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Chapter 1: Introduction 

 
 

Withania somnifera (Physalis flexuosa L) is a member of the family Solanaceae and is 

also known as Ashwagandha. It is most commonly known as Indian ginseng and winter 

cherry and has been an important component of the Ayurvedic Pharmacopoeia of India, 

the Indian Traditional Health care System which is the oldest medical system in the 

world and has been used for over 400 years in India. It is categorized as a rasayana in 

Ayurveda. This plant is a small, woody and erect perennial shrub that grows up to one 

meter high with pale green leaves that are covered with short, dense hair. The flowers 

are white-yellowish and are present in small clusters together with small, round orange-

red berries that are enclosed in brown membranous structures. Withania somnifera (WS) 

has a wide distribution in many countries specifically in Africa, Europe and Asia and in 

South Africa it is indigenous and has become a weed in distributed places (Henderson 

and Anderson, 1966). 

 

The chemical constitution of the plant is very complex since more than 80 compounds 

are known from it (Van Wyk et al., 2000) such as the steroidal alkaloids and steroidal 

lactones which are the major biological constituents of the roots of WS. They belong to a 

class of constituents called the withanolides (Elsakka et al., 1990; Mishra et al., 2000). 

Investigation into the active chemical substance led to the isolation of Withaferin A from 

the roots of the plant, which represented the first member of a new class of 

phytosteroids (Lavie et al., 1965). 

  

WS has been in use for over 2500 years to treat all kinds of diseases and human 

ailments (Bhattacharya et al., 2001). Popularly known as Indian ginseng, it is most 

commonly used in Ayurvedic medicine to improve cerebral function in the geriatric 

population, to augment the faculty of learning and memory retention and to provide non-

specific host defense (Pandey, 1985; Ghosal et al., 1989). Several studies from the past 

have indicated that Withania possesses antioxidant, antitumor, antistress, anti-

inflammatory, immunomodulatory, hemapoetic and rejuvenating properties and was also 

reported to influence various neurotransmitter receptors in the central nervous system 

(Pattipati et al., 2003). Numerous studies have also revealed the anti-ageing, anxiolytic 

and antidepressive effects of this medicinal plant.  
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Ashwagandha has also been shown to have a tranquilizing effect on the central nervous 

system in animals (Mishra et al., 2000). 

 

Numerous studies have been done over the past few years to investigate the antioxidant 

effect of WS. Various studies came to the conclusion that WS exhibits a potent 

antioxidant effect (Jayaprakasam et al., 2003). 

 

Ashwagandha is effective in a variety of rheumatologic conditions and this may be, in 

part, due to its anti-inflammatory activities that have been studied by several researchers 

over recent years. Some studies revealed that the anti-inflammatory and 

immunomodulatory properties of WS root extracts are likely to contribute to the chemo 

preventive action of WS (Prakash et al., 2002). 

 

Numerous studies revealed that WS does exhibit anti-inflammatory properties similar or 

even greater than that of anti-inflammatory drugs such as hydrocortisone (Begum and 

Sadique, 1988; Iuvone et al., 2003; Davis and Kuttan, 2002). Asthma is an example of 

such an inflammatory disease.  

 

Asthma is a chronic inflammatory disorder of the airways in which many cells and 

cellular elements play a role. It is characterized by episodes of wheezing, chest 

tightness, breathlessness and coughing and the chronic inflammation is associated with 

airway hyper-responsiveness (GINA, 2006). Asthma is considered one of the most 

common respiratory complaints in the world today. The World Health organization 

(WHO) reported that approximately 300 million people worldwide have asthma and 255 

000 people died of asthma in 2005. It is projected that by 2025, an additional 100 million 

people will suffer from asthma due, in part, to growing urbanization and pollution (Masoli 

et al., 2004). Researchers have not yet determined the cause of this increase in asthma 

prevalence. Deaths due to asthma are projected to increase by almost 20% in the next 

10 years except if urgent action is taken (WHO, 2006).  

 

Corticosteroids are currently the most effective asthma treatment as they reduce the 

occurrence of asthma symptoms. However, there are some serious potential adverse 

effects when using corticosteroids in the long-term treatment of asthma.  
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Side effects of cortisone injections include atrophy and depigmentation of the skin at the 

site of injection. The skin is very sensitive to the side effects of cortisone. The skin and 

the superficial blood vessels contain connective tissue that is easily affected by 

cortisone. The skin becomes fragile and local bleeding occurs due to broken blood 

vessels.  

 

It is known that fibrin and coagulation products are intimately associated with asthma. 

Thrombin is known to increase airway smooth muscle contraction ex vivo (Panettieri et 

al., 1995). Increased thrombin generation occurs in the airway of patients with asthma 

and may play a role in the pathogenesis of airway remodeling (Gabazza et al., 1999).  

Human platelets can produce platelet activation factor (PAF) upon thrombin stimulation 

in the lungs (Touqui et al., 1985). Fibrinogen can be produced by lung epithelia as a 

result of inflammatory stimulus (Lawrence and Simpson-Haidaris, 2004). Fibrin 

degradation products have also been found to increase pulmonary vascular smooth 

muscle contraction. Airway fibrin deposition occurs in inflammatory disorders of the lung, 

and it is known that fibrin inhibits surfactant function (Kern et al., 1986). Fibrin is typically 

formed at sites of vascular damage and extra-vascular thrombin, fibrinogen, and fibrin 

has been found in the sputum of patients with asthma. Airway hyper-responsiveness 

seen in asthma is largely the result of decreased stability of airways and subsequent 

airway closure secondary to the formation of fibrin on the distal airway surface. There is 

a decrease in plasminogen activator (PA) activity in asthma. Activity of PAIact 

(plasminogen activator inhibitor) is increased in homogenates of lung tissue of mice with 

allergic airway inflammation, thereby potentially promoting the accumulation of fibrin by 

suppressing fibrinolysis (Wagers et al., 2004). 

