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摘要 

 

學號         : 156100100111009 

論文題目 ：分析苦瓜萃取物對腸道上皮細胞的效果 

  以探討可能的降血糖機制 

頁數                 : 66 

學校名稱     ：國立屏東科技大學   所別：生物科技系 

畢業日期及摘要別：一○六學年度第二學期碩士學位論文摘要 

研究生            ： 安妮莎         指導教授: 鄭雪玲, Harijono 

論文摘要內容： 

苦瓜(Momordica Charantia L.)被認為具有降血糖作用，在一些地區的傳

統醫學上已經被用來治療糖尿病。然而其降糖作用的機制尚未完全了解。

腸道上皮細胞在調節血糖方面有著重要的作用。腸道上皮細胞分泌與控

制血糖和食慾有關的激素。此外，小腸和大腸的血糖消耗共同對降低血

糖有重要作用。本研究的目的是研究苦瓜提取物對與控制血糖有關的腸

道上皮細胞代謝的影響。當人類結直腸腺癌細胞株 NCI-H716 培養於含

有苦瓜提取物的培養液時，細胞內鈣離子濃度會明顯增加，雖然胰高血

糖素像是 peptide-1(GLP-1)的分泌沒有增加。ELISA試驗顯示，苦瓜提取

物可能刺激活化細胞的鈣離子信號通路，進而提升 GLP-1 分泌。同時大

鼠小腸上皮細胞株 IEC-18 給予苦瓜提取物時,細胞不會促進葡萄糖攝取。

但在胰島素阻抗性 IEC-18細胞給於20 ng/ml TNF-α及 100 nM 胰島素時，

細胞會促進葡萄糖攝取。在給予苦瓜提取物濃度大約 50 到 200 ug/ml 時

IEC-18 有不錯的促進葡萄糖吸收效果，然而 BME 降血糖效果不如對照

組的 troglitazone 和 rosiglitazone 作用明顯。這些數據顯示，苦瓜提取物

在低濃度下促進葡萄糖攝取，但不影響胰島素阻抗性 IEC-18細胞中胰島

素信號通路的Akt蛋白。基於此研究結果，可以得出BME可能不是胰島

素增敏劑，但它可以做為胰島素的取代物。本研究的結果顯示 IRS-1、

Akt AS160活化的可能性; 胰島素阻抗性細胞中的 PI3K抑製的可能性。 
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關鍵詞:苦瓜提取物、降血糖功能、血糖、intestinal L 細胞、IEC-18細胞、

NCI-H716細胞。 
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The content of this abstract in this thesis : 

 Bitter melon (Momordica Charantia L.) has been suggested to have a 

hypoglycaemic effect but the underlying mechanism is not completely 

understood. The intestinal tissues play an important role in regulating the level 

of blood glucose. Whereas the effect of bitter melon on the tissues has not been 

characterized. The aim of this study is to investigate the effect of bitter melon 

extract (BME) on the metabolism of intestinal cells relating to the control of 

blood glucose. IEC-18 cells, a rat intestinal epithelial cell line, and NCI-H716 

cells, a human intestinal enteroendocrine were used as models in this study. 

The results showed that BME did not affect the glucose consumption of normal 
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IEC-18 cells, but obviously promoted the glucose uptake of insulin-resistant 

IEC-18 cells induced by tumor necrosis factor-α (TNF-α). The data further 

suggested that BME worked as an insulin substitute, but not insulin sensitizer, 

in insulin resistant IEC-18 cells. This affect may be mediated by the activation 

of AMP – activated protein kinase. Meanwhile, BME resulted in an increase in 

cytosolic [Ca2+] in NCI-H716 cells and promoted glucagon-like-peptide-1 

(GLP-1) secretion from the cells. Overall, the data suggested that bitter melon 

could stimulate GLP-1 secretion from enteroendocrine cells, and promote the 

glucose consumption of intestinal epithelial cells. These may be part of the 

mechanism underlying the hypoglycaemic function  thereof. 

Keywords : bitter melon fruit extract, hypoglycaemic function, blood glucose, 

bitter taste receptors, IEC-18 cells, NCI-H716 cells 
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I. INTRODUCTION 

 

1.1 Background 

 Momordica charantia, commonly known as bitter melon or bitter gourd, 

is known for its biological activities used in traditional medicines. This plant is 

cultivated in several areas, including tropical areas of Asia, Amazon, east 

Africa, and there are more areas, such as South America, Mexico also India, 

used as a vegetable as well as folk medicine. Bitter melon is one of the most 

popular dietary botanicals for the treatment of diabetes mellitus, it has been 

widely reported that bitter melon is rich in bioactive chemicals such as 

cucurbitane-type triterpenoids, triterpene glycosides, phenolic acids, 

flavonoids, essential oils, saponins, fatty acids, and proteins (Altinterim, 2012). 

Although numerous studies demonstrated the antidiabetic effects of bitter 

melon and identified its functional components, only few have specifically 

examined the underlying mechanisms of bitter melon’s hypoglycaemic 

function.  

Diabetes mellitus is one of the common metabolic disorders acquiring 

around 2.8% of the world's population and is anticipated to cross 5.4% by the 

year 2025. The normal blood sugar levels of healthy people is around 70-99 

mg/dL or 3.9-5.4 mmol/L after fasting of 8 hours. DM characterized by 

hyperglycemia and related problems caused due to deficiency in insulin 

secretion, insulin action or both in combination. People with diabetes either 

don’t produce enough insulin to rebalance their blood sugar (typically in type 

1 diabetes) or their body is not able to use the insulin effectively enough, not 

enough insulin is released into the bloodstream (typical of type 2 diabetes), they 

usually will have blood sugar levels significantly high such as 100 to 125 

mg/dL or 5.5 to 6.9 mmol/L (Prediabetes) and 126 mg/dL or 7.0 mmol/L above 

(Diagnosis of diabetes) (Stanford et al, 2014).  
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Insulin resistance is a state in which cells do not respond to insulin 

appropriately, so glucose in the blood are not absorbed by cells. To compensate, 

the pancreas secrets more insulin to induce glucose uptake by cells, resulting in 

hyperinsulinemia (high blood insulin) that occurs in the early stage of the 

development of type 2 diabetes. Thus, gradually, the over work of β-cells 

causes their failure in secreting enough insulin, leading to insufficient insulin 

in the later stage of type 2 diabetic patients (Shen et al, 2013). 

Intestinal endocrine cells secret hormones related to the control of blood 

glucose and appetite. Moreover, the blood glucose consumption by the small 

intestine and the large intestine together contribute substantially to lower the 

blood glucose. GLP-1, an incretin hormone secreted by enteroendocrine L cells, 

has several physiological functions: it regulates blood glucose by an 

insulinotropic effect, it enhances the insulin sensitivity of pancreatic β cells, 

and it decreases glucagon levels (Toft-Nielsen et al., 2001).  

The intestine is the tissue that contact BME before the components BME 

absorbed and circulated to the organs. Thus, it is likely that BME has an effect 

on the intestine, and may contribute to its hypoglycaemic effect. BME tastes 

bitter, may activate TAS2R on L cells to activate GLP-1 secretion, which in 

turn promote insulin secretion, thus BME can have a quick effect on lowering 

blood glucose. Therefore the purpose of this study is to investigate the effect of 

bitter melon extract (BME) on the intestinal epithelial cells, aiming to explore 

the mechanisms underlying the hypoglycaemic function of bitter melon. 

1.2 Aim of the study and research frame 

It is likely that when bitter melon, or bitter melon extract is consumed 

by animals, the components stimulate the intestinal cells and have a quick 

effect on blood glucose control before they are absorbed and enter the 

circulation. Therefore, the purpose of this study is to characterize the effect 

of Bitter melon fruit extract on intestinal cells, including the epithelial cells 

and enteroendocrine cells. Mechanism connecting the role and in an attempt 
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to explore potential function of the intestinal tissues with the hypoglycaemic 

effect of bitter melon. Thus, two cell models IEC-18 cells which is a normal 

cells and NCI-H716 cells which is cancer cell line that secrete high levels of 

active GLP-1 were utilized. The work frame of this study is shown in Figure 

1 -1. 

1.3 Future Impact 

The result of this study will provide insightful information about the 

effect of BME on the intestinal cells. This is a new area of study about bitter 

melon. It will further our understanding about the hypoglycaemic function of 

bitter melon, and may identify new drug targets for the development of new 

antidiabetic therapy. 
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Figure 1 - 1. The summary work frame of this study 

  

The effect of BME on intestinal epithelial cells  

• Does IEC-18 cells sensitive to insulin 

• Does BME safety used for cells  

 

• Does BME promote the glucose uptake 

of IEC-18 cells 

The effect of BME on insulin-reistant intestinal epithelial cells 

 

• The best TNF-α concentration for 

IEC-18 cells 

• Does BME promote the glucose 

uptake of insulin-resistant IEC18 cells 

 

• Does BME activate the PI3K/Akt 

pathway in insulin-resistant cells  

 

The effect of BME on intestinal enteroendocrine L cells 

 
• Whether BME promotes an 

increase in cytosolic [Ca2+] in  

NCI-H716 cells 
 

• Whether BME promotes the 

secretion of GLP-1  
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Figure 1 - 2. The work frame of this study 
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II. LITERATURE REVIEW 

 

2.1 Introduction of blood glucose regulation  

 Insuin is a peptide hormone, produced by beta cells of the pancreas (Taha 

and Klip, 1999). It regulates the metabolism of lipids, proteins, and 

carbohydrates (Saltiel and Kahn, 2001). Insulin is secreted due to high blood 

glucose after meal. It causes cells in the liver, skeletal muscles, ad adipose 

tissue to take up glucose from the blood. In the liver and skeletal muscles, 

glucose is stored as glycogen, and in fat cells (adipocytes) it is stored as 

tryglycerides (Taha and Klip, 1999). Meanwhile, insulin inhibits glucose 

release from the liver by suppressing gluconeogenesis and glycogenolysis. 

Thus, insulin plays a key role in regulating the level of blood glucose. 

 Insulin binds to its cell-surface receptor, the insulin receptor (IR), which 

activates the tyrosine kinase activity of the receptor. The activated receptor 

catalyzes the tyrosine phosphorylation of insulin receptor substrates (IRS). 

There are 4 isoforms of IRS i.e. IRS-1 ~ IRS-4 (Pharm and Zierath, 2005). 

When IRS is bound to IR, the kinase activity of IR catalyzes the 

phosphorylation of tyrosine residues on IRS. IRSs are scaffolding proteins and 

two most predominant IRSs are IRS-1 and IRS-2. Tyrosine-phosphorylated 

IRS-1 activates the down stream factors of the insulin signaling pathway,  i.e 

the activation of phosphatidylinositol-3-kinase (PI3-K), leading to the 

production of  phosphatidylinositol triphosphate (PIP3). Increased PIP3 

activates phosphoinositide dependent kinase 1 (PDK-1) (Karlsson, 2005). Both 

PI3K and PDK1 can catalyze the phosphorylation of Akt (also known as protein 

kinase B) on Thr308 which is a central intermediate for many of the insulin and 

growth factor responses downstream of PI3K. The activated Akt 

phosphorylates AS-160 (Akt substrates of 160 kDa) causing the dissociation of  
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which a Rab GTP-activating protein (GAP) from AS-160 (Pharm and Zierath, 

2005), resulting in the movement of GLUT-4 from its intracellular location to 

the cell membrane. Cell-surface GLUT-4 facilities the intake of excellular 

glucose, bringing about a reduction in the level of blood glucose (Lampson, et 

al., 2001). Other signaling proteins downstream of PI3-kinase involved in 

insulin signaling to glucose transport include the protein kinase C.   

