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ABSTRACT 

BACKGROUND 

Suicidal poisoning with Cleistanthus collinus was most common in rural 

south India. The consumption of leaves was either in the form of boiled 

decoction(fresh leaves boiled) or fresh leaves blended and filtered. Death  rate 

was about 37.5% and was stated to be very high with the boiled decoction. 

Death occurs due to vasoplegic shock. There was no promising antidote to 

date. In this study, we isolated one of the two toxic compounds Cleistanthin 

A from aqueous extract of dried leaves of Oduvan. The effect of Cleistanthin 

A on vascular tension in the isolated goat artery was then studied. 

AIM 

To observe the effect of Cleistanthin A isolated by preparatory HPLC on 

vascular tension in circular and longitudinal strips of small arteries from goat 

legs. 

METHOD 

Shade dried leaves of C.collinus were soaked for 24hrs and boiled for 15 min. 

After cooling, this extract (DLRTB) was subjected to liquid-liquid 

chromatography by adding chloroform and pure Cleistanthin-A was isolated 

by Preparatory HPLC. An isolated artery from fresh goat legs was made into 

two different preparations: longitudinal strips and transverse cylinder. One 

end was tied to an organ bath with ECF solution, gassed with carbogen at 
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37ºC. The other end was connected to a force transducer and change in tension 

was recorded on adding Cleistanthin A. 

RESULT 

Cleistanthin A did not cause any contractile or relaxant response in both 

circular and longitudinal smooth muscle at low molar (100μM) 

concentrations. In high molar (500μM) concentrations of Cleistanthin A 

causes a contractile response in circular smooth muscle(transverse cylinder) 

and did not cause any contractile or relaxant response in longitudinal smooth 

muscle. 

CONCLUSION 

Cleistanthin A , one of the toxic principles of Cleistanthus collinus, did not 

exert any change in vascular tension of the longitudinal smooth muscle. But 

increases vascular tension in the circular smooth muscle at high 

molar(500μM) concentrations.  

Keywords:   Cleistanthin A, HPLC, small artery, vascular tension. 
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1. INTRODUCTION 

Toxicology is the scientific study of all the symptoms that occur in living 

organisms due to the ingestion of poisonous substances. It includes observing 

and reporting symptoms, mechanism of action of the toxin, detection of toxin 

in the body and treatment of toxic substances. The toxic substances responses 

to each person might be different. The factors include the amount and duration 

of exposure, an individual’s susceptibility ,and a person’s age.  In worldwide 

800,000 people die due to suicide every year. Out of 800,000 people, 135,000 

(17%) were residents of India, a nation with 17.5% of world population. In 

2012, the Highest proportion of suicides occurs in  Tamil Nadu (12.5% of all 

suicides), Maharashtra (11.9%) and West Bengal (11.0%). 

 Poisoning is one of the most common modes of suicide. Cleistanthin 

collinus is a toxic plant commonly called as oduvanthalai is the most common 

poisoning seen in Tamil Nadu. Almost all the parts of Cleistanthus collinus 

are toxic to humans. Extract of leaves is consumed as a common mode of 

suicidal or homicidal poisoning. The toxic compounds isolated from 

Cleistanthus collinus leaves include Cleistanthin A and Cleistanthin C. The 

research activities in our department are mainly focused on finding out the 

mechanism of action of Cleistanthus collinus poisoning. 

 The proper mechanism of action of this poisoning is not yet known. 

The proposed mechanisms of toxicity were electrolyte imbalance, 

neutrophilic leucocytosis, acute kidney injury in the form of distal renal 

tubular acidosis, acute respiratory failure requiring mechanical ventilation, 

https://en.wikipedia.org/wiki/Tamil_Nadu
https://en.wikipedia.org/wiki/Maharashtra
https://en.wikipedia.org/wiki/West_Bengal
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cardiac arrhythmias and neuromuscular weakness, hypotension, shock and 

predicted death. 

The mortality rate is 37.5% and death occurs 3 to 7 days after the 

ingestion of poison. Clinical features of Cleistanthus collinus poisoning 

include tachycardia, breathlessness, hypotension,etc. Hypotension was found 

not to be of cardiac origin which can lead to shock and death of patients. A 

recent MD (Medicine) thesis from the Department of Medicine, Christian 

Medical College, Vellore has demonstrated severe intractable hypotension 

presenting on the 3rd
 - 4th

 day of Cleistanthus collinus poisoning. The 

patients had presented with normal cardiac inotropy and chronotropy as 

demonstrated by daily echocardiography, Holter and ECG monitoring in 

Oduvanthalai poisoning patients (unpublished data)., The patients had a 

normal renal function at the time of presenting hypotension. The intractable 

hypotension in these patients was suggested to be due to peripheral 

vasodilation as systemic vascular resistance was low. Vascular smooth 

muscles lining the blood vessel relax excessively to produce vasodilation. 

Small arteries play a significant role in the regulation of peripheral 

resistance and organ perfusion. Smooth muscle present in the middle layer 

of the wall of the blood vessels which regulates the blood flow to various 

organs according to the blood volume it contains and the local blood 

pressure. The vascular smooth muscle tone depends on stimuli from 

neurotransmitters, circulating hormones, endothelium-derived factor, and 

ion channels. Smooth muscle of blood vessel contains voltage-gated calcium 
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channels, chloride channels, potassium channels and store and stretch 

operated channels. Smooth muscles contain two types of adrenoreceptors, α, 

and β. α receptor activation produces vasoconstriction and the β receptor 

produces vasodilation.  

 A study in whole-animal experiments in Wistar rats, showed that 

Cleistanthin C induced hypotension and catecholamines following that could 

not increase the pressure (2017 M.D. Physiology thesis by Dr. Sajal C 

Singh). However, in the rat hind limb preparation it was demonstrated that 

Cleistanthin C caused vasoconstriction (Data to be published). 

The current study aims to identify the effect of Cleistanthin A per se on 

vascular tension in goat small artery preparations. Previous work  done in our 

department showed the presence of two different types of muscle fibres in the 

small artery. To demonstrate the effect of Cleistanthin A on vascular tension 

in goat artery using two different preparations (Transverse cylinder and 

longitudinal strips), they were mounted in an organ bath and immersed in 

physiological salt solution, maintained at 37˚C by a circulating water bath and 

aerated with carbogen (95% O2 and 5% CO2). To record vascular tension, a 

force transducer was connected to a PowerLab data acquisition system. 

Initially, a preload tension of about 0.3 grams was applied to the goat arterial 

preparation and the vascular tone was allowed to stabilize for 5 to 10 minutes. 

This was followed by, 

a) Addition of 100 μmol/L Cleistanthin A to the organ bath in the 

longitudinal strip and the transverse cylinder. 
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b) Then the Addition of 500 μmol/L Cleistanthin A to the organ bath in 

the longitudinal strip and the transverse cylinder. 

In control animals, the vehicle ethanol was added to the organ bath in 

the longitudinal strip and the transverse cylinder. 

Any change in vascular tension of goat artery was detected by the 

force transducer and visualised using Igor Pro software after offline 

computation and analysis of results was done by using SPSS v23.0. 

The presence or absence of a vasorelaxation  or vasoconstriction in 

the artery was concluded based on changes in vascular tension before 

and after addition Cleistanthin A in each preparation. 
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2. AIMS & OBJECTIVES 

2.1. Aim 

To assess the effect of Cleistanthin A isolated by preparatory HPLC on 

vascular tension in circular and longitudinal strips of small arteries from goat 

legs. 

2.2. Objectives 

1. To test the effect of Cleistanthin A on two different preparations of 

the small artery- the longitudinal strip and transverse cylinder. 

a. To test if the Cleistanthin A in low molar 

concentration(100μM) and high molar concentration (500μM) 

produces vasoconstriction or vasorelaxation in longitudinal 

strips made from a small artery. 

b. To test if the Cleistanthin A in low molar 

concentration(100μM) and high molar concentration (500μM) 

produces Vasoconstriction or vasorelaxation in a transverse 

cylinder made from a small artery. 

