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It is matter of pride and privilege for us to publish the proceeding of the National Conference 

on “Role of Science and Technology in Environmental Conservation and Sustainable 

development” organized during 23-24 September 2022, in association with NITI Aayog, Govt 

of India, Directorate of Environment, Govt of H.P., Himachal Pradesh Council for Science, 

Technology and Environment (HIMCOSTE), Govt of H.P., State Wetland Authority, Govt of 

H.P., H.P. State Biodiversity Board, Govt of H.P. 

We thank to all the guests, delegates and participants who have come to attend this academic 

event from distant places and contributed their research work in the form of popular articles 

and abstracts. Approximately 450 participants including post graduate students’, research 

scholars, teachers from colleges and universities and people from industry attended the 

conference representing different fields of science from more than 10 states. During 

conference, there was 01 key note address, 03 lead talks, 10 technical sessions, 01 poster 

session and 01 oral virtual session. Approximately, 40 researchers presented their research 

work in oral sessions, more than 90 researchers presented their work through poster 

presentation and about 80 participants presented their research work through virtual mode. 

We express our gratitude to Prof (Dr) R C Sobti (Padma Shri & Former Vice Chancellor, 

Panjab University, Chandigarh and Bhim Rao Ambedkar Central University, Lucknow) for 

delivering key note address during the conference. He discussed various scientific issues 

related to origin and evolution of life as well as human sustenance giving interesting examples 

of various related natural phenomena. We are also grateful to Prof (Dr) O P Agrawal (Former 

Vice Chancellor, Jiwaji University, Gwalior, M.P.), Prof Jagbir Singh Kirti (Punjabi 

University, Patiala) and Prof S S Kanwar (Department of Biotechnology, Himachal Pradesh 

University, Shimla) for delivering lead talks in the conference. Our sincere thanks are due to 

Prof Seema Langar, Jammu University; Prof Seema Rai, Guru Ghasidas University, 

Chhatisgarh; Dr Vijay Rana, Y S Parmar University, Nauni; Dr Sanju B Dhull, Chaudhary 

Devi Lal University, Sirsa; Dr Arup Giri, Baba Mastnath University, Rohtak, Dr Jasvir Singh 

(Bhatinda), Dr Younis Ahmad, Sant Baba Bhag Singh University, Jalandhar; Dr Jaskaran 

Singh for accepting our invitation and supporting us during the event. 

Also, the guidance and support of Prof Sat Prakash Bansal, Hon’ble Vice Chancellor, 

Himachal Pradesh University; Prof Jyoti Prakash, Pro Vice Chancellor, Himachal Pradesh 

University; Prof Duni Chand, Dean Faculty, Himachal Pradesh University; Prof Anand Sagar, 
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The kind support from Dr Dhiraj S Rawat, Chairman and other teaching as well as non-
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Department of Biosciences is one of the oldest Department of H P University. It is oriented towards 

research and post-graduate training involving the study of biological resources and their development in 

the state. Department of Bio-sciences is DST-FIST and UGC SAP-DRS-II funded department. The 

department from time to time has been able to obtain research projects from various granting agencies 

such as University Grants Commission, Indian Council of Agricultural Research, Department of 

Science and Technology, Department of Environment, National Medicinal Plant Board etc., which has 

greatly helped in augmenting and strengthening the research activities in the department. The 

achievement of faculty members and research students are reflected in various awards and scholarships 

such as Alexander Von Humbolt fellowship, Royal Academy of Sciences, Japan Society for Promotion 

of Science Awards and Commonwealth Fellowship, INSA Exchange Program etc. The faculty members 

constitute a team of young and experiences scientists recognized nationally and internationally. 

About Conference &Themes 

India supporting 16 percent of the world's population on 2.4 percent of the world's land, is one of 17 

mega-biodiversity countries. In the present scenario, country is experiencing rapid and widespread 

environmental degradation at high level. Mismanagement and misuse of natural resources results in 

depletion of resources, threats the environment, increases air and water pollution level, degrades soil, 

decreases forest cover, threats biodiversity, drought, flood, earthquake, land sliding and health issues.  

Keeping the above problems, facts and issues in mind an attempt was made to bring the academicians, 

scholars, industrialists and researchers from different backgrounds at one platform to share various 

aspects of sustainable development, biodiversity conservation and available future prospects.  

The Conference covered following sub themes: 

1. Advances in Physical, Biological and Chemical Sciences  

2. Animal Physiology, Neurobiology, Cell & Molecular Biology  

3. Ecology, Biodiversity Conservation & Pest Management  

4. Climate change, Global Warming and Environmental Pollution 

5. Agriculture, Horticulture and Forestry 

6. Biotechnology, Microbiology and Nanoscience  

7. Applied Zoology (Entomology, Fishery, Poultry, Dairy etc) 

8. Role of Internet of Things (IOT) in Current Scenario 

9. Socio economic Aspects of Medicinal Plant Resources 

10. Indigenous/Traditional Botanical knowledge 
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Report on National Conference 

Role of Science and Technology in Environmental Conservation and Sustainable Development 

(September 23-24, 2022) 

 

Two days National Conference on “Role of Science and Technology in Environmental 

Conservation and Sustainable Development” sponsored by NITI Aayog, Govt. of India, New 

Delhi; Department of Environment, Science & Technology, Government of Himachal Pradesh; 

Himachal Pradesh Council for Science, Technology and Environment (HIMCOSTE); H. P. State 

Biodiversity Board, Government of Himachal Pradesh and H. P. State Wetland Authority, 

Government of Himachal Pradesh was successfully organized in H.P. University by Department of 

Bio-Sciences on 23-24 September, 2022.  

 In these two days, there were 01 key note, 03 lead talks, 08 technical sessions, 03 oral sessions, 

01 poster session and 01 virtual session. Approximately 450 (234 registered and 215 MSc students) 

participants attended the conference representing different fields of science from more than 10 states. 

All the participants interacted with each other, enjoyed the lectures, technical sessions as well as 

beautiful campus.  

The conference was inaugurated by Chief Guest, Prof. Jyoti Prakash, Hon’ble Pro Vice 

Chancellor of the University, Guest of Honor and Key Note Speaker, Prof. R.C. Sobti, Guest of Honor, 

Prof. O.P. Agrawal and Guest of Honor, Dr. Bhavik Shawney. Various eminent scientists, Prof. Jagbir 

Singh, Prof. S.S. Kanwar, Prof. Anand Sagar and others from various colleges/universities and institutes 

graced the event by their presence. Souvenir having 220 research abstracts and 9 popular articles was 

also released by the dignitaries. 

 Prof. Anand Sagar welcomed all the guests from different parts of the country. He briefly 

introduced the chief guest and guest of honor to the audience. His welcome address was followed by 

release of conference souvenir. 

 Prof. Jyoti Prakash, Hon’ble Pro Vice Chancellor stimulated the audiences with his very 

influential speech. He correlated our cultural heritage with scientific facts in a very interesting manner. 

 Prof. R.C. Sobti delivered his key note address on Genetic and molecular basis of sustainable 

development. He discussed various scientific issues related to origin and evolution of life as well as 

human sustenance giving interesting examples of various related natural phenomena. 

 Prof. O.P. Agarwal explained the impact of changing trends of human lifestyle on environment 

and sustainability. He emphasized on adoption of organic farming and suggested to prevent the use of 

plastic, unhealthy food and chemical fertilizers. 

Prof. Jagbir Singh explained about the “Impact of Global Warming and Climate Change on 

Insects Pests and Vectors”. 

Conference Highlights 



Then a highly informative and brainstorming talk was delivered by an eminent scientist Prof. 

S.S. Kanwar on “Xenobiotics: The Boon or Bane”.  

All the technical sessions were highly informative and interactive. Students actively 

participated in the technical as well as oral sessions and cleared their doubts and queries. 

Approximately, 40 researchers presented their research work in oral sessions. They were asked 

questions by the experts and other participants. Various suggestions were also made by experts to do 

better in their research work.  

More than 90 researchers and students presented their work through poster presentation. The 

chairman of poster session evaluated the posters and interacted with the presenters. Healthy discussions 

took place between the experts and the presenters.  

About 80 participants presented their research work through virtual mode. Their research 

findings were thoroughly discussed and analyzed by the experts. 

Three young scientist awards, 02 best paper award in oral and 03 best paper in poster category 

were given awards. 

H. P. University is thankful to Himachal Pradesh Council for Science, Technology and 

Environment (HIMCOSTE) for providing funds to organize the conference. We thank the eminent 

faculties who came out of their hectic schedule and presented their findings before us. We are also 

thankful to the students, teaching and non-teaching staff who helped to make this event a successful 

one. 

We also thank the participants from various institutes who came and presented their research 

work and made the event successful. We hope you might have enjoyed the lectures, food, 

accommodation and campus as well. 
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Biological parameters of Callosobruchus maculatus infesting stored grain pulses 

Kalpna1 and Rajesh Kumar2* 
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Abstract 

The stored grains are infested by insect pests directly or indirectly, thus causing severe damage 

other than storage losses. Most of the storage part is mainly concentrating on grain storage either 

at a domestic or commercial scale. Several structures were used for grains storage ranging from a 

small metal bin to tall grain elevators. Such stored commodities for a longtime cause contamination 

and damage by biotic and abiotic factors. Among the biotic agents, insects, mites, rodents, birds 

and microorganisms cause colossal loss to store grains. Insect pests are the main destructor of 

pulses that account for 10-20 per cent of storage losses. The infestation starts in the harvesting land 

and also reaches storehouses. Terrific damage to the pulse grains takes place in storage containers 

and all because of bruchids. Among the concerned pests of various stored pulses, Callosobruchus 

maculatus (Fabricius) (Coleoptera: Bruchidae) is ubiquitous and recognized as a serious pest for 

stored pulses worldwide. During the current study, biology of Callosobruchus maculatus was 

studied on three stored grain pulses viz. cowpea, green gram and chickpea. These pulses show 

variations in life cycle in two generations. The total developmental period was shortest on cowpea 

(37.80 ±3.22) which was further followed by chick pea (42.00 ±4.47) and green gram (40.20 

±3.66) in first generation. Similar trends were followed for second generation for the total 

developmental period. 

Keywords: Callosobruchus, Infestations, Generations, Pulses 

 

Introduction 

Agricultural status and economy of different nations has been enhanced and improved with the 

efficient and healthy production of pulses. Pulses contribute a principal protein diet for developing 

countries and ranked 2nd among the different crops grown worldwide (Deeba et al., 2006; Asif et 

al., 2013). Pulse grains composed of various amino acids (methionine, threonine, cysteine, 

tryptophan and lysine) and minerals (Sardana et al., 2010; Saxena et al., 2010). These provide a 

rich diet for peoples when taken with other cereals and also recognized this as poor man’s meat 
(Reddy, 2010). Thus, this could be perfect mixture having high food value with less expenditure. 

Insect pests are the main destructor of pulses that account for 20-50% of storage grain losses 

(Sherma, 1989; Allotey and Oyewo, 2004; Phillips and Throne, 2009). There are approximately 

600 coleopteran species, which causes damage to grains in stores (Rajendran and Sriranjini, 2008). 

The insects causing damage to the stored grains often get access from the field and establish at the 

mailto:drkumar83@rediffmail.com
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storage site due to micro-climate and retained during processing and storage (Hagstrum and 

Phillips, 2017). 

Among the various post-harvest stored grain pests of pulses, the C. maculatus (cowpea beetle) 

found as significant pest. Due to these pests quantitative as well qualitative food grain loss occurs. 

Quantitatively the seed weight loss, damage and holes in the grains were found which decrease the 

grain mass. While qualitatively the biochemical alterations were observed in carbohydrates, 

proteins, amino acids, fatty acids and also vitamins, thus degrading the nutritional property of 

grains. It is reported to be the most devastating and widespread storage pest of legume seeds and 

its larva which feed inside the seeds. According to Bittner et al. (2018), female Callosobruchus 

maculatus lay eggs on the pods of pulses as during pre-harvest while on the dried seeds on post- 

harvest storage. 

In every month pests reproduce its progeny which is the main cause of seed destruction. The 

present study relies on the biology of Callosobruchus maculatus in two successive generations, 

infesting the three major pulses (cowpea, green gram and chick pea). 

 

Materials and methods 

The investigation entitled ‘Biological parameters of Callosobruchus maculatus infesting three 

stored grain pulses’ was conducted in the Research Laboratory, Division: Zoology, Career Point 
University, Hamirpur, Himachal Pradesh, India during the year, 2021-22. 

The seeds of cowpea, green gram and chick pea were appropriately screened to eliminate plant 

remains, waste, damaged seeds and dust particles. These seeds were sterilized at 60ºC for 5 hours 

to kill any hidden infestation and conditioned at a temperature of (25.2±2.5ºC) and relative 

humidity (65.2±1.03%) for 24 hrs. To raise the culture in laboratory, the mother culture of the test 

insect Callosobruchus maculatus was procured from NBAIR, Bangluru, Karnataka, India 

(Accession no. NBAII- MP- Bru-01-C- maculatus). The C. maculatus were added into properly 

screened pulse grains in containers, having 1kg seeds. The mouth of containers was properly 

covered with lid. The adults remained as such to increase their progeny. 

Experimental set up for biological parameters of Callosobruchus maculatus 

The experimental study was conducted under standard laboratory conditions having temperature 

(25.2±2.5ºC) and relative humidity (65.2±1.03%) in biological oxygen demand incubator. Along 

with 50gm seeds of each pulse in different 250 ml beakers, one pair of newly emerged male and 

female of Callosobruchus maculatus. These beakers were tightly closed with muslin cloth and 

rubber band. Under each pulse there are five replicas (n=5) with one control were taken. Grains 

containing eggs were separated out and examined observed under microscope and were used for 

further to study. The data regarding fecundity, incubation period, larval, pupal, complete 

developmental periods, adult longevity and adult emergence were collected and analyzed. Similar 
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procedure was followed for next successive generation. The data obtained were statistically 

analyzed with necessary transformations. 

 

Results and Discussion 

The present study observations revealed that the eggs of Callosobruchus maculatus infesting 

different pulse seeds are oval and translucent when laid but later on gets flattened and pale 

yellowish white with age. The incubation period of pest varied in between the different pulses as 

well two successive generations. Shortest incubation period was observed with green gram (5.8 

±0.48 days). The incubation period for chickpea and cowpea were found similar (6.8 days). While, 

during the second generation the incubation period were decreased from 1st generations but the 

results were found approximately same for all the studied pulses (Table-1). Radha and susheela 

(2014) also studied the life cycle and found the incubation period in the range of 3-6 days for 

different pulses. Sharma et al. (2016) also showed similar results like our present observations 

under laboratory conditions. 

The Callosobruchus maculatus completes its larval period in four stages. The larval stages were 

found on the basis of size and exuvie present. The shortest larval duration for 1st generations were 

found with cow pea (23.20 ±1.25 days). While the larval period was increased with green gram 

(24.80± 1.93 days) and chick pea (29.80 ±1.32 days). The results for larval period were found 

different for 2nd generations (Table 1). The lowest larval period was also with cowpea (17.20±0.75 

days) which further followed by chickpea (21.60±0.66 days) and green gram (22.20±0.63 days). 

These results were supported by Devi and Devi (2014) having the larval period for Callosobruchus 

maculatus were found approximately 22 days. Pupa was found yellowish white in colour and total 

pupal duration during 1st generation were recorded highest in chickpea (8.20±0.48 days) which 

further followed by green gram (7.80±0.86 days) and lowest in cowpea (6.60±0.66 days). During 

2nd generations the pupal period does not shows much variation in cowpea while green gram and 

chickpea shows more variations in pupal period of 1st and 2nd generations. In earlier findings these 

results were also supported by Devi and Devi (2014) and Radha and Susheela (2014). The pupal 

period was found 6-8 days for green gram. Mehta and Negi (2020) also provided the similar results 

for Callosobruchus chinensis. The lowest total developmental period was found with cowpea 

(37.80±3.22 days) which was further increased in green gram (40.20±3.66 days) and chickpea 

(42.0±4.47 days). Similar trends were followed during secondary generations with decreased 

developmental durations in cowpea to chickpea ranged from 32.60 to 39.80 days. The results were 

supported by Sharma et al. (2016) with developmental durations of 31.6 to 39.1 days. These results 

were in contrast with Radha and Susheela (2014). Adult longevity was also observed with 

Callosobruchus maculatus in two generations. During first generation the lowest were found with 

green gram (10.20±0.48 days) which further followed by cowpea (10.40±0.77 days) and chickpea 

(11.60±0.66 days). During second generation there was slight increase in longevity. Blumer and 
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Beak (2012) and Sharma et al. (2016) also supported the present findings regarding adult longevity. 

 
Table 1: Biological Parameters of Life Cycle of Callosobruchus maculatus 

 

 
Pulses 

Incubati 

on 

period 

(days) 

Larval 

period 

(days) 

Pupal 

Period 

(days) 

Total 

developme 

ntal period 

(days) 

Adult 

longevity 

(days) 

No. of 

eggs laid/ 

female 

No. of 

adult 

emerged 

1st Generations 

Cowpea 6.8±0.48 23.20±1.25 6.60±0.66 37.80±3.25 10.40±0.77 70.2±1.80 64.80±4.85 

   (2.70) (4.87) (2.66) (6.19) (3.30) (8.41) (8.08) 

Green 5.8±0.48 24.80±1.9 7.80±0.86 40.20±3.66 10.20±0.48 65.6±1.56 59.00±3.31 

   (2.51) (5.03) (2.88) (6.38) (3.27) (8.13) (7.71) 

Chickpea 6.8±0.75 29.80±1.32 8.20±0.48 42.00±4.47 11.60±0.66 63.6±0.66 55.60±1.66 

   (2.70) (5.50) (2.95) (6.52) (3.48) (8.01) (7.49) 

2nd generations 

Cowpea 5.4±0.32 17.20±0.75 6.40±0.66 32.60±3.07 11.40±0.66 76.4±1.66 67.20±4.85 

   (2.43) (4.21) (2.63) (5.75) (3.45) (8.77) (8.23) 

Green 5.2±0.63 22.20±0.63 7.20±0.48 37.60±3.81 10.80±0.48 66.8±0.48 61.60±3.92 

   (2.39) (4.76) (2.77) (6.17) (3.36) (8.20) (7.88) 

Chickpea 5±0.41 21.60±0.66 7.40±0.52 39.80±3.38 12.00±0.41 72.8±1.60 63.80±4.11 

   (2.35) (4.70) (2.81) (6.35) (3.54) (8.56) (8.02) 

 
*All values are Mean±SE of five replications 

**Values in parentheses are square root transformed value 

In first generation the total fecundity per female ranged from (63.6 to 70.2 eggs). The mean number 

of eggs laid on each host pulses for two successive generations ranged from (63.6 to 70.2 eggs). 

Among the host pulses, the highest number of eggs was reported in the cowpea (70.2±1.80 eggs) 

and green gram (65.6±1.56 eggs). Approximately similar egg count was found with chickpea 

(63.6±0.66 eggs) during the study of 1st generation. The studied biological parameters of 2nd 

generation the mean fecundity on different pulses ranged from (66.8 to 76.4 eggs). During these 

observations, fecundity was again found highest with cowpea seeds (76.4±1.66 eggs) as compared 

to studied other two pulses; chickpea (72.8±1.60 eggs) and green gram (66.8±0.48 eggs) (Table 

1). During 2nd generation, highest number of eggs was laid by female in comparison to 1st 

generation. Recently these results were also supported by Jehajo and Memon (2020) having egg 

laying were found highest in cowpea and lowest in chickpea. While during the study of 2nd 

generations the egg laying were also increased in cowpea and other pulse seeds in comparison to 
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1st generations. Sharma et al., 2016 and Radha and Susheela, 2014 also supports our findings. 

The highest number of adults was emerged from 1st generation in comparison to 2nd generation. In 

this case 64.80±4.85, 59.0±3.31, 55.60±1.66 adults were counted with cowpea, green gram and 

chickpea respectively in 1st generation. While during the 2nd generation the number of adult 

emergence were found to be slight increasing such as cowpea (67.20±4.85) which further followed 

in chickpea (63.80±4.11) and green gram (61.60±3.92) (Table-1). Results were supported by 

Jehajo and Memon (2020) and Radha and Susheela (2014). They also found that during 2nd 

generation the highest progeny were developed as compared to 1st generation. 

 

Conclusion 

These results revealed that cowpea was the most preferred host for Callosobruchus maculatus as 

well beetle can infest other pulses. With the successive generations the beetle increased in survival 

rate as the time passes. The biological parameters show that it can survive in better way. It is 

advisable to farmers try to avoid cross infestation and not to store fresh pulse in the already infested 

store pulses and houses. 
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Abstract 

Recently, people throughout the world have suffered from Coronavirus disease (COVID-19) 

caused by the virus, the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). 

During this pandemic, it has been realized that infection threat and mortality could be slowed down 

by undertaking public health and safety measures. The most momentous weapon against such kind 

of infections is strong immune system. The best way to naturally strengthen our immune system 

is with the help of herbs and medicinal plants. This is an ancient traditional method of curing 

diseases and infections as these herbs and medicinal plants have immunity booster properties. 

There are huge number of medicinal plants traditionally used for boosting immunity and for 

prevention of infections. These includes Allium ampeloprasum (Jungli lahsun), Azadirachta indica 

(Neem), Bergera koenigii (Gandelu), Centella asiatica (Brahmi), Citrus aurantium (Gamber), 

Citrus pseudolimon (Khatta), Curcuma longa (haldi), Foeniculum vulgare (Saunf), Mentha 

longifolia (Pudina), Morchella esculenta (Guchi), Ocimum sanctum (Tulsi), Origanum vulgare 

(Ban tulsi), Phyllanthus emblica (Amla), Tinospora cordifolia (Gulje), Viola pilosa (Banaksha), 

Withania somnifera (Ashwagandha), Zingiber officinale (Adrak), etc. The present paper describes 

the potential role of medicinal herbs in boosting immunity and preventing infections. 

Keywords: Traditional knowledge, Herbal practices, Medicinal plants, Immunity and Infections 

 

Introduction 

Immune system is the most complex system in our body which protects us from attack of various 

kinds of pathogens like viruses, bacteria, worms and fungi (Carr and Maggini, 2017). It is made 

up of different organs, cells and proteins that work together. Immune system prevents infections 

and diseases through different defence mechanisms by engulfing, modulating and moderating 

malignant as well as foreign cells (Chaouat et al., 2007). There are two main types of immune 

system i.e., Innate immune system and Adaptive immune system (Fig.1). The innate immune 

system is the system present by birth. It is made up of skin, eye’s cornea, mucous membrane and 

gastrointestinal tract. These all create physical barrier to help and protect our body. The Adaptive 

immune system is the system which develops when body is exposed to microbes or chemicals 

released by pathogens. It is slow process and takes several days or weeks to develop. It is further 

of two types: Artificial or Natural. Natural passive immunity lasts for short time, e.g., antibodies 

in mother’s breast milk give temporary immunity to the baby. Natural active immunity is acquired 

exposure to the disease-causing agent. Artificial active immunity is the result of vaccination, in 
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which dead weakened pathogen is injected in the body and body produces antibodies against that 

pathogen for later use. Artificial passive immunity is the short-term immunity developed through 

injection of antibodies which are not produced by the recipient’s cells. 

Fig.1: Types of Immune System 

Enhancement of immune system is a major concern of diet-based therapies to cure different types 

of diseases. Therefore, the scientists are moving toward different plants and their products to act 

as immune boosters. After the outbreak of COVID-19 pandemic, there is increase in the demand 

of immunity boosting plants. Our body can fight infections in a better way with increased immunity 

and several plant products have been reported to possess antiviral properties (Gangal et al., 2020). 

Immunity boosting plants like ashwagandha and tulsi are recommended by ministry of AYUSH, 

Government of India for managing COVID-19 (Singh et al., 2021). A large number of plants and 

their different types of phytochemicals have significant health benefits such as antioxidant, anti- 

inflammatory, anticancer, antimicrobial and immune modulatory effect (Butt and Sultan, 2009; 

Yoo et al., 2018). Such plants produce diverse bioactive compounds like vitamins, antioxidants, 

dietary fibres, phytosterols, flavonoids, omega-3- fatty acids, etc. which have health promoting 

potential (Hever and Cronise, 2017; Wang et al., 2009). 

Traditional system of medicine has exhibited great potential as immunity-booster against many 

infectious diseases including the recent global pandemic of COVID-19 (Gowthami et al., 2021). 

Ayurveda is the traditional Indian method of curing and this system of medicines believes in 

certain herbs, decoctions and plant-based formulations to build immunity. The plants which 

contain high content of vitamin A, vitamin C and minerals like Mg and Zn are used as a tonic for 
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treatment of cough, cold and fever and traditionally used as immune-boosters (Sen, 2021). The 

indigenous knowledge and wisdom of using these plants revolve around traditional practices and 

values of resource use that include subsistence, socio-cultural as well as economic values (Samant 

& Dhar, 1997; Thakur, 2021). Hence, the present study aims to document indigenous knowledge 

about medicinal plants and their healing properties helpful in preventing infections and boosting 

immunity to fight COVID-19 and future challenges. 

 

Description of Plants Used for Enhancing Immunity and Preventing Infections: 

Acacia catechu Willd. 

Family: Fabaceae 

Vernacular Names: Katha, Khair 

Part Used: Heartwood 

Folk Uses: Decoction of heartwood is used to treat diarrhoea, common cold, cough and fever. It is 

also        prescribed        to        cure        fever        and         cold         during         pregnancy. Uses 

in Literature: The heartwood extract is used to cure asthma, cough, bronchitis, diarrhoea, 

dysentery, boils, skin afflictions, sores and stomatitis. The bark of plant shows anti-helmintic, 

antipyretic, anti-inflammatory and immunoadjuvant properties (Sunil et al., 2019; Sotto et al., 

2020). Decoction of heartwood is prescribed for treating cough, asthma and pneumonia (Sood et 

al., 2011). 

Aegle marmelos (L.) Corr. 

Family: Rutaceae 

Vernacular Name: Bael patra 

Part Used: Fruit 

Folk Uses: Fruit pulp is used to cure fever, urinary infections, dysentery and vomiting. 

Uses in Literature: It is used to cure diabetes, gastrointestinal dysfunction, cardiac dysfunction, 

chronic diarrhoea, dysentery, peptic ulcers and also shows anti-inflammatory, anticancer and 

immunomodulator properties (Baliga et al., 2011). Fruit pulp is used to cure jaundice and digestive 

problems (Kumar et al., 2013). 

Allium ampeloprasum L. 

Family: Alliaceae 

Vernacular Name: Jungali lahsun 

Part Used: Bulbils 

Folk Uses: Decoction of bulbils is used to enhance immunity. It is also used to maintain cholesterol 

level. 

Uses in Literature: It exhibits anti-bacterial, anti-fungal, anticancer, cardiovascular, hypo-and 

hyper-glycaemic properties. It is beneficial for healthy immune function and also used as oxygen 

booster as well as energy level enhancer (Hughes and Lawson, 1991; Sen, 2021). 
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Allium sativum L. 

Family: Alliaceae 

Vernacular Name: Lahsun 

Part used: Bulbils 

Folk use: 2-3 bulbils are eaten raw daily after meal or as pickle to strengthen immunity. 

Uses in literature: It shows anticancer, antioxidant, anti-inflammatory, immunomodulatory, 

cardioprotective, antibacterial and anti-diabetic properties (Gudalwar et al., 2021). It is used for 

lowering blood pressure (Kumar et al., 2018). 

Aloe vera (L.) Burm. f. 

Family: Asphodelaceae 

Vernacular Name: Duariya 

Part Used: Leaf pulp 

Folk Uses: Leaf pulp is used to treat skin problems, burns, jaundice and gastric problems. It is 

immunostimulant and can activate immunity. 

Uses in Literature: It is used to treat skin problems, gastric disorders, liver disorders, asthma, boils, 

burns, diabetes, ulcer, constipation, tumor and vomiting. It also possesses moisturizing, anti-aging, 

anti-inflammatory and antiseptic properties (Kumar, 2015; Sood et al., 2012; Surjushe et al., 

2008). It activates adaptive immune system and works as immunostimulant (Sotto et al., 2020). 

Azadirachta indica A. Juss. 

Family: Meliaceae 

Vernacular Name: Neem 

Part Used: Leaves 

Folk Uses: Leaves are used for the treatment of skin infections and diabetes. 

Uses in Literature: It possesses anti-inflammatory, anti-fungal, anti-malarial, antibacterial, 

diuretic, antipyretic, immunomodulatory, hypoglycaemic and anti-tumor properties (Biswas et al., 

2002). 

Bauhinia variegata L. 

Family: Fabaceae 

Vernacular Name: Kachnar 

Part Used: Bark, Flower buds 

Folk Use: Decoction of bark is used for the treatment of skin diseases, cough, sore throat, 

bronchitis and ulcer. Flower buds are edible and used for making local dishes. 