 

 

Insulin action is mediated by insulin receptors (IRs) on the plasma 

membranes of responsive cells. Activation of the IRs leads to enhanced ability 

of the IRs to phosphorylate target proteins, such as insulin receptor substrates 

(IRSs). Phosphatidylinositol 3-kinase becomes activated upon binding to IRS 

proteins, and its phosphoinositide products facilitate the activation of AKt and 

aPKC. Akt phosphorylates Akt AS-160, allowing GLUT-4 translocation for 

uptaking glucose. Meanwhile, aPKC also promotes the translocation of GLUT-

4 (Lampson, et al., 2001).  

In turn, insulin-receptor substrate 1 (IRS-1) gets phosphorylated by 

having a phosphoryl group from adenosine triphosphate (ATP) transferred to 

the hydroxyl group on its Tyrosine residues (since the initial stimulus comes 

Figure 2 - 1. Insulin signaling pathway regulating glucose transport 

(Stanford and Laurie, 2014) 
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from insulin in this scenario). Phosphorylated IRS-1 is a nucleation site – 

somewhat acting akin to a sorting junction – from which protein complexes go 

on to carry out messages down into the cytosol and nucleus, affecting GLUT4 

translocation and gene expression, respectively. GLUT4 translocation happens 

through a variety of interweaving and still incompletely understood pathways. 

GLUT4 translocation to the plasma membrane can happen in a 

phosphatidylinositide 3-kinase (PI3K)-dependent or independent manner. 

PI3K is a signal transducing enzyme activated by G-protein coupled receptors 

or tyrosine kinase receptors. Muscle contractions can stimulate GLUT4 

translocation in a PI3K-independent manner affecting whole body glucose 

homeostasis, making it relevant to diabetes and general health. Here however, 

we consider and continue on from phosphorylated IRS-1 in an insulin 

stimulated GLUT4 translocation scenario engaging the requisite PI3K. The 

diagram below depicts phosphorylated IRS-1 forming a complex with PI3K 

(Karlsson, 2005). 

PI3K is composed of 2 subunits bound together; regulatory and 

stabilizing subunit P85 and catalytic subunit p110. p85’s inhibitory activity on 

p110 is disabled via phosphorylation of its tyrosine residue located on the 

amino-terminal of its SH2 domain. This activates p110’s catalytic activity and 

translocates PI3K to the cell membrane where its substrates reside. The key 

molecular signals that are turned on and off by insulin regulating GLUT4 

traffic’). PI3K phosphorylates it residue phosphatidylinositol-4,5-bisphosphate 

(PI[4,5]P2), producing phosphatidylinositol-3,4,5-trisphosphate (PI[3,4,5]P3). 

A key point worth stressing is that the amplitude and time component of the 

stimuli acting to produce PI(3,4,5)P3 can determine the extent to which and 

whether or not GLUT4 translocates to the plasma membrane. This point may 

be an important determinant in the development of insulin resistance since the 

pulsatility of macronutrient intake (frequency and amplitude) provides 

important energy availability signals to the cellular milieu in addition to satiety 

and satiation cues to neuronal circuitry (Cantley, 2002). 
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Figure 2 - 2. PI3K/Akt pathway (SU2C, 2010) 

Glucose transport into most tissues is achieved by the action of molecules 

called glucose transporters. These molecules transport glucose by facilitative 

diffusion down concentration gradients, in contrast to energy-dependent uptake 

of glucose in the gut or kidney. Although glucose movement can be 

bidirectional across the cell membrane, in general -- and particularly in 

metabolically active insulin-sensitive tissues -- glucose transport proceeds from 

the exterior to the interior of the cells (Foley et al, 2011).  

Glucose transporters belong to a family of proteins with several 

members, 4 of which have been cloned and exhibit specificity for glucose 

transport. These are:  

GLUT1: ubiquitously distributed; exhibits constitutive transport activity    

GLUT2: present in gut, liver, and pancreatic islets    

GLUT3: present in the central nervous system and brain    

GLUT4: present in insulin-responsive tissues, skeletal muscle, adipose tissue, 

and heart    

The structure of these glucose transporters is similar, and they have a region 

where carbohydrate can bind the protein. They exist in 2 configurations: facing 
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either the exterior or interior of the cell. In metabolically active cells where the 

glucose concentrations approximate zero, external glucose binds the transporter 

that is internalized and thereby glucose enters the cell. The concentration 

gradient is the major determinant of glucose flux.  

In the basal (unstimulated) state, most of the glucose transporters are 

internally sequestered, and their movement, or "trafficking," from this 

intracellular pool to the cell surface and back is low. With an appropriate 

stimulus, exocytosis of glucose transporter vesicles from the intracellular pool 

is triggered. Vesicles move and fuse to the plasma membrane, exposing glucose 

transporters to the extracellular substrate (Foley et al, 2011).  

2.2 Insulin Resistance 

 Insulin resistance in the liver, adipose tissue and skeletal muscle and 

defects in insulin secretion by the pancreatic β-cell characterize type 2 diabetes. 

Insulin resistance is a state in which cells do not respond to insulin 

appropriately, so glucose in the blood are not absorbed by cells. To compensate, 

the pancreas secrets more insulin to induce glucose uptake by cells, resulting in 

hyperinsulinemia (high blood insulin) that occurs in the early stage of the 

development of type 2 diabetes (Shen et al, 2013). Thus, gradually, the over 

work of β-cells causes their failure in secreting enough insulin, leading to 

insufficient insulin in the later stage of type 2 diabetic patients.  

The IR is a glycoprotein consisting of two α and two β subunits linked 

by disulfide bonds. Insulin binding to the α subunit of the IR leads to a rapid 

configurational change in the receptor and then to autophosphorylation of 

specific tyrosine residues of the intracellular region of the β-subunit, with 

subsequent activation of tyrosine kinase activity of the receptor (Defronzo, 

2004). The activated IR kinase phosphorylates specific substrate proteins on 

tyrosine residues, which will serve as docking sites, as seen in Fig. 2-3. 

Intracellular proteins such as IR substrate (IRS) engage the IR directly and 

provide a docking interface with downstream substrates. In the liver, IRS-2 
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serves as the primary docking protein and mediates hepatic glucose production, 

gluconeogenesis and glycogen production. 

The major pathways of IR signaling are through activation of PI-3K 

pathway. The PI-3K pathway controls the metabolic actions of insulin as well 

as the production of nitric oxide, which mediates several anti-atherogenic 

vascular effects of insulin. Other pathways include mitogen activated protein 

(MAP) kinase pathway that plays an important role in the generation of 

transcription factors, which promote cell growth, proliferation and 

differentiation. Defects in the PI-3K pathway and a functional MAP kinase 

pathway (in the face of hyperinsulinemia) can have sinister implications for 

cardiovascular diseases. 

Table 1. Sites and mechanisms of insulin resistance 

Sites of insulin resistance Mechanism of Insulin resistance 

Post-receptor 

defects 

Glucose transport 

Periphery : 

muscle 

Decreased glucose uptake 

(mostly muscle) 

IRS-1 

PI-3K 

Decreased GLUT-4 

translocation 

Adipocytes Failure to suppress free 

fatty acid productions and 

release 

 Decreased GLUT-4 

mRNA production, 

translocation and 

activation 

Liver Increase hepatic glucose 

production 

PEPCK 

G-6-Pase 
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Inflammation is a very important part of innate immunity and is 

regulated in many steps. One such regulating step is the cytokine network, 

where tumor necrosis factor α (TNF-α) plays one of the most important roles. 

Cytokines such as TNF-β, IL-1, IL-6, IL-11, and interferon share several 

biological activities with TNF-α. A studies of Gokhan, et al., 1994, L1 cells 

treatment with TNF-α at 2.5 ng/ml, insulin stimulated 2-deoxy [3H] glucose 

uptake was inhibited by 80%. Thus, low TNF-α concentrations can induce 

significant resistance to the effects of insulin on glucose uptake. However, 

when Glut4 protein content of these cells was examined, a significant decrease 

was not observed until cells were treated with TNF-α at 7.5 ng/ml. 

Recently, increased TNF-α production has been observed in adipose 

tissue derived from obese rodents or human subjects and TNF-α has been 

implicated as a causative factor in obesity-associated insulin resistance and 

the pathogenesis of type 2 diabetes. Thus, current evidence suggests that 

Figure 2 - 3. Illustrates various intracellular pathways involved in insulin 

signaling and its effect on target organs.  

 

 

IRS-1, insulin receptor substrate-1; IRS-2, insulin receptor-2; MAPK, mitogen 

activated protein kinase; MAPKK, mitogen-activated protein kinase kinases; 

NO, nitric oxide; PEPCK, phosphoenolpyruvate carboxykinase; PI-3K, 

phosphatidylinositol-3 kinase; PKB, protein kinase B. 

 

 

IRS-1, insulin receptor substrate-1; IRS-2, insulin receptor-2; MAPK, mitogen 

activated protein kinase; MAPKK, mitogen-activated protein kinase kinases; 

NO, nitric oxide; PEPCK, phosphoenolpyruvate carboxykinase; PI-3K, 

phosphatidylinositol-3 kinase; PKB, protein kinase B. 
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administration of exogenous TNF-α to animals can induce insulin resistance, 

whereas neutralization of TNF-α can improve insulin sensitivity. Chronic 

exposure of adipocytes to low concentrations of TNF-α strongly inhibits 

insulin-stimulated glucose uptake. Concurrently, TNF-α treatment causes a 

moderate decrease in the insulin-stimulated autophosphorylation of the insulin 

receptor (IR) and a dramatic decrease in the phosphorylation of IR substrate 1, 

the major substrate of the IR in vivo. The IR isolated from TNF-alpha-treated 

cells is also defective in the ability to autophosphorylate and phosphorylate IR 

substrate 1 in vitro. These results show that TNF-α directly interferes with the 

signaling of insulin through its receptor and consequently blocks biological 

actions of insulin (Matsuno, et al., 2002). 

2.3 AMPK 

 The AMP-activated protein kinase (AMPK) was initially identified as 

the kinase that phosphorylates the 3-hydroxy 3-methylglutaryl coenzyme A 

reductase, the rate-limiting enzyme for cholesterol biosynthesis (Beate and 

Flemming, 2009). AMPK is composed of three different subunits α, β and γ. 

The α-subunit is the catalytic subunit whereas γ-subunits is the regulatory 

subunit that contains two AMP- binding sites. The β subunit contains a central 

region that allows AMPK complex to bind glycogen. Binding of AMP (on γ 

subunit) activates AMPK via a complex mechanism involving direct allosteric 

activation. Meanwhile, phosphorylation of α subunit on Thr172 by upstream 

kinases also activates AMPK (Towler and Hardie, 2007). 

 Once activated, AMPK switches on energy-generating pathways such as 

glucose transport leading to increase glucose uptake and inhibit energy-

consuming metabolic pathway. For example, AMPK phosphorylates AS160 

(Dreyer et al, 2008) which causes the translocation of GLUT-4 to the cell, 

resulting in surface subsequent glucose uptake (Yan et al, 2013). Thus, AMPK 

is an insulin-independent regulator of glucose uptake (Kim et al, 2013). 

