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 การศึกษาคร้ังนีไ้ด้ศึกษาผลของฟิลแลนทิน และไฮโปฟิลแลนทินต่อแรงตึงของหลอดเลือด
แดงใหญ่ที่แยกจากายหนแูรท ผลการศึกษาพบว่าฟิลแลนทิน และไฮโปฟิลแลนทิน (1-100 µM) ท า
ใหห้ลอดเลือดที่ถูกกระตุ้นด้วย phenylephrine (PE) คลายตัวได้แบบ  concentration-dependent 

manner นอกจากนีก้ารขูดเซลล์เย่ือบุผิวออกไมม่ผีลต่อการคลายตัวของหลอดเลือดที่เป็นผลจากสาร
ทดสอบทั้ง 2 ชนดิ ซึ่งผลของฟิลแลทิน และไฮโปฟิลแลนทิน (100 µM) ที่ท าใหห้ลอดเลือดที่ไมม่ี
เซลล์เย่ือบุผิวคลายตัวนัน้ไมถู่กยับย้ังโดย  atropine (1 µM), BaCl2 (10 µM), glybenclamide (10 
µM), indomethacin (10 µM), L-NAME (100 µM), methylene blue (10 µM), propranolol (10 

µM), 4-aminopyridine (100 µM) และ TEA (10 µM) ผลการทดลองแสดงใหเ้หน็ว่า ลิกแนนทั้ง 2 
ชนดิมผีลเหนีย่วน าใหห้ลอดเลือดหดตัว และถูกยับย้ังได้โดย tyramine หรือ  prazosin นอกจากนี้
สารทั้ง 2 ชนดิยับย้ังการหดตัวของกล้ามเนือ้เรียบหลอดเลือดที่ถูกกระตุ้นด้วย PE และ  KCl  ไดแ้บบ 

concentration-dependent manner  และสารทั้ง 2 ชนดิ (100 µM) ยังสามารถยับย้ัง การหดตัวของ

กล้ามเนือ้เรียบที่เหนีย่วน าด้วยแคลเซียม ที่เกิดจากแคลเซียมภายในเซลล์ถูกไล่ออกหมด อย่างไรก็
ตามฟิลแลนทินเท่านัน้มผีลยับย้ังการหดตัวของกล้ามเนือ้เรียบหลอดเลือดในสภาวะที่ม ี K+ สงูและ
ปราศจาก Ca2+ แต่ไฮโปฟิลแลนทินไมม่ผีลยับย้ังการตอบสนองนี ้นอกจากนี้ สารทั้ง 2 ชนดิ  (100 

µM) ยับย้ังการหดตัวของกล้ามเนือ้เรียบหลอดเลือดที่ถูกกระตุ้นด้วย PE ในสภาวะที่ปราศจาก Ca2+ 
แต่ไมม่ต่ีอการหดตัวของกล้ามเนือ้เรียบหลอดเลือดที่ถูกกระตุ้นด้วย caffeine ซึ่งผลการทดลอง

ทั้งหมดแสดงใหเ้หน็ว่าฟิลแลนทิน และไฮโปฟิลแลนทินมผีลต่อแรงตึงตัวของหลอดเลือดผ่านกลไก
ที่ไมเ่กี่ยวข้องกับเซลล์เย่ือบุผิว โดยอาจเกี่ยวข้องกับการยับย้ังการเคล่ือนที่ของ Ca2+ จากภายนอกเข้า
สูภ้ายในเซลล์ และการยับย้ังหล่ัง Ca2+ จาก sarcoplasmic reticulum ผ่านทางการกระตุ้นด้วย PE   
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 The purpose of this study was to investigate the modulating effects of phyllanthin and 
hypophyllanthin on vascular tension, using in the in vitro model of isolated rat aorta. The results 
indicated that both phyllanthin and hypophyllanthin (1-100 µM) significantly relaxed the sustained 
contraction induced by phenylephrine (PE) in a concentration-dependent manner. In addition, 
endothelial removal had no significant influence on the vasorelaxation responses of the aortic 
rings toward these two compounds. In endothelium-denuded rings, vasorelaxant inhibitors 
[atropine (1 µM), BaCl2 (10 µM), glybenclamide (10 µM), indomethacin (10 µM), L-NAME (100 
µM), methylene blue (10 µM), propranolol (10 µM), 4-aminopyridine (100 µM) and TEA (10 µM)] 
did not inhibit the vasorelaxation responses induced by either phyllanthin or hypophyllanthin (100 
µM). The data also demonstrated that the two lignans were able to induce aortic contraction 
which could be suppressed by either tyramine or prazosin. In addition, both compounds inhibited 
the PE- and KCl-mediated contraction of aortic muscle in concentration-dependent manner. 
Furthermore, these two compounds (100 µM) also significantly inhibited the Ca2+- induced 
contraction of aortic muscles that were depleted of Ca2+. However, only  phyllanthin (100 µM), but 
not hypophyllanthin was able to inhibit the Ca2+- mediated contraction in high K+ - Ca2+- free 
condition. Both compounds (100 µM) significantly inhibited PE-induced contraction in Ca2+- free 
condition, but could not affect caffeine-induced contraction. Taken together, phyllanthin and 
hypophyllanthin could modulate the vascular tension via the endothelium -independent 
mechanisms. The modulating effect of the test compounds were likely involved with the inhibition 
of Ca2+ influx as well as with the inhibition of PE-mediated Ca2+ release from sarcoplasmic 
reticulum.  
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CHAPTER I 

BACKGROUND AND INTRODUCTION 

 
Lignans are a group of dimeric phenylpropanoids (Figure 1) found in various 

plants such as flaxseed, soybeans, cereals, gains, oats, garlic, carrot, tomato, 
vegetables and fruits. Examples of lignans are secoisolariciresinol, matairesinol, 
eudesmin and sesamin. These compounds were reported to induce vasorelaxation in 
various isolated organ systems and hypotension in rat and rabbit models (Nakano et al. 
2006; Prasad, 2004; Raimundo et al., 2009). The modes of actions of these compounds 
were linked to activation NO/cGMP pathway (Nakano et al. 2006; Prasad, 2004) as well 
as activation of histamine H1 receptors in endothelial cells (Raimundo et al., 2009).  

Phyllanthin (diarylbutane) and hypophyllanthin (aryltetrahydronapthalene) 
(Figure 1) are major components found in Phyllantus amarus Schum. and Thonn. 
(Euphorbiaceae) [also known as “Luk Tai Bai” in Thai] (Bagalkotkar et al., 2006). In 
Thailand, this plant has been used in traditional medicine for a number of diseases i n 
cardiovascular and gastrointestinal tract systems (Abdulla et. al., 2010; Shokunbi and 
Odetola, 2008; Thippeswamy et al., 2011). It has been reported that the alcoholic 
extract of P. amarus induced smooth muscle relaxation in various tissues including 
vascular system, uterine, intestine, stomach and trachea (Kitisin, 1952). In addition, the 
aqueous extract from its leaves exerted its myocardial suppression and hypotensive 
effects in rabbits, which was possibly linked to muscarinic receptor -mediated 
mechanism and calcium channel ion blockade ( Amaechina and Omogbai, 2007). It was 
likely that either phyllanthin or hypophyllanthin, which were the two major lignans 
isolated from this plant, possessed the intrinsic pharmacological actions similar to those 
of the P. amarus extracts. However, a few researches have been conducted to 
investigate the modulating effects of these two lignans on vascular tension and the 
involved mechanism. 
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  The purpose of this study was to investigate the modulating effects of 

phyllanthin and hypophyllanthin on vascular tension. Furthermore, the involvement of 
endothelium in its vascular actions was also examined. 

 
Hypothesis 

Phyllanthin and hypophyllanthin modulated the vascular tension via both 
endothelium-dependent and endothelium-independent pathways. In endothelium-
dependent pathway, these two compounds exerted its effects via activation of the 
NO/cGMP pathway. In addition, these two compounds could affect the alteration of 
cytosolic Ca2+ in smooth muscle, independently from the endothelium. 

 

Objectives 

1. To investigate the modulating effects of phyllanthin and hypophyllanthin on 
vascular tension.  

2. To investigate the mechanisms and influence of endothelium on either 
phyllanthin or hypophyllanthin mediated-contractility of vascular smooth muscle. In 
addition, it was possible that the endothelium-independent effects of these two 
compounds involved with alteration in extracellular Ca 2+ entry and intracellular Ca2+ 
release in the smooth muscle. 

 

Expected Benefits and Application 

This study provided the new pharmacological effects on vascular tension of 
phyllanthin and hypophyllanthin and the involved mechanisms of action. The information 
would be useful for further application in herbal and traditional medicine development.  
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Phyllanthin 
 

 
 

Hypophyllanthin 
 

Figure 1 Structure of phyllanthin and hypophyllanthin  
                                           (http://www.alibaba.com/product-tp/11106_hin.html) 
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Study design 
Test compounds: Phyllanthin and Hypophyllanthin 

 
 
 
 
            
                                                                             
            
                                                                                                                                                          NO pathway: NG -ni tro-L arginine methyl ester 
                                                                                                                                               (NOS inhib itor)  

 Effect on extracellular Ca 2+                 Effect on intracellular Ca2+                                     β2-receptor: Propranolol            
  - Phenylephrine                                     -Phenylephrine                                                                     (non-selective β-adrenoceptor antagonist) 
  - Potassium chloride                             -Caffeine                                                                         Hyperpolarization: Glibenclamide, Barium chloride,                        
  - Calcium chloride                                                                                                                                         Tetraethylammonium, 4-aminopyridine 
                              Effect on spontaneous contraction                                                                    (K+  channel inhibitor)                                                                                                                                                                                                       
                              -Phenylephrine                                                                                                   Muscarinic receptor : Atropine (muscasrinic antagonist)   

                                                                                                Prostacyclin pathway: Indomethacin (COX inhibitor)  

                                                                               Guanylyl cyclase(GC): Methylene blue (GC inhibitor)   

Effects of phyllanthin and hypophyllanthin on vascular tension  
 

 

Effects of phyllanthin and hypophyllanthin on vasocontriction  
 

 

Vasorelaxation effects of phyllanthinand and hypophyllanthin  
 

Inhibition effect on vascular smooth muscle contraction    
 

 