Uses in Literature: It is used for the treatment of cough, skin diseases, tuberculosis, malaria, 

menorrhagia, leprosy, indigestion, bleeding hemorrhoids, and as astringent as well as anthelmintic. 

The dried buds are used in the treatment of piles, dysentery, diarrhoea and worms. Roots are used 
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for the treatment of snake bite. It has antibacterial, antiviral, anti-diabetic, antioxidant and anti- 

cancer properties (Mali et al., 2007). 

Bergera koenigii L. 

Family: Rutaceae 

Vernacular Name: Gandhelu 

Part Used: Leaves 

Folk Use: Poultice of leaves is applied to cure skin infections. 

Uses in Literature: It is having cholesterol reducing property, antimicrobial, anti-ulcer and anti- 

oxidative activity. Leaves are used for treating headache, stomachache, anxiety and depression 

(Handral et al., 2012; Kumar and Kumar, 2014; Sen, 2021). 

Centella asiatica L. 

Family: Apiaceae 

Vernacular Name: Brahmi 

Part Used: Leaves 

Folk Uses: Leaf juice is prescribed for boosting immunity as well as memory. 

Uses in Literature: The plant shows antioxidant, neuroprotective, anti-inflammatory, 

antimicrobial, anti-fungal, anti-diabetic, anti-depressant and immunomodulant properties (Prakash 

et al., 2017). Leaves are used for throat infection and for enhancing memory (Kumar et al., 2013). 

Decoction of leaves is given for cough, cold and tuberculosis (Sood et al., 2011). It regulates 

humoral and cellular immunity and acts as immunosuppressor (Sotto et al., 2020). 

Cinnamomum tamala (Buch.-Ham.) T. Nees & Eberm. 

Family: Lauraceae 

Vernacular Name: Tejpatta 

Part Used: Bark 

Folk Uses: Bark is used to treat tooth problems, skin infections, diabetes and bleeding disorders. 

Uses in Literature: It is used to treat various diseases like gastrointestinal diseases, nephrotic 

diseases, malaria, CNS disorders, diabetes, cancer, etc. It has anti-bacterial, anti-fungal, anti- 

inflammatory, anti-cancer, anti-hyperlipidemic, antiprotozoal, gastro protective and antiemetic 

activity (Tiwari and Talreja, 2020). 

Cinnamomum verum J. Presl 

Family: Lauraceae 

Vernacular Name: Dal chini 

Part Used: Bark 

Folk Uses: Decoction of bark is used for the treatment of cough, cold and fever. 

Uses in Literature: It exhibits anti-bacterial, anti-viral, anti-atherosclerotic, anti-tumour, 

antimutagenic, anti-inflammatory and anti-carcinogenic activities (Mathew and Abraham, 2006). 
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Citrus aurantium L. 

Family: Rutaceae 

Vernacular Name: Gamber 

Part Used: Fruit 

Folk Uses: Fruit is used as immunity booster because of high content of vitamin C. It is also used 

for the treatment of cough, cold and fever. 

Uses in Literature: It is rich in vitamin C, flavonoids and volatile oils. It is used for the treatment 

of gastrointestinal disorders, cardiovascular diseases, insomnia, headache and cancer. It is also 

used as antiseptic, anti-oxidant, antispasmodic, aromatic, astringent, carminative, sedative and 

stimulant (Suryawanshi, 2011). 

Citrus limon (L.) Burm. f. 

Family: Rutaceae 

Vernacular Name: Nimboo 

Part used: Fruit 

Folk uses: Fruit is used as immunity booster due to high content of vitamin C. It is also considered 

good for skin diseases, jaundice and stomach disorders. It is used for making refreshing drink 

called ‘shikanjvi’ in summer. 
Uses in Literature: Fruit juice is used for the treatment of diseases like jaundice, stomach 

infections, arthritis, fungal diseases, skin diseases, respiratory problems, headache, cardiovascular 

diseases and piles (Chaudhari et al., 2016; Sood et al., 2013). 

Citrus pseudolimon Tan. 

Family: Rutaceae 

Vernacular Names: Galgal, Khatta 

Part Used: Fruit 

Folk Uses: Fruit is used to cure cold, cough and fever. 

Uses in Literature: Fruit possesses anticancerous, anti-microbial, anti-bacterial and cardiovascular 

properties. Due to high content of vitamin C (Ascorbic acid), it is helpful to cure asthma, cold, 

cough and fever (Thakur and Kumari, 2022). 

Curcuma longa L. 

Family: Zingiberaceae 

Vernacular Name: Haldi 

Part Used: Rhizome 

Folk Uses: Powdered, dried rhizome is mixed with milk and given for enhancing immunity, 

healing of wounds and skin infections. 

Uses in Literature: Rhizomes are having antioxidant, antiviral, cardiovascular protective, anti- 

inflammatory, antineoplastic, antibacterial, antimicrobial, antidiabetic, anticoagulant, antifungal, 
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anti-fertility, hepatoprotective and immunosuppressive activities (Omosa et al., 2017; Sotto et al., 

2020; Patil et al., 2020). 

Fagopyrum dibotrys (D. Don) H. Hara 

Family: Polygonaceae 

Vernacular Name: Kathu 

Part Used: Leaves 

Folk Uses: Leaves juice is applied to cure wounds and skin infections. 

Uses in Literature: It possesses anti-diabetic, anti-bacterial, anti-cancer and anti-inflammatory 

properties. It is used in the treatment of traumatic injuries, lumbago, menstrual irregularities, 

purulent infections, snake and insect bites (Zhang et al., 2021). 

Fagopyrum esculentum Moench. 

Family: Polygonaceae 

Vernacular Name: Phaphra 

Part Used: Leaves 

Folk Uses: Decoction of leaves is used to treat stomach infections, diabetes and gum bleeding. 

Uses in Literature: It possesses antioxidant, anti-inflammatory, hypolipidemic, antigenotoxic, 

antidiabetic, reno-protective, anticancer, antimicrobial, wound healing, antistress, protected 

memory impairment and photoprotective effects (Al Snafi, 2017). 

Ficus roxburghii Wall. 

Family: Moraceae 

Vernacular Name: Taryambal 

Part Used: Fruit 

Folk Uses: Fruit is used in the treatment of dysentery, jaundice, wounds and stomach infections. 

Uses in Literature: It has antibacterial, antioxidant, immunostimulatory, anti-abortifacient 

properties and used for the treatment of jaundice, stomach infections. It also possesses anthelmintic 

and hypoglycaemic activity (Ruwali and Pateliya, 2019). 

Foeniculum vulgare Mill. 

Family: Apiaceae 

Vernacular Name: Saunf 

Part Used: Seeds 

Folk Uses: Decoction of dried seeds is used for curing cough, cold and fever. 

Uses in Literature: Plant is useful for burning sensation in body, chest diseases, colic, cough, fever, 

flatulence, dysentery, headache, kidney problems, toothache, menstrual disorders, spleen 

complaints and wound healing (Sen, 2021). 

Juglans regia Linn. 

Family: Juglandaceae 
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Vernacular Name: Akhrot 

Part Used: Bark 

Folk uses: Decoction of bark is useful for the treatment of asthma, cold, cough and skin infections. 

Uses in Literature: Plant is having antioxidant activity, hypolipidemic, antidiabetic, antimicrobial, 

antiviral, antibacterial and antihypertensive properties (Delaviz et al., 2017). 

Mangifera indica L. 

Family: Anacardiaceae 

Vernacular Names: Aam, Amb 

Part Used: Fruit 

Folk Uses: Fruit is used as immunity booster. 

Uses in Literature: Fruit is used to cure kidney stone, diabetes, nasal bleeding, heart diseases, for 

blood purification, sunstroke, tuberculosis, syphilis and intestinal disorders. It possesses 

immunostimulatory activity (Makare et al., 2001). 

Mentha longifolia (L.) Huds. subsp. longifolia 

Family: Lamiaceae 

Vernacular Name: Pudina 

Part Used: Leaves 

Folk Uses: Decoction of leaves is used for the treatment of cold, cough, fever, gastric disorder, 

headache, asthma and respiratory problems. 

Uses in Literature: It is traditionally used for the treatment of bronchitis, nausea, liver complaints 

and eye diseases (Gulluce et al., 2007). It is also used as stimulant, antimicrobial, antispasmodic, 

carminative, and for the treatment of headache and digestive disorders (Mikaili et al., 2013). 

Momordica balsamina L. 

Family: Cucurbitaceae 

Vernacular Name: Karela 

Part Used: Fruit 

Folk Uses: Fruit juice is prescribed to enhance immunity and also to cure skin infection and 

diabetes. 

Uses in Literature: It is used to treat diseases like malaria, pneumonia, diarrhoea and skin 

infections. Leaves are used as blood purifier and also to cure stomach ulcer, urinary tract infection, 

bile disorders, hepatitis A and B, and inflammations. It has Anti- HIV, anti-diarrhoea, antioxidant, 

antibacterial, antiviral, analgesic, anti-diabetic, anti-plasmodial, anti-trypanosomal, anti- 

inflammatory properties (Thakur et al., 2009). 

Momordica dioica Roxb. ex Willd. 

Family: Cucurbitaceae 

Vernacular Name: Jungli karela 
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Part Used: Fruit 

Folk use: Vegetable of fruits is considered good for diabetes, cold, cough, asthma and also for 

enhancing immunity. 

Uses in Literature: Root powder is used for abortion. It is used for the treatment of boils, 

constipation, snake bite, rheumatism and as immunomodulatory tonic (Sikarwar et al., 2011). 

Morchella esculenta L. 

Family: Morchellaceae 

Vernacular Name: Guchii 

Part Used: Fruiting body 

Folk Uses: Fruiting body is used as vegetable for enhancing immunity. 

Uses in Literature: It possesses antitumor, antioxidant, anti-inflammatory and immune 

enhancement properties (Sen, 2021). 

Moringa oleifera Lam. 

Family: Moringaceae 

Vernacular Name: Moringa 

Part used: Leaves 

Folk use: Dried powdered leaves are used as immunity booster. 

Uses in literature: Different parts of the plant show antiviral, anti-inflammatory, anti-fungal, 

immunomodulatory, anti-hyperglycemic and antioxidant properties (Patil et al., 2020). 

Ocimum sanctum Linn. 

Family: Lamiaceae 

Vernacular Name: Tulsi 

Part Used: Leaves 

Folk Uses: Decoction of leaves is prescribed to cure cough, cold, fever and also for enhancing 

immunity. 

Uses in Literature: It is used for the treatment of malaria, eye diseases, bronchitis, dysentery, skin 

diseases and insect bites. It has antifungal, analgesic, cardioprotective and antidiabetic properties 

(Pattanayak et al., 2010). It activates innate and adaptive immunity and also used as an 

immunostimulant (Sotto et al., 2020). 

Origanum vulgare L. 

Family: Lamiaceae 

Vernacular Name: Ban Tulsi 

Part Used: Leaves 

Folk Uses: Decoction of leaves is used to cure cough, cold, fever, headache and its warm infusion 

helps in menstrual flow. 
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Uses in Literature: Leaves are used to treat respiratory disorders, common cold, toothache and 

joint pain. Leaf paste is applied to cure skin burns and wounds (Sen, 2021). 

Oxalis corniculata L. 

Family: Oxalidaceae 

Vernacular Name: Malori 

Part Used: Leaves 

Folk Uses: Dried powdered leaves are given to treat vomiting, nausea and skin infections. 

Uses in Literature: It is used to treat diarrhoea, dysentery and skin infections. It contains anti- 

inflammatory, antidiabetic, anti-ulcer, anticancer, anti-fungal, antioxidant, diuretic, antimicrobial, 

hepatoprotective, abortifacient and wound healing properties (Sharma and Kumari, 2014). 

Phyllanthus emblica L. 

Family: Phyllanthaceae 

Vernacular Name: Amla 

Part Used: Fruit 

Folk Use: Fruits are eaten raw or in the form of pickle to enhance immunity. 

Uses in Literature: Fruit contains high amount of vitamin C (Ascorbic acid). It is useful in 

gonorrhoea, diarrhoea, diabetes, cough, constipation, ulcer, skin diseases, asthma, bronchitis, 

leprosy, inflammations, anaemia and jaundice. It exhibits anticancer, digestive stomachic, laxative, 

adulterant, alexiteric, aphrodisiac, diuretic and antipyretic activity (Sen, 2021; Sood et al., 2012). 

It is also helpful in maintaining cholesterol level (Patil and kakde, 2020). 

Piper nigrum L. 

Family: Piperaceae 

Vernacular Name: Kali mirch 

Part Used: Fruit 

Folk Use: Decoction of the dried fruits is used to cure cold, cough and fever. 

Uses in Literature: Fruit exhibits antibacterial, antiapoptotic, anti-colon toxin, antifungal, 

antidepressant, anti-inflammatory, antidiarrhoeal, anti-metastatic, antioxidative, antipyretic, 

antispasmodic, antispermatogenic, antitumor, antimutagenic, hepatoprotective and insecticidal 

activity. It is helpful for treating gastrointestinal as well as ear, nose and throat disorders (Ahmad 

et al., 2012; Patil and kakde, 2020). 

Punica granatum L. 

Family: Punicaceae 

Vernacular Name: Dadu 

Part Used: Fruit 

Folk Uses: Fruit is used for the treatment of skin diseases, urinary infection, cough, cold and sore 

throats. 
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Uses in Literature: Fruit is used for the treatment of cancer, skin diseases, diarrhoea, high blood 

pressure, heart diseases, dental problems, stomach disorders, osteoarthritis, diabetes, anemia, 

Alzheimer's disease, sore throats, etc. (Bhowmik et al., 2013). 

Sida cordifolia L. 

Family: Malvaceae 

Vernacular Name: Dridh 

Part Used: Root 

Folk Uses: Decoction of roots is used for the treatment of stomach infection, bronchitis, nasal 

congestion and abdominal pain. 

Uses in Literature: It is used as anti-inflammatory, diuretic, analgesic, hypoglycaemic, anti-pyretic, 

antiviral, anti-asthmatic, laxative, hepatoprotective, antirheumatic and for the treatment of 

Parkinson’s disease (Galal et al., 2015). 

Syzygium aromaticum (L.) Merr. & L.M. Perry 

Family: Myrtaceae 

Vernacular Name: Loung 

Part Used: Flower buds 

Folk uses: Flower buds are used for toothache and skin infections. Decoction of dried flower buds 

is given for curing cold, cough and fever. 

Uses in Literature: It is having antibacterial, antiseptic, antifungal, antiviral, antimicrobial, 

antiemetic, blood purifier, anti-inflammatory and anticancer properties. It is used for the treatment 

of various diseases like malaria, cholera, tuberculosis, for treating worms, and many bacterial and 

protozoa infections (Kumar et al., 2012). 

Syzygium cumini (L.) Skeels 

Family: Myrtaceae 

Vernacular Name: Jamun 

Part Used: Fruit 

Folk Uses: Fruits are used for curing diabetes, skin problems, mouth problems, sore throat, 

bronchitis and stomach disorders. Fruits mixed with goat milk and honey are used for the treatment 

of dysentery. 

Uses in Literature: Fruit possesses antidiabetic, anti-inflammatory, anti-microbial, antioxidant, 

antibacterial, anti-HIV, antifungal, antidiarrheal, gastroprotective, anti-fertility, neuropsycho- 

pharmalogical, anti-ulcer and free radical scavenging properties (Ayyanar and Subash-Babu, 

2012). 

Terminalia chebula Retz. 

Family: Combretaceae 

Vernacular Name: Harad
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Part used: Fruit 

Folk uses: Fruits are used for curing stomach disorders, cough and to enhance immunity. 

Uses in Literature: Fruit are used for the treatment of cardiovascular diseases, epilepsy, 

rheumatism, diarrhoea, vesicular and renal calculi, leprosy, skin disease, paralysis, memory loss, 

neuropathy, diarrhoea, ulcers and asthma (Chattopadhyay and Bhattacharyya, 2007). 

Tinospora cordifolia (Willd.) Hook. f. & Thoms. 

Family: Menispermaceae 

Vernacular Names: Giloy, Gulje 

Part used: Stem, Root 

Folk uses: Decoction of stem and root is used for the treatment of cough, cold, fever, tonsils and 

skin diseases. 

Uses in Literature: It shows anti-inflammatory, immunomodulant, anticancer, antipyretic, 

antiemetic, stomachic, hypoglycemic, hepatoprotective properties and used for the treatment of 

stomach diseases, skin diseases, anaemia, burning sensation, seminal weakness, anthelmintic, 

rheumatism, bronchitis, fevers and asthma (Kumar et al., 2013; Patil and Kakde, 2020; Sen, 2021). 

Viola pilosa Blume 

Family: Violaceae 

Vernacular Name: Banaksha 

Part Used: Flowers 

Folk uses: Decoction of flowers is used to cure cold, cough and fever. 

Uses in Literature: Decoction of Roots is good for vaginal discharge. It is used as an antipyretic, 

diaphoretic, demulcent, emetic, emollient, febrifuge, purgative and for biliousness (Sen, 2021). 

Vitex negundo L. 

Family: Verbenaceae 

Vernacular Name: Bana 

Part Used: Leaves 

Folk uses: Poultice of leaves is applied to cure headache, backache and skin infections. 

Uses in Literature: It is used for curing skin diseases, tooth pain, whooping cough, vomiting, 

malaria, common cold, flu, cough, chest pain and backache (Vishwanathan and Basavaraju, 2010). 

Withania somnifera (L.) Dunal 

Family: Solanaceae 

Vernacular Name: Ashavgandha 

Part Used: Whole plant 

Folk uses: Various parts of the plant are used for the treatment of skin diseases, tiredness, insomnia 

and common cold. 
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Uses in Literature: It is used as cardiovascular protector, anti-bacterial, antioxidant, antitumor, 

immunomodulator, anti-venom and antiparkinsonian. It is also used for the treatment of memory 

related problems, anemia, joint pain, bronchitis, ageing, infertility, miscarriage, immune 

dysfunction, carcinoma, paralysis, tumours, wounds, fever and cough. (Gupta and Rana, 2007; 

Kumar, 2015; Sharma et al., 2011). 

 

Zanthoxylum armatum L. 

Family: Rutaceae 

Vernacular Name: Tirmire 

Parts Used: Stem, Leaves 

Folk uses: Stem and leaves are used as mouth freshener and also for curing tooth-infections. 

Uses in Literature: Different parts of the plant are used to treat fever, cough, cold and headache 

(Alam et al., 2020). 

 

Zingiber officinale Roscoe 

Family: Zingiberaceae 

Vernacular Name: Adarak 

Part Used: Rhizome 

Folk uses: Decoction of rhizome is used for curing cough, cold, fever and digestive disorders. 

Uses in Literature: Rhizome is used to cure diabetes, neurologia, dropsy, cough, tuberculosis, 

rheumatism and digestive disorders. It shows antimicrobial, anti-inflammatory, analgesic, 

hypoglycaemic and antipyretic property (Mascolo, 1989; Sood et al., 2011). 

 

Ziziphus mauritiana Lam. 

Family: Rhamnaceae 

Vernacular Name: Jungli Ber 

Parts Used: Fruits, Roots 

Folk uses: Fruits are consumed to enhance immunity. Dried powdered roots are used for the 

treatment of ulcer and fever. 

Uses in Literature: Poultice of leaves is applied to cure skin disorders. Fruits are used as purgative, 

styptic, aphrodisiac, depurative, appetizer and tonic (Sen, 2021; Sood et al., 2013). 
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Discussion 

A total of 43 plant species belonging to 36 genera & 27 families have been documented which are 

useful for cold, cough, fever, skin infections and for boosting immunity. These plants are known 

to have rich medicinal and nutritive value and are excellent source of vitamins and minerals. Of 

the plants utilized for enhancing immunity and treating infections, there are 15 herbs, 6 shrubs, 19 

trees, 2 climbing herbs and 1 fruiting body (Mushroom). Various plant parts such as Fruits (32%), 

Leaves (30%), Bark (11%), Roots (7%), Bulbils (5%), Flowers (5%), Stem (5%), Rhizomes (5%), 

Fruiting body (3%) and Leaf pulp (3%) are used for curing different aliments (Fig. 2) generally 

through oral administration and as poultice or paste. 

      

Curcuma longa L. 

  

   

Citrus limon L. Citrus pseudolimon Tan. 

Mentha longifolia L. ssp. longifolia Momordica balsamina L. 

Syzygium aromaticum (L.) Merr. 

& Perry 

Syzygium cumini L. 
Zingiber officinale Roscoe Punica granatum L. 

Morchella esculenta 

L. 

Mangifera indica L.  

Phyllanthus emblica L. 
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Fig. 2: Plant parts used as immunity boosters and for treating infections. 

Among the 27 families documented in the present study (Fig. 3), Rutaceae has been found to be 

the most dominant family representing 6 spp. followed by Lamiaceae (3 spp.) Apiaceae, 

Polygonaceae, Cucurbitaceae, Myrtaceae, Lauraceae, Alliaceae, (2 spp. each) and Violaceae, 

Meliaceae, Solanaceae (1 sp. each). 

The plants like Viola Pilosa, Syzygium aromaticum, Foeniculum vulgare, Ocimum sanctum, Citrus 

pseudolimon, Piper nigrum, Cinnamomum verum, Cinnamomum tamala, Curcuma longa, 

Zingiber officinale and Tinospora cordifolia are important medicinal plants used for the treatment 

of cold, cough, fever and other infectious diseases. Phyllanthus emblica, Moringa oleifera, Citrus 

aurantium, Citrus limon and Oxalis corniculata have high content of vitamin C and used as 

immunity boosters during COVID-19 pandemic. 

Some plants like Zingiber officinale, Syzygium aromaticum, Piper nigrum, Bergera koenigii, 

Foeniculum vulgare, Allium sativum and Curcuma longa are used as flavouring material in dishes 

for enhancing taste. Plants like Mangifera indica, Punica granatum, Allium sativum, Mentha 

longifolia and Phyllanthus emblica are used as “chutney” or pickle. Juice of Aloe vera and 

Phyllanthus emblica is commonly used as a refreshing drink in summer and is effective for the 

treatment of skin and stomach infections. Plants like Momordica dioica, Fagopyrum esculentum, 

Ficus roxburghii and Morchella esculenta are used as vegetables. Bauhinia variegata (flower 

buds) is used for making local dishes like “pakodas” and “bhallas”. These are the seasonal food 

plants rich in nutrients and provide healthy diet. They are consumed as components of nutritious 
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dishes because of their unique taste and immunity enhancing potential. Thus, the mother nature 

has blessed us with the large number of medicinal plants, herbs and shrubs that are helpful for 

treating infections and enhancement of our immune system. 
 

Fig. 3: Diversity of dominant families used for boosting immunity and treating infections. 

 

Conclusion 

Traditional knowledge pertaining to the use of herbs for food and medicinal purposes is declining 

year by year which is directly or indirectly affecting our healthcare system. Hence, it is essential 

to document traditional knowledge about herbs and medicinal plants. The wild growing food plants 

are free of chemical fertilizers pesticides and are highly nutritive so they are useful for boosting 

immunity and fighting infections in better way. These herbs and medicines provide us better 

immune system without any side effect. So, it is important to include herbs as our daily food 

supplements. In current scenario, the only sustainable way to survive with good health is the use 

of traditional knowledge about herbs and medicines having anti-bacterial, antiviral and 

immunomodulatory properties. 
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Abstract 

There is a significant problem with the safe disposal of the enormous quantities of kitchen waste 

that are produced in hotels, dhabas, and in home kitchens. The management strategies are limited 

people mostly either through these wastes into open areas, water bodies or burnt it. Open air 

throwing of kitchens or any other wastes produces problems caused by inappropriate organic waste 

disposal include fly breeding, the spread of dangerous pathogens, soil degradation, and air 

pollution. However, biological agents such as earthworms, microbial consortiums and use of some 

fungal formulation might be very useful innovative vermi-transformation of the waste into 

biomannure and other byproducts. Vermi-biotechnology is gaining popularity in entire world, 

however it is time consuming, addition of microbes and fungal agents might increase the rate of 

decomposition and will helpful for earthworms to transform it into organic biomannure. This 

biomannure might be rich in nutrient-dense plant feed that is rich in macro- and micronutrients, as 

well as NKP, as well as beneficial soil microorganisms like N-fixing bacteria, mycorrhizal fungus, 

and other growth-promoting agents. It works as a nutritional bio-fertilizer and growth stimulator. 

Therefore, the aim of this review was to summarize the recent research findings with respect to the 

manipulated vermi-transformation technology to produce better quality biomannure, vermiwash 

and biopesticide that help to enhance the physical, chemical, and biological characteristics of soil 

indirectly increase food production and soil health. 

Keywords: Kitchen waste, innovative vermi-transformation, earthworms, organic biomannure. 

Introduction 

Clean environment is the basic requirement for the survival of the all living organisms. With the 

advancement and development, new inventions and discoveries were being made during the last 

century to make human life more comfortable, relaxed and vigorous. In the era of green revolution, 

chemical fertilizers, preservatives, pesticides were introduced and used to support and increase 

crop production. So, that sufficient food could be made available to increasing human population, 
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all around the world. Further, automatic methods and use of machines replaced manual labor to 

minimize the labor costs. Tractors, harvesters, sprayers, and other tools replaced the immersion of 

human beings and animals. With time, the significance of organic inputs (manure, slurry and green 

compost) in the soil dropped and has become more or less negligible. Manufacturing and practice 

of chemical products, fertilizers, pesticides, preservatives, colors and dyes, threads and textiles, 

additives, carry bags, plastic utensils, packing stuff, processed foods, disposals, thermacol, 

pharmaceuticals, vitamins, transportation and communication technologies, health care and 

medical services made life relaxed and smooth. The major drawback of these synthetic chemicals 

includes environmental pollution (air, soil and water), emission of greenhouse gases, greenhouse 

effect, ozone layer depletion, global warming and global climatic changes. In addition to this, 

synthetic chemicals also cause disruption in natural equilibrium, depletion of ground water level, 

crisis of potable water, decreasing soil fertility, biodiversity loss, human health hazards etc. In 

recent years due to increasing awareness about environmental problems, emphasis is given to take 

instant action and means for declining in environmental pollution, promotion of organic farming, 

adoption of green technologies, and sustainable agriculture. 

The proper management of wastes is one of the major problems of human society. Enormous 

amount of organic wastes are generated on a daily basis, most of which is thrown in open spaces, 

water bodies (rivers, streams or drainage system) or on the roads which contaminates the 

environment. Most of these organic deposits are dumped on barren land or used as land fillings or 

burned (Bhide, 1994). These organic wastes create major environmental and disposal problems. 

Therefore, maintaining healthy environment on biosphere and safe disposal of different types of 

wastes has become very important. However, unscientific disposal of waste in open places can 

cause offensive odor, ground water contamination and soil pollution in environment (De and 

Debnath, 2016). This can also adversely impact the human health (Sharholy et al., 2008; Pappu et 

al., 2007; Rathi, 2006; Sharholy et al., 2005). One of the best methods for safe and eco-friendly 

disposal and management of biodegradable waste is the “11 R formula Rethink, Refuse, Reduce, 

Reuse, Repurpose, Recycle, Regift, Repair, Refill, Rot and Repeat”. 
Production of plastic based items has changed the complete situation. Wide range of synthetic or 

semi-synthetic organic materials is used to manufacture plastic that are soft and can be shaped into 

solid objects of different forms. Plastics consists of organic polymers having high molecular mass. 

Plastic constitute an estimated 10% of household waste, maximum of which is inclined in landfill. 

Despite that, 60-80% of the waste found on beaches and floating on ocean. 

Plastic materials are mostly non bio-degradable with a low mass density which makes them 

unsuitable for discarding in landfills. In developing countries use of plastic grows continuously. 

There is no report regarding the specific time period for degradation of plastic but it could be take 

hundreds or thousands of years to degrade completely. 
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Fig. 1: 11R Strategy for waste management 

We are using plastic carry bags, utensils, clothing, packing material, pipes along with artificial 

food colors, additives, preservatives and medicines. According to European Union reports, that 

increased use and production of plastic in developing countries is a major concern. Because, waste 

management infrastructure for plastic may not be developed at an appropriate rate to deal with the 

increasing levels of plastic waste. Certain factors such as temperature and environmental 

conditions may influence the degradation of plastic into secondary micro-plastics or the release of 

chemicals enclosed in plastic waste. Burning of plastic waste in the open field is one of the sources 

of air pollution and warming up of the atmospheric air. In the marine environment plastic waste is 

the major cause of water pollution and liberation of chemicals contained in the aquatic ecosystem. 

The properties of plastic such as durability, light weight and low cost makes it so valuable and also 

its disposal becomes challenging. Plastic waste has the ability to attract various contaminants, such 

as persistent organic pollutants (POPs). This process occurs in the marine environment where 

plastic acts as a sink (due to its hydrophobic nature), making these contaminants less available to 

wildlife, predominantly if they are submerged on the seafloor. 