 



 

 

14 

 

Therefore AMPK activators are being potent as a new therapeutic agent for the 

treatment of hyperglycaemia by hypoglycaemic effect. 

2.4 The Role of The Intestinal Cells in Regulating Blood Glucose  

Insulin secretion from the pancreas normally reduces glucose output by 

the liver, enhances glucose uptake by skeletal muscle, and suppresses fatty acid 

release from fat tissue. Therefore, models for hypoglycaemic function studies 

used cell lines such as IEC-18 and IEC-6 cells that obtained from native rat ileal 

cypts. IEC-18, a small intestinal crypt-derived cell line, was originally isolated 

by Quaroni et al. and used to investigate cell proliferation and differentiation of 

the small intestine in vitro (Quaroni et al, 1979). IEC-18 cells were also used to 

study cytotoxic effects of chemical carcinogen (Quaroni et al, 1981), 

mechanisms of carrageenan or radical injury (Ling et al, 1988), and oxidant-

dependent bactericidal activity (Deitch et al, 1995). In 1992, Ma et al. started 

using filter-grown IEC-18 cells as a model to study small intestinal epithelial 

permeability. The TER of these IEC-18 cells more closely resembles the TER 

of the small intestine, which could indicate a comparable leakiness/tightness of 

the paracellular pathways. Transport of various paracellular markers, such as 

the hydrophilic molecules inulin and mannitol and the macromolecule albumin, 

was limited by filter-grown IEC-18 cells, albeit to a lesser extend than by Caco-

2 cells. This suggests a more permeable paracellular pathway in IEC-18 than in 

the colonic Caco-2 cells. Whether the differences in TER and paracellular 

permeability between IEC-18 and Caco-2 cells are related to the structure of 

the junctional complexes is unknown (Duizer et al, 1997). 

The endocrine response to nutrient ingestion is vital to the maintenance 

of energy homeostasis in the body. Glucagon like peptide-1 (GLP-1) is one 

such hormone that is released from L-cells of the distal small intestine and 

colon in response to meal ingestion. GLP-1 acts on various systems in the body 

to enhance glucose-stimulated insulin secretion, delay gastric emptying and 
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promote satiety. As such, elevating the levels of active GLP-1 in the 

circulation, as well as enhancing GLP-1 bioactivity, is the basis of several 

recent anti-diabetic medications. Gaining an understanding of how GLP-1 

secretion is regulated at the cellular level requires in vitro L-cell models. NCI-

H716 is a cell line derived from ascites fluid of a colorectal adenocarcinoma 

from a 33 year old Caucasian male. This cell line is currently the only human 

model available for the in vitro study of GLP-1 regulation and is the topic of 

the following chapter. 

Glucagon like peptide-1 (GLP-1) is one such hormone that is released 

from L-cells of the distal small intestine and colon in response to meal 

ingestion. GLP-1 acts on various systems in the body to enhance glucose-

stimulated insulin secretion, delay gastric emptying and promote satiety. As 

such, elevating the levels of active GLP-1 in the circulation, as well as 

enhancing GLP-1 bioactivity, is the basis of several recent anti-diabetic 

medications. Gaining an understanding of how GLP-1 secretion is regulated at 

the cellular level requires in vitro L-cell models.  

This study was designed to ascertain whether human enteroendocrine 

cells express bitter taste receptors, and whether activation of these receptors 

with bitter-tasting ligands induces secretion of glucagon-like peptide-1 (GLP-

1). We used human enteroendocrine NCI-H716 cells, isolated duodenal 

segments from mice, and whole mice as our experimental systems for 

investigating stimuli and mechanisms underlying GLP-1-stimulated release. 

We measured hormone levels by ELISA. Pharmacological approach using 

inhibitors and enhancers of downstream signalling pathways known to be 

involved in bitter taste transduction in taste bud cells to investigate these 

pathways in NCI-H716 cells (Kim et al, 2016). 

2.5 The Hypoglycaemic Function of Momordica charantia  

 In Asian and Latin American countries, bitter melon is frequently used 

as an antidiabetic, hypoglycaemic and anti hyperglycaemic agent (Ahmed et al, 
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2001; Miura et al, 2001). The detail taxonomy of Momordica charantia is as 

follows : 

Kingdom  : Plantae 

Division  : Magnoliophyta 

Class   : Magnoliopsida  

Order  : Cucurbitales  

Family  : Cucurbitaceae 

Genus  : Momordica 

Species  : M. charantia 

 Bitter melon is one of the most popular dietary botanicals for the 

treatment of diabetes mellitus, it has been widely reported that bitter melon is 

rich in bioactive chemicals such as cucurbitane-type triterpenoids, triterpene 

glycosides, phenolic acids, flavonoids, essential oils, saponins, fatty acids, and 

proteins. Although numerous studies demonstrated the antidiabetic effects of 

bitter melon and identified its functional components, only few have 

specifically examined the underlying mechanisms of bitter melon’s 

hypoglycaemic function. Even though the exact mechanism of its action is not 

clearly and unknown yet. Studies by Grover and Yadav (2004), have suggested 

the antidiabetic properties of bitter melon extracts (BME) in insulin target 

tissues are skeletal muscle and adipose tissues. 

2.6 Bitter Taste Receptors 

Detection of potentially harmful, even toxic, compounds is one of the 

primary roles of bitter taste. This gustatory stimulus is represented by a large 

and diverse array of compounds, ranging from ions (potassium) to complex 

artificial (denatonium) or naturally occurring compounds (caffeine, strychnine, 

quinine). Because of its potential survival benefit, bitter taste has the lowest 

detection threshold of all taste qualities, the largest known set of taste receptors, 
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and is assumed to have the most diverse set of mechanisms of signal 

transduction (Duffy et al, 2004). 

Similar to sweet taste, bitter taste transduction involves primarily GPCRs 

as cell surface binding sites for many bitter stimulants. A family of 40–80 

membrane-associated bitter taste receptors, termed T2Rs, was recently 

identified in rodents and humans. In humans, T2Rs are encoded in 24 genes 

located on three chromosomes. It is assumed, although not yet tested, that all 

T2Rs are bitter responsive. Bitter taste receptors apparently are coupled through 

gustducin, a taste tissue-enriched G protein α subunit, and associated β3 and 

γ13 subunits to the cyclic nucleotide and the phosphoinositide signal 

transduction pathways. Gustducin activates one or more phosphodiesterases, 

reducing the levels of cyclic nucleotides (cAMP and cGMP), leading to 

opening of a cyclic nucleotide-gated cation channel and depolarization. The 

β3/γ13 also activates phospholipase C-β2, which releases two second 

messengers, inositol trisphosphate (IP3) and diacylglycerol (DAG). The former 

releases intracellular calcium, leading to cell depolarization. The specifics of 

the interplay between these two second messengers, the reduction of cyclic 

nucleotides, and the increase of IP3 and DAG are not known; nor is it obvious 

which is the leading event in depolarization (Duffy et al, 2004). 

A very successful approach to studying the role of Ca2+ in a specific 

cellular process has been the use of fluorescent Ca2+ indicators. Broadly 

speaking, these indicators exhibit altered fluorescent properties when bound 

with Ca2+. There are generally two classes of Ca2+ indicators, genetically 

encoded fluorescent proteins and chemically engineered fluorophores (Paredes 

et al, 2008). The fluorescent Ca2+ sensitive dyes Fluo-4 (non-ratiometric) are 

widely utilized for the optical assessment of Ca2+ fluctuations in vitro as well 

as in situ. The fluorescent behavior of these dyes is strongly depends on 

temperature, pH, ionic strength and pressure. It is crucial to understand the 

response of these dyes to pressure when applying calcium imaging technologies 

in the field of high pressure bioscience (Schneidereit et al, 2016). Increased of 
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Ca2+ could represent GLP-1 concentration, when the Ca2+ concentration is high 

or increased then have a spike of Ca2+ while perform calcium imaging assay, 

GLP-1has been produced and increased from the basal level too. 

Fluo-4 is essentially a brighter, more photostable derivative of fluo-3. Its 

Ca2+ affinity is a little lower (Kd ~345 nM) and its absorption maximum is 

shifted ~12 nm compared to fluo-3, making it more suitable for 488 excitation 

using an argon laser (43-45). This makes fluo-4 brighter at a lower dye 

concentration and consequently, less phototoxic. Lower concentrations of dye 

can yield almost double the amount of fluorescence, which is advantageous in 

cell lines plated at lower densities. As importantly, fluo-4 has very low 

background absorbance and lower dye concentrations require shorter 

incubation times (Gee et al, 2000). 

Denatonium benzoate is one of the most bitter substances known. Just a 

few parts per million will make a product so bitter that children and pets will 

not be able to swallow it. Denatonium benzoate makes sweet but highly toxic 

products such as antifreeze and detergents taste foul. Research shows that 

people can detect denatonium benzoate in water at 50 parts per billion. 

Denatonium benzoate is bitter at 1 to 10 ppm and most products will become 

undrinkable at 30 to 100 ppm. Denatonium benzoate is also stable and inert. 

Although denatonium benzoate has a powerful taste, it is colorless and 

odorless. The taste is so strong, however, that most people cannot tolerate a 

concentration of more than 30 parts per million of denatonium benzoate. 

Solutions of denatonium benzoate in alcohol or water are very stable and retain 

their bitter taste for many years. Exposure to light does not lessen the 

compound's bitter taste. 

2.7 Medicines for treating diabetes clinically 

Metformin is generally considered to be the first-line treatment for 

overweight diabetics, especially type 2 diabetics. It improves glycemic control 

by decreasing hepatic glucose production, decreasing glucose absorption and 
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increasing insulin-mediated glucose uptake. When used alone, metformin does 

not cause hypoglycemia. In 2012, a combination tablet of linagliptin plus 

metformin hydrochloride was marketed under the name Jentadueto for use in 

patients when treatment with both linagliptin and metformin is appropriate. 

Thiazolidinediones (TZDs) or Glitazones are an important class of insulin 

sensitizers used in the treatment of type 2 diabetes mellitus (T2DM).  

TZDs were reported for their antidiabetic effect through anti-

hyperglycemic, hypoglycemic agents. In time, these drugs were known to act 

by increasing the transactivation activity of Peroxisome Proliferators Activated 

Receptors (PPARs). Three TZDs have been FDA approved for diabetes: 

troglitazone (TGZ), rosiglitazone (RGZ), and pioglitazone (PGZ). However, 

TGZ was removed from the US market within three years after it was associated 

with severe liver damage in some patients (Scheen, 2001; Chojkier, 2005). Both 

RGZ and PGZ were reported to be safe on the hepatic system. The first-line 

drug metformin is often described as an insulin sensitizer, but its effect on 

peripheral insulin sensitivity are quite small (Natali and Ferrannini, 2006). A 

studies showed that TZDs provided more durable glycemic control than 

metformin. Insulin sensitization also appears to be the mechanism whereby 

TZDs prevent development of T2DM in individuals with prediabetes.  

Thiazolidinediones (TZDs) or Glitazones are an important class of 

insulin sensitizers used in the treatment of type 2 diabetes mellitus (T2DM). 