2. To test the effect of control ethanol on two different preparations of 

the small artery- the longitudinal strip and transverse cylinder. 
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3. REVIEW OF LITERATURE 

3.1. Toxicology 

Toxicology is the scientific study of adverse effects that occur in living 

organisms due to the ingestion of poisonous chemicals substances. It includes  

observing and reporting symptoms, mechanism of action of the toxin, 

detection of toxin in the body and treatments of toxic substances. (1)  Toxic 

substances will not respond to everyone in the same way. The  factors, which  

include the amount and duration of exposure, an individual’s susceptibility to 

a toxic substance, and a person’s age, all will impact whether a person 

develops a disease or not. (2) In worldwide 800,000 people die due to suicide 

every year. In which one person dies every 40 seconds. Suicide is a global 

phenomenon, which occurs throughout the lifespan.  Each individual  who 

died by suicide there may have been more than 20 times attempting suicide. 

(3) Suicide affecting individuals of all nations, cultures, religions, genders, 

and classes(4). In India, Suicide was the most common cause of death in both 

the age groups of 15–29 years and 15–39 years. 

Out of 800,000 people die due to suicide every year, 135,000 (17%) are 

residents of India, a nation with 17.5% of the world population. The suicide 

rate increased from 7.9 to 10.3 per 100,000, between 1987 to 2007 and higher 

suicide rates in southern and eastern states of India. In 2012, the Highest 

proportion of suicides occurs in  Tamil Nadu (12.5% of all suicides), 

https://en.wikipedia.org/wiki/Tamil_Nadu
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Maharashtra (11.9%) and West Bengal (11.0%). The ratio of male to female 

suicide has been about 2:1(5). 

The data based on WHO, the age-standardized suicide rate in India is 16.4 per 

100,000 for women (6th highest in the world) and 25.8 for men (ranking 

22nd). 

The Indian government classifies a death as suicide if it fulfills the following 

three criteria: 

• Suicide is an unnatural death, 

• The suicidal intent to be originated within the person, 

• There is a particular reason for the person to end his or her life. The 

reason may have been specified in a suicide note or unspecified. 

If anyone of these criterions is not met, the death may be classified as death 

because of illness, murder or any other reason. 

According to data collected in 2012, 80% of the suicide victims were literate, 

higher than the national average literacy rate of 74%. 

3.2. Method of suicide in india 

Poisoning (33%), hanging (26%) and self-immolation (9%) were the three 

primary methods used to die by suicide in 2012. (5) Poisoning was either by 

pesticidal poisoning (61.8%) or by plant poisoning (19%). (6) Plant poisoning 

https://en.wikipedia.org/wiki/Maharashtra
https://en.wikipedia.org/wiki/West_Bengal
https://en.wikipedia.org/wiki/Age_adjustment
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/toxic-injury
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is uncommon in world-wide  but locally popular in some parts of India. The 

common plant poisons include Oleander, Datura and Cleistanthus collinus(7). 

3.3. Cleistanthus collinus: 

Cleistanthus collinus is a toxic plant belongs to the family Euphorbiaceae. 

Cleistanthus collinus plant is commonly seen in India, Sri Lanka, Africa, and 

Malaysia. (8). It is also called Oduvanthalai / Nillipalai  in Tamil, Oduku or 

nilapala  in Malayalam, kadise in Kannada and Vadise in Telugu, Garari in 

the Hindi. Almost all the parts of the plant are potentially toxic to humans as 

well as animals. Extract of leaves was consumed as a common mode of 

suicidal and homicidal poisoning in various parts of southern India. The 

leaves are used as a cattle poison and as an abortifacient. The bark and seed 

used as a fish poison. Consumption of this plant poison is the reason for 

availability and easy accessibility. Consumption of boiled decoction from the 

plant is the most common mode of poisoning. (9) 

https://en.wikipedia.org/wiki/Malayalam
https://en.wikipedia.org/wiki/Kannada_language
https://en.wikipedia.org/wiki/Telugu_language
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Figure 1- Cleistanthus collinus Plant  
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3.4. Cleistanthus collinus-Botanical profile 

  

 

Table.1 Botanical profile of Cleistanthus collinus 

Common names Oduvan, Garari, Karada, Pasu, 

Karlajuri 

Botanical name Cleistanthus collinus 

Kingdom Plantae 

Phylum Tracheophyta 

Subphylum Euphyllophytina 

Class Magnoliopsida 

Subclass Rosidae 

Superorder Euphorbianae 

Order Euphorbiales 

Botanical family Euphorbiaceae 

Subfamily Phyllanthoideae 

Genus Cleistanthus 

Species Collinus 
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3.5. Cleistanthus collinus – plant morphology 

Cleistanthus collinus is a toxic deciduous shrub. The leaves of 

Cleistanthus collinus grow alternatively on the stem. The leaves are oval or 

elliptical. The fruit is green in colour initially. Then it turns dark brown colour 

and woody consistency as it matures, which containing hard globular seed and 

three in number. All the parts of the plant contain toxic compounds. 

 

Figure 2- Cleistanthus collinus leaves with fruit  
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3.6. Cleistanthus collinus- Benificial effects 

The hardwood of the plant is so strong and durable. It is used for making 

agricultural implements. This wood is not affected by termites. The wood is 

used as a house post. The bark of the plant is beneficial in skin diseases. The 

water in which leaves are steeped is used as a treatment option for severe 

headaches. Extract of the leaves and fruit used to treat gastrointestinal 

disorders. Extract of leaves and roots has been investigated for its anticancer 

activity, neuromuscular blocking property, antifertility, antifungal. 

Antimicrobial activity. (10,11) 

3.7. Cleistanthus collinus- Chemical profile 

Cleistanthus collinus is composed of many toxic and non-toxic compounds. 

Naidu et al isolated glycosidic oduvin for the first time from the extract of 

leaves. It was found to be a slow poison. Later, Irudayasamy and Natrajan 

were done further investigation of oduvin. They found that oduvin contains 

poisonous principle A and principle B, which exhibit glycosidic properties. 

From the extract of leaves, Govindachari et al have isolated ellagic acid, 

diphyllin and two more lignan lactones namely Cleistanthin and collinusin. 

Rao and Nair et al was first described the effect of Cleistanthin. Cleistanthin 

was redesignated as Cleistanthin A by Lakshmi et al. Later Rao isolated 

Cleistanthin B from the bark of Cleistanthus collinus. (12) 
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Few other compounds were also isolated from the plant. This includes 

Cleistanthin C, Paulownin, Sesamin, 4-hydroxy sesamin, dihydrocubebin, 

Taiwanin C and Taiwanin E.(13) 

Cleistanthin A and Cleistanthin C are the two main toxic components of the 

Cleistanthus collinus plant. Both these compounds are glycosides of 

diphyllin. 

In this dissertation, Cleistanthin A is the compound of interest. Chemically it 

is 4-O-3,4-di-O-methyl-β-D-xylopyranoside of 1,3-dihydronaphtho[2,3-c] 

furan-4-ol which is substituted by an oxo group at position 1, methoxy groups 

at positions 6 and 7, and a 1,3-benzodioxol-5-yl group at position 9.(14) 

Structure of Cleistanthin A 
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Fig:3- Structure of Cleistanthin A 

 

3.8. Cleistanthus collinus – Modes of consumption 

The whole part of this plant is poisonous. For the suicidal purpose, leaves are 

more commonly consumed part in rural areas. Most commonly they crush the 

leaves and consume the filtered juice or prepare a boiled decoction from the 

leaves (aqueous extract). There are some studies proven that boiled extract of 

the leaves are more poisonous than the fresh leaves. (15) 

3.9. Cleistanthus collinus- Clinical profile 

After consuming this toxic poison, the patients are brought to the hospital with 

a wide range of signs and symptoms, which may be range from asymptomatic 

to nonspecific symptoms and death. So careful history of poisoning is needed 

to do further management. 