Endothelium-intact/Endothelium-denuded 



 
CHAPTER II 

LITERATURE REVIEWS 

 
Lignans are a group of phytochemicals found in various herbal plants such as 

Phyllanthus species, Forsythia intermedia, Valeriana species, Arctium lappa, Schisandra 
chinensis (Bagalkotkar et al., 2006; Park et. al., 2009; Rahman et al., 1990). In addition, 
lignans can be counted as a class of secondary plant metabolites, which are produced 
by oxidative dimerization of two phenylpropanoid units (Sok et al., 2009). The aromatic 
rings of lignans can be oxygenated and bear hydroxyl, methoxyl, or methylenedioxy 
groups (Hearon and MacGregor, 1955). The basic molecular structure of lignans was 
shown in Figure 2. Lignans can be further modified by cyclization to tetrahydrofuran or 
tetrahydronaphthalene derivatives (Hearon and MacGregor, 1955). Examples of lignans 
include secoisolariciresinol diglucoside (SDG), pinoresinol-4, 40-di-O-b-D-glucoside 
(PDG), pinoresinol, pinoresinol glycoside, podophyllotoxin, picropodophyllin, eudesmin 
and sesamin (Figure 3). Several pharmacological studies have demonstr ated the 
beneficial effects of lignans such as antioxidant, antitumour, antimitotic, antiviral, 
antimicrobial and hepatoprotective effects (Macrae and Towers, 1984; Sung and Kim, 
2000). In addition, pinoresinol-4, 40-di-O-b-D-glucoside (PDG) was reported to stimulate 
calcium mobilization and chemotactic migration of mouse embryo fibroblasts  (Do et al., 
2009). Moreover, lignans also have protective effects on the cardiovascular system 
(Miyawaki et al., 2009; Oh et al., 2008) and antihypertensive effect (Oh et al., 2008; 
Prasad, 2004; Raimundo et al., 2009). For example, secoisolariciresinol diglucoside 
(SDG) exerted its antihypertensive effect through activation of guanylate cyclase 
enzyme (GC). This effect was not due to nitric oxide synthase (NOS) activity (Prasad, 
2004). Saucerneol and saucerneol D, which were lignans from the ethanol extract of the 
roots of S. chinensis, caused vasorelaxation via NO/cGMP pathway (Oh et al., 2008). 
Furthermore, sesamin, another lignan from sesame seeds and oil, could also induce 
vasorelaxation through activation of NO/cGMP pathway (Nakano et al, 2006).  The 
vasorelaxant activity of certain lignans such as eudesmin may involve activation of 
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histamine H1 receptors in endothelial cells, leading to synthesis and release nitric oxide 
(NO) and prostracyclin (PGI2) (Raimundo et al., 2009).  

 
 

 
 

Secoisolariciresinol 

 
 

Matairesinol 

 
Figure 2 Basic structures of lignans  
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Secoisolariciresinol diglyside 

 
Sesamin 

 

 
Eudesmin 

 
Pinoresinol 

 
Pinoresinol gycoside 

 
Picropodophyllin 

 
Podophyllotoxin 

 
Figure 3 Chemical structures of lignans (Do et al., 2009; Macrae and Towers, 1984). 
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Phyllanthus amarus Schum. and Thonn. (Euphorbiaceae; synonym: Phyllanthus 
nanus Hook. f. and Phyllanthus niruri Thw.) [also known as “Luk Tai Bai” in Thai], is a 
small herb, found in most tropical and subtropical regions, including  Amazon rainforest, 
South East Asia, Southern India and China. P. amarus has been used in herbal medicine 
such as Ayurveda, Traditional Chinese Medicine and Indonesian Jamu (Bagalkotkar et 
al., 2006). The whole plant is also useful for tradition medicine to treat several diseases. 
In Thailand, this plant has been used in traditional medicine for a number of diseases in 
cardiovascular and gastrointestinal tract systems (Abdulla et. al., 2010; Shokunbi and 
Odetola, 2008; Thippeswamy et al., 2011).  

The plants grow up to 10-60 cm tall. Its branchlet is 2-6 cm long with 10-20 
leaves arranging in alternate fashion. The leaves can be elliptic, oblong to ovate and 
obtuse or apiculate at apex. This plant has small off-white-greenish flowers. The fruits 
are tiny, smooth capsules containing seeds.  (Figure 4) (Khatoon et al., 2006; 
Bagalkotkar et al., 2006). 
 P. amarus has a number of constituents such as lignans, terpenoids, alkaloids, 
flavonoids, phenols and tannins (Bagalkotkar et al., 2006). Phyllanthin and 
hypophyllanthin are the two major lignans found in this plant. 
 

Figure 4 Phyllanthus amarus Schum. and Thonn. (http://www.learners.in.th/moo_lita/list;   
  http://www.stuartxchange.org/SampaSampa_kan.html). 

  

http://www.learners.in.th/moo_lita/list
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The yield of phyllanthin (a diarylbutane type lignan) and hypophyllanthin (a 
aryltetrahydronaphthalene type lignans) were approximately 0.5% and 0.3% of dried 
whole plant, respectively (Tripathi et al., 2006). Other lignans included niranthin, 
nirtetralin, phyltetralin, lintetralin, isolintetralin, 2,  3-desmethoxy seco-isolintetralin, 2, 3-
des-methoxy seco-isolintetralin diacetate, linnanthin, demethylenedi-oxyniranthin, 
nirphyllin and phyllnirurin. Other identified compounds in P. amarus are flavonoids [rutin, 
quercetin, quercitrin, astragalin, gallocatechin, nirurin, quercetol, niruriflavone ], terpenes 
[limonene, p-cymene, lupeol], coumarins [ellagic acid, methyl brevifolincarboxylate], 
tannins [repandusinic acid, geraniin, corilagin], saponins, alkaloids [norsecurinine], 1-O-
galloyl-6-O-luteoyl-a-D-glucose and b-glucogallin (Bagalkotkar et al., 2006)  

Major lignans compounds from P. amarus such as phyllanthin and 
hypophyllanthin have been shown to reverse the plasma uric acid level of hyperuricemic 
animals to its normal level (Murugaiyah and Chan, 2006). In addition, it was reported 
that the antioxidative and hepatoprotective activities of phyllanthin and hypophyllanthin 
were able to protect CCl4- and galactosamine-induced cytotoxicity in primary cultured 
rat hepatocytes and HepG2 cell line. The data showed that these compounds could 
prevent leakage of cytosolic enzyme [alanine aminotransferase (ALT); lactate 
dehydrogenase (LDH)], could reduce lipid peroxidation and improve glutathione status 
of the cell treated with either CCl4 or galactosamine (Krithika et al., 2009; Syamasundar 
et al., 1985). Moreover, phyllanthin could protect against ethanol-induced oxidative 
stress in rat liver cells. Consequently, cellular damages could be prevented 
(Chirdchupunseree, 2009). In other studies, phyllanthin and hypophyllanthin were 
effective multidrug resistance reversing agents, as evidenced by its inhibition p-
glycoprotein function in vitro cancer cell lines (Leite et al., 2006; Somanabandhu, 1993).  

It has been reported that the alcoholic extract of P. amarus could induce 
relaxation in smooth muscles of various organs including vascular smooth muscle, 
uterus, intestine, stomach and trachea (Kitisin, 1952). In addition, the aqueous extract 
from its leaves reduced mean arterial pressure significantly ( Etuk, 2006). The aqueous 
extract of leaves of P. amarus suppressed the myocardial function and caused 
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hypotensive effects in rabbits and rat. These effects were possibly linked to muscarinic 
receptor-mediated mechanisms and calcium channel ion blockade (Amaechina and 
Omogbai, 2007). Methyl brevifolincarboxylate from the leaves of Phyllanthus niruri 
inhibited NE-induced vasocontraction which, in part, was due to inhibition of intracellular 
Ca2+ flux through ROC (Iizuka, Moriyama and Nagai, 2006). Furthermore,  n-butanol 
extract from leaves of Phyllanthus acidus induced vasorelaxation via NO/cGMP pathway 
and opening of KATP and BKCa channels in the vascular smooth muscle of isolated rat 
thoracic aorta (Leeya et al., 2010). 

  
Control of vascular tone: contraction and relaxation  
Vascular contraction 

Vascular tone is regulated by a number of factors such as endothelium-derived 
factors, autonomic nervous system, neurohormone and local mechanisms (Taohjian et 
al., 2008). As known, contraction of vascular smooth muscle largely depends on the 
levels of intracellular Ca2+. The rising of free cytosolic Ca2+ depends on the influx of Ca2+ 
from the extracellular environment and the release of Ca2+ from sarcoplasmic reticulum 
(SR) stores (van Breemen and Saida, 1989; Carl, Lee and sanders, 1996). The pathways 
of Ca2+ entry and the release from SR stores were described below (Figure 6).  

 

The Ca2+ influx from an extracellular source 

The Ca2+ influx into smooth muscle cell occurs mainly through two types of 

transmembrane Ca2+ channels: voltage-operated calcium channels (VOC) and receptor-

operated calcium channels (ROC) (van Breemen and Saida, 1989). In smooth muscle 

cells, the L-type Ca2+ channels, which can be either VOC or ROC, are considered to be 

a major Ca2+ influx. As the VOC, the channels open by changes in action potential of 

plasma membrane, leading to depolarization and open of the channels (Karaki et al., 

1997; McFadzean and Gibson, 2002). Generally, the in vitro models have provided 

evidence of a principal role of membrane depolarization by using, high potassium 
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solution to depolarize plasma membrane. Consequently, contraction of smooth muscle 

can be observed due to Ca2+ influx through the open VOC (McFadzean and Gibson, 

2002). For the ROC, the channels open through activation of receptor coupled to 

signaling cascade that eventually activate the channels. In vascular smooth muscle, an 

activation of α1- adrenoceptor stimulates the formation of inositol 1, 4, 5-trisphosphate 

(IP3) and diacylglycerol (DG). Subsequently, IP3 binds to its receptors on SR stores, 

leading to the release Ca2+ from SR whereas DG activates protein kinase C (PKC) and 

its signaling cascade. Consequently, the phosphorylation of these  L-type Ca2+channels 

occurs and the channels open (van Breemen and Saida, 1989; McFadzean and Gibson, 

2002). 