TZDs were reported for their antidiabetic effect through anti-hyperglycemic, 

hypoglycemic agents. In time, these drugs were known to act by increasing the 

transactivation activity of Peroxisome Proliferators Activated Receptors 

(PPARs). Troglitazone (TGZ) and rosiglitazone (RGZ) have been approved by 

FDA for diabetes. The first-line drug metformin is often described as an insulin 

sensitizer, but its effect on peripheral insulin sensitivity are quite small (Natali 

and Ferrannini, 2006). A studies showed that TZDs provided more durable 
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glycemic control than metformin. Insulin sensitization also appears to be the 

mechanism whereby TZDs prevent development of T2DM in individuals with 

prediabetes.  
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III.MATERIALS AND METHODS 

 

 

3.1 Materials 

3.1.1 Cell Line 

 IEC-18 cells originating from rat ileum epithelium were obtained from 

Bioresource Collection and Research Center (BCRC) Taiwan. NCI-H716 cells 

were one of several colorectal cancer lines originally described in 1987 (Park 

et al., 1987). NCI-H716 cells were found to secrete high levels of active GLP-

1 in amounts that could be easily measured by collecting cell culture medium 

and cell lysates. To this experiment, NCI-H716 cells were obtained from 

Bioresource Collection and Research Center (BCRC) Taiwan. IEC-18 and 

NCI-H716 cells were maintained at 37oC in an atmosphere of 5% CO2. 

3.1.2 Media 

3.1.2.1 RPMI 1640 

 Human NCI-H716 cells (ATCC, CCL-251) were grown in suspension 

in a RPMI 1640 (Sigma, Saint Louis, USA) medium supplemented with 10% 

FBS, 1.5 g of sodium bicarbonate, 2.5 g of glucose, 2.38 g of HEPES, 0.11 g 

of sodium pyruvate in a 1 L.  

3.1.2.2 Modified Eagle Medium (MEM) 

 One litter of the medium was prepared by dissolving one bottle of 

premixed MEM powder (M0268-10X1L, Sigma) into 700 – 800 ml double-

distilled water. After the addition of 1.5 g of NaHCO3 and adjustment to pH 7.4, 

the volume was adjusted to 900 ml by distilled water. Aseptically, the media 

was filtered through 0.22 µm filter membrane and stored in sterile bottles at 

4oC. Before used for cell culture, 100 ml of FBS was added to the medium for 

serum-containing media; whereas for serum-free media, 100 ml of sterile 

distilled water was added. 
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3.1.2.3 Dulbecco’s Modified Eagle Medium (DMEM) - high glucose 

 Dulbecco’s Modified Eagle Medium (DMEM) is a modification of Basal 

Medium Eagle that contains four-fold concentrations of the amino acids and 

vitamins. The modified formulation have been raised 4500 mg/L of glucose and 

was used to culture normal mouse cells such as IEC-18. One litter of the 

medium was prepared by dissolving one bottle of DMEM powder (GIBCO) 

into 900 ml double-distilled water and adjustment to pH 7.4. The volume was 

adjusted to 950 ml by distilled water. Aseptically, the media was filtered 

through 0.22 µm filter membrane and stored in sterile bottles at 4oC. Before 

used for cell culture, 50 ml of FBS was added to the medium for serum-

containing media; whereas for serum-free media, 50 ml of sterile distilled water 

was added. 

3.1.3 Bitter Melon Extract (BME) 

 BME were extracted and isolated from the fruit of Momordica charantia 

with ethanol, and was kindly provided by Professor Shi-Yie Cheng 

(Department of Life Science, National University of Kaohsiung). The isolation 

procedures of compounds were described by Cheng, et al (2008), air-dried 

pieces of the stems of M. charantia were extracted three times with methanol  

at room temperature (7 days each). The MeOH extract was evaporated in vacum 

to afford a black residue, which was suspended in H2O and then partitioned 

sequentially using EtOAc and n-BuOH. The EtOAc fraction (386 g) was 

chromatographed over silica gel, using mixtures of n-hexane and EtOAc of 

increasing polarity as eluents. BME pure compound was dissolved in 100% 

DMSO (dimethyl sulfoxide, D2650, Sigma-Aldrich) at a concentration of 50 

mg/ml as a stock solutions. It was stored at room temperature and protected 

from light. When used in the glucose uptake assay, each of these stocks was 

diluted at least 200-fold into the culture medium of cells to keep the final 

concentration of DMSO in the medium <0.5%. 
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3.1.4 Reagent for Cell Treatment 

A. Tumor Necrosis Factor-α (TNF-α) 

 TNF-α was purchased from R & D Systems (210-TA-010, Minneapolis, 

MN, USA) dissolved in phosphate-buffered saline (PBS, pH 7.4) containing 

0.1% BSA (Bovine Serum Albumin, A9647, Sigma-Aldrich) at a concentration 

of 10 µg/ml as a stock solution. The solution was aliquoted and stored at -80oC. 

B. Insulin 

 Insulin was purchased from Sigma-Aldrich dissolved in PBS at a 

concentration 10 mg/ml as a stock solution. The solution was aliquoted and 

stored at -20oC. 

C. Metformin 

 Metformin hydrochloride was purchased from Sigma-Aldrich dissolved 

in ddH2O at a concentration 25 mM as a stock solution. The solution was 

aliquoted and stored at -20oC. Metformine hydrochloride has a molecular 

weight of 165,62. 

D. Thiazolidinediones (TZD) 

 TZD was purchased from Sigma-Aldrich dissolved in ddH2O or DMSO 

at a concentration 25 mM as a stock solution. The solution was aliquoted and 

stored at 4oC. The appearance of TZD has the color white to faint yellow and 

form as a powder or crystals. TZDs type that we used in the whole experiment 

were consist of two type which are Troglitazone(TGZ) and Rosiglitazone 

(RGZ) 

E. Denatonium Benzoate (DB) 

 DB or N,N-Diethyl-N-[(2,6 -dimethyl phenyl carbamoyl )methyl] benzyl 

ammonium benzoate, Benzyl diethyl (2,6-xylyl-carbamoylmethyl) ammonium 

benzoate, THS 839 was purchased from Sigma-Aldrich dissolved in PBS at a 

concentration of 250 mM as a stock solution. The solution was aliquoted and 

stored at room temperature. 
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3.1.5 Reagent for Western Blotting Analysis 

A. Cell Lysis Buffer 

Table 2. Composition of cell lysis buffer 

Composition Dilution 

Factor 

Volume 

Protease inhibitor Cocktail (consist of aprotonin, 

leupeptin, pepstain) (CalBiochem, San Diego, 

United States) 

1 : 100 10 µl 

Phosphatase Inhibitor Cocktail (consist of sodium 

fluoride, sodium orthovanadate, sodium 

phyrophosphate, β-glycerophosphate) 

(CalBiochem, San Diego, United States) 

1 : 50 20 µl 

5x Cell lysis reagent (Promega, Wisconsin, USA) 1 : 5 200 µl 

ddH2O - 770 µl 

Total  1000 µl 

 

B. SDS-PAGE (Sodium Dodecyl Sulfate-Polyacrylamide Gel 

Electrophoresis) 

Table 3. Composition of SDS-PAGE  

Composition 3% of stacking Gel 12% of separating Gel 

30% Acrylamide 800 µl 4500 µl 

2M Tris-HCl, pH 8.8 - 2532 µl 

0.5M Tris-HCl, pH 6.8 1500 µl - 

10% SDS 72 µl 162 µl 

0.5M EDTA, pH 7.5 24 µl 54 µl 
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10% APS 60 µl 135 µl 

ddH2O 3538 µl 6103.5 µl 

TEMED 6 µl 13.5 µl 

Total 6 ml 13.5 ml 

 

C. 10X TGS Buffer (SDS-PAGE Running Buffer) 

Table 4. Composition of SDS-PAGE running buffer 

Composition Weight 

Tris-base 30.28 g 

Glycine 150.14 g 

SDS (sodium dedocyl sulfate) 10 g 

Those materials were dissolved into 1 L double-distilled water and stored at 

4oC. The 10X TGS buffer was diluted by 10 folds (1X TGS buffer) prior to be 

used as a running buffer.  

D. Transfer Buffer (Western Blotting Running Buffer) 

Table 5. Composition of transfer buffer 

Composition Weight 

Tris-base 2.42 g 

Glycine 11.26 g 

NaCl 0.5845 g 

Methanol 200 ml 

SDS (sodium dedocyl sulfate) 0.5 g 

Those materials were dissolved into 1 L double-distilled water and stored at 

4oC. 
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E. 1X PBS Buffer 

Table 6. Composition of 1x PBS buffer 

Composition Weight 

KCl 0.2 g 

Na2HPO4 1.44 g 

NaCl 8 g 

KH2PO4 0.24 g 

Those materials were dissolved into 1 L distilled-double water and adjusted to 

pH 7.4 by 0.1 M HCl or 0.1 NaOH and stored at 4oC. Aseptically, the buffer 

was filtered through 0.22 µm filter membrane.  

F. 10X PBS-Tween 20 Buffer (Western Blotting Washing Solution) 

Table 7. Composition of Western Blotting washing solution 

Composition Weight 

KCl 2 g 

Na2HPO4 14.4 g 

NaCl 80 g 

KH2PO4 2.4 g 

Tween-20 20 ml 

Those materials were dissolved into 1 L distilled-double water and adjusted to 

pH 7.4 by 0.1 M HCl or 0.1 NaOH and stored at room temperature. Prior to 

be used as a washing solution, the 10X PBS-Tween 20 buffer was diluted 10 

folds (1X PBS-Tween 20), and stored at 4oC. 
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G. 2X Sample Buffer (SDS-PAGE Protein Sample Buffer) 

Table 8. Composition of SDS-PAGE protein sample buffer 

Composition Weight 

Tris-base 4.844 g 

10% SDS 4 ml 

0.5 M EDTA 20 µl 

β-2-mercaptoethanol 1 ml 

Sucrose 0.02 g 

Bromophenol blue 0.002 g 

Those materials were dissolved into 20 ml double-distilled water, adjusted to 

pH 6.8 by 0.1 M HCl or 0.1 NaOH was aliquoted and stored at 4oC. 