 

Selenium is a powerful antioxidant. Selenium on its own is not used as a treatment 

supplement for asthma; however, it is known that asthma sufferers have decreased 

levels of selenium. WS is also proven to be a powerful antioxidant and as previously 

mentioned exhibit anti-inflammatory properties as well.  

 

From this the question arises whether the phytomedicine, WS and the antioxidant 

selenium could play a role in the treatment and alleviation of asthma symptoms. The 

overall aim of this study was to investigate the effect of WS on coagulation, blood count 

and bronchial lavage by using the asthmatic Balb/c mouse model, and to use this 
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Chapter 2: Literature Review 
 

 

2.1 INTRODUCTION 

In the current thesis the effects of W. somnifera (WS) and the potent anti-oxidant 

selenium separately and in combination will be investigated using the Balb-c murine 

asthma animal model. In this literature review the chemicals identified from WS will be 

discussed as well as the diseases treated with the plant.  It is also known that in patients 

with asthma, selenium levels are lowered.  Finally, the role of animal models in the study 

of asthma will be discussed and reasons will be given for choosing the Balb/c murine 

asthma animal model.  

 

2.1.1 Withania somnifera 

Withania somnifera is a member of the family Solanaceae and is also known as 

Ashwagandha with synonym known as Physalis flexuosa L. It is most commonly known 

as Indian Ginseng and winter cherry. It has been an important component of the 

ayurvedic pharmacopoeia of India, the Indian traditional health care system that is the 

oldest medical system in the world and has been used for over 400 years in India and is 

an important herb in this ayurvedic and indigenous medical systems for over 3000 years 

(Henderson and Anderson, 1966; Ahmad et al., 2005; Glaser, 1988). It is categorized as 

a rasayana in Ayurveda. The origin of the word “Withania” is not very clear whereas 

“somnifera” refers to the narcotic properties of the leaves of the plant (Scartezzini and 

Speroni, 2000). WS has been in use for over 2500 years to treat all kind of diseases and 

human ailments (Bhattacharya et al., 2001). It is well known in folk medicine in India as a 

sedative, general tonic and antihypertensive agent (Thatte and Dahanukar, 1989). 

Popularly known as Indian Ginseng, it is most commonly used in Ayurvedic medicine to 

improve cerebral function in the geriatric population, to augment the faculty of learning 

and memory retention and to provide non specific host defense (Pandey, 1985; Ghosal 

et al., 1989). 

 

WS is a small, woody and erect perennial shrub that grows up to one meter high with 

distinctively hairy stems. The leaves are pale green and covered with short, dense hair. 

White-yellowish flowers are produced in small clusters and small, round, orange-red 

berries are also present. They are enclosed in brown membranous structures 
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(Henderson and Anderson, 1966). The fruit is harvested in the late fall and the bright 

yellow seeds are dried for planting in the following spring.  One or more roots are 

present and a transversal section shows light brown thin cork. The cortex contains a 

thick central parenchymatous region, which has a storage function. Thick walled fibers 

form part of the outside of the wood and contain small patches of thin walled 

parenchyma as well as small groups of vessels and tracheids (Scartezzini and Speroni 

2000). WS requires well-drained, moist soil. It cannot grow in the shade. 

 

It is distributed worldwide and has a wide distribution in Africa, Southern Europe and 

Asia. It is considered to be indigenous to South Africa and is known as a weed 

(Henderson and Anderson, 1966). In South Africa the species occur mainly in KwaZulu- 

Natal, Free State and Eastern Cape provinces (Van Wyk et al., 2000).  It also grows in 

the drier tropical regions and is also found from Liberia to Nigeria and the Southeast 

Islands (Iwu, 1993). 

 

The plant is chemically very complex and more than 80 compounds are known from it 

(Van Wyk et al., 2000). The major biological constituents of WS roots are the steroidal 

alkaloids and steroidal lactones. They belong to a class of constituents called the 

withanolides (Elsakka et al., 1990; Mishra et al., 2000). Investigation on the active 

chemical constituents of the plant led to the isolation of Withaferin A by Lavie et al. in 

1965. It has been reported that the withanolides exert immunosuppressive activities 

amongst others (Cassady et al., 1981; Blasko and Cordell, 1988). 

 

 

Withaferin A represented a class of phytosteroids (Lavie et al., 1965). A number of 

related Withanolides have also been isolated since 1965, and they include some 

naturally occurring chlorinated derivatives (Chu et al., 1988). The Sitoindoside IX and 

Sitoindoside X are glycosolated derivatives that occur in the roots of several varieties of 

WS have also been isolated (Ghosal et al., 1988). Alkaloids, withanolides, flavonoids 

and reducing sugars are all found in the roots of WS. The active compounds reported in 

WS include the following: Withaferin A, sitoindosides VII-X, 5-dehydroxywithanolide-R, 

withasomniferin-A, 1-oxo-5beta,6beta-epoxy-witha-2-ene-27-ethoxy-olide,4-(1-hydroxy-

2,2-dimethylcyclpropanone)-2,3-dihydrowithaferin A, 2,3-dihydrowithaferin A, 24,25-

dihydro-27-desoxywithaferin A, physagulin D (1-6)-beta-D-glucopyranosyl-(1-4)-beta-D-
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glucopyranoside, 27-O-beta-D-glucopyranosylphysagulin D, physagulin D, withanoside I-

VII, 27-O-beta-D-glucopyranosylviscosalactone B, 4,16-dihydroxy-%beta,6beta-

epoxyphysagulin D, viscosalactone B and diacetylwithaferin A (Uma Devi, 1996; 

Ganzera et al., 2003; Jayaprakasam et al., 2003., Kaur et al., 2003; Matsuda et al., 

2001).   

 

Because of the reported active components, particularly the withanolides, it was 

suggested that WS is a rich source of bioactive compounds. The withanolides are 

classified according to their structural skeleton. The wide array of pharmacological 

activities of the withanolides is due to their structural variation (Ray and Gupta, 1994). 

They serve as important hormone precursors and they can convert into physiological 

hormones in human as needed. It is also regarded as an amphoteric substance because 

it can help to regulate important physiological processes. The plant-based hormone 

precursor occupies cell membrane receptor cites when there is an excess of a certain 

hormone. By doing so, the actual hormone cannot attach to the receptor site and exert 

its effect. When the hormone level is low, the plant-based hormone will exert only a 

small effect (Schwarting, 1963). 

 

Extracts from the roots of WS have particularly been used for the treatment of uterus, 

menstrual cycle and arthritis disorders (Mishra et al., 2000; Upton, 2000). It also has 

shown to be effective in the treatment of osteoarthritis (Kulkarni et al., 1991). Several 

studies from the past have indicated that Withania possesses antioxidant, antitumor, 

antistress, anti-inflammatory, immunomodulatory, hemapoetic and rejuvenating 

properties and is was also reported to influence various neurotransmitter receptors in the 

central nervous system (Pattipati et al., 2003). Numerous studies have also revealed the 

anti-ageing, anxiolytic and antidepressive effects of this medicinal plant.  Choudhary et 

al. in 1995 and Abou-Douh in 2002 also stated that Ashwagandha is a potential anti-

microbial agent with antifungal activity and moderate antibacterial activity against 

Staphylococcus aureus and Pseudomonas aeruginosa (Ali et al., 2001). 

 

A dosage of 3-6 grams of dried decocted root or 6-12 ml of liquid extract of 

Ashwagandha is recommended per day (Mills and Bone, 2000). Ashwagandha is a 

relatively safe herb when taken in the prescribed range of dosage.  Large doses, 

however, have been shown to cause gastrointestinal upset, diarrhea and vomiting. 
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No toxicity has been seen after administrating ashwagandha for 90 days to rats as in a 

study done by Aphale in 1998. The acute LD50 for withaferin A in Swiss mice is around 

80mg/kg (Sharad, 1996). The leaves and root bark of the plant are abortifacient, 

adaptogen, antibiotic, aphrodisiac, deobstruent, diuretic, narcotic, strongly sedative and 

tonic. It is also used internally to tone the uterus after a miscarriage and also to treat 

post-partum difficulties (Siddique et al., 2004). In 2004, Mohan and co-workers also 

revealed through their studies that the active compound of WS, Withaferin A, exhibits 

potent anti-angiogenic activities (Mohan et al., 2004). In 2000, Dhuley studied the 

pharmacological and metabolic effects of Ashwagandha. Ashwagandha treatment 

resulted in significant increase in coagulation time, which attains normalcy 7 days after 

cessation of treatment. On the basis of these observations they concluded that WS 

possesses anticoagulant properties as well (Dhuley, 2000). 

 

2.1.2 The effect of Withania somnifera on the nervous system 

Ashwagandha has also been shown to have a tranquilizing effect on the central nervous 

system in animals (Mishra et al., 2000). Ashwagandha has remarkable stress-relieving 

properties comparable to those obtained by powerful anxiolytics and antidepressants. It 

is also used in the treatment of a variety of degenerative diseases such as Alzheimer’s 

disease and Parkinson’s disease. 

 

In an animal study to assess the anxiolytic and antidepressive actions of WS, they 

administered an extract of the root of WS orally to rats once daily for five days. The 

authors compared the results to commonly prescribed pharmaceuticals. For the 

anxiolytic activity, they compared the results with the benzodiazepine lorazepam and for 

the antidepressant activity they compared it to the tricyclic antidepressant imipramine. 

The ashwagandha group showed reduced brain levels of a marker of clinical anxiety 

comparable to that obtained by the lorazepam group. Ashwagandha also exhibited an 

antidepressant effect comparable to that caused by the prescribed pharmaceutical 

imipramine (Bhattacharya et al., 2000). 

 

Similar studies done by other researchers supported the use of ashwagandha as an 

antistress adaptogen (Bhattacharya et al., 2001; Singh et al., 2001; Archana and 

Namasivayam, 1999; Dhuley, 2000). 
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A number of physiological conditions can be the result of chronic stress. These include 

cognitive deficit, immunosuppression, sexual dysfunction, gastric ulceration, and 

irregularities in glucose homeostasis and changes in plasma corticosterone levels. 

 

WS was tested for its ability to attenuate some effects of chronic stress in a rat model of 

chronic stress and the plant decreased the number and severity of chronic stress-

induced ulcers, reversed chronic stress-induced inhibition of male sexual behavior and 

inhibits the adverse effects of chronic stress on retention of learned tasks. WS also 

reversed chronic stress-induced immunosuppression and increased peritoneal 

macrophage activity in rats (Bhattacharya and Muruganandam, 2003).  

 

In 2001, Jain et al. investigated the neuroprotective effects of WS on stressed, adult 

female Swiss albino rats. The experimental rats were exposed to immobilization stress 

for 14 hr and they were treated with a root powder extract of WS. Serial coronal sections 

of the brain passing through the hippocampal regions were stained with Thionin and 

revealed 85% degenerative cells. Treatment with WS showed a significant reduction 

(80%) in the number of degenerating cells. This study supports the antistress 

neuroprotective effects of WS (Jain et al., 2001). 

 

Tohda and co-workers in 2000 did a study to explore drugs that activate neurite 

outgrowth and regenerate the neuronal network. They found that the methanol extract of 

Ashwagandha significantly increased the percentage of cells with neurites in human 

neuroblastoma SK-N-SH cells. With these results the authors suggested that the 

methanol extract of Ashwagandha promotes the formation of dendrites and this can 

compensate for and repair damaged neuronal circuits in the dementia brain (Tohda et 

al., 2000). In 1991 it was revealed by Mehta and co-workers that WS extracts contains 

an ingredient that has a GABA-mimetic activity when they investigated the 

pharmacological effects of the plant root extract on GABA receptor complex (Mehta et 

al., 1991). 

 

Ashwagandha was also shown to be effective in the treatment of Parkinson and 

Alzheimer’s diseases, both chronic neurodegenerative diseases.  In a study in 2005, 

using one of the most widely used rat models for Parkinson’s disease, the authors found 

that Ashwagandha reversed all the parameters of this type of neurodegeneration 
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decrease in catalase and glutathione peroxidase activities in both brain regions 

(Bhattacharya et al., 2001). 

 

Russo and coworkers in 2001 investigated the free-radical scavenging capacity of the 

methanol extract of WS and the effect on DNA cleavage induced by H2O2 UV- 

photolysis. They also investigated whether WS is capable of reducing the hydrogen 

peroxide induced cytotoxicity and damage in human non-immortalized fibroblasts. The 

authors revealed that the methanol extract showed a dose dependant free radical 

scavenging capacity and a protective effect on DNA cleavage.  Their results were 

confirmed by a significant protective effect on H2O2-induced cytotoxicity and DNA 

damage in human non-immortalized fibroblasts. They concluded that these antioxidant 

effects of the active principles of WS may explain in part the reported anti-stress, anti-

inflammatory, immunomodulatory, cognition-fascilitating and anti-ageing effects 

produced by it in experimental animals and clinical situations (Russo et al., 2001). 

  

In 1999, Panda and Kar investigated the effects of daily administration of WS root 

extract for 20 days on thyroid function in female mice. They found a significant decrease 

in lipid peroxidation (LPO) and an increase in CAT activity (Panda and Kar, 1999). 

 

 

2.1.5 Anti-inflammatory and immunomodulatory effects of Withania somnifera 

Ashwagandha is effective in a variety of rheumatologic conditions and this may be, in 

part, due to its anti-inflammatory activities that have been studied by several researchers 

over recent years. As early as 1981, Anbalagan and Sadique investigated the anti-

inflammatory properties of WS by administering powdered root of WS orally one hour 

before the induction of inflammation in rats. They continued this daily administration for 

three days.  WS was found to cause a significant reduction in inflammation. The blood 

was monitored by crossed immunoelectrophoresis and it was found that there were 

changes in many serum proteins (Alpha-2 glycoprotein, major acute-phase alpha-1 

protein and pre-albumin). The alpha-2 glycoprotein that is found only in inflamed rat 

serum was decreased to undetectable levels with administration of WS. The authors 

also revealed that WS influenced several modulator proteins in normal rats, which 

suggests that several plant chemicals in WS possibly interact with the liver protein 

synthesis process (Anbalagan and Sadique, 1981). Another study done by the same 
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authors in 1984 (Anbalagan and Sadique, 1984), revealed that WS cause a dose 

dependant suppression of alpha-2-macroglobulin, which is an indicator for anti-

inflammatory drugs, in the serum of inflamed rats.  

 

A clinical trial done by Kulkarni and co-workers in 1991 supports the use of WS in the 

treatment of arthritis. They did a double blind, placebo-controlled cross-over study on 42 

patients with osteoarthritis. The patients received a formula containing ashwagandha 

and were evaluated for a month.  They found that the herbal formula significantly 

reduced the severity of pain and disability (Kulkarni et al., 1991). 

 

The effect of WS on cyclophosphamide (CTX) induced urotoxicity was investigated in 

2000 by Davis and Kuttan (Davis and Kuttan, 2000c). CTX administration causes 

nausea, vomiting, mucosal ulceration, interstitial pulmonary fibrosis, hepatic toxicity, 

lymphocytopenia and alopecia and higher doses of CTX can even produce severe 

urotoxicity.  They administered an extract from the plant for 5 days along with CTX. WS 

was found to reduce the CTX- induced urotoxicity. Analysis of the bladders of the CTX-

treated group on morphological level showed severe inflammation and dark coloration. 

The WS-treated group on the other hand showed normal bladder morphology. They also 

revealed that the extract reduced the protein level in the serum and also reduced the 

blood urea N2 level which both was drastically higher in the CTX treated animals. The 

authors concluded that the morphological, histopathological, biochemical and enzyme 

analysis showed that WS could alleviate the severe urotoxicity induced by CTX.  

 

The immunomodulatory activities of two extract of WS (WST and WS2) were studied for 

immune inflammation in mice (Agarwal et al., 1999). Active paw anaphylaxis and 

delayed type hypersensitivity (DTH) were investigated. The authors assessed the 

immunomodulatory effect through the induction of paw edema by ovalbumin and then 

comparing the results with those observed by the standard drug disodium 

chromoglycate. The WS reduced the paw edema significantly. The DTH was assessed 

as potentiation or suppression of the reaction. Potentiation was observed in the groups 

treated with cyclophosphamide and the two extracts of WS whereas the groups treated 

with WST and WS2 showed a suppressed DTH reaction. They also found a protective 
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lesions of WSRE treated and untreated mice, they noticed impairment in the levels of 

reduced glutathione, malondialdehyde, superoxide dismutase, catalase, glutathione 

peroxidase and glutathione S transferase in skin lesions of DMBA treated control mice. 

The authors revealed that the anti-inflammatory and immunomodulatory properties of 

WSRE are likely to contribute to the chemo preventive action of WS (Prakash et al., 

2002). 

 

Begum and Sadique in 1988 examined the effect of WS root powder on paw swelling 

and bony degenerative changes in Freund’s adjuvant-induced arthritis in rats. WS 

caused a significant reduction in both the swelling and degenerative changes in the 

bone. They found that these reductions were better than those produced by 

hydrocortisone, the reference drug. Thus, WS does exhibit anti-inflammatory properties 

similar or even greater than that of anti-inflammatory drugs such as hydrocortisone.  

 

Asthma is an example of an inflammatory disease and corticosteroids are currently the 

most effective asthma treatment as they reduce the occurrence of asthma symptoms. 

However there are some serious potential adverse effects when using corticosteroids in 

the long-term treatment of asthma.  Side effects of cortisone injections include atrophy 

and depigmentation of the skin at the site of injection. The skin is very sensitive to the 

side effects of cortisone. The skin and the superficial blood vessels contain connective 

tissue that is easily affected by cortisone. The skin becomes fragile and local bleeding 

occurs due to the broken blood vessels.  

 

 Thrombin is known to increase airway smooth muscle contraction ex vivo (Panettieri et 

al., 1995).  Increased thrombin generation occurs in the airway of patients with asthma 

and may play a role in the pathogenesis of airway remodeling (Gabazza et al., 1999). 

Human platelets can produce PAF upon thrombin stimulation in the lungs (Touqui et al., 

1985). Fibrinogen can be produced by lung epithelia as a result of inflammatory stimulus 

(Lawrence and Simpson-Haidaris, 2004). Fibrin degradation products have also been 

found to increase pulmonary vascular smooth muscle contraction (Kern et al., 1986).  

Airway fibrin deposition occurs in inflammatory disorders of the lung, and it is known that 

fibrin inhibits surfactant function (Wagers et al., 2003).  Fibrin is typically formed at sites 

of vascular damage (Touqui et al., 1985) and extra-vascular thrombin, fibrinogen, and 
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fibrin has been found in the sputum of patients with asthma (Pizzichini et al., 1996; 

Wagers et al., 2004).  

 

 Airway hyper-responsiveness seen in asthma is largely the result of decreased stability 

of airways and subsequent airway closure secondary to the formation of fibrin on the 

distal airway surface. There is a decrease in plasminogen activator (PA) activity in 

asthma. Activity of PAIact (plasminogen activator inhibitor) is increased in homogenates 

of lung tissue of mice with allergic airway inflammation, thereby potentially promoting the 

accumulation of fibrin by suppressing fibrinolysis (Wagers et al., 2004).  

 

One of the anti-oxidants that might have an important role to play in asthma includes 

selenium. Selenium and its uses in asthma will now be reviewed. 

 

2.1.6 Selenium 

In food, selenium is derived from both vegetable and animal products, particularly 

seafood, liver and cereals. In 1973, Rotruck and colleagues provided rationale for 

identifying the mineral selenium as an antioxidant.  Later it was determined that 

selenium is indeed an essential component in the antioxidant defense systems and 

immune function. Also, it forms part of several major metabolic pathways, including 

thyroid hormone metabolism (Brown and Arthur, 2001).   

 

Selenium is a powerful destroyer of free radicals created from air pollutants and is also 

involved in antioxidant defenses as a coenzyme in glutathione peroxidase (McKeever 

and Britton, 2004).  The selenium-dependent enzyme glutathione peroxidise (GPX) 

recycles glutathione, reducing lipid peroxidation by catalyzing the reduction of peroxides, 

including hydrogen peroxide; this represent a crucial component of antioxidative 

potential in humans (Gazdik et al., 2004). It is also known that selenium deficiency 

attenuates the host immune response, thereby increasing the risk of bacterial and viral 

infections (Jahnova et al., 2002); furthermore, studies have shown that asthma sufferers 

have low blood levels of selenium (Powell et al., 1994; Kadrobova et al., 1996; Allam 

and Lucane, 2004). Furthermore, Kocyigit and co-workers in 2004 suggested that 

increased iron and decreased selenium concentrations in patients with childhood asthma 

may be responsible for the oxidant/antioxidant imbalance.  
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It is known that cigarette smoking, inhalation of airborne pollutants, such as oxidant 

gases (ozone, nitrogen dioxide, sulphur dioxide) or particulate in air is lung damage and 

elevated inflammatory responses in the lungs (Rahman and MacNee, 1996). There is 

also a link between these inhalation pollutions and selenium deficiency and Rubin and 

co-workers (2004) suggested that the selenium-asthma association was stronger in 

youth who were smoke exposed (Rubin et al., 2004).  

 

Shaheen and co-workers in 2001 also mentioned that selenium protected against 

asthma and that the intake of this mineral has been declining in Britain. Because of its 

antioxidative potential, selenium supplementation has become a new attractive approach 

to antiasthmatic complementary therapy (Gazdik et al., 2004).   

 

 

2.1.7 Animal models in asthma 

Research done by using animal models have provided important information over the 

years on many aspects of the pathophysiology of human diseases. Potential benefits of 

proposed therapeutic interventions can be determined by well-performed animal studies. 

The results from experimental animal models have also served as the basis for many 

clinical trials (O’Neil et al., 1999). There is no animal model that reproduces the exact 

pathology of human asthma but they play an important role in the development of novel 

therapies and the understanding of the pathogenesis of the disease (Isenberg-Feig et 

al., 2003).  

 

There is a wide range of different animal models available and choosing the appropriate 

model for a specific study could be difficult. According to Zosky and Sly (2007) the most 

popular models that are used are inbred mice and rats and also guinea pigs, which have 

the benefit of being easy to handle. Antigen-induced mouse allergic asthma is a useful 

model for testing novel therapeutics (Epstein, 2006). Experimental mouse models offer 

excellent tools for studying the effects of allergens in vivo in their natural target organs 

(Epstein, 2004a, b).  In vivo animal models have been used successfully during the past 

few years to study diseases like asthma (Epstein, 2004a, b). The study of disease 

pathogenesis and development of new therapeutics have been made possible by these 

experimental mouse models and has been used for testing many novel agents aimed at 
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reducing lung inflammation, mucus hyper secretion, airway hyper responsiveness and 

IgE profiles. 

 

Asthmatic animal models have been developed to study the immune and inflammatory 

mechanisms of the disease as well as to investigate the efficiency of new drugs in the 

treatment of asthma. There is a correlation between the allergic response in sensitive 

mice and that of human asthmatics. In fact, both bronchoconstriction and non-specific 

airway hyper-reactivity not only correlate with IgE levels, but are also induced. (Eum et 

al.,1995). Airway remodeling also occurs. This includes mucus cell metaplasia, shedding 

of the epithelium, thickening of the basement membrane and edema (Blyth et al., 1996; 

Hogan et al., 1996). Mosmann and coworkers in 1986 revealed that the TH1/TH2 

cytokine profile of mice resemble those of humans.  The Balb/c murine asthma model 

can be used successfully to study the effects of Phytomedicine (Pretorius et al., 2007). 

Common protocols for the sensitization process of mice involve the immunization of 

mice with allergen together with aluminium hydroxide as well as allergen challenge in the 

airways. The allergic response is usually characterized by allergen-specific IgE 

antibodies, eosinophilic inflammation in the lungs and a Th2-type of T-cell response to 

the sensitizing allergen (Epstein, 2004). This model is a reliable, clinically relevant 

facsimile of human disease (Epstein, 2006).  

 

According to Kumar and Foster, studies in murine experimental models have contributed 

greatly to understanding the mechanism of allergic inflammation underlying asthma 

(Kumar and Foster, 2002). 

 

The murine model in particular, is used successfully because mice allow for a variety of 

in vivo immunological applications (Bice et al., 2000). According to Roberto and 

Kheradmand et al. in 2005 mouse models are not exact replicas of human asthma but 

they have helped to understand some of the basic mechanisms involved in the 

production of this disease (Roberto et al., 2005).  

 

 

Because it seems as if WS as well as selenium has great potential in the treatment of 

asthma, the current study therefore aims to investigate the anti-asthmatic effect of WS 
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and selenium separately and in combination on the white blood cell counts and fibrin 

networks using the Balb/c asthmatic mouse model, with positive control, hydrocortisone. 

 

The following research questions will therefore be investigated in the current 

study: 

 

1. What volume of W. somnifera is not cytotoxic to a permanent cell culture? 

2. Can the Balb/c mouse be used to establish an asthmatic mouse model? 

3. What is the effect of WS, selenium, WS and selenium in combination and 

hydrocortisone on the ultrastructure of the platelets and fibrin networks of the 

Balb/c mouse model? 

4. What are the effect of WS, selenium, a combination of WS and selenium, and 

hydrocortisone on the white blood cells as well as the bronchial lavage of the 

Balb/c mouse model? 
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Chapter 3: The cytotoxic effects of Withania somnifera on MRC-5 

cells in culture  
 
 

3.1 INTRODUCTION 

 
Cell culture assays are used to study the cytotoxicity of a substance or material referred 

to as the in vitro assessment. In vitro evaluations by using cell culture are the precursors 

for animal studies. Two types of cell culture can be distinguished: Primary cultures and 

permanent cultures. Primary cultures are obtained directly from an animal and can keep 

the differentiated state only for a short period of time. Primary culture is that stage after 

isolation of the cells but before the first subculture. Primary cell cultures that are 

functional and differentiated have a limited life span.  Permanent cultures such as HeLa 

(Human Cervical Adenocarcinoma Cells) and MRC-5 cells amongst others have 

unlimited proliferation capacity. Permanent cultures originate from embryos, tumors or 

transformed cells (Freshney, 2005). MRC-5 cells are human fetal lung fibroblast cells 

and are commonly used for virology research, vaccine development and in vitro 

cytotoxicity testing.  The MRC-5 cell line is derived from human lung tissue of a 14- 

week-old male fetus. MRC-5 cells grow adherently in culture and exhibit fibroblast 

morphology. It may double in population size 42-46 times before senescence. 

(http://microscope,fsu.edu). 

 

 Fibroblasts are the most ubiquitous cells found in complex organisms. They are the 

main cells of stromal tissues, and are thought to be derivatives of the mesoderm (Chang 

et al., 2002). Fibroblasts are elongated, spindle-shape cells that produce collagen and 

fibronectin. They do not express markers for other cell lineages. Chang et al., 2002 and 

Han and Amar (2002) revealed that different populations of fibroblasts differ in gene 

expression profile depending on their tissue of origin (Chang et al., 2002; Han and Amar, 

2002). In culture studies, fibroblasts are used as a support layer for proliferation of 

embryonic stem cells (Stojkovic et al., 2005). 
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Graph 3.1: Effects of 5 concentrations of W. somnifera, extracted in ddH2O and MeOH 

and prepared in cell culture medium on MRC-5 cell viability after 48 hours exposure 
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Solution of 100mg/ml of each of the plant extracts was prepared either in ddH2O or 

MeOH and MRC-5 cells were exposed to this solution for 48 hours.  The cytotoxicity of 

MeOH alone was also determined. 

 

3.2.5. The Crystal Violet assay 

To determine the number of cells adherent to the surface of the tissue culture surface 

following the exposure of WS, a 300µl volume of 0.1% (weight/volume (w/v)) Crystal 

Violet (CV) dye solution prepared in 200mM of formic acid pH 3.5 was added to each 

well. The cells were stained for 60 minutes after which the bound dye was dissolved by 

shaking for 10 minutes in 200µl of 10% acetic acid solution. The dye solution was 

transferred into a 96-well plate and the absorbency was measured at 570nm, using a 

spectrophotometer plate reader.  

 

3.2.6 The MTT assay 

The MTT assay measures cell viability.  A 100µl volume of a 0.1mg/ml 1-(4,5- 

Dimethylthiazol- 2- yl) – 3,5 diphenylformazan (MTT) solution prepared in DPBS was 

added to each well. The cell culture plates were maintained for 60 minutes at 37ºC and 

5% CO2. The medium was then removed and the MTT formazan crystals were dissolved 

by adding 200ul DMSO to the wells. After shaking the plates for 20 minutes, the solution 

was transferred into a 96-well plate and the absorbency was measured at 570nm with a 

spectrophotometer.   

 

3.2.7 The Neutral Red assay 

The Neutral Red (NR) assay was used to determine lysosomal membrane integrity. A 

100µl volume 0.15% NR prepared in DPBS. A 10x DPBS stock solution was prepared by 

dissolving 2g/l KCL, 2g KH2PO4, 80g/l NaCL and Na2HPO4 in ddH2O that was diluted 1:9 

with ddH2O prior to use was added and incubated for 60 minutes at 37ºC and 5% CO2. 

The medium was then discarded and the cells were fixed for 10 minutes with 200µl of 

1% acetic acid and 1% formaldehyde solution. The solution was then removed and the 

dye was solubilized with a 1% acetic acid and 50% ethanol solution. The dye solution 

was then transferred into a 96-well plate and the absorbency of the solubilized dye was 

measured at 570nm by using a spectrophotometer.   
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extract added. Crystal violet stains the proteins in the cell and is therefore an indication 

of the number of viable cells in the tissue culture.  

 

The Crystal Violet assay 
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 Graph 3.4: Effects of 5 concentrations of W. somnifera, extracted in MeOH and 

prepared in cell culture medium on MRC-5 cell number after 48 hours exposure.  

 

 

The Crystal Violet assay measures the amount of cells and it is reported as a 

percentage of the control. From this graph it is clear that with an increase in 

concentration there is no significant decrease in the cell number.  
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The Neutral Red assay 
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Graph 3.5: Effects of 5 concentrations of W. somnifera, extracted in MeOH and 

prepared in cell culture medium on MRC-5 lysosomal integrity after 48 hours exposure 

 

The Neutral Red assay measures the effect on the lysosome membrane integrity. In 

other words, does the plant extract have an effect on the integrity of the lysosomal 

membrane? If the plant material is toxic to the cells there will be a decrease in the 

number of cells. From this graph it is clear that there is no significant decrease in the 

number of cells as the concentration of the plant increases. 
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The MTT assay 
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 Graph 3.6: Effects of 5 concentrations of W. somnifera, extracted in MeOH and 

prepared in cell culture medium on MRC-5 cell viability after 48 hours exposure 

 

The MTT assay measures cell viability. This graph reveals that there is toxicity over the 

first three concentrations. The lowest point on the graph is significantly lower than the 

control, which indicates that there is a significant decrease in cell viability.  At the last 

two concentrations (10 µg/ml and 50µg/ml) there is a significant increase in cell viability 

when compared to the lowest point on the graph. Significance was determined at 

 p< 0.05 using ANOVA. This increase in cell viability can be due to one of three factors. 

The first is contamination by residual plant material. This happens when some of the 

plant material remains attached to the surface of the wells when the medium is removed 

and this can lead to an increase in absorbance. The second factor that can lead to the 

increase in absorbance is interaction of the plant material with the MTT assay. Thirdly it 

can simply be a cellular effect, which means that there was an increase in the 

mitochondrial activity.   
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To investigate which on of the three factors caused the increase in absorbance, the 

following experiment was done in three different concentrations. The effect of MTT 

alone, MTT and plant in combination and MTT, plant and DMSO in combination were 

measured and the results were plotted on a graph. 

 

 

MTT alone Water + MTT dilution series 

MTT and Plant in combination MTT+ Plant dilution series 

MTT, Plant and DMSO in combination MTT+Plant+DMSO dilution series 

 
Table 3.1: The effect of MTT alone, MTT and plant in combination and MTT, plant and 

DMSO in combination and the dilutions 
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Graph 3.7: The effect of three different concentrations of MTT alone, MTT and Plant in 

combination and MTT, Plant and DMSO in combination. 
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Figure 5.1a: Control fibrin network with thick, major fibers as well as  

thin, minor fibers. Label A = thick, major fibers; Label B = thin, minor fibers. 

 
Figure 5.1b: Control platelet aggregate forming dense, round  

aggregate. Label C = pseudopodia. 
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Figure 5.2a: Fibrin network from asthmatic Balb/c mice showing thick,  

major fibers as well as thin, minor fibers. Label D = thick, major fibers;  

Label E = thin, minor fiber forming a dense network. 

 

 
Figure 5.2b: Platelet aggregate from asthmatic Balb/c mice.  

Label F = granular, loosely arranged aggregate. 
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Figure 5.3a: Fibrin network from hydrocortisone-treated asthmatic  

Balb/c mice, forming flimsy fibrin network (100mg/kg).  

Label G = thick, major fibers; Label H = matted, thin minor fibers. 

 

 
Figure 5.3b: Platelet aggregate from hydrocortisone-treated  

asthmatic Balb/c mice (100mg/kg). Label I = granular platelet aggregate.  
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Figure 5.4a: Fibrin network from asthmatic Balb/c mice treated with  

Withania somnifera showing fibrin network with thick, major fibers as  

well as thin, minor fibers. Label J = thick, major fibers;  Label K = thin,  

minor fibers 

 
Figure 5.4b: Platelet aggregate from asthmatic Balb/c mice treated with  

Withania somnifera, forming tight aggregates with pseudopodia. Aggregate in block.  
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Figure 5.5a: Fibrin network from asthmatic Balb/c mice treated with  

selenium showing fibrin network with thick, major fibers as well as thin,  

minor fibers. Label L = thick, major fibers; Label M = thin, minor fibers 

  

Figure 5.5b: Platelet aggregate from asthmatic Balb/c mice treated  

with selenium, forming tight aggregates with pseudopodia. Aggregate in block. 
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Figure 5.6a: Fibrin network from asthmatic Balb/c mice treated with  

Withania somnifera and selenium, showing fibrin network with thick, major  

fibers as well as thin, minor fibers. Label N = thick, major fibers; Label O = thin,  

minor fibers 

 

Figure 5.6b: Platelet aggregate from asthmatic Balb/c mice treated with  

Withania somnifera and selenium, forming tight aggregates with  

pseudopodia. Aggregate in block.  
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Chapter 6: Ultrastructural analysis of platelets by Transmission 

Electron Microscopy using the Balb/c asthmatic mouse model 
 

6.1 INTRODUCTION 

 

The coagulation process as well as the ultrastructure of cellular components involved in 

haemostasis like platelets and fibrin networks might be studied successfully using the 

murine experimental animal model. By comparing the effects of hydrocortisone and 

Phytomedicine on the ultrastructure of platelets and the formation of fibrin networks, 

using this model, might shed light on what effects these products have on the 

coagulation system. 

 

Platelets are the smallest blood cells and they are able to activate and cooperate with 

leukocytes and endothelial cells by biologically active substances released from their 

granules (Badzenta-kukaszyk et al., 2002). Platelets are formed from the remains of  

larger cells in the bone marrow, called megakaryocytes (Larson and Watson, 2006).  
They contain RNA, mitochondria, a canalicular system, and several different types of 

granules; lysosomes (containing acid hydrolases), dense bodies (containing ADP, ATP 

serotonin and calcium) and alpha granules (containing fibrinogen, factor V, vitronectin, 

thrombospondin and von Willebrand factor), the contents of which are released upon 

activation of the platelet, and upon entering the blood stream, they act similar to the 

leukocytes in their ability to produce their own movement. There are approximately 250 

000 to 450 000 platelets present in one cubic millimeter of blood and they survive in the 

blood stream for 5 to 9 days. (www.medicalook.com).  

 

According to Italiano et al. in 1999, terminally differentiated megakaryocytes acquire a 

significantly polyploid DNA content and enlarge to 50 to 100 µm in diameter before 

releasing their platelet load. When in the release phase, the cytoplasm of the 

megakaryocyte converts into long branched protrusions, and disc-shaped platelets are 

assembled de novo within these proplatelet extensions (Italiano et al., 1999). The core of 

each proplatelet consists of microtubule bundles and their distal tips organize into the 
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repetitively coiled structure of the platelet marginal band (Italiano et al., 1999; Kenney 

and Linck, 1985; Schwer et al., 2001). 

  

Platelets play an important role in inflammation in particular vascular inflammation by the 

release and expression of regulatory molecules. As early as 1989, Page described 

platelets as the repository of a host of physiologically active substances classified as 

spasmogens (5-hydroxytryptamine, platelet activating factor, (PAF) thromboxane A2, 

cationic proteins), chemotactic factors (platelet factor 4, growth factors, lipoxygenase 

products) and proteolytic enzymes.  

 

Other regulatory molecules have also been revealed; platelet derived growth factor, the 

selectin family and platelet histamine (Page, 1989). 

 

Many aspects of the clinical and pathological features seen in asthmatic airways can be 

induced by PAF such as airway oedema, the accumulation of eosinophils in the airway 

wall, and bronchial hyper-responsiveness. PAF is a potent chemotactic agent and 

activator of eosinophils, which are prominent cells in asthmatic airways, through the 

activation of specific surface receptors. The interaction between PAF and eosinophils 

may play an important role in the pathogenesis of bronchial hyper-responsiveness in 

asthma (Chung and Barnes, 1991).  

 

Other normal features of platelet anatomy and physiology are the close contacts that 

exist between platelet membranes and membrane systems (White, 1987). The 

association between platelets and damaged vascular surfaces play an essential role in 

haemostatic plug formation (Sixma and Wester, 1977; Sixma et al., 1995; White, 1987). 

The activation of platelets result in the communication of alpha granules with membrane 

lining channels of the open canalicular system (OCS) and this is followed by the 

secretion of contents into the external environment (Escolar et al., 1989; White and 

Krumwiede, 1987). The membranes of the OCS and the dense tubular system (DTS) are 

often in association in membrane complexes and they resemble the sarcoplasmic 

reticulum of embryonic muscle cells (White, 1972; Ezerman and Ishikawa, 1967). As 

early as 1968, Behnke did an electron microscope study on the megakaryocyte and 

revealed that the OCS appears to originate during a membrane sequestration process 
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6.3: RESULTS  

A: Diagrammatic representation of a platelet and its 

granules 

 
B: Control platelet 

        
C: Platelet of asthmatic mice 
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D- Mitochondria 
E- Dilated channels 
F- Microtubules 
G- Glycogen 
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D: Platelet of mice treated with WS 

     
E: Platelet of mice treated with Selenium 

 

    
F: Platelet of mice treated with WS and Selenium 
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