There are some determinants of prognosis like the amount of leaves 

consumed, the mode of consumption of the leaves, the time taken for the 

consumption of leaves and initiation of the treatment, older age group 

individuals, associated with the  presence of chronic disease. 
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3.10 Cleistanthus collinus poisoning – Clinical presentation(15–17) 

Symptoms of Cleistanthus collinus poisoning 

Patients are usually present with the following symptoms, 

1. Nausea 

2. Vomiting 

3. Abdominal pain especially epigastric pain 

4. Breathlessness 

5. Diarrhoea 

6. Visual disturbances like the blurring of vision, coloured vision 

7. Muscle cramps and weakness 

8. Giddiness 

9. Drowsiness 

10. Fever 

Signs:  

Examination of these patients reveals the following: 

1. Hypokalaemia 

2. Respiratory failure and Hypoxia 

3. Metabolic acidosis 
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4. Hyperchloremic high anion gap acidosis (Type I DRTA) 

5. Alkaline urine 

6. Leucocytosis 

7. Cardiac arrhythmias – QTc prolongation and ST-T wave changes 

8. Elevated liver and cardiac enzymes – AST, LDH, CPK, CPK-MB 

9. ARDS 

10. Intractable hypotension and distributive shock 

11. Coagulopathy 

12. Hyper bilirubinaemia 

13. Increased urea levels 
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3.11. Cleistanthus collinus poisoning - Treatment(17–19) 

The treatment is mainly symptomatic. Because there is no specific antidote 

available for this poisoning. These include, 

1. Stomach lavage 

2. Activated charcoal 

3. Intravenous crystalloids 

4. Potassium supplement including potassium chloride 

5. Correction of acidosis with bicarbonate supplements 

6. Oxygen and assisted ventilation 

7. Cardiac pacing 

8. Inotropes 

9. N-acetyl cysteine. 

3.12 Cleistanthus collinus poisoning – Mortality rate 

The mortality rate has been reported in the case of Cleistanthus collinus 

poisoning is 37.5% (20). Some victim develops hypokalaemia and cardiac 

arrhythmias, which peaked on the 4th day after intake of poison. The mortality 

rate has high within 3 to 7 days of the ingestion of poison(21). 

The mechanism of action of this poisoning or the cause of death of this 

poisoning has not yet been fully understood. Extensive research going on this 

field in the last three decades. 
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The cause of death in Cleistanthus collinus poisoning has been reported so 

far. These include Renal failure, Respiratory failure, Cardiac Arrhythmias, 

Acute respiratory distress syndrome. Multiple organ failure, Shock(16,17,22). 

Hypotension was originally thought to be of cardiac origin but a case study 

done by Benjamin et al proposes that hypotension is secondary to 

vasodilatation (21,23). The death of the patient occurs may be associated with 

shock due to peripheral vasodilatation. The severe intractable hypotension 

presenting on the 3rd - 4th day with normal cardiac inotropy and chronotropy 

which is demonstrated by daily echocardiography, Holter and ECG 

monitoring shown in recent MD (Medicine) thesis from the Department of 

Medicine, Christian Medical College, Vellore. The patients had normal renal 

function while at the presentation of hypotension. Nitrite levels were also 

studied daily and found to be normal. Hence it was concluded that in 

Cleistanthus poisoning, death was due to inappropriate vasodilatation 

occurring in peripheral blood vessels. 

 

Distributive shock due to inappropriate peripheral vasodilatation has been 

associated with high mortality. Our aim of this study is to find out the effect 

of Cleistanthin A on the small blood vessel. 

3.13. Cleistanthus collinus poisoning – Mechanism of action 

 Cleistanthus collinus poisoning causes diverse mechanisms of action. 

These include, 
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1. Effect on neutrophils 

2. Inhibition of LDH isoenzymes 

3. ATP and glutathione depletion 

4. Sodium and potassium pump inhibition 

5. DNA synthesis blockade and break in DNA 

6. Alpha-adrenergic receptor blocking property 

7. Respiratory failure (Neuromuscular blockade) 

8. Type I distal renal tubular acidosis, Type II respiratory failure 

9. Cytotoxicity  

All these mechanisms of action have been demonstrated in numerous animal 

and clinical studies. Some significant studies are mentioned below. 

3.14. Cleistanthus collinus  - Various studies 

1. Effect on neutrophils:  

Rao et al demonstrated the administration of Cleistanthin in rats causes 

neutrophilic granulocytosis. This study was performed in the albino rats, swiss 

mice, rhesus monkeys and mongrel cats(24). 

2. Inhibition of LDH isoenzymes: 

 Kanthasamy et al demonstrated inhibition of LDH enzymes activity by 

administrating aqueous leaf extract of Cleistanthus collinus intravenously to 

the test rabbits(25). 
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3. ATP and Glutathione depletion: 

Sarathchandra et al demonstrated extract of Cleistanthus collinus causes 

glutathione depletion and inhibition of ATPase activity significantly in 

various tissues of rats and rabbits(26).  

4. Sodium and potassium pump inhibition:  

Sarathchandra et al demonstrated inhibition of ATPase activity (sodium and 

potassium ATPase and magnesium ATPase) in various tissues in rats after 

administration of boiled extract of leaves(26).   

5. DNA strand break (Break in DNA): 

Pradheep Kumar et al found that exposure to Cleistanthin A induces DNA 

strand break and resulted in apoptosis of CHO cells (Chinese hamster ovary 

cells) and P53 deficient cell line(27). 

6. Alpha-adrenergic receptor blocking property: 

Kumar et al demonstrated that extraction of Cleistanthus collinus causes 

alpha-adrenergic blocking activity on various isolated smooth muscle(28).  

 

7. Respiratory failure (Neuromuscular blockade): 

Nandakumar et al demonstrated in the mouse of the  isolated phrenic nerve 

diaphragm preparation. Leaf extract of Cleistanthus collinus causes marked 

inhibition of muscle contraction by blocking neuromuscular transmission and 

by reducing excitation of nerve and muscle membrane without affecting 



23 

  

excitation-contraction coupling. This results in respiratory failure, muscle 

weakness, muscle cramps occur(29).   

8. Type I distal renal tubular acidosis, Type II respiratory failure:  

Manekesh et al reported that Type II respiratory failure, Type I distal renal 

tubular acidosis,  occurs in rats(30). 

Kettimuthu et al found that inhibition of renal brush border proton pumps with 

the extraction of Cleistanthus collinus(31). 

9. Cytotoxicity: 

Ramesh et al demonstrated that Cleistanone (Diphyllin derivative) and its 

acetyl derivative showed cytotoxicity against MT2    cell lines(32).  

Rajkumar et al reported that the tumorigenic effects of Cleistanthin A and B 

on K-562 tumour cell lines. They showed a reduction of nucleotides 

incorporated into the DNA and RNA. The transcription and Replication are 

affected, but not translation(33).  

 

 

3.15. Chromatography:   

 Chromatography is a confirmed method for isolating complex samples 

into their constituent parts and for isolating and purifying chemicals, which is 

the most important procedure. Chromatography has advanced into one of the 

leading analytical separation techniques. For analysis, the separation method 
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is an important part. The rapid development in the chromatography can be 

applied to its relative simplicity and successful application of theory to 

practice. Besides, chromatography can be performing eminently accurate 

quantitative analysis, when supplied with sensitive detectors. The most 

important types of chromatography are gas chromatography(GC), liquid 

chromatography in columns (LC), and thin-layer chromatography (TLC) (34). 

3.16. Liquid –liquid partition chromatography (LLPC): 

 Liquid –liquid partition chromatography is a column chromatographic 

approach, which is performed in a separating funnel, where the components 

of the mixture are distributed between two immiscible solvents. LLPC method 

is a rapid, sensitive one with which even large heterogenous biomolecules can 

be analysed in aqueous solution. The results are highly reproducible. They are 

using silica support (Lichrospl Diol) to separate amino acids(35,36). LLPC 

was pioneered by Martin and Synge, for which they received Nobel prize(34). 

3.17. High-performance liquid chromatography (HPLC): 

  High-performance liquid chromatography is a type of liquid 

chromatography, which is used to separate and quantify compounds that have 

been dissolved in solution. HPLC can be performed to determine the amount 

of specific compounds in a solution(37).  

3.18 Small arteries are resistant vessels: 

 Small arteries play a significant role in the regulation of peripheral 

resistance and organ perfusion. Histologically, a vascular wall of the small 
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arteries consists of three main layers, namely an inner tunica intima, a middle 

tunica media, an outer tunica adventitia. The tunica adventitia of the small 

arteries composed of connective tissue mainly elastin and collagen, fibroblast, 

mast cells, macrophages and occasional Schwann cells with associated nerve 

axons. The tunica media is the thickest layer among these. And it is composed 

of smooth muscle cells. Within the tunica media, the stem cells are 

circumferentially arranged. The inner tunica intima contains an endothelial 

layer of cells, has a squamous structure and forms a continuous cover(38). 