H. Substrate for horseradish peroxidase-conjugated secondary antibodies 

➢ Luminata Classico Western HRP Substrate (WBLU0500, Millipore Corp, 

Billerica, MA) 

➢ Supersignal West Femto Maximum Sensitivity Substrate (#34096, Thermo 

Scientific) 

I. Molecular –Weight Markers 

➢ Prestained standard protein marker 10 – 250 kDa (#26619, Thermo 

Scientific)  

J. Antibody 

Table 9. Antibodies type for specific protein detection 

Primary antibodies for specific protein Provider (catalog 

number) 

Akt Cell Signaling (4691) 
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P-Akt Cell Signaling (4058) 

AMPK Cell Signaling (2793) 

P-AMPK Cell Signaling (2531) 

Goat anti rabbit IgG antibody St.Cruz (2060) 

3.1.6 Other Chemical and Reagents 

➢ Trypsin (T4799, Sigma-Aldrich, Saint Louis, MO, USA) 

➢ NaCl (K34598, J. T. Baker, Center Valley, PA, USA) 

➢ Na2HPO4 (L12154, J.T. Baker) 

➢ KH2PO4 (J13148, J.T. Baker) 

➢ Tween 20 (P5927, Sigma-Aldrich) 

➢ SDS (Sodium Dodecyl Sulfate, J48627, J.T. Baker) 

➢ APS (Ammonium persulfate, 31117, Sigma-Aldrich) 

➢ TEMED (Tetramethylethylenediamine, 0591C348, AMRESCO, Solon, OH, 

USA) 

➢ Acrylamide (UN2074, Millipore, Billerica, MA, USA) 

➢ Bis-acrylamide (K41191146, Millipore) 

➢ Tris-base (12791, USB, Cleveland, OH, USA) 

➢ β-mercaptoethanol (M3148, Sigma-Aldrich) 

➢ Sucrose (S0389, Sigma-Aldrich) 

➢ Bromophenol blue (32712, Sigma-Aldrich) 

➢ Methanol (M5XG2H, Burdick & Hackson, Ulsan, Korea) 

➢ Glycine (33226, Vivantis, Chino, California, USA) 
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➢ Bradford Assay Reagent (Bio-Rad, Hercules, California, USA) 

➢ Glucose Kit (GOF FS, 1 2550 99 10 023 Dyasis, Holzheim, Germany) 

➢ Glucose (J.T. Baker, 1916-05, Center Valley, PA, USA) 

➢ Metformine hydrochloride (1,1-Dimethylbiguanide Hydrochloride, 

D150959, Sigma-Aldrich) 

➢ HEPES (H3375, Sigma-Aldrich) 

➢ NaOH (7708-10, Mallinckrodt Chemicals, Phillipsburg, Sweden) 

➢ Fluo-4  

➢ Matrigel (Corning) 

3.2 Instruments 

3.2.1 Instruments for Cell Culturing 

➢ Laminar Flow (Hipoint, Jih Her Tyan Scientific, Taiwan) 

➢ CO2 Incubator (Model MCO-15AC, Sanyo, Nagoya, Japan) 

➢ Microscope (Olympus IX51, Olympus Corporation, Tokyo, Japan) 

➢ Liquid nitrogen storage barrels (LNC-35R, AirLiquid, Taiwan) 

3.2.2  Instruments for Western Blotting and Protein Analysis 

➢ Low-temperature high speed centrifuge (Biofuge Fresco, Germany) 

➢ Spechtrophotometer (UV-1700, Shimadzu, Kyoto, Japan) 

➢ Dry bath (MDO-2, Fisher Scientific, Pittsburgh, USA) 

➢ Protein electrophoresis apparatus (Bio-Rad, Hercules, CA, USA) 

➢ Stirrer Plate (HP 3000, Jeio Tech, Korea) 

➢ UVP Biospectrum Imaging System Vision WorksLS 6.0 (Level 

Biotechnology Inc) 
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➢ Shaker (Kansin Instruments, Taiwan) 

➢ Orbital shaker (Kansin Instruments, Taiwan) 

3.2.3 Instruments for Glucose Uptake Assay 

➢ ELISA reader (Spectra max Plus 384, Molecular Devices LLC, USA) 

➢ Orbital Shaker (Kansin Instruments, Taiwan) 

3.2.4 Instruments for WST-1 Assay 

➢ CO2 Incubator (Model MCO-15AC, Sanyo, Nagoya, Japan) 

➢ ELISA reader (Spectra max Plus 384, Molecular Devices LLC, USA) 

3.2.5 Instruments for Calcium Imaging Assay  

➢ Microscope for Calcium Imaging (Olympus IX73, Olympus Corporation, 

Tokyo, Japan) 

3.2.6 Instruments for ELISA Assay 

➢ Shaker (Kansin Instruments, Taiwan) 

➢ ELISA reader (Spectra max Plus 384, Molecular Devices LLC, USA) 

3.2.7 Miscellaneous  

Analytical weight measurement (AR-3130, Ohaus, Pine brook, USA) 

Refrigerator 4oC (Daytime, Taiwan) 

Freezer -20oC and -80oC (Skandiluxe, Taiwan) 

Autoclave 

Micro pipet 2, 20, 200, 1000 µl (Eppendorf Research, USA) 

3.3 Experimental Procedures 

3.3.1 Cell Culture 

 IEC-18 cells were sub-cultured when the confluence reached 90% - 

100%. The old medium was removed and the cells were washed twice with 

sterile phosphate-buffered saline pH 7.4. Two ml of Tryple Express Enzyme 

(Gibco, Waltham, USA) was added into the dish of 10 cm diameter and 
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incubated for 5 minute at 37oC. The reaction was stopped by adding 4 ml of 

DMEM high glucose / 5% FBS medium. The resulting cell suspension was 

centrifuged at 500 x g for 5 minute. The supernatant was removed, and the cell 

pellet was resuspended in an appropriate volume of fresh DMEM high glucose 

/ 5% FBS. The cell suspension was then divided into 2 or 3 dishes of 10 cm 

diameter and incubated at 37oC in incubator supplemented with 5% CO2 for 2 

days to reach 90% - 100% confluence. 

 NCI-H716 cells sub-cultured when the confluence reached 90% - 100%. 

The cells don’t need to wash twice with sterile 1X PBS and without added 

Tryple Express Enzyme caused it was cell suspension. The cell suspension was 

centrifuged 500 x g for 5 minute. The supernatant was removed, and the cell 

pellet was resuspended in an appropriate volume of fresh RPMI 1640 / 10% 

FBS. The cell suspension was then divided into 2 or 3 dishes of 10 cm diameter 

and incubated at 37oC in incubator supplemented with 5% CO2 for 3 days to 

reach 90% - 100% confluence.  

3.3.2 Cytotoxicity assay 

The reduction of tetrazolim salts to colored formazan compounds by 

succinate-tetrazolim reductase, which exists in viable cells, provides a sensitive 

and accurate method to measure cell viability and proliferation. The 

ScienCell™ WST-1 Cell Viability & Proliferation Assay utilizes a tetrazolim 

salt WST-1[2-(4-Iodophenyl)-3-(4-nitrophenyl)5-(2,4-disulfophenyl) - 2H -

tetrazolium]. WST-1 produces a highly water soluble formazan upon 

metabolically active cells, allowing a direct and user-friendly colorimetric 

measurement of cell viability and proliferation.  

To determine toxicity of compound by WST-1 assay of IEC-18 cells, 

cells were seeded in 96 well plates contain in a density of 10x104 cell/well and 

for NCI-H716 cells were seeded without matrigel in 96 well plates contain in a 

density of 1x106 cell/well. After overnight incubation at 37oC, cell were 

incubated in serum free MEM containing 0,4% DMSO as negative control, a 

various concentration of bitter melon extract, or a various concentration of TZD 
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for 6 hours. After 6 hours treatment, all of medium were changed with WST-1 

that has been aliquoted and mixed with serum free MEM for 2 hours incubation. 

After incubation, measure the absorbance on an ELISA plate reader with a test 

wavelength at 450 nm and a reference wavelength at 690 nm, and subtract the 

630 nm background absorbance from the 450 nm measurement. For NCI-H716 

cells, after 6 hours incubation then took out all of the medium and moved into 

Eppendorf tube, vortex it by hand for a while. Add 10 µl of the cell medium 

and added with 10 µl of trypan blue, mixed it well and took out 10 µl of this 

solution to put in glass microscope slide before calculated with cell counter. 

3.3.3 Western Blot Analysis 

3.3.3.1 Cell Preparation 

 Cell were seeded in 3.5 cm or 6.0 cm dishes incubated at 37oC CO2 5%. 

After reached 90% confluence, cells were incubated for 5h in serum free 

DMEM high glucose containing 20 ng/ml of TNF-α to induce insulin resistance, 

or in serum free DMEM high glucose without TNF-α for normal condition. The 

old medium was removed and cells were washed with 1x PBS twice, followed 

by incubation in serum free DMEM high glucose with a desired concentration 

of BME.  

3.3.3.2 Cell Lysis for Total Protein Extraction 

 Cell culture was washed twice with cold PBS. For a 3.5 cm or 6.0 cm 

dish, 70 µl or 120 µl of cell lysis buffer (see section 3.1.5 A) was added to the 

dish, respectively, and cells were scrapped off the plate on ice. The resulting 

cell lysate was kept on ice for 4 minute prior to centrifugation at 500 x g and in 

4oC for 5 minute. The supernatant containing the protein crude extract was 

transferred into a new sterile tube and used directly for Western blotting or was 

stored in -80oC for analysis later on. 

3.3.3.3 Protein Quantification 

 Protein concentration was measured using Bradford assay reagent. 

Bovine serum albumin was used to make a standard curve of protein 

concentration. Various concentrations of BSA (0, 1.5, 2, 4, 6, 8, and 10 µg/ml) 
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were prepared by diluting 0.1 mg/ml BSA in doule-distille water to the final 

volume of 800 µl. simultaneously, 2 µl of protein crude extract was diluted into 

798 µl of double-distilled water. Either BSA or protein sample were then added 

with 200 µl of Bradford assay reagent, mixed well, and incubated at room 

temperature for 10 minutes. The optical density (O.D.) of protein samples and 

the standards were detected at the wavelength of 595 nm. Both sample and the 

standards were performed in duplicate. The O.D. of BSA standards were plotted 

to make a standard curve using Excel program and the equation of the curve 

was obtained using linier regression. The concentration of the sample was 

calculated according to the standard curve.   

3.3.3.4 Electrophoresis of Proteins by SDS-PAGE 

 Equal amounts of total proteins were aliquoted from each sample and 

subjected to SDS-PAGE analysis. Each sample was mixed with an equal 

volume of 2X sample buffer and heated at 95oC for 5 minute prior to loading 

into an SDS-PAGE gel that was already casted according to the formulation 

described in 3.1.5 B. Fresh 1X TGS buffer (se section 3.1.5 C) was loaded into 

the electrophoresis chamber as the running buffer. Electrophoresis was 

proceeded firstly at a voltage of 40 V for 40 minute to allow the protein sample 

pass through the stacking gel, followed by a voltage of 100 V for 90 minutes to 

allow the separation of proteins in the separating gel.  

3.3.3.5 Blotting of Proteins onto PVDF Membrane 

 The PVDF (Polyvinylidene fluoride) membrane (Milipore, USA) was 

soaked in methanol for 5 minute prior to use. The SDS-PAGE gel containing 

protein samples was stacked with the PVDF membrane. The stack of the 

blotting sandwich was set up following an order of fiber pad, filter paper, SDS-

PAGE gel, PVDF membrane, filter paper, and fiber pad. The presence of 

bubbles should be avoided during assembling the sandwich. The sandwich was 

put into the transfer chamber containing the transfer buffer (see section 3.1.5 

D). Electrophoresis was proceeded at a voltage of 40 V for 60 minutes. After 

electrophoresis, the PVDF membrane was soaked with gently shaking for 1 

hour in a blocking solution (3-5% skim milk in PBS-Tween 20). 
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3.3.3.6 Protein-Antibody Interaction 

 The PVDF membrane was cut at the specific area containing protein of 

interest as judged according to the pre-stained molecular weight markers. The 

strip containing protein of interest was then incubated with the specific primary 

antibody diluted in the blocking solution at an appropriate ratio for overnight 

at 4oC with gently shaking. After that, the antibody solution was removed and 

the PVDF membrane was washed 3 to 4 times with blocking solution or with 

PBS-Tween 20. Each washing was conducted by gently shaking for 10 minutes 

at room temperature. The secondary antibody specific for the primary antibody 

was subsequently diluted into blocking solution in an appropriate ratio, added 

to the PVDF membrane, and incubated for 60 to 90 minutes at room 

temperature with gently shaking. The strip was washed 3 to 4 times with PBS-

Tween 20 at room temperature.   