In general, either a number of receptor agonists or depolarizing solution are 
used to open of ROC or VOC in order to provoke vascular contraction in the vitro model  
of isolated organ preparation (van Breemen and Saida, 1989). There is another 
mechanism to induce the Ca2+ movement across plasma membrane in the absence of 
any contractant, as described by other investigators (Noguera et al., 1992, 1993, 1997). 
In this model of spontaneous contraction, α-1 agonist was used repetitively to induce 
contraction in Ca2+- free condition until the contractile response was not observed. As 
known, the α-1 agonist-mediated contraction contains two phases which include an 
initial phasic response and a tonic contraction. The initial phasic response is triggered 
by a rising of Ca2+ released from SR via inositol 1, 4, 5-trisphosphate (IP3) pathway. The 
tonic contraction subsequently maintained by an influx of extracellular Ca 2+ (van 
Breemen and Saida, 1989; McFadzean and Gibson, 2002). Thus, the depletion of 

intracellular Ca2+ pools can be obtained in the muscle repetitively treated with α-1 
agonists in Ca2+- free solution. Moreover, it was hypothesized that in this specific 
condition, Ca2+- depleted capacitative Ca2+ stores triggered the signaling cascade to 
activate membrane Ca2+ channels. The presence of extracellular Ca2+ then could rapidly 
flux into the cells in order to replenish the capacitative Ca2+ stores. Hence, spontaneous 
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contraction or increase in the resting tone could be observed in this pnenomenon 
(Figure 5) (Noguera et al., 1997). 
 

 
Figure 5 Spontaneous contraction or increase in the resting tone (Noguera et al., 1997). 

 
The release of intracellular Ca2+ from the sarcoplasmic reticulum (SR)  

SR is a major storage of Ca2+ within the smooth muscle cells. The Ca2+ release 

from SR is generally signaled by activation of either inositol 1, 4, 5-trisphosphate 

receptor (IP3R) or ryanodine receptor (RyR). Caffeine is a known RyR agonist, which can 

mediate the release of Ca2+ from SR through RyR activation (van Breemen and Saida, 

1989; Hill et al., 2001). The IP3-induced Ca2+ release occurs from the production of IP3, a 

second messenger in the activation of α-adrenergic receptor. The binding of IP3 to IP3R 

on SR stores leads to the release Ca2+ from SR (van Breemen and Saida, 1989; Hill et 

al., 2001; Harnett and Biancani, 2003). Furthermore, the Ca2+ release from SR can be 

resulted from extracellular through voltage-operated Ca2+ channel (VOC), receptor-

operated calcium channels (ROC) and Na+/Ca2+ exchanger, leading to the increase of 

intracellular Ca2+ and release Ca2+ from SR (Karaki et al., 1997). 
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Figure 6 Pathways involving the control of Ca2+ entry through Ca2+ channels and release 
  of Ca2+ from sarcoplasmic reticulum (SR) (Carl, Lee and sanders, 1996). 
 

As increasing of intracellular Ca2+ and then, Ca2+ binds to calmodulin to form a 

Ca2+- calmodulin complex, an activator of myosin light chain kinase (MLCK). 

Subsequently, MLCK phosphorylates myosin light chain (MLC) to enable myosin -actin 

interaction, which leads to cross-bridge cycling and contraction (Webb, 2003). At the 

same time, RhoA is activated by guanine nucleotide exchange factor (RhoGEF) via 

small GTP-binding protein RhoA, leading to migration of RhoA to the plasma membrane. 

Then, RhoA activates Rho kinase and lead to inhibit of myosin phosphatase activity and 

this promotes the contraction (Webb. 2003). This event was simply illustrated by the 

diagram in Figure 7. 
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Figure 7 Pathways to illustrate signaling in smooth muscle contraction (Webb, 2003) 
 

Smooth muscle relaxation 
Generally, the vasorelaxation can be governed by either endothelium-dependent 

or endothelium-independent mechanisms. The mechanisms that involve with smooth 

muscle relaxation were shown in Figure 8. 

The endothelium-dependent relaxation has been linked to the production of 

endothelium-derived relaxing factors (Suzuki, Chen and Yamamoto, 1992). The 

activation of the specific receptor such as muscarinic receptor on endothelial cell, can 

eventually lead to an increase of intracellular Ca2+ and an activation of endothelial cells 

synthesis and secretion of various vasodilators such as nitric oxide (NO), prostacyclin 
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(PGI2), epoxyeicosatrienoic acids and endothelium-derived hyperpolarizing factor 

(EDHF) (Ignarro, 2002; Stankevicius et al., 2003; Vallance, 1992). 

Endogenous NO is generated in endothelium cells via the enzyme nitric oxide 
synthase (NOS). After production, NO diffuses to vascular smooth muscle and activates 
soluble guanylyl cyclase (sGC) to generate cyclic quanosine monophosphate (cGMP) 
(Denninger and Marletta, 1999). As known, cGMP activates cGMP-dependent protein 
kinase/protein kinase G (PKG), which  subsequently phosphorylates Ca2+- activated 
K+channels (KCa channels) and ATP-sensitive K+channels (KATP channels) (Ko et al., 
2008). The phosphorylation causes an open of these K+ channels and K+ efflux, followed 
by membrane hyperpolarization, closure of voltage-operated Ca2+channel, decrease in 
intracellular Ca2+ and vasorelaxation (Lee and Severson, 1994; Hecker, 2000; Ignarro, 
2002; Stankevicius et al., 2003).      

Other vasorelaxing substances released from endothelium cells are prostacyclin 

(PGI2) and endothelium-derived hyperpolarizing factor (EDHF). Prostracyclin (PGI2) is 

product of arachidonic acid from cyclooxygenase (COX) catalysis. In smooth muscle 

cell, PGI2 activates adenylate cyclase (AC)  and increases cyclic adenosine 

monophosphate (cAMP). Subsequently, cAMP activates cGMP-dependent protein 

kinase/protein kinase A (PKA), resulting in phosphorylation of Ca2+- dependent K+ (KCa) 

channels, ATP-sensitive K+ (KATP) channels, voltage-dependent K+ (K v) channels, inward 

rectifier K+ (KIR) channels and vasorelaxation eventually (Ko et al., 2008). Substrate of 

Endothelium-derived hyperpolarizing factor (EDHF) has yet known, but its production 

involve with Ca2+- dependent process in the endothelial cell. Although the mechanism of 

action is unclear, it is likely that EDHF mediates vasorelaxation via suppression of 

intracellular Ca2+ in smooth muscle (Suzuki, Chen and Yamamoto 1992; Stankevicius et 

al., 2003).  
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Figure 8 Mechanism of smooth muscle relaxation (Stankevicius et al., 2003) 

 

The endothelium-independent pathways involve with -adrenoceptor and K+ 

channels in smooth muscle. Stimulation of -adrenoceptor in vascular smooth muscle 
leads to the activation of adenylate cyclase (AC) and production of cyclic adenosine 

monophosphate (cAMP). As known, an increasing of cAMP further activates protein 
kinase A (PKA), which subsequently phosphorylates K+ channels and vasorelaxation 
(Baloglu et. al., 2007; Ericsson and Lundholm, 1975). 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Balo%C4%9Flu%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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K+ channels play important roles in the regulation of the membrane potential in 
vascular smooth muscle cells. To date, four distinct types of K+ channel have been 
identified in vascular smooth muscle: ATP-sensitive potassium (KATP) channels, voltage-
dependent K+ (K v) channels, Ca2+- activated K+ (BKCa) channels and inward rectifier K+ 
(KIR) channels. Each of K+ channels is responsive to protein kinase G (PKG) and protein 
kinase A (PKA). The activation of these K+ channel leads to the membrane 
hyperpolarization, closure of voltage-operated Ca2+ channels, decrease in intracellular 
Ca2+ and vasodilation.  Whereas K+ channels are closed, decreased efflux of K+ leads to 
membrane depolarization and vasoconstriction (Figure 9) (Jackson, 2000; Ko et al., 
2008). 

 
 

Figure 9 K+ channels and vascular tone (Jackson, 2000) 
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CHAPTER III 

MATERIALS AND METHODS 

 

Animals 

Adult male Wistar rats of body weight between 250-300 g were obtained from 
National Laboratory Animal center, Mahidol University, Salaya, Nakornpathom. The 
animals were acclimatized for 1-2 week before the experimentation in animal care facility 
at the Faculty of Pharmaceutical Sciences, Chulalongkorn University. Animals were 
housed under environment-controlled conditions: at room temperature 25 ± 2 ◦C with 12-
hours light/dark cycle, and 60% humidity. The animals received standard rat pellets and 
tap water ad libitum. This study was approved by the Ethics Committee of Faculty of 
Pharmaceutical Sciences, Chulalongkorn University, Thailand. (Approval number 10-33-
004) 

Chemicals  

Major chemicals in this study included phenylephrine (PE), potassium chloride 
(KCl), acetylcholine (ACh), caffeine, calcium chloride (CaCl2), atropine, nifedipine, 
tyramine, prozosin, barium chloride (BaCl2), glibenclamide, indomethacin, methylene  
blue, NG-nitro-L-arginine  methyl  ester (L-NAME), propranolol, tetraethylammonium 
(TEA), 4-aminopyridine (4-AP), dimethyl  sulfoxide (DMSO) 99.5%.  All chemicals were 
purchased from Sigma Chemical Co. (St. Louis, MO, U.S.A.). The high K+- Ca2+- free 
depolarizing solution contains (mM): NaCl 27; KCl 100; NaHCO 3 14; KH2PO4 14; D-
glucose 10 and MgCl2 0.54.  The Ca2+- free solution contains (mM): NaCl 119; KCl 4.7; 
NaHCO3 25; D-glucose 11.1; MgSO4 1.0; KH2PO41.2 and EDTA 0.2. All chemicals were 
analytical grades.    
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Test compounds 

Phyllanthin and hypophyllanthin were kindly provided by Assoc. Prof. Pornpen 
Pramyothin, Department of Pharmacology  and Physiology, Faculty of Pharmaceutical 
Sciences, Chulalongkorn University. The isolation and purification were described in 

Chirdchupunseree (2009). In brief, the two compounds were isolated f rom the fresh 
aerial part of Phyllanthus amarus which was collected in and around Faculty of 
Pharmaceutical Sciences, Chulalongkorn University. After pulverization and extraction 
with hexane, the compounds were isolated and further purified by column 
chromatography, using n-hexane and ethyl acetate as mobile phase. Phyllanthin and 
hypophyllanthin were identified by IR spectrum and HPLC, comparing with standard 
references (Chromadex, Inc., U.S.A.). The purities of these two compounds were at least 
98%. 

Phyllanthin and hypophyllanthin were dissolved in 99.5% DMSO throughout the 
studies. The final concentration of DMSO in the system was less than 0.2% (v/v). At this 
concentration, DMSO had no vasoactive effects on rat vascular smooth muscle. 