The era of “Green Revolution and Chemical Farming” was necessity of the day. Man-made 

chemical products changed the natural environment. The practice of chemical farming is still 

continued. During the era of “Green Revolution” and “Chemical Farming” industrial development 

increased production of new chemicals used in every sphere of human life, both of these has 

changed the life style by improving living standard and makes life more comfortable. Currently 
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farmers are using chemical fertilizers and pesticides in agricultural fields to increase the crop 

productivity. These chemicals result hazardous effects on environment including depletion of 

biodiversity, ozone layer depletion, global climatic changes earthquakes, volcanoes, enhancement 

of incidences of land-slides, irregular pattern of rains, scarcity of drinking water, contamination 

of resources (water, air, food), deterioration of quantity and quality agricultural production, 

declining tendency of soil fertility. Moreover, these chemical fertilizers effects living organisms 

such as increase in diseases including diabetes, cardiovascular diseases, blood pressure, cardiac 

and neural infection, asthma, cancer, paralysis etc. Extensive toxicological research demonstrates 

that a large number of synthetic chemicals adversely affect model organisms (rats, rabbits, guinea 

pig)      under      laboratory       conditions.       The       toxic       effects       of       these chemicals 

have been evaluated through experimental studies. One experimental study demonstra ted that 

synthetic chemicals and their breakdown products may become either more or less toxic as a result 

of their reactions or interactions with a range of other chemicals in natural environments and 

consequence of transformations by organisms or exposure to natural light (Fatta-Kassinos et al., 

2011). Synthetic chemicals and their derivatives can create long-term environmental problems 

(contamination of air, earth, water and sea). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2: Hazards of Synthetic Chemicals and Fertilizers 

Many pesticides and pharmaceuticals are persistent or “pseudo-persistent”, meaning that either 
they are very slow to degrade or their constant use leads to continuous release into the environment 

at rates exceeding their degradation rate. For compounds resisting effective biological 
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degradation, environmental impacts persist long after their toxicity is discovered and therefore 

well after effective measures can be taken to discontinue their production and proliferation. 

Excessive use of pesticides and chemicals ultimately results in bio-magnification of these 

chemicals in food chain and deteriorates the balance of ecosystem. Such long-term legacies have 

been well established for chlorofluorocarbons (CFCs), which will degrade the stratospheric ozone 

layer for the next century (Adams and Halden, 2010), and for polychlorinated biphenyls (PCBs), 

which will continue to accumulate in fish, fish-eating birds, and humans for many decades (Beyer 

and Biziuk, 2009). In contrast, there is not enough information to assess the environmental 

persistence, pseudo-persistence, and long-term impacts of synthetic chemicals that are most 

widely used today (Li et al., 2017; Muir and Howard, 2006). The development based on chemical 

technology has been proved harmful for non-sustainable development. Due to the abandoned 

urbanization, industrialization and change in consumption pattern Solid Waste Management 

(SWM) is now one of the major concern for modern societies. MSW (Municipal Solid Waste) 

consists of household, institutional, commercial, construction and demolition, street sweeping, 

and sanitation waste. Municipal Solid Waste (MSW) also holds recyclables, i.e., paper, plastic, 

glass, metals, etc.; toxic substances, i.e., pesticides, paints, medicines, used batteries; compostable 

organic matter, i.e., fruit and vegetable peels, food waste and soiled waste, i.e., sanitary napkins, 

blood-stained cotton, disposable syringes (Sharholy et al., 2008). 

 

International status of MSW generation 

Global production of municipal solid waste causes several environmental impacts, comprising 

ocean plastic accumulation, greenhouse gas emissions, and nitrogen pollution. The production of 

waste is an obvious consequence of most of the anthropogenic activities or processes. Worldwide, 

annual production of waste is 7–9 billion tons (Wilson and Velis, 2015). Municipal Solid Waste 

(MSW) is a certain category of waste coming from households, and can contain commercial and 

industrial wastes (Wilson and Velis, 2015). MSW accounted for 2 billion tons of the total waste 

production in 2016. However, it deserves special attention given its environmental impacts at local, 

regional and global scales (Kaza et al., 2018; Wilson and Velis, 2015). Nevertheless, today 70% 

of the world’s waste ends up in dumps and landfills (Kaza et al., 2018), here together referred to 

as Solid Waste Disposal Systems (SWDS). It is difficult to quantify global estimates of pollution 

from waste, partly due to this lack of adequate data. 

 

National status of MSW waste generation 

India is witnessing the formation of densely populated megacities accompanying rapid 

environmental degradation and health hazards to the city dwellers (UNDESA, 2016; Jolliet et al., 

2004). Quantity of solid waste generated in Indian cities has increased from 6 million tons in 1947 

to 48 million tons in 1997 with an annual growth rate of 4.25%, and it is expected to increase to 

300 million tons by 2047 (Sharholy et al., 2006). In the last few decades, the amount of waste 
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generated per capita has recorded an annual increase at a rate of 1% to 1.33% (Shekdar, 1999). If 

this rate of increase continues, India will probably experience a rise in waste generation from less 

than 40,000 tons per year to over 125,000 tons by 2030 (Bhat et al., 2018).The situation is alarming 

for India because out of the total waste collected, only 12.45% waste is scientifically processed, 

and the rest is disposed of in open dumps (Dutta and Jinsart, 2020).The composition and the 

quantity of MSW (Municipal Solid Waste) generated in India differ significantly with that in the 

western countries (Jalan and Srivastava, 1995) particularly with hazards characteristics. Sharholy 

et al. (2008) mentioned that, MSW (Municipal Solid Waste) in urban areas comprising large 

fraction of compostable materials. It has been noticed that the physical and chemical components 

of MSW depends upon a number of factors such as food habits, standard of living, degree of 

commercial activities, seasons etc. while the total MSW generation depends on total population. 

The use of paper, plastic and metal is on the peak, resulting in more disposal difficulty. The 

municipalities have not been able to collect and dispose of the enormous quantity of waste being 

generated. Waste management and disposal is a serious issue which India facing today, since about 

90% of waste is currently disposed of by open dumping. Some commonly used methods by which 

the waste could be managed are: incineration, land-filling and composting. 

 

Earthworms 

Earthworms have been recognized as ‘friends of the farmers’ since thousands of years. They are 

invertebrate animals belonging to the phylum Annelida. There are about 1800 species of 

earthworms grouped into five families and representing cosmopolitan distribution. The most 

common worms in North America, Europe and Asia belong to the family Lumbricidae which has 

about 220 species. As many as 509 species of earthworms are known to occur in Indian sub- 

continent (Tripathi and Prasad, 2005) and about 374 species have been reported from India alone 

from different habitats (Paliwal and Julka, 2005). Earthworms are one of the most beneficial 

creatures of the world for mankind. They live in soil and make tunnels and burrows in soil, 

consume soil mixed with organic matter and release their excreta or casts. They are capable to 

influence physical, chemical and biological properties of soil to make it more productive. They 

turn soil up and down and enhance porosity in the soil which helps in passage for water and air, 

easy and prolific growth of roots of the plants and trees. This action also supports activities of 

aerobic microbial community of the soil which is necessary to convert organic inputs into compost. 

Earthworms cooperate with microorganisms mainly bacteria, fungi and ciliates, and play a vital 

role in soil biology, destroy pathogens, biological waste inputs into useful bio-fertilizers, enzymes, 

and growth factors to maintain soil fertility. These microorganisms and earthworms support each 

other and have symbiotic relationship. Such a situation succeeded in traditional form of agriculture 

where fertilizers are not used in agricultural activities. Earthworms play major role in nutrient 

recycling in complex terrestrial ecosystem. Earthworms are categorized into three main functional 
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or ecological groups on the basis of their influence on the soil compartment and microbial 
communities inhabiting soil (Thakuria et al., 2010). These are (i) epigeic, these earthworms live 

on the soil surface and feed from the litter, (ii) endogeic, earthworms live in the soil and produce 

horizontal tunnels, while feeding on mineral soil and partially decomposed material and (iii) 

anecic, these produce permanent vertical burrows and feed on the litter that they drag into their 

burrows to be pre-decomposed by microorganisms, while depositing their casts at the burrow 

entrance (Lee, 1985; Lavelle, 1983; Bouche, 1977). Aristotle once said, “Worms are the Intestines 

of the Earth”. A number of species of earthworms are present some of which are: Eisenia fetida, 

Eudrilus eugeniae, Perionyx excavatus and Lumbricus rubellus (Suthar, 2009; Mainoo et al., 

2009). These species are mostly used in vermicomposting. Though, Eisenia fetida is the most 

favorable and commonly used species of earthworms for the purpose of vermicomposting of 

temple floral waste due to their high tolerance to environmental variables like temperature, pH, 

and moisture content (Suthar, 2009). Using them to convert decomposing organic waste into 

nutrient rich fertilizer is simple, inexpensive, energy efficient. The ability of earthworms to 

consume a wide range of organic wastes such as sewage sludge, animal wastes, crop residues and 

industrial refuse has been fully established (Hartenstein and Bisesi, 1989; Chan and Griffiths, 

1988). It has been reported that special type of epigeic earthworms can be used to convert organic 

waste into high quality vermicompost. In both the processes, composting and vermicomposting 

microorganisms decompose organic compounds, contains carbohydrates, fats, cellulose and lignin. 

Carbohydrates are easily decomposed whereas lignin is more resistant to decomposition. Aerobic 

microorganism needs oxygen, water and nutrients for their metabolism inside the cell. As a result 

of microbial activity heat is liberated from the composting mass, and temperature increases. 

Temperature increases through the mesophilic phase into thermophilic phase and then back into 

the mesophilic phase. During the course of these transitions, the microbial population varies, 

thereby affecting the rate of organic waste decomposition. In traditional method of agriculture, 

enough attention was being paid for in situ conversion of organic wastes into compost for 

maintenance of the soil fertility (Onwosi et al., 2017). However, evolvement of chemical fertilizers 

and pesticides reduced the importance of earthworms in order to boost up crop production and to 

fulfill daily needs of the increasing human population. 

 
Vermicomposting 

Vermicomposting is a simple biotechnological process of composting in which various species of 

earthworms are used to enhance the process of conversion of waste and to produce a better end 

product. It is a process of stabilization and biodegradation of organic waste by using earthworms 

and microbes (Mainoo et al., 2009; Suthar, 2007; Hand et al., 1988). The main components of the 

vermicomposting are the microorganisms primarily bacteria, fungi and ciliates that break down 
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and mineralize organic residues. Microorganisms are the most abundant and diverse members of 

the vermicomposting food web and consist of thousands of different organisms. In addition to this 

these associated microbes produce extracellular enzymes that help in beak down of many 

compounds including cellulose and phenolic compounds. It is a mesophilic process, utilizing 

microorganisms and earthworms that are active at 10–32°C (not ambient temperature but 

temperature within the pile of moist organic material). The process is faster than composting 

because during vermicomposting the material passes through the gut of earthworm which acts as 

a bioreactor in which a significant transformation takes place. The resulting earthworm castings 

(worm manure) are rich in microbial activity and plant growth regulators, and fortified with pest 

repellence attributes as well. It is a bio-transformation process, capable of transforming garbage 

into ‘gold’, takes place through earthworms (Sinha et al., 2010). Vermicomposting is a 

comparatively new method of composting and it involves the stabilization of organic solid waste 

into earthworm castings. The choice of the right species of earthworm for vermicomposting is the 

prime step as it affects the rate of waste stabilization. Thus, it can be said that composting is the 

pre-requisite step for vermicomposting during which the waste stuffs become suitable feed for 

earthworms. The medium holding earthworms should have balanced nutrient (C/N ratio) 

composition, it should possess enough (~ 40%) moisture, moderate bulk density (porosity) to 

permit easy flow of air and water and movement of earthworms as well. In the process of 

vermicomposting, microorganisms begin the waste degradation or composting process and 

earthworms complete it in an efficient manner. Vermicomposting is a process of formation of 

‘Nature’s black magic’, in which selected species of earthworms are the real magicians (bio- 

managers) and the associated micro-organisms are the co-workers. The real output here is the 

‘black gold’ (vermi-compost) which is unique, wonderful, organic soil amendment, generated from 

variety of bio-wastes. Vermi-culture biotechnology or vermin technology is the application of 

earthworms for production of useful products, i.e., vermi-compost, vermin-wash as bio-fertilizer and 

worm biomass for use as nutrient rich animal feed; monitoring of for soil fertility and maintenance 

of environmental quality by monitoring pollution. It is concerned primarily with agriculture, 

abatement of environmental pollution and development of rural sector; hence it comes in the 

category of agricultural, environmental and rural biotechnology. A number of workers (Manyuchi 

et al., 2012; Quaik et al., 2012) have reported that vermi-compost enriched with nitrogen, 

phosphorus and Potassium (NPK). More than just simple fertilizer, vermi-compost is one of the 

richest soil conditioners beneficial for farming and gardening practices. It recovers soil structure 

and augments its capability to preserve water. It brings beneficial microbial activity to plants and 

provides essential nutrients, available over a long period of time. Plants that get vermi- compost are 

more productive and resistant to various parasites and diseases. The vermi-compost is proving to 

be highly nutritive organic fertilizer and more powerful growth promoter over the 
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conventional composts and a protective farm input. It improves the physical, chemical and 

biological properties of the soil and restores its natural fertility which has been destroyed by 

chemical fertilizers over the years of their continued use. 

A number of scientists have completed their research work on the vermicomposting and waste 

management. It has been observed that vermin technology can influence all-round sustainable 

development of human society. It involves bio-degradation or stability of organic waste (either 

natural or anthropogenic) by using earthworms and microbes (Mainoo et al., 2009; Suthar, 2007; 

Hand et al., 1988). Vermicomposting of activated sludge and the effect of population density on 

growth and production of E. fetida has been studied (Hait and Tare, 2011). Now, the 

vermicomposting facilities now have been going into the industrial and domestic marketing in 

many countries such as USA, Canada, Italy and Japan. Vermicomposting process was primarily 

started in Ontario (Canada) during 1970 and it is now handling nearly 75 tons of waste every 

week. In addition to this, there are nearly 3000 vermicomposting plants sited in Japan with 5-50 

tons capacity of handling waste per month. 

Various researchers have reported the possibility of using Eisenia foetida, Eudrilus eugeniae and 

Perionyx excavatus for composting of various animal and plant residues under semi-natural 

conditions (Kale et al., 1982). The content of methane gas varied between 60%-72%. As a result 

of the negative effects of chemical fertilizers people’s interest has been stimulated for the use of 

organic manures. Kale et al. (1982) and Parlekar et al. (1992) studied the laboratory and semi- 

natural condition of waste degradation using different species of earthworms, for example in 

trays, wooden boxes, plastic crates, cement tank etc. Vermicomposting is considered as a 

sustainable source of plant growth hormones, macro and micro-nutrients, suppressive microbes 

and enzymes etc. (Kale and Karmegam, 2010) which helps to stimulate microbial population and 

retain nutrients for elongated periods (Ndegwa and Thompson, 2001). Vermin compost contains 

plant-growth regulating materials, such as auxins, gibberellins and cytokinins) and humic acids 

(Atiyeh et al., 2002) which are responsible for increased plant growth and production of crops 

(Atiyeh et al., 2002). However, these plant growth-regulating factors are formed by action of tiny 

microbes such as fungi, bacteria, Actinomycetes etc. (Pathma and Sakthivel, 2012). The physical 

properties such as aeration, drainage, high porosity, water holding capacity and microbial activity 

deliver favorable environment for earthworm population development (Suthar, 2009; Atiyeh et 

al., 2002). Furthermore, earthworms also decrease the amount of human pathogens, an effect 

attained in traditional composting through rise in temperature (Contreras- Ramos et al., 2004). A 

number of organic wastes of dissimilar origin have been used as vermicomposting source 

including animal manure, sewage sludge, and agro-industrial wastes (Suthar et al., 2012; Gomez-

Brandon et al., 2011; Paredes et al., 2002). However, the present study was designed to check 

the temple floral waste degradation with the help of 
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vermicomposting process. 

Kitchen waste 

All these methods are having flaws. Further more advanced management of waste shall be 

initiated from native homes. In our homes various biodegradable and non-biodegradable wastes 

are being generated. We are throwing these wastes in our surroundings, nearby water bodies, soil 

and land. Unscientific disposal of house hold wastes commonly known as kitchen waste can give 

rise to various diseases, contaminate water bodies and can also decrease the fertility of agriculture 

land farms so, considering the issue of kitchen waste management, the aim of the present study is 

to manage the kitchen waste through vermi-remediation technology. Kitchen Waste is defined as 

left-over organic matter from restaurants, hotels and households. One of the major causes of 

environmental pollution is mismanagement of organic waste including kitchen waste. In cities 

problems of wastes are much more serious than in villages due to higher amount of waste 

generation, shortage of landfill and dumping sites the increasing amount of kitchen waste (KW) 

has raised great concerns for the environmental risk and health issues. When kitchen waste ends 

up in landfill it turns into methane, a greenhouse gas that is particularly damaging to the 

environment. It is necessary that some technologies are utilized for the managing and treating 

kitchen waste (KW). It is entering into the mixed municipal waste system which is difficult to 

process by standard means such as incineration and landfill due to high moisture content. 

Therefore, it is necessary that alternate disposal methods that are both environmentally and 

economically efficient are being developed which rely on various forms of microbial 

decomposition. It is nutrient rich containing high level of carbohydrates, lipids, proteins, and other 

organic molecules which can support abundant population of microorganisms. 

There are three approaches through which kitchen waste (KW) are reused collected from formal 

channels which through sterilization, fertilizer via compositing and bio-energy through anaerobic 

digestion (AD). KW can be used to prepare compost and anaerobic process because its richness in 

organic matter and complete nutrient profile. Whereas, due to higher moisture, oil and salt content 

does not favor the compost process, hence restricts their use as fertilizer. Anaerobic digestion is 

an impactful technology through which KW can be converted into green energy, are now 

extensively used for the conversion municipal biomass waste into valuable products/biomannure 

(Tiwari et al., 2016). Treatment of KW waste through anaerobic process, however common 

problems arise during conventional AD due to presence of higher oil content and richness in 

macromolecular compounds, such as accumulation of lactic acid during initial phase of digestive 

process results in the decrease in pH and decrease in ammonia level, sulphide and long chain fatty 

acids due to the presence of higher protein and fat content (Tsai et al., 2007). All these factors 

obstruct the digestion stability, hence restricts the application of anaerobic digestion. Moreover, 

due to the lack of potential technology for disposal of biogas residue, the 
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secondary pollutants during anaerobic digestion and restricts the use of anaerobic digestion in the 

recycling of KW. 

Moreover, various pre-treatment approaches, including mechanical (e.g., sonication), chemical 

(e.g., alkali or acid), osmotic (e.g., NaCl treatment, freezing), oxidative (e.g., ozone), thermal and 

biological (e.g., enzyme) are now-a-days used to improve the physical and chemical characteristics 

of KW to increase the solubilization of organic particulates, sterilization effects and promotes the 

consequent of reuse such promotes the production of biogas (Climent et al., 2007). Due to the due 

to the issue of environmental protection, reuse of resources and food safety, national governments 

and international organizations has approved strict restrictions on management of kitchen waste, 

in 2002, the European Union (EU) has imposed ban on mixtures due to their negative impact on 

the health of animals. During the frying of these mixtures and their transfer back into the food 

chain by consuming meat of animals. 

Kitchen Waste Management 

Kitchen wastes (KW) constitutes household kitchen wastes (vegetables peels, fruit peels, smashed 

fiber of fruits, spare uneaten food items and food grains. KW is rich in nutrients and organic 

materials and easy to biodegradable (Pujol, 2010). 

Methods of Kitchen Waste Degradation 

Several methods are available for the degradation of kitchen waste which is used by researchers 

which includes aerobic, anaerobic digestion and vermicomposting (Illmer and Gstraunthaler, 

2009) some of the important ones are discussed below. 

Aerobic Absorption Process 

Aerobic absorption process is an organic process in which aeration is used for prolonged time to 

counterpoise and reduces the total mass of organic waste through the eradication of organic 

unstable solids. This process outspread decomposition of solids and re-growth of organisms upto 

some level, in which the energy derived from living cells and waste material storage is significantly 

small. During aerobic digestion, aerobic and facultative microorganisms by utilizing oxygen and 

obtain energy from the biodegradable organic matter present in the waste sludge. Whereas, when 

quantity of accessible food is present in small quantity in the waste sludge, the microorganisms 

proceed to fed on their self protoplasm to obtain energy for the maintenance of homeostatic 

conditions in their own cells (Mukherjee et al., 2016). This process is known as endogenous 

respiration. The aerobic digestion process which occurs within in-vessel aerobic composters is 

equal to the process that occurs devoid of human interference in environment. During aerobic 

digestion, the end product includes water, heat and CO2. Because CO2 is one of the major 

greenhouse gas, however it is less (1/20th) effective than methane, the effect of CO2 on the nature 

could be decreased through its careful collection of CO2 using gas collection apparatus results in 

the averting the gas from leaking out in the nature (Mukherjee et al., 2016). 
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Anaerobic Absorption Process 

Anaerobic absorption process is a micro-organic decomposition process in which biological matter 

is transformed into carbon dioxide, methane, inorganic nutrients and compost in presence of 

inadequate oxygen but adequate hydrogen gas (Ueno et al., 2006). Various anaerobes 

including Streptozotocin, Clostridium, Bacillus Lactobacillus, Carnobacterium, Enterococcus an 

d Homoacetogens etc. affects the process of anaerobic fermentation for organic waste (Arsova et 

al., 2010; Garg and Sewage, 2011). This process is well- recognized for the bio-methanogenesis. 

Production of biogas is applied for combustion process so as generate heat and electricity. It can 

transform into transportation fuels and renewable natural gas. The various anaerobic absorption 

technologies are converted into municipal wastewater solids, livestock manure, high strength 

industrialized wastewater solids, fat, oils and grease (FOG), food waste, along with various other 

organic waste streams into organic-gas, 24x7 hours a week (Green and Kramer, 1979; Liu et al., 

2009). Composting of separated digested solids help in dairy bedding, including their entire use of 

cropland or their conversion into various other products. Nutrients examined in the liquid stream 

are used as fertilizers for agricultural practices. The degradation process starts by hydrolysis 

carried by bacteria in order to decompose the organic unsolvable polymers such as carbohydrates, 

so that to make them available for other bacterial species. Following these acidogenic bacteria 

converts the amino acids and sugars into hydrogen, CO2, ammonia and also other organic acids 

which in turn transforms these decomposed organic acids into acetic acid, and decomposes to 

hydrogen, CO2, and ammonia. Ultimately methanogenic bacteria transform these organic materials 

into CO2 and methane gas. Therefore, this process can be used for the treatment of sewage sludge 

and biodegradable wastes. Anaerobic absorption procedure decreases the discharge of landfill gas 

into the atmosphere considering the integrated waste management method. It depends on several 

variables such as pH value (Viswanath et al., 1991; Malakahmad et al., 2011), Composition of the 

Kitchen waste, OLR (organic Loading Rate), Retention time (Malakahmad et al., 2011), and 

Operating Temperature. 

Biogas production from kitchen waste by degrading it through anaerobic digester (Minale and 

Worku, 2014). For the production of large quantity of biogas using organic loading rate (OLR) 

and slurry concentration decreases the Consumption of Oxygen Demand (Mukherjee et al., 2016). 

Hence, remained organic matter is a supply required to be stored while does not dispose into 

landfills or burn to ashes and dust. Due to the rapid expansion of urbanization decomposition of 

KWM has become a challenge. A laboratory size lot anaerobic co-absorption of all wastes having 

various mix ratio of 0:100, 25:75, 50:50, 75:25 and 100:0 by volume [kitchen organic solid waste 

(TS=56, 084 mg/L): sanitary wastewater (TS=7,068 mg/L)] are conducted at environmental 

temperature for 30 days (Luostarinen and Rintala, 2007). The production of methane and biogas 

during the process of digestion for these mixing ratios were examined. It has been reported higher 
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quantity of biogas was obtained from a mixture ratio of 75:25 was 65.6 L, and the lowest from a 

mix ratio of 0:100 were 9.5 L. The proportion of methane in the biogas was found 19.8 and 52.8% 

(Mukherjee et al., 2016). Hence the results of this study revealed that bed containing mixture ratio 

of 75:25 generates higher volume of methane and biogas. 

Anaerobic process is used by combining of black water and kitchen waste with dual –phased up- 

flow anaerobic sludge blanket (USASB) septic reservoir at low temperature of 10 and 20˚C 

(Zeeman and Lettinga, 1999). The dual-phased UASB-septic reservoir has been found very 

effective and also having ability to eradicate the soluble and insoluble organic material from a 

mixture of black water and kitchen waste. Which results in the methane gas is produced from black 

water which decreases with decrease in temperature (Zhu et al., 2009). In addition to kitchen 

wastes, it has been reported that flower wastes and fresh vegetables collected from the market. 

When flowers and vegetables were mixed in the ratio of 1:4 (wet weight) which was in the ratio 

of 1:1:3 depends on the dry weight (Sherman, 2011). Anaerobic hydrolysis takes place in five 

different hydrolysis reactors having working efficiency of 1.4 Leach, which generates CO2 and 

CH4 gas. The studies showed that hydrolysis potency under anaerobic conditions was 1.4-2.4 folds 

higher than cumulative TOC (Total Organic Compound) of the anaerobic batch (Mukherjee et al., 

2016). 

 

Vermicomposting and Fermentation 

Vermicomposting is an eco-friendly approach for the transformation of organic part of waste 

materials, it is cost effective process and waste and discarded materials are transformed into value 

added vermi-compost (Sinha et al., 2010). Addition of compost to the soil, minimum amount will 

be spent on chemical fertilizers and pesticides (Vavouraki et al., 2013). Mostly kitchen waste is 

produced from households and restaurants are rich in moisture content. Hence composting and 

vermi-composting of kitchen waste without of any bulking agent is very hard to follow in practice. 

Addition of woodchips and paper in the pre-composed and raw kitchen waste effect the various 

physico-chemical variables of vermi-compost such as loss of weight, temperature, fluctuation of 

total and obtainable content of nutrients and feasibility of earthworms has been studied (Hanc and 

Pliva, 2013). It is important to pre-decompose the kitchen bio-waste upto 2 weeks/more than 2 

weeks till the temperature below 25ºC. During vermicomposting total content of N, P, K, Ca along 

with MG increases. Mostly earthworm fed on kitchen bio-waste including discarded paper that 

people through in the surroundings of kitchen (Chaudhuri et al., 2000). 

In India 70-80% urban solid waste constitutes domestic waste having abundance in organic waste. 

Environmental degradation due to the persistent conditions has been further continuous increase 

in CO2 production and organic acids produced during microbial metabolism of vermin composting 

that ultimately lowers the pH during this process. The ability of the composting process can be 

find-out by the incorporation of the composting Palm oil mill sludge (PMOS) and solid waste 
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(SW) in bin composter reactor. The observation revealed that considerable decrease in temperature 

along with decrease in moisture content and pH. Whereas it has been revealed that co-decomposing 

composting palm oil mill sludge (POMS) in combination with solid waste (SW) using a bin 

composter reactor has been used to find out the capability of the composting process (Nair and 

Okamitsu, 2010). Decrease in temperature, moisture content and pH value during the process. 

Although it has been observed that co-decomposing with POMS in combination SW is the most 

important modus operandi for the substitute management for the disposal and recycling of the 

waste materials. 

Ligno-cellulolytic inoculants (EM bacteria and Trichoderma sp.) can be established at small to 

medium scale for composting of household waste through thermo-composting followed by vermin-

composting which could or might be combined with microbial inoculants. Hence, it can be 

revealed that lingo-celluloytic inoculants are not essential to increase the composting process for 

onsite small scale treatment of household organic waste. A 3-L laboratory size hydrogen fermentor 

is generally used to conduct a feasible study on kitchen waste hydrogenation in semi- continuous 

process by fill-and-draw operation which is known as intermittent-continuous stirred tank reactor 

(I-CSTR) (Omar et al., 2008; Tripathi and Bhardwaj, 2004). This process comprises four steps; 

first step is transformation of organic wastes rich in carbohydrates and KW residuals into precious 

products (i.e., lactic acid and bioethanol). In comparison to this open fermentation are having 

various benefits than the conventional non-fermentation process. This process helps to prevents 

Maillard reactions which decrease fermentable substrates, such as sugars and amino acids. 

Occurrence of sugar and amino acids in huge quantity increases the formation of furfural 

compounds, which control the growth of bacteria. Upon the hydrolysis of cellulosic material, like 

KW could significantly increase in the rate of succeeding enzymatic hydrolysis and also increase 

the production of fermentable sugars from cellulose and hemicelluloses. Whereas, lingo-cellulosic 

biomass, specifically it is very difficult to degrade hemi-cellulosic sugars can be bio-transformed 

into valuable products also, in addition to this bio ethanol compounds. Organic acids can be 

recovered fermented kitchen waste by freezing and thawing method (Li et al., 2008; Probst et al., 

2015), total suspends solids patterns can be also observed during the fermentation. During the 

fermentation, the quantity of total suspended decreases steadily with time. Several pretreatment 

strategies are used to increase the generation of bio-methane or its process of bio-methane. These 

pretreatment strategies are executed prior the feeding of the reactors where feed was stored for 2 

weeks at less than 4ºC and raw kitchen waste was used devoid of any dilution (Maa et al., 2011). 