3.3.3.7 Visualization of Protein from PVDF Membrane 

 For visualization of proteins on PVDF membrane, the PVDF membrane 

was immersed in 1 ml of Supersignal West Femto Maximum Sensitivity 

Substrate containing equal volume of solution A and B or alternatively 

immersed in the luminance solution. Protein bands were visualized by scanning 

using UVP Biospectrum Imaging System Vision WorksLS 6.0, and band 

intensities analyzed by the supplied program. 

3.3.4 Glucose Uptake Assay 

 To determine glucose uptake of IEC-18 cells, cells were seeded in 96 

well plates contain in a density of 10x104 cell/well. After overnight incubation 

at 37oC, cell were incubated in serum free MEM containing 20 ng/ml of TNF-

α for 5 hours to induce insulin resistance, and serum free MEM without TNF-

α for normal condition. After 5 h incubation, the medium was removed  and 

changed with  serum free MEM containing 100nM of insulin, 50, 100, 200 

µg/ml of bitter melon extract, 50 µM and 200 µM of metformine or troglitazone 

or rosiglitazone 50µM as a positive control, 0,4% DMSO as negative control 

was added for 5 h. At 0 hour and 5 hours, 5 µl of the medium was aliquoted 

and mixed with 200 µl of Glucose Kit in a 96 well plate and incubated at room 
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temperature for 10 minute. Absorbance at 500 nm was then determined using a 

microplate reader.  

 Meanwhile, the cells were subjected to WST-1 assay to characterize the 

relative cell number in each well. IEC-18 cells were cultured in a clear-bottom 

96-well tissue culture plate. We used cells that have been in a clear-bottom 96 

well tissue culture plate from glucose uptake assay before. After did a glucose 

uptake assay, all the medium should be removed and the medium was replaced 

with MEM serum free mixed with WST-1 reagent (the volume of the WST-1 

reagent should be 1/10 of the original culture medium). The final volume of 

culture medium in each well should be 50 µl. Freshly reconstituted WST-1 is 

recommended for each experiment. Incubate cells and control with MEM 

serum free mixed with WST-1 reagent for the desired period of time (at 37°C 

for 2-4 hours depending on cell type and seeding density). After incubation, 

measure the absorbance on an ELISA plate reader with a test wavelength at 450 

nm and a reference wavelength at 690 nm, and subtract the 630 nm background 

absorbance from the 450 nm measurement.  The result of glucose uptake are 

normalized by cell number by dividing the data of glucose uptake by the results 

of WST-1 assay.  

3.3.5 Calcium imaging assay 

NCI-H716 cells were seeded 10x105 cell/well on a clear-bottom 96-well 

plate (Corning, Tewksbury, MA, USA). All materials that will come in contact 

with Matrigel (Sigma, Saint Louis, USA) during plating must be cold to prevent 

premature gelling of the matrix. Thaw one aliquot of Matrigel at 4oC for several 

hours or overnight. Conical tube for dilution and all of culture vessels to be 

coated are pre-chilled by placing them on a metal incubator tray seated in a 

rectangular ice bucket. With chilled pipette tips, aliquot of Matrigel added to 

appropriate volume of cold DMEM (typically ~400µl Matrigel in 25ml 

DMEM). Immediately distribute the diluted Matrigel to a clear-bottom 96-well 

plate and incubate for 1 hour till ready to use. 
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After differentiation using Matrigel, the medium was washed with 

phosphate buffered saline and replaced with phosphate buffered saline that has 

been mixed with Fluo-4 and the mixture was incubated for 60 min. After 60 

min, the medium was replaced with fresh Dulbecco’s phosphate buffered saline 

contain 2mM Calcium and sulfinpyrazone (calcium channel inhibitor) then 

incubated for a further 30 min. Levels of cytosolic free Ca2+ ([Ca2+]i) were 

recorded for 3-5 minutes using an Olympus fluorescence imaging system 

(Olympus, NY, USA).  

3.3.6 GLP-1 ELISA Assay  

Before experiment GLP-1 ELISA, the first to do was precoating plate 

with Matrigel and cell cultures of NCI-H716 cells with serum free DMEM low 

glucose. All of the equipments should be storage at -20oC before used. Dilute 

Matrigel into 0.75 mg/ml, and 1 ml diluted Matrigel were added in each well 

then incubation for 1 h before ready to used for cell culture. Cells were seeded 

1x106 cell/well in 90% RPMI, incubate at 37oC for 2 days before replacement 

medium. After 2 days, all of medium were discarded and washed by 1x PBS 

for two times, then added 1 ml of serum free DMEM low glucose medium and 

incubation for 20 h (serve as serum starvation). At 4th day, replacement medium 

with 500 µl/well PBS.CaCl2 (1mM) and cells were treated with the compound 

like 0.2% DMSO as a negative control, 10mM Denatonium benzoate as a 

positive control, 50,100,200 µg/mL BME for 1 hours at 37oC. Each well were 

moved into Eppendorf tube and centrifuge by 12.000 rpm, 20 minutes at 4oC, 

then took all of the supernatans. The supernatans were added 100 µl to each 

well of ELISA plate that have already pretreatment with biotynilated GLP-1 for 

1.5 h. GLP-1 measured by using GLP-1 ELISA kit. The data from this ELISA 

assay was a raw data and for knowing the GLP-1 concentration should 

calculated EC50 of treatments from the raw data. This ELISA assay works in 

reverse between absorbances and GLP-1 concentration.  

3.3.7 Statistical Analysis  

 Data are statistically analyzed by one way analysis of variance (One-way 

ANOVA). Significance was considered when the p < 0.05 and F > 3.4  (α 0.05). 
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IV. RESULTS 
 

 

4.1 The effect of bitter melon extract on normal IEC-18 cells 

 

 

 

 

 

 

 

 

Firstly, the toxicity of BME to IEC-18 cells was analysed. As shown in 

Fig. 4-1, when IEC-18 cells were treated with 10 to 200 µg/mL BME, with the 

final concentration of the solvent (DMSO) being 0.2% (A) or 0.4% (B), there 

was no obvious inhibition on the cell growth. The data suggested that 10 to 200 

µg/mL BME is not harmful to IEC-18 cells.  

 

 

 

B A 

Figure 4-1. Cytotoxicity assays in IEC-18 cells. A, cytotoxicity assay of 

IEC-18 cells treated with 0.2% DMSO as control, 10, 50, 100, and 200 

μg/mL bitter melon fruit extract (BME) for 6 hours. B, cytotoxicity assay 

of IEC-18 cells treated with 0.4% DMSO as control, 10,50,100, 200 μg/mL 

BME for 6 hours. Cell viability is the result of treatment divided by control. 

Each treatment was tested in triplicate. The data represent mean ± SE 

(N=3). *p < 0.05 versus Group 1.  
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4.1.2 The insulin sensitivity of IEC-18 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As shown in Fig. 4-2,IEC-18 were treated with 0 ~ 1000 nM insulin for 

5 hours, and glucose consumption was measured. The results showed that 

insulin increased glucose uptake of the cells at concentrations of 50 ~ 250 nM, 

whereas the effect was reduced with higher concentration (500 and 1000 nM). 

Insulin at 100 nM exhibited an optimal effect on promoting the glucose uptake 

of the cells. Thus, 100 nM insulin was used in the following experiments. These 

data also revealed that IEC-18 cells are sensitive to insulin. 

 

 

 

 

A B 

Figure 4-2. The insulin sensitivity of IEC-18 cells. 0 ~ 1000 nM insulin as 

indicated in the graphs for 5 h. The consumption of medium glucose within 

the 5 hours was determined. Relative glucose uptake was calculated using 

the glucose consumption of the control ([Insulin] = 0 nM) as 1, and data 

were normalized by the cell number of each well. A and B are two 

independent experiments, in which each treatment was performed 

triplicate. The data represent mean ± SE (N=3). *p < 0.05 versus control.  
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Therefore, whether BME could promote the glucose uptake of IEC-18 

cells was tested next, with insulin treatment as the positive control. As shown 

in Figure 4-3, insulin obviously increased the glucose uptake of the cells, 

whereas 50 ~ 200 µg/mL of BME did not. These results revealed that BME 

does not have an insulin-like activity on the glucose uptake of IEC-18 cells. 

 

 

 

 

 

 

 

Figure 4-3. The effect of bitter melon extract on the glucose uptake of IEC-

18 cells. Cells were an equal amount of solvent (Group 1), 100 nM insulin 

(Group 2), or 50, 100, 200 µg/mL BME (Groups 3, 4, 5) for 5 hours, and the 

consumption of medium glucose was analysed. Relative glucose uptake was 

calculated against Group 1. A and B are two independent experiments, and 

each treatment was performed in triplicate. The data represent mean ± SE 

(N=3) *p < 0.05 against Group 1.  
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4.2 The effect of TNF-α in induced insulin-resistant IEC-18 cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-4. The effect of TNF-α on the glucose consumption of IEC-18 

cells. concentrations in IEC-18 cells. A, IEC-18 cells were treated with the 

solvent (water), 10, 20, 40, 50, or 100 ng/mL TNF-α for 5h, followed by 

treatment with 100 nM insulin. Relative glucose uptake was calculated 

against the control (Group 1). Each treatment was performed in triplicate, 

and the data represent mean ± SE. *p < 0.05 versus Group 1, #p < 0.05 

versus Group 2. B, cells were treated with the solvent (Group 1), 20 or 40 

ng/mL TNFα for 5 h, followed by stimulation with insulin. Troglitazone 

(TGZ) was also added in Group 5 and 6. Relative glucose uptake was 

measured. Each treatment was tested in triplicate, and the experiment was 

performed twice independently. The data represent mean ± SE of one of the 

experiments *p < 0.05 versus Group 1, #p < 0.05 versus Group 2, Ұp < 0.05 

versus Group 3, op < 0.05 versus Group 4. 

 

Figure 4-4. Characterization of TNF-α concentrations in IEC-18 cells. A, 

glucose uptake assays were performed in IEC-18 cells treated with ddH2O 

as control, 100nM insulin, various concentration of 10, 20, 40 50, and 100 

ng/mL TNF-α for 5h. Each treatment was tested in triplicate. The data 

represent mean ± SD (N=3). *p < 0.05 against control, #p < 0.05 versus 

insulin. B, glucose uptake assays were performed in IEC-18 cells treated 

with ddH2O, 100nM insulin, 20, 40 ng/mL TNFα, 50 µM TZD 

(troglitazone) for 5h. Each treatment was tested in triplicate, this experiment 

were performed twice independently. In A and B, data were normalized by 

A B 
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To induce insulin resistance in IEC-18 cells, the effect of TNF-α was 

tested. IEC-18 cells were treated with 10 to 100 ng/mL of TNFα for 5 hours, 

and the insulin induced increase in glucose uptake was assayed. As a result, 10 

and 20 ng/mL of TNFα significantly suppressed insulin-induced glucose uptake 

in IEC-18 cells (Figure 4- 4, A) whereas higher concentration of TNFα showed 

a less obvious effect. Subsequently, IEC-18 cells were stimulated with 20 or 40 

ng/mL of TNFα for 5 hours, followed by treatment with an insulin sensitizer, 

troglitazone, a thiazolidinedione type medicine used to be utilized clinically to 

treat patients of type 2 diabetes. Consequently, TNF-α inhibited the insulin-

mediated inusement in glucose uptake of the cells (Figure 4-4 B, Groups 3 and 

4 versus Group 2), indicating the occurrence of insulin resistance, while 

troglitazone was able to recover the glucose uptake of TNF-α-treated cells 

(Figure 4-4 B, Groups 5 and 6). Together consistent with the expected effect of 

Figure 4-4 showed that an insulin sensitizer, insulin resistance can be induced 

in IEC-18 cells using an appropriate concentration of TNF-α. Based on the 

results of Figure 4-4, 20 ng/mL TNF-α was chosen to induce insulin resistance 

in the following experiments. 
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Figure 4-5. The effect of BME on insulin-resistant IEC-18 cells. IEC-18 

cells were treated with 20 ng/mL TNF-α for 5 h, followed by treatment with 

solvent (0.4% DMSO / Group 1), 100 nM insulin (Group 2), 50, 100, 200 

µg/mL BME (Group 4, 5, 6), or 50 µM troglitazone (Group 7) for 5 h. 