Preparation of aortic rings 

Rats were anaesthetized by carbon dioxide (CO 2) and sacrificed by cervical 
dislocation. The thoracic aorta was carefully removed and placed in petri -dish 
containing Krebs-Henseleit solution (KHS) of the following composition (mM): NaCl 119; 
KCl 4.7; CaCl2 2.5; KH2PO41.2; NaHCO3 25; D-Glucose 11.1 and MgSO4 1.0. Then, the 
thoracic aorta was cleaned and cut into 4 segments of approximately 2 -3 mm long.  
Each segment was suspended in double walled organ baths (Harvard type Organ bath) 
which contained 10 ml of KHS bubbled with carbogen gas, pH 7.4 ± 0.5 at 37°C. The 
vascular tension was recorded with an isometric force transducer model MLT 050/A 
(ADInstruments, Australia) that was connected to computer equipped with Software 
Chart 5.0 of PowerLab 4/SP data acquisition system (ADInstruments, Australia).    During 
an initial stabilization period of approximately 60 min, KHS was replaced every 15 min.  
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In some preparations, the endothelium was removed by gently rubbing the 
lumen with cotton swab. Generally, the aortic rings were tested for the presence of 
functional endothelium by addition of acetylcholine (ACh 10 µM). The preparations were 
considered as endothelium-intact when the relaxation responses to ACh were greater 
than 60%. The endothelium-denuded preparations were applied when the relaxation 
responses were less 10%. 

Experimental procedures 

1. Vasorelaxation effects of the test compounds  
The aortic rings were pre-contracted with PE (1 µM). At plateau state, both 

phyllanthin and hypophyllanthin were added cumulatively in the concentration ranges of 
1-100 µM (Figure 10). In another experiments, a number of known vasodilation inhibitors 
[atropine (1 µM), BaCl2 (10 µM), glibenclamide (10 µM), indomethacin (10 µM), L-NAME 
(100 µM), methylene blue (10 µM), propranolol (10 µM), 4-aminopyridine (100 µM) and 
TEA (10 µM)] were added 10 minutes prior to the test compounds.  In separated 
experiments, the effect of DMSO was also determined, and used as control group. The 
relaxation responses were calculated in relative to the tensions developed from addition 
of PE (1 µM) in the absence of the test compounds. The data were expressed as the 
percentages of the PE-induced contraction.  
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Experiment 1 
 
     phyllanthin/hypophyllanthin       vasodilation inhibitor        phyllanthin/hypophyllanthin 
            (100 µM)/DMSO                                                                (100 µM)/DMSO  

                              W 
Incubate     Record           Incubate              Record 

        l----------l-----------------l-----------------l-------------------l---------------------l-----------------------l 
 

             PE (1µM)                                                         PE (1 µM)  
 

Krebs – Henseleit solution 

 
Figure 10 Experimental diagram for testing the vasorelaxation responses of the 

            test compounds. 
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2. Effects of the test compounds on vascular contractions 
2.1 Vasopressive actions of the test compounds 

 The aortic rings were suspended in normal KHS until the baseline tension was 
stable. Then, the test compounds (in the concentration range of 1 µM -100 µM) were 
added cumulatively to induce contraction. After washing, either tyramine (1 µM), its can 
release NE from presynaptic storage vesicles, leading to muscle contractio n 
(Krishnamurty and Grollmax, 1972) or prazosin (1 µM), a known α1-adrenoceptor 
antagonist was added to the test system for 10 minutes prior to addition  of either 
phyllanthin or hypophyllanthin (Figure 11)   
 
Experiment 2.1 

                                                                 phyllanthin/hypophyllanthin 
                                                  W                                 (1 - 100 µM) 
 
          Incubate           Record                    Incubate                     Record 

 

     l-------------------l-------------------l------------------------l------------------------------------------l 
 
 
             phyllanthin/hypophyllanthin           tyramine (1 µM)/prazosin (1 µM)  
                (1 -100 µM) 
 
                         

Krebs-Henseleit solution  
 

 
Figure 11 Experimental diagram for testing the vasopressive effects of the test 

                   compounds.  
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2.2 Agonist-induced aortic contraction  
The aortic rings were suspended in normal KHS containing tyramine (1 µM) until 

the baseline tension was stable. Then, vasoactive agonist [either PE (1 µM) or KCl (40 
mM)] was added to provoke contraction. The tension was recorded for 15 minutes. The 
effect of the test compounds (phyllanthin and hypophyllanthin) on agonist-induced 
contraction were determined by incubating the compound at a selected concentration 
(ranging 1-200 µM) for 20 minutes prior to addition of either agonist (Figure 12). The 
residual tension in the presence of the test compound was  expressed as a percentage 
of the maximal contraction induced by each specific agonist. In separated experiments, 
the effect of DMSO was also determined, and used as control group.  
 
Experiment 2.2 

                                                                          phyllanthin/hypophyllanthin 
                                                  W                  (1, 10, 50, 100, 200 µM)/DMSO 
 
          Incubate           Record                    Incubate                     Record 

 

     l-------------------l-------------------l------------------------l------------------------------------------l 
 
 

             PE (1 µM)/KCl (40mM)                         PE (1 µM)/KCl (40mM) 
 
                         

tyramine - containing KSH 

 
 

Figure 12 Experimental diagram for testing the effects of the test compounds on 
           agonist-induced aortic contraction. 
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2.3 Spontaneous contraction 
The spontaneous contraction could be induced under certain specific condition  

(Noguera and D’Ocon, 1992). A spontaneous rising of the resting tension could be 
obtained in the rings that were depleted of intracellular Ca2+ by PE (10 µM), as 
previously described by Noguera et al., 1997. In brief, PE (10 µM) was added into Ca2+- 
containing solution to provoke aortic contraction for 15 minutes. Then, the rings were 
washed with Ca2+- free KHS, and incubating in this Ca2+-free buffer for another 15 
minutes. Next, either PE (10 µM) or KCl (40 mM) was repetitively applied until no 
contraction was observed. Then, upon changing the bathing solution from Ca 2+- free to 
Ca2+- containing KHS, a spontaneous contraction of the aortic rings were observed 
(Figure 13). The effect of the test compounds (phyllanthin and hypophyllanthin) on 
spontaneous contraction was examined by addition the test compounds at 
concentration of 100 µM for 5 minutes in Ca 2+- free KHS prior to changing it to normal 
KHS. The spontaneous contraction was expressed as percentage residual contraction 
which was calculated as the percentage of PE-induced contraction in normal KHS. In 
separated experiments, the effect of DMSO was also determined, and used as control 
group.  

Experiment 2.3                                   phyllanthin/hypophyllanthin 
                                                                  (100 µM)/DMSO 

 
              PE1                               PE2       PE2                                                                   PE3 
      Ca2+                            Ca2+ - free                                      Ca 2+                  Ca2+ - free 

 
Figure 13 Experimental diagram for testing the effects of the test compounds on  

                       spontaneous contraction. 
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2.4 Aortic contraction in high K+- Ca2+- free depolarizing solution 
The aortic rings were suspended in normal KHS until the baseline tension was 

stable. Next, the normal KHS was replaced by high K+- Ca2+- free depolarizing solution 

and further incubated until the baseline tension was stable. Then, CaCl2 (in the 
concentration range of 10 µM-10 mM) were added cumulatively to induce contraction 
(Figure 14). The effect of the test compounds (phyllanthin and hypophyllanthin) was 
examined by addition the test compound at concentration of 100 µM for 10 minutes 
prior to addition of CaCl2. The contraction was expressed as a percentage of the 
maximum contraction induced by CaCl2. In separated experiments, the effect of DMSO 
(solvent control) and nifedipine (positive control) were also determined.  

The pD2 value was calculated according to van Rossum (1963). 
pD2 = -log [B] + log ([EAM] / [EAMB]-1)                                                                                                                            
[B] was concentration of non competitive antagonist 
[EAM] and [EAMB] were maximum contraction in the presence of antagonist and 
absence of antagonist. 

Experiment 2.4 

                                                                          phyllanthin/hypophyllanthin 
                                                  W                     (100 µM)/DMSO/nifedipine 
          Incubate           Record                    Incubate                     Record 

 

     l-------------------l-------------------l------------------------l----------------------------------------------- l 
 
  CaCl2 (10 µM – 10 mM)                        CaCl2 (10 µM – 10 mM) 

 
                        High K+ - Ca2+- free depolarizing solution  

 
Figure 14 Experimental diagram for testing the effects of the test compounds on aortic  

    contraction in high K+- Ca2+- free depolarizing solution. 
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2.5 Aortic contraction in Ca2+- free solution 
After the baseline tension was stable in normal KHS, PE (1 µM) was added to 

induce aortic contraction for 15 minutes.  Then, the aortic ring was washed with Ca2+- 
free KHS 3 times, followed by incubating the ring in Ca 2+- free KHS for 15 minutes prior 
to addition of either PE (1 µM) or caffeine (10 mM). The effect of the test compounds 
(phyllanthin and hypophyllanthin) on contraction in Ca2+- free KHS were studied by 
addition of the compound at concentration of 100 µM for 10 minutes prior to addition of 
either PE (1 µM) or caffeine (10 mM) (Figure 15). The response was expressed as a 
percentage of either PE- or caffeine-induced contraction in Ca2+- free KHS in the 
absence of the test compounds. In separated experiments, the effect of DMSO was also 
determined, and used as control group. 

Experiment 2.5 
                                                                                                  phyllanthin/hypophyllanthin 
                                      W                            W                                 (100 µM)/DMSO 
 
       Incubate     Record    Incubate   Record                            W 

 

     l-------------l--------------l-------------l-------------l-------- ------------l---------------l--------------------l 
 
 

               PE (1 µM)        PE (1 µM)/                PE (1 µM)                  PE (1µM)/ 

                             caffeine (10 mM)                                 caffeine (10 mM)                               
 
                         
                      Ca2+           Ca2+- free                    Ca2+                             Ca2+- free   
 

Figure 15 Experimental diagram for testing the effects of the test compounds on aortic 

      contraction in Ca2+- free solution. 
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Statistical Data Analysis 
 The results were expressed as the mean ± standard error of the mean (S.E.M.) 
for 4-6 separated experiments.  The individual IC50 values were calculated from dose-
response curves by linear regression. Statistical significances were tested by one -way 
analysis of variance (ANOVA) followed by post-hoc Dunnett t-test, where appropriate. 
The p values less than 0.05 were considered statistically significant.  



