 

the plasma insulin level of water control group increased from 2.15 ng/mL to 11.27 

ng/mL. In both low and high dosage groups, significantly higher plasma insulin 

levels were observed (15.06 ng/mL in low dosage group and 17.57 ng/mL in high 

dosage group) when compared to water control group. In non-diabetic mice, the 

blood insulin content remained more or less constant during the treatment period. 
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6.2.5 IVo significant improvement in glucose tolerance by SR10 treatment 
Glucose tolerance of db/db mice was evaluated by oral glucose tolerance test (OGTT) 

after consumption of water, metformin or SR10. As shown in Figure 6-4，oral 

administration of 2 g/kg glucose to non-diabetic mice increased blood glucose level 

to the peak of 330 mg/dL at 30 min and almost returned to baseline level at 90 min. 

For water control diabetic mice, the blood glucose level increased to a peak of 960 

mg/dL and remained at a high level (720 mg/dL) at 90 min after glucose challenge. 

When compared with water control group, both low dosage and high dosage SRI0 

treatment groups did not show differences in blood glucose level at all time points 

after oral glucose intake. In positive control, metformin significantly inhibited the 

flux o f blood glucose starting at 30 min after glucose challenge. 
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• Water control 

-30 0 30 60 90 
T i m e / m i n 

* p < 0.01 vs. water control on the same day 

Figure 6-4 Effects of SR10 treatment on oral glucose tolerance test in db/db mice. 

Al l mice were challenged orally with glucose solution at dosage of 2 g/kg. For each 

group of mice (n = 10), the mean blood glucose concentrations were measured before 

SR10 oral administration (-30 min), before glucose challenge (0 min) as well as 30 

min, 60 min and 90 min after glucose challenge. Data were expressed as Mean 士 S.D. 

P values were generated by One-way Aanlysis of Variance (ANOVA) using the 

Dunnett's Test for multiple comparisons to water control. Statistical significance was 

indicated by * p < 0.05 when compared to water control group at the same time point. 
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6.2.6 Increase of antioxidant enzyme activities in liver extracts and plasma by 
SR10 treatment 
Catalase activities in both low dosage and high dosage SR10 groups were 

significantly higher than the water control group in both liver extract (Figure 6-5A) 

and plasma samples (Figure 6-5E). Significantly higher activities of SOD in both 

liver extract (Figure 6-5B) and plasma (Figure 6-5F) in high dosage group than in the 

water group were found, whereas in low dosage group, higher SOD activity was 

observed only in liver extract but not in plasma sample. Both tissue MDA and GSH 

did not show significant differences in liver extracts of both low and high dosage 

treatment groups when compared to water control group (Figure 6-5C & 6-5D). It 

should be noted that the catalase activities and SOD activities of the liver extracts in 

non-diabetic mice were significantly higher than those in diabetic mice (Fig. 6-5A & 

6-5B), resulting in higher MDA and GSH levels (Fig. 6-5C & 6-5D). Similarly, the 

catalase activities and SOD activities in plasma of non-diabetic mice were 

significantly higher than those in diabetic mice (Fig. 6-5E & 6-5F). 
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Non-diabetic water control SR10 《464mg/kg) SR10 (927mg/kg) 

* p < 0,05 vs- water control 
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Non-diabetic water control SR10 (464mg/kg) SR10 (927mg/kg) 

# p < 0.05 vs. non-diabetic control 

Non-diabetic water control 
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Non-diabetic water control SR10 (464mg/kg) SR10 (927mg/kg) 

* p<0‘05 vs. water control 
# p <0.05 vs. non-diabetic control 
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(F) 

Non-diabetic water control SR10 (464mg/kg) SR10 (927mg/kg) 

* p < 0.05 vs. water control 
# p<0.05 vs. non-diabetic control 

Figure 6-5 Effects of SR10 treatment on anti-oxidant enzyme activities in liver 

tissue and plasma of db/db mice. Activities of catalase (A) and superoxide dismutase 

(B), as well as amount of MDA (C) and GSH (D) in liver homogenates as well as 

plasma activities of catalase (E) and superoxide dismutase (F) were determined in 

db/db mice after 28 days of SR10 treatment. Data were expressed as Mean 士 S.D, of 

24 determinants. P values were generated by One-way Aanlysis of Variance 

(ANOVA) using the Dunnett's Test for multiple comparisons. Statistical significance 
jj t-

was indicated by p < 0.05 when compared to non-diabetic control or p < 0.05 

when compared to water control. 
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6.2.7 Increase of antioxidant enzyme expression in islets of db/db mice by SR10 
RNA from freshly isolated islets of db/db mice was quantified for the expression of 

catalase, superoxide dismutase (SOD) and glutathione peroxidase (GPx) by 

comparing with the housekeeping gene I8S (Table 6-2). There was significantly 

higher mRNA expression of catalase in high dosage SR10 group (2 .18 folds) and that 

of SOD in both low and high dosage SR10 groups (2.10 folds and 2.52 folds, 

respectively) when compared to the water control group. However, for GPx, no 

significant difference was detected between SR10 treatment groups and water control 

group. 
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Table 6-2 Effects of SRIO treatment on mRNA expression of catalase, 

superoxide dismutase (SOD) and glutathione peroxidase (GPx) in the islets of db/db 
mice. The islets of mice treated with or without low and high dosages of SRIO were 

isolated from the pancreases after 28 days treatment period (n = 3 per group). RNA 

was prepared and real-time PCR was performed to examine the mRNA expression 

level. Each sample was done in triplicate for real-time PCR, Data were expressed as 

Mean 土 Standard Deviation. P values were generated by One-way Aanlysis of 

Variance (ANOVA) using the Dunnett's Test for multiple comparisons. Statistical 

significance was indicated by # p < 0.05 when compared to non-diabetic control or" p 

< 0.05 when compared to water control. 

Relative change in mRNA expression 
Enzymes Non-

diabetic Water control SR10 
(464 mg/kg) 

SR10 
(927 mg/kg) 

Catalase 1 0.39 土 0 .05 # 0.58 ±0.11 0.85 ±0 .19 ' 
SOD 1 0.31 士 0 .04 # 0.65 士 0.16* 0.78 士 0�16* 
GPx 1 0.79 士 0 .08 # 1.03 ± 0.21 0.92 士 0.13 

Data was expressed as Mean ± Standard Deviation 
By One-way ANOVA with Dunnett's test, 

p < 0.05 compared to water control 
< 0.05 compared to non-diabetic control 
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6.2.8 Activities of liver, heart and kidney specific enzymes in plasma of db/db 
mice treated with SR10 
Plasma activities of creatine kinase (CK), aspartate transaminase (AST), alanine 

transaminase (ALT) and lactate dehydrogenase (LDH) as well as plasma level of 

creatinine were examined to determine the probable toxicities to the liver, heart and 

kidney of the animals. The results showed that no significant differences of these 

enzyme activities and creatinine level were detected between both SR10 treatment 

groups and water control group after 28 days treatment period (Figure 6-6). 
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Figure 6-6 Effects ofSRIO treatment on plasma enzyme activities in db/db mice. 

Plasma activities of creatine kinase (CK), aspartate transaminase (AST), alanine 

transaminase (ALT) and lactate dehydrogenase (LDH), as well as plasma level of 

creatinine were measured in different groups of mice (n = 24 for each group) after 28 

days treatment period. Data were expressed as Mean 士 Standard Deviation. 
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6.3 Discussion 

High glucose concentration impairs islet function by disturbing glucose metabolism 

in (3 cells mitochondria and induces apoptosis (Maedler et al.’ 2001). In addition, it 

has been reported that high glucose concentration can enhance (3 cell vulnerability to 

toxic effects by increasing the expression of potential autoantigens on the cell 

membrane surface (Aguilar-Diosdado et al., 1994). It has also been reported that 

chronic exposure to high glucose (for more than two days) leads to increased rat islet 

cell apoptosis (Piro et al” 2002). In the current study, we firstly analyzed the 

protective effect of SR 10 on rat p cell death in high glucose condition for 7 days. An 

increased percentage of |3 cell viability was observed when SR10 (12.5 |xg/ml to 50 

(xg/ml) was incubated with very high (33.3 mM) glucose concentrations in the 

medium (Figure 6-1). The results implied that SR10 not only inhibited STZ-induced 

p cell death but also protected from cell death induced by high glucose condition. 

After confirming the effectiveness of SR10 in hyperglycemic condition, the anti-

hyperglycemic effect of SR10 was investigated using diabetic mice model. 

C57BL/KsJ db/db mouse is an inbred strain with db gene mutation occurring 

spontaneously. The mice exhibit hyperglycemia, hyperinsulinemia and glucose 

intolerance that phenotypically resemble human type 2 DM. Since genetically 

diabetic +db/+db mice exhibit obesity, the body weights of +db/+db mice were 

significantly higher than normal non-diabetic mice (m/+db) and oral administration 

ofSRIO did not affect body weight in both diabetic and non-diabetic mice (Figure 6-

2). Fasting blood glucose levels were measured on Day 0, Day 7, Day 14, and Day 

28 after daily oral administration of SR10 or water. The diabetic +db/+db mice 

exhibited its diabetic characteristics from 4 weeks of age and blood glucose 

148 



concentrations on 1st day of experiment (4-5 weeks of age) were similar in all groups. 

However, blood glucose levels of diabetic mice were markedly increased from Day 7 

to Day 28 when compared to the normal non-diabetic mice, and SR10 intake (both 

low dosage and high dosage) significantly lowered the blood glucose levels. On Day 

29, blood glucose levels in low dosage and high dosage SR10 fed +db/+db mice 

were 16.7% and 22.2% lower than those of water supplied +db/+db group, 

respectively. Blood insulin levels of diabetic mice were much higher than normal 

mice indicating insulin resistance in type 2 DM. Interestingly, SR10 oral 

administration also caused increases of insulin level in diabetic mice when compared 

with water control group, suggesting elevated insulin release in diabetic mice. The 

hypoglycemic effects of SRI 0 in type 2 diabetic mice model may be associated with 

the improvement of functions of pancreatic P cells. 

Oxidative stress has been linked to the induction of p cell damage/apoptosis in the 

development of type 2 DM. Therefore, tissue anti-oxidant status is one of the major 

factors in determining the deterioration of diabetic condition (Bonnefont-Rousselot et 

al,, 2000). Many anti-oxidant systems exist within cells to neutralize ROS. 

Superoxide anions are enzymatically converted to hydrogen peroxide by superoxide 

dismutase (SOD) within mitochondria. Hydrogen peroxide is then disposed of by the 

mitochondrial enzyme glutathione peroxidase (GPx). The inner mitochondrial 

membrane contains vitamin E, a powerful anti-oxidant. The intermembrane 

mitochondrial space contains the superoxide dismutase isozyme and cytochrome c, 

which also plays a role in control of ROS concentration and defense. Catalase, on the 

other hand, is the major hydrogen peroxide detoxifying enzyme found exclusively in 

peroxisomes (Sakurai et al., 1988; Maritim et a l , 2003). 
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The protective mechanism of SR10 may contribute to its ROS scavenging activity. 