Relative glucose uptake was calculated against the control (Group 1). Each 

treatment was performed in triplicate. A, B and C are the results of three 

independent experiments. The data represent mean ± SE. #p < 0.05 versus 

Group 1, Ұp < 0.05 versus Group 2, *p < 0.05 versus Group 3.  

A B 
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Subsequently, IEC-18 cells were incubated in TNF-α-containing 

medium to induce insulin resistance, followed by treatment with insulin and 50 

~ 200 µg/mL BME, or with insulin and troglitazone as a positive control. 

Consequently, 50,100,200 µg/mL BME and troglitazone all effectively 

elevated the glucose uptake of insulin-resistant cells (Figure 4-5, Groups 

4,5,6,7 versus Group 3). These results manifested that BME could recover the 

glucose uptake of insulin-resistant IEC-18 cells. In Figure 4-5, the experiments 

were performed in the presence of insulin. One of possible mechanism is that 

BME worked as an insulin sensitizer and ameliorated the insulin resistance of 

the cells, resulting in the recovery of insulin-induced increament in glucose 

uptake. Another potential mechanism is that BME itself promoted the glucose 

intake of insulin-resistant cells, and the effect was independent of insulin. The 

latter mechanism is defined as insulin substitute herein. To clarify whether 

BME worked as an insulin substitute, TNF-α treated IEC-18 cells were 

stimulated with BME again, but in the absence of insulin.  

As shown in Figure 4-6, insulin resistance was resulted by TNF-α (Group 

3), while treatment with 50, 100, 200 µg/mL BME alone all significantly raised 

the glucose uptake of the cells (Group 4, 5, and 6) compared to the control 

(Group 3). Rosiglitazone, another thiazolidinediones-type medicine for treating 

type 2 diabetes clinically, also increased the glucose intake of the cells with or 

without the presence of insulin (Group 7 and 8). These results suggested that 

BME possessed insulin substitution activity. 
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Figure 4-6. The effect of BME on insulin-resistant IEC-18 cells without 

insulin added. IEC-18 cells were treated with 20 ng/mL TNF-α for 5 h, 

followed by treatment with solvent (0.4% DMSO / Group 1), 100 nM 

insulin (Group 2), 50, 100, 200 µg/mL BME (Group 4, 5, 6), 50 µM 

rosiglitazone with the presence of insulin (Group 7), or 50 µM rosiglitazone 

without the presence of insulin (Group 8) for 5 h. Relative glucose uptake 

was calculated against the control (Group 1). Each treatment was performed 

in triplicate. The data represent mean ± SE. #p < 0.05 versus Group 1, Ұp < 

0.05 versus Group 2, *p < 0.05 versus Group 3.  

 
 

Figure 4-9. The effect of BME on insulin-resistant IEC-18 cells without 

insulin added. Glucose uptake assays of IEC-18 cells treated with serum-

free MEM medium contain 20ng/mL TNFα for 5h. Then IEC-18 cells 

treated with 0.4%DMSO, 50, 100, 200 µg/mL of BME, TZDs 

(Rosiglitazone) with or without 100nM insulin for 5h. This experiments 

were normalized with WST-1 assay for 2h incubation. Each treatment was 

tested in triplicate. This experiment were performed independently. The 

data represent mean ± SD (N=3). #p < 0.05 versus control, Ұp < 0.05 versus 

Group 2, *p < 0.05 versus Group 3. 
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4.3 The molecular mechanism of BME in IEC-18 cells  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-7. Analysis of the activation of Akt by BME. IEC-18 cells were 

treated with 20 ng/mL TNF-α for 5 h, followed by treatment with 100 nM 

insulin and 50, 100, 200 µg/Ml BME or 50 µM troglitazone (TGZ) for 1 h. 

The cells were then subjected to western blot analysis for phosphorylated 

Akt and total Akt. A, B, C are three independently experiments. The relative 

band intensity versus Lane 1 in each assay was shown in the graph. 
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As proposed previously, BME may work as an insulin sensitizer, an 

insulin substitute, or both. To further clarify these possibilities, whether BME 

could activate the insulin-signaling pathway was characterized. As shown in 

Figure 4-7 (A, B, C), TNF-α-treated IEC-18 cells were stimulated with 50, 100, 

200 µg/mL of BME, or 50 µM troglitazone, in the presence of insulin, the 

phosphorylation of Akt in these cells were assayed by Western blotting. The 

results revealed that, insulin activated Akt in normal cells (Lane 2), whereas in 

TNF-α-treated cells, insulin was not able to promote the phosphorylation of 

Akt (Lane 3), confirming insulin resistance of the cells. When BME was added 

simultaneously with insulin (Lane4, 5, 6), it was not able to recover the 

activation of Akt by insulin, indicating that BME may did not posses an insulin-

sensitizing activity but another possibility are BME not fresh enough and had 

been degraded or IEC-18 cells that used is not in a good condition. 

Unexpectedly, troglitazone as an insulin sensitizer, did not improve the insulin-

Figure 4-8. Analysis of the activation of AMPK by BME. IEC-18 cells 

were treated with 20 ng/mL TNF-α for 5 h, followed by treatment with 100 

nM insulin and 50, 100, 200 µg/mL BME or 50 µM troglitazone (TGZ) for 

1 h. The cells were then subjected to western blot analysis for 

phosphorylated AMPK and total AMPK. The relative band intensity versus 

Lane 1 in each assay was shown in the graph. 
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induced Akt activation as well (Lane 7). Instead, the phosphorylation of Akt in 

troglitazone-treated cells was obviously reduced.  

It has been demonstrated that bitter melon contains natural compound 

which can activate AMPK. Activated AMPK can enhance glucose 

consumption which is independent of insulin (Chang et al, 2015). Therefore, 

whether BME could activate AMPK in IEC-18 cells was explored. IEC-18 cells 

were treated with TNF-α to induce insulin resistance, followed by stimulating 

with BME or troglitazone. Figure 4-8. Showed that in insulin-resistant IEC-18 

cells, 100 and 200 µg/mL of BME obviously elevated the level of 

phosphorylated AMPK (Lanes 5 and 6 versus Lane 3). Together, Figure 4-7 

and 4-8 revealed that BME was not able to recover insulin-stimulated activation 

of Akt, suggesting that BME may did not contain an insulin sensitizing effect 

however this statement still need a further experiments. Instead, BME is able 

to activate AMPK in insulin-resistant IEC-18 cells. This may explain the 

insulin substitution effect of BME demonstrated in Figure 4-6. 

4.4 The toxicity of troglitazone to IEC-18 cells 

 

 

 

 

Figure 4-9. Cytotoxicity assays in IEC-18 cells. A, cytotoxicity assay of 

IEC-18 cells treated with 0, 10, 25, 40, 50, 75, 100, and 200 μM troglitazone 

for 6 hours. B, is a repetition of cytotoxicity assay of IEC-18 cells treated 

with a same condition as treatment A. Cell viability is the result of treatment 

divided by control. Each treatment was tested in triplicate. The data 

represent mean ± SE. *p < 0.05 versus 0 µM troglitazone (control). A and 

B are two independent experiments. 
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It was observed in Figure 4-5 A in twice independent experiment treated 

cells usually resulted in lower cell numbers (data not shown). Moreover, in 

Figure 4-7, troglitazone showed unexpected negative results in Akt activation. 

Hence, it was speculated that troglitazone was toxic to IEC-18 cells. Therefore, 

the cytotoxicity of troglitazone was examined. As shown in Figure 4-9 in 40 

µM or higher concentration, troglitazone apparently inhibited the growth of 

IEC-18 cells. Thus, it is not a proper positive control in this cell model. On the 

other hand, the assay for rosiglitazone (RGZ) exhibited that 50 µM RGZ is not 

toxic to IEC-18 cells (Figure 4-6). Thus, in the future experiments, 

rosiglitazone will be utilized as a positive control instead of troglitazone. 

 

4.5 The effect of bitter melon extract on intestinal enteroendocrine L cells  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-10. Cytotoxicity assays in NCI-H716 cells. Cytotoxicity assay of 

NCI-H716 cells treated with 0, 10, 50, 100, and 200 μg/mL bitter melon 

fruit extract (BME) for 6 hours. Cell viability is the result of treatment 

divided by control. Each treatment was tested in triplicate. A and B are two 

independent experiments. The data represent mean ± SE *p < 0.05 versus 0 

μg/mL (control).  

 

A B 

 



 

 

49 

 

 NCI-H716 cells is an intestinal enteroendocrine L cell line known to 

secret GLP-1 with appropriate stimulation including the activation of bitter 

taste receptors. To investigate whether BME can enhance the secretion of GLP-

1 from NCI-H716 cells, the toxicity of BME to the cell line was examined first. 

Figure 4-10 displayed that treatment with 10 ~ 200 µg/mL BME for 6 hours did 

not suppress the survival of NCI-H716 cells. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-11. Bitter melon extract promoted the secretion of GLP-1 from 

NCI-H716 cells. NCI-H716 cells were stimulated with the solvent (DMSO) 

(Group 1), 50, 100, 200 µg/mL of BME (Groups 2, 3, 4) or 10 mM 

denatonium benzoate (DB) for 1 h. The culture medium was collected and 

subjected to GLP-1 concentration assay using the corresponding ELISA kit.  
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Figure 4-12. BME resulted in a cytosolic [Ca2+] increase in NCI-H716 

cells. NCI-H716 cells loaded with Fluo-4 for 1 h, followed by stimulation 

with DMSO (A, the solvent), 10 mM denatonium benzoate (DB) (B, C, D), 

50 µg/mL (E), 100 µg/mL (F), 200 µg/mL (G). Cytosolic fluorescence was 

recorded immediately for 3 minute. The arrow in each graph represents the 

time that the compound was added. Each treatment was performed three 

times independent. B, C, and D are the results of three experiments of DB. 

In A, E, F, G, the results of three experiments for the corresponding 

treatment are shown in one graph as three lines of different colors. 
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Subsequently, NCI-H716 cells were stimulated with 50, 100, or 200 

µg/mL BME for 1 h. the resulting medium was subjected to GLP-1 

concentration assay. Denatonium benzoate, a bitter compound known to 

activate GLP-1 secretion, was assayed simultaneously as a positive control. 