 
CHAPTER IV 

RESULTS 

 
1. Vasorelaxation effects of the test compounds 
The relaxation profiles of endothelium-intact and endothelium-denuded aortic 

rings were demonstrated in Figure 16-18.  In this study, both phyllanthin and 
hypophyllanthin (1-100 µM) significantly induced vasorelaxation in the aortic rings that 
were pretreated with PE (1 µM). The vasorelaxation effects of these two compounds 
were concentration-dependent. In addition, the relaxation responses to each compound 
in either endothelium-intact or endothelium-denuded aortic rings were comparable 
(Figure 19), suggesting that removal of the functional endothelium had no significant 
influence on the intrinsic vasorelaxing activity of these compounds. The results also 
revealed that phyllanthin was more potent than hypophyllanthin in modulating the 
vascular tension, as evidenced by the apparent EC50 values of phyllanthin and 
hypophyllanthin induced relaxation were 56.55 ± 2.91 µM and 80.08 ± 5.05 µM in 
endothelium-intact aortic rings, respectively and 55.40 ± 5.50 µM and 84.02 ± 5.93 µM 
in endothelium-duded aortic rings, respectively. 
 In parallel studies, a number of known vasorelaxant inhibitors [ atropine (1 µM), 
BaCl2 (10 µM), glybenclamide (10 µM), indomethacin (10 µM), L -NAME (100 µM), 
methylene blue (10 µM), propranolol (10 µM), 4-aminopyridine (100 µM) and TEA (10 
µM)] were preincubated with the endothelium-denuded rings prior to the relaxation 
experiment as abovementioned. The results showed that none of these inhibitors could 
influence the vasorelaxation responses induced by both phyllanthin and hypophyllanthin 
(Figure 35-45 in appendix).  
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    PE                                             PE 
 
 
b) 
 

 
 

     PE                                    PE 
 
 

Figure 16 Representative tracing showed the relaxation induced by cumulative  
  addition of DMSO 0.2% v/v on PE-induced contraction of endothelium-   
  intact (a) and endothelium-denuded aortic rings (b). 
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a) 
 

 
 
     PE                                              PE 
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     PE                                                   PE 
 
 
Figure17 Representative tracing showed the relaxation induced by cumulative  

   addition of phyllanthin on PE-induced contraction of endothelium-intact  
   (a) and endothelium-denuded aortic rings (b). Phyllanthin   
   concentrations were 1=1, 2=10, 3=50, 4=100 µM.  
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a) 

 
 

 
 
     PE                                              PE 

 
 

b) 
 

 
 
     PE                                  PE 
 

Figure 18 Representative tracing showed the relaxation induced by cumulative  
addition of hypophyllanthin on PE-induced contraction of endothelium-     
intact (a) and endothelium-denuded aortic rings (b). Hypophyllanthin  
concentrations were 1=1, 2=10, 3=50, 4=100 µM.  
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Figure 19 Vasorelaxation effects of phyllanthin and hypophyllanthin (1-100 µM)  

    in endothelium-intact and -denuded aortic rings that were   
    precontracted with PE (1 µM).  

 
Data were presented as mean ± S.E.M., n = 6 
*p<0.05 showed significant difference from DMSO control group.  
#p<0.05 showed significant difference between phyllanthin and hypophylla nthin. 
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2. Effects of the test compounds on vascular contractions 
2.1 Vasopressive actions 

The contraction profiles of endothelium-denuded aortic rings upon cumulative 
addition of phyllanthin or hypophyllanthin (1-100 µM) in normal KHS were shown in 
Figure 20. The results demonstrated that phyllanthin and hypophyllanthin at 
concentration 10 and 50 µM were able to induce aortic contraction. Further addition of 
these two compounds at the concentration of 100 µM did not increase or sustain the 
contractility, instead it relaxed the vascular tension. In another experiment, 
preincubation of the aortic muscle with tyramine caused transient, but significant  
contraction with the tension of 0.31 ± 0.04 g (n=20 ). The results were in agreement with 
other reports (Krishnamurty and Grollmax, 1972) on tyramine-mediated release of NE 
and muscle contraction, suggesting that there were presynaptic storage vesicles of NE 
in the aortic preparations. It was interesting that the  vasopressive effects of the test 
compounds observed in this study could be abolished in the presence of tyramine (1 

uM) (Figure 21). Furthermore, preincubation with prazosin (1 uM), a known α1-
adrenoceptor antagonist, could also prevent the  vasopressive actions of both 
phyllanthin and hypophyllanthin (Figure 22). Taken together, the vasopressive action of 
both phyllanthin and hypophyllanthin were not directly from its intrinsic property. It was 
likely that these two compounds were able to release NE from endogenous presynaptic 
storages which consequently induced muscle contraction. 
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Figure 20 Representative tracing showed the contraction induced by cumulative  
                addition of phyllanthin (a) and hypophyllanthin (b) on resting tension in   

    KHS. Phyllanthin and hypophyllanthin concentrations were 1=1, 2=10,     
    3=50, 4=100 µM.  
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a) 

 

 
 
     1                  2                                3                    tyramine          1           2      3  
 
 
b) 
 

 
                                                        tyramine1        tyramine2             1         2       3 
 
 

Figure 21 Representative tracing showed the effect of tyramine on phyllanthin (a)  
    and hypophyllanthin (b) induced contraction in KHS. Phyllanthin and  
    hypophyllanthin concentrations  were 1=1, 2=10, 3=50 µM.  
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                1                2           3                     prazosin           1             2            3 
 
 
 
b) 
 

 
 
  1               2            3                prozosin         1             2           3 
 
 
Figure 22 Representative tracing showed the effect of prazosin on phyllanthin (a)  

    and hypophyllanthin (b) induced contraction in KHS. Phyllanthin and  
    hypophyllanthin concentrations  were 1=1, 2=10, 3=50 µM.  
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2.2 Agonist-induced aortic contraction 
The contraction profiles of endothelium-denuded aortic rings in responses to PE 

(1 µM) were similar to those of KCl (40 mM) induced contraction (Figure 46, 53 in 
appendix). The magnitude of the developed tension provoked by PE (1 µM) was 1.41 ± 
0.06 g (n = 45) and that provoked by KCl (40 mM) was 1.21 ± 0.05 g (n=58), 
respectively. In addition, tyramine did not interfere with the aortic contraction provoke d 
by either PE or KCl. The developed tensions in the presence of tyramine (1 µ) were 1.27 
± 0.08 g (n=15) for PE-mediated contraction and 1.22 ± 0.08 g (n=23) for KCl-mediated 
contraction, respectively. Pretreatment of aortic rings with phyllanthin and 
hypophyllanthin were able to inhibit the aortic contraction provoked by either PE or KCl  
in concentration-dependent manner (Figure 47-52, 54-59 in appendix). It was interesting 
that hypophyllanthin at concentration 200 µM did not significantly inhib it the KCl-
mediated contraction instead it significantly increased the aortic tension.  

The inhibitory effects of the test compounds on vascular tension were 
summarized in Figure 23, 24. The inhibition profiles suggested that phyllanthin was more 
potent than hypophyllanthin in suppressing the contractile responses of vascular smooth 
muscle upon challenges with either PE or KCl. The apparent IC 50 values of phyllanthin 
were 57.67 ± 8.85 µM for PE-mediated contraction, and 63.30 ± 2.69 µM for KCl-
mediated contraction (Table 7 in appendix). 
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Figure 23 Effects of phyllanthin and hypophyllanthin (1-200 µM) on vascular  

    contraction induced by PE (1 µM) in endothelium-denuded aortic   
    rings. 

 
Data were present as mean ± S.E.M., n = 4-6 
*p<0.05 showed significant difference from DMSO control group. 
#p<0.05 showed significant difference between phyllanthin and hypophyllanthin. 
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Figure 24 Effects of phyllanthin and hypophyllanthin (1-200 µM) on vascular  

    contraction induced by KCl (40 mM) in endothelium-denuded aortic   
    rings. 

 
Data were present as mean ± S.E.M., n = 4-6 
*p<0.05 showed significant difference from DMSO control group. 
#p<0.05 showed significant difference between phyllanthin and hypophyllanthin. 
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2.3 Spontaneous contraction 
Upon changing of the physiological solution from Ca 2+- free solution to Ca2+- 

containing solution, a spontaneous contraction was observed, suggesting the Ca 2+ flux 
into the smooth muscle through the membrane Ca 2+ channel as previously reported by 
other investigators (Noguera et al., 1997). In this study, the maximum of spontaneous 
contraction was 52.82 ± 2.30 % (n=16) in relative to the contractile responses to PE (1 
µM) in Ca2+- containing normal KHS. On the contrary, a spontaneous contraction was 
not observed under similar condition, except that KCl (40 mM) was used to provoke the 
contraction (Figure 60 in appendix). Pretreatment of aortic rings with DMSO (0.2% v/v) 
did not affect on spontaneous contraction in this experimental condition (Figure 25).   

The results showed that both phyllanthin and hypophyllanthin (100 µM) 
significantly inhibited a spontaneous contraction of the Ca2+- depleted rings upon 
changing Ca2+- free KHS to Ca2+- containing buffer (Figure 26, 27). The inhibition profiles 
suggested that these two compounds might affect capacitative Ca2+ entry and refilling of 
Ca2+- internal stores.  
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PE                         PE1           PE1’                                       PE2                    PE3                PE3’                                       PE4           PE5 

                  Ca2+                            Ca2+- free                                   Ca2+                                Ca2 - free                    Ca2+       Ca2+ - free            Ca2+ 
 
 
Figure 25 Representative tracing showed the effect of DMSO 0.2% (v/v) on spontaneous contraction in Ca2+- containing  KHS. 
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      Ca2+                          Ca2+- free                     Ca2+     Ca2+- free      Ca2+ 

 
b) 

 

 
   

       PE                    PE1        PE1’                                     PE2           PE3 
  
         Ca2+                           Ca2+- free                 Ca2+     Ca2+- free          Ca2+ 
 
Figure 26 Representative tracing showed the effects of phyllanthin (a) and 

    hypophyllanthin (b) (100 µM) on spontaneous contraction in Ca2+-  
    containing KHS.  
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Figure 27 Effects of phyllanthin and hypophyllanthin (100 µM) on  spontaneous  

    contraction in  Ca2+- containing KHS. 
 

Data were present as mean ± S.E.M., n = 5-6 
*p<0.05 showed significant difference from DMSO control group. 
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2.4 Aortic contraction in high K+ - Ca2+- free depolarizing solution 
The contraction profiles of endothelium-denuded aortic rings upon cumulative 

addition of CaCl2 (10 µM – 10mM) in high K+ - Ca2+- free depolarizing solution were 
shown in Figure 28-30. In this study, nifedipine, a known Ca2+ blocker, was used as a 
positive control in inhibiting the CaCl2-mediated contraction of depolarized aortic 
muscle. The results demonstrated that phyllanthin (100 µM) and nifedipine (10 µM) 
significantly inhibited the CaCl2-induced contraction (Figure 31), with the apparent pD2 
values of 2.53 ± 0.13 and 2.78 ± 0.09 for phyllanthin and nifedipine, respectively. In 
addition, the inhibitory effect of phyllanthin was surmountable with the cumulative 
addition of CaCl2, suggesting its reversibility. By contrast, the contractile responses in 
the presence of hypophyllanthin at the equimolar concentration were not significantly 
different from those of DMSO control group. These findings suggested that phyllanthin, 
but not hypophyllanthin, was able to directly inhibit Ca2+ influx to the smooth muscle 
through voltage-operated Ca2+ channels (VOC). 
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Figure 28 Representative tracing showed the effect of DMSO 0.2% (v/v) on  
    CaCl2 -induced contraction of endothelium-denuded aortic rings in  

  high K+- Ca2+- free depolarizing solution. CaCl2 concentrations were  
  1=10-5, 2=5x10-5, 3=10-4, 4=5x10-4, 5=10-3, 6=5x10-3, 7=10-2 µM. 
 
