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ABSTRACT 

 Helminthiasis is the most common cause of the intestinal infestation. The World Health 

Organization revealed that over two billion people are suffering from parasitic worm 

infestation. Use of Conventional anthelmintic drugs like praziquantel, albendazole etc. is 

associated with number of side effects and resistance against the helminths. Thus it is 

necessary to look for more effective anthelmintic drugs with lesser side effects. Anthelmintic 

from natural sources may play a key role in the treatment of parasitic infestation. Krimihar
TM 

syrup is marketed formulation used for the treatment of helminthiasis. The objective of study 

was to evaluate the anthelmintic activity of a marketed polyherbal formulation, Krimihar
TM 

syrup. Interestingly the anthelmintic activity of one of the constituent i.e. Centratherum 

anthelminticum was found to much higher than the multicomponent formulation. The activity 

got further enhanced by conversion into its spray dried powder. This spray dried powder that 

showed excellent flow properties was compressed into tablets which were given an enteric 

coating. The enteric coated tablets were subjected to dissolution testing wherefrom it could be  

concluded that the formulation would be able to show its parasiticidal effect in approximately 

2 h after reaching the intestine   

Keywords: Helminthiasis, Anthelmintic, Centratherum anthelminticum, Eisenia foetida   
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CHAPTER 1 

INTRODUCTION 

1.1 Helminthiasis  

The word Helminth is derived from the Greek word “helmins” which means worms. Unlike 

other parasites, the body of worms is multicellular and they have a complex life cycle. 

Humans and animals are more prone to helminth infestation than to any other parasites. 

Helminths fulfil their nutritional requirement by feeding on the host’s nutrient supply, which 

results in the malnutrition like condition in the host (Jain et al., 2013). Helminths infestations 

such as ascariasis, ancylostomiasis and schistosomiasis constitute the bulk of the thirteen 

diseases classified as neglected tropical diseases by the WHO (Jain et al., 2013). 

Helminthiasis is the most common infestation, which affects the human body parts like liver, 

gastrointestinal tract and other organs. It may cause malnutrition, loss of appetite, anemia, 

pneumonia and eosinophilia. There are two clinically important types of worm infestation, 

one in which the worms live in the host alimentary canal and the other in which worms live in 

other tissue of the host’s body (Manke et al., 2015).  Helminths infestation in gut and tissue   

constitute a major cause of death in the developing countries (Abbas and Newsholme, 2011). 

Mainly, the helminths are divided into two phyla; nematodes and platyhelminths. Nematodes 

(commonly known as roundworms) consist of the major intestinal worms (also known as 

soil-transmitted helminths) and the filarial worms that cause lymphatic filariasis (LF) and 

onchocerciasis. Platyhelminths (commonly known as flatworms) consist of the flukes (also 

known as trematodes) and the tapeworms (also known as cestodes) (Hotez et al., 2008). 

Among the helminths, soil-transmitted helminths (STHs) are the most common intestinal 

parasites. Common soil transmitted helminths comprise are Ascaris lumbricoides, Trichuris 

trichiura    and Ancylostoma duodenale (Pullan et al., 2014). 
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Fig 1.1 Images of different types of helminths 

1.2 Epidemiology  

Helminthiasis is the most common type of the intestinal infestation. Almost one-third of the 

world population is suffering from these intestinal parasites. The disease gains much attention 

as it affects both the nutrition and immune status of the infected individual, particularly those 

living in the tropical and sub-tropical regions (Hotez et al., 2008). This infestation is highly 

spread in the regions of South Asia, China, Central Africa and in the coastal regions of west 

Africa. There is the widespread presence of Trichuris infestations in Central Africa, Southeast 

Asia and, southern India. Hookworm infestations, however, are common throughout much of 

sub-Saharan Africa, in addition to South China and Southeast Asia. Recent investigation 

indicates that infestation caused by ascariasis is common with 1.2 billion infestations 

worldwide. Out of these, 50% of infestation is limited to China, which still has the maximum 

pervasiveness. Trichuris and hookworms infest about 700–800 million people every year (De 

Silva et al., 2003). . 



INTRODUCTION 
 

 Page 3 
 

Table 1.1 The main human helminthiasis and their worldwide pervasiveness and distribution                 

(Hotez et al., 2008)  

 

 Hookworm infestation influences approximately 500 million populations, accompanied by 

5.1 billion people at risk for receiving this infestation all over the world. (Bartsch et al., 

2016). In India, the pervasiveness of hookworm infestations was found to be unpredictable 

(De Silva et al., 2003). 

1.3 Economic burden of helminthiasis: 

1.3.1 Indian scenario: 

The economic liability of helminthiasis can be evaluated by adding the direct costs and 

indirect costs including the expenditure on prevention and treatment, as well as productive 

labour cost for the reason of morbidity and mortality (Conteh et al., 2010). In total, it has 

been projected as an average of $1 billion per year from India only (Chu et al., 2010). The 

struggles on treatment and control have resulted in protection of nearly 22 million 

populations from above-mentioned disease with an estimation of $24.2 billion savings 

(Global alliance 2010). As per certain estimations, the patients suffering from chronic 

lymphatic filariasis in India drop as much as 11 years of productivity, which is about $50 lost 

per year or equal to 15% of an individual income (Ramaiah et al., 2006). The treatment cost 

of Cysticercosis affected by Taenia solium was assessed at $15.27 million (Conteh et al., 

2010). On the other hand, 11.78 million people suffered from Hookworm infestation caused 

by Ancylostoma duodenale and Necator americanus and treatment cost sum up as $471 

million (Bartsch et al., 2016).  

    Disease Parasite  Worldwide  
pervasiveness 

Region of maximum  
pervasiveness 

   Nematodes 

   Ascariasis 

   Trichuriasis 

   Hookworms  

    LF  

  

   Trematodes  

   Schistosomiasis 

 

   Cestodes  

   Cysticercosis 

 

 

   Ascariasis lumbricoides 

       Trichuris trichuira 

      Necator americanus 

         Brugia malayi 

 

 

Schistosoma haematobium 

    Schistosoma mansoni  

 

       Taenia solium         

 

 

    807 million  

    604 million   

    576 million 

    120 million  

     

   

    207 million 

 

 

    0.4 million    

 

 

Africa, Asiaand Latin America  

Africa, Asia and Latin America  

Africa, Asia and Latin America 

India,  sub-Saharan Africa and  

South east Asia 

      

 Sub-Saharan Africa 

 Sub-Saharan Africa  

  

 Latin America, Asia and Sub-     

  Saharan Africa 
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 1.3.2 Worldwide scenario: 

In humans, infestations caused by Helminths are highest in comparison to other infestations 

(Kosalge and Fursule, 2009). The World Health Organization carried out eight-year program 

to eliminate Lymphatic Filariasis by which direct economic benefit of $21.8 billion would be 

gained by treating and considering 31.4 million patients (Chu et al., 2010). In China, each 

person invests $1 in the treatment of lymphatic filariasis (Molyneux et al., 2002). The cost for 

treatment of Cysticercosis caused by Taenia solium was estimated at $28.3 million in Central 

America and $16.6 million in the Eastern Cape (Conteh et al., 2010). In sub-Saharan Africa, 

soil-transmitted helminths infect about 90 million from child population, but these children 

can be treated with single dose of anthelmintic which is the practiced school-based approach 

of treating children at an estimation cost of $5-$7.6 million (Brooker et al., 2006). A broad 

range of deworming program was conducted at Vietnam that involved around 2.7 million 

children which costed $0.03 per student (Montresor et al., 2007). Based on the future 

scenario, controlling soil-transmitted helminths in the Caribbean and Latin America would 

cost approximately $41 million (Bitran et al., 2009). The treatment of hookworm infestation 

cost $20.9 billion worldwide. In china, the presence of 35.91 million hookworm patients 

associated with health outcomes leads to $6.7 billion in productivity losses. After the STHs, 

the second biggest cause of parasite infestation is schistosomiasis (Fenwick et al., 2009). In 

order to control the Schistosomiasis, some programs were started. In Burkina Faso, the mass 

drug administration (MDA) of praziquantel and albendazole to children by the community 

and school attain more than 90% coverage at a rate of $0.32 per child (Gabrielli et al., 2006). 

The total cost of the program was reported to be $1.07 million, from which about two third 

was spent on medications (Marano, 2012). 

1.4 Etiology 

In the transmission of the infestation, sanitation plays a major role. Unpurified drinking water 

and improperly cooked meat from infected animals are the most common source of the 

infestation. Also, the infestation may be spread by insect bites, swimming in polluted water 

and contact between the wound and polluted soil. These worms mainly infect the humans. 

They reproduce inside the host, producing eggs and larvae, which pass from the primary host 

to the secondary host spreading the infestation. The presence of eggs or larvae in the host 

may lead to cysticercosis. This condition is characterized by encysted larvae in the muscles, 

viscera and more critically in the eye or the brain (Manke et al., 2015). 

1.5 Pathology 

1.5.1 Direct damage caused by the helminths 
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Blockage of internal organs physically or by pressure exerted by worms is considered as 

direct damage. Large nematodes (Ascaris) or tapeworms (Taenia) physically block the 

intestines and blood flow to the liver leading to a pathological condition. Cysts of the 

tapeworm (Echinococcus multilocularis) develop in the liver, brain, lungs or other parts of 

body cavities and can lead to unusual enlargement, organ metastasis and may cause necrosis 

due to pressure exerted by cysts (Manke et al., 2015). 

1.5.2 Indirect damage by the helminths 

Schistosome infestations, especially with Schistosoma mansoni, are one of the examples of 

indirect damage. Hypersensitivity-based, formation of granuloma produces blockage of liver 

sinusoids impeding blood flow that further leads to liver diseases. Inflammatory changes 

based on hypersensitive reaction may also lead to the lymphatic blockage related with filarial 

infestations (Manke et al., 2015). 

1.6 Treatment of helminthiasis  

1.6.1 Conventional treatment: 

Parasitic helminth infestations are reported to increase the mortality and morbidity rate 

worldwide (Yadav and Singh, 2011).  Anthelmintic drugs act locally to throw out worms 

from the gastrointestinal track (GIT) or systemically eliminate adult helminths or/and 

development forms that invade tissues & organs (Tiwari et al., 2011). Almost all types of 

helminth infestations can be treated with the use of five anthelmintic drugs i.e. praziquantel, 

albendazole, ivermectin, mebendazole, and diethylcarbamazine (DEC) (Stephenson et al., 

2000).  

Albendazole and mebendazole are broad spectrum oral anthelmintics.  Albendazole acts by 

inhibiting the microtubule synthesis in roundworms. Mebendazole irreversibly blocks glucose 

uptake, which in turn, leads to paralysis and death of roundworm and tapeworm (Jain et al., 

2013). Standard doses of albendazole 400 mg and mebendazole 500 mg are used for the 

treatment of patients above the age of one year. These treatments may not eliminate heavy 

infestation, but efficiently reduce the morbidity and worm burden (Lain Stephenson et al., 

2000). Albendazole is reported to be better tolerated and slightly more efficacious than 

mebendazole (Abbas and Newsholme, 2011). 

Ivermectin is most effective semisynthetic macrocyclic lactone with a broad spectrum. The 

drug shows activity against a wide range of the helminthic parasites. Ivermectin is effective 

against a number of human infestations including lymphatic filariasis and Ascaris 

onchocerciasis (Stephenson et al., 2000).  
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Ivermectin causes ion channel mediated helminth muscle paralysis while praziquantel causes 

muscle paralysis of helminths only. The other drugs include piperazine, niclosamide, and 

levamisole which expel the worms from GIT (Abbas and Newsholme, 2011). 

Concomitant administration of two or three drugs is effective treatment option and serves two 

purposes i.e. to increase the efficacy of the drug against parasites such as Trichuris trichiura 

which are very difficult to treat with a single drug and to reduce the drug administration 

frequency, especially in mass treatment programs. Pyrantel and mebendazole are effectively 

used for the treatment of trichuris infestation which is more effective than treatment with the 

single drug (Stephenson, 2001). 