Among these different pre-treatment strategies used for the increasing for the production of 

biomethane, the freeze-thaw treatment has opened new horizons to generate interesting 

perspectives because it does not use chemicals and also decrease the requirement of additional 

chemicals for the generation of odor control. Some innovative methods are also used for 
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fermentative H2 production from common domestic organic waste during the dearth of 

pretreatment. This method is the self-fermentation of non-sterile vegetable waste and the bio- 

augmentation of microbial indigenous fermenting communities. The outcome of this method is 

generation of new H2-producing strains such as Buttiauxella sp.4, Rahnella sp.10 and Raoultella 

sp. 47. All these 3 strains have been tested separately examined on two types of vegetable waste 

and sometimes compared with artificial bacteria constituting three strains (Marone et al., 2011). 

Moreover, above discussed methods contribute to the several pre treatment methods, freshness 

preservation of kitchen waste, saccharification of the sugars in the waste, constant fermentation of 

ethanol in the saccharified liquid, and anaerobic treatment of the saccharification remains and the 

stillage to produce ethanol using saccharomyces cerevisiae yeast (Tang et al., 2008) has been 

conducted. 

Bioenergy for KW 

In kitchen waste rate of decomposition is very high and water contains adequate amount of water 

content, these two features make it a better candidate for its processing through anaerobic digestion 

with the generation of biogas (Li et al., 2016). Whereas, presence of higher organic particulate 

matter content, deposition of intermediary compounds takes place easily, results in increase in 

unbalanced fermentation and subsequently decreases the stability of the process. In comparison to 

this, the soluble organic compounds are quickly transformed into volatile fatty acids (VFAs) at the 

initial stage of the digestion process, results in the sudden decrease in pH if adequate buffering 

capacity does exist in kitchen waste organics. Moreover, KW waste contains higher quantity of 

protein and fat which in turn inhibits the content of ammonia, sulphide and long chain fatty acids 

(Liu et al., 2012). 

Several pretreatment methods, including mechanical (e.g., sonication), chemical (e.g., alkali or 

acids), osmotic (e.g., NaCl treatment, freezing), oxidative (e.g., ozone), thermal and biological 

(e.g., enzyme), and new techniques such as co-digestion with substrates comprising higher levels 

of ammonium nitrogen and alkalinity improves the characteristics of organic waste to increase the 

solubilization of organic particulates and enhance the production of biogas. From all these 

methods, thermal treatment has been found to be very effective method to give good preparation 

of phase; significant increase in hydrolysis rate of complex particulate organic substrates and 

apparent sterilization effect, hence improves the disposal property by increasing the potential of 

anaerobic digestion process (Carvalheiro et al., 2008; Liu et al., 2008). 

Fertilizer for KW 

There are some alternative strategies for the treatment of KW through the aerobic process known 

as composting which transforms the organics present in kitchen waste into hygienic, humus-rich, 

comparatively stable products that acts as soil conditioners and nourishes the plants (Guo et al., 

2013). KW is rich in different organic matters and is very appropriate raw material for composting. 
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For the production of good quality compost from KW, the carbon to nitrogen ratio must be 

maintained near about 30 through the addition of carbon-rich materials like sad-dust and straw. By 

addition of oxygen and water, a good biodegradation process can be obtained. The compost 

obtained by degradation of KW comprises a well balanced nutrient bunch for the growth and 

development of plants, presence of higher organic content can improve the physical properties 

particularly for the barren soils through continuous supply of inorganic fertilizer. Composting of 

KW reduces the odour and eradication of pathogens. Supply of KW derived compost might 

improve the physical properties of the soil and crop yield. The standard conditions for composting 

of KW includes moisture content of the composting materials must be 65% or more; pH near 

neutral; the C/N ratio of the material must be between 25 : 1 and 35 : 1. Surplus supply of air can 

improve the process; temperature must be maintained 60OC for the optimal thermophilic 

composting (Zhang et al., 2013). Aerobic systems of solid composting may be open systems 

(aerated pile process and window process) and in vessel or container systems. The major benefits 

of in-vessel systems are the significantly highest speed of the process (10-14 days), low and 

requirement, minimization of any odour issues and complete control on process (Kristiana et al., 

2005). Fresh compost is a transitional product of the thermophilic stage, however at some phase 

of maturation is required to obtain a stable product. 

Thermal hydrolysis of KW 

Thermal pretreatment of KW should meet these requirements and can be also increase the 

formation of waste edible oils, these raw materials cannot be used for the production of biodiesel, 

however, it also effectively improves the biological inhibition reactions induced due to the higher 

concentrations of oil and grease in KW (Li et al., 2016). 

Biological protein feed of KW 

Feed protein extracted from Kitchen waste is used for poultry producing materials, livestock feed 

and aquatic feed products. It is having various economic benefits, some of them have been 

discussed below Li et al., 2016). 

1. It increases appetite in animals and feed digestion and absorption ratio increases growth 

and development in animals while as it decreases the feed conversion ratio. 

2. It stimulates the immune system and increases immunity. 

3. Reduces number of bacteria in animal excreta and improves the breeding conditions. 

4. Maintains the microbiome in intestines and stomach, increases the population of beneficial 

and decreases the population of diarrhea. 
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Abstract 

Oroxylum indicum is a threatened medicinal plant belonging to family Bignoniaceae. It is 

commonly known as Sonapata, Tatpalanga, Shayonak, Shivnak, Midnight horror and Indian 

trumpet tree. It is a small to medium sized deciduous tree which grows in subtropical parts of India. 

Different parts of the plant are used for various purposes. They are used as source of food, 

medicine, in perfume industry, socio-religious beliefs and also to adorn traditional caps. The plant 

is used in traditional medicinal systems to cure various diseases like cancer, ulcer, diarrhea, 

dysentery, wounds, inflammation, cough, enlarged spleen, jaundice, scabies and other skin 

diseases. It has been reported through different investigations that the plant exhibits anti- 

inflammatory, anti-ulcer, anti-microbial, anti-arthritic, hepato-protective, phytocytotoxicity, anti- 

mutagenic, anti-proliferative and antioxidant activities. Oroxylum indicum is traded in India as 

well as in international market to fulfill the requirement of pharmaceutical industries. But due to 

its over exploitation and rare pollinators, the plant is declared as threatened and included in Red 

Data Book. It is reported to be endangered in Kerala, Maharashtra, Orissa, Rajasthan, Himachal 

Pradesh and vulnerable in Andhra Pradesh, Arunachal Pradesh, Chhatisgarh, Nagaland, Sikkim, 

Meghalaya, Assam, Karnataka and Madhya Pradesh. Due to its widespread use as well as threat to 

its existence, the plant needs to be conserved by using appropriate strategies. Thus, the current 

review aims to highlight the distribution, traditional and folk medicinal uses, therapeutic potential 

and conservational aspects of Oroxylum indicum. 

Keywords: Ethnobotanical, Conservation, Oroxylum indicum, Threatened and Therapeutic 

Potential 

 

Introduction 

Medicinal plants are the globally significant sources of herbal products. According to World 

Health Organization (WHO), nearly 80% of individuals throughout the world use medicinal plants 

for their fundamental requirements. The International Union for Conservation of Nature (IUCN) 

and the World Wildlife Fund (WWF) estimate that about 50,000- 80,000 species of flowering 

plants are globally used as medicine. It has been estimated that more than 25% of prescribed 

medicines in developed nations are derived from wild plant resources (Chen et al., 2016). There 

are several medicinal plants in India which are utilized by natives and preferred at global level due 

to their low cost and negligible side effects. In India, nearly 8000 distinct species of medicinal 

plants are utilized by people for different purposes (Kadam and Pawar, 2020). In the Indian 
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Himalaya, 8000 species of angiosperms, 44 species of gymnosperms, and 600 species of 

pteridophytes have been recorded (Singh and Hajra, 1996). Out of these, 1748 species are used for 

medicinal purposes. According to the prediction of sixth mass extinction, majority of these 

medicinal plants are under threat to decline due to overexploitation, habitat destruction and loss of 

pollinators. In India, about 2142 species of vascular plants are red listed. Among these, 8 species 

are extinct, 432 species are threatened (CR, EN and VU) and nearly 54 species are categorized as 

near threatened (IUCN, 2020). Oroxylum indicum is one of the threatened plants in India. It is 

endangered (EN) in Kerala, Maharashtra, Orissa, Rajasthan, Himachal Pradesh and vulnerable 

(VU) in Andhra Pradesh, Arunachal Pradesh, Chhatisgarh, Nagaland, Sikkim, Meghalaya, Assam, 

Karnataka and Madhya Pradesh (Gowthami et al., 2021). It is commonly called Indian trumpet, 

Midnight horror, Shayonak, Sonapata, Aralu, Tatpalanga and generally grows in subtropical areas 

(Siddiqui et al., 2012). Oroxylum indicum has a wide range of uses in food, medicine and 

socioreligious beliefs. It exhibits therapeutic potential to treat variety of disease including cholera, 

helminthiasis, bronchitis, scabies, jaundice, gastropathy, cardiac disorder, smallpox, leucoderma, 

enlarged spleen, hemorrhoids and piles (Gokhale and Bansal, 2009). Various phytochemical 

compounds are found in different parts of the plant including flavonoids, alkaloids, tannins, 

glycosides, saponins, phenols, and quinines. Flavonoids are the major storage components and 

include baicalein, baicalein-7-O-diglucoside, chrysin, and oroxylin-A (Chen et al., 2003; Yadav 

et al., 2013). Being excessively utilized for various purposes, Oroxylum indicum is threatened 

primarily due to rare pollinators mainly Eonycteris spelaea, self-incompatibility and over- 

exploitation (Srithongchuay et al., 2008). Hence, it is necessary to protect the plant by utilizing 

both ex-situ and in-situ conservation techniques. 

Geographical Distribution of Oroxylum indicum 

Oroxylum indicum is found throughout the tropical forests of India, i.e., north-eastern, central and 

southern India, ascending to 1000 m altitude. It is also reported from Sri Lanka, Bangladesh, 

Guangdong, Taiwan, Yunnan, Cambodia, Indonesia, Laos, Malaysia, Myanmar, Nepal, China, 

Philippines, Thailand and Vietnam (Dev et al., 2010; Maciuk et al., 2002; Rashid et al., 2017). 

Botanical Description 

Oroxylum indicum is a medium-sized, erect, deciduous tree belonging to family Bignoniaceae. The 

leaves are large, compound, imparipinnate. Leaflets are 2-4 pairs, hairy, elliptical or oval in shape; 

rachis is long, cylindrical and swallow at the end. Flowers in terminal racemes, large, reddish- 

purple in appearance but interiorly pinkish-yellow in colour. Fruit pods are long, flat, broad and 

sword shaped capsules, hanging downward (Fig. 1). The flowering season of plant is June-July 

and it bears fruits in November. 
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             Fig. 1: Oroxylum indicum tree bearing fruit pods 

Ethnobotanical Uses of Oroxylum indicum 

Oroxylum indicum is used for various purposes like ethnomedicinal, edible, socio-religious beliefs 

and other traditional uses (Fig. 2). 

Ethnomedicinal uses 

Oroxylum indicum is highly valued medicinal plant, traditionally used for the treatment of various 

ailments. It is used to treat different diseases like cancer, leucoderma, asthma, fever, anal troubles, 

bronchitis, intestinal worms, dysentery, vomiting and inflammation. Root bark is used as a 

digestive tonic (Singh and chaudhary, 2011). 

 

 

        Fig. 2: Ethnobotanical Uses of Oroxylum indicum 
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Paste of root bark is applied to cure snake bite (Kolhe et al., 2022). Root bark is used as antifertility 

agent (Sood et al., 2011a). Paste of root bark is used for healing the sores of animals and also for 

treating the wounds and fractures (Rao Sahib, 1914). Decoction of seeds is used to treat cough, 

bronchitis and gastritis. The stem bark is used to kill maggots on cattle wounds (Dinda et al., 2015). 

Poultice of bark is applied to cure fracture. Decoction of stem bark and fruit is prescribed to cure 

constipation (Sood et al., 2012). Paste of the stem is applied on skin to treat scabies. The decoction 

of leaves helps to cure stomachache, enlargement of spleen and rheumatism. Decoction of roots 

and leaves is used against kidney stones (Siddiqui et al., 2012). Paste of the leaf and stem bark is 

used to treat wounds (Sood et al., 2010). Decoction of leaves is used to cure stomache, rheumatism 

and enlarged spleen. Mature fruits are anti-helminthic and stomachic. They are used for treating 

cough, bronchitis, jaundice, piles, smallpox, dyspepsia, leucoderma, phrynoderma, cardiac 

disorder, helminthiasis, gastropathy, hemorrhoids and cholera (Gokhale and Bansal, 2006; Singh 

and Chaudhary, 2011). Root bark is also used as an ingredient of ayurvedic tonic “dasamoola” 

which carries anti-rheumatic, anthelmintic, anti-inflammatory, anti-bronchitis, astringent and anti- 

lucodermal properties. Roots are used to treat diarrhea and dysentery. Seed powder and bark are 

used to cure fever and reduce body pain. Farmers use the fruit or a branch to kill crabs in damp 

rice fields. Paste of the seeds is applied externally to get relief from tonsils. The powder of dried 

seeds is prescribed to induce conception in women. Seeds are also used as an ingredient in the 

famous immunobooster ayurvedic tonic ‘chyavanprash’ which was commonly used during 

COVID-19 (Padgilwar et al., 2014). 

As a Source of food 

Different parts of the plant like leaves, flowers, fruits, seeds, etc. are used as source of food 

providing various nutrients. Young flowers and leaves are eaten raw and also used as a side dish 

with rice by adding different spices along with red onion, lemon grass, candle nut and ginger 

making it palatable. Young fruits are boiled and eaten with rice. Mature fruits are grilled and added 

to curries. With chili sauce, unripe seeds are grilled and eaten with several dishes. Seeds are used 

for making a refreshing drink known as ‘chub liang’ (Facciola, 1988). Most common dish is 

prepared by cooking young shoots and flower buds along with young pods (Barwick, 2004). 

Socio-religious beliefs 

Buddhist consider Oroxylum indicum as a sacred plant. It is thought to be a pure plant because its 

flowers bloom at night and are not even touched by bees. Seeds of the plant are used in marriage 

ceremonies and religious rituals (Jigme and Yangchen, 2022). Winged and papery seeds of 

Oroxylum indicum are stringed together and used as an offering to deities (Manandhar, 2002). 

Other uses 

Flattened and winged seeds of Oroxylum indicum are traditionally used to decorate the caps (Fig. 

3), especially by the tribal and indigenous communities of Himachal Pradesh (Parmar, 2009). 
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Fig. 3: Traditional cap decorated with Oroxylum indicum seeds 
 

Wood of the tree is used to make matchbox (Jain et al., 2003). Oil extracted from the seeds is used 

in perfume industry. Stem bark is used to yield a brown coloured dye (Sood et al., 2011b; Tamta 

et al., 2022). Flowers are used as vegetable. They are also consumed in the form of curries, soups 

and ‘pakoras’ (Rai et al., 2022). 

Endophytic Association with Oroxylum indicum 

Oroxylum indicum has endophytic association with microorganisms mainly fungi which are 

responsible for various pharmacological activities. In an investigation, 76 isolates of endophytic 

fungi belonging to 11 genera were identified in CDA and SDA culture media. Among these, 

Colletotrichum and Fusarium were found to be the most dominant genera. Some of these 

endophytes were able to inhibit the growth of phytopathogens which could be exploited as 

biocontrol agent (Das and Narzary, 2017). Evaluation of Oroxylum indicum leaf through culture- 

dependent approach resulted in isolation of 8 fungal endophytes representing 5 genera. Among 

these, ethanol extract of Colletotrichum gloeosporioides possessed significant antioxidant activity 

(Rai et al., 2022). Oroxylum indicum endophytic fungi are useful in promoting the flowering in 

tomato. Talaromyces purpuregenus promote early flowering while Trichoderma asperellum 

promoting delayed flowering in tomato (Xu et al., 2022). 

Therapeutic Potential of Oroxylum indicum 

Different parts of Oroxylum indicum like root, stem, leaf, fruit and seed exhibit a wide variety of 

nutritional and medicinal qualities (Sultana et al., 2022). In the present investigation, it has been 

observed that the most frequently used part of the plant for remedial purposes is the root bark 

followed by stem bark, leaf, fruit and seed (Fig. 4 and 5). Flavonoids are the major phytochemicals 
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that included baicalein, chrysin and oroxylin -A responsible for therapeutic potential (Dinda et al., 

2015). 

Anti-microbial activity 

Stem, root and leaf of Oroxylum indicum possess anti-fungal and anti-bacterial activity (Lama et 

al., 2022). The methanolic extract of stem and root is effective against gram-negative and gram- 

positive bacteria. Two compounds (2,5-dihydroxyflavone and 3,7,3’,5’- tetra methoxy 4’-hydroxy 

flavone) are isolated from methanolic extract of root bark, responsible for anti-microbial activity 

(Siddiqui et al., 2012). Oroxylum indicum also shows antiviral activity and analyzed for dengue 

virus (Ratanakomol et al., 2022). Methanolic fraction, chloroform fraction and n-hexane fraction 

of leaf showed very mild anti-bacterial and anti-fungal activity (Sultana et al., 2022). 

Anti-oxidant activity 

The stem, leaves and seeds of the plant exhibit anti-oxidant activity (Dinda et al., 2015). Ethanol 

extract of Oroxylum indicum, assessed with 2,2-diphenyl-1-picrylhydrazyl showed significant 

anti-oxidant activity with 67.34% inhibition (Adin et al., 2022). Leaf and root extracts possess 

highest anti-oxidant activity than other parts (Siddiqui et al., 2012). Chloroform extract and 

methanolic extract of Oroxylum indicum leaf showed anti-oxidant activity due to the 

phytochemical diversity of phenolic content of the extracts (Sultana et al., 2022). 

Wound healing property 

The ethanolic extract of stem bark possessed wound healing ability in swiss albino mice due to its 

potential to scavenge free radicals and increase cell proliferation leading to the early closure of the 

wound. Wound healing property may be attributed to the presence of chrysin phytochemical 

(Lalrinzuali et al., 2018). 

Anti-inflammatory activity 

The root bark and stem bark of Oroxylum indicum exhibit anti-inflammatory activity (Doshi et al., 

2012). Anti-inflammatory effect in aqueous extract of Oroxylum indicum was evaluated by 

carageenan induced rat paw edema model in rats using two doses, i.e., 150mg/kg and 300 mg/kg. 

It has been observed that aqueous extract at a dose of 300 mg/kg possessed maximum anti- 

inflammatory effect (Singh and Chaudhary, 2011). The aqueous extract of leaves at the doses of 

150 mg/kg and 300 mg/kg showed significant anti-inflammatory activity (Padgilwar et al., 2014). 

The administration of mice with 250 mg/kg and 300 mg/kg of ethanol extract of stem bark showed 

anti-inflammatory activity (Lalrinzuali et al., 2016). Isolated compounds like oroxylin A, chrysin, 

hispidulin, baicalein and lapachol are responsible for anti-inflammatory effect (Dinda et al., 2015). 

Analgesic activity 

Oral administration of n- butanol extracts of root bark of Oroxylum indcum shows analgesic effect 

(Siddiqui et al., 2012). Ethanolic extract of stem bark at the dose of 250 mg/kg and 300 mg/kg 

showed analgesic effect (Lalrinzuali et al., 2016). Ethyl acetate extract of leaf possessed potent 
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analgesic activity. It has been observed that the flavonoids baicalein and chrysin could be 

responsible for analgesic activity of the ethyl acetate extract (Sultana et al., 2022). 

Hepatoprotective activity 

Hepatoprotective activity is found in root bark, stem bark and leaf extracts of the plant against 

CCl4 induced hepatotoxicity. The ethanolic extracts of plant is more effective against liver damage 

and suppress the lipid peroxidation induced by CCl4 (Dinda et al., 2015). 

Nephroprotective activity 

Fruit extract of Oroxylum indicum at a dose of 400mg/kg possessed good nephroprotective activity 

(Joshi et al., 2021). Chrysin isolated from the ethanolic extracts of root (20mg/kg and 40 mg/kg) 

was found to be effective against cisplatin-induced nephrotoxicity in rats (Dinda et al., 2015). 

Anti-hyperlipidemic activity 

Traditionally, Oroxylum indicum works against cardiovascular diseases. The root bark extract 

showed Anti-hyperlipidemic activity and exhibited significant reduction in the level of total 

cholesterol, total triglycerides, LDL-C, VLDL-C (Ahad et al., 2012). The extract of fruit pod 

inhibited the accumulation of lipids and carbohydrates in adipocytes (Hengpratom et al., 2018). 

Anti-diabetic activity 

Methanolic and aqueous extracts of leaves of Oroxylum indicum show anti-diabetic activity. 

Baicalein is the major compound responsible for anti-diabetic activity (Dinda et al., 2015). The 

combined drugs of acarbose and seed extract can reduce glucose activity and show anti- 

hyperglycemic activity (Zhang et al., 2017). The aqueous extract of roots at the doses of 300 mg/kg 

and 500 mg/kg showed significant anti-diabetic activity (Padgilwar et al., 2014). 

Immunomodulatory activity 

The fresh root bark of Oroxylum indicum works as an immune booster. Immunomodulatory 

activity of the plant is mainly due to its ability to enhance both humoral as well as cell-mediated 

immunological responses. n-Butanol extract of root bark at the dose of 100 mg/kg once daily for 

22 days exhibited immunomodulatory activity in rats (Singh and Chaudhary, 2011; Padgilwar et 

al., 2014). 

Gastro-protective activity 

The n-butanol and petroleum ether extract of root bark (100-300 mg /kg) caused reduction in 

gastric ulceration. Chrysin, dihydrooroxylin A-7-O-methylglucuronide and 5,2’-dihydroxy-7,6’- 
dimethoxyflavone-2’-O-glucoside compounds are mainly responsible for reducing different types 

of ulceration (Dinda et al., 2015). The active fraction of root bark (100 mg/kg) showed significant 

reduction in the ulcer index, total acidity, total acid output, pepsin activity and pepsin output with 

a significant rise in total carbohydrate to protein ratio (Singh and Chaudhary, 2011). 

Anti-cancer and anti-mutagenic activity 

Methanolic extracts of Oroxylum indicum yield baicalein flavonoid which inhibits the proliferation 

of cancer cell line in vitro through induction of apoptosis (Roy et al., 2007). The presence of 

baicalein demonstrates that it has anti-mutagenic properties that prevent N-hydroxylation of Trp- 
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P-2 and induces apoptosis in the HL-60 cell line (Padgilwar et al., 2014). Oroxylin-A-7-O-beta- 

D-glucuronide isolated from stem bark shows an effect against oral cancer (Poonacha et al., 2021). 

Two compounds (chrysin and baicalein) isolated from stem bark and fruit are mainly responsible 

for anti-tumor activity (Dinda et al., 2015). 

 

 

Fig. 4: Therapeutic potential of various parts of Oroxylum indicum 
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Fig. 5: Percentage-wise distribution of different parts showing pharmacological activity 

Conservation of Oroxylum indicum 

Oroxylum indicum is a threatened medicinal plant used for multiple purposes. Overexploitation of 

the plant for various traditional uses and increasing demand of the plant by pharmaceutical industry 

has made the status of this plant threatened (Trivedi and Joshi, 2021). The factors responsible for 

declining the population of this plant include low seed viability, habitat destruction, self- 

incompatibility, unsustainable collection, over harvesting and rare pollinators (Najar and 

Agnihotri, 2012; Samatha and Rama Swamy, 2020). The plant is pollinated by nectarivorous bats 

like Eonycteris spelaea, cynopterus shinix, Pteropogus gigantum and Rousettus leschauliti (Kumar 

et al., 2021). Among these, Eonycteris spelaea is sole pollinator of Oroxylum indicum but there is 

decline in its population which consequently affect the existence of this plant on earth. In addition 

to it, one or two flowers in each inflorescence open in the evening and fall off after few hours. 

Moreover, stigma of the flower being highly sensitive immediately get closed after being touched 

(Srithongchuay et al., 2008). Thus, the pollination failure is one of the main factors responsible 

for the dwindling status of this plant. 
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Table 1: In-vitro propagation of Oroxylum indicum 

Explant Medium and regular growth 

Concentration 

Response References 

Apical and 

axillary bud 

Explant cultured with 2 cytokinin - 

KN and BAP. The concentration of 

BAP 4.43 μM, KN 4.64 μM p< 0.05 

and IBA 4.92 μM 

BAP concentration 

showed multiple shoot 

regeneration than KN 

and auxin responsible for 

root development. 

Gokhale and 

Bansal, 2009 

Leaf and 

cotyledonary 

leaf 

Explants were cultured on MS 

medium containing 30g/L sucrose 

supplemented for 4 weeks on IBA/2, 

4-D followed by IAA/NAA, pH-5.7, 

0.1 N HCl / 0.1 N NaOH, 0.8% 

Difco-bacto agar. 

Inducing callus 

regeneration 

Talari and 

Nanna, 2016 

Hypocotyl Explant cultured on MS medium 

including 2,4- D (2mg/l) + BAP 

(2mg/l) + kinetin 

Production of spongy, 

pale white callus with 

100% frequency 

Rami and 

Patel, 2014 

Apical 

bud 

Apical bud cultured with 2 mg/l 2,4- 

D + 2.5 mg/l BAP on MS media 

Produced friable and 

whitish green callus with 

90.62 % frequency 

Rami and 

Patel, 2014 

Seedling 

stem section 

Explant cultured on MS medium 

with or without growth regulators 

adding 3.0  mg/L BAP, 0.5  mg/ L 

NAA, pH-5.8 

Lead to multiple shoot 

induction 

Tiwari et al., 

2007 

Cotyledonary 

node 

MS medium cultured with BA 

(8.87μM) and IAA(2.85μM), GA3 

(1.44 μM), 0.07% HgCl2, pH-5.8 

Induced shoot 

proliferation 

Dalal and 

Rai, 2004 

Nodal 

explant 

MS medium supplemented with 0-4 

mg/l BAP. Seeds were surface 

sterlized with 70% ethyl alcohol (30 

sec.), 2% sodium hypochlorite 

Multiple shoot 

regeneration per explant 

Dhami et al., 

2005 

 
Therefore, it is very important to conserve this valuable threatened medicinal plant otherwise it 

will become extinct in near future. There are several in-situ and ex-situ strategies which can be 

adopted to conserve the plant. In-situ conservation also known as on-site conservation of plants is 

particularly meant to conserve wild genetic diversity in the native habitat through national parks, 
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wildlife sanctuaries, biosphere reserves and wild nurseries. Wild nurseries are an appropriate 

method to conserve the medicinal, endemic and threatened plant. Wild nurseries help to conserve 

the plant from wild habitat and prevent habitat destruction (Kadam and Pawar, 2020). Ex-situ 

conservation techniques include botanical gardens, seed banks, field gene banks and in-vitro 

techniques. The seed bank is the most appropriate conservation strategy for Oroxylum indicum and 

restore genetic potential (Li and Pritchard, 2009). In field gene bank, biotechnology tools are used. 

Cryopreservation and slow growth procedure help to store the true genotypes of plant for long time 

and storing the genetic diversity. New conservation techniques include encapsulation, tissue 

culture techniques and cultivation practice. Tissue culture has become well established technique 

for culturing and helpful in studying the physiological behaviour of different part of plant (Sharma 

et al., 2010). 

In vitro propagation of Oroxylum indicum 

Germplasm conservation techniques are appropriate conservation strategies for Oroxylum 

indicum. Thousands of genotypes are propagated together which reduces the risk of diseases and 

pest attacks in the culture vessels. The plant is in-vitro propagated and re-introduced in the natural 

habitat. Different explants are used by different workers with different concentrations of growth 

regulators and other compounds for appropriate induction of genotypes (Table 1). 

 

Conclusion 

The demand for medicinal plants is increasing day by day, causing depletion of these naturally 

occurring resources. Oroxylum indicum is one of the threatened medicinal plants in India. It is a 

well-known plant, used in several aspects towards ethnobotanical as well as therapeutic potential. 