 

 
 

 
Figure 29 Representative tracing showed the effect of nifedipine (positive   

    control) on CaCl2 -induced contraction of endothelium-denuded aortic  
    rings in high K+- Ca2+- free depolarizing solution. CaCl2 concentrations   
    were 1=10-5, 2=5x10-5, 3=10-4, 4=5x10-4, 5=10-3, 6=5x10-3, 7=10-2 µM 

5 min 

 0.25 g 

 1  1 
 2  2 

 3  3 
  4  4   5 

  5 
6 

 6  7 

 7 
 DMSO 

 0.25 g 

5 min 

 1  1   2   2 
  3 

 3 
  4 

 5  6 

 6  4  5 

 7 

 7 

 nifedipine 



46 

 

a) 
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Figure 30 Representative tracing showed the effects of phyllanthin (a) and  
    hypophyllanthin (b) (100 µM) on CaCl2 -induced contraction of  
    endothelium-denuded aortic rings in high K+- Ca2+- free depolarizing    
    solution. CaCl2 concentrations were 1=10 -5, 2=5x10-5, 3=10-4,       
    4=5x10- 4, 5=10-3, 6=5x10-3, 7=10-2 µM.  
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Figure 31 Effects of phyllanthin and hypophyllanthin (100 µM) on  vascular  

    contraction induced by cumulative addition of CaCl2 in high K+- Ca2+-  
    free depolarizing solution. 

 
Data were present as mean ± S.E.M., n = 5-6 
*p<0.05 showed significant difference from DMSO control group. 
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2.5 Aortic contraction in Ca2+- free solution 
The contraction profiles of endothelium-denuded aortic rings in Ca2+- free 

solution upon addition of specific contraction were shown in Figure 32.  PE (1 µM) 
produced a biphasic contractile response whereas caffeine (10 mM) produced a small 
transient contraction. In Ca2+- free buffer, PE could increase intracellular Ca2+ by 
activating IP3 receptor at sarcoplasmic reticulum. The tension induced by PE in this Ca2+ 
-free condition was 0.24 ± 0.03 g (n = 15). The results showed that both phyllanthin and 
hypophyllanthin at concentration of 100 µM significantly inh ibited PE-induced 
contraction to 24.08 ± 1.29% and 55.72 ± 2.89% (n=4-5), respectively (Figure 34). The 
findings suggested that both compounds could interfere the smooth muscle contraction 
involving with the IP3-mediated release of Ca2+ from its internal stores. 

The effect of the test compounds on the caffeine -mediated contraction was also 
investigated (Figure 33). As known, caffeine could increase intracellular Ca 2+ by 
activating ryanodine receptor at sarcoplasmic reticulum (SR). In this study, the tension 
induced by caffeine was 0.12 ± 0.02 g (n = 12). As shown in Figure 34, both phyllanthin 
and hypophyllanthin at concentration of 100 µM had any effect on caffeine -induced 
contraction. The results suggested that both test compounds had any influcence on the 
release of Ca2+ from SR via activation of ryanodine receptor.  
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Figure 32 Representative tracing showed the effects of DMSO 0.2% (v/v) (a),  
                phyllanthin (b) and hypophyllanthin (c) (100 µM) on PE-induced  

   contraction of endothelium-denuded aortic rings in Ca2+ - free solution.    
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a)   
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       Caffeine                                   hypophyllanthin             Caffeine 
 
Figure 33 Representative tracing showed the effects of DMSO 0.2% (v/v) (a),  
                phyllanthin (b) and hypophyllanthin (c) (100 µM) on caffeine-induced  

   contraction of endothelium-denuded aortic rings in Ca2+ - free solution.   
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Figure 34 Effects of phyllanthin and hypophyllanthin (100 µM) on  vascular  

    contraction induced by PE and caffeine in Ca2+ - free solution. 
 
Data were present as mean ± S.E.M., n = 4-5 
*p<0.05 showed significant difference from DMSO control group



 

CHAPTER V 

DISCUSSION AND CONCLUSION 

 

The purpose of this study was to investigate the effects of phyllanthin and 
hypophyllanthin on vascular tension. The study was also examined the influence of 
endothelium on the vascular actions of these two compounds.   

The effects of phyllanthin and hypophyllanthin induced vasorelaxation were 
determined in endothelium-intact and endothelium-denuded aortic rings. In this study, 
both phyllanthin and hypophyllanthin significantly induced vasorelaxation in the aortic 
rings that were pretreated with PE. The relaxation responses of aortic muscle to each 
compound in the presence and absence of endothelium appeared to be comparable. 
These findings suggested that the intrinsic vasorelaxing activity of these two compounds 
was independent of functional endothelium. As known, endothelial cells released a 
number of vasodilators such as nitric oxide (NO), prostacyclin (PGI2) and endothelium-
derived hyperpolarizing factor (EDHF) (Ignarro, 2002; Stankevicius et al., 2003; Suzuki, 
Chen and Yamamoto, 1992). It was unlikely that both phyllanthin and hypophyllanthin 
could enhance the release of these endothelium derived relaxing factors (EDRFs). 
Moreover, treatment the aortic muscles with methylene blue and specific K + channel 
inhibitors such as glibenclamide, tetraethylammonium, 4-aminopyridine and barium 
chloride had no influence on the relaxation mediated by these two lignans. 

As known, the key action of endothelial derived NO is to activate soluble 
quanylyl cyclase (sGC) in smooth muscle cells, leading to relaxation. In this study, 
methylene blue, a known sGC inhibitor had no significant effects on the relaxation 
induced by both phyllanthin and hypophyllanthin. These results suggested that the 
actions of the two lignans were not related to activation of the NO/cGMP pathway. These 
findings distinguished the modes of action of phyllanthin and hypophyllanyhin from 
those of other lignans such as secoisolariciresinol diglucoside (SDG) is a lignan isolated 
from flaxseed which has the molecular structure similar to phyllanthin and 
hypophyllanthin (Figure 1). It was reported that the hypotensive effect of SDG was 
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mediated through NO/cGMP pathway (Prasad, 2004). Furthermore, n-butanol extract 
from leaves of Phyllanthus acidus induced vasorelaxation via NO/cGMP pathway (Leeya 
et al., 2010). In addition, the vasorelaxation effects of these two compounds could not 
be inhibited by atropine, a muscarinic receptor antagonist. The findings supported that 
the two compounds had no influence on the NO/cGMP pathways.  

The effects of both phyllanthin and hypophyllanthin on K+ channel were also 
determined in this study. It is well established that K+ channels play important roles in 
the regulation of membrane potential in vascular smooth muscle cells. The open of K + 
channels causes the membrane hyperpolarization, leading to the closure of voltage-
operated Ca2+ channels and decrease of intracellular Ca2+ and vasodilation (Jackson, 
2000; Ko et al., 2008). To date, four distinct types of K+ channel have been identified in 
vascular smooth muscle: including ATP-sensitive potassium (KATP) channels, voltage-
dependent K+ (K v) channels, Ca2+- activated K+ (BKCa) channels and inward rectifier K+ 
(KIR) channels. (Jackson, 2000; Ko et al., 2008). It was shown that n-butanol extract from 
leaves of Phyllanthus acidus induced vasorelaxation via opening of KATP and BKCa 
channels in the vascular smooth muscle of isolated rat thoracic aorta (Leeya et al., 
2010). In this study, treatment with various K channels blockers including gli benclamide 
(an ATP-sensitive K+blocker), tetraethylammonium (a Ca2+- activated K+ blocker), 4-
aminopyridine (a voltage-dependent K+ blocker) and barium chloride (an inward rectifier 
K+ blocker) had no significant inhibitory effect against vasorelaxation induced by both 
phyllanthin and hypophyllanthin. Hence it might be concluded that the mechanisms of 
action of these two lignans were not related to K+ channels. Furthermore, the 
vasorelaxant effects of these two compounds could not be blocked by propranolol, a 

non-selective β-adrenoceptor  antagonist, suggesting that these lignans had no 
interaction with β2-adrenoceptors. 

It was interesting that phyllanthin and hypophyllanthin were able to induce aortic 
contraction in the absence of endothelium. This vasoconstriction effect wa s transient 
and reached maximum values at the cumulative concentration of the lignans up to 50 
µM. Further addition of these two compounds at the concentration of 100 µM did not 
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increase or sustain the contraction. In order to determine whether the two lignans 
contain the intrinsic vasoconstrictive activity, pretreatment the aortic muscle with 
tyramine prior to the test compounds were performed. Tyramine can release NE from 
presynaptic storage vesicles, leading to muscle contraction (Krishnamurty and 
Grollmax, 1972). In this study, tyramine treatment caused transient, but significant 
contraction of aortic muscle, suggesting the presence of presynaptic storage vesicles of 
NE in the aortic preparations. It was interesting that the vasopressive effect s of both 
phyllanthin and hypophyllanthin could be abolished in the presence of tyramine. 
Furthermore, prazosin, a known α1-adrenoceptor antagonist, could also prevent the 
vasopressive actions of these two lignans. Taken together, t he vasopressive action of 
both phyllanthin and hypophyllanthin were not directly mediated from its intrinsic 
property. It was likely that these two compounds were able to release NE from 
endogenous presynaptic storages, which consequently resulted in muscle contraction.  

It is widely known that the influx of extracellular Ca2+occur through 
transmembrane Ca2+ channels, which can be either receptor-operated Ca2+ channel 
(ROC) or voltage-operated Ca2+ channel (VOC), leading to vasoconstriction (van 

Breemen and Saida, 1989; Karaki et al., 1997). Activation of α1- receptors eventually 
results in activation of receptor-operated Ca2+ channel (ROC) whereas KCl-induced 
depolarization of plasma membrane causes Ca2+ influx through voltage-gated Ca2+ 
channel (VOC) (Ko et al, 2008; Nelson and Quayle, 1995). In this study, both phyllanthin 
and hypophyllanthin were able to inhibit the aortic contraction provoked by either PE or 
KCl in concentration-dependent manner. These findings suggested that these two 
lignans might be able to interfere a rising of cytosolic Ca 2+ which is a key element of 
muscle contraction. One possibility was that the two compounds might affect 
extracellular Ca2+ influx through plasma membrane Ca2+ channels including both ROC 
and VOC. 