Consequently, BME increased GLP-1 secretion from the cells in a dose-

dependent manner (Figure 4-11), and denatonium resulted in an obvious 

elevation in GLP-1 secretion as expected (Figure 4-11). NCI-H716 cells 

express various isoforms of human bitter-taste receptor (TAS2Rs). The 

activation of TAS2R is demonstrated to promote GLP-1 secretion from this cell 

line. Bitter melon extract tastes bitter. Thus, it is likely that BME can activate 

TAS2Rs in NCI-H716 cells to enhance GLP-1 secretion. To test this hypothesis, 

whether BME could activate an increase in cytosolic Ca2+ concentration, a 

signal of TAS2R activation, was examined. As shown in Figure 4-12, the 

solvent (DMSO) did not generate a Ca2+ peak in treated cells (A). When cells 

were stimulated by 10 mM denatonium benzoate, an obvious Ca2+ peak 

(representing an increase in cytosolic Ca2+ concentration) was obviously 

observed (B, C, D). similarly, when cells were treated with 50 (E), 100 (F), 200 

µg/mL(G) BME, an apparent Ca2+ peak was detected. These data supported that 

BME might activated TAS2Rs and led to GLP-1 secretion (Figure 4-11) in 

NCI-H716 cells. 
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V. DISCUSSION 

  

 Momordica charantia and its various extract and isolated component are 

believed to exert their hypoglycaemic effect. Bitter melon extract (BME) 

isolated from Momordica charantia that has a biological function as 

hypoglycaemic activities. However, the function of BME have not been fully 

explored. The results of cytotoxicity effect of BME on IEC-18 cells showed 

that BME was safe to be used as treatment on intestinal epithelial cells as long 

as the concentration at 200 µg/ml or below that (Figure 4-1). IEC-18 cells also 

have a high sensitivity to insulin which are the cells given a good respond and 

effective enough at 100nM insulin for promoting glucose uptake of intestinal 

epithelial cells (Figure 4-2). This evidence make an IEC-18 cells suitable for 

test the cellular glucose uptake either in normal cells or insulin-resistant cells. 

In this study also shown that the glucose uptake of a normal intestinal epithelial 

cells, IEC-18, was enhanced by the stimulation of insulin (Figure 4-3). 

However, the BME was not promote cellular glucose uptake of normal 

intestinal epithelial cells. It can be support a hypothesis that BME does not have 

an insulin-like activity on the glucose uptake of IEC-18 cells. BME will not 

affected in normal cells but the mechanism underlying these phenomena needs 

further characterization.   

 Tumor necrosis factor-α (TNF-α) has been suggested to be an important 

factor for the development of insulin resistance physiologically because most 

type 2 diabetic patients have increased TNF-α expression from adipose tissues 

(Hotamisligil, et al., 1993). Moreover, TNF-α was shown to cause insulin 

resistance in muscle cells and adipocytes (Iwata, et al., 2001). Thus, IEC-18 

cells don’t need further differentiation before test the cellular glucose uptake. 

In this study shown that 20 ng/mL of TNF- α  significantly suppressed insulin-

induced glucose uptake in IEC-18 cells (Figure 4-4). The data shown Figure 4-

5 and Figure 4-6 that BME has a good performance with or without insulin. 

BME has been known as insulin sensitizers also insulin substituent like effect 
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(Chang, C.I et al., 2015). Several researches showed that there were no extract 

and/or component isolated from Momordica charantia has multiple function as 

an insulin-like effect and also an insulin sensitizer as well EMCD. Studied show 

that M. charantia and its constituent are commonly used as hypoglycaemic 

agent by increasing insulin secretion (Prabhakar and Mukesh, 2011). Although 

M. charantia contains polypeptide-P which as insulin-likepolypeptide, it is not 

known yet about its function as insulin sensitizer (Altinterim, 2012). The 

further research for support hypothesis BME act as insulin sensitizer was by 

recovering back insulin-stimulated activation of signaling factors such as IRS-

1, Akt, AS160, triggering to uptake the glucose. The evidence in this study can 

conclude that BME has a hypoglycaemic function by lower the blood glucose 

at cellular glucose uptake.  

 Troglitazone works well as a positive control even this treatment resulted 

in lower cell numbers. In this study has revealed that troglitazone was harmful 

for IEC-18 cell line (Figure 4-9). Troglitazone could give a bad effect to hepatic 

system (Scheen, 2001). Meanwhile, rosiglitazone has been used as an oral 

hypoglycaemic agent in the treatment of type II diabetes in humans for many 

years. Thus, Rosiglitazone was safer for used in IEC-18 cells compared with 

troglitazone. This evidence could be used for further investigation the effect of 

BME on insulin-resistant epithelial cells, IEC-18 cells used rosiglitazone as a 

positive control. 

The small intestine and large intestine together are large organs in human 

digestion system with substantial mass. The tissues have to spend lot of energy 

in competing the digestion and absorption of foods. There are 2 kind of 

possibilities of activation by BME based on cell type. BME can secrete the 

GLP-1 in enteroendocrine cells, while BME can activate the glucose 

consumption in epithelial insulin-resistant cells. The consumption of glucose 

by the epithelial cells take an important part in lowering blood glucose. 

However, in IEC-18 cells, the mechanism controlling glucose uptake, such as 

glucose transporters, have not been well characterized. 
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Western blot assay was conducted to prove whether BME has effect on 

insulin signaling pathway of IEC-18 cells. Figure 4-7 showed that BME may 

able to activate the AKT, one of the insulin signaling pathway effector. 

Phosphorylated AKT is the activate form of AKT. Unfortunately, there is only 

one graph (Figure 4-7 A) showed a higher effect of BME compared with tnf-α, 

meanwhile the others still can promote P-AKT/AKT lower than tnf-α treatment 

cells. We only used 30 µg protein/well in this result that could effect a lower 

concentration of P-AKT/AKT detected. But, the founding of the P-AKT/AKT 

on the IEC-18 cells treated with BME can be used as a support that BME can 

induce the activation of insulin signaling pathway on intestinal epithelial cells. 

The activation of AKT as the effect of BME was also showed that the increasing 

of glucose consumption below truly because of the effect of BME. It is because 

insulin signaling pathway, AKT will inactivate AS160. The inactivation of 

AS160 lead to the translocation of GLUT4, glucose transporter, which is have 

an important function on glycolysis. But the differences results between Figure 

4-7 A, B and C could indicated that BME also contains some inhibitory 

components that could disturb western blot result. 

The result of western blot of AKT/P-AKT can support the hypothesis 

that BME can activates the PI3K/AKT pathway. However, this result is not 

strong enough to prove BME could activate the PI3K/AKT pathway because 

there are lot of effector that influence on this pathway. The western blot analysis 

on other effector and upstream component on PI3K/AKT pathway will help on 

the better understanding whether BME can activates PI3K/AKT pathway. IRS-

1 and AS160 have important role on this pathway. In case, the BME can also 

activate the phosphorylation of IRS-1 and AS160, it can be concluded that 

BME is activate PI3K/AKT pathway in intestinal epithelial cells.  

Our data suggested that the fruit extract of bitter melon all led to the 

activation of AMPK in IEC-18 cells, beside of the activation AKT/P-AKT in 

insulin-resistant cells. Overall, these gave a clue as to the subcellular 

mechanism of their effects on reducing the insulin resistance of cells. Previous 
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reports showed that AMPK can catalyze the phosphorylation of IRS-1 at Ser-

789, which promotes insulin-stimulated tyrosine phosphorylation of IRS-1 

(Jakobsen et al, 2001). Thus, it is likely that BME activated AMPK, which 

increased IRS-1 tyrosine phosphorylation that was inhibited by TNF-α, and 

reboosted the insulin signaling pathway. However, in IEC-18 cells, regulation 

of cellular activities by AMPK have not been well characterized. Therefore, 

further investigation about test the activation of IRS-1 in insulin-resistant IEC-

18 cells is required for proving the hypothesis and complete understanding of 

the molecular mechanism underlying the actions of M.charantia fruit extract 

(BME). 

The results of cytotoxicity effect of BME on NCI-H716 cells showed 

that BME was safe to be used as treatment on intestinal enteroendocrine cells 

as long as the concentration at 200 µg/ml or below that (Figure 4-10). BME can 

increase the intracellular [Ca2+] on NCI-H716 and it was even higher compare 

to the positive control (10mM Denatonium Benzoate). The result of the calcium 

signaling of NCI-H716 cells in Figure 4-12 showed that the intracellular 

calcium of the denatonium benzoate and BME ≥100 µg/ml were increased after 

the treatment. BME could also promote the secretion of the GLP-1 compare to 

the negative control. Figure 4-11 indicated that BME can secrete the GLP-1, 

and the secretion of  GLP-1 was affected by the concentration of BME. The 

secreted GLP-1 increased simultaneously with the increasing concentration of 

BME. 

Based on that results, the effect of BME on intracellular [Ca2+] of NCI-

H716 cells (Figure 4-12) and the secretion of GLP-1 from NCI-H716 cells by 

BME (Figure 4-11) can support the hypothesis about the activation of TAS2R 

and secretion of GLP-1 could enhance by BME. GLP-1 is one of the key point 

for identifying the effect of BME in the enteroendocrine cells. Nevertheless, 

intracellular [Ca2+] not only can be promoted by the activation of bitter taste 

receptor. There are multiple downstream efforts controlled by [Ca2+], various 

biological effect regulated by [Ca2+] not only GLP-1 secretion. The stimulation 
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of sweet and umami receptors can activate GPCRs that lead to activation of 

PLC signaling pathway which cause calcium release (Medler, K. F., 2015). 

This fact make our evidence which observed two phenomenon induced by 

BME, first is [Ca2+] increased and the other is increased of GLP-1 secretion not 

solid enough to said that BME could activate TAS2R through its intracellular 

[Ca2+] release. 

The state of TAS2R can be observed using TAS2R inhibitor for knowing 

about whether BME activates TAS2R and promotes GLP-1 secretion in 

intestinal enteroendocrine L-cells. With the inactivation of TAS2R in intestinal 

epithelial cells, whether the cells can secrete GLP-1 can be analyzed. The 

inhibition of TAS2R can also be used to test whether BME can still increase 

intracellular [Ca2+] on NCI-H716 cells. These more evidences can be used as 

reinforcement of our hypothesis. The second alternative research to ensure this 

hypothesis is through animal test, however it takes a long time. BME in dose-

dependent manner can be feeded to mouse and check the blood glucose. If the 

mouse feeded by BME has lower blood glucose than the mouse control, this 

hypothesis will be proven.   

  

 

 

 

 

 

 

 



VI. CONCLUSION 

 

 Bitter melon extract (BME) does not affect normal intestinal epithelial 

cells, but has a hypoglycaemic activity in insulin-resistant intestinal epithelial 

cells. BME may works as insulin sensitizer even it is not recover the activation 

of insulin signaling pathway by insulin but it still promotes cellular glucose 

uptake. BME also works as insulin substitute likely related to the activate of 

AMPK. The last conclusion is the activation of TAS2R and secretion of GLP-

1 may enhance by BME. Nevertheless, intracellular [Ca2+] not only can be 

promoted by the activation of bitter taste receptor. There are multiple 

downstream efforts controlled by [Ca2+], various biological effect regulated by 

[Ca2+] not only GLP-1 secretion. With the inactivation of TAS2R in intestinal 

epithelial cells, whether the cells can secrete GLP-1 can be analyzed. 
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