Owing to excessive use by the people, very low seed viability and pollination failure, the 

population of Oroxylum indicum has been declined. Therefore, there is an urgent need to develop 

conservation plan for large scale production of this valuable medicinal tree. Moreover, it contains 

different phytochemicals which has tremendous scope for future research. 
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Abstract 

Hot springs are becoming increasingly popular for studying uncultured microorganisms. Many 

researchers from all over the world have been drawn to it in order to create helpful goods for the 

benefit of society. Enzymes isolated from thermophilic bacteria are extremely stable and contain 

minimal impurities. The rising need for energy, combined with the environmental issues caused 

indiscriminate use of fossil fuels, has prompted the development of unconventional energy 

sources. Lignocellulosic biomass based bioethanol is recognized as a sustainable renewable fuel 

supply that can help alleviate the pressures of the energy crisis while simultaneously lowering 

greenhouse gas emissions. In order to isolate the cellulose metabolizing enzymes, soil and 

sediment samples were collected from various hot springs in India and then screened for cellulase 

enzyme production. Two strains TP1, TP-3 showing maximum cellulase activities bacteria was 

isolated and TP-1 strain was screened for the production parameters. The thermophilic Bacillus 

sp.TP-1 strain exhibited maximum cellulase production on 1% glucose and carboxy-methyl 

cellulose, 0.5% yeast extract at pH 8.0, 50°C for 20 hours with 6% inoculum. 

Keywords: Cellulase, lignin cellulosic, thermophilic cellulase, hot springs 

INTRODUCTION 

In biotechnology, enzymes play a very crucial role in various aspects of industrial applications. 

Enzymes are biocatalyst which has more advantageous properties for industries and rarely provide 

any toxic chemical and serve as an eco-friendly tool which led to green bioprocess developments. 

Apart from these, scientists have switched their areas of interest towards thermozymes. 

Thermozymes are those which are extracted from thermophilic or hyperthermophilic micro- 

organisms which have properties to survive in harsh and extreme habitats. These properties include 

broad pH adaptability, high hydrolysis, more active- substrate-specific enzymes at high 

temperatures and thermostability. In the present scenario when technology is rapidly progressing 

toward biorefinery, enzymes play a critical role in biomass bioconversion. There is ongoing 

interest in commercializing lignocellulosic waste, which is regarded as the only plausible energy 

source, and it has been projected that the future of humanity will be heavily reliant on the usage of 

this biomass (Sukumaran et al., 2005; Lynd et al., 2002). Nowadays resources are getting limited 

or depleted at a fast rate, creating a dire situation that has drawn the attention towards the scientific 

world. Also shows a negative impact on the environment resulting in various harmful effects like 
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pollution with these negative impacts there is a shift towards the use of renewable resources for 

the production of biofuel as an alternative to petroleum fuels. So, to overcome these worries of 

depletion of resources, lignocellulosic biomass can be used as an alternative for biofuel production 

via the enzymatic route. Cellulases are the only enzymes that are properly utilized and are 

responsible for the conversion of lignocellulosic matter into glucose using enzymes that may then 

be used to manufacture various commodity products such as bioethanol. With an estimated yearly 

production of 4109 tonnes, cellulose is the most plentiful polymer in the planet and the most 

potential natural material for biomass conversion to valuable product (Yin et al., 2010). The most 

common homopolymer of D-glucose is cellulose, which is most abundant in the cell wall structure 

in higher plants. As a result of the resistant nature of glycosidic linkage, only a limited number of 

bacteria can degrade cellulose, necessitating the usage of cellulase enzyme, which requires 

complex interaction of microbes employing three separate enzymes that work synergistically. 

Enzymatic hydrolysis of cellulose normally takes place between 40 and 50 °C. This is considered 

a slow hydrolysis rate, with low sugar yields due to incomplete hydrolysis and vulnerability to 

microbial attacks. The use of thermostable enzymes generated by thermophilic/thermostable 

bacteria can circumvent these constraints. 

Cellulase belongs to the Glycoside hydrolases family (EC 3.2.1.) which break the glycosidic bonds 

between carbohydrate polymer or between a carbohydrate and a non-carbohydrate moiety of the 

polymer. Few examples of these enzymes are Endoglucanase (EC 3.2.1.4); xylanase (EC 3.2.1.8); 

Exo-1, 3-glucanase (EC 3.2.1.58); endo-1,6-glucanase (EC 3.2.1.75); endoglycoceramidase (EC 

3.2.1.75); endoglycoceramidase (EC 3.2.1.75); beta-mannanase (EC 3.2.1.78) and 

endoglycosylceramidase (EC 3.2.1.123). Cellulases are extracellular inducible enzymes, so their 

production is tightly regulated by activation and repression mechanisms. The enzyme cellulase 

hydrolyzes the beta-1, 4 D-glycosidic bond, resulting in glucose monomeric units. The primary 

cellulases involved in cellulose hydrolysis are cellobiohydrolase (CBH), β-glucosidase (BGL), and 

endo-1,4-glucanase (EG) (Schulein,1988). All these three enzymes work synergistically as shown 

in Fig. 1. Endoglucanase first cuts the cellulose, producing reducing and non-reducing ends. 

Cellobiohydrolase next works on the these ends to liberate cellobiose units, and β-glucosidases 

ultimately chop the cellobiose to free glucose units, completing the hydrolysis. 

Most cellulases have a two-domain framework, as shown in Fig. 2, consisting of a catalytic domain 

and a cellulose-binding domain which is usually connected by a peptide linker molecule. The 

catalytic domain harbors catalytic site, while the CBDs domain aids in the cellulose-binding site. 

Because cellulose swells at high temperatures, the conversion of cellulose to sugars takes place 

more quickly (Patel et al., 2019). Thermophilic cellulases have been identified from both bacteria 

and fungi. As a result, thermophilic cellulolytic bacteria have been isolated from composts (Lu et 

al., 2005; Mayendea et al., 2006; Ng et al., 2009), soil (Abdel-Fattah et al., 2007; Lee et al., 2008; 
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Assareh et al., 2012), and hot springs (Lu et al., 2005; Zhao et al., 2015; Potprommanee et al., 

2017). 

Fig. 1: Mechanism of a cellulase enzyme system 

Many bacteria and other thermophilic fungi that produce thermostable cellulases have been 

identified and investigated recently (Rastogi et al., 2010; Zambare et al., 2011). Fungal cellulases 

have been purified and studied structurally and functionally. This demonstrates that 

thermostability is a crucial prerequisite for cellulases to hydrolyze cellulose effectively. 

Furthermore, every small step taken to produce bioethanol at a low cost may progressively reduce 

the world's heavy reliance on fuels, making the world a better place to live by ushering in the era 

of sustainable bioenergy. Recognizing this fact, the current research work was aimed to isolate, 

screen, and characterise extracellular thermophilic cellulase-producing microorganisms from 

Himalayan geothermal springs. 
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Fig 2: Representation of modular cellulases 

 
Materials and Methods 

Sample collection: 

The soil samples from different hot springs of Himachal Pradesh, Uttrakhand, Madhya Pradesh, 

Odisha and Jharkhand India (Manikaran 65-75 °C, Tapowan 50-90°C, Chavalpani 40-65°C, Attri 

50-60°C and Surajkund 50-75°C) were collected in sterile vials. All these hot springs had a neutral 

and somewhat basic pH range. The samples were brought to the laboratory and refrigerated at 4°C 

until further processing. 

Isolation of thermophilic cellulolytic bacteria: 

To isolate bacteria, 10 g of soil from several hot springs was added into a 50 mL enrichment 

medium in a 250 mL flask. The enrichment medium reported in Mandel et al. (1957) was used for 

initial analysis. The media was supplemented with 1% carboxy-methyl cellulose (CMC) as a 

carbon source. For 24 hours, the flask was placed in a shaking incubator adjusted at 50°C and 

150rpm. Each dilution was spread onto a CMC agar plate containing enrichment media and 

incubated at 50°C for 24 hours. Luria agar plates (2% agar) were streaked with visually different 

colonies, cultivated for 24 hours at 50°C, and stored at 4°C until further use. The single colony 

was re-streaked on the plate to ensure purity. 

Maintenance of Cellulolytic Bacteria: 
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The bacteria were obtained as pure cultures by repeated transfer from a single colony and 

maintained on slants for short-term uses. The glycerol stocks were prepared and stored at –20°C 

for long-term uses. 

Primary Screening of cellulolytic bacterial isolates by qualitative assay: 

Carboxy-methyl cellulose (CMC) agar medium was used for the initial screening of thermophilic 

isolates for cellulase activity (pH-7). The plates were incubated for 24 hours at 50 °C. Gram's 

iodine solution was poured onto the plates after incubation to measure the isolated strain's 

cellulolytic activity. The presence of a visible hydrolysis zone indicated cellulose breakdown. All 

of the potent isolates were then preserved on sterile Nutrient agar slants for future work. 

Secondary Screening of Cellulolytic Bacteria by Quantitative Assay: 

The 3, 5-dinitrosalicylic acid (DNSA) method for measuring reducing sugars was used to quantify 

cellulase activity (Miller, 1959). In 50 mM glycine-NaOH buffer, the enzyme was supplemented 

with 1% CMC (1:2) (pH 8). For 50 minutes, the reaction mixture was incubated at 50°C. Following 

incubation, an equivalent volume of DNSA reagent was added to the mixture and was heated for 

10 minutes in a 100°C boiling water bath. Following the addition of 33% sodium potassium 

tartrate, the mixture was allowed to cool. The absorbance at 540 nm was used to calculate the 

amount of reducing sugar released. One unit of enzymatic activity was defined as the quantity of 

enzyme that released 1mol of reducing sugar per minute per milligram. 

Morphological and Growth Characteristics: 

For morphological characteristics, the phenotypic traits of a bacterial strain cultured on a nutrient 

agar plate for 20 hours were investigated. The cell's morphology was determined using compound 

light and scanning electron microscopy. 

Optimization of cellulase production: 

Many parameters, such as medium components, pH, temperature, and other growing conditions, 

were evaluated for optimal cellulase production. The growth of the culture was monitored by 

measuring absorbance at 600 nm during each optimization step. The optimal enzyme production 

was also determined, and the enzyme activity was assessed using the DNSA test and the protein 

activity with the Bradford assay. The best parameter obtained was then used to the subsequent 

optimization of the next parameter. 

Selection of media: 

Six different media were tested for 24 hours at 50°C, 150 rpm to see which one would best support 

optimum development and cellulase activity (Table 1). After sterilisation, 2 ml of the preculture 

was added to 50mL each of the six media in 250 ml Erlenmeyer flasks, along with varying amounts 

of glucose and carboxy-methyl cellulose as an inducer. These flasks were kept in a shaker 

incubator. 
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Table 1: Compositions of media screened for cellulase production 

MEDIA COMPOSITION (gm/L) 

MEDIA 1 Glucose 0.5, Peptone 0.75, FeSO4 0.01, KH2PO4 0.5, MgSO4 0.5 (Sethi 

et al., 2013) 

MEDIA 2 Yeast extract 5.0, MgSO4 10.0, KCl 2, NaNO3 5.0, CMC 15, NaCl 

10gm (Sreedevi et al., 2013) 

MEDIA 3 K2HPO4 1.0, MgSO4 0.5, NaCl 0.5, Peptone 10, (NH4)2SO4 0.25 

(Premalatha et al., 2015) 

MEDIA 4 

(Modified media) 

Peptone 12.5, Yeast extract 3.0, beef 5.0, NaCl 5.0, CMC 10.0 (Black 

et al., 1996) 

MEDIA 5 Glucose 5.0, KH2PO4 1.0, K2HPO4 11.50, MgSO4 0.05, Yeast extract 

5.0, FeSO4 0.00125, CMC 10.0 (Sakthivel et al., 2010) 

MEDIA 6 CMC 2%, Yeast extract 0.25%, MgSO4.7H2O4 0.02%, NaCl 1%, 

K2HPO4 0.5% (Asha et al., 2012) 

 
Effect of carbon source: 

For maximum cellulase activity, different carbon sources were used. The carbon sources used were 

monosaccharides (glucose, xylose), disaccharides (maltose and lactose, sucrose), polysaccharides 

(CMC and starch), and inorganic sugars (sodium succinate and sodium citrate). 

Effect of nitrogen source: 

For the best enzyme production, a variety of nitrogen sources including peptone, urea, ammonium 

sulphate, yeast extract, and ammonium chloride were used. 

Effect of pH: 

A variety of pH ranges from 4 to 12 medium were prepared for pH optimization. Concentrated 

HCl and NaOH were used to keep the pH of each media constant. For the purpose of producing 

enzymes, 2% inoculum was added and kept at 150 rpm for 24 hours. 

Effect of temperature: 

To check the growth of microbe for enzyme production different ranges of temperature were taken 

from 20°C-60°C for 24 hours at 150rpm. 

Effect of size inoculum: 

To study the effect of inoculum size on growth and cellulase activity 50ml of production media 

was seeded with various sizes of inoculum i.e., 2%, 4%,6%, 8%, 10% and 12% and assayed for 

cellulase activity. 

Effect of incubation time: 

The microbe was given different incubation times from 0hr to 60hr to monitor the optimum 

enzyme production followed by cellulase enzyme activity. 
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Results 

Cellulolytic bacterial isolates screening: 

Natural thermal springs, or hot springs, are created when groundwater is heated by geothermal 

activity. They include populations of microorganisms that can serve as a source of bioactive 

substances with significant commercial value, such as enzymes, carbohydrates, and antibiotics. 

Numerous hot springs in India have had their microbial diversity thoroughly investigated. Twelve 

samples from various Indian hot springs were used in this investigation. The two strains TP-1 and 

TP-3 with the highest clear zones were discovered to be potent cellulose degraders (Fig 3). The 

cellulose production parameters of this isolate were then further investigated. 

Morphological and Growth Characteristics: 

Bacterial colonies produced on nutrient agar plates were subjected to phenotypic strain 

characterization. It had a round, whitish, translucent, slimy texture, and flat elevation, with entire 

margins (Fig. 3A). Gram staining was initially employed to evaluate cell morphology, and the 

strain was Gram-negative. Light microscopy at 100X magnification revealed long rod-shaped 

bacteria (Fig. 3B), and scanning electron microscopy corroborated the same finding (Fig. 3C). The 

TP-1 strain exhibited specific activity of 1.3U (μm/mg/min) upon quantitative analysis using 

DNSA assay. 

 
 

Cellulase Production Fermentation Condition Optimization: 

Numerous factors influence the cellulase enzyme, and we were able to predict the appropriate 

fermentation conditions for cellulase synthesis by growing the bacterial isolate in the culture 

medium while modifying various parameters. The TP-1 strain exhibited maximum cellulase 

production total activity 5951 U/L (specific activity 1.3 U) in media M5 (Sakthivel et al., 2010) 

followed by M6 (Asha et al., 2012) 1723U/L (specific activity 0.4 U) (Table 2). 

 

 

 

 

 

 

 

 

 
Fig 3. Morphological attributes of Bacillus sp. strain TP-1 (a) Growth of TP-1 strain on the 

nutrient agar plate: colonies were Whitish in colour, translucent, round shaped with flat 

elevation with entire margins; (b) Rod-shaped Gram negative cells at 100× magnification 

using compound microscopy (c) Scanning Electron Microscopic image of rod shaped cells. 
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Table 2: Effect of media composition on cellulase production 

Media Specific activity U 

(μmol/mg/min) 
Total Protein 

(mg/L) 

Total Activity 

(U/L) 

M1 0.2364 4807 1137 

M2 0.2524 4051 1023 

M3 -0.0559 4989 -279 

M4 0.1304 5352 698 

M5 1.3499 4408 5951 

M6 0.4030 4275 1723 

Media M5 was selected for further optimization of the cellulase production parameters. The strain 

showed growth of xylose, lactose, maltose, glycerol, sodium citrate and sodium succinate but no 

cellulase activity was observed. Starch and sucrose exhibited very little activity. Glucose and CMC 

alone did not yield much cellulase activity however when they were used in combination enhanced 

cellulase production was observed (Fig. 4A). Yeast extract emerged as the most preferred nitrogen 

source for the strain; however, the strain could utilize all other nitrogen sources and exhibited a 

similar effect on cellulase production (Fig. 4B). The strain did not show any growth in pH 4- 6 and 

after 7 pH onwards cellulase production was observed. Maximum cellulase production was 

observed at pH 8 and a steep decrease in cellulase production was seen after pH 10 (Fig. 5A). The 

strain exhibited growth from 40°C onwards and maximum cellulase synthesis was seen at 50°C 

followed by a sharp decrease at 60°C (Fig. 5B). Inoculum size 4%-6% showed comparable 

cellulase production, the highest being at 6% concentration (Fig. 6A). The growth profile of strain 

revealed that starts from 4h and lasts till 44 h. The highest protein concentration was observed at 

24h however, maximum cellulase production was observed at 20 h (7687 U/L) (Fig. 6B). 

 

(A) 
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Fig. 4: Effect of various nutrient components on growth and cellulase production 

of Bacillus sp. TP-1 (A) carbon source (B) nitrogen source 

 

 

 

(A) 
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Fig. 5: Effect of (A) pH and (B) temperature on growth and cellulase production 

of Bacillus sp. TP-1 

 

(A) 
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(B) 

Fig. 6: Effect of (A) size inoculum and (B) incubation time on cellulase 

production of Bacillus sp. TP-1. 

 

Discussion 

The two bacterial strains were isolated from a soil sample taken in Tapovan, Uttarakhand, and 

showed maximum activity at pH 8, indicating that they are thermoalkalophilic extracellular 

enzymes, which are less reported. Also, most of the bacteria are anaerobic but these strains are 

found to be aerobic species. A similar feature of thermophilic cellulase was reported in four 

thermophiles of the Tattapani hot spring, (Himachal Pradesh) (Sharma et al., 2015). The four 

Geobacillus genera identified produced extracellular cellulase with maximum activity at 

temperatures ranging from 80°C to 90°C and a pH range of 6-8 (Sharma et al., 2015). Another 

study found that Anoxybacillus flavithermus isolated from an Egyptian hot spring had the highest 

cellulase activity at 75°C and pH 7.5 (Ibrahim et al., 2007). On the other hand, a thermoacidophilic 

cellulase was reported from Bacillus sonorensis HSC7 of Gorooh hot spring, Egypt which was 

optimally active at 70°C and pH 4 (Azadian et al., 2017). A previous study reported that locally 

isolated cellulolytic strains produce maximal CMCase production at pH 7.0 and an inoculum size 

of 2% (Safdar et al., 2013). Vasudeo and Lew (2011) optimised a central composite design 

approach of response surfaces to produce maximal cellulase yields from B. amyloliquefaciens 

UNPDV-22 at pH 5.25 and an inoculum of 4.95% (v/v). According to the findings of this study, 

the Himalayan region's geothermal springs could be an ideal location for identifying enzymes with 

high industrial strength. 
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Conclusion 

The separation of novel strong enzymes from natural geothermal springs would assist several 

industries, including food, beverage, detergent, textile, pulp and paper, and biofuel. In the harsh 

conditions imposed by industrial bioprocesses, the majority of enzymes are unable to meet 

commercial application standards and rapidly lose activity. Thermostable enzymes isolated from 

thermophilic organisms can overcome such problems and can be used for the degradation of 

lignocellulosic wastes to producing biofuels. The development of thermostable cellulases has the 

potential to transform the biofuel sector but still, the high production cost of thermostable cellulase 

remains a major hindrance. Therefore, the bioresources described in this paper are particularly 

helpful for establishing low-cost bioprocesses based on endogenous thermophilic cellulolytic 

enzymes, as well as developing renewable energy sources such as bioethanol from agricultural 

waste. 
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Ameliorative efficacy of honey bee propolis against scopolamine induced cognitive 
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Honey bee products are well known for their neuroprotective and hepatoprotective potential in rodent 

models. The present study is carried out to study the protective potential of propolis on oxidative and 

liver functions test in scopolamine induced cognitive deficit in mice. Administration of propolis (250 

mg/Kg, oral) and rivastigmine (0.5 mg/Kg, i.p.) or their combinations decreased the lipid peroxidation 

with a concomitant increase in the activity of antioxidant enzymes (GPx, GR, and GST) in the brains of 

the animals treated with scopolamine. Furthermore, propolis alone or in combination also prevented the 

scopolamine-induced liver dysfunctions as evident by reduced levels of liver (ALP, SGOT, SGPT and 

bilirubin) function biomarkers. The data obtained suggests that the treatment with combination of 

rivastigmine and propolis could be developed as neuroprotective and hepatoprotective novel therapy 

against cognitive dementia which has been linked with disorders leading to neurodegeneration. 

Keywords: Alzheimer’s disease, Neuroprotective, Propolis, Rivastigmine, Scopolamine 

 

        Introduction 

Cognition is the process of acquiring and comprehending information via the use of one's intellect, 

experiences, and senses (Greig et al., 2001). Cognitive impairment is observed in various 

neurodegenerative disorders like Alzheimer’s Disease (AD), Parkinson’s Disease (PD). There are several 
theories associated with the cognitive decline associated with neurodegenerative disorders. The current 

treatment options available for AD, envisages the importance of cholinergic neurotransmission in cognitive 

deterioration (Yu et al., 2020). Another prominent theory associated with the pathophysiology of cognitive 

decline is the oxidative stress. Reactive oxygen species (ROS) produces deleterious effects on the lipid and 

protein content of the neuronal network, causing alterations in the properties of neuronal structure and 

function, ultimately resulting in neurodegeneration. Therefore, managing oxidative stress is also a 

promising avenue of research for the management of cognitive decline (Singh et al. 2019). 

Natural products play an important role in drug discovery and provide promising safe alternatives for the 

treatment of various diseases. Bee products found in Apis mellifera L. are potential source of natural 

antioxidants capable of counteracting the effects of oxidative stress, which is thought to have a role in the 

development of a variety of medical conditions (Martinello and Mutinelli, 2021). Propolis is an antioxidant- 

rich honeybee product with a complicated chemical composition. It includes polyphenols, flavonoids, 

tannins, terpenoids, and phenolic chemicals, which also have antioxidant properties (Ahangari et al., 2018; 
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Wagh, 2013). Propolis has a wide range of biological and pharmacological activities (Wagh, 2013). 

Because of its broad-spectrum biological capabilities, propolis is becoming more popular as a reliable 

alternative therapy (Ripari et al., 2021; Berretta et al., 2020). 

The present study was designed to investigate the pharmacological potential of propolis as a neuro- 

protectant in neurobehavioral deficits, oxidative damage, and antioxidant enzymes activity in scopolamine- 

induced cognitive deficits and dementia. Scopolamine is a muscarinic cholinergic blocker that has been 

widely used to develop pre-clinical model of dementia and is a frequent paradigm for determining the 

efficacy of putative cognition-enhancing medicines. Several recent studies have found that scopolamine- 

induced memory loss in animal models is intimately linked to the brain (Svoboda et al., 2017). 

1. Experimental 

1.1. Chemicals 

The purchase of all chemical was done according to analytical standard from Merck (Mumbai, India), and 

Sisco Research Laboratories Pvt. Ltd. (Mumbai, India). Scopolamine and the standard drug Rivastigmine 

were purchased from Merck (Mumbai, India). The kits for analysis of serum parameters were supplied from 

Reckon Diagnostics Pvt. Ltd. (Vadodara, India). 

1.2. Timelines of in vivo experiments 

Balb/c female mice 6-8 weeks old, weighing approximately 25-30 g, were obtained from Central Animal 

House Facility, Panjab University, Chandigarh. All the animals were housed in plastic acrylic cage at room 

temperature in an environment without contamination (12-h light/dark cycle was followed) and continuous 

standard pellet diet supply and water ad libitum. For experiment purpose, the ethical guidelines were 

approved by the Institutional Animal Ethics Committee (IAEC), Panjab University 

(PU/45/99/CPCSEA/IAEC/2019/246) were followed. The mice were randomly segregated into eight 

groups having 6 animals each (Table 1). 

 
Table 1. The experimental protocol and the treatment groups employed in passive avoidance test 

Groups Injection 1 Injection 2 Injection 3 

CONTROL Saline Saline  

SCOPOLAMINE Saline Scopolamine (2 mg/Kg)  

SCO+RIV Rivastigmine (0.5 mg/Kg) Scopolamine (2 mg/Kg)  

SCO+PROP Propolis (250 mg/Kg) orally Scopolamine (2 mg/Kg)  

SCO+RIV+PROP Rivastigmine (0.5 mg/Kg) Propolis(250 mg/Kg) orally Scopolamine (2 

mg/Kg) 

Group 1 (Control): Animals were administered with normal saline as the vehicle. 

Group 2 (Scopolamine): Animals were injected (intraperitoneally) with scopolamine (SCO, 2 mg/Kg body 

weight in normal saline) on 8th day. 
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Group 3 (SCO+RIV): Rivastigmine (RIV) was administered (intraperitoneally; 0.5 mg/Kg body weight 

in normal saline) for 7 days. The animals received injection with SCO on the 8th day in the dose given 

above. 

Group 4 (SCO+PROP): Bee propolis (PROP) was given orally (250 mg/Kg body weight) to animals for 

7 days and animals were treated with SCO on 8th day as per given dose. 

Group 5 (SCO+RIV+PROP): A combination of RIV and PROP was given to animals for a period of 7 

days. Then animals were administrated with SCO on the 8th day according to the dose mentioned above. 

Doses of SCO, RIV and PROP used in the present investigation are based on the studies reported earlier 

(24, 28, 29) and were also standardized in laboratory. 

1.3. Extraction of Propolis 

Bee propolis was obtained from the beehives of Apis mellifera L., maintained by the Department of 

Zoology, Panjab University, Chandigarh. It was collected by scrapping off from the top bars of comb frames 

with the help of hive tool. It was extracted using the method described by Mani et al. (Mani et al., 2006). 

1.4. Blood and tissue samples extraction 

The samples of blood were taken from the animals through orbital sinus before sacrificing them using 

Diethyl ether on the 8th day. The collected blood was collected in micro-centrifuge tubes and allowed to 

rest for approximately 30 minutes at room temperature. To separate the serum the tubes were subjected to 

centrifugation at 2000 g for 10 minutes to obtain the serum samples. Brains were isolated, washed with 

cold saline solution and kept at -80ºC till analysis. 

1.5. Preparation of tissue sample 

The tissues were subjected to homogenization10% (w/v) in 50 mM phosphate buffer saline (pH 7.4). For 

removal nuclei and unbroken cells, the homogenate was centrifuged at a speed of 1000g (10 min, 4°C). 

Subsequently, supernatant part was separated and used for further biochemical assays. 

1.6. Biochemical analysis for oxidative stress and antioxidant parameters: 

Lipid peroxidation 

The collected supernatant was used for quantitative measurement of lipid peroxidation (LPO) following the 

method of Ohkawa et al., 1979. The results were expressed as n moles MDA/mg protein using molar 

extinction coefficient of MDA-thiobarbituric chromophore (1.56×105 M-1 cm-1). 

Reduced glutathione (GSH) 

GSH values wererecorded from the collected supernatant from homogenate by the method of Roberts and 

Francetic (Roberts and Francetic, 1993). The optical density was taken at 412 nm. All the values were 

expressed as µmoles of GSH/mg protein. 

Glutathione peroxidase (GPx) 

The method described by Flohe and Gunzler for determining the enzyme activity of GPx (Flohe and 

Gunzler, 1984). Results were expressed as µmoles NADPH oxidized/min/mg protein, using molar 

extinction coefficient of NADPH (6.22×106 M-1 cm-1). 
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Glutathione reductase (GR) 

Enzyme activity of GR was assayed using the protocol given by Carlberg and Mannervik (Carlberg and 

Mannervik, 1975). Results were expressed as n moles NADPH oxidized/min/mg protein, using molar 

extinction coefficient of NADPH (6.22×106 M-1 cm-1). 

Glutathione-S-transferase (GST) 

Enzyme activity of GST was quantified by using the protocol of Gronwald and Plaisance (Plaisance and 

Gronwald, 1999). Result was expressed as n moles of GSH-CDNB conjugate formed/min/mg protein using 

molar extinction coefficient of conjugate (9.6×106 M-1 cm-1). 

1.7. Serum liver function test 

Serum glutamic-oxaloacetic transaminase (SGOT), serum glutamic pyruvic transaminase (SGPT) alkaline 

phosphatase (ALP) enzyme activities and bilirubin levels were determined in serum using standard 

commercially available kits (Reckon). 

1.8. Estimation of protein 

The protein quantification was done according to the method of Lowry et al. 1951. The optical density was 

measured at 540 nm using PerkinElmer UV/VIS spectrophotometer. The standard plot of bovine serum 

albumin (BSA) was used to calculate the protein content. 

1.9. Statistical analysis 

All values were expressed as mean ± SEM of six animals per group. One-way analysis of variance 

(ANOVA) followed by Newman-Keuls test was used for statistical analysis between the various treated 

groups. Values with P<0.05 were considered as statistically significant. 

 

2. Results 

2.1. Effects of propolis, alone and in combination, on the oxidative stress and antioxidant defense 

system in brain of scopolamine treated mice 

Lipid peroxidation (LPO) 

LPO, a marker of oxidative stress, was found significantly increased in the brain of the scopolamine treated 

mice in comparison to the control animals as shown in Table 2, Fig. 1. Rivastigmine did not show a 

promising effect in the reduction of oxidative stress. Even though, propolis demonstrated a significant 

reduction in the LPO levels, and propolis given in combination rivastigmine were more effective in 

ameliorating the oxidative stress in scopolamine treated mice. 