This hypothesis was tested in mechanistic entry of Ca2+ across plasma 
membrane in the absence of agonist in the spontaneous contraction model (or increase 
in the resting tone; IRT) as previously described by other investigators (Noguera et al., 
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1992, 1993, 1997). In this IRT model, the Ca2+ flux through plasma membrane Ca2+ 
channels can occur in order to replenish capacitative Ca 2+ stores in the Ca2+- depleted 
smooth muscle. The depletion of intracellular Ca2+ pools caused by repetitive stimulation 
the muscle with α1-adrenoceptor agonists in Ca2+ free condition. Upon addition of Ca2+ 
back to the test system, Ca2+ influx from the extracellular environment occur rapidly, 
resulting in the spontaneous contraction or IRT. In this study, both phyllanthin and 
hypophyllanthin were able to inhibit spontaneous contraction under this specific 
condition. Hence, the mechanical refilling process of Ca2+ in this condition was 
disrupted by these two lignans. It was quite certain that membrane Ca 2+ channels 
coupled to α1- adrenoceptor could be affected by these two compounds. Furthermore, 
the effects of the two compounds on VOC were demonstrated in the CaCl 2-mediated 
contraction in high K+ depolarizing solution. The principle of method involved the influx 
of Ca2+ from extracellular environment into intracellular pool through the fully open VOC 
induced by membrane depolarization. In this condition, phyllanthin, but not 
hypophyllanthin, significantly inhibited the CaCl2-induced contraction. The results 
demonstrated that the contractile response in the presence of hypophyllanthin at the 
equimolar concentration to that of phyllanthin were not significantly different from DMSO 
control group. Hence, it might be concluded that phyllanthin was more effective than 
hypophyllanthin in inhibiting Ca2+ movement through the VOC. As described above, 
phyllanthin and hypophyllanthin had the inhibitory effects on both PE- and KCl-induced 
contraction. Therefore it could be suggested that two compounds may directly disrupt 
the increase of intracellular Ca2+ in vascular smooth muscle. Phyllanthin was able to 
block both VOC and ROC effectively whereas hypophyllanthin preferred ROC to VOC. 

The potential effects of these two compounds on intracellular release of Ca 2+ 
were also investigated in the experimental contraction model in Ca2+- free solution. It is 
well established that PE and caffeine produced a small transient contraction of smooth 
muscle in Ca2+- free solution through Ca2+- release from SR. The mechanism of PE - 
induced Ca2+- release from SR is mediated through the binding of IP3 to and the IP3 
receptor (IP3R) on the SR, resulting in a release internal Ca2+ from SR (Noguera and 
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D’Ocon, 1992).  Caffeine-induced a transient contraction through the binding to the 
ryanodine receptor (RyR), leading to stimulation of Ca2+- release from SR (Herrmann-
Frank et al., 1991; Meissner, 1994). Both phyllanthin and hypophyllanthin were able to 
inhibit the PE-induced transient contraction, but it had no effect on caffeine-induced 
contraction in Ca2+- free solution. These findings suggested that these two lignans could 
interfere the smooth muscle contraction involving with the IP3-mediated release of Ca2+ 
from its internal stores. 

In conclusion, phyllanthin and hypophyllanthin induced aortic relaxation via 
endothelium-independent mechanism. Its direct actions on vascular smooth muscle may 
be linked to non-specific inhibition of Ca2+ influx and inhibition of PE-mediated Ca2+ 
release from SR. 
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a)                                                                                                                            0.25 g 
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        PE                                             L-NAME            PE 
                                                                                                                  0.25 g 

b)                                                                                                              5 min 
 
                        hypophyllanthin                                                hypophyllanthin 

 

 
 
        PE                                              L-NAME             PE 

 
Figure 35 Representative tracing showed the relaxation induced by addition of   

 phyllanthin (a) and hypophyllanthin (b) (100 µM) on PE- induced   
 contraction of endothelium-denuded aortic ring in the  
 presence of L-NAME (100 µM)  
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        PE                                             atropine               PE 
 

Figure36 Representative tracing showed the relaxation induced by addition of  
                            phyllanthin (a) and hypophyllanthin (b) (100 µM) on PE-induced  
                            contraction of endothelium- denuded aortic ring in the presence of   

   atropine (1 µM).  
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                                                                                                                        0.25 g 
b)                                                                                                                      5 min 
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       PE                                        propranolol                PE 
 
            Figure 37 Representative tracing showed the relaxation induced by addition of   

phyllanthin (a) and hypophyllanthin (b) (100 µM) on PE-induced 
contraction of endothelium-denuded aortic ring in the presence of 
propranolol (10 µM). 
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        PE                                            indomethacin         PE 
 

Figure 38 Representative tracing showed the relaxation induced by addition of   
phyllanthin (a) and hypophyllanthin (b) (100 µM) on PE-induced 
contraction of endothelium-denuded aortic ring in the presence of 
indomethacin (10 µM). 
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    PE                                  methylene blue        PE 

                                                                                                                         0.5 g 
b)                                                                                                                        5 min 

 
        hypophyllanthin                                               hypophyllanthin 
 

 
  

      PE                                          methylene blue        PE 
 

Figure 39 Representative tracing showed the relaxation induced by addition of   
phyllanthin (a) and hypophyllanthin (b) (100 µM) on PE-induced 
contraction of endothelium-denuded aortic ring in the presence of 
methylene blue (10 µM). 
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         PE                                              glibenclamide            PE 
 

Figure 40 Representative tracing showed the relaxation induced by addition of   
phyllanthin (100 µM, a) and hypophyllanthin (100 µM, b) on PE-
induced contraction of endothelium-denuded aortic ring in the 
presence of glibenclamide (10 µM).  
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Figure 41 Representative tracing showed the relaxation induced by addition of   
phyllanthin (100 µM. a) and hypophyllanthin (100 µM, b) on PE-
induced contraction of endothelium-denuded aortic ring in the 
presence of 4-AP (100 µM). 
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 a)                                                                                                                               0.25 g 
                                                                                                                        5 min 
                         phyllanthin                                                                  phyllanthin 
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                                                                                                                                    0.25 g 
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      PE                                                       BaCl2            PE 
 

Figure 42 Representative tracing showed the relaxation induced by addition of   
phyllanthin (100 µM, a) and hypophyllanthin (100 µM, b) on PE-
induced contraction of endothelium-denuded aortic ring in the 
presence of BaCl2 (10 µM). 
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a)                                                                                                                                 0.25 g 
                                                                                                              5 min 
       phyllanthin                                                             phyllanthin 
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       PE                                                    TEA                    PE 
 

Figure 43 Representative tracing showed the relaxation induced by addition of   
phyllanthin (100 µM, a) and hypophyllanthin (100 µM, b) on PE-
induced contraction of endothelium-denuded aortic ring in the 
presence of TEA (10 µM).  
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Figure 44 The effects of vasodilator inhibitors:  ATP (atropine), PP (propranolol),  
       IND (indomethacin), MB (methylene blue), GLIBEN (glibenclamide), 4 -  

    AP (4-aminipyridine), BaCl2 (barium chloride), TEA   
    (tetraethylammonium) on phyllanthin (100 µM) induced relaxation of  
    endothelium-denuded aortic rings precontracted with PE (1 µM).  

 
Data were presented as mean ± S.E.M., n = 4-6 
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Figure 45 The effects of vasodilator inhibitors:  ATP (atropine), PP (propranolol),  
    IND (indomethacin), MB (methylene blue), GLIBEN (glibenclamide), 4 - 
    AP (4-aminipyridine), BaCl2 (barium chloride), TEA      
    (tetraethylammonium) on hypophyllanthin (100 µM) induced relaxation  
    of endothelium-denuded aortic rings precontracted with PE (1 µM).  

 
Data were presented as mean ± S.E.M., n = 4-6 
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                                            PE 
 
Figure 46 Representative tracing showed the PE-induced contraction of  

    endothelium-denuded aortic rings in KHS containing tyramine. 
 
 
 
 

 
 
   PE                                                                          PE 
 
Figure 47 Representative tracing showed the effect of DMSO 0.2% (v/v) on PE- 

    induced contraction of endothelium-denuded aortic rings in KHS  
    containing tyramine. 

5 min 

0.25 g 

5 min 

0.25 g 
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            PE                                                                                PE  
 
b) 

 
 

 
 
 PE                                                                            PE  
 
 
Figure 48 Representative tracing showed the effects of phyllanthin (a) and  

    hypophyllanthin (b) (1 µM) on PE-induced contraction of endothelium- 
    denuded aortic rings in KHS containing tyramine. 
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Figure 49 Representative tracing showed the effects of phyllanthin (a) and  

    hypophyllanthin (b) (10 µM) on PE-induced contraction of  
    endothelium-denuded aortic rings in KHS containing tyramine. 
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   PE                                                                                PE  
 
 
Figure 50 Representative tracing showed the effects of phyllanthin (a) and  

    hypophyllanthin (b) (50 µM) on PE-induced contraction of  
        endothelium-denuded aortic rings in KHS containing tyramine. 
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     PE                                                                                 PE  
 
 
Figure 51 Representative tracing showed the effects of phyllanthin (a) and  

    hypophyllanthin (b) (100 µM) on PE-induced contraction of  
        endothelium-denuded aortic rings in KHS containing tyramine . 
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              PE                                                                            PE  
 
 
Figure 52 Representative tracing showed the effects of phyllanthin (a) and  

    hypophyllanthin (b) (200 µM) on PE-induced contraction of  
        endothelium-denuded aortic rings in KHS containing tyramine. 
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                                                 KCl 
 
Figure 53 Representative tracing showed the KCl-induced contraction of  

    endothelium-denuded aortic rings in KHS containing tyramine. 
 

 
 

 
 

           KCl                                                                         KCl 
 
Figure 54 Representative tracing showed the effect of DMSO 0.2% (v/v) on KCl- 

    induced contraction of endothelium-denuded aortic rings in KHS  

   containing tyramine. 