3.19. Vascular smooth muscle : 

 Smooth muscle present in the middle layer of the wall of the blood 

vessels. The blood vessels diameter can change according to contraction ad 

relaxation of vascular smooth muscle. The smooth muscle regulates the blood 

flow to various organs according to the blood volume it contains and the local 

blood pressure. The contraction of the vascular smooth muscle required an 

adequate amount of calcium. Sarcoplasmic reticulum is a primary source of 

calcium. The vascular smooth muscle tone is predominantly regulated  by the 

sympathetic nervous system(39). 

3.20. Vascular adrenoceptors: 

 The adrenaline and noradrenaline are the two main neurotransmitters 

which act on adrenergic receptors in the central and peripheral level. The 

presence of two types of adrenergic receptors like alpha and beta, which is 

proposed by Ahlquist in 1948. In 1967, Furchgott identified the subtypes of 
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beta-adrenergic receptors. Beta subtypes are β1, β2, β3, and β4.  β1 was present 

in the cardiac muscle. β2 present in the bronchi of the lungs. The subtypes of 

alpha-adrenergic receptors were discovered later. α subtypes are α1 and 

α2(40). 

3.21. Alpha 1 adrenoceptor subtypes: 

 The subtypes of α1 adrenoceptor are α1A, α1B, α1D, and α1L. The α1L 

subtype was found to be a conformational state of α1A adrenoceptors. Alpha 

adrenoceptor acts through Gq protein to activate phospholipase C. 

Phospholipase C will cause hydrolysis of phosphatidyl inositol biphosphate 

(PIP2) into inositol triphosphate (IP3) and diacylglycerol (DAG). Furthermore, 

inositol triphosphate will attach to the inositol triphosphate receptor present 

in the sarcoplasmic reticulum and causes the release of calcium from it. Diacyl 

glycerol will activate protein kinase C (39). 

3.22. Alpha 1 adrenoceptor subtypes: 

 The α2 adrenoceptor subtypes are α2A/D, α2B, α2C. α2 adrenoceptor acts 

via Gi protein to inhibit adenylyl cyclase. The conversion of ATP to cyclic 

AMP by the action of adenylyl cyclase. And thus, activates protein kinase A. 

Therefore, protein kinase A is inhibited by α2 adrenoceptor. α2 adrenoceptors 

produce inhibitory action on voltage-gated Ca2+ channels and will open the 

K+ channel. It can also act via Na/H+ exchanger, Phospholipase A2, C and 

D(40).  
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Both α and β adrenoreceptors were present in the vascular smooth 

muscle. Stimulation of the α1 receptor causes contraction of vascular smooth 

muscle. Both α1 and α2 can produce contraction in veins. All α1 subtypes 

contribute to vasoconstriction. In rats, that regulation of blood pressure 

predominantly due to the α1A subtype. Other subtypes are also present in rat 

arteries. α2 receptor is reported to be present in small arterioles. β1 and β2 are 

present in vascular smooth muscle and its activation produces vasorelaxation. 

The presence of β3 has also been reported in the blood vessel which can also 

produce vasodilatation (41). 

  α2 and β adrenoreceptors were present in the vascular endothelium, 

which can produce vasodilatation. α2 and β adrenoreceptors act via nitric 

oxide pathway which will activate soluble guanylyl cyclase (sGC). sGC will 

convert GTP into Cyclic GMP. Cyclic GMP can activate protein kinase G. 

Protein kinase G can produce vasodilatation by either activation of Ca2+ 

activated K+ channel or activation of myosin light chain phosphatase (40). 

3.23. Ion channel in blood vessel and vascular tone: 

Ion channels present in the plasma membrane of the vascular smooth muscle 

cells which form the walls of resistance arteries and arterioles. Ion channels 

play a central role in regulation of vascular tone. The vascular tone of small 

arteries and arterioles are the major determinant of the resistance to blood flow 

through the circulation. Therefore, vascular tone plays an important role in the 

blood pressure regulation and the distribution of blood flow to various tissues 

and organs of the body. Regulation of vascular tone depends on the 
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vasoconstrictor and vasodilator stimuli from neurotransmitters, circulating 

hormones, endothelium-derived factors, and blood pressure. In vascular 

smooth muscle cells utilizes Ca2+ for vasoconstriction. 

In addition to that, the movement of ions through the ion channels 

determinesthe membrane potential. Membrane potential and intracellular 

calcium concentration regulates the influx of calcium. Smooth muscle of the 

blood vessel contains two types of voltage-gated calcium channels, four types 

of potassium channels, store-operated calcium channel, and stretch-activated 

cation channels and two types of chloride channels. All of these channels may 

be involved in the regulation of vascular tone.  

Potassium channels  

Potassium channels are the predominant ion channels in the vascular 

smooth muscle cells. Potassium channels mainly contribute to the 

determination and regulation of membrane potential and vascular tone. When 

the potassium channel opens K+ ion will efflux and produces 

hyperpolarisation. The opposite effect is produced on the closure of the 

channel. Four classes of potassium channels are present in smooth muscle 

cells (39).  

Noma first described the KATP channel in the cardiac myocyte. When 

ATP concentration is increased intracellularly, this channel closes.  

BKCa channels are large conductance channels present in most cells. These 

channels are activated by membrane depolarisation and by an increase in 

intracellular calcium levels. Antagonists of these channels like tetraethyl 
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ammonium and iberiotoxin can produce vasoconstriction. Noradrenaline can 

activate BKCa channels and can decrease vasospasm due to norepinephrine. 

This channel is activated by certain vasodilators which is act via cGMP or 

cAMP (42).  

Voltage gated potassium channels (KV channels) will open by 

membrane depolarisation. Vasodilators are acting through cAMP signaling 

cascade can open this channel and certain vasoconstrictors can close this 

channel, thereby increasing intracellular Ca2+ and protein kinase C.  

KIR (inward rectifier) channel was first identified by Katz. K+ current 

will move inside through this channel. KIR channel plays a role in the 

regulation of the resting membrane potential. An increase in the extracellular 

level of potassium produces vasodilatation and associated hyperpolarisation 

of the vascular smooth muscle membrane. This may be due to Na- K ATPase 

activation or KIR channel activation (42).  

Calcium channels  

Voltage-gated calcium channels play an important role in the 

regulation of vascular tone by membrane potential. These channels close on 

hyperpolarisation of the membrane and causing vasodilatation. This channel 

will open on depolarisation to produce vasoconstriction. L-type calcium 

channels which are dihydropyridine sensitive are the dominant calcium 

channels present in the vessel. T type calcium channels are also present in the 

vessel. Vasoconstrictors act via protein kinase C will activate this channel. 
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When there is an increase in intracellular calcium levels inhibit the voltage-

gated calcium channels and activate cGMP dependent protein kinase. 

Chloride channels  

The opening of this channel will cause the efflux of this ion to result in 

depolarisation and thus causes vasoconstriction. There are two types of 

chloride channels: calcium-activated and volume regulated channels. Similar 

to the BKCa channel, calcium-activated chloride channels are activated by an 

increase in intracellular calcium and participate in depolarisation. Volume 

regulated calcium channels are needed to regulate the membrane potential at 

the resting condition of the vessel and thus maintain the vascular tone. 

Store-Operated and Stretch-Activated Ca2+ Channels 

 Calcium enters into the vascular muscle cells through voltage-gated 

Ca2+ channels, but also enter through store-operated Ca2+ (SOC) channels 

and stretch-activated cation (SAC) channels. SOC channels are gets activated 

when intracellular calcium stores empty to refill the calcium stores(42). 

3.24. Isolated tissue preparation to study the functions of vascular smooth 

muscle: 

 The isolated tissue bath assay is an important tool to study smooth 

muscle function for both physiologists and pharmacologists. For more than 

150 years, this method is being used. It is still retaining its significance. 