 

Glutathione and related enzymes 

Glutathione (GSH) levels and activities of associated enzymes (GPx, GR and GST) were found to be 

significantly decreased in the brain of scopolamine treated mice as compared to their control counterparts 

(Table 2, Fig. 2A-D). Rivastigmine didn’t have significant effect on GSH related antioxidant activity alone 

but in combination with propolis showed synergistic effect in enhancing the glutathione content and related 

enzymes activity in scopolamine treated mice. 
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Table 2: Effect of propolis, separately or in combination with rivastigmine on oxidative stress 

parameters of the brain of scopolamine induced cognitive deficit animals. 

Groups LPO 

(n moles 

MDA/mg 

protein) 

GSH 

(µmoles/mg 

protein) 

GST 

(nmoles/min./m 

g protein) 

GR (nmoles 

NADPH/min./mg 

protein) 

GPx 

(µmoles NADPH 

oxidized/min./mg 

protein) 

CONTROL 0.85 ± 0.04 45.68 ± 3.77 83.11 ± 2.75 1.51 ± 0.06 0.79 ± 0.04 

SCOPOLAMINE 1.65 ± 0.05* 23.55±3.74* 33.60 ± 3.26* 0.85 ± 0.05* 0.40 ± 0.06* 

SCO+RIV 1.44 ± 0.03# 27.83±2.29 36.82 ± 4.15 0.87 ± 0.04 0.42 ± 0.04 

SCO+PROP 1.36 ± 0.04# 33.12 ± 2.42# 50.54 ± 3.25# 1.13 ± 0.06# 0.55 ± 0.04# 

SCO+RIV+PROP 1.11 ± 0.04# 29.15 ± 3.90# 52.50 ± 3.81# 1.26 ± 0.06# 0.55 ± 0.05# 
 

 

 

 

 

                        

 

 

Fig. 1: Effect of propolis, separately and in combination on the amount of 

malondialdehyde (MDA) levels as an indicator of lipid peroxidation 

Values are expressed as mean±SEM n=6 animals in each group 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/malonaldehyde
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/lipid-peroxidation
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Fig. 2: Effect of 

propolis, separately 

and in combination 

on the glutathione (GSH) level(A), Glutathione peroxidise (GPx) level(B), Glutathione S-transferase (GST) 

level(C), Glutathione reductase(GR)level(D) 

Values are expressed as mean±SEM. n=8 animals in each group 
 

2.2. Effects of propolis, separately and in combination, on liver functions in scopolamine treated mice 

The activities of liver marker enzymes (ALP, SGOT, and SGPT) and level of bilirubin are shown in Table 

3, Fig. 3A-D. 

 

Table 3: Effect of propolis, separately or in combination with rivastigmine on the liver function markers 

Groups ALP 

(IU/L) 

SGPT 

(IU/L) 

SGOT 

(IU/L) 

Billrubin 

(mg/dl) 

CONTROL 46.12± 2.24 52.38 ± 5.77 119.60 ±18.40 0.77 ±0.08 

SCOPOLAMINE 71.60± 6.83* 75.74 ± 6.25* 181.48 ±13.10* 1.59 ± 0.05* 

SCO+RIV 65.44 ± 4.14 69.72 ± 7.27 179.97 ±17.72 1.42 ± 0.01# 

SCO+PROP 50.66 ± 6.70# 54.63 ± 6.30# 142.77 ±19.91# 0.91 ± 0.03# 

SCO+RIV+PROP 57.37 ± 7.71# 60.83 ± 3.63# 146.98 ±16.66# 1.07 ±0.05# 

(D) 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/glutathione
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Fig. 3: Effect of propolis, separately and in combination on the Alkaline phosphate(ALP) level(A),SGPT level(B), 

SGOT level(C), Bilirubin level(D) 

Values are expressed as mean±SEM n=8 animals in each group 

Activities of ALP, SGOT, and SGPT enzymes were significantly increased in the serum of scopolamine 

treated mice as compared to control mice. Serum level of bilirubin was also elevated in the scopolamine 

treated animals as compared to control animals. While rivastigmine alone failed to control scopolamine- 

induced adverse effects on liver, pre-supplementation of propolis with rivastigmine showed more 

preventive effect on liver functions in scopolamine treated animals. 

 

3. Discussion 

Apitherapy is a complementary healthcare system that uses honeybee products, particularly bee venom, and 

propolis to treat a variety of human diseases. Bioprospecting of these natural substances available from 

honeybee is significant and a viable approach because the medications currently administered to treat severe 

neurological illnesses provide serious side effects as well (Bialer and White, 2010; Calabresi et al., 2010). 
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This study presents the research on the promising effects of the propolis as neuroprotective and 

hepatoprotective, which was comparable to the effects of Rivastigmine in scopolamine-induced pre-clinical 

model of dementia. 

Scopolamine, is a synthetically derived drug capable of blocking cholinergic signaling and produce 

impairment in learning and memory (Buccafusco, 2009; El-Marasy et al., 2018). A study on wild type 

Drosophila melanogaster reported propolis as a memory enhancer and it gave remarkable results with 

combination of donepezil (Ayikobua et al., 2018). Another study has reported the anti-inflammatory effects 

of propolis in acute and chronic conditions due to the presence of polyphenolic compound (El Adham et 

al., 2022). Attention and memory problems in AD patients are linked to reduced levels of acetylcholine, 

which are controlled by acetylcholinesterase enzyme in the brain. Blockage of acetylcholinesterase activity 

improves cholinergic depletion hence boosts cognitive performance (Muller, 2007). Haider et al., 2016 

have demonstrated that scopolamine administration induced the alteration in neurochemical functions and 

oxidative stress in the rodent brain. In addition, AChE inhibition also plays a key role to accelerate the 

oxidative stress (Pervin et al., 2014). In our results, a significant increase in LPO levels and profound 

degradation in antioxidants (GSH associated enzymes) were found in the brain of scopolamine treated mice, 

which were restored to normal by the honeybee product. Goschorska et al., 2018) in their research have 

detailed that AChE inhibitors like donepezil and rivastigmine were not able to normalize the fluoride- 

induced oxidative stress, as evident lack of antioxidant property. Various studies have reported that propolis 

has free radical scavenging properties (Kocot et al., 2018). 

According to some previous findings, LPS-induced acute liver and kidney injury is primarily characterized 

by an inflammatory response, oxidative stress, and protein production, which leads to multi-organ damage. 

Restoring metabolite and metabolic pathway disruptions may prevent the occurrence or treatment of LPS- 

induced acute liver and kidney damage (Gao et al., 2021). In the present work, scopolamine led to liver 

toxicity, expressed by significant increase in ALP, SGOT, SGPT and bilirubin indicating severe 

inflammation and oxidative stress. The variation in biliary flow and the drastic dysfunction of the liver cells 

are induced by the severe oxidative stress (Dhama et al., 2019). Pre-treatment with propolis and their 

combinations profoundly protected the liver functions. Rivastigmine was very much effective with the 

combination of propolis. It is just because of their anti-inflammatory and antioxidant profile as mentioned 

above. Recent research has explained that propolis extracts restores the activities of hepatic enzymes, 

kidney functions and bilirubin content during inflammation and toxic liver damage, manifested by the 

lowered level of IL-1, IL-6 and TNF-α (El Adham et al., 2022). 

In conclusion, the findings of the present study provide evidence that propolis in combination with 

rivastigmine exert neuroprotective effect against the scopolamine induced dementia through free radical 

scavenging activity and maintenance of antioxidant enzymes which further aids to reduce the tissues 

toxicity. It is noteworthy that approved drugs for the AD treatment may give more effective results with 

the combination of honeybee products. Thus, propolis synergistically may have the neuroprotective 
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potential for the treatment of neurological diseases associated dementia including AD. This could 

serve to bridge the gap in the current paradigm of Alzheimer’s research and open research avenues 
for other natural products for the alleviation of cognitive deficits. 
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Abstract 

Allelopathy in Lantana camara Linn.: A review of its negative and 

positive impacts 
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Lantana camara, a hybrid species of tropical American origin, is a common weed and a major 

trouble in many countries of the world. It is a destroyer of biodiversity because of its capacity to 

displace native species by disturbing their succession cycles. It changes the basic structure and 

composition of native communities. It causes a decline in species richness due to its allelopathic 

potential and this could be one of the prominent reasons for the successful invasion of Lantana. 

Leaves, stem, roots, fruits and flowers of Lantana camara contain allelochemicals. These 

chemicals are inhibitory for the biological activities of various plant species. Leachets, extracts, 

and residues obtained from various parts of Lantana inhibit the germination and growth of various 

economically important plants. Although allelopathy has many negative aspects, but with the help 

of these new chemical entities, especially those having lower harmful impact on the environment 

as compared to man-made compounds commonly used, and with prominent useful properties; 

provides us with an option for new research. Lantana camara exhibits antimicrobial, fungicidal, 

insecticidal, nematicidal, immunosuppressive and antitumour properties. These properties are the 

result of various allelochemicals found in the extract of different plant parts. So, on one side 

allelopathy of Lantana may seem to be harmful only but when these very allelopathic properties 

are used against other weeds or other harmful organism, allelopathy of Lantana appears like 

blessing. 

Keywords: Allelopathy, Allelochemicals, Lantana, Weed 

Introduction 

Successful migration and colonization is required if the invading species has to survive on this 

Earth (White et al., 2006). Successful invasive species either incorporate into ecosystem structure 

already present or modify the present ecosystem by competing with existing species and destroying 

them (Wilcove and Chen, 1998). In India, 8.5% of the total vascular plants belonging to161 

families, 842 genera and 1599 species are alien (Mandal and Joshi, 2014). Invasive species are 

responsible primarily for habitat destruction of native species and destruction of the global 

biodiversity is their second largest negative effect after habitat destruction. They have destroyed a 

lot of biota in many island states (Schei, 1996). 

Invasive Species Specialist Group has included Lantana in top 100 worst invasive alien species of 

the world (Fig. 1). It belongs to family Verbenaceae and is a weed found throughout the tropical 
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regions. Grasslands and forests of more than 60 countries in the world are affected by this invasive 

plant (Parsons and Cuthbertson, 2001). Disturbed areas like roadsides and railway tracks etc. serve 

as favorable habitats for Lantana (Munir, 1996). It is rarely found at places below 5⁰C of average 

temperature (Cilliers, 1983). It rots under boggy soil conditions and is intolerant to arid conditions 

(Van Oosterhout et al., 2004). 

 

 
Fig. 1: Photographic images of Lantana camara 

 
 

The East India Company introduced Lantana camara in the Botanical Garden of Calcutta, India; 

as an ornamental plant (Kannan et al., 2013). Since then, this plant made its reach at each and 

every part throughout the country, turning Lantana into one of the most prominent invasive alien 

plants at Indian soil (Khuroo et al., 2012). An increase of 33% in shoot density of Lantana has 

been observed in BRT Sanctuary in South India over a period of ten years since 2000 (Sundaram 

et al., 2012). It is likely that it may spread and invade biodiversity hot spots like Western Ghats 

and East side of Himalayas along with other normal places of India (Kannan et al., 2013). 

Spread of Lantana has affected the livelihoods of those communities which are dependent on forest 

resources. Because of its spread forests are becoming inaccessible and people are getting deprived 

of the traditional resources available in the forest (Sundaram et al., 2012). 
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Fig. 2: Allelopathy in Lantana camara: positive and negative impacts 

Allelopathy and Allelochemicals 

Many invasive plants release chemicals which retard the growth of existing plants and the 

phenomenon is known as allelopathy (Heirro and Callaway, 2003). Allelopathy has potential to 

disrupt succession, decrease biodiversity and reduce the vigour of native plant (Day et al., 2003). 

But allelopathic potential lets us experiment with new chemical entities which possess potential to 
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act as herbicide and these chemicals are less harmful to the environment and humans than synthetic 

compounds that are used regularly (Reigosa et al., 2013). 

Allelochemicals are the chemical species responsible for allelopathic properties of plants. Usually, 

these chemicals are secondary metabolites of plants which are released into the surroundings 

through various processes like leaching, volatilization, exudation through root, and decomposition 

of dead plant or plant parts in soil (Khalaj et al., 2013). All plants produce these chemicals 

responsible for allelopathy as secondary metabolites which do not play any important part in their 

normal life activities (Bertin et al., 2003). 

Allelochemicals produce reactive oxygen species which in turn cause oxidative stress in the cells 

leading to cell degradation (Bogatek and Gniazdowska, 2007).Allelochemicals influence many 

cellular activities in target plants like uptake of ion (Lehman and Blum, 1999),destruction of 

membrane permeability (Galindo et al., 1999), electron transport inhibition in photosynthesis and 

respiratory chain (Abarahim et al., 2000), DNA and protein damage, change in activity of enzyme 

(Cruz-Ortega et al., 1998) and ultimately programmed cell death (Ding et al., 2007). 

According to novel weapon (NW) hypotheses or allelopathic advantage against resident species 

(AARS), invasive plants have these new biochemical weapons that can act as strong agents of 

allelopathy or medium for interactions between plant and soil microbes (Callaway and Ridenour, 

2004). 

 

Allelochemicals in Lantana camara 

Allelochemicals in Lantana belong to many chemical species which includes monoterpenes, 

triterpenes, sesquiterpenes, phenols, aromatic and alkaloid species, flavonoids, phenyl and 

iridoidethanoid glycosides (Ved et al., 2018). These chemicals inhibit germination and growth of 

plants growing in their neighbouhood by changing the microenvironment existing around them 

(Mishra, 2015; Saha et al., 2018). Germination of many species like Lemna paucicostata, Morrenia 

odorata, Echinocloa colonum, Panicum psilopodium, Microcystis aeruginosa, Parthenium 

hysterophorus, Abutilon theophrasti, etc. are limited by these allelochemicals when they come in 

contact with their microenvironment (Bais et al., 2006). 

Phytoextracts of L. camara have found to contain chemicals which are inhibitory for the biological 

activities of various plant species (Mishra, 2014). Among these phytochemicals, 1,8-cineol has 

significant phytotoxic properties and it has the potential to be transformed into an effective 

herbicide (Kegge and Pierik, 2010). The phytochemical coumarin which is present in L. camara 

leaves inhibits root growth in seedlings and is responsible for causing necrosis (Yi et al., 2006). 

Caffeic acid, vanillic acid, gentisic acid, p-hydroxybenzoic acid, ferulic acid, salicylic acid, 

vanillin, p-coumaric acid, methyl coumarin, α-resorcylic acid, β-resorcylic acid, and quercetin are 

phenolic compounds found in the aqueous extracts of L. camara. These phenolic compounds 

inhibit growth of Lolium multiflorum. Among all these chemicals, salicylic acid and methyl 
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coumarin were found to be most effective (Singh et al., 1989). Methanolic leaf extracts of L. 

camara contained allelochemicals lantadene A and lantadene B (Kong et al., 2006). L. camara 

essential oil contain α-humiulene, Β- caryophyllene and E-caryophyllene which are volatile 

compounds and show growth inhibitory activity (Verdeguer et al., 2009). 

Soil around the roots of L. camara was found to contain 27.6 % more phenolic compounds as 

compare to the soil not invaded by it (Seastedt et al., 2008). Presence of methyl palmitate has been 

shown in Lantana camara flowers and it is a bioherbicidal compound (Anwar et al., 2021). Methyl 

palmitate has the potential to be a safe option as an insect repellent because it has been found to 

be healthy for vertebrates and is used in various foods, medicines, cosmetics, and other industrial 

products (Wang et al., 2009). Methyl palmitate is safe for humans at the limit of 0.1- 10 mg/kg 

body weight (Usha and Nazarine, 2003). Commercial and agricultural utilization of methyl 

palmitate seems to be a good option (Wang et al., 2009). 

 

Positive allelopathic impacts of Lantana camara 

The structure and function of the microbial cell walls and membranes is affected by terpenes due 

to which they show antimicrobial properties against several microbes. Terpenes have been found 

to be effective against tubercle (Andrade-Ochoa et al., 2015). They show synergistic and/or 

additive effects along with usual first and second line anti-TB drugs (Sieniawska et al., 2017). Due 

to presence of terpenes in essential oil of Lantana camara leaf extract they show anti- 

mycobacterial activity (Kirimuhuzya et al., 2009). The growth of M. tuberculosis is inhibited by 

terpenes and terpenoids present in Lantana camara leaves (Patil and Kumbhar, 2018). 

Due to its allelopathic impact, the leachate of Lantana camara killed Eichhornia crassipes after 

21 days under laboratory conditions, due to which it could be used against against aquatic hazard 

produced by this weed (Saxena, 2000). The essential oil found in Lantana camara was found to 

be highly phytotoxic against Amaranthus hybridus indicating its possible role as a natural herbicide 

(Verdeguer et al., 2009). 

L. camara, has shown nematicidal activities against Meloidogyne incognita (Begum et al., 2008). 

5% chloroform extract of this plant works against worker class of termites (Verma and Verma, 

2006). The aqueous extracts of L. camara containing phenolic compounds inhibited growth of 

Lemna minor. Salicylic acid showed strongest impact among all phenolic compounds (Jain et al., 

1989). Lantana improved growth of the ladies’ finger when used as vermicompost. While 

vermicomposting its allelopathic constituents that are toxic, are lost (Hussain et al., 2021). 

                 Negative allelopathic impacts of Lantana camara 

The allelochemicals found in root, shoot and leaves of Lantana reduce germination and growth of 

neighboring plants (Rusdy and Ako, 2017). Mimosa seeds when treated with leaf extracts and 

leachates of Lantana showed less germination, speed of germination was reduced, seed viability 

and seedling emergence capacity was also affected (Maiti et al., 2008). An aqueous leaf extracts 
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of L. camara reduced germination and development of lateral roots, shoot and root growth was 

also reduced in many food crops (Ahmed et al., 1972). Emergence of leaf buds and chlorophyll 

content was reduced in Eichhornia crassipes, less germination in spores of the liverwort Asterella 

angusta was reported (Kothari and Chaudhary, 2001). Inhibition of Parthenium hysterophorus 

growth especially during flowering stage was observed (Mishra, 2014). Reduction in germination 

and growth of five crops in laboratory as well as field was reported (Sahid and Sugau, 1993). 

Stem and root extracts of Lantana inhibit spore germination in bryophytes but leaf extracts are 

most effective (Chaudhary and Bhansali, 2002). Water soluble allelochemicals of Lantana camara 

were found to be inhibitory for the initial growth of agricultural as well as forest crops (Hossain 

and Alam, 2010). 

Allelopathic properties of Lantana help this plant to disturb regeneration of other species by 

reducing germination, early growth and causing increase in death of other plant species selectively 

(Sharma et al., 2005). In New South Wales Lantana is a danger to 11 ecological communities and 

83 plant species (Coutts-Smith and Downey, 2006). 

 

Conclusion 

In recent past Lantana camara has emerged as one of the most successful weeds which could 

possibly be due to its allelopathic potential. Direct eradication of this plant is quite difficult and its 

utilization for human use is the best way to manage this weed. So, we can go for a combined 

approach and use the method either eradication or utilization, one which seems to be more 

economic. Allelopathic properties of Lantana camara are harmful for the growth of the 

neighboring plants but the same properties when act against other harmful weeds prove to be 

useful. The allelochemicals of Lantana camara possessing various bioactive agents prove 

productive when they are less toxic to human beings than to the other species which are harmful 

to us. So, it is very clear that allelopathy of Lantana camara has positive as well as negative aspects 

and in order to turn this property into a blessing, we need to harness its positive aspects. 
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Abstract 

Gathering knowledge regarding the bee flora in the given area is of primary importance for 

beekeeping and conservation of wild honeybees. Future of apicultural practices and viability of 

bee fauna to increase food security through pollination depends upon the attempts to overcome the 

nutritional stress among pollinator bees during lean periods of year (summer) that is possible by 

identification and multiplication of bee flora, which can provide pollen and nectar during such 

critical periods. To optimize the nectar and pollen resources of an area the beekeepers, researchers, 

ecologists and environmentalists must be familiar with such vegetation, its blooming time and its 

status as a bee flora. Present study revealed that Portulaca grandiflora and P. lutea are excellent 

bee flora providing pollen and nectar during the dearth period in summer. Maximum abundance 

of foragers of all the three species of Apis (A. florea, A. cerana and A. mellifera) on P. grandiflora 

was 62±6.82 bees/ m2/ min. on flower beds from 800-830 hours, however average abundance from 

800-1000 hours which was the total foraging time, was 41±5.12 bees/m2/min. Foraging activity 

was noted during these morning hours only. Pollen foragers were carrying pollen loads on their 

corbiculae and nectar collectors were extending their proboscises deep into the flower. Four to 5 

foragers/flower were noted frequently during observations. The average time spent/flower was 

160±4.05, 80±5.80 and 70±3.69 seconds for A. florea, A. mellifera and A. cerana respectively. 

Higher abundance and more time spent per flower showed that P. grandiflora and P. lutea were 

good bee flora. Study may help in future for the management of apicultural practices, bee flora, 

conservation of wild honeybees and pollination techniques. 

 

Introduction 

Honeybees are extremely useful insects in nature not only for providing valuable products, which 

are basis of a multimillion dollar commercial industry around the world but also conserving 

biodiversity and flourishing ecosystems through the most important service called pollination 

which is responsible for food security. Bee populations are decreasing worldwide most probably 

due to nutritional stress and loss of habitat. Surviving of domesticated (A. mellifera) and wild 

honeybees depends upon flora of bee interest in the area. Bees obtain nectar and pollen from 

flowers for their viability. The value of bee flora in apiculture has been observed by many workers 

(Verma,1990; Kaur and Sihag,1994; Partap,1997). Every region has its own honey flow and floral 

dearth periods of short or long duration. For filling such windows of time during which there is 

shortage of bee flora, identification and growing of suitable bee plants which bloom in such critical 

conditions and are attractive to honeybees as well as provide sufficient amount of forage to them, 
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is necessary. Such potential bee plants can be recognized by studying foraging activity of 

honeybees which either select or reject flowers of various species by their ability to differentiate 

among floral odours (Pham-Delegue et al., 1986; Dobson,1994; Al-Ghamdi, 2007). Two of such 

plants of bee interest are Portulaca grandiflora and P. lutea which are drought and heat tolerant, 

annual, herbaceous, semi succulent flowering plant related to family Portulacaceae, grown 

throughout the world for ornamental purpose for its showy flowers that bloom throughout the 

summer with little care in all types of soils. Full blooming season is from May to July and these 

flowers were found attractive to honeybees (Pellett, 1978; Page and Laidlow,1980; Verma,1990). 

Mutants of these plants with variations in many characteristics has been obtained (Wongpiyasatid 

and Hormchan, 2000) by exposure to gamma radiations. The main aim of the study was to 

investigate different aspects of foraging behaviour of honeybees (Apis mellifera, A. florea and A. 

cerana) on the flowers of P. grandiflora and P. lutea to assess their status as bee flora. The 

expected outcome will help to enhance existing knowledge regarding bee flora especially P. 

grandiflora as well as P. lutea, establishment of balanced bee forage system, conservation of wild 

honeybees and apiculture management in general. Study will also help to make beekeeping more 

profitable and successful by filling the gaps of floral deficiency especially during summer dearth 

period. 

 

Materials and method 

The study was conducted at Budhlada (Mansa), Punjab (India) during 2018 in a kitchen garden 

where beds of P. grandiflora (different mutants with yellow, red, white, pink and magenta flowers) 

were grown for ornamental purposes. P. lutea flowers were also present. Observations were taken 

from May to July during the peak blooming season of the plant under investigation. Eight colonies 

of Apis mellifera were already present there. A. cerana and A. florea were visiting from their 

natural habitats. The experimental observation taken from 730 to 1200 hours after every 15 

minutes. Number of bees/m2/min. and time spent by foragers of different Apis species/flower were 

noted with the help of stop clock. Bee foragers collecting pollen, nectar as well as both nectar and 

pollen were diagnosed by the method adopted by earlier researchers (Sivaram,1995; Naim and 

phadke, 1976; Bista and Shivakoti, 2001). Photography of the foraging bees was also done. The 

data collected was consolidated and subjected to analysis statistically to calculate results and 

conclusion was drawn. 

 

Results and discussion 

Observations showed that flowers of P. gradiflora were frequently visited by A.florea, A.cerana 

and A.mellifera. Bees started visiting early in the morning (730h) even before proper blooming of 

flowers and were trying to enter in the semi bloomed flowers. Similar type of observations were 

recorded earlier (Wongpiyasatid and Hormchan, 2001). Maximum number of bees/m2/min. were 

recorded 40±5.12, 12±3.90 and 10±2.81 for A.florea, A.cerana and A.mellifera respectively, 
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during 800-830 h. Abundance of foragers decreased drastically (5±1.05 bees/m2/min. related to all 

the three species of Apis) at 930h. At 1000h flowers started closing. The Average abundance from 

800 to 1000 h was noted 32±3.81, 5±0.50 and 4±0.57 bees/m2/min. Comparatively lesser 

abundance of A.mellifera was also reported earlier (Wongpiyasatid and Hormchan, 2001). Flowers 

provided both pollen as well as nectar. The foragers with full pollen load on their corbiculae were 

observed more frequently (Pic. 1). The nectar seeking bees were extending their proboscis deep 

into the flower (Pic. 2). These finding are in line with the other author (Verma,1990) who revealed 

P. grandiflora as medium honey source but major pollen source in Hindu-Kush Himalayan region. 

There was crowd of foragers on bloom (Pic. 3&4) and they were also trying to approach the central 

part of flowers to get nectar and pollen through compact petals. More attraction and frequent 

visitation of honeybees to get floral rewards and production of sainforin like delicious honey was 

observed by another author (Page and Laidlow,1980). Foragers of different honeybee species were 

co-visiting flowers at the same time on the same flower (pic.5&6) and were busy in collecting 

floral rewards. Bumping into one-another was also seen. Honeybees were able to locate sources of 

pollen and nectar through sight and smell (Gary,1979) but only by odour of nectaries and rest of 

flower according to other author (Aufsess,1960). There was another cultivar of magenta colour 

which showed blooming time 930-1100. Maximum abundance on this bloom was (25±3.20,4±1.05 

and 2±0.25 bees/m2/min. in case of A.florea, A. cerana and A.mellifera respectively) lesser as 

compared to above mentioned cultivars. Similar type of observations were noted on flowers of P. 

lutea (Pic. 7&8) as maximum abundance of A. florea, A.cerana and A.mellifera was 23±2.14 

3±0.50 and 2±0.21bees/m2/min., respectively. This difference in bee attractiveness might be due 

to variations in floral rewards and innate responses of honeybees to magenta cultivar and P.lutea. 

Average time spent/flower on P.grandiflora was 160±4.05, 80±5.80 and 70±3.69 seconds for 

A.florea, A.cerana and A.mellifera respectively while these time intervals were 100±3.99,60±5.82 

and 50±4.01 respectively in case of P. lutea. More foraging speed of A.cerana followed by 

A.mellifera and A.florea has been reported on other crops (Jhajj et al., 1996; Dalio, 2002). More 

time spent per flower indicated availability of more floral rewards. Similar type of conclusion was 

given by other worker (Szabo, 1985). The bees having pollen on their pollen baskets, others 

extending their probosis deep into the flower and still other performing both of above activities 

were pollen, nectar and pollen as well as nectar gatherers respectively. 
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Pic. 1: A. mellifera pollen forager on P. grandiflora Pic. 2: Nectar seeker of A. florea 

 

 

Pic. 3: A. florea foragers approaching forage Pic. 4: A. florea workers on magenta mutant 
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Pic.5: A. mellifera & A. florea foragers on flower Pic. 6: A. florea & A. cerana workers 

Pic. 7: A. mellifera pollen forager on P. lutea Pic. 8: A. florea pollen gatherers on P. lutea 

 
Conclusion 

Peak flowering season of plants under experiment (P. grandiflora and P. lutea) is during summer 

(May to July). There is dearth period (floral or nutritional deficiency) in Punjab in these months, 

beekeepers have to feed A. mellifera colonies with sugar syrup and pollen substitute. At such 

critical time, this flora will serve as subsistent source of pollen and nectar. Higher abundance of 

honeybees and more time spent/flower by bee foragers revealed richness of floral resources. It 

fulfills all the characteristics of good bee flora like flowering in lean period, easy to grow, needs 

less care, can grow in every type of soil, pleasing aesthetic value, rich source of pollen and nectar, 

abundant flowering and flowers are able to attract abundant honeybee fauna. Research work should 

be conducted on medicinal properties of the plant to make it more popular and profitable to 

increase the area under this plant. Now this flora is used for ornamental purposes only. This plant 

if grown widely at suitable places for ornamental and medical purposes may be beneficial for 

beekeeping to make it more profitable and conservation of wild honeybee fauna like A. florea and 
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A. cerana which are well known pollinators. So, growing of the plant in and around apiaries, 

schools, religious places, parks, avenues, kitchen gardens, homes and other such places is 

recommended to increase bee forage potential of the area and to flourish the urban and rural 

ecosystem during lean period. 
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Abstract 

Wound healing is a natural process in humans through which the body restores damaged body 

tissues. Wound healing mechanism is divided into four main steps: haemostasis, inflammation, 

proliferation and remodelling. Disturbance in any step of the wound healing lengthens healing time 

and may result in various skin problems. Indigenous medicines made by traditional people use 

natural plant sources and plant derivatives thus providing a number of medicines that are consumed 

nowadays. The natural agents have wound healing properties and also regenerate the damaged 

tissues. Traditional people use various plant parts in the form of decoctions, extracts and paste for 

healing cuts, wounds, burns and boils. Pharmacological studies on Indian medicinal plants in 

which molecular mechanisms of wound healing are few in number. The documentation and 

validation of these wound healing plants are finite though there are many plants used by indigenous 

people due to their wound healing properties. Recognizing the important role traditional medicine 

continues to play, we have undertaken an extensive survey of literature reporting the use of 

medicinal plants and plant based products for cutaneous wounds. Due to this a review of these 

plants is important and thus an expensive study of literature was carried out. Bryophyllum 

calycinum, Sida cordifolia, Euphorbia royleana and Coccinia grandis are some plants used by 

indigenous people of Himachal Pradesh. 