DMSO 

5 min 

5 min 

0.25 g 

0.25 g 



82 
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b) 
 

 
 
 KCl                                                                KCl  
 
 
Figure 55 Representative tracing showed the effects of phyllanthin (a) and  

    hypophyllanthin (b) (1 µM) on KCl-induced contraction of  
    endothelium-denuded aortic rings in KHS containing tyramine. 
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b) 
  
 

 
        KCl                                                                              KCl 
 
 

Figure 56 Representative tracing showed the effects of phyllanthin (a) and  
    hypophyllanthin (b) (10 µM) on KCl-induced contraction of  
    endothelium-denuded aortic rings in KHS containing tyramine. 
 

phyllanthin 

hypophyllanthin 

5 min 

5 min 

0.25 g 

0.25 g 



84 
 
 

a) 
 

 
        
           KCl                                                                             KCl 
  
b) 
 

 

 
         KCl                                                                                KCl 
 
 

Figure 57 Representative tracing showed the effects of phyllanthin (a) and  
    hypophyllanthin (b) (50 µM) on KCl-induced contraction of  
    endothelium-denuded aortic rings in KHS containing tyramine. 
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Figure 58 Representative tracing showed the effects of phyllanthin (a) and  

    hypophyllanthin (b) (100 µM) on KCl-induced contraction of  
    endothelium-denuded aortic rings in KHS containing tyramine. 
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             KCl                                                                          KCl  
 
  

Figure 59 Representative tracing showed the effects of phyllanthin (a) and  
    hypophyllanthin (b) (200 µM) on KCl-induced contraction of  

          endothelium-denuded aortic rings in KHS containing tyramine. 
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Figure 60 Representative tracing showed the effects of KCl (40 mM) on spontaneous 
       contraction in Ca2+- containing KHS.  
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Figure 61 The effects of phyllanthin and hypophyllanthin on spontaneous  
    contraction in Ca2+- containing KHS. 

 
 
Data were present as mean ± S.E.M., n = 5-6 
*p<0.05 showed significant difference from DMSO control group. 
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Teble1 Compound of Physiological solution (mM)  
 

Chemical 
Physiological solution 

Kreb Henseleit Ca2+-free Solution 
High K+- Ca2+- free 

Depolarizing Solution 

NaCl 119 119 27 

KCl 4.7 4.7 100 
CaCl2 2.5 - - 

MgSO4 1.0 1.0 - 
NaHCO3 25 25 14 

KH2PO4 1.2 1.2 14 
Glucose 11.1 11.1 10 

EDTA - 0.2 - 
MgCl2  - - 0.54 
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Table 2 Vasorelaxation effects of the test compounds in endothelium-intact  
 and endothelium-denuded aortic rings. 

 

Test compounds 
Concentration 

(M) 

% Relaxation 

Endothelium-intact Endothelium-denuded 

Phyllanthin 

1 3.28 ± 1.63 3.57 ± 1.53 

10 16.53 ± 2.42 13.73 ± 2.54 

50 46.67 ± 5.24* 47.08 ± 7.82* 

100 82.88 ± 1.73*,# 81.51 ± 6.83*,# 

Hypophyllanthin 

1 6.55 ± 1.47 4.58 ± 2.04 

10 13.78 ± 2.32 12.06 ± 2.70 

50 35.87 ± 2.61* 32.43 ± 3.57* 

100 60.25 ± 3.01*,# 59.03 ± 3.90*,# 

DMSO 0.2% (v/v) 6.20 ± 1.32 3.64 ± 0.64 

Positive control 
(Ach) 

10 61.85 ± 3.64 3.00 ± 0.73 

 
Data were present as mean ± S.E.M., n = 6 
*p<0.05 showed significant difference from DMSO control group. 
#p<0.05 showed significant difference between phyllanthin and hypophyllanthin. 
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Table 3 The apparent EC50 of the test compounds on vasorelaxation  
 

 
Test compounds 

EC50 values (µM) 
Endothelium-intact Endothelium-denuded 

Phyllanthin 56.55 ± 2.91 55.40 ± 5.5 

Hypophyllanthin 80.08 ± 5.05 84.02 ± 5.93 
 

Data were presented as mean ± S.E.M., n=6  
 
 

Table 4 Effects of inhibitors on vasorelaxation induced by the test compounds in  
   endothelium-denuded aortic rings. 

 
Vasodilation inhibitors % Relaxation 

Phyllanthin Hypophyllanthin 
control inhibitor control inhibitor 

L-NAME (100 µM) 54.19 ± 7.29 56.87 ± 5.39 43.98 ± 4.69 48.14 ± 7.48 
Atropine (10 µM)  52.54 ± 5.67 53.09 ± 3.58 45.60 ± 2.47 47.83 ± 2.46 

Propranolol (10 µM) 58.51 ± 2.40 56.33 ± 4.39 39.92 ± 3.62 45.21 ± 3.72 
Indomethacin (10 µM) 43.48 ± 4.89 54.99 ± 2.25 51.51 ± 5.01 58.78 ± 6.37 

Methylene blue (10 µM) 50.27 ± 7.71 54.70 ± 2.47 40.80 ± 7.05 43.86 ± 7.17 
Glibenclamide (10 µM)  53.06 ± 4.33 52.77 ± 3.04 42.79 ± 2.10 43.28 ± 3.42 

4-AP (10 µM)  53.75 ± 4.99 63.29 ± 1.17 23.66 ± 4.43 28.56 ± 1.20 

BaCl2 (100 µM) 53.81 ± 4.49 67.62 ± 2.53 43.87 ±1.59 40.60 ± 3.44 
TEA (100 µM)  70.05 ± 2.39 61.22 ± 4.16 46.17 ± 1.80 49.66 ± 7.74 

 
Data were present as mean ± S.E.M., n = 4-6
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Table 5 Effect of the test compounds on vascular contraction induced by PE  

(1 µM) in endothelium-denuded aortic rings. 
   

Test compounds 
Concentration 

 (M) 

% Contraction 

PE 10 M 

 
Phyllanthin 

1 100.38 ± 2.51 

10 90.22 ± 2.27 

50 52.09 ± 3.19*,# 

100 41.70 ± 5.54* 

200 28.22 ± 5.63 *,# 

Hypophyllanthin       

1 98.81 ± 3.37 

10 78.92 ± 2.80* 

50 75.98 ± 1.45*,# 

100 65.81 ± 2.13* 

200 64.48 ± 2.46 *,# 

DMSO 0.2% (v/v) 104.04 ± 1.53 

 
Data were present as mean ± S.E.M., n = 4-6 
*p<0.05 showed significant difference from DMSO control group. 
#p<0.05 showed significant difference between phyllanthin and hypophyllanthin. 
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Table 6 Effect of the test compounds on vascular contraction induced by KCl  
(40 mM) in endothelium-denuded aortic rings. 

  

Test compounds 
Concentration 

(M) 

% Contraction 

KCl 40 mM 

 
Phyllanthin 

1 94.43 ± 1.45 

10 72.75 ± 4.32* 

50 43.45 ± 1.45*,# 

100 19.44 ± 3.14* 

200 2.31 ± 0.66 * 

Hypophyllanthin       

1 102.53 ± 7.71 

10 99.20 ± 6.56 

50 81.42 ± 4.14 *,# 

100 24.93 ± 1.45* 

200 44.44 ± 5.84 * 

DMSO 0.2% (v/v) 109.40 ± 2.70 
 

Data were present as mean ± S.E. M., n = 4-6 
*p<0.05 showed significant difference from DMSO control group. 
#p<0.05 showed significant difference between phyllanthin and hypophyllanthin . 
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Table 7 The apparent IC50 of the test compounds on vasoconstriction 
 

 
Test compounds 

IC50 values (µM) 
PE-mediated contraction KCl-mediated contraction 

Phyllanthin 57.67 ± 8.85 63.30 ± 2.69 

Hypophyllanthin N/D N/D 
 

Data were presented as mean ± S.E.M., n= 4-6 
  
 
 Table 8 The apparent percentage inhibition of the spontaneous contraction 
 

Test compounds % Inhibition of spontaneous contraction 
DMSO 0.2 % (v/v) 3.18 ± 3.94 

Phyllanthin 36.98 ± 2.65* 

Hypophyllanthin 28.01 ± 3.50* 
 

Data were present as mean ± S.E.M., n = 5-6 
*p<0.05 showed significant difference from DMSO control group. 
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Table 9 Effect of the test compounds on vascular contraction induced by CaCl 2  
   (10 µM - 10 mM) in high K+- Ca2+- free depolarizing solution. 
 

CaCl2 
concentration 

(M) 

% Contraction 
Control Phyllanthin 

(100 µM) 
Hypophyllanthin 

(100 µM) 
DMSO 0.2% 

(v/v) 
Nifedipine 
(10 µM) 

10-5 6.21 ± 1.33 1.26 ± 0.32 1.68 ± 0.58 3.14 ± 1.01 2.18 ± 0.94 

5x10-5 19.54±2.43 2.91 ± 0.49* 9.60 ± 4.76 14.77 ± 2.53 5.28 ± 3.36 

10-4 29.29±2.23 5.17 ± 0.92* 17.12 ± 4.73 24.56 ± 4.64 10.76 ± 3.82 

5x10-4 45.51±3.02 8.17 ± 1.31* 28.09 ± 3.88 35.88 ± 7.07 12.15 ± 3.67* 
10-3 54.98±1.70 14.47 ± 1.75* 42.67 ± 2.95 52.33 ± 6.00 15.37 ± 3.71* 

5x10-3 83.52±2.01 38.82 ± 6.06* 68.54 ± 5.13 78.82 ± 4.14 18.23 ± 3.48* 

10-2 100 ± 0 63.36 ± 8.49 87.49 ± 8.28 108.94 ± 7.08 20.51 ± 3.99* 
 

Data were present as mean ± S.E.M., n = 5-6 
*p<0.05 showed significant difference from DMSO control group. 

 
                                                                                                         

Table 10 The apparent pD2 values of the test compounds  
 

Test compounds  The pD2 values 

Phyllanthin  2.53 ± 0.13 
Hypophyllanthin  N/D 

Nifedipine 2.78 ± 0.09 
 

Data were present as mean ± S.E.M., n = 5-6 
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Table 11 Effect of the test compounds on vascular contraction induced by either  

  PE (1 µM) or caffeine (10 mM) in Ca2+- free solution. 
 

Agonist % Contraction 
DMSO 0.2%(v/v) Phyllanthin hypophyllanthin 

PE 1 µM 92.11 ± 8.42 24.08 ± 1.29* 55.72 ± 2.89* 
Caffeine 10 mM 114.99 ± 14.96 90.22 ± 5.42 85.23 ± 4.89 

 
Data were present as mean ± S.E.M., n = 4-5 
*p<0.05 showed significant difference from DMSO control group. 
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