Isolated tissue method is considered to be the most standard method for 

studying the concentration-response curve of various drugs and also to study 

other functions of smooth muscle. This type of isolated tissue bath assays is 
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useful in the study of very small tissues like a murine mesenteric artery to 

large porcine ileum. The isolated tissue preparation technique is also effective 

to study of the sequence of events such as localization of receptor, signal 

transduction, second messenger system, response to the drugs, interaction 

with drugs. Changes in smooth muscle and tissue function characterise 

receptors and receptor signal transduction. To understand the basic modalities 

of therapy, this technique is very useful. By using this technique, led to the 

discovery of many drugs for various medical disorders like Diabetes mellitus, 

Hypertension, Bronchial asthma, Heart Failure and some gastrointestinal 

disorders(43). 

 The tissue bath system is maintained at a temperature around 37°C by 

turning on the recirculating water bath. The organ bath is aerated with 

carbogen (95% O2 and 5 % CO2) to maintain a physiologically relevant 

environment. Then the organ bath is filled with a physiological salt solution.. 

 To start with, the tissues of interest should be isolated from the source 

animal with minimal manipulation and mounted in an organ bath. Before 

mounting of the isolated tissue in an organ bath, the required length of the 

tissue needs to be taken. One end of the isolated tissue is attached to the 

bottom of the organ bath by using suture material, onto a metal hook present 

in the base of the organ bath. The other end of the tissue is fixed to a force 

transducer, which is directly connected to the data acquisition system.  

  After setting up the isolated tissue within the organ bath, the data 

acquisition system is switched on. Every tissue has a particular length at which 
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smooth muscle cells produce an optimum response. The tissue is stretched to 

its optimum length with a preload. After a few minutes, the tissue will reach 

steady state tension called resting tone. Following this period, the required 

drugs for the experiment are added to the organ bath at a specific 

concentration to achieve a final concentration of drugs in solution based on 

the volume of physiological salt solution present in the organ bath. 

Consecutively, the response of tissue is recorded in the data acquisition 

system. The viability of the tissue can be tested by adding drugs like potassium 

chloride in high molar concentration at the end of the experiment. KCl 

produces a contractile response in most of the smooth muscle tissue. The data 

acquired by this method will be processed and resulting values were analysed 

by using software such as graph pad prism or IBM SPSS. The advantages are 

the result obtained by this method is applied to the whole body. 

 The added advantage of this study is that various types of tissue can be 

isolated from the same animal for  experimentation and the tissues obtained 

for  the animal can serve in the study as its control. The disadvantage of this 

method is causing damage to the isolated tissue during surgical removal of 

tissue, isolation, preparation, and mounting of the tissue for the experiment. 

So that the recorded values will differ and results are unreliable and will not 

be reproducible(43). 

 Scraping or sloughing away of the endothelium during isolation of 

blood vessels like arteries results in damage to whole tissue. So always keep 

in the mind, minimal manipulation of tissue is needed for the experiment. Or 
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else the results may get affected.  The poor water solubility of drugs may  

cause precipitation within the physiological salt solution present in the organ 

bath, which may affect the results and outcome of the study. The viability of 

tissue also varies with the amount of time taken for the completion of the 

experiment. 
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3.25. The rationale behind the study: 

 In most fatal cases of Cleistanthus collinus poisoning has been 

recorded as a distributive shock which was secondary to inappropriate 

vasodilatation. This makes the effect of Cleistanthin on vascular tension in a 

primary area of research. 

 Although the effect of Cleistanthus collinus compounds both as whole 

extract as well as individual compounds have been studied in our department 

to the best of our knowledge, the effect of Cleistanthin A on vascular tone in 

different preparations of isolated goat artery has never been demonstrated. 

The idea here is to demonstrate the effect of Cleistanthin A per se on vascular 

tension in an isolated goat artery. 
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4. MATERIALS AND METHODS 

This study approval was given by the Institutional Review Board (IRB) of 

Christian Medical College, Vellore (IRB no: 11034, dated 04.12.2017). The 

study and all the experiments were done by using the CMC Fluid Research 

Grant from the Department of Physiology, Christian Medical College, Vellore 

from a period of June 2018 to June 2019. 

4.1. MATERIALS REQUIRED FOR THE ISOLATION OF 

CLEISTANTHIN A 

1. Cleistanthus collinus leaves 

2. 5 Litre beakers 

3. Conical flask  

4. Distilled water   

5. Hot plate 

6. Foil cover 

7. Chloroform 

8. Glass Petri dishes  

9. Weighing machine  

10. Cotton ball  

11. Separating funnel  
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12. Funnels borosilicate from science house. 

13. Hot air oven  

14. Scalpel 

15. 22 size blades 

16. Eppendorf 

17. Methanol  

18. Tissue roll 

19. Heavy-duty cooling centrifuge machine  

20. Hamilton micro syringe 

21. Micropipette 

22. Shimadzu HPLC system 

Preparatory column: 

Shim-pack, Material: 5μm C18, Dimensions: 20×250mm 

Analytical column: 

Shim-pack, Material: 5μm C18, Dimensions: 4.6×250mm 

Fluorescence detector: RF-20A 
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23. Rotary evaporator (Evator from science house) containing vacuum pump, water 

bath chilled water circulator-(equitron from science house). 

24. Millipore water 

25. UV illuminator  

 

4.2 MATERIALS REQUIRED FOR ISOLATED VESSEL EXPERIMENT: 

1. Fresh goat legs 

2. Surgical blade (22 sizes) 

3. Whiteboard 

4. Iris scissor-1 

5. Toothed forceps-1 

6. Micro forceps straight-1 

7. Mammalian ECF solution 

8. Two Petri dishes filled with mammalian ECF solution 

9. Thread 

10. Suture needle 

11. Pipette tip (100ul) to make a loop 

12. Double jacketed organ bath 

13. Circulating water bath at 37°C 
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14. Micropipette with pipette tips (1000μl and 100μl) to add drugs 

15. Tissue roll 

16. Carbogen cylinder 

17. Force transducer from AD Instruments 

18. Power lab data acquisition system 

19. Laptop for recording 

 

Fig:4 The PowerLab Data acquisition system 

 

Stock solutions for the experiment: 
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 A stock solution of 100μM and 500μM (micromolar) concentration 

was prepared for Cleistanthin A, Absolute ethanol, and  a 4M concentration 

of Potassium Chloride (KCl) was prepared. Stock solution for Cleistanthin A 

and each time KCl was prepared newly, on the day of the experiment. 

Composition of mammalian ECF solution: 

Table:2 Composition of mammalian ECF solution 

NaCl 100 mmol/L 

KCl 3 mmol/L 

CaCl2 1.3 mmol/L 

NaH2Po4 0.5 mmol/L 

Na2HPO4 2 mmol/L 

NaHCO3 25 mmol/L 

MgCl2 2 mmol/L 

HEPES buffer 10 mmol/L 

Glucose 5 mmol/L 
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pH was titrated to a range of 7.35-7.45 by using 1M sodium hydroxide. Five 

litres of mammalian ECF solution prepared and stored at 4°C.                                                    

 Methods 

Cleistanthin A isolation: 

Collection of leaves: 

 The Cleistanthus collinus leaves were collected from the Amirthi 

hilly area which is situated near Vellore. 

Extraction of boiled leaves: 

 The freshly collected leaves of Cleistanthin collinus were shade 

dried for one week.  100gms of leaves were weighed, rinsed with distilled 

water. The rinsed leaves were soaked in 3 litres of distilled water for 24hrs. 

The next day soaked leaves were boiled for 15 min. After cooling, the water 

was filtered through the cotton. 3 litres of chloroform were added to the 

aqueous extract and it was mixed well. Two layers were formed. The bottom 

fraction contains the chloroform with the fluorescent compounds. This 

bottom fraction was separated by using liquid- liquid chromatography.   
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 Liquid/Liquid partition chromatography (LLP) of aqueous extracts 

with chloroform to isolate fluorescent compounds: 

 The chloroform mixed aqueous extract was added to the separating 

funnel. In separating funnel, the coloured aqueous solution was present on 

the top and chloroform fraction at the bottom. These two liquids were 

immiscible and a clear junction was seen. The active constituents of 

Cleistanthus collinus were preferentially dissolved in the chloroform 

fraction of the mixture. The bottom layer was collected using a separating 

funnel. The bottom layer was concentrated in a rotatory evaporator(Fig:6). 

The concentrated chloroform extract was poured into glass Petri dishes and 

was allowed to dry in a hot air oven at 37°C for 24 hrs. After drying the 

extract was scraped  out from the petri dish and collected.
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Fig:5 Extraction of C.collinus by using liquid/liquid partition 

chromatography 

We noticed that all the fluorescence substances present in the chloroform 

fraction. Fluorescence substances not present in the water fraction.    
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Fig:6 Rotatory evaporator   
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4.3 ISOLATION OF MAJOR FLUORESCENT COMPOUND BY HPLC: 

High Performance Liquid Chromatography: 

 The chloroform fraction was taken from the shade dried leaf room 

temperature boiled extract (DLRTB) was subjected to preparatory HPLC to isolate 

Cleistanthin A. 

 

Fig:7 Preparatory HPLC system 

Isolation of individual compounds with Preparatory HPLC: 

100mg of chloroform fraction was taken in the Eppendorf tube. 1ml of 70% 

ethanol was used to mix the chloroform fraction. After mixing, the tube was 

subjected to centrifugation at the rate of 12000rpm for 5 min. Then take 250μl 

of this and add 750μl of 70% methanol. This contains 25mg/ml. 1ml was 

injected into the sample port by using a 1ml insulin microsyringe. The insulin 

microsyringe was rinsed with MQ water and with methanol solution before 
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injection of each sample. The retention time of major peaks were already 

identified. The identified peak named fraction 0,1,2,3,4,5 according to 

retention time from beginning to end. Each fraction was collected manually. 

Six glass containers were kept ready for a collection of each fraction. The total 

run time was maintained at 35 minutes. HPLC was run on three batches of 

eachset. 

 

Fig:8 Preparatory HPLC profile of DLRTB 

The collected fraction was concentrated at 55°C in hot air oven. The 

dried fraction was scrapped off from the Petri dish and transferred into the 

small container and was stored at room temperature.
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Fig:9 Collected fluorescent fraction from HPLC under UV Illuminator 

 

Confirmation of Cleistanthin A by analytical Chromotography: 

The isolated fraction from preparatory chromatography ( Fraction 0 -4) was run by 

analytical chromatography.  

1mg/ml (stock solution) of the isolated fraction from preparatory HPLC  

were made with absolute methanol.   The mobile phase was fixed into 70% 

methanol, in which water (70:30, v/v) and the flow rate of 1ml/min to run through 

Reverse-phase HPLC using C18 columns. The total run time was maintained at 15 

minutes The fluorescence detector was fixed into λexc=320nm and λemis=450nm. 

From the stock, F0-100μg/ml, F1-25 μg/ml, F2-100 μg /ml, F3-50/ml, F4-50 μg/ml 

was injected into the sample port by using a microsyringe (Hamilton, 100µl) into 
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the analytical column of HPLC.The injecting volume was 20 μl. The microsyringe 

was rinsed with MQ water and with methanol solution before injection of each 

sample to see the single peak. Fraction 4 was confirmed  with standard Cleistanthin 

A. Considerable amounts of Cleistanthin A were isolated by the methods stated 

above for isolated goat artery experiment. 

  

Fig:10 HPLC profile of analytical chromotography 

 

Fig:11 Preparatory HPLC profile of fraction 4 is confirmed with 

standard Cleistanthin A 
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Fig:12 Pure Cleistanthin A 

4.4.Isolated vessel preparation: 

 Fresh goat legs were obtained from a registered slaughterhouse on the 

day of the experiment. The procedures for the planned experiment were 

started within 5 to 10 minutes of procuring of goat legs. If any additional legs 

were available which can be used for another experiment on the same day, it 

was stored at 4°C and it was used within 2 to 3hrs of storage. Required 
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solutions for the experiments were prepared and kept ready before starting the 

procedure. Before starting the dissection, the ice-cold mammalian 

extracellular fluid solution was filled into the two glass Petri dishes. Once the 

leg was obtained, completely cleaned under running tap water. The leg was 

kept on the whiteboard for dissection. The skin was removed from the goat 

leg by using a 22size surgical blade. Without damaging the underlying tissues 

and vessels, Skin was dissected superficially. A medium-sized artery was 

identified near the bulk of muscle tissue and traced. By checking the patency 

of lumen, the blood vessel was confirmed as artery and the vein has collapsed 

lumen. With minimal manipulation, the artery was dissected out and the 

lengthier artery strips were taken. 

 The arterial strip was placed in a Petri dish containing ice cold 

physiological salt solution soon after dissection. The cold ECF solution was 

reduces the metabolic rate of vascular smooth muscle and increases the 

viability of the tissue. By using artery forceps and iris scissors, the extra 

connective tissue was removed. For the whole procedure, the artery was kept 

immersed in a cold ECF solution. If the tissue was not kept immersed in the 

ECF solution, it may affect the viability. The extra tissue was completely 

cleaned off from the artery as it may affect the results. After that, the artery 

was transferred to another petri dish which was filled with ECF solution. The 

lengthier isolated artery was cut into small strips of 0.5 cm and 2 cm in length 

for transverse and longitudinal experiment respectively. The strips were 

devoid of any side branches. 
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Mounting of the tissue: 

For transverse cylinder experiment: 

 By using a plastic thread, a small loop was made on one side of the 

transverse strips and another loop was made at the diametrically opposite end 

of the strip. Another loop was made a knot by a lengthier silk thread, enough 

to be connected with a force transducer. The transverse strip was mounted in 

an organ bath of 20ml capacity.  The small loop was secured to a hook at the 

rubber cork in the bottom of the organ bath, while the other end was connected 

to a force transducer. The organ bath was filled with a mammalian ECF 

solution, maintained at a temperature of 37°C by a circulating water bath. The 

organ bath was aerated with carbogen (95% oxygen and 5% carbon dioxide). 

Force transducer was connected to the Power lab data acquisition system and 

data was recorded on the laptop computer. 
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Fig:13  Isolated transverse cylinder mounted in organ bath 

For longitudinal artery strip experiments: 

 For longitudinal artery strip experiments, an iris scissor was then 

introduced into the lumen of an arterial strip and a clean, straight, longitudinal 

cut was made. The lumen of the arterial strip was cut open in a longitudinal 

orientation, exposing the endothelium of blood vessels and thus making a 

longitudinal strip. A 100μl of pipette tip was used to make a loop with a silk 

thread and needle on one side of the strip while knot was made on the opposite 

side of the longitudinal strip, leaving the silk thread lengthier enough to be 

connected to the force transducer. The longitudinal arterial strip was mounted 

in an organ bath of 20ml capacity. The small loop was secured to a hook at 
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the rubber cork in the bottom of the organ bath, while the other end of the silk 

thread was connected to a force transducer. 

 

Fig:14 Isolated longitudinal strips mounted in organ bath 

Recording of data 

 The organ bath was filled with a mammalian ECF solution, maintained 

at a temperature of 37°C by a circulating water bath. The organ bath was 

aerated with carbogen (95% oxygen and 5% Carbon dioxide). Force 

transducer was connected to the Power Lab data acquisition system. The 
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laptop was connected to the data acquisition system to generate recordings of 

the experiment.  

 

Fig:15 Whole experiment setup 

Solutions required for the experiment: 

  All the salts used for the preparation of the mammalian ECF 

solution were purchased from SIGMA. Pure Cleistanthin A was 

isolated by using preparatory HPLC. Low (100μM) and high 

(500μM) molar concentration of Cleistanthin A was used in this 

experiment. Cleistanthin A was dissolved in absolute ethanol. KCl 

was used to assess the viability of arterial strips. KCl was dissolved 

in distilled water. 
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Cleistanthin A 

Low Molar concentration(100μmol/L) 

The molecular weight of Cleistanthin A was 540.5g/mol. 0.0054 gm of 

powdered form of Cleistanthin A was added into 1ml of 99.9% of ethanol to 

get a stock solution of 10mM. 200μl of this stock solution was added to the 

20ml organ bath filled with mammalian ECF solution to get final 

concentrations of 100μmol/L for each intervention in an experiment.  

High Molar Concentration (500μmol/L) 

The molecular weight of Cleistanthin A was 540.5g/mol. 0.0054 gm of 

powdered form of Cleistanthin A was added into 1ml of 99.9% of ethanol to 

get a stock solution of 10mM. 1000μl of this stock solution was added to the 

20ml organ bath filled with mammalian ECF solution to get final 

concentrations of 500μmol/L for each intervention in an experiment.  

Potassium chloride  

Molecular weight is 74.55 g/mol 

 2.96g was added to 10ml of distilled water to get 4 M stock solution 

 400μl of 4M stock solution was added to 20ml of ECF to get a final required 

concentration of 80mmol/L. 
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Absolute Ethanol: 

99.9% ethanol was added to dissolve Cleistanthin A. Ethanol was used in 

control group.  

Experiment protocol 

The arterial preparation (Transverse and longitudinal) was mounted in the 

20ml organ bath filled with mammalian ECF solution. The PowerLab data 

acquisition system and the laptop was switched on. The force transducer was 

connected to one end of the arterial strip, which senses changes that occur in 

vascular tension. The force transducer was connected to the PowerLab data 

acquisition system. The calibration of the equipment was carried out initially 

by using 10g weight, to get the recorded values in gms from millivolts. An 

adequate supply of carbogen from the cylinder and continuous maintenance 

of temperature at 37°C was ensured before starting the experiment. The 

preload was applied to the mounted tissue initially, in the range of 0.3 to 0.4 

gms, so that the silk thread becomes taut and then arterial preparation 

(transverse and longitudinal strips) was allowed some time to stabilize to its 

basal resting tone. The time taken for stabilization of arterial preparation was 

about 10 minutes. After the tissue tension was stabilized, the drug of interest 

was added and waited for 5minutes to observe the change in response since 

any change in tension can be noticed within 10 minutes of adding of drugs. 

Five different sets of experiments were done which includes both control and 
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intervention groups. The sample size for each of the experiments was four to 

six. In one set of experiments, after an equilibration period since the 

application of 0.3 grams of preload, 200μl of absolute ethanol was added to 

the organ bath in each of the preparations and this was taken as the control 

group. Any change in adding Cleistanthin A, either causes constriction or 

relaxation detected by force transducer was recorded as an increase or a 

decrease in vascular tension from the baseline respectively. 

For the intervention group, 

1. To test the response produced by low(100μM) molar concentration of 

Cleistanthin A in both transverse and longitudinal arterial strips. 

2. To test the response produced by high (500μM) molar concentration 

of Cleistanthin A in both transverse and longitudinal arterial strips. 

After the addition of the drug, the comment was added during the 

recording, which includes the identity of the drug added and its 

concentration. After the addition of Cleistanthin A, ECF in the organ bath 

was drained off and refilled with a new ECF solution, into which 80mmol/L 

potassium chloride was added to check the viability of the tissue. If the 

tissue was viable, which showed an increase in vascular tension was noted 

and results were included in the analysis. If the addition of KCl does not 

show any increase in vascular tension, recordings taken from such tissue 

were not included in analysis and the tissue was considered to be non-

viable. The precaution was taken not to disturb the thread which was 
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connected to force transducer, while the drug was added or when the organ 

bath was re-filled with ECF solution for a wash. There may be a chance of 

an increase in noise if the thread was disturbed during recording.  

 Data were recorded at a frequency of 1000 Hertz by using the Powerlab 

data acquisition system. A text file containing the values that were recorded 

during the experiment was obtained from the datapad option in the 

software. The text file was then exported to Igor pro software for further 

analysis and better graphical visualization. After the curve was smoothened 

to remove noise in Igor pro software using the gaussian smoothing 

function, a graph was obtained by plotting time (in hr: min) along X-axis 

and tension (in gram) along Y-axis. Values were noted down in an excel 

spreadsheet and then any significance of results was further computed by 

statistical analysis using SPSS software v23.0 
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         5.STATISTICAL ANALYSIS  

The statistical analysis of each set of experiments was done using SPSS 

software (version 23.0). The change in vascular tension before and after 

the addition of Cleistanthin A within a group was compared using 

Wilcoxon's signed-rank (WSR) test. The difference of percent change 

in vascular tension in the intervention group was compared with the 

control group using the Mann-Whitney U (MWU) test. A p-value of 

less than 0.05 was considered statistically significant. The results were 

expressed as line diagrams and scatter plots with a median. Scatter plots 

were done using Microsoft Excel 2010. 
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100gms leaves were soaked in 3Litres of 

distilled water for 24 hrs. 

 

The dry powder was dissolved in methanol 

at a concentration of 25 mg in 1mL 

 

The concentrated extract was allowed to dry 

in Petri dishes 

 

Next day-soaked leaves were boiled for 

15 minutes 

 

Collected fraction concentrated using a 

rotary evaporator 

 

Filtrate mixed with 3 litres of chloroform. The bottom 

fraction containing chloroform were collected 
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Pure Cleistanthin A was isolated from this 

extract using preparatory chromatography 

 

Fresh leaves of Cleistanthus collinus 

were shade dried for one week 
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Preload of 0.3 g was applied and waited till 

vascular tone stabilizes (about 10mins) 

 

 

 

 

 

 

 

 

 

 

 

The force transducer was connected to a data 

acquisition system 

 

 

 

 

 

 

 

 

 

 

 

Mounted on organ bath and Maintained at 

37°C temperature, perfused with ECF solution, 

aerated with carbogen 

 

 

 

 

 

 

 

 

 

 

 

Transverse cylinder 

 

Longitudinal strip 

 

Isolated goat artery was made into two 

preparations 

Low Molar 

Concentration(100μM) Clei A 

added 

added 

Absolute 

ethanol(vehicle) 

High Molar 

Concentration(500μM) Clei A 

added 

Group1 (n=5) 

Longitudinal strip 

Group 3 (n=5) 

Longitudinal strip 

strip 
Group 2 (n=5) 

Transverse cylinder 

Group 4 (n=5) 

Transverse cylinder 

Group 5 (n=5) 

Longitudinal strip 

Group 6 (n=5) 

Transverse cylinder 
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Fig:16 Detailed diagrammatic algorithm of the study 

 

 

 

 

 

 

 

 

 

 

Wash with the extracellular solution for 5 – 10 minutes 

 

Data were processed using Igor Pro and 

analysed using SPSS 23.0  

 

 

 

 

 

 

 

 

 

 

 

 

 
Analyze the change in tension before and after 

addition of drug within a group by Wilcoxon’s 

signed rank test and between the control & 

intervention group by Mann-Whitney U test 
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6. RESULTS 

Quantification of chloroform fraction by High Performance Liquid 

chromatography.  

 Dried leaves room temperature boiled extract was obtained. Three 

batches of extract were prepared. The dried chloroform fraction of all batches of 

extract was weighed and quantified. From the dried extract 100 mg was taken in 

each batch and it was quantified by preparatory HPLC.The results shown in the 

table.3 A high yield of compound 4 was identified from DLRTB extract. 
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Compounds DLRTB-6B 

I (100mg) 

II 

(100mg) 

III 

(100mg) 

DLRTB(I,II,III) 

(100mg) 

Quantity of 

compound 0 (gms) 

0.0076 

 

0.0049 0.004 0.0055 

Quantity of 

compound 1 (gms) 

0.0059 

 

0.0089 0.0065 0.0071 

Quantity of 

compound 2 (gms) 

0.0208 

 

0.0225 0.0282 0.0238 

Quantity of 

compound 3 (gms) 

0.0032 0.0035 0.0014 0.0027 

Quantity of 

compound 4 (gms) 

0.035 0.034 0.0251 0.0313 

Quantity of 

compound 5 (gms) 

0.001 0.0022 0.0023 0.0018 

Unrecoverable 0.0265 0.024 0.0325 0.0276 

 

Table.3. The calculated value of identified compounds by HPLC (mean ) from 

DLRTB extracts. 
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Fig: 17 Percentage of isolated compounds (from HPLC) Cleistanthin A 

and other compounds in chloroform fraction of DLRTB. 

 

 

 

 

 

 

 

 

F0
6% F1

7%

F2
24%

F3
3%

F4(Cleistanthin A)
31%

F5
2%

Unrecoverable
28%

DLRTB HPLC Data



65 

  

The change in vascular tension was recorded by using the PowerLab data 

acquisition system at a sampling rate of 1000 Hz and the data was obtained 

further processed and smoothened using the gaussian smoothening function 

in Igor pro software for improved visualization and further statistical analysis 

using SPSS version 23.0. 

The change in tension in each group of experiments was represented by line 

diagrams and scatter plots using Microsoft Excel 2010. 

The viability of the tissue was confirmed by the addition of 80mmol/L KCl. 

Exposure of arterial smooth muscle to 80mmol/L of KCl  caused membrane 

depolarization results in increase calcium influx through the voltage-gated 

calcium channels which produced maximal contraction in the tissue. Only 

tissues that produce apparent vasoconstriction to KCl above the baseline were 

considered to be viable and the results of the experiment were taken into 

account for analysis in the study. If there is no apparent contractile response 

to KCl, the recordings of the experiment were not used for analysis in the 

study. 
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Effect of Cleistanthin A on vascular tension in low molar concentration 

in longitudinal goat artery strips: 

The addition of Cleistanthin A 100μM did not produce any change in 

vascular tension. The vascular tension before and after the addition of 

Cleistanthin A 100μM was 0.27 grams and  0.25 grams respectively(median 

values, n=5, p=0.08* with WSR test) in the longitudinal strips of the small 

artery.(Fig.18)  

Tissue viability was confirmed by vasoconstriction induced by the addition of 

80mmol/L potassium chloride.  

 

A
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Fig.18: (A) Raw representative tracing showing a no changes in vascular 

tension with Cleistanthin A in longitudinal artery preparation. (B) Scatter 

plots of results from all five experiments demonstrating no change in vascular 

tension with Cleistanthin A. (C) Quantum of change in vascular tension with 

Cleistanthin A from baseline (* p =0.08) 

Effect of Cleistanthin A on vascular tension in high molar concentration 

in longitudinal goat artery strips: 

The addition of Cleistanthin A 500μM did not produce any change in vascular 

tension. The vascular tension before and after the addition of Cleistanthin A 

500μM was 0.30 grams and  0.27 grams respectively(median values, n=5, 

p=0.138* with WSR test) in the longitudinal strips of the small artery. (Fig.19)  

B C
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Fig.19: (A) Raw representative tracing showing a no changes in vascular 

tension with Cleistanthin A in longitudinal artery preparation. (B) Scatter 

plots of results from all five experiments demonstrating no change in vascular 

tension with Cleistanthin A. (C) Quantum of change in vascular tension with 

Cleistanthin A from baseline (* p =0.138). 

B C 

A 
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Effect of  Ethanol(Vehicle) on vascular tension in longitudinal  goat 

artery strips: 

The addition of ethanol did not cause any change in vascular tension. The 

vascular tension before and after the addition of ethanol was 0.21 grams and  

0.21 grams respectively(median values, n=5, p=0.375 with WSR test) in the 

longitudinal arterial strips. (Fig.20) 

 

  

A

B C 
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Fig.20: (A) Raw representative tracing showing a no changes in vascular 

tension with Ethanol in longitudinal artery preparation. (B) Scatter plots of 

results from all five experiments demonstrating no change in vascular tension 

with Ethanol (C) Quantum of change in vascular tension with ethanol from 

baseline (* p = 0.375). 

 

Effect of Cleistanthin A on vascular tension in low molar concentration 

in transverse goat artery cylinders: 

Addition of Cleistanthin A 100μM caused relaxation in vascular tension. The 

vascular tension before the addition of Cleistanthin A 100μM was 0.20 grams 

and after the addition of Cleistanthin A was 0.16 grams respectively(median 

values, n=5, p=0.043 with WSR test) in the transverse arterial cylinder. 

(Fig.21) 

 

 

A
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Fig.21: (A) Raw representative tracing showing a decrease in vascular tension 

with Cleistanthin A in transverse artery preparation. (B) Scatter plots of 

results from all five experiments demonstrating a decrease in vascular tension 

with Cleistanthin A. (C) Quantum of change in vascular tension with 

Cleistanthin A from baseline (* p=0.043) 

 

Effect of Cleistanthin A on vascular tension in high molar concentration 

in transverse goat artery cylinders: 

The addition of Cleistanthin A 500μM caused an increase in vascular tension. 

The vascular tension before the addition of Cleistanthin A 500μM was 0.19 

grams and after the addition of Cleistanthin A was 0.21 grams respectively 

(median values, n=5, p=0.043 with WSR test) in the transverse arterial 

cylinder. (Fig.22) 

B C
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Fig.22: (A) Raw representative tracing showing an increase in vascular 

tension with Cleistanthin A in transverse artery preparation. (B) Scatter plots 

of results from all five experiments demonstrating an increase in vascular 

tension with Cleistanthin A. (C) Quantum of change in vascular tension with 

Cleistanthin A from baseline (* p= 0.043) 

A 

C B 
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Effect of ethanol on vascular tension in transverse goat artery cylinders: 

The addition of ethanol caused relaxation in vascular tension. The vascular 

tension before and after the addition of ethanol was 0.11 grams and 0.02 grams 

respectively (median values, n=5, p=0.043 with WSR test) in the transverse 

arterial cylinder. (Fig.23) 

 

 

  

A 

B C 
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Fig.23: (A) Raw representative tracing showing a decrease in vascular tension 

with ethanol in transverse artery preparation. (B) Scatter plots of results from 

all five experiments demonstrating a decrease in vascular tension with 

ethanol. (C) Quantum of change in vascular tension with ethanol from 

baseline (* p= 0.043) 

There was no significant difference (p=0.548 with MWU) when the 

percentage changes in transverse arterial vascular tension due to low molar 

concentration Cleistanthin A and Ethanol were compared, indicating no 

change in the vascular tension in both interventions in transverse arterial 

strips.  

But there was significant difference (p=0.032 with MWU) when the 

percentage changes in transverse arterial vascular tension due to high molar 

concentration Cleistanthin A and Ethanol were compared, indicating change 

in the vascular tension in high molar concentration Cleistanthin A transverse 

arterial strips. 
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Goat strips Clei A 

Low molar 

conc(100μM) 

Clei A 

High molar 

conc(500μM) 

Control 

Ethanol 

Longitudinal 

strips 

No change in 

tension.  p=0.08 

(WSR test) 

No change in 

tension. p=0.138 

(WSR test) 

No change in 

tension. 

p=0.375 (WSR 

test) 

Transverse 

cylinder 

Reduction in 

vascular tension. 

p=0.043 (WSR 

test) 

Contraction in 

vascular tension. 

p=0.043 (WSR 

test) 

Reduction in 

vascular 

tension. 

p=0.043 (WSR 

test) 

 

Table:4 shows results of control and interventions group. 
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7. DISCUSSION 

Cleistanthus collinus is a toxic plant containing several toxic and nontoxic 

compounds. Of these Cleistanthin A and Cleistanthin C are the two main toxic 

compounds present. Extract of boiled leaves is the most poisonous form. The 

main research work is going on in our department to find out the mechanism 

of action of this poison. 

The main clinical features of Cleistanthus collinus poisoning are hypotension 

which leads to the shock of the patients. The case control study demonstrated 

that hypotension was found to be due to inappropriate vasodilatation. The 

objectives of our study were to find out the effect of low and high molar 

concentration Cleistanthin A in vascular tension of longitudinal and transverse  

goat arterial preparations. 

Effect of Cleistanthin A on vascular tension 

As we can see from the results the increase in vascular tension seen in the high 

molar concentration of Cleistanthin A in transverse cylinder intervention 

group. 

Previous study done in our lab, they  found that another toxic principles 

of Cleistanthus collinus such as Cleistanthin C produce hypotension in whole 

animal experiments. 

One more study in rat hind limb preparations has shown that 

Cleistanthin C produces an increase in vascular resistance at high molar 

concentration(500 μM). However, the rat hind limb preparation being an open 
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environment could have caused an escape of  nitric oxide, thereby preventing 

hypotension. 

Based on these observations it is possible that Cleistanthin A might 

have an alpha agonistic activity. However whole animal experiments are 

needed to prove the same. 
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8. CONCLUSION 

Cleistanthus collinus poisoning is most common in Tamil Nadu. One of the 

toxic compounds of Cleistanthus collinus is Cleistanthin A. Our study aimed 

to assess the effect of Cleistanthin A on vascular tension in isolated 

longitudinal and transverse goat artery preparations as hypotension is a most 

common symptom in these poisoning patients that can lead to shock and death 

of the patient. 

The results show that Cleistanthin A at a high dose 500μM increases vascular 

tension in the transverse arterial cylinders. 
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