Recently, newer anthelmintic drugs have been reported. Tribendimidine is licensed in China 

since 2004 as an effective treatment of intestinal helminths and acts by binding to nicotinic 

acetylcholine receptor as an agonist. A single dose of tribendimidine is specifically effective 

against Ascaris lumbricoides and Ancylostoma duodenale but not against Trichuris trichiura. 

Another new drug is monepantel, an amino acetonitrile derivative that acts on nicotine 

acetylcholine receptor and leads to paralysis and death of worms (Blair and Diemert, 2015) 

Table 1.2 Conventional drugs for the treatment of helminths  

S.No            Disease      Treatment                   Dose Reference  

1          Nematodes     

1.1          Enterobiasis   Albendazole or  

    mebendazole 

400 mg daily once a day 

100 mg daily once a day       

Jaogota SC et al.,1986,  

Max J. Miller et al.,1974 

 

1.2 

        

         Trichuriasis  

  

  Albendazole or   

   mebendazole 

 

400 mg daily once a day 

100 mg daily twice a day 

 

 

Ramalingam S et al.,1983 

Max J. Miller et al., 1974 

1.3 

 

       Ancylostomiasis   Albendazole or   

   mebendazole 

400 mg orally once a day 

100 mg orally twice a day  

Ramalingam S et al.,1983 

Steinmann et al., 2011 

 

1.4     

         

          Trichinosis 

   

 Albendazole or   

   mebendazole 

 

400 mg orally twice a day 

200-400 mg orally twice a day 

 

Gottstein et al., 2009 

 

1.5 

     

     Strongyloidiasis 

 

   Ivermectin  

 

200 µg/kg orally once a day 

For 2 d 

 

Annick Datry et al., 1994 

 

2  
          

        Cestodes 
 
 
 

  

2.1         Cysticercosis    Praziquantel 5-10 mg/kg orally once a day Garcia et al., 2002 

2.2       Echinococcosis    Albendazole  400 mg orally twice a day M. Keshmiri et al., 2001 

3         Trematodes     

3.1         Fascioliasis  Triclabendazole  10mg/kg orally once or twice  Apt W et al., 1995 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ramalingam%20S%5BAuthor%5D&cauthor=true&cauthor_uid=6625078
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ramalingam%20S%5BAuthor%5D&cauthor=true&cauthor_uid=6625078
http://www.sciencedirect.com/science/article/pii/S0035920301901622
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3.2       Schistosomiasis  Praziquantel   20mg/kg orally twice a day Gray et al., 2011 

 

1.6.1.1 Limitations of Conventional treatment: 

Conventional drugs have been reported to produce side effects and dose-related toxicity 

(Yadav and Singh, 2011). Albendazole, when used for short-term therapy of gastrointestinal 

helminths produces side effects like headache, nausea, dizziness, vomiting, rashes and edema.  

Dose-dependent side effects of Mebendazole include allergic reaction, alopecia, and 

hypothermia. (Kappagoda et al., 2011). All the anthelmintic drugs are unsafe to prescribe for 

pregnant women and young children. Praziquantel cause headache, diarrhoea, abdominal 

pain, seizures and mental changes. The side effects of Ivermectin include nausea, diarrhoea, 

hepatitis or dizziness (Jain et al., 2013). Drug resistance is the major limitation to the 

helminths which is threatening human health (Bauri et al., 2015) 

1.6.2 Herbal treatment: 

About 80% of world population, specially in developing countries rely on natural sources for 

primary health care (Yadav and Singh, 2011). Conventional anthelmintic drugs are less 

effective due to development of resistance in helminths. This has led  to increased demand of 

screening medicinal plant for their anthelmintic activity (Iqbal et al., 2004). Plant-based 

medicines have shown great efficacy against a variety of parasites of medical and veterinary 

importance. Moreover, the chances of drug resistance against phytoanthelmintics are less 

than that for chemical anthelmintics (Bauri et al., 2015). Herbal compounds like artemisinin 

and quinine alkaloids are effective against schistosomiasis. Anthelmintic drug compounds are 

also reported to be obtained from plants including arecoline, pelletierine, filixic acid, aspidin, 

ascaridole and Curcumin (Wink, 2012). Curcumin extracted from turmeric is well known to 

exhibit anti-parasitic effect against Schistosoma (Bahmani et al., 2014). Ascaridole is an 

anthelmintic compound isolated from chenopodium plant. It is reported to be effective 

against hookworm infestation (Kliks, 1985). Aspidin and filixic acid isolated from Dryopteris 

filixmas show activity against intestinal cestodes. Pelletierine isolated from Punica granatum 

and arecoline from Areca catechu, which targets acetylcholine receptors show anthelmintic 

activity (Wink, 2012). Rottlerin and isorottlerin isolated from Mallotus philippensis or 

kamala tree also have shown strong anthelmintic activity. (Patel et al., 2009) 
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1.7 Centratherum anthelmenticum (kalijiri): 

Drug consists of dried fruit part of Centratherum anthelmenticum or vernonia anthelmentica, 

family Asteraceae. The plant is widely distributed throughout India upto 5500 feet in the 

Himalayas and Khasia hills. It is commonly known as kalijiri in India. (Yadava et al., 1996) 

Other names 

Beng: Somaraj  

Eng: Purple fleabane 

Guj: Kalijiri 

Hind: Somraj 

Punj: Bukowski 

Tam: Kattu-Shira gam 

Tel: Adarijilakara 

Parts used: Seed part (Tandon et al., 2010) 

1.7.1 Chemical constituent: 

The major chemical constituent present in C. anthelminticum is vernodalin, butein, 

daucosterol, vernolic acid, vernodalol, vernovan, stigmastadienol, lupeol and beta-sitosterol. 

Other chemical constituents are vernolic acid, linoleic acid, oleic and Palmitic acid, stearic 

acid, stigmasterol, vernosterol, avenasterol, D-lactose, L-sorbose, D-arabinose, protein, lipids 

and fats (Amir and Chin, 2011, Tandon et al., 2010, Bhatia et al., 2008b). The anthelmintic 

activity of C. anthelminticum is attributed to the presence of anthraquinone (Hordegen et al., 

2003). 

Table 1.4. Uses of Centratherum anthelminticum extracts (kalijiri) 

S.No Solvent used for extraction Activity Reference 

1 Ethanol Hypotensive, laxative and antifungal activity Singh et al., 2012 

2 Methanol Larvicidal activity Hellert et al., 2012 

3 Petroleum Ether Anti-inflammatory activity Ashok P et al., 2010 

4 Ethyl acetate & Acetone Antifilarial activity Amir and Chin, 2011 

5 Polyphenolic Antihyperglycemic and antioxidant Naidu, 2008 

6 Aqueous Antidiabetic activity Bhatia et al., 2008 

7 Chloroform Antibacterial activity Patel VP et al., 2012 

8 

9 

Not reported 

Aqueous  

Diarrhoea, cough, and fever 

Anthelmintic activity 

Amir and Chin, 2011 

Hordegen et al.,2003 
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Table 1.5 Marketed formulations used for treatment of Helminthiasis 

 

 

 

 

 

 

 

S.no Anthelmintic 

drugs 

Brand name Marketed 

formulation 

Unit dose Company name 

1 Albendazole ABD Tablet 400 mg Intas Pharmaceutical Limited 

Gekare Capsule 400 mg Glaxo Smithkline Pharmaceuticals 

Ltd 

Emiben Suspension 10 mL/5mL Plenteous Pharmaceuticalsltd 

Encenil Syrup 10 mL/5mL Ortin Laboratories Ltd 

2 Mebendazole Mex Tablet 100 mg Kaleon Laboratory 

Helmintol Suspension 5 mL Medley Pharmaceuticals Pvt. Ltd. 

Eben Syrup 5 Ml Gufic Limited 

3 Praziquantel Distocide Tablet 600 mg Chandra Bhagat Pharma Pvt. Ltd. 

4 Ivermectin Iverstar Tablet 12 mg Santiago Life Sciences 

Iverstar Disintegrating tablet 12 mg Santiago Life Sciences 

Ivercid Suspension 6 mg East West Pharma 

5 Levamisole Carisnil Tablet 150 mg Ortin Laboratories Ltd 

Vizole Capsule 50 mg Mission Mountain Laboratories 

Vermisol Syrup 50 mg Khandelwal Laboratories Pvt Ltd. 

6 Piperazine Avizine Tablet 500 mg Taj Pharmaceuticals Ltd 

Piperazine 

citrate 

Syrup 750 mg/5 mL Glaxo Smithkline Pharmaceuticals 

Ltd. 

7 Niclosamide Niclosan Tablet 500 mg Glaxo Smithkline Pharmaceuticals 

Ltd. 
8 Nirgundyadi 

kashayam 

NA Liquid  5-15 mL VaidyaRatnam Oushadhasala 

9 Vidamgarishtam NA Liquid  12-24 mL Sandu Pharmacuticals Ltd. 

10 Khadirarishta NA Syrup 12-24 mL Bhardwaj Pharmaceutical Works 

11 Wormicid plus NA Syrup 5-10 mL Prakruti Products Pvt. Ltd 

12 Wormnil  NA Capsule 510 mg Mukthi Pharma 
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CHAPTER 2 

REVIEW OF LITERATURE 

2.1 Helminthiasis  

Helminthic parasites are basically multicellular organisms having bilateral symmetry with 

three germ layers (Chatterjee, 2009). In developing countries, it is reported as the  most 

common cause of morbidity that affects the gut (Abbas and Newsholme, 2011).  

Helminthiasis is a critical serious problem in the tropical regions including the Asian 

countries which affects more than two billions of people worldwide (Deb et al., 2013).                      

Although, helminth infestations are generally not serious and remain in asymptomatic state, 

but in heavily infected individuals, they may lead to severe morbidity (Hossain et al., 2012). 

Helminthiasis leads to increased rate of malnutrition, anaemia, eosinophilia, pneumonia and 

loss of appetite (De et al., 2016). Different type of helminths infect humans and animals, out 

of which intestinal round worms (Ascardia sp.) are most common (Tripathi, 2003). It is the 

single group of parasites which is responsible for highest morbidity rate in humans and 

animals (Amirmohammadi et al., 2014) 

2.1.1 Classification of Helminths 

There are two major classes of helminths which are nematodes and Platyhelminthes.  
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Nematodes include filarial worms and intestinal worms which cause onchocerciasis and 

lymphatic filariasis. While Platyhelminthes consist of flukes such as tape worms and 

schistosomes (Peter J et al., 2008). 

2.1.1.1. Nematodes: 

Nematodes are also called as roundworms. They are cylindrical, elongated having bilateral 

symmetry with pointed ends. They have fully developed body cavity consisting of various 

organs such as excretory system, digestive system, nervous system and genital system. The 

size of the nematodes varies from 5 mm to 1metre. Their infestation spreads either by 

ingesting infective eggs or through larvae which penetrate the body by invading the tissues. 

(Ochei et al., 2000 ). 

Intestinal nematodes includes: 

 Whipworm 

 Thread worm 

 Round worm  

 Hookworm 

 Whipworm: (Trichuris trichuira) 

Whipworm or trichuris infestation spreads mostly in moist and warm climates. Whipworms 

are found in caecum region of large intestine. (Ochei et al., 2000). Symptoms generally do 

not arise with light infestation but in case of heavy infestation, several symptoms appear like 

weight loss, diarrhoea with blood in the faeces, and abdominal pain (Allifia abbas et al., 

2009). The shape of the worm resembles whip, the anterior three- fifth being thin, long and 

hair like while posterior two-fifth is stout, thick and small. The size of male worms is smaller 

as compared to that of female whipworm. Male whipworms are 3-4 cm in length whereas 

female whipworms are 4-5 cm in length. Both male and female whipworms consist of long 

esophagus tube which extends two third of body length (Chatterjee, 2009) 

The infestation mainly spreads in the form of inflammation or inflammatory bowel disease. It 

also causes edema, bleeding and hyperaemia. Tropical countries with warm and humid 

climate have highest rates of these infestations (Arora et al., 2010).  

Thread worm: 

Enterobius vermicularis, commonly known as threadworm infects the people worldwide 

(Arora et al., 2010). Adult worms are white colored and spindle shaped. Length of female 

worms varies from 8-13 mm and they are characterized by the presence of wing like 

elongation of body wall at the anterior part. Distension of the body occurs due to the presence 
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of large number of eggs in the uterus region with a pointed tail. Male worms are 2-5 mm in 

length with curved tail (Chatterjee, 2009). 

Pinworms are not highly infective as they cause little injury in the region of perianal and 

vaginal areas when eggs pass through these regions. 

Heavy infestations can occur in children and the symptoms include sleeplessness, 

hyperactivity, abdominal pain, weight loss, grinding of teeth and vomiting. In case of female 

patients, the worms can get entrapped in the tissues that may lead to vaginitis. From there, 

they can also migrate to peritoneal cavity and urinary bladder. As far as geographical 

distribution is concerned, the worm is present worldwide (Arora et al., 2010). 

Round worm  

The roundworms are cylindrical in shape, elongated and enervated at both ends. Female 

worm is larger in size than male. A fully developed body cavity is present with digestive 

tract. Roundworms are free living also while a large number of species parasitize on plants, 

animals and humans. In larva stage, host is required for further growth. Human parasites 

include tissue penetrating and intestinal envading species (Ochei et al., 2000). 

 Hookworm 

Ancylostoma duodenale and Necator americanus are hookworms. They are present in warm 

and moist areas. Hookworms are smaller in size and cylindrical in shape. The worms can be 

differentiated on the basis of morphological characters (Ochei et al., 2000). 

Symptoms: Skin reaction at the site of penetration is the initial symptom of hookworm 

infestation which is known as ground itch. When the eggs of roundworm migrate to lungs and 

heart, they cause respiratory problems and eosinophilia. Heavy symptoms appear when 

worms are present in intestine. Iron deficiency anemia occurs with chronic infestation and 

abdominal pain, fatigue and diarrhoea occurs with acute infestation (Arora et al., 2010). 

2.1.1.2 Cestodes:  

Cestodes are commonly known as tapeworms. Infestation of Taenia saginta and Taenia 

solium spreads in humans by digesting the larvae in meat, either beef or pork which is 

undercooked or raw. Cyst develops in the abdomen and leads to mild abdominal pain, loss of 

appetite and weight loss symptom. It is also responsible for invading central nervous system 

(Yadav et al., 2011). The adult tapeworms are segmented, long, and tape like in structure. 

The size of the worms varies from few mm to several meters. Tapeworms are found in 

intestine of the animals and human. Sexes are not separate in tapeworms i.e. every worm is 

hermaphrodite. In tapeworms, alimentary canal is entirely absent but nervous system and 



REVIEW OF LITERATURE 
 

 Page 14 
 

excretory system is present. Tapeworms have highly developed reproductive system in each 

segment (Chatterjee, 2009). 

2.1.1.3 Trematodes: 

They are also known as intestinal flukes. These are the species which spread infestation 

through direct contact with fresh water. Intestinal flukes are categorised in to two groups i.e. 

those which reside in intestine e.g. Fasciolopsis buski and others that reside in bile duct of 

liver e.g. Fasciola hepatica (Ochei et al., 2000). 

Fasciolopsis buski is Asiatic trematode and is distributed mainly in Malaysia, India, Thailand 

and China. Fasciolopsis buski lives in the small intestine of pig and man. It is the largest 

trematode present in human with a length 2 to 7.5 cm (Chatterjee, 2009). 

Fasciola hepatica lives in the biliary passage of liver.  It is a large leaf shaped fluke having 

brown to pale grey colour. Symptoms of fascioliasis include vomiting, jaundice, diarrhoea 

and biliary colic (Chatterjee, 2009). 

2.1.2 Location of helminths 

Table 2.1 Distribution of helminths in human gastrointestinal tract (GIT) is given below (Arora et al., 2010)  

S.NO             Disease   Causative helminth   Location  

 1 

1.1  

 

1.2 

1.3 

  

1.4     

1.5 

2  

2.1  

2.2 

2.3   

3  

3.1    

3.2   

3.3  

        Nematodes  

        Enterobiasis 

 

        Trichuriasis  

       Ancylostomiasis 

                   

         Trichinosis 

    Parasitic pneumonia 

         Cestodes 

       Cysticercosis 

         Taeniasis 

     Echinococcosis  

       Trematodes  

     Fasciolopsiasis 

    Schistosomiasis 

    Schistosomiasis          

 

Enterobius vermicularis 

 

Trichuris trichiura  

Ancylostoma duodenale 

& Necator americanus 

Trichinella spiralis 

Ascaris lumbricoides                                            

 

 

  Taenia solium  

  Taenia saginata 

Echinococcus Granulosus 

 

Fasciolopsis buski  

Schistosoma japonicum 

Schistosoma mansoni  

 

Small or large        

 Intestine  

     Colon 

Small intestine  

 

Small intestine  

Small intestine 

 

Intestine  

Intestine  

Intestine  

 

Small Intestinal  

Small intestine  

Intestine  

 

2.2 Pharmacological models of anthelmintic activity 

Selection of a suitable host to study particular parasitic infestation is quite challenging and is 

generally done by examining its physiological, metabolic, anatomical and immunological 

similarities that each possesses, since all these properties may influence results of 
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experiments. There are several models which have been established that include rodents, 

primates, fowl and pig (Boes and Helwigh, 2000). Models of nematodes include Toxocara 

spp, Trichuris and Ancylostoma (Beer et al., 1976, Schad et al., 1979).  Models of cestodes 

include Raillietina tetragona. Earthworm is commonly used as an in-vitro model, which is 

reported to evaluate the antihelmintic activity of both herbal and synthetic drugs (Kundu et 

al., 2012, Tiwari et al., 2011). 

Ascaris suum in the pig, Ancylostoma caninum in the dog and Trichuris muris in the mouse, 

are the infestations that are used as in-vivo models corresponding to human infestation 

(Stephenson et al., 1987, Tritten et al., 2011). 

2.2.1 Pig model 

Oesophagostomum dentatum is the most common infestation that exists in the large intestine 

of pigs. This infestation is of economic importance because it causes huge production losses. 

O. dentatum also serves as a model parasite because of its amiability to be cultured in the lab. 

It is considered as a good model for biological investigations because it is easy to maintain its 

several different life stages (Kim, 2016). 

2.2.2 Rodent model 

Rodent models are most popular and are frequently used for various forms of human 

diseases. Rats, rabbits, and mice are easy to carry, handle, less expensive and can reproduce 

easily in large numbers (Boes and Helwigh, 2000). Trichuris muris and Ancylostoma 

ceylanicum are well known parasitic models corresponding to human STH. Ancylostoma 

ceylanicum was developed in the laboratory using eggs from infected human or dog to  

another host, the golden hamster and serves as a model for hookworm infestation (Tritten et 

al., 2011). Mouse model Trichuris muris is well reported model for Trichuris. However, the 

rodent models shows limitations due to parasite size constraints, host physiology and short 

host life span (Boes and Helwigh, 2000). 

2.2.3 Fowl model 

Some worms like Heterakis gallinarum and Ascardia galli are easily available in large 

numbers in freshly slaughtered fowl. These worms are relevant for the study of antihelmintic 

drugs (Mali et al., 2008 ). Another worm Raillietina tetragona has been reported for the study 

of the antihelmintic activity of cassia plant and was obtained from the intestine of freshly 

slaughtered domestic fowl (Kundu et al., 2012). 

2.2.4 Earthworm model 

Earthworm is one of the most reported model for evaluation of in vitro anthelmintic activity. 

This may be attributed to its anatomical and physiological similarities with the intestinal 
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parasites. Moreover, its easy availability, maintenance and non-microscopic size make it 

convenient to be used in such studies.  

Table 2.2 References for evaluation of in vitro anthelmintic activity of various plants using earthworm 

S.No Name of plant Earthworm used References 

1 Thespesia lampas Pheretima posthuma Kosalge and Fursule, 2009 

2 Holoptelea integrifolia Eisenia foetida Sarabjot et al., 2010 

3 Clitoria ternatea Eisenia foetida Salhan et al., 2011 

4 Juglans regia Pheretima posthuma Das et al., 2011 

5 Leea asiatica Pheretima posthuma Saiket et al., 2012 

6 Luffa cylindrica Pheretima posthuma Partap et al., 2012 

7 Oxalis corniculata Eisenia foetida Santosh et al., 2012 

8 Oenothera rosea Eisenia foetida Dahiya et al., 2012 

9 Tinospora cordifolia Eisenia foetida Pawar et al., 2014 

10 Jasminum mesnyi Eisenia foetida Vibhuti et al., 2014 

  

Earthworms are composed of many segments. They lack bones and move by contracting and 

relaxing the body segments in sequence. Earthworms have the ability to move by ciliary 

movement. The outer layer of earthworm is made up of complex polysaccharides and is 

known as mucilaginous layer. It allows the earthworm to move freely. Any injury to the 

mucopolysaccharide membrane would expose the outer layer and this restricts its movement, 

leads to paralysis. It can also result to the death of the worm. (Pawar et al., 2014) 

2.2.4.1 Eisenia foetida 

The anthelmintic activities have been reported by using adult earthworm Eisenia foetida by a 

number of references due to its anatomical and physiological resemblance with the intestinal 

parasite of human beings (Tiwari et al., 2011, Kumar et al., 2011, Deore et al., 2009, 

chatterjee, 1967). Its easy availability and maintenance makes it one of the most commonly 

used model (Salhan et al., 2011) 

Eisenia foetida, lives mainly on dead plant material (Neuhauser et al., 1980). It is dark brown 

in colour with yellow colour in the tip of the tail. The adult worms are about 5-7 cm in length, 

3-5 mm in diameter and 500-600 mg of weight. It can tolerate the temperature upto 29˚C and 

high level of moisture (Venter and Reinecke, 1988).   
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                                              Fig 2.2 Image of Eisenia foetida  

(http://www.happydranch.com/articles/images/clip image008 000.jpg Accessed on March 27, 

2017 at 9:51 PM). 

2.3 Drug Profile: 

2.3.1 Centratherum anthelminticum: 

Taxonomy  

Biological source: Drug consists of fruits or seeds of Centratherum anthelminticum.  

Family: Asteraceae. 

The plant is widely distributed throughout India upto 5500 feet in the Himalayas and Khasia 

hills. It is commonly known as kalijiri in India (Yadava et al., 1996). This plant is robust, 

erect, leafy and highly branched herb distributed throughout the world.  

Synonyms  

Vernonia anthelmintica.  

Common names  

Kan. -  Kadu-jirage  

Punj. - Bukoki, Kakshama  

Beng. -Somaraj, Kali-ziri  

Guj. -  Kalijiri  

Tam. - kattu-shiragam  

Eng. - Purple fleabane  

Hind.- Somraj, Buckshi  

Mar. - kalenjiri  

http://www.happydranch.com/articles/images/clip%20image008%20000.jpg
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Mal. - Kalajirakam, Kadujirain (Tandon et al., 2010) 

                                                        

                                      Fig 2.3 Plant of Centratherum anthelminticum 

(http://www.biosamen-und-pflanzenwelt.de/epages/62058757.sf/de_AT/?ObjectPath=/Shops 

/62058757/Products/165P Accessed on April 02, 2017 at 1:04 PM). 

2.3.2 Description of seeds  

The seeds of Centratherum anthelminticum have a hot sharp taste. It is reported to be used in 

the treatment of various diseases such as kidney disorder, cough, asthma and leucoderma. It 

also exhibits anthelmintic activity (Yadava et al., 1996) 

 

                              Fig 2.4 Seeds of Centratherum anthelminticum (Thara et al., 2016) 

2.3.3 Ethnobotanical data 

http://www.biosamen-und-pflanzenwelt.de/epages/62058757.sf/de_AT/?ObjectPath=/Shops


REVIEW OF LITERATURE 
 

 Page 19 
 

 As per Ayurveda, the seeds are termed to have hot sharp taste, acrid, cure ulcers, 

anthelmintic, used in fever, skin diseases and leucoderma.  

Based upon the Unani system of medicine, the seeds are reported to have sharp bitter taste 

and show purgative, anthelmintic activity. They are also used in treatment of kidney ailments, 

asthma, inflammation, cough, swelling, sores and itching of eyes (Atmiya and Manvar, 

2015). The seeds are well accepted as powerfully anthelmintic by Vaidyans. They are an 

important ingredient of compound formulation prescribed in snake bite. Furthermore, such 

seeds have diuretic, tonic and stomachic properties  

The powdered seeds along with incorporation of castor oil have been used for removal of 

roundworms in half to one and half drachms doses and the result outcome showed the seeds 

to possess considerable anthelmintic properties (Kirtikar et al., 2004). 

The seeds of Centratherum anthelminticum have been mentioned in Sanskrit Materia Medica 

as a medicine for white leprosy and other skin diseases. However, it has been also introduced 

as an anthelmintic and used in combination with a number of other medicaments.  

In chronic skin diseases, seeds are taken either alone or in combination with other medicines. 

In the acute forms of skin diseases, such as psoriasis and leprosy, the medicine is 

recommended to be continued daily for one year or till a complete cure is said to be effected 

(Khandelwal et al., 2004). 

2.3.4 Pharmacological data of Centratherum anthelminticum: 

Traditionally in India, seeds of Centratherum anthelminticum are used as remedy to cure the 

helminthiasis. As the name indicates, seeds of C. anthelminticum exhibit a great potential to 

eradicate all type of worms. It is capable of removing intestinal parasites and has exhibited 

satisfactory results in deworming adults and small children. This activity of the plant is 

abundantly reported by number of scientific evaluations.  

Anthelmintic activity of C. anthelminticum has been reported in combination with other 

plants; for example, its combination with Carica papaya, and Butea monosperma  is reported 

against oxyurids of mice (Mehta & Parashra, 1966). It is also reported that Embelia ribes and 

Centratherum anthelminticum combination (as crude methanol extract) exhibit anthelmintic 

activity against gastrointestinal nematodes of goats. Post treatment days 3, 10 and 15, the 

administration of 0.5 g/kg mixture of powdered Embelia ribes and C. anthelminticum could 

not help to minimise the faecal egg per gram (EPG) counts. Egg per gram is laboratory test 

that determines the number of eggs per gram of faeces in patients suspected of parasitological 

infestation, such as schistosomiasis. However, on 15
th

 day after administration of 1g/kg of the 

powder, a significant reduction in the EPG count was observed. The result shows that EPG 
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count was decreased from 526 ±72 to 251± 43. The percentage EPG reduction was 52 ± 4 %. 

The result was excellent with administration of 2 g/kg of powdered drug exert significant 

EPG reductions. The values reduced from 568 ± 80 to 255 ± 54 and 99 ± 41 on 10
th

 and 15
th

 

days. The percentage of reduction was 55 ± 7 and 83 ± 2 % respectively (Javed & Akhtar et 

al., 1990).  

Hördegen et al., 2003, illustrated, that a combination study of alcoholic extract of C. 

anthelminticum and Embelia ribes did not exert any anthelmintic activity against 

haemonchosis in sheep. 

Singh et al., 1985, demonstrated an in vitro study where aqueous and alcoholic extract of 

seeds of C. anthelminticum were found to exert anthelmintic activity against Ascaris 

lumbricoides, hymenolepis nana and Fasciolopsis buski. Alcoholic extract of C. 

anthelminticum was found to exert in vivo anthelmintic activity against Fasciolopsis buski.  

Iqbal et al., 2006, conducted a comparative study of in vitro and in vivo anthelmintic 

activities of C. anthelminticum seeds with levamisole as reference standard. In vitro studies 

of methanolic extract of C. anthelminticum show a stronger anthelmintic effect as compared 

to that of its aqueous extract against live Haemonchus contortus. For in vivo studies, seeds of 

C. anthelminticum were delivered as crude powder, methanolic extract, and ethanolic extract 

to sheep infected with intestinal nematodes. A dose of aqueous extract of C. anthelminticum 

at 3 g/kg body weight on day three post treatment was found to exert maximum effect to 

decrease the faecal egg per gram (73.9 %). But crude powder as 3 g/kg on day three post 

treatment showed only 55.6 % reduction in faecal egg per gram. However, methanol extract 

failed to show any anthelmintic activity. 

A number of reports indicate that seeds of C. anthelminticum exhibit antifilarial activity. 

 Singhal et al., 1992, reported that alcoholic and aqueous extracts of C. anthelminticum seeds 

exert antifilarial activity against Setaria cervi. 

 Nisha et al., 2007, conducted an in vitro study of C anthelminticum seeds and it has reported 

to exert macrofilaricidal activity against Setaria digitata (filarial worm). Fruit extracts of 

Centratherum anthelminticum induced 65.64 % inhibition in formazan formation at a 2 

mg/mL concentration when the incubation period was 4 h. However, 1 mg/ml concentration 

of test sample showed no significant inhibition (43.15 %) in formazan formation even at 4 h 

incubation period. Maximum percentage inhibition (97.46%) was noticed in formazan 

formation at increased concentration and longer incubation periods. 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=in+vitro
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Mehta et al., 2010. reported the mechanism of action of aqueous and methanolic extracts of 

Centratherum anthelminticum against filariasis. Both extracts were reported to act by 

inhibiting instinctive motility of the Setaria cervi. In vitro study of aqueous and methanolic 

extracts of C. anthelminticum induced death of microfilariae with LC50 and LC90 values of 75 

and 32.5 mg/mL respectively.  

2.4 Enteric coated dosage form 

An enteric coating acts as a barrier to control the release of orally administered drug in the 

upper part of digestive system. The word “enteric” symbolises the small intestine, enteric 

coating thereby meaning that it prevents the release of drug before the formulation reaches 

the small intestine (Islam et al., 2016).. Enteric coating polymers remain unionised at low pH, 

and therefore remain insoluble. But as they encounter an increased pH, the acidic functional 

group of coating ionise, and the polymer itself gets swollen and becomes soluble in the 

intestinal fluid (Hussan et al., 2012).  

Enteric coating is generally carried out:  

 To preserve the drug substance from the acidic environment of the stomach.  

 To protect against gastric distress or nausea caused by the drugs which are irritant to 

gastric mucosa. (e.g. sodium salicylate). 

 To confer a delayed-release component.  

 In order to minimize the first pass metabolism of drugs (Pole et al., 2016). 

Selection of the polymers and the thickness of the coated layer are the two most critical 

parameters in the preparation of the enteric coated dosage forms. The examples of drugs that 

cause gastric distress include aspirin, diclofenac and naproxen. These are available with 

enteric coatings (Islam et al., 2016). Omeprazole, which is a drug which stops the stomach 

from producing acid itself but gets degraded in the gastric is available as an enteric coated 

formulation. Sulfasalazine that is used for the treatment of Crohn's disease or is given with an 

enteric coating to exert its physiological effect at the site of pathology. However, when the 

same drug is administered for the treatment of arthritis through its systemic effect, it is used 

as an uncoated formulation (Bozdag et al., 1999) 

Drug generally used for enteric coating are as given below: 

 Which irritate the gastric mucosa or get degraded at gastric pH.  

 The action of which is required only in the intestines such as anthelmintics and 

amoebicides.  

 Absorption of which takes place from the intestines. 
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  Delayed action of drug is required (Pole et al., 2016). 

2.4.1 Polymer used for enteric coating: 

2.4.1.1 Classification of Polymers used for the enteric coating  

Classification of polymers  

 

 

 

 

 

 

 

 

  

                                 Fig 2.5 Classification of enteric coated polymers (Pole et al., 2016). 

1) Polymethacrylates  

(Methacrylic acid/ethyl acrylate)  

Eudragit L and Eudragit S are two types of marketed enteric acrylic resins. Both resins form 

films that are resistant to gastric fluid. Eudragit L and Eudragit S are soluble in intestinal 

fluid at pH 6 to 7 respectively (Pole et al., 2016). In vitro dissolution study of sodium para 

amino salicylate pellets coated with Eudragit L30 D-55 is reported. Eudragit L30 D-55 

(60%w/w) was found to exhibit satisfactory results against the gastric attack (Rahman et al., 

2008 ). Colon targeted drug delivery of tegasterod maleate was tried using Eudragit L and 

Eudragit S Ratio 1:2 was found to yield the best results (Venkatesh et al., 2009). Colon 

targeted drug delivery of albendazole showed better results with Eudragit S 100 as compared 

to hydroxy propyl methyl cellulose phthalate (HPMC phthalate) and Ethyl cellulose (Reddy 

et al., 2013). 

2) Cellulose esters  

Cellulose esters are used as enteric polymer in the pharmaceutical industry. The major 

disadvantage of CAP is that it dissolved only above the pH 6, and delays the absorption of 

drugs. CAP polymer degrades as pH increases above 6.5 but CAT polymer degrades at pH 

5.5 (Naresh et al., 2012). HPMCP-50, 55,55S is derived from Hydroxy propyl cellulose and 

Cellulose esters Polymethacrylates Polyvinyl derivatives 

Methacrylic 

acid/ethyl acrylate 
Cellulose acetate phthalate   

Cellulose acetate trimellitate  

Cellulose acetate succinate  

 

Polyvinyl Acetate 

Phthalate 
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dissolves at pH (5 to 5.5) lower than that of CAP. It also exhibits more stability as compared 

to CAP because the labile acetyl group is absent (Pole et al., 2016). 

3) Polyvinyl Derivatives Polyvinyl acetate phthalate (PVAP)  

Polyvinyl acetate phthalate (PVAP) is synthesised by the esterification of a partially 

hydrolysed polyvinyl acetate with phthalic anhydride (Pole et al., 2016). Gastric juice is not 

able to permeate PVAP. Also it is more resistant to hydrolysis, and gets ionized at a lower 

pH. It gives a rapid release of actives in the duodenum (Mahdi B et al., 1991). 
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CHAPTER 3 

RESEARCH ENVISAGED AND PLAN OF WORK 

3.1 Rationale  

Last few decades conventional drugs were used for the treatment of helminthiasis. These 

drugs are associated with a number of side effects e.g. nausea, headache, alopecia, 

hypothermia and dizziness etc.  Also conventional drugs produce drug resistance against 

helminths that led to increased demand of screening medicinal plants for their anthelmintic 

activity.  

Krimihar
TM

 syrup is marketed polyherbal formulation consists of fourteen herbs used for the 

treatment of helminthiasis. The objective of the study will be the evaluation of Krimihar
TM

 

syrup as well as in vitro screening for anthelmintic activity of individual herbs and in 

combination. The most effective constituent/s would be formulated into enteric coated 

formulations to achieve the maximum physical interaction of the drug with the parasites. The 

developed tablet formulation will be evaluated for various quality control parameters.    

3.2 Aim and objectives  

3.2.1 Aim of the study 

The aim of the presented work is “Herbal formulation for anthelmintic activity: Design and  

Evaluation”. 

3.2.2 Objective of the study 

 To evaluate the anthelmintic potential of aqueous decoction of individual herb present  

in Krimihar
TM 

syrup using earthworm as in vitro animal model  

 To compare the anthelmintic potential of  aqueous decoction of individual active  

ingredient with aqueous decoction of mixture of component of krimihar
TM

 syrup  

 To evaluate and improve upon (if required) the pre-formulation parameters of the  

most effective constituent 

 To formulate an enteric coated tablet of the most effective constituent  

 To develop bioassay of this constituent  

 Characterization of developed enteric coated tablets 
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3.3. Research Methodology  
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CHAPTER 4 

MATERIALS AND EQUIPMENTS  

4.1 List of materials and equipment used during the study 

Table 4.1 

List of materials used in study 

S.No Materials                  Manufacturer 

1. Herbs                   Shree Dhanwantri Herbals Pvt Ltd. Amritsar, India 

2. 

3. 

 

 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

 

13. 

14. 

15 

Sodium hydroxide 

Potassium dihydrogen 

Orthophosphate 

Hydrochloric acid 

Potassium chloride 

Methanol 

Acetone  

Petroleum ether 

Piperazine citrate 

Lactose  

Magnesium stearate  

Microcrystalline 

cellulose 

Dicalcium phosphate 

Sodium starch glycolate  

Eudragit S 100 

                  LOBA Chemie Pvt. Ltd. Mumbai, India. 

                  LOBA Chemie Pvt. Ltd. Mumbai, India. 

 

                 Thermo fisher scientific Pvt Ltd, Mumbai, India  

                 LOBA Chemie Pvt. Ltd. Mumbai, India 

                  LOBA Chemie Pvt. Ltd., Mumbai, India 

                  LOBA Chemie Pvt. Ltd. Mumbai, India 

                  LOBA Chemie Pvt. Ltd. Mumbai, India 

                  Titan biotech Ltd. Rajasthan, India 

                  LOBA Chemie Pvt. Ltd. Mumbai, India 

                  CDH Pvt Ltd, New Delhi, India  

                  Jackson Laboratories Pvt. Ltd., Amritsar, India. 

 

                  LOBA Chemie Pvt. Ltd. Mumbai, India 

                  LOBA Chemie Pvt. Ltd. Mumbai, India 

                  Evonik Industries Pvt. Ltd. Germany 

 

Table 4.2 

List of equipment used in study  

S. No Machine                    Model and manufacturer 

1. Spray dryer                    Spray mate, JISL, Mumbai, India. 

2. Electronic  balance                    CY360, Shimadzu Co. Ltd., Japan. 

3. 

4. 

5 

 

6. 

 

7. 

8. 

Ultrasonication bath 

pH meter 

Hot air oven 

 

Sieves 

 

Heating mentle  

Tablet Dissolution 

                   LOBA LIFE, Loba Chemie, Mumbai, India 

                   Phan, LABINDIA, Thane West, Maharashtra, India 

                   Cadmach Drying Oven, Cadmach Machinary Ltd.,   

                   Ahmadabad, India  

                   Sieve No. 60, Bhushan Engineering & Scientific Traders,     

                   Ambala, India 

                   Navyug India limited, New Delhi, India 

                   DS 8000 (Manual) LABINDIA, Maharashtra, India 
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9. 

10. 

11. 

12. 

13. 

apparatus 

Tablet punching machine 

Electronic Grinder 

Pan coater 

V-cone blender 

Hardness tester 

 

                   Trover Pharmamec, Punjab, India 

                   Stovekraft Pvt. Ltd. Bangalore, India 

                   Navyug India, Jalandhar, India 

                   Swastika Pvt Ltd, Ambala, India 

                   Monsanto hardness apparatus, Navyug India, Jalandhar,  

                   India 
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CHAPTER 5 

EXPERIMENTAL WORK 

5.1 Evaluation of Krimihar
TM

 syrup for its anthelmintic activity 

In vitro anthelmintic assay was performed as per the method of Ghosh et al., (2005). Use of 

Ascaris lumbricoides, Ascaridia galli and Eisenia foetida has been reported for the screening 

of anthelmintic activity. But Eisenia foetida has been most commonly used as test worm to 

evaluate the anthelmintic activity of natural extracts because it possesses physiological and 

anatomical similarity with the intestinal parasites (Mali et al., 2005). Eisenia foetida was 

procured from Jeevan Organic Fertilizer and authenticated from the Zoology department. 

Worms having length of 2-4 cm and width 0.2-0.3 cm were used for study. 

As the site of action of the anthelmintic syrup is intestine, the procedure for evaluation of its 

anthelmintic activity was designed as follows:  

Krimihar
TM 

syrup (15 mL) was transferred into beaker containing 200 mL of 0.1 N HCl 

solution and kept aside for 2 hours. After that, solution was diluted upto 900 mL using 

phosphate buffer (pH 6.8) in order to achieve concentration of 1.6% v/v. Aliquots (10 mL) of 

above solution were transferred into three petri plates. One earthworm (Eisenia foetida) was 

added to each petri plate. Paralysis time (PT) was noted as the time when no movement was 

observed except when the worms were shaken vigorously. Death time (DT) of worms was 

recorded as the time when the worms neither moved when shaken vigorously nor when 

dipped in warm water at 50˚C (Daksha et al., 2012, Mulla et al., 2010). Average paralysis 

time (APT) and average death time (ADT) were noted.  

In the first phase, studies were conducted to rule out the effect of various additives like 

sweeteners, preservatives, and colorants etc. that are present in the marketed formulation. To 

rule out the effect of these additives, aqueous decoctions were prepared from raw drugs and 

further evaluated individually as well as in combination, for their anthelmintic activity.  

5.2. Evaluation of aqueous decoction of various ingredients of Krimihar
TM

 syrup 

5.2.1 Preparation of aqueous decoction of individual herbs 

Each ingredient was crushed using Electronic Grinder (Stovekraft Pvt. Ltd. Bangalore, India)        

and was passed through the sieve no. 60. Crushed powder was weighed individually (quantity 

as listed in Table 5.1) and transferred into 500 mL beaker containing 200 mL of distilled 

water individually. The solution was kept at 100˚C for 40 min. The solution was allowed to 

cool to room temperature. The cooled solution was filtered through muslin cloth and filtrate 

was collected (Lem et al., 2014, Washington et al., 2016). It is pertinent to add here that on 
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cooling the decoction became turbid and some of the turbidity persisted even after filtration 

through the muslin cloth. 

Table 5.1 List of herbs present in Krimihar
TM

 syrup 

  

5.2.2 Evaluation of anthelmintic activity of various ingredients of Krimihar
TM 

syrup 

Samples (15 mL) were withdrawn from above prepared dilution and transferred to 1000 mL 

separate beaker containing 200 mL of 0.1 N HCl and kept for 2 hours. After that, solution 

was diluted upto 900 mL using 6.8 phosphate buffer (0.2 M). The final concentration that has 

Herbs  Quantity (g) in 

200 mL 

Actual 

concentration 

(mg/mL) 

Final concentration of aqueous 

decoction of anthelmintic 

activity (mg/mL) 

Embelia ribes (Vidang) 8g 40 0.66 

Cyperus rotundus 

(Nagarmotha) 

8g 40 0..66 

Gardenia gummifera 

(Nadihingu) 

4g 20 0.33 

Carum roxburghianum 

(Tukham ) 

4g 20 0.33 

Butea monosperma 

(Palash Beej) 

4g 20 0.33 

Punica garnatum 

(Naspal) 

4g 20 0.33 

Mollotus phillppiness  

( Kabila) 

4g 20 0.33 

Cassia angustifolia 

(Sanai) 

4g 20 0.33 

Hyoscyamus niger 

(Ajwain ) 

2g 10 0.16 

Holarrhena 

antidysnterica (Inderyav) 

2g 10 0.16 

Artemisia absinthium 

(Afasanteen ) 

2g 10 0.16 

Andrographis paniculata 

(Kalmegh) 

2g 10 0.16 

Centratherum 

anthelminticum (Kalijiri) 

2g 10 0.16 

Swertia chirata (Chirata) 2g 10 0.16 
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been used for anthelmintic evaluation of various decoctions is shown in Table 5.1. From each 

of these, 10 mL aliquot was transferred to petri plates containing one earthworm each.  

5.2.3 Preparation of aqueous decoction of mixture of fourteen herbs (ADMFH) 

For preparation of ADMFH, all the ingredients were weighed accurately as listed in Table 4 

and transferred into 500 mL beaker containing 300 mL of distilled water. The final 

concentration in the solution was calculated to be 173.3 mg/mL. The solution was kept at 

100˚C for 40 min. and allowed to cool to room temperature. The cooled solution was filtered 

through muslin cloth. It is pertinent to add here that on cooling the decoction became turbid 

and some of the turbidity persisted even after filtration through the muslin cloth. The filtrate 

was then collected and kept for further study. 

5.2.4 Anthelmintic activity of ADMFH 

ADMFH (15 mL) was transferred to 1000 mL beaker containing 200 mL of 0.1 N HCl and 

kept aside for 2 h. This solution was then diluted upto 900 mL using phosphate buffer (pH 

6.8). The final concentration in the solution was calculated to be 2.88 mg/mL. From these, 10 

mL of diluted aqueous decoction was transferred to petri plate containing earthworm (Eisenia 

foetida). APT and ADT were recorded. 

5.2.5 Spray drying of ADMFH 

ADMFH was transferred in 1000 mL beaker and placed at the sample inlet of spray dryer. 

The operation parameters are of given below:   

 Inlet temp                                     120˚C 

 Outlet temp                                   60˚C 

 Aspirator speed (rpm)                   1400 

 Feed pump speed (rpm)                16 

 Automisation pressure (Kg/cm
2
)   2 

 Concentration (%)                         10 

After the drying process, the powder was collected and kept in a dessicator till further 

evaluation (Kaur et al., 2015). 

5.2.6 Anthelmintic evaluation of spray dried powder obtained from ADMFH 

Spray dried ADMFH powder was weighed in quantities of  2, 4, 6, 8, 10, 20, 30, 40, 50 mg. 

Weighed amounts were transferred to 10 mL volumetric flasks and volume was adjusted with 

phosphate buffer (pH 6.8) to get the concentration of 0.2, 0.4, 0.6, 0.8, 1, 2, 3, 4, 5 mg/ mL. 

Prepared samples of different concentrations were transferred into petri plates. One 
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earthworm (Eisenia foetida) was added to each petri plate. Each concentration was evaluated 

in triplicate and mean data was recorded. 

As a very large variation in death time was observed i.e. from 135 min to 980 min for 

individual drugs, it was decided to select the five most effective ingredients and check the 

effect of this combinations vis-à-vis the effect of the combination of 14 drugs. The short 

listed drugs included Hyoscyamus niger, Centratherum anthelminticum, Mallotus 

philippensis, Embelia ribes and Butea monosperma. 

5.3 Anthelmintic evaluation of aqueous decoction of mixture of five most effective herbs 

(ADMFEH) 

5.3.1 Preparation of ADMFEH  

Each ingredient was crushed properly using electronic grinder and passed through the sieve 

no. 60. Crushed powder was weighed individually (quantity as listed in Table 5.2) and 

transferred into 500 mL beaker containing 200 mL of distilled water.  The final concentration 

in the solution was calculated to be 100 mg/mL. The solution was kept at 100˚C for 40 min. It 

is pertinent to add here that on cooling the decoction became turbid and some of the turbidity 

persisted even after filtration through the muslin cloth. The solution was allowed to cool to 

room temperature. The cooled solution was filtered through muslin cloth and filtrate was 

collected.  

Table 5.2 List of five most effective herbs 

 

 

 

 

 

5.3.2 Anthelmintic activity of ADMFEH 

 ADMFSH (15 mL) was transferred to 1000 mL beaker containing 200 mL of 0.1 N HCl and 

kept it for 2 hours. After that solution was diluted upto 900 mL using phosphate buffer (pH 

6.8). The final concentration in the solution was calculated to be 1.67 mg/mL. From this, 10 

mL solution was transferred to petri plates containing one earthworm each. The study was 

conducted in triplicate and APT as well as ADT were recorded. 

5.3.3 Spray drying of ADMFEH 

Herbs Quantity (g) 

Embelia ribes (Vidang) 8g 

Butea monosperma (Palash Beej) 4g 

Mollotus phillppiness ( Kabila) 4g 

Hyoscyamus niger (Ajwain) 2g 

Centratherum anthelminticum 

(Kalijiri) 

2g 
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Aqueous decoction of five most effective herbs was spray dried keeping the parameters as 

described in section 5.2.5.  

5.3.4 Anthelmintic evaluation of spray dried ADMFEH  

Spray dried ADMFEH powder was weighed in quantities of 2, 4, 6, 8, 10, 20, 30, 40, 50 mg. 

Weighed amount was transferred in 10 mL volumetric flask and volume was adjusted with 

phosphate buffer (pH 6.8) to get the concentration of 0.2, 0.4, 0.6, 0.8, 1, 2, 3, 4, 5 mg/ mL. 

Prepared samples of different concentrations were transferred into petri plate. One earthworm 

(Eisenia foetida) was added in each petri plate. The study was carried out in triplicate and 

mean data was recorded. 

5.4 Preparation of spray dried powders of five most effective herbs individually 

Aqueous decoction of five most effective herbs was prepared individually as mentioned in 

section 5.2.1 and dried using spray drier maintaining the conditions mentioned in section 

(5.2.5).    

5.4.1 Anthelmintic evaluation of spray dried powders of five most effective herbs 

individually 

Spray dried powders of individual herbs were weighed in quantities of  5, 10, 20, 30, 40, 50 

mg. Weighed amounts were transferred to 10 mL volumetric flasks and volume was adjusted 

with phosphate buffer (pH 6.8) to get the concentration of 0.5, 1, 2, 3, 4, 5 mg/ mL. 

Anthelmintic activity was evaluated for all the solutions individually. ADT and APT were 

recorded. 

Spray dried powders of individual herbs were evaluated at different concentration as 

mentioned above. Among these herbs, C. anthelminticum shows better activity as compared 

to other four herbs. Hence C.  anthelminticum was selected for further studies. 

5.5 Evaluation of anthelmintic activity of Centratherum anthelminticum: 

Anthelmintic activity of C. anthelminticum was evaluated using Eisenia foetida. Different 

concentrations of spray dried aqueous decoction of C. anthelminticum were tested in the 

bioassay. APT and ADT were noted. Piperazine citrate is used as standard drug for 

investigation of biological activity (Mehta et al., 2012).  

Spray dried powder of C. anthelminticum was weighed is quantities of 2, 4, 6, 8, 10, 20, 30, 

40, 50 mg. Weighed amounts were transferred to 10 mL volumetric flask and volume was 

adjusted with distilled water to get the concentration of 0.1, 0.2, 0.3 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 

1, 2, 3, 4, 5 mg/ mL. The same concentration of standard drugs i.e. Piperazine citrate was also 

prepared. Distilled water was used as control. One earthworm was added to each petri plate 
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containing different concentration of test sample. Each study was conducted in triplicate. 

APT and ADT were noted as mentioned in section 5.1. 

5.6 Bioassay for Centratherum anthelminticum 

Preparation of standard plot 

To prepare standard plot, C. anthelminticum (100 mg) was accurately weighted and 

transferred to 100 mL volumetric flasks and volume was adjusted with distilled water to get 

the concentration of 1 mg/mL. Further dilutions were made from stock solution (1 mg/mL). 

Aliquots of 9, 8, 7, 6, 5, 4.5, 4, 3.5, 3, 2.5 and 2 mL were transferred from stock solution into 

10 mL volumetric flask and volume was adjusted with distilled water to get the concentration 

of 0.9, 0.8, 0.7, 0.6, 0.5, 0.45, 0.4, 0.35, 0.3, 0.25 and 0.2, mg/mL. Different weights i.e. 20, 

30 and 40 mg were accurately weighed and transferred to 10 mL volumetric flasks and 

volume was adjusted with distilled water to get the concentration of 2, 3 and 4 mg/mL. 

Sample (10 mL) from each dilution was transferred to petri plate containing one earthworm 

each. The study was conducted in triplicate and ADT was noted. Logarithms of ADT were 

plotted against logarithms of concentration to find out linearity of response with respect to 

coefficient of regression.  

5.7 Formulation development  

5.7.1 Calculation of percentage yield 

The product obtained by spray drying was weighed and percentage yield of spray dried 

product was calculated as per the given formula  

Percentage yield = 
               

                 
 × 100                                    Equation (1) 

5.7.2 Pre-compression parameters of spray dried powder  

5.7.2.1 Angle of repose  

The angle of repose of the spray dried powders was measured using fixed funnel and standing 

cone method as reported by Kaur et al., (2015). The angle of repose was calculated by using 

following formula. 

tan α = 2h/D                                                                               Equation (2) 

where, “h‟‟  is the height of the heap of powder and “D” is the diameter of the base of the 

heap of powder. 

5.7.2.2 Bulk density  

Bulk density was determined by transferring powder mixture into a measuring cylinder and 

gently tapping it two lines. The volume obtained was recorded as “Vb”. The weight of the 
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powder was measured and recorded as “M”. Bulk density was calculated by the equation 

below. 

Bulk density = M/Vb                                                                   Equation (3)  

5.7.2.3 Tapped density  

Tapped density was determined by transferring powder mixture into a measuring cylinder and 

tapping it 100 times. The volume obtained was recorded as “Vt”. The weight of the powder 

was measured and recorded as “M”. Then tapped density was calculated by the equation, 

Tapped density = M/Vt                                                               Equation (4)  

5.7.2.4 Compressibility index (C.I.) 

It was also known as Carr‟s index which was calculated by the equation, 

C.I. = (Bulk density˗˗Tapped density)/ Bulk density × 100       Equation (5) 

5.7.2.5 Hausner’s ratio 

It was determined by the equation, 

H.R. = Bulk volume/ Tapped volume         Equation (6) 

(Subrahmanyam et al., 2000) 

5.7.3 Preparation of enteric coated tablets of the spray dried extract of Centratherum  

anthelminticum (SDECA)        

5.7.3.1 Preparation of core tablet 

Core tablets of SDECA were prepared by direct compression technique. The blend of drug 

and excipients was made using geometrical mixing in a „V‟ cone blender (Swastika Pvt Ltd, 

Ambala, India). The blend was mixed for 20 min in order to get homogeneous mixing and 

passed through sieve no 30. Finally, the blend was compressed using Multipunch tablet 

compression machine (Trover, Pharmamach, Nakodar, India) with compression force of 7 

KN. The unit formula composition is shown in Table 5.3  

Table 5.3 Unit formula for prepared tablet 

S.No Ingredients B1 B2 

1 Centratherum anthelminticum  extract 400 400 

2 Microcrystalline cellulose pH 102 100 100 

3 Lactose 50 40 

4 Magnesium stearate 10 10 

5 Sodium starch glycolate 10 30 

6 Dicalcium phosphate 30 20 

 Total weight 600 600 

 

5.7.3.2. Preparation of coating solutions 
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The coating solution was prepared by dissolving 5 g of Eudragit S100
®
 in 100 mL of 

acetone-isopropyl alcohol mixture (50:50 % v/v). The prepared solution was stirred for 1 h on 

a magnetic stirrer to make a homogenous solution (Prudhviraj et al., 2015). 

5.7.3.3 Enteric coating of prepared Centratherum anthelminticum core tablet: 

Prepared tablets were coated using Eudragit S100
®
 using pan coater (Navyug India, 

Jalandhar, India). For this, 100 tablets were taken, weighed and kept in the pan for prior 

heating. Then 5% w/v Eudragit S100
®
 solution was sprayed on the tablets and coated tablets 

were kept for drying. The film thickness is expressed as the percentage of the weight gained 

relative to the weight of coated tablets. 

% weight gain = Final weight - Initial weight × 100 Equation (7) 

                                  Initial weight 

5.8 Evaluation of the prepared tablets  

5.8.1 Weight variation 

Twenty tablets of each formulation were weighed individually using digital weighing balance 

and their average weight was calculated. Then individual tablet weight was compared with 

average weight (Indian pharmacopeia, 2014). 

.5.8.2 Hardness test: 

Hardness of tablets was tested using Monsanto tester. The force required to crush the tablet 

was recorded as hardness in Kg/cm
2
. Three tablets were subjected to hardness test and the 

crushing strength of each tablet was measured. Average hardness of the tablets was calculated 

and standard deviation was determined (Indian pharmacopeia, 2014). 

5.8.3 Thickness and Diameter 

Thickness and diameter was also measured for prepared tablets using Vernier caliper (Indian 

pharmacopeia, 2014). 

5.8.4 Friability 

Six tablets were weighed accurately and then placed in Roche-type friabilator which was 

rotated at 25 rpm for 4 min (i.e. 100 revolutions). Then tablets were taken out of the 

friabilator and again weighed after dedusting. The percent friability was calculated as follow: 

                                                        

% Friability = X 100
Wi - Wf

Wi        Equation (8) 

Where, Wi - initial weight of tablets; Wf -final weight of tablets (Indian pharmacopeia, 2014) 
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5.8.5 Disintegration test 

The disintegration test for prepared tablets was performed using USP Disintegration Test 

Apparatus. One tablet was placed in each of six disintegration tube. The apparatus was 

operated using 0.1 N HCl solution as medium maintained at 37±2˚C. After 2 hours, discs 

were added and the apparatus was operated using phosphate buffer pH 6.8 as medium 

maintained at 37±2˚C. (Indian pharmacopeia, 2014) 

5.8.6 Dissolution study of enteric coated tablet 

The dissolution testing of enteric coated formulation was carried out according to USP 27 NF 

22 (711), by adopting Method B (USP convention INC., 2004) in 0.1N HCl and subsequently 

phosphate buffer (pH 6.8). The paddle was stirred at 50 rpm and a temperature of 37 ± 0.5°C. 

Prepared tablets were added to the vessels containing the described dissolution medium. For 

the first two hours, in vitro bioassay study was carried out in 200 mL, 0.1 N HCl. Samples 

(10 mL) were withdrawn at time interval of 30, 60, 90, 120 min and replaced with fresh 

media. The volume of dissolution media was then made up to 900 mL and its pH was 

adjusted to pH 6.8 by addition of phosphate buffer. The study was continued in this medium 

for 1 h. The analysis of the withdrawn samples was carried out using the method of bioassay 

as reported in section 5.6. A number of reports exist in literature where the analysis of 

dissolution samples has been carried out using bioassays (Liu et al., 2015, Long et al.., 2011). 

 Samples were withdrawn at regular time interval of 125, 130, 135, 140, 145, 150, 160, 170 

and 180 min and replaced with fresh media. (Bushra et al., 2010, Liya teklu et al., 2014). 

Each sample was transferred to petri plate containing one worm of Eisenia foetida. APT and 

ADT were calculated as reported in section 5.1. Concentrations of drug present in the 

samples were calculated from the standard plot of C. anthelminticum  

5.9 Physical characterization of Spray dried powders: 

5.9.1 Powder X-ray diffraction (PXRD) 

The PXRD patterns of sample was recorded using high power powder X-ray diffractometer  

(Ru-200B, Pune, India) with Cu line as the source of radiation,  having a voltage of 40- KV, 

40 mA current at a scan speed of 4˚/min. The samples were analysed at 2θ angle range of 5-

50˚. Step time was 0.5 s and time of acquisition was 1 h (Renuka et al., 2014). 

5.9.2 Scanning Electron Microscopy (SEM) 

The surface morphology of the sample was studied by SEM. Samples were fixed onto a 

metallic stub with double-sided conductive tape (diameter 12 mm, Oxon, Oxford 356 

Instruments, UK). A Supra 35 VP (Oberkochen, Zeiss, Germany) Scanning electron 357 
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microscope was used with an acceleration voltage of 15 kV and a secondary detector (Shinde 

et al., 2015). 

5.9.3 Particle size analysis 

The particle size of unprocessed powder and spray dried powder of C. anthelminticum was 

measured using Malvern Zetasizer Version 7.11. Both the powders (each 5 mg) were 

dispersed in 10 mL water to get the concentration of 0.5 mg/mL. Three readings were taken 

for each sample. The mean values of particle size of both the powdered samples were 

recorded (Kaur et al., 2015). 

5.10 Statistical analysis of data  

All the experimental data are expressed as mean ± standard deviation (SD), respectively. 

Statistical analysis of obtained data was carried out either by analysis of variance or Tukey‟s 

multiple comparison test using GraphPad Prism version 7.0 (GraphPad Software Inc., CA, 

USA) . A value of P < 0.05 indicates significant difference in the obtained results 
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CHAPTER 6 

RESULTS AND DISCUSSIONS 

6.1 Evaluation of Krimihar
TM

 syrup for its anthelmintic activity  

APT and ADT for 1.6% v/v of Krimihar
TM 

syrup were found to be 200±5.00 and 285±2.64 

respectively. The result was shown in Table 6.1. 

Table 6.1 Anthelmintic activity of Krimihar
TM

 syrup 

S.No Volume of syrup 

(mL) 

Diluted with pH 6.8 buffer Paralysis time (min) Death time (min) 

1 15 900 200 284 

2 15 900 195 283 

3 15 900 

 

205 

Mean 200±5.00 

288 

Mean 285±2.64 

 

The results indicate that a physical contact time of more than 4 h in intestine is required for 

the marketed formulation to exert its anthelmintic activity.  

6.2 Evaluation of anthelmintic activity for aqueous decoction of individual herbs of 

Krimihar
TM

 syrup  

Keeping in view the fact that the earlier reports indicate a strong anthelmintic activity of 

certain individual herbs but weaker activity of their combinations, we decided to explore the 

anthelmintic effect of each of the individual herbal constituent of the marketed formulation 

(Hordegen et al., 2003, Quereshi & Sabir 1979. Paydar et al., 2013) 

The evaluation of aqueous decoction of each of the ingredients for anthelminthic activity was 

done to check the effectiveness of the individual herb. Effectiveness of the various herbs was 

checked on the basis of two parameters; paralysis time and death time which is recorded in 

Table 6.2 and Fig 6.1 

Table 6.2 Anthelmintic activity of fourteen herbs present in Krimihar
TM 

syrup  

S.No Herbs (Amount) APT (min) ADT (min) 

    
1 Embelia ribes (ER) 410±2 450±4 

2 Cyperus rotundus (CR) 540±3 615±5 

3 Gardenia gummifera (GG) 435±5 480±2 

4 Carum roxburghianum 

(CRB ) 
780±2 980±4 

5 Butea monosperma (BM) 240±5 340±6 

6 Punica garnatum (PG) 600±8 630±3 

7 Mollotus phillppiness ( MP) 210±4 260±3 

8 Cassia angustifolia (CAG) 450±6 530±6 
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9 Hyoscyamus niger (HN ) 410±3 430±5 

10 Holarrhena antidysnterica  

(HA) 
900±6 975±5 

11 Artemisia absinthium (AA ) 600±7 690±2 

12 Andrographis paniculata 

(AP) 
720±5 780±3 

13 Centratherum 

anthelminticum (CA) 

120±4 195±4 

14 Swertia chirata (SC) 540±5 560±5 

Results are expressed as mean±SD of three observations. 

From the obtained data it was concluded that while some of the component herbs were found 

to be quite effective, some exhibited very weak activity. Some of the individual extracts were 

found to be more effective than the combination used in the marketed formulation. Our 

results are in tune with some of the previous reports where the combinations of two drugs 

proved to be ineffective whereas the individual drugs had shown the effect (Hordegen et al., 

2003). The most effective ingredients were found to be Centratherum anthelminticum with 

APT 120±4 min and ADT 195±4 min followed by Mallotus phillppiness with APT 210±4 

min and ADT 260±3 min, Butea monosperma with APT 240±5 min and ADT 340±6 min, 

Embelia ribes with APT 410±2 min and ADT 450±4 min. On the other hand, the effect of 

Holarrhena antidantidysnterica, Carum  roxburghianum, and Cyperus rotundus was found to 

be quite less. 

The ADT was found in the following decreasing order. 

CRB> HA> AP> AA> PG> CR> SC> CAG> GG> ER> HN>BM > MP>CA 

 

                

       Fig 6.1 Anthelmintic activities of individual herbs using Earth worm (Eisenia foetida) 
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6.3 Anthelmintic activity of the mixture of aqueous decoction of fourteen herbs present  

in Krimihar
TM 

syrup 

To attribute the less activity of the marketed formulation as compared to that of some of the 

individual constituents to the effect of formulation additives or antagonistic combination 

amongst the individual drugs, further study was designed.  

APT and ADT for aqueous decoction of mixture having concentration of 2.88 mg/mL were 

found to be 190±1.00 min and 255±0.57 min. These values are found to be slightly lower 

than those observed for the commercial formulation. The slightly higher anthelmintic activity 

of the aqueous decoction may be attributed to the absence of excipient like colorants, 

sweeteners, flavours and preservatives present in formulation. 

Slight improvement in the anthelmintic activity of the decoction of fourteen drug constituent 

over that of the marketed formulation may be attributed to the effect of excipients as has been 

reported in some earlier studies also (Hoegberg et al., 2003).  

6.4 Comparison of aqueous decoction of individual herbs vs aqueous decoction of 

mixture 

It is important to note that the APT and ADT of aqueous decoction of Centratherum 

anthelminticum and Mallotus phillppiness was 120±4 min and 135±4 min, 135±4 min and 

180±3 min respectively. These were found to be significantly (P<0.001) better than that of 

the mixture of aqueous decoction of all the fourteen herbs. The APT and ADT of other 

twelve drugs were found significantly more (P<0.001) than that of aqueous decoction of the 

mixture. The results are shown in Table 6.3 

Table 6.3 Statistical analysis of Comparison between decoctions of mixture and individual herbs 

S.No Comparison between decoctions 

of mixture and individual herbs. 

P value Anthelmintic activity of 

individual herb as 

compared to mixture 

1 Mixture vs CA P<0.001 ↑ 

2 Mixture vs ER P<0.001 ↓ 

3 Mixture vs CR P<0.001 ↓ 

4 Mixture vs GG P<0.001 ↓ 

5 Mixture vs CRB P<0.001 ↓ 

6 Mixture vs BM P<0.001 ↓ 

7 Mixture vs PG P<0.001 ↓ 

8 Mixture vs MP P<0.001 ↑ 

9 Mixture vs CAG P<0.001 ↓ 

10 Mixture vs HN P<0.001 ↓ 

11 Mixture vs HA P<0.001 ↓ 

12 Mixture vs AA P<0.001 ↓ 

13 Mixture vs AP P<0.001 ↓ 

14 Mixture vs SC P<0.001 ↓ 

  6.5 Anthelmintic evaluation of spray dried ADMFH 
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The study revealed marked increase in anthelmintic efficiency for the spray dried powder of 

ADMFH against Eisenia foetida. While APT of about 190±1.0 min and ADT of 255±0.57 

min were observed at 2.88 mg/mL concentration of ADMFH. Similar effect could be 

achieved at 0.4 mg/mL of ADMFH after spray drying. As mentioned in section 5.2.1, the 

aqueous decoction was found to be slightly turbid indicating the presence of some constituent 

which are not soluble at room temperature. The procedure of spray drying of the decoction at 

high temperature renders this relatively less soluble fraction more available to dissolution by 

decreasing the particle size due to attrition as well as quick drying procedure along with 

amorphization. A 7.2 folds decrease in concentration of ADMFH for achieving the APT and 

ADT after spray drying could be attributed to reduction in particle size of ADMFH powder as 

compared to its unprocessed form. The increase in surface area of particles leading to 

increased penetration of solvent is expected to increase the solubility of active constituents. 

This could be the reason of enhancement of anthelmintic activity after the spray drying. The 

results are shown in Table 6.4.  

     Table 6.4 APT and ADT of spray dried ADMFH 

S.No concentration 

(mg/mL)  

APT (min) ADT (min) 

1 5 60±4 105±2 

2 4 75±3 125±1 

3 3 95±1.4 165±5 

4 2 120±1.3 180±2 

5 1 136±1.23 200±1.7 

6 0.8 160±1.1 224±1.5 

7 0.6 180±1.0 240±1.4 

8 0.4 190±1.0 265±1.3 

 

6.6 Anthelmintic activity of ADMFEH and spray dried ADMFEH 

Hyoscyamus niger , Centratherum anthelminticum, Mallotus philippensis,. Embelia ribes and 

Butea monosperma were found to be most effective. Hence anthelmintic activity was checked 

for these five herbs. While APT and ADT for ADMFEH having concentration of 1.67 mg/mL 

were found to be 50±1.00 min and 115±0.57 min, similar effect could be achieved for spray 

dried ADMFEH having concentration of 0.4 mg/mL (See table 6.5). As mentioned in section 

5.2.1, the aqueous decoction was found to be slightly turbid indicating the presence of some 

constituent which are not soluble at room temperature. The procedure of spray drying of the 

decoction at high temperature renders this relatively less soluble fraction more available to 

dissolution by decreasing the particle size due to attrition as well as quick drying procedure 
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along with amorphization. The study revealed marked increase in anthelmintic efficiency for 

the spray dried powder of ADMFEH against Eisenia foetida. This 4.17 folds decrease in 

concentration of ADMFEH for achieving the APT and ADT after spray drying could be 

attributed to reduction in particle size of ADMFEH powder as compared to its unprocessed 

form. The increase in surface area of particles leading to increased penetration of water is 

expected to increase the solubility of active constituents. This could be the reason of 

enhancement of anthelmintic activity after the spray drying. APT and ADT of spray dried 

obtained from ADMFEH were noted and shown in Table 6.5. 

Table 6.5 APT and ADT of spray dried ADMFEH 

S.No concentration 

(mg/mL)  

APT (min) ADT (min) 

1 5 10±2 25±2 

2 4 13±1 29±3 

3 3 19±0.7 40±0.7 

4 2 28±0.6 51±1.1 

5 1 35±0.6 62±1.0 

6 0.8 40±0.5 70±0.9 

7 0.6 46±0.5 79±0.8 

8 0.4 50±05 85±0.8 

 

 

             Fig 6.2 Anthelmintic activities of ADMFH and ADMFEH  

6.7 Anthelmintic evaluation of spray-dried powders of five most effective herbs 

individually:   

The anthelmintic activity of five most effective herbs was evaluated on the basis of APT and 

ADT. The activity was checked on various concentrations such as 0.5, 1, 2, 3, 4 and 5 mg/mL 
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for individual herb. The results revealed that Centratherum anthelminticum showed the 

lowest APT and ADT for Eisenia foetida. It was also observed that the APT and ADT for 

Centratherum anthelminticum were better than that of their mixture. The results are shown in 

Table 6.6 and Fig 6.3.  

Table 6.6 Anthelmintic activity of spray dried powder of five most effective herb. 

S.No. Spray  dried herb Concentration 

(mg/mL) 

 

APT (min) ADT (min) 

1 Mollotus 

phillppiness 

0.5 145±2 205±4 

1 136±5 190±3 

2 120±4 170±1 

3 110±5 155±5 

4 90±4 140±3 

5 80±3 120±3 

2 Centratherum 

anthelminticum 

 

 

 

0.5 26±2 65±2 

1 20±2 42±2. 

2 15±3  30±2 

3 11±1  20±2 

4 9±1 17±2 

5 7±1 15±2 

3 Embelia ribes 0.5 280±4 405±5 

1 260±3 380±6 

2 245±4 345±5 

3 200±3 310±6 

4 180± 3 255±5 

5 120± 2 190±6 

4 Butea monosperma 0.5 230±4 300±5 

1 210±5 280±6 

2 195± 2 245±7 

3 175± 3 215±3 

4 135± 4 180±2 

5 110±2 160±3 

5 Hyoscyamus niger 0.5 250±2 330±2 

1 240±3 310±3 

2 210±4 290±6 

3 220±5 267±4 

4 170±4 240±3 

5 140±2 215±5 

. 
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Fig 6.3 Anthelmintic activity of Centratherum anthelmenticum  (kalijiri) using earthworm 

(Eisenia foetida) 

6.8. Evaluation of anthelmintic activity of Centratherum anthelminticum 

In order to evaluate the use of C. anthelminticum as a single ingredient vis-à-vis the poly 

herbal constituent, its activity was compared with that of Piperazine citrate. Piperazine citrate 

was taken as standard due to its well established anthelmintic potential in the available 

literature (Mehta et al., 2012). The anthelmintic activity was recorded for various 

concentrations of C. anthelminticum from 0.1-5 mg/mL. The results revealed that APT and 

ADT for C. anthelminticum were found lesser than those of Piperazine citrate. The results are 

tabulated below: 

Table 6.7 Anthelmintic activity of Centratherum anthelminticum compared with Piperazine citrate.   

Groups Concentration (mg/ml) APT (min)  ADT (min) 

    E. foetida 

    P D 

Control 0 0 0 

Centratherum 

anthelminticum 

5 7±0.67 15±0.56 

4 9±0.41 17±0.38 

3 11±0.42 20±0.44 

2 15±0.49 30±0.41 

1 20±0.31 42±0.49 

0.8 20±0.40 50±0.32 

0.6 25±0.34 60±0.26 

0.4 36±0.36 75±0.51 

0.2 69±0.43 105±1.16 

0.1 75±0.53 120±1.23 

Piperazine 

citrate 

5 1±0.51 2±0.61 

4 3±0.31 5±0.50 

3 5±0.41 7±0.46 

2 10±0.40 15±0.41 

http://www.ibin.gov.in/index.php?option=com_ibin&task=speciedetails&id=51390
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1 16±0.39 20±0.31 

0.8 25±0.42 37±0.43 

0.6 29±0.36 40±0.38 

0.4 32±0.63 45±0.73 

0.2 50±1.10 65±1.21 

0.1 59±1.10 80±1.21 

Results are expressed as mean ±SEM of three observations, P- Paralysis and  D- Death 

6.9 Bioassay of Centratherum anthelminticum 

A linear relationship between log of concentration and its log of ADT as shown in Fig 6.4. 

This could be understood from the plot which was found to be linear in the range of 0.2-4 

mg/mL having coefficient of regression (r
2
) of 0.9913. The obtained regression equation was 

Y = -0.6273x + 1.6282. 

Table 6.8 Results for bioassay of Centratherum anthelminticum 

S.No Concentration 

(mg/mL) 

ADT (min) Log concentration Log ADT 

1 0.2 105±4.0 -0.69 2.02 

2 0.25 96±3.0 -0.6 1.98 

3 0.3 92±3.8 -0.52 1.96 

4 0.35 85±3.0 -0.45 1.93 

5 0.4 75±0.5 -0.39 1.87 

6 0.45 72±1.3 -0.35 1.85 

7 0.5 69±1.3 -0.3 1.83 

8 0.6 60±1.3 -0.22 1.77 

9 0.7 58±1.3 -0.154 1.76 

10 0.8 50±1.2 -0.09 1.7 

11 0.9 46±1.2 -0.04 1.66 

12 1 42±1.1 0 1.62 

13 2 30±2.0 0.3 1.47 

14 3 20±1.0 0.47 1.3 

15 4 17±2.0 0.6 1.23 

 

 

y = -0.6273x + 1.6282 
R² = 0.9913 
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                            Fig 6.4. Standard plot of Centratherum anthelminticum  

 

6.10 Formulation development  

6.10.1 Calculation of percentage yield of spray dried herbs 

Powder of most effective herbs was obtained by spray drying.  Total amount of individual 

herb taken and its percentage yield is reported in Table 6.9 

Table 6.9 Percentage yield of powders obtained from spray drying  

S.No Spray dried herb Amount taken (g) Amount obtained (g) % yield 

1 Mollotus phillppiness 100 2.00 2.00 

2 Centratherum anthelminticum 60 2.59 4.31 

3 Embelia ribes 60 2.96 4.90 

4 Butea monosperma 45 2.21 4.91 

5 Hyoscyamus niger 60 0.73 1.21 

 

Percentage yield was found to vary between 1.21 to 4.91 % for various raw drugs. These may 

attributed to the water soluble constituents present in these raw drugs.   

6.10.2 Pre-compression parameters of spray dried powder  

The flow parameters used to evaluate the compression properties of spray dried powders 

revealed excellent powder behaviour as all these parameters were found within the 

pharmacopoeial limits (Indian pharmacopeia, 2014) as shown in Table 6.10 

Table 6.10 Pre compression parameter of spray dried herbs  

S.No. Spray dried herb Tap density 

(g/mL) 

Bulk density 

(g/mL) 

Angle of 

repose 

Carr’s index Hausner 

ratio 

1 Mollotus phillppiness 0.341±0.44 0.250±0.73 9.31±0.82 26.68±0.78   1.36±0.46 

2 Centratherum 

anthelminticum 

0.265±0.85 0.198±0.98   23.94±0.79   25.28±0.70   1.33±0.91 

3 Embelia ribes   0.296±0.95 0.227±0.96    27.90±0.71    23.31±0.61   1.30±0.85 

4 Butea monosperma   0.368±0.83   0.276±0.43    27.92±0.67    25.00±0.58     1.33±0.98 

5 Hyoscyamus niger 0.243±0.86 0.182±0.57    19.44±0.80    25.24±0.91     1.33±0.95 

 

6.10.3 Evaluation of prepared tablet 

6.10.3.1 Post compression parameters 

The results of post compression studies of Batch B2 were found to be better in terms of 

friability, weight variation and disintegration time as shown in Table 6.11 

Table 6.11 Results of post-compression parameters 

S.N Batch Thickness 

(mm) 

Diameter 

(mm) 

Friability 

(%) 

Hardness 

(Kg/cm
2
) 

Weight 

variation 

(%) 

Disintegration 

time 

0.1 N HCl (min) 

Disintegration 

time PB pH 6.8 

(min) 

1 B1 3.5 11 0.9±0.10 4.0±0.5 0.85±0.45 80 NA 

2 B2 4.0 12 0.3±0.09 3.5±0.5 0.58±0.37 No disintegration 

in 120 min 

35 

PB*˗ phosphate buffer 

Based on the results of post compression parameters, B2 was selected for further studies 

 

6.10.3.2 Dissolution study of enteric coated tablet 
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In vitro dissolution study of enteric coated tablet of C. anthelminticum was performed using 

0.1N HCl (200 mL). The samples were withdrawn at different time interval i.e. 30, 60, 90 and 

120 min. At each time interval no paralysis and death could be observed as shown in Table 

6.12. Hence it can be inferred that during this time period no perceptible release of active 

constituent was there. Finally the volume was adjusted upto 900 mL with phosphate buffer 

(pH 6.8). The samples were withdrawn at different time interval i.e. 125, 130, 135, 140, 145, 

150, 160, 170 and 180. At these time intervals paralysis and death could be observed except 

in samples withdrawn at 125 and 130 min. The percentage drug release after 30 and 60 min 

were found to be 91.37 and 101.4 %. The results was shown in Table 6.13 and Fig 6.5  

Table 6.12. In vitro Dissolution study of Centratherum anthelminticum tablet in 0.1N HCl  

 
S.No Sample time (min) PT (min) DT (min) 

1 30 no paralysis no death 

2 60 no paralysis no death 

3 90 no paralysis no death 

4 120 no paralysis no death 

 
Table 6.13 In vitro drug release of Centratherum anthelminticum in phosphate buffer (pH 6.8) 

S.No Time 

(min) 

ADT 

(min) 

Log death 

time 

Log 

conc. 

Anti log 

conc. 

Amount/10 

mL 

Amount/900 

    mL 

Cumulative 

drug release 

%age 

drug 

release 

1 125 ND ND ND ND ND ND ND ND 

2 130 ND ND ND ND ND ND ND ND 

3 135 96±2.0 1.98 -0.5643 0.2727 2.727 245.43 245.430 61.35 

4 140 89±1.6 1.94 -0.5119 0.3076 3.076 276.84 279.567 69.89 

5 145 80±1.5 1.90 -0.4381 0.3646 3.646 328.14 333.943 83.48 

6 150 76±3.0 1.88 -0.4027 0.3956 3.956 356.04 365.489 91.37 

7 160 73±1.0 1.86 -0.3748 0.4218 4.218 379.62 393.025 98.25 

8 170 73±1.0 1.86 -0.3748 0.4218 4.218 379.62 401.556 100.38 

9 180 72±1.0 1.85 -0.3652 0.4313 4.313 388.17 405.793 101.44 

ND*- no death  
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Fig 6.5. In vitro drug release of Centratherum anthelminticum in 0.1N HCl and phosphate     

   buffer (pH 6.8) 

6.11 Physical Characterization of unprocessed powder and spray dried powder of    C. 

anthelminticum 

6.11.1 Scanning Electron Microscopy (SEM)  

The SEM images of unprocessed C. anthelminticum extract powder revealed long and flat 

crystals with reticulated habit as shown in Fig 6.6. This revealed the crystalline nature of 

powder. However, after spray drying, the powder revealed spherical, smooth unorganised 

mass with no discernible crystallinity. Hence, the spray dried powders were considered as 

amorphous form as shown in Fig 6.7. In order to obtain better understanding about crystal 

morphology, the samples were analysed for PXRD studies.            
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Fig 6.6 Scanning Electron Microscopy of unprocessed powder at 3000X 

 

      

  

 

 

        

 

 

           

             Fig 6.7. Scanning Electron Microscopy of spray dried product at 3000X 

6.11.2 Powder X-ray diffraction (PXRD)  

The PXRD patterns of unprocessed and spray dried Centratherum anthelminticum were 

recorded. The results are shown in Fig 6.8 and 6.9. Sharp peaks were observed at 18˚, 19˚, 

24˚, 27˚, 33˚, 34˚, 36˚, 38˚, 41˚ and 55˚, indicating crystalline form of unprocessed 

Centratherum anthelminticum powder. Whereas for spray dried Centratherum 

anthelminticum powder, only two peaks were observed at 22˚ and 24˚, indicating decrease in 

powders crystallinity almost approaching an amorphous form. Hence, it was confirmed from 

XRD and SEM studies that after spray drying the drug got converted into amorphous form. 

Amorphous form does not possess any well defined arrangement and exhibits more Gibbs 

free energy as compared to crystalline forms. As a result, amorphous form leads to increase 

the solubility (Lobmann et al., 2014). This could be the reason of enhancement of 

anthelmintic activity after the spray drying along with the fact that the particle size achieved 

for the spray dried formulation was quite less as compared to the conventionally dried 

product.         

 



RESULTS AND DISCUSSIONS 

 

 Page 50 
 

              

Fig 6.8. X- ray diffraction pattern of unprocessed powder 

 

    Fig 6.9. X- ray diffraction pattern of spray dried powder 
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6.11.3 Particle size analysis 

The average particle size of unprocessed powder and spray dried powder of C. 

anthelminticum was found to be 834.6 nm and 220.2 nm respectively. The polydispersity 

index (PDI) of unprocessed powder and spray dried powder is shown in Fig. 6.10 and 6.11. 

The results revealed that the particle size of spray dried powder is about 3.79 times smaller 

than that of unprocessed powder of Centratherum anthelminticum. It is important to note that 

the PDI value of prepared spray dried powder of Centratherum anthelminticum (Fig. 6.11) is 

found to be 0.261 which shows excellent particle size distribution 

 

Fig 6.10 Particle size distribution of unprocessed powder of Centratherum anthelminticum  
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Fig 6.11 Particle size distribution of spray dried powder of Centratherum anthelminticum  

 



SUMMARY AND CONCLUSION 
 

 Page 53 
 

CHAPTER 7 

SUMMARY AND CONCLUSION 

Based on the reports of limiting side effects and development of resistance to conventional 

anthelmintic therapy herbal formulation was selected. A polyherbal formulation, Krimihar
TM 

syrup is in clinical use for its anthelmintic activity for last few decades. However, no 

systematic study on its therapeutic/pharmacological effect is reported. The current research 

work was under taken to evaluate the anthelmintic property of this marketed formulation.  

Another aim of the study was to attribute the pharmacological effects to individual 

constituent as the formulation is of polyherbal nature. Suitable modifications in the existing 

formula based on the inferences of the study may render it more effective.  

On comparison of the anthelmintic activity of the marketed formulation, decoction of all 

constituents (prepared in our lab), decoction of five most effective constituents (prepared in 

our lab) and decoction of individual constituent following interesting observations were 

made.  

1. Decoction of mixture of all constituents of the formulation is slightly more effective than 

the marketed formulation indicating some role of excipients like sweeteners, flavours, 

preservatives etc.  

2. The anthelmintic activity of the decoction containing all constituent as well as that 

containing five most effective constituents is less than that of the decoction of C. 

anthelminticum. 

Based on above results, we prepared the spray dried powder of the decoction of C. 

anthelminticum. Another interesting observation was made. Spray dried powder of decoction 

showed an enhanced anthelmintic activity indicating the role of amorphization and particle 

size reduction, particularly in light of the fact that the obtained decoctions were slightly 

turbid in nature. 

The spray dried powder was formulated into enteric coated tablets.  Dissolution testing of 

these tablets using the developed bioassay method indicated that a concentration of 

approximately 0.4 mg/mL could be achieved by the developed formulation in about 40 min 

after reaching the intestinal milieu. Which is able to give an ADT of approximately 75 min.  

The study indicates that enteric coated tablet of a single constituent i.e. C. anthelminticum 

will offer an option which is more convenient, effective and cost effective as compared to the 

original formulation. 
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Further studies will be conducted to study the potential of resistance development of the 

designed formulation. 
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