Keywords: Indigenous, Shivalik range, Traditional, Wounds. 

 

Introduction 

Wounds are mainly caused due to disabilities which is physical in nature. Wound is a type of 

disruption in the skin. Which is anatomical and functional and cause an injury. This disruption 

caused various type of threat to living tissue such as physical, chemical, electrical or microbial 

threats (Sharma et al., 2021). On the basis of cause of wound creation, wounds are mainly of two 

types open and closed wounds. Open wounds include incised wounds laceration wounds or tear 

wounds, abrasion or superficial wounds, puncture wounds, penetration wounds, gunshot wound. 

The closed wounds include contusions, blisters, seroma, hematoma, crush injuries. Ulcer is a type 
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of wound which is included in the third type of wound category. Wounds can also be classified on 

the basis of physiological process as acute wounds and chronic wounds. Wound healing process 

starts at the moment of injury and last for even months or years and this process includes mainly 

three stages for wound healing such as inflammatory phase, proliferative phase and remodelling 

phase (Nagori & Solanki, 2011). 

Wound healing mechanism involves the regeneration and reconstruction of damaged tissue. There 

are many medicinal plants and their phytochemical constituents in the form of folk remedies is 

useful in curing various type of disease throughout the history of mankind. Traditional folk herbal 

medicines have been used by the rural communities to treat various type of alinement or illness 

like mouth ulcer healing of open wounds inflammation due to skin infection and skin problems 

such as leprosy scabies and other venereal disease. Himachal Pradesh is a hilly state which is rich 

in floristic diversity which are important from medicinal point of view. Shivalik hills of Himachal 

Pradesh has medicinal flora which is used by rural communities and traditional healers/Local 

Vaids for the treatment of various health problem prevailing in the surrounding areas and vicinity 

of these hills. There are many plants found in these hills which possesses various types of 

secondary metabolites that having antiseptic and wound healing properties. So, these plants are 

used for healing open wounds ulcers and injuries etc. These plant such as Rhizome of Curcuma 

longa, leaves of Euphorbia hirta and Lawsonia inermis , whole plant material of Mimosa pudica , 

latex and fruit of Carica papaya, Bark of Mangifera indica having antiseptic properties. So, the 

extract of these plant parts are used for healing wounds. This paper reviews the work on the plants 

of Shivalik Hills of Himachal Pradesh which having antiseptic properties and used for healing 

wounds, ulcers etc. 

 
Study Area 

The range of older Himalayas which is known as Shivalik hills. The lower foot hills of district 

Kangra, Hamirpur, Una, Bilaspur and lower pars of Mandi, Solan and Sirmour are known as 

“Shivalik Hills”. It is situated between 30° 22 to 33° 12 North latitude and 75° 47 to 79 °4 East 
longitude. Shivalik region of the state covers an area of 8170 sq.km. These hills are rich in plant 

vegetation which are important from ethnobotanical point of view. Shivalik hills are one of the 

youngest mountain ranges running parallel to the Himalayan ranges. Shivalik region is commonly 

referred as Kandi region in these north Indian states. 
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Observations and Result 

Table 1: Antiseptic properties and wound healing potential of plants used by the rural 

communities of Shivalik Hills of Himachal Pradesh as under: 

 
 Scientific 

name 

Local 

name 

Family Habit Part 

used 

Natural 

products 

Traditional uses Reference 

1. Abelmoschus 

esculentus L. 

Bhindi Malvaceae Shrub Seeds Carotene, 

folic acid, 

thiamine, 

riboflavin, 

niacin, 

tannins and 

flavanol. 

The paste of its seed is 

applied as emollients 

on the wounds 

externally. 

Sharma & Rana, 

2016, Chauhan, 

2006 

2. Abrus 

precatorius 

Linn. 

Ratti Fabaceae Climber Seeds Abralin, an 

alkaloid 

abrine and 

abarnin. 

The paste of its crushed 

seeds with water is 

applied on the wounds 

in case of scorpion bite 

and wasp bite and also 

useful for healing open 

wounds. 

Kumar et al., 

2015 and 

Ramya et al., 

2009, Chauhan, 

2006. 

3. Achyranthes 

aspera Linn. 

Puth 

kanda 

Amarantha 

ceae 

Herb Leaves Azelaic 

Acid, 

traumatic 

acid, lauric 

acid, 

Saponin. 

The paste of its leaves 

are used for healing 

open wounds and 

wounds in case of 

snake bite. 

Thakur, 2006, 

Chauhan, 2006. 

4. Acorus 

calamus Linn. 

Baryan Acoraceae Herb Rhizo 

mes 

Aromatic 

volatile oil, 

Glucoside, 

Calamenene, 

Calcium 

oxalate 

Rhizome paste is 

useful for healing open 

wounds. 

Ramya et al., 

2009 & Kumar 

et al., 2015, 

Chauhan, 2006 

5. Adiantum 

venustum G. 

Don. 

Dooma 

n-tooli 

Pteridaceae 

/Adiantace 

ae 

Herb Whole 

plant 

Tannins and 

mucilage 

Oil extracted from 

whole plant having 

antiseptic properties 

this oil is used to heal 

open wounds. 

Kumar et al., 

2015, Chauhan, 

2006 

6. Agave 

americana 

Roxb. 

Keur, 

Ramva 

an 

Asparagace 

ae 

Shrub Roots Fructose, 

Glucose, 

polyols 

Roots are crushed with 

water to make paste. 

And this paste is 

applied on open 

wounds for healing., 

Thomas et al., 

2014 
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7. Ageratum 

conyzoides 

Linn. 

Neeli 

buti, 

Phulnu 

Asteraceae Herb Fresh 

leaves 

Alkaloids, 

flavonoids, 

terpenes, 

chromenes, 

sterols. 

Extract of fresh leaves 

is used to heal the open 

wound and used in case 

of blotting. 

Kumar & 

Sharma, 2014, 

Neelam Yadav 

et al., 2019 

8. Albizia 

lebbeck 

Benth. 

Sirinh Fabaceae Tree Bark Gum, 

Saponin and 

Tannin 

Dried bark powder is 

mixed with water to 

make paste and this 

paste is applied to cure 

wounds due to snake 

bite and for the 

treatment of ulcer. 

Kumar et al., 

2015, Chauhan, 

2006 

9. Aloe vera 

Mill. 

Gawar 

patha 

Liliaceae Herb Leaves Acemannan, 

Arctigenin, 

Arctiine, 

Caffeic acid, 

Chlorogenic. 

The extract of its leaves 

is useful for healing 

open wounds and 

injuries caused due to 

damaged tissues. 

Sharma   et   al., 

2021, Thomas et 

al., 2014, 

Shedoeva et 

al.,2019, Ramya 

et al., 2009 

10. Argemone 

mexicana 

Linn. 

Barbha 

nd 

Papaverace 

ae 

Herb Roots 

and 

Leaves 

Alkaloids, 

amino acids, 

phenolics. 

The extract prepared 

from roots and leaves 

is used to heal the open 

wounds and ulcers. 

Ramya et al., 

2009, 

Rajvaidhya et 

al., 2012 

11. Aristolochia 

indica L. 

Sunan 

da 

Aristolochi 

aceae 

Climber Roots 

and 

Leaves 

Aristolochic 

acid 

The leaves and roots 

are crushed with water 

to make paste and this 

paste is applied to the 

ulcer and wounds due 

to snake bites. 

Kumar et al., 

2015 

12. Asparagus 

racemosus 

Willd. 

Satava 

ri, 

Sansaf 

ai 

Asparagace 

ae 

Shrub Roots Asparagine, 

saponin, 

Root possessing 

antiseptic properties 

and its paste is used to 

treat wounds and 

ulcers. 

Sharma et al., 

2021 

13. Artocarpus 

lakoocha 

Roxb. 

Dheu Moraceae Tree Leaves 

and 

Fruits 

Aristolochic 

acid and 

essential oil. 

Leaves are heated and 

applied on the wounds 

for healing. Milk of 

fruit is applied in case 

of boils. 

Kumar et al., 

2015, Chauhan, 

2006 

 
14. 

Bryophyllum 

pinnatum 

(Lam.) Kurtz 

Pathar 

chat 

Crassulace 

ae 

Herb Leaves Oleic acid, 

alpha-D- 

Glucophyra 

The paste prepared 

from its leaves is useful 

to heal wounds 

Ramya et al., 

2009, Uchegbu 

et al., 2017 
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      noside, 

Octadecanoi 

c acid, 

Benzaldehy 

de 

  

15. Carica 

papaya L. 

Papita Caricaceae Shrub Latex, 

Fruits 

Papain Fruit latex of carica 

papaya is applied to 

treat wounds due to 

diabetes, soft tissue 

wounds and also in 

case of burns. 

Sharma et al., 

2021, Mahmood 

et al., 2005 

16. Cassia fistula 

L. 

Amalta 

s, 

Aliah 

Fabaceae Tree Leaves Mucilage, 

proteins, 

volatile oil. 

Leaves of this plant 

possessing antiseptic 

properties and used to 

heal open wounds and 

ulcer. Drops of lemon 

is mixed with leave 

juice to make an 

extract and this extract 

is applied on open 

wounds and injuries 

for healing them. 

Sharma & 

Mishra, 2009, 

Raja Kumar & 

Shivanna, 2009, 

Chauhan N. S., 

2006 

17. Centella 

asiatica Linn. 

Brahm 

i 

Apiaceae Herb Aerial 

parts 

Glucoside 

asiaticoside, 

sitosterol, 

tannin and 

resinous. 

The extract of aerial 

parts is applied to cure 

chronic ulcers and to 

heal open wounds. 

Sharma   et   al., 

2021,   Chauhan 

N.S., 2006 

18. Coccina 

grandis L. 

Lal 

Kandu 

ri 

Cucurbitac 

eae 

Climber Leaves Antimicrobi 

al, 

antioxidant, 

Acetone. 

The leaves extract of 

this plant is useful to 

heal the chronic 

wounds. 

Namchaw et al., 

2021, Sakharkar 

& Chauhan 

2017. 

19. Curcuma 

longa Linn. 

Haldi Zingiberac 

eae 

Herb Rhizo 

mes 

Curcuminoi 

ds 

Rhizome of this plant 

possesses antiseptic 

properties. Rhizome 

paste is used to heal 

chronic wounds and 

ulcers. The extract 

obtained from its 

rhizome is also applied 

on inflamed parts and 

various type of 

injuries. 

Sharma   et   al., 

2021,     Sharma 

and Rana, 2016, 

Shedoeva et al., 

2019. 
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20. Cyanodon 

dactylon 

Linn. 

Dhruv Poaceae Herb Whole 

plant 

Palmitic 

acid, 

Triterpenoid 

s, 

alkaloidserg 

onovine 

The paste obtained by 

crushing whole plant 

material is used on 

wounds to stop 

bleeding. 

Thomas et al., 

2014, Chauhan, 

2006 

21. Datura metel 

Linn. 

Datura Solanaceae Shrub Whole 

plant 

Scopolamin 

e, 

hyoscyamin 

e, 

hyoscineand 

atropine. 

The extract of whole 

plant material is 

applied on wounds and 

ulcers for healing 

them. 

Ramya et al., 

2009, Chauhan, 

2006 

22. Euphorbia 

hirta Linn. 

Asthm 

a 

weed, 

Doodh 

li 

Euphorbiac 

eae 

Herb Leaves Saponins, 

tannins, 

flavonoids, 

alkaloids, 

glycosides 

The extract prepared 

from its fresh leaves 

are used to cure 

chronic wounds and 

ulcers. 

Ramya et al., 

2009, Sharma et 

al., 2021 

23. Euphorbia 

royleana 

Boiss. 

Chuein Euphorbiac 

eae 

Shrub Phyllo 

clade ( 

stem) 

Saponins, 

tannins, 

flavonoids, 

alkaloids, 

glycosides 

Crushed stem is 

considered as 

antiseptic the extract 

prepared from crushed 

stem along with latex is 

useful to heal the open 

wounds and injuries. 

Kumar et al., 

2015, Chauhan 

N.S. 2006 

24. Ficus 

reliegiosa 

Linn. 

Peepal Moraceae Tree Whole 

plant 

Chloroform, 

methanol, 

gamma- 

sitosterol. 

The extract of whole 

plant material is used 

to cure blisters and 

open wounds. 

Kumar et al., 

2015, Ramya et 

al., 2009, 

Manorenjitha 

2014 

25. Gloriosa 

superba Linn. 

Nagru 

di 

Liliaceae Climber Roots Superbine, 

colchicine, 

gloriosine. 

Root is antiseptic in 

nature and its paste is 

useful to cure open 

wounds. 

Kumar et al., 

2015, Ramya et 

al., 2009, 

Chauhan, 2006 

26. Helianthus 

annus Linn. 

Surajm 

ukhi 

Asteraceae Shrub Seeds Flavonoids, 

phenolic 

acid, 

carotenoids, 

peptides, 

caffeic acid, 

alkaloids, 

tannins. 

The paste of its seed is 

applied in case of sores 

and wounds. 

Sharma & 

Mishra, 2009, 

Adeleke & 

Babalola, 2020 
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27. Jatropha 

curcas Linn. 

Jamnot 

a, 

Jabloth 

a 

Euphorbiac 

eae 

Shrub Latex 

and 

leaves 

Protein, 

lipid, oleic, 

linoleic, 

palmitic, 

stearic acid. 

Latex of stem is used 

for sores, ulcers and 

healing injuries and 

wounds. 

Ramya et al., 

2009, Kumar et 

al., 2015, 

Herrera et al., 

2006 

28. Lantana 

Camara Linn. 

Phulnu Verbenacea 

e 

Shrub Leaves Beta- 

caryophylle 

ne, 

zingiberene, 

gammacurcu 

mene, alpha- 

humulene 

The paste of leaves is 

applied to heal open 

wounds. 

Rjakumar & 

Shivanna, 2009, 

Kurade et al., 

2010 

29. Lawsonia 

inermis L. 

Mehnd 

i 

Lythraceae Shrub Leaves 

and 

Roots 

Coumarins, 

naphthoquin 

one, 

flavonoids, 

sterols, 

triterpene 

and 

xanthones 

The paste of leaves and 

root is useful to treat 

chronic wound 

Sharma et al., 

2021, 

Chaudhary et 

al., 2010 

30. Mimosa 

pudica Linn. 

Lajban 

ti, 

Chui- 

mui 

Fabaceae 

(Mimosace 

ae) 

Herb Whole 

plant 

Mimosine, 

sitosterol, 

amino acids, 

linoleic acid, 

tannins, 

polyphenols, 

and oleic 

acid. 

The extract of whole 

plant material is used 

to cure wounds and 

injuries. The extract of 

whole plant material is 

useful to heal excision 

wounds. 

Ramya et al., 

2009, 

Kumarasamyraj 

a et al., 2012 

31. Moringa 

olifera Lam 

Sanjan 

a 

Fabaceae Tree Leaves Spirochin 

and 

pterygosper 

min 

The extract of leaves is 

useful to cure incision 

wounds. 

Sharma et al., 

2021, 

Muhammad et 

al., 2013 

32. Nicotiana 

tabacum 

Linn. 

Tamba 

khoo 

Solanaceae Herb Leaves Flavones, 

Phenolic 

acid, 

coumarian 

Paste of leaves of this 

plant is applied on 

open wounds. 

Sharma & 

Mishra  2009, 

Yang et  al., 

2021 

33. Nerium 

indicum Mill. 

Kaner Apocynace 

ae 

Shrub Roots Cardioactive 

glycosides, 

neriodorin,n 

erioderin, 

karabin. 

Root paste is useful to 

heal open wounds 

Ramya et al., 

2009, Chauhan, 

2006 
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34. Opuntia 

dillenii Haw. 

Dandat 

haur, 

nagpha 

ni 

Cactaceae Shrub Latex Daucosterol, 

P- 

hydroxyben 

zoic acid, 

mallic acid, 

ferulic acid. 

Milky latex of its stem 

id applied to open 

wounds for healing. 

Kumar et al., 

2012, Kumar et 

al., 2015, Ying- 

kun Qiu et al., 

2005 

35. Pinus 

roxburghii 

Sarg. 

Chil Pinaceae Tree Leaves Turpentine, 

longifolene, 

longicyclene 

. 

Female cone heels the 

open wounds. 

Nitesh   et   al., 

2015. Chauhan, 

2006 

36. Plantago 

major Linn. 

Var. 

Bartan 

g, 

Isafgh 

ol 

Plantaginac 

eae 

Herb Leaves Quadrupole 

GC-MS, 

benzofurano 

ne, 

penthynedio 

l, benzene 

propanoic 

acid. 

Leaves applied as 

bandage on cuts, 

bruises and wounds. 

Sood et al., 

2001.,   Jamilah 

et al., 2012 

37. Plumbago 

zeylamica 

Linn. 

Chitra Plumbagin 

aceae 

Shrub Roots Naphthaquin 

one, volatile 

oil. 

The paste of its root is 

applied as emollient in 

case of open wound. 

Rajakumar & 

Shivanna 2009, 

Chauhan, 2006 

38. Pogostemone 

benghalensis 

Burma 

Dusya 

n, Kali 

basuti 

Lamiaceae Herb Leaves Pogostemon 

e oil, 

Transcaryop 

hyllene, 

Germacrene, 

D- cadiaene 

The paste of leaves is 

used in case of ulcer 

and wounds which are 

very deep. 

Singh 2006, 

Shigwan et al., 

2013 

39. Rauvolfia 

serpentina 

Benth. ex 

Kurtz 

Sarpga 

ndha 

Apocynace 

ae 

Shrub Roots Alkaloids, 

serpentine, 

reserpine, 

ajmaline, 

ajmalinine, 

ajmalicine, 

steroid, 

serposterol. 

Root paste is beneficial 

to treat wounds due to 

snake bite and leaf 

extract is applied on 

open wounds for 

healing. 

Chauhan, 2006, 

Ramya et 

al.,2009 

40. Rumex 

nepalensis 

Sprengel 

Almor 

u, 

Albar 

Polygonace 

ae 

Herb Leaves Gallic acid, 

isovanillic 

acid,  p- 

hydroxycinn 

amic acid, 

succinic 

acid. 

Paste of its leaves is 

applied on wounds to 

cure wound allergy. 

Kaur et 

al.2011, Jing- 

Jing Zhu et al., 

2006 
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41. Rumex 

hastatus 

D.DON. 

Ambi, 

Ugda 

Polygonace 

ae 

Herb Leaves Gallic acid, 

isovanillic 

acid,  p- 

hydroxycinn 

amic acid, 

succinic 

acid. 

The paste of leaves is 

applied on the wounds 

and cuts to prevent 

bleeding. 

Kumar et al., 

2012, Jing- Jing 

Zhu et al., 2006 

42. Sesamum 

indica L. 

Til Pedaliaceae Herb Seeds Metronidazo 

le, E and C 

vitamins, 

sesamolinol, 

sesamol, 

sesaminol,se 

samolin. 

The seeds are 

grounded with water to 

make paste. This paste 

is applied to cure acute 

and chronic wounds. 

Sharma et al., 

2021, Kiran, & 

Asad, 2008 

43. Sida 

cordifolia 

Linn. 

Bala, 

Barela 

Malvaceae Herb Leaves Alkaloids, 

fatty oil, 

phytosterol 

mucin, 

potassium 

nitrate. 

The root juice is used 

for the healing of open 

wounds. 

Chauhan, 2006 

44. Solanum 

khasianum 

C.B. Clarke 

Kateri, 

Ban- 

Bhindi 

Solanaceae Shrub Fruits Solasodine, 

solakhasiani 

n, diosgenin. 

The paste prepared 

from fruits is applied on 

wounds and cuts for 

early healing. 

Chauhan, 2006 

45. Solanum 

nigrum Linn. 

Makoi Solanaceae Herb Leaves Riboflavin, 

nicotinic 

acid, 

vitamin c , 

beta 

carotene, 

citric acid. 

The juice applied on 

the wounds caused due 

to dog bites, boils, 

psoriasis. 

Chauhan, 2006 

46. Syzygium 

cummini 

Linn. 

Jamun Myrtaceae Tree Seeds Acylated 

flavanol 

glycosides , 

quercetin. 

Paste of seed is applied 

to treat ulcers and open 

wounds 

Ramya et al., 

2009, Ayyanar 

& Subash-Bahu, 

2012 

47. Taraxacum 

officinale 

Weber 

Barau 

Kanph 

ul, 

Dudhli 

, Dulal 

Asteraceae Herb Whole 

plant 

Bitter 

crystalline 

principle, 

taraxacin 

and 

taraxacerine. 

Paste of whole plant 

material is applied as 

emollient externally in 

case of open wounds 

and wounds due to 

snake bite. 

Devi & Thakur, 

2011, Chauhan, 

2006 
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48. Terminalia 

chebula Retz. 

Harad Combertac 

eae 

Tree Stem Tannin, 

chebulic 

acid, 

chebulinic 

acid, ellagic 

acid, 

ellagotannic 

acid. 

The stem extract is 

useful to cure open 

wounds. 

Chauhan, 2006 

49. Vitex 

negundo 

Linn. 

Banya Lamiaceae Shrub Leaves Essential oil, 

alkaloid, 

flavone, 

glycosides. 

The paste of leaves of 

this plant is applied in 

case of blisters , ulcers 

and for healing open 

wounds. 

Sharma & 

Mishra, 2009 

and Kumar et al.,

 2015, 

Chauhan, 2006 

50. Zingiber 

officinale 

Roscoe 

Adrak Zingiberac 

eae 

Herb Roots Phenolic 

compounds, 

terpenes. 

Root extract is useful 

to heal wounds and 

injuries. 

Ramya et al., 

2009, Chauhan 

N.S., 2006 

 

All the observations are analyses through bar- diagram and pie charts shown in the figure 1,2 and 3. 
 

 

Fig 1.: No. of different parts used for healing various types of wounds and injuries 
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Fig 2. Different habits of number of plants used for healing various types of wounds and injuries. 

 

 

 

 

 
   

    

       

                     

             

 

 

 

 
Fig 3. Predominant families of medicinal plants of Shivalik Range used for the treatmnet of various 

types of injuries. 
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Discussion 

This paper includes the information about some common 50 plant species belonging to 31 families 

which having antiseptic properties and used to heal open wounds and to treat ulcers, blisters and 

various type of injuries. The Shivalik Hills in Himachal Pradesh are home of natural, rare, and 

commercially important medicinal plant wealth as other areas of North - Western Himalayan 

Region. These plants are arranged in alphabetic order, according to their families, local names, 

habits, parts used, their phytochemical constituents and their folk remedies for the treatment of 

various types of wounds and injuries. 

The current paper covers 50 plants from 31 families that are used to cure wound healing. Among 

these 31 families, Fabaceae is the most dominant family in the study area which contain 5 plant 

species which is followed by Solanaceae having 4 plant species, Asteraceae and Euphorbiaceae 

having 3 plant species each and some families such as Asparagaceae, Malvaceae, Liliaceae, 

Lamiaceae, Polygonaceae, Moraceae, Zingiberaceae and Apocynaceae contain two plant species 

each and rest of families contain 1 plant species each. Regarding to habit among these 50 plant 

species, there are 44% herbs, 32%shrubs, 16% trees, 8% climber species are present. Different 

plant parts and product are used in the form of folk herbal remedies such as extract, decoction, 

paste and emollients etc are used to treat various types of wounds and injuries. The plant parts such 

as leaves, seeds, rhizomes, roots, bark, fruit, latex, aerial part and stem are used to treat wound 

healing. Leaves of most of the plant species are used as antiseptic which is followed by roots, 

whole plant material, then seeds, fruits and latex, stem and rhizome etc. for the treatment of open 

wounds and injuries. The antiseptic properties of plants of Shivalik Hills have discussed by various 

researchers in their research. Sharma and Mishra (2009) have discussed the antiseptic properties 

of Helianthus annus, Nicotiana tabacum, Vitex negundo etc. Devi and Thakur (2011) have 

explained about the utilization of whole plant material extract of Taraxacum officinale for the 

treatment of wounds due to snake bite and to heal open wounds externally. Sharma et al., (2021) 

studied about the secondary metabolites of and antiseptic properties of Carica papaya, Centella 

asiatica, Moringa oleifera etc and their role for healing open wounds and injuries. 

 

Conclusion 

The people who live in surrounding area around Shivalik Hills and who live in the vicinity of these 

hills prefer to use herbal remedies for the treatment of various health problems prevailing in the 

study area including wound healing. This is due to lack of transportation, modern facilities related 

to health care and due to their socio-economic status. The traditional knowledge about the plants 

and their herbal potential is limited to older generations, traditional healers and local Vaids. Young 

generation do not have such type of traditional wisdom related to the plants and their herbal 

potential. Due to lack of interest and curiosity. That’s why traditional knowledge is degrading day 
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by day after the loss of old generations. So, it is the urgent need of hour to transmit and document 

this traditional knowledge about the herbal potential of plants for the benefit of future generation.  
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Abstract 

Liver is an essential metabolic organ for regulating the gastrointestinal homeostasis and working 

environment in the body. Moreover, along with digestive functions, liver also acts as a reservoir 

of nutrients as well as and detoxifies harmful compounds. Therefore, normal and efficient 

functioning of liver is important for health and prevention of diseases. Any imbalance among 

destructive and defensive powers of liver leads to injury in the hepatic system. Interestingly, 

multifaceted mechanisms are associated with the hepatotoxicity produced by different 

environmental toxicants. Hence, it is essential to identify and recognize the hepatotoxic 

mechanism to design pharmacological interventions to protect the liver from toxic effects of toxins. 

Many hepatotoxins are available to study the mechanism of hepatotoxicity in laboratory animals 

such as paracetamol, CCl4, isoniazid, thioacetamide, erythromycin, diclofenac, alcohol etc. These 

hepatotoxins bind covalently with the cytochrome P450 enzymes by acting as immunogens with 

consequentactivation of T cells, cytokines and initiate a complex immune response finally causing

 hepatotoxicity. The 

hepatotoxins induce various pathophysiological pathways such as inflammation, immunomodula 

tion and oxidative stress and result in the malfunctioning of liver. Therefore, the current review 

summarizes some fundamental and molecular mechanisms related to hepatotoxicity, their 

implications and threats such as their complex effects. These hepatotoxins also result in the 

initiation of apoptotic pathways through the production of tumor necrosis factor-alpha (TNF-α) 
and a cascade of intercellular caspases in hepatic cells. 

Keywords: Hepatotoxicity, liver damage, xenobiotics, hepatotoxins 

Introduction 

Liver, the largest gland of the human body, is the main metabolic organ restricted within the area 

of right lower rib cage underneath the diaphragm mainly in the hypochondriac region with some 

part of the epigastric region of the abdominal-pelvic cavity. Liver is divided into a large right and 

a small left lobe which are separated through falciform ligament. Inside the open periphery of 
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falciform ligament, there is presence of ligamentum teres also called round ligament of the liver 

(Tortora and Derrickson, 2008). It is a fibrous cord like structure extended from the liver to 

umbilicus. Below the caudate lobe, a deep fissure called porta hepatis is situated which is the entry 

point of hepatic artery and vein into the liver. Portal vein is responsible for the transportation of 

blood along with nutrients from the digestive system. Bile duct is present inferior to the porta 

hepatis which leads back to the gallbladder. Certain 

physiological processes including metabolism, detoxification, synthesis, secretion, biotransforma 

tion and storage are regulated by liver. A number of substances are processed and synthesized 

inside the liver which is then transported towards different parts of the body to perform numerous 

metabolic functions. As a result of important role in various metabolic functions, it is believed that 

liver also performs fat, protein and carbohydrate metabolism (Guyton and Hall, 2006). 

The liver might be deliberated as the top essential structure in drug toxicity on the basis of two 

reasons: firstly, it is actively interfered among the location of absorption and the complete 

circulation. Also, it is the main site established for metabolism and removal of distant materials. 