Therefore, SR10 administration may improve islet P cell function resulting in 

increased release of circulating insulin and thus, ameliorate hyperglycemia and delay 

the development of DM in these diabetic mice model. In the study, the protective 

effect of SRI0 in db/db mice was evaluated. Liver is the tissue with highest anti-

oxidant defense and its change in anti-oxidant status is easily detected when there is 

oxidative stress. Thus, we have examined the anti-oxidant status in the liver as well 

as in the plasma. The deleterious effects of superoxide anion and hydroxy! radicals 

can be counteracted by anti-oxidant enzymes catalase and SOD. The activities of 

these enzymes were detected in liver extracts and plasma, and they were found to be 

significantly lower in diabetic mice than the normal mice. These antioxidant 

enzymes were also found to be significantly up-regulated by treatment of SRI0 for 4 

weeks in diabetic mice (Figure 6-5A — Figure 6-5F). These results were further 

confirmed by mRNA expression level (Table 6-2). MDA, a by-product of lipid 

peroxidation as well as GSH, a marker of total anti-oxidant status, were detected in 

liver homogenate (the quantities of both markers were too low to be detected in 

plasma). However, no significant difference was found between SRIO-treated 

diabetic mice and water control group (Figure 6-5C & 6-5D). As treatment of SRI0 

has lasted for 28 days, the probable toxic effects induced to the mice were examined 

by measuring the activities of heart-, liver- and kidney-specific enzymes. The results 

indicated that no toxicity was generated under the current treatment regimen of SRI 0. 
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CHAPTER 7 
SUPPRESSION OF LOW DENSITY LIPOPROTEIN OXIDATION, 
VASCULAR SMOOTH MUSCLE CELL (VSMC) 
PROLIFERATION AND MIGRATION BY SR10 
7.1 Introduction 
Among different diabetic complications, atherosclerosis represents the major mortal 

threat to DM patients (Albright, 2008; Bessesen, 2008). Oxygen derived free radicals 

are very important mediators of cell injury. These free radicals include superoxide, 

hydrogen peroxide and nitric oxide. Collectively, the high reactivity of ROS 

determines chemical changes in virtually all cellular components, leading to DNA 

and protein modification and lipid peroxidation (Niedowicz et al., 2005). Many 

studies have been carried out to find the association between diabetes and 

atherosclerosis. It was found that glucose enhanced low density lipoprotein (LDL) 

oxidation and glucose-mediated enhancement of LDL oxidation was partially 

blocked by superoxide dismutase (Verges, 2005; Krentz, 2003). Oxidized LDL (ox-

LDL) involved in atherogenesis by affecting cytokine production, endothelium-

derived relaxing factor-mediated vascular reactivity and foam cell formation (Stewart 

et al., 2005; Galle et al‘, 2000). These findings explained how chronic hyperglycemia 

of diabetes accelerates lipoprotein oxidation, thereby promoting diabetic vascular 

disease. 

In addition, excessive ROS in diabetes is thought to promote atherogenesis by 

affecting several steps. Firstly, it facilitates the recruitment of monocytes and 

macrophages. Secondly, it increases lipid deposition in the intimal layer. Thirdly, it 

promotes the proliferation and migration of smooth muscle cells (Stocker et al., 

2004). One of the principal regulators of mitogenesis in vascular smooth muscle cells 
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is platelet-derived growth factor-BB (PDGF-BB). The signaling pathway of PDGF-

BB-induced mitogenesis involved the activation of extracellular regulated kinases 1 

and 2 (ERK1/2) (Kingsley et a!” 2002). ERK1/2-mediated pathway is also shown to 

be important for PDGF-BB-induced cell cycle progression in vascular smooth 

muscle cells (VSMC). Within the arterial media, smooth muscle cells are mostly in 

quiescent stage (i.e. Go/Gi phase of the cell cycle). Upon vessel injury, smooth 

muscle cells migrate into the intima, where they transit through Gi phase and re-enter 

into S phase. 

In this part of study, the effect on oxidative resistance of human LDL which is an 

important step in initiating atherosclerosis was examined. Furthermore, the effect of 

SRIO in inhibiting PDGF-BB-induced rat vascular smooth muscle cell (A7r5) 

proliferation and migration was demonstrated. 
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7.2 Experimental results 
7.2.1 Inhibition of AAPH-induced RBC hemolysis 
2,2'-azo-bis-(2-amidinopropane) dihydrochloride (AAPH) is a well-known free 

radical generator. In the absence of AAPH, hemolysis of rat RBCs was negligible. 

When RBCs were incubated with 100 mM AAPH for 200 min, about 93% of 

hemolysis was detected (data not shown). However, percentage inhibition of 

hemolysis was increased when RBCs was incubated simultaneously with increasing 

concentrations of SRIO. From Figure 7-1, SRIO was shown to inhibit up to 70% 

hemolysis at concentration 1 mg/ml, with IC5o value at 0.25 mg/ml. Ascorbic acid 

(vitamin C) was used as a positive control with IC50 value at 0.1 mg/ml. 
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Concentration (mg/ml) 

Figure 7-1 Effect of SRIO on AAPH-induced hemolysis in rat erythrocytes. 

Erythrocyte suspension was incubated with PBS (set as 0% inhibition), various 

concentrations of ascorbic acid (positive control) or SRIO in the presence of 100 mM 

AAPH for 200 min at 37°C. Data were expressed as Mean 士 S.D. of three 

independent experiments. 
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7.2.2 Prolongation of human LDL oxidation 
Lag phase prolongation as calculated by [lag time(sampie) - lag time(controi)] was used to 

measure the antioxidant property of the sample to protect from human LDL 

oxidation. Lag time was determined graphically as the X-intercept of the tangent to 

the propagation curve. Figure 7-2A showed the result of one representative trials. 

The data shown in Figure 7-2B was the average lag phase prolongation time of three 

independent trials. SRIO increased the lag time from 85 min (PBS control) to 480 

min and 1000 min at concentrations 10 fxg/mL and 20 ^g/mL, respectively. Ascorbic 

acid, as a positive control, increased the lag time to 370 min and 525 min at 

concentrations 1 ̂ g/mL and 2 [ig/mL, respectively. 
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(B) 

1200 

PBS control 10 (jg/ml 20 pg/ml 1 pg/ml 2 }jg/ml 

SRIO Ascorbic acid 

Figure 7-2 Effect of SRIO on prolongation of copper ion-induced human LDL 

oxidation. LDL in PBS was incubated with 5 pM C11SO4 at 37°C in the presence or 

absence of SRIO, and ascorbic acid (positive control). Conjugated diene formation 

was measured by determining the absorbance at 234 nm at every 5 min for totally 24 

h. A figure showing one representative experiment of three trials was shown in panel 

(A). Lag time was determined as the intercept of the slopes for the lag phase and 

propagation phase. Difference of lag time between treatment and control (FBS only) 

was defined as lag phase prolongation. Results of lag phase prolongation time from 

three independent trials was shown in panel (B). Data were expressed as Mean 土 S. 

D. for three independent experiments. By Mann-Whitney test, significant difference 

when compared to PBS control was indicated by # p < 0.01. 
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7.2.3 Inhibition of rat vascular smooth muscle cell (VSMC) proliferation 

The effects of SRI0 on rat vascular smooth muscle cell proliferation was evaluated. 

Rat VSMC, namely A7r5, were incubated with PDGF-BB in the absence or presence 

of SR10 for 24 hours. Then, the cell viability was examined by MTT assay. When 

A7r5 cells were stimulated with PDGF-BB for 24 h in the absence of SR10, cell 

growth (which is directly proportional to absorbance measured in MTT assay) was 

significantly increased. However, the addition of SR 10 suppressed this PDGF-BB-

stimulated proliferation in a concentration-dependent manner with significant effect 

found at concentrations 2.5 mg/m L and 5 mg/mL. This inhibition of cell proliferation 

was not due to toxicity of SRI0 as evidenced by no significant change induced by 

SR 10 without PDGF-BB (Figure 7-3). 

The effect of SRI 0 on cell growth was also determined by measuring DNA synthesis. 

PDGF-BB highly increased 3H-thymidine incorporation into DNA but the increase 

was inhibited by co-treatment of SRI0 in a concentration-dependent manner (Figure 

7-4). 
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‘P < o.os 
« P < 0.05 

PDGF (25 ng/ml) - + + + + - -
SR10(mg/mi) - - 1.25 2.5 5 1.25 2.5 5 

Figure 7-3 Effect of SR10 on PDGF-BB-stimulated proliferation of rat VSMCs. 

Cells were incubated with PDGF-BB (25 ng/mL) for 24 h in the absence or presence 

of various concentrations of SR10. Cells incubated with various concentrations of 

SR10 without PDGF-BB were used to indicate the cytotoxicity of SRI0. After 24 h, 

MTT assay was performed to measure the cell viability in different treatments. 

Percentage viability of cells without treatment of PDGF-BB or SR10 was set as 

100% (negative control). Percentage cell viability of other treatment groups was 

calculated against negative control. Data were expressed as Mean 士 Standard 

Deviation with 8 replicates for three independent experiments. By Mann-Whitney 

test, significant difference when compared to PDGF-BB alone was indicated by * p < 

0.05 or #p <0.01. 
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Figure 7-4 Effect of SRIO on PDGF-BB-induced 3H-thymidine incorporation in 

A7r5 cells. Cells were treated with PDGF-BB (25 ng/mL) for 24 h in the absence or 

presence of SRIO and incorporation of 3H-thymidine was measured. Data were 

expressed as Mean 土 Standard Deviation with 6 replicates for three independent 

experiments. By Mann-Whitney test, significant difference when compared to 

PDGF-BB alone was indicated by * p < 0.05 or # p < 0.01. 
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7.2.4 Cell cycle arrest at Go/Gi and inhibition of expression of cyclin D1 

The effect of SRI 0 on cell cycle progression in A7r5 cells was evaluated by staining 

with PI. In quiescent A7r5 cells, the populations in Go/Gi, S and G2/M phase were 

69.52%, 10.56% and 19.93%, respectively. When the cells were stimulated by 

P D G F - B B for 24 h, cell cycle progression from G q / G i to S and G 2 / M phase was 

observed. However, treatment of various concentrations of SR10 blocked G0/G1-S 

phase transition. The population of G q / G i phase was increased from 48.18% to 

57.29%, 59.22% and 66.02% when PDGF-BB-stimuiated was treated with SR10 at 

concentrations 1.25 mg/mL, 2.5 mg/mL and 5 mg/mL, respectively. Populations in S 

phase was decreased from 25.13% to 21.22%, 19.19% and 13.03%, respectively, 

while in G2/M phase, the population was decreased from 26.69% to 21.48%, 21.59% 

and 20.95%, respectively (Figure 7-5). 

As SR10 arrested cell cycle progression at Go/Gi phase, the expression of Gi phase-

regulated protein cyclin D1 was examined by Western blot. The results showed that 

SR10 mildly suppressed expression of cyclin D1 which was up-regulated by PDGF-

BB (Figure 7-6). 
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Figure 7-5 Effect of SR10 on cell cycle distribution of PDGF-BB-treated A7r5 

cells. After starving with 1% FBS for 24 h, A7r5 cells were treated with PDGF-BB 

in the absence or presence of SR 10 for 24 h. Then, the cells were stained with PI and 

cell cycle distribution was analyzed by flow cytometry. Three experiments were 

conducted and similar results were observed. This figure showed the results of one 

representative experiment. 
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P-actin 
Relative intensity 2.6 2.3 2.2 2.0 

Figure 7-6 Effect ofSRIO on expression of cyclin D1 on PDGF-BB-treated A7r5 

cells. Cells without SR10 treatment were regarded as PDGF-BB control (Lane 2). 

Cells without the addition of both PDGF-BB (25 ng/mL) and SR10 were regarded as 

negative control (Lane 1). Other samples were treated by PDGF-BB with various 

concentrations of SR10. Then, the expression level of cyclin D1 was detected by 

Western blot. 
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7.2.5 Suppression of rat VSMC migration 
Figure 7-7A showed the view of lower membrane after A7r5 cells migrated through 

the membrane. PDGF-BB greatly induced vascular smooth muscle cell migration. 

However, when SRIO was placed at the lower chamber with PDGF-BB, cell 

migration was inhibited significantly at all concentrations tested (Fig. 7-7B). 

(A) 

PDGF (25 ng/ml) 
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PDGF (25 ng/ml) -
SRIO (mg/ml) 2.5 

？- 1 . 

PDGF (25 ng/ml) 
SRIO (mg/ml) 

163 



(B) 

# p<0.01 
# p<0.01 

200 

180 
# p < 0.01 <0.05 

P D G F (25 ng/ml) 

SR10 (mg/ml) 

Figure 7-7 Effect of SR10 on PDGF-BB-induced migration of A7r5 ceils in a 

trans we II migration assay. A7r5 cells were loaded in the upper chamber while 

PDGF-BB (25 ng/mL) was loaded in the lower chamber in the absence or presence 

or various concentrations of SR10. After 3 h incubation, migrated cells were 

observed in the lower surface of the membrane (A). Number of migrated cells was 

counted for five regions per filter. Data were expressed as Mean 士 S.D. with 3 

replicates of three independent trials. By Mann-Whitney test, significant difference 

when compared to PDGF-BB alone was indicated by * p < 0.05 or # p < 0.01 (B). 
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7.2.6 Plasma concentrations of total cholesterol, HDL-cholesterol (HDL-C), 

triglyceride, calculated LDL-cholesterol (LDL-C) and paraoxonase (PON) 
activity in db/db mice 
In Chapter 6, diabetic mice model was used to examine the effect of SRIO on blood 

glucose. In this part, the effect of SRIO on plasma concentrations of total cholesterol, 

HDL-cholesterol, triglyceride, and paraoxonase (PON) activitiy were examined in 

non-diabetic m/+db mice and SRI0-treated diabetic +db/+db mice. LDL-cholesterol 

of each mouse was calculated based on the following formula (Friedewald et al.’ 

1972): 

LDL-C = (Total cholesterol) - (HDL-C) - (Triglyceride/5) 

From the results shown in Figure 7-8, it could be seen that total cholesterol was 

significantly decreased when diabetic mice were treated with SRIO (927 mg/kg) for 

28 days (Figure 7-8A). For triglyceride, no difference was found between non-

diabetic mice and diabetic mice, as well as between water-treated diabetic mice and 

SRI 0-treated diabetic mice (Figure 7-8B). HDL-cholesterol was found to be 

increased in SRI 0-treated mice after 28 day treatment but the difference was not 

statistically significant (Figure 7-8C). For calculated LDL-cholesterol, a significant 

decrease was found in both low dose and high dose SRIO treatment groups when 

compared to water control group (Figure 7-8D). PON activity was significantly 

lower in diabetic mice than in non-diabetic mice. After treatment with SRIO, there 

was an increasing trend in PON activity in both high dosage and low dosage groups 

but the difference was not statistically significant (Figure 7-8E). 
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Figure 7 -8 Effect of SR10 on plasma concentrations of total cholesterol, 

triglyceride, HDL-cholesterol, calculated LDL-cholesterol and PON activity in db/db 
mice. For all groups of mice (n = 24 in each group), the mean plasma concentrations 

of total cholesterol (A), triglyceride (B), HDL-cholesterol (C) and PON activity (E) 

were measured before and after 4 weeks treatment period of low and high dosages of 

SRIO. LDL-cholesterol (D) was calculated f rom total cholesterol, HDL-cholesterol 

and triglyceride. Data were expressed as Mean 士 S.D. P values were generated by 

One-way Aanlysis of Variance (ANOVA) using the Dunnet t ' s Test for multiple 

compar isons to water control. Statistical significance was indicated by * p < 0.05 

when compared to water control group at the same time point. 
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7.3 Discussion 
Proliferation and migration of VSMCs are the basic pathological changes in 

atherosclerosis, finally atherosclerotic plaque was formed. Oxidized LDL (ox-LDL) 

has been shown to be participated in the initiation and development of atherosclerotic 

plaques by initiating foam cell formation, promoting the recruitment of circulating 

monocytes into the intima as well as activating the proliferation of vascular smooth 

muscle cells (Lahteenmaki et al” 1998). Oxidants for LDL oxidation include reactive 

oxygen species (ROS) such as superoxide anion and peroxynitrite, as well as 

peroxide and metal ions (Heinecke, 1998). Since ox-LDL was formed by oxidation 

of LDL, anti-oxidants that can prevent this process may decrease the development of 

atherosclerosis. Thus, in this part of study, the anti-oxidative activity of SRIO using 

AAPH-induced rat RBC hemolysis mode! and prolongation of human LDL oxidation 

were examined. 

A A P H is a well-known free radical generator which induces lipid peroxidation on 

RBC membrane. Results demonstrated that SRIO inhibited AAPH-induced rat RBC 

hemolysis in a dose-dependent manner with IC50 found at 0.25 mg/mL. Vitamin C, 

as positive control, gave an IC50 value at 0.1 mg/mL. This showed that SRIO had 

anti-oxidative property. Therefore, the effect of SRIO on oxidative resistance of 

human LDL was determined. Measurement of conjugated diene formation in LDL by 

copper ion-mediated oxidation was used in the study. Lag t ime was obtained f rom 

the graph to measure the ability to inhibit LDL oxidation. Longer lag t ime represents 

stronger anti-oxidative activity to prolong LDL oxidation. Results demonstrated that 

SRIO inhibit LDL from being oxidized by copper ion. The results of both AAPH-

induced and copper ion-induced lipid peroxidation indicated that SRIO is an anti-

oxidant which could inhibit LDL oxidation. 
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Since LDL oxidation induces the initiation and deve lopment o f atherosclerotic 

plaques, in the next step, the e f fec ts of SRIO in proliferation and migrat ion of V SMC, 

which is an important stage strongly suggested in atherosclerotic plaque formation, 

were measured. Rat VSMCs , namely A7r5 cells, were used as cellular model . 

Vascular proliferation contributes to d i f fuse intimal thickening in arteries where the 

deve lopment of atherosclerosis occurred. Control l ing vascular proliferation by 

regulat ing cell cycle progression is a new therapeutic strategy for atherosclerosis 

(Bicknell et al” 2003). Many growth factors have been shown to funct ion as 

mi togens for V S M C . One of the examples is P D G F - B B which is important in 

vascular repair af ter cellular injury and has been implicated in neoint ima format ion. 

Inhibitors of P D G F - B B signal transduction have been shown to decrease the 

format ion (Myllarniemi et al., 1997). P D G F - B B was also found to trigger the 

production of extracellular matrix (ECM) and secretion o f cytokines which lead to 

structural change of the media and al lows the V S M C to migrate f rom media to the 

inf lammatory site (Graf et al., 1997). This part of study involved the use of PDGF-

BB to induce A7r5 cell proliferation and migration, and investigated the inhibition of 

these processes by SRIO. P D G F - B B induced A7r5 cell proliferation for 31%，which 

was suppressed by the addition of SRIO at concentrat ions 2.5 mg /mL and 5 mg/mL. 

The suppression was not due to cytotoxicity of SRIO because SRIO alone did not 

decrease cell viability when compared with negative control . Results of 3 H -

thymidine uptake assay also suggested that SRIO decreased DNA synthesis which is 

an indication of cell proliferation. The anti-proliferation of A7r5 cells by SRIO was 

fur ther conf i rmed by cell cycle analysis. Cells are activated by entering f rom 

quiescent (Go) stage to G，phase. T o begin the DNA replication, the cell enter S 

phase for synthesis and then G2/M phase for mitosis. Our results indicated that 
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PDGF-BB arrested the cells at S phase and G 2 / M phase. This means that PDGF-BB 

activated cell proliferation. When S R � 0 was co-treated, cell population in Cio/G] 

phase was increased from 48 .18% to 57.29%, 59.22% and 66.02%, respectively 

while that in S phase was decreased f rom 25.13% to 21.22%, 19.19% and 13.03%, 

respectively as well as that in G2/M phase was decreased f rom 26.69% to 21.48%， 

2 1 . 5 9 0 / � a n d 20.95%, respectively at concentrations 1.25 mg/mL, 2.5 mg/mL and 5 

mg/mL when compared to PDGF-BB-treated control. The results demonstrated that 

SRIO suppressed PDGF-BB-induced V S M C proliferation by decreasing cell cycle 

arrest at S and G2/M phase. Besides cell populations in difference phases, regulation 

on different cycl in-CDK complexes was also studied. Cyclin D-CDK4 and cyclin E-

C D K 2 complexes regulate G] and S phases transition while cyclin A - C D K 2 and 

cyclin B-CDK1 regulate G2/M phase transition (Schafer, 1998). The results of 

Western blot showed that PDGF-BB-induced expression of cyclin D1 was 

suppressed slightly by co-treatment of SRIO in a dose-dependent manner . The 

decrease in G( and S phases transition consolidated the result that SRIO inhibited 

PDGF-BB-induced S and G2/M phase cell cycle arrest, and hence inhibited V S M C 

proliferation. 

Besides cell proliferation, V S M C migration f rom media to intimal space is also 

important in development of atheroma. In the study, a transwell migration assay was 

applied to study the inhibitory effect of SRIO on V S M C migration. SRIO was shown 

to be inhibitory for A7r5 cell migration in a dose-dependent manner . Actually, 

V S M C proliferation and migration are two independent processes. As SRIO was 

found to be effective in inhibiting both processes, this means that it is a potential 

inhibitor of atherosclerosis. 
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HDL-C and LDL-C have long been identified as important risk factors for coronary 

heart disease (Castelli et al., 1986; Miller et al., 1975). In addition, HDL is believed 

to protect against atherosclerosis by inhibiting the oxidative modif icat ion of LDL and 

to attenuate the biological activity of oxidized LDL. These antioxidant and anti-

atherogenic properties of HDL have been attributed to the various proteins associated 

with HDL. Paraoxonase (PON) is one of these proteins. Jn this part o f study, plasma 

concentration of total cholesterol, HDL-C and triglyceride were determined. The 

results showed that SR10 decreased total cholesterol and lead to an increasing trend 

of HDL-C in diabetic mice. LDL-C has been related to total cholesterol, HDL-C and 

triglyceride by Friedewald equation (Friedewald et al” 1972; Warnick el al., 1990). 

Calculated LDL-C from the results indicated that SR10 highly decreased plasma 

concentration of LDL-C in diabetic db/db mice. Risk factor of coronary heart disease 

was found to be increased by LDL-C and decreased by HDL-C. Thus, the results of 

the study implied a potential effect of SR10 in anti-atherosclerosis. The conclusion 

was further supported by increased paraoxonase activity which has been shown to 

protect against copper-induced or cell-mediated LDL oxidation (Reddy et al., 2001; 

Mackness et al., 1993). 
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CHAPTER 8 
INHIBITION OF LIPOPOLYSACCHARIDE-INDUCED 
INFLAMMATORY RESPONSES OF MACROPHAGES BY SR10 
8.1 Introduction 
The association between hyperglycemia and the development of diabetic 

complicat ions is now well established (Brownlee, 2005). However, the actua! 

underlying mechanisms that lead to the development of vascular complicat ions are 

complex. Hyperglycemia, dyslipidaemia and altered levels of coagulation and anti-

inflammatory factors directly contribute to an ongoing sub-chronic inf lammatory and 

atherogenic state, which, when associated with vascular insulin resistance, leads to 

increased vascular endothelial f ree radical production in type 2 diabetic patients. It 

has also been demonstrated that chronic inflammatory state plays a crucial roles in 

obesity-related pathologies such as cardiovascular diseases and type 2 DM (Xu et al., 

2003; Shoelson et al., 2006). Recent studies have shown that activation of 

macrophages plays an important role in the initiation and propagation of 

inf lammatory responses by the production of cytokines such as IL- ip , IL-6, TNF-a , 

N O and other inflammatory mediators. Over-expression of the inf lammatory 

mediators in macrophages is involved in many obesity-related diseases such as 

atherosclerosis (We is berg et al.’ 2006; Bruun et al‘, 2005). Therefore, agents that can 

suppress macrophage activation may have the potential to prevent or delay the onset 

of, or ameliorate obesity-related diseases. 

Lipopolysaccharide (LPS) is commonly used to model inflammation because of its 

ability to activate macrophages. Activated macrophages produce a variety of 

proinf lammatory mediators, including interleukins, prostaglandin E2 ( P G E 2 ) and 
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nitric oxide (NO). The expression of genes encoding these mediators was regulated 

by nuclear factor kappa B (NFKB) in macrophages (Fujiwara et al” 2005). 

In this part of study, mouse macrophage cell line RAW264.7 was used to examine 

the effect of SR10 in inhibition of inf lammatory responses induced by LPS. Release 

of cytokines IL- ip , IL-6 and TNF-ot, and proinflammatory mediators nitric oxide and 

prostaglandin E2 was determined in culture supernatants. To confirm if the response 

is mediated by NFKB through the activation of MAPK and Akt pathway, the 

expression of NFKB and regulatory proteins in MAPK and Akt pathway were 

analyzed by Western blot. 
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8.2 Experimental results 
8.2.1 Inhibition of nitric oxide release and nitric oxide synthase expression in 
macrophages 
Mouse macrophage RAW264 .7 cells were pre-treated with various concentrat ions of 

SRIO for 2 h before the addition of LPS (1 | ig/mL). Af ter further incubation for 24 h, 

culture medium was then collected and concentration of nitric oxide (NO) was 

determined. Results showed that LPS markedly induced N O release which was 

significantly inhibited by treatment of SRIO at concentrations ranged 125-1000 

Hg/mL (Figure 8-1 A). To examine the effects on inducible nitric oxide synthase 

(iNOS), m R N A and protein expression of iNOS were determined by RT-PCR and 

Western blot analysis, respectively. After normalization by housekeeping genes, 

obvious decreases in m R N A and protein expression of iNOS were observed at SRIO 

concentrations 250 |xg/mL, 500 | ig/mL and 1000 }ig/mL when compared to LPS-

treated control (Figure 8-1B & 8-1C). 
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Figure 8 -1 Effects of SRIO on nitric oxide release and expression of inducible 

nitric oxide synthase in mouse macrophages. RAW264.7 cells were pre-treated with 

various concentrations of SR10 for 2 h before the addition of LPS (1 jj.g/mL). After 

further incubation for 24 h, culture supernatant and cellular extract were collected. 

Cells treated with LPS and without SR10 pre-treatment were regarded as LPS control 

(Lane 2). Cells without the addition of both LPS and SR10 were regarded as negative 

control (Lane 1). The concentration of nitric oxide released in the medium was 

measured using Griess Reagent. Data were expressed as Mean 士 Standard Deviation 

with 4 replicates for each treatment. By Mann-Whitney test, significant di f ference 

when compared to LPS control was indicated by * p < 0.05 (A). The expression of 

iNOS was examined by RT-PCR (B) and Western blot analysis (C). Three 

independent trials were performed for each experiment. Representative figures of 

RT-PCR and Western blot were shown in Panel (B) and (C). Band intensity was 

measured using densitometer. Relative band intensity of each sample was calculated 

and compared to negative control which was set as 1. 

178 



8.2.2 Suppression of release and expression of IL-1, IL-6 and TNF-a 
The level of pro-inflammatory cytokines is important in inflammation. Therefore, the 

effect of SRIO on the inhibition of IL-1, IL-6 and TNF-a was investigated. Cytokine 

released in the culture supernatant was detected by ELISA. Upon LPS treatment, 

cytokine released was markedly increased, 3.52 fold for IL-1, 7.23 fold for IL-6 and 

32.65 fold for TNF-a , respectively. When SRIO was pre-treated, the increase of 

cytokine released was suppressed. Effective range for three cytokines was different 

but significant suppression could be found at 500-1000 [ig/mL (Table 8-1). m R N A 

expression of IL-1, IL-6 and T N F - a was detected by RT-PCR. Consistently, m R N A 

expression of these cytokines was obviously attenuated at concentrations 500-1000 

|xg/mL when compared to LPS control (Figure 8-2). 
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Table 8-1 Fold of change in release of 1L-1, IL-6 and T N F af ter t reatment with 

LPS and SR10. RAW264 .7 cells were pre-treated with various concentra t ions of 

SR10 for 2 h before the addition of LPS (1 jig/mL). After further incubation for 24 h, 

culture supernatants were collected. The amounts of cytokines in cul ture supernatant 

were determined using EL1SA kit. Concentrat ion of cytokine released in negative 

control (without LPS and SR10) was set to 1 and that of other t reatments were 

interpreted as fold of change when compared to negative control. Three independent 

trials were carried out. Data were expressed as Mean 士 Standard Deviation with 3 

replicates for each treatment. By Mann-Whi tney test，significant d i f fe rence when 

compared to LPS control was indicated by * p < 0.05 or # p < 0,01. 

F o l d o f c h a n g e 

Control LPS SR10(|ig/m!) + LPS Control LPS 
31.25 62.5 125 250 500 1000 

IL-1 1 3.52 + 0.216 3.65 ±0.313 2.97 ±0.198* 2.84 + 0.177* 2.65 ±0.218* 2.13 ± 0.229 ^ 2.23 ± 0,105 # 

IL-6 1 r.23±1.28 7.33 +1.35 5.97 ± 0.78 5.78 ± 0.59 4.76 + 0.46 * 3.25 ± 0.23 s 3.69 + 0.5" 
TNF 1 32.65 ±2.69 31.52 ±3.55 31.2S±3.69 25.66 ±2.65* 27.84 ±2.35 23.65 ±3.09* 20.87 ± 2.52 # 

* p < 0.05 compared with LPS 
# p < 0.01 compared with LPS 
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SRIO (^ig/ml) + LPS 
Control LPS 31.25 62.5 125 250 500 1000 

Relative intensity 1.0 2.7 2.8 2.2 2.2 1.8 1.5 

TNF-a 

•actin 

Relative intensity 1.0 

H y t H H F ^ S H f f •^BWy 

4.6 4.3 4.1 3.9 2.S 2.6 2.1 

F i g u r e 8-2 Effect of SRIO on m R N A expression of IL-1J3, IL-6 and TNF-ct in 

mouse macrophages . R A W 2 6 4 . 7 cells were pre-treated with various concentra t ions 

o f S R I O for 2 h before the addition o f LPS (1 pg/mL). Af te r fur ther incubation for 24 

h, cellular extracts were collected. Then, m R N A expression levels of IL-1(3, IL-6 and 

T N F - a were detected by RT-PCR. A m o u n t of RNA used in each sample was 

normal ized by expression of p-actin. The f igure is a representat ive of three 

independent trials. Band intensity w a s measured using densi tometer . Relat ive band 

intensity of each sample was calculated and compared to negat ive control which was 

set as I . 
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8.2.3 Decreased release of PGE2 and expression of COX-2 in macrophages 
Prostaglandin E2 is an inflammatory mediator, whose secretion is regulated by C O X -

2. pge2 secreted in the medium is detected by ELISA kit. Results showed that LPS 

highly induced pge2 release and a trend of inhibition was observed when 

R A W 2 6 4 . 7 cells were treated with SRIO (125 ^g /mL to 1000 Hg/mL) (Figure 8-3A). 

However , the difference did not show statistical significance. Expression of COX-2 

was determined by both RT-PCR and Western blot (Figure 8-3B & 8-3C). Both 

results showed that decreasing expression of COX-2 was observed at increasing 

concentration of SRIO. Significant inhibition of expression of COX-2 was found at 

concentrations 500 ug/mL and 1000 jxg/mL. 
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F i g u r e 8 -3 Effec ts of SRIO on PGE2 release and expression of C O X - 2 in mouse 

macrophages . R A W 2 6 4 . 7 cells were pre-treated with various concentra t ions of S R 1 0 

for 2 h before the addit ion of LPS (1 |xg/mL). Af te r fur ther incubation for 30 min, 

culture supernatant and cellular extract were collected. Cel ls wi thout SR10 

pretreatment were regarded as LPS control (Lane 2). Cells without the addit ion of 

both LPS and SR10 were regarded as negative control (Lane 1). The concentrat ion of 

PGE2 released in the medium was determined using ELISA (A). The expression of 

C O X - 2 w a s examined by RT-PCR (B) and Western blot analysis (C). Three 

independent trials were per formed for each experiment . Representa t ive f igures of 

R T - P C R and Western blot were shown in Panel (B) and (C). Band intensity w a s 

measured using densi tometer . Relative band intensity of each sample was calculated 

and compared to negative control which was set as 1. 
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8.2.4 Effect of SR10 mediated by MAPK pathway in macrophages 
M A P K s are comprised of three principal family members with distinct isoforms 

within each member: ERK, p38 and JNK. The expression of phosphorylated and 

total proteins (including both unphosphorylated and phosphorylated forms) of these 

three M A P K members were detected by Western blot in treated RAW264 .7 cells. 

Results showed that higher expression level of phosphorylated form of ERK, p38 and 

.INK were detected when RAW264 .7 cells were treated with LPS but the up-

regulation was inhibited when the cells were pre-treated with SR 10. Greater 

inhibition was observed when higher concentrations of SRI 0 were treated. However, 

total protein levels of these regulatory proteins (including both phosphorylated and 

unphosphorylated forms) did not show observable changes (Figure 8-4). 
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Figure 8 -4 Effects of SRIO on protein expression levels of total and 

phosphorylated form of ERK, p38 and JNK in mouse macrophages. RAW264 .7 cells 

were pre-treated with various concentrations of SR10 for 2 hours before the addition 

of LPS (1 | ig/mL). After further incubation for 24 h, cellular extracts were collected. 

Then, expression levels of total ERK, p38 and JNK, and their phosphorylated fo rms 

(p-ERK, p-p38 and p-JNK) were detected by Western blot analysis. Protein content 

of each sample was normalized by G A P D H . Three independent trials were 

performed and this f igure is a representative of three trials. Band intensity was 

measured using densitometer. Relative band intensity of each sample was calculated 

and compared to negative control which was set as 1. 
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8.2.5 Effect of SRIO mediated by Akt pathway in macrophages 
Akt and IkB-a are important regulatory proteins in Akt pathway. Results of Western 

blot analysis showed that there was a mild decrease in p-Akt expression when 

RAW264 .7 cells were treated with SRIO, when compared to LPS control. However, 

p-lKB-a showed a significant inhibition upon SRIO treatment. Total proteins of Akt 

and IkB-a did not show obvious changes under the normalization by G A P D H 

(Figure 8-5). 
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Figure 8-5 Effects of SRIO on protein expression levels of total and 

phosphorylated form of Akt and iKB-a in mouse macrophages. RAW264 .7 cells 

were pre-treated with various concentrations of SRIO for 2 hours before the addition 

of LPS (1 jxg/mL). After further incubation for 24 h, cellular extract were collected. 

Expression levels of total Akt and ItcB-a, and their phosphorylated forms (p-Akt and 

p-IKB-a) were detected and the result was normalized by G A P D H . Three 

independent trials were performed and this figure is a representative of three trials. 

Band intensity was measured using densitometer. Relative band intensity of each 

sample was calculated and compared to negative control which was set as 1. 
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8.2.6 Activation of N F K B translocation to nucleus in macrophages 
NFKB is an important mediator linking Akt and M A P K pa thway. It is a transcription 

factor that modula tes the expression of variety of genes involved in immune and 

inf lammatory responses, including iMOS, C O X - 2 and T N F - a . Under st imulation of 

inf lammation, iKB-a becomes phosphorylated and is subsequent ly degraded, 

a l lowing NFKB to translocate into the nucleus. Proteins of nuclear f ract ion of 

R A W 2 6 4 . 7 cells were prepared and expression of NFKB in this f ract ion was 

determined by Western blot. The results showed that NFKB level in nuclear fract ion 

was highly up-regulated by LPS. However , the up-regulation was decreased by the 

t reatment o f S R I O (Figure 8-6). 
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F i g u r e 8-6 Effects of SRIO on NFKB content in nuclear fraction of mouse 

macrophages. RAW264.7 cells were pre-treated with various concentrations of SR10 

for 2 h before the addition of LPS (1 jig/mL). After further incubation for 24 h, 

nuclear protein fraction was prepared using commercially available cellular 

fractionation kit. Western blot analysis was then carried out to detect expression level 

of NFKB in nuclear fraction. Total protein content in each sample was normalized by 

G A P D H . Three independent trials were performed and this figure is a representative 

of three trials with similar trend. Band intensity was measured using densitometer. 

Relative band intensity of each sample was calculated and compared to negative 

control which was set as 1. 
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8.3 Discussion 
For many years atherosclerosis has been regarded as a lipid storage disease. More 

recently, substantial evidence has emerged to suggest that inf lammat ion plays a 

paramount role in the dynamic process of initiation, progression and rupture of the 

atherosclerotic lesion. On the other hand, considerable interest has focused on 

establishing the role of inf lammation in the pathogenesis o f type 2 D M . Several lines 

of evidence suggest that inf lammation not only predicts atherosclerosis but also the 

development of type 2 DM. Thus, there is accumulat ing evidence suggest ing that 

inf lammation is the bridging link between atherosclerosis and type 2 DM (Stern, 

1995). High blood glucose in D M is a source of free radicals leading to oxidative 

stress in endothelial cells which in turn induces inf lammatory response mediated by 

various signal pathways. The inf lammatory response has been found to be involved 

in all stages of atherosclerosis, resulting in uncontrolled proliferation of vascular 

cells, production of foam cells and progressive vascular occlusion. 

In Chapter 7，anti-atherosclerotic ef fec ts o f S R I O were demonstrated by inhibiting rat 

V S M C proliferation and migrat ion. As inflammation plays crucial roles in 

development of atherosclerosis, it is speculated that SRIO m a y af fec t inf lammatory 

process. Thus, in this part o f study, the ef fec ts of SRIO on inf lammatory response 

induced by LPS were investigated. 

Lipopolysacchar ide (LPS) is the main component of endotoxin and is fo rmed by 

lipid A linked to hydrophilic heteropolysaccharide (Rietschel et al.’ 1994). LPS-

induced macrophage activation was found to increase the production o f cytokines 

such as IL- lp , IL-6, TNF-a , N O and PGE2. SRIO inhibited inf lammation induced by 

LPS by inhibiting the secretion of these mediators in mouse R A W 2 6 4 . 7 cells. The 
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effects were fur ther conf i rmed by decreased expression (both m R N A and protein) of 

their regulators, iNOS and COX-2 , respectively. 

Nitric oxide plays a dual role as a beneficial or detrimental molecule in the process of 

inf lammation; namely, a small amount of N O produced by constitutive endothelial 

NOS (eNOS) and neuronal N O S (nNOS) is an important regulator o f physiological 

homeostasis in reducing blood pressure, inhibition of platelet aggregation, and 

regulating neuronal transmission (MacMaking et al” 1997; Liu et al., 1995). 

However , high output production of N O by inducible nitric oxide synthase ( iNOS) 

reacts with macrophage-derived superoxide to produce highly cytotoxic peroxvnitrite, 

which contributes to a variety of diseases and inflammation (Moncada et al； 1991; 

MacMaking et al, 1997). 

PGE2 formation results f rom the release of arachidonic acid f rom cel l -membrane 

phospholipids by phospholipase enzymes and is converted to PGE2, via 

cyclooxygenase (COX) and PGE2 synthase enzymes. LPS-induced release of 

arachidonic acid, the resulting 叩-regulation of COX-2 expression and PGE2 

formation, is mediated through toll-like receptor 4 in the R A W 2 6 4 . 7 cells (Rhee et 

al,, 2000; Qi et al., 2005). 

The expression of genes encoding interleukins, C O X and iNOS was regulated by 

NFKB in macrophages. NFKB is a d immer of members of the Rel family proteins, 

including p65, c-Rel and p50. In most unstimulated cells, NFKB covalently bound to 

inhibitor protein, IKB-CL, which is sequestered in the cytoplasm (Ghosh et al., 1998). 

Exposure of the cells to external stimuli, such as inf lammatory cytokines and 

oxidative stress results in the activation of NFKB through the stimulation of the 

phosphorylat ion of IxB-a and its subsequent proteolytic degradation (Bours et al” 

2000; Wang et al., 2002). The activated NFKB is then translocated to the nucleus, 
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where it binds to the cis-acting KB enhancer element of target genes and regulates the 

expression of various inf lammatory cytokines and pro inf lammatory mediators 

(Hayakawa et al., 2003). The results of this study showed that SRIO activate NF-KB 

accumulat ion in nuclear fraction. Therefore , in next step, the upstream signal 

path way (s) leading to NF-KB activation w a s investigated. 

It has been shown that NF-KB-activating stimuli such as I L - i p and T N F - a were also 

down-regulated by inhibition of Akt activation, leading to decreased N O product ion. 

L PS-mediated phosphorylat ion and activation of Akt were blocked by 

pharmacological inhibitors of Akt. Events necessary for the activation of NF-KB 

(such as IKB degradation, nuclear translocation, and increased NF-KB DNA binding) 

were all suppressed by inhibitors of Akt. These results place Akt upstream of NF-KB 

activation in the sequence of signaling events, whereby activation of Akt up-

regulates iNOS promoter activity, leading to transcription and translation of iNOS 

and increased N O production. The results of this study also showed that inhibition of 

l ipopolysaccharide-induced Akt activation by SRIO led to down-regulat ion of NF-KB 

activation, resulting in decreased iNOS expression and N O production. 

On the other hand, LPS has also been shown to be a potent act ivator for the p38 

mitogen-activated protein kinases ( M A P K ) which play an important role in the 

regulation of cell growth and differentiat ion, and in the control of cellular responses 

to cytokines and stresses. LPS activates all three types of M A P K s “ ERK, p38 and 

J N K - in mouse macrophages (Chen et al., 1999). The exact signalling pa thways 

among the three types of M A P K s are still unclear; however, there is a cross-talk and 

signal convergence among the M A P K s . Many of the upstream kinases and 

downs t ream substrates are the same for each of the major cascades (Jordan et al., 

2000) . Activation of p38 by LPS resulted in the stimulation of NF-KB-specif lc D N A -
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protein binding and the subsequent expression of inducible form of N O synthase and 

N O release in R A W 264.7 macrophages (Chen et al, 1999). In this study, SRIO also 

decreased the phosphorylation level of p38 protein in LPS-stimulated cells in a 

concentrat ion-dependent manner. 

Results of this study demonstrated that SRIO inhibits the production of NO, 

interleukins and PGE2 in LPS-stimulated macrophage cells, RAW264.7 . This anti-

inflammatory effect occurs by the down-regulation of iNOS and C O X - 2 expression 

via the suppression of NF-KB activation, Akt and MAPK phosphorylation. The anti-

inf lammatory effects of SRIO in macrophages partly explain its anti-atherosclerotic 

effects . 
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CHAPTER 9 
GENERAL DISCUSSION 
9.1 Diabetes in Hong Kong 
In Hong Kong, D M is getting more common . One in ten adults in Hong Kong suffer 

f rom DM and more than 2 0 % of Hong Kong people above 65 years of age are 

diabetics. There is evidence that the incidence is increasing. Each year in Hong Kong, 

over 400 patients have diabetes associated kidney disease requiring dialysis and over 

500 patients lost their vision because of diabetic eye complicat ions. Approximate ly 

3 0 % of patients admitted to Hong Kong public Hospitals with stroke and heart attack 

were found to have co-exist ing D M (Depar tment of Health, H K S A R , 2007) . 

Hong Kong people are generally living in an urbanized environment . Physical 

inactivity，diets high in fat and salt and low in fruit and vegetables, and great work-

related stress are a few of the lifestyle factors associated with urbanization (Gu et aL, 

2005). Obesi ty is a crucial risk factor of DM. In Hong Kong, with reference to two 

large-scale population-based studies, the prevalence of overweight (BMI > 25 k g / m 2 ) 

increased f rom 2 8 % to 3 8 % in men, and f rom 2 8 % to 3 4 % in women in 1990 and 

1995, respectively (Lee et al., 2002) . A prospective study on obese Hong Kong 

people found that obese people, af ter a mean fol low-up of 2 years, had significantly 

higher rates of progression to diabetes (14 .6% per year for people with BMI > 28 

k g / m 2 ) than their non-obese counterparts (8 .4% per year) (Gary et al., 2004) . 

Alongside with the rising prevalence of adult obesity in Hong Kong, the same 

phenomenon is also running rampant in children. According to a survey conducted 

by the Hong Kong Children Health Service, the obesity rates of Hong Kong primary 

and secondary school student boys and girls increased f rom 12.7% and 10.4% in 

1998 to 14.7% and 12.4%, respectively, in 2001 (Department of Health, H K S A R , 
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2007). Another study showed a further increase of obesity rate to 15.9% (boys: 

18.1%; girls: 13.9%) in Hong Kong adolescents in 2004 (Ko et al” 2008). Obesity is 

associated with significant morbidity and mortality. Most obese children will grow 

up to become obese adults and most obesity related health problems are also 

applicable to children. The problem of obesity of Hong Kong adults and adolescents 

further leads to increasing DM cases. 

Back to the worldwide situation, according to the World Health Organization (WHO), 

DM reduces life expectancy by 10-12 years, especially in young people (Roglic et al.., 

2005). An estimate of 2.9 million deaths is directly attributable to DM each year, a 

figure comparable to that due to human immunodeficiency virus infection (Roglic et 

al” 2005). The epidemic situation of DM leads to urgent need on promising 

therapeutic approaches. 

9.2 Insulin dependent therapy: a nightmare for type 2 diabetic patients 
DM is a complicated disease involving different pathologies. Type 1 DM is an 

immune-mediated diabetes. Up to now, therapy of type 1 DM is mainly dependent on 

exogenous insulin supply. Type 2 DM involved more complicated factors including 

genetics, environment and living style. At early stage of type 2 DM, most patients 

have no needs for medication. Most of them are non-insulin dependent . However, 

many cases of non-insulin dependent diabetes mellitus (NIDDM) will finally turn to 

insulin-dependent ( IDDM) and insulin injection is required. From then, their lives 

will be highly affected. 

How does the nightmare of IDDM appear in type 2 DM patients? In general, the 

development of type 2 DM is associated with pancreatic p cell dysfunct ion occurring 

together with insulin resistance. Normal p cells can compensate for insulin resistance 
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by increasing insulin secretion, but insuff icient compensat ion due to abnormal ly high 

blood glucose concentrat ion (especially af ter meal ) leads to the onset of g lucose 

intolerance. Once hyperglycemia b e c o m e s apparent , p cell funct ion deter iorates 

progressively. Glucose- induced insulin secretion becomes fur ther impaired and 

degranulat ion of (3 cells becomes evident, o f ten accompanied by a decrease in the 

number of p cells (Porte, 199); DeFronzo et al., 1992; Yki-Jarvinen, 1992). The 

s ignif icance of hyperglycemia as a direct cause of these phenomena , i.e., g lucose 

toxicity on (3 cell, has been demonstra ted by various studies in vivo (Zangen et al., 
1997) and in vitro (Robertson et al., 1992; Olson et al.’ 1993; Sharma et al., 1995; 

Poitout et al； 1996; Moran et al‘’ 1997). The situation of how hyperg lycemia 

become a secondary force that fur ther damages the (3 cells is summarized in Figure 9-

1. In general , this deterioration of cellular funct ion caused by constant exposure to 

supraphysiologic concentrat ions of glucose is termed glucotoxicity (or g lucose 

toxicity). 

Fur ther quest ion is how chronic hyperg lycemia induced p cell dysfunct ion . Under 

diabet ic condit ions, reactive oxygen species (ROS) are produced in var ious t issues 

mainly through the glycation reaction (Sakurai et al., 1988; Hunt et al.，1991), which 

may play a role in the development of compl ica t ions in DM (Baynes, 1991). 

Al though the induction o f the glycation reaction in D M was original ly found in 

neural cells and the lens crystalline, which are also known targets of diabetic 

complicat ions , another target was recently shown to be the p cells (Kaneto et al., 

1996; Ihara et al., 1999). It has been shown that advanced glycosylation end products 

(AGEs) were detectable in (3 cells kept under high glucose concentra t ions (Tajiri et 

al., 1997), and the level of 8-hydroxy-29-deoxyguanos ine , a marker for oxidat ive 

stress, was increased in P cells of diabetic Goto-Kakizaki (GK) rats (Ihara et al., 
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1999). Also, the expression of antioxidant enzymes, such as superoxide dismutase, 

catalase, and glutathione peroxidase, is known to be very low in islet cells compared 

with other tissues and cells (Tiedge et al” 1997). Therefore, once p cells face 

oxidative stress, they may be rather sensitive to it, suggesting that glycation and 

subsequent oxidative stress may in part mediate the toxic effect of hyperglycemia. 

Studies also showed that glycation-mediated ROS production reduced insulin gene 

transcription (Matsuoka et al., 1997) and also caused apoptosis of (3 cells. 

Hyperglycemia 
(NIDDM) 

Oxidative stress 

Pancreatic p cell 
damage 

I 
Decreased insulin 

production 
(Chronic stage) 

I 
More severe 

hyperglycemia 
(IDDM) 

Figure 9 -1 Proposed model for accelerated hyperglycemia when pancreatic (3 

cells were damaged by oxidative stress. Many clinical studies suggested that patients 

with type 2 DM were subjected to oxidative stress. Free radicals when attacked our 

organs may result in various kinds of diseases. Pancreatic P cell is one of the cell 

types which are most easily attacked by free radicals due to its low level of intrinsic 

antioxidant defense. When (3 cells subjected to free radical damage, insulin 

production will further decrease, leading to more severe hyperglycemic situation. 
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How is oxidative stress increased in p cells of diabetic patients? Oxidative damage 

due to hyperglycemia contributes to the microvascular pathology of DM that occurs 

particularly in the retina, renal glomerulus, and peripheral nerves, causing blindness, 

renal failure, and peripheral neuropathy (West, 2000; Brown lee, 2001). Moreover, it 

has been suggested that increased mitochondrial ROS production during 

hyperglycemia may be central to much of the pathology of DM (BrovvnJee, 2001 ； 

Nishikawa et al., 2000). Because p cell mitochondria play a central role in glucose-

stimulated insulin secretion, damage to p cell mitochondrial will attenuate this 

response (Sakai et al., 2003). 
The mitochondrial respiratory chain is the major site of ROS production within the 

cells. Superoxide is thought to be produced continually as a byproduct of normal 

respiration through the one-electron reduction of molecular oxygen (Raha et ah, 

2000). Superoxide itself damages iron sulfur center-containing enzymes sucli as 

aconitase (Vasquez-Vivar et al., 2000) and can also react with nitric oxide to form 

the damaging oxidant peroxynitrite, which is more reactive than either precursor 

(Beckman et al” 1990). The mitochondrial enzyme manganese superoxide dismutase 

(MnSOD) converts superoxide to hydrogen peroxide, which, in the presence of 

ferrous or cuprous ions, forms the highly reactive hydroxy I radical, which damages 

all classes of bio-molecules. Mitochondria have a range of defenses against oxidative 

damage. The antioxidant enzyme MnSOD converts superoxide to hydrogen peroxide 

(Forinan et al” 1997). The mitochondrial isoform of glutathione peroxidase and the 

thioredoxin-dependent enzyme peroxiredoxin III both detoxify hydrogen peroxide 

(Costa et al” 2003). 
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Within the mitochondrial phospholipid bilayer, the fat-soluble antioxidants vitamin E 

and Coenzyme Q both prevent lipid peroxidation, while Coenzyme Q also recycles 

vitamin E and is itself regenerated by the respiratory chain (Maguire et al., 1989). 

The mitochondrial isoform of phospholipid hydroperoxide glutathione peroxidase 

degrades lipid peroxides within the mitochondrial inner membrane (Costa et al., 

2003). There are also a range of mechanisms to repair or degrade oxidatively 

damaged lipid, protein, and DNA (Beckman et al., 1998). 

Due to the importance of p cell function in maintaining normal glycemia, an in vitro 
assay was selected in this study for screening the protective ef fec ts of different 

T C M s on p cell toxicity induced by STZ. STZ is a well-known diabetogenic agent. It 

has been widely reported that STZ induced the generation of N O in p cells which in 

turn damage the p cells by apoptosis (Murata et al., 1999; Kaneto et al” 1995)). 

Therefore, agents that can reduce N O production may reduce P cell damage in DM 

which in turn may decrease the shift ing of N I D D M to IDDM. 

Among 28 T C M selected, 3 T C M s (Radix Astragali, Radix Codonopsis and Cortex 

Lycii) showed potent effect against STZ induced apoptosis on pancreatic p cells. One 

of the reasons for having such protective effect may be the anti-oxidative property of 

this formula which will be discussed in the latter section. Antioxidant is potential 

therapeutic targets for several free radical-induced diseases including diabetes-

accelerated atherosclerosis. Antioxidant intervention in animal and human studies 

will be discussed in the fol lowing section. 

9.3 Antioxidant intervention in animal and human studies 
The ‘oxidation theory ' of atherogenesis claims that it is the oxidation of LDL-

derived lipids that is important in atherogenesis. Therefore, one important line of 
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research is to investigate and compare the role of antioxidants in lipid peroxidation 

and atherogenesis. In this study, the anti-oxidative activity of SRIO was 

demonstrated by inhibition of AAPH-induced hemolysis of rat RBC and 

prolongation of C u 2 + ion-induced human LDL oxidation, while the latter one is more 

representative in showing the anti-atherosclerotic effect of SRIO. 

Based on many different t ime-dependent analyses (Esterbauer et al.’ 1992), the 
• • 2+ • • • • • chronology of LDL oxidation by Cu ions can be divided into three consecutive 

t ime phases: lag phase, propagation phase and decomposit ion phase. During the lag 

phase，LDL becomes progressively depleted of its antioxidants and only minimal 

lipid peroxidation occurs in LDL. When LDL is depleted of its antioxidants, the rate 

of lipid peroxidation rapidly accelerates to the maximum rate (propagation phase). 

Thereafter , the peroxide content of LDL starts to decrease again because 

decomposit ion reactions become predominant (decomposition phase). During the lag 

and propagation phase, the kinetics of the formation of lipid peroxides closely fol low 

the diene content change versus t ime profile. Thus, a convenient and frequently used 

method monitoring the process of copper ion-induced LDL oxidation continuously, 

is to measure the change of the diene absorption at 234 nm (Esterbauer et al” 1989), 

Copper ion-induced lipid peroxidation in LDL by binding to discrete sites of the apo 

B and forms centers for repeated free radical production similar to those proposed for 

other biological systems (Chevion, 1988). Any compounds that displace copper ions 

f rom the apo B-binding site should then inhibit or fully prevent LDL oxidation. 

Other descriptive case-control and cohort studies have provided an early and 

influential indication that antioxidant has great potential in treating ox-LDL-induced 

atherosclerosis. These studies document that the regular intake of foods rich in fat-

soluble antioxidants such as vitamin E is associated with a lower f requency of 
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clinical events and mortality due to coronary heart disease (CHD) (Gaziano, 1996). 

A large study that followed 19687 women without symptoms of cardiovascular 

disease w h o did not consume vitamin supplements for seven years, showed that the 

multivariate adjusted, relative risks for C H D decreased significantly f rom the lowest 

(< 4.9 IU/day) to highest quintile of vitamin E intake (> 9.6 IU/day) (Gey et al., 

1991). A combination of both vitamin C and E has been shown to be more effect ive 

than vitamin E alone in protecting LDL from becoming oxidized in vitro. Salorien et 

al. reported atherosclerotic progression was significantly reduced in men w h o were 

given the combination, while vitamin E alone was less effect ive (Salonen et al., 

2003). 

Except for vitamin C and E, purified or synthetic compounds with anti-oxidative 

activities were reported to have anti-atherosclerotic effect. Among these antioxidants, 

probucol has been studied most extensively. The results obtained overall provide the 

strongest support for a beneficial ef fect of an antioxidant on atherosclerosis. 

Probucol inhibits atherosclerosis in hypercholesterolemic rabbits (Carew et al., 1987; 

Kita et al” 1987) and non-human primates (Sasahara et al., 1994). In fact, the anti-

atherogenic effect of probucol, which is independent of its hypolipidemic activity, is 

one of the cornerstones of the oxidation theory of atheroslerosis (Carew et al., 1987). 

Probucol also reverses established plaques in rabbits (Nagano et al., 1992) and 

xanthomas in humans (Kajinami et al., 1996). Other studies on anti-atherosclerotic 

ef fects of synthetic antioxidants have been performed. N,N ' -Diphenyl -

phenylenediamine has been shown to reduce lesion development in both rabbits and 

mice, and to prolong the lag t ime in ex vivo oxidation of L D L induced by C u 2 + ions 

(Sparrow et al., 1992; Tangirala et al,, 1995). Butylated hydroxytoluene (BHT) has 

also been reported to prevent atherosclerosis in rabbits (Bjorkhem et al., 1991). 
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Results of this study showed that SRIO increased the activity of antioxidant enzymes 

in diabetic mice. Living organisms have developed defense mechanisms to protect 

against oxidative damage to their tissues. One line of defense includes antioxidant 

enzymes such as superoxide dismutase (SOD), catalase (CAT), and glutathione 

peroxidase (GPx). S O D catalyses the dismutation of superoxide radical to hydrogen 

peroxide. Hydrogen peroxide is removed by either C A T that is specific for hydrogen 

peroxide itself and by GPx that can also remove hydroperoxides. C A T has been 

implicated in the detoxification of H2O2 at high concentrations (mM range) whereas 

GPx is effect ive at much lower concentrations (^iM range) of H2O2. The levels of 

these antioxidant enzymes were shown to be very low in pancreatic j3 cells. As SRIO 

could increase the enzyme activity directly in isolated islets, this may be one of the 

reasons that SRIO could decrease the deterioration of p cells which is evidenced by 

the inhibition of glycemic rise and increased insulin secretion in diabetic db/db mice. 

9.4 Inflammation: A linkage between DM and atherosclerosis 
The concept of atherosclerosis as an inflammatory disorder is supported by an ever-

increasing body of pathologic, experimental , epidemiological and clinical evidence 

(Ross, 1999). The cellular elements involved in inflammation can be demonstrated to 

be present to variable degrees in multiple stages in the atherosclerotic process 

( l i y a m a ^ al, 1999; Fogelman et al, 1981, Heinecke, 1999; Galis et al, 1994): 

K Normal endothelium is not associated with significant adherence of 

inf lammatoiy cells. Progressive expression of adhesion molecules on the 

dysfunctional endothelium provides the means for the recognition, binding and 

transmigration of circulating inf lammatoiy cells. 
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2. L D L modif ied by processes such as oxidation or glycation are progressively 

internalized at a relatively rapid rate by macrophages and are associated with 

progressive lipid accumulat ion and the subsequent deve lopment of a therosclerosis . 

3. Macrophages have the capacity to elaborate a variety of proteolytic e n z y m e s 

that m a y be involved in the net balance between intraplaque matrix synthesis and 

degradat ion. Col lagenases and gelat inase are matrix metal ioproteinases that 

demonst ra te the capacity to progressively degrade the stabilizing matr ix protein 

const i tuents and result in a progressively increased risk for rupture due to reduction 

in the tensi le strength of the plaque. 

In f lammatory responses in macrophages have been found to be control led via 

expression of multiple genes including signal ing molecules such as NFKB and ERK 

(Li et al, 1999; Brown lee, 2005; Igarashi et al., 1999). Under oxidat ive stress of 

hyperglycemia , over-expression of these genes may lead to endothelial dysfunct ion 

and ult imately to microvascular and macrovascular disease. High glucose can up-

regulate expression of transcription factors, such as NFKB and TNF-A (Guha et al.， 

2000) . Express ion of T N F - a is mediated by the protein kinase p38 which is 

dependent on oxidat ive stress pathway. Several studies advocate the impor tance of 

the p38 pathway in DM (Igarashi et al” 1999; G u h a et al., 2000) . cAMP-dependen t 

protein kinases (PKAs) can activate phosphorylat ion of substrate proteins and cross-

talk with M A P K pathways and proteins involved in signal t ransduction pathways, 

leading to altered gene expression and modulat ion of physiological processes. c A M P 

is known to modulate cytokine product ion in a number of cell types (Reddy et al., 

2002; Oll ivier et al, 1996). This suggests that oxidat ive stress plays a key role in the 

regulatory pa thway which progresses f rom elevated glucose to endothelial cell 

act ivation in the enhanced vascular inf lammat ion o f DM (Cardelli et al., 2007; Singh 

2 0 3 



et aL, 2005). Figure 9-2 proposed a model correlating the role of oxidative stress in 

diabetes and accelerated atherosclerosis. The results of this study showed that SR10 

inhibited inflammatory responses of macrophages via the inaction of NFKB. One of 

the outcomes of this anti- inflammatory effect is inhibition of atherosclerosis which is 

further evidenced by attenuation of proliferation and migration of vascular smooth 

muscle cells. In addition, the lipid profile of diabetic mice showed a significant 

decrease in plasma total cholesterol level and calculated LDL-C level by treatment of 

SR10. Decreased HDL-C and increased LDL-C are well-established risk factors for 

cardiac disease in both non-diabetics and diabetics (Wilson et aL, 2008). In 

measuring the lipid profile of diabetic mice, LDL-C was not included because the 

quantification of LDL-C required relative large amount of plasma. However, the 

volume of plasma collected from each mouse is limited. Thus, the lipid profile does 

not measure LDL level directly but instead estimates it via the Friedewald Equation 

(Friedewald et al., 1972) using levels of other cholesterol: 

In mg/dL: LDL cholesterol = total cholesterol - HDL cholesterol - (0.20 x 

triglycerides) 

This formula provides an approximation with fair accuracy for most people, 

assuming the blood was drawn after fasting for about 14 hours or longer. However , 

the concentration of LDL particles, and to a lesser extent their size, has far tighter 

correlation with clinical outcome than the content of cholesterol with the LDL 

particles, even if the LDL-C estimation is about correct. 
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Diabetes Mellitus 
Hyperglycemia 

i 
ROS 

(oxidative stress) 
Antioxidant • ^ ^ 

NFKB, MAPK, Akt 
1 Cytokine secretion 
I Endothelial dysfunction 
I Vascular inflammation 

Cardiovascular disease 
Figure 9-2 Proposed model for role of antioxidant supplementation in prevention 

of oxidative stress and vascular disease in diabetes. 

9.5 Treatment of DM by Western medicine and Chinese medicine 
In countries of modern world, Western medicine is the basic therapeutic approach 
supplemented with other ‘Alternative medicine ' . In the concept of Western medicine, 
H b A l c is a good index for diabetic patients to reflect their progress of therapy. 
Practically, patients with H b A l c level lower than 7% are usually treated with 
therapeutic lifestyle measures. Those with H b A l c level of 7% to 8% are initially 
treated with single oral agents. Depending on motivation and adherence to 
therapeutic lifestyle changes, most patients with H b A l c level higher than 9% require 
therapy with two or more agents to reach glycemic goals. Of the oral agents, insulin 
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secretagogues produce the most rapid effect in reduction of blood glucose 

concentrat ions (Lebovitz, 2001; DeFronzo, 1999). Such therapy also reduces 

'g lucose toxici ty ' . After two oral drugs have failed to achieve the desired results, 

addition of a third class of oral agents can be considered (Yale et al” 2001). In fact, 

the Food and Drug Administration of United States has approved oral triple therapy 

with a glitazone, metformin and a sulfonylurea. Virtually, all patients with type 2 

DM ultimately become insulinopenic and require insulin therapy. One of the 

explanations is the damage of pancreatic p cell function by ROS, which has been 

mentioned in the previous section. Patients are often ' t ransit ioned' to insulin with the 

use of a bedtime injection of intermediate or long acting insulin, retaining oral agents 

primarily for control during the day. 

Knowledge to DM in China occurs early in the world. In the great medical book the 

Yellow Emperor's Internal Classic written in 400 B.C., there were already detailed 

descriptions on the disease. Diabetes in Western medicine is basically consistent with 

XiaoKeZheng (消渴症）in TCM according to their manifestations. XiaoKeZheng is a 

morbid state caused by improper diet and emotional disturbance and marked by 

polydipsia, polyphagia, polyuria and the urine of sweet taste. In Chinese medicine, 

pathogenesis of diabetes include dryness-"efl/ due to yin deficiency, impairment of 

yin and yang due to qi and yin deficiency, blood stasis. 

For a long time, herbal formulas have been used for the treatment of various diseases 

with different types of manifestations. The herbs Radix Astragali, Radix Codonopsis 

and Cortex Lycii in the formula SRIO have different roles in Chinese medicine. The 

characteristics of these three T C M s are described as follows: 

Radix Astragali is of slightly 'warm' property. It is known for its vital-energy 

tonifying, skin-reinforcing, diuretic, abscess-draining and tissue generative actions. It 

206 



is, therefore, useful for palpitation with shortness of breath, spontaneous sweating, 

prostration, chronic diarrhea, prolapse of the uterus and rectum, chronic carbuncle 

and deep-rooted ulcer and persistent sores. Its pharmacological actions include 

enhancement of immunological functions, moderate diuretic action, antinephritis, 

protection of hepatitis and antibacterial effect . LD50 of Radix Astragali in mice was 

determined to be 39.82 g/kg by oral administration. 

Radix Codonopsis is mild in nature. It tonif ies the vital-energy and the spleen and is 

chiefly used in shortness of breath with palpitation, lassitude and physical weakness, 

and watery stool with poor appetite. Its pharmacological actions include 

enhancement of animal motility, decrease of hypertension, antinephritis. LDso of 

Radix Codonopsis in mice was determined to be 79.21 g/kg by intraperitoneal 

injection. 

Cotex Lycii has a ‘cold' property. It is used to remove heat f rom the blood, with 

antipyretic and "lung-heat' purgative actions. Moreover, it has hypoglycemic, anti-

cholesterolemic, hypotension and antimicrobial action. LD50 of the herb is 

determined to be 12.83 g/kg by intraperitoneal injection. 

These three herbs have been included in different ancient and modern formulae for 

treating Xiaoke Syndrome or DM in Western medicinal terms. For ancient formulas, 

Radix Astragali have been included in Huangqi Tang (composed of R a d i x As t raga l i , 

Poria, Radix Ophiopogonis, Radix Rehmanniae, Radix Trichosanthis, Fructus 

Schisandrae and Radix Glycyrrhizae) and Buyang Huanwu Tang (composed of 

R a d i x As t raga l i , Radix Angelica sinensis, Radix Paeoniae Iactiflorae, Radix 

Ligustici Chuanxiong, Semen Persicae, Flos Carthami Tinctorii and Lumbricus). 

Both Radix Astragali and Cortex Lycii are components of Lurong Wan (composed of 

R a d i x As t raga l i , Radix Ginseng, Radix Scrophulariae ningpoensis, Radix 
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Ophiopogonis，Fructus Schisandrae chinensis, Radix Rehmanniae Preparata, Fructus 

Corni off icinal is , Cornu cervi Parvum, Fructus Psoraleae, Herba Cistanches, C o r t e x 

Lyci i , Poria and Radix Achyranthis Bidentatae). Both Radix Astragali and Radix 

Codonops i s are components o f Tangniaobing Fang (composed of R a d i x A s t r a g a l i , 

Rh izoma Dioscoreae, Rhizoma Atractylodis, Radix Scrophulariae, Radix 

Rehmanniae , Radix Ophiopogonis , R a d i x C o d o n o p s i s , Fructus Schisandrae, Poria, 

Gal la Chinensis , Concha Ostreae and O s Draconis Fossilla Oss is Mastodi) . Other 

c o m m o n l y used herbal formulae for t reat ing DM which have been reported in 

scient i f ic journa ls are summarized in Table 9-1. From our studies, the opt imal weight 

ratio o f these three herbs, namely Radix Astragali , Radix Codonops i s and Cor tex 

Lycii, at 3:3:1 in the formula SR10 in t reat ing D M has been found out . 
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9.6 Future development of SR10 
In this study, some biochemical aspects of anti-diabetic effects of SRIO were 

investigated. In future, studies concerning the following issues can be carried out: 

1. In this study, biochemical approaches in examining the eff icacy of SRIO was 

applied. The establishment of compound formula SRIO was performed instead of 

isolating active components from individual herbs. The strength in using crude 

herbal extracts rather than purified compounds includes (i) the toxicity and side 

effects of crude herbal extract are generally lesser then isolated compounds; (ii) the 

formula can be modified (such as the ratio between component herbs) upon the 

condition of individual patient; (iii) compound formula may affect the body as a 

whole but pure compound usually pinpoint to a specific action. However, the 

formula SRIO in this study is a novel one, it is of great significance if we can isolate 

the active components from the formula. The isolated compound can also be used as 

a marker for quality control of production of SRIO. 

2. Detailed toxicity tests (acute and chronic) can be performed to determine the 

max imum allowable dosage of SRIO in animals. 

3. Nowadays , most diabetic patients were treated with Western drugs to control 

plasma glucose level. However, some DM patients may take T C M together with 

Western drugs. Therefore, the interaction of SRIO with commonly used anti-diabetic 

agents should be studied. 

4. This study only gives preliminary results on anti-atherosclerotic effects of 

SRIO by in vitro assays. Further studies using animal models could provide clearer 

picture on the eff icacy of SR10 in removing atherosclerotic plaque. 

5. In this study, the anti-oxidative properties of SRIO were conf i rmed. It is of 

high clinical advantages as free radical-induced cellular damages have been found in 
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many diseases such as cancer, stroke, Alzhe imer ' s disease, etc. Thus, SRIO is a 

potential herbal formula for clinical trial for ROS-related diseases. 

6. In this study, many cell lines used are not human origin (e.g. RIN-m5F, A7r5 

and RAW264.7) . These non-human cell lines were used because they have been well 

characterized by the supplier (American Type Culture Collection) and have been 

long used as cellular models in certain aspects. For example, LPS induced 

inf lammatory responses in RAW264.7 macrophages have been widely studied. Thus, 

it is beneficial to use the cell line for drug testing. In future, the responses of SRIO 

can be tested using human cell line when available. 

7. In the study, the ratio of three herbs Radix Astragali, Radix Codonopsis and 

Cortex Lycii in SRJO was set to be 3:3:1. This ratio was fixed by changing the 

optimal ratio 30:30:1 found in screening (SR) to 30:30:10 (SR10), 30:30:20 (SR20) 

or 30:30:30 (SR30). After testing, SR10 was found to be the best among these four 

ratios. However, it is jus t an optimal range for using 1/7 ratio of Cortex Lycii in the 

formula. In future, the ratio of three herbs in the formula can be further f ine-tuned to 

obtain better eff icacies . 

9.7 Conclusions 
Twenty-eight T C M s commonly prescribed for treating DM were selected for 

screening their protective activity against pancreatic (3 cell toxicity induced by 

streptozotocin. Three TCMs, including Radix Astragali, Radix Codonopsis and 

Cortex Lycii, were found to increase the viability of rat pancreatic (3 cell line, RIN-

m5F. By combining these three T C M s at a weight ratio of 3:3:1，a herbal formula 

namely SR10 was generated. The anti-diabetic effect of SR10 was examined in vitro. 
SR10 treatment resulted in significant enhancement in survival of streptozotozin-
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treated rat pancreatic p cells, RIN-m5F cells. SRIO apparently reduced apoptosis of 

streptozotozin-treated p cells by decreasing DNA fragmentation, sub-Gi peak area 

and percentage of apoptotic cells. Nitric oxide (NO) production in streptozotozin-

treated cells was inhibited by SRIO via suppression of the expression of inducible 

nitric oxide synthase (iNOS). For in vivo study, investigation of the effect of SRIO 

on blood glucose level and anti-oxidant level in diabetic mice was carried out. Db/db 
mouse model is a useful animal model for investigating type 2 DM. Results showed 

that SRIO was effective in decreasing blood glucose level in chronic treatment by 

improving p cell function. The activities and expression of anti-oxidant enzymes, 

catalase and superoxide dismutase, were up-regulated when treated with SRIO. 

Moreover, in this study, SRIO treatment did not exhibit any toxic effect to the kidney, 

liver and heart of the host. The body weight of diabetic db/db mice were not affected 

by SRIO administration. 

Atherosclerosis is a major cause of death in developed world and LDL oxidation is 

an early event in atherosclerosis. In this study, the inhibitory effect o f S R I O on LDL 

oxidation was investigated using AAPH-induced rat erythrocyte hemolysis model 

and copper ion-induced human LDL oxidation model. Since vascular smooth muscle 

cell (VSMC) proliferation and migration are important processes in atherogenesis, 

we also examined the effect of SRIO in inhibiting these events. Our results showed 

that SRIO inhibited rat erythrocyte hemolysis with IC50 value at 0.25 mg/ml and 

significantly prolonged human LDL oxidation in vitro. SRIO attenuated PDGF-BB-

induced V S M C proliferation by promoting cell cycle arrest at Go/Gi phase as well as 

inhibited V S M C migration. 

More recently, substantial evidence has emerged to suggest that inflammation plays a 

paramount role in the dynamic process of initiation, progression and rupture of the 
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atherosclerotic lesion. On the other hand, considerable recent interest has focused on 

establishing the role of inflammation in the pathogenesis of type 2 DM. In this study, 

mouse macrophage cell line RAW264.7 was used to examine the effect of SRIO in 

inhibition of inflammatory responses induced by LPS. Release of cytokines IL- ip , 

IL-6 and TNF-a , and proinflammatory mediators nitric oxide arid prostaglandin E 2 

were determined in culture supernatants. To confirm if the response is mediated by 

NFKB through the activation of M A P K and Akt pathway, the expression of NFKB 

and regulatory proteins in MAPK and Akt pathway were analyzed by Western blot. 

The present results in anti-hyperglycemic, anti-oxidative and anti-atherosclerotic 

effects of SRIO imply that SRIO is a potential prescription for treating diabetes and 

associated atherosclerosis. 
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