Secondly, these structures also deliberate it a desired objective for medicine/drug toxicity. In US 

and UK, deep down hepatotoxicity occurs due to the overdose of acetaminophen leading to drug-

stimulated acute liver failure. Instead, hepatotoxicity related with drugs is distinctive, which 

implicates via description that drug-induced liver injury (DILI) grows in merely a minor section of 

organ unprotected to a drug in beneficial quantities, and the hazard of severe liver problem with 

distinctive hepatotoxins is usually less than 1 per 10,000 unprotected patients [Reference]. On the 

other hand, over and above 1,000 drugs and herbal or natural products have been connected with 

distinctive hepatotoxicity (Seef, 2007; Schoepfer et al., 2007) and engaged organized       distinctive       

hepatotoxicity       is       in       control       for        over       10% of all circumstances of severe 

liver let-down (Alton-lee, 2003). Though, in various illustrations, a drug’s hepatotoxic perspective 

can only be documented post marketing, and DILI has consequently also been the utmost numerous 

single intention for extracting drugs from the market and commonly involves alteration of 

cataloguing (Temple and Himmel, 2002). Liver plays very important function in transformation of 

excess fatty acids into ketone bodies, which deliver energy to different body parts during fasting or 

starvation. As a result, it subsidizes in conserving metabolic homeostasis inside the body of 

animals (Li and Chiang, 2014). Liver becomes exaggerated by excess quantities of “paracetamol”, 
carbon tetrachloride (CCl4), hepatitis A, B C viruses”, thiacetamide (TAA) and certain 
chemotherapeutic agents etc. (Salim, 2013). Liver functions as the production house for numerous 

things like albumin and also carries vitamins, fatty acids, amino acids and drugs. Similarly, liver 

also produces and destroys heme-prosthetic clusters in mitochondrial cytochromes, proto-

porphyrin IX in hemoglobinsand microsomal cytochrome P450 (Li and Chiang, 2014). Initial 

percolation of comprehensive blood 

is approved out by liver and then it is delivered to numerous body parts of human body. Liver 

evades access of many toxins in the  supplementary body portions. Furthermore, liver  also 
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manufactures several proteins and related constituents intended for compassionate immune system 

(Thanki et al., 2013). According to some reports, out of whole inhabitants, approximately 10% 

persons are suffered internationally with liver conditions comprising alcoholic steatosis, 

hepatocellular carcinoma, hepatitis, fibrosis and liver cirrhosis. In the present time, liver 

complaints are most common communal well-being concern triggering serious sickness and death. 

Hepatocytes may possibly get impaired through consumption of liquor established beverages, a 

number of metabolites and other xenobiotics/chemical pollutants. Altogether these constituents 

discharge aspartate aminotransferase (AST) and alanine transaminase (ALT) into blood 

tributary.The presence of both AST and ALT causes “hepatitis”, elevated bilirubin, jaundice 

and liver encephalopathy which are the foremost indications of liver ailments (Li and Chiang, 

2014). 

 

Mechanism(s) of hepatotoxicity 

Liver is the principal body part entrusted with the functions of maintaining metabolic rate and 

removal of toxins. Most of the prescribed medicines both oral and xenobiotics are lipophilic which 

facilitates their calm attention transversely into intestinal sheaths. They are concentrated as 

hydrophilic compounds through hepatic metabolism and are thence effortlessly expelled. Intrinsic 

liver metabolism consists of Level I and Level II reactions which are very important for the 

metabolism of exogenous products inside the liver (Almasio et al., 2011). Level I comprise 

oxidative, reductive, hydroxylation and de-methylation pathways, 

principally involving cytochrome P-450, and the supreme imperative family of metabolizing enz 

ymes system which is positioned in the endoplasmic reticulum (ER) in the liver. Level I response 

s generally yield poisonous intermediate complexes which are converted to non-poisonous 

complexes via level II responses, customarily well-thought-out as depollution passageways. 

Level II reactions comprise the conjugation of compounds with hydrophilic moieties for instance 

sulfate, glucuronide or amino acids and lead to the establishment of additional water-soluble 

metabolites which can be expelled certainly. Additionally, Level II reaction is linked with 

glutathione amino acid which has the ability to covalently impasse towards contaminated 

intermediates through glutathione-S-transferase. On the other hand, this phase can also lead to the 

construction of unbalanced antecedents of sensitive/reactive species that can be the basis of the 

hepatotoxicity (Tostmann et al., 2008). The foremost function of liver gland is to break down 

xenobiotics (synthetic chemical substances) and is the collective association by gastro-intestinal 

expanse. Liver stays extremely susceptible to impairment from drugs and some other constituents. 

Approximately 75% of blood that stretches liver derives from gastro-intestinal body part and 

spleen through portal veins; consequently, the medicines and xenobiotics (chemical substances) 

are in concerted system. They have an inclination to respond using cellular macro-molecules 

resembling lipids, proteins and nucleic acids; all these molecules are important to perform lipid 
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peroxidation, protein dysfunction, DNA damage and oxidative stress (Lynch and Price, 2007) 

(Figure 1) 

 

 
Figure 1: Generalized mechanism of hepatotoxicity. Explain the cascade in a few lines. 

Hepatocyte disruption 

The reduction in the ATP level is due to the formation covalent bond between toxic agents and 

“intracellular proteins”. The reduction in the level of ATP causes disruption of actin. The 

separation of actin fibrils at the external part of the hepatic cells can cause small blisters on the 

skin or rupturing of the membrane. 

Activation of cytolytic T-cell 

The activation of T cells and cytokines is due to the covalent bonding between toxic agent and the 

P450 enzyme. This complex of toxic agent and the P450 acts as an “immunogen” which stimulates a 

versatile immune response and causes liver toxicity (Cullen, 2007). 

Hepatocyte apoptosis 

The occurrence of apoptosis may be because of the activation of apoptotic pathway by TNF-α. 
This factor triggers the cascade of intercellular caspases in hepatic cells. 

Disruption of mitochondria 
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Mitochondrial functions may be inhibited by some toxic agents. These show dual effects on β- 

oxidation by the inhibition of NAD+ and FAD+ which further leads to the decrease in the 

production of ATP. 

Hepatotoxicity induced by chemicals 

The liver disorders are caused by various types of toxic chemicals such as antibiotics, 

chemotherapeutic agents, peroxides, aflatoxin, carbon tetrachloride, chlorinated hydrocarbons and 

many others. These hepatotoxic chemicals cause lipid peroxidation and production of reactive 

oxygen species in liver which ultimately cause hepatotoxicity (Knowles et al., 2000) 

Predictable drug reactions 

A direct drug reaction occurs when someone is exposed to drugs for a short period of time and 

toxicity occurs in a dose related manner e.g., in response to chemicals like CCl4, phosphorus and 

CCl3. Now-a-days, these are no longer used as drugs. Acetaminophen is reasonably expected toxin 

which causes liver toxicity (Decker, 1972). 

Unpredictable idiosyncratic drug reactions 

The indirect drug reactions are not related to dose and occur without concern. These take time to 

show symptoms from few days to 12 months. The drugs which show biochemical, clinical, 

histological and chronological characteristics may cause idiosyncratic drug reactions (Decker, 

1972). 

 

Models of hepatotoxicity 

Galactosamine-induced liver necrosis 

Acute hepatic necrosis is caused by single or repeated doses of D-galactosamine in rats that leads 

to cirrhosis. Galactosamine is a hepatotoxicant which produces injury such as acute hepatitis with 

necrosis, inflammation, viral hepatitis. It resembles drug-induced disease in human. Due to the 

reduction of uridine connected with ribonucleic acid, the toxicity of D-galactosamine affects the 

functioning of hepatic cells (Decker, 1972). This toxicity elevates cell membrane (absorb fluids) 

and causes cell apoptosis. Galactosamine damages bile ducts and it reduces flow of bile salts and 

deoxycholic acid. It has been investigated that D-galactosamine is injected and divided into 100 

mg/kg to 400 mg/kg for induction of acute hepatotoxicity (Bickel, 2008). Other types of drugs also 

induce experimental cirrhosis such as tannic acid, aflatoxins (produced by certain fungi), alkaloids 

(pyrrolidizine), ethionine and liver toxic components from mushrooms i.e. amatoxins (amanita, 

galerina and lepiota) and phallotoxins (Dashti et al., 1996). In Table 1 more side defects of 

galactosamine have been described. 

Antitubercular drug(s)-induced hepatotoxicity 

Antitubercular drugs (ATDs) such as isoniazid, rifampicin and pyrazinamide or its combination 

cause liver toxicity. Adverse effect of anti-tubercular drugs (isoniazid, rifampicin and 

pyrazinamide) is augmented by multiple drug routines. These drugs are usually hepatotoxic, and 
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when given in combination their toxic effect further  increases. Isoniazid (INH) 

absorbs monoacetyl hydrazine in the presence of cytochrome P450 which produces toxic products 

and   causes  hepatotoxicity.  Rifampicin persuades isoniazid 

(hydrolytic pathway, metabolism) which converts into hydrazine metabolite. Consequently, 

hydrazine metabolite is converted into reactive metabolites which may cause hepatitis. Hence, he 

patotoxicity is increased when these drugs are given in combination like pyrazinamide+isoniazid 

and pyrazinamide+rifampicin etc. (Padma et al., 1998). The hepatoctoxic effects of ATDs have 

been presented (Table 1). 

Carbon tetrachloride-induced liver fibrosis 

CCl4-induced hepatotoxicity in rat model was first reported in the year 1936. CCl4 is being used t 

o induce liver toxicity and is metabolized by gene expression such as CYP2E1, CYP2B and CYP 

3A to form CCl3 (Trichloromethyl radical). CCl3 binds to cell and inhibits progression of cells. 

CCl3 is oxidized to form trichloromethylperoxy radical ‘CCl3OO’ which is highly reactive causing 

hepatotoxicity (Dashti et al., 1996). Wistar rats were managed onCCl4 1 mg/kg with 1:1 orally 

twice in a week. After the end of 8th week, animals were anesthetized and scarified (Decker et al., 

1972). Total bilirubin, bile acids, collagen (IV) and procollagen (III) were analysed along with 

histology. In grade 0, normal liver histology was found. In grade I, minute and small septa of 

connective tissue were found, however, large septa of connective tissue were reported in grade II. 

Nodular transformation of hepatic lobules was found in grade III. In grade IV, presented 

regenerating lobules with the excessive formation of connective tissue (Pandey et al., 2011); Figure 

2]. 

     
 

Figure 2: Carbon tetrachloride induced liver fibrosis. 



Proceedings - National Conference on “Role of Science and Technology in Environmental 
Conservation and Sustainable Development, 23-24 Sept 2022 

ISBN: 978-93-5759-990-0, Approved by Ministry of Education, Government of India 

Department of Biosciences, Himachal Pradesh University, Summer Hill, Shimla (H.P.) 127 

 

 

 

 

Ranitidine-induced hepatotoxicity 

Hepatotoxicity produced by ranitidine occurs due to the presence of metabolites which cause 

allergic reaction and oxidative damage in liver. The hepatocytes infiltration is caused with the 

doses of ranitidine 50-30mg/kg. After protuberant centrilobular and connecting necrosis, there ar 

e various inflammatory alterations involving formation of collagenous septa. Liver damage 

elevates aminotransferase enzyme in serum, hepatic infiltration in WBC cells such as eosinophils 

and lymphocytes. It leads to fibrosis and hepatocellular necrosis. Ranitidine 

induces liver cholestasis connected with increased amount of bilirubin in the plasma and also 

alkaline phosphatases (Pandey et al., 2011). The diverse hepatotoxic effects of ranitidine have 

been documented [Table 1]. 

Thioacetamide-induced hepatotoxicity 

Thioacetamide (C2H5NS) causes septum damage as well, because the passage of ribonucleic acid 

from centre of the cell (nucleus) to protoplasm is obstructed. Later execution of medication, a 

particular hepatic injury arises in few days. Thioacetamidereduces count of hepatocytes or also the 

O2 utilization besides decreasing the amounts of digestive juices. It goes through huge absorption 

of C2H5NO (acetamide) and C2H5NOS (thioacetamide S-dioxide). In rats, cirrhosis is detected 

when constant presence of C2H5NS is noticed. C2H5NS is harmful because C2H5NOS 

(thioacetamide S-oxide) causes changes in cell absorptivity and increases the calcium ion (Ca2+) 

accumulation or prevents sarcosomal (mitochondria) action mainly responsible for the cell fate 

(Table 1). Usually 100 mg/kg of C2H5NS is utilized to promote prototype of hepatic injury 

(Hemieda et al., 2005) 

Paracetamol 

Acetaminophene (N-acetyl-p-aminophenol; paracetamol) is broadly used for pain relief, as 

antibiotic and against fever. Presence of serotonin (C10H12N2O), narcotics, NO (nitric oxide) and 

CBD (cannabinoid) has been described in the process of pain reliever activity of acetaminophene. 

While paracetamol is beneficial as remedial drug and its excess use may lead to hepatic damage 

(Gomez-Lechon et al., 2010; Karandikar et al., 2016). It causes 

hepatotoxicity when taken in excess. In children and adults, the use of acetaminophens is 50 to 7 

5 mg/kilogram/day and 4.0g/day, respectively. Excessive dose i.e. 150 miligram/kilogram and 

7gram in children and in younger, respectively leads to hepatotoxicity. The major damage occurs 

in liver due to its poisoning. Liver, kidney and intestine are the part of body where digestion of 

acetaminophens occurs. Its absorption occurs by various tracts along with glucuronosylation, 

sulfation and deacetylation. Later on, acetaminophens changes into addition of glucuronic acid to 

paracetamol. 

These are non-poisonous substances that can expel out through urogenital tract, glucuronidation 

tract of acetaminophens absorption is synthesized through 
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UCT (UDP-glucuronosyltransferases). UDP-glucuronosyltransferases adapted the acetaminophe 

ns to increase in solubility in water by adding glucuronosyl group from uridine diphosphate 

glucuronic acid. In a human liver, microsomites and cultivated fibroblast showed presence of 

UGT1A1, UGT1A6, UGT1A9 and UGT2B15 in acetaminophens drug metabolism. 

Sulfotransferases (SULTs) execute the sulfation of acetaminophens. (SULTs remove SO3- from 

PAPS (3'-phosphoadenosine 5'- phosphosulfate to make it highly opposed andliable to remove. 

Glucuronide and sulfate conjugates transfer to kidney by blood flow and discharge. When 

excessive amount of acetaminophens forms then “glucuronidation and sulfation pathways leads to 

drenched, CYP (cytochrome P450 enzymes) bring 2e-decomposition of acetaminophen to 

susceptible particles NAPQI (N-acetyl-p-benzoquinone imine). The tincture of cytochrome P450 

enzymes (CYP) includes in acetaminophens molding range andappeared to be regulated by 

essence of the medicine. CYP2E1, CYP1A2, CYP3A4, and CYP2D6 are described which help in 

the transformation of big amounts of acetaminophens to N-acetyl-p-benzoquinone imine 

(NAPQI). Purification of N-acetyl-p-benzoquinone imine (NAPQI) forms through association of 

N-acetyl-p-benzoquinone       imine 

(NAPQI) to an endogenous antioxidant molecule i.e. GHS due to cytalitic reactions GSTs (glutat 

hione-Stransferases) give 3-(Glutathione-S-yl)-acetaminophen and GSSG. Finally, the end 

material is expelled in faeces as N-acetyl-I-cysteine S-conjugates (Davidson and Eastham, 1966; 

Hodgman and Garrad, 2012). Glutathione is reproduced from glutathione disulfide (GSSG) with 

the help of GSR (glutathione reductase) catalyst. Further, it was considered that the release of 

biological marker of powerhouse of the cell (mitochondria) injury can reflect mitochondrial 

damage and nuclear DNA fragmentation in patients with severe APAP-induced liver injury 

(Sherlock and Dooley, 2008; Mitchell et al., 1973). 

Alcohol 

Alcohol (ethyl alcohol or ethanol) is an organic compound (C2H6O) having scientific, medicinal, 

industrial uses and it also serve as a motor fuel. In low doses, alcoholic beverage which is 

depressant causes euphoria and lower the nervousness. But, in higher doses, it causes drunkenness, 

limpness and oblivion. Continuous consumption may lead to physical infirmities and damage to 

almost all the organ and system of the body, mainly heart, brain, pancreas, liver and immune 

system (McGill et al., 2012). Inducing lipid peroxidation and oxidative stress is mainly caused by 

damage of liver cells that result in hepatitis and cirrhosis (Hinz et al., 2008). Most affected organ 

of the body due to alcohol is liver because of the reason that liver is present next to the digestive 

system by which every toxic substance like alcohol from the digestive tract pass from the liver 

with the help of portal vein before reaching the other organs, mainly the heart and the brain. 

Alcohol is soluble in aqueous as well as lipid condition due to its small size (two carbon molecule). 

Additionally, due to its small size, it can easily pass from body fluids in the cell. Liver disposes 
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80% part of alcohol amount, but its highest ability for the removal of alcohol is fixed. If alcohol is 

being consumed in excessive amount for long time then it may lead to development of alcoholic 

liver disease and harms the cellular molecules (Hinz et al., 2008; Guerri and Pascual, 2010; 

Kessova and Cederbaum, 2003). Due to alcohol toxicity, oxidative stress results in instabilities of 

two biochemicals i.e., lipid peroxidation and formation of protein carbonyls. The proteins serve as 

major working force for all the living actions and their definite folding pattern are absolutely 

related to their activity and functions (de la Russa et al., 2009). The fatty acid accumulation causes 

cirrhosis threatened liver disease showed its presence by inflammation and cause damage to the 

cell membrane of liver cells. It prevents from the detoxification of toxic molecules and results in 

necrosis. Till date, the only treatment for liver cirrhosis is liver transplantation. In the developed 

countries, it is emerging as one of the main health problems. Now-a-days, it is the 4th leading cause 

of death among the adults in USA and it is reported that 70% of the deaths are due to alcoholism 

(Wu and Wu, 2009). Alcoholism causes various other impacts on liver cells including 

dysfunctioning of mitochondria, reduction in methylation capacity, stress in endoplasmic 

reticulum, impairments in vesicular movements and changes in proteasome pathway (Gomez- 

Lechon et al., 2003). Kupffer cells activated by the liver cells (Gomez-Lechon et al., 2004) 

generated apoptotic bodies (Table 1). 

Molecular mechanisms of liver injury 

The carbon tetrachloride (CCl4) also called tetrachloromethane, is used as a catalyst in the 

manufacturing of chlorofluorocarbons or as a cleansing agent in adhesives, paints and in fire 

extinguishers. The use of carbon tetrachloride has been reduced now-a-days in commercial 

application due to its adverse effects on human health. Most of the carbon tetrachloride is released 

into air from the environment during the generation of various compounds (Hewitt et al., 2007). 

The exposure routes of carbon tetrachloride are skin and nasal areas when common people use 

contaminated tap water for bathing, drinking and other purposes (Simon-Deckers et al., 2008). The 

exposure to carbon tetrachloride through food is not significant, as level of CCl4 in various food 

products is below the analytical detection limits. For the treatment of hepatotoxicity to create in 

vivo model, carbon tetrachloride is widely used in the field of drug development. The toxicity 

caused by carbon tetrachloride is regarded as parallel of hepatic damage which is caused by various 

hepatotoxins in human beings and therefore, it is used in research studies to evaluate liver 

protective agents. 

Carbon tetrachloride is a synthetic chemical not found in nature. It has been reported that it causes 

acute and chronic injuries to hepatic tissues. Cytochrome P450 metabolizes carbon tetrachloride to 

reactive and unstable trichloromethyl radical i.e. CCl3*. Further, the CCl3* radical is metabolized 

to trichloromethylperoxy radical in the presence of oxygen. In the covalent binding of lipid and 

protein molecules CCl3* is very important while in the initiation of peroxidation of 
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polyunsaturated fatty acids trichloromethylperoxy radical plays an important role. Haloalkylation 

and lipid peroxidation are involved in the pathogenesis of hepatic necrosis. Under aerobic 

conditions the liver microsomal membrane is protected by the glutathione (GSH)-dependent 

mechanism against CCl4-induced toxicity (Table 1). Electrophiles produced during the production 

of free radicals readily react with cellular nucleophiles, mainly with reduced glutathione and cause 

severe depletion of reduced glutathione pool. There is a sudden occurrence of lipid peroxidation 

when the depletion of GSH reaches to its threshold values and ultimately it causes cell death 

(Purohit et al., 2006). Trichloromethyl peroxide radical attacks the double hydrogen bonds of 

polyunsaturated fatty acid. These bonds are highly vulnerable to trichloromethyl peroxide radical 

attacks. These radicals cause changes in the profile of cholesterol and reduce the antioxidant 

enzymes activity in liver; moreover, it also causes induction of oxidative DNA damage, breaking 

of DNA strands, chromosomes alterations and gene mutations (Sheriff et al., 2014). 

Lipid peroxidation and protein oxidation induced by CCl4 toxicity 

The lipid peroxidation plays an important role in carbon tetrachloride-induced fatty liver disease 

and cirrhosis as reported in previous studies. By measuring the malondialdehyde (MDA) content 

the lipid peroxidation level is estimated. Because of the degradation of polyunsaturated lipids by 

free radicals there is a formation of melondialdehyde. It has been reported in animal studies that 

single exposure (7-fold14 h value) to CCl4 in animals cause significant increase in 

malondialdehyde. The early indication of hepatic damage is protein oxidation by carbon 

tetrachloride intoxication. It was reported that after the exposure of animal to carbon tetrachloride 

there was a significant elevation in the protein carbonyl content of liver. The higher increase in 

hepatic protein carbonyl content was found in chronic hepatic injury (approx. 3 time) as compared 

to the acute hepatic injury (only 2 times). Although, a major role in carbon tetrachloride induced 

hepatotoxicity is played by lipid peroxidation, oxidative stress to mitochondrial DNA is also in 

great concern in most of hepatotoxicity by carbon tetrachloride (Jaramillo-Juarez et al., 2008). 

Hepatotoxicity caused by lantadene A and B 

After the process of assimilation, the toxins of lantana such as lantadene A and lantadene B are 

passed to the liver. The process of assimilation of lantadene A and B is still unknown. However, 

these toxins are very similar to cholesterol and cholesterol esterase is an enzyme which facilitates 

their absorption by esterification. By the use of bile canalicular membrane, these toxins cause 

injury and are the primary site where it causes injury. A study on guinea pigs reported that the 

lantadenes could not be found in liver, gall bladder or blood and urine. The presence of lantadene 

was detected only in lower body parts like rectum and fecal matter. During intra-hepatic 

cholestasis, lantana causes “photosensitization (Gopinathan and Rameela, 2015). 

Plants causing hepatotoxicity 
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Various plants also contribute and cause hepatotoxicity, and the mechanism of such toxicities have 

been addressed and discussed (Table 1). 

Table 1: Effect of toxins on the hepatic cells and cellular machinery 
 

S. No. Toxicant/ Drug Histological changes Cellular changes 

1. Carbon tetrachloride 

(CCl4) 

Cellular necrosis, Hepatocyte degeneration Portal 

vein disruption Lipid accumulation and fat 

droplets, fatty degeneration, portal vein disruption 

Decreases the activities of endogenous antioxidant 

enzymes like SOD, CAT, GPx. Increases the level 

of liver biomarkers (ALT, AST and ALP) 

2. Paracetamol 

(Acetoaminophen) 

Necrosis, Dilation of congested blood sinusoids a 

nd steatohepatitis hemorrhages and 

karyopyknosis.    Dilatation 

of congested central vein. Hydropic degeneration 

s, Severe coagulative necrosis karyolysis, 

microvesicularsteatosis with karyopyknosis 

showing chromatin condensation (pykbosis), 

karyolysis and karyorrhexis of nuclei 

Depletion of GSH, NAPQI-protein adducts, 

oxidative stress, Mitochondrial DNA damage, 

Mitochondrial dysfunction, Cellular death 

3. Galactosamine Hepatic cells toxicity characterized by 

inflammatory cell collection, scattered 

inflammation across liver parenchyma, focal 

necrosis and swelling up of vascular endothelial 

cells 

 

Increases inflammatory pathways (NF-kβ) MAPK, 
TGF-β, Nf2, fulminant liver failure, Oxidative stress 

(decreases activities of SOD, CAT, GPx) increased 

lipid per oxidation and decreases endogenous 

antioxidants SOD, CAT,GSH,GST and GPx 

4. Antitubercular drugs Disturbed hepatic cord arrangement with 

prominent congestion in the central vein, 

vacuolation in cytoplasm, degenerated nuclei 

Elevation in AST, ALT and ALP, Elevation in ALT 

and AST levels, hampers biological metabolisms 

and ALP cause disruption in bile flow. Increases 

level of lipid peroxides in the liver indicates cellular 

damage. Decreases GSH content, SOD, CAT, GPX, 

GR, G6PDH activities 

5. Ranitidine Oxidative damage in liver, initiate immune 

allergic reaction, liver cell necrosis, fibrosis, bile 

duct proliferation, and infiltration of lymphocytes, 

plasma cells, polymorphs, and Eosinophils, liver 

cholestasis. 

LPS elevates serum TNF, increases serum ALT 

activity, increases circulating concentrations of IL- 

1β and IL-6, IL-8. 

6. Thioacetamide Membrane injury, due to inhibition of the 

movement of RNA, decreases the number of liver 

cells and rate of oxygen consumption more over 

reduces the volume of bile and its content, 

cirrhosis. 

Increases reactive oxygen species (ROS) generation, 

increased levels of AST, ALT levels, LDH and ALP, 

7. Alcohol Euphoria, reduce anxiety and in higher doses 

causes intoxication, lipid peroxidation and 

oxidative stress which may result in hepatitis and 

cirrhosis, alcoholic liver disease 

Impairs antioxidative enzymatic activities (SOD, 

CAT, GPX, GR, 

G6PDH activities, neurotransmitters, including 

serotonin, glutamate, GABA, endocannabinoids, 

ROS and RNS increased 

8. Cycas revoluta Seeds contain a potent toxin ‘cycasin’ that causes 

gastrointestinal exasperation which may leads to 

liver damage 

Reactive oxygen species (ROS) generation 

9. Blighiasapida Inedible portions of fruits contain hypoglycin A 

and B, hypoglycemia, the Jamaican vomiting 

sickness 

Hypoglycin inhibit β-oxidation of fatty acids by 

binding to coenzyme A, carnitine and carnitine 

acyltransferases I and II. 

10. Piper  methysticum 

(Kava) 

Liver toxicity, activation of potent toxins such as 

aflatoxins 

Blocking several cytochrome P450, 
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Cycas revoluta 

Cycas revolutacommonly called sago palm/bonsai plant, belong to cycadaceae family and 

cycadales order. It is extremely poisonous and can grow in temperate and tropical areas. The 

phytochemicals present in the extract of its leaves are alkaloids, steroids, tannins and 

carbohydrates. Cycas revoluta causes hepatotoxicity to different types of animals, the seeds of C. 

revoluta contain a poisonous substance named cycas (methylazoxymethanol-β-D-glucoside) 

which is a potent toxin. It is estimated that it causes gastrointestinal problems which further cause 

hepatotoxicity, if taken in higher dose (Bigoniya and Rana, 2009). 

Blighiasapida 

Blighiasapida (Ackee) is found in West Africa and belongs to family Sapindaceae. Various parts 

of this plant are known to cause toxicity except fruit. Its fruits are delicious and used in many 

dishes as a main ingredient. Chemical compounds namely Hypoglycin A and B are two main toxins 

present in inedible part of fruits. Inhibition of β-oxidation of fatty acids is done by Hypoglycin. 

These bind to coenzyme A, carnitine and carnitine acyltransferases I and II. Hypoglycemia occurrs 

due to the β-oxidation inhibition and because of the reduction of glucose there is occurrence of 

“Jamaican vomiting sickness (Bigoniya et al., 2009). 

Piper methysticum 

Piper methysticum (Kava) is commonly found in pacific island belongs to family Piperaceae and 

order Piperales. The roots of this plant known to have medicinal properties, but the ingestion of 

extract of plant cause various side effects including hepatotoxicity.The 

phytochemicals present in Piper methysticum are kavain, yangonin, dihydrokavain, “methysticin 

etc that are known to have pharmacological activities. The alkaloids which are found in Piper 

methysticum are Flavokavain A, Flavokavain B and Pipermethystine that cause hepatotoxicty and 

other related diseases. Cytochrome P450 activity is also increased by this toxin and it also activates 

potent toxins like aflatoxins and many others which are known to cause carcinogenic effects 

(Jamkhande et al., 2013; Yamazaki et al., 2008; Teschke et al., 2012; Behl, 2011) and also leads 

to hepatotoxicity. 

 

Conclusion 

Hepatic diseases are quite common all over the whole world especially in developing countries 

like India; it causes millions of deaths annually. The main causes of liver diseases are environmental 

exposure of xenobiotic compounds, recurrent use of allopathic drugs such as acetoaminophen, 

diclofenac and rantidine. Medicinal plants and their preparation in form of herbal formulation 

might be a better alternative to combat and decrease the prevalence of hepatic diseases and 

associated complications in